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Chapter 1

P Al

ASCRTRTEE A 23 AT BRI (1) ESP-ToT-Solution WHJZLLF, Anfl i Fis A7 n i, A Bhw)~& pek b
Fo

1.1 ESP-IoT-Solution Jijg 4~ {581

ESP-IoT-Solution [ release/v2.0 R HAMER, KA SREIMLIER, HKigiK ESP-IDF k4
AP 1df_component . yml U4 release 73 SCAXAES I S KA, master 73 S HRFZEAE AT R -
BEVGHIH 38 4 1 2R 7R LA

AFRAGIHAT, HEE & 41451250 I README_CN.md:

2% 1: ESP-IoT-Solution fiig 4~ 37 43¢5 i,

ESP-loT-Solution 1%y ESP-IDF FETHE TERS
master >=v5.3 B SRy IR K4 L
release/v2.0 <=v5.3,>=v4.4 SRR AR Jy 5 i A 2
release/v1.1 v4.0.1 IDF WA 5, AT By, fEikgEp
release/v1.0 v3.2.2 ESES &y, AFIEYEY

1.2 JPRIAS A

ESP-IDF J& %k #% ESP 25tk 5 S (LAY Py I T A HESE -

* ESP-IDF & —Z i Sk SCfF, $3E 1T ESP SoC Ayt PH0il H BTz % DAL
* ESP-IDF i@ it 1T ARl b e v dme i O TR e, Bildn: fad, e, JRimni a4

#ik: 2% ESP-IDF Jififitsy 5¢a ESP-IDF JT A PR FE e -

1.3 iRy

BT PAKEFAT T ESP RBIIT AR, BZ% esp-bsp HSCRFIIIT MBI IR 44 R FN 5 B35 WL ESP
PR TR,

ESP %41 SoC X+ A FEfE:
 Wi-Fi (2.4 GHz/5 GHz W)



https://github.com/espressif/esp-iot-solution/blob/master/README_CN.md
https://docs.espressif.com/projects/esp-idf/zh_CN/latest/esp32/index.html
https://github.com/espressif/esp-bsp
https://products.espressif.com/
https://products.espressif.com/

Chapter 1. e AL

o ¥ 5x (BLE/Mesh)
o FTEREZ AL, SR Tk 400 MHz
o SERARTIAFEVML BE AR B BE R A
o FEnyshiEin:
- J#f#: 0 GPIO. UART, I2C. I2S. SPI. SDIO. USB OTG 4
- LTH#EN: LCD. #1483k, PAKM. CAN. Touch, LED PWM. LR
o REEHWNAE:
— N RAM K] ik 768 KB
- XFpAME PSRAM 4
- XHpHMEK Flash £7fi
o WUV 2 ek
— BRI
- LEJHE
— Flash fin#&
- BFEH

ESP %71 SoC R Seit TEMIRE, Sefll SO SRIERE . RIIFERHAENITRE rTFENE, 16 TP
Tolkdzd . BeeHE . W s E L MR

il BRI RS RIZh R 2% ESP 7 e T H.,

1.4 el R IBURIsE AL

HEFF 183 ESP Component Registry 3%H ESP-IoT-Solution ZH{4:,
PA button L1161, AT 20 BRANE -
L fETUH R H 5 AT
idf.py add-dependency "espressif/button”
2. FEAHS G K SO APL, i

#include "iot_button.h"
// Bk APT fF Ak S E A X

W2 A PRI 81 J7 #4315 2% ESP Registry Docs.,

LS il fE s By

ESP-IoT-Solution $2{t T £ & WRBIFEF, P PUE F. PA button_power_save /il kyfi:

1. WifRE 2 5¢ i ESP-IDF JFAPAEERYHFEEE, TSl e 7R &
2. N2k ESP-ToT-Solution {5 {37 :

git clone https://github.com/espressif/esp-iot-solution.git
3. BRI B SRECR A 2 S TAEH %

’cd examples/get-started/button_power_save ‘

P W AECR R B A B A H SR, BT OB R AR, W BR main/
idf_component.yml Fff override_path W E .

4. EFEHARE R (0 ESP32, Ui sl )l R i 5 3047 ) -
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idf.py set-target esp32 ‘

5. BCEMIH (Fik):

idf.py menuconfig ‘
6. GiFFBEREITF AR

idf.py build
idf.py -p <PORT> flash

7. BRI A

idf.py -p <PORT> monitor

HZRPIE N examples/ Hag, BMAMNITIAES %Sm0 ) README S,
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Chapter 2

2 RS

2.1

1524l (Bus)

2.1.1 1i2c_bus

i2c_bus ¥l H Jj

1.

ZNE

AR fifli2c_bus_create () AR, QIENTFEIE 12C imAYs, PAREL%
BLE I i2c_config_t. FLEWI{UFE SDA FI SCL 5|5, ERHME, A S B 07E R 50k
i;ﬂ%ﬁ'é’éﬁﬁ E, —RATEBATH . B IOA L FE SR BN BB, RS AN TR e R
I .

BB i i2c_bus_device_create () FECAIEMN BZLH 2 FAIE RS, Q@ FHEZETE
FE RN B 12C Hidik . AET TR B, 12C (46 R AR i I A8 T T 0 B A ) 4 it
K, WRAIBER AT ELE R 0, Fm BRI S H0 B AIR

BB fifli2c_bus_read _byte (). i2c_bus_read _bytes () W HEHFT Byte HIEEEL
¥fE; fffli2c_bus_read_bit (). i2c_bus_read_bits () A HZEHFT bit AUEEERE. R
T B NN e T e tihl . AR O ) buf FIEEEUK B 45 . AR ran il nT i
A NULL_I2C_MEM_ADDR, M T#AERA NI AEERm5ss.

ARG A: [#ifli2c_bus_write_byte(). i2c_bus_write_bytes () I HiE#H T Byte NG
ANBE; ifli2c_bus_write bit ()., i12c_bus_write_bits () Al HEMT bit HE AEEE.
N NN, B difrasthhl . 2 ANEBIRVENS AKES. T8N
NULL_I2C_MEM_ADDR, HIT#RIEEA NEBAFAF a4 .«

MBS R L WA ) i2c_bus (5 258, AT DATE S R BR 5 2 FlLS S SE B RE I R e 15
Wil i2c_bus_device_delete () 43 HIREQIEFIESMIE, ARG Hi2c_bus _delete()
PEERGTEMER . ARAE B AR R S, BAERA ST

i2c_config_t conf = {

.mode = I2C_MODE_MASTER,

.sda_io_num = I2C_MASTER_SDA_IO,
.sda_pullup_en = GPIO_PULLUP_ENABLE,
.scl_io_num = I2C_MASTER_SCL_IO,
.scl_pullup_en = GPIO_PULLUP_ENABLE,

QS
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.master.clk_speed = 100000,
}; // 1i2c_bus configurations

uint8_t data_rd[2] {0};
uint8_t data_wr[2] = {0x01, O0x21};

i2c_bus_handle_t i2c0_bus = i2c_bus_create (I2C_NUM_O0, &conf); // create iZc _bus

i2c_bus_device_handle_t i2c_devicel = i2c_bus_device_create (i2c0_bus, 0x28, .
—400000); // create devicel, address: 0x28 , clk_speed: 400000
i2c_bus_device_handle_t i2c_device2 = i2c_bus_device_create (i2c0_bus, 0x32, 0); //.

—create device2, address: 0x32 , clk_speed: no-specified

12c_bus_read_bytes (i2c_devicel, NULL_I2C_MEM_ADDR, 2, data_rd); // read bytes from.
—devicel with no register address

i2c_bus_write_bytes (i2c_device2, 0x10, 2, data_wr); // write bytes to devicel.
—register 0x10

i2c_bus_device_delete (&¢i2c_devicel); //delete devicel
i2c_bus_device_delete (&1i2c_device2); //delete deviceZ
i2c_bus_delete (&i2c0_bus); //delete iZ2c_bus

il W TRLERIRY 5, Bl

1. M FEeHhER 16 i), APAMFE ] i2c_bus_read_reglé6 () 8{i2c_bus_write_regl6 () it
TR HAE

2. X T AT Bkt Hhhk By B el 3w R Ay S B Bei ik 45, WTPAH i2c_bus_cmd_begin () 456
12C command link $E4T7#4E .

3. % F 12C g 1R 2 B F E AR 12C g s, AT PAE A menuconfig fE (Top)
> Component config - Bus Options - I2C Bus Options I8 Enable software
I12C support, HfFiZ2c_bus_create () I port H{E A i2c_sw_port_t B port, BN
I2C_NUM_SW_0,

LG IDF Jig A

o ESP-IDF v4.0 & DA A,

API %

Header File

¢ components/i2c_bus/include/i2c_bus.h

Functions

i2¢_bus_handle_t i2c_bus_create (i2c_port_t port, const i2c_config_t *conf)
Create an I2C bus instance then return a handle if created successfully. Each I2C bus works in a singleton
mode, which means for an i2¢ port only one group parameter works. When i2c_bus_create is called more than
one time for the same i2c port, following parameter will override the previous one.

SH
e port —12C port number. Please note that enabling 2C_BUS_SUPPORT_SOFTWARE
in menuconfig allows you to use ports in i2c_sw_port_t to enable software 12C.
* conf —Pointer to I2C bus configuration
1R[] i2c_bus_handle_t Return the 12C bus handle if created successfully, return NULL if failed.
esp_err_t i2c_bus_delete (i2c_bus_handle_t *p_bus_handle)

Delete and release the 12C bus resource.
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%% p_bus_handle —Point to the I2C bus handle, if delete succeed handle will set to NULL.
R m

* ESP_OK Success

» ESP_FAIL Fail

i2c_master_bus_handle_t i2¢c_bus_get_internal_bus_handle (i2c_bus_handle_t bus_handle)
Get internal idf bus_handle from i2c_bus_handle.

%% bus_handle —12C bus handle

1R [0] i2c_master_bus_handle_t Return the idf bus_handle if obtained successfully, return NULL
if failed.

uint8_t i2¢c_bus_scan (i2c_bus_handle_t bus_handle, uint8_t *buf, uint8_t num)

Scan i2c¢ devices attached on i2c bus.

S
* bus_handle —12C bus handle
* buf —Pointer to a buffer to save devices’ address, if NULL no address will be saved.
* num—-Maximum number of addresses to save, invalid if buf set to NULL, higher addresses
will be discarded if num less-than the total number found on the 12C bus.
& [A] uint8_t Total number of devices found on the I2C bus

uint32_t i2c_bus_get_current_clk_speed (i2c_bus_handle_t bus_handle)
Get current active clock speed.

%% bus_handle —12C bus handle
1R[] uint32_t current clock speed

uint8_t i2c_bus_get_created_device_num (i2¢c_bus_handle_t bus_handle)

Get created device number of the bus.

%4 bus_handle —12C bus handle
& 7] uint8_t created device number of the bus

i2¢_bus_device_handle_t i2c_bus_device_create (i2c_bus_handle_t bus_handle, uint8_t dev_addr,
uint32_t clk_speed)

Create an I2C device on specific bus. Dynamic configuration must be enable to achieve multiple devices with
different configs on a single bus. menuconfig:Bus Options->I2C Bus Options->enable dynamic configuration.

S8
* bus_handle —Point to the I12C bus handle
* dev_addr —i2c device address

* clk_speed —device specified clock frequency the i2c_bus will switch to during each
transfer. 0 if use current bus speed.

1R[] i2c_bus_device_handle_t return a device handle if created successfully, return NULL if
failed.

esp_err_t i2c_bus_device_delete (i2c_bus_device_handle_t *p_dev_handle)
Delete and release the I2C device resource, i2c_bus_device_delete should be used in pairs with
i2c_bus_device_create.
%4 p_dev_handle —Point to the I2C device handle, if delete succeed handle will set to NULL.
B
e ESP_OK Success
e ESP_FAIL Fail
uint8_t i2c_bus_device_get_address (i2c_bus_device_handle_t dev_handle)
Get device’ s I2C address.

%%t dev_handle -12C device handle
& [A] uint8_t I2C address, return NULL_I2C_DEV_ADDR if dev_handle is invalid.
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esp_err_t i2c_bus_read_byte (i2c_bus_device_handle_t dev_handle, uint8_t mem_address, uint8_t *data)

Read single byte from i2c device with 8-bit internal register/memory address.

SH
* dev_handle —12C device handle
* mem_address —The internal reg/mem address to read from, set to
NULL_I2C_MEM_ADDR if no internal address.
e data —Pointer to a buffer to save the data that was read
R[] esp_err_t
e ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
« ESP_ERR_INVALID STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_read_bytes (i2c_bus_device_handle_t dev_handle, uint8_t mem_address, size_t
data_len, uint8_t *data)

Read multiple bytes from i2c device with 8-bit internal register/memory address. If internal reg/mem address
is 16-bit, please refer i2c_bus_read_regl6.

ZH
* dev_handle -12C device handle
* mem_address ~The internal reg/mem address to read from, set to
NULL_I2C_MEM_ADDR if no internal address.
* data_len —Number of bytes to read
¢ data —Pointer to a buffer to save the data that was read
R esp_err_t
e ESP_OK Success
¢ ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_read_bit (i2c_bus_device_handle_t dev_handle, uint§_t mem_address, uint8_t bit_num,
uint8_t *data)

Read single bit of a byte from i2¢ device with 8-bit internal register/memory address.

SH
* dev_handle —12C device handle
* mem_address ~The internal reg/mem address to read from, set to
NULL_I2C_MEM_ADDR if no internal address.
* bit_num —The bit number O - 7 to read
* data —Pointer to a buffer to save the data that was read. *data == 0 -> bit = 0, *data !=0
->bit=1.
Rl esp_err_t
¢ ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
« ESP_ERR_INVALID _STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_read_bits (i2c_bus_device_handle_t dev_handle, uint8_t mem_address, uint8_t bit_start,
uint8_t length, uint8_t *data)

Read multiple bits of a byte from i2c¢ device with 8-bit internal register/memory address.

ZH
* dev_handle -12C device handle
* mem_address -The internal reg/mem address to read from, set to
NULL_I2C_MEM_ADDR if no internal address.
* bit_start —The bit to start from, 0 - 7, MSB at 0
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* length —The number of bits to read, 1 - 8
¢ data —Pointer to a buffer to save the data that was read
R esp_err_t
e ESP_OK Success
e ESP_ERR_INVALID_ ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
e ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_write_byte (i2c_bus_device_handle_t dev_handle, uint8_t mem_address, uint8_t data)

Write single byte to i2c device with 8-bit internal register/memory address.

S
e dev_handle —12C device handle
* mem_address -The internal reg/mem address to write to, set to
NULL_I2C_MEM_ADDR if no internal address.
* data —The byte to write.
R esp_err_t
e ESP_OK Success
e ESP_ERR_INVALID ARG Parameter error
¢ ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_write_bytes (i2c_bus_device_handle_t dev_handle, uint8_t mem_address, size_t
data_len, const uint8_t *data)

Write multiple byte to i2¢ device with 8-bit internal register/memory address If internal reg/mem address is
16-bit, please refer i2c_bus_write_reg16.

SH
* dev_handle —12C device handle
* mem_address -The internal reg/mem address to write to, set to
NULL_I2C_MEM_ADDR if no internal address.
* data_len —Number of bytes to write
* data —Pointer to the bytes to write.
]| esp_err_t
¢ ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_write_bit (i2c_bus_device_handle_t dev_handle, uint§8_t mem_address, uint8_t bit_num,
uint8_t data)

Write single bit of a byte to an i2c device with 8-bit internal register/memory address.

SH

* dev_handle -12C device handle

* mem_address ~The internal reg/mem address to write to, set to

NULL_I2C_MEM_ADDR if no internal address.

* bit_num —The bit number O - 7 to write

e data —The bit to write, data == 0 means set bit = 0, data !=0 means set bit = 1.
R esp_err_t

e ESP_OK Success

e ESP_ERR_INVALID_ ARG Parameter error

» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.

e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.

* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_write_bits (i2c_bus_device_handle_t dev_handle, uint§8_t mem_address, uint8_t
bit_start, uint8_t length, uint8_t data)
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Write multiple bits of a byte to an i2¢ device with 8-bit internal register/memory address.

S
* dev_handle 12C device handle
* mem_address -The internal reg/mem address to write to, set to
NULL_I2C_MEM_ADDR if no internal address.
* bit_start —The bit to start from, 0 - 7, MSB at 0
¢ length —The number of bits to write, 1 - 8
¢ data —The bits to write.
Rl esp_err_t
* ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_cmd_begin (i2c_bus_device_handle_t dev_handle, i2c_cmd_handle_t cmd)
I12C master send queued commands create by i2c_cmd_link_create . This function will trigger
sending all queued commands. The task will be blocked until all the commands have been sent out. If
12C_BUS_DYNAMIC_CONFIG enable, i2c_bus will dynamically check configs and re-install i2c driver be-
fore each transfer, hence multiple devices with different configs on a single bus can be supported.

4122 Only call this function when i2c_bus_read/write_xx do not meet the requirements

ZH
* dev_handle -12C device handle
¢ cmd —12C command handler
R esp_err_t
* ESP_OK Success
¢ ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_write_regl6 (i2c_bus_device_handle_t dev_handle, uint16_t mem_address, size_t
data_len, const uint8_t *data)

Write date to an i2¢ device with 16-bit internal reg/mem address.

* dev_handle -12C device handle
* mem_address -The internal 16-bit reg/mem address to write to, set to
NULL_I2C_MEM_ADDR if no internal address.
* data_len —Number of bytes to write
* data —Pointer to the bytes to write.
R esp_err_t
* ESP_OK Success
e ESP_ERR_INVALID_ ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
e ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

esp_err_t i2c_bus_read_reglé6 (i2c_bus_device_handle_t dev_handle, uint16_t mem_address, size_t
data_len, uint8 t *data)

Read date from i2c device with 16-bit internal reg/mem address.

S
¢ dev_handle —12C device handle
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* mem_address -The internal 16-bit reg/mem address to read from, set to
NULL_I2C_MEM_ADDR if no internal address.

* data_len —Number of bytes to read

e data —Pointer to a buffer to save the data that was read

R esp_err_t
* ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Sending command error, slave doesn’ t ACK the transfer.
e ESP_ERR_INVALID_STATE I2C driver not installed or not in master mode.
* ESP_ERR_TIMEOUT Operation timeout because the bus is busy.

Structures

struct i2c_config_t

12C initialization parameters.

Public Members

i2c_mode_t mode
12C mode

int sda_io_num

GPIO number for I12C sda signal

int scl_io_num

GPIO number for I12C scl signal

bool sda_pullup_en
Internal GPIO pull mode for I12C sda signal

bool sel_pullup_en
Internal GPIO pull mode for 12C scl signal

uint32_t clk_speed

12C clock frequency for master mode, (no higher than 1MHz for now)

struct i2c_config_t::[anonymous] master

12C master config

uint32_t clk_£flags
Bitwise of I2C_SCLK_SRC_FLAG_**FOR_DFS** for clk source choice

Macros

NULL_I2C_MEM_ ADDR
set mem_address to NULL_I2C_MEM_ADDR if i2¢ device has no internal address during read/write

NULL_I2C_MEM 16BIT_ADDR

set 16bit mem_address to NULL_I2C_MEM_16BIT_ADDR if i2c device has no internal address during
read/write
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NULL_I2C_DEV_ADDR

invalid i2¢ device address

gpio_pad_select_gpio

portTICK_RATE_MS

Type Definitions

typedef void *i2c_bus_handle_t
i2¢ bus handle

typedef void *i2c_bus_device_handle_t

i2¢ device handle

typedef void *i2c_cmd_handle_t

I12C command handle

2.1.2 spi_bus

spi_bus [¥{8 I 75 4

1 Al B2 i flspi_bus_create () Q@ —R&LH, A)ERFEEEE SPLig 1S (W ik
SPI2_HOST. SPI3_HOST) DA MLREIEIN spi_config_t. ELEINAFE MOSI. MISO. SCLK
SIS, AR5 HERGRITR C A e, —RATESTTI ). B2 & 05HA 4
max_transfer_sz, HFHLE RKEHFHERKEIEE, BEEHR 0 K406 H BRIAE 4096,

2. ﬁJ@iX% ffifflspi_bus_device_create () FEC AR LLH] 2 DA R, @52

DA WA Cs 5. ST RAETTIRMEIR, SPT %4 iR AR PR s £ 1
@ﬂﬁlﬁﬁﬂufﬂiﬁ%@%fﬂiﬁi

3.8 O£ e ffi  Hlspi_bus_transfer_byte(). spi_bus_transfer_bytes ().
spi_bus_transfer_regl6 () VA Jspi_bus_transfer_reg32() W] H 2 3t 17 8 W 1%
BEEAE. T SPLE2 XU TS, BRI AR R AL 4 Ak Az IscnT DA A T R%E%/\m%ﬁ%
R AIREE . AR R ) buf ALK .

4. MRS R R FTA Y spi_bus 5 B 5 AL, P A 1 M R £ R 2R SEFTRE i R B WA
A ffi fl spi_bus_device_delete () 4 BT RIS, SRIGMHH spi_bus_delete ()
PR EMEE . ERTER A AR M ERE MER B, BAER A ST

NE

spi_bus_handle_t bus_handle = NULL;
spi_bus_device_handle_t device_handle = NULL;
uint8_t data8_in = 0;

uint8_t data8_out = Oxff;

uintlé6_t datal6_in = 0;

uint32_t data32_in 0;

spi_config_t bus_conf = {
.miso_io_num = 19,
.mosi_io_num = 23,
.sclk_io_num = 18,

Y; // spi_bus configurations

Q3
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(& b))

spi_device_config_t device_conf = {

.cs_io_num = 19,

.mode = 0,

.clock_speed_hz = 20 * 1000 * 1000,
}; // spi_device configurations
bus_handle = spi_bus_create (SPI2_HOST, &bus_conf); // create spi bus
device_handle = spi_bus_device_create (bus_handle, &device_conf); // create spi.

—device

spi_bus_transfer_bytes (device_handle, &data8_out, &data8_in, 1); // transfer 1.
—byte with spi device

spi_bus_transfer_bytes (device_handle, NULL, &data8_in, 1); // only read 1 byte.
—with spi device

spi_bus_transfer_bytes (device_handle, &data8_out, NULL, 1); // only write 1 byte.
—with spi device

spi_bus_transfer_regl6 (device_handle, 0x1020, &datal6_in); // transfer 16-bit.
—~value with the device

spi_bus_transfer_reg32 (device_handle, 0x10203040, &data32_in); // transfer 32-bit.
—value with the device

spi_bus_device_delete (&device_handle);
spi_bus_delete (&bus_handle);

ik W TR EeERR Y H 35, A DARL Y f spi_bus_transmit_begin () 454y spi_transaction_t HF
TTHAE .

LG IDF Jig A

 ESP-IDF v4.0 % PA AR AR,

API %

Header File

* components/spi_bus/include/spi_bus.h

Functions
spi_bus_handle_t spi_bus_create (spi_host_device_t host_id, const spi_config_t *bus_conf)

Create and initialize a spi bus and return the spi bus handle.

S8
* host_id —SPI peripheral that controls this bus, SPI2_HOST or SPI3_HOST
* bus_conf —spi bus configurations details in spi_config_t
&[] spi_bus_handle_t handle for spi bus operation, NULL if failed.
esp_err_t spi_bus_delete (spi_bus_handle_t *p_bus_handle)

Deinitialize and delete the spi bus.

%% p_bus_handle —pointer to spi bus handle, if delete succeed handle will set to NULL.
R&A] esp_err_t

* ESP_ERR_INVALID_ARG if parameter is invalid

e ESP_FAIL Fail

e ESP_OK Success
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spi_bus_device_handle_t spi_bus_device_create (spi_bus_handle_t bus_handle, const spi_device_config_t
*device_conf)

Create and add a device on the spi bus.

S8

* bus_handle —handle for spi bus operation.

* device_conf —spi device configurations details in spi_device_config_t
& In] spi_bus_device_handle_t handle for device operation, NULL if failed.

esp_err_t spi_bus_device_delete (spi_bus_device_handle_t *p_dev_handle)

Deinitialize and remove the device from spi bus.

%% p_dev_handle —pointer to device handle, if delete succeed handle will set to NULL.
R esp_err_t

* ESP_ERR_INVALID_ARG if parameter is invalid

e ESP_FAIL Fail

e ESP_OK Success

esp_err_t spi_bus_transfer_byte (spi_bus_device_handle_t dev_handle, uint8_t data_out, uint8_t
*data_in)

Transfer one byte with the device.

BH

* dev_handle -handle for device operation.

* data_out —data will send to device.

* data_in —pointer to receive buffer, set NULL to skip receive phase.
R[] esp_err_t

* ESP_ERR_INVALID_ARG if parameter is invalid

» ESP_ERR_TIMEOUT if bus is busy

* ESP_OK on success

esp_err_t spi_bus_transfer bytes (spi_bus_device_handle_t dev_handle, const uint8_t *data_out, uint8_t
*data_in, uint32_t data_len)

Transfer multi-bytes with the device.

S
* dev_handle —handle for device operation.
* data_out —pointer to sent buffer, set NULL to skip sent phase.
* data_in —pointer to receive buffer, set NULL to skip receive phase.
* data_len number of bytes will transfer.
R esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
* ESP_ERR_TIMEOUT if bus is busy
e ESP_OK on success

esp_err_t spi_bus_transmit_begin (spi_bus_device_handle_t dev_handle, spi_transaction_t *p_trans)
Send a polling transaction, wait for it to complete, and return the result.

$&11: Only call this function when spi_bus_transfer_xx do not meet the requirements

S8
* dev_handle -handle for device operation.
* p_trans —Description of transaction to execute
R esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
* ESP_ERR_TIMEOUT if bus is busy
* ESP_OK on success
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esp_err_t spi_bus_transfer_regl6 (spi_bus_device_handle_t dev_handle, uintl16_t data_out, uint16_t
*data_in)

Transfer one 16-bit value with the device. using msb by default. For example 0x1234, 0x12 will send first then
0x34.

* dev_handle -handle for device operation.
* data_out —data will send to device.
* data_in —pointer to receive buffer, set NULL to skip receive phase.

R[] esp_err_t
e ESP_ERR_INVALID_ARG if parameter is invalid
* ESP_ERR_TIMEOUT if bus is busy
¢ ESP_OK on success

esp_err_t spi_bus_transfer_ reg32 (spi_bus_device_handle_t dev_handle, uint32_t data_out, uint32_t
*data_in)

Transfer one 32-bit value with the device. using msb by default. For example 0x12345678, 0x12 will send
first, 0x78 will send in the end.

BH
* dev_handle -handle for device operation.
* data_out —data will send to device.
* data_in —pointer to receive buffer, set NULL to skip receive phase.

Rl esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
e ESP_ERR_TIMEOUT if bus is busy
¢ ESP_OK on success

Structures

struct spi_config t

spi bus initialization parameters.

Public Members

gpio_num_tmiso_io_num

GPIO pin for Master In Slave Out (=spi_q) signal, or -1 if not used.

gpio_num_tmosi_io_num

GPIO pin for Master Out Slave In (=spi_d) signal, or -1 if not used.

gpio_num_t selk_io_num

GPIO pin for Spi CLocK signal, or -1 if not used

intmax_transfer_ sz

<Maximum length of bytes available to send, if < 4096, 4096 will be set

struct spi_device_config t

spi device initialization parameters.

Public Members
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gpio_num_t ¢s_io_num

GPIO pin to select this device (CS), or -1 if not used

uint8_t mode

modes (0,1,2,3) that correspond to the four possible clocking configurations

int clock_speed_hz

spi clock speed, divisors of 80MHz, in Hz. See ‘SPI_MASTER_FREQ_*

Macros

NULL_SPI_CS_PIN
set cs_io_num to NULL_SPI_CS_PIN if spi device has no CP pin

Type Definitions

typedef void *spi_bus_handle_t
spi bus handle

typedef void *spi_bus_device_handle_t
spi device handle

A5 SR (Bus) S @ 57AE ESP-IDF SMEIKE D2 ER)—ERNHZERMY, 4% i2c_bus. spi_bus
%, FEHT ESPIL R HAMNERFZ MRS . AN LA R, ST U6
AL AN AL AP TR
LR R B BRAE
- TR AR TR R B 1A
AR DA TS AT TR -

1 SR (Bus): 18 {5 I35 £ 2 TR) S [ H 14)  J0 Pi.

2. 5 (Device): {5 I AR I BE JEUMITE B 10

AN (Bus) EHB AU PRAVEIITR LR, ST 8515184 (Device), 30 SPI F2dl
2 CS BT A AT L, 12C P2 AR I 5 A JEFT LA SETIT S BAT ) 24,28 R ) 5 2 JVC P |-
fyh

W=

g T
12C g:ave IZCEIZave :- -: IL 1| vdd
SDA
12C Master |® L' l—‘ l_ |_ -
ESP32 SCL ._7 ._T l -
12C Slave 12C Slave
#3 #4
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MISO

< - &
MQOSI
L 4 L —>
SCLK
SPI Master T T r
ESP32
<1 SPI Slave SPI Slave SPI Slave
| &1 #1 #2 #3
Cs 2 |
CS 3

& 2: spi_bus FEHEHE E]

Header File

e components/bus/include/i2s_lcd_driver.h

Functions

i2s_lcd_handle_t i2s_lecd_driver_init (const i2s_lcd_config_t *config)
Initialize i2s Icd driver.

%4 config —configuration of i2s
&l A handle to the created i2s lcd driver, or NULL in case of error.

esp_err_ti2s_led_driver_deinit (i2s_lcd_handle_t handle)

Deinit i2s lcd driver.

¥ handle -i2s Icd driver handle to deinitilize
P

e ESP_OK on success

e ESP_ERR_INVALID_ARG handle is invalid

esp_err_ti2s_led_write_data (i2s_Ilcd_handle_t handle, uint16_t data)
Write a data to LCD.

ZH
¢ handle -i2s lcd driver handle
¢ data —Data to write
PEA ]
e ESP_OK on success
e ESP_ERR_INVALID_ARG handle is invalid

esp_err_ti2s_led_write_cmd (i2s_lcd_handle_t handle, uint16_t cmd)
Write a command to LCD.
S
¢ handle —Handle of i2s lcd driver
* cmd —command to write
$Ey |
* ESP_OK on success
e ESP_ERR_INVALID_ARG handle is invalid
esp_err_t i2s_led_write_command (i2s_Ilcd_handle_t handle, const uint8_t *cmd, uint32_t length)
Write a command to LCD.

¥

Espressif Systems 19 Release master
Submit Document Feedback


https://github.com/espressif/esp-iot-solution/blob/030a332d4/components/bus/include/i2s_lcd_driver.h
https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 2. JLREH

B

esp_err_t i2s_led_write (i2s_Ilcd_handle_t handle, const uint8_t *data, uint32_t length)

handle —Handle of i2s lcd driver
cmd —command to write
length -length of command

ESP_OK on success
ESP_ERR_INVALID ARG handle is invalid

Write block data to LCD.

R M

handle —Handle of i2s lcd driver
data —Pointer of data
length —length of data

ESP_OK on success
ESP_ERR_INVALID_ARG handle is invalid

esp_err_t i2s_led_acquire (i2s_Ilcd_handle_t handle)

acquire a lock

%% handle —Handle of i2s lcd driver
&\l Always return ESP_OK

esp_err_t i2s_lecd_release (i2s_Ilcd_handle_t handle)

release a lock

%% handle —Handle of i2s lcd driver
& [a] Always return ESP_OK

Structures

struct i2s_lcd_config_t

Configuration of i2s lcd mode.

Handle of i2s lcd driver

Public Members

int8_t data_width
Parallel data width, 16bit or 8bit available

int8_t pin_data_num[16]

Parallel data output 10

int8_t pin_num_cs

CS io num

int8_t pin_num_wr

Write clk io

int8_t pin_num_rs

RS io num
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int clk_£freq
12s clock frequency

i2s_port_t i2s_port
12S port number

bool swap_data

Swap the 2 bytes of RGB565 color

uint32_tbuffer_size
DMA buffer size

Macros
LCD_CMD_LEV
LCD_DATA_LEV
Type Definitions

typedef void *i2s_led_handle_t

2.3 R4 (Boards)

ARSI LR AR ST Boards) I EEHTITIE, AR R GIRE P 19 22 JCALIE, w1 B2 R b
PG5 75 SO S REAETC KRR A A, BT AR SRR IT A A I AR P vl DA [] IS 32 AN ] B4 0

Fet, PRI :

LSRRGm0 5 IS5 5 S
2. SO SN B S AL

3. Rt — MR R B 1
4. SRAETT R AR A BE 42 i 12 1

Boards ZH {1 Z5 AU «

iot_board.h im——-

board.c
kconfig.in

Boards : GPIO Define + Init Func + Resource Handle

esp32-devkitc esp32-MeshKit-Sense

Kconfig.projbuild; CMakelLists.txt ...

& 3: Boards ZH {445 FAHE E
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* Boards 0/ i 5 AR 4 :
— board_common.h, & T NAE APl R EGE
- board_common.c, & TX/AH AP BREELH (%)
— Kconfig.projbuild, & T /A BIEE I
o DA KM B 24 1 F SOOI & AR N2 :
- iot_board.h #HETIF LM GG E L, I AMRFA I H E X APL R
~ board. c BEHET A APLAOHPIEL CRINREE . FIE X AP 89l
- kconfig.in, $RMETIZIF AR E & SCHLE

2 1:: Boards 7F examples/common_components/boards Fffit,

231 fEHTTE

L WAL TTF At 7E app_main i} iot_board_init ¥IIRIF A M, HFIRAIFE menuconfig
W F 2 4 bnds folie B TR IR AL B B

2. FREAME AR ] iot_board_get_handle il board_res_id_t FREAMEEIEHI AN, a1
RAZIMEARYAN IR ACFF IR [F] NULL;

3. AR TAMRARAE

il

void app_main (void)
{
/*initialize board with default parameters,
you can use menuconfig to choose a target board*/
esp_err_t err = iot_board_init();
if (err !'= ESP_OK) {
goto error;

}

/*get the 12c0 bus handle with a board res_id,
BOARD_I2C0O_ID is declared in board_res_id t in each iot_board.h*/

bus_handle_t i2c0_bus_handle = (bus_handle_t)iot_board_get_handle (BOARD_I2CO_
if (i2c0_bus_handle == NULL) {

goto error;

}

J*
* use initialized peripheral with handles directly,
* no configurations required anymore.

*/

232 JFEBVIHRIE B

BT Boards JF AR HFERF, RTLAGE M LA TR I7 ik IR AN L EL T AAR -

1. AR AW #F menuconfig->Board Options->Choose Target Board HiEHF—IF
KR

2. FLEIF KM S%L: Board Common Options W& AH I AMRELED, BN E & EIEF K
WA LA BRI 4R 12c_bus; XXX Board Options & TiZIF AMAFA HIECEI, Hland)
eIt AR HIR S5

3. ffif] idf.py build flash monitor EHHIFIH FEkftig.

ik HIFRGHFHAEI N EsP32, W] ESP32-52, THEHMIF LA idf .py set-target
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esp32s2 [LEHR.
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233 2RI

ESP32 Jf- & e

S5 5 555 H e 5 s

S

17 5 18 19 GNO 21 RX
EEREENXNREEE]

€0 20 ET OND TU ¥I (Z 92 S £€ ZE SE ¥E WA
soooonsasasansl

L]

BN

2€-WOOHM-2ZedSa
JISS2HLS

esp32-meshkit-sense

esp32-ledkit

ESP32-S2 J} % #x

R I A R R

esp32s2-saola

ESP32-S3 Ff & #x
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2.34  ESMGEIE AR

WIS ASIBAITT S, ATAPGHEIE LT Boards I LMY AR .
AT E AL AR -

L. $ZHRZA P P25 4 HEST AL 2E) 1ot _board.h;

2. HMRFERAE board_xxx . c UNHIZH KRR HIRRESE I, SO A 1 55 R EIHA T8 55 5

3. FMFRAE kconfig. in IRHIZIF E AR 1 TC B ;

4. R EAE S A ME Keconfig.projbuild, HEH ks

5. R &M H SRR INE] CMakeLists.txt, IHEBHRIFRART]. WRFTELFFEMN nake HiF
250, 1ERHME N component .mk,

#rik: W Boards HEIRMIIIF MO FIE, i fi BAE el s T SAR IR o

2.3.5  HLAEf

o ,NFAKHSIIR : bus, button, led_strip

2.3.6 UiGAC IDF A

o ESP-IDF v4.4 K DL I fiAs,

237 EaEmLE N

» ESP32
» ESP32-S2
» ESP32-S3

2.4 CMake Utilities

cmake_utilities f& esp—iot-solution A Y CMake T HES,
BESTURIN %

e project_include.cmake: NI HTFRMASMATHEE, 4l DIAGNOSTICS_COLOR, ¥4k H

shiddT, 15152 project-include-cmake.,

package_manager.cmake: 3L T E A M R AZE T HE .

gcc.cmake: il menuconfig FH GCC #iiFasibdi, Fl4n LTo.

relinker.cmake $#tT—F IRAM R %(F5 303 Flash DA% RAM ZS[8] 1) 5 v .

gen_compressed_ota.cmake: ¥R T2 idf.py gen_compressed_ota PAK xz [E

4y OTA kil SC . PRI S % xz.

e gen_single_bin.cmake: IRl TS idf.py gen_single_bin PAZEBEEA4H A bin 304
(4445 app. bootloader, 43X 3:4%),

241 farfdE
L FEVRA LIS H B 1df_component . yml HHASAILLALFA AL

dependencies:
espressif/cmake_utilities: "0.*"
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2. TEMRY H A H 1) CMakeLists.txt H#) idf_component_register J5f & CMake I
/AR

// EE: R include() H B Ml B .cmake J5 4, &M KB KM XM
// #EE&E: N “idf_component_register’ B #H z 5k E W AT
/I REERTEKDE.

include (package_manager)

3. SRJSARATLAGE ] CMake BIASS (LA B DD RE -

242 ENBE

1. relinker

2. gen_compressed_ota
3. GCC Optimization
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3.1 BLE EfEH

| SZFeft A | ESP32 | ESP32-C2 | ESP32-C3 | ESP32-S3 |

BLE JEHAT PN U7 A BLE ZURESR UL THRIfbRy APT S . ESCRRANEL. APLLaH 5.

3.1.1 R

esp_ble_conn_config_t config = {
.device_name = CONFIG_EXAMPLE_BLE_ADV_NAME,
.broadcast_data = CONFIG_EXAMPLE_BLE_SUB_ADV
bi

ESP_ERROR_CHECK (esp_ble_conn_init (&confiqg));
ESP_ERROR_CHECK (esp_ble_conn_start ());

3.1.2 pp

1. BLE J&#) 457~ f: bluetooth/ble_conn_mgr/ble_periodic_adv.
2. BLE JE#[F 7~ fl: bluetooth/ble_conn_mgr/ble_periodic_sync.
3. BLE [t & 3047~ : bluetooth/ble_conn_mgr/ble_spp.

3.1.3 API &%
Header File

¢ components/bluetooth/ble_conn_mgr/include/esp_ble_conn_mgr.h

Functions

27
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esp_err_t esp_ble_conn_init (esp_ble_conn_config_t *config)

Initialization BLE connection management based on the configuration This function must be the first function
to call, This call MUST have a corresponding call to esp_ble_conn_deinit when the operation is complete.

%4 config —[in] The configurations, see esp_ble_conn_config_t.
PE ]

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization

* ESP_FAIL on error

esp_err_t esp_ble_conn_deinit (void)

Deinitialization BLE connection management This function must be the last function to call, It is the opposite
of the esp_ble_conn_init function.

PEA ]
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong deinitialization
* ESP_FAIL on error

esp_err_t esp_ble_conn_start (void)
Starts BLE session.
py |
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong start
e ESP_FAIL on other error
esp_err_t esp_ble_conn_stop (void)
Stop BLE session.
R
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong stop
e ESP_FAIL on other error
esp_err_t esp_ble_conn_set_mtu (uintl6_t mtu)

This api is typically used to update maximum transmission unit value.

%%, mtu —[in] The maximum transmission unit value to update
Bl

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong update

e ESP_FAIL on other error

esp_err_t esp_ble_conn_connect (void)
This api is typically used to connect actively.
|
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG on wrong connect
e ESP_FAIL on other error
esp_err_t esp_ble_conn_disconnect (void)
This api is typically used to disconnect actively.
$Eq |
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG on wrong disconnect
e ESP_FAIL on other error
esp_err_t esp_ble_conn_notify (const esp_ble_conn_data_t *inbuff)

This api is typically used to notify actively.

%%, inbuff [in] The pointer to store notify data.
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B
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG on wrong notify
e ESP_FAIL on other error

esp_err_t esp_ble_conn_read (esp_ble_conn_data_t *outbuf)

This api is typically used to read actively.

%%, outbuf —[in] The pointer to store read data.
izl
e ESP_OK on success
e ESP_ERR_INVALID_ARG on wrong read
e ESP_FAIL on other error

esp_err_t esp_ble_conn_write (const esp_ble_conn_data_t *inbuff)

This api is typically used to write actively.

%%, inbuff [in] The pointer to store write data.
Bzl
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG on wrong write
e ESP_FAIL on other error

esp_err_t esp_ble_conn_subscribe (esp_ble_conn_desc_t desc, const esp_ble_conn_data_t *inbuft)
This api is typically used to subscribe actively.
ZH
* desc —[in] The declarations of descriptors
* inbuff —[in] The pointer to store subscribe data.
FEA ]
e ESP_OK on success
* ESP_ERR_INVALID_ARG on wrong subscribe
 ESP_FAIL on other error
esp_err_t esp_ble_conn_add_sve (const esp_ble_conn_svc_t *svc)

This api is typically used to add service actively.

%% svec —[in] The pointer to store service.

PEA ]
e ESP_OK on success
* ESP_ERR_INVALID_ARG on wrong add service
* ESP_FAIL on other error

esp_err_t esp_ble_conn_remove_svc (const esp_ble_conn_svc_t *svc)
This api is typically used to remove service actively.
%% svec —[in] The pointer to store service.
Bl
e ESP_OK on success

* ESP_ERR_INVALID_ARG on wrong remove service
* ESP_FAIL on other error

Unions

union esp_ble_conn_uuid_t

#include <esp_ble_conn_mgr.h> Universal UUID, to be used for any-UUID static allocation.

Public Members
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uintl6_t uvuidleé
16 bit UUID of the service

uint32_t uuid32
32 bit UUID of the service

uint8_t uuid128[BLE_UUIDI128_VAL_LEN]
128 bit UUID of the service

Structures

struct esp_ble_conn_character_t

This structure maps handler required by UUID which are used to BLE characteristics.

Public Members

const char *name

Name of the handler

uint8_t type
Type of the UUID

uint8_t £lag
Flag for visiting right

esp_ble_conn_uuid_t uuid

Universal UUID, to be used for any-UUID static allocation

esp_ble_conn_cb_t uuid_£fn
BLE UUID callback

struct esp_ble_conn_svc_t

This structure maps handler required by UUID which are used to BLE services.

Public Members

uint8_t type
Type of the UUID

uintl16_t nu_lookup_count

Number of entries in the Name-UUID lookup table

esp_ble_conn_uuid_t uuid

Universal UUID, to be used for any-UUID static allocation

Espressif Systems 30 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 3. ¥ %

esp_ble_conn_character_t *nu_lookup

Pointer to the Name-UUID lookup table

struct esp_ble_conn_config_t

This structure maps handler required which are used to configure.

Public Members

uint8_t device_name[MAX_BLE_DEVNAME_LEN]

BLE device name being broadcast

uint8_t broadcast_data[BROADCAST_PARAM_LEN]

BLE device manufacturer being announce

uintl6_t extended_adv_len

Extended advertising data length

uintl6_t periodic_adv_len

Periodic advertising data length

uintl6_t extended_adv_rsp_len

Extended advertising responses data length

const char *extended_adv_data

Extended advertising data

const char *periodic_adv_data

Periodic advertising data

const char *extended_adv_rsp_data

Extended advertising responses data

uintl6_t include_service_uuid

If include service UUID in advertising

uintl6_t adv_uuidlé
NOTE: Only Support one 16-bit UUID

struct esp_ble_conn_data_t

This structure maps handler required by UUID which are used to data.

Public Members

uint8_t type
Type of the UUID
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uintl6_t write_conn_id

Connection handle ID

esp_ble_conn_uuid_t uvuid

Universal UUID, to be used for any-UUID static allocation

uint8_t *data
Data buffer

uintl6_t data_len

Data size

struct esp_ble_conn_periodic_sync_t

This structure represents a periodic advertising sync established during discovery procedure.

Public Members

uint8_t status

Periodic sync status

uintl6_t sync_handle

Periodic sync handle

uint8_t sid
Advertising Set ID

uint8_t adv_addr[6]

Advertiser address

uint§_t adv_phy
Advertising PHY

uintl6_t per_adv_ival

Periodic advertising interval

uint8_t adv_clk_accuracy

Advertiser clock accuracy

struct esp_ble_conn_periodic_report_t

This structure represents a periodic advertising report received on established sync.

Public Members

uint16_t sync_handle

Periodic sync handle
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int8_t tx_power

Advertiser transmit power in dBm (127 if unavailable)

int8_t rssi

Received signal strength indication in dBm (127 if unavailable)

uint§_t data_status

Advertising data status

uint§_t data_length
Advertising Data length

const uint8_t *data

Advertising data

struct esp_ble_conn_periodic_sync_lost_t

This structure represents a periodic advertising sync lost of established sync.

Public Members

uintl6_t sync_handle

Periodic sync handle

int reason

Reason for sync lost

Macros

ESP_IOT_ATT SUCCESS

Success code and error codes

ESP_IOT_ATT_INVALID_HANDLE

ESP_IOT ATT READ_NOT PERMIT

ESP_IOT_ATT WRITE_NOT_ PERMIT

ESP_IOT_ATT_ INVALID_PDU

ESP_IOT_ATT_INSUF_AUTHENTICATION

ESP_IOT_ATT REQ NOT_SUPPORTED

ESP_IOT_ATT INVALID_OFFSET

ESP_IOT_ATT_INSUF_AUTHORIZATION
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ESP_IOT ATT PREPARE_Q FULL

ESP_IOT_ATT NOT_FOUND

ESP_IOT_ATT_ NOT_LONG

ESP_IOT_ATT_INSUF_KEY SIZE

ESP_IOT_ATT INVALID_ATTR_LEN

ESP_IOT_ATT_ERR_UNLIKELY

ESP_IOT_ATT INSUF_ENCRYPTION

ESP_IOT_ATT UNSUPPORT_GRP_TYPE

ESP_IOT_ATT_INSUF_RESOURCE

ESP_IOT_ATT_ DATABASE_OUT_OF_SYNC

ESP_IOT ATT VALUE_NOT_ALLOWED

ESP_IOT_ATT NO_RESOURCES

Application error codes

ESP_IOT_ATT INTERNAL_ERROR

ESP_IOT_ATT WRONG_STATE

ESP_IOT_ATT DB_FULL

ESP_IOT_ATT_ BUSY

ESP_IOT ATT ERROR

ESP_IOT_ATT CMD_STARTED

ESP_IOT_ATT ILLEGAL_PARAMETER

ESP_IOT_ATT PENDING

ESP_IOT_ATT AUTH_FAIL

ESP_IOT ATT MORE
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ESP_IOT_ATT_INVALID_CFG

ESP_IOT_ATT SERVICE_STARTED

ESP_IOT_ATT_ENCRYPED_ MITM

ESP_IOT_ATT_ ENCRYPED_ NO_MITM

ESP_IOT_ ATT NOT_ENCRYPTED

ESP_IOT_ATT_CONGESTED

ESP_IOT_ATT DUP_REG

ESP_IOT_ATT ALREADY_ OPEN

ESP_IOT_ATT CANCEL

ESP_IOT_ATT_ STACK_RSP

Common profile and service error codes

ESP_IOT_ATT APP_RSP

ESP_IOT_ATT_UNKNOWN_ERROR

ESP_IOT_ATT CCC_CFG_ERR

ESP_IOT_ATT PRC_IN_PROGRESS

ESP_IOT_ATT_OUT_OF_ RANGE

MAX_BLE_DEVNAME_LEN

BLE device name cannot be larger than this value 31 bytes (max scan response size) - 1 byte (length) - 1 byte

(type) = 29 bytes BLE device name length

BLE_UUID128_VAL_LEN
128 bit UUID length

BROADCAST_ PARAM_LEN
BLE device broadcast param length

BLE_CONN_GATT_CHR_BROADCAST

Characteristic broadcast properties

BLE_CONN_GATT_CHR_READ

Characteristic read properties
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BLE_CONN_GATT CHR_WRITE_NO_RSP

Characteristic write properties

BLE_CONN_GATT CHR_WRITE

Characteristic write properties

BLE_CONN_GATT_ CHR_NOTIFY

Characteristic notify properties

BLE_CONN_GATT_CHR_INDICATE

Characteristic indicate properties

BLE_UUID_CMP (type, src, dst)
BLE_UUID_TYPE (type)

MIN (a, b)

Type Definitions

typedef esp_err_t (*esp_ble_conn_cb_t)(const uint8_t *inbuf, uint16_t inlen, uint8_t **outbuf, uint16_t
*outlen, void *priv_data, uint8_t *att_status)

This is type of function that will handle the registered characteristic.

Param inbuf [in] The pointer to store data: read operation if NULL or write operation if not
NULL
Param inlen [in] The store data length
Param outbuf [out] Variable to store data, it” 1l free by connection management component
Param outlen [out] Variable to store data length
Param priv_data [in] Private data context
Param att_status [in] The attribute return status
Return
» ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong parameter
e ESP_FAIL on error

Enumerations

enum esp_ble_conn_event_t

Type of event.

Values:

enumerator ESP_BLE_CONN_EVENT_UNKNOWN

Unknown event

enumerator ESP_BLE__CONN_EVENT_STARTED

When BLE connection management start, the event comes

enumerator ESP_BLE__CONN_EVENT_STOPPED

When BLE connection management stop, the event comes

Espressif Systems 36 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 3. ¥ %

enumerator ESP_BLE_CONN_EVENT_ CONNECTED

When a new connection was established, the event comes

enumerator ESP_BLE_CONN_EVENT_ DISCONNECTED

When a connection was terminated, the event comes

enumerator ESP_BLE_CONN_EVENT_DATA_RECEIVE

When receive a notification or indication data, the event comes

enumerator ESP_BLE_CONN_EVENT_DISC_COMPLETE

When the ble discover service complete, the event comes

enumerator ESP_BLE_CONN_EVENT_PERIODIC_REPORT

When the periodic adv report, the event comes

enumerator ESP_BLE_CONN_EVENT_PERIODIC_SYNC_LOST

When the periodic sync lost, the event comes

enumerator ESP_BLE_CONN_EVENT_ PERIODIC_SYNC

When the periodic sync, the event comes

enum esp_ble_conn_desc_t

Type of descriptors.

Values:

enumerator ESP_BLE_CONN_DESC_UNKNOWN

Unknown descriptors

enumerator ESP_BLE_CONN_DESC_EXTENDED

Characteristic Extended Properties

enumerator ESP_BLE_CONN_DESC_USER

Characteristic User Description

enumerator ESP_BLE_CONN_DESC_CIENT CONFIG

Client Characteristic Configuration

enumerator ESP_BLE_CONN_DESC_SERVER_CONFIG

Server Characteristic Configuration

enumerator ESP_BLE_CONN_DESC_PRE_FORMAT

Characteristic Presentation Format

enumerator ESP_BLE_CONN_DESC_AGG_FORMAT

Characteristic Aggregate Format

enumerator ESP_BLE_CONN_DESC_VALID_RANGE
Valid Range
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enumerator ESP_BLE_CONN_DESC_EXTREPORT

External Report Reference

enumerator ESP_BLE_CONN_DESC_REPORT

Report Reference

enumerator ESP_BLE_CONN_DESC_DIGITAL
Number of Digitals

enumerator ESP_BLE_CONN_DESC_VALUE_TRIGGER
Value Trigger Setting

enumerator ESP_BLE_CONN_DESC_ENV_SENS_CONFIG

Environmental Sensing Configuration

enumerator ESP_BLE_CONN_DESC_ENV_SENS_MEASURE

Environmental Sensing Measurement

enumerator ESP_BLE_CONN_DESC_ENV_TRIGGER

Environmental Sensing Trigger Setting

enumerator ESP_BLE_CONN_DESC_TIME_TRIGGER
Time Trigger Setting

enumerator ESP_BLE_CONN_DESC_COMPLETE_BLOCK
Complete BR-EDR Transport Block Data

enum esp_ble_conn_uuid_type_t
Type of UUID.

Values:

enumerator BLE_ CONN_UUID_TYPE_16
16-bit UUID (BT SIG assigned)

enumerator BLE_CONN_UUID_TYPE_32
32-bit UUID (BT SIG assigned)

enumerator BLE_CONN_UUID_TYPE_128
128-bit UUID

3.2 BLE J|R%

3.2.1 EAR R SS
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bluetooth/ble_services/ble_ans.

API %

Header File

» components/bluetooth/ble_services/ans/include/esp_ans.h

Functions
esp_err_t esp_ble_ans_get_new_alert (uint8_t cat_id, uint8_t *cat_val)

Read the value of or check supported new alert category.

Attention 1. When cat_id is OxFF, read the value of supported new alert category.
Attention 2. When cat_id isn’ t OxFF, check supported new alert category is enable or disable.

S8

* cat_id —[in] The ID of the category to read or check

* cat_val —[out] The value of read or check supported new alert category
Bl

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong category of the new alert

esp_err_t esp_ble_ans_set_new_alert (uint8_t cat_id, const char *cat_info)

Send a new alert notification to the given category with the given info string.

BH
* cat_id The ID of the category to send the notification to

* cat_info —The info string to send with the notification
Bl
» ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong category of the new alert

esp_err_t esp_ble_ans_get_unread_alert (uint8_t cat_id, uint8_t *cat_val)

Read the value of or check supported unread alert status category.

Attention 1. When cat_id is OxFF, read the value of supported unread alert status category.
Attention 2. When cat_id isn’ t OxFF, check supported unread alert status category is enable or disable.

BH

* cat_id —[in] The ID of the category to read or check

* cat_val —[out] The value of read or check supported unread alert status category
R M

» ESP_OK on successful
ESP_ERR_INVALID_ARG on wrong category of the unread alert
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esp_err_t esp_ble_ans_set_unread_alert (uint8_t cat_id)

Send an unread alert to the given category then notifies the client if the given category is valid and enabled.

%% cat_id —The ID of the category which should be incremented and notified

g
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong category of the unread alert

esp_err_t esp_ble_ans_init (void)
Initialization GATT Alert Notification Service.

P[]
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

Macros

BLE_ANS_UUID16

BLE_ANS_CHR_UUID16_SUP_NEW_ALERT CAT

BLE_ANS_CHR_UUID16_NEW_ALERT

BLE_ANS_CHR_UUID16_SUP_UNR_ALERT_CAT

BLE_ANS_CHR_UUID16_UNR_ALERT STAT

BLE_ANS_CHR_UUID16_ALERT NOT_CTRL_PT

BLE_ANS_CAT_BM_NONE

BLE_ANS_CAT_ BM_SIMPLE_ALERT

BLE_ANS_CAT BM_EMAIL

BLE_ANS_CAT_BEM_NEWS

BLE_ANS_CAT BM_CALL

BLE_ANS_CAT BM_MISSED_CALL

BLE_ANS_CAT_BM_SMS

BLE_ANS_CAT_BM VOICE_MAIL

BLE_ANS_CAT_BEM_SCHEDULE

BLE_ANS_CAT_ID_SIMPLE_ALERT
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BLE_ANS_CAT_ID_EMAIL
BLE_ANS_CAT_ID_NEWS

BLE_ANS_CAT_ ID_CALL
BLE_ANS_CAT_ID_MISSED_CALL
BLE_ANS_CAT_ID_SMS

BLE_ANS_CAT_ ID_VOICE_MAIL
BLE_ANS_CAT_ID_SCHEDULE
BLE_ANS_CAT_ NUM
BLE_ANS_CMD_EN_NEW_ALERT CAT
BLE_ANS_CMD_EN_UNR_ALERT_CAT
BLE_ANS_CMD_DIS_NEW_ALERT CAT
BLE_ANS_CMD_DIS_UNR_ALERT_CAT
BLE_ANS_CMD_NOT_NEW_ALERT_IMMEDIATE
BLE_ANS_CMD_NOT_UNR_ALERT_IMMEDIATE
BLE_ANS_INFO_STR_MAX_ LEN

BLE_ANS_NEW_ALERT MAX_LEN

3.2.2 liRSs

P 55 7 L Tt S5 A A L R BT SO A TR LB L BRI AR
2y

bluetooth/ble_services/ble_bas.

API %

Header File

» components/bluetooth/ble_services/bas/include/esp_bas.h
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Functions
esp_err_t esp_ble_bas_get_battery_level (uint8_t *level)

Get the current battery level of the device.

%% level —[in] The pointer to store the current battery level
P
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery level
esp_err_t esp_ble_bas_set_battery_level (uint8_t *level)

Set the current battery level of the device.

%% level —[in] The pointer to store the current battery level
P[]

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery level

esp_err_t esp_ble_bas_get_level_status (esp_ble_bas_level_status_t *status)
Get the summary information related to the battery status of the device.

%4 status —[in] The pointer to store the the summary information related to the battery status
B

¢ ESP_OK on successful

» ESP_ERR_INVALID_ARG on wrong battery status

esp_err_t esp_ble_bas_set_level_status (esp_ble_bas_level_status_t *status)

Set the summary information related to the battery status of the device.

%% status —{in] The pointer to store the the summary information related to the battery status
B

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery status

esp_err_t esp_ble_bas_get_estimated_date (uint32_t *estimated_date)

Get the current estimated date when the battery is likely to require service or replacement.

%% estimated_date —[in] The pointer to store the current estimated date
Bzl

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery estimated date

esp_err_t esp_ble_bas_set_estimated_date (uint32_t *estimated_date)
Set the current estimated date when the battery is likely to require service or replacement.

%4 estimated_date —[in] The pointer to store the current estimated date
$EA |

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery estimated date

esp_err_t esp_ble_bas_get_critical_status (esp_ble_bas_critical_status_t *status)
Get the status bits related to potential battery malfunction.
%4 status —[in] The pointer to store the status bits related to potential battery malfunction
B
* ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery malfunction
esp_err_t esp_ble_bas_set_critical_status (esp_ble_bas_critical_status_t *status)

Set the status bits related to potential battery malfunction.

%% status —[in] The pointer to store the status bits related to potential battery malfunction
B

* ESP_OK on successful

e ESP_ERR_INVALID_ARG on wrong battery malfunction
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esp_err_t esp_ble_bas_get_energy_status (esp_ble_bas_energy_status_t *status)
Get the current energy status details of the battery.

%%, status —[in] The pointer to store the status bits related to potential battery energy

B
* ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery energy
esp_err_t esp_ble_bas_set_energy_status (esp_ble_bas_energy_status_t *status)

Set the current energy status details of the battery.

%% status —[in] The pointer to store the status bits related to potential battery energy

Bl
» ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery energy

esp_err_t esp_ble_bas_get_time_status (esp_ble_bas_time_status_t *status)
Get the current estimates on times for discharging and charging.
%%, status —[in] The pointer to store the current estimates on times
P[]
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery estimates
esp_err_t esp_ble_bas_set_time_status (esp_ble_bas_time_status_t *status)
Set the current estimates on times for discharging and charging.
%4 status —[in] The pointer to store the current estimates on times
P[]
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery estimates
esp_err_t esp_ble_bas_get_health_status (esp_ble_bas_health_status_t *status)
Get the aspects of battery health.

%4 status —[in] The pointer to store the aspects of battery health
B

e ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery health

esp_err_t esp_ble_bas_set_health_status (esp_ble_bas_health_status_t *status)
Set the aspects of battery health.
%4 status —[in] The pointer to store the aspects of battery health
B
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery health
esp_err_t esp_ble_bas_get_health_info (esp_ble_bas_health_info_t *info)
Get the static aspects of battery health.
%% info —{in] The pointer to store the static aspects of battery health
B
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery health information
esp_err_t esp_ble_bas_set_health_info (esp_ble_bas_health_info_t *info)
Set the static aspects of battery health.

%%, info —[in] The pointer to store the static aspects of battery health
R

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery health information
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esp_err_t esp_ble_bas_get_battery_info (esp_ble_bas_battery_info_t *info)
Get the physical characteristics of the battery.

%% info —[in] The pointer to store the physical characteristics of the battery
B

* ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery information

esp_err_t esp_ble_bas_set_battery_info (esp_ble_bas_battery_info_t *info)
Set the physical characteristics of the battery.

%%, info —[in] The pointer to store the physical characteristics of the battery
R m

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery information

esp_err_t esp_ble_bas_init (void)
Initialization Battery Service.

P[]
¢ ESP_OK on successful
¢ ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

Structures

structuint24_t

This structure represents a 24bits data type.

Public Members

uint32_tu24
A 24bits data

struct esp_ble_bas_level_status_t

Battery Level Status Characteristic.

Public Members

uint§_ten_identifier

Identifier Present

uint8_t en_battery_level

Battery Level Present

uint8_t en_additional_status

Additional Status Present

uint8_t flags_reserved

Reserve Feature Used

struct esp_ble_bas_level_status_t::[anonymous] £lags

Flags of Battery Level Status
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uintl6_t battery
Battery Present

uintl6_t wired_external_power_source

Wired External Power Source Connected:

uintl6_t wireless_external_power_source

Wireless External Power Source Connected:

uintl6_t battery_charge_state
Battery Charge State:

uintl6_t battery_charge_level
Battery Charge Level:

uint16_t battery_charge_type
Battery Charging Type

uintl6_t charging_fault_reason

Charging Fault Reason

uint16_t power_state_reserved

Reserve Feature Used

struct esp_ble_bas_level_status_t::[anonymous] power_state

Power State of Battery Level Status

uintl6_t identifier

Used as an identifier for a service instance.

uint§_t battery_level
Refer to the Battery Level

uint8_t service_required

Service Required

uint§_t battery_fault
Battery Fault:

uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_level_status_t::[anonymous] additional_status

Contains additional status information such as whether or not service is required

struct esp_ble_bas_critical_status_t

Battery Critical Status Characteristic.
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Public Members

uint8_t critical_power_state

Critical Power State

uint8_t immediate_service

Immediate Service Required

uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_critical_status_t::[anonymous] status

Battery Critical Status

struct esp_ble_bas_energy_status_t

Battery Energy Status Characteristic.

Public Members

uint8_t en_external_source_power

External Source Power Present

uint8_t en_voltage

Present Voltage Present

uint8_t en_available_energy

Available Energy Present

uint8_t en_available_battery_capacity

Available Battery Capacity Present

uint8_t en_charge_rate

Charge Rate Present

uint§_t en_available_energy_last_charge

Available Energy at Last Charge Present

uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_energy_status_t::[anonymous] £lags

Flags of Battery Energy Status

uintl6_t external_source_power

The total power being consumed from an external power source

uintl6_t voltage

The present terminal voltage of the battery in volts.
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uintl6_t available_energy

The available energy of the battery in kilowatt-hours in its current charge state

uintl6_t available_battery_capacity

The capacity of the battery in kilowatt-hours at full charge in its current condition

uint16_t charge_rate

The energy flowing into the battery in watts

uintl6_t available_energy_last_charge

The available energy of the battery in kilowatt-hours in its last charge state

struct esp_ble_bas_time_status_t

Battery Time Status Characteristic.

Public Members

uint_t en_discharged_standby
Time until Discharged on Standby Present

uint8_t en_recharged

Time until Recharged Present

uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_time_status_t::[anonymous] £lags

Flags of Battery Time Status

uint24_t discharged

Estimated time in minutes until discharged

uint24_t discharged_standby

Estimated time in minutes until discharged assuming for the remaining time the device is in standby.

uint24_t recharged

Estimated time in minutes until recharged

struct esp_ble_bas_health_status_t
Battery Health Status Characteristic.

Public Members

uint§_t en_battery_health_summary

Battery Health Summary Present
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uint§_t en_cycle_count

Cycle Count Present

uint§_t en_current_temperature

Current Temperature Present

uint§_t en_deep_discharge_count

Deep Discharge Count Present

uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_health_status_t::[anonymous] £1lags
Flags of Battery Health Status

uint8_t battery_health_summary
Represents aggregation of the overall health of the battery

uintl6_t cycle_count

Represents the count value of charge cycles

int8_t current_temperature

Represents the current temperature of the battery

uint16_t deep_discharge_count

Represents the number of times the battery was completely discharged

struct esp_ble_bas_health_info_t

Battery Health Information Characteristic.

Public Members

uint8_t en_cycle_count_designed_lifetime

Cycle Count Designed Lifetime Present

uint8_tmin_max_designed_operating_temperature

Min and Max Designed Operating Temperature Present

uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_health_info_t::[anonymous] £lags

Flags of Battery Health Information

uintl6_t cycle_count_designed_lifetime

Represents the designed number of charge cycles supported by the device
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int8_tmin_designed_operating_temperature

Represents the minimum designed operating temperature of the battery

int8_t max_designed_operating_temperature

Represents the maximum designed operating temperature of the battery

struct esp_ble_bas_battery_info_t

Battery Information Characteristic.

Public Members

uintl6_t en_manufacture_date

Battery Manufacture Date Present

uintl6_t en_expiration_date

Battery Expiration Date Present

uintl6_t en_designed_capacity

Battery Designed Capacity Present

uintl6_t en_low_energy

Battery Low Energy Present

uintl6_t en_critical_energy

Battery Critical Energy Present

uintl6_t en_chemistry

Battery Chemistry Present

uintl6_t en_nominalvoltage

Nominal Voltage Present

uintl6_t en_aggregation_group

Battery Aggregation Group Present

uintl6_t flags_reserved

Reserve Feature Used

struct esp_ble_bas_battery_info_t::[anonymous] £lags

Flags of Battery Information

uint8_t replace_able

Battery Replaceable

uint8_t recharge_able

Battery Rechargeable
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uint8_t reserved

Reserve Feature Used

struct esp_ble_bas_battery_info_t::[anonymous] features

Features of Battery Information

uint24_t manufacture_date

Battery date of manufacture specified as days

uint24_t expiration_date

Battery expiration date specified as days

uintl6_t designed_capacity

The capacity of the battery in kilowatt-hours at full charge in original (new) condition.

uint16_t low_energy

The battery energy value in kilowatt-hours when the battery is low

uintl6_t critical_energy

The battery energy value in kilowatt-hours when the battery is critical.

uint§_t chemistry

The value of battery chemistry

uintl6_t nominalvoltage

Nominal voltage of the battery in units of volts

uint8_t aggregation_group

Indicates the Battery Aggregation Group to which this instance of the battery service is associated

struct esp_ble_bas_data_t

Battery Service.

Public Members

uint8_t battery_level
The charge level of a battery

esp_ble_bas_level_status_t level_status

The power state of a battery

uint24_t estimated_service_date

The estimated date when replacement or servicing is required.

esp_ble_bas_critical_status_t critical_status

The device will possibly not function as expected due to low energy or service required
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esp_ble_bas_energy_status_t energy_status

Details about the energy status of the battery

esp_ble_bas_time_status_t time_status

Time estimates for discharging and charging

esp_ble_bas_health_status_t health_status
Several aspects of battery health

esp_ble_bas_health_info_t health_info
The health of a battery

esp_ble_bas_battery_info_t battery_info

The physical characteristics of a battery in the context of the battery’ s connection in a device

Macros

BLE_BAS_UUID16

BLE_BAS_CHR_UUID16_LEVEL

BLE_BAS_CHR_UUID16_LEVEL_STATUS

BLE_BAS_CHR_UUID16_ESTIMATED_SERVICE_DATE

BLE_BAS_CHR_UUID16_CRITICAL_STATUS

BLE_BAS_CHR_UUID16_ENERGY_ STATUS

BLE_BAS_CHR_UUID16_TIME_STATUS

BLE_BAS_CHR_UUID16_HEALTH_STATUS

BLE_BAS_CHR_UUID16_HEALTH_INFO

BLE_BAS_CHR_UUID16_BATTERY INFO

BAS_CHR_LEVEL_STATUS_FLAGS_BM_NONE

BAS_CHR_LEVEL_STATUS_FLAGS_BM_IDENTIFY

BAS_CHR_LEVEL_ STATUS_FLAGS_BM BATTERY_ LEVEL

BAS_CHR_LEVEL_STATUS_FLAGS_BM_ADDITIONAL_STATUS

BAS_CHR_LEVEL_STATUS_FLAGS_BM_RFU
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BAS_CHR_LEVEL_ STATUS_POWER_STATE_BATTERY_NOT

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_ SET

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED EXTERNAL_POWER_SOURCE_NOTCONNECT

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_ EXTERNAIL_ POWER_SOURCE_CONNECTED

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_ EXTERNAL POWER_SOURCE_UNKNOWN

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_ EXTERNAL_ POWER_SOURCE_RFU

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELESS_EXTERNAL_POWER_SOURCE_NOTCONNECT

BAS_CHR_LEVEL_ STATUS_POWER_STATE_WIRELESS_EXTERNAL_POWER_SOURCE_CONNECTED

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELESS_EXTERNAL_POWER_SOURCE_UNKNOWN

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELESS_EXTERNAL_POWER_SOURCE_RFU

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY CHARGE_STATE_UNKNOWN

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY CHARGE_STATE_CHARGING

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_ CHARGE_STATE_DISCHARGING_ACTIVE

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_CHARGE_STATE_DISCHARGING_INACTIVE

BAS_CHR_LEVEL_ STATUS_POWER_STATE_BATTERY_ CHARGE_LEVEL_UNKNOWN

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_ CHARGE_LEVEL_GOOD

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_ CHARGE_LEVEL_LOW

BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY CHARGE_LEVEL_CRITICAL

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_UNKNOWN

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_CURRENT

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_VOLTAGE

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_TRICKLE

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_FLOAT
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BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_RFU

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_FAULT_NONE

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_FAULT_ BATTERY

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_FAULT EXTERNAL_POWER_SOURCE

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_FAULT OTHER

BAS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_FALSE

BAS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_TRUE

BAS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_UNKNOWN

BAS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_RFU

BAS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_BATTERY_FAULT_UNKNOWN

BAS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_BATTERY FAULT_TRUE

BAS_CHR_CRITICAL_STATUS_FLAGS_BM_ NONE

BAS_CHR_CRITICAL_STATUS_FLAGS_BM CRITICAL_POWER_STATE

BAS_CHR_CRITICAL_STATUS_FLAGS_BM IMMEDIATE_SERVICE

BAS_CHR_ENERGY_STATUS_FLAGS_BM NONE

BAS_CHR_ENERGY_STATUS_FLAGS_BM_EXTERNAL_SOURCE_POWER

BAS_CHR_ENERGY_STATUS_FLAGS_BM_VOLTAGE

BAS_CHR_ENERGY_STATUS_FLAGS_BM_AVAILALBE_ENERGY

BAS_CHR_ENERGY_STATUS_FLAGS_BM_ AVAILALBE_BATTERY_CAPACITY

BAS_CHR_ENERGY_STATUS_FLAGS_BM_CHARGE_RATE

BAS_CHR_ENERGY_STATUS_FLAGS_BM AVAILALBE_ENERGY_LAST CHARGE

BAS_CHR_ENERGY_STATUS_FLAGS_BM RFU

BAS_CHR_TIME_STATUS_FLAGS_BM_NONE
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BAS_CHR_TIME_STATUS_FLAGS_BM_DISCHARGED_STANDBY

BAS_CHR_TIME_STATUS_FLAGS_BM_RECHARGE

BAS_CHR_TIME_STATUS_FLAGS_BM_RFU

BAS_CHR_HEALTH_STATUS_FLAGS_BM_NONE

BAS_CHR_HEALTH_STATUS_FLAGS_BM_BATTERY HEALTH_ SUMMARY

BAS_CHR_HEALTH_STATUS_FLAGS_BM_RCYCLE_COUNT

BAS_CHR_HEALTH_STATUS_FLAGS_BM_CURRENT_TEMPERATURE

BAS_CHR_HEALTH_STATUS_FLAGS_BM DEEP_DISCHARGE_COUNT

BAS_CHR_HEALTH_STATUS_FLAGS_BM_RFU

BAS_CHR_HEALTH_INFO_FLAGS_BM_NONE

BAS_CHR_HEALTH_INFO_FLAGS_BM CYCLE_COUNT_ DESIGNED_LIFETIME

BAS_CHR_HEALTH_INFO_FLAGS_BM_DESIGNED_OPERATING_TEMPERATURE

BAS_CHR_HEALTH_INFO_FLAGS_BM RFU

BAS_CHR_BATTERY INFO_FLAGS_BM_ NONE

BAS_CHR_BATTERY_INFO_FLAGS_BM MANUFACTURE_DATE

BAS_CHR_BATTERY_ INFO_FLAGS_BM_EXPIRATION_DATE

BAS_CHR_BATTERY_ INFO_FLAGS_BM_DESIGNED_CAPACITY

BAS_CHR_BATTERY_ INFO_FLAGS_BM_ LOW_ENERGY

BAS_CHR_BATTERY_ INFO_FLAGS_BM CRITICAL_ENERGY

BAS_CHR_BATTERY INFO_FLAGS_BM CHEMISTRY

BAS_CHR_BATTERY_ INFO_FLAGS_BM NOMINAL_VOLTAGE

BAS_CHR_BATTERY_INFO_FLAGS_BM AGGREGATION_GROUP

BAS_CHR_BATTERY_ INFO_FLAGS_BM_RFU
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BAS_CHR_BATTERY_ INFO_FEATURE_BEM NONE
BAS_CHR_BATTERY_ INFO_FEATURE_BM REPLACE
BAS_CHR_BATTERY_ INFO_FEATURE_BM_ RECHARGE

BAS_CHR_BATTERY INFO_FEATURE_BM RFU
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bluetooth/ble_services/ble_bcs.

API £%

Header File

» components/bluetooth/ble_services/bcs/include/esp_bcs.h

Functions
esp_err_t esp_ble_bcs_set_measurement (esp_bcs_val_t *in_val, bool need_send)

Set the Body Componsition value.
S8
* in_val [in] The pointer to store the Body Componsition Information.
* need_send —[in] If set to true, the Body Componsition Info will send to remote client.
Bl
» ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error
esp_err_t esp_ble_bcs_init (void)
Initialization Body Componsion Service.
Bl
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong initialization
» ESP_FAIL on error

Structures

struct esp_becs_val_t

Body Composition Measurement Characteristic.
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Public Members

uint32_tbes_flag
Body Composition flag field

uintl6_t year

Year as defined by the Gregorian calendar, Valid range 1582 to 9999

uint8_t month

Month of the year as defined by the Gregorian calendar, Valid range 1 (January) to 12 (December)

uint8_t day
Day of the month as defined by the Gregorian calendar, Valid range 1 to 31

uint8_t hours

Number of hours past midnight, Valid range 0 to 23

uint8_t minutes

Number of minutes since the start of the hour. Valid range 0 to 59

uint8_t seconds

Number of seconds since the start of the minute. Valid range 0 to 59

struct esp_bcs_val_t::[anonymous] timestamp

The date and time

uint8_t user_id
User ID field

uintl6_t basal_metabolism
Basal Metabolism field

uintl6_t muscle_percentage

Muscle Percentage field

uintl6_t muscle_mass
Muscle Mass field

uintl6_t fat_free_mass
Fat Free Mass field

uintl6_t soft_lean_mass
Soft Lean Mass field

uintl6_t body_water_mass
Body Water Mass field

uint8_t impedance

Impedance field
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uint16_t weight
Weight field

uint16_t height
Height field

Macros

BLE_BCS_MAX_VAL_LEN

BLE_BCS_UUID16

BLE_BCS_CHR_UUID16_FEATURE

BLE_BCS_CHR_UUID16_MEASUREMENT

BLE_BCS_FEAT_TIME_STAMP

BLE_BCS_FEAT MULTI_USER

BLE_BCS_FEAT_BASAL_METABOLISM

BLE_BCS_FEAT_MUSCLE_PERCENTAGE

BLE_BCS_FEAT_MUSCLE_MASS

BLE_BCS_FEAT_FAT_ FREE_MASS

BLE_BCS_FEAT SOFT_LEAN_MASS

BLE_BCS_FEAT_BODY_WATER_MASS

BLE_BCS_FEAT_ IMPEDENCE

BLE_BCS_FEAT_WEIGHT

BLE_BCS_FEAT_HEIGHT

BLE_BCS_FEAT MASS_MEASUREMENT RESOLUTION

BLE_BCS_FEAT HEIGHT_ RESOLUTION

BLE_BCS_FLAG_MEASUREMENT_UNITS

BLE_BCS_FLAG_TIME_STAMP
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BLE_BCS_FLAG_MULTI_USER
BLE_BCS_FLAG_BASAL_METABOLISM
BLE_BCS_FLAG_MUSCLE_PERCENTAGE
BLE_BCS_FLAG_MUSCLE_MASS
BLE_BCS_FLAG_FAT FREE_MASS
BLE_BCS_FLAG_SOFT_LEAN MASS
BLE_BCS_FLAG_BODY_WATER_MASS
BLE_BCS_FLAG_IMPEDENCE
BLE_BCS_FLAG_WEIGHT
BLE_BCS_FLAG_HEIGHT

BLE_BCS_FLAG_MULTIPLE_PACKET
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bluetooth/ble_services/ble_cts.

API %

Header File

» components/bluetooth/ble_services/cts/include/esp_cts.h

Functions
esp_err_t esp_ble_cts_get_current_time (esp_ble_cts_cur_time_t *out_val)

Read the value of Current Time characteristic.

%% out_val —[in] The pointer to store the Current Time Increment.
A

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong parameter
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esp_err_t esp_ble_cts_set_current_time (esp_ble_cts_cur_time_t *in_val, bool need_send)

Set the Current Time characteristic value.

S
e in_wval —[in] The pointer to store the Current Time.
* need_send —[in] send the current time to remote client.
$Ey |
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong initialization
 ESP_FAIL on error
esp_err_t esp_ble_cts_get_local_time (esp_ble_cts_local_time_t *out_val)
Read the value of Local Time characteristic.
%4 out_val —[in] The pointer to store the Local Time Increment.
S|
¢ ESP_OK on successful
» ESP_ERR_INVALID_ARG on wrong parameter
esp_err_t esp_ble_cts_set_local_time (esp_ble_cts_local_time_t *in_val)
Set the Local Time characteristic value.
%% in_val -[in] The pointer to store the Local Time.
byl
¢ ESP_OK on successful
esp_err_t esp_ble_cts_get_reference_time (esp_ble_cts_ref_time_t *out_val)

Read the value of Reference Time characteristic.

%% out_val —[in] The pointer to store the Reference Time Increment.
R
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong parameter
esp_err_t esp_ble_cts_set_reference_time (esp_ble_cts_ref_time_t *in_val)

Set the Reference Time characteristic value.

%%, in_wval —[in] The pointer to store the Reference Time.
|
¢ ESP_OK on successful
esp_err_t esp_ble_cts_init (void)
Initialization Current Time Service.
pey |
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
* ESP_FAIL on error

Structures

struct esp_ble_cts_cur_time_t

Current Time.

Public Members

uintl6_t year
Year as defined by the Gregorian calendar, Valid range 1582 to 9999
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uint8_t month

Month of the year as defined by the Gregorian calendar, Valid range 1 (January) to 12 (December)

uint8_t day
Day of the month as defined by the Gregorian calendar, Valid range 1 to 31

uint8_t hours

Number of hours past midnight, Valid range 0 to 23

uint8_t minutes

Number of minutes since the start of the hour. Valid range 0 to 59

uint8_t seconds

Number of seconds since the start of the minute. Valid range 0 to 59

struct esp_ble_cts_cur_time_t::[anonymous] t imestamp

The date and time

uint8_t day_of_week

Day_of_week. valid range : 1(Monday) - 7(Sunday), O means day of week not known

uint8_t fractions_256

Fractions_256. the number of 1 /256 fractions of second, valid range : 0 - 255

uint8_t adjust_reason

This field represents reason(s) for adjusting time

struct esp_ble_cts_local_time_t

Local Time Information.

Public Members

int8_t timezone

Time zone

uint§_t dst_offset
dst_offset. allowed values : 0, 2, 4, 8, 255 Dst offset

struct esp_ble_cts_ref_time_t

reference time information

Public Members

uint8_t time_source

time_source. valid range : 0 - 253 255 means not known Time source

uint8_t time_accuracy

Time accuracy
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uint8_t days_since_update
days_since_update. valid range : O - 254 A value of 255 is used when the time span is greater than or
equal to 255 days Days since update

uint§_t hours_since_update

hours_since_update. valid range : 0 - 23 A value of 255 is used when the time span is greater than or
equal to 255 days Hours since update

Macros

BLE_CTS_UUID16

BLE_CTS_CHR_UUID16_CURRENT TIME
BLE_CTS_CHR_UUID16_LOCAL_TIME
BLE_CTS_CHR_UUID16_REFERENCE_TIME
BLE_CTS_MANUAL_TIME_UPDATE_MASK
BLE_CTS_EXTERNAL_REFERENCE_TIME_UPDATE_MASK
BLE_CTS_CHANGE_OF _TIME_ZONE_MASK

BLE_CTS_CHANGE_OF_DST_MASK
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bluetooth/ble_services/ble_dis.

API 5%

Header File

» components/bluetooth/ble_services/dis/include/esp_dis.h

Functions
esp_err_t esp_ble_dis_get_model_number (const char **value)

Get the model number that is assigned by the device vendor.

%4 value —[out] The pointer to store the model number.
PEA ]

e ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong model number
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esp_err_t esp_ble_dis_set_model_number (const char *value)

Set the model number of the device.

%% value —[in] The pointer to store the model number.
Rl

¢ ESP_OK on successful

e ESP_ERR_INVALID_ARG on wrong model number

esp_err_t esp_ble_dis_get_serial_number (const char **value)

Get the serial number for a particular instance of the device.

%%, value —[out] The pointer to store the serial number.
R m

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong serial number

esp_err_t esp_ble_dis_set_serial_number (const char *value)

Set the serial number of the device.

%%, value —[in] The pointer to store the serial number.
P[]

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong serial number

esp_err_tesp_ble_dis_get_firmware_revision (const char **value)

Get the firmware revision for the firmware within the device.

%4 value —[out] The pointer to store the firmware revision.
P[]

¢ ESP_OK on successful

e ESP_ERR_INVALID_ARG on wrong firmware revision

esp_err_t esp_ble_dis_set_firmware_revision (const char *value)
Set the firmware revision of the device.
%4 value —[in] The pointer to store the firmware revision.
S|
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong firmware revision
esp_err_t esp_ble_dis_get_hardware_revision (const char **value)
Get the hardware revision for the hardware within the device.
%4 value —[out] The pointer to store the hardware revision.
pey |
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong hardware revision
esp_err_t esp_ble_dis_set_hardware_revision (const char *value)
Set the hardware revision of the device.
%4 value —[in] The pointer to store the hardware revision.
S|
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong hardware revision
esp_err_tesp_ble_dis_get_software_revision (const char **value)

Get the software revision for the software within the device.

%% value —[out] The pointer to store the software revision.
R

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong software revision
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esp_err_tesp_ble_dis_set_software_revision (const char *value)

Set the software revision of the device.

%% value —[in] The pointer to store the software revision.
P

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong software revision

esp_err_t esp_ble_dis_get_manufacturer_name (const char **value)

Get the name of the manufacturer of the device.

%%, value —[out] The pointer to store the name of the manufacturer.
R m

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong name of the manufacturer

esp_err_t esp_ble_dis_set_manufacturer_name (const char *value)

Set the name of the manufacturer of the device.

%%, value —[in] The pointer to store the name of the manufacturer.
P[]

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong name of the manufacturer

esp_err_t esp_ble_dis_get_system_id (const char **value)
Get the System Id of the device.

24 value —[out] The pointer to store the System Id.
B

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong System Id

esp_err_t esp_ble_dis_set_system_id (const char *value)
Set the System Id of the device.

%4 value —[in] The pointer to store the System Id.
B

e ESP_OK on successful

» ESP_ERR_INVALID_ARG on wrong System Id

esp_err_t esp_ble_dis_get_pnp_id (esp_ble_dis_pnp_t *pnp_id)
Get the PnP Id of the device.

%% pnp_id —[in] The pointer to store the PnP Id.
§14 (1] [

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong PnP Id

esp_err_t esp_ble_dis_set_pnp_id (esp_ble_dis_pnp_t *pnp_id)
Set the PnP Id of the device.

%% pnp_id —[in] The pointer to store the PnP Id.
Rl

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong PnP Id

esp_err_tesp_ble_dis_init (void)
Initialization GATT Device Information Service.
|
e ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error
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Structures

struct esp_ble_dis_pnp

The structure represent a set of values that are used to create a device ID value. These values are used to

identify all devices of a given type/model/version using numbers.

Public Members

uint8_t srec

The vendor ID source

uintl6_t vid

The product vendor from the namespace in the vendor ID source

uintl6_t pid

Manufacturer managed identifier for this product

uintl6_t ver

Manufacturer managed version for this product

struct esp_ble_dis_data

Structure holding data for the main characteristics

Public Members

char model_number[CONFIG_BLE_DIS_STR_MAX]

Model number. Represent the model number that is assigned by the device vendor.

char serial_number[CONFIG_BLE_DIS_STR_MAX]

Serial number. Represent the serial number for a particular instance of the device.

char firmware_revision[CONFIG_BLE_DIS_STR_MAX]

Firmware revision. Represent the firmware revision for the firmware within the device.

char hardware_revision[CONFIG_BLE_DIS_STR_MAX]

Hardware revision. Represent the hardware revision for the hardware within the device.

char software_revision[CONFIG_BLE_DIS_STR_MAX]

Software revision. Represent the software revision for the software within the device.

char manufacturer_name[CONFIG_BLE_DIS_STR_MAX]

Manufacturer name. Represent the name of the manufacturer of the device.

char system_id[CONFIG_BLE_DIS_STR_MAX]
System ID. Represent the System Id of the device.

esp_ble_dis_pnp_t pnp_id
PnP ID. Represent the PnP Id of the device.
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Macros

BLE_DIS_UUID16

BLE_DIS_CHR_UUID16_SYSTEM_ID
BLE_DIS_CHR_UUID16_MODEL_NUMBER
BLE_DIS_CHR_UUID16_SERIAL_NUMBER
BLE_DIS_CHR_UUID16_FIRMWARE REVISION
BLE_DIS_CHR_UUID16_HARDWARE_REVISION
BLE_DIS_CHR_UUID16_SOFTWARE_REVISION
BLE_DIS_CHR_UUID16_MANUFACTURER_NAME
BLE_DIS_CHR_UUID16_REG_CERT

BLE_DIS_CHR_UUID16_PNP_ID

Type Definitions

typedef struct esp_ble_dis_pnp esp_ble_dis_pnp_t

The structure represent a set of values that are used to create a device ID value. These values are used to
identify all devices of a given type/model/version using numbers.

typedef struct esp_ble_dis_data esp_ble_dis_data_t

Structure holding data for the main characteristics

3.2.6 OEIRSS
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bluetooth/ble_services/ble_hrs.

API %

Header File

» components/bluetooth/ble_services/hrs/include/esp_hrs.h
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Functions
esp_err_t esp_ble_hrs_get_location (uint8_t *location)

Get the sensor location value of the device.

%% location —[in] The pointer to store the sensor location value
B
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong location
esp_err_t esp_ble_hrs_set_location (uint8_t location)

Set the sensor location value of the device.

% ¥ location —[in] The sensor location value
R
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong location

esp_err_t esp_ble_hrs_get_hrm (esp_ble_hrs_hrm_t *hrm)

Get the value of the heart rate measurement of the device.

%% hrm —[in] The pointer to store the value of the heart rate measurement
$EA |

e ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong heart rate measurement

esp_err_t esp_ble_hrs_set_hrm (esp_ble_hrs_hrm_t *hrm)
Set the value of the heart rate measurement of the device.

%%, hrm —[in] The pointer to store the value of the heart rate measurement
P[]

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong heart rate measurement

esp_err_t esp_ble_hrs_init (void)
Initialization Heart Rate Service.
S|
* ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
* ESP_FAIL on error

Structures

struct esp_ble_hrs_hrm_t

Heart Rate Measurement Characteristic.

Public Members

uint8_t format

Heart rate value format flag

uint8_t detected

Sensor contact detected flag

uint8_t supported

Sensor contact cupported flag

Espressif Systems 66
Submit Document Feedback

Release master


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 3. ¥ %

uint8_t energy

Energy expended present flag

uint8_t interval

RR-Interval present flag

uint8_t reserved

Reserved for future use flag

struct esp_ble_hrs_hrm_t::[anonymous] £lags

Flags of heart rate measurement

uint8_t u8

8 bit resolution

uintl6_tulé

16 bit resolution

union esp_ble_hrs_hrm_t::[anonymous] heartrate

Heart rate measurement value

uintl6_t energy_val

Expended energy value

uint16_t interval_buf[BLE_HRS_CHR_MERSUREMENT_RR_INTERVAL_MAX_NUM]

The RR-Interval value represents the time between two R-Wave detections

Macros

BLE_HRS_UUID16

BLE_HRS_CHR_UUID16_MEASUREMENT

BLE_HRS_CHR_UUID16_BODY_SENSOR_LOC

BLE_HRS_CHR_UUID16_HEART_ RATE_CNTL_POINT

BLE_HRS_CHR_MERSUREMENT RR_INTERVAIL_MAX_ NUM

BLE_HRS_CHR_BODY_SENSOR_LOC_OTHER

BLE_HRS_CHR_BODY_SENSOR_LOC_CHEST

BLE_HRS_CHR_BODY_SENSOR_LOC_WRIST

BLE_HRS_CHR_BODY_SENSOR_LOC_FINGER

BLE_HRS_CHR_BODY_SENSOR_LOC_HAND
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BLE_HRS_CHR_BODY_SENSOR_LOC_EAR_LOBE
BLE_HRS_CHR_BODY_SENSOR_LOC_FOOT
BLE_HRS_CHR_BODY_SENSOR_LOC_RFU

BLE_HRS_CHR_BODY_SENSOR_LOC_MAX
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bluetooth/ble_services/ble_hts.

API %

Header File

¢ components/bluetooth/ble_services/hts/include/esp_hts.h

Functions
esp_err_t esp_ble_hts_get_temp_type (uint8_t *temp_type)

Get the current temperature type value of the device.

%% temp_type —[in] The pointer to store the current temperature type value
Bl
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong temperature type
esp_err_t esp_ble_hts_set_temp_type (uint8_t temp_type)

Set the current temperature type value of the device.

%% temp_type —[in] The current temperature type value
B

* ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong temperature type

esp_err_t esp_ble_hts_get_measurement_temp (esp_ble_hts_temp_t *temp_val)
Get the value of the temperature measurement of the device.
%% temp_val —[in] The pointer to store the value of the temperature measurement
Bl
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong temperature measurement
esp_err_t esp_ble_hts_set_measurement_temp (esp_ble_hts_temp_t *temp_val)

Set the value of the temperature measurement of the device.

%% temp_val —[in] The pointer to store the value of the temperature measurement
B

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong temperature measurement
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esp_err_t esp_ble_hts_get_intermediate_temp (esp_ble_hts_temp_t *temp_val)

Get the value of the intermediate temperature of the device.

%%, temp_val —[in] The pointer to store the value of the intermediate temperature
Rl
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong intermediate temperature
esp_err_t esp_ble_hts_set_intermediate_temp (esp_ble_hts_temp_t *temp_val)

Set the value of the intermediate temperature of the device.

%% temp_val —[in] The pointer to store the value of the intermediate temperature
R m

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong intermediate temperature

esp_err_t esp_ble_hts_get_measurement_interval (uintl6_t *interval_val)

Get the measurement interval value of the device.

%% interval_val —[in] The pointer to store the measurement interval value
B

¢ ESP_OK on successful

e ESP_ERR_INVALID_ARG on wrong measurement interval

esp_err_t esp_ble_hts_set_measurement_interval (uintl6_t interval_val)

Set the measurement interval value of the device.

%% interval_val —[in] The measurement interval value
S|
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong measurement interval

esp_err_t esp_ble_hts_init (void)
Initialization Health Thermometer Service.
$ey |
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
* ESP_FAIL on error

Structures

struct esp_ble_hts_temp_t

Temperature Measurement and Intermediate Temperature Characteristic.

Public Members

uint8_t temperature_unit

Temperature units flag

uint§_t time_stamp

Time stamp flag

uint8_t temperature_type

Temperature type flag
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uint8_t reserved

Reserved for future use

struct esp_ble_hts_temp_t::[anonymous] £lags

Flags of temperature

uint32_t celsius

Celsius unit

uint32_t fahrenheit

Fahrenheit unit

union esp_ble_hts_temp_t::[anonymous] temperature

Temperature value

uintl6_t year

Year as defined by the Gregorian calendar, Valid range 1582 to 9999

uint8_t month

Month of the year as defined by the Gregorian calendar, Valid range 1 (January) to 12 (December)

uint8_t day
Day of the month as defined by the Gregorian calendar, Valid range 1 to 31

uint8_t hours

Number of hours past midnight, Valid range 0 to 23

uint8_t minutes

Number of minutes since the start of the hour. Valid range 0 to 59

uint8_t seconds

Number of seconds since the start of the minute. Valid range O to 59

struct esp_ble_hts_temp_t::[anonymous] t imestamp
The date and time

uint8_t location

The location of a temperature measurement

Macros

BLE_HTS_UUID16

BLE_HTS_CHR_UUID16_TEMPERATURE_MEASUREMENT

BLE_HTS_CHR_UUID16_TEMPERATURE_TYPE

BLE_HTS_CHR_UUID16_INTERMEDIATE_TEMPERATURE

Espressif Systems 70 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 3. ¥ %

BLE_HTS_CHR_UUID16_MEASUREMENT INTERVAL
BLE_HTS_CHR_TEMPERATURE_UNITS_CELSIUS
BLE_HTS_CHR_TEMPERATURE_UNITS_FAHRENHEIT
BLE_HTS_CHR_TEMPERATURE_FLAGS_NOT
BLE_HTS_CHR_TEMPERATURE_FLAGS_SET
BLE_HTS_CHR_TEMPERATURE_TYPE_RFU
BLE_HTS_CHR_TEMPERATURE_TYPE_ARMPIT
BLE_HTS_CHR_TEMPERATURE_TYPE_BODY
BLE_HTS_CHR_TEMPERATURE_TYPE_EAR
BLE_HTS_CHR_TEMPERATURE_TYPE_FINGER
BLE_HTS_CHR_TEMPERATURE_TYPE_GAST_TRACT
BLE_HTS_CHR_TEMPERATURE_TYPE_MOUTH
BLE_HTS_CHR_TEMPERATURE_TYPE_RECTUM
BLE_HTS_CHR_TEMPERATURE_TYPE_TOE
BLE_HTS_CHR_TEMPERATURE_TYPE_TYMPANUM

BLE_HTS_CHR_TEMPERATURE_TYPE_MAX

3.2.8 TX HiJilRSSs
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bluetooth/ble_services/ble_tps.

API %

Header File

» components/bluetooth/ble_services/tps/include/esp_tps.h
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Functions
int8_t esp_ble_tps_get_tx_power_level (void)
Get the TX Power Level of the device.
jJ&RM| : The TX Power Level of the device
esp_err_t esp_ble_tps_set_tx_power_level (int8_t tx_power_level)
Set the TX Power Level of the device.
%4 tx_power_level —[in] The TX Power Level of the device
S|
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong TX Power Level
esp_err_t esp_ble_tps_init (void)
Initialization TX Power Service.
PE[E
e ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

Macros

BLE_TPS_UUID16

BLE_TPS_CHR_UUID16_TX_POWER_LEVEL
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bluetooth/ble_services/ble_uds.

API %

Header File

¢ components/bluetooth/ble_services/uds/include/esp_uds.h

Functions
esp_err_t esp_ble_uds_get_db_incre (esp_ble_uds_db_t *out_val)

Read the value of Database Change Increment characteristic.

%4 out_val —[in] The pointer to store the Database Change Increment.
P[]
¢ ESP_OK on successful
» ESP_ERR_INVALID_ARG on wrong parameter
esp_err_t esp_ble_uds_set_db_incre (esp_ble_uds_db_t *in_val, bool need_send)

Set the Database Change Increment characteristic value.

S

* in_wval —[in] The pointer to store the Database Change Increment Information.
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* need_send —[in] If set to true, the User Data Info will send to remote client.
Bzl

¢ ESP_OK on successful

e ESP_ERR_INVALID_ARG on wrong initialization

e ESP_FAIL on error

esp_err_t esp_ble_uds_get_user_ctrl (esp_ble_uds_user_ctrl_t *out_val)

Read the value of User Control characteristic.

%% out_val —[in] The pointer to store the User Control value.

P[]
e ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong parameter

esp_err_t esp_ble_uds_set_user_ctrl (esp_ble_uds_user_ctrl_t *in_val, bool need_send)
Set the User Control Point characteristic value.

ZH
* in_val —[in] The pointer to store the User Control Value.
* need_send —[in] If set to true, the User Control Value will send to remote client.

¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong initialization
* ESP_FAIL on error

esp_err_t esp_ble_uds_get_reg_user (esp_ble_uds_reg_user_t *out_val)
Read the value of Register User characteristic.
%% out_val —[in] The pointer to store the Register User value.
Bl
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong parameter
esp_err_t esp_ble_uds_set_reg_user (esp_ble_uds_reg_user_t *in_val, bool need_send)
Set the Register User characteristic value.
S8

* in_wval —[in] The pointer to store the Register User Value.
* need_send —[in] If set to true, the Register User Value will send to remote client.

$EA |
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

esp_err_t esp_ble_uds_init (void)
Initialization User Data Service.

$Ey |

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
* ESP_FAIL on error

Structures

struct esp_ble_uds_db_t

Database Change Increment.

Public Members
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uint8_t len

Database buffer length

uint8_t db_buf[BLE_UDS_ATT_VAL_LEN]
Database buffer

struct esp_ble_uds_reg_user_t

Register User Characteristic.

Public Members

uint8_t first_segment
0: False, 1: True

uint§_t last_segment
0: False, 1: True

uint§_t rolling_ segment_number

When the Rolling segment number is equal to 63, the value is reset to 0 the next time it is incremented

struct esp_ble_uds_reg_user_t::[anonymous] header

The structure of the Segmentation Header field

uint§_t user_name_present
0: False, 1: True

uint§_t user_name_truncated
0: False, 1: True

struct esp_ble_uds_reg_user_t::[anonymous] £lag

Defines the value of the flags field that a server shall use when the register user characteristic is indicate

uint§_t user_index
User ID Index

uint8_t user_name[BLE_UDS_ATT_VAL_LEN]

User name

struct esp_ble_uds_user_ctrl_t

User Control Point.

Public Members

uint8_t op_code

User control point opcode

uint§_t param_len

Parameter buffer length
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uint8_t parameter[BLE_UDS_USER_CTRL_POINT_PARAM_LEN]

Parameter depend on opcode

Macros

BLE_UDS_ATT_VAL_LEN
Attribute value length

BLE_UDS_USER_CTRL_POINT PARAM LEN

User control point param length

BLE_UDS_UUID16
BLE_UDS_CHR_UUID16_DATABASH_CHG
BLE_UDS_CHR_UUID16_USER_INDEX
BLE_UDS_CHR_UUID16_USER_CTRL
BLE_UDS_CHR_UUID16_REG_USER
BLE_UDS_USER_CTRIL_REG_NEW_OP
BLE_UDS_USER_CTRIL_CONSENT_OP
BLE_UDS_USER_CTRL_DEL_DATA_OP
BLE_UDS_USER_CTRL_LIST ALIL_OP
BLE_UDS_USER_CTRIL_DEL_USER_OP

BLE_UDS_USER_CTRL_RSP_OP

3.2.10 fATFEIR 55
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bluetooth/ble_services/ble_wss.

API %

Header File

» components/bluetooth/ble_services/wss/include/esp_wss.h
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Functions
esp_err_t esp_ble_wss_get_measurement (esp_ble_wss_measurement_t *out_val)

Read the weight measurement characteristic value.

%% out_val —[in] The pointer to store the weight measurement value.
P[]
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong parameter
esp_err_t esp_ble_wss_set_measurement (esp_ble_wss_measurement_t *in_val, bool need_send)

Set the weight measurement characteristic value.
BH

* in_wval —[in] The pointer to store the weight measurement.

* need_send —[in] send the weight measurement information to remote client.
P[]

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization

e ESP_FAIL on error

esp_err_t esp_ble_wss_init (void)
Initialization Weight Scale Service.
Rl
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

Structures

struct esp_ble_wss_feature_t

Weight Scale Feature.

Public Members

uint32_t timestamp

0: Don’ t Support, 1: Support

uint32_tuser_id

0: Don’ t Support, 1: Support

uint32_t bmi
0: Don’ t Support, 1: Support

uint32_t weight
0: Don’ t Support, 1: Support

uint32_tw_resolution

If weight support, this filed should present

uint32_t height
0: Don’ t Support, 1: Support

uint32_th_resolution

If height support, this filed should present
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struct esp_ble_wss_measurement_t

weight Measurement

Public Members

uint32_t measurement_unit

0: Kg & meter, 1: reference to weight and height resolution

uint32_t time_present

0: Don’ t contain time information, 1: time stamp present

uint32_t user_present

0: Don’ t contain user index, 1: contain user index

uint32_t bmi_height_present
0: Don’ t contain BMI and height, 1: contain BMI and height

struct esp_ble_wss_measurement_t::[anonymous] £lag

Flag

uint16_t weight
weight

uintl6_t year
Year as defined by the Gregorian calendar, Valid range 1582 to 9999

uint8_t month

Month of the year as defined by the Gregorian calendar, Valid range 1 (January) to 12 (December)

uint8_t day
Day of the month as defined by the Gregorian calendar, Valid range 1 to 31

uint8_t hours

Number of hours past midnight, Valid range 0 to 23

uint8_t minutes

Number of minutes since the start of the hour. Valid range 0 to 59

uint8_t seconds

Number of seconds since the start of the minute. Valid range 0 to 59

struct esp_ble_wss_measurement_t::[anonymous] t imestamp

The date and time

uint8_tuser_id

User index
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uint8_t bmi
BMI

uint16_t height
Height

uint8_t weight_resolution

Weight resolution

uint§_t height_resolution

Height resolution

Macros

BLE_WSS_UUID16

BLE_WSS_CHR_UUID16_WEIGHT_FEATURE

BLE_WSS_CHR_UUID16_WEIGHT_MEASUREMENT

BLE_WSS_TIMESTAMP_ MASK

BLE_WSS_MULTI_USER_MASK

BLE_WSS_BMI_MASK

BLE_WSS_WEIGHT_RESOLUTION_OFSET

BLE_WSS_WEIGHT_RESOLUTION_NONE

BLE_WSS_WEIGHT RESOLUTION_OP5_KG

BLE_WSS_WEIGHT RESOLUTION_OP2_KG

BLE_WSS_WEIGHT RESOLUTION_OP1_KG

BLE_WSS_WEIGHT_ RESOLUTION_OPO05_KG

BLE_WSS_WEIGHT_RESOLUTION_OPO02_KG

BLE_WSS_WEIGHT_RESOLUTION_OPO1_KG

BLE_WSS_WEIGHT RESOLUTION_OP005_KG

BLE_WSS_HEIGHT RESOLUTION_OFSET
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BLE_WSS_HEIGHT_RESOLUTION_NONE
BLE_WSS_HEIGHT RESOLUTION_OPO1_M
BLE_WSS_HEIGHT_RESOLUTION_OP005_M
BLE_WSS_HEIGHT_RESOLUTION_OP001_M
BLE_WSS_MEASUREMENT_UINTS_FLAG
BLE_WSS_TIME_STAMP_FLAG
BLE_WSS_USER_ID_FLAG

BLE_WSS_BMI_FLAG

3.3 BLE ¥ CfF
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bluetooth/ble_profiles/ble_anp.

API £%

Header File

» components/bluetooth/ble_profiles/std/ble_anp/include/esp_anp.h

Functions

esp_err_t esp_ble_anp_get_new_alert (uint8_t cat_id, uint8_t *cat_val)

Read the value of or check supported new alert category.

Attention 1. When cat_id is OxFF, read the value of supported new alert category.
Attention 2. When cat_id isn’ t OxFF, check supported new alert category is enable or disable.

S

* cat_id —[in] The ID of the category to read or check
* cat_val —[out] The value of read or check supported new alert category
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B
* ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong category of the alert

esp_err_t esp_ble_anp_set_new_alert (uint8_t cat_id, esp_ble_anp_option_t option)

Request or recovery supported new alert notification to the given category.

Attention 1. When cat_id is OxFF, recover for all supported new alert category to get the current message
counts.

Attention 2. When cat_id isn’ t OxFF, request for a supported new alert category to get the current message
counts.

SH
* cat_id [in] The ID of the category to request or recover the notification to
* option —[in] Disable or enable supported new alert category

B

ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong category of the alert

esp_err_t esp_ble_anp_get_unr_alert (uint8_t cat_id, uint8_t *cat_val)
Read the value of or check supported unread alert status category.

Attention 1. When cat_id is OxFF, read the value of supported unread alert status category.
Attention 2. When cat_id isn’ t OxFF, check supported unread alert status category is enable or disable.

S8

e cat_id —[in] The ID of the category to read or check

* cat_val [out] The value of read or check supported unread alert status category
Bl

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong category of the alert

esp_err_t esp_ble_anp_set_unr_alert (uint8_t cat_id, esp_ble_anp_option_t option)
Request or recovery supported unread alert status notification to the given category.

Attention 1. When cat_id is OXFF, recover for all supported unread alert status category to get the current
message counts.

Attention 2. When cat_id isn’ t OxFF, request for an supported unread alert status category to get the current
message counts.

B8
* cat_id [in] The ID of the category to request or recover the notification to
* option —[in] Disable or enable supported unread alert status category

R

ESP_OK on successful
ESP_ERR_INVALID_ARG on wrong category of the alert

esp_err_t esp_ble_anp_init (void)
Initialization GATT Alert Notification Profile.

$EA |
¢ ESP_OK on successful
e ESP_ERR_INVALID_ARG on wrong initialization
 ESP_FAIL on error
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esp_err_t esp_ble_anp_deinit (void)
Deinitialization GATT Alert Notification Profile.

P[]
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong initialization
 ESP_FAIL on error

Structures

struct esp_ble_anp_data_t

The status of the new or unread alert.

Public Members

uint8_t cat_id
The predefined categories of unread alerts and messages

The predefined categories of new alerts and messages

uint8_t count

The number of unread alerts in the server ranging from 0 to 255

The number of new alerts in the server ranging from 0 to 255

struct esp_ble_anp_data_t::[anonymous]::[anonymous] unr_alert_stat

The status of unread alerts

uint8_t cat_info[BLE ANP_INFO_STR_MAX_ LEN]

The brief text information for the last alert

struct esp_ble_anp_data_t::[anonymous]::[anonymous] new_alert_val

The status of new alerts

union esp_ble_anp_data_t::[anonymous] [anonymous]

Alert notification status

Macros

BLE_ANP_UUID16

BLE_ANP_CHR_UUID16_SUP_NEW_ALERT_CAT

BLE_ANP_CHR_UUID16_NEW_ALERT

BLE_ANP_CHR_UUID16_SUP_UNR_ALERT CAT

BLE_ANP_CHR_UUID16_UNR_ALERT STAT

BLE_ANP_CHR_UUID16_ALERT_NOT_ CTRL_PT
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BLE_ANP_CAT_ BM_NONE

BLE_ANP_CAT BM_SIMPLE_ALERT

BLE_ANP_CAT BM_EMAIL

BLE_ANP_CAT_BEM_NEWS

BLE_ANP_CAT BM_CALL

BLE_ANP_CAT_BM_MISSED_CALL

BLE_ANP_CAT_ BM_SMS

BLE_ANP_CAT BM VOICE_MAIL

BLE_ANP_CAT_BM_SCHEDULE

BLE_ANP_CAT_ID_SIMPLE_ALERT

BLE_ANP_CAT_ID_EMAIL

BLE_ANP_CAT_ID_NEWS

BLE_ANP_CAT_ ID_CALL

BLE_ANP_CAT_ID_MISSED_CALL

BLE_ANP_CAT_ID_SMS

BLE_ANP_CAT_ID_VOICE_MAIL

BLE_ANP_CAT_ID_SCHEDULE

BLE_ANP_CAT_NUM

BLE_ANP_CMD_EN_NEW_ALERT_CAT

BLE_ANP_CMD_EN_UNR_ALERT_CAT

BLE_ANP_CMD_DIS_NEW_ALERT_CAT

BLE_ANP_CMD_DIS_UNR_ALERT_CAT

BLE_ANP_CMD_NOT_NEW_ALERT IMMEDIATE
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BLE_ANP_CMD_NOT_UNR_ALERT IMMEDIATE
BLE_ANP_INFO_STR_MAX_LEN

BLE_ANP_NEW_ALERT MAX_LEN

Enumerations
enum esp_ble_anp_option_t
The option of the new or unread alert.

Values:

enumerator BLE_ANP_OPT_ENABLE
enumerator BLE_ANP_OPT_DISABLE

enumerator BLE_ANP_OPT_RECOVER

3.32 DFERCE I
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bluetooth/ble_profiles/ble_hrp.

API %

Header File
¢ components/bluetooth/ble_profiles/std/ble_hrp/include/esp_hrp.h

Functions
esp_err_t esp_ble_hrp_get_location (uint8_t *location)

Get the sensor location value of the device.

%% location —[in] The pointer to store the sensor location value
B
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery level
esp_err_t esp_ble_hrp_get_ctrl (uint8_t *cmd_id)

Get the control point value of the device.

%% emd_id [in] The pointer to store the control point value
B M

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery level
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esp_err_t esp_ble_hrp_set_ctrl (uintd_t cmd_id)
Set the control point value of the device.

%% emd_id —[in] The control point value
R a
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery level

esp_err_t esp_ble_hrp_init (void)
Initialization Heart Rate Profile.
SEA ]
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
 ESP_FAIL on error

esp_err_t esp_ble_hrp_deinit (void)
Deinitialization Heart Rate Profile.
pey |
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

Structures

struct esp_ble_hrp_data_t

Heart Rate Measurement Characteristic.

Public Members

uint8_t format

Heart rate value format flag

uint8_t detected

Sensor contact detected flag

uint8_t supported

Sensor contact supported flag

uint8_t energy

Energy expended present flag

uint8_t interval

RR-Interval present flag

uint8_t reserved

Reserved for future use flag

struct esp_ble_hrp_data_t::[anonymous] £lags

Flags of heart rate measurement

uint8_t u8

8 bit resolution
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uintl6_tulé

16 bit resolution

union esp_ble_hrp_data_t::[anonymous] heartrate

Heart rate measurement value

uint16_t energy_val

Expended energy value

uint16_t interval_buf[BLE_HRP_CHR_MERSUREMENT_RR_INTERVAL_MAX_ NUM]

The RR-Interval value represents the time between two R-Wave detections

Macros

BLE_HRP_UUID16

BLE_HRP_CHR_UUID16_MEASUREMENT

BLE_HRP_CHR_UUID16_BODY_SENSOR_LOC

BLE_HRP_CHR_UUID16_HEART_RATE_CNTL_POINT

BLE_HRP_CHR_MERSUREMENT RR_INTERVAL_MAX_ NUM

BLE_HRP_FLAGS_BM_NONE

BLE_HRP_FLAGS_BM_FORMAT

BLE_HRP_FLAGS_BM_SENSOR_CONTACT_DETECTED

BLE_HRP_FLAGS_BM_SENSOR_CONTACT_SUPPOTRED

BLE_HRP_FLAGS_BM_ENERGY

BLE_HRP_FLAGS_BM_RR_INTERVAL

BLE_HRP_FLAGS_BM_RFU

BLE_HRP_CHR_MERSUREMENT_ FLAGS_FORMAT_US8

BLE_HRP_CHR_MERSUREMENT FLAGS_FORMAT_U16

BLE_HRP_CHR_MERSUREMENT FLAGS_NOT

BLE_HRP_CHR_MERSUREMENT FLAGS_SET
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BLE_HRP_CMD_RFU
BLE_HRP_CMD_RESET_ ENERGY_ EXPENDED

BLE_HRP_CMD_MAX

3.3.3  frthe i e S

TR BRI RE VHIC L SO T BRSSO 1 5 BEAS A T SR I B8 TR 55 A i B VA% SR e AR U R

il

bluetooth/ble_profiles/ble_htp.

API %

Header File
¢ components/bluetooth/ble_profiles/std/ble_htp/include/esp_htp.h

Functions
esp_err_t esp_ble_htp_get_temp_type (uint8_t *temp_type)

Get the current temperature type value of the device.

%% temp_type —[in] The pointer to store the current temperature type value
B
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery level
esp_err_t esp_ble_htp_get_measurement_interval (uintl6_t *interval_val)

Get the measurement interval value of the device.

%% interval_val —[in] The pointer to store the measurement interval value
B

¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong battery level

esp_err_t esp_ble_htp_set_measurement_interval (uintl6_t interval_val)
Set the measurement interval value of the device.
%% interval_val -[in] The measurement interval value
by
¢ ESP_OK on successful
* ESP_ERR_INVALID_ARG on wrong battery level
esp_err_t esp_ble_htp_init (void)
Initialization Health Thermometer Profile.
R
¢ ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error
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esp_err_t esp_ble_htp_deinit (void)
Deinitialization Health Thermometer Profile.
|
e ESP_OK on successful

* ESP_ERR_INVALID_ARG on wrong initialization
e ESP_FAIL on error

Structures

struct esp_ble_htp_data_t

Temperature Measurement and Intermediate Temperature Characteristic.

Public Members

uint§_t temperature_unit

Temperature units flag

uint8_t time_stamp

Time stamp flag

uint8_t temperature_type

Temperature type flag

uint8_t reserved

Reserved for future use

struct esp_ble_htp_data_t::[anonymous] £lags

Flags of temperature

uint32_t celsius

Celsius unit

uint32_t fahrenheit

Fahrenheit unit

union esp_ble_htp_data_t::[anonymous] temperature

Temperature value

uintl6_t year
Year as defined by the Gregorian calendar, Valid range 1582 to 9999

uint8_t month

Month of the year as defined by the Gregorian calendar, Valid range 1 (January) to 12 (December)

uint8_t day
Day of the month as defined by the Gregorian calendar, Valid range 1 to 31

uint8_t hours

Number of hours past midnight, Valid range 0 to 23
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uint8_t minutes

Number of minutes since the start of the hour. Valid range 0 to 59

uint8_t seconds

Number of seconds since the start of the minute. Valid range O to 59

struct esp_ble_htp_data_t::[anonymous] t imestamp
The date and time

uint8_t location

The location of a temperature measurement

Macros

BLE_HTP_UUID16

BLE_HTP_CHR_UUID16_TEMPERATURE_MEASUREMENT

BLE_HTP_CHR_UUID16_TEMPERATURE_TYPE

BLE_HTP_CHR_UUID16_INTERMEDIATE_TEMPERATURE

BLE_HTP_CHR_UUID16_MEASUREMENT INTERVAL

BLE_HTP_FLAGS_BM_NONE

BLE_HTP_FLAGS_BM TEMPERATURE_UNITS

BLE_HTP_FLAGS_BM_TIME_STAMP

BLE_HTP_FLAGS_BM_TEMPERATURE_TYPE

BLE_HTP_FLAGS_BM_RFU

BLE_HTP_CHR_TEMPERATURE_UNITS_CELSIUS

BLE_HTP_CHR_TEMPERATURE_UNITS_FAHRENHEIT

BLE_HTP_CHR_TEMPERATURE_FLAGS_NOT

BLE_HTP_CHR_TEMPERATURE_FLAGS_SET

BLE_HTP_CHR_TEMPERATURE_TYPE_RFU

BLE_HTP_CHR_TEMPERATURE_TYPE_ARMPIT
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BLE_HTP_CHR_TEMPERATURE_TYPE_BODY
BLE_HTP_CHR_TEMPERATURE_TYPE_EAR
BLE_HTP_CHR_TEMPERATURE_TYPE_FINGER
BLE_HTP_CHR_TEMPERATURE_TYPE_GAST_TRACT
BLE_HTP_CHR_TEMPERATURE_TYPE_MOUTH
BLE_HTP_CHR_TEMPERATURE_TYPE_RECTUM
BLE_HTP_CHR_TEMPERATURE_TYPE_TOE
BLE_HTP_CHR_TEMPERATURE_TYPE_TYMPANUM

BLE_HTP_CHR_TEMPERATURE_TYPE_MAX

3.4 BLE HCI 411}

BLE HCI 41 1] it i VHCI £ 1 F #4841 BLE Controller SCHL" %, 11455 €. AL T id1d Nimble u
Bluedroid PSR A2 R AN, (EARZAIFA I M LA - SEARI AL - E/J\EI’J [ ROS) - BB
IRt AR

3.4.1 BLEHCI ] Jj#k

Xa‘?r“%ﬁﬂa 1. ¥) 4646 BLE HCL: {fi Hlble_hci_init () eRECHATHIME M. 2. B & A HLKEHL
Hohb (vrak) o R FE B BE LBk AE R T i ik, £ epp:func:ble hcz_set_random address ‘%
HHFATIR D, 3. B H T 5 5 & AE B cppfunc:ble_hci_set_adv_param T B ) % & 8. 4. it &
JUHE B PE: ff flble_hci_set_adv_data() & & 75 B IR WA 5 R K M

Hble hci_set_adv_enable ().

T M M 10 ) 4k Ak BLE HCL i flble_hci_init () & % ¥k 47 #) !z“ ko 2. T
' AW S % M ﬂﬂble_hci_set_scan_param() fic & H ﬁﬁ 72< %5( 3. fff f8 meta
{4 {#i Ffble_hci_enable _meta_event () ffi fi FP Wr = 4, ¥ HE O E M R
{fi Mlble_hci_set_register_scan_callback () o W ZE { 5. FF W H Hi: A
Hble hci_set_scan_enable ().
342 API %¥%
Header File

¢ components/bluetooth/ble_hci/include/ble_hci.h
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Functions

esp_err_tble_heci_init (void)
BLE HCI initialization.
R esp_err_t

¢ ESP_OK: succeed
* others: fail

esp_err_tble_hci_deinit (void)
BLE HCI de-initialization.
R[] esp_err_t

e ESP_OK: succeed
e others: fail

esp_err_tble_hci_reset (void)
BLE HCI reset controller.
R esp_err_t

e ESP_OK: succeed
* others: fail

esp_err_tble_hci_enable_meta_event (void)
Enable BLE HCI meta event.

RI] esp_err_t

esp_err_tble_hci_set_adv_param (ble_hci_adv_param_t *param)
Set BLE HCI advertising parameters.

%% param —: advertising parameters

R esp_err_t
* ESP_OK: succeed
* others: fail

esp_err_tble_hci_set_adv_data (uint8_t len, uint8_t *data)
Set BLE HCI advertising data.

S8
* len —: advertising data length
* data —: advertising data

R[] esp_err_t
e ESP_OK: succeed
e others: fail

esp_err_tble_hci_set_adv_enable (bool enable)
Set BLE HCI advertising enable.

%% enable — true for enable advertising

R[] esp_err_t
* ESP_OK: succeed
* others: fail

esp_err_tble_heci_set_scan_param (ble_hci_scan_param_t *param)
Set BLE HCI scan parameters.

%4 param —: scan parameters

Rl esp_err_t
e ESP_OK: succeed
e others: fail
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esp_err_tble_hci_set_scan_enable (bool enable, bool filter_duplicates)
Set BLE HCI scan enable.
S
e enable —: enable or disable scan
 filter_duplicates —: filter duplicates or not

R esp_err_t
e ESP_OK: succeed
* others: fail
esp_err_tble_hci_set_register_scan_callback (ble_hci_scan_cb_t cb)
Set BLE HCI scan callback.
%4 cb —: scan callback function pointer
R esp_err_t
¢ ESP_OK: succeed
* others: fail
esp_err_tble_hci_add_to_accept_1list (ble_hci_addr_t addr, ble_hci_addr_type_t addr_type)
Add BLE white list.
S
¢ addr —: address to be added to white list
* addr_type —: address type to be added to white list

R esp_err_t
e ESP_OK: succeed
* others: fail

esp_err_tble_hci_clear_accept_list (void)

Clear BLE white list.

R esp_err_t
¢ ESP_OK: succeed
* others: fail

esp_err_tble_hci_set_random_address (ble_hci_addr_t addr)
Set BLE owner address.
%% addr —: owner address
g |
e ESP_OK: succeed
¢ others: fail

Structures

struct ble_hci_scan_result_t

BLE scan result struct.

Public Members

ble_hci_search_evt_t search_evt

Search event type

ble_hci_dev_type_t dev_type
Device type
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ble_hci_addr_t bda

Bluetooth device address which has been searched

ble_hci_addr_type_t ble_addr_type
Ble device address type

uint8_t ble_adv[ESP_BLE_ADV_DATA_LEN_MAX + ESP_BLE_SCAN_RSP_DATA_LEN_MAX]
Received EIR

uint§_t adv_data_1len
Adv data length

uint8_t scan_rsp_len

Scan response length

int rssi
Searched device’ s RSSI

struct ble_hci_adv_param_t

Ble adv parameters.

Public Members

uintl6_t adv_int_min
Time = N x 0.625 ms Range: 0x0020 to 0x4000

uintl6_t adv_int_max
Time = N x 0.625 ms Range: 0x0020 to 0x4000

ble_hci_adv_type_t adv_type
Advertising Type

ble_hci_addr_type_t own_addr_type
Own Address Type

ble_hci_addr_t peer_addr

Peer device bluetooth device address

ble_hci_addr_type_t peer_addr_type

Peer device bluetooth device address type, only support public address type and random address type

ble_hci_adv_channel_t channel_map

Advertising channel map

ble_hci_adv_filter t adv_£filter_policy
Advertising Filter Policy:

struct ble_hci_scan_param_t

Ble sccan parameters.
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Public Members
ble_hci_scan_type_t scan_type
Scan Type

uint16_t scan_interval
Time = N x 0.625 ms Range: 0x0004 to 0x4000

uint16_t scan_window
Time = N x 0.625 ms Range: 0x0004 to 0x4000

ble_hci_addr_type_t own_addr_type
Own Address Type

ble_hci_adv_filter t filter_policy

Scanning Filter Policy
Macros
ESP_BLE_ADV_DATA_ LEN_MAX
Advertising data maximum length.

ESP_BLE_SCAN_RSP_DATA_LEN_MAX

Scan response data maximum length.

BLE_HCI_ADDR_LEN
BLE Address Length.

Type Definitions

typedef uint§_t ble_heci_addr_t[BLE_HCI_ADDR_LEN]

Bluetooth device address.

typedef void (*ble_heci_scan_cb_t)(ble_hci_scan_result_t *scan_result, uint16_t result_len)

BLE HCI scan callback function type.

Param scan_result : ble advertisement scan result
Param result_len : length of scan result

Enumerations

enum ble_hci_search_evt_t
Sub Event of BLE_HCI_BLE_SCAN_RESULT_EVT.

Values:

enumerator BLE_HCI_SEARCH_INQ RES_EVT

Inquiry result for a peer device.
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enumerator BLE_HCI_SEARCH_INQ CMPI,_ EVT
Inquiry complete.

enumerator BLE_HCI_SEARCH_DISC_RES_EVT

Discovery result for a peer device.

enumerator BLE_HCI_SEARCH_DISC_BLE_RES_EVT

Discovery result for BLE GATT based service on a peer device.

enumerator BLE_HCI_SEARCH_DISC_CMPL_EVT

Discovery complete.

enumerator BLE_HCI_SEARCH_DI_DISC_CMPI_EVT

Discovery complete.

enumerator BLE_ HCI_SEARCH_SEARCH_CANCEL_CMPL_EVT

Search cancelled

enumerator BLE_HCI_SEARCH_INQ DISCARD_NUM_EVT
The number of pkt discarded by flow control

enum ble_hci_addr_type_t
BLE address type.

Values:

enumerator BLE_ ADDR_TYPE_PUBLIC
Public Device Address

enumerator BLE_ ADDR_TYPE_RANDOM

Random Device Address.

enumerator BLE_ ADDR_TYPE_RPA_PUBLIC
Resolvable Private Address (RPA) with public identity address

enumerator BLE_ADDR_TYPE_RPA RANDOM
Resolvable Private Address (RPA) with random identity address.

enum ble_hci_dev_type_t
Bluetooth device type.

Values:

enumerator BLE_ HCI_DEVICE_TYPE_BREDR

enumerator BLE_HCI_DEVICE_TYPE_BLE

enumerator BLE_HCI_DEVICE_TYPE_DUMO
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enum ble_hci_adv_type_t
BLE advertising type.

Values:

enumerator ADV_TYPE_ IND

enumerator ADV_TYPE_DIRECT_IND_HIGH

enumerator ADV_TYPE_SCAN_IND

enumerator ADV_TYPE_NONCONN_IND

enumerator ADV_TYPE_DIRECT_IND_LOW

enum ble_hci_adv_channel_t

Advertising channel mask.

Values:

enumerator ADV_CHNL_37

enumerator ADV_CHNL_ 38

enumerator ADV_CHNL_39

enumerator ADV_CHNL_ALL

enum ble_hci_scan_type_t

Ble scan type.

Values:

enumerator BLE_SCAN_TYPE_PASSIVE

Passive scan

enumerator BLE_SCAN_TYPE_ACTIVE

Active scan

enumble_hci_adv_filter_t

Ble adv filteer type.

Values:

enumerator ADV_FILTER_ALLOW_SCAN_ANY_CON_ANY

Allow both scan and connection requests from anyone.

enumerator ADV_FILTER_ALLOW_SCAN_WLST_CON_ANY

Allow both scan req from White List devices only and connection req from anyone.
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enumerator ADV_FILTER_ALLOW_SCAN_ANY CON_WLST

Allow both scan req from anyone and connection req from White List devices only.

enumerator ADV_FILTER_ALLOW_SCAN_WLST_CON_WLST

Allow scan and connection requests from White List devices only.
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RGB CS. SCK(SCL), SDA(MOSI), HSYNC. VSYNC, PCLK. DE. D[23:0] (D[17:0]/D[7:0])

5 M3 0 LCD 3R a3 an i
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S51~8360
ove tnternal | [ orp
CI register 0
VCI
I - Sogrce |
. S T driver
18-bit »| Register
RESX 16-bit (TR)
csx 12-bit 8080
RDX 8-bit 8
WRX p| LIbit Control Address » D/A Converter
DICX < | Register » Counter circuit
D[17:0] <o |3/4 Serial || (CR) (AC)
TE IF
ggg _| Graphics Vo6
RGB IF 7| Operation | 7"
HSYNG B 1 Grayscale |
VSYNC ig Eli RGB y o 1t
bi - voltage
DOTCEI).: 19-bit Read Write enerafor
6-bit 5 Latch Latch &
J % i - |

K 7: GCOAO1 [yfi {1 HE &

ST7789V supports 8/16/9/18 bit parallel data bus for 8080 series CPU, RGB serial interfaces. Selection

of these interfaces are set by IM[3:0] pins as shown below.

IM3 | IM2 | IM1 | IMO Interface Read Back Data Bus Selection

0 0 0 0 80-8bit parallel I/F DB[7:0]

0 0 0 1 80-16bit parallel I/F DB[15:0]

0 0 1 0 80-9bit parallel I/F DB[8:0]

0 0 1 1 80-18bit parallel I/F DB[17:0],
3-line 9bit serial I'F SDA: infout

0 ! 0 1 2 data lane serial I/F SDA: infout, WRX: in

0 1 1 0 4-line 8bit serial I/F SDA: in/out

1 0 0 0 80-16bit parallel I/F I DB[17:10], DB[8:1]

1 0 0 1 80-8bit parallel I/F TI DB[17:10]

1 0 1 0 80-18bit parallel I/F T DBI[17:0],

1 0 1 1 80-9bit parallel I/F TI DB[17:9]

1 1 0 1 3-line 9bit serial I/F 11 SDA: in/ SDO: out

1 1 1 0 4-line 8bit serial I/F TI SDA: in/ SDO: out

& 8: ST7789 4 M it &
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o SPILCD %%

s RGB LCD /i

* 180 LCD i#fi# (FF5#r)

« QSPILCD ¥ff# (FFH5H)

PR DT A

Xt A LCD 51, Gl R AR i i 50

« RST (RESET): {fi#£iE#: % GPIO, R4 LCD 3K3h IC A%t i, 76 LAt b & find )y, —
FBEAR L AL AT DA /R i B R R G

* Backlight (LEDA. LEDK): #fi#7 LEDA jE#: 2 24 I (B ), LEDK I XIea R E R
GUH YR (BAMK), Ffaad GPIO il sz K, kit LEDC 44 PWM PATE AT H 65 B

* TE (tear effect): HE#7i%3: % GPIO, it GPIO kiR KEL TE {55, PASCEImIE 2 .

s Power (VCC. GND): it EX VARG, MAZLE—H05 BEss.

XA DR, 245 MCU FFEOR AR AT 50, TR 517144 SPI QsPI 180 Il RGB
DU AR H PR S 12 K

SPI #:0 SPI #0001y LCD W15 S % & Mt ESP32-C3-LCDkit }z H: LCD T, HBLAER R
ET:

CS

SCK

DC

MISO & MOSI
or SDA

>

P& 9: SPI $3 I LA % 352 7R 72 K]

i
e Interface I A NFEM P SDA —REIELZL, Interface IT HAFEfFH MISO & MOSI
PR B 2
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o WHFGILTATEM LCD SRS, Al DA TERE MIso. WIRAFHRAIRITHER, KZ L SPI
LCD 2HU ) B K #%K%ﬁmd\?%/\m‘ HOpTE

* l1F 3-line KX (EDICFSL) F, Sfehmpfilidh GEF NTT) #TELE i DIC 7S
(1-bit), 7 H A ESP [ SPI &I\WLTS‘Z%E%F@%J 9-bit Xt LR R _EEFIRE) 4-1ine #

R

QSPI %11 QSPT MM AR RE -

CS

SCK

SDAO

SDA [1:3]

P 10: QSPI £2 A EH R B 1A

i
o ANFEBSIRE) IC (¥ QSPT R AT REAT, EEIULPA ST77903 Ffil .
o G TR EAl B SDAO M1 SDA[1:3] PUMREMHRS: , B IEHU F sSDA0 —HREH 4 .

I80 11 180 #% 1% LCD i £ i% 1114 2 % H & fit ESP32-S3-LCD-EV-Board & H: LCD 1 # (3.5
LCD_Z1Y), HMANER REET:

i

o BRSNS
* ESP [ 180 SMEASCRHH RD (55 EATEEUER AT, R IS Fr R R I 5 SR 5 S

RGB #2111 RGB #2I1#) LCD A {5717 2 %5 IF % At ESP32-S3-LCD-EV-Board Jz H: LCD -4z (3.95°
LCD_QMZX), HUAERIR BT :
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CS

WR

DC

DATA [0:7]
or DATA [0:15]

ZN=aL

TN

P 11: 180 42 11 #7314 457
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DATA [0:7]
or DATA [0:15]

& 12: RGB 2 L LA SRR 2 1A
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ik

o FE R E RIS | .

* DE i+ DE #ix{ R,

e CS. SCK Al SDA iy 3-wire (3-line) SPL % 15|, T &ikfm4 KSHOT LCD JH7HCE, —Lehth:
A[REA X T, KA TFE TR MR E . T 3-wire SPI #0010 DM T34 LCD
FIRIEaA, LR T ELrI R, Kk, AT 14 10 %, TPAKF SCK #l SDA HE7 RGB
L5 T

i %4

XF LCD W IRUE, B by sl il s 2N 8 1k FROR SC B, X SRR Wi i
FMR BRI R, Bl RN N R AR, fIFRO FPS. WiABRy, AR S i R 2
S AR AR . R

HR— Wi MR s AR Al T4 — RISy, MR adim e, &, BRE2 20, Wik, b
SR AN U T TR PERE , IR HT LCD 4 1 R IBURIR B 3R 3R

R YRR BRI BRI A, RS AT LA T SRR

{E iR — Iy TR T AR PERE , 70— 2 s im R AR R S, HLAn, JRiaR AR A Bl i 7 L
GRS B EE QR s, ARl 2 R A R TE RO . NG, TR R R AR ()
— AR E R, W1 LVGL 2T 4E iy FPS.

2% LVGL iafTINSEiT i) FPS.

ki et s A rHE g b iy MG sl A 1 A i 31 LCD 9Kl IC Ry AR, Hpg nT AR %N
SR AA

e MR BT LCD fR e 1 220 T P Betin A ity 5, Gl e/ MsE DR AL se U it & 2
IS ERo A wa g XL e

=

I

P ——
T SPI/IS0 #5211 -

X
X X

=

%I T RGB $:11:
X
PR =
IR = PR < 2R
PI2R12 = PR + 220 + 2222 + P2
= + + +

o B/RJ2HE LCD 1IRal IC R0 2 it R A o 2 i Lrad f2 , B8 T DA DRl 3ok
i

X1F SPI/I80 4% 1) LCD, Bkl #r% g i LCD 4Raf IC YeiE ), —BnT DA &6 R 2 B a2 R 1
4 ST7789 B FRCTRL2 (C6h) fip4d; XT RGB # 1) LCD, BRHehlHER 2 h FisoeeEn), HEn i
P

e
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o HITEAETC LCD IR OL N IF A, ATLAGE T esp_led_usb_display Z1{7 il i USB UVC 7 PC @R |
FEE) LCD 1) SRRk, AR, FHART . HXFR 7R 1124 usb_led_display

4.1.2 LCD Rig#

ST BAES 41 LCD MR ATE) 5 3

Rig X

GRAM Graphic RAM 455, H T P47 BUE I 0 A0 X
TE F T 67 B e ) 3 38 L ) 2 B KCT TR 26 B B A
Porch TE S R —A 7ol — Wi R E e 2 mi 17 25 1 s [ )
VSYNC TS

HSYNC KRGS

4.1.3 LCD JFEkHaw

ES R SOy IS EaE

ZAFagdE T KA RIS RS AR LCD £ 1 B S DL
W AFp]: IR LCD 3K kon B,

TrAARR : I LCD HYHREFHEDL .

TR F B T LCD W I 9K

WILFIFAL: B T I LCD Ly e F s DL

AR SAS B TR S SOR I B

ENHE S

WZFILCD A& & o

AR T

SREFBO RO A TLCD 3k - Mahde g — AN 2R84 25 ESP i 7 i B4R SCRE Bl an
T

Soc SPI(QSPI) RGB MIPI-DSI

180
ESP32 Supported
ESP32-C3 Supported
ESP32-C6 Supported

ESP32-S2 Supported Supported
ESP32-S3 Supported Supported Supported
ESP32-P4 supported Supported Supported Supported

"
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9k gh Ko s il

LCD #p %3zl T ESP-IDF | % components/esp_led H 3%, HHEIZFF I2C. SPI (QSPI). I80 PAK
RGB #:1, HMNAESH Y. THREBUIRZEE FET esp_lcd B LCD W41 1+, 7 H LCD
RS A TR

0 LCD #= 28

12C ssd1306, sh1107

SPI axs15231b, st7789, nt35510, gc9b71, nv3022b, sh8601, spd2010,
st77916, st77922, gc9a0l, gc9dO01, ili9341, ssd1681, st7796,
2c9107

QSPI axs15231b, gc9b71, sh8601, spd2010, st77903, st77916, st77922,
05300

180 axs15231b, st7789, nt35510, ra8875, st7796

MIPI-DSI ek79007, jd9165, jd9365, st7701, st7703, st77922, ili9881c,
hx8399, c05300

3-wire SPI + RGB st7701, st77903_rgb, st77922, gc9503, nv3052

W

* st7789. nt35510. ssd1306 ZH{4-{#{71E ESP-IDF H1, Hp4 {4 0] PAFE ESP {445 PEAY IR .
o Bl LCD High IC iR S [H , ANE A FEM 4 ) iRt ia e dr S E, K
AYUREN A ST HERT IR 1L LCD B4 HE A B & LIRS, A, 5% ik .

LCD 73411 T ESP-IDF | ") examples/peripherals/lcd H 5% # esp-iot-solution T[] examples/display/lcd H
5k, A[Z% LCD KA

ik

* HEXFHLT ESP-IDF release/vS.1 Je DA ERRAS 7> SCHEATIT A, R RARKRAS AN SCH5 B o BT RR 1, T
HEMT RGB#1.
o XWTHif] 3-wire SPI + RGB 1 LCD, %%/~ esp_lcd_st7701 - Example use.

FFRHER

BEPFHERE AT SPI/IBO LCD, ESP Wl DAl idh F—fYSMsEHe 11 ik w4 R0 E LCD DA K A& i Jny ity (s
BwRRH 55 . LCD [Y4KE) 1C S KF B 1 (R A7 7E DR/ GRAM Py, I35 HE ] 9 fil
BRI BRI BB AR b, X AR P U . R 2 SPY/IS0 LCD Y RE(HIKBNHE
BRI

ESP SoC ‘| LCDIC | Screen Panel
Command

ﬁ Driver
' Frame Color

Area Color ! M

Touch Point }

Touch IC

Pl 13: IR HESL R 2214 - SPI/IS0 LCD

XFFRZ 4 RGB LCD, ESP 2L FIM A A WA 1, —Jr il 3-wire SPT 4 HAIR fir 4 KA
# LCD , J—7JshidEsd RGB # M & Hi A peft R B K lEr iR . th T LCD pyBKs) IC Ay B
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GRAM, B2 HEICEIH) R B B B A b, PR P A2 A 22 A7) . R /& RGB LCD
AR (IR SIE SR R

ESP SoC ‘| LCDIC | Screen Panel

Command

:
Frame Color!

Frame Color
Driver

Touch Point }

Touch IC

K 14 WK s HESE R 2 K - RGB LCD

M X AHEZL AT A ), RGB LCD ##%T SPI/IS0 LCD, {752 ESP (i FH P 11 5 7 3l 52 A
i fir QR AR, 1B 25R ESP 424457 K/ GRAM RSEFLGR#EmIHT (i T8 R SRAM fy %
A ELBARR, 8K GRAM JiC7E PSRAM L),

X1 QSPILCD, A[HEZYSAyEREN IC W RE TR EAFAYLREN 2, Hein SPD2010 3% 3 IC N'E GRAM, HIK
a5 5 SPI/I80 LCD 2&{L), 1fif ST77903 Xk IC Nk A GRAM, HIKz#J15 RGB LCD (), {H2
CATER B BB ANEEE O ar SR B EdE, NI 2 X PR QSPLLCD () fif {4 3R Zh HE 4L /R = 1A -

~ i e N

ESP SoC Screen Panel

i | LCDIC
Command i
Driver
; Frame Color

I

Area Color :
GRAM

Touch Pointi

%)
c
(9]
>
3]

Bl 1S EPFIRBIHESR /R B AT - QSPILCD (f GRAM)

BRAFHERE  BPFIT AMEZE 3228k SDK., Driver £l APP = AN R 41

1. SDK Jzi: ESP-IDF fEWHEZR KBRS, AU T UKE LCD irds iy 12C. SPI(QSPI) . I80 £l
RGB S ZfisME, BiliT esp_lcd AL T4 APLs REEVERI1FI LCD, W4 &KSE0
4, LCD By EURRIH . S . Bifg S5k,

2. Driver J2: 3T SDK #{{t/) APIs i ASC A ik 53K 8l , Hl it B s e 1 i 45 F1 LCD % 4% 55
P LVGL (GUI HEZR) (A .

3. APP Ji: {#if] LVGL #2{itf) APIs SCEI4Fh GUI TRE, e A, dhil. SCF%.

IR

WAL 1 Befs O, WIIAMLS LCD DXV AN . ARG, B DR &R BUHATAR,, %A
BB N esp_lcd_panel_io_handle_t. iXFERIAI( S —) #1138 H APIs #4750 1% 5 .
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ESP SoC

Command

Frame Color

Touch Point

I

ﬁ: Touch IC

Screen Panel

—
@)
w)
o

! Frame Color
! Driver

____________________________________________

Kl 16: T {FIKBIHESL /R B AT - QSPILCD (J GRAM)

~

J

Ul

LVGL

N
Q|
)
o
J

Display Device

LVGL Porting

Driver

Input Device

-

SDK (ESP-IDF)

SPI

) U I

ESP_LCD

-

B 17: BT R HEROR T

~
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Frik: XFFOORM RGB #% HAY LCD, AR EAIHHRE D3a, WHESHLCD s it.

ANFZEAARY LCD #2 0 TR EAF AN FE R AN, R LR 32 0 s & wl da A s FE R T A
o SPILCD %% - #4513 2% &
* RGB LCD # /% - #nds iz o ik &
* 180 LCD it - wita i 1k s (FFsHn)
» QSPILCD #fi# - Wb 11154 (FFEHT)

KX EAMPEAAN, 152 % ESP-IDF 4245 -

UGIE LCD Bedy i TARF LS LCD 8K3) IC W RER A AFMarS (FFfeds) FSE, 3 AR
1 AU R AT HER AN [ B A sk sl oy 5, 15 e/ 2 s 4 A 32 1E ] APTs SRAZAEH
5 LCD 9K, SR )5 6% LCD W H R BUEHE AN esp_lcd_panel _handle_t WAJHA, &M
I ARy REAS M 13 48— 1 LCD i Ji] APIs #4f LCD B4

Frik: XTOORM RGB #:H1H) LCD, AFFEMAHIKSN AN, i EHESHLCD s it

ERAIRSN |, 1502 H M LCD 3R sh 201 FR3REUH A% LCD 3K3h IC 4. AR A AN AE,
M2V LA T E A I B3 B [ A A3 7. A IRl 128240 LCD SR8 v] g 2 AN [H 1Y
FOATJR B, R LR F 82 1089 LCD SRah 4R AT 04 T i -

o SPI LCD %% - 54438 Zh 4844

* RGB LCD # % - #%A5IK ) 2014

o 180 LCD ¥fift - FoAHIKSh AL (FFsEHT)

* QSPILCD ¥f# - IR sh 4 (FRFHEH)

e, ARSI ALE R ASEEL LCD pR0sadk, T ikt LR i3 i LCD g0 fa Ak AT A -

* SPI LCD #f#% - #4514 LCD 1% %

* RGB LCD # /% - #1451t LCD % %-

* 180 LCD §:fi# - ¥I4fifk LCD ¥4 (FF58H)

* QSPILCD i#fi# - #4A1k LCD &4 (fF5#r)

KX EMPEAAIREN , 152 % ESP-IDF 4245 -

BHiLVGL  (FEH)

Wil GUI  (fFEH)

L]

NIHBI2E T —ETT A LCD W A g WA R, 35 el PR A T AT I

o ESP &7t B ffar i ] Arduino IDE JF% GUI

o ESP Z%ith B 74 LCD M R4 PE% %

« ESP R0 1 Q[ $ 5 LCD F{E Jeiii%

» ESP32-S3 fifif4# 5 RGB LCD [ PCLK (ki i)

* ESP32-S3 fifnffi#yeiKk sl RGB LCD H BHL 54 i £ 5l DA M5 11 i) it
« ESP32-S3R8 #1{i[fit & PSRAM 120M Octal(DDR)

FHSR S

+ ESP-IDF #7245 - LCD
+ ESP-FAQ - LCD
 LVGL 4%
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4.1.4 SPILCD if:fi

Ho%

« RiEA
o FoEX

— Interface I/l X,

— 3/M-line $2 X,
SPI LCD 3R 7 /A2
s E T iR A

- HEILE A

- dlEETiLE
ALK 281
st LCD 3% %
A8k A4

WEHRLCD K& % .
A

AN e SRR ZE R AN R el Whah Ty 2K, R LA ST7789 M, A4 LA LR H DL 1
e

M3 | IM2 | IM1 | IMO Interface Read back selection

0 1 0 1 3-line serial interface [

0 1 1 0 4-line senal interface 1 Via the read instruction (8-bit, 24-bit and 32-bit read

1 1 0 1 3-line serial interface 11 parameter)

1 1 1 0 4-line serial interface 11

Table 13 Selection of serial interface

& 18: SPI 422 I it e 4%

M EE SR PAFEH, ST7789 2t IM[3:0] 5| HI2E%E4E Interface I/II Ml 3/4-1ine WEEE, ]
PASEEL 4 FORRIE: OB, NI ST7789 ) SPT #2: 5 | B A «

¥ SPIZ|MIZFR: CS. SCK(SCL). SDA (MOSI). SDO (MISO). DC (RS)

Interface /I X, MEF W PAFH, Interface I fl Interface II BJFEXHEFEEMNH R
HR e SE BRI G A (AfUH MosT).

=B RN A—REELSMEHENIEBFE AN ESP 2 &
X
Interface 1 S P
Interface II = 1
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3-line serial interface 1

Pin Name Description
CsX Chip selection signal
DCX Clock signal
SDA Serial input/output data
4-line serial interface 1
Pin Name Description
CsX Chip selection signal
Data is regarded as a command when WRX is low
RX Data is regarded as a parameter or data when WRX is high
DCX Clock signal
SDA Serial input/output data
3-line serial interface II
Pin Name Description
CsX Chip selection signal
DCX Clock signal
SDA Serial input data
SDO Serial output data
4-line serial interface II
Pin Name Description
CSX Chip selection signal

Data is regarded as a command when WRX is low
WRX

Data is regarded as a parameter or data when WRX is high

& 19: SPI 4 Ry 5 | A

& - e %0907

see Tt rrrtr Ui sl
DICX < X o) >
Interface-l — SDA D D7 @@@@@@@ D7 ¥ D6 X D5 X D4 X D3 Y D2 X D1 ¥ DO D7

SDA < )07 D6 X D5 X D4 X D3 Y D2 X D1 X DO Hi-z D7

Interface {
sDO Hi-Z

&l 20: Interface I/IN B i3 BEIXT L (4-line )

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
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AN

- WY, - ®

csx _\ 0
IR OC 9000000077 000000000,
s (I e L iel

Command Command/Parameter

CSX can be “H'between parameter/command and
parameter'command SCL, and SDA during CSX="H"
is ignored.

Figure 13 3-line serial interface write protocol (write to register with control bit in transmission)

(3 TB TB P}

D

00000000077 40000000 W)
pex () ™ X7 ™ 08
e firpurrrrrrrrrrrru e

Command Command/Parameter

Host <
(MCU to driver)

CSX can be "H'between parameter/command and
parameterfcommand SCL, and SDA during CSX="H"
is ignored.

Figure 14 4-line serial interface write protocol (write to register with control bit in transmission)

& 21: 3/4-line RSB B0 (Interface 1)
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3/4-line BEX MIEHRATDAR Y, 3-1line Ml 4-line X GITET EA M DIC {54

N =&ERD/ICEE4 ESP 2&
Y
3-line % %
4-line 1 &
it

e 3-line X AGIFEFA 3-wire 8 9-bit iz,
 HSK ESP (¥ SPT ZME AR 45 LCD (1) 3-1ine #5, (H@n DAESSAFESE I, BikiES % 40k
esp_lcd_panel_io_additions, ‘E3E % HT-528 RGB LCD f#)154k

SPI LCD Ixghin e
SPI LCD Xl i Al RE s =48R0 BIta i i . Bk 0 Ap) fh ik LCD 34
Lkl A IR A g

WAL TR TR eI IR L 4R, TR 1145 . NI 3T ESP-IDF release/v5.1 ) spi_led_touch
L BRI fe SPL 2 054 .

LRSS NI T

#include "driver/spi_master.h" /7 AR WHy Sk ST
#include "esp_check.h"

spi_bus_config_t buscfg = {
.sclk_io_num = EXAMPLE_PIN_NUM_SCLK, // # # LCD SCK (SCL) £ 5 10 % &
.mosi_io_num = EXAMPLE_PIN_NUM_MOSI, // # # LCD MOSI (SDO. SDA) 15 5 I0.
4
2

Yy

—

= x?\U

.miso_io_num = EXAMPLE_PIN_NUM_MISO, // #% # LCD MISO (SDI) f& &5 W IO.
e, WRELAEFEMN LcD R HEE, TUEKA -1

—

Rijug

.quadwp_io_num = -1, // MK EHRK -1
.quadhd_io_num = -1, J/ Mk EH A -1

.max_transfer_sz = EXAMPLE_LCD_H_RES * 80 * sizeof (uintl6_t), // X 7~ SPI_
SEBRERMAFNRAFTRER, BEERAILFARAHNT
bi
ESP_ERROR_CHECK (spi_bus_initialize (LCD_HOST, &buscfg, SPI_DMA_CH_AUTO));
/) F L NERKRTERE SPI E o
~ID, FE AR E TR AN RE -
/O3NS EERTEMSE DMAL
WM E, BN E N “SPI_DMA_CH AUTO B ¥

WERA 2B A [ [ — SPT G2k, AR A KT B0 B 0 iR f— ik
NHGE R IR SR B
* 7 LCD JK3f IC L& Ay Interface-1 12 2 X, HAFUFTBE mosi_io_num HHHHEL 10, MiE

miso_io_num:f -1,

* SPI DK Bl £ % % B4 10 2 X fr A BCHE & 09 KN 3EAT B, A B R AL S T RO O
max_transfer_sz W & 4. (Hi&, SPI ¥k DMA 4 & 5o ¥F i Bie K V5 80 (U e T
max_transfer_sz, |ij B2 T ESP-IDF 1% SPI_LL_DATA_MAX_BIT_LEN ([6] £&%1 ESP
WIEARE), B e A F ¥ #, <= MIN (max_transfer_sz, (SPI_LL_DATA_MAX_BIT_LEN
/ 8)) o HIT esp_led GRS SxHE I FIWr i A B S TR BR A, A0SR W EET s AR S
A SPT #4720 (44, Ik max_transfer_sz i ¢ b 2 bR/ .
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Gl By Rl

#include "esp_lcd_panel_io.h" /7 AR BH Sk U

static bool example_on_color_trans_dome (esp_lcd_panel_io_handle_t panel_io, esp_
—~lcd_panel_io_event_data_t *edata, wvoid *user_ctx)

{
/C BV EEE R RN E R R R, TU R #T - LEE </

return false;

}

esp_lcd_panel_io_handle_t io_handle = NULL;

esp_lcd_panel_io_spi_config t io_config = {

.dc_gpio_num = EXAMPLE_PIN_NUM_LCD_DC, // ¥% 3 Lcp pCc (RS) fE & H Io.
HwmE, TEA -1 kT AEHA

.cs_gpio_num = EXAMPLE_PIN_NUM_LCD_CS, // %% LCD CS f2 5 H Io_
%5, VLKA -1 KFAEA

.pclk_hz = EXAMPLE_LCD_PIXEL_CLOCK_HZ, // SPI Wy B 44 £ (Hz) , ESP_

S E X 80M (SPI_MASTER_FREQ_80M)
// EMRIE LCD W IC
BlEFMHEHRAM
.lcd_cmd_bits = EXAMPLE_LCD_CMD_BITS, // BAL LCD AWML E R, MA o
S B EHE
.lcd_param_bits = EXAMPLE_LCD_PARAM_BITS, // ¥ fi LCD Z ¥ iy b4 %0, N 4 8o
YR &

P

o

.spi_mode = 0, // SPT # &K (0-3) , FMH 4 LcD 3o
SIC WBEREFMURBEHNBEERE (W IM[3:0])

.trans_queue_depth = 10, // SPI.
S EEMBEESNNREE, — %A 10 BT

.on_color_trans_done = example_on_color_trans_dome, // BRWAE esp_lcd_
wpanel_draw_bitmap ()" %W T & B W B # & K

.user_ctx = sexample_user_ctx, // R E BRGNP 5K

.flags = { // VWA SsPI MMM XS K, FARE LCD Wz Ic.

< B Bl F M OON KRR Y B E B T
.sio_mode = 0, // B —RHEEL (MOSI) & E %, 0: Interface I A, 1:.

—Interface IT A

}I
bi
ESP_ERROR_CHECK (esp_lcd_new_panel_io_spi ((esp_lcd_spi_bus_handle_t)LCD_HOST, &io_
—config, &io_handle));

/T UTEHRETHTFEMERRELCRTREHGERRH ~/
// const esp_lcd_panel_io_callbacks_t cbs = {
// .on_color_trans_done = example_on_color_trans_dome,

amy

// esp_lcd_panel_io_register_event_callbacks (io_handle, &cbs, &example_user_ctx);

BT WAL SPT G Z AT DABTEAH Y 1082 1A, A4 LA X —> SPI master ¥4 .
R R T SPLE NS BOE AN BiW], 7527% ESP-IDF it .

I BEE 0 B ] ARS8 esp_lcd_panel_io_handle_t WA, AJGREMSHIHLAT
FE I 1] APTs 25 LCD fY5R3) IC %k an 4 A1 PR Bodhs -

1. esp_lcd_panel_io_tx_param(): fl T &KiEHA LCD Wy 4 KECESE, H ki k%L
ISE}IDi_device_polling_transmit () SEEBR S, HZR B HER M a4 2k
2. esp_lcd_panel_io_tx_color(): M T &k 8K LCD kil 5 ay 2 F1 B G £da. 75K E N,
BT RS spi_device_polling_transmit () KiEMAOM—/DEWSE, KGR
spi_device_queue_trans () K/ kK iE KENE G, G0 A/ d SPI ik DMA
&40 FE VP I R VT BOR IR XA 3R EIORT MG 22 A7 Hb Ik 25 A S B HE A BA A, BRI ) % B e
trans_queue_depth Z¥($5 ¢ . — HEIRMIIEABNSY, sREOfS 200 Fit, R it%
TSRS E P B O R B G 247, IIFE R Il s Bk FIWT | — R 2 i &2 5e il
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UERAKAE, ATRERTERSE I e BT, X S 8ol TRURR AL s B R

2 U RS

FHHL SPLLCD JREH4LPHAIBEA SRR A DA T = A
I BETHRER N esp_led_panel_io_handle_t i LA MR LA M G2 HEH.
2. SHF O LCD B, SR it P R B 7y 2 93 UL P esp_led_panel_t Hhf 4% 53
3. S BB TGS EIR MY esp_Led_panel_handle_t ff) LCD B i, (i i
Fe B AT LCD 1) APIs Se3/F LCD s
FIHi2 esp_lcd_panel_handle_t AIIIAREMRISBLLHI A S LCD S8 APIs (AT 35 :

IR LCD i@ H APIs SCIR5EER

reset() | esp_lcd_panel_reset() A& TR AGIM, WG | IS TR AL, 5 AT 4
LCD_CMD_SWRESET (01h) #7845 1.

init() esp_led_panel_init() | il Ak — RN i 2 NS EORWI I 10 LCD 1545

del() esp_lcd_panel_del() | RERLIKAN 7 I GEUR, ELHG O A7 68 25 R AT A Y 1O,
draw_bitmagyp_lcd_panel_draw_|bifmipifi 13 iy 4 LCD_CMD_CASET (2Ah) il LCD_CMD_RASET (2Bh) A&
KB BRI R 1E A AR, SR )5S v 4 LCD_CMD_RAMWR (2Ch) %
i B E

mirror() | esp_lcd_panel_mirror(Ji i fir % LCD_CMD_MADCTL (36h) X E W atg e X B Y 4.
swap_xy() esp_lcd_panel_swap_|xy@i:f iy 4 LCD_CMD_MADCTL (36h) BB 42 i A e Frae iy X BhA1Y &l .
set_gap() | esp_lcd_panel_set_gapf ik A5 16 ey iy el s ) RS s AT 2% 1 A A, AT S B ] 1 ) A % o

in- esp_lcd_panel_invert| ¢@lon(¥iy4 LCD_CMD_INVON (21h) A1 LCD_CMD_INVOFF (20h) SZH
vert_color() 1% Z 10 e B 1B (0xFOFO -> 0xOFOF ) ,
disp_on_off#yp_lcd_panel_disp_onilfE 54 LCD_CMD_DISON (29h) Al LCD_CMD_DISOFF (28h) SZF|
T Fg BRI K

X RZ4 SPILCD, HIKS) IC i fip S NS5 LR Seut I ez, IR nT A 1 AN 22 3R 52 1 RS
f:

1. YELCD IR #h 28t Hkfe—A BS540 SPTLCD X841

2. A H AR LCD 3K3) IC py%dis T, #iAH 5 k0 h 4 Tl H 2 an & S HE B —
H, HA BT EAE YO A,

3. BIfE LCD 3K IC [ 8L AR ], AN [a] il 32 7 1 ot 4 1 38 5 75 0T 4% 3 4R 0L 09 40 i Ak i 2 id
e HIt, [FEBUHHAEE init () PREMMSMSE XL IH10 238 5 ARE E 1Y
Fe AR — D ESE . WA, FEEBABEY HRiba S s — Rk a4, sl
LCD_CMD_COLMOD (3Ah) #1 LCD_CMD_MADCTL (36h) , iX&brd-2 i oK sh 2H {2 gb A7 B A 6
1.

4. ]l FH gmfE a8 B FATE R A R TIRE , RF4L 14 ) LCD 3K 8l IC Z FR &40k B AR F5, 1kF gc9a01
Bk st 77916,

PG4t LCD 4%

T LPA GCOAOT Bl LS iR -

#include "esp_lcd_panel_vendor.h" // R Bk L
#include "esp_lcd panel_ops.h"

#include "esp_lcd _gc9a0l.h" // B IR B4Rk U
/**

* A TH K LCD Bz Ic k&4 RER

*/

// static const gc9a0l_1lcd init_cmd_ t lcd init_cmds[] = {
// // {cmd, { data }, data_size, delay_ms}

(FHHZD
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(£ L£50)

// {0Oxfe, (uint8_t []){0x00}, 0, 0},
// {Oxef, (uint8_t []){0x00}, 0, 0},
// {Oxeb, (uint8_t []){0x14}, 1, 0},
//

YAy

/* Bl # LcD & & */
esp_lcd_panel_handle_t panel_handle = NULL;
// const gc9a0l_vendor_config_t vendor_config = { //_
SHATEERGAHEFTHWENGTSREBZH
// .init_cmds = lcd_init_cmds,
// .init_cmds_size = sizeof(lcd _init_cmds) / sizeof (gc9a0l_lcd init_cmd_t),
YAy
esp_lcd_panel_dev_config_t panel_config = {

.reset_gpio_num = EXAMPLE_PIN_NUM_LCD_RST, // #H LCD AL fEEH Io.
SHE, TURA -1 RTFMEA

.rgb_ele_order = LCD_RGB_ELEMENT_ORDER_RGB, // R B H T EIRF (RGB/
<BGR) ,

// —#HE A A LCD_CMD_

MADCTL (36R) ° %4

.bits_per_pixel = EXAMPLE_LCD_BIT_PER_PIXEL, //_
Y% X% (RGB565: 16, RGB666: 18)

// — W@ L 44 LCD_CMD_

—CoLMOD (3Ah) ° & 4

// .vendor_config = &vendor_config, / /o
SHATEZRGAEF RN TWAENHFLSESHK
bi
ESP_ERROR_CHECK (esp_lcd_new_panel_gc9a0l (io_handle, &panel_config, &panel_handle));

/* ¥ Lep E & */

ESP_ERROR_CHECK (esp_lcd_panel_reset (panel_handle));

ESP_ERROR_CHECK (esp_lcd_panel_init (panel_handle));

// ESP_ERROR_CHECK (esp_lcd _panel_invert_color (panel_handle, true)); / /e
S B F BT AR EFEF A

// ESP_ERROR_CHECK (esp_lcd_panel_mirror (panel_handle, true, true));

// ESP_ERROR _CHECK (esp_lcd_panel_swap_xy (panel_handle, true));

// ESP_ERROR_CHECK (esp_1lcd_panel_set_gap (panel_handle, 0, 0));
ESP_ERROR_CHECK (esp_lcd_panel_disp_on_off (panel_handle, true));

W Seil i B A A K 4117 LCD i - SR IEE2E 20 esp_lcd_panel_handle_t YA, #&
Je B LCD 3 f] APIs k4144t LCD B4

N X T K E esp_lcd_panel_draw_bitmap () il SPILCD K& Fi5HH :

o G NRRB BB B AE T BT LK T max_transfer_sz, IWH esp_lcd JR3) N MR HE
SPI H1ik DMA &4 feiF i i KR BGHEA Tt A L

o HTZEREUE R H DMA 177 ROoR G G, Wt 2 vuiiZ sk B0 H 56 U B 576 i DMA
AT, SLHPR RIS SOEAE M W A7 . (kAT LVGL ey ) . BHtk, SF2EE S B 6
B E R esp_lcd_panel_io_register_event_callbacks () JEMFH [EVE & £ 2 W
—RAE 2T T

o 1T SPI 8K3h H B A 4% B id DMA 1255 PSRAM FRERE, H N RS FIMERE 2 5 1 E
PSRAM I, #/2 N2 fFH 5 U1 5| SRAM i (G4, ik, A SRAM /B8 B G & A7
AT (W LVGL {EYWRAT) , AW E A5 % PSRAM &KW G EHE, Rolges i
SRAM A JE B 15 DL o

RSO
* ST7789 % Tt
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4.1.5 RGB LCD it

H 5%
- Kigk
R
- R ikdF
- DE £
- SYNC 12X
= XA e

s EXHBX

RGB LCD 2R 7 ;Mi
4 AE 2 % &
FSHLIR 401

W& LCD 3% %&-
HH & A

ARif

WEEHRLCD K& % .

BB

KZHRGBLCD %f SPI + RGB %M, EAIFEIE SPI 0 LKk X) LCD #47#11H1k, Al PA
TERIIAAC G AR 75 Bl B A S il e, A HKCPEi%, S H RGP, —24 RGB LCD R H] RGB #
H, BT AT LCD #1740 iatk , (B BB BUT M &, SRah e . TN ST7701S
BEEANE SiiBT S

M3 | IM2 | 1M1 | IMO Interface Data pins

0 0 1 RGB+8b_SPI(fall) D[0~23]
0 1 0 RGB+9b_SPI(fall) D[0~23]

0 0 1 1 RGB+16b_SPI(rise) D[0~23]
1 0 1 MIPI HSSI_D1_P/N,HSSI_DO_P/N
1 1 0 MIPI+16b_SPI(rise) HSSI_D1_P/N,HSSI_DO_P/N
0 0 1 RGB+8b_SPI(rise) D[0~23]
0 1 0 RGB+8b_SPI(rise) D[0~23]

1 0 1 1 RGB+16b_SPl(fall) D[0~23]
1 0 1 MIPI HSSI_D1_P/N,HSSI_DO_P/N
1 1 0 MIPI+16b_SPI(fall) HSSI_D1_P/N,HSSI_DO_P/N

Table 10 Interface Type Selection

& 22: ST7701S #1258k 3

MLEIEPTM%& ST7701S J&iliad IM[3:0] HIMKMEFE SPT + RGB L HMECE. MH AL, XE
LCD &#%# 3-wire SPI + RGB 2L, XMW T K F ) RGB+9b_SPI (rise/fall), HHv,
9b_SPI FErn SPI B 3-line #2 X, (—fkFR-M 3-wire), rise/fall FIN SCLIESWARAINT, rise
FR TR (SPIARK 0/3), fall R RN (SPIAL 1/2).
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3-line serial interface (9 bits)

Pin Name Description
CsX Chip selection signal
SCL Serial input CLK
SDA Serial input data
SDO Serial output data

4-line serial interface (8 bits)

Pin Name Description
CcsX Chip selection signal
c Data is regarded as a command when SCL is low
DCX
Data is regarded as a parameter or data when SCL is high
SCL Clock signal
SDA Serial input data
sSDO Serial output data
& 23: ST7701S SPI £ 1 195 | B4k
Symbol Name Description
PCLK Pixel clock Pixel clock for capturing pixels at display interface
HS Horizontal sync Horizontal synchronization timing signal
VS Vertical sync Vertical synchronization timing signal
DE Data enable Data enable signal (assertion indicates valid pixels)
DB[23:0] Pixel data Pixel data in 16-bit, 18-bit and 24-bit format
Table 11 The interface signals of RGB interface
| 24: ST7701S RGB $2 [ 15 | 44
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TN ST7701S ) SPT 1 RGB 4% i | A :
¥: RGB 8|4 #7: CS. SCK(SCL). SDA(MOSI). HSYNC. VSYNC. PCLK. DE. D[23:0](D[17:0]/D[7:0])

X RH SPI + RGB # M1 LCD, —n] Ll ay S Bl E RGB #2104 DE R E(#H SYNC #ER, T
T PA ST7701S RGP A

ST7701S supports two kinds of RGB interface, DE mode and HV mode. The table shown below uses

command C3h to select RGB interface mode.

DE/Sync RGB Mode
0 DE mode
1 HV mode

& 25: ST7701S RGB 2 1 s = e 5

BeXikse  MIERRIDVE L, ST7701S W LA g A4 C3h L RGB i, FiERE, AFZS 1 LCD
9k 3h IC WIBER R4, W GC9503 j&imidiy4 BOh HATHLE Y.

DE X

SYNC Ei X

BRI @b DE E AR sYNC AP, aTAE AT ER XK GHET 25 1 DE {55
LA T i X (Blanking Porch) FYRCEZK, M4 FE:

LS =R{EMDEFESZ ERREHRXBHF TR ESP
z &
S
DE #5\ e i) =
SYNC #i:{ i = =
(LR Z 1T

KZH RGBLCD L#Zfal (i ABdE) #:X, 55 RGB565 . RGB666 . RGB888 %, il M DA
Jl COLMOD (3Ah) i RIECE . TN ST7701S H R kgt E -

M EERTABH, ST7701S 74% 16-bit RGB565 . 18-bit RGB666 ., 24-bit RGB888 —=Fhfa Eik
2, Hrbh N-bit FnEE O WEIEL IS, I H 2ifd cCoLMoD (3Ah) @ VIPF[2:0] I COLCTRL (CDh) :
MDT g R TSR . WaTERR, A A TCE WG 2 a4 1 PR3, 40 LCD Bib Ut T 18-bit (14
&, A AR E AR 24-bit RGB888 , H HAEMIGEN T R ATEEHEZ D21 16],
D[13:8], DI[5:0] WA RENIE N 16-bit RGB565,

BjtdﬂiZﬁl‘ , BRI BN T8 AT SO g i, N IESH ST77903 13 11 2R BN (0 A%
ARCHE

M EETFIPAE L, ST77903 73 6-bit RGB565 ., 6-bit RGB666 fll 8-bit RGB888 =Fjfa ik,
M EATRI B 3, 16-bit . 18-bit Ml 24-bit ., 2% LCD ¥ RGB % O FE— W8 E M el 3
et MG Z 0 @ AR, % ST77903 X 25 LCD 2 1 N EE 2 2 AN i b JE A&y B MR 22 1) 6 5K
P, PrRAX R n iRl Hi4T RGB #1101 (SRGB).
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V back porch (Tus+Tusp)

Vs |
1 frame (Typ) ,

V front porch (Tyep)

SR RIRIRRiRRIRIR R R RIninip!

I
HS L 1 line (Tyr) J

H back porch (Thpwt Thop) Valid data (Thaisp)

DOTCLK ﬂﬂmﬂﬂﬂﬂ
we e ERR000000
ae _men PRRO000000 00000

Note: The setting of front porch and back porch in host must match that in IC as this mode.

H front porch (Ty)

(ol

Invalid

Figure 23 Timing Chart of Signals in RGB Interface DE Mode

& 26: ST7701S DE #i=X 11 i 7 B

V back porch (Tys+Tvbp)
'S [
—l 1 frame (Tvp)
V front porch (Tysp)
o T THTTYYYUY YL
A H [ r A A
pe

HS |
L1 1 line (Tip) J

H back porch (Thpu+Thop) Valid data (Thaisp) H front porch (Thip)
relerery
SO AR T e el

“qw

DE

Data

me e RRRO0000CLZ 00006
s e RRROC0000LLL 00000

Figure 24 Timing chart of RGB interface HV mod

& 27: ST7701S SYNC #iX: i) i} )57 J&
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24 bits configuration
VIPF[3:0]=0111

Pad name

DB[23] R7
DB[22] R6

DB[21] RS
DB[20] R4

DB[19] R3
DB[18]
DB[17]
DB[16]
DB[15]
DB[14]
DB[13]
DB[12]
DB[11]
DB[10]
DB[09]
DB[08]
DB[07]
DB[06]
DB[05]
DB[04]
DB[03]
DB[02]
DB[01]
DB[00]

18 bits configuration
VIPF[3:0]=0110

16 bits configuration
VIPF[3:0]=0101

MDT=0 MDT=1
Not used Not used Not used
Not used Not used Not used

R5 Not used

R4 Not used

R3 Not used

R2 Not used
R1 RS
RO R4
Not used R3
-
G5 R1
G4
(ck]

G2
G1

G0
Not used G1
-
BS BS

B4 B4
B3 B3
B2 B2
B1 B1

BO BO

Table 12 The interface color mapping of RGB interface

il 28: ST7701S iy (8 Fo A% 2L

Not used
R4
R3
R2
R1
RO

Not used

Not used
(c1]
G4
G3
G2
G1
G0

Not used

Not used

Not used
B4
B3
B2
B1
BO

IM 3Ah RGB Interface Mode Data pins
1,0 101 3-SPI with RGB565 DBJ[7:2]
1,0 110 3-SPI with RGB666 DB[7:2]
1,0 111 3-SPI with RGB888 DBJ[7:0]
1.1 101 4-SP| with RGB565 DBI[7:2}
1.1 110 4-SP| with RGB666 DB[7:2]
1.1 111 4-SP| with RGB888 DBI[7:0}
[l 29: ST77903 RGB #% [ 25 A e 4%
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serial RGB 565

Kl 30: ST77903 F) 0, 3546 X i -
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27k ER ESP32-S3 {U % 16-bit RGB565 fll 8-bit RGB8SS Fiff otk (HIil sk i1
R AT DA KB S RF 18-bit RGB666 f 24-bit RGB88S ¥ LCD , & XiGFS%
JF % #i ESP32-S3-LCD-EV-Board ) LCD F#% 2 (3.95° LCD_QMZX) il LCD ¥4 3 JEBH[A .,

RGB LCD 3R g i
RGB LCD UKEh#iARE KB N = AN Wia i nistss . BAadRsh 4 rwIaatk LCD B4 .

WG 1 %%
N2 ] esp_lcd_panel_io_additions 204367 3-wire SPI XM CAS{EAT
#include "esp_check.h" // R W H Sk T

#include "esp_lcd_panel_io.h"
#include "esp_lcd _panel_io_additions.h"

esp_lcd_panel_io_3wire_spi_config_t io_config = {
.line_config = {
.cs_io_type = IO_TYPE_GPIO, // % B % IO _TYPE EXPANDER .
SKRAER 10V BES AW B, TWEM GPIO
.cs_gpio_num = EXAMPLE_LCD_IO_SPI_CS, // # ¥ LCD CS B ¥ GPIO &

// .cs_expander_pin = EXAMPLE_LCD_IO_SPI_CS, // % ¥ LcD CS EEWY EL
<I0 S A B4 F

.scl_io_type = IO_TYPE_GPIO, // % B % IO TYPE EXPANDER .
SKRAER T0 ¥V ES AW, SU#ERH cpIO
.scl_gpio_num = EXAMPLE_LCD_IO_SPI_SCK, // #% ¥ LcD sck (ScL) & & o

—GPIO % %
// .scl_expander_pin = EXAMPLE_LCD_IO_SPI_SCK, // ¥ ¥ LCD.

“SCK (SCL) 5 Wy B 10 SR ME 5

.sda_io_type = IO_TYPE_GPIO, // % &k IO _TYPE_EXPANDER .
SKABEHR 10§ ESAMEI B, TUERA 6pIO
.sda_gpio_num = EXAMPLE_LCD_IO_SPI_SDO, // % ¥ LcD MOSI (SDO. SDA) .

155 # GrIO % &
// .sda_expander_pin = EXAMPLE_LCD_IO_SPI_SDO, // ¥ ¥ LCD.
~MOSI (SDO. SDA) fH5 WY & 10 XHElME S
.io_expander = NULL, // FAE R Ioo
ST RERWEIH, WEEEANCLEWBATHEE TR
s
.expect_clk_speed = PANEL_IO_3WIRE_SPI_CLK_MAX, // # % # sPI_
SR E, BT RARGBENG TR, THETEFRARZ,
// B iNIK ¥ “PANEL_IO_ _3WIRE_
< SPI_CLK_MAX > Bj ¥

.spi_mode = 0, // sPI # KX (0-3) , FMWAE Lcp g Ico
S EFMUNRBEHNERER T (0 IM[3:0])

.lcd_cmd_bytes = 1, // B LeD AWM FE Y % (1-4) , BER A 1o
LB

.lcd_param_bytes = 1, // BfLoLCD BEMF VA (1-4) , BERA 1o
BT

.flags = {

.use_dc_bit = 1, // BRI\ A 1 B

.del_keep_cs_inactive = 1, // B\ A 10 B
1

}
esp_lcd_panel_io_handle_t io_handle = NULL;
ESP_ERROR_CHECK (esp_lcd_new_panel_io_3wire_spi(&io_config, &io_handle));

SFFOCR I RGB #1118 LCD |, [H N EMIA S EimSd IS5, oAk BAFREwiatbiz 0¥, &
HEESE m4s 10 LCD 3% %
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$FT3% H 3-wire SPI il RGB £: 1111 LCD , X HA UGN 4 3-wire SPI B:MiX4%. BT ESP 1% SPI 4
VR SCRF E A 9-bit $50d, I Hazs: D AUH T 25/ M2 240, 1 EXTEE & iy
F& DA P B R AN, BRIUL AT A GPIO 3% 10 ¥ @it 51l (40 TCA9554 ) 3l A (454 SPT
W 7 R S H

I B B A T AR U 25 84 esp_lcd_panel_io_handle_t WIFJAR, A5 Rgts i Al
esp_lcd_panel_io_tx_param() % LCD [#8Kzh IC %1% WA

BRI Zh4L1E

SR RGB # 111 LCD , T RGB % 1 IKal o B 238 12 v M ] eR 2508 5 2CsE 30 1 45 40 1
esp_led_panel _t YT GE, I HEEL T R4k esp_lcd_new_rgb_panel () A T A1 LT N
esp_lcd_panel_handle_t [ LCD %%, 155 FHFE)FRENS (6 LCD i@ B APIs SE#:/E LCD %45,
Ft, XFh LCD A7 BRAEUKS AL, T HIES % s 1t LCD % %

¥ % 3-wire SPT fil RGB #1111 LCD , 7£ iR RGB # UKz il b, ST 3-wire SPI
B R EGA S B, SEPX Rl LCD BREN 4 2F i AR SR P AL 2 DA R =05 :

1. BEFHHEIA N esp_lcd_panel_io_handle_t [H#5 %8 Kk G e LS5

2. i R% esp_lcd_new_rgb_panel () E—> LCD &4, A5 MR s 50 1 =X PR A
R R % B v T ag .

3. S — AR BN TSR KA esp_lcd_panel_handle_t () LCD J#AIHA, (155 HFE
FFRERE A LCD i il APIs S48/ LCD %45 .

Nifi/2 esp_lcd_panel_handle_t &IAINHERSE BB DA KA RGB 2 H K] if45 LCD i fi] APIs [
X R S 2R ¢
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2R

Thge

RGB #O3Kzh

LCD & H APIs

SLIREA

reset()

rgb_panel_reset()

esp_lcd_panel_reset(

i TSI, W RS BT
A7, BNE T fr 4 LCD_CMD_SWRESET (01h)
AR R AL, FJ5 i rgb_panel_reset ()
AV RGB #11.

init()

rgb_panel_init()

esp_lcd_panel_init()

#r 3-wire SPI %A 5 RGB OS5I,
W A & 26— RV S M S HCRPIR 1L LCD
% TN EIAE LCD Qi wiail, &
Jaftifl rgb_panel_init () #JHf{k RGB 11,

del()

rgb_panel_del()

esp_lcd_panel_del()

RECIR BN 5 FH PP, ELHE B IO A7 2 R) A
H 10, RE(F ] rgb_panel_del () M RGB

draw_bitn

naped_panel_draw_bitnj

1apgp_lcd_panel_draw_|

B,
bifmapGi £ A M A m, M H
% % K BB

mirror()

rgb_panel_mirror()

esp_lcd_panel_mirrot

rgb_panel_draw_bitmap ()
#ie

FOR i P IC e, B W] DA oo i %, L m] RAfeE 1]
rgb_panel_mirror () il LE B X Hl
FY #hs

swap_xy(

rgb_panel_swap_xy()

esp_lcd_panel_swap_|

xyOf RAF I 5, (1] rgb_panel_ swap_xy ()
BB A X ALY i

set_gap()

rgb_panel_set_gap()

esp_lcd_panel_set_gd

pLTRPRAAAIE T, ] rgb_panel_set_gap ()
A8 3 A0 A 1 ] o P A AR AT 1k A AR, AT S
ER

in-
vert_color

rgb_panel_invert_col

0

oréyp_lcd_panel_invert

Ui A IS o

LchlorOFF PR ¢ R &, i
rgb_panel_invert_color () 1 & #f {4
SR 2 R B # AL B (OXFOFO ->
0xOFOF) .

disp_on_g

fli@b_panel_disp_on_o

ff€sp_lcd_panel_disp_

ofidffH H F e B Ok S8 8 LCD & R 1 HF K.
WA AL E disp_gpio_num, W W] PA
i 4 LCD 4y 4 LCD_CMD_DISON (29h) #i
LCD_CMD_DISOFF (28h) e TH#H. A4k,
RBLE T disp_gpio_num, WA PAE L IE H R
¥ rgb_panel_disp_on_off () JELIIREH,

XFTRZE RGB LCD, MK IC iy % XS ES Lid S iafss, Bl A 1 AR 22 BB 52

Foti:

1. #ELCD K #h At e fe— AR5 4{ ) RGB LCD IRzl 214,
2. il H AR LCD 3R3) IC [ F 0, #iAH S pridi v £ Tse il 2 i a & S 8w —
H, AA—BOF AU A .

3.

Bl LCD 3Kl IC pyZUSA [], A (] i 185 7 Y et

i

T A H AR BERI BT IR AL iy S O E

I, BRI EE init () PREMNGSSE. X LW 06 by 238 5 DARE E 1% =X
AETE — D ERSEE . AN, TR ERANBEN MG 2 P A& k8 IC a2, Flan
LCD_CMD_COLMOD (3Ah) , PARRREh#Ita4k LCD %45,

i

hst7701,

#G1E LCD &85

T g A 0 P AR R AR BE L RFALF Y LCD 9K3) IC A AR e HARA AR, 15 99503

T SZ VA ESP-IDF release/v5.1 H rgb_panel S a6 R -

#include
#include
#include

"esp_check.h"

/7 ARy Sk X

"esp_lcd _panel_ops.h"

"esp_lcd _panel_r

gb.h"

esp_lcd_panel_handle_t panel_handle = NULL;

(N gkze)
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(L)

esp_lcd_rgb_panel_config_t panel_config = { // RGB ¥ O W & 5 ¥

.data_width = EXAMPLE_LCD_DATA_WIDTH, // RGBL
U HELMLHK, 8 16-bit RGB565 : 16, '8-bit RGB888 : 8

.bits_per_pixel = EXAMPLE_LCD_BIT_PER_PIXEL, /S BREAMTE, ThE.
—~RGB U MBELALHELAMHEF,

// #1 “16-bit RGB565 :.

16, ‘8-bit RGB888 ' : 24

.psram_trans_align = 64, // BN A 64 B

.num_fbs = EXAMPLE_LCD_NUM_FB, // RGB.
SEOEMWMEZER, RAEHN 1, AT 1" WATZHAZZHFH

.bounce_buffer_size_px = 10 * EXAMPLE_LCD_H_RES, // i F 4 F RGB-
SEODWREERW T, ¥ A 10 * EXAMPLE_LCD_H RES"

.clk_src = LCD_CLK_SRC_DEFAULT, // B i\& A “LCD_CLK_SRC_
< DEFAULT" Bl 7]

.disp_gpio_num = EXAMPLE_PIN_NUM_DISP_EN, // # ¥ LCD DISP.
~fEEHNIIMES, TUREN -1° kK& FFEHA

.pclk_gpio_num = EXAMPLE_PIN_NUM_PCLK, // ¥% ¥ LCD PCLK.
AN

.vsync_gpio_num = EXAMPLE_PIN_NUM_VSYNC, // # ¥ LCD VSYNC.
~fEEWE ME T

.hsync_gpio_num = EXAMPLE_PIN_NUM_HSYNC, // # ¥ LCD HSYNC.
“EEWE WE T

.de_gpio_num = EXAMPLE_PIN_NUM_DE, // % ¥ LCD DE.
SEEWE HEST, TUEREAN -1 k- FEA

.data_gpio_nums = { // % ¥ LCD D[15:0].

~fEEWE HE T, ARKEE data_width 3§ %E,
// 8-bit W% E D[7:0] B
EXAMPLE_PIN_NUM_DATAOQ,
EXAMPLE_PIN_NUM_DATA1L,
EXAMPLE_PIN_NUM_DATAZ,
EXAMPLE_PIN_NUM_DATA3,
EXAMPLE_PIN_NUM_DATA4,
EXAMPLE_PIN_NUM_DATAS,
EXAMPLE_PIN_NUM_DATAG,
EXAMPLE_PIN_NUM_DATA7,
EXAMPLE_PIN_NUM_DATAS,
EXAMPLE_PIN_NUM_DATAQ,
EXAMPLE_PIN_NUM_DATA10,
EXAMPLE_PIN_NUM_DATA11,
EXAMPLE_PIN_NUM_DATA12,
EXAMPLE_PIN_NUM_DATA13,
EXAMPLE_PIN_NUM_DATA14,
EXAMPLE_PIN_NUM_DATALS,
}I
.timings = { // W% RGB B FMMxs%, FME Lo Wy Ico

oW EEFMONRE SR E ST
.pclk_hz = EXAMPLE_LCD_PIXEL_CLOCK_HZ,
.h_res = EXAMPLE_LCD_H_RES,
.Vv_res = EXAMPLE_LCD_V_RES,

.hsync_back_porch = 40, // #& DE ¥ A T, HSYNC f1 VSYNC.
B A R S BT DAAR 9E AT 2 Ay R BT R AT OB
.hsync_front_porch = 20, // F SYNC # R T, HSYNC #1  VSYNC._

SHHEXSBEFEMRANEALFLATHRERTE — &
.hsync_pulse_width = 1,

.vsync_back_porch = 8,
.vsync_front_porch = 4,
.vsync_pulse_width = 1,
.flgas = { // BT —% Lcbo
SAUNBRAFEHINEERL SR, FERGUNERERT &, EEFERATHA O
-hsync_idle_low = 0, // HSYNC E 5 & WH e F, 00 maF, 1: K& -F
.vsync_idle_low = 0, // VSYNC 1z 5 = [F i & F, 0_
=2 W g 4 T
ﬂ%q]wnl,-u LA | (—FEM
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(& b))
.de_idle_high = 0, // DE 5 ZWHKEF, 00 BHRF, 1: [{HF
.pclk_active_neg = 0, /)
B G R ANLE, 00 EFBAK, 1 THREAK
.pclk_idle_high = 0, // PCLK 5 ® W pw-F, 00 ma-F, 1: Kea-F
I

b
.flags.fb_in_psram = 1, // BN E A 1 B
bi
ESP_ERROR_CHECK (esp_lcd_new_rgb_panel (&panel_config, &panel_handle));
ESP_ERROR_CHECK (esp_lcd_panel_reset (panel_handle));
ESP_ERROR_CHECK (esp_lcd_panel_init (panel_handle));

/A UTERTUNREFERA +/

// ESP_ERROR_CHECK (esp_lcd_panel_invert_color (panel_handle, true)); //e
SHEAEHFLAEAEZINEREEZXCRR (0xFOF0 > 0x0FOF)

// ESP_ERROR_CHECK (esp_lcd_panel_mirror (panel_handle, true, true)); / /o
SHEA KU LASER x A v W

// ESP_ERROR_CHECK (esp_lcd_panel_swap_xy (panel_handle, true)); / /o
SEDA BB ELARHE X HA v W

// ESP_ERROR_CHECK (esp_lcd_panel_set_gap (panel_handle, 0, 0)); / /o
SR GG HE AR ERA LR, AL EHESRE

// ESP_ERROR_CHECK (esp_lcd_panel_disp_on_off (panel_handle, true)); // Wt

< 'disp_gpio_num' B M # LcD & & W T x
/e
SRY I MEREARA -1 WA, LR

ST 35% 1 3-wire SPT I RGB $ 111%) LCD |, 15 5Gi0 5 RGB #: 115K2) 1) esp_lcd_new_rgb_panel ()
BRI LCD B H SRR AN esp_lcd_panel _handle_t HJHJAK, #RJ5HT LCD i J1] APIs
A hEL LCD %45

KT RGB LS HECE A — LT BE R B U, 152 % RGB A4t H 2 ) i 4L
N2 PA ST7701S A A5 1R :

#include "esp_check.h" /7 RO Sk S
#include "esp_lcd _panel_ops.h"

#include "esp_lcd _panel_rgb.h"

#include "esp_lcd_panel_vendor.h"

#include "esp_lcd_st7701.h" // B AT B A E sk X

/**

* T H M LcD W Ic WAMBHH4LREHR

*/

// static const st7701_lcd _init_cmd_t lcd_init_cmds[] = {
YAV cmd data data_size delay_ms

// {0xFF, (uint8_t []){0x77, 0x01, 0x00, 0x00, 0x13}, 5, 0},
// {0xEF, (uint8_t []){0x08}, 1, 0},

// {0xFF, (uint8_t []){0x77, 0x01, 0x00, 0x00, 0x10}, 5, 0},
// {0xC0, (uint8_t []){0x3B, 0x00}, 2, 0},

//

YVamY

/* Rl E LcD & & */
esp_lcd_rgb_panel_config_t rgb_config = { // RGB ¥ O W T & % ¥

.data_width = EXAMPLE_LCD_DATA_WIDTH, // RGB.
SHEOWHEFESLCLH, W0 "16-bit RGB565': 16, ‘8-bit RGB88S : 8
.bits_per_pixel = EXAMPLE_LCD_BIT_PER_PIXEL, /) BRAE R, TH 5o

~RGB ZFHUWMBELALELHSF,
// 48 “16-bit RGB565" :.
—16, ‘8-bit RGB888': 24

.psram_trans_align = 64, // BRINR A 64 B
.num_fbs = EXAMPLE_LCD_NUM_FB, // RGB.
SEONMEGRRE, RAKA 1, AT 1 WATEHZEZTT IR i3
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(£ L£50)

.bounce_buffer_size_px 10 * EXAMPLE_LCD_H_RES,
SEUHHEERT T, B¥EA 10 * EXAMPLE _LCD_H RES’
.clk_src LCD_CLK_SRC_DEFAULT,
< DEFAULT" B ¥
.disp_gpio_num = EXAMPLE_PIN_NUM_DISP_EN,
EMS MEE, TUREN -1 - AEA
.pclk_gpio_num EXAMPLE_PIN_NUM_PCLK,
SRR
.vsync_gpio_num
AN E R
.hsync_gpio_num
Rk

.de_gpio_num

-

~f

EXAMPLE_PIN_NUM_VSYNC,

]

EXAMPLE_PIN_NUM_HSYNC,

-

EXAMPLE_PIN_NUM_DE,
SHE AT, TUREN -1 kT FEA
.data_gpio_nums = {

THH AT, AAKES

~fs

oz ‘data_width' 3§ %,
EXAMPLE_PIN_NUM_DATAOQ,
EXAMPLE_PIN_NUM_DATAI1,
EXAMPLE_PIN_NUM_DATAZ2,
EXAMPLE_PIN_NUM_DATA3,
EXAMPLE_PIN_NUM_DATA4,
EXAMPLE_PIN_NUM_DATAS,
EXAMPLE_PIN_NUM_DATAG,
EXAMPLE_PIN_NUM_DATA7,
EXAMPLE_PIN_NUM_DATAS,
EXAMPLE_PIN_NUM_DATAY9,
EXAMPLE_PIN_NUM_DATA1O0,
EXAMPLE_PIN_NUM_DATAl1,
EXAMPLE_PIN_NUM_DATA12,
EXAMPLE_PIN_NUM_DATA13,
EXAMPLE_PIN_NUM_DATA14,
EXAMPLE_PIN_NUM_DATA1S5,

}I
.timings = { // VR RGB BT BN AR X B %,

SHBEEFMUNRKEHANREH T
.pclk_hz EXAMPLE_LCD_PIXEL_CLOCK_HZ,
.h_res EXAMPLE_LCD_H_RES,

/7

/7

/7

/7

/S

/7

/7

/7

/7

AT R
BN A

RGB.

S

LCD

s

LCD

LCD

LCD

LCD DE_.

LCD D[15

"LCD_CLK_SRC_

DISP.

PCLK.

VSYNC.

HSYNC.

;0]

8-bit W& E D[7:0] BT

TR LcD Wz ICco

A

.v_res = EXAMPLE_LCD_V_RES,
.hsync_back_porch = 40, // # DE # &, T, HSYNC #1 VSYNC.
SHHAXSHTURFEH LN R EHTHE
.hsync_front_porch = 20, // F SYNC # &, T, HSYNC 1  VSYNC.
SHEXSZEFERRGENANGLSTHRERE &
.hsync_pulse_width = 1,
.vsync_back_porch = 8§,
.vsync_front_porch = 4,
.vsync_pulse_width = 1,
.flgas = { // BT —% LCcD.
SHAUNBRAFHI W RAFRELAREXE Y, FERARECMNERERFE %, BAFTHEALT
R
.hsync_idle_low = 0, // HSYNC 2 5 X WM WEFE, 00 HoF, 1: L8 F
.vsync_idle_low = 0, // VSYNC 1z 5 = [F i & F, 0
~RkrEWF, 1 KT
.de_idle_high = 0, // DE 5 ZWHKEF, 00 BRF, 1: ({8 F
.pclk_active_neg = 0, / /e
B RE WA KRLE, 00 EABEKX, 11 THREAX
.pclk_idle_high = 0, // PCLK E 5 X W EW®EF, 00 5o&F, 1: 18 F
}7
}I
.flags.fb_in_psram = 1, J/ BN KREAH 10 B
bi
(FBEE)
Espressif Systems 131 Release master

Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 4. B/~

(& b))

st7701_vendor_config_t vendor_config = {

.rgb_config = &rgb_config, // RGB # O W & 5 #

// .init_cmds = lcd_init_cmds, S/ R TRBERGAGFEFHWELeSEER

// .init_cmds_size = sizeof(lcd_init_cmds) / sizeof(st7701_lcd _init_cmd_t),

.flags = { // LCD W3 IC B B % K

.mirror_by_cmd = 1, /) FEH 1 NAER LeD AL E L Y (esp_lcd
wpanel_mirror()) , &k 0 N @ &K LA
.enable_io_multiplex = 0, // # 4 1> 0| % #l % LcD_
CRAWEHMBEORE, WA REFA LKA by ond BWEKA 0,
/S EHR OO MAMB . R 3-wire SPI.

SHEOWEI WS RGB HEOWAER, RLFERERSZHN 1

}I
bi
const esp_lcd_panel_dev_config_t panel_config = {

.reset_gpio_num = EXAMPLE_LCD_IO_RST, // HEH LCD EffE 5 W Io.
e, TU®RA -1 kr-AHEAH

.rgb_ele_order = LCD_RGB_ELEMENT_ORDER_RGB, /) BEBBE TERF (RGB/
<BGR) ,

// —# ot @4 LCD_CMD_

MADCTL (36h) ° & #|

.bits_per_pixel = EXAMPLE_LCD_BIT_PER_PIXEL, / /=
% X% (RGB565: 16, RGB666: 18, RGB88S: 24)

// —f #@ It 44 LCD_CMD_

—CoLMOD (3Ah) ° & 4

.vendor_config = s&vendor_config, // RGB # °O K LCD W3z IC.
SHEE S %K
bi
esp_lcd_panel_handle_t panel_handle = NULL;
ESP_ERROR_CHECK (esp_lcd_new_panel_st7701 (io_handle, &panel_config, &panel_handle));

/* WM Lep # & +/

ESP_ERROR_CHECK (esp_lcd_new_rgb_panel (&¢épanel_config, &panel_handle));
ESP_ERROR_CHECK (esp_lcd_panel_reset (panel_handle));

ESP_ERROR_CHECK (esp_lcd_panel_init (panel_handle));

/N EETUREFT EEHA

// ESP_ERROR _CHECK (esp_lcd_panel_invert_color (panel_handle, true));
// ESP_ERROR_CHECK (esp_lcd_panel_mirror (panel_handle, true, true));
// ESP_ERROR_CHECK (esp_lcd_panel_swap_xy (panel_handle, true));

// ESP_ERROR _CHECK (esp_1lcd_panel_set_gap (panel_handle, 0, 0));

// ESP_ERROR_CHECK (esp_1lcd_panel_disp_on_off (panel_handle, true));

Sof 1R i 3-wire SPI fil RGB #2111 LCD , ¢ 1 A AL i A SR s 41401 7 LCD 5485 9 3R B i 25 2
N esp_lcd_panel_handle_t FYAAR, #RJ5{# F] LCD i# ]l APIs SEw]i44k LCD & 4%.

KT RGB # AL E S ECE ML Ui W], 152 % ESP-IDF % f 45 i, T2 — 28 ¢ T 1 eR 4K
esp_lcd_panel_draw_bitmap () kil RGB LCD E1{4 i HA :

o R BRI N A PE DL 5 ORI Ay BL P . o a2 ok R0 ) S8 180 Wi A7 Y
PG L EL 2 BT 52 A, 1T RGB 4 1 AR B2 i 1k DMA MMTG A+ AR R A 15 Bt R il 37 LCD,
XA T AT

o KRB HIWE ASHL color_data fHRET N RGB 2 NI /7L, 2, WASIHT
RN VLB, 2 B R RGB #2111 DMA fefiithhb i B o ix e fr ok, MAERA 24
WA TR LT S BRI D B -

BT LCD i ffl APIs Z4b, RGB #2135 Hid it T —LUrpak )RR sR g, T 12— L85 F sk For i
iR :
* esp_lcd_rgb_panel_set_pclk () : ZhMEEEEME, W PAYE LCD WltatbE i .
* esp_lcd_rgb_panel_restart () BAEHRG T, FTHEBRR &L IR FE IR T DA
.
e esp_lcd_rgb_panel_get_frame_buffer(): FEMFAWHL:, "THAKEHEES
num_fbs HE, HTZZPpiR.
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e esp_lcd_rgb_panel_register_event_callbacks (): YW FELH M EERE, REIMT
T R i H AN R -

static bool example_on_vsync_event (esp_lcd_panel_handle_t panel, const esp_lcd_
—rgb_panel_event_data_t *edata, wvoid *user_ctx)

{

/X AN ER L HAT - BEE 1/

return false;

}

static bool example_on_bounce_event (esp_lcd_panel_handle_t panel, const esp_
—~lcd_rgb_panel_event_data_t *edata, wvoid *user_ctx)
{

/* L E A AT - BEAE +/

return false;

}

esp_lcd_rgb_panel_event_callbacks_t cbs = {

.on_vsync = example_on_vsync_event, / /e
NEEREY PR

.on_bounce_frame_finish = example_on_bounce_event, // i 1 Bounce Buffer.
AL H W R T — W R R R BB B

// FEE, WhE RGB

ST O KREH T ZME R
bi
ESP_ERROR_CHECK (esp_1lcd_rgb_panel_register_event_callbacks (panel_handle, &cbs, .
—&example_user_ctx));

#7k: §1%F ESP32-P4 RGB A I 37 510 3] :

« HF ESP32-P4 £ £ % VDDPST, Hfz il %t 7 X3k Y GPIO fix ffa i FLSF (KR ¢ & I, Datasheet) .
IR AEL E: VDDPST, W RE#RS GPIO i K 1.8V 25 | I EAR 2, MM T3 RGB JE4:
B8 55

* ESP32-S3 fiz K] 3 FF 30 M [#) RGB W45 % . i ESP32-P4 [t RGB W[ 4451% J6 30M R, P btz
FIWER ] AR R, o] SRR %R 1) RGB BEFe

LIPS &
* ST7701S %cffsF-/iit

« ST77903 % T
« GC9503 %t Tt

4.1.6 MIPI DSI LCD i}:fi

H%

o RiE k&
— MIPI-DSI #8 % K&
o MIPI-DSI v 5 i3/~ 43
— MIPI-DSI 3= {5 A~
— MIPI-DSI B 3R\ #7 Jq 32
— MIPI-DSI 33
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s BN
— L
- ERLEHHR LR ED
* MIPI-DSI 38 5) 742
- DSI. DBI 5 DPI
- #d4&1k DSI % %
— B2 #E DBl %m0
- BAEIRFH A
- #4s4L LCD % %
o FILIF A
- B BRRAEGRET, R AL eREn 5548
- PR R R A A Rk EE A
- PR BRE Edn v f s
- A RN B, A E Y can’ 1 fetch data from external memory fast enough, underrun
happens”
— WA B R o 4 R e T AR
- B MR E
— P2 hofTIR FBKIA 4 lane &4 53
[7) 200 hofoT A R B X 3584 lane bit rate 30

o A8 & L ABVA B 1)

ARk

HBFLCD RiE & .
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MIPI-DSI F1: A5

"5 £R ;]
MIPI-DSI MIPI Display Serial Inter- | MIPI B8 FF & B9 = sl R A T3 LU bRifE, L1 1 TR AP g
face kY ey
DCS Display Command Set MIPI-DSI 3¢ X[/ —ErrifEfb B 5245, H Tl 2
e
DBI Display Bus Interface - DSI f) Command Mode 3} i esp-led 35| 10 2
DPI Display Pixel Interface ¥ DSI f] Video Mode $f % i, esp-led FIERE 1H A E
HS High-Speed Mode R, R T R WiEdE, A 80 Mbps
~ 1.5 Gbps/Lane
LP Low-Power Mode RTIRERX, WA T &% DCS fip 4 s hl sE iR S,
K Z) 10 MHz
HS-TX/HS- High-Speed  Transmit- | =3 & i%/BE I8
RX ter/Receiver
LP-TX/LP- Low-Power  Transmit- | {l5EZh#E &5/ s
RX ter/Receiver
LP-CD Low-Power Contention | {fZh#E3a 546 M
Detector
BTA Bus Turnaround BERENEE ) A E
ULPS Ultra Low Power State BIHREIRS, AT RKRIRE &R
LPDT Low Power Data Trans- | {[XZh#EEHEAL A=
mission
ESC Escape Mode i R, MIPL-DSI RN FEHRAERL
SoT Start of Transmission L IeEE
EoT End of Transmission st i(55
DI Data Identifier Bambris, H TR Al
ECC Error Correction Code F ke, M TR e R g
DT Data Type BamkA, H TR g R
HSYNC Horizontal Synchroniza- | 7K~F-[6 4155
tion
VSYNC Vertical Synchronization | i H [/ #4155
DMA Direct Memory Access HENAUN, HT eS8 EtEm
PSRAM Pseudo Static RAM RSV BUT i as
RGB3565 Red Green Blue 565 16 Pt s, 54, o6 (st 5k
RGB666 Red Green Blue 666 18 (s, 2481545 6 i
RGBS88 Red Green Blue 888 24 iRk, sk 8 i

MIPI-DSI % 11 5B 441

MIPI-DSI £ 114 MIPI-DSI (MIPI Display Serial Interface) & iy MIPI B8 % 1) 25 ok 52 4748 B, &
U IEB A B R A . B EA DU R

AR SCRF 1R 4 N IE

re AL AR T W] SRR A KL Gbps B f kiR
EI#E: RAVREZEDME T, 625 R s 1% I I AR RERE K
51 BRE T ATEIFAT RGB 1, KA T {5 5 4o

o BRSO RO R
I B 26 SR 515 1 o, ESP32-P4 147 MIPLDSI 45 1, 3045 2-lane x 1.5Gbps, I} Video B ol

MIPI-DST Jig il 7 58l MIPL-DSI & —7h i B S n 3% AR, TR B AR n bf . B S

b T 2 R A

1. Command 3, (Command Mode)
2. Video =, (Video Mode)

Horr ESP32-P4 H IS RFf ] Video A WU ,
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£ Video #13{ (Video Mode) w1, FALLAFELEMUMIRE M4 Bcdl, 5 W BERyRIB A (40 VSyne)
JERERE . RRBRICT BAT, WO, 0T Z TR PER . SRR BRI 5

e e e e e e e e e e e e e e ———

( ’

ESP SoC Screen

Command

Frame Color

Driver

>

Frame Color

Touch IC

N e e e e e ———

____________________________________________

Pl 31: MIPL-DSI J5-45 hill i ) i S0 A

R T MIPL-DSI Bt hil iy fag 28iAe, Horp:

o @i a@id DBI t&4 MIPI-DCS 42| LCD #iiildi, TR a3 ianinda il i n o de.

o Wt s e MIPL-DSTAURCAT , 58y 40t (/N8 RAM) il DMA #4;
iy 2] LCD TiMdt AT, LCD 4K3) IC WIJEH GRAM.

o REEE (s S ARSI S, A 1PC B SPI 2 1144 ] 4R R G TACEE.

MIPI-DSI Pl  MIPI-DSI 7] K& A3 )2 (Physical Layer) . #)Z (Protocol Layer) Fl'Z/nfidE
(DCS Layer) , #Z#&5E%FETI6E, P 5¢ BN F45 8] Bon bR a2 58 25005 5

B2 B PR TR AR

Yyp)2 (Physical Layer)

o Uife: HTLHEHRM SR G, EYHURIINZ. R MIPID-PHY {15 #2205 5154, X
Fr2 B R AL 5
o fBHE:
- A (High-Speed Mode ) : =2 H T &5 S/ it , & Hm4, HR—%k 80 Mbps
~ 1.5 Gbps/Lane.
- KIh#ERC (Low-Power Mode) : il J T %1% DCS % (M) s hlsEseREs, M
FIERA[IAZ) 10 MHz  ( EARBGR T8 7 3048 ) .
o il'H:
— WA (Clock Lane): #E[FE(ES
— HdEiE (Data Lane): %4 S5 S £t o
o XFiliBERE (Lane Module), B D-PHY [Ji:4H 15t B
- kA
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Application Layer

Generate display commands or video frame data.

DCS Layer

Define display commands, such as brightness,
resolution, pixel writing, etc.

Protocol Layer

Package the data into MIPI-D5I packets and add the
necessary control information.

Physical Layer

Transmit the data packets via D-PHY high-speed links.

Display Screen

Decode the data and update the display content.

& 32: MIPI-DSI /il 2

lane ZRV/{E % f8 | Master Slave

&

A [ Ah Lane HS-TX, LP-TX HS-RX, LP-RX

B[P Lane HS-TX, LP-TX HS-RX, LP-RX

XL dfs Lane HS-TX, LP-TX, HS-RX, LP-RX, | HS-TX, LP-TX, HS-RX, LP-RX,
LP-CD LP-CD

ik BRI AL -

o LP-TX/LP-RX: {KINFER E/BES

o HS-TX/HS-RX: &5k & 16/ 5z s

* LP-CD: {[RIFESEFA0 I
4 Lane 38 7 /& B m] 9, i Master $24}t, Slave $21i(. X [m] Lane Fl LP-CD =2 %] Ty 24 T 1K)
FEIEAE

o RIS
- LPRZS (LP-00, LP-01, LP-10, LP-11): {fi i Bumf5-5, FRE A TE G5 . EHES . ¥
SALTE LIRS . ASFI LP RS T4 D R i 23 41
- HSJRZS (HS-0, HS-1): i 205, FEH T R# & Osda s i 25 . HS-0 Al HS-1 X
N 22004 E BT, AU HS-TX/HS-RX _EA R
o ST
- LP: HBEFEA40-12V
— HP: #7220 524 100 -300 mV
o PR
— Escape Mode: HREYE Low-Power Mode, MIPI-DSI [{IRIIFEEAERES, T HRRoR SR A% iy ol ik
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K RE. A SCRRDA R IIRE

LhRE AFR it XM AR
LPDT ({RIFERte4) | EARIFERT e ddi 0x87
ULPS (ERIIAEIRAS) | BEABRIFRIRES AR5 4 fiE 0x84
Trigger Command iR E R, BIARES DR BE | 0x85

o PEAGE (ZEARSHLT IRt LP-11 = LP-10 — LP-00 — LP-01 — LP-00
« B LP-10 - LP-11
— High-Speed (Burst) Mode : 147t High-Speed Mode , JII-Fm s FpAT4a %40, 1AM 57K .
+ P AGSFE: LP-11 — LP-01 — LP-00 — SoT (Start of Transmission) — HSD (80Mbps ~ 1.5Gbps)
+ B4 372 : EoT (End of Transmission) — LP-11
— Control Mode: BRIATE Low-Power Mode, T IRRZS F Y@y (& i ADWL R E (5 (BTA, Bus
Turnaround ) .
+ BTA f&#id#E: LP-11 — LP-10 — LP-00 — LP-10 — LP-00 (3 £k BRI E)
+ BTA ka3 #: LP-00 —» LP-10 — LP-11

HRE S
£ MIPL-DSTIE{E A2, Wil i1 Stop &S HifR T LIRS 2L :

e

-o[B) VIPLISI 1P T S

& 33: MIPI-DSI Stop {2} 5 &

1. BTA-Stop 55
4 MAIL5E i Bus Turnaround M Ji5 & & MG, FRoR:
o DA BRAEC I T
o MHLE RS B Zedm il AL
o EHUAT AT BT IR B 24
2. ESC-0X84-Stop 55
M T48/R Lane {551 EF 55, HAADIREHE:
o RG I ABIIIFEIRZS (ULPS)
* XThV Escape Mode H1 ) 0x84 Ay
o U KRR BERY Y RE A L

IEEEG: X Stop 572 MIPL-DSI Pisl Hhf rai 7 nl S A1 S ARAE BEAY S SEBIL A -

U2 (Protocol Layer)

o DIRE: SLIBEEIT AN, B CEEAE (10 DCS RS ), TR LA A AL ] DAR 4
R B IR R TR
o gty
— 454 (Short Packet):
KB BIERKAESN 4 7
* 2E1b‘§ai Bbri (DI), 12797 widds, 25407 ARk (ECC), 175,
* /j—“\‘ UZ
WU B B F BT (% BT ) -
+ ESC: 3EA Escape mode
« 0x87: LPDT ({XHIAEHIE 1L fiAl)
« 0x37: FARHRIE, XT DCS s “Set Maximum Return Packet Size”, IHEE: B EVIMM
PR SCESA ef% [ 5 A g e R
« 0x03, 0x00: Wi, PR &R IEER AN i KK/ INR 3 5447
+ 0x01: ECC (f5ikzifH)
- KfJ (Long Packet):
s KRE KRS 6 % 65541 S,
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Packet Header (PH)

A
Packet Data (PD)
/ A \
DI Data 0 Data 1 ECC
(Data Identification) (Packet Data) (Always 8'b 00h) (Error Correction Code)
8'b 21h 8'b 45h 8'b 00h 8'b 01h
i1jo|o|o0joft1|o0fjoO|1f0|1{0|O|O|1|0O|jO|O|O|O|Of(O|O|O|1|O|O|0O|O(O|O]|O
B|B|B|B|B|B(B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|/B|B|B|B|B|B|B|B
0|1(2|3(4|5(6|7|0]|1(2|3|4|5|6|7|0|1]|2|3|4|5|6|7|0|1]2]|3|4|5]|6]|7
L M| L M| L M| L M
s s|s 5|s s|s s
| B | BlB B|B B[B [ B |
Time

v

& 34: MIPI-DSI 45 Ii2H 5%

MIPI DSI o[B) HIPLDSL: LEData 008

& 35: MIPI-DSI 45 ik )5

o LA Wk CBEERRIE (DI) 1579, SO (WC) 2575, BBl (ECC) 1541);
B (0 % 65535 %77); Wi (KA (Checksum) 2 7).,
+ 7Pl

Jutfll) NI RN (B BB ) :

ESC: it A Escape mode

0x87: LPDT (fIREI#EEI % fntsi=X)

0x39: FFEFril, XM DCS fy4 “DCS Write Long”

0x03, 0x00: Fiiit4k, FIRBLE 3 FATMEHEa <

0x09: ECC (HiZAued )

0xB6, 0xB2, 0xB2: SLx & & 1 Em a2

+ OXEF, OxFA: KU1 B

. J”EI’J%I%*T% (DI)

* * * * * *

B FRIR | B 1HA
(Data ID)
0x05 DCS Short Write, 0 Param %1%~ DCS Aﬁ/\ 2% (Bt Sleep Out Ox11)
0x15 DCS Short Write, 1 Param KiE—1 DCS a2, i 1 245
0x39 DCS Long Write Kik—A~DCS ap4, M2 AFmgdh (FH TR
=N
0x06 DCS Short Read, 0 Param BB DCS K& T2, 5K
0x16 DCS Short Read, 1 Param $H—~ DCS RS E S e, 17 1 5
0x37 DCS Read Response BRIk A DCS {5253
0x03 Generic Short Write, 0 Param Zviiii_ H /*ﬁ ﬂﬁiﬁiﬁl
0x13 Generic Short Write, 1 Param | &ZXEHA G2, i 1 =5
0x23 Generic Short Write, 2 Param KiLEHAML, W2 NS
0x29 Generic Long Write Zi%i_ﬂ? /‘Ef 2, Fﬁ%g/l\ FEdE
0x04 Generic Read, 0 Param WS, TS
0x14 Generic Read, 1 Param A % 125
0x24 Generic Read, 2 Param & ﬁéﬁﬁé\ T2 NSE
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Packet H}\aader (PH)

DI WC - LSB WC - MSB ECC
(Data Identification) (Word Count - LSB) (Word Count - MSB) [ (Error Correction Code)
8'b 1Ch 8'b 05h 8'b 00h 8'b 29h
ojo{t1{1|1f{ojofoj1jof1jo0|jofojo|ofojojojo|jojofojoftjojo|t1jo|1fofa
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|/B(B|B|B|B|B|B|{B|B|B|B|B|B|B|B|(B|B
011(2|3|4(5]|6(7|0|1[2|3|4(5]|6|7(0[1]|12|3|4|5(6|7(0(1]2|3|4|5(6]|7
T M| T M| T M| T ™
5 5|5 s|s s5|s 5
i B|B B|B BlB B
Time
Packet Data (PD)
M
N
Data 0 Data 1 Data 2 Data 3
8'b 89h 8'b 23h 8b12h 8b AZh
1jojoj1|ojojoj1f1f{1{ofojof1f{0|0jO|1|0j0O|1]0O|0|0OJO|1|O|0O|O[1|0]|1
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
Of1(2]|3|4|5]|6|7|0|1|2(3[4|5|6|7]|]0]|1]|2]|3]|4]|5|6|7|0]|1]|2|3|4|5|6]|7
C M[T M| T M T ™
s sS|s s|s 5|5 s
LB | B|B B|B B|B LB |
Time
>
Packet Data (PD) Packet Footer (PF)
[ ! W A N
Data 4 CRC-LSB CRC - MSB
8b E2h 8'b 59h 8'b 29h
of1jojofof1j{1|1)1|0jo|1|1(0(1j0|1(o(0f1j0(1(0|f0
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|(B|B|B|(B|B
0(1)12|3[4[5]|6]|7)10(1]|2|3|4|5(6|7|0(1(2(3|4|5|6(7
T W[ T M| L ™
5 s|s s|s s
B | B|B B|B LB |
Time

L J

& 36: MIPI-DSI - i ;

NTPT_DS | MEL.DSL: LEData Ll oxer L 0:39 L 0:08 L 0:00 L 0:08 106 L 0:b2 1 0:82 L 0:iF 4 O J5j

DON

[DOP

[ 37: MIPI-DSI - Iif} /7
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i 4)z (DCS Layer)

* HjfE: DCS (Display Command Set) /& MIPI-DSI & X [¥)—EFpifEL Bnig4 8, i@t
H5RRFRHE, HTS R A G (L. /R, 9%, BaIF2). BRsiinE
(s, Sl ki), AREADN (S ARG, SEEURESEE) . DCS by
é\ﬁgf/_\ﬁﬁ KSR DSI B2 &4, 225 SR m Sy iz .

o FWILAS:

e B Ihaeit A
0x01 Software Reset R A
0x11 Sleep Out B IRHR B
0x28 Display Off ST
0x29 Display On FIIT /R
0x2A Column Address Set B S ke
0x2B Page Address Set T UL H Y
0x2C Memory Write BN AR
0x2E Memory Read PR AR
0x36 Address Mode W A 10 5 s 7 =
0x3A Pixel Format Set WEHZK (W RGB565/888)
(LY Z TN
Display image data (24 bits)
24-hit
18-hit
EPF[1:01=00
Motz 1)
18-kit
EPF[1 0=01
(Note 2)
18-hit
EPF[1 01=10
[ 16n
EPF[1.01<0
(Note 3)
16-kit
EPF[101=01
Motz 4)
16-kit
EPF[1:01=10

& 38: MIPI-DSI & 2% 5

K £ % MIPI-DSI LCD L A a4 =, 11 RGB565. RGB666. RGBS88S. 45w} DCS 4
0x3A (Pixel Format Set) it '& 2 /R (aRE, Bin:
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o & E 5 RGB565 (16-bit) I}, A% % Command: O0x3A, Parameter: 0x55 (EAEKSEEEE
% LCD = HilgmHiks 13) o

B FE A T KB fu (Long Packet) {54 , £t 6 B 1% 2280 A 1 1) Bis 2 Y. (Data Type ).
B, RGB565 1 iE Z i —A%(# /] DT = 0xOE (Packed Pixel Stream, 16-bit) ,

3
W

(]
* 16-bit 5 18-bit #2CH H TFE AR SEATF 6k o5 )
* 24-bit 15 2CIE T R R 5t

s WL R X Bt e
[EEZLEN g DCS 28 (f1) Data Type (DT)
RGB565 16-bit 0x55 0x0E
RGB666 18-bit 0x66 0x1E / 0x2E
RGB88S 24-bit 0x77 0x3E

MIPI-DSI 9k glifi b
MIPL-DSI LCD 3R AL il KBS J A4 Witk 4k DSI k. WL DBL 211, R ROKEhH (- RIpIA
6 LCD B4

DSI. DBI &5 DPI

« DSI: 1% PHY. Host, Bridge WIEZ#1461k, © & DBI 5 DPI [/ dL “RE”.
« DBI: ¥ DSI fiy) Command Mode #}2% i esp-led 45 10 2
* DPI: ¥f DSI [¥) Video Mode 352 i esp-led FERIIARZ , 6570192 vh 3] 5 0 47 22 il 3

4G 1t DSI Li2k

esp_lcd_dsi_bus_handle_t dsi_bus = NULL;
esp_lcd_dsi_bus_config_t bus_config = {

.bus_id = 0,

.num_data_lanes = 2, // B EHE
.phy_clk_src = MIPI_DSI_PHY CLK_SRC_DEFAULT, // PHY [ 4
.lane_bit_rate_mbps = 1300, // & W & (Mbps)

bi
ESP_ERROR_CHECK (esp_lcd_new_dsi_bus (&¢bus_config, &dsi_bus));

HorhfdEEE % (num_data_lanes) {EHHeT LCD IC Fr{fi I 9 S H5W3EE %L, #6543 LCD IC nl# i 77
AFoR e & B 3B %L, 48 LCD IC Frffi i il iE oS Be iy . =2, ESP32-P4 fi KL
5 2 lanes, B33 1-lane Fl 2-lane Wifh LCD 18 E & -
I8 FbdER (lane_bit_rate_mbps) 11551k :
o IR
— SRR 800x1280 (hspw=4, hbp=20, hfp=20; vspw=4, vbp=20, vip=20)
— kil 60Hz
— (A4 24bpp
- Holpimit: 2
o TR R IR B R
— pixel_clock = 7KV SR 3 x B SRR < filHRE
— raw_data_rate = pixel_clock x bits_per_pixel
REITE
» pixel_clock = (800+20+20+4) x (1280+20+20+4) x 60 = 62.4MHz
* raw_data_rate = 62.4M x 24 = 1497.6Mbps
* 7% & DSI i IF 44
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— 8b/10b it SLPrfidERFH LR 1.25
— PR AL FN ECC: oS 2y 10-15% 4
— protocol_data_rate = raw_data_rate x 1.25 x 1.15
NG
» protocol_data_rate = 1497.6 x 1.25 x 1.15 = 2153.55Mbps
o SrBeE A BRI
— lane_bit_rate = protocol_data_rate +~ num_data_lanes
INNE=E
* lane_bit_rate = 2153.55 + 2 = 1076.78Mbps
‘%’%ﬁ%i (B 20%)
— final_bit_rate = lane_bit_rate x 1.2
N8
+ final_bit_rate = 1076.78 x 1.2 ~ 1292Mbps

IR 1 1Y lane_bit_rate_mbps {E 5} final_bit_rate, FE/RFIE 5 TR 1300 2247, &, £ ESP32P4 “F-&
N, lane_bit_rate_mbps i KAEAGEMEITL 1500, [RWHEE R/ IMEA LT 480,

FiCE DBI 411

esp_lcd_panel_io_handle_t io_handle = NULL;
esp_lcd_dbi_io_config_t io_config = {

.virtual_channel = 0, // BN EEE (0-3) , K% % LcpD N X#HF 0o
B, BERA 0 B

.lcd_cmd_bits = 8, /) AL E

.lcd_param_bits = 8, Y X &

bi
ESP_ERROR_CHECK (esp_lcd_new_panel_io_dbi (dsi_bus, &io_config, &io_handle));

Horpay S SR TE S HAORAGICHS,  REAEIE 1 T X > 25

BRIANALNE  Fot MIPI-DSI LCD 3Kl 2 (i B A S B0 A 35 DAR = 6

L HETHHRAIN esp_led_dbi_io_config_t MBI R4 ML ISR G4 HEHL.
2. SeIFOIEE— LCD Bed, SR it v o i Bt 7k 52 UL 9 P esp_led_panel_t thf) % 913

Hi o
3. LB EBUN TR AN esp_lcd_panel_handle_t ) LCD 3&& 44N, 155 T2
J¥Hef% R LCD i APIs Sk4:/E LCD %4

N/ esp_lcd_panel_handle_t Z&IiYJRENSEELULIA DA K AN LCD i H APIs fXF I 56 2

TR Z 4 MIPL-DSILCD, HIKZ) IC i ap & LK S45H LR st Bl i, BRmT DAE L AT 2558
SEIFSAE :

1. 1€ LCD IR/ Hrigefe—BYS ALY MIPI-DSI LCD 3Rl 2H {7

2. @A HAn LCD 3K3) IC gy T, #iAH S5 iris b & D ae i H 2 an & RSB & —
H, GA BT EAE WO A,

3. Hpff LCD QliijJ IC B AH R, AN 7] il 15 T A 5 et 3 i 75 B0 4% B 3L A0 00 1R 1k a2
o HI, FEBMEMEE init () PRERGOMSE. XY IRkmd ﬁ%b&%%ﬂﬁ
A — DS . Bk, %Eifﬁf%ﬂﬁhﬂc/ﬁ/\*@é‘ e TR S, il
LCD_CMD_COLMOD (3Ah) Il LCD_CMD_MADCTL (36h) , iX¥frd %Hﬂ?}&ﬁjﬁﬂﬁﬁiﬁﬁ%fﬂ%ﬂﬁﬂi
o

4. Al BRI TR R A BRI aE, KA H g LCD IK3) IC Z AR B AR 4 FR, Wkt
ek79007 #inky 1119881

AL LCD 2edy R ERA EK79007 Bl A iz i -

#include "esp_lcd_panel_vendor.h" /7 AR By Sk U
#include "esp_lcd_panel_ops.h"
#include "esp_lcd _ek79007.h" // B AR IR B 4R Sk X
(N otaksn)
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(& b))
// static const ek79007_lcd _init_cmd_t lcd_init_cmds[] = {
// {cmd, { data }, data_size, delay_ms}
// {0xE0, (uint8_t []){0x00}, 1, 0},
// {0xE1, (uint8_t []){0x93}, 1, 0},
// {0xE2, (uint8_t []){0x65}, 1, 0},
// {0xE3, (uint8_t []){0xF8}, 1, 0},
//
Yamy
ESP_LOGI (TAG, "MIPI DSI PHY Powered on");
esp_ldo_channel_handle_t ldo_mipi_phy = NULL;
esp_ldo_channel_config_t ldo_mipi_phy_config = {
.chan_id = 3,
.voltage_mv = 2500,
}i
ESP_ERROR_CHECK (esp_ldo_acquire_channel (&1do_mipi_phy_config, &ldo_mipi_phy));
ESP_LOGI (TAG, "Initialize MIPI DSI bus");
esp_lcd_dsi_bus_handle_t mipi_dsi_bus = NULL;
esp_lcd_dsi_bus_config_t bus_config = EK79007_PANEL_BUS_DSI_2CH_CONFIG() ;
ESP_ERROR_CHECK (esp_lcd_new_dsi_bus (&¢bus_config, &mipi_dsi_bus));
ESP_LOGI (TAG, "Install panel IO");
esp_lcd_panel_io_handle_t mipi_dbi_io = NULL;
esp_lcd_dpi_panel_config_t dpi_config = {
.virtual_channel = 0,
.dpi_clk_src = MIPI_DSI_DPI_CLK_SRC_DEFAULT,
.dpi_clock_freq mhz = 60, A S 1. EE T
.in_color_format = LCD_COLOR_FMT_RGB888, // # ¥/ #% =
.video_timing = {
.h_size = 800, //OKE A R
.v_size = 1280, /) EE R HE
.hsync_pulse_width = 4, // HSYNC fx % &
.hsync_back_porch = 20, // KFE R
.hsync_front_porch = 20, // K FH R
.vsync_pulse_width = 4, // VSYNC Mk % &
.vsync_back_porch = 20, // FEH G R
.vsync_front_porch = 20, // FEHW R
}V
.flags.use_dma2d = true, // 1 F 2D DMA &
bi
ESP_ERROR_CHECK (esp_lcd_new_panel_io_dbi (mipi_dsi_bus, &dbi_config, &mipi_dbi_
—10));

ESP_LOGI(TAG, "Install EK79007S panel driver");
esp_lcd_panel_handle_t panel_handle = NULL;
ek79007_vendor_config_t vendor_config = {
.flags = {
.use_mipi_interface = 1,
}I
.mipi_config = {
.dsi_bus = mipi_dsi_bus,
.dpi_config = &dpi_config,

I
bi
const esp_lcd_panel_dev_config_t panel_config = {
.reset_gpio_num = EXAMPLE_LCD_IO_RST, // Set to -1 if not use
.rgb_ele_order = LCD_RGB_ELEMENT_ORDER_RGB, // Implemented by LCD.
—command " 36h’
.bits_per_pixel = EXAMPLE_LCD_BIT_PER_PIXEL, // Implemented by LCD.
M A - A 1 1 24)
e T (FoHEE)
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(£ L£50)

.vendor_config = &vendor_config,
i
ESP_ERROR_CHECK (esp_1lcd_new_panel_ek79007 (mipi_dbi_io, &panel_config, é&panel_
—handle)) ;
ESP_ERROR_CHECK (esp_lcd_panel_reset (panel_handle));
ESP_ERROR_CHECK (esp_1lcd_panel_init (panel_handle));
ESP_ERROR_CHECK (esp_lcd_panel_disp_on_off (panel_handle, true));

FERL, 7E ESP32P4 HiZ5k oy MIPI DSIPHY $i{3t 2.5V (i FE LR . P It 2% |3 pixel_clock
WD R PR ki S8 BERI IS A S50 2™ A R T ROAA% 20K

NS R A A K Eh 4117 LCD i - SRR ) esp_lcd_panel_handle_t HJAIMH, %X
Je 1 LCD 3 f] APIs SkA1#:4k LCD B4

KT MIPI-DSI #LECESHCE ML, 755 % ESP-IDF Zif2f5rg - 228 5T s %k
esp_lcd_panel_draw_bitmap () Fil# LCD KB HLHT :

o XA BRI N AERE DL SRR 2 A7 B A AR B, st A2 16 % bR B0 52 UG TR AE N Y
FGREIR e L FH5E K, M MIPI-DSI #3214 B2l i DMA M IiZg A7 s 35 H 15 B0 S il B
LCD, XA FE e 7 3171 .

o ZHREHIWIE ANSEL color_data MEETE N MIPI-DSI #: O NERIMIZAF L, 75, WA
ST BRI AR DUERAE, T2 B R MIPI-DST 2 1111 DMA % fyHihk 1% ¥ iz ge ik, A
MAERA Z WA IS LT SEBL Y T e

B LCD i Ji] APIs Z4b, MIPI-DST # R3] s fit 7 —Le4pR I BERY &L, H A2 — L83 T sR Ay
A :

* esp_lcd_dpi_panel_get_frame_buffer(): FREUWIZEAFAHIAE, W] AR L E S 40 nun_fbs YuE, H
T2 .

* esp_led_dpi_panel_set_pattern(): & E T LB E R e b, AT IELE0EHE 1.

* esp_lcd_dpi_panel_set_color_conversion(): & DPI a5 & 20 (0 5545 it & .

* esp_led_dpi_panel_register_event_callbacks(): JF/F Z FhFe iy IR %L, /=GRS SR T -

static bool example_on_color_trans_event (esp_lcd_panel_handle_t panel, const esp_
—lcd_dpi_panel_event_callbacks_t *edata, wvoid *user_ctx)
{

/N E A AT — R A/

return false;

}

static bool example_on_refresh_event (esp_lcd_panel_handle_t panel, const esp_lcd_
—dpi_panel_event_callbacks_t *edata, wvoid *user_ctx)
{

/xR AL AT — R AE A/

return false;

}

esp_lcd_dpi_panel_event_callbacks_t cbs = {
.on_color_trans_done = example_on_color_trans_event, / /e
SEVE T XSRS TR ENE T Y ST
.on_refresh_done = example_on_refresh_event, / /o
S AW E o KB A A E R R IR o B R LR R
bi
ESP_ERROR_CHECK (esp_lcd_dpi_panel_register_event_callbacks (panel_handle, &cbs, &
—example_user_ctx));
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L)

[l praECl R s, FRCIHb s NS G206 724 % SPIRAM SPEED f{H 2 75 it # £ 200M.
YKzl MIPL-DSI % 1 Ji 455 % PSRAM A B 5 1R 5 o

[l PRt pniG Ao A JC il A ity 5 i DSTASEES | (DSI_DATANO Al DSI_DATAPO) i}t
51/ (DSI_CLKN #i1 DSI_CLKP) 5 -5 (1 it 5 | AT b 5 | B AT IE B %«

[ s s ni i AL A X R —fi% 2 lane_bit_rate_mbps 55 pixel_clock AP, B¢ lane_bit_rate_mbps
SR EOR RN VCEL S B, PTE%E lane_bit_rate_mbps HUEHMR, EART] S |3 pixel_clock 15
Y

W8 BN e, JFIBEH & can’ tfetch data from external memory fast enough, underrun happens”
) AR /2 PSRAM A A2, AT AT [ A lane_bit_rate_mbps il pixel_clock $fH, #H15RAE
RGB888 Hi (itx A5, AIPAF B HCH RGBS565 %K. [ =5 JE L B LA B AT PSRAM 7 5t -

e CONFIG_SPIRAM_XIP_FROM_PSRAM=y

¢ CONFIG_CACHE_L2_CACHE_256KB=y

* CONFIG_CACHE_L2_CACHE_LINE_128B=y
¢ COMPILER_OPTIMIZATION_PERF=y

[l sk ol B 2l gk 2% LCD BRAs e, MR HIRE A Z% mipi_dsi_avoid_tearing.

il s WAROEIRAC L T2 RO DA T eI A AL iR -

¢ CONFIG_SPIRAM_XIP_FROM_PSRAM=y

¢ CONFIG_CACHE_L2_CACHE_256KB=y

e CONFIG_CACHE_L2_CACHE_LINE_128B=y

¢ COMPILER_OPTIMIZATION_PERF=y

* LVGL HIGHCEY :
— CONFIG_LV_MEMCPY_MEMSET_STD=y
— CONFIG_LV_MEM_CUSTOM=y

[l dnfnf R ZDERIA 4 lane [t 5: K% LCD IC AR S RFE 1 7748 A% lane £, {HJ2 AR IC {3747
et SEAEAFE, TFERPE K IC (1) datasheet 3§35 E &M BE) HIABEA 54 215 1T A% lane
¥, Ban EK79007 t, w3 Bl 0xB2 2R 77253545 (di F§ 2 lane/4 lane,

RB2h: Panel Control Register
Address (MIPI I/F)

Access Attribute
Number of Parameter(s)

ElEE N e
i t VEINE
[(0)) (0)

Description NBW: Normally black or normally white setting.
NBW="1" : Normally black.
NBW="0" : Normally white(default).
Lane_EN: 2 lane/4 lane setting
2Lane EN="0":4 lane(default)

P 39: i T KN T
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et s Al ih A e 45 D X £5 1Y lane bit rate il fEmEAITEG R, ULEFERES R (bit) 7E973
WIE R AL, WA — bit B(R] (bit period) o il 40 AN iRl HEHHAAE 1 Gbps, AF4—A4~ Ul
~ 1 4iF> (ns). A0S IE 500 Mbps, 4 UL~ 2ns, DA, PEIH AT HLHE LCD IC datasheet H1 AC
ELECTRICAL CHARACTERISTIC - High speed transmission 3£ #f34. lane bit rate [, 0K ff~, FH: lane bit
rate (B}~ Data Lane F{& %53 3R) Y24 20Mbps £ 500Mbps .

-ﬂ-
Ul instantaneous _—

Data to Clock THKE‘”:TM -0.15 0. 15 Ulnm
Skew(measured at
transmitter)

time(measured at receiver)
time(measured at receiver

20%~80% rise time and fall Tr Tr | 150 | -]
time | - [ - A

41 40: 3445

FIE SRS UL B il

« MIPI DSI #} 3

« ESP-IDF MIPI DSI LCD #i#2 451
« ESP LCD IEZh %

» ESP LCD /R fIH5

+ ESP LCD FAQ

4.1.7 LCD Fi i vEfi

H %
Rk &
o FRArEeyRiE
- %
- 7R

o BFak B R ik
- AT % GRAM 47 %
- AFTEfZF 07 %

RS EAES 41 LCD B 028 1A S B DA B AR R P A B 35

ARifide

HZFLCD K5 & o
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Dt 24 o

W BERHIR, WP IR, & LCD W i W I, il HHE GUI KA 4 i sl BT
UK IASALI L, B e LCD LRI 2R T UBIA R h AR i, (15 AR BEAS WL 22 4
IJQE?EZEI‘J Wiz, KRFEEART GUIRSEMAS: . R iz AT LVGL Musci 7 (il i BRI H B 2R
MR

MR 2% IR R RCR A .
MR 275 WA BRI R RO A

R R R Sl B — RSB SR S AR B DR PR LR A BRI 2 I . S T 5 (R L,
X HLRE B AR B R A 5 A BRSO E B4R RHE RS B @R Bl S5 A GRAM
Wt Ae, SRR IREREFZE A GRAM AU R R R BT L i A . 1 1A fag A i Bl s

HH.

Write Read
——-

GRAM Panel

Bl 41 SR I e il s 2 1

Fril: —4 LCD n] PAad iy 42 T4% 5 AFIERHRE 717, 410 ST7789 1 36h fiyd, Y477 [ A—3
i, WARTRE I BRREIR, SRS U RO B Ay 18] — B DL EA T U

M TS AT BT AR BAE, HI5 ATA RE B IA SOOI 2R S009 , W5 A3
TR, S B4 R 2t SRR AL
1. (RS AL ERUS (DGREHCE, 10 2 2601), 445 A% IR QIORTRD , S0 h:
BRI AL, (B A (LIS — WU IR E 5, AT S B R B R PR, I
SR IR 7
SAHERTT S TS BRI FIEHC 10 2 MR
2. B ARGHFECHRM (URREILAD 21 1 2600) , AEBRRESURES — IR AR 11, 5 ARy (i
FR R BRI, WAL S — WU R IR A, AT S B R B R PR, I
SR IR 7 R
SHERTT 5% TS BRI FIEHCAh 20 1 MR,
4 ARPRICT TSR, B AR G A S 2 RO 0, 5 A
HIERICHE, B A TR UL
LB ARSI TSR — b2 — (EIEHOh 1 3 %600, 5 A i (i e
o, RN S A, (B LRI WU R B4, AT B R 1R
A, R ROR R R
SRR % 5 A BRI FLRIE LG 1 3 7R R
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2. REH AR R T B TR — 2 — (DARREZLL(EN 10 2 280), FE RS WG
e, BRI EAS SEAMMGEESR, SRR RESIRRGE RIS kg, TREREE
BOA B, NN SRR R R

MR 2% 5 A GRS N 1 2 R
BT PR T B, IR R E R S AT P A

L 5 AR I #4E [—4> GRAM
2. A KIS AW AR [ 2 i T B A DL i

s 1k e 0 2L g 2

TE T ARGEARANZOR R N 2 05, RTRAZ AN GRAM R 3255 (R 45 15 158 71 £ J3E R S L e 1) By £
27k BT OR[ERE O 2R LCD ] BERA A R B3 Aus] FIGRAM A2 B, T3 BRI BAR A He 1 282
KB RIPT TR, TR DA GRAM KL B DA KA B B #2053k

BEOZkR GRAM | B A&
{iIE
RGB, MIPI-DSI (video mode), QSPI (without internal GRAM) i A T % GRAM th
7 ik
SPI, 180, QSPI (with internal GRAM) LCD EXFTERES897%
*

T2 GRAM W Jjik  ZXAMITIAE N T GRAM FE LS NGO, I HESR 40T LA B e 5 4 15
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H45ERE . https://components.espressif.com/components/georgik/sdl/versions/3.1.2~9
FHIEIRP . https://github.com/georgik/esp32-sdI3-test/tree/main

Lottie £ic41 1k

lottie_player &3 %/ LVGL v8 Wi i B2 4L Lottie ZHFICA: . & R DARFEET KB s i) Jo4e 4k
J8E) LVGL B H . il FilJ ThorVG M s B |14, ixBisesi i T B A GUI W AR e 1) P
ARG

R
* filiJ] LVGL v8 F5 2L i Lottie Sfjm i) il /-
H45ERE . https://components.espressif.com/components/espressif2022/lottie_player

esp_emote_gfx

esp_emote_gfx J&— kIl [ BTS2 IRV 5 IR RS ETE YL R, SCRF GIF #6400 {72 X EAF Bliifs X
AR, BT ARSI/ BoR RIS, &M T HMLIg S s Sl S EERR R K .

Rk

o SCRPCTHRBITRCR
o HFFEIMHERZABIE, i s
B RE B

SR B

o KRPER LT FER. THLBhE . FERISCTE G
* BIRsZIRG (ESP32-C2/C3 4%) ERahis UL A1 FRR

H4-5ERE . https://components.espressif.com/components/espressif2022/esp_emote_gfx/
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4.2 ByE RS

RS /LED ji i ik ARG i W Bon 5 58, %07 S8 LCD (2R 5 o5 TS A 51 BRI N A7 9T TR
TR, RGBSR TG RS B SE R B— BOR TR R 5

ESP-ToT-Solution [\ 835 L (40 TH & /LED B R IKSN#F AT

B InkE 0 | Ikzh HiEF M
CH450 B S BRIk B, SR 6 (igkhg4E | 2C | ch450 CH450
HT16C21 20x4/16x8 LCD FEil2E, %7 RAM MLgf | 2C | htl6c21 HT16C21
IS31FL3XXX | LED i [Gfflus 12C | is31f13xxx | IS31FL3XXX

4.2.1 CH450 33z

CH450 & — AT R Bkshits . aTDAM T30 6 AR A48 5 48 f LED Jikg, Wil 12c 0
ESP32 BT -

c1 RO 2@8
yce 8. 1?2 T i?
HI =~ ™ r - - - -
s me = LU LY
slaw  zeipE=—zrd] LU LU LU LU L
=c2 gggg%:.—/i
228u DIG7 (-2 , N1 | N2 | N3 N4 NS N6
RESET, 9lpcry prac[€ &
2 INTH 01944% E
i biefe :
| U1l CH45BK/H

& 42: CH450 BLAU R F i % &

IR BT CHA50 f S A EDEAT T 8028 1 Pl DUE R ch450_write () 8( ch450_write_num ()
BB E TR R

Bl

i2c_bus_handle_t i2c_bus = NULL;
ch450_handle_t seg = NULL;
i2c_config_t conf = {
.mode = I2C_MODE_MASTER,
.sda_io_num = I2C_MASTER_SDA_TIO,
.sda_pullup_en = GPIO_PULLUP_ENABLE,
.scl_io_num = I2C_MASTER_SCL_IO,
.scl_pullup_en = GPIO_PULLUP_ENABLE,
.master.clk_speed = I2C_MASTER_FREQ_HZ,
bi
i2c_bus = i2c_bus_create (I2C_MASTER_NUM, &conf);
seg = ch450_create (i2c_bus);

for (size_t 1 = 0; i < 10; i++) A
for (size_t index = 0; index < 6; index++) {
ch450_write_num(seg, index, 1i);
}
vTaskDelay (1000 / portTICK_PERIOD_MS) ;
}

ch450_delete (seq) ;
i2c_bus_delete (&i2c_bus);
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4.2.2 HT16C21 Bz

HT16C21 ;23 SCRf RAM WU LCD #l/AKEE8 -, AT TEEE) 20 x 4 8016 x 8 BehdalilidnE,
iZoth il 12¢ #1045 ESP32 P Tl .

| i LeD segment
Statet
Vico- Vopra (om}
como
Vico- Vo3

Ves

|
State2
(offy
Vico- Vopra
“Oeee
Vico- 2Vop3
Vs

Vico- Vopr3
comz
Vico- 2Vopia

OO0

Ves

Vico- Vopr3
coms
Vico- 2Vopi3

Ves

Vico —
Vieo- Vop3
SEGn
Vico- 2Vopi3
Ve —

v

Vieo- Vop3
SEGn+
Vico- 2Vopi3

v

- “—\_l_l_‘;
i
Vieo — —
Vico- Vopra
SEGm2
Vico- 2Vopi3

v
Va —
Vico- Vopld
SEG 3
Vico- 2Vop/3
Vas

] 43: HT16C21 HL7 0K s

Z IR B X HT16C21 [ B A B /E b 4T T 8138, B P i htl6c21l_create Q)@ SLH 2 J5, it
ht16c21_param_config XJIKEN# SHMHATHCE, Z G B A ht16c21_ram write #47
BABAE.

il

i2c_bus_handle_t i2c_bus = NULL;
ht16c21_handle_t seg = NULL;
uint8_t lcd_datal8] = { 0x10, 0x20, 0x30, 0x50, 0x60, 0x70, 0x80 };

i2c_config_t conf = {
.mode = I2C_MODE_MASTER,
.sda_io_num = I2C_MASTER_SDA_IO,
.sda_pullup_en = GPIO_PULLUP_ENABLE,
.scl_io_num = I2C_MASTER_SCL_IO,
.scl_pullup_en = GPIO_PULLUP_ENABLE,
.master.clk_speed = I2C_MASTER_FREQ_HZ,
bi
i2c_bus = i12c_bus_create (I2C_MASTER_NUM, &conf);
seg = htl6c2l1_create(i2c_bus, HT16C21_I2C_ADDRESS_DEFAULT) ;

ht16c21_config_t htl6c2l1_conf = {
.duty_bias = HT16C21_4DUTY_3BIAS;
.oscillator_display = HT16C21_OSCILLATOR_ON_DISPLAY_ON;
.frame_frequency = HT16C21_FRAME_160HZ;
.blinking_frequency = HT16C21_BLINKING_OFF;
.pin_and_voltage = HT16C21_VLCD_PIN_VOL_ADJ_ON;
.adjustment_voltage = 0;

bi

Q)
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(£ L£50)

htl16c21_param_config(seg, &htl6c21_conf);
htl16c21_ram write(seg, 0x00, lcd_data, 8);

ht16c21_delete (seq);
i2c_bus_delete (&i2c_bus);

4.2.3 IS31FL3XXX 3Kz

IS3IFL3XXX RFts A n] T IRBIA [l AR LED i BSf#e . Horr IS31FL3218 S04 18 AMEIE A ,
ANIEE RS PWM ], Sk AL 38 mA, W] E#EUKE) LED #4778 . IS31FL3736 SCRFH 2
WIE, HKATAA 12 x 8 LED MifE, HA-@Eh-—4 8 i PWM UKEl, ek SZHy 256 iz .

V_Battery

'V Battery 3 oUTH 7
vee outfE
r Eom|r 9
= OUT3
OUT
ouT
VDD
OUT4
4. Pl 7R OoUT]
-4 5 IS31FL3218 ourt
' —{sDhA oUTq *
Micro [ 6 b
Controll¢r 24 SCL ouT 7 LY
1 SDB ouT
108 out ¥ L
Al ourH2 a
) OUTré ta
2 ouT 3
R_EXT pb) h L)
OUTFS
3RS, 0UT ? &
GND
= OUTIS n

] 44: IS31FL3218 M7 i Ji] i s /4]
IR X IS3TFL3XXX B ABAE AT T8, Bl R R,

IS31FL3218 /-4

i2c_bus_handle_t i2c_bus = NULL;
1s31f13218_handle_t fxled = NULL;
i2c_config_t conf = {
.mode = I2C_MODE_MASTER,
.sda_io_num = I2C_MASTER_SDA_IO,
.sda_pullup_en = GPIO_PULLUP_ENABLE,
.scl_io_num = I2C_MASTER_SCL_IO,
.scl_pullup_en = GPIO_PULLUP_ENABLE,
.master.clk_speed = I2C_MASTER_FREQ_HZ,
bi
i2c_bus = i2c_bus_create (I2C_MASTER_NUM, &conf);
fxled = is31f13218_create(i2c_bus);
1s31f13218_channel_set (fxled, O0x00ff, 128); // set PWM 1 ~ PWM 8 duty cycle 50%
1s31f13218_delete (fxled);
i2c_bus_delete (&i2c_bus);

4.3 LED f55:4%]

AU AT A
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B3

TF AR TITER
ixm%%&
- EH %
—i;%haf
- ;J‘z- ]Fﬁ é
- =4 %7
FRE SUIA R S 2R
F2 5] 38 7 kT 1A 1R
o B & LI IT A KR
gamma W #%,18 %,
I b, 1R H
o APl %%
— Header File
— Functions

— Macros

LED 578 AT 2 f i 8L 10 i i S hise 2 — TM WA FE XN IR R R GE 4 AT TARES . ESP-IoT-
Solution ki) LED $8/ AT 4LFF A7 DA R 30

o SORRE L A NIRRT

o SHRE SUNRRRIUI et

o SCRBIEZMERAT

* LEDC SFURENSCRARY S, Wie, BiEss

4.3.1 SRR

IkZHEAE | iEER = = 2 B R A
X & % 2 T 5l
GPIO 13 GPIO 48 4T N x x X x x
LEDC L PWM )y s il $6 4T v v v x x x
RGB LED i_jj* % PWM 5 Rl kT N N N N N x
LED Strips | ifiid RMT/SPI 455047 5%, 41 WS2812 | N N N N N

432 5 SCNFRIM
PeSER

INFRLBREH A blink _step_t & TP IR, Ta/TkTthluﬁﬂflj(/u\%?iﬁil‘ﬂjo ZNIRA G
—ANRIRRAL, NIRRT ] FAR RN A R GOIRA . INRRRIL E SOEIT -

Bl L S AMEFRIAER: 52 0.05s, K 0.1s, JHURZ J5—E AR

const blink_step_t test_blink_loopl[] = {
{LED_BLINK_HOLD, LED_STATE_ON, 50}, // stepl: turn on LED 50 ms
{LED_BLINK HOLD, LED STATE OFF, 100}, // step2: turn off LED 100 ms
{LED_BLINK_LOOP, 0, 0}, // step3: loop from stepl

bi

B 2. S AMEFRINER: 520.05s, K O0.1s, 550.15s, KO.Is, PATEHFATIEK.

const blink_step_t test_blink_one_time[] = {
{LED_BLINK_HOLD, LED_STATE_ON, 50}, // stepl: turn on LED 50 ms
{LED_BLINK_HOLD, LED_STATE_OFF, 100}, // step2: turn off LED 100 ms
(FIUaRZD
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(L)
{LED_BLINK_HOLD, LED_STATE_ON, 150}, // step3: turn on LED 150 ms
{LED_BLINK_HOLD, LED_STATE_OFF, 100}, // stepd4: turn off LED 100 ms
{LED_BLINK_STOP, 0, 0}, // stepb: stop blink (off)

bi

S UMY IR, SUHE led_indicator_blink_type_t WM AR, AIFIH
W NKRZETIF 3 led_indicator_blink_lists, /RHIANTTH:

typedef enum {
BLINK_TEST BLINK_ONE_TIME, /**< test blink one time */
BLINK_TEST_BLINK_LOOP, /**< test_blink_loop */
BLINK_MAX, /**< INVALID type */

} led_indicator_blink_type_t;

blink_step_t const * led_indicator_blink_lists[] = {
[BLINK_TEST BLINK_ONE_TIME] = test_blink_one_time,
[BLINK_TEST_BLINK_LOOP] = test_blink_loop,
[BLINK_MAX] = NULL,

bi

Pl se e

X TSR il LR BKEN T DA I AT 7 A AA e s KT 52
Bl L AR WEARIT SN 50%, #7422 0.5s,

const blink_step_t test_blink_50_brightness[] = {

{LED_BLINK_BRIGHTNESS, LED_STATE_50_PERCENT, 500}, // stepl: set to half.
—brightness 500 ms

{LED_BLINK_STOP, 0, 0}, // step2: stop blink (50%.
—brightness)

bi

B 2. 3 S AMAFRINER . WisE 0.5s, 2K 0.5, HEHIT.

const blink_step_t test_blink_breathe[] = {

{LED_BLINK_HOLD, LED_STATE_OFF, 0}, // stepl: set LED off

{LED_BLINK_BREATHE, LED_STATE_ON, 500}, // step2: fade from off.
—~to on 500ms

{LED_BLINK_BREATHE, LED_STATE_OFF, 500}, // step3: fade from on to.
—off 500ms

{LED_BLINK_LOOP, 0, 0}, // stepd: loop from stepl

bi

3. € AN NER: I 50% SEE#TSEE] 100% SE/E, $525 0.5s.

const blink_step_t test_blink_breathe_2[] = {

{LED_BLINK_BRIGHTNESS, LED_STATE_50_PERCENT, 0}, // stepl: set to half.
—brightness 0 ms

{LED_BLINK_BREATHE, LED_STATE_ON, 500}, // step2: fade from off.
—~to on 500ms

{LED_BLINK_STOP, 0, 0}, // step3: stop blink (100

—% brightness)

bi

Pl

SbF S Hr s B (e By SRS, SR AT R DA 3 LED_BLINK_RGB, LED_BLINK_RGB_RING, LED_BLINK_HSV,
LED_BLINK_HSV_RING ¥ 5ita .
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« LED_BLINK_RGB: ifii RGB #4151, H:Hf R 5 8 bites (0-255), G i 8 bites (0-255), B /1 8 bites
(0-255).

* LED_BLINK_RGB_RING: ifi izt RGB ¥ B W78, 23 b — R Ay I €6 4% IR €5 PRI 22 31 244 1 g 1
gifs. KA RGB{HIHEEE-

o LED_BLINK_HSV: i3 HSV #415in, Hrb H 5 9 bites (0-360), S 5 8 bites (0-255), V 5 8 bites
(0-255).

* LED_BLINK_HSV_RING: it HSV $ il B WAS , 23 M b — R i 00 €0 HE 60 PRI 48 21 214 1 1) 15 5 0
. SR HSV {HIFE:.

Bl L5E X—ABIERE, bt RRe .

const blink_step_t test_blink_rgb_red[] = {

{LED_BLINK_RGB, SET_RGB(255,0,0), 0}, // stepl: set to half.
—brightness 500 ms

{LED_BLINK_STOP, 0, 0}, // step2: stop blink (red.
—~color)

bi

Bl 2. 5 X—ABIE#iA, b ML aRE s e, HmHATT.

const blink_step_t test_blink_rgb_red_blue[] = {

{LED_BLINK_RGB, SET_RGB (0OxFr, 0, 0), 0}, // stepl: set to red.
—~color 0 ms

{LED_BLINK_RGB_RING, SET_RGB(0, 0, OxFF), 4000}, // step2: fade from red.
—~to blue 4000ms

{LED_BLINK_RGB_RING, SET_RGB(OxFF, 0, 0), 4000}, // step3: fade from blue.
—~to red 4000ms

{LED_BLINK_LOOP, 0, 0}, // stepd: loop from stepl

bi

KM RGB @ {HIE BB s, RORITT

[, GKEE SRRl HSV BUE R IR, 17745 RGB 21U
Bl 3. 5 L= B e, iR TRARLLE 0.5, £k 0.5s, B 0.5s, Hf5f5 ik

const blink_step_t test_blink_ rgb_red[] = {

{LED_BLINK_HSV, SET_HSV(0,255,255), 500}, // stepl: set color.
—~to red 500 ms

{LED_BLINK_HSV, SET_HSV(120,255,255), 500}, // step2: set color.
—to green 500 ms

{LED_BLINK_HSV, SET_HSV(240,255,255), 500}, // step3: set color.
—~to blue 500 ms

(R

Espressif Systems 165 Release master

Submit Document Feedback



https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 4. B/~

(& b))

{LED_BLINK_STOP, 0, 0}, // step4: stop blink.
— (blue color)
bi
Bl 4. & L—ADBUEEA, IEHRITA G R a, TR AT
const blink_step_t test_blink_hsv_red_blue[] = {

{LED_BLINK_HSV, SET_HSV(0,255,255), 0}, // stepl: set to red.
—color 0 ms

{LED_BLINK_HSV_RING, SET_HSV(240,255,255), 4000}, // step2: fade from red.
—~to blue 4000ms

{LED_BLINK_HSV_RING, SET_HSV(0,255,255), 4000}, // step3: fade from blue.
—~to red 4000ms

{LED_BLINK_LOOP, 0, 0}, // step4: loop from stepl

bi

KA HSV S EE BB s, FORIT . XM s G e .

Pl 51

XX REREGIRE, FATIE AT DUGE T R 5| R AT & LA T RS &I 09E 2T 7% IN-
SERT_INDEX, SET_IHSV, SET_IRGB K%' . 418N MAX_INDEX:127 i}, FaRBEE AT .

Bl L5 L—ABEARA, b 0 ST el e, (T LS MifTiense, T 2 St ens
W, REB.

const blink_step_t test_blink_index_settingl[] = {

{LED_BLINK_RGB, SET_IRGB(0,255,0,0), 0}, // stepl: set.
—index 0 to red color 0 ms

{LED_BLINK_RGB, SET_IRGB(1,0,255,0), 0}, // step2: set.
—index 1 to green color 0 ms

{LED_BLINK_RGB, SET_IRGB(2,0,0,255), 0}, // step3: set.
—index 2 to blue color 0 ms

{LED_BLINK_LOOP, 0, O}, // step4d: loop.
—from stepl

bi

Bl 2. 8 L—ABEOIA, LRI, H— B
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const blink_step_t test_blink_all_breath[] = {

{LED_BLINK_BRIGHTNESS, INSERT_ INDEX (MAX INDEX,LED STATE OFF), 0}, o
. // stepl: set all leds to off 0 ms

{LED_BLINK_BREATHE, INSERT_INDEX (MAX_INDEX,LED_STATE_ON), 1000}, -
— // step2: set all leds fade to on 1000 ms

{LED_BLINK_BREATHE, INSERT_INDEX (MAX_INDEX,LED_STATE_OFF), 1000}, o
. // step3: set all leds fade to off 1000 ms

{LED_BLINK_LOOP, 0, O}, o
. // step4: loop from stepl
i

4.3.3 i CNERL LS

T —ERAT, SN IR AT AT WHIEAE AT AR SN IR, 24 0SB IR, RSB 4R
INFRIREZ BAT . T PAE IS R N AR 1ed_indicator_blink_type_t M2 5 BT 2 N KR
DSBS, BN L A RA T SE 208w

Fian, FEPURARFIHNME test_blink_one_time H test_blink_loop M4eZE, RICICINE:

typedef enum {
BLINK_TEST_BLINK_ONE_TIME, /**< test_blink _one time */
BLINK_TEST_BLINK_LOOP, /**< test_blink_loop */
BLINK_MAX, /**< INVALID type */

} led_indicator_blink_type_t;

4.3.4 Pl TINER
B —AMERAT: 45— 10 Al—4LE (B AT — M RRAT

led_indicator_gpio_config_t led_indicator_gpio_config = {
.gpio_num = 1, /**< num of GPIO */
.is_active_level_high = 1,
bi
led_indicator_config_t config = {

.blink_lists = led_indicator_get_sample_lists(),

.blink_list_num = led_indicator_get_sample_lists_num(),
bi
esp_err_t ret = led_indicator_new_gpio_device (&config, &led_indicator_gpio_config,
— &led_handle);

TFURMSE IR R RE R KT IF A L4 R N PRS2, ek O S S22 (8], A0S 2 R 42 1l DR
Feo [Al—AMERITATATF R 2 FRIANERRAY, KEARIE NSRBI S AR AT

led_indicator_start (led_handle, BLINK_TEST_BLINK_LOOP); // call to start, the.
— function not block

led_indicator_stop(led_handle, BLINK_TEST_BLINK_LOOP); // call stop

TBRAR T AT DAFEATE Bt B, MR AT ARSI 9 5L

led_indicator_delete (&led_handle);

o A AT DATE A AT B i P 2 RO 7 1 26 2
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’led_indicator_preempt_start(led_handle, BLINK_TEST_BLINK_LOOP) ;

Ikt AT PAGEE IEAE e A, R IBUH IEAESE A N AR

’led_indicator_preempt_stop(led_handle, BLINK_TEST_BLINK_LOOP) ;

U T SRR R R A AR, W 6T 4 R A B3t 52 LED A5 R AT i 48 4E A A
led_indicator_handle_t, WA[PAf# ] led_indicator_get_handle 7EH & Zfiifid LED fy
10 SHRIUIIHAUES T3 o

4.3.5 HE LIRALT N

static blink_step_t const *led_blink_1lst[] = {
[BLINK_DOUBLE] = double_blink,
[BLINK_TRIPLE] = triple_blink,
[BLINK_NUM] = NULL,

bi

led_indicator_gpio_config_t led_indicator_gpio_config = {
.gpio_num = 1, /**< num of GPIO */
.is_active_level_high = 1,

bi

led_indicator_config_t config = {
.blink_lists = led_blink_1st,,
.blink_list_num = BLINK_MAX,,
bi

W E X led_blink_1st[] SLHHE IERET

4.3.6 gamma k%

NIRRT B T A AR, 2 A — @ AR AL . FERRIENTOU T, ARG 1y DXk AR
XBETE DR AU ARTT, e R Bess (Anonds) b, BB FEAEE & ALty i . X
T ECERF M g 0 10 5 BE (R o ARBTG5 LI, PR 2t BTIRG kLA y 2R B 0. S T
RIS R, SR B PR PR T Gamma A IE . Gamma A TE J2 38 o 28 B HEA T IR 2 M 4 ok 4 1E 18 1%
IR o AL HEIN—4 Gamma (i (GE#H T 2.2 2 2.4 2 [)), AT DAKFLRE 4 A5 1 58 BE (e L 5 81 452 A
MBI AR RS2 B 2k b o SO FT DABR il A T A T DAt I o PEMRAE I 5 S e 1A

float gamma = 2.3
led_indicator_new_gamma_table (gamma) ;

BRIARY) gamma T2 2.3, AJPAES led_indicator_new_gamma_table () 411 gamma £,

4.3.7 Wb

XFFAFERELE, I RE A IE HRARIIL I REEA . W AR E Y is_active_level_high LA true B, false
RBCEIKE -

4.3.8 API &%
Header File

» components/led/led_indicator/include/led_indicator.h
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Functions

esp_err_t led_indicator_delete (led_indicator_handle_t handle)

delete the LED indicator and release resource

%%; handle —pointer to LED indicator handle

R esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
e ESP_OK Success
* ESP_FAIL Delete fail

esp_err_t led_indicator_start (led_indicator_handle_t handle, int blink_type)

start a new blink_type on the LED indicator. if multiple blink_type started simultaneously, it will be executed
according to priority.

SH
¢ handle -LED indicator handle
* blink_type —predefined blink type
R[] esp_err_t
e ESP_ERR_INVALID_ARG if parameter is invalid
* ESP_ERR_NOT_FOUND no predefined blink_type found
¢ ESP_OK Success

esp_err_t led_indicator_stop (led_indicator_handle_t handle, int blink_type)

stop a blink_type. you can stop a blink_type at any time, no matter it is executing or waiting to be executed.

2H
e handle -LED indicator handle
* blink_type —predefined blink type
R esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
* ESP_ERR_NOT_FOUND no predefined blink_type found
e ESP_OK Success
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esp_err_t led_indicator_preempt_start (led_indicator_handle_t handle, int blink_type)

Immediately execute an action of any priority. Until the action is executed, or call

led_indicator_preempt_stop().
ZH
* handle -LED indicator handle
* blink_type —predefined blink type
R esp_err_t
¢ ESP_OK Success

* ESP_FAIL Fail
* ESP_ERR_INVALID_ARG if parameter is invalid

esp_err_t led_indicator_ preempt_stop (led_indicator_handle_t handle, int blink_type)

Stop the current preemptive action.

SE
* handle - LED indicator handle

* blink_type —predefined blink type

Rl esp_err_t
¢ ESP_OK Success
* ESP_FAIL Fail
* ESP_ERR_INVALID_ARG if parameter is invalid

uint§_t led_indicator_get_brightness (led_indicator_handle_t handle)
Get the current brightness value of the LED indicator.

%% handle -LED indicator handle
j& ] uint8_t Current brightness value: 0-255 if handle is null return 0

esp_err_t led_indicator_set_on_off (led_indicator_handle_t handle, bool on_off)

Set the LED indicator on or off.

$&1: If you have an RGB/Strips type of light, this API will control the last LED index you set, and the color
will be displayed based on the last color you set.

S
¢ handle —LED indicator handle.

e on_off —true: on, false: off
R[] esp_err_t
¢ ESP_OK: Success
e ESP_FAIL: Failure
* ESP_ERR_INVALID_ARG: Invalid parameter

esp_err_t led_indicator_set_brightness (led_indicator_handle_t handle, uint32_t brightness)

Set the brightness for the LED indicator.

SH
* handle -LED indicator handle.
* brightness —Brightness value to set (0 to 255). You can control a specific LED by
specifying the index using SET_IB, and set it to MAX_INDEX 127 to control all LEDs.

This feature is only supported for LEDs of type LED_RGB_MODE. Index: (0-126), set
(127) to control all.

R ] esp_err_t
¢ ESP_OK: Success
e ESP_FAIL: Failure
* ESP_ERR_INVALID_ARG: Invalid parameter

uint32_t led_indicator_get_hsv (led_indicator_handle_t handle)
Get the HSV color of the LED indicator.
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$41:: Index settings are only supported for LED_RGB_MODE.

%% handle -LED indicator handle.
&Ia] HSV color value H: 0-360, S: 0-255, V: 0-255

esp_err_t led_indicator_set_hsv (led_indicator_handle_t handle, uint32_t ihsv_value)
Set the HSV color for the LED indicator.

#&1¥: Index settings are only supported for LED_RGB_MODE.

ZH
¢ handle -LED indicator handle.
* ihsv_value —HSV color value to set. I: 0-126, set 127 to control all H: 0-360, S: 0-255,
V:0-255
Rl esp_err_t
¢ ESP_OK: Success
e ESP_FAIL: Failure
* ESP_ERR_INVALID_ARG: Invalid parameter

uint32_t led_indicator_get_rgb (led_indicator_handle_t handle)
Get the RGB color of the LED indicator.

£41:: Index settings are only supported for LED_RGB_MODE.

%%t handle -LED indicator handle.
&l RGB color value (0xRRGGBB) R: 0-255, G: 0-255, B: 0-255

esp_err_t led_indicator_set_rgb (led_indicator_handle_t handle, uint32_t irgb_value)
Set the RGB color for the LED indicator.

$41:: Index settings are only supported for LED_RGB_MODE.

SH
¢ handle -LED indicator handle.
* irgb_value -RGB color value to set (OxRRGGBB). I: 0-126, set 127 to control all R:
0-255, G: 0-255, B: 0-255
R esp_err_t
e ESP_OK: Success
* ESP_FAIL: Failure
* ESP_ERR_INVALID_ARG: Invalid parameter

esp_err_t led_indicator_set_color_temperature (led_indicator_handle_t handle, const uint32_t
temperature)

Set the color temperature for the LED indicator.

£41:: Index settings are only supported for LED_RGB_MODE.

S
¢ handle -LED indicator handle.
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* temperature —Color temperature of LED (OxIITTTTTT) I: 0-126, set 127 to control
all, TTTTTT: 0-1000000

R esp_err_t
e ESP_OK: Success
* ESP_FAIL: Failure
* ESP_ERR_INVALID_ARG: Invalid parameter

Macros

LED_INDICATOR_CHECK (a, str, action)

LED_INDICATOR_CHECK_WARNING (a, str, action)

44 LCD T H

44.1 ESP LV DECODER

SV LVGL sy G BRItz sh, Bl i i) B g s (FR A HIEE ), A Xl DATE R A
F Y5 EPAE AL T AT A

aEIEE, 2% SIPG HySLH,

g
o SCRPER E E OB BA% 4% JPG. PNG #1 QOL,
o TERSBRIE R 25 S BERIE AR PR /M4 1) RAM, BHUH T BA 2 RAM Y34 .
o SRR ETARERI G B & kg, %o LVGL #&it.

o U C B SBT3SO
o IrEIEIR I B PO SERP R TBORIER o

B¢ EL e e iR X
KA esp_mmap_assets . ERAEAIFIAE A ST A EBITR HE ) T rAs L.

JPG 54k SIPG

spiffs_create_partition_assets(
my_spiffs_partition
my_folder
FLASH_IN_PROJECT
MMAP_FILE_SUPPORT_FORMAT ".Jpg"
MMAP_SUPPORT_SJPG
MMAP_SPLIT_HEIGHT 16)

PNG ##upk SPNG
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spiffs_create_partition_assets(
my_spiffs_partition
my_folder
FLASH_IN_PROJECT
MMAP_FILE_SUPPORT_FORMAT ".png"
MMAP_SUPPORT_SPNG
MMAP_SPLIT_HEIGHT 16)

PNG. JPG #:#u% QOI

spiffs_create_partition_assets(
my_spiffs_partition
my_folder
FLASH_IN_PROJECT
MMAP_FILE_SUPPORT_FORMAT ".9pg, .png"
MMAP_SUPPORT_QOT)

PNG. JPG #:#u% SQOI

spiffs_create_partition_assets(
my_spiffs_partition
my_folder
FLASH_IN_PROJECT
MMAP_FILE_SUPPORT_FORMAT ".jpg, .png"
MMAP_SUPPORT_QOI
MMAP_SUPPORT_SQOTI
MMAP_SPLIT_HEIGHT 16)

SN ]

MRS AE LVGL 53l e i a8 a4l

esp_lv_decoder_handle_t decoder_handle = NULL;
esp_lv_decoder_init (&¢decoder_handle); //Initialize this after lvgl starts

API £%

Header File

» components/display/tools/esp_lv_decoder/include/esp_lv_decoder.h

Functions
esp_err_t esp_lv_decoder_init (esp_Iv_decoder_handle_t *ret_handle)

Register the decoder functions in LVGL.

%% ret_handle —Pointer to the handle where the decoder handle will be stored
B
e ESP_OK on success
e ESP_ERR_* error codes on failure
esp_err_t esp_lv_decoder_deinit (esp_lv_decoder_handle_t handle)

Deinitialize the decoder handle.

%%, handle —The handle to be deinitialized
FE (]

¢ ESP_OK on success

« ESP_ERR_* error codes on failure
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Type Definitions

typedef void *esp_lv_decoder_handle_t
Type of handle for the decoder.

44.2 ESPLVFS

esp_lv_fs Fui’F LVGL i I SCHF R GER VT B . AU esp_mmap_assets, VARG BLSCIFRAE, I

XREAK.

g

o BT esp_mmap_assets ] T RGN 2
SERFRRE SO A . fopen, fclose, fread, ftell, fseek.
o fifi [f] esp_partition_read API SB35
XFEZAT K

(3
WA ZH 2 esp_mmap_assets . BRI RERT| KR

W Bl
TN &S 8 LVGL A8l RS R 4

#include "esp_lv_fs.h"
#include "esp_mmap_assets.h"

esp_lv_fs_handle_t fs_drive_a_handle;
mmap_assets_handle_t mmap_drive_a_handle;

const mmap_assets_config_t asset_cfg = {
.partition_label = "assets_A",
.max_files = MMAP_DRIVE_A_FILES,
.checksum = MMAP_DRIVE_A_CHECKSUM,
.flags = {
.mmap_enable = true,
¥
bi
mmap_assets_new (&asset_cfg, &mmap_drive_a_handle);

const fs_cfg_t fs_drive_a_cfg = {
.fs_letter = 'A",
.fs_assets = mmap_drive_a_handle,
.fs_nums = MMAP_DRIVE_A_FILES
bi
esp_lv_fs_desc_init (&fs_drive_a_cfg, &fs_drive_a_handle);

API %

Header File

» components/display/tools/esp_lv_fs/include/esp_lv_fs.h
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Functions

esp_err_tesp_lv_fs_desc_init (const fs_cfg_t *cfg, esp_Iv_fs_handle_t *ret_handle)

Initialize file descriptors for the filesystem.

This function sets up the filesystem by initializing file descriptors based on the provided configuration. It
allocates necessary memory and populates the file descriptors with information about the assets.

SH

» cfg —[in] Pointer to the filesystem configuration structure.

* ret_handle [out] Pointer to the handle that will hold the initialized filesystem in-

stance.
PEA ]
e ESP_OK: Success
* ESP_ERR_INVALID_ARG: Invalid argument
* ESP_ERR_NO_MEM: Memory allocation failed
esp_err_tesp_lv_fs_desc_deinit (esp_lv_fs_handle_t handle)

Deinitialize the filesystem and clean up resources.

This function cleans up the filesystem by freeing allocated memory for file descriptors and other resources

associated with the provided handle.

%% handle —[in] Handle to the filesystem instance to be deinitialized.

izl
¢ ESP_OK: Success
* ESP_ERR_INVALID_ARG: Invalid argument

Structures

struct £s_cfg_t

Configuration structure for the filesystem.

Public Members

char £fs_letter

Filesystem letter identifier

int £s_nums

Number of filesystem instances

mmap_assets_handle_t £s_assets

Handle to memory-mapped assets

Type Definitions

typedef void *esp_1lv_£fs_handle_t
Filesystem handle type definition.

4.4.3 ESP MMAP ASSETS

R EE TR (AR, PR, BB ABUT i [y, BRI T e

(I B TTAL B BE -
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it
WM A SR
o WERZACOEREE, W .bin. .9pg. .ttf %,
B i JPG
o FHFH sIPG EMENT. £ L LVGL SIPG.
K% i PNG
o WA esp_1lv_decoder KT, & ILAH: esp_lv_decoder.
VR S

o 4TF ) split ] i (MMAP_SUPPORT_SJPG ,MMAP_SUPPORT_SPNG E{ MMAP_SUPPORT_SQOT)
AEHRTRE, W] DAR IS o E N
X+ QOI
o RERFEIE M JPG. PNG #% % 4 QOLL,
o ¥ split qoi, FHEAN esp_lv_decoder M.
X T2 X
« {# 1] spiffs_create_partition_assets £EE 4N KI, FHFHEAEANAK, HWEAMK BB 1Y
SEPEIZ R
% #¥ LVGL Image Converter
* I IFE MMAP_SUPPORT_RAW DA MAHRECE, PILAKF JPG. PNG &tk Bin, PAEYE LVGL
e,

CMake I

SCRFPATR BRI . X BE e 72 R T B P AR AL PR 25 T

set (options

FLASH_IN_PROJECT,
FLASH_APPEND_APP,
MMAP_SUPPORT_SJPG,
MMAP_SUPPORT_SPNG,
MMAP__SUPPORT_QOT,
MMAP_SUPPORT_SQOI,
MMAP_SUPPORT_RAW,
MMAP_RAW_DITHER,

MMAP_RAW_BGR_MODE)

set (one_value_args
MMAP_FILE_SUPPORT_FORMAT,
MMAP_ SPLIT HEIGHT,
MMAP_RAW_FILE_FORMAT,
IMPORT_INC_PATH,
COPY_PREBUILT_BIN)

HEIBE]

i 5

* FLASH_IN_PROJECT: Hl W DAMEFEAE idf . py flash B HINRFEG SN AT 6o, o
X FE bk,
* FLASH_APPEND_APP: J5 HIRF —iFHil4d (bin) PSRN P 36 S0 (app_bin).,
* IMPORT_INC_PATH: $§ 8 A Wik U B AnEg12. BOA S5 A0 AR
* COPY_PREBUILT_BIN: &g il Az s{A) 3k SO -2 B R H 5k eI i 26l 20 A: s 97
TERISCE, TR TR SRR
e MMAP_FILE_SUPPORT_FORMAT: $§iE Xy Scfb#& = (B4, .png. .jpg. .ttf).
* MMAP_SPLIT_HEIGHT: & X 55 HIM s BE DA A . AT
— MMAP_SUPPORT_SJPG
— MMAP_SUPPORT_SPNG
— MMAP_SUPPORT_SQOI
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B

spiffs_create_partition_assets(
my_spiffs_partition
my_folder
FLASH_IN_PROJECT
MMAP_FILE_SUPPORT_FORMAT ".Jjpg, .png, .ttf"

Btk R Dl

spiffs_create_partition_assets(
my_spiffs_partition
"S{ASSETS_DIR}"
FLASH_IN_PROJECT
COPY_PREBUILT_BIN "S${ASSETS_DIR}/prebuilt.bin"

SCRFI P GAR X

* MMAP_SUPPORT_SJPG: J& X} SIPG #& 31 7 45,

* MMAP_SUPPORT_SPNG: J& X} SPNG #&=11 S 4 .

e MMAP_SUPPORT_QOT: & HI X} QOI #& =1y % 5.

¢ MMAP_SUPPORT_SQOT: & %} SQOI ¥4 S 4. HelfiT:

— MMAP_SUPPORT_QOI

Pel 15 53 Tl s il

spiffs_create_partition_assets(
my_spiffs_partition
my_folder
FLASH_IN_PROJECT
MMAP_FILE_SUPPORT_FORMAT ".jpg"
MMAP_SUPPORT_SJPG
MMAP_SPLIT_HEIGHT 16

LVGL Bin %5

* MMAP_ SUPPORT_RAW: }f & %4k LVGL 7 Binary £ .
5%
- LVGL v8: ¥4 %%
— LVGL Vv9: ¥4 %%
e MMAP_RAW_FILE_FORMAT: 357 RAW EM& 1) SCIAAE .
- LVGL v8: {true_color, true_color_alpha, true_color_chroma, indexed_1,
indexed_2, indexed_4, indexed_8, alpha_l1, alpha_2, alpha_4,
alpha_8, raw, raw_alpha, raw_chroma}
— LVGL v9: #ffiH .
e MMAP_RAW_COLOR_FORMAT: $§F RAW EM% i B (a5 2.
- LVGL v8: {RGB332, RGB565, RGB565SWAP, RGB888}
- LVGL v9: {8, 11, 12, 14, 18, Al, A2, A4, A8, ARGBB8888, XRGB8888,
RGB565, RGB565A8, ARGB8565, RGB888, AUTO, RAW, RAW_ALPHA}
« MMAP_RAW_DITHER: J3f RAW &4 £4).
— LVGL v8: 7,
— LVGL v9: Hffi .
e MMAP_RAW_BGR_MODE: J&/ RAW K% BGR Eix.
— LVGL v8: &f#i [,
— LVGL v9: #ffiH .
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LVGL v9 /=1

spiffs_create_partition_assets(
MMAP_FILE_SUPPORT_FORMAT ".png"
MMAP_SUPPORT_RAW
MMAP_RAW_COLOR_FORMAT "ARGB8888"

LVGL v8 74

spiffs_create_partition_assets(
MMAP_FILE_SUPPORT_FORMAT ".png"
MMAP_SUPPORT_RAW
MMAP_RAW_FILE_FORMAT "true_color_alpha”
MMAP_RAW_COLOR_FORMAT "RGR565SWAP"

Wil

M % s SO (mmap_generate_my_spiffs_partition.h) %3k SCF HBHE ML, & WAFBE BT IR A E
X

#include "mmap_generate_my_spiffs_partition.h"

#define TOTAL_MMAP_FILES 2
#define MMAP_CHECKSUM 0xB043

enum MMAP_FILES
MMAP_JPG_JPG = 0, /*1< jpg.jipg */
MMAP_PNG_PNG = 1, /*!< png.png */

~~

bi

BRI BRI L AL B # fR 5 mmap_generate_my_spiffs_partition.h —#, BRET
max_files Ml checksum, FISREGUESSCOMIAAFMUS I —0EHISCOHR A ICEE, 48R T ABKE 1t
Kk o

mmap_assets_handle_t asset_handle;

const mmap_assets_config_t config = {
.partition_label = "my_spiffs partition",
.max_files = TOTAL_MMAP_FILES,
.checksum = MMAP_CHECKSUM,
.flags = {
.mmap_enable = true,
.app_bin_check = true,
}V
bi

ESP_ERROR_CHECK (mmap_assets_new (&config, &asset_handle));

WIRMEN]  ATPABEA] mmap_generate_my_spiffs_partition.h HijE ATHZERIKBBTE L -

const char *name = mmap_assets_get_name (asset_handle, MMAP_JPG_JPG);
const void *mem = mmap_assets_get_mem(asset_handle, MMAP_JPG_JPG);
int size = mmap_assets_get_size (asset_handle, MMAP_JPG_JPG);

Q)
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(£ L£50)

int width = mmap_assets_get_width (asset_handle, MMAP_JPG_JPG) ;
int height = mmap_assets_get_height (asset_handle, MMAP_JPG_JPG) ;

ESP_LOGI (TAG, "Name:[%s], Mem: [%p], Size:[%d bytes], Width:[%d px], Height:[%d px]

v

—", name, mem, size, width, height);

API 5%

Header File

» components/display/tools/esp_mmap_assets/include/esp_mmap_assets.h

Functions
esp_err_t mmap_assets_new (const mmap_assets_config_t *config, mmap_assets_handle_t *ret_item)

Create a new asset instance.

S
* config —[in] Pointer to the asset configuration structure.
* ret_item —[out] Pointer to the handle of the newly created asset instance.
P[]
¢ ESP_OK: Success
* ESP_ERR_NO_MEM: Insufficient memory
e ESP_ERR_NOT_FOUND: Can’ t find partition
e ESP_ERR_INVALID_SIZE: File num mismatch
e ESP_ERR_INVALID CRC: Checksum mismatch
esp_err_t mmap_assets_del (mmap_assets_handle_t handle)

Delete an asset instance.

%% handle —[in] Asset instance handle.
FEA ]
e ESP_OK: Success
* ESP_ERR_INVALID_ARG: Invalid argument

const uint8_t *mmap_assets_get_mem (mmap_assets_handle_t handle, int index)
Get the memory of the asset at the specified index.
S
* handle [in] Asset instance handle.
¢ index [in] Index of the asset.
j& ] Pointer to the asset memory, or NULL if index is invalid.
size_t mmap_assets_copy_mem (mmap_assets_handle_t handle, size_t offset, void *dest_buffer, size_t size)
Copy a portion of an asset’ s memory to a destination buffer.
S8
* handle [in] Asset instance handle.
* offset —[in] Offset within the asset’ s memory from which to start copying.
* dest_buffer [out] Pointer to the destination buffer where the memory will be copied.
* size —[in] Number of bytes to copy from the asset’ s memory to the destination buffer.
j& 1] The actual number of bytes copied, or 0 if the operation fails.
const char *mmap_assets_get_name (mmap_assets_handle_t handle, int index )
Get the name of the asset at the specified index.
S8
* handle —[in] Asset instance handle.

* index [in] Index of the asset.
J&A] Pointer to the asset name, or NULL if index is invalid.
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int mmap_assets_get_size (mmap_assets_handle_t handle, int index)
Get the size of the asset at the specified index.
SH
¢ handle —[in] Asset instance handle.

¢ index —[in] Index of the asset.
& n] Size of the asset, or -1 if index is invalid.

int mmap_assets_get_width (mmap_assets_handle_t handle, int index)
Get the width of the asset at the specified index.
ZH
* handle [in] Asset instance handle.

¢ index —{in] Index of the asset.
&[] Width of the asset, or -1 if index is invalid.

int mmap_assets_get_height (mmap_assets_handle_t handle, int index)
Get the height of the asset at the specified index.
S
* handle [in] Asset instance handle.

¢ index —{in] Index of the asset.
& Ia] Height of the asset, or -1 if index is invalid.

int mmap_assets_get_stored_f£files (mmap_assets_handle_t handle)
Get the number of stored files in the memory-mapped asset.

This function returns the total number of assets stored in the memory-mapped file associated with the given
handle. This can be useful for iterating over all assets or validating the file contents.

%%, handle —[in] Asset instance handle. This handle is used to identify the memory-mapped
file instance containing the assets.

& [n] The number of stored assets. Returns the total count of assets if the handle is valid, otherwise
returns 0.

Structures

struct mmap_assets_config_t

Asset configuration structure, contains the asset table and other configuration information.

Public Members

const char *partition_label

Label of the partition containing the assets

intmax_files

Maximum number of assets supported

uint32_t checksum

Checksum of the asset table for integrity verification

unsigned int mmap_enable

Flag to indicate if memory-mapped I/O is enabled

unsigned int app_bin_check

Flag to enable app header and bin file consistency check
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unsigned int full_check

Flag to enable self-consistency check

unsigned int metadata_check

Flag to enable metadata verification

unsigned int reserved

Reserved for future use

struct mmap_assets_config_t::[anonymous] £lags

Configuration flags

Type Definitions

typedef struct mmap_assets_t *mmap_assets_handle_t

Asset handle type, points to the asset.

Type of asset handle
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USB -8l & Besd

5.1 USB #bixZiik

5.1.1 ESP USB #pi%fir28

USB 4y

USB (Universal Serial Bus) J&— il /il {9 s 2 b5, 11 T-¥E 8 WURIAMEIR A . USB LU DAl iT USB

5 USB i sk, el e, miRitasEahne.

USBIF (USB Implementers Forum) & USB #r#fE il 34, E il T USB #rifE, 45 USB 1.1, USB 2.0,
USB 3.0 4%, & X T USB#:NHW)Z . B2, LMz, 22, FonZ25Mil, PAK% USB k4%
2% (Device Class) #5ifE, 5 WL £25404E HID (Human Interface Device, AAMLI1i%45). MSC (Mass
Storage Class, KARBIEiEHR4). CDC (Communication Device Class, {51445 ). Audio. Video %%,

/#% ESP32-S2/S3/C3/P4 “:5tk i ¥ €. 4 & USB-OTG 5, USB-Serial-ITAG 41, 2745 Fh4% #Ef USB [
A, 4% USB ZHUAIN ], USB ISR, USB {2, USB AL H ISR 4F .

USB Class Driver

Multimedia Solution Human Interface External Storage Communications USB Device solutions
(ﬁ) (& 55 As the Device, PC or mobile
S as the host
— a'a
: s
uve UAC l HID MSC coe [ Msc ‘ e ‘
Others l uve ‘ cobc ‘

ESP-IDF USB Host Driver

TinyUSB Device Driver

Full-speed USB-OTG
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USB-Serial-JTAG ZHfifid ITAG # LA, H T H USB £i%E4:3| PC, SR )5{# H OpenoCD
THEERAIS . Bl EIES % Al ESP32-C3 N E JTAG #11.

{5 i} USB-Serial-JTAG $TEH1 &% LOG

| /7 A] 3@ 44 menuconfig-> Component config - ESP System Settings - Channel
for console secondary output HElE USB-Serial-JTAG LOG I el fEIR TS .

« LOG ThfgffifeLAG, W PAEIE(E A USB &if42%| PC, SAJ5MiH idf.py monitor s EHOT
EFTFF USB- Serlal JTAG BEA XY AT ER L5 (Wmdows >k coM*, Linux 34 /dev/ttyACM*, MacOS
Sk /dev/cu*), RIR[$THIZRS LOG.

e USB-Serial-JTAG {NIEFHIEAGALFTEHI LOG, WRENAKBEAN, USB-Serial-JTAG ~ex
Bk, tRSFTHI LOG.

* USB-Serial-JTAG LOG IIfE FLVATEMEARAI N1 (€47 deep sleep F1 light sleep #=X), QIR FR
LAEMEIRAL T ATE LOG, W PAEJH UART 4210
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 ESP-IDF v4.4 J PAJS A~ GPIO BREERIN 22245 /] USB D+ EFHiraPH, i GPIO 3K 5 i Jo 75 4
AN

o H PR DAME R 2517 2% {H USB_SERIAL_JTAG.conf0.dp_pullup = 0; ¥ USB D+ [ $iHi[H
2.

T LR E R 2 USB D+ 5| JEIAY_E4r r PHAE B A2 BIAEAE A 45 _ B B2 mi, USB
D+ 5 IC i, S5 D+ 5 Ch GPIO I, HIARE BONE AL, AR P 35 24 L5 USB D+
FIISERI MR, FEEAEREFBETIS, fF USB D+ 5| Bl M L B B AT

PP ST ] USB-Serial-TTAG Tk, #5311y

#include "soc/soc_caps.h"
#include "soc/usb_serial_jtag_reg.h"
#include "hal/usb_serial_jtag_11.h"

SET_PERI_REG_MASK (USB_SERIAL_JTAG_CONFO_REG, USB_SERIAL_JTAG_PAD_PULL_
—OVERRIDE) ;
CLEAR_PERI_REG_MASK (USB_SERIAL_JTAG_CONFO_REG, USB_SERIAL_JTAG_DP_PULLUP) ;
SET_PERI_REG_MASK (USB_SERIAL_JTAG_CONFO_REG, USB_SERIAL_JTAG_DP_PULLDOWN) ;
vTaskDelay (pdMS_TO_TICKS (10));
#if USB_SERIAL JTAG_LIL_EXT PHY SUPPORTED

usb_serial_jtag_l1l_phy_enable_external (false); // Use internal PHY
usb_serial_jtag_l1l_phy_enable_pad(true); // Enable USB PHY pads

#else // USB_SERIAIL JTAG _LI_EXT PHY SUPPORTED
usb_serial_jtag_l1l_phy_set_defaults(); // External PHY not supported..

—Set default values.

#endif // USB_WRAP_LI_EXT_PHY SUPPORTED
CLEAR_PERI_REG_MASK (USB_SERIAL_JTAG_CONFO_REG, USB_SERIAL_JTAG_DP_PULLDOWN) ;
SET_PERI_REG_MASK (USB_SERIAL_JTAG_CONFO_REG, USB_SERIAL_JTAG_DP_PULLUP) ;
CLEAR_PERI_REG_MASK (USB_SERIAL_JTAG_CONFO_REG, USB_SERIAL_JTAG_PAD_PULL_

—,OVERRIDE) ;

5.1.4 USB PHY/Transceiver /743

USB PHY/Transceiver {J 2l A2k USB 45 H &1 8 F 55440y USB B (55l -, $efit i 2ikz)ge
Rl Bl b 1255 . ESP32-S2/S3/P4 ¢ Jy LN 1> USB Full-speed PHY , I} P Al AL T8 )1 45 7€ 1) USB
D+ D- 54N USB & 455 . A, ESP32-P4 if [N USB High-Speed PHY . It4), ESP32-S2/S3 iff4 84
THMNER PHY M4 4 11, 1 P AT AE 75 B 4 AR PHY

fE A PHY

ESP32-S2/S3/C3 &R T USB PHY, HILTETFHESMNE PHY ith i, W PAE 354N USB EHLE & E 1
USB D+/D- JE4% o (HX} T4 P A USB 5 il #5450 i, 5171 ESP32-S3 |4 & USB-OTG Fl1 USB-Serial-JTAG,
WA I — AW ER PHY, 6] —Af ] Heg s —A TAE.
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Ve
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%

Selecter
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\_ / Vo 1 : 77777777777 |
N USB-PHY R M[E € [ GPIO, 41T EFR:
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o MR 6 T AY /2 USB Device #5250, EA 6T 4Rk #&1) VID (0x303A) , 3 HELT TinyUSB 4%
FRIT % USB ArifEi &, BEATFZHE PID, {fii] TinyUSB ELIA PID HIW] .

i VID i1 PID

TSR A ™ it 75 2 USB 45, ASnT #c I DA R 4 72 H14i VID (Vendor ID) ¢, PID (Product ID).,

o QLGS T EA ) USB-IF 4-ACHg VID, #3258 YWk USB-IF i i3, SXJ5 4% IR USB-IF (1
JiFE I VID Fil PID.

MO o U R AR VID, GSTUARCE: I PID (%3%) . IERS S5 Hiif SRk PID.

R BT RFER VID Ml TinyUSB HIERIA PID, FAEMRE G b 75 & USB ML, AN AR 2ty
USB ALk

USB i\ilF

USB iAJIES2 1 USB Implementers Forum (USB-TF) JEATASHAY, STERIGE™ 756 USB ML, DPABMIER
& 2 A AR

USB AR — Al AE, (HAEDA RIS D0 R AT i AL :

o MR AR H TS USB TSI B 77 USB 15k
o QAR RFTRAE N USB AR, FAREE A B0k & USB AL,

HAGNIERARFZOK , 7625 https://www.usb.org B FR USB-IF SR L 5%
BEAh, KT USB F S48 a2 IR S5 (T, 11§27 USB Signal Quality Test

5.1.6 USB Host J;j %

ESP32-82/S3/P4 25tk i W USB-OTG AhxL, 32fF USB ALK, FiT ESP-IDF ${itf) USB FALPMILER
A2 USB FHLIEAKES, W] pAidid USB #2 M Z A ZFER) USB 45, PAN A4 T ESP32-S2/S3/P4 5tk
Jr SCFFRY) USB Host fifp 5 5.

ESP USB Camera #Ljii Ji%

SCRp TS USB 422 M FERARAG LB, S8l MIPEG A% U U IR AR UL i, fiems T SCRF 480+800@15fps
(Full-Speed, ESP32-S2/S3) F1 1080%1920@60fps (High-Speed, ESP32-P4). &l TAHRI 148 . 2V RE 141,
WEsE. B BREG =,

RS Y=

o SCHRFIEDR

* Z¥F UVCL/15 Blyu sk
o FFH S RITIATT

o SRS E R

o 3 MIPEG WU i A4 5

o SRR ] A AL AR

i

o 5K ESP32-S2, ESP32-S3

o 4M%: USB-OTG

» USB #5143k 3F5 MIPEG #%5, L&M= T 800%480@15fps, [ (4T 480%320@15fps,
5 3k BRI DL usb_stream APT 5 HH
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X} ESP32-P4, i usb_host_uve H{4, 3FF MIPEG, YUY2, H264 5 H265 43,

o usb_stream £ {4

* usb_host_uve ZH{:

e usb_stream API i HH

+ USB Camera Demo 4

o JRBIACHS: USB #1423k + WiFi [E{% usb/host/usb_camera_mic_spk

o JRIACHS: USB #1443k + LCD As#l 5 usb/host/usb_camera_lcd_display

ESP USB Audio 35 Jj &

SCHpE L USB 2 11 42 USB 54145 . Sl PCM M XS A AR HORI% 4, T[] 2 5 22 [ 48K Hz 16bit
iS4 s 48KHz 16bit Thm M. 2 HF Type-C 5 [ FEHL, 36 1 T SR HCRasa . 1 UVC [
TAE, EHT IR

Fpk:

R SEY=E|

o SCRPPEIR

o SR A BIRTREIA AT

o Y HE PCM 900 1L

o TS BUCREER

o TR ZEE A

o R ZEE R TN

o CHRERE. EE sl

o W #:H1 USB Camera [a] B} T.4E

B
« S5 A ESP32-S2, ESP32-S3, ESP32-P4
* 4M: USB-OTG
o USB it SCRF PCM H5a(

P

usb_stream ZH {/f:

usb_host_uac ZH {4}

usb_stream API i H

USB Audio Demo #JL#i

ABIAES: MP3 5 R4%752s + USB H-AL usb/host/usb_audio_player

ESP USB 4G i J54%

SCRpiE S USB #2742 4G Cat.l, Catd #5141, 508 PPP 5 B, SCfFilad Wi-Fi SoftAP At s
BRI s B TR 56 . MiFi B shBuli. BEERE. AT,

S =47

o CREPER

o FF Modem+AT XU 1 (FFERI4 Y )

o SZHE PPP ARUEPMY (KB 4G B4 0 HE)
o 4G % Wi-Fi $uh

o FF NAPT W 2% iht 4% 4
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o SCRPRJFAEBE

o SCRFMZ% E SR

o SCRERARIN . 155 RS
o SCRRR O RCE S

wif:
o« JNH-: ESP32-S2, ESP32-S3, ESP32-P4
o 4% : USB-OTG
o 4G ML SZFF Catl Catd ZEM 252X 4G W4, 5 BA4L S+ PPP MY

%
» USB 4G Demo i

« iot_usbh_modem Z{{4
o RPIMHE: 4G Wi-Fi 1% %% usb/host/usb_cdc_4g_module

ESP USB f¢fi# )i %

SCRpil I USB 45 L IEHARIE U s (3% USB3.1/3.0/2.0 PP U %), SCHRNF U 4K F) FatFS SCiF
ARG, SBSFRIEES . BT AN ST BEL. Bahim . CRIGEY R

FEPE:
e 2 USB3.1/3.0/2.0 U £
« BRASCRERK 32G
. TR
o 7§ Fat32/exFat 53X,
o XFRG RS
* XFF Ut OTA

ik

o i H: ESP32-S2, ESP32-S3, ESP32-P4
* 4M%: USB-OTG
« Usi: Aol Fa32 4%, BRIASCRF 32GB DA U £, KT 32GB HEAE L RGITS exFat

%

 usb_host_msc ZH{4
o U #% OTA 244
o HE U &+ RGN R B

ESP USB Hub J5&

S¢Fpidid USB Hub 4% 24~ USB 4, LM ldif TAE. @M T2 USB Bagtihl TAE, Bliniisk
BHUTORER . BRI DAL . AN e 5 B APt 55

FrPE:

* X#filid USB Hub 4% 21> USB 4%
o SCRPPEIR
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Wi

o JNH: ESP32-S2, ESP32-S3, ESP32-P4
* 4% : USB-OTG

P
« USB Hub ##5 Demo

5.1.7 USB Device Jj &

ESP32-S2/S3/P4 45tk i & USB-OTG #hk, SZFF USB i #5Akiz, mIPAE L USB %4 PC ol & HAth
USB THLk %% . 4544 TinyUSB PSRRI 258K 3l , vl T IF % £ F6 USB %4, 1 HID %4 . CDC
B HAEBR%. NN EET USB 45 A Xt .

USB {5l s Ji R

USB &0l #5 7 5846 T UAC 2.0 (USB Audio Class) Ppislinife, (%52 SoC nIffoh Fii s, RALHEHE
AR TR ) S L BT RE , BIARRE A N 22 e Ml rade , R 2T RALAE SR USB Bhiy s b, 5K
LR AR i o

ot :
* ¥ UAC2.0

o SCRFZ R E SR URIR AR
o SO A

OO

e i H: ESP32-S2, ESP32-S3, ESP32-P4
* 4M&: USB-OTG

e
« ESP-BOX #5J5 USB 51

USB #pi % # Ji 5

USB UVC #7755 UVC (USB Video Class) PpsUinife, f5R3E SoC nIfE i s, SR ML EHERI
ORI IRE, AT HIAE USB 146483k, B0 USB + Wi-Fi UL 45 52k -

Rt
e FFFUVC15
o SR AL Y
« SCRHER LRk i

IR

e N H: ESP32-S2, ESP32-S3, ESP32-P4
* 4M%: USB-OTG
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B
- USB [ 4513k

USB £l Bt )i %

USB f7fifi i # )5 55T MSC (Mass Storage Class) PpsUhnife, Z56 Wi-Fi g, i n] i@ oIt 2 arfif
Vs, WIUSB B UL, REr. By E Al . Br 2 B <5 .

etk :

« USB - Wi-Fi % Ji]ijj i
 ZRAEA
« U

WA

e i H: ESP32-S2, ESP32-S3, ESP32-P4
* 4% : USB-OTG

i
» USB + Wi-Fi Tt U

USB HID %45 )i %

USB HID #4557 & 4T HID (Human Interface Device) BMYFRIE, 74N USB 4%, BbR. ik Fwi%s
&%7 i}ﬂk*ﬂﬁﬂlﬂﬁﬁo 2]:!!:% Wl_Flv E%; ESP_NOW %%%wﬁg7 Eﬂm@aﬁgi HID &%0

o
* X2 HID B
* SCRFEECHID B4
« 74 USB HID 1 BLE HID XA

O UL

e i H: ESP32-S2, ESP32-S3, ESP32-P4
* 4ME: USB-OTG

ke

* USB HID &L F R brn 1
e USB HID Surface Dial 7~
 USB % il b4 2 1

U St Il 2%
BT esp-tinyuf2 /R U 2, SCRHEI UF2 [B7F2] U #5083 OTA. Rl SCRRRF NVS Zdlaih i3] U
S, BSOS NVS,

FPk:

* ffifl UF2 [&{F3Ef7 OTA
o RSB NVS
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Wi

o JNH: ESP32-S2, ESP32-S3
o #M&: USB-OTG

GEE
o U #BEEE NVS
o LU #% UF2 T4

USB ¥ it B# )i R

USB §" it Jy S8 id USB S 2R A1 — By eI BRI . SCRpilad — AR USB Bl fefm &, fik
BURE, WBEGRSEEE. nTAN e, 87 b, §TRBEEI R .

ATALRZ)  USB2.0 YKENA S04 HDMI ek, [R5 2 B AL B Bt fm 4 i o, ARV 1 5 S i
fUSZFf Windows 15, R ] Windows 4Kl IDD, 5@ i 3K 5} ] PASEE] Windows (3L 1R, [H USB #
FRER, FEUKE 2 e IR AL B JEPG 25A% 3K, AR5 11 USB vendor £ I KF R L B B s . —
wi A 16 TSk, BEEBRMNTER . KRIEN, BFRIOKE, FERBEHRESE.

Pk

* SRR USB 144 1614
o LT USB 44545
o SHpEE USB 44 filfbifs &

wifk:

e i H: ESP32-S2, ESP32-S3, ESP32-P4
* 4M&: USB-OTG

W
« P4 USB ¥ &t

5.1.8 Ffitil USB B fifvh Ji R

i #8 USB P i3k, USB H it HL i & bl s A 5V VBUS HLHOR AW g2 B, 1E 1 SE It
o XWTEVMER R, BT 3L VBUS Wil 2 5, W& Bl XL, RSz .
USB ##¢ VBUS Kl 75 vA— A WA 7t USB PHY (R, sl ADC/GPIO ik hisl .
T ESP32S2/S3/P4 P USB PHY N SZ R (kI 2 4, %Y1 Re s ZAt B ADC/GPIO R {4F5c, H
Hi (i F GPIO Kl id A i (3, SEB A yEun T
%I T ESP-IDF 4.4 J% & HLpg A :

L REfE L, TEHINGH—A10 ((EESSE, FRs RSN, WA E (Fan#4 100KQ

) 15 BSP32S2/S3 #Hi% (ESP32S2/S3 10 5 KAl # AL IE H 3.3v);

2. ¥F tinyusb_driver_install 2 )5, FEZE A usbd_vbus_detect_gpio_enable FREfHRE
VBUS Fiill, ZeR AR, 15 H R B 7R 2 B
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/**

*

* @brief For USB Self-power device, the VBUS voltage must be monitored to achieve.
—hot-plug,

* The simplest solution is detecting GPIO level as voltage signal.

* A divider resistance Must be used due to ESP3252/S3/P4 has no 5V.

—~tolerate pin.
*

* 5V VBUS [EIERIEEEREE PIERPEEEZ GND

* ERPREZRZE 100K EEEEEE 100K EEREEEZE

* PI2I222021212 L2222

* a GPIOX

* 15 1 I I I e e e e

* The API Must be Called after tinyusb_driver_install to overwrite the.

—default config.
* @param gpio_num, The gpio number used for vbus detect
*
*/
static void usbd_vbus_detect_gpio_enable (int gpio_num)
{
gpio_config_t io_conf = {
.intr_type = GPIO_INTR_DISABLE,
.pin_bit_mask = (1ULL<<gpio_num),
//set as input mode
.mode = GPIO_MODE_INPUT,
.pull_up_en = 0,
.pull_down_en = 0,
bi
gpio_config(&io_conf);
esp_rom_gpio_connect_in_signal (gpio_num, USB_OTG_VBUSVALID_IN_IDX, O0);
esp_rom_gpio_connect_in_signal (gpio_num, USB_SRP_BVALID_IN_IDX, 0);
esp_rom_gpio_connect_in_signal (gpio_num, USB_SRP_SESSEND_IN_IDX, 1);
return;

% T- ESP-IDF 5.0 J2 L) I-fifiA:

Lok, REfF EFFRAONS H— 10 (EEIRE, kT IMERSL) , dd A~ s (B
100KQ ) 5 ESP32S2/S3 #Hi%;

2. K AT VBUS (1) 10 %) 44k Ay GPIO #ip AR

3. HEEFH IO it &3 tinyusb_config t ¥ (PG &% ):

#define VBUS_MONITORING_GPIO_NUM GPIO_NUM 4
const tinyusb_config_t tusb_cfg = {

.device_descriptor = &descriptor_config,
.string_descriptor = string_desc_arr,
.string_descriptor_count = sizeof (string_desc_arr) / sizeof (string_desc_

—arr[0]),
.external_phy = false,
.configuration_descriptor = desc_configuration,
.self_powered = true,
.vbus_monitor_io = VBUS_MONITORING_GPIO_NUM,

bi

ESP_ERROR_CHECK (tinyusb_driver_install (&tusb_cfqg));

IR TinyUSB JF%,  WIFE2AE Phy R4 ALk BOUEATHCE -

const usb_phy_otg_io_conf_t otg_io_conf = USB_PHY_ SELF_POWERED_DEVICE (VBUS_
—MONITORING_GPIO_NUM) ;

phy_conf.otg_io_conf = &otg_io_conf;

usb_new_phy (&phy_conf, &s_phy_hdl);
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5.1.9

i ATl %42 2] Windows PC [ 1% £ #Rif 2 H VID, PID Fl Serial 547

FiLil: Windows {1 USB 757415 k3% COM 4i's

A,

ﬁH%L 3 NSRRI

=A% T2, B4 PC KRB H i E 1, H 5118 KEE— R E COM i 1, 5 S%
Windows USB device registry entries,
ESP ROM Code 1%} USB RS Bt B 40 F :
ESP3232SP32S3| ESP32C3| ESP32C5| ESP32C6| ESP32C61 ESP32H2| ESP32P4
Interface usb- usb- usb- usb- usb- usb- usb- usb-
otg serial- serial- serial- serial- serial- serial- serial-
jtag jtag jtag jtag jtag jtag jtag
VID 0x3034 0x303a 0x303a 0x303a 0x303a 0x303a 0x303a 0x303a
PID 0x0002 0x1001 0x1001 0x1001 0x1001 0x1001 0x1001 0x1001
Revision N/A | v1.01 v1.01 v1.02 v1.02 v1.02 v1.02 v1.02
(bcdDe-
vice)
Serial 0 MAC i’@ MAC i’@ MAC f@, MAC iﬂ_?. MAC iﬂ_ﬂ, MAC #h | MAC H#h
$ $ $ % $ 5 is
» ESP32S2 (usb-otg) Serial & 0, FF Mk AHE, COM 5—F

« ESP32S3 (usb-serial-jtag).
AR, COM S ERIN %I

3 COM %5, Sy sty A T A XJL? Tl 1] USB 147

(3 COM & 5 IR

fire gl Ji 4

B D) RFTIF windows CMD, HATPA R FE4
VO SE I it oy i I e R A&k :

FH 14 HE Serial E-ig 0 4m=-

AR

oY HoAth 57 5 usb-serial-jtag 2 A0t i, Serial Sk s MAC Mk, £4M%

TRE IR, BB Windows

QRFAS MR, 1KY Serial SB35,

REG ADD HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\usbflags\303A10010101 /
—V IgnoreHWSerNum /t REG_BINARY /d 01
REG ADD HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\usbflags\303A10010102 /
—V IgnoreHWSerNum /t REG_BINARY /d 01

PR F3k ignore_hwserial_usb_serial_jtag.bat B4, A H

7Rz 7.

&

DL 48 4 L 5E | T Windows 10/11,

%+ Windows 7 B H & R A,

ignore_hwserial_usb_serial_jtag_win7. bat A, SRR 5O BT T.

N A

5.1.10  USB {55 gl

USB 2.0 B OGS
B mitwre&%@a% R P 3

Pialh, BELERE . LI R A Ho

Z—

FE R, 45U (EOP) i7%E.

Jo B2 B AR USB 2.0 B A FRE . #45 USB 2.0 A IEFRG ) EEIRY . 15
RSO ETER . JK XS KT %)
R Pl 03 ER A 5 B ) v e SR e L ¢ g 330

S
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TP1 TP2 TP3 TP4

/ A \
Traces USB Cable ) Traces
\ / ’
Transceiver A B Transceiver
Connector Connector
Hub Circuit Board Device Circuit Board

& 1: USB 2.0 {53855 I & 1f

Pl 0%

USB 2.0 High-Speed 55 (1 IR KX S5 R 5 W 2 USB-IF P2 il AR HEHR PR 2K
USB 2.0 High-Speed {55 A HR KA S5 R 45 USB 2.0 ML A HR A AR -

Level 1 Voltage Level (D+ - D-) Time (% of Unit Interval)
[}Jril;'e?gml\gl Level 1 525 mV in Ul following a transition, N/A
o Pont 475 mV in all others
// \\ Level 2 -525 mV in Ul following a transition, N/A
/ \ -475 in all others
/ N\,
//,, : Poi .\\ 0 Volts Point 1 ov 7.5% Ul
\\ /" Differential
\\ // Point 2 ov 92.5% Ul
‘\ /’ Point 3 300 mv 37.5% UI
onts Point - 400mV Point 4 300 mv 62.5% Ul
Difterential
Level Point 5 -300 mv 37.5% UI
Unit Interval Point 6 -300 mV 62.5% Ul

0% 100%

[l 2: 75 TP2 Abill B SR AR HITE TP3 A E e s (TCREEREE) MR BIE2K

Level 1 Voltage Level (D+ - D-) | Time (% of Unit Interval)
i | | +400mV
] 1 Differential Level 1 525 mV in Ul following a transition, N/A
| | | | | 475 mV in all others
+ Roiet 3 : umén T Level 2 525 mV in Ul following a transition, | N/A
/ { \ | -475 in all others
S 1t PO N T N TP SR )N I 0 Volts Point 1 ov 12.5% Ul
i ] [ i Ditferential
f \ f / f Point2 |0V 87.5% UI
Roml ST e Point 3 175mv 35% Ul
- 400mV Point 4 175 mv 65% Ul
] | Ditterential T
[P ey s——————————————————— — Point 5 =175 mV 35% Ul
Unit Interval ) o
0% 100% Point 6 175 mv 65% UI

Bl 3: A TP2 AbI i Be s PR EHSE) M H BB 20K

B
¢ Windows PC
* USB XHSETT: USB-IF $ {1l TH , T4 USB 2.0 43 A EALLA S USB 3.1 FALFIFE LR
HEA B LI AR
« USB iR H: fifUa) THHRALE A USB-IF HEFE U 1AL 1A 3K
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Voltage Level (D+ - D-) Time (% of Unit Interval)
Lovel 1 i P P + 400mV Level 1 525 mV in Ul following a transition, N/A
1 1 T Differential 475 mV in all others
i Poiht3 | | Phint 4 | 1
! ] { Level 2 -525 mV in Ul following a transition, | N/A
475 in all others
0 Volts Point 1 ov 5% Ul
""" Differential
Point 2 ov 95% UI
Point 3 300 mv 35% Ul
| Pas | | . 400mV Point 4 300 mv 65% Ul
Level 2 i i i i Ditterential T
Point 5 -300 mV 35% Ul
Unit Interval i
0% 100% Point 6 -300 mV 65% Ul

Pl 4: 7E TP1 Abi ) SR ZRE SR AL TP AL It F) 5 s (i i 14 A i T2 K

« m¥EAE (>2GHz), —EEINRARIE. B

Tekironix oscilloscope

with Application running
Microsoft Windows PC
EHCI
port
A L) .
Test Mode PRE
software o
® 2 TEST
2 1 INIT Port
(@
|
@ | P25
Power Port
P3 D-"D+ ps
= o Test fixture
P17 1

Device Under Test

Bl 5: USB 2.0 {5 5 i AR 5L

AL Bk

1. ESP32-S2/S3/P4 USB ik il ¢ £ T Launchpad &, Fi#k ESP32-S2/S3/P4 USB il iz & {4, H
ESP32-P4 H-Fllif; High-Speed, ESP32-S2/S3 Filfiz Full-Speed.

2. WiPFERE 4 PCL RARS USB AR+ High-Speed &5 Full/Low-Speed i B AR, HZ%7R
Pt — BRI AE LR

3. XHSETT 236 i #if) PC Bear B Hilas Y USB 3w M5 8L :

o 5 PC 24 USB 3.x #7598, 54 ] XHSETT Hii4<. xHCI 374 USB 1.x/2.0/3.x
o {5 PC 2k USB 2.0 #5:7l8%, % 1#H HSETT fitd~. HSETT 3 #F USB 1.x/2.0

#ril: HSETT/XHSETT {F28HF B8, &b 24nl PC _EAYFA USB i, 2 USB iy I T
RIEF M . Nk, e3Pl EizfT HSETT/XHSETT 819 55 PC 21, 5 597 W pi EHe iy PS/2
%%ﬂ b, BRORERVEAR TR WRTCIRBEN PS/2 AR, thn] DA Pl 1 izl 55 I < A ) T 2t AT #

152 HSETT/XHSETT $PF24¢m, ik I~ B Pt i i
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] 6: High-Speed Device {55 Jit il il 342 7 2

w i Universal Serial Bus controllers
i Generic SuperSpeed USE Hub
Generic USE Hub
Intel(R) USE 3.0 eXtensible Host Controller - 1.0 (Microsoft) I
UCSI USE Connector Manager

i USE Composite Device
i USE Composite Device
i USE Composite Device

& 7: USB 3.x 557 #%
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FT9F XHSETT 4k, #+f Device Bz :

= xHCl Electrical Test Tool X
—Hi-Speed —Select Host Controller For Use In Testing——
® Device PCI:?07 200 0 18 Ports

" Hub

(~ Host Contraller/System

—Superdpeed
 HostHub DSF Parts

TEST Exit |

[ 8: XHSETT it pkf%

4t Enumerate Bus #2261 Ti8 2, R 25 J5 ik ARl 15 45 I 124 Device Command:

%} High-Speed 1%4%, 1%4% Device Command H[) TEST_PACKET
o %fT Full-Speed %45, 14 Device Command Hf{) (LOOP) DEVICE DESCRIPTOR

xHCI HS Electrical Test Tool - Device Test

—Select Device —Device Control

Device Command Device Address

WID/FID 0x3035/4001, Address 1, Port 2
WIDMPID 0x8087/a2k, Address 2, Port 7 ITEST_PACKET LI IE|
WID/PID 0x5986/2113, Address 3. Pont 8

Sttatus Wyinclow

Enumerate Bus EXECUTE I Fieturn To Main

I 9: XHSETT 4 45 4%

4. R AR USB 2.0 —Zetk oA fad i v 2 0 B & th AR ERS 5 (XHSETT/HSETT) #E474y
ML R IE o 7R ieas ) R — SIS HRIE AT REA BT A, S5 7RIS R B B D AT
IR P03

lﬂhiJ fufypitl

10005 |-500ns |-600as |-400ns [-200ns jons J200ns [400ns [leoons Js00ms 1000ms

& 10z 7= I HIR 13000

e USB 2.0 IR, RIESKITAREOR, (55 BBy, WS R 52 42 v A MR SR ) Ak DX A
AT Aoy f 8 PR BIASAR FA 5E DUER S (75 T AN kAR
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B 11 m] 3 A AR

4.1 USB 2.0 High-Speed 3T ARl i AR K, AT PA R JLANTT i AT 704 :

¢RI RTRE
MGG A 5

« BRURBUTERR, HE S BT

« i PCB B 77% 8 USB 2.0 #7545 USB High-Speed D/D- (I T 4 475K 25 A
ESD, WRFTTAEZMIAKIN, AR LA ET | pF i) ESD i

122 S aa aed ey R 1l

4.2 USB 2.0 Full-Speed X} Full-Speed B#7 IR ML, ESH/midy) Rfe it USB — 2k ili{4k
PRIEA T

P 13: 3855 MR USB 2.0 Full-Speed R & (i)

Xt _EiA Full-Speed i i MNP, 575 D+/D- s PH Ao ad o . SEMSERBN], Ak 22 Q.
33 Q{44 Q SRR v, HF A 33 Q BIRCR IR
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5.1.11 TinyUSB W H$51

AIEE B AT A

H%

o TinyUSB 4

- Shgd
o TinyUSB #8144

— esp_tinyusb YA 1

— espressif/tinyusb A4
* USB Device /)~ %3

- USB &4 (UAC)

- USB#R (UVC)

TinyUSB fj 4

TinyUSB J& — I iR AN USB BRI, 201 T SR/ N il 4 L) USB Zifig. B
Adafruit JF R MIZES, SAERM—MRES. BG . 5T 4N USB tilfk. TinyUSB (4§ Z il USB
WAL, {4 HID (AHUE N Best) . MSC (KA A7) . CDC (A5 15#2¢) . MIDI (F AR 40T
) %, EHTAFHRA RGN Bef . BT 54 R TinyUSB £2¢ T PA N Y.

TinyUSB

Package it as a component

espressifitinyusb
(esp-idf ==5.0)

——

W

esp_tinyusb ush_device_uac usbh_device_uvc
Support for most class) Support for UAC class)| (Support for UVC class)

K| 14: TinyUSB Components
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B R
Soc USB1.1 Full Speed USB2.0 High Speed
ESP32-S2 | (S
ESP32-53 | (Sklauisdd

v

ESP32-P4 | (SEEsUEs

TinyUSB 41

esp_tinyusb 411k esp_tinyusb 2H {4825 T— £ %1% TinyUSB API, 1] DA Jy {fHu4E % USB CDC-ACM, MSC,
MIDI, HID, DFU, ECM/NCM/RNDIS %75 F &1 TR

anar s

s JETHEHFTFiafT idf.py add-dependency esp_tinyusb~1.0.0 {hI*f esp_tinyusb JF
A -

* f£ menuconfig HLE FHEMTM USB 2.

o Y THEH i ] esp_tinyusb API.

esp_tinyusb N /R B 2T U Sk, #i0, HID s, EER&ESRH

e USB & [1Hl U & A&l
* USB H k&R H

i1 USB #ith LOG /=1l

USB HID 457113

USB MIDI ¥ bR i% 457 Bl

USB U %% 25 7~ Bl

USB M-~ &~ il

ks o RS TIFL USB 2K, lAGIT &L esp_tinyusb SZHFY USB RAEH A S, (ARHERMNZ, X
WA TR LB R A . 38 5 1A B USB W .

espressif/tinyusb 41} 2014 espressif/tinyusb J& 5T JR4E tinyusb &) — 44, FZEKF tinyusb )4
RS E R S — A, PR O TR A .

Tk ZAEE AN ] ESP-IDF release/v5.0 K DA _FIRUAS .

LUREC SR

s JETHEHFFizfT idf.py add-dependency "tinyusb~0.15.10" ¥HIX} espressif/
tinyusb R,

* %45 tusb_config.h M, ZCHE E X — RV %k HE TinyUSB [RELE, i ftss
espressif/tinyusb 20, [A]HFEE main ZH{F1Y) CMakeLists.txt 751 PA S A0S :

idf_component_get_property (tusb_lib espressif__tinyusb COMPONENT_LIB)
target_include_directories (${tusb_lib} PRIVATE path_to_your_tusb_
—confiqg)

* 445 usb_descriptor.h M, %ICHE XL T USB EASMHART, AIERARMEAF, ERR
¥, B ORSE .
* %5 usb_descriptors.c {4, Z%C{HT 4 tinyusb $243t USB $iR 4% 1] ¢

espressif/tinyusb [ 7561 :

o USB 4% ibr s 45 il
» USB JoZk U #n il
» Windows Surface Dial HID 7514
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* Hi %% USB 7R il

P41 espressif/tinyusb FEFEML T 2 RIEYE, WAy ) & 6 USB ¥4, @& TE A% USB L.
JH. 7E idf release/v4.4 E W] DA A 4H 12 leeebo/tinyusb_src, iZ%ZH{45 espressif/tinyusb /E AR . FELE%b
4T espressif/tinyusb % ESP-IDF release/v4.4 ff] 37 5.

USB Device 1144

USB {4l (UAC)  TinyUSB 37 ff USB UAC2.0 fnifE, JT-iliid USB f&kmd il . 247 AR 45

o Fti SR 32 {i/384KHZ 1 E SR
» %% USBI1.1 Full Speed #1 USB2.0 High Speed
o JERFEAR

ek Ji A UAC fUSZH USB (& g [ 204k, T DA UAC 45 45 9 K508 s sl 0 2 1) 28 B o
NP AL AIATEL, I HARIER . [N EHRMBLZ AR 5@ AR R, aTRE &7 AR R
FET, m R T =M E T

* SYNC 2B Rk i #1454 Frame [1) SOF ] 4

o BN HRYE T WU s o e B i ) SR AR

* ASYNC 5B AHEC O ANMIRNZ T ROt 11, AL S AL 1 A 3o 4500 LS 22 4 S ik 8
M58 AR A B S o AT TG 2L PRI Y, ALY KB

5% T ASYNC 5 2B 18 5 0 Iz Bt o 2 8 8 J8 B %% CFG_TUD_AUDIO_ENABLE_FEEDBACK_EP 3k
SRt R FE R 1 58, TinyUSB #2417 2 Fh S 5t iy i $ods ot B, o BT FIFO 1 S Wit i 55
(AUDIO_FEEDBACK_METHOD_FIFO_COUNT) fig Hfai A HALH . SR sCil NI R ek gL, SE i E .

void tud_audio_feedback_params_cb (uint8_t func_id, uint8_t alt_itf, audio_feedback_
—params_t* feedback_param)
{
(void) func_id;
(void)alt_itf;
// Set feedback method to fifo counting
feedback_param—>method = AUDIO_FEEDBACK_METHOD_FIFO_COUNT;
feedback_param->sample_freqg = s_uac_device->current_sample_rate;

ESP_LOGD (TAG, "Feedback method: %d, sample freqg: %d", feedback_param->method, .
—feedback_param->sample_freq);

}

T fE J& # &, UAC Class P # 4 # T — ¥ % 4 FFO XK /N H
CFG_TUD_AUDIO_FUNC_1_EP_OUT_SW_BUF_SZ, 3% W& K/NEE N 10ms 1 538 K/,
ik UAC BKZh N —He g np X, BKZ) 2 38 i B it sCRF FIFO i 7K A 4ERFTE 50 2 — U, 245080 it
&%, Ela—arh2 kil YEdEs, s R EdE.

R B, ¥ et — YO S L E R (FICT 100ms BEAEUREIR, WAy —SHrE) 5E
ik UAC Py fifo Zgush— ek DA/ K , FEOTIRRRIL, SRR AGRIIE 128 —ECA Bi nf DAL, A&
FEAE R AR o [ BET RB , RF FIFO R/ — B 4B E— D RUERY K-

BARW] 22 ESP Device UAC

USB #ii (UVC)  TinyUSB 3§ USB UVCLS #ifE, Jil Filiid USB sk, REDS 144 2 Fhiili
e, BREAE YUV #30, [E404% 20 MIPEG, H264, H265 4%
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ek i s

o LPUHE - (USB Video streaming) ARG HUAIN A, A% i s DAy 1) 25 o i st B e o A
o UPUBUREE DA S R A, AR R R i

fehbdi%:  UVC BB f&hm 2 Ml t, XL Gk s il U 1A 75 1) Format FiI Frame S5 S
i

E{g R Format Frame

MIJPEG FORMAT_ _MIJPEG: 0x06 FRAME_MIJPEG: 0x07
YUV2/NV12/MEORNM2OI_ UNCOMPRESSED: 0x04 FRAME_UNCOMPRESSED: 0x05
H264 FORMAT_H264: 0x013 FRAME_H264: 0x014

H265 FORMAT_FRAME_BASED: 0x10 FRAME_FRAME_BASED: 0x11

Hrf Frame based ##% 30 UBRFIK, AT DATFARAT A IR AR 50, RS BB & IR A7y . i MIPG,
H264, H265 5. it GUID 7 BOkEm BRI R K

MEERER ) UVC B, —PMRER Sk &A—4 VC  (video control) iA4F, TM—4> VC ik fFa]
PAFZ> VS (video streaming) fHiRfF. FmiXMRGL AT A2 R UG . (H@7E— LRk fE
Phef, SAWAECERR S, XEITEA WA VC flidAT.

USB Descriptor
|
| -—— Video Control
| | -— Video Streaming

\
| -—— Video Control
| -— Video Streaming

B ARW] 22 USB Device UVC

5.1.12 g AR tinyusb #17IF K

ES R MR

m
o

IR

tusb_config.h I A%

usb_descriptors.h Xt (¥Tik)
usb_descriptors.c S

#1448 1% USB Phy

#1444 TinyUSB ¥ 4%,

TR & E 0955 B

523N, USB Class #4945 7k b4 =118 Sy 4.

A A BT ) tinyusb AL PEEFT T o

TREH %
T SET B AL PATR H SR4H
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project_name
\
| -— main
| -—— CMakelLists.txt
| -— idf_component.yml
|-— main.c
|-— tusb
|-— tusb_config.h
| -— usb_descriptors.c
| -— usb_descriptors.h

TE% AR main AP AR, espressiftinyusb.

tusb SC{e FEEHCE T R LAY tinyusb B SO, I BB BCE — A SR, DRI D¢ R A TR
SRIGFEEAE main/CMakeLists . txt R USIPA NiER (CET idf_component_register 2 i)

# espressif__tinyusb M ICE % W K ¥ ¥ tinyusb 4 #f
idf_component_get_property (tusb_lib espressif__tinyusb COMPONENT_LIB)

target_include_directories (${tusb_lib} PUBLIC "${COMPONENT_DIR}/tusb™)
target_sources (${tusb_lib} PUBLIC "S${COMPONENT_DIR}/tusb/usb_descriptors.c")

ik KT SEMBI A, POy TRERG 24 tinyusb, A7 75 2205 tinyusb S2{LSCPE, BTRAA LG 25
SEUZ AR F RTAT DA R tinyusb (#4470 0C B SCPRAE R JRAS FELHe4158 21) main 2101 R R

tusb_config.h 31

tinyusb JCES YD RER IS AN S ATl Az, P AR 27E tusb_config. h UM A e
EIRE. A H— LY 75

RGN

¢ CFG_TUSB_RHPORT(0_MODE: }ﬂ:]:ﬂz)( %92%] USB Phy B AR, N R 382 USB
device %45, I H#3% % USB £

#define CFG_TUSB_RHPORTO_MODE (OPT_MODE_DEVICE | OPT_MODE_FULI_
< SPEED)

¢ CFG_TUSB_RHPORT1_MODE: )ﬂ{[:/qz){ %3 %| USB Phy 17 2 AT K TR FE R 2 USB
device %45, FHH#% K USB HiE

#define CFG_TUSB_RHPORTI1_MODE (OPT_MODE_DEVICE | OPT_MODE_HIGH_
—SPEED)

« ESP_PLATFORM: f{fiJf] esp-idf “F-& #4740, %%
* CFG_TUSB_OS: H| T X tinyusb [J#/ERSE, WM HM/E FreeRTOS, FHFEHHIZZE. tHAlPA
NEHEAERS

’#define CFG_TUSB_0OS OPT_OS_FREERTOS ‘

CFG_TUSB_OS_INC_PATH: ¥ ESP-IDF 1 EREZLRN “freertos/” HZRAE include g2,

’#define CFG_TUSB_OS_INC_PATH freertos/ ‘

CFG_TUSB_DEBUG: H|FJ3H tinyusb [ LOG $TE1Z4% . pit =2

’#define CFG_TUSB_DEBUG 0

« CFG_TUSB_DEBUG_PRINTF: fj T-% X tinyusb [J log T E[J pR 4K .

’#define CFG_TUSB_DEBUG_PRINTF esp_rom_printf

CFG_TUD_ENABLED: 4 1 J3 ] tinyusb device T FE.
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« CFG_TUSB_MEM_SECTION: it /5 %%, 7T PAKF tinyusb ) Py A743 i 245 G 1 B
¢ CFG_TUSB_MEM_ALIGN: FT & X NFMF TR .

#define CFG_TUSB_MEM ALIGN __attribute__ ((aligned(4)))

USB Be#510%: :

 CFG_TUD_ENDPOINTO_SIZE: T X 0 & KE /N,
USB Class [T
X HLPA UVC Class %543, A—~ USB Class #5A B 1) 7 1 X

« CFG_TUD_VIDEO: [l &Eidssa: 0 (video control interface) A&
* CFG_TUD_VIDEO_STREAMING: Bt &M (video streaming interface) F%E:

A PAZZ5 AR SC Rl :

e ../components/usb/usb_device_uac/tusb/tusb_config.h
e ../components/usb/usb_device_uvc/tusb/tusb_config.h
* /usb/device/usb_hid_device/hid_device/tusb_config.h

usb_descriptors.h 3 (W[ k)

SO R ICE: B E L USB #AFT . tinyusb $24E TR ZHEATFIURIMN, WEARAW R TR, MFEZE
H O & X —2% USB #iidff. FFEHEERZSEMH tinyusb PR SCIF ) — LS80 RF, X AR 7 3
B TR IR B AT R
A PAS % DU SCH R B -

e ../components/usb/usb_device_uac/tusb_uac/uac_descriptors.h

* ../components/usb/usb_device_uvc/tusb/usb_descriptors.h
* /usb/device/usb_hid_device/hid_device/usb_descriptors.h

usb_descriptors.c 3

z%fﬁ{ﬁz‘iﬁﬁifﬁ TIURBUl AT 5 R AL, 70 AR RO A HAAT ,  BCE TE B R AT R B4 55 1
DAY o

uint8_t const *tud_descriptor_device_cb (void);
uint8_t const *tud_descriptor_configuration_cb (uint8_t index);

uintl6_t const *tud_descriptor_string_cb (uint8_t index, uintlé6_t langid);

= b

o BUEAARFIR L BT R R K
o PO B AR AT O A 281 S R A 14 i S B S A

A PAZZ5 AR 3Ll :

e ../components/usb/usb_device_uvc/tusb/usb_descriptors.c
e ../components/usb/usb_device_uac/tusb/usb_descriptors.c
* /usb/device/usb_hid_device/hid_device/usb_descriptors.c

#4i1t USB Phy

WL AL AT USB Phy:
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static void usb_phy_init (void)
{
// Configure USB PHY
usb_phy_config_t phy_conf = {
.controller = USB_PHY_CTRL_OTG,
.otg_mode = USB_OTG_MODE_DEVICE,
.target = USB_PHY_TARGET_INT,
bi
usb_new_phy (&¢phy_conf, &s_uvc_device.phy_hdl);

QS ) 4R USB Phy, %1% A 938 PHY (ESP32-S2/53)

P41k TinyUSB B itk
B LA B AU

static void tusb_device_task (void *argqg)
{
while (1) {
tud_task () ;

int main (void) {
usb_phy_init ();
bool usb_init =
if (lusb_init) {
ESP_LOGE (TAG, "USB Device Stack Init Fail");
return ESP_FAIL;

tusb_init ();

3
xTaskCreatePinnedToCore (tusb_device_task, "TinyUSB", 4096, NULL, 5, NULL, O);

B e 20 55 v B
ARG IEA, Bh, B, KSR

// Invoked when device 1is mounted
void tud_mount_cb (void)

{

i

// Invoked when device 1s unmounted
void tud_umount_cb (void)

{

3

// Invoked when device is suspended

void tud_suspend_cb (bool remote_wakeup_en)
{

I3

// Invoked when usb bus is resumed
void tud_resume_cb (void)

{

i
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S8 USB Class [T 55k 8 i 4% .

USB Class i fit /" 2855 R HOR SEEA R T BE, BT RS LA UVC JRBIAHI. YRS SCHF video device
WL APL H] DA% I UVC Class 4245 7 P4~ e& BRI — [l R 48,

bool tud_video_n_streaming(uint_fast8_t ctl_idx, uint_fast8_t stm_idx);

bool tud_video_n_frame_xfer (uint_fast8_t ctl_idx, uint_fast8_t stm_idx, wvoid._
—~*buffer, size_t bufsize);

TU_ATTR_WEAK void tud_video_frame_xfer_ complete_cb (uint_fast8_t ctl_idx, uint_
—fast8_t stm_idx);

M ot P M tud_video_n_frame_xfer PR O K & o o— Wi K &, I #H o
tud_video_frame_xfer_complete_cb AT G AEHI 5.

HAMNATE Y USB Class i £ 45 —SERe5R 0 75 S, T U fifo K/NECE | A — 28T Rg. b an
UVC Class 1] %% CFG_TUD_VIDEO_STREAMING_EP_BUFSIZE ffl T & X% (video streaming
interface) i &5 [ buffer ¥R/,

5.2 USB ¥:HL9xg)

5.2.1 USB Stream #4ieM]

usb_stream & 5T ESP32-S2/ESP32-S3 ) USB UVC + UAC TAHLIKENARE, M USB ¥ 4 5HU/ S
NHERIZ A . Bl 2 SRS 1 Bk + 1 B2 0 + 1 IR S B it -

Ft:

1. SZfFilsd UVC Stream 3¢ HUARBUMIRIR ,  STRFLREAIE] 6 7l (e
2. 3¢Hpilad UAC Stream $5 MR 5o WAL, Al i Bl

3. Sffiad UAC Control 32 O I 22 v W& . i S 4rIE

4. SCRFE ST A il B AR A

5. SRR R R

USB Stream J] 23514

o FRR
1. ATRASE A3 USB 2 1117) ESP32-S2/ESP32-S3 Jf kc#t, YERE 1% USB #2 M 75 BLAg % n) Sk
G
* USB UVC IhfE
1. H kA3 25 USBL . 1 43 (Fullspeed) A3z
2. BB THFE B MIPEG He4i
3. Pt uve_streaming_config () PRELTF-BNFEEAMLEE 11 . A4 BRI 5L
4. E R sk, TR SRR E 1 MPS (Max Packet Size) 4 512
5. et EREHE R USB &4 Ea 56 /T 4 Mbps (500 KB/s)
6. MEALHR, EREIER USB 145 6715 96 /N 8.8 Mbps (1100 KB/s)
7. HEPRMNESK, 3% R GIFEF README.md
» USB UAC g
L ERIRELIAREA UAC 1.0 PpiY
2. (P EEEiduac_streaming config () EET-aM1EE spk/mic KRR, [V TESH
» USB UVC + UAC Jjfig
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1. UVC #1 UAC ZhRERT AR, B A0 il B UAC kBRI —A USB HAJL, =i {VflE UVC
HURZ—A USB #1153k

2. FRBS A M UVC + UAC, ZIKs 7 H Bl SR e A G L S i 0 = G4
(Composite Device), ANSZREFFERF MRS

USB Stream API £:°%

1. Pl uve_config_ t BLERB LA HEE. MRS, #Widuac_config_t FLEH MR
F. IEESE. AT

uvc_config_t uvc_config = {

.frame_width = 320, // mjpeg width pixel, for example 320

.frame_height = 240, // mjpeg height pixel, for example 240

.frame_interval = FPS2INTERVAL(15), // frame interval (100us units), such as.
—~15fps

.xfer_buffer_size = 32 * 1024, // single frame image size, need to be.
—determined according to actual testing, 320 * 240 generally less than 35KB

.xfer_buffer_a = pointer_buffer_a, // the internal transfer buffer

.xfer_buffer_b = pointer_buffer_b, // the internal transfer buffer

.frame_buffer_size = 32 * 1024, // single frame image size, need to determine.
—according to actual test

.frame_buffer = pointer_frame_buffer, // the image frame buffer

.frame_cb = &camera_frame_cb, //camera callback, can block in here

.frame_cb_arg = NULL, // camera callback args

}

uac_config_t uac_config = {
.mic_bit_resolution = 16, //microphone resolution, bits
.mic_samples_frequence = 16000, //microphone frequency, Hz
.spk_bit_resolution = 16, //speaker resolution, bits

.spk_samples_frequence = 16000, //speaker frequency, Hz
.spk_buf_size = 16000, //size of speaker send buffer, should be a multiple of.
—spk_ep_mps

.mic_buf_size = 0, //mic receive buffer size, 0 if not use, else should be a.
omultiple of mic_min_bytes
.mic_cb = &mic_frame_cb, //mic callback, can not block in here

.mic_cb_arg = NULL, //mic callback args
bi

2. ffi fluve_streaming config() Bt & UVC 3K g, 0 & & [ & 32 FF 5 4,
Huac_streaming config () BEtE UAC 3Kz
3. ffiflusb_streaming_start () FTHEIEG, 2 JGURSIREm B 1% £ 2 AT
4. %ggiﬂﬂﬁﬁﬂﬁﬂq)ﬁ?%ﬁlﬁﬂﬁ, VERLC R A AR AT, AR A O R B B 2K, IR
[/\ = = E%
5. UNSRAS T T L E BOK, USRI IN B (UVC A UAC Z e K) , HFFEHT a5 5tk
25 JE R R e el
L. 220 E5F% MIPEG BB )5, Rifilk UVC I EE. AT m R HZE, R EAEmm
SERAESS B SR AR
2. B mic_min_bytes FATEIE)G, K& mic A1, {H 2 X B A1 — 2 N B8 DA
A s PH 28, BN &R —Wipg i, R T ZEXT mic YEATRH ZE4:4E, W DA o
uac_mic_streaming_read %165 2 ACE B 5 =K
6. KR EesdRnr, Arliiduac_spk_streaming write () YIRS A NHR ringbuffer, 3
BIARFAE USB 25 PR B A SRR I ik OUT it
7. ffiflusb_streaming_control () #HIERAKE . QR UAC SCRpFRERTT, wlEE H A s
1l 22 v KRR s i & R A
8. ffiflush_streaming stop () {51 USB i, USB 14k 52 BT
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Bug #2715

ESP32-S2 ECOO 5 J4- SP1 41 USB [l £3J1, of it S8cht #eitah

1. fif LAY ESP32-S2 ECOO i A L, USB TT 15 ¢ SPI %t (ESP32-S2 #ihii 4~ >=ECO1 #l ESP32-
S3 ¥YAAFHE % Bug)
2. BRI R

* spi_ll.h #MPARHEEN

//components/hal/esp32s2/include/hal/spi_11.h
static inline uint32_t spi_11_tx_get_fifo_cnt (spi_dev_t *hw)
{

return hw->dma_out_status.out_fifo_cnt;

* WI'NAE spi_new_trans HIRMEISMEE

// The function is called to send a new transaction, in ISR or in the task.

// Setup the transaction-specified registers and linked-list used by the DMA (or.
FIFO if DMA is not used)

static void SPI_MASTER_ISR_ATTR spi_new_trans (spi_device_t *dev, spi_trans_priv_t.
—*trans_buf)

{

spi_hal_setup_trans (hal, hal_dev, &hal_trans);
spi_hal_prepare_data (hal, hal_dev, ¢&hal_trans);

//Call pre-transmission callback, if any
if (dev->cfg.pre_cb) dev->cfg.pre_cb(trans);

#if 1
//USB Bug workaround
//while (! ((spi_1ll_tx_get_fifo_cnt (SPI_LI_GET_HW (host->id)) == 12) || (spi_11_
—tx_get_fifo_cnt (SPI_LL_GET_HW(host->id)) == trans->length / 8))) {
while (trans->length && spi_11_tx_get_fifo_cnt (SPI_LL_GET_HW (host->id)) == 0) {
__asm__ __volatile__ ("nop");
__asm__ __volatile__ ("nop");
__asm__ __volatile__ ("nop");
3
#endif

//Kick off transfer
spi_hal_user_start (hal);

Examples
1. usb/host/usb_camera_mic_spk

2. usb/host/usb_camera_lcd_display
3. usb/host/usb_audio_player

API Reference

Header File

¢ components/usb/usb_stream/include/usb_stream.h

Functions
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esp_err_t uve_streaming_config (const uvc_config_t *config)

Config UVC streaming with user defined parameters.For normal use, user only need to specify no-optional
parameters, and set optional parameters to O (the driver will find the correct value from the device descriptors).
For quick start mode, user should specify all parameters manually to skip get and process descriptors steps.

%4 config —parameters defined in uvc_config_t
R Ia] esp_err_t ESP_ERR_INVALID_STATE USB streaming is running, user need to stop
streaming first ESP_ERR_INVALID_ARG Invalid argument ESP_OK Success
esp_err_t uac_streaming_config (const uac_config_t *config)

Config UAC streaming with user defined parameters.For normal use, user only need to specify no-optional
parameters, and set optional parameters to O (the driver will find the correct value from the device descriptors).
For quick start mode, user should specify all parameters manually to skip get and process descriptors steps.

%% config —parameters defined in uvc_config_t
R0 esp_err_t ESP_ERR_INVALID_STATE USB streaming is running, user need to stop
streaming first ESP_ERR_INVALID_ARG Invalid argument ESP_OK Success

esp_err_t usb_streaming_start (void)
Start usb streaming with pre-configs, usb driver will create internal tasks to handle usb data from stream pipe,

and run user’ s callback after new frame ready.

x| ESP_ERR_INVALID_STATE streaming not configured, or streaming running already
ESP_FAIL start failed ESP_OK start succeed

esp_err_t usb_streaming_stop (void)
Stop current usb streaming, internal tasks will be delete, related resource will be free.
&[] ESP_ERR_INVALID_STATE streaming not started ESP_ERR_TIMEOUT stop wait time-
out ESP_OK stop succeed
esp_err_t usb_streaming_connect_wait (size_t timeout_ms)
Wait for USB device connection.
%4 timeout_ms —timeout in ms
zA] esp_err_t ESP_ERR_INVALID_STATE: usb streaming not started ESP_ERR_TIMEOUT:
timeout ESP_OK: device connected
esp_err_t usb_streaming_state_register (state_callback_t cb, void *user_ptr)

This function registers a callback for USB streaming, please note that only one callback can be registered, the
later registered callback will overwrite the previous one.

S8
* cb —A pointer to a function that will be called when the USB streaming state changes.
* user_ptr —user_ptr is a void pointer.
R esp_err_t
e ESP_OK Success
* ESP_ERR_INVALID_STATE USB streaming is running, callback need register before
start

esp_err_t usb_streaming_control (usb_stream_t stream, stream_ctrl_t ctrl_type, void *ctrl_value)
Control USB streaming with specific stream and control type.
S
* stream —stream type defined in usb_stream_t
* ctrl_type —control type defined in stream_ctrl_t
e ctrl_value —control value
&zl ESP_ERR_INVALID_ARG invalid arg ESP_ERR_INVALID_STATE driver not config-
ured or not started ESP_ERR_NOT_SUPPORTED current device not support this control
type ESP_FAIL control failed ESP_OK succeed
esp_err_t uac_spk_streaming_write (void *data, size_t data_bytes, size_t timeout_ms)

Write data to the speaker buffer, will be send out when USB device is ready.
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S8
* data —The data to be written.
* data_bytes —The size of the data to be written.
* timeout_ms —The timeout value for writing data to the buffer.
&[] ESP_ERR_INVALID_STATE spk stream not config ESP_ERR_NOT_FOUND spk inter-
face not found ESP_ERR_TIMEOUT spk ringbuf full ESP_OK succeed

esp_err_tuac_mic_streaming_read (void *buf, size_t buf_size, size_t *data_bytes, size_t timeout_ms)

Read data from internal mic buffer, the actual size will be returned.

* buf —pointer to the buffer to store the received data
* buf_size —The size of the data buffer.
e data_bytes —The actual size read from buffer
* timeout_ms —The timeout value for the read operation.
&zl ESP_ERR_INVALID_ARG parameter error ESP_ERR_INVALID_STATE mic stream not
config ESP_ERR_NOT_FOUND mic interface not found ESP_TIMEOUT timeout ESP_OK
succeed

esp_err_tuac_frame_size_list_get (usb_stream_t stream, uac_frame_size_t *frame_list, size_t
*]ist_size, size_t *cur_index)

Get the audio frame size list of current stream, the list contains audio channel number, bit resolution and
samples frequency. IF list_size equals 1 and the samples_frequence equals 0, which means the frequency can
be set to any value between samples_frequence_min and samples_frequence_max.

* stream —the stream type
* frame_list —the output frame list, NULL to only get the list size
e list_size —frame list size
e cur_index —current frame index
Rl esp_err_t
e ESP_ERR_INVALID_ARG Parameter error
« ESP_ERR_INVALID_STATE USB device not active
e ESP_OK Success

esp_err_tuac_frame_size_reset (usb_stream_t stream, uint§_t ch_num, uint16_t bit_resolution, uint32_t
samples_frequence)

Reset audio channel number, bit resolution and samples frequency, please reset when the streaming in suspend
state. The new configs will be effective after streaming resume.

BY

* stream —stream type

* ch_num —audio channel numbers

e bit_resolution —audio bit resolution

* samples_frequence —audio samples frequency
Rl esp_err_t

* ESP_ERR_INVALID_ARG Parameter error

« ESP_ERR_INVALID_STATE USB device not active

* ESP_ERR_NOT_FOUND frequency not found

* ESP_OK Success

e ESP_FAIL Reset failed

esp_err_tuve_frame_size_list_get (uvc_frame_size_t *frame_list, size_t *list_size, size_t *cur_index)

Get the frame size list of current connected camera.

S8
* frame_list —the frame size list, can be NULL if only want to get list size
e list_size —the list size
e cur_index —current frame index
Bl esp_err_t ESP_ERR_INVALID_ARG parameter error ESP_ERR_INVALID_STATE uvc
stream not config or not active ESP_OK succeed
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esp_err_tuve_frame_size_reset (uintl6_t frame_width, uint16_t frame_height, uint32_t frame_interval)

Reset the expected frame size and frame interval, please reset when uvc streaming in suspend state.The new
configs will be effective after streaming resume.

Note: frame_width and frame_height can be set to 0 at the same time, which means no change on frame size.

S8
* frame_width —frame width, FRAME_RESOLUTION_ANY means any width
* frame_height —frame height, FRAME_RESOLUTION_ANY means any height
» frame_interval —frame interval, O means no change

R A] esp_err_t

Structures

struct uve_config

UVC configurations, for params with (optional) label, users do not need to specify manually, unless there is a
problem with descriptors, or users want to skip the get and process descriptors steps.

Public Members

uintl6_t frame_width
Picture width, set FRAME_RESOLUTION_ANY for any resolution

uint16_t frame_height
Picture height, set FRAME_RESOLUTION_ANY for any resolution

uint32_t frame_interval

Frame interval in 100-ns units, 666666 ~ 15 Fps

uint32_t xfer_buffer_ size

Transfer buffer size, using double buffer here, must larger than one frame size

uint8_t *xfer_buffer_a

Buffer a for usb payload

uint8_t *xfer_buffer_ b

Buffer b for usb payload

uint32_t frame_buffer_size

Frame buffer size, must larger than one frame size

uint8_t *frame_buffer

Buffer for one frame

uvc_frame_callback_t frame_cb

callback function to handle incoming frame

void *frame_cb_arg

callback function arg
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uve_format_t format

(optional) UVC stream format, default using MJPEG Optional configs, Users need to specify parameters
manually when they want to skip the get and process descriptors steps (used to speed up startup)

uvc_xfer_t xfer_type
(optional) UVC stream transfer type, UVC_XFER_ISOC or UVC_XFER_BULK

uint§_t format_index

(optional) Format index

uint§_t frame_index

(optional) Frame index, to choose resolution

uintl6_t interface

(optional) UVC stream interface number

uintl6_t interface_alt
(optional) UVC stream alternate interface, to choose MPS (Max Packet Size), bulk fix to O

uint8_t ep_addr

(optional) endpoint address of selected alternate interface

uint32_t ep_mps
(optional) MPS of selected interface_alt

uint32_t £lags

(optional) flags to control the driver behavers

structmic_frame_t

mic frame type

Public Members

void *data

mic data

uint32_t data_bytes

mic data size

uintl6_tbit_resolution

bit resolution in buffer

uint32_t samples_frequence

mic sample frequency

struct uve_frame_size_t

uvc frame type
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Public Members

uintl6_t width

frame width

uintl6_t height
frame height

uint32_t interval

frame interval

uint32_t interval_min

frame min interval

uint32_t interval_max

frame max interval

uint32_t interval_step

frame interval step

struct uac_frame_size_t

uac frame type

Public Members

uint§_t ch_num

channel numbers

uintl6_tbit_resolution

bit resolution in buffer

uint32_t samples_frequence

sample frequency

uint32_t samples_frequence_min

min sample frequency

uint32_t samples_frequence_max

max sample frequency
struct uac_config_t

UAC configurations, for params with (optional) label, users do not need to specify manually, unless there is a
problem with descriptor parse, or a problem with the device descriptor.

Public Members

uint8_t spk_ch_num

speaker channel numbers, UAC_CH_ANY for any channel number
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uint8_tmic_ch_num

microphone channel numbers, UAC_CH_ANY for any channel number

uintl6_tmic_bit_resolution

microphone resolution(bits), UAC_BITS_ANY for any bit resolution

uint32_tmic_samples_frequence
microphone frequency(Hz), UAC_FREQUENCY_ANY for any frequency

uintl6_t spk_bit_resolution
speaker resolution(bits), UAC_BITS_ANY for any

uint32_t spk_samples_frequence
speaker frequency(Hz), UAC_FREQUENCY_ANY for any frequency

uint32_t spk_buf_size
size of speaker send buffer, should be a multiple of spk_ep_mps

uint32_tmic_buf_size

mic receive buffer size, O if not use

mic_callback_t mic_cb

mic callback, can not block in here!, NULL if not use

void *mic_cb_arg

mic callback args, NULL if not use Optional configs, Users need to specify parameters manually when
they want to skip the get and process descriptors steps (used to speed up startup)

uintl6_tmic_interface

(optional) microphone stream interface number, set O if not use

uint§_tmic_ep_addr

(optional) microphone interface endpoint address

uint32_tmic_ep_mps

(optional) microphone interface endpoint mps

uint16_t spk_interface

(optional) speaker stream interface number, set O if not use

uint8_t spk_ep_addr

(optional) speaker interface endpoint address

uint32_t spk_ep_mps

(optional) speaker interface endpoint mps

uintl6_t ac_interface

(optional) audio control interface number, set 0 if not use
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uint§_tmic_fu_id

(optional) microphone feature unit id, set O if not use

uint8_t spk_fu_id

(optional) speaker feature unit id, set O if not use

uint32_t £lags

(optional) flags to control the driver behavers

Macros

FRAME_RESOLUTION_ANY

any uvc frame resolution

UAC_FREQUENCY_ANY

any uac sample frequency

UAC_BITS_ANY

any uac bit resolution

UAC_CH_ANY
any uac channel number

FPS2INTERVAL (fps)

convert fps to uvc frame interval

FRAME_INTERVAL FPS_5
5 fps

FRAME_INTERVAL_FPS_10
10 fps

FRAME_INTERVAL_FPS_15
15 fps

FRAME_INTERVAL_FPS_20
20 fps

FRAME_INTERVAL_FPS_30
25 fps

FLAG_UVC_SUSPEND_AFTER_START

suspend uvc after usb_streaming_start

FLAG_UAC_SPK_SUSPEND_AFTER_START

suspend uac speaker after usb_streaming_start

FLAG_UAC_MIC_SUSPEND_AFTER_START

suspend uac microphone after usb_streaming_start
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Type Definitions

typedef struct uvc_config uve_config_t

UVC configurations, for params with (optional) label, users do not need to specify manually, unless there is a
problem with descriptors, or users want to skip the get and process descriptors steps.

typedef void (*mic_callback_t)(mic_frame_t *frame, void *user_ptr)

user callback function to handle incoming mic frames

typedef void (*state_callback_t)(usb_stream_state_t state, void *user_ptr)

user callback function to handle usb device connection status

Enumerations

enum uvce_xfer_t

UVC stream usb transfer type, most camera using isochronous mode, bulk mode can also be support for higher
bandwidth.

Values:

enumerator UVC_XFER_ISOC

Isochronous Transfer Mode

enumerator UVC_XFER_BULK
Bulk Transfer Mode

enumerator UVC_XFER_UNKNOWN
Unknown Mode

enum usb_stream_t
UVC stream format type, default using MJIPEG format,.
Stream id, used for control

Values:

enumerator STREAM_UVC

usb video stream

enumerator STREAM_UAC_SPK

usb audio speaker stream

enumerator STREAM_UAC_MIC

usb audio microphone stream

enumerator STREAM MAX

max stream id

enum usb_stream_state_t

USB device connection status.

Values:

enumerator STREAM CONNECTED
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enumerator STREAM_DISCONNECTED

enum stream_ctrl_t

Stream control type, which also depends on if device support.

Values:

enumerator CTRL__NONE

None

enumerator CTRL__SUSPEND
streaming suspend control. ctrl_data NULL

enumerator CTRL_RESUME

streaming resume control. ctrl_data NULL

enumerator CTRL_UAC_MUTE

mute control. ctrl_data (false/true)

enumerator CTRL,_UAC_VOLUME

volume control. ctrl_data (0~100)

enumerator CTRL_MAX

max type value

5.2.2 ESP MSC OTA

esp_msc_ota ;23§ USB MSC [1] OTA UKEhAE)y, B Hfild USB M U it fUfe e, besx4EE OTA
X, T SEE OTA THEHIIIRE .

TR
1. S7ZFpE USB 22 0428 U %, 528 OTA F+4%

2. 3CFF U PR
i

B PERT R

o (AT USB 5 [11#) ESP32-S2/ESP32-S3/ESP32-P4 FF- % #z, H. USB $ [ 75 ELRENS ] St Hy
o i BOT ({UBRAZHALY) PRI Transparent SCSI iy 4EMHT U 4.

SR
« A4 OTA /X
fe 5

1. VA esp_msc_host_install #1454k MSC EHLIK ST
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esp_msc_host_config_t msc_host_config = {
.base_path = "/usb",
.host_driver_config = DEFAULT_MSC_HOST_DRIVER_CONFIG(),
.vEfs_fat_mount_config = DEFAULT_ESP_VFS_FAT_MOUNT_CONFIG (),
.host_config = DEFAULT_USB_HOST_CONFIG ()

bi

esp_msc_host_handle_t host_handle = NULL;

esp_msc_host_install (&émsc_host_config, &host_handle);

2. W esp_msc_ota 5% i, OTA J} 2. i# id ota_bin_path $§ F OTA X {4 ¥ &£, & i
wait_msc_connect $§E%EHE U #4H AMINA], BALL A freertos tick,

esp_msc_ota_config_t config = {
.ota_bin_path = "/usb/ota_test.bin",
.wait_msc_connect = pdMS_TO_TICKS (5000),
bi

esp_msc_ota (&confiqg);

3. B esp_event_handler_register Y3 MR AL THAR Y, FREX ota i3 FR4H7Y .

esp_event_loop_create_default ();
esp_event_handler_register (ESP_MSC_OTA_EVENT, ESP_EVENT_ANY_ID, &event_handler, .
~NULL) ;

API Reference

Header File

¢ components/usb/esp_msc_ota/include/esp_msc_ota.h

Functions
esp_err_t esp_msc_ota_begin (esp_msc_ota_config_t *config, esp_msc_ota_handle_t *handle)

Start MSC OTA Firmware upgrade.

If this function succeeds, then call esp_msc_ota_performto continue with the OTA process otherwise
call esp_msc_ota_end.

SH
* config —[in] pointer to esp_msc_ota_config_t structure
* handle —[out] pointer to an allocated data of type esp_msc_ota_handle_t which

will be initialised in this function

B
* ESP_OK on success
e ESP_ERR_INVALID_ARG: Invalid argument (missing/incorrect config, handle, etc.)
* ESP_ERR_NO_MEM: Failed to allocate memory for msc_ota handle
» ESP_FAIL: For generic failure.

esp_err_t esp_msc_ota_perform (esp_msc_ota_handle_t handle)

Read data from the firmware on the USB flash drive and start the upgrade,.

It is necessary to call this function several times and ensure that the value returned each time is ESP_OK.
and call esp_msc_ota_is_complete_data_received to monitor whether the firmware upgrade is
complete or not. Make sure that the VES file system is not unmounted during the fread process. If you
manually unplug the USB flash drive or log out of the USB HOST, stop calling esp_msc_ota_perform
before and call esp_msc_ota_abort afterwards.

%% handle —[in] Handle for the MSC ota
izl
e ESP_OK on success
* ESP_ERR_INVALID_ARG: Invalid argument
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¢ ESP_ERR_INVALID_STATE: Invalid state (handle not initialized, etc.)
e ESP_ERR_INVALID_SIZE: Fread failed
» ESP_FAIL: For generic failure.
* For other errors, please check the API for the specific error.
esp_err_t esp_msc_ota_end (esp_msc_ota_handle_t handle)

Clean-up MSC OTA Firmware upgrade.

241k:  If this API returns successfully, esp_restart() must be called to boot from the new firmware image
esp_https_ota_finish should not be called after calling esp_msc_ota_abort

%% handle —[in] Handle for the MSC ota
RE

ESP_ERR_INVALID_ARG: Invalid argument

* ESP_ERR_INVALID_STATE: Incorrect status

ESP_OK: Success

* For other errors, please check the API for the specific error.

esp_err_t esp_msc_ota_abort (esp_msc_ota_handle_t handle)

Clean-up MSC OTA Firmware upgrade and call esp_ota_abort

$411:: esp_msc_ota_abort should not be called after calling esp_msc_ota_{finish

%% handle —[in] Handle for the MSC ota
B
* ESP_ERR_INVALID_ARG: Invalid argument
ESP_ERR_INVALID_STATE: Incorrect status
ESP_OK: Success
* For other errors, please check the API for the specific error.

esp_err_t esp_msc_ota (esp_msc_ota_config_t *config)
MSC OTA Firmware upgrade.

This function provides a complete set of MSC_OTA upgrade procedures. When the USB flash disk is inserted,
it will be upgraded automatically. After the upgrade is completed, please call esp_restart ()

%% config —[in] pointer to esp_msc_ota_config_t structure
B

* ESP_OK on success

e ESP_ERR_INVALID_ARG: Invalid argument

¢ ESP_OK: Success

* For other errors, please check the API for the specific error.

esp_err_t esp_msc_ota_get_img_desc (esp_msc_ota_handle_t handle, esp_app_desc_t *new_app_info)

Reads app description from image header. The app description provides information like the “Firmware
version” of the image.

S8

* handle —[in] pointer to esp_msc_ota_config_t structure

* new_app_info —[out] pointer to an allocated esp_app_desc_t structure
B

e ESP_OK on success

* ESP_ERR_INVALID_ARG: Invalid argument

e ESP_ERR_INVALID_STATE: Incorrect status

* ESP_FAIL: Fail to read image header
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esp_err_t esp_msc_ota_set_msc_connect_state (esp_msc_ota_handle_t handle, bool if_connect)

When you manage the MSC HOST function, call this api to notify msc_ota that the u-disk has been inserted
and the VFS filesystem has been mounted.

ZH
* handle —[in] Handle for the MSC ota
e if connect —[in]

R[] alaways return ESP_OK

esp_msc_ota_status_t esp_msc_ota_get_status (esp_msc_ota_handle_t handle)
Get the status of the MSC ota.

%% handle —[in] Handle for the MSC ota
JRA] esp_msc_ota_status_t

bool esp_msc_ota_is_complete_data_received (esp_msc_ota_handle_t handle)
Checks if complete data was received or not.

This API can be called just before esp_msc_ota_end() to validate if the complete image was indeed received.

%% handle [in] Handle for the MSC ota
‘Al true
RIn| false

Structures

struct esp_msc_ota_config_t

esp msc ota config

Public Members

const char *ota_bin_path

OTA binary name, must be an exact match. Note: By default file names cannot exceed 11 bytes e.g.
“/usb/ota.bin”

bool bulk_flash_erase

Erase entire flash partition during initialization. By default flash partition is erased during write operation
and in chunk of 4K sector size

bool skip_msc_connect_wait

Skip waiting for MSC device to connect, if true means MSC device is already connected

TickType_t wait_msc_connect

Wait time for MSC device to connect

size_tbuffer_size

Buffer size for OTA write operation, must larger than 1024

Type Definitions

typedef void *esp_msc_ota_handle_t
Handle for the MSC ota.
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Enumerations

enum esp_msc_ota_event_t
Declare Event Base for ESP MSC OTA.

Values:

enumerator ESP_MSC_OTA_START
Start update

enumerator ESP_MSC_OTA_READY_UPDATE
Ready to update

enumerator ESP_MSC_OTA_WRITE_FLASH

Flash write operation

enumerator ESP_MSC_OTA_FAILED
Update failed

enumerator ESP_MSC_OTA_GET_IMG_DESC

Get image description

enumerator ESP_MSC_OTA_VERIFY_CHIP_ID
Verify chip id

enumerator ESP_MSC_OTA_UPDATE_BOOT_PARTITION

Boot partition update after successful ota update

enumerator ESP_MSC_OTA_FINISH
OTA finished

enumerator ESP_MSC_OTA_ABORT
OTA aborted

enum esp_msc_ota_status_t

Values:

enumerator ESP_MSC_OTA_INIT
enumerator ESP_MSC_OTA_BEGIN
enumerator ESP_MSC_OTA_IN_PROGRESS

enumerator ESP_MSC_OTA_SUCCESS

5.2.3 USB ¥4 CDC

iot_usbh_cdc LI T — USB 4L CDC KB fLiA<. % APT #3125l T ESP-IDF UART
URENARY, WIAE—LE H AL UART, PR SEHM UART #| USB 1yiTF% .
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(KK ]

1. ff }} usbh_cdc_driver_install FEL¥, H F 7] DARC# 4F USB CDC K zh %)y, I i i
skip_init_usb_host_driver Bl EI, ZE4:NERFIIG4L LT USB HOST Driver #p3s4: »

/* %% USB cDC W, H w3 WML NI USB Host Driver itk */
usbh_cdc_driver_config_t config = {

.driver_task_stack_size = 1024 * 4,

.driver_task_priority = 5,

.xCoreID = 0,

.skip_init_usb_host_driver = false,

.new_dev_cb = cdc_new_dev_cb,
Fi

2. ffiff] usbh_cdc_create &, /0 DAfR EAELE itf_num 32 [1-5-F1 PN ER ringbuffer {4 R/, BRI
24, H PR ] DABCE ISP [ %L connect disconnect recv_data:

/* %% USB M cpc W AR )F, BE bulk 3 A M A F A ringbuffer W oK/ */

usbh_cdc_device_config_t dev_config = {
.vid = 0,
.pid = O,

Litf_num = 1,

/r* W BAE A 0, WEHAKIZ ringbuffer */
.rx_buffer_size = 2048,

.tx_buffer_size = 2048,

.cbs = {
.connect = cdc_connect_cb,
.disconnect = cdc_disconnect_cb,

.user_data = NULL
by
bi

usbh_cdc_handle_t handle = NULL;
usbh_cdc_create (&dev_config, &handle);

/W RRAPREFER SN NED, TURXERE +/
#1f (EXAMPLE_BULK_ITF _NUM > 1)

config.itf_num = 3;

usbh_cdc_handle_t handle2 = NULL;
usbh_cdc_create (&dev_config, &handle2);

#endif

3. SRR RIS, PNFRIRSHLRE H s AL 3 USB 1) #uidk .

4. I ERE G, FVLR H M CDC &% % 2 USB %4 3| W &8 ringbuffer, PR DA%R M
usbh_cdc_get_rx_buffer_size PAREHUG M IS /N, B0 22 A o] 9 DATE B30 1 45
SAHIEIEAL. Y5 usbh_cde._read_bytes 1AM T BRI

5. usbh_cdc_write_bytes A DA H T [ USB &% % & ik £ #l. 048 & e 9 5 A W B 1%
ringbuffer, SRJ57E USB W= R} &kt %

6. usbh_cdc_delete FJ A USB CDC 4%, BEjitds ringbuffer DA J FoAh PR

7. usbh_cdc_driver_uninstall R PASE4#E# USB WXL LA I A %k

AN I N3 ringbuffer

AASAEE ] PN ringbuffer, WJDARE rx_buffer_size fil tx_buffer_size N 0.

/* Z ¥ USB E M cpc W AT, BE bulk ¥ A H AN B ringbuffer B KN */
usbh_cdc_device_config_t dev_config = {
.vid = 0,
.pid = O,
Litf_num

=1
/* A R

0, WAREHWAKII ringbuffer */

Q)
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(& b))

.rx_buffer_size = 0,
.tx_buffer_size = 0,
.cbs = {

/r REBEWRERE K </

.recv_data = cdc_recv_data_cb,

.connect = cdc_connect_cb,

.disconnect = cdc_disconnect_cb,

.user_data = NULL
|
bi

usbh_cdc_handle_t handle = NULL;
usbh_cdc_create (&dev_config, &handle);

/W RRAPREFER SN NERD, TURXHFRE +/
#1f (EXAMPLFE_BULK_ITF_NUM > 1)

config.itf_num = 3;

usbh_cdc_handle_t handle?2 = NULL;
usbh_cdc_create (&dev_config, &handle2);

#endif

1. WRLE recv_data MITEKE, SAERZI, 20 HIZ R KEL

2. %F | R %L 8 ] usbh_cdc_get_rx_buffer_size K BUECIE K /N, R A
usbh_cdc_read_bytes ESEHE. W& ticks_to_wait ZEUVINE N 0, A LiiEsEEEL.

3. R FETERELIE, AIPAE usbh_cdc_write_bytes &AiEHIE, HHEHE ticks_to_wait
S48, AIDARCESEAFIT ], WRAERERS, FFR W] ESP_ERR_TIMEOUT 4%,

B

usb/host/usb_cdc_basic

API %

Header File

» components/usb/iot_usbh_cdc/include/iot_usbh_cdc.h

Functions
esp_err_t usbh_cdc_driver_install (const usbh_cdc_driver_config_t *config)

Install the USB CDC driver.

This function installs and initializes the USB CDC driver. It sets up internal data structures, creates necessary
tasks, and registers the USB host client. If the USB host driver is not already initialized, it will create and
initialize it.

The function performs the following steps:

Verifies input arguments and state.

Optionally initializes the USB host driver.

. Allocates memory for the USB CDC object.

. Creates necessary synchronization primitives (event group, mutex).
. Creates the driver task.

. Registers the USB host client with the provided configuration.

g. Initializes the CDC driver structure and resumes the driver task.

0 a0 o

In case of an error, the function will clean up any resources that were allocated before the failure occurred.
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412 If the skip_init_usb_host_driver flag in the config is set to true, the function will skip the
USB host driver initialization.

%%, config —Pointer to a configuration structure (usbh_cdc_driver_config_t) that
specifies the driver’ s settings such as task stack size, priority, core affinity, and new device
callback.

B

» ESP_OK: Driver installed successfully

* ESP_ERR_INVALID_ARG: Null configuration parameter or invalid arguments
* ESP_ERR_INVALID_STATE: USB CDC driver already installed

* ESP_ERR_NO_MEM: Memory allocation failed

* ESP_FAIL: Failed to create necessary tasks or USB host installation failed

esp_err_t usbh_cdc_driver_uninstall (void)
Uninstall the USB CDC driver.

This function uninstalls the USB CDC driver, releasing any allocated resources and stopping all driver-related
tasks. It ensures that all CDC devices are closed before proceeding with the uninstallation.
B
* ESP_OK: Driver uninstalled successfully

e ESP_ERR_INVALID_STATE: Driver is not installed or devices are still active
* ESP_ERR_NOT_FINISHED: Timeout occurred while waiting for the CDC task to finish

esp_err_t usbh_cdc_create (const usbh_cdc_device_config_t *config, usbh_cdc_handle_t *cdc_handle)
Create a new USB CDC device handle.

This function allocates and initializes a new USB CDC device based on the provided configuration, including
setting up the ring buffers for data transmission and reception, and searching for and opening the appropriate
USB device.

SH
¢ cdc_handle {out] Pointer to a variable that will hold the created CDC device handle
upon successful creation
* config —[in] Pointer to a usbh_cdc_device_config_t structure containing the
configuration for the new device, including vendor ID (VID), product ID (PID), and buffer
sizes
B
» ESP_OK: CDC device successfully created
e ESP_ERR_INVALID_STATE: USB CDC driver is not installed
* ESP_ERR_INVALID_ARG: Null cdc_handle or config parameter
e ESP_ERR_NO_MEM: Memory allocation failed or ring buffer creation failed
o ESP_FAIL: Failed to open the CDC device

esp_err_t usbh_cdc_delete (usbh_cdc_handle_t cdc_handle)
Delete a USB CDC device handle.

This function deletes the specified USB CDC device handle, freeing its associated resources, including ring
buffers and semaphores.

$411: When deleting the device, please avoid writing or reading data.

%%, cdc_handle —[in] The CDC device handle to delete

&I
» ESP_OK: CDC device deleted successfully
« ESP_ERR_INVALID STATE: USB CDC driver is not installed
* ESP_ERR_INVALID_ARG: Invalid CDC handle provided
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esp_err_t usbh_cdc_send_custom_request (usbh_cdc_handle_t cdc_handle, uint8_t bmRequestType,
uint8_t bRequest, uint16_t wValue, uint16_t windex,
uint16_t wLength, uint8_t *data)

Send a custom control request to the USB CDC device.

This function sends a custom control request to the USB CDC device with the specified parameters. It can be
used for both IN and OUT transfers.

2H
¢ cdc_handle —{in] The CDC device handle
* bmRequestType —[in] The request type bitmask
* bRequest —[in] The request ID
* wValue —[in] The request value
* wIndex —[in] The request index
* wLength —[in] The length of data to transfer
¢ data —[inout] Pointer to the data buffer:
— For OUT transfers: data to be sent to device
— For IN transfers: buffer to store received data
PEA ]
» ESP_OK: Request sent successfully
* ESP_ERR_INVALID_ARG: Invalid arguments (NULL handle/data buffer)
e ESP_ERR_INVALID_STATE: Device is not connected
e ESP_ERR_TIMEOUT: Control transfer timed out
e ESP_ERR_INVALID_RESPONSE: Control transfer failed

esp_err_t usbh_cdc_write_bytes (usbh_cdc_handle_t cdc_handle, const uint8_t *buf, size_t length,
TickType_t ticks_to_wait)

Write data to the USB CDC device.

With internal ring buffer, this function writes data to the specified USB CDC device by pushing the data into
the output ring buffer. If the buffer is full or the device is not connected, the write will fail.

Without internal ring buffer, this function writes data to the specified USB CDC device by sending data directly
to the device. Please set the ticks_to_wait for blocking write.

S8
* cdc_handle —{in] The CDC device handle
e buf [in] Pointer to the data buffer to write
* length —[in] Pointer to the length of data to write. On success, it remains unchanged,
otherwise set to 0.
* ticks_to_wait —[in] The maximum amount of time to wait for the write operation
to complete

* ESP_OK: Data written successfully
o ESP_ERR_INVALID_ARG: Invalid argument (NULL handle, buffer, or length)
e ESP_ERR_INVALID_STATE: Device is not connected

esp_err_t usbh_cdc_read_bytes (usbh_cdc_handle_t cdc_handle, uint8_t *buf, size_t *length, TickType_t
ticks_to_wait)

Read data from the USB CDC device.

With internal ring buffer, this function reads data from the specified USB CDC device by popping data from
the input ring buffer. If no data is available or the device is not connected, the read will fail.

Without internal ring buffer, this function reads data from the specified USB CDC device by receiving data
directly from the device. You can call this function in the recv_data callback function. Please set ticks_to_wait
to zero for non-blocking read.

S
* cdc_handle —[in] The CDC device handle
¢ buf —[out] Pointer to the buffer where the read data will be stored
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* length [inout] Pointer to the length of data to read. On success, it is updated with the
actual bytes read.

* ticks_to_wait —[in] The maximum amount of time to wait for the read operation to
complete

Bl

» ESP_OK: Data read successfully

e ESP_FAIL: Failed to read data

* ESP_ERR_INVALID_ARG: Invalid argument (NULL handle, buffer, or length)

e ESP_ERR_INVALID_STATE: Device is not connected

esp_err_t usbh_cdc_flush_rx_buffer (usbh_cdc_handle_t cdc_handle)
Flush the receive buffer of the USB CDC device.

This function clears the receive buffer, discarding any data currently in the buffer.
Not supported for no internal ring buffer mode.

%4 cdc_handle —[in] The CDC device handle
PEA ]
» ESP_OK: Receive buffer flushed successfully
* ESP_ERR_INVALID_ARG: Invalid CDC handle provided
e ESP_ERR_NOT_SUPPORTED: Not supported for no internal ring buffer mode

esp_err_t usbh_cdc_flush_tx_buffer (usbh_cdc_handle_t cdc_handle)
Flush the transmit buffer of the USB CDC device.

This function clears the transmit buffer, discarding any data currently in the buffer.
Not supported for no internal ring buffer mode.

%% cdc_handle —[in] The CDC device handle
Bl
* ESP_OK: Transmit buffer flushed successfully
* ESP_ERR_INVALID_ARG: Invalid CDC handle provided
* ESP_ERR_NOT_SUPPORTED: Not supported for no internal ring buffer mode

esp_err_t usbh_cdc_get_rx_buffer_size (usbh_cdc_handle_t cdc_handle, size_t *size)
Get the size of the receive buffer of the USB CDC device.

This function retrieves the current size of the receive buffer in bytes.

For no internal ring buffer, you can call this function in the recv_data callback function.

ZH

e cdc_handle —{in] The CDC device handle

* size —[out] Pointer to store the size of the receive buffer
Bzl

» ESP_OK: Size retrieved successfully

* ESP_ERR_INVALID_ARG: Invalid CDC handle provided

esp_err_t usbh_cdc_register_new_dev_cb (usbh_cdc_new_dev_cb_t new_dev_cb, void *user_data)
Register an additional callback function for new device detection.

This function registers a callback that will be invoked when a new USB CDC device is connected. The callback
will be automatically unregistered when usbh_cdc_driver_uninstall() is called.

* new_dev_cb —[in] Callback function to be called when a new device is connected
* user_data —[in] User data pointer that will be passed to the callback function

B

ESP_OK: Callback registered successfully
¢ ESP_ERR_INVALID_ARG: Invalid CDC handle or callback function
ESP_ERR_NO_MEM: Failed to allocate memory for callback registration
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esp_err_t usbh_cdc_unregister_new_dev_cb (usbh_cdc_new_dev_cb_t new_dev_cb)

Unregister the new device callback which same as the one registered by usbh_cdc_register_new_dev_cb.

%% new_dev_cb —[in] The new device callback function to unregister
B

* ESP_OK: Callback unregistered successfully

« ESP_ERR_INVALID_ARG: Invalid callback function

esp_err_t usbh_cdc_get_state (usbh_cdc_handle_t cdc_handle, usbh_cdc_state_t *state)
Get the connect state of given interface.
SH

* cdc_handle —{in] The CDC device handle
e state —[out] Pointer to store the connect state
PEA ]
* ESP_OK: Size retrieved successfully
* ESP_ERR_INVALID_ARG: Invalid CDC handle provided

esp_err_t usbh_cdc_desc_print (usbh_cdc_handle_t cdc_handle)
Print the USB CDC device descriptors.

This function retrieves and prints the USB device and configuration descriptors for the specified USB CDC
device. It checks that the device is properly connected and open before retrieving and printing the descriptors.

%% cdc_handle —[in] The CDC device handle
B
» ESP_OK: Descriptors printed successfully
e ESP_ERR_INVALID_ARG: Invalid CDC handle provided
* ESP_ERR_INVALID_STATE: Device is not connected or not yet open

Structures

struct usbh_cdc_driver_config_t

CDC driver configuration.

Public Members

size_t task_stack_size

Stack size of the driver’ s task

unsigned task_priority

Priority of the driver’ s task

int task_coreid

Core of the driver’ s task, Set it to -1 to not specify the core.

bool skip_init_usb_host_driver

Skip initialization of USB host driver

usbh_cdc_new_dev_cb_t new_dev_cb

Callback function when a new device is connected

void *user_data

Pointer to user data that will be passed to the callbacks
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struct usbh_cdc_event_callbacks_t

Callback structure for CDC device events.

Public Members

usbh_cdc_event_cb_t connect
USB connect callback, set NULL if use

usbh_cdc_event_cb_t disconnect
USB disconnect callback, set NULL if not use

usbh_cdc_event_cb_t recv_data
USB receive data callback, set NULL if not use

usbh_cdc_notif_cb_t notif_cb
USB notification callback, set NULL if not use

void *user_data

Pointer to user data that will be passed to the callbacks

struct usbh_cdc_config

Configuration structure for initializing a USB CDC device.

Public Members

uintl6_t vid

Vendor ID: If set, the pid parameter must be configured If not set, it will default to opening the first
connected device

uint16_t pid

Product ID: If set, the vid parameter must be configured If not set, it will default to opening the first
connected device

intitf_num

interface numbers

size_t rx_buffer_ size

Size of the receive ringbuffer size, if set to 0, not use ringbuffer

size_ttx_buffer_ size

Size of the transmit ringbuffer size, if set to 0, not use ringbuffer

usbh_cdc_event_callbacks_t cbs
Event callbacks for the CDC device
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Macros

CDC_HOST_ANY_VID

CDC_HOST_ANY_PID

Type Definitions

typedef struct usbh_cdc_t *usbh_cdc_handle_t

typedef void (*fusbh_cdc_new_dev_cb_t)(usb_device_handle_t usb_dev, void *user_data)
New USB device callback.

Provides already opened usb_dev, that will be closed after this callback returns. This is useful for peeking
device’ s descriptors, e.g. peeking VID/PID and loading proper driver.

Attention This callback is called from USB Host context, so the CDC device can’ t be opened here.

typedef void (*usbh_cdc_event_cb_t)(usbh_cdc_handle_t cdc_handle, void *user_data)
Callback structure for CDC device events.
Param cdc_handle [in] Handle to the CDC device that sent the notification
Param user_data [in] User data pointer that was passed during callback registration

typedef void (*fusbh_cdc_notif_cb_t)(usbh_cdc_handle_t cdc_handle, iot_cdc_notification_t *notif, void
*user_data)

Callback function for CDC device notifications.

This callback is invoked when a CDC device sends a notification event. The notification data is passed through
the notif parameter.

Param cdc_handle [in] Handle to the CDC device that sent the notification
Param notif [in] Pointer to the notification data structure containing notification details
Param user_data [in] User data pointer that was passed during callback registration

typedef struct usbh_cdc_config usbh_cdc_device_config_t

Configuration structure for initializing a USB CDC device.

Enumerations

enum usbh_cdc_state_t
State of the USB CDC device.

Values:

enumerator USBH_CDC_CLOSE
enumerator USBH_CDC_OPEN

enumerator USBH_CDC_ STATE_MAX
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5.24 USB PPP

PPP J2—7fi ) 2% i fig h BL Ak ) 14 . PPP #38 (Point-to-Point Protocol) J&—FEiasiis Z L, E@h
T[] &5 BT ) AL S 5l B ORR 1) 1R BB T B T o XA SR (b e 00T 384, 45 IR A% i e dl
Blo PPP O SETA AP AL AR ol e ) ] B R AR AL — b Sl A 7 5

iot_usbh_modem ZH{43CHL T USB 4L PPP #5004 ifife. SZFriE i USB 4% 11154 4G Cat.1/4 fibl, 52
L PPP #£5 M. it Wi-Fi softAP #4532 5 I ) 25 HAD % £

et
O SLY =T
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3, i EEELE menuconfig H11%E$% MODEM_TARGET _USER F- -2t & ITF £: 11,

i WM REAAAEZ NI REI I, RRGERA RR5 3 PPP 5.

BERS
ML302-DNLM/CNLM
NT26
EC600NCNLC-NO6
AIR780E
MC610_EU
EC20_CE
EG25_GL
YM310_X09
SIM7600E

A7670E

SIM7070G
SIM7080G

U PPP B:0

PPP 11— USB CDC #% 11, —&HA 4> CDC data #11, B & WA bulk sk, T4 AR5 %L
Pi. AIEEHA —A> CDC notify 3211, & —> interrupt S s o AN FACHS s AN %32 10 .
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ABIRGASE KR PPP 2 1) blnterfaceClass #°4 OxFF (Vendor Specific Class)., fl1 F & USB % 4%
i) PPP $% 111 bInterfaceNumber -4 0x03,

7Bl USB ik 7 -
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ﬁ‘?jﬁ_: PAT AT R n i, FAERTA AR, nTRER A TAD $e A fF el A A interrupt 3y

Ao

*** Interface descriptor ***

bLength 9

bDescriptorType 4

bInterfaceNumber 3

bAlternateSetting 0

bNumEndpoints 3

bInterfaceClass Oxff

bInterfaceSubClass 0x0

bInterfaceProtocol 0x0

iInterface 8
**% Endpoint descriptor ***
bLength 7
bDescriptorType 5
bEndpointAddress 0x8a EP 10 IN
bmAttributes 0x3 INT
wMaxPacketSize 16
bInterval 16
*** Endpoint descriptor ***
bLength 7
bDescriptorType 5
bEndpointAddress 0x82 EP 2 IN
bmAttributes 0x2 BULK
wMaxPacketSize 64
bInterval 0
**% Endpoint descriptor ***

bLength 7

bDescriptorType 5
bEndpointAddress 0x1 EP 1 OUT
bmAttributes 0x2 BULK

wMaxPacketSize 64
bInterval 0

LI AT B T PPP )5, B PABC B MODEM_TARGET N MODEM_TARGET_USER, It Tit &
MODEM_USB_ITF A PPP [ %] bInterfaceNumber,

M PPP 211 8 TARUEEE AL A Be G iy AT 84, RIRAME A PPP 200, — D TEREHE, —
T AL AT 54 T 545Ny HL B MODEM_USB_ITF2,

ik BEHAH A AT 15930, BBREE.

5.2.5 USB RNDIS ¥ HLkzh

iot_usbh_rndis J23F USB 4 1% RNDIS HY ) FHLER S

RNDIS Blpif

RNDIS(Remote NDIS) ifi i34 TCP/IP $:f357F USB 4 SCHL, SZHR M 244381 .
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USB fili iR %¥

RNDIS 548N B & 2 USB BLE A ME—ZhRE. XFT R &it#, RNDIS #78 § 225 1> USB i E, 1l

bInterfaceNumber N 0 E: .,

RNDIS £ [ —f i —> TAD #§i8 5 R A3 O A FF 4R, TAD $5iA4F1¥) bInterfaceCount H 2,

bFunctionClass N 0xeO0,

N/E

*** Interface Association Descriptor ***
bLength 8
bDescriptorType 11
bFirstInterface 0
bInterfaceCount 2
bFunctionClass 0xeO0
bFunctionSubClass 0x1
bFunctionProtocol 0x3
iFunction 5
*** Interface descriptor ***
bLength 9
bDescriptorType 4
bInterfaceNumber 0
bAlternateSetting 0
bNumEndpoints 1
bInterfaceClass 0xe0
bInterfaceSubClass 0x1
bInterfaceProtocol 0x3
iInterface 5
*** Endpoint descriptor ***
bLength 7
bDescriptorType 5
bEndpointAddress 0x85 EP 5 IN
bmAttributes 0x3 INT
wMaxPacketSize 16
bInterval 16
**% Interface descriptor ***
bLength 9
bDescriptorType 4
bInterfaceNumber 1
bAlternateSetting 0
bNumEndpoints 2
bInterfaceClass Oxa
bInterfaceSubClass 0x0
bInterfaceProtocol 0x0
iInterface 5
*** Endpoint descriptor ***
bLength 7
bDescriptorType 5
bEndpointAddress 0x87 EP 7 IN
bmAttributes 0x2 BULK
wMaxPacketSize 64
bInterval 0
*** Endpoint descriptor ***

bLength 7

bDescriptorType 5
bEndpointAddress 0x6 EP 6 OUT
bmAttributes 0x2 BULK

wMaxPacketSize 64
bInterval 0
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WA R

@ o ous S5 %X X9 4% B REMOTE_NDIS_INITIALIZE_MSG, % 45 2 ik [H
REMOTE_NDIS_INITIALIZE CMPLT_MSG J4E. .

2. B AR B A 1% REMOTE_NDIS_QUERY_MSG i, ATEIWNZHERSF (OID), H:AR#E OID
A L. IEREEAN MAC ik, EEIRES, EEEELE.

3. B EHLIEELRT DA DHCP 53R, $RH TP Hidik.

UL N

RNDIS sl Fy i =L -

ik : RNDIS Hidfi (75 2AE LAK W WTRT# i RNDIS %idhik rndis_data_packet_t, SAJGUNIIPAKK
i 3

i RNDIS Bt AE AR W ik 555 i RNDIS %{ffik rndis_data_packet_t. 5 25ef#AT RNDIS
ik, FERILAKMIb

AR A

ESP32-S3 4% 4G M, FIT4f soft AP, FHLIEHE soft AP JEAT ) £l k-

iyal L£47 (Mbps) | T4 (Mbps)
ESP32-S3 | 5.8 7.9

API £%

Header File

e components/usb/iot_usbh_rndis/include/iot_usbh_rndis.h

Functions
esp_err_t iot_eth_new_usb_rndis (const iof_usbh_rndis_config_t *config, iot_eth_driver_t **ret_handle)

Create a new USB RNDIS Ethernet driver.

This function initializes a new USB RNDIS Ethernet driver with the specified configuration. It allocates mem-
ory for the driver, sets up the driver functions, and returns a handle to the driver.

S8
* config —Pointer to the RNDIS configuration structure.
* ret_handle —Pointer to a location where the handle to the new Ethernet driver will be
stored.
Bl
» ESP_OK: Driver created successfully
e ESP_ERR_INVALID_ARG: Invalid argument (NULL config or ret_handle)
* ESP_ERR_NO_MEM: Memory allocation failed

Structures

struct iot_usbh_rndis_config_t
USB Host Ethernet ECM Configuration.
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Public Members

bool auto_detect
Auto detect RNDIS device

TickType_t auto_detect_timeout

Auto detect timeout in ticks, used when auto_detect is true

uintl6_t vid

USB device vendor ID, used when auto_detect is false

uint16_t pid

USB device product ID, used when auto_detect is false

intitf_num

interface numbers, used when auto_detect is false

5.2.6 USB ECM FHLUkzh

iot_usbh_ecm & USB % 1) ECM Fisli¥) = HLUK S

ECM BipiX

ECM(Ethernet Control Model) 3l 1526 DA A W i) 2527 USB % SC L, SZ3 W 4434 o

USB fiii b 7

ECM $2 L — ¢t — N AN D R A A SR R R AT A . 58— M L 6 IR%F ) bInterfaceClass
N 0x02, bInterfaceSubClass & 0x06, ECM I EHi A {4 usb_ecm_function_desc_t F1
iMACAddress A MAC Hilit (I FAFE &S|, wMaxSegmentSize FPARM MK (BN 1514),

5 1 — 4 ECM W & W E W AT A N EKIND config 1, W IKFEIFFE
CONFIG_USB_HOST_ENABLE_ENUM_FILTER_CALLBACK F3CHUAZE & B iR %5

NG P

*** Interface descriptor ***

bLength 9

bDescriptorType 4
bInterfaceNumber O
bAlternateSetting 0
bNumEndpoints 1
bInterfaceClass 0x2
bInterfaceSubClass 0x6
bInterfaceProtocol 0x0
iInterface 5
*** Endpoint descriptor ***
bLength 7
bDescriptorType 5
bEndpointAddress 0x81 EP 1 IN

bmAttributes 0x3 INT
(R oUgkzh)
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wMaxPacketSize 64
bInterval 8
*** Interface descriptor ***
bLength 9
bDescriptorType 4
bInterfaceNumber 1
bAlternateSetting 0
bNumEndpoints 0
bInterfaceClass 0Oxa
bInterfaceSubClass 0x0
bInterfaceProtocol 0x0
iInterface 0
*** Interface descriptor ***
bLength 9
bDescriptorType 4
bInterfaceNumber 1
bAlternateSetting 1
bNumEndpoints 2
bInterfaceClass Oxa
bInterfaceSubClass 0x0
bInterfaceProtocol 0x0
iInterface 0
**% Endpoint descriptor ***
bLength 7
bDescriptorType 5
bEndpointAddress 0x82 EP 2 IN
bmAttributes 0x2 BULK
wMaxPacketSize 64
bInterval 0
*** Endpoint descriptor ***

bLength 7

bDescriptorType 5
bEndpointAddress 0x3 EP 3 OUT
bmAttributes 0x2 BULK

wMaxPacketSize 64
bInterval 0

AN
VLI EL USB B4 ESP32-S3/P4 JEREPAKIMEE USB i 4s (CH397A), HIT)E softAP, F-HLiERE softAP
HEAT 1 288 00 K
i £17 (Mbps) | 1T (Mbps)
ESP32-S3 6.6 7.2
ESP32-P4 with ESP32-C6 | 11.7 14.7
4G Bl Bk
BORE T 8
CDCI1.2 Hpsl 3
API %
Header File
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¢ components/usb/iot_usbh_ecm/include/iot_usbh_ecm.h

Functions
esp_err_t iot_eth_new_usb_ecm (const iot_usbh_ecm_config_t *config, iot_eth_driver_t **ret_handle)

Create a new USB ECM Ethernet driver.

This function initializes a new USB ECM Ethernet driver with the specified configuration. It allocates memory
for the driver, sets up the driver functions, and returns a handle to the driver.

* config —Pointer to the ECM configuration structure.
* ret_handle —Pointer to a location where the handle to the new Ethernet driver will be
stored.
Bl
* ESP_OK: Driver created successfully
* ESP_ERR_INVALID_ARG: Invalid argument (NULL config or ret_handle)
* ESP_ERR_NO_MEM: Memory allocation failed

Structures

struct iot_usbh_ecm_config_t
USB Host Ethernet ECM Configuration.

Public Members

bool auto_detect
Auto detect ECM device

TickType_t auto_detect_timeout

Auto detect timeout in ticks, used when auto_detect is true

uintl6_t vid

USB device vendor ID, used when auto_detect is false

uintl6_t pid

USB device product ID, used when auto_detect is false

intitf_num

ecm device notif interface numbers, used when auto_detect is false

53 USB 453k 4)

5.3.1 USB Device UVC

usb_device_uvc 2T ESP32-S2/ESP32-S3/ESP32-P4 [ USB UVC & IKENFLT, & 76 JPEG i
AL E] USB AL P nT DA ik [ eR BORF AR BLES AT ] 15 45 28 AT UVC FRiER e

Rk
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1. SZHRpl R UVC i Db s 14 4
2. ¥ HF Isochronous fl Bulk =
3. R M HER AR

fraLrEEmaIni o

T A AR S add-dependency #f usb_device_uve RINE|IH MHKEITH, 7E CMake 2
PRrh 2 |8 MOz A M

idf.py add-dependency "espressif/usb_device_uvc=*"

nrs#%

AR BE—A AP TRECE UVC #fg. T IKEh T TinyUsB #ikk, PIMRIRME deinit APLL

#include "usb_device_uvc.h"

static esp_err_t camera_start_cb(uvc_format_t format, int width, int height, int.
—rate, wvoid *cb_ctx)
{

// P Dh R K BT e A AR AL \

/7 MR AR AE S R R R E . B E A bR AT A

return ESP_OK;

3
static void camera_stop_cb (void *cb_ctx)
{
/7 RP R
return;
3

static uvc_fb_t* camera_fb_get_cb (void *cb_ctx)
{

/0 R RBNEEEEWE AKX

// RN E EET — W, HFEEME AKX

return uvc_fb;

}

static void camera_fb_return_cb (uvc_fb_t *fb, woid *cb_ctx)
{

/S EWMEW KB AR B R AWK ERHE

/7 R PR D E & R

return;
I3
/O E W R AT REMEE KRR EN NS
const size_t buff_size = 30 * 1024;
uint8_t *uvc_buffer = (uint8_t *)heap_caps_malloc (buff_size, MALLOC_CAP_DEFAULT);
assert (uvc_buffer != NULL);
uvc_device_config_t config = {

.uvc_buffer = uvc_buffer,
.uvc_buffer_size = 40 * 1024,
.start_cb = camera_start_cb,
.fb_get_cb = camera_fb_get_cb,
.fb_return_cb = camera_fb_return_cb,
.stop_cb = camera_stop_cb,

.cb_ctx = NULL,

Hi
QiEiE3)
Espressif Systems 244 Release master

Submit Document Feedback



https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 5. USB F:4l & &4

(£ L£50)

ESP_ERROR_CHECK (uvc_device_config (0, &config));
ESP_ERROR_CHECK (uvc_device_init ());

il

usb/device/usb_webcam usb/device/usb_dual uvc_device

API %

Header File

¢ components/usb/usb_device_uvc/include/usb_device_uvc.h

Functions
esp_err_t uve_device_config (int index, uvc_device_config_t *config)
Configure the UVC device by uvc device number.
SH
¢ index —UVC device index number [0,1]
» config —Configuration for the UVC device
& [H] ESP_OK on success ESP_ERR_INVALID_ARG if the configuration is invalid ESP_FAIL
if the UVC device could not be initialized
esp_err_tuve_device_init (void)

Initialize the UVC device, after this function is called, the UVC device will be visible to the host and the host
can open the UVC device with the specific format and resolution.

j&[n] ESP_OK on success ESP_FAIL if the UVC device could not be initialized

esp_err_tuve_device_deinit (void)
Deinitialize the UVC device.

j&[a] ESP_OK on success ESP_ERR_INVALID_STATE if the UVC device is not initialized, or
event group is NULL

Structures

struct uve_fb_t

Frame buffer structure.

Public Members

uint8_t *buf

Pointer to the frame data

size_t len

Length of the buffer in bytes

size_t width

Width of the image frame in pixels
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size_t height

Height of the image frame in pixels

uve_format_t format

Format of the frame data

struct timeval timestamp

Timestamp since boot of the frame

struct uve_device_config t

Configuration for the UVC device.

Public Members

uint8_t *uve_buffer
UVC transfer buffer

uint32_t uve_buffer_size

UVC transfer buffer size, should bigger than one frame size

uvc_input_start_cb_t start_cb

callback function of host open the UVC device with the specific format and resolution

uve_input_fb_get_cb_t fb_get_cb

callback function of host request a new frame buffer

uve_input_fb_return_cb_t fb_return_cb

callback function of the frame buffer is no longer used

uve_input_stop_cb_t stop_cb
callback function of host close the UVC device

void *cb_ctx

callback context, for user specific usage

Type Definitions

typedef esp_err_t (*uve_input_start_cb_t)(uvc_format_t format, int width, int height, int rate, void
*cb_ctx)

type of callback function when host open the UVC device
typedef uve_fb_t *(*uve_input_f£fb_get_cb_t)(void *cb_ctx)

type of callback function when host request a new frame buffer

typedef void (*uve_input_f£fb_return_cb_t)(uvc_fb_t *fb, void *cb_ctx)

type of callback function when the frame buffer is no longer used

typedef void (*uve_input_stop_cb_t)(void *cb_ctx)
type of callback function when host close the UVC device
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Enumerations

enum uvce_format_t
UVC format.

Values:

enumerator UVC_FORMAT_JPEG
JPEG format

enumerator UVC_FORMAT_H264
H264 format

5.3.2 ESP Device UAC

esp_device_uac T TinyUSB ) USB Audio Class 3Kzl £, "B SCFRRE ESP it BBl il — 541k
%, CFFEE SCERURAER, ZNGHEL, PreanisiEgiss.

Rtk

1. BRIASZHF 1SO FeedBack jl 4% 1, HR4JE UAC FIFO NAFRIAR AN A i WL A 22, %
2. SRR EESCGEURAER, v WOl AL, A anliE 4.
3. FHA AR R MRS G vk — Bk, PR T, A BT S L ) R R

USB Device UAC il 2451

« FFRM
1. W] PAfE FAEfAl 54 USB 2 111 ESP32-S2/ESP32-S3/ESP32-P4 1 % it
« USB MIC [ s %
1. vac_input_cb_t [ R HH T’ &4 £ (2 5 2] USB Fblum, PR 245 R () 4l 4%
O, BCE R U R T 3 TR S R AR B O
2. k¥ CONFIG_UAC_MIC_INTERVAL_MS J2 SRV B i e 5 st I S i 2 B i G )%

— % '® CONFIG_UAC_MIC_INTERVAL_MS=10 fF 48000HZ RH:%, 16 (k5 , PHAEIE
FEBR, A REBUREEEEA 10ms * 48000HZ / 1000 * 2byte = 960byte

3. j# g% ¥ UAC_SPK_INTERVAL_MS % ORI M R — KRB A BB, AT

%Eﬂfﬁéﬂﬁ%iﬁﬁﬁﬂlﬂ%ﬁﬁ%ﬁ%, RINH 10ms, JGEEEHIE A SRR Y 1ms W B Rt f T
1] o

4. UAC_SPK_NEW_PLAY_INTERVAL 7 X T HIBr Bk H &4 e A 2 B s i, Qs fr i,
SO h—BE, FI TR, A BT E L s R TR

5. UAC_SUPPORT_MACOS T ¥ Macos 41, HET/HEZEE X5, windows &40 7] BE
AR B

USB Device UAC API %%

1. PalEsd M uac_device_config_ t RERRLE S s, &, SENAEEEE.

uac_device_config_t config = {
.output_cb = uac_device_output_cb, // Speaker output callback
.input_cb = uac_device_input_cb, // Microphone input callback
.set_mute_cb = uac_device_set_mute_cb, // Set mute callback
.set_volume_cb = uac_device_set_volume_cb, // Set volume callback

.cb_ctx = NULL,
bi
uac_device_init (&confiqg);
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Example

¢ usb/device/usb_uac

API Reference

Header File

» components/usb/usb_device_uac/include/usb_device_uac.h

Functions
esp_err_t uac_device_init (uac_device_config_t *config)

Initialize the USB Audio Class (UAC) device.

%% config —Pointer to the UAC device configuration structure.
Bl

¢ ESP_OK on success

* ESP_FAIL on failure

Structures

struct uac_device_config_ t
USB UAC Device Config.

Public Members

bool skip_tinyusb_init

if true, the Tinyusb and usb phy will not be initialized

uac_output_cb_t output_cb
callback function for UAC data output, if NULL, output will be disabled

uac_input_cb_t input_cb
callback function for UAC data input, if NULL, input will be disabled

uac_set_mute_cb_t set_mute_cb

callback function for set mute, if NULL, the set mute request will be ignored

uac_set_volume_cb_t set_volume_cb

callback function for set volume, if NULL, the set volume request will be ignored
void *cb_ctx

callback context, for user specific usage

Type Definitions

typedef esp_err_t (fuac_output_cb_t)(uint8_t *buf, size_t len, void *cb_ctx)

typedef esp_err_t (*uac_input_cb_t)(uint8_t *buf, size_t len, size_t *bytes_read, void *cb_ctx)
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typedef void (*uac_set_mute_cb_t)(uint32_t mute, void *cb_ctx)

typedef void (*fuac_set_volume_cb_t)(uint32_t volume, void *cb_ctx)

5.3.3 ESP TinyUF2

esp_tinyuf2 @— Y REIIEER TinyUF2, XS 5CFF USB-OTG JIHE ESP i IF Ak . SCRFLAT EhaE

o SCRriE M USB UKEds (U ) AT OTA JHEK
o SCRPRF NVS S i Hh 2 iR 400 USB 9KEh &5 P ini SCPF
o SCRFEABEL ini SCPHEENVS

UF2 J2& Microsoft JT 5 ) SCPF# X PXT, Fslifi Griliad MSC (F7i#28) Be-mfuim il . A K AUFRIMRE,
WER HE.

1w Hvp % # UF2 OTA/NVS

1. fliji] idf.py add_dependency fr&-KFAIHRIMEITIH .

idf.py add-dependency "esp_tinyuf2"

2. IR, B HAD OTA i h £, BHREZDLREPA OTA N HEFK. 5%
Partition Tables Fl1755] usb_uf2_ota.

# Partition Table Example

# Name, Type, SubType, Offset, Size, Flags
nvs, data, nvs, , 0x4000,
otadata, data, ota, , 0x2000,
phy_init, data, phy, , 0x1000,
ota_0, app, ota_0, , 1500K,
ota_l1, app, ota_1, , 1500K,

3. ffiff] idf.py menuconfig BLE{F (Top) - Component config - TinyUF2 Config

* USB Virtual Disk size (MB): g4l USB SRS asAE OISR BRAS T R By RS, BRSO
> SMB

e Max APP size (MB): AW H /N, BRIATEMN T 4MB

* Flash cache size (KB): &K/, FTEAFRIRFERT bin B, BUATE DL T 0 32KB

e USB Device VID: Espressif VID (kA 0x303A)

* USB Device PID: Espressif test PID (Eki\ 0x8000), #1155 Hi i PID i52:% esp-usb-pid.

* USB Disk Name: fF#ll USB URZNZRTE SCIA R IRE A h /R 4 K, ESP32Sx-UF2 ERIA

e USB Device Manufacture: |7 Espressif EHA

e Product Name: P& FK ESP TinyUF2 BRiA

e Product ID: 751D 12345678 BRiA

e Product URL: index ¥ s s U &, H el DA S A M T, https://products.
espressif.com/ BHiA

e UF2 NVS ini file size: ini 3Ufk/DN, FITARTE NVS G{EXT

4. WIF PR, %4 tinyuf2 Uifg, A XEZIFEE, S5m0 usb_uf2_nvs 1 usb_uf2_ota

/* install UF2 OTA */

tinyuf2_ota_config_t ota_config = DEFAULT_TINYUF2_OTA_CONFIG();
ota_config.complete_cb = uf2_update_complete_cb;

/* disable auto restart, 1f false manual restart later */
ota_config.if_restart = false;

/* install UF2 NVS */

tinyuf2_nvs_config_t nvs_config = DEFAULT_TINYUF2_NVS_CONFIG() ;

(F o gksR)
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(& b))
nvs_config.part_name = "nvs";
nvs_config.namespace_name = "myuf2";
nvs_config.modified_cb = uf2_nvs_modified_cb;

esp_tinyuf2_install (&ota_config, &nvs_config);

5. 3217 idf.py build flash #THIIGFE, 2GR PAMHH] 1df.py uf2-ota AEMUHIH uf2 app
bin

6. f UF2 #%3X app bin {i i FIHA AL, TH90R B 2h AT

ESP3252-UF2 (F:)

I
5.00 MBEJF, #£7.93 MB

UF2 NVS Rk

i 3f menuconfig (Top) - Component config - TinyUF2 Config - UF2 ini file hide
NVS value, NVS [{ERFQPINBH ARy ****.

esp_tinyuf2_add_key_hidden ("password")

{di | UF2 USB Console

j# 74 menuconfig (Top) - Component config - TinyUF2 Config - Enable USB Console
For log, %H&H4i i #) USB 84711 (BKIA) UART #ith) .

ik APP Jy UF2 X

AR T R4 1df.py uf2-ota, AJLAH T app 4iiF A UF2 4% K. 415 5¢ 5, Hri UF2 3¢
{4 (${PROJECT_NAME } . uf2) ¥~/ 3| project Cf¥.

idf.py uf2-ota

F AT bin $:4504 UF2 #X
PAEIE Y ) bin #5354 UF2 #85X, B] DA ] uf2conv.py, #3855245 54 family id 2 ESP32S2, ESP32S3
BLANR ) magic number. H HAAFE M b 52 Hodik, tinyuf2 $505 B AN K E A OTA 43X,

IR EUEERS

using:

’uchonv.py your_firmware.bin -c -b 0x00 -f ESP32S3

or:

’uchonv.py your_firmware.bin -c -b 0x00 -f 0xc47e5767

ER

o BHEZLE UF2 OTA ThRE, W/UHE SR I P IR R T tinyuf2.
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1 Bootloader fii Jf] UF2

R A UF2 HIRERYFEIR APP Bin [Gj( %] Bootloader 1, RIDAMEI AT HIHE 1. ¥4 factory/test/
ota 43X ICE M B shik A UF2 R 2. F3hi(% BooT_Ur2 5|l B sk A UF2 N 3. 76
7 APP Wp B [ esp_restart_from_tinyuf2 () EREGEA UF2 Tz

A usb/device/bootloader_uf?2
(EERGEE

1. BHA Y nvs/phy_init/factory X, WEE L test/ota/spiffs 43X, W FIMEMHo
X3, HEHFE.

2. T B ERIATI S factory 23X, WHIRFALE factory 2 REiF &g,

3. R\ CONFIG_PARTITION_TABLE_OFFSET A/ 0x60000, fi[E -k, E & Mi%(E

4. BN nvs 43 K4 Fr> CONFIG_BOOTLOADER_UF2_NVS_PART_NAME ( “nvs” ), BRIAHY) nvs
144 %3 |6) 25 CONFIG_BOOTLOADER_UF2_NVS_NAMESPACE_NAME ( “uf2_nvs” ), 1A% - E-
HfE F ) NVS 43 X4 R i 44 %5 8] 55 bootloader H—ZA SCHRHE L

5. BRI TR TAEFS R AT IR, F5 3k kA2 CONFIG_BOOTLOADER_UF2_LED_INDICATOR_GPIO_NUM
Q), IR SRR 2

Flash 4y [X %% :

HEE
e Bootloader UF2 bin Vi%ZEesE7E CONFIG_MMU_PAGE_SIZE W55 il b, 75 NP Tovk
EETTE.

Note: ESP32-S2/ESP32-S3/ESP32-P4 /) CONFIG_MMU_PAGE_SIZE BiAN 64KB (0x10000), [ a5
SETE 64KB (0x10000) S35 (it .

o 22 Fi ¥ CONFIG_PARTITION_TABLE_OFFSET fit B K /M ¥t 2§ bootloader.bin +
bootloader_uf2.bin K/, FHNIEEFELEFEHFE boot loader_uf2.bin,
o ZETYY CONFIG_ENABLE_BOOTLOADER_UF2 ZZf]FF
o =T CONFIG_SPI_FLASH_DANGEROUS_WRITE_ALLOWED Z§]JF: [A A4 bootloader_uf2.bin J5%
S EIFR R AE partition-tables H1, T ATR SR HAIAG A .
o T 2ORF Bin SU B DATR Uikl B sk [ 47 -
1. CONFIG_BOOTLOADER_OFFSET_IN_FLASH(The starting addresses vary for different
chips.) - bootloader.bin
2. 0x10000 - bootloader_uf2.bin
3. CONFIG_PARTITION_TABLE_OFFSET(0x6000) - partition-table.bin
FPARE 9 R B i 2 TAR) CMakeLists.txt H1, S7EwIEL5 05 HAT6 K Bin 30

add_custom_command (

TARGET app

POST_BUILD

COMMAND ${CMAKE_COMMAND} -E echo "Flash merged bin merge_uf2.bin to address $
—~{CONFIG_BOOTLOADER_OFFSET_IN FLASH}"

Q)
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(& b))
COMMAND ${ESPTOOLPY} —-—-chip S{IDF_TARGET} merge_bin -o merge_uf2.bin S{CONFIG_
—BOOTLOADER_OFFSET_IN FLASH} ${BUILD DIR}/bootloader/bootloader.bin 0x10000 $
- {BUILD_DIR}/${PROJECT_BIN} ${CONFIG_PARTITION_TABLE_OFFSET} S${BUILD_DIR}/

—partition_table/partition-table.bin
)

API %

Header File

¢ components/usb/esp_tinyuf2/esp_tinyuf2.h

Functions

esp_err_t esp_tinyuf2_install (finyuf2_ota_config_t *ota_config, tinyuf2_nvs_config_t *nvs_config)
Flashing app to specified partition through USB UF2 (Virtual USB Disk), and support operate NVS partition
through USB UF2 CONFIG.ini file.

S
* ota_config —tinyuf2 configs described in finyuf2_ota_config_t

* nvs_config —tinyuf2 nvs configs described in tinyuf2_nvs_config_t
P

* ESP_ERR_INVALID_ARG invalid parameter, please check partitions
ESP_ERR_INVALID_STATE tinyuf?2 already installed
ESP_OK Success
esp_err_tesp_tinyuf2_uninstall (void)

Uninstall tinyuf2, only reset USB to default state.

$41:: not release memory due to tinyusb not support teardown

Rl esp_err_t
* ESP_ERR_INVALID_STATE tinyuf2 not installed

¢ ESP_OK Success

tinyuf2_state_t esp_tinyuf2_current_state (void)
Get tinyuf2 current state.
R[] tinyuf2_state_t

void esp_restart_from_tinyuf2 (void)
Restart system and set reset reason to UF2_RESET_REASON_VALUE.

Structures

struct tinyuf2_ ota_config_t

tinyuf2 configurations
Public Members

esp_partition_subtype_t subtype
Partition subtype. if ESP_PARTITION_SUBTYPE_ANY will use the next_update_partition by default.

252 Release master
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const char *1label

Partition label. Set this value if looking for partition with a specific name. if sub-

type==ESP_PARTITION_SUBTYPE_ANY, label default to NULL.

bool if_restart

if restart system to new app partition after UF2 flashing done
update_complete_cb_t complete_cb
user callback called after uf2 update complete

struct tinyuf2_nvs_config_t

tinyuf2 nvs configurations

Public Members

const char *part_name

Partition name.

const char *namespace_name

Namespace name.

nvs_modified_cb_t modified_cb

user callback called after uf2 update complete

Macros
DEFAULT_TINYUF2_OTA_CONFIG ()

DEFAULT_TINYUF2_NVS_CONFIG ()

UF2_RESET_REASON_VALUE

Type Definitions

typedef void (*fupdate_complete_cb_t)(void)

user callback called after uf2 update complete

typedef void (*nvs_modified_cb_t)(void)

user callback called after nvs modified

Enumerations

enum tinyuf2_ state_t

tinyuf? current state

Values:

enumerator TINYUF2_STATE_NOT_INSTALLED

tinyuf2 driver not installed
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enumerator TINYUF2_STATE_INSTALLED

tinyuf2 driver installed

enumerator TINYUF2_STATE_MOUNTED
USB mounted
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Chapter 6

(g

6.1 PWM %

PWM H AR RE ] ESP32 R4 i i A LEDC S A2 PWM SRCE AR, o (3 1 AMERHY & 431 Codec
A8 TR SRR Ry i X AR Y

6.1.1 %F¢PE

o FUVFBE AR RE EA a1 D BE R GPIO A5 505 4 7
o SRR 8 ~ 10 fiif) PWM Zp e

o SCRRLAE
Ring Buffer
Write HRecoding
B 1: 454y

* X Ff 8 ~ 48 KHz RFfH

1. BEENE AR T A i R R DA /£ PWM [k A SR, 3 Bde i A fmes
2. i@ —> Ring Buffer ¥4z % 1% %] Timer Group [#}] ISR (Interrupt Service Routines) P& % ;
3. Timer Group % #8i% % 1 B A% M Ring Buffer 152 1 53295 A %] LEDC.

6.1.2 44ty

TIMER GROUP

LEDC PVYW

255



Chapter 6. i

ik BT REE PWM ES, & 28R e R g BOn A GBS 5 3T -

6.1.3 PWM M
it PWM AR SR BRI S, Sl FUE PWM RGO, TR AT

Frwom = fapscLk (fAPBCLK MODlOOO)

Qres_bits 2res_bits

HH fapp oLk N80 MHz, res_bits iy PWM pHERAIEL, 2470 HFFHy LEDC_TIMER _10_BIT i}, PWM
BIR N 78 KHzo ¥ Y PWM SR A 0 F R ] DU Sl R 3540105 5, (HRM AKX TPAF H, Bk PWM
IR PRI, PR PR R R/, AT AR S B B FH IR TR ) R )P

6.1.4  Ji - pl

pwm_audio_config_t pac;
pac.duty_resolution = LEDC_TIMER_10_BIT;
pac.gpio_num_left = LEFT_CHANNEL_GPIO;
pac.ledc_channel_left = LEDC_CHANNEL_O;
pac.gpio_num_right = RIGHT_CHANNEL_GPIO;
pac.ledc_channel_right = LEDC_CHANNEL_1;
pac.ledc_timer_sel = LEDC_TIMER_O;
pac.tg_num = TIMER_GROUP_O;
pac.timer_num = TIMER_O;
pac.ringbuf_len = 1024 * 8;
pwm_audio_init (&pac)); /**< Initialize pwm audio */
pwm_audio_set_param (48000, 8, 2); /**< Set sample rate, bits and channel.
—number */
pwm_audio_start () ; /**< Start to run */
while (1) {
//< Prepare audio data, such as decode mp3/wav file
/**< Write data to play */
pwm_audio_write (audio_data, length, &written, 1000 / portTICK_PERIOD_
—MS) ;
}

6.1.5 API &%
Header File

» components/audio/pwm_audio/include/pwm_audio.h

Functions

esp_err_t pwm_audio_init (const pwm_audio_config_t *cfg)
Initializes and configure the pwm audio.
%4 cfqg —configurations - see pwm_audio_config_t struct
Bl
* ESP_OK Success
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» ESP_FAIL timer_group or ledc initialize failed

* ESP_ERR_INVALID_ARG if argument wrong

e ESP_ERR_INVALID_STATE The pwm audio already configure
e ESP_ERR_NO_MEM Memory allocate failed

esp_err_t pwm_audio_deinit (void)
Deinitialize LEDC timer_group and output gpio.
izl
* ESP_OK Success
* ESP_FAIL pwm_audio not initialized

esp_err_t pwm_audio_start (void)
Start to run pwm audio.
S|
e ESP_OK Success
* ESP_ERR_INVALID_STATE pwm_audio not initialized or it already running

esp_err_t pwm_audio_stop (void)

Stop pwm audio.

Attention Only stop timer, and the pwm will keep to output. If you want to stop pwm output, call
pwm_audio_deinit function

|
e ESP_OK Success
* ESP_ERR_INVALID_STATE pwm_audio not initialized or it already idle

esp_err_t pwm_audio_write (uint8_t *inbuf, size_t len, size_t *bytes_written, TickType_t ticks_to_wait)

Write data to play.
SH

* inbuf —Pointer source data to write

* len -length of data in bytes

* bytes_written —[out] Number of bytes written, if timeout, the result will be less than
the size passed in.

* ticks_to_wait —TX buffer wait timeout in RTOS ticks. If this many ticks pass with-
out space becoming available in the DMA transmit buffer, then the function will return
(note that if the data is written to the DMA buffer in pieces, the overall operation may still
take longer than this timeout.) Pass portMAX_DELAY for no timeout.

Bl

* ESP_OK Success

¢ ESP_FAIL Write encounter error

e ESP_ERR_INVALID_ ARG Parameter error

esp_err_t pwm_audio_set_param (int rate, ledc_timer_bit_t bits, int ch)
Set audio parameter, Similar to pwm_audio_set_sample_rate(), but also sets bit width.

Attention After start pwm audio, it can’ t modify parameters by call function pwm_audio_set_param. If you
want to change the parameters, must stop pwm audio by call function pwm_audio_stop.

ZH
* rate —sample rate (ex: 8000, 44100---)
e bits —bit width
¢ ch —channel number

B

ESP_OK Success
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e ESP_ERR_INVALID_ ARG Parameter error

esp_err_t pwm_audio_set_sample_rate (int rate)
Set sample rate.

%4 rate —sample rate (ex: 8000, 44100---)
Rl
e ESP_OK Success
e ESP_ERR_INVALID_ ARG Parameter error
esp_err_t pwm_audio_set_volume (int8_t volume)

Set volume for pwm audio.

Attention when the volume is too small, it will produce serious distortion

%% volume —Volume to set (-16 ~ 16). Set to O for original output; Set to less then 0 for

attenuation, and -16 is mute; Set to more than O for enlarge, and 16 is double output
P[]
e ESP_OK Success
e ESP_ ERR _INVALID ARG Parameter error

esp_err_t pwm_audio_get_volume (int8_t *volume)
Get current volume.

%% volume —Pointer to volume
P[]
¢ ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
esp_err_t pwm_audio_get_param (int *rate, int *bits, int *ch)
Get parameter for pwm audio.

S

* rate —sample rate, if you don’ t care about this parameter, set it to NULL
* bits —bit width, if youdon’ t care about this parameter, set it to NULL
* ch —channel number, if you don’ t care about this parameter, set it to NULL

B
* Always return ESP_OK
esp_err_t pwm_audio_get_status (pwm_audio_status_t *status)
get pwm audio status
%4 status —current pwm_audio status
B
* ESP_OK Success

Structures

struct pwm_audio_config_t

Configuration parameters for pwm_audio_init function.
Public Members

int gpio_num_left
the LEDC output gpio_num, Left channel
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int gpio_num_right

the LEDC output gpio_num, Right channel

ledc_channel_t ledc_channel_left

LEDC channel (0 - 7), Corresponding to left channel

ledc_channel_t ledc_channel_right

LEDC channel (0 - 7), Corresponding to right channel

ledc_timer_t ledc_timer_sel

Select the timer source of channel (0 - 3)

ledc_timer_bit_t duty_resolution

ledc pwm bits

uint32_t ringbuf_len

ringbuffer size

Enumerations

enum pwm_audio_status_t

pwm audio status

Values:

enumerator PWHM_AUDIO_STATUS_UN_INIT

pwm audio uninitialized

enumerator PWM_AUDIO_STATUS_IDLE

pwm audio idle

enumerator PHM_AUDIO_STATUS_BUSY

pwm audio busy

enum pwm_audio_channel_t

pwm audio channel define

Values:

enumerator PWM_AUDIO_CH_MONO

1 channel (mono)

enumerator PWM_AUDIO_CH_STEREO

2 channel (stereo)

enumerator PWM_AUDIO_CH_MAX
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6.2 DAC 55

ESP32 #iA I DAC #IE, Il B3R 128 j@id DMA fEid i, ix HL7E ESP-IDF iy kfi; L e
16T APL, FERPRUEHEAT T EE 4 T DA SCRF B 22 JE U RO BE

6.2.1 API &%
Header File

» components/audio/dac_audio/include/dac_audio.h

Functions

esp_err_t dac_audio_init (dac_audio_config_t *cfg)

initialize i2s built-in dac to play audio with

Attention only support ESP32, because i2s of ESP32S2 not have a built-in dac

%4 cfqg —configurations - see dac_audio_config_t struct
FEA ]

e ESP_OK Success

e ESP_FAIL Encounter error

e ESP_ERR_INVALID_ ARG Parameter error

e ESP_ERR_NO_MEM Out of memory

esp_err_t dac_audio_deinit (void)
deinitialize dac
peq |
e ESP_OK Success
e« ESP_FAIL Encounter error
esp_err_t dac_audio_start (void)
Start dac to play.
P
e ESP_OK Success
¢ ESP_FAIL Encounter error
esp_err_t dac_audio_stop (void)
Stop play.
JEq |
* ESP_OK Success
e ESP_FAIL Encounter error
esp_err_t dac_audio_set_param (int rate, int bits, int ch)
Configuration dac parameter.
S
* rate —sample rate (ex: 8000, 44100---)
e bits —bit width

¢ ch —channel number

B

ESP_OK Success
ESP_FAIL Encounter error
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e ESP_ERR_INVALID_ ARG Parameter error

esp_err_t dac_audio_set_volume (int8_t volume)

Set volume.

Attention Using volume greater than 0 may cause variable overflow and distortion Usually you should enter a
volume less than or equal to 0

%4 volume —Volume to set (-16 ~ 16), see Macro VOLUME_ODB Set to O for original output;
Set to less then O for attenuation, and -16 is mute; Set to more than O for enlarge, and 16 is
double output

P

e ESP_OK Success
¢ ESP_ERR_INVALID_ARG Parameter error

esp_err_t dac_audio_write (uint8_t *inbuf, size_t len, size_t *bytes_written, TickType_t ticks_to_wait)
Write data to play.
B8
* inbuf —Pointer source data to write
* len -length of data in bytes
* bytes_written [out] Number of bytes written, if timeout, the result will be less than
the size passed in.
* ticks_to_wait -TX buffer wait timeout in RTOS ticks. If this many ticks pass with-
out space becoming available in the DMA transmit buffer, then the function will return
(note that if the data is written to the DMA buffer in pieces, the overall operation may still
take longer than this timeout.) Pass portMAX_DELAY for no timeout.
Bl
* ESP_OK Success
e ESP_FAIL Write encounter error
e ESP_ERR_INVALID_ ARG Parameter error

Structures

struct dac_audio_config_ t

Configuration parameters for dac_audio_init function.

Public Members

i2s_port_t i2s_num
I2S_NUM_O0, I2S_NUM_1

int sample_rate

12S sample rate

i2s_bits_per_sample_tbits_per_sample

12S bits per sample

i2s_dac_mode_t dac_mode

DAC mode configurations - see i2s_dac_mode_t
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int dma_buf_count
DMA buffer count, number of buffer

int dma_buf_len
DMA buffer length, length of each buffer

uint32_tmax_data_size

one time max write data size

6.3 ADC A

(1] ADC SREEBLIDUE vo WA, T3 B SN0 codec Sth F, 3 X SRAEAE 2RO K HLiA
BRI I o FEACRSZEH LR A esp_codec_dev F AR

6.3.1 F¥PE

 XFFZH ADC HAURFE
o SCRFIRCK 12 i) ADC REEZTHER.

ik ZEORAE SRR 9508, ADC SR fORFER (3 24 83.3K) / RASEIERL-

632 HEH%K

SNERS G LAY, AT DA FH R A8 s A AH/ BOMBOR HL 6 MIC i A MRS HEA TR . FERZ %L
UL, GBS B BORCAS T PASUS AR IR LE . FEATR Bl R R29 11T MIC Fin A fi e, 6613
B LMV321 s B g, it R26 5 C19 MR it i, (s TARLERS PO, o
FARYE MIC [ RABE IEATIEE . R31 5 R30 JFisE i, PABGRABIKCE, R27 5 R32 il T4k
PUERWE, 9 ADC REERIKE. KT Hin MIC RS E L RIS %5 E, 1524 Single-Supply,

Electret Microphone Pre-Amplifier Reference Design,

i
o fiE: ADC Sgf) S B2 ) (W0 Vref/2) , k4 ADC REERE, BRIAMEHL T ESP32-C3 [
Vref #°45 0.9V,
o HUi: MIC ftl i 47l A LDO A7, ke i VRIS 52 ) ADC R, WA A 485 LDO,
THFE L TR MIEF TR RC s (FEASRFIH R28 5 C23 HI Tkt ), MIC M 5z hiophsr fikd .
. é’iﬁ‘[ﬁiﬁ%iﬁﬁfgﬁ? -46dB 1) MIC, it K5 5 M L AR IHFARYE MIC 1 R G55 R B o A%

6.3.3 ApEBAcE. ADC Continuous

W HEANE W] IR 1T adc continuous mode, H ¥ adc_continuous_handle_t £ A,
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| 2: ADC mic hardware reference design

6.3.4 5 ADC oneshot EizX— {6 1]

o )15 ADC oneshot 55 ADC condition {#i ] A[A]f) ADC Unit, ABAARNSH ML,
o N A A AH [ 1) ADC Unit, 35 8 | esp_codec_dev_close() * 4] adc_mic I} JE H

adc_oneshot_read,

adc_continuous_start (handle);
adc_continuous_read() ;
adc_continuous_stop();
adc_oneshot_read();

6.3.5 BTy

audio_codec_adc_cfg_t cfg = DEFAULT_AUDIO_CODEC_ADC_MONO_CFG (ADC_CHANNEL_O0, 16000);
const audio_codec_data_if_t *adc_if = audio_codec_new_adc_data (&cfqg);

esp_codec_dev_cfg_t codec_dev_cfg = {
.dev_type = ESP_CODEC_DEV_TYPE_IN,
.data_if = adc_if,
bi
esp_codec_dev_handle_t dev = esp_codec_dev_new (&codec_dev_cfqg);

esp_codec_dev_sample_info_t fs = {
.sample_rate = 16000,
.channel = 1,

.bits_per_sample = 16,
bi
esp_codec_dev_open (dev, &fs);
uintl6_t *audio_buffer = malloc (16000 * sizeof (uintlé_t));
assert (audio_buffer);
while (1) {

int ret = esp_codec_dev_read(dev, audio_buffer, sizeof (uintlé6_t) * 16000);
ESP_LOGI (TAG, "esp_codec_dev_read ret: %d\n", ret);

6.3.6 API 2%
Header File

* components/audio/adc_mic/adc_mic.h
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Functions

const audio_codec_data_if_t *audio_codec_new_adc_data (audio_codec_adc_cfg_t *adc_cfg)

Initialize codec adc.

%% adc_c£g —pointer of configuration struct
& A] const audio_codec_data_if t* adc data interface.

Structures

struct audio_codec_adc_cfg_t

codec adc configuration

Public Members

adc_continuous_handle_t *handle

Type of adc continuous mode driver handle, if NULL will create new one internal, else will use the
handle

size_tmax_store_buf_size

Max length of the conversion results that driver can store, in bytes.

size_t conv_frame_size

Conversion  frame  size, in  bytes. This should be in  multiples of
SOC_ADC_DIGI_DATA_BYTES_PER_CONV

adc_unit_tunit_id
ADC unit

uint§_t *adc_channel_list
Channel of ADC

uint§_t adc_channel_num

Number of channels

adc_atten_t atten

It should correspond to the actual range, with OdB attenuation having the least ripple.

uint32_t sample_rate_hz
Sample rate of ADC
Macros

DEFAULT_AUDIO_CODEC_ADC_MONO_CFG (_channel, _sample)

DEFAULT_AUDIO_CODEC_ADC_STEREO_CFG (_channel_l, _channel_r, _sample)
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Video:

* MJPEG
* H264

Audio:
*« PCM

71.1 API %%
Header File

¢ components/avi_player/include/avi_player.h

Functions

esp_err_tavi_player_ play_from_memory (avi_player_handle_t handle, uint8_t *avi_data, size_t
avi_size)

Plays an AVI file from memory. The buffer of the AVI will be passed through the set callback function.

This function initializes and plays an AVI file from a memory buffer.

¥
* handle —[in] AVI player handle
* avi_data —[in] Pointer to the AVI file data in memory.
* avi_size [in] Size of the AVI file data in bytes.

1R[] esp_err_t ESP_OK if successful, otherwise an error code.
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esp_err_tavi_player_play_from_f£file (avi_player_handle_t handle, const char *filename)
Plays an AVI file from the filesystem. The buffer of the AVI will be passed through the set callback function.

This function initializes and plays an AVI file from the filesystem using its filename.

S

* handle [in] AVI player handle

e filename —[in] Path to the AVI file on the filesystem.
&I esp_err_t ESP_OK if successful, otherwise an error code.

esp_err_t avi_player_ get_video_buffer (avi_player_handle_t handle, void **buffer, size_t
*buffer_size, video_frame_info_t *info, TickType_t
ticks_to_wait)

Get one video frame from AVI stream.

ZH

* handle [in] AVI player handle

* buffer —[out] Pointer to external buffer to hold one frame

* buffer_size —[inout] Size of external buffer

¢ info —[out] Information of the video frame

* ticks_to_wait —[in] Maximum blocking time
B

e ESP_OK Success

e ESP_ERR_TIMEOUT Timeout

e ESP_ERR_INVALID_ARG NULL arguments

* ESP_ERR_NO_MEM External buffer not enough

esp_err_t avi_player_ get_audio_buffer (avi_player_handle_t handle, void **buffer, size_t
*buffer_size, audio_frame_info_t *info, TickType_t
ticks_to_wait)

Get the audio buffer from AVI file.

ZH
* handle [in] AVI player handle
* buffer [out] pointer to the audio buffer
* buffer_size —[in] size of the audio buffer
¢ info —[out] audio frame information
* ticks_to_wait —[in] maximum blocking time in ticks
B
e ESP_OK on success
» ESP_ERR_TIMEOUT if semaphore is not acquired before timeout
e ESP_ERR_INVALID_ARG if buffer or info is NULL or buffer_size is zero
* ESP_ERR_NO_MEM if buffer size is not enough

esp_err_t avi_player_play_stop (avi_player_handle_t handle)
Stop AVI player.

%%, handle —[in] AVI player handle
B
* ESP_OK: Stop AVI player successfully
* ESP_ERR_INVALID_STATE: AVI player not playing

esp_err_t avi_player_init (avi_player_config_t config, avi_player_handle_t *handle)
Initialize the AVI player.

ZH

» config —[in] Configuration of AVI player

* handle [out] Pointer to store the AVI player handle
B

¢ ESP_OK: succeed

* ESP_ERR_NO_MEM: Cannot allocate memory for AVI player
ESP_ERR_INVALID_STATE: AVI player has already been initialized
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esp_err_t avi_player_deinit (avi_player_handle_t handle)
Deinitializes the AVI player.

This function deinitializes and cleans up resources used by the AVI player.

%% handle —[in] AVI player handle
R esp_err_t ESP_OK if successful, otherwise an error code.

Structures

struct video_frame_info_t

video frame info

Public Members

uint32_t width
Width of image in pixels

uint32_t height

Height of image in pixels

video_frame_format £rame_format

Pixel data format

struct audio_frame_info_t

audio frame info

Public Members

uint8_t channel

Audio output channel

uint§_tbits_per_ sample
Audio bits per sample

uint32_t sample_rate

Audio sample rate

audio_frame_format £ormat

Audio format

struct frame_data_t

frame data

Public Members

uint®_t *data

Image data for this frame
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size_t data_bytes

Size of image data buffer

Jframe_type_t type
Frame type: video or audio

video_frame_info_t video_info

Video frame info

audio_frame_info_t audio_info

Audio frame info

union frame_data_t::[anonymous] [anonymous]

frame info

struct avi_player_config_t

avi player config

Public Members

size_tbuffer_size

Internal buffer size

video_write_cb video_cb

Video frame callback

audio_write_cb audio_cb

Audio frame callback

audio_set_clock_cb audio_set_clock_cb
Audio set clock callback

avi_play_end_cb avi_play_end_cb
AVI play end callback

UBaseType_t priority
FreeRTOS task priority

BaseType_t coreID
ESP32 core ID

void *user_data

User data

int stack_size

Stack size for the player task

bool stack_in_psram

If you read file/data from flash, do not set true
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Type Definitions

typedef void (*video_write_cb)(frame_data_t *data, void *arg)

typedef void (*audio_write_cb)(frame_data_t *data, void *arg)

typedef void (*faudio_set_clock_cb)(uint32_t rate, uint32_t bits_cfg, uint32_t ch, void *arg)

typedef void (*favi_play_end_cb)(void *arg)

typedef void *avi_player_handle_t

Enumerations

enum video_frame_format

video frame format

Values:

enumerator FORMAT_MJEPG

enumerator FORMAT_H264

enum audio_frame_format

audio frame format

Values:

enumerator FORMAT_PCM

enum frame_type_t

frame type: video or audio

Values:

enumerator FRAME_TYPE_VIDEO

enumerator FRAME_TYPE_AUDIO
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9.1.2 API &%
Header File

¢ components/openai/include/OpenAlh

Functions

OpenAl_t *OpenAICreate (const char *api_key)
Create an OpenAl object.

%% api_key —The key of openai
& [H] OpenAl_t* The OpenAl object

void OpenAIDelete (OpenAl_t *oai)

Clear the OpenAl object and release resources.
%% oai —The OpenAl object

void OpenAIChangeBaseURL (OpenAl_t *oai, const char *baseURL)
Modify the Base URL of the OpenAlI object.

Structures

struct OpenAI_EmbeddingData_t
Struct for Embedding data.

Public Members

uint32_t len
Length of the data

double *data

Pointer to the data

struct OpenAI_EmbeddingResponse

To get an embedding, send your text string to the embeddings API endpoint along with a choice of embedding
model ID (e.g., text-embedding-ada-002). The response will contain an embedding, which you can extract,

save, and use.

Public Members

TR .

uint32_t (*getUsage)(struct OpenAl_EmbeddingResponse *stringResponse)

Get the usage of OpenAl_EmbeddingResponse.

Param stringResponse[in] The pointer to OpenAl_EmbeddingResponse

Return uint32_t
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uint32_t (*getLen)(struct OpenAl_EmbeddingResponse *embeddingData)
Get the length of OpenAl_EmbeddingResponse.

Param embeddingData[in] The pointer to OpenAl_EmbeddingResponse
Return uint32_t

OpenAl_EmbeddingData_t *(*getData)(struct OpenAl_EmbeddingResponse *embeddingData, uint32_t
index)

Get the data of OpenAl_EmbeddingResponse.

Param embeddingData[in] The pointer to OpenAl_EmbeddingResponse
Param index[in] The index of the data
Return OpenAl_EmbeddingData_t*

char *(*getError)(struct OpenAl_EmbeddingResponse *embeddingData)
Get the error of OpenAl_EmbeddingResponse.

Param embeddingData[in] The pointer to OpenAl_EmbeddingResponse
Return char*

void (*deleteResponse)(struct OpenAl_EmbeddingResponse *embeddingData)

delete the embedding response, should free it after use.

Param embeddingData[in] the point of OpenAl_EmbeddingResponse

struct OpenAI_ModerationResponse

The moderations endpoint is a tool you can use to check whether content complies with OpenAl’ s usage
policies. Developers can thus identify content that our usage policies prohibits and take action, for instance by
filtering it.

Public Members

uint32_t (*getLen)(struct OpenAl_ModerationResponse *moderationResponse)

Get the length of OpenAI_ModerationResponse.

Param moderationResponse[in] The pointer to OpenAl_ModerationResponse
Return uint32 t

bool (*getData)(struct OpenAl_ModerationResponse *moderationResponse, uint32_t index)

Get the moderation result of OpenAI_ModerationResponse.

Param moderationResponse[in] The pointer to OpenAl_ModerationResponse
Param index[in] The index of the moderation result
Return bool

char *(*getError)(struct OpenAl_ModerationResponse *moderationResponse)

Get the error message of OpenAI_ModerationResponse.

Param moderationResponse[in] The pointer to OpenAl_ModerationResponse
Return char*

void (*deleteResponse)(struct OpenAl_ModerationResponse *moderationResponse)

delete the moderation response, should free it after use.

Param moderationResponse[in] the point of } OpenAl_ModerationResponse_t
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struct OpenAI_ImageResponse
Save the image which is generated by OpenAl.

Public Members

uint32_t (*getLen)(struct OpenAl_ImageResponse *imageResponse)
Get the length of OpenAl_ImageResponse.

Param imageResponse[in] The pointer to OpenAl_ImageResponse
Return uint32_t

char *(*getData)(struct OpenAl_ImageResponse *imageResponse, uint32_t index)

Get the data of OpenAl_ImageResponse.

Param imageResponse[in] The pointer to OpenAl_ImageResponse
Param index[in] The index of the image data
Return char*

char *(*getError)(struct OpenAl_ImageResponse *imageResponse)

Get the error message of OpenAl_ImageResponse.

Param imageResponse[in] The pointer to OpenAl_ImageResponse
Return char*

void (*deleteResponse)(struct OpenAl_ImageResponse *imageResponse)

delete the image response

Param imageResponse[in] the point of } OpenAl_ImageResponse_t

struct OpenAI_StringResponse

Parse the returned json data into OpenAl_StringResponse_t.

Public Members

uint32_t (*getUsage)(struct OpenAl_StringResponse *stringResponse)

get the usage of openai response

Param stringResponse[in] the point of OpenAl_StringResponse_t
Return uint32_t

uint32_t (*getLen)(struct OpenAl_StringResponse *stringResponse)

get the len of openai response

Param stringResponse[in] the point of OpenAl_StringResponse_t
Return uint32_t

char *(*getData)(struct OpenAl_StringResponse *stringResponse, uint32_t index)
get the data of openai response
Param stringResponse[in] the point of OpenAl_StringResponse_t

Param index[in] the index of data
Return char*
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char *(*getError)(struct OpenAl_StringResponse *stringResponse)

get the error of openai response

Param stringResponse[in] the point of OpenAl_StringResponse_t
Return char*

void (*deleteResponse)(struct OpenAl_StringResponse *stringResponse)

delete the openai response

Param stringResponse[in] the point of OpenAl_StringResponse_t

struct OpenAI_SpeechResponse

Store the returned data into a OpenAl_SpeechResponse_t structure.

Public Members

uint32_t (*getLen)(struct OpenAl_SpeechResponse *SpeechResponse)

get the len of openai speech response

Param speechResponse[in] the point of OpenAl_SpeechResponse_t
Return uint32_t

char *(*getData)(struct OpenAl_SpeechResponse *SpeechResponse)

get the data of openai response

Param SpeechResponse[in] the point of OpenAl_SpeechResponse_t
Return char*

void (*deleteResponse)(struct OpenAl_SpeechResponse *SpeechResponse)

delete the openai response

Param SpeechResponse[in] the point of OpenAl_SpeechResponse_t

struct OpenAI_Completion

Given a prompt, the model will return one or more predicted completions, and can also return the probabilities
of alternative tokens at each position.

Public Members

void (*setModel)(struct OpenAl_Completion *completion, const char *m)

Set the model to use for completion.

Param completion[in] the point of OpenAl_Completion_t
Param m[in] the name of the model to use for completion

void (*setMaxTokens)(struct OpenAl_Completion *completion, uint32_t mt)

Set the maximum number of tokens to generate in the completion.

Param completion[in] the point of OpenAl_Completion_t
Param mt[in] the maximum number of tokens to generate in the completion
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void (*setTemperature)(struct OpenAl_Completion *completion, float t)

Set the temperature of the completion.

Param completion[in] the point of OpenAI_Completion_t
Param t[in] float between 0 and 2. Higher value gives more random results.

void (*setTopP)(struct OpenAl_Completion *completion, float tp)

Set the value of top_p for the completion.

Param completion[in] the point of OpenAl_Completion_t
Param tp[in] float between 0 and 1. recommended to alter this or temperature but not both.

void (*setN)(struct OpenAl_Completion *completion, uint32_t n)

Set the number of completions to generate for each prompt.

Param completion[in] the point of OpenAI_Completion_t
Param n[in] the number of completions to generate for each prompt

void (*setEcho)(struct OpenAl_Completion *completion, bool e)

Echo back the prompt in addition to the completion.

Param completion[in] the point of OpenAl_Completion_t
Param e[in] true if the prompt should be echoed back, false otherwise

void (*setStop)(struct OpenAl_Completion *completion, const char *s)

Set up to 4 sequences where the API will stop generating further tokens.

Param completion[in] the point of OpenAI_Completion_t
Param s[in] the sequences where the API will stop generating further tokens

void (*setPresencePenalty)(struct OpenAl_Completion *completion, float pp)

Set the presence penalty for the completion.

Param completion[in] the point of OpenAl_Completion_t
Param pp[in] float between -2.0 and 2.0. Positive values increase the model’ s likelihood to
talk about new topics.

void (*setFrequencyPenalty)(struct OpenAl_Completion *completion, float fp)
Set the frequency penalty for the completion.

Param completion[in] the point of OpenAI_Completion_t
Param fp[in] float between -2.0 and 2.0. Positive values decrease the model’ s likelihood to
repeat the same line verbatim.

void (*setBestOf£)(struct OpenAl_Completion *completion, uint32_t bo)

Generates best_of completions server-side and returns the “best” . “best_of” must be greater than

[13%%))

n

Param completion[in] the point of OpenAI_Completion_t
Param bo[in] the number of best_of completions to generate server-side and return the “best”

void (*setUser)(struct OpenAl_Completion *completion, const char *u)

A unique identifier representing your end-user, which can help OpenAl to monitor and detect abuse.

Param completion[in] the point of OpenAI_Completion_t
Param u[in] the unique identifier representing your end-user
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OpenAl_StringResponse_t *(*prompt )(struct OpenAl_Completion *completion, char *p)
Send the prompt for completion.

Param completion[in] the point of OpenAI_Completion_t
Param p[in] the prompt for completion
Return OpenAl_StringResponse_t*

struct OpenAI_ChatCompletion

Given a list of messages comprising a conversation, the model will return a response.

Public Members

void (*setModel)(struct OpenAl_ChatCompletion *chatCompletion, const char *m)

Set the model to use for completion.

Param chatCompletion[in] the point of OpenAl_ChatCompletion
Param m[in] the name of the model to use for chatCompletion

void (*set System)(struct OpenAl_ChatCompletion *chatCompletion, const char *s)

Set the system to use for completion.

Param chatCompletion[in] the point of OpenAI_ChatCompletion
Param s[in] description of the required assistant

void (*setMaxTokens)(struct OpenAl_ChatCompletion *chatCompletion, uint32_t mt)

Set the maximum number of tokens to generate in the completion.

Param chatCompletion[in] the point of OpenAI_ChatCompletion
Param mt[in] the maximum number of tokens to generate in the completion

void (*setTemperature)(struct OpenAl_ChatCompletion *chatCompletion, float t)

Set the temperature for the completion.

Param chatCompletion[in] the point of OpenAl_ChatCompletion
Param t[in] float between 0 and 2. Higher value gives more random results.

void (*setTopP)(struct OpenAl_ChatCompletion *chatCompletion, float tp)
Set the top_p for the completion.

Param chatCompletion[in] the point of OpenAI_ChatCompletion
Param tp[in] float between 0 and 1. recommended to alter this or temperature but not both.

void (*setStop)(struct OpenAl_ChatCompletion *chatCompletion, const char *s)

Set up to 4 sequences where the API will stop generating further tokens.

Param chatCompletion[in] the point of OpenAIl_ChatCompletion
Param s[in] the sequences where the API will stop generating further tokens

void (*setPresencePenalty)(struct OpenAl_ChatCompletion *chatCompletion, float pp)
Set the presence penalty for the completion.
Param chatCompletion[in] the point of OpenAI_ChatCompletion

Param pp[in] float between -2.0 and 2.0. Positive values increase the model’ s likelihood to
talk about new topics.
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void (*setFrequencyPenalty)(struct OpenAl_ChatCompletion *chatCompletion, float fp)
Set the frequency penalty for the completion.

Param chatCompletion[in] the point of OpenAI_ChatCompletion
Param fp[in] float between -2.0 and 2.0. Positive values decrease the model’ s likelihood to
repeat the same line verbatim.

void (*setUser)(struct OpenAl_ChatCompletion *chatCompletion, const char *u)

A unique identifier representing your end-user, which can help OpenAI to monitor and detect abuse.

Param chatCompletion[in] the point of OpenAI_ChatCompletion
Param u[in] the unique identifier representing your end-user

void (*clearConversation)(struct OpenAl_ChatCompletion *chatCompletion)

Clears the accumulated conversation.

Param chatCompletion[in] the point of OpenAl_ChatCompletion

OpenAl_StringResponse_t *(*message)(struct OpenAl_ChatCompletion *chatCompletion, const char *p,
bool save)

Send the message for completion. Save it with the first response if selected.

Param chatCompletion[in] the point of OpenAI_ChatCompletion
Param p[in] the message for completion

Param save[in] save it with the first response if selected

Return OpenAl_StringResponse_t*

OpenAl_StringResponse_t *(*multiModalMessage)(struct OpenAl_ChatCompletion *chatCompletion,
const char *type, const char *p, bool save)

Send a multi-modal message (text / image_url / input_audio) for completion. This is an extended API
supporting richer content types.

Param chatCompletion[in] The chat completion object

Param type[in] The content type string ( “text” , “image_url” , “input_audio” , etc.)
Param p[in] The content value corresponding to the type

Param save[in] Save conversation with the first assistant response if true

Return OpenAl_StringResponse_t* The response from OpenAl

struct OpenAI_Edit

Given a prompt and an instruction, the model will return an edited version of the prompt.

Public Members

void (*setModel)(struct OpenAl_Edit *edit, const char *m)

Set the model to use for edit.

Param edit[in] the point of OpenAl_Edit_t
Param m[in] the name of the model to use for edit

void (*setTemperature)(struct OpenAl_Edit *edit, float t)

Set the temperature for the edit.

Param edit[in] the point of OpenAI_Edit_t
Param t[in] float between 0 and 2. Higher value gives more random results.
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void (*setTopP)(struct OpenAl_Edit *edit, float tp)
Set the top_p for the edit.

Param edit[in] the point of OpenAI_Edit_t
Param tp[in] float between 0 and 1. recommended to alter this or temperature but not both.

void (*setN)(struct OpenAl_Edit *edit, uint32_t n)
Set the number of edits to generate for the input and instruction.

Param edit[in] the point of OpenAI_Edit_t
Param n[in] the number of edits to generate for the input and instruction

OpenAl_StringResponse_t *(*process)(struct OpenAl_Edit *edit, char *instruction, char *input)
Creates a new edit for the provided input, instruction, and parameters.
Param edit[in] the point of OpenAI_Edit_t
Param instruction[in] the instruction for the edit

Param input[in] the input text to be edited
Return OpenAl_StringResponse_t* the edited text

struct OpenAI__ImageGeneration

Creates an image given a prompt.

Public Members

void (*setSize)(struct OpenAl_ImageGeneration *imageGeneration, OpenAl_Image_Size s)
Set the size of the generated images.

Param imageGeneration[in] the point of OpenAl_ImageGeneration
Param s[in] the size of the generated images

void (*setResponseFormat)(struct OpenAl_ImageGeneration *imageGeneration,
OpenAl_Image_Response_Format 1f)

Set the format in which the generated images are returned.

Param imageGeneration[in] the point of OpenAl_ImageGeneration
Param rf[in] the format in which the generated images are returned

void (*setN)(struct OpenAl_ImageGeneration *imageGeneration, uint32_t n)
Set the number of images to generate. Must be between 1 and 10.

Param imageGeneration[in] the point of OpenAl_ImageGeneration
Param n[in] the number of images to generate

void (*setUser)(struct OpenAl_ImageGeneration *imageGeneration, const char *u)
Set a unique identifier representing your end-user, which can help OpenAI to monitor and detect abuse.

Param imageGeneration[in] the point of OpenAl_ImageGeneration
Param u[in] the unique identifier representing your end-user

OpenAl_ImageResponse_t *(*prompt)(struct OpenAl_ImageGeneration *imageGeneration, char *p)
Creates image/images from given a prompt.
Param imageGeneration[in] the point of OpenAl_ImageGeneration

Param p[in] the prompt for image generation
Return OpenAl_ImageResponse_t* the generated image/images

Espressif Systems 283 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 9. A\ T fig

struct OpenAI_ImageVariation

Creates a variation of a given image.

Public Members

void (*setSize)(struct OpenAl_Image Variation *imageVariation, OpenAl_Image_Size s)
Set the size of the generated images.

Param image Variation[in] the point of OpenAl_Image Variation
Param s[in] the size of the generated images

void (*setResponseFormat )(struct OpenAl_Image Variation *imageVariation,
OpenAl_Image_Response_Format 1f)

Set the format in which the generated images are returned.

Param imageVariation[in] the point of OpenAl_ImageVariation
Param rf[in] the format in which the generated images are returned

void (*setN)(struct OpenAl_Image Variation *imageVariation, uint32_t n)

Set the number of images to generate. Must be between 1 and 10.

Param imageVariation[in] the point of OpenAl_Image Variation
Param n[in] the number of images to generate

void (*setUser)(struct OpenAl_Image Variation *imageVariation, const char *u)

Set a unique identifier representing your end-user, which can help OpenAl to monitor and detect abuse.

Param imageVariation[in] the point of OpenAl_ImageVariation
Param u[in] the unique identifier representing your end-user

OpenAl_ImageResponse_t *(*image)(struct OpenAl_Image Variation *imageVariation, uint8_t *data, size_t
len)

Creates an image variation from given image data.

Param imageVariation[in] the point of OpenAl_ImageVariation
Param data[in] the input image data

Param len[in] the length of the input image data

Return OpenAl_ImageResponse_t* the generated image variation

struct OpenAI_ImageEdit

Creates an edited or extended image given an original image and a prompt.

Public Members

void (*setPrompt)(struct OpenAl_ImageEdit *imageEdit, const char *p)
Set the prompt for the image edit.

Param imageEdit[in] the point of OpenAl_ImageEdit_t
Param p[in] the prompt for the image edit
void (*setSize)(struct OpenAl_ImageEdit *imageEdit, OpenAl_Image_Size s)
Set the size of the generated images.

Param imageEdit[in] the point of OpenAl_ImageEdit_t
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Param s[in] the size of the generated images

void (*setResponseFormat)(struct OpenAl_ImageEdit *imageEdit, OpenAl_Image_Response_Format
rf)

Set the format in which the generated images are returned.

Param imageEdit[in] the point of OpenAl_ImageEdit_t
Param rf[in] the format in which the generated images are returned

void (*setN)(struct OpenAl_ImageEdit *imageEdit, uint32_t n)
Set the number of images to generate. Must be between 1 and 10.

Param imageEdit[in] the point of OpenAl_ImageEdit_t
Param n[in] the number of images to generate

void (*setUser)(struct OpenAl_ImageEdit *imageEdit, const char *u)

Set a unique identifier representing your end-user, which can help OpenAI to monitor and detect abuse.

Param imageEdit[in] the point of OpenAl_ImageEdit_t
Param u[in] the unique identifier representing your end-user

OpenAl_ImageResponse_t *(*image)(struct OpenAl_ImageEdit *imageEdit, uint8_t *data, size_t len,
uint8_t *mask_data, size_t mask_len)

Creates an edited or extended image given an original image, a mask, and a prompt.

Param imageEdit[in] the point of OpenAl_ImageEdit_t

Param data[in] the input image data

Param len[in] the length of the input image data

Param mask_data[in] the input mask data

Param mask_len[in] the length of the input mask data

Return OpenAl_ImageResponse_t* the edited or extended image

struct OpenAI_AudioTranscription

Transcribes audio into the input language.

Public Members

void (*setPrompt)(struct OpenAl_AudioTranscription *audioTranscription, const char *p)

Set the prompt for the audio transcription.

Param audioTranscription[in] the point of OpenAl_AudioTranscription_t
Param p[in] the prompt for the audio transcription

void (*setResponseFormat)(struct OpenAl_AudioTranscription *audioTranscription,
OpenAl_Audio_Response_Format tf)

Set the format of the transcript output.

Param audioTranscription[in] the point of OpenAl_AudioTranscription_t
Param rf[in] the format of the transcript output

void (*setTemperature)(struct OpenAl_AudioTranscription *audioTranscription, float t)

Set the temperature for the audio transcription.

Param audioTranscription[in] the point of OpenAl_AudioTranscription_t
Param t[in] float between O and 1
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void (*setLanguage)(struct OpenAl_AudioTranscription *audioTranscription, const char *1)

Set the language of the input audio.

Param audioTranscription[in] the point of OpenAl_AudioTranscription_t
Param I[in] the language in ISO-639-1 format of the input audio. NULL for Auto.

char *(*£ile)(struct OpenAl_AudioTranscription *audioTranscription, uint8_t *data, size_t len,
OpenAl_Audio_Input_Format f)

Transcribe an audio file.

Param audioTranscription[in] the point of OpenAl_AudioTranscription_t
Param data[in] the input audio data

Param len[in] the length of the input audio data

Param f[in] the format of the input audio data

Return char* the transcribed text, you should free it after use.

struct OpenAI_AudioSpeech

Given a list of messages comprising a conversation, the model will return a response.

Public Members

void (*setModel)(struct OpenAl_AudioSpeech *createSpeech, const char *m)

Set the model to use for completion.

Param createSpeech[in] the point of OpenAl_SpeechResponse_t
Param m[in] the name of the model to use for audio response

void (*setVoice)(struct OpenAl_AudioSpeech *createSpeech, const char *m)

Set the voice to use for completion.

Param createSpeech[in] the point of OpenAl_SpeechResponse_t
Param m[in] the name of the model to use for audio response

void (*setSpeed)(struct OpenAl_AudioSpeech *createSpeech, float t)
Set the speed of the output audio.

Param createSpeech[in] the point of OpenAl_SpeechResponse_t
Param t[in] float between 0.25 to 4.0

void (*setResponseFormat )(struct OpenAl_AudioSpeech *createSpeech,
OpenAl_Audio_Output_Format tf)

Set the format of the output.

Param createSpeech[in] the point of OpenAl_SpeechResponse_t
Param rf[in] the format of the output audio

OpenAl_SpeechResponse_t *(*speech)(struct OpenAl_AudioSpeech *createSpeech, char *p)

Send the message for completion.

Param createSpeech[in] the point of OpenAl_SpeechResponse_t
Param p[in] the message for audio generation
Return *

void (*speechStream)(struct OpenAl_AudioSpeech *createSpeech, char *p, OpenAl_StreamCallback
stream_callback)

Send the message for completion.
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Param createSpeech[in] the point of OpenAl_SpeechResponse_t
Param p[in] the message for audio generation
Param stream_callback[in] the callback function for audio stream

struct OpenAI_AudioTranslation

Translates audio into English.

Public Members

void (*setPrompt)(struct OpenAl_AudioTranslation *audioTranslation, const char *p)
Set the prompt for the audio translation.

Param audioTranslation[in] the point of OpenAl_AudioTranslation_t
Param p[in] the prompt for the audio translation

void (*setResponseFormat)(struct OpenAl_AudioTranslation *audioTranslation,
OpenAl_Audio_Response_Format rf)

Set the format of the transcript output.

Param audioTranslation[in] the point of OpenAl_AudioTranslation_t
Param rf[in] the format of the transcript output

void (*setTemperature)(struct OpenAl_AudioTranslation *audioTranslation, float t)
Set the temperature for the audio translation.

Param audioTranslation[in] the point of OpenAl_AudioTranslation_t
Param t[in] float between 0 and 2. Higher value gives more random results.

char *(*£ile)(struct OpenAl_AudioTranslation *audioTranslation, uint8_t *data, size_t len,
OpenAl_Audio_Input_Format f)

Transcribe and translate an audio file into English.
Param audioTranslation[in] the point of OpenAl_AudioTranslation_t
Param data[in] the input audio data
Param len[in] the length of the input audio data

Param f[in] the format of the input audio data
Return char* the translated text in English, you should free it after use.

struct OpenAI
The entry point for calling the Openai api.

Type Definitions

typedef void (*OpenAI_StreamCallback)(const uint8_t *data, size_t length)

typedef struct OpenAl_EmbeddingResponse OpenAI_EmbeddingResponse_t

To get an embedding, send your text string to the embeddings API endpoint along with a choice of embedding
model ID (e.g., text-embedding-ada-002). The response will contain an embedding, which you can extract,
save, and use.

typedef struct OpenAl_ModerationResponse OpenAI_ModerationResponse_t

The moderations endpoint is a tool you can use to check whether content complies with OpenAl’ s usage
policies. Developers can thus identify content that our usage policies prohibits and take action, for instance by
filtering it.

Espressif Systems 287 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 9. A\ T fig

typedef struct OpenAl_ImageResponse OpenAI_ImageResponse_t
Save the image which is generated by OpenAl.

typedef struct OpenAl_StringResponse OpenAI_StringResponse_t

Parse the returned json data into OpenAl_StringResponse_t.

typedef struct OpenAl_SpeechResponse OpenAI_SpeechResponse_t

Store the returned data into a OpenAl_SpeechResponse_t structure.

typedef struct OpenAl_Completion OpenAI_Completion_t

Given a prompt, the model will return one or more predicted completions, and can also return the probabilities
of alternative tokens at each position.

typedef struct OpenAl_ChatCompletion OpenAI_ChatCompletion_t

Given a list of messages comprising a conversation, the model will return a response.

typedef struct OpenAl_Edit OpenAI_Edit_t

Given a prompt and an instruction, the model will return an edited version of the prompt.

typedef struct OpenAl_ImageGeneration OpenAI_ImageGeneration_t

Creates an image given a prompt.

typedef struct OpenAl_ImageVariation OpenAI_ImageVariation_t

Creates a variation of a given image.

typedef struct OpenAl_ImageEdit OpenAI_ImageEdit_t

Creates an edited or extended image given an original image and a prompt.

typedef struct OpenAl_AudioTranscription OpenAI_AudioTranscription_t

Transcribes audio into the input language.

typedef struct OpenAl_AudioSpeech OpenAI_AudioSpeech_t

Given a list of messages comprising a conversation, the model will return a response.

typedef struct OpenAl_AudioTranslation OpenAI_AudioTranslation_t

Translates audio into English.

typedef struct OpenAl OpenAI_t
The entry point for calling the Openai api.

Enumerations

enum OpenAI_Image_Size

Values:

enumerator OPENAI_IMAGE_SIZE_1024x1024

enumerator OPENAT_TIMAGE_SIZE_512x512
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enumerator OPENATI_TIMAGE_SIZE_256x256

enum OpenAI_Image_Response_Format

Values:

enumerator OPENAI_IMAGE_RESPONSE_FORMAT_URL

enumerator OPENAI_IMAGE_RESPONSE_FORMAT_B64_JSON

enum OpenAI_Audio_Response_Format

Values:

enumerator OPENAI_AUDIO_RESPONSE_FORMAT_JSON

enumerator OPENAI_AUDIO_RESPONSE_FORMAT_TEXT

enumerator OPENAI_AUDIO_RESPONSE_FORMAT_SRT

enumerator OPENAI_AUDIO_RESPONSE_FORMAT_VERBOSE_JSON

enumerator OPENAI_AUDIO_RESPONSE_FORMAT_VTT

enum OpenAI_Audio_Input_Format

Values:

enumerator OPENAI_AUDIO_INPUT FORMAT_MP3

enumerator OPENAI_AUDIO_INPUT_FORMAT MP4

enumerator OPENAI_AUDIO_INPUT_FORMAT MPEG

enumerator OPENAI_AUDIO_INPUT_FORMAT MPGA

enumerator OPENAI_AUDIO_INPUT_ FORMAT M4A

enumerator OPENAI_AUDIO_INPUT_FORMAT_WAV

enumerator OPENAT_AUDIO_INPUT FORMAT_ WEBM

enum OpenAI_Audio_Output_Format

Values:

enumerator OPENAI_AUDIO_OUTPUT FORMAT MP3

enumerator OPENAI_AUDIO_OUTPUT_FORMAT_OPUS
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enumerator OPENAI_AUDIO_OUTPUT_FORMAT_AAC
enumerator OPENAI_AUDIO_OUTPUT_FORMAT_FLAC
enumerator OPENAI_AUDIO_OUTPUT_FORMAT_WAV
enumerator OPENAI_AUDIO_OUTPUT_FORMAT_PCM

enumerator OPENAI_AUDIO_OUTPUT FORMAT_MAX
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9.2.2 BIRYIZE S IH
BERIR Al
BT PyTorch HEZY, #4573 A Touch FHEUFHYM AL, Z5HANT -

class Net (torch.nn.Module) :
def _ init_ (self):
super (Net, self).__init__ ()
self.model = torch.nn.Sequential (
torch.nn.Conv2d(in_channels=1, out_channels=16, kernel_size=3,.
—stride=1, padding=1),
torch.nn.RelLU(),
torch.nn.MaxPool2d (kernel_size=2, stride=2),

torch.nn.Conv2d(in_channels=16, out_channels=32, kernel_size=3,.
—stride=1, padding=1),

torch.nn.RelLU(),

torch.nn.MaxPool2d (kernel_size=2, stride=2),

torch.nn.Conv2d(in_channels=32, out_channels=64, kernel_size=3,.
—stride=1, padding=1),
torch.nn.ReLU(),

torch.nn.Flatten(),

torch.nn.Linear (in_features=7 * 6 * 64, out_features=256),
torch.nn.RelLU(),

torch.nn.Dropout (p=0.5),

torch.nn.Linear (in_features=256, out_features=10),
torch.nn.Softmax (dim=1)

def forward(self, x):
output = self.model (x)
return output

BRI
B SRl R AR RO AR B N B S AL B, BRI GRS B, B ZRad Re  H E S IRAT

B 5 wiAbpl R R R A B 4 B EAE dataset /extra U H, DABCTAE S
#4F%, H#H transforms. Compose X ERUGHATHIAL L, WG, FEVLIER: TR Shnfife. S
i ImageFolder M#FIENEIRLE, -4 8:2 WL BRI M ZREE S 4L, )5 DataLoader #4
B RN 2R DAL 5 SR A I R AT 6

import matplotlib.pyplot as plt

import torch

import torch.nn as nn

import torch.optim as optim

from torch.utils.data import Dataloader, random_split
from torchvision import datasets, transforms

transform = transforms.Compose ([
transforms.Grayscale (num_output_channels=1),
transforms.RandomAffine (degrees=10, translate=(0.1, 0.1)),
transforms.ToTensor (),

transforms.Normalize ((0.5,), (0.5,)),
1)
(T oUakEE)
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(& b))
dataset = datasets.ImageFolder (root="'./dataset/extra', transform=transform)
train_size = 1int (0.8 * len(dataset))
test_size = len(dataset) - train_size
train_dataset, test_dataset = random_split (dataset, [train_size, test_size])

train_loader = Dataloader (dataset=train_dataset, batch_size=32, shuffle=True)
test_loader = Dataloader (dataset=test_dataset, batch_size=32, shuffle=False)

BN S EBoE  MAIGS ARSI R, (s SRmEEE . SChRilgrad e iR 2 SURifE
PR B, I Adam s BEA TR 2 R0 T -

device = "cuda:0" if torch.cuda.is_available() else "cpu
model = Net () .to(device)

criterion = nn.CrossEntropyLoss ()

optimizer = optim.Adam(model.parameters(), 1lr=0.001)

BRI SR BEE IR ECH 100 %, I GRS 2 SIHEAT N SR APPAL . DI R vl
FINGFEIATERB S E R, H AR MR AT RIEERE PP AL . RS S, RS EURE R
./models/final_model.pth {4,

def train_epoch(model, train_loader, criterion, optimizer, device):
model.train ()
running_loss = 0.0
correct = 0
total = 0

for inputs, labels in train_loader:
inputs, labels = inputs.to(device), labels.to(device)

optimizer.zero_grad()

outputs = model (inputs)

loss = criterion (outputs, labels)
loss.backward ()

optimizer.step ()

running_loss += loss.item()
_, predicted = torch.max (outputs.data, 1)
total += labels.size (0)

correct += (predicted == labels) .sum() .item()
epoch_loss = running_loss / len(train_loader)
epoch_acc = 100 * correct / total

return epoch_loss, epoch_acc

def test_epoch (model, test_loader, criterion, device):
model.eval ()
running_loss = 0.0
correct = 0
total = 0

with torch.no_grad() :
for inputs, labels in test_loader:
inputs, labels = inputs.to(device), labels.to(device)

outputs = model (inputs)
loss = criterion (outputs, labels)

(T Uakss)
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(& b))
running_loss += loss.item()
_, predicted = torch.max (outputs.data, 1)
total += labels.size (0)
correct += (predicted == labels).sum() .item()
epoch_loss = running_loss / len(test_loader)
epoch_acc = 100 * correct / total
return epoch_loss, epoch_acc
num_epochs = 100
train_acc_array = []
test_acc_array = []
for epoch in range (num_epochs) :
train_loss, train_acc = train_epoch(model, train_loader, criterion, optimizer,.
—device)
test_loss, test_acc test_epoch (model, test_loader, criterion, device)
print (f'Epoch [{epoch + 1}/{num_epochs/}/], '
f'Train Loss: {train_loss:.4f}, Train Acc: {train_acc:.2f}%, '
f'Test Loss: test_loss:.4f ), Test Acc: test_acc:.2f}%")
train_acc_array.append(train_acc)
test_acc_array.append (test_acc)
torch.save (model.state_dict (), './models/final_model.pth')
BRI A, IIIZREE 5 A P HERf 22 b il R -
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B 30 YIRS MRS A R R A el 26
R I
ESP-PPQ SABEfiLE  ESP-PPO 2T ppa AL TH . HMHH AN 443 ESP-PPQ:
pip uninstall ppgq
pip install git+https://github.com/espressif/esp-ppg.git
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BRI EfR % ©7% How to quantize model SEIUXF AL EAL 5 Tl . # 7R 2SS 1 A T ESP32P4 A
Al Y TARGET IXE N esp32p4.

import torch

from PIL import Image

from ppg.api import espdl_qguantize_torch
from torch.utils.data import Dataset

from torch.utils.data import random_split
from torchvision import transforms, datasets

DEVICE = "cpu"

class FeatureOnlyDataset (Dataset) :
def __init__(self, original_dataset):
self.features = []
for item in original_dataset:
self.features.append(item[0])

def _ len_ (self):
return len(self.features)

def _ getitem__ (self, idx):
return self.features[idx]

def collate_fn2 (batch):
features = torch.stack (batch)
return features.to (DEVICE)

if name == '_main__ ':
BATCH_SIZE = 32
INPUT_SHAPE = [1, 25, 30]
TARGET = "esp32s3"
NUM_OF_BITS = 8
ESPDL_MODEL_PATH = "./s3/touch_recognition.espdl"
transform = transforms.Compose ([

transforms.Grayscale (num_output_channels=1),
transforms.ToTensor (),
transforms.Normalize ((0.5,), (0.5,)),

1)

dataset = datasets.ImageFolder (root="../dataset/extra", transform=transform)
train_size = int (0.8 * len(dataset))

test_size = len(dataset) - train_size

train_dataset, test_dataset = random_split (dataset, [train_size, test_size])

image = Image.open("../dataset/extra/9/20250225_140331.png").convert ('L")
input_tensor = transform(image) .unsqueeze (0)
print (input_tensor)

feature_only_test_data = FeatureOnlyDataset (test_dataset)

testDataloader = torch.utils.data.Dataloader (dataset=feature_only_test_data, .
—batch_size=BATCH_SIZE, shuffle=False,
collate_fn=collate_fn2)

model = Net () .to (DEVICE)
model.load_state_dict (torch.load("./final_model.pth", map_location=DEVICE))
model.eval ()

Q)
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quant_ppqg_graph = espdl_qguantize_torch(
model=model,
espdl_export_file=ESPDL_MODEL_PATH,
calib_dataloader=testDatalLoader,
calib_steps=8,
input_shape=[1] + INPUT_SHAPE,
inputs=[input_tensor],
target=TARGET,
num_of_bits=NUM_OF_BITS,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=True,
verbose=1,
dispatching_override=None

)

N T ET IR, ESP-DL f2{it AR ALRIAS i il B H7E PC iy & B HEBLST R DI AE . AE_Bidad
T, image HINZEE espdl_quantize_torch HHUN T, FEMZEIEEAS, WK AHE
PREESRRAEA * . info g SCIF i RAT

test outputs value:

%23, shape: [1, 10], exponents: [0],

value: array ([9.85415445e-34, 1.92874989e-22, 7.46892081e-43, 1.60381094e-28,
3.22134028e-27, 1.05306175e-20, 4.07960022e-41, 1.42516404e-21,
2.38026637e-26, 1.00000000e+00, 0.00000000e+00, 0.00000000e+00],
dtype=float32)

T AR SR E SR, ¥ torch.utils.data.DataLoader H) shuffle ZHKE N

False,

9.2.3 s flifiRe

27 How to load test profile model 5 How to run model 52 PSR i) 2k S5 #EFH

it SRR, FEABIH, Touch UKEN B T 5ARE AR 15 0, MBS AL 5
PG RS, PR LT 2 Touch SRl _E A e 2L AT FTAb B -

for (size_t i = 0; 1 < m_feature_size; i++) {
int8_t value (input_datal[i] == 0 2 -1 : 1);
quant_buffer[i] = dl::quantize<int8_t> ((float)value, m_input_scale);

|~

SER IR H TS 2% ai/esp_dl/touchpad_digit_recognition
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PN A

10.1 5t

FERAE ST GPIO I ADC WiFhdicst, JF v [l B G AN [ 45 g . LS 1 R B A i

it

VCC
) ESP32 10*[ >
R? ESP32 10*[>
ESP32 ADC ESP32 IO*
i i i
bKEY? bKEY? bKEY?
o~ o~ o~
R?
bKEY? bKEY? bKEY?
o ~ o
GND GND
ADC Button GPIO Button

* GPIO 8L miAy : — DR ML 10, ZEAE N, e, S g2 n
K2 10 B

* ADC #t8# {5 A 0 I Z AR I — A ADC iliE, (5 1) 10 B3 SRl AREFI 4T 2%
B, SN A ER R S GRS, AR, REEAE.

il

* GPIO # Ry E R BRI, AHPFNES S E A A N B R, (HRAE SR AR 10
PWESBCAHUI, s RAMREEE -
* ADC # S FE R i A il ADC #iR%
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10.1.1  #Ht T4

FEAEHIA T EM 8 A
=4 % &
BUTTON_PRESS_DOWN R
BUTTON_PRESS_UP W
BUTTON_PRESS_REPEAT R IRRE >=2 K
BUTTON_PRESS_REPEAT DONE | ®4 3% 45k
BUTTON_SINGLE_CLICK ROAE 1K
BUTTON_DOUBLE_CLICK RO 2 K

BUTTON_MULTIPLE_CLICK

FHE BT AN U, SRS i

BUTTON_LONG_PRESS_START

5T I ) IR 2] A I )

BUTTON_LONG_PRESS_HOLD

K a]—E &

BUTTON_LONG_PRESS_UP

KA

BUTTON_PRESS_REPEAT_DONE

E2R AN

BUTTON_PRESS_END

<7 button JH YA N EL 45 R

BT DA LA S A Oy

o [ — SRR AR SRR AT DU AN R R R, 7 A S [l R RCR  BR o aX

Jr RS R, AR RS

o R AR RINPE A iot_button_get_event () FIMHEL TR L. DR AL TR
L OEAESF RIS G . AR ITA RS S RN E R, AR RSB RR .

IR AT DAKRE DA B A7 N A

TR [ R BT AN AT TaskDelay 47 PHZE 1) # A

Espressif Systems

298

Submit Document Feedback

Release master


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 10. ¥y A%

Single Click

BUTTON_PRESS_DOWN BUTTON_PRESS_UP
Short Click BUTTON_PRESS_REPEAT_DONE

l€———100ms——> ﬁ// BUTTON_PRESS_END

BUTTON_SINGLE_CLICK

Double Click

BUTTON_PRESS_UP
UTTON_PRESS_DOWN

B
BUTTON_PRESS_DOWN
\ BUTTON_PRESS_UP

Short Click Short Click

BUTTON_PRESS_REPEAT_DONE
l&———100Ms——>(€—50ms—pi€———100ms——|

/ BUTTON_PRESS_END

BUTTON_PRESS_REPEAT[2 BUTTON_DOUBLE_CLICK

LongPress

BUTTON_LONG_PRESS_TIME_MS: 1500ms

BUTTON_LONG_PRESS_START

BUTTON_LONG_PRESS_HOLD
BUTTON_PRESS_DOWN

BUTTON_PRESS_END

« — — — — — — — - 3000ms — — — — — — — > /

BUTTON_LONG_PRESS |

10.1.2 P ¥ i

« BUTTON_PERIOD_TIME_MS : #54 J& 11}

+ BUTTON_DEBOUNCE_TICKS : Jl £}k %k

« BUTTON_SHORT_PRESS_TIME_MS : i 448 #3745 74 st ]

e BUTTON_LONG_PRESS_TIME_MS : K- #45 %J( 18]
ADC_BUTTON_MAX_CHANNEL : ADC #4155 R i 18 41
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« ADC_BUTTON_MAX_BUTTON_PER_CHANNEL : ADC /™3l i#i 5 2 (1 3411 %k
« ADC_BUTTON_SAMPLE_TIMES : 437 ADC {3iflkeA %k
+ BUTTON_LONG_PRESS_HOLD_SERIAL_TIME_MS : K- 31 fil % 1) CALLBACK ] [ i} i)

10.1.3 3l

Gl 4k

// create gpio button
const button_config_ t btn_cfg = {0};
const button_gpio_config_t btn_gpio_cfg = {
.gpio_num = O,
.active_level = 0,
bi
button_handle_t gpio_btn = NULL;
esp_err_t ret = iot_button_new_gpio_device (&btn_cfg, &btn_gpio_cfg, &gpio_btn);
if (NULL == gpio_btn) {
ESP_LOGE (TAG, "Button create failed");
3

// create adc button

const button_config_t btn_cfg = {0};

button_adc_config_t btn_adc_cfg = {
.unit_id = ADC_UNIT_1,

.adc_channel = 0,
.button_index = 0,
.min = 100,
.max = 400,

bi

button_handle_t adc_btn = NULL;
esp_err_t ret = iot_button_new_adc_device (&btn_cfg, &btn_adc_cfg, &adc_btn);
if (NULL == adc_btn) {
ESP_LOGE (TAG, "Button create failed");
}

// create matrix keypad button
const button_config_t btn_cfg = {0};

const button_matrix_config_t matrix_cfg = {
.row_gpios = (int32_t[]){4, 5, 6, 7},
.col_gpios = (int32_t[]){3, 8, 16, 15},
.row_gpio_num = 4,

.col_gpio_num = 4,
bi
button_handle_t matrix_button = NULL;

esp_err_t ret = iot_button_new_matrix_device (&btn_cfg, &matrix_cfg, btns, &matrix_
—button);
if (NULL == matrix_button) {

ESP_LOGE (TAG, "Button create failed");
}

i 24 ADC #7152 ADCL, 24301 H Hak A5 H Ay (8 fH 2] 7 ADCI B, %% A adc_handle Fl
adc_channel it B ADC #%41.

TEIDHR i o

Button 4104 303N Z A FHEEM R R, BEASFAEAR AT AN — A AR R, SBR[l R
B M .
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Hrr,
e BUTTON_LONG_PRESS_START MIBUTTON_LONG_PRESS_UP N 55 Bk 0 K Fie it ]
e BUTTON_MULTIPLE_CLICK {3 &E LW T A .
- W

static void button_single_click_cb (void *arg,void *usr_data)

{

ESP_LOGI (TAG, "BUTTON_SINGLE_CLICK");

iot_button_register_cb (gpio_btn, BUTTON_SINGLE_CLICK, NULL, button_
—single_click_cb,NULL) ;

« ZAEER B A

static void button_long_press_1_cb(void *arg,void *usr_data)

{

ESP_LOGI (TAG, "BUTTON_LONG_PRESS_START_1");

static void button_long_press_2_cb(void *arg,void *usr_data)
{
ESP_LOGI (TAG, "BUTTON_LONG_PRESS_START_2");

button_event_args_t args = {
.long_press.press_time = 2000,

bi

iot_button_register_cb (gpio_btn, BUTTON_LONG_PRESS_START, &args,.
—button_auto_check_cb_1, NULL);

args.long_press.press_time = 5000;
iot_button_register_cb(gpio_btn, BUTTON_LONG_PRESS_START, &args, .
—button_long_press_2_cb, NULL);

At B r

button_event_t event;
event = iot_button_get_event (button_handle);

FIERER e 2NN i

iot_button_set_param(btn, BUTTON_LONG_PRESS_TIME_MS, 5000);

IR RE S HF

1t light_sleep i3, esp_timer % N #r g il A, 33 cpu BAANFE AT 1 B A~ 1),
button AR T RIFER

P f B

o BRI A H A GPIO %48, Hf HARITS 1 enable_power_save, UNTFAE AR, &5
HURIAFERUR L

Fri: %A A RIUE Button Z17F RAERE ] o A el CPU, ARIE CPU —E SE ARIIFEREK
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TIFEXT L :
o RITRRINFEREA, T — K%

‘MH il

*

o THRRIIARRI, #5h Rk

I—;—

Y

[N GPIO Ml CPU, (S5l A, B A8 TAERLPI, CPU S SCRpAHG iR, kT4 F
KR, AR IIFERTR BRI T AP A e R IT R AR IRER . (B2 AE R AR+,

2 HARIT BRI FER A 4«
o RITRRDIFERGT , AE 4s T =K% 8

o MRIAEETE, AE 4s IHER kIR
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e, R A .

button_config_t btn_cfg = {0};

button_gpio_config_t gpio_cfg = {
.gpio_num = button_num,
.active_level = BUTTON_ACTIVE_LEVEL,
.enable_power_save = true,

bi

button_handle_t btn;
iot_button_new_gpio_device (¢btn_cfg, &gpio_cfg, &btn);

f1-2 bt A Light Sleep

 ffiffl Auto Light Sleep: £x¥E button H )] 5[] esp_timer J5i3E A Light Sleep
o P45 Light Sleep: 5214 enter_power_save_cb [H[{#HF|3ERf#E A Light Sleep

void btn_enter_power_save (void *usr_data)

{
ESP_LOGI (TAG, "Can enter power save now");

}

button_power_save_config_t config = {
.enter_power_save_cb = btn_enter_power_save,

bi

iot_button_register_power_save_cb (&confiqg);

JF )&} CONFIG_PM_POWER_DOWN_PERIPHERAL_IN_LIGHT_SLEEP %M ), fnaf oF 75 {8 Fi $ik ?

o FFEXAZE )G, GPIO Bt ML, WRFRZ A DIRE, W1 H RTC/LP GPIO, - g i
Bk EXT 1

GPIO Z7! = & * B CON- | I&E2iR

FIG_PM_POWER _DOWN_PERIPHERAL_IN_LIGHT _SLEEP
Beras i N GPIO Hi~fil A
B Y 5
RTC/LP &JH N GPIO Wi °Ffii % / EXT 1
RTC/LP %5 Y EXT 1

#1::  ESP32-C5, ESP32-C6 ) LP GPIO 1] DA 37 3 GPIO B F-Wafi fl EXT 1 Mefig, [a] it 3851 =
gpio_hold_en

FERHIE A
L SCRFALEAT T I 20 JR R K A

// stop button
iot_button_stop();
// resume button
iot_button_resume () ;

10.1.4 API Reference
Header File

» components/button/include/iot_button.h
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Functions

esp_err_t iot_button_delete (button_handle_t btn_handle)

Delete a button.

%% btn_handle —A button handle to delete
B

¢ ESP_OK Success

e ESP_FAIL Failure

esp_err_t iot_button_register_cb (button_handle_t btn_handle, button_event_t event,
button_event_args_t *event_args, button_cb_t cb, void *usr_data)

Register the button event callback function.

SH
* btn_handle —A button handle to register
¢ event —Button event
* event_args —Button event arguments
¢ cb —Callback function.
* usr_data —user data
B
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG Arguments is invalid.
» ESP_ERR_INVALID_STATE The Callback is already registered. No free Space for an-
other Callback.
* ESP_ERR_NO_MEM No more memory allocation for the event

esp_err_t iot_button_unregister_cb (button_handle_t btn_handle, button_event_t event,
button_event_args_t *event_args)

Unregister all the callbacks associated with the event.

BH
* btn_handle —A button handle to unregister
* event —Button event
* event_args —Used for unregistering a specific callback.
Bl
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG Arguments is invalid.
* ESP_ERR_INVALID_STATE No callbacks registered for the event

size_t iot_button_count_cb (button_handle_t btn_handle)

counts total callbacks registered

%% btn_handle —A button handle to the button
PEA ]
* 0if no callbacks registered, or 1 .. (BUTTON_EVENT_MAX-1) for the number of Reg-
istered Buttons.
e ESP_ERR_INVALID_ARG if btn_handle is invalid

size_t iot_button_count_event_cb (button_handle_t btn_handle, button_event_t event)
how many callbacks are registered for the event
SH

* btn_handle —A button handle to the button
* event —Button event
PEA ]
* 0if no callbacks registered, or 1 .. (BUTTON_EVENT_MAX-1) for the number of Reg-
istered Buttons.
« ESP_ERR_INVALID_ARG if btn_handle is invalid

button_event_t iot_button_get_event (button_handle_t btn_handle)

Get button event.
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%% btn_handle —Button handle
&l Current button event. See button_event_t
const char *iot_button_get_event_str (button_event_t event)
Get the string representation of a button event.

This function returns the corresponding string for a given button event. If the event value is outside the valid
range, the function returns error string “event value is invalid” .

%%, event —[in] The button event to be converted to a string.
B
* Pointer to the event string if the event is valid.

”

e 7 invalid event” if the event value is invalid.

esp_err_t iot_button_print_event (button_handle_t btn_handle)
Log the current button event as a string.
This function prints the string representation of the current event associated with the button.
%% btn_handle —[in] Handle to the button object.
Bl
* ESP_OK: Successfully logged the event string.
e ESP_FAIL: Invalid button handle.
uint§_t iot_button_get_repeat (button_handle_t btn_handle)
Get button repeat times.
%% btn_handle —Button handle
&M button pressed times. For example, double-click return 2, triple-click return 3, etc.
uint32_t iot_button_get_ticks_time (button_handle_t btn_handle)
Get button ticks time.
%%t btn_handle —Button handle
R [A] Actual time from press down to up (ms).
uintl6_t iot_button_get_long_press_hold_cnt (button_handle_t btn_handle)
Get button long press hold count.
%% btn_handle —Button handle
&[0l Count of trigger co(BUTTON_LONG_PRESS_HOLD)
esp_err_t iot_button_set_param (button_handle_t btn_handle, button_param_t param, void *value)
Dynamically change the parameters of the iot button.
S8
* btn_handle —Button handle

* param —Button parameter
e value —new value
B
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG Arguments is invalid.

uint8_t iot_button_get_key_level (button_handle_t btn_handle)
Get button key level.
%% btn_handle —Button handle
Bl
* 1if key is pressed
* 0if key is released or invalid button handle
esp_err_t iot_button_resume (void)

resume button timer, if button timer is stopped. Make sure iot_button_create() is called before calling this
APL
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P[]
¢ ESP_OK on success
e ESP_ERR_INVALID_STATE timer state is invalid.

esp_err_t iot_button_stop (void)
stop button timer, if button timer is running. Make sure iot_button_create() is called before calling this API.
B
e ESP_OK on success
e ESP_ERR_INVALID_STATE timer state is invalid

esp_err_t iot_button_register_power_save_cb (const button_power_save_config_t *config)

Register a callback function for power saving. The config->enter_power_save_cb function will be called when
all keys stop working.

%% config —Button power save config
PEA ]
e ESP_OK on success
* ESP_ERR_INVALID_STATE No button registered
ESP_ERR_INVALID_ARG Arguments is invalid
* ESP_ERR_NO_MEM Not enough memory

Unions

union button_event_args_t

#include <iot_button.h> Button events arg.

Public Members

struct button_event_args_t::long_press_t long_press
long press struct, for event BUTTON_LONG_PRESS_START and BUTTON_LONG_PRESS_UP

struct button_event_args_t::multiple_clicks_t multiple_clicks
multiple clicks struct, for event BUTTON_MULTIPLE_CLICK

struct long_press_t

#include <iot_button.h>Long press time event data.

Public Members

uint16_t press_time

press time(ms) for the corresponding callback to trigger

structmultiple_clicks_t

#include <iot_button.h> Multiple clicks event data.

Public Members

uintl6_t clicks

number of clicks, to trigger the callback
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Structures

struct button_power_save_config t

Structs to store power save callback info.

Public Members

button_power_save_cb_t enter_power_save_cb

Callback function when entering power save mode

void *usr_data

User data for the callback

Type Definitions

typedef void (*button_cb_t)(void *button_handle, void *usr_data)

typedef void (*button_power_save_cb_t)(void *usr_data)

Enumerations

enum button_event_t

Button events.

Values:

enumerator BUTTON_PRESS_DOWN

enumerator BUTTON_PRESS_UP

enumerator BUTTON_PRESS_REPEAT

enumerator BUTTON_PRESS_REPEAT DONE

enumerator BUTTON_SINGLE_CLICK

enumerator BUTTON_DOUBLE_CLICK

enumerator BUTTON_MULTIPLE_CLICK

enumerator BUTTON_LONG_PRESS_START

enumerator BUTTON_LONG_PRESS_HOLD

enumerator BUTTON_LONG_PRESS_UP
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enumerator BUTTON_PRESS_END
enumerator BUTTON_EVENT_MAX
enumerator BUTTON_NONE_PRESS

enum button_param_t

Button parameter.

Values:

enumerator BUTTON_LONG_PRESS_TIME_MS
enumerator BUTTON_SHORT_PRESS_TIME_MS

enumerator BUTTON_PARAM MAX
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10.2.1  HAFFAT

e KBD_EVENT_PRESSED: Y44 H#tHIRSASBIY, _FIREE.
— key_pressed_num: ¥R N SR
— key_release_num: FEENATHIBE .
— key_change_num: F1_F—VUCIRSM L, RSB HARECR . >0 H N HI I, <0 # T4

W
— key_data: ST IOHERGEEL, B FRRIOEE (x,y) . RINEDOHE P, %3]
ML T

— key_release_data: FI_I— KM AT 4 85 B, TP E (xy).
e KBD_EVENT_COMBINATION: &k dd, A AL T, Mk b,
— key_num: HE RIS
- key_dara: HEHBENMEGL, WREHARE (1, 1) (2, 2), BadBseiHT (1, 1) %
T (2, 2) AemEA GRS dA T Rk E e g A

10.2.2 3B

Il sH A SHR R LT

keyboard_btn_config_t cfg = {

.output_gpios = (int[])
{

40, 39, 38, 45, 48, 47
}I
.output_gpio_num = 6
.input_gpios = (int]|
{

1

21, 14, 13, 12, 11, 10, 9, 4, 5, 6, 7, 15, 16, 17, 18
b

.input_gpio_num = 15,

.active_level = 1,

.debounce_ticks = 2,

.ticks_interval = 500, // us
.enable_power_save = false, // enable power save

bi
keyboard_btn_handle_t kbd_handle = NULL;
keyboard_button_create (&cfg, &kbd_handle);

TEIDHRT ) e

o KBD_EVENT_PRESSED F{4:13:MHI R

keyboard_btn_cb_config_t cb_cfg = {
.event = KBD_EVENT_PRESSED,
.callback = keyboard_cb,
b
keyboard_button_register_cb (kbd_handle, cb_cfg, NULL);

* KBD_EVENT_COMBINATION FAHHEMANT, FEALBAH AEAE ST combination B 17

keyboard_btn_cb_config_t cb_cfg = {
.event = KBD_EVENT_COMBINATION,
.callback = keyboard_combination_cbl,

.event_data.combination.key_num = 2,
.event_data.combination.key_data = (keyboard_btn_data_t[]) {
{5, 1},
{1, 1},
} 14
(@¥i323)
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(£ L£50)

bi

keyboard_button_register_cb (kbd_handle, cb_cfg, NULL);

fiks  HOONEPEAR CRFIE N 2 AN, 2 2 I, S 77 keyboard_btn_cb_handle_t
*rtn_ch_hdl by (85 S50 1.

R R
o MR ESP32S3 58 A48 5*16 WAEREHEEL, sOIIREAR 1k 20K,

IR IFE S £

o TEWURALIS G enable_power_save V% &K true, B 0] ¥ BRI FERI, AL CRIAE A+ B 0022 i sl
fEARATH B, CPU [RIEE AMRIRIRAS, 754G #edd 4% T Bfefi2 CPU,

il ZIIRE R BIEA 5 A CPU, ARIE CPU —E 2 dE AMRIIAERE.  H H B H 503 Light Sleep .

10.2.3 API Reference
Header File

¢ components/keyboard_button/include/keyboard_button.h

Functions

esp_err_t keyboard_button_create (keyboard_bm_config_t *kbd_cfg, keyboard_bm_handle_t
*kbd_handle)

Create a keyboard instance.

S8
* kbd_c£fg —keyboard configuration
kbd_handle —keyboard handle

PEA ]
e ESP_OK on success
* ESP_ERR_INVALID_ARG Arguments is invalid.
¢ ESP_ERR_NO_MEM No more memory allocation.

esp_err_t keyboard_button_delete (keyboard_btn_handle_t kbd_handle)

Delete the keyboard instance.

%4 kbd_handle —keyboard handle
PEA ]
e ESP_OK on success
* ESP_ERR_INVALID_ARG Arguments is invalid.

esp_err_t keyboard_button_register_cb (keyboard_btn_handle_t kbd_handle,
keyboard_bm_cb_config_t cb_cfg, keyboard_bm_cb_handle_t

*rtn_cb_hdl)
Register the button callback function.
B8
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B

kbd_handle —keyboard handle
cb_cfg —callback configuration
rtn_cb_hdl —callback handle for unregister

ESP_OK on success
ESP_ERR_INVALID_ARG Arguments is invalid.
ESP_ERR_NO_MEM No more memory allocation for the event

esp_err_t keyboard_button_unregister_cb (keyboard _bm_handle_t kbd_handle, keyboard_bm_event_t
event, keyboard_btm_cb_handle_t rtn_cb_hdl)

Unregister the button callback function.

$&11: If only the event is provided, all callbacks associated with this event will be canceled. If rtn_cb_hdl is
provided, only the specified callback will be unregistered.

S

R M

kbd_handle —keyboard handle
event —event type
rtn_cb_hdl —callback handle for unregister

ESP_OK on success
ESP_ERR_INVALID_ARG Arguments is invalid.
ESP_ERR_NO_MEM No more memory allocation for the event

esp_err_t keyboard_button_get_index_by_gpio (keyboard_bin_handle_t kbd_handle, uint32_t
gpio_num, kbd_gpio_mode_t gpio_mode, uint32_t

*index)

Get index by gpio number.

S

B

kbd_handle —keyboard handle
gpio_num —gpio number

gpio_mode —gpio mode, input or output
index —return index

ESP_OK on success
ESP_ERR_INVALID_ARG Arguments is invalid.
ESP_ERR_NOT_FOUND The gpio number is not found.

esp_err_t keyboard_button_get_gpio_by_index (keyboard_bin_handle_t kbd_handle, uint32_t index,
kbd_gpio_mode_t gpio_mode, uint32_t *gpio_num)

Get gpio number by index.

S

Unions

kbd_handle —keyboard handle

index -index

gpio_mode —gpio mode, input or output
gpio_num —return gpio number

ESP_OK on success
ESP_ERR_INVALID_ARG Arguments is invalid.
ESP_ERR_NOT_FOUND The index is not found.

union keyboard_btn_event_data_t
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#include <keyboard_button.h> keyboard button event data

Public Members

struct keyboard_bm_event_data_t::combination_t combination

combination event
struct combination_t

#include <keyboard_button.h> combination event data eg: Set key_data = {(1,1), (2,2)} means that the
button sequence is (1,1) -> (2,2)

Public Members

uint32_t key_num

Number of keys

keyboard_bm_data_t *key_data

Array, contains key codes by index. The button sequence is also provided through this

Structures

struct keyboard_btn_data_t
keyboard button data

Public Members

uint§_t output_index

key position’ s output gpio number

uint8_t input_index

key position’ s input gpio number

struct keyboard_btn_report_t
keyboard button report data

Public Members

int key_change_num

Number of key changes

uint32_t key_pressed_num

Number of keys pressed

uint32_t key_release_num

Number of keys released
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keyboard_bm_data_t *key_data

Array, contains key codes

keyboard_bm_data_t *key_release_data

Array, contains key codes

struct keyboard_btn_cb_config_t
keyboard button callback config

Public Members

keyboard_bm_event_t event

Event type

keyboard_bm_event_data_t event_data

Event data

keyboard_bm_callback_t callback
Callback function

void *user_data

Callback user data

struct keyboard_btn_config_t
keyboard button config

Public Members

const int *output_gpios

Array, contains output GPIO numbers used by rom/col line

const int *input_gpios

Array, contains input GPIO numbers used by rom/col line

uint32_t output_gpio_num

output_gpios array size

uint32_t input_gpio_num

input_gpios array size

uint32_t active_level

active level for the input gpios

uint32_t debounce_ticks

debounce time in ticks
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uint32_t ticks_interval

interval time in us

bool enable_power_save

enable power save mode

UBaseType_t priority
FreeRTOS task priority

BaseType_t core_id
ESP32 core ID

Type Definitions
typedef struct keyboard_btn_t *keyboard_btn_handle_t
keyboard handle type

typedef void *keyboard_btn_cb_handle_t

keyboard callback handle for unregister
typedef void (*keyboard_btn_callback_t)(keyboard_btn_handle_t kbd_handle, keyboard_btn_report_t

kbd_report, void *user_data)

Enumerations

enum keyboard_btn_event_t

Keyboard button event.

Values:

enumerator KBD_EVENT_PRESSED

Report all currently pressed keys when a key is either pressed or released.

enumerator KBD_EVENT_COMBINATION

When the component buttons are pressed in sequence, report.

enumerator KBD_EVENT _MAX

10.3  Jig#l

Knob 2 F PCNT {21, nTLAMITERAT PCNT BEFIRERYL ST (esp32¢2, esp32¢3) L. {1} Knob
AT DAPHEIE Y PG s, 20 ECL1 Zwfithids .
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10.3.1 EHMG

TR PR BUNT 30 MAYMRETEHTT A5 . B0 ECLL gifdas. &M Tk Eoa 25K 100% 1
7/ilibp7/p=

ik WFPRH SRR kb TR, i GER BECE PONT hfE o BEfF PONT SCRFYIE A ESP32, ESP32-C6,
ESP32-H2, ESP32-S2, ESP32-S3.

10.3.2  wifkicit
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-y R &1
KNOB_LEFT | AJiE
KNOB_RIGHT | #ijiE
KNOB_H_LIM | 1%0k 2] fx = BR
KNOB_L_LIM | 1150k 3 f KRR
KNOB_ZERO | iTEi =

BEASEALE AT DAA Il i 7 X

o [ AR A SR AT DA A T ek B, 7 A SRt (o] ek ek S e . X
TR RIS, AR ERSE T

R IR O A REA TaskDelay 45 FH ZEA #41

10.3.4  JicE i

KNOB_PERIOD_TIME_MS : 94 J& &4
KNOB_DEBOUNCE_TICKS : J& MR %k
« KNOB_HIGH_LIMIT : Jig 4 Jir g 14500 e e B0
« KNOB_LOW_LIMIT : Jig4fl it g 1T 85 e AR B0+

10.3.5 WM
g el

// create knob

knob_config_t cfg = {
.default_direction =0,
.gpio_encoder_a = GPIO_KNOB_A,
.gpio_encoder_b = GPIO_KNOB_B,

bi

s_knob = iot_knob_create (&cfqg);

if (NULL == s_knob) {
ESP_LOGE (TAG, "knob create failed");

3

TEIDHR ) e 2

static void _knob_left_cb(void *arg, wvoid *data)
{

ESP_LOGI (TAG, "KNOB: KNOB_LEFT, count_value:%$"PRIdA32"", iot_knob_get_count_
—value ( (button_handle_t)arqg));

}
iot_knob_register_cb (s_knob, KNOB_LEFT, _knob_left_cb, NULL);

TKIIFES F
£ light_sleep £, esp_timer E I #FxMufi CPU, SEINFEERA T, Knob HAHEAL T i#@ i GPIO Hy
LR D AE T 5
Jr L
e JE knob_config_t HfJH enable_power_save kI
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TIFEXT L :
o RITRRIFERE, 7E 250ms RS —Ik

250.248 ms

085

o THRARIIAERI, 7E 250ms PYiE—ik
 THAIIFERGN, e 4.55 WiEss ik

RIIAERET B e s ma by ik, HIFE AR

FERRE
AU SCRFAEAT B Z T SR A0 5 A

p2p +72.4927 mA

i/

+3.92749 mC

// stop knob
iot_knob_stop () ;
// resume knob
iot_knob_resume () ;

10.3.6 API Reference
Header File

» components/knob/include/iot_knob.h

Espressif Systems 318
Submit Document Feedback

Release master



https://github.com/espressif/esp-iot-solution/blob/030a332d4/components/knob/include/iot_knob.h
https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 10. ¥y A%

avg +147801 mA
std +4.59149 mA
rms +4.82352 mA
min -5.99914 mA
max +72.1283 mA
p2p +78.1274 mA
[ +369.940 uC

+193.481pA___
+1.00009s

4500405

Espressif Systems 319 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 10. % A5

Functions

knob_handle_t iot_knob_create (const knob_config_t *config)
create a knob
%% config —pointer of knob configuration
J&[A]l A handle to the created knob
esp_err_t iot_knob_delete (knob_handle_t knob_handle)
Delete a knob.

%%; knob_handle —A knob handle to delete
P

¢ ESP_OK Success

e ESP_FAIL Failure

esp_err_t iot_knob_register_cb (knob_handle_t knob_handle, knob_event_t event, knob_cb_t cb, void
*usr_data)

Register the knob event callback function.

S8
* knob_handle A knob handle to register
* event —Knob event
* cb —Callback function
* usr_data —user data

Bl
e ESP_OK Success
* ESP_FAIL Failure
esp_err_t iot_knob_unregister_cb (knob_handle_t knob_handle, knob_event_t event)
Unregister the knob event callback function.
S8

* knob_handle A knob handle to register
* event —Knob event

B
* ESP_OK Success
* ESP_FAIL Failure
knob_event_t iot_knob_get_event (knob_handle_t knob_handle)
Get knob event.
%%t knob_handle —A knob handle to register
J&[A] knob_event_t Knob event
int iot_knob_get_count_value (knob_handle_t knob_handle)
Get knob count value.
%% knob_handle —A knob handle to register
&[] int count_value
esp_err_t iot_knob_clear_count_value (knob_handle_t knob_handle)

Clear knob cout value to zero.

%% knob_handle —A knob handle to register
B

* ESP_OK Success

e ESP_FAIL Failure

esp_err_t iot_knob_resume (void)
resume knob timer, if knob timer is stopped. Make sure iot_knob_create() is called before calling this API.

by
¢ ESP_OK on success
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e ESP_ERR_INVALID_STATE timer state is invalid.

esp_err_t iot_knob_stop (void)

stop knob timer, if knob timer is running. Make sure iot_knob_create() is called before calling this API.

py |
¢ ESP_OK on success
e ESP_ERR_INVALID STATE timer state is invalid

Structures

struct knob_config_t

Knob config.

Public Members

uint§_t default_direction

0:positive increase 1:negative increase

uint§_t gpio_encoder_a
Encoder Pin A

uint8_t gpio_encoder_b
Encoder Pin B

bool enable_power_save

Enable power save mode

Type Definitions

typedef void (*knob_cb_t)(void*, void*)

typedef void *knob_handle_t

Enumerations

enum knob_event_t

Knob events.

Values:

enumerator KNOB_LEFT
EVENT: Rotate to the left

enumerator KNOB_RIGHT
EVENT: Rotate to the right
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enumerator KNOB_H_LIM

EVENT: Count reaches maximum limit

enumerator KNOB_L_LIM

EVENT: Count reaches the minimum limit

enumerator KNOB_ ZERO
EVENT: Count back to 0

enumerator KNOB_EVENT_MAX
EVENT: Number of events

enumerator KNOB_NONE
EVENT: No event

10.4 il b0k 3
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10.4.3  fl B b e %
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10.4.4  p I pl
PG A5 b

touch_panel_driver_t touch; // a touch panel driver

i2c_config_t i2c_conf = {
.mode = I2C_MODE_MASTER,
.sda_io_num = 35,
.sda_pullup_en = GPIO_PULLUP_ENABLE,
.scl_io_num = 36,
.scl_pullup_en = GPIO_PULLUP_ENABLE,
.master.clk_speed = 100000,
bi
i2c_bus_handle_t i2c_bus = i2c_bus_create (I2C_NUM_0, &i2c_conf);

touch_panel_config_t touch_cfg = {
.interface_i2c = {
.i2c_bus = i2c_bus,
.clk_freq = 100000,
.12c_addr = 0x38,
}I
.interface_type = TOUCH_PANEL_IFACE_IZ2C,
.pin_num_int = -1,
.direction = TOUCH_DIR_LRTB,
.width = 800,
.height = 480,
bi

/* Initialize touch panel controller FT5x06 */
touch_panel_find_driver (TOUCH_PANEL_CONTROLLER_FT5X06, &touch);
touch.init (&touch_cfqg);

/* start to run calibration */
touch.calibration_run(&lcd, false);

il

o IR R A RGN, VR AR RR BCRE BBk M) ESP_OK.
o BOIARE LR RATIHF T FT5x06 filt i 5r 9K, AR 2ol HAb 3K 3h, 7 %HE menuconfig >
Component config -> Touch Screen Driver —-> Choose Touch Screen Driver Hf

FEREXT I UK -
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BRI BT I 4 B e 2L fidh o A b

touch_panel_points_t points;
touch.read_point_data (&points);
int32_t x = points.curx[0];
int32_t y = points.cury[0];
if (TOUCH_EVT_PRESS == points.event) {
ESP_LOGI (TAG, "Pressed, Touch point at (%d, %d)", x, Vy);
3

10.4.5 API &%
Header File

» components/display/touch_panel/touch_panel.h

Functions

esp_err_t touch_panel_find_driver (fouch_panel_controller_t controller, touch_panel_driver_t
*out_driver)

Find a touch panel controller driver.

SH
* controller —Touch panel controller to initialize
* out_driver —Pointer to a touch driver
P
¢ ESP_OK on success
ESP_ERR_INVALID_ARG Arguments is NULL.
ESP_ERR_NOT_FOUND: Touch panel controller was not found.

Structures

struct touch_panel_points_t

Information of touch panel.

Public Members

touch_panel_event_t event

Event of touch

uint8_t point_num

Touch point number

uint16_t curx[TOUCH_MAX_POINT_NUMBER]

Current X coordinate

uint16_t cury[TOUCH_MAX_POINT_NUMBER]

Current y coordinate

struct touch_panel_config_t

Configuration of touch panel.
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Public Members

i2c_bus_handle_t i2c_bus
Handle of i2c bus

int clk_£freq

i2¢ clock frequency

spi clock frequency

uint8_t i2c_addr

screen i2c slave address

struct fouch_panel_config_t::[anonymous]::[anonymous] interface_i2c

12¢ interface

spi_bus_handle_t spi_bus
Handle of spi bus

int8_t pin_num_cs
SPI Chip Select Pin

struct fouch_panel_config_t::[anonymous]::[anonymous] interface_spi

SPI interface

union touch_panel_config_t::[anonymous] [anonymous]

Interface configuration

touch_panel_interface_type_t interface_type

Interface bus type, see touch_interface_type_t struct
int8_tpin_num_int
Interrupt pin of touch panel. NOTE: You can set to -1 for no connection with hardware. If PENIRQ is

connected, set this to pin number.

touch_panel_dir_t direction

Rotate direction

uintl6_t width
touch panel width

uintl6_t height
touch panel height

struct touch_panel_driver_t

Define screen common function.

Public Members
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esp_err_t (*init)(const fouch_panel_config_t *config)

Initial touch panel.

Attention If you have been called function touch_panel_init() that will call this function automatically,
and should not be called it again.

Param config Pointer to a structure with touch config arguments.
Return

¢ ESP_OK Success

* ESP_FAIL Fail

esp_err_t (*deinit)(void)
Deinitial touch panel.

Return
e ESP_OK Success
* ESP_FAIL Fail

esp_err_t (*calibration_run)(const scr_driver_t *screen, bool recalibrate)

Start run touch panel calibration.

Param screen Screen driver for display prompts
Param recalibrate Is mandatory, set true to force calibrate
Return

¢ ESP_OK Success

* ESP_FAIL Fail

esp_err_t (*set_direction)(touch_panel_dir_t dir)
Set touch rotate rotation.

Param dir rotate direction
Return

e ESP_OK Success

¢ ESP_FAIL Fail

esp_err_t (*read_point_data)(fouch_panel_points_t *point)
Get current touch information, see struct touch_panel_points_t.

Param point a pointer of touch_panel_points_t contained touch information.
Return

e ESP_OK Success

e ESP_FAIL Fail

Macros

TOUCH_MAX POINT_NUMBER

max point number on touch panel

Enumerations
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enum touch_panel_event_t

Touch events.

Values:

enumerator TOUCH_EVT_RELEASE

Release event

enumerator TOUCH_EVT_PRESS

Press event

enum touch_panel_dir_t

Define all screen direction.

Values:

enumerator TOUCH_DIR_LRTB

From left to right then from top to bottom, this consider as the original direction of the touch panel

enumerator TOUCH_DIR_LRBT
From left to right then from bottom to top

enumerator TOUCH_DIR_RLTB
From right to left then from top to bottom

enumerator TOUCH_DIR_RLBT
From right to left then from bottom to top

enumerator TOUCH_DIR_TBLR
From top to bottom then from left to right

enumerator TOUCH_DIR_BTLR
From bottom to top then from left to right

enumerator TOUCH_DIR_TBRL
From top to bottom then from right to left

enumerator TOUCH_DIR_BTRL
From bottom to top then from right to left

enumerator TOUCH_DIR_MAX

enumerator TOUCH_MIRROR_X

Mirror X-axis

enumerator TOUCH_MIRROR_Y

Mirror Y-axis

enumerator TOUCH_SWAP_XY
Swap XY axis

Espressif Systems 327 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 10. % A5

enum touch_panel_interface_type_t

Values:

enumerator TOUCH_PANEL_IFACE_I2C
12C interface

enumerator TOUCH_PANEL_IFACE_SPI
SPI interface

enum touch_panel_controller_t

All supported touch panel controllers.

Values:

enumerator TOUCH_PANEL_CONTROLLER_FT5X06

enumerator TOUCH_PANEL_CONTROLLER_XPT2046

enumerator TOUCH_PANEL_CONTROLLER_NS2016
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11.1.1 W HRBI

BIEELLAbE TS5
const ir_learn_cfg_t config = {
.learn_count = 4, /Rl FEEWHaOFET R K </
.learn_gpio = GPIO_NUM_38, JrI< AN S 10 */
.clk_src = RMT_CLK_SRC_DEFAULT, /*!< RMT [ #F & */
.resolution = 1000000, /*¥I< RMT 2 3%, 1M, 1 NESEAH =1 P *+/
.task_stack = 4096, SIS TN FE S E LA KN K/
.task_priority = 5, /rIS aAhEI RS ER </
.task_affinity = 1, /i< ahFEIREFEEEALZ (-1 RrLEE) */
.callback = cb, /I wAhEFERER &K */

bi

ESP_ERROR_CHECK (ir_learn_new (&config, &handle));

[ea] i e 8 Ak 2L

void ir_learn_auto_learn_cb(ir_learn_state_t state, uint8_t sub_step, struct ir_
—learn_sub_list_head *data)
{
switch (state) {
/< N ESREE R, ERIWHENLE */
case IR_LEARN_STATE_READY:
ESP_LOGI (TAG, "IR Learn ready");
break;
/Ar< b E TR E
case IR _LEARN_STATE_EXIT:

(FOAkED)
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(8L 7))
ESP_LOGI (TAG, "IR Learn exit");
break;
SRS AN E T R T/
case

ESP_LOGI (TAG, "IR Learn end");
ir_learn_save_result (&ir_test_result, data);
ir_learn_print_raw(data);
ir_learn_stop (&¢handle);
break;

JERS LA FE T KK/

case :

ESP_LOGI (TAG, "IR Learn failed, retry");
break;

/rr< A ET SR, NIFH */

case :

default:

ESP_LOGI (TAG, "IR Learn step:[%d][%d]", state, sub_step);
break;

}

return;

ST A TR S 23], WIS Yy, Sl IR_LEARN_STATE_END ik, il Fr] [ f Ak B
MEER, R EI2ES RS W ir_learn sub_list_t,

it *{AE@&%&% WCRBSS S, % IR_LEARN_STATE_FAIL i}, FUGEHmM T :
o T symbol £k, FaA—3, WHE R K.
o BN R B A ZZAE, a0 R R BUAE, R E R e S R K. (menuconfig [
RMT_DECODE_MARGIN_US 1] %% &/ {4 )

void ir_learn_test_tx_raw(struct ir_learn_sub_list_head *rmt_out)
{
/rR< QB RMT K ¥ W@ */
rmt_tx_channel_config_t tx_channel_cfg = {
.clk_src = RMT_CLK_SRC_DEFAULT,
.resolution_hz = IR_. RESOLUTION HZ
.mem_block_symbols 128, // @
.trans_queue_depth = 4, // ﬁjﬁlﬁ
.gpio_num = IR_TX_GPIO_NUM,

bi
rmt_channel_handle_t tx_channel = NULL;
ESP_ERROR_CHECK (rmt_new_tx_channel (&tx_channel_cfg, &tx_channel));

R TS LETEE E Y
rmt_carrier_config_t carrier_cfg = {
.duty_cycle = 0.33,
.frequency_hz = 38000, // 38KHz

bi
ESP_ERROR_CHECK (rmt_apply_carrier (tx_channel, é&carrier_cfqg));

rmt_transmit_config_t transmit_cfg = {
.loop_count = 0, // # |} 443
bi

/< EM A REE, HEEXAANEBEERX </
ir_encoder_config_t raw_encoder_cfg = {
.resolution = IR_RESOLUTION_HZ,

CFogkzs)
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}i
rmt_encoder_handle_t raw_encoder = NULL;
ESP_ERROR_CHECK (ir_encoder_new (&raw_encoder_cfg, &raw_encoder));

ESP_ERROR_CHECK (rmt_enable (tx_channel)); // B JF RMT % i i i

S VE P &
struct ir_ learn_sub_list_t *sub_it;
SLIST_FOREACH (sub_it, rmt_out, next) {
vTaskDelay (pdMS_TO_TICKS (sub_it->timediff / 1000));

rmt_symbol_word_t *rmt_symbols = sub_it->symbols.received_symbols;
size_t symbol_num = sub_it->symbols.num_symbols;

ESP_ERROR_CHECK (rmt_transmit (tx_channel, raw_encoder, rmt_symbols, symbol_
—num, &transmit_cfqg));
rmt_tx_wait_all_done (tx_channel, -1); // %1% % % 7 K
}

/r*x< fZ bk FM B RMT Kkl */
rmt_disable (tx_channel) ;
rmt_del_channel (tx_channel) ;
raw_encoder—->del (raw_encoder) ;

11.1.2 API Reference

Header File

e components/ir/ir_learn/include/ir_learn.h

Functions

esp_err_tir_ learn_new (const ir_learn_cfg_t *cfg, ir_learn_handle_t *handle_out)
Create new IR learn handle.
S

» cfg [in] Config for IR learn
* handle_out —[out] New IR learn handle

PE ]
¢ ESP_OK Device handle creation success.
* ESP_ERR_INVALID_ARG Invalid device handle or argument.
* ESP_ERR_NO_MEM Memory allocation failed.
esp_err_tir learn_restart (ir_learn_handle_t ir_learn_hdl)
Restart IR learn process.
%%, ir_learn_hdl [in] IR learn handle
PE ]
* ESP_OK Restart process success.
* ESP_ERR_INVALID_ARG Invalid device handle or argument.
esp_err_tir_learn_stop (ir_learn_handle_t *ir_learn_hdl)

Stop IR learn process.

£41:: Delete all
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%% ir_learn_hdl —[in] IR learn handle
Bzl
* ESP_OK Stop process success.
* ESP_ERR_INVALID_ARG Invalid device handle or argument.

esp_err_tir_ learn_add_list_node (struct ir_learn_list_head *learn_head)
Add IR learn list node, every new learn list will create it.

%¥( learn_head —[in] IR learn list head
izl
¢ ESP_OK Create learn list success.
* ESP_ERR_NO_MEM Memory allocation failed.

esp_err_tir learn_add_sub_list_node (struct ir_learn_sub_list_head *sub_head, uint32_t timediff,
const rmt_rx_done_event_data_t *symbol)

Add IR learn sub step list node, every sub step should be added.

SH
* sub_head [in] IR learn sub step list head
* timediff [in] Time diff between each sub step
* symbol —[in] symbols of each sub step

R
¢ ESP_OK Create learn list success.
* ESP_ERR_NO_MEM Memory allocation failed.
esp_err_tir_ learn_clean_data (struct ir_learn_list_head *learn_head)
Delete IR learn list node, will recursively delete sub steps.
%%t learn_head [in] IR learn list head
» ESP_OK Stop process success.
* ESP_ERR_INVALID_ARG Invalid device handle or argument.
esp_err_tir learn_clean_sub_data (struct ir_learn_sub_list_head *sub_head)
Delete sub steps.
%% sub_head —{in] IR learn sub list head

* ESP_OK Stop process success.
* ESP_ERR_INVALID_ARG Invalid device handle or argument.

esp_err_tir learn_check_valid (struct ir_learn_list_head *learn_head, struct ir_learn_sub_list_head
*result_out)
Add IR learn list node, every new learn list will create it.
S

e learn_head —[in] IR learn list head
e result_out —[out] IR learn result

R
* ESP_OK Get learn result process.
e ESP_ERR_INVALID_SIZE Size error.

esp_err_tir learn_print_raw (struct ir_learn_sub_list_head *cmd_list)
Print the RMT symbols.

%% emd_list —[in] IR learn list head
» ESP_OK Stop process success.
* ESP_ERR_INVALID_ARG Invalid device handle or argument.

Structures

struct ir_learn_sub_list_t

An element in the list of infrared (IR) learn data packets.
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Public Functions

SLIST_ENTRY (ir_learn_sub_list_t) next

Pointer to the next packet

Public Members

uint32_t timediff

The interval time from the previous packet (ms)

rmt_rx_done_event_data_t symbols
Received RMT symbols

struct ir_learn_list_t

The head of a list of infrared (IR) learn data packets.

Public Functions

SLIST_ENTRY (ir_learn_list_t) next

Pointer to the next packet

Public Members

struct ir_learn_sub_list_head emd_sub_node

Package head of every cmd

struct ir_learn_cfg_t

IR learn configuration.

Public Members

rmt_clock_source_t clk_src
RMT clock source

uint32_t resolution
RMT resolution, in Hz

int learn_count

IR learn count needed

int learn_gpio

IR learn io that consumed by the sensor

ir_learn_result_cb callback

IR learn result callback for user
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int task_priority
IR learn task priority

int task_stack

IR learn task stack size

inttask_affinity

IR learn task pinned to core (-1 is no affinity)

Type Definitions

typedef void *ir_learn_handle_t

Type of IR learn handle.

typedef void (*ir_learn_result_cb)(ir_learn_state_t state, uint8_t sub_step, struct ir_learn_sub_list_head
*data)

IR learn result user callback.

Param state [out] IR learn step
Param sub_step [out] Interval less than 500 ms, we think it’ s the same command
Param data [out] Command list of this step

Enumerations

enum ir_learn_state_t

Type of IR learn step.

Values:

enumerator IR_LEARN_STATE_STEP

IR learn step, start from 1

enumerator IR_ LEARN_STATE_READY

IR learn ready, after successful initialization

enumerator IR_LEARN_STATE_END

IR learn successfully

enumerator IR_ LEARN_STATE_FAIL

IR learn failure

enumerator IR_ LEARN_STATE_EXIT

IR learn exit
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(IRIPIEYIES

12.1 ESP32-P4 45 b b it &

ESP32-P4 4£)if, RTC (Real-Time Clock, SZHFHFBH) BIRE, 184 H M Al (VBAT), 32.768KHz 7}k
madRE A, VRIS A, ATTE S F R S R T R

e ESP-IDF K524 VBAT 5, Mui 7 ZVHEN L. 3H U S #24E master 43 32 F &K
ESP-IDF IRz,

XL, FRRPE -
o SCRERRIEB R ARATEIIEE, B S B A (VBAT) ik
o VRHEAR/MLEERT PMU  (Power management unit, HLIFASFHEIC) H Shidk H 5
o SCRPAS TR A, (R R
o ZHHES WM TS, 24 VDDA fRFER}, Wil PIERHL A VBAT & H i 5

12.1.1 Wb S L R

ESP32-P4 g5 UMM R AE R R B, VBAT 5N E SC LRI LR, PTETE AN RIS —ARAE, A3
VAR I A A T R T BB BT T R A T XU

b e

o AR AR AR BBy BA H i Bt F P

o FURALPERE: B ST YR L AT AR T it o 7 i

o WCRA: VBAT fEHLIFERAR (JLuA), PRIIRTR ) FL sk i AE 7 35 T i 2

* JUALHLJR: SCHF VDDA 4y VBAT b4 IR st o BPF ] B sE f BRI FEL 1KQ ~ 9KQ

Bl AR 3.6V YA SR, T 3.6V YT S R R IR I R OO T Y F R REAZ IR E 4V AT
il VBAT 5| Bl s A UL BRI 2.3V ~ 3.6V, WfES T2 VBAT 5| BHiIE.
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| 1

XTAL32K_P Always on PD

pmu. Ip memory

——

ll YERTET »{ xtal3zk, rc3zk
I super watch dog
Vdd T - Ip gpio [0:3]. Ip_timer

T

s1 VDDA j
o o

|
1l $ CHIP_PU LDO
| VBAT power switch
Battery
Pl 1: ESP32-P4 5 i v b e 47 5 ]
VBAT VDDA
e -y
i 0 i
| ox s1 =1 Battery charge control | !
' Rx i
E Rr1 i
WaKSUD
PMU bod filter ) Vref
vbat_charge comp -
(—— P /]
g < bod filter | O Vref
5 vdda comp
(=]
= |- bod filter
& (T o
vbat comp vref O
* .

Power switch control m

] 2: ESP32-P4 Hi il 14455 i HE &
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CERUN RN P T R

FERLB BT, Pl & MRS A 2082 . (524 VBAT 1 4 i Y AR, A
7Lt EE S S E R B AR, RSN, R R AR, IICTR AN AR

#ii: DI 5 RISy ESD {74 (F, Rx HFERARIFAIPE, (ECA iR HITE | mA PATR, PRIP LR 2
UL UMK

12.1.2 Wiy

VBAT 5 VDDA [R5 i PMU FEHRERR Sl n) B 20 s Fahdk . H P 3R e & 2748 -
24505 R AR T sleep ARASHS AL E VDDA 5 VBAT 1E A LRI A o
« PMU_HP_SLEEP_VDDBAT_MODE: 4% HP_SLEEP IRZSH L H . 0: VDDA fitri, 1: VBAT
fhH., 20 HahkE
« PMU_VDDBAT_SW_UPDATE: ¥} 1 {§i PMU_VDDBAT_CFG_REG ZF{iashic B4R 3k
* PMU_LP_ANA_WAIT_TARGET: i% & MR 52 H 1) delay Ff[a]. B[] B R 1Z KT VDDA 4hERH],
JE Y b FR S )

f5iE: 24 5] ESP-IDF [ K 5% L FF PMU IKg), #2855 2 VBAT DigE, i 44 IR T A I il i RE A
ESP-IDF H s b 2 pg A

M
1. ¥F components/esp_hw_support/port/esp32pd/pmu_sleep.c FERIMAER) LA

#include "soc/pmu_reg.h"

#include "soc/lp_analog_peri_reg.h"
#include "soc/lp_gpio_struct.h"
#include "esp_private/regilc_ctrl.h"
#include "soc/lp_analog_peri_reg.h"
#include "soc/lp_analog _peri_struct.h"
#include "esp_private/regilc_ctrl.h"
#include "soc/regiZc_bias.h"

2. IF components/esp_hw_support/port/esp32p4/pmu_sleep.c i pmu_sleep_start §
By pmu_11_hp_set_sleep_enable (PMU_instance () ->hal->dev); b HMUIFL
figh:

J73% 1: VDDA 5 VBAT H a3t

#define VBAT_MODE_VDDA 0
#define VBAT MODE_VBAT 1
#define VBAT_MODE_AUTO 2

REG_SET_FIELD (PMU_HP_SLEEP_LP_DIG_POWER_REG, PMU_HP_SLEEP_VDDBAT_MODE, VBAT_MODE_

< AUTO) ;
REG_SET BIT (PMU_VDDBAT CFG_REG, PMU_VDDBAT_SW_UPDATE);
while (VBAT MODE_AUTO != REG_GET_FIELD (PMU_VDDBAT CFG_REG, PMU_ANA_VDDBAT_MODE)) ;

J732: VDDA 5 VBAT F-&i% 5 :

#define VBAT MODE_VDDA 0
#define VBAT_MODE_VBAT 1
#define VBAT MODE_AUTO 2

REG_SET_FIELD (PMU_HP_SLEEP_LP_DIG_POWER_REG, PMU_HP_SLEEP_VDDBAT_MODE, VBAT_MODE_
<, VDDA) ;

QS
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(L)
REG_SET BIT (PMU_VDDBAT CFG_REG, PMU_VDDBAT_SW_UPDATE);
while (VBAT MODE_VDDA != REG_GET_FIELD (PMU_VDDBAT CFG_REG, PMU_ANA_VDDBAT_MODE)) ;
REG_SET_FIELD (PMU_LP_SLEEP_LP_DIG_POWER_REG, PMU_LP_SLEEP_VDDBAT_MODE, VBAT_MODE_
< VBAT) ;

REG_SET_FIELD (PMU_SLP_WAKEUP_CNTL5_REG, PMU_LP_ANA WAIT_TARGET, OxFF);

il 2L, deep sleep 1 VBAT “FIJHJi 7 uA, light sleep R HJ VBAT ~FJ LR N 21 uA

i EE TNt
PA CR2032 i3 (225 mAh) 6, 7£ deep sleep B HFHLIE] Jy 3.669 4E .

12.1.3  RIERMNZS & BOD filter

ESP32-P4 i} ) o Il % 32 #54l VDDA 5 VBAT BRI, A HL PR R 9% S B E L T & (59
FEIEA TR AL B

EHIENWERSTN T
BERE | BIE
0 2.52v
1 2.57v
2 2.63v
3 2.68v
4 2.74v
5 2.78v
6 2.83v
7 2.89v

AT TR, FFESIAn T ARSI R Hebm &7 -

REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFIL_VDDA, 6); o

o // vdda B HEwE ERMEXE 2.83
REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFH_VDDA, 7); -
- // vdda B BEwEERMBEXE 2.89
REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFL_VBAT, 6); -
. // Vbat W BEwWERMEXE 2.83
REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFH_VBAT, 7); -
- // Vbat LB B EBRMERE 2.89

REG_SET_FIELD (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
< UNDERVOLTAGE_TARGET, 20); // % & bod_

~filterfy B |8 W , ¥ fL20MHz cycle

REG_SET_FIELD (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
< UPVOLTAGE_TARGET, 10); // % & bod_

~filterfy B |8 W , ¥ fL20MHz cycle

REG_SET_BIT (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
<+CNT_CLR) ;

esp_rom_delay_us (30);

REG_CLR_BIT (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
<+CNT_CLR) ;

while (1)
{
printf ("value:%$1x\n", REG_READ (LP_ANALOG_PERI_VDD_SOURCE_CNTL_REG)) ;

QS
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(& L5
REG_WRITE (LP_ANALOG_PERI_VDD_SOURCE_CNTL_REG, 0X30020000); o

- // & B VBATR E A &L
REG_WRITE (LP_ANALOG_PERI_VDD_SOURCE_CNTL_REG, 0X30040000); -

- // ¥ % VDDAR JE A F AT

vTaskDelay (500 / portTICK_PERIOD_MS);

12.1.4 i s i

e RE R ST AL LS VBAT HUEE AR, SER SCRRRIN e i i I, FFAEAR T 102 Bl i VDDA [z [
% VBAT iy 5EHL

7 F AT e 5 P O R
BERLE | BIE
0 2.52v
1 2.57v
2 2.63v
3 2.68v
4 2.74v
5 2.78v
6 2.83v
7 2.89v

A TR, FFES A~ AR R Hebp iz -

REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFL_VDDA, 6); o

- // vdda e B H EBEXE 2.83
REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFH_VDDA, 7); -
< // vdda B BEEBEMEZE 2.89
REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFL_VBAT, 6); -
o // Vbat LB BHEBEMEEE 2.83
REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFH_VBAT, 7); .
< // Vbat B B HEBRMEXE 2.89

REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFL_VBAT_CHARGER, 6); .
- /O mEBRMNEBERBNRERE, NE T
—brownout | E W E 2.83

REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_DREFH_VBAT_CHARGER, 7); .
— /S mEERN LR BENEERE, NE T
wbrownout R} % # &

REGI2C_WRITE_MASK (I2C_BIAS, I2C_BIAS_OR_FORCE_PU_VBAT_CHARGER, 1); -
o // vbat_charger & & & % &

REG_SET_FIELD (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
< UNDERVOLTAGE_TARGET, 20); // % & bod.

Sfilterty B A W, ¥ fL20MHz cycle

REG_SET_FIELD (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
< UPVOLTAGE_TARGET, 10); // % & bod.

Sfilterty B A W, ¥ {fL20MHz cycle

REG_SET_BIT (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
<.CNT_CLR) ;

esp_rom_delay_us (30);

REG_CLR_BIT (LP_ANALOG_PERI_VDDBAT_CHARGE_CNTL_REG, LP_ANALOG_PERI_VDDBAT_ CHARGE_
<.CNT_CLR) ;

while (1)
{
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(£ L£50)
printf ("value:%1x\n", REG_GET_BIT (LP_ANALOG_PERI_VDDBAT CHARGE_CNTL_REG, LP_
—ANALOG_PERI_VDDBAT_CHARGE_UNDERVOLTAGE_FLAG)); // % Bl VBAT % W 7 ® Ir & 5 &

vTaskDelay (500 / portTICK_PERIOD_MS) ;
I3

12.1.5  VBAT fitisgs PRSMB L Fr e

RTC TIMER

TEREARIIR DI VBAT fliH1 )5, VDDA FHG RTC TIMER 1E# 14, KT G A 2R IR
DA ACRS AR -

time_t now;

char strftime_buf[64];

struct tm timeinfo;

time (&now) ;

localtime_r (&now, &timeinfo);

strftime (strftime_buf, sizeof (strftime_buf), "%c", &timeinfo);
printf( "The current date/time is: %s\n", strftime_buf);
const gpio_config_t config = {

.pin_bit_mask = BIT(GPIO_NUM_O),
.mode = GPIO_MODE_INPUT,
bi

ESP_ERROR_CHECK (gpio_config(&confiqg));
esp_deep_sleep_enable_gpio_wakeup (BIT (GPIO_NUM_O0), 0);

esp_deep_sleep_start ();

ik G SR IR R R )% 5 7E ESP-IDF RS DB RS, [Fng, Jlid i VDDA UG
SERE T — B RS R B, R GPIOO el ESP32-P4, S HARH i 5 B 1] A8 4k o

LP GPIO/ADC/UART #pi%

%% ESP-IDF ! examples/system/ulp/lp_core (RSN TIMIR, 2477 GPIO/ADC/UART
R S ESP32-P4.
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(LFRTAE S

13.1 Sensor Hub #j4}

Sensor Hub jg— & G BLALLE, T ASCBUXH G R s O RE (R R I BRI 0 B . BT
Sensor Hub JFA I AR P, IR AR BAT R (LI AR S L, AR SRR RS 1) T AT 5 SRR
ARSI T R AR, SRR 1 SO SR S R e R, BT A R RS U e B B R AR A
iDEVEIBEREIR

Sensor Hub
SR
API call > event API call
create/ start/ stop/ delete Event Task Sensor Task Sensor Hal
Application event ; ;
& — | e Y - O loop Y O loop
Task started/ stoped/ datarsady ' :h\ i- T -:\\
0 - _‘a 1 Il - —‘A
. ' .

reoiernander | Ehandler list: isensor listi

""""""" Il i ' '

_____________________

& 1: Sensor Hub g2tz
Sensor Hub 7 DAL 7 N2k A5 A 9K 2, T e A% B isf LR A3 Sensor Hub 1414 i
SR BRI AT B A RO WY A2 s gk Bl . AN, Z 4t TS T AL R S A B AR TR AL BRI TR

iny m&%‘%‘;@ﬁzﬁ AR P AR I B BE R, W AERRSERN . Bl (R A B AR T 2
REfLI S

13.1.1 Sensor Hub {§i }[lj J5

sensor_hub R HERE AL BALT] K612 AS KA B Rr A /Y B AR SCPEB R X R T A T
W IO R AR KN A BARSE B, IR TEUS IS R P e e LRIV RT I 00t B2 A B 5

IEBITE R

PA ShT3X IR LR B, IRENTT K& & s B 5 15 A A X A HAE I A B humiture_impl_t, Jf
B AL AR KM %L . sensor_hub 2T H AL 8@ 3% 1 . SENSOR_HUB_DETECT_FN, IK#ljHF
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-———
Sensor Task Sensor Event Loop | |

Sensor Hub —

Sensor Hal

-— =

bh1750 mpu6050 sht3x I I

Drivers vem|6040 lis2dh12 hts221 I I

... (light) ... (imu) .. (humiture) | |

- ———

Bus i2c_bus spi_bus | |

& 2: Sensor Hub 3Kz

K AT AL HERS X I R A A B 1

static humiture_impl_t sht3x_impl = {
.init = humiture_sht3x_init,
.deinit = humiture_sht3x_deinit,
.test = humiture_sht3x_test,
.acquire_humidity =
.acquire_temperature =

bi

humiture_sht3x_acquire_humidity,
humiture_sht3x_acquire_temperature,

SENSOR_HUB_DETECT_FN (HUMITURE_ID, sht3x, &sht3x_impl);

A, FEZAMER CMakeLists . txt HRANAE DR -

target_link_libraries (${COMPONENT_LIB} INTERFACE "-u humiture_sht3x_init")

W R

1. ZETAER) idf_component .yml PN sensor_hub 5rEEMIE AT .
2. QE— MBS il iot_sensor_create () Q@ ML LB, SECIEGIRER AR

e R e B ML AR AR L o IR R T AR AN BT M B sensor_hub Hl & R
UKl i s SR AT, WA A IR B EZ A AR 4 et . BCELT AP bus M TH07E 25w
HRBIRSLAE; addr T HRE LRI AL type HITH8E & A0 A 2EAL; mode
FTHEE B i) TARBI min_delay M HELIRERHORENFE, HEB NIRRT, A

RN 5 A B ROt

sensor_config_t sht3x_config = {
.bus = i12c0_bus_handle,
.addr = 0x44,

.mode = MODE_POLLING,
.min_delay = SENSOR_PERIOD,
bi
iot_sensor_create ("sht3x", &sht3x_config, &sht3x_handle)

3. VML AR RO I R A AEAR IR AR S AR, [l R BCRF AU A el 8 R R ik

AN PIRR, FE S SR 2 ] =[] 3] o S5 1) A A -

e {fifliot_sensor_handler register () iBid1& By m 8 R &k

e {fifjiot_sensor_handler register with_type () il &G 2T B )8 R %k

4. J7 8 15 & #%: i Hliot_sensor_start () J& 8 1§ & W) 1% & 4%,
K i SENSOR_STARTED H {f, 2 J5 K DA & 5& By i 0] ¢ 28 R 4 15 2% & 2o, IF Kax

fe &A% |\ 3 2 5
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SENSOR_XXXX_DATA_READY F{4., Z {48 KB 0] 1d event_data SER A — A F 4
FEERENAET T
5. 1B RS i iot_sensor_stop () WIS & 48 & B9 1% A%, & %% X 2 J5 R/ &
SENSOR_STOPED Fff, ZJ5RETAERHFIE. QR RGBSR IR B, R R i
A B RAR
6. BB VEMHE R S CF IR R & PR ] AT 2 B 220 o ) S [ )3 e 50 S 0900 A A9 BB X A
WM, ZEREE AR, %R FR A o« BOE M 5 YR I A WA
e fifliot_sensor_handler_unregister () iBid & Eas AR EGH C M [l JE s 4L
o ffifjiot_sensor_handler_unregister _with_type () iBid/% BB E 230
AT [ 8] R £
7. MteEss: i iot_sensor_delete () WM FfE S, BEE 2 BCH) N 0T .

13.1.2 BT

1. JEIR A R 15 1 LED JF 3¢ 780 sensors/sensor_control_led,
2. fE G I /RP . sensors/sensor_hub_monitor,

13.1.3 API &%
Header File

» components/sensors/sensor_hub/include/sensor_type.h
Structures

struct sensor_data_t

sensor data type
Public Members

int64_t timestamp

timestamp

const char *sensor_name

Sensor name

sensor_type_t sensor_type

sensor type

uint8_t sensor_addr

sensor addr

int32_t event_id

reserved for future use

uint32_tmin_delay

minimum delay between two events, unit: ms
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axis3_t acce

Accelerometer. unit: G

axis3_t gyro
Gyroscope. unit: dps

axis3_t mag

Magnetometer. unit: Gauss

float temperature

Temperature. unit: dCelsius

float humidity

Relative humidity. unit: percentage

float baro

Pressure. unit: pascal (Pa)

float 1ight
Light. unit: lux

rgbw_t rgbw

Color. unit: lux

uv_tuv

ultraviole unit: lux

float proximity

Distance. unit: centimeters

float hr
Heat rate. unit: HZ

float tvoc

TVOC. unit: permillage

float noise

Noise Loudness. unit: HZ

float step

Step sensor. unit: 1

float force

Force sensor. unit: mN

float current

Current sensor unit: mA
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float voltage

Voltage sensor unit: mV

float data[4]

for general use

struct sensor_data_group_t

sensor data group type

Public Members

uint8_t number

effective data number

sensor_data_t sensor_data[SENSOR_DATA_GROUP_MAX_NUM]
data buffer

Macros

SENSOR_EVENT_ANY_ID

register handler for any event id

Type Definitions

typedef void *sensor_device_impl_t

typedef void *sensor_driver_ handle_t

hal level sensor driver handle

typedef void *bus_handle_t
i2c/spi bus handle

Enumerations

enum sensor_type_t

sensor type

Values:

enumerator NULL_ID
NULL

enumerator HUMITURE_ID

humidity or temperature sensor
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enumerator IMU_ID

gYyro or acc sensor

enumerator LIGHT_SENSOR_ID

light illumination or uv or color sensor

enumerator SENSOR_ TYPE__MAX

max sensor type

enum sensor_command_t

sensor operate command

Values:

enumerator COMMAND_SET_MODE

set measure mode

enumerator COMMAND_SET_RANGE

set measure range

enumerator COMMAND_SET_ODR

set output rate

enumerator COMMAND _SET_POWER

set power mode

enumerator COMMAND _SELF_TEST

sensor self test

enumerator COMMAND _MAX

max sensor command

enum sensor_power_mode_t

sensor power mode

Values:

enumerator POWER_MODE_WAKEUP

wakeup from sleep

enumerator POWER_MODE_ SLEEP

set to sleep

enumerator POWER__MAX

max sensor power mode

enum sensor_mode_t

sensor acquire mode

Values:
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enumerator MODE_DEFAULT

default work mode

enumerator MODE_ POLLING

polling acquire with a interval time

enumerator MODE_ INTERRUPT

interrupt mode, acquire data when interrupt comes

enumerator MODE__MAX

max sensor mode

enum sensor_range_t

sensor acquire range

Values:

enumerator RANGE_DEFAULT

default range

enumerator RANGE_MIN

minimum range for high-speed or high-precision

enumerator RANGE_MEDIUM

medium range for general use

enumerator RANGE_ MAX

maximum range for full scale

enum sensor_event_id_t

sensor gener al events

Values:

enumerator SENSOR__ STARTED

sensor started, data acquire will be started

enumerator SENSOR__ STOPED

sensor stopped, data acquire will be stopped

enumerator SENSOR__ EVENT_ COMMON_END

max common events id

enum sensor_data_event_id_t

sensor data ready events

Values:

enumerator SENSOR_ACCE_DATA_READY

Accelerometer data ready
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enumerator SENSOR_GYRO_DATA_READY
Gyroscope data ready

enumerator SENSOR_MAG_DATA_READY

Magnetometer data ready

enumerator SENSOR__TEMP_DATA_READY

Temperature data ready

enumerator SENSOR_HUMI_DATA_READY
Relative humidity data ready

enumerator SENSOR_BARO_DATA_READY

Pressure data ready

enumerator SENSOR_LIGHT_DATA_READY
Light data ready

enumerator SENSOR_RGBW_DATA_READY
Color data ready

enumerator SENSOR_UV_DATA_READY

ultraviolet data ready

enumerator SENSOR_PROXI_DATA_READY

Distance data ready

enumerator SENSOR_HR_DATA_READY

Heat rate data ready

enumerator SENSOR_TVOC_DATA_READY
TVOC data ready

enumerator SENSOR_NOISE_DATA_READY

Noise Loudness data ready

enumerator SENSOR_STEP_DATA_READY
Step data ready

enumerator SENSOR_FORCE_DATA_READY

Force data ready

enumerator SENSOR__ CURRENT_DATA_READY

Current data ready

enumerator SENSOR_VOLTAGE_DATA_READY
Voltage data ready

enumerator SENSOR_EVENT_ID_END

max common events id
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Header File

* components/sensors/sensor_hub/include/iot_sensor_hub.h

Functions

esp_err_t iot_sensor_create (const char *sensor_name, const sensor_config_t *config, sensor_handle_t
*p_sensor_handle)

Create a sensor instance with specified name and desired configurations.

S8
* sensor_name -sensor’ s name. Sensor information will be registered by
ESP_SENSOR_DETECT_FN
* config —sensor’ s configurations detailed in sensor_config_t
* p_sensor_handle —return sensor handle if succeed, NULL if failed.
R[] esp_err_t
¢ ESP_OK Success
e ESP_FAIL Fail

esp_err_t iot_sensor_start (sensor_handle_t sensor_handle)

start sensor acquisition, post data ready events when data acquired. if start succeed, sensor will start to acquire
data with desired mode and post events in min_delay(ms) intervals SENSOR_STARTED event will be posted.

%%, sensor_handle —sensor handle for operation

]| esp_err_t
¢ ESP_OK Success
» ESP_FAIL Fail

esp_err_t iot_sensor_stop (sensor_handle_t sensor_handle)

stop sensor acquisition, and stop post data events. if stop succeed, SENSOR_STOPED event will be posted.

%%, sensor_handle —sensor handle for operation
R[] esp_err_t

¢ ESP_OK Success

* ESP_FAIL Fail

esp_err_t iot_sensor_delete (sensor_handle_t p_sensor_handle)

delete and release the sensor resource.

%¥( p_sensor_handle —sensor handle, will set to NULL if delete succeed.
R[] esp_err_t

¢ ESP_OK Success

¢ ESP_FAIL Fail

int iot_sensor_scan ()

Scan for valid sensors registered in the system.
J&[A] int number of valid sensors

esp_err_t iot_sensor_handler_register (sensor_handle_t sensor_handle, sensor_event_handler_t
handler, sensor_event_handler_instance_t *context)

Register a event handler to a sensor’ s event with sensor_handle.

SH

* sensor_handle —sensor handle for operation

* handler —the handler function which gets called when the sensor’ s any event is dis-
patched

* context —An event handler instance object related to the registered event handler and
data, can be NULL. This needs to be kept if the specific callback instance should be
unregistered before deleting the whole event loop. Registering the same event handler
multiple times is possible and yields distinct instance objects. The data can be the same
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for all registrations. If no unregistration is needed but the handler should be deleted when
the event loop is deleted, instance can be NULL.
R esp_err_t
* ESP_OK Success
» ESP_FAIL Fail

esp_err_t iot_sensor_handler_unregister (sensor_handle_t sensor_handle,
sensor_event_handler_instance_t context)

Unregister a event handler from a sensor’ s event.

S8

* sensor_handle —sensor handle for operation

* context —the instance object of the registration to be unregistered
R esp_err_t

e ESP_OK Success

» ESP_FAIL Fail

esp_err_t iot_sensor_handler_register_with_type (sensor_type_t sensor_type, int32_t event_id,
sensor_event_handler_t handler,
sensor_event_handler_instance_t *context)

Register a event handler with sensor_type instead of sensor_handle. the api only care about the event type,
don’ t care who post it.

SH
* sensor_type —sensor type declared in sensor_type_t.
* event_id —sensor event declared in sensor_event_id_t and sensor_data_event_id_t
* handler —the handler function which gets called when the event is dispatched
* context —An event handler instance object related to the registered event handler and
data, can be NULL. This needs to be kept if the specific callback instance should be
unregistered before deleting the whole event loop. Registering the same event handler
multiple times is possible and yields distinct instance objects. The data can be the same
for all registrations. If no unregistration is needed but the handler should be deleted when
the event loop is deleted, instance can be NULL.
R esp_err_t
e ESP_OK Success
» ESP_FAIL Fail

esp_err_t iot_sensor_handler_unregister_with_type (sensor_type_t sensor_type, int32_t event_id,
sensor_event_handler_instance_t context)

Unregister a event handler from a event. the api only care about the event type, don’ t care who post it.
BH
* sensor_type —sensor type declared in sensor_type_t.

* event_id —sensor event declared in sensor_event_id_t and sensor_data_event_id_t
* context —the instance object of the registration to be unregistered

1R[] esp_err_t
¢ ESP_OK Success
¢ ESP_FAIL Fail

Structures

struct sensor_info_t

sensor information, written by the driver developer.

Public Members

Espressif Systems 350 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 13. {4 jE7e4s

const char *name

S€nsor name

sensor_type_t sensor_type

sensor type

struct sensor_config_t

sensor initialization parameter

Public Members

bus_handle_t bus
i2c¢/spi bus handle

uint8_t addr

set addr of sensor

sensor_type_t type

sensor type

sensor_mode_t mode

set acquire mode detiled in sensor_mode_t

sensor_range_t range

set measuring range

uint32_tmin_delay

set minimum acquisition interval

intintr_pin

set interrupt pin

intintr_type

set interrupt type

struct sensor_hub_detect_£fn_t

Detection function interface for sensors.

Public Members

void *(*£n)(sensor_info_t *sensor_info)
Function pointer for sensor detection.
This function detects a sensor based on the provided sensor information.

Param sensor_info Pointer to the sensor information structure
Return void* Pointer to the detected sensor instance, or NULL if detection failed
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Macros

SENSOR_HUB_DETECT_FN (type_id, name_id, impl)

Defines a sensor detection function to be executed automatically in the application layer.

This macro defines a function and its corresponding metadata to facilitate automatic sensor detection and ini-
tialization. The function must return the implementation (imp 1) on success; otherwise, an error is logged, and
the automatic detection process in the application layer will be aborted.

To prevent the linker from optimizing out the sensor driver, the driver must include at least one undefined
symbol that is explicitly referenced during the linking phase. This ensures that the linker retains the driver,
even if no other files directly depend on its symbols.

For example, in the sensor driver’ s CMakeLists.txt, include the following to force the linker to keep the
required symbol:

target_link_libraries(${ COMPONENT_LIB} INTERFACE “-u <symbol_name>" )

Replace <symbol_name> with an appropriate symbol, such as sht 3x_init, defined in the driver.

B

Type Definitions

* type_id —The sensor type identifier.
* name_id —The unique name identifier for the sensor.

* impl -The implementation returned on successful detection.

typedef void *sensor_handle_t

sensor handle

typedef void *sensor_event_handler_instance_t

sensor event handler handle

typedef void (*sensor_event_handler_t)(void *event_handler_arg, sensor_event_base_t event_base,

int32_t event_id, void *event_data)

function called when an event is posted to the queue

13.2 IR E s

il i A A B TR A e R AR IR IR R I BB (21, W TREANE . Bk, B
RET) 45357 T B BRBE IR BEAS I

13.2.1 CiElcH%R

B IheE BE | HEE | AP | EHMRE
HDC2010 . W | 2C | TI Fikg A5
HTS221 E. W | 12C | ST BT [N
SHT3X V. W | 12C | Sensirion | kSR | v
MVH3004D | ¥, @ | 2C | -
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13.22 API &%

PAR APL SEE T GH 8 B8 AL AR R R 52, P o] B4R %2 A 4 S A% J8e . RR Y, ] DA
Hsensor_hub v i) A% J8as 12 11 52 I 7 B ]

Header File

* components/sensors/sensor_hub/include/hal/humiture_hal.h

13.3  PiTEtR&SS AMU)

PG I e ) 5 PR S . I P2 A2 AR R AR 2 P BB A% e 45 o B T (A vy e
AR, SRS IRz B LS.

13.3.1  Cilhcs)k

&R IhgE Bk | HNVB AP | EEMRE
LIS2DH12 | 3-axis acceler 2C | ST Hikgd | A

MPU6050 | 3-axis acceler + 3-axis gyro | 12C | InvenSense | #if% 15 | V

1332 API %

PAR API SEEL T P A% s AR AR, P nl B R R 2 A0S 2 5 4% S8 YRR e, ] DASE
P sensor_hub w1y % Jdkadi 4 1 S B0 fR SR R A

Header File

¢ components/sensors/sensor_hub/include/hal/imu_hal.h

134 RBDEMHRES

B RES B SR AL . PO SOMRAL BT IAR R 2 Mo RE 15 s -

13.4.1 CidERcsI«

AR Ih&e BE | R | MEE | BEHHERE
BH1750 Light I2C | rohm =l

VEMLG6040 | Light RGBW 12C | Vishay | #ifs P [
VEMLG6075 | Light UVA UVB | 12C | Vishay | #¥ifs 5 | ¥

1342 API %%

PA'R APL SEBE T X FRES AL AR R RS, P o] 48 22 RS gn S A% 8 . RE T, ] DA
Hsensor_hub W)L aw 10, SCEEHE A UE
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Header File

» components/sensors/sensor_hub/include/hal/light_sensor_hal.h

13.5 SEfLksy

AR T AR R 5k, ] DU T S m B4, W TRREE B 4, B A 2
7] 5 (O B 55

1351 Cidhcs)+k

2R IhgE =23 HuE | SRR | EERRE
BME280 | Pressure | 12C/SPI | BOSCH | #if& 15

13.6 4Lk

%‘—%‘“fé@%ﬁ*ﬂﬁ%?‘é%fi% LLAMER N RS R oA KBS B s, T TS B A AL
ALHA

13.6.1 CLifics)k

BT Ih&e B | HNE | SR | @EERE
APDS9960 | Light, RGB and Gesture Sensor | 12C | Avago | #if&15

13.7 PR RS

NTC J& Negative Temperature Coefficient 1455, NTC #uig i fH 2 —Fh B A 7R E K500 #Avb BH, =3
L SR AE AR B VS FE N R BE BE TR 1 TS BRI R LA B R PR BRI . R PR
NTC RF| R Z N A TR me, PUREH S e . b am i, mEEEH. WA
MEL FRERIRSFEN

NTC # Wi BB A T -
L EFUNTC Pl S S 2 M S, & AR AR AR ER I
2. MR EUNTC SRR s —RPENGSAE PCB L, @ AR EEAMEHLE, LED IREIRE M, it
213
NTC 8t 5% :
1. PHAEFIAS (25°C PHAE 1K,5K,10K,50K,100K 4§)
2. PEAEXEE (0.5%,1%,2%,3%,5%)
3. ol S
4. BAE (PPRHEEC, B (iR f PHAS L 580
5. BIAME . BELMEH SEME AR
NTC Driver i&JIIiigg: 5 ADC @Bl 5 : 24 NTC fi B, FEE R T, NTC A PHE T, S
SR LS P NTC s i s R e, e i FH s L BT, il IR R Bz 284k . 124 NTC 7
N, EOLIE AL, NTC By AR T M S8 I i o NTC sy U s BT, 5 H P 3 14
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TR, i ER SN . Bk, NTC 7F_LEA T iS58 A a8, X— St
FEEH NTC 2 R BRI R, O E i PRAF AL PR NTC (PR -
WMl DA R L EEHf: Vec ———> Rt ———> Rref — > GND £ % i@ & "ntc_config_t®
JUH) circuit mode' S Fb i FE AR I M0 b BB, 4 G ) Gk B ob BB B % G
"CIRCUIT_MODE_NTC_VCC ,
21 i B DAR B B B Vee > Rref > Rt > GND £ 3 # i3 "ntc_config t°
H Y S circuit_mode S Byt FEAH I 09 MBS, 24 A A PP R BB K B, R A% (A
"CIRCUIT_MODE_NTC_GND" ,
KT o0 EHLBH Rref IR :  Rref AYPHAE— MR Rt 75 25 £% QR FHAE

NTC By #5245, AX0: Rt =R *EXP (B * (1/T1-1/T2)) -Rt 2 HAE T1 EE N HHE -R
e ZE T PR PHAE T2 B ARFRELFE -B R PV H I — N 2SR -EXP 42 e 19 n k7 -T1
T2 248 K, BIFF/RSCIREE, KB =273.15 (4XHRE) + HRE

13.7.1 W H7RBI

Bl nte PSR 2

// Create a ntc driver and register call-back
ntc_config_t ntc_config = {
.b_value = 3950,
.r25_ohm = 10000,
.fixed_ohm = 10000,
.vdd_mv = 3300,
.circuit_mode = CIRCUIT_MODE_NTC_GND,
.atten = ADC_ATTEN_DB_11,
.channel = ADC_CHANNEL_3,
.unit = ADC_UNIT_1
bi

ntc_device_handle_t ntc = NULL;

adc_oneshot_unit_handle_t adc_handle = NULL;

ESP_ERROR_CHECK (ntc_dev_create (&ntc_config, &ntc, &adc_handle));
ESP_ERROR_CHECK (ntc_dev_get_adc_handle (ntc, &adc_handle));

//get ntc temperature

float temp = 0.0;

if (ntc_dev_get_temperature (ntc, &temp) == ESP_OK) {
ESP_LOGI (TAG, "NTC temperature = $.2f T", temp);

3

//delete handle
TEST_ASSERT_EQUAL (ESP_OK, ntc_dev_delete(ntc));

13.7.2 API1 %%

PATF APT SEBL T X Pl oL FELAL SRR I AR (R e, T P ml L T2 D 40 5 1L S AR 7, thmT A
i1 i sensor_hub H 4% Jiati e 11 SCBE fRT EA U

Header File

¢ components/sensors/ntc_driver/include/ntc_driver.h

Functions
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esp_err_t ntc_dev_create (ntc_config_t *config, ntc_device_handle_t *ntc_handle,

ZH

B

adc_oneshot_unit_handle_t *adc_handle)
Initialize the NTC and ADC channel config.

config—

ntc_handle —A ntc driver handle

adc_handle -A

ESP_OK Success
ESP_FAIL Failure

adc handle

esp_err_t ntc_dev_get_adc_handle (nfc_device_handle_t ntc_handle, adc_oneshot_unit_handle_t

Get the adc handle.

S

B

ntc_handle -A
adc_handle -A

ESP_OK Success
ESP_FAIL Failure

*adc_handle)

ntc driver handle
adc handle

esp_err_t ntc_dev_delete (ntc_device_handle_t ntc_handle)

Delete ntc driver device and ntc detect device.

%% ntc_handle —A ntc driver handle

B

esp_err_t ntc_dev_get_temperature (nfc_device_handle_t ntc_handle, float *temperature)

ESP_OK Success
ESP_FAIL Failure

Get the ntc temperature.

S

B

Structures

ntc_handle —A ntc driver handle
temperature NTC temperature

ESP_OK Success
ESP_FAIL Failure

struct ntc_config_t
NTC config data type.

Public Members

ntc_circuit_mode_t circuit_mode

ntc circuit mode

adc_unit_t unit

adc unit

adc_atten_t atten

adc atten
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adc_channel_t channel

adc channel

uint32_tb_value
beta value of NTC (K)

uint32_t r25_ohm
25°C resistor value of NTC (K)

uint32_t £ixed_ohm
fixed resistor value (Q)

uint32_t vdd_mv
vdd voltage (mv)

Type Definitions

typedef void *ntc_device_handle_t

Enumerations

enum ntc_circuit_mode_t

Supported circuit mode.

Values:

enumerator CIRCUIT_MODE_NTC_VCC

enumerator CIRCUIT_MODE_NTC_GND

138 )RS

Ty M P 25— T M 00 R 4 o P 5 P B S B . AT DASE I I I R R FLFE . AN R SR DA
HEZ G . Power Monitor ICs B DA FE G RN, HEEH RS, Ml i, LIS R4
IR

13.8.1 &EACHIK

&R (e [B&% | HEm | BB | BHERRE
INA236 1 16 (BT )% i flas | 12C I LG T 1

1382 API &%

The following API implements hardware abstraction for power monitor sensors. Users can directly call this layer of
code to write sensor applications.
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Header File

e components/sensors/power_monitor/ina236/include/ina236.h

Functions

esp_err_t ina236_create (ina236_handle_t *handle, ina236_config_t *config)

Create and init object and return a handle.

S8

* handle —Pointer to handle

* config —Pointer to configuration
B

e ESP_OK Success

* Others Fail

esp_err_t ina236_delete (ina236_handle_t handle)
Deinit object and free memory.

%% handle -ina236 handle Handle
$eq |

e ESP_OK Success

* Others Fail

esp_err_t ina236_get_voltage (ina236_handle_t handle, float *volt)
Get the Voltage on the bus.

S8
* handle —object handle of ina236
* volt —Voltage value in volts

Bl
* ESP_OK Success
* Others Fail

esp_err_t ina236_get_current (ina236_handle_t handle, float *curr)
Get the Current on the bus.
S
* handle —object handle of ina236
e curr —Current value in A
izl
¢ ESP_OK Success
¢ Others Fail
esp_err_t ina236_clear_mask (ina236_handle_t handle)
Clear the mask of the alert pin.
%%t handle —object handle of ina236
izl
* ESP_OK Success
¢ Others Fail

Structures

struct ina236_config_t

ina236 configuration structure
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Public Members

i2¢_bus_handle_t bus
12C bus object

bool alert_en
Enable alert callback

uint§_t dev_addr
12C device address

uint8_t alert_pin

Alert pin number

int236_alert_cb_t alert_cb

Alert callback function
Macros

INA236_I2C_ADDRESS_DEFAULT

Type Definitions

typedef struct ina236_t *ina236_handle_t
INA236 handle.

typedef void (*int236_alert_cb_t)(void *arg)

ina236 alert callback function

13.9 skl

AT B 7R 7 AR ) BLO937 T A B Aok A I L s . LR A IR AIBERESF LS A
FreeRTOS 7 ESP32 ESCH, R 1 AL EL BLO93T Ll th 1 I 5T Ath i 4 . iZm Bl ia (el
M RGE KPS FSHOTEBER,

13.9.1 GAEHIK

2R IheE k) MIgH ITRCEE
E
BL0937 | ¥l He 5280, Bland s, B A LB AIEAE | BELLING| BL0937 X
Y HL Datasheet

13.9.2 API %%

The following API implements hardware abstraction for power measure. Users can directly call this layer of code to
write sensor applications.
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Header File

e components/sensors/power_measure/include/power_measure.h

Functions

esp_err_t power_measure_init (power_measure_init_config_t *config)

power measure component int

%% config —configuration for power measure hardware
B

* ESP_OK

» ESP_FAIL

* ESP_ERR_NO_MEM

* ESP_ERR_INVALID_ARG

» ESP_ERR_INVALID_STATE

esp_err_t power_measure_deinit ()
power measure component deint
Bl
* ESP_OK
» ESP_FAIL

esp_err_t power_measure_get_voltage (float *voltage)

get current vltage (V)

%4 voltage —current voltage (V)
B

 ESP_OK

* ESP_FAIL

e ESP_ERR_INVALID_ARG

« ESP_ERR_INVALID_STATE

esp_err_t power_measure_get_current (float *current)

get current current (A)

%% current —current current (A)
P[]

e ESP_OK

 ESP_FAIL

e ESP_ERR_INVALID ARG

e ESP_ERR_INVALID_STATE

esp_err_t power_measure_get_active_power (float *active_power)

get current active power (W)

%%, active_power —current active power (W)
Bl

* ESP_OK

* ESP_FAIL

* ESP_ERR_INVALID_ARG

* ESP_ERR_INVALID_STATE

esp_err_t power_measure_get_power_factor (float *power_factor)

get current power factor

%% power_factor —power factor
B

« ESP_OK

e ESP_FAIL
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» ESP_ERR_INVALID_ARG
* ESP_ERR_INVALID_STATE

esp_err_t power_measure_get_energy (float *energy)

get current energy (Kw/h)

%4 energy —Power consumed by the load (Kw/h)
PEA ]

e ESP_OK

 ESP_FAIL

e ESP_ERR_INVALID_ ARG

e ESP_ERR_INVALID_STATE

esp_err_t power_measure_start_energy_calculation ()
start the energy calculation
B
* ESP_OK

» ESP_FAIL
* ESP_ERR_INVALID_STATE

esp_err_t power_measure_stop_energy_calculation ()
stop the energy calculation
B
* ESP_OK

» ESP_FAIL
* ESP_ERR_INVALID_STATE

esp_err_t power_measure_reset_energy_calculation ()
reset the energy accumulated value in flash
B
 ESP_OK

* ESP_FAIL
» ESP_ERR_INVALID_STATE

esp_err_t power_measure_start_calibration (calibration_parameter_t *para)

start calibration for factory test

%4 para —calibration parameters
B

* ESP_OK

» ESP_FAIL

* ESP_ERR_INVALID_ARG

e ESP_ERR_INVALID_STATE

esp_err_t power _measure_get_calibration_factor (calibration_factor_t *factor)

get calibration factor from flash

%% factor —calibration factor
$eA |
e ESP_OK
 ESP_FAIL
e ESP_ERR_INVALID_STATE

esp_err_t power _measure_calibration_factor_reset (void)
reset factor in flash
B
» ESP_OK
* ESP_FAIL POWER_MEASURE
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Structures

struct overcurrent_event_data_t

Data structure for overcurrent event data.

Public Members

float current_value

Current value measured during the overcurrent event

uintl6_t trigger_value

Trigger threshold for overcurrent detection

struct overvoltage_event_data_t

Data structure for overvoltage event data.

Public Members

float voltage_value

Voltage value measured during the overvoltage event

uintl6_t overvalue

Threshold value for overvoltage detection

struct undervoltage_event_data_t

Data structure for undervoltage event data.

Public Members

float voltage_value

Voltage value measured during the undervoltage event

uintl6_t undervalue

Threshold value for undervoltage detection

struct calibration_parameter_t

Structure for calibration parameters.

Public Members

float standard_power

Standard power in watts

float standard_voltage

Standard voltage in volts
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float standard_current

Standard current in amperes

struct calibration_factor_t

Structure for calibration factors.

Public Members

float ki

Calibration factor for current

float ku

Calibration factor for voltage

float kp

Calibration factor for power

struct chip_config_t

Configuration structure for the chip.

Public Members

power_measure_chip_t type

Type of the chip used

calibration_factor_t factor

Calibration factors for the chip

gpio_num_t sel_gpio

GPIO number for selection

gpio_num_t c£1_gpio
GPIO number for CF1

gpio_num_t c£_gpio
GPIO number for CF

uint8_t pin_mode

Pin mode configuration

float sampling_ resistor

Value of the sampling resistor

float divider_resistor

Value of the divider resistor

struct power_measure_init_config_ t

Initialization configuration structure for power measurement.
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Public Members
chip_config_t chip_config
Configuration for the chip

uintl6_t overcurrent

Overcurrent threshold

uint16_t overvoltage

Overvoltage threshold

uint16_t undervoltage

Undervoltage threshold

bool enable_energy_detection

Flag to enable energy detection

Macros

STORGE_FACTOR_KEY
STORGE_FACTOR_KEY.

Enumerations

enum power_measure_event_t
POWER_MEASURE event base.

Enumeration of power measurement events.

Values:

enumerator POWER_MEASURE_INIT_DONE

Initialisation Done

enumerator POWER_MEASURE_OVERCURRENT

Overcurrent detected

enumerator POWER_MEASURE_OVERVOLTAGE

Overvoltage detected

enumerator POWER_MEASURE__UNDERVOLTAGE
Undervoltage

enumerator POWER_MEASURE_ENERGY_REPORT

report energy

enumerator POWER_MEASURE_HOME_APPLIANCES_ONLINE

appliances online
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enumerator POWER_MEASURE_HOME_APPLIANCES_OFFLINE

appliances offline

enum power_measure_rated_voltage_t

Enumeration of rated voltage levels.

Values:

enumerator RATED_VOLTAGE_110V
Rated voltage of 110 volts

enumerator RATED_VOLTAGE_120V
Rated voltage of 120 volts

enumerator RATED_VOLTAGE_220V
Rated voltage of 220 volts

enum power_measure_chip_t

Enumeration of supported chip types.

Values:

enumerator CHIP_BL0937
BL0937 chip type

enumerator CHIP_MAX
Maximum chip type

13.10 Huilpaiit

FLS R BT — AR T I Rl TR R (R, RN RE N M L SRR AL S Y T
BE, G R AT R ES (SOC) PAK HL A 524 FEHL A 4t (FCO)
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% 3B

MAXI17048/MAX I 7QRQUAE AR . RHURSE R . st %A | 12C | Analog FIL %
J] PR E RS R Devices +

BQ27220 AT Rt M E, R RN &5 R JE | 12C | Texas Instru- | B A%
(CEDV) S yE 347 L kil ments 5
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13.11.1  EiERCHIHR
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. HMARTLEH baseline Fl smooth_value Wi MR 1, S G G PRR) BUERIN B, ALY
IkE .
BRI SZIA DU =0
L HIBH R A S -
2. AR smooth_value 1 baseline [ HZHE, DA raw_value R FEAE T T smooth_value F baseline .
3. |t smooth_value - baseline WI{E/Z KT 0, #H KT 0 WIFHHIWHE BT MBI, 2T WH e
A RN il A B 47 smooth_value - baseline WI{E/NT 0, eIl 4 @@ & TAAORES, #&
ALFRACIRZS, T B A G HE R R T R ik 4z B Hk?ﬂ‘ﬂ%ﬂmiﬂﬁ xﬁlﬂﬁﬁﬂkﬁ@%ﬁjﬂ’ﬁ

14.1.2  WiABEES%
o FFR MR
— T DL i ) ESP-S283-Touch-DevKit-1 Ff & AT IE I, FARH MainBoard vi.1, $
YT, THCh Proximity Board V1.0,
1413 WES%
]l 0 B 7 s e 8

ﬁ}iﬁ touch_proximity_sensor A, A[ifidtouch_proxi_config t LEFIRSICHED B 3205 7 15

typedef struct {

uint32_t channel_num; VATREE &l Y

uint32_t *channel_list; VAR & %

float *channel_threshold; /rlI<

uint32_t debounce_times; /rI<
SHARSAEHFHESE R RE ~/

uint32_t *channel_gold_value; /I B EE S EE +/

bool skip_lowlevel_init; /xI<s

SHERAAAMERY HRTRRAIEA

} touch_proxi_config_t;

FHESHAA -
S i ER
channel_num fil iz i RV A, B 3
channel list L E S 'J %%

channel_threshold | 451818 B4 il & B(EEZH
debounce_times AR SR P 75 1 T 2 2 B0
channel_gold_value | RJ %[l fEHEE S 2
skip_lowlevel_init | {5 I B Ml 5K Sl ikt IR v dh 1k

BB Z5G, ifltouch_proximity sensor_create () BEHEEIT Y &R :

touch_proxi_config_t config = {
.channel_num = 1,
.channel_list = channel_list,
.channel_threshold = channel_threshold,
.debounce_times = 2,

bi

esp_err_t ret = touch_proximity_sensor_create (&config, &sensor_handle, callback_
—func, NULL);
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BRI

PR P [ty 5 22 VAR B R ASOHP RS AN A [l o X AT ATEAT 55 58 bl

void proximity_task (void *arqg)

{

}

while (1) {

touch_proximity_sensor_handle_events (sensor_handle);
vTaskDelay (pdMS_TO_TICKS (20));

/R R S
xTaskCreate (proximity_task, "proximity_ task", 2048, NULL, 5, NULL);

RIS e A0 R 7 1 b 2

il touch_proximity_sensor_delete () MR ALIEAS IR, FRERCH I :

// Delete the touch proximity sensor
touch_proximity_sensor_delete (sensor_handle);

1414 SEHTIS%

channel_num £ KK 3.

channel_list Z{ZH A URAE A touch_pad_t Hr675 & R HI{E .

meas_count ERINEH 20, FU(EBRA, b (% Rt B B i) B0 5l

smooth_coef BRIAE N 0.7, ZEEF A 250, I8 )51 smooth {H25 T smooth * (1.0 - smooth_coef)
+ raw * smooth_coef , smooth_coef BUEMK, raw WINEGLHES, GRS, smooth I TE#E},
smooth JRF raw {EHFEREP, fil A ma B8R, BT THLaeJ18kES ;s smooth_coef $UEE/N, raw R E
ﬁﬂ%,?@ﬁ%ﬂﬁ,meﬁ%ﬁyﬁ,mwmﬁ%MWﬁﬁE@@,@ﬁmﬁﬁ@,ﬁ$ﬁ
fE 775

baseline_coef BRIAE N 0.05, ZELE I RZE, HEHESET baseline * (1.0 - baseline_coef) + smooth
* baseline_coef , ZAEK , FELIRBE smooth L FERLH, ik ma Ve, HrtPuhe Jkss.

max_p ERAEN 0.5, 24 raw - baseline B KT baseline * max_p W}, raw (BN FHE, ZIEHE,
min_n BHAE N 0.05, 24 baseline - raw B KT baseline * min_n W}, raw {H-NSHAE, ZWE4E,
threshold_p {Ejj#R A, Fzr BV filUk W BE G, SrTHiee Jiksas, M.

threshold_n (A, Ham BV fil & O BE B 8GE, BTt hdiss, Rz M.

noise_p BRIAE 4 0.1, Fl noise_n BRIAME N 0.2, FUMEMOK, FELLH 25 IREE smooth, 4538 55
AN AZ/N, BT HRRE BT .

debounce_p F1 debounce_n HFF TS meas_count WIEHIFATIREE, meas_count #i/|N, debounce_p
debounce_n ANV IGK , PASEEHLTHREE ST .

reset_p FRIAME R 0, ATHEHLEEIE LR, KEN O FREE

reset_n BRIA(EH 50, F T HLHE G0 L+,

WS PR L

BRI it P2 A SR AR SR AR T B S T
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S8 ZINME
channel num | 1
channel_list TOUCH_PAD_NUMS8
meas_count 20
smooth_coef | 0.7
baseline_coef | 0.05
max_p 0.5
min_n 0.05
noise_p 0.1
noise_n 0.2
debounce_p 2
debounce_n 50
reset_p 0
reset_n 50

DA A AR L B - U8 BRI

L. B meas_count fME, FFUUAARIEAR B B A, HEDBOR , A% RS St s sk et o o
G R RAERY AR EJ7 10em AbPReE 3 RVINTE], 3/N1K) meas_count B, RN I R E T B2

5L, PIEXT AT

L /A/"\/“‘\,M\

64642

.

el

meas-count=-50

Inkctive=649249

BT ST v

|/
/ — | =
"’“‘*u—"’_7"°’t w"f\'\""‘d"/

"meas_count = 25

Indctive:

LLW\”

2. B smooth_coef WIME, FFIAE smooth JIEWI U R « smooth_coef {HHU)N, TGRS, P
PERE SRR, smooth BRFE raw 1S, fl &N NS, 2. AIE] smooth_coef "I TEXT LA
wr:

3. 1B baseline_coef WIH, YFIRAT baseline R ¥ HR . baseline_coef {H#li/|N, baseline JRH smooth ik
M2, R B RS il R RRSER S, RRZAHR . NIR] baseline_coef T W TEXT HE AN -

4. & max_p Fl min_n WL, F$E smooth I baseline W) P2 . max_p (i, 25 8T H0L R BBt smoot
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%=, G5l R . AN threshold_p "R A TEXT HEEI T -
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14.1.5 Bk

¢ touch/touch_proximity

14.1.6 API Reference
Header File

¢ components/touch/touch_proximity_sensor/include/touch_proximity_sensor.h

Functions

esp_err_t touch_proximity_sensor_create (fouch_proxi_config_t *config, touch_proximity_handle_t
*sensor_handle, proxi_cb_t cb, void *cb_arg)

Create a touch proximity sensor instance.

BH
* config —The touch pad channel configuration.
* sensor_handle —The handle of the successfully created touch proximity sensor.
* cb —Callback function to handle proximity events.
* cb_arg —The callback function argument.
Bl
» ESP_OK: Create the touch proximity sensor successfully.
* ESP_ERR_NO_MEM: Failed to create the touch proximity sensor (memory allocation
failed).

esp_err_t touch_proximity_sensor_delete (fouch_proximity_handle_t proxi_sensor)

Delete the touch proximity sensor instance.
This function deletes the touch proximity sensor instance associated with the provided sensor handle.

%% proxi_sensor —Pointer to the handle of the touch proximity sensor instance to be deleted.
Bl
* ESP_OK: Delete the touch proximity sensor instance successfully

esp_err_t touch_proximity_sensor_get_data (fouch_proximity_handle_t handle, uint32_t channel,
uint32_t *data)

Get touch proximity sensor data.

Retrieves the smoothed touch sensor reading from the specified channel.

SH

* handle —[in] Touch proximity sensor handle

¢ channel —[in] Touch channel number

¢ data —[out] Pointer to store the smoothed touch sensor data
P[]

* ESP_OK on success

e ESP_ERR_INVALID_ARG if handle or data is NULL

e ESP_ERR_INVALID_STATE if sensor not initialized

e ESP_ERR_NOT_FOUND if channel not found

esp_err_t touch_proximity_sensor_get_state (fouch_proximity_handle_t handle, uint32_t channel,
proxi_state_t *state)

Get current state of a proximity channel.

Returns whether the proximity channel is currently considered active (object detected) based on the current
sensor readings and configured thresholds.

S

* handle —[in] Touch proximity sensor handle
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¢ channel —[in] Touch channel number
¢ state —{out] Pointer to store the channel state

PE ]
¢ ESP_OK on success
« ESP_ERR_INVALID ARG if handle or state is NULL
« ESP_ERR_INVALID STATE if sensor not initialized
e ESP_ERR_NOT_FOUND if channel not found

esp_err_t touch_proximity_sensor_handle_events (touch_proximity_handle_t handle)

Handle pending proximity sensor events.

Processes events from the FSM. This function should be called periodically to update proximity states and
trigger callbacks.

%%, handle —[in] Touch proximity sensor handle
P
¢ ESP_OK on success
e ESP_ERR_INVALID_ARG if handle is NULL
« ESP_ERR_INVALID STATE if sensor not initialized

Structures

struct touch_proxi_config_t

Configuration structure for touch proximity sensor.

Public Members

uint32_t channel_num

Number of touch proximity sensor channels

uint32_t *channel_list

Touch channel list

float *channel_threshold

Threshold for touch detection for each channel

uint32_t debounce_times

Number of consecutive readings needed to confirm state change

uint32_t *channel_gold_value

Reference values for touch channels

bool skip_lowlevel_init

Skip low level initialization when working with existing touch driver

Type Definitions

typedef struct touch_proximity_sensor_t *touch_proximity_handle_t

typedef void (¥*proxi_cb_t)(uint32_t channel, proxi_state_t event, void *cb_arg)

proximity sensor user callback type
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Enumerations

enum proxi_state_t

Touch Proximity Sensor State.

Values:

enumerator PROXI_STATE_INACTIVE

enumerator PROXI_STATE_ACTIVE

14.2  fph et fl ks

14.2.1  Hgk

touch_button_sensor #1{f:3 ESP32 ZRFts i FE AL 5 B fl i A M T BE . B H ZH0RFE (6
FIF ESP32-P4) FIE T4 FSM A AL BRI A v] 52 A4 Al k), BV E7E il A A B8 B 1E % TAF .

ik
 ESP32/ESP32-S2/ESP32-S3 fi 5AH 5¢ (A F Itk s H . BT ohse oyt T4k 6e 2=,
nJREJoEEIE L EMS M, RO B SO T 877 .
o %41 H HiE FI T ESP32. ESP32-S2 il ESP32-S3, I HAE % IDF A K F25F v5.3,

R
o ZHBORRE, SRS TERE
o BT FSM MU, FoA ] i B U (E
o HFRPBIVAR PRAR S A AL I AT SRt
o LFFZMELEE
o BT RIS RE
B

e touch_sensor_fsm
¢ touch_sensor_lowlevel

14.2.2 FCESE
fis 45 P B Al R

T DA t ouch_button_config_ t ZE¥ERITHCE

typedef struct {
uint32_t channel_num;
uint32_t *channel_list;
float *channel_threshold;
uint32_t *channel_gold_value;

Q)
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(£ L£50)

uint32_t debounce_times; /A< BMIRAKT I EWE S TR R K ~/
bool skip_lowlevel_init; JrI<

Y EHAMERGEF R IETEIIREWH L +/

} touch_button_config_t;

SERW]

S ik INME
channel_num fib e A% B A T AN .
channel_list LA ) g e Kl .
channel_threshold BEAETE B RE A .
channel_gold_value filpEE N S () NULL
debounce_times AR S AR i 75 B 7 22 524 | 3

WER
skip_lowlevel_init MR AR il 529K ) W Bk i 9] 1y | false

k.

14.2.3  API {di i Rpil

GG

touch_button_config_t config = {
.channel_num = 1,
.channel_list = (uint32_t[]){8}, // E R A E 8
.channel_threshold = (float[]){0.02}, // 2% A EE
.channel_gold_value = NULL, /) T HEE A
.debounce_times = 3, // 3 WA
.skip_lowlevel_init = false /7 e AL bk R

bi

touch_button_handle_t btn_handle = NULL;

esp_err_t ret = touch_button_sensor_create(&config, &btn_handle, button_state_
—callback, NULL);

DR AR ] ] e 2
4 i e PR A A S S R [ e

void button_state_callback (touch_button_handle_t handle, uint32_t channel, touch_
—state_t state, wvoid *arq)

{
switch (state) {
case :
printf ("% % 1 ¥ %d # #% T \n", channel);
break;
case :
printf ("% 4 ¥ $d % B 7 \n", channel);
break;
}
}
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BRI

F B AL AR AL E PR O T — A FH AL PEALA], DAARRHIE DT SAC PR A 0 . SR I ARAE I R P 9
PR TS5 o AL 2L

/) EERBAFEMELF
while (1) {
/SR BIR AL EGMESE S

touch_button_sensor_handle_events (btn_handle);

/7 A mEE LB Ok B 3R
vTaskDelay (pdMS_TO_TICKS (20)); // 20ms 8 g ¥ & & 4

14.24 4l

¢ touch/touch_button_sensor

14.2.5 API %%
Header File

* components/touch/touch_button_sensor/include/touch_button_sensor.h

Functions

esp_err_t touch_button_sensor_create (fouch_button_config_t *config, touch_button_handle_t *handle,
touch_cb_t cb, void *cb_arg)

Create a touch button sensor instance.

This function initializes the touch sensor hardware (unless skip_lowlevel_init is true), sets up FSM instances
for touch detection, and registers callbacks for touch events.

ZH
* config —Touch button sensor configuration
¢ handle —Pointer to receive the created touch button sensor handle
* cb —Callback function for touch state changes
* cb_arg —User data to pass to callback function
B
e ESP_OK on success
* ESP_ERR_INVALID_ARG if config, handle, or required config fields are NULL
* ESP_ERR_NO_MEM if memory allocation fails
e ESP_FAIL if touch sensor or FSM initialization fails

esp_err_t touch_button_sensor_delete (fouch_button_handle_t handle)
Delete a touch button sensor instance.

Stops all FSMs, unregisters callbacks, frees resources, and optionally deinitializes the touch sensor hardware.

%% handle —Touch button sensor handle to delete
B
e ESP_OK on success (or if handle is NULL)
» ESP_ERR_INVALID_STATE if sensor state is invalid
esp_err_t touch_button_sensor_get_data (touch_button_handle_t handle, uint32_t channel, uint32_t
channel_alt, uint32_t *data)

Get touch sensor data for a specific channel and frequency.

Retrieves the smoothed touch sensor reading from the specified channel and frequency instance.
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SH
¢ handle —Touch button sensor handle
¢ channel —Touch channel number
* channel_alt —~Frequency instance index © to
SOC_TOUCH_SAMPLE_CFG_NUM-1)
e data —Pointer to store the smoothed touch sensor data
P[]
¢ ESP_OK on success
e ESP_ERR_INVALID_ARG if handle or data is NULL
« ESP_ERR_INVALID STATE if sensor not initialized
* ESP_ERR_NOT_FOUND if channel not configured

esp_err_t touch_button_sensor_get_state (fouch_button_handle_t handle, uint32_t channel,
touch_state_t *state)

Get current state of a touch channel.

Returns whether the touch channel is currently considered active (touched) based on the combined state of all
frequency instances.

2H
* handle —Touch button sensor handle
¢ channel —Touch channel number
¢ state —Pointer to store the channel state
PEA ]
¢ ESP_OK on success
« ESP_ERR_INVALID ARG if handle or state is NULL
« ESP_ERR_INVALID_STATE if sensor not initialized
e ESP_ERR_NOT_FOUND if channel not configured

esp_err_t touch_button_sensor_get_state_bitmap (touch_button_handle_t handle, uint32_t channel,
uint32_t *bitmap)

Get active frequency bitmap for a touch channel.

Returns a bitmap indicating which frequency instances have detected a touch on the specified channel. Each
bit corresponds to one frequency.

SH

¢ handle —Touch button sensor handle

¢ channel —Touch channel number

* bitmap Pointer to store the frequency activation bitmap
B

e ESP_OK on success

* ESP_ERR_INVALID_ARG if handle or bitmap is NULL

e ESP_ERR_INVALID_STATE if sensor not initialized

* ESP_ERR_NOT_FOUND if channel not configured

esp_err_t touch_button_sensor_handle_events (touch_button_handle_t handle)
Handle pending touch sensor events.

Processes events from all FSM instances. This function should be called periodically to update touch states
and trigger callbacks.

%%t handle —Touch button sensor handle
FEA ]
¢ ESP_OK on success
e ESP_ERR_INVALID_ARG if handle is NULL
« ESP_ERR_INVALID_STATE if sensor not initialized

Structures
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struct touch_button_config_t

Configuration structure for touch button sensor.

Public Members

uint32_t channel_num

Number of touch button sensor channels

uint32_t *channel_list

Touch channel list

float *channel_threshold

Threshold for touch detection for each channel

uint32_t *channel_gold_value

(Optional) Reference values for touch channels

uint32_t debounce_times

Number of consecutive readings needed to confirm state change

bool skip_lowlevel_init

Skip low level initialization when working with existing touch driver

Type Definitions

typedef struct touch_button_sensor_t *touch_button_handle_t

typedef void (*touch_cb_t)(fouch_button_handle_t handle, uint32_t channel, touch_state_t state, void *cb_arg)

Touch sensor callback function type.

Param handle Touch button sensor handle

Param channel Channel number that triggered the event
Param state Current state of the touch sensor

Param cb_arg User data passed to the callback

Enumerations

enum touch_state_t

Touch sensor state.

Values:

enumerator TOUCH_STATE_INACTIVE

Touch sensor is inactive

enumerator TOUCH_STATE_ACTIVE

Touch sensor is active
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14.3  fiph 5 2 Btk £ RS

14.3.1 itk

touch_button_sensor 424 ESP32 1.t F H AL I B 5 b S A M T e

i

* ESP32/ESP32-S2/ESP32-S3 filtf5AH] 5 L1 OUN T MNASE /R H Y. i TRl sh RE RS THLRE 1 22,

A AEoaE . EMS U, OO T 577
o %40 EHE AT ESP32. ESP32-S2 il ESP32-S3, 3 H. 3% IDF A KT4F v5.3.

SR
« ZUTBIRRE, JLRHME A

o SCHRFESI T
o BT I A R A

IR

¢ touch_sensor_fsm
¢ touch_sensor_lowlevel

14.3.2 ilEi S
fia 5 Iy L ¥ Ak A
s DAt touch_slider config t &M THEIE

typedef struct {

uint32_t channel_num; /Rl R RERABABENE */
uint32_t *channel_list; /HI< EBEER K
float *channel_threshold; /rI< BANABREHRBELNEE </
uint32_t *channel_gold_value; /#*/< (F %) fit # % @ 0 & % = */
uint32_t debounce_times; /IS BINRABRTHE W EE R AR H ~/
uint32_t filter_ reset_times; /*!/< & & {1 & Wi Stk % */
uint32_t position_range; /Rl R E W R AN ) CLEEA [0, position_

—range], BEBM AL EHFERET */
uint8_t calculate_window; /rI< MBI EHE 0O AN (K% <= channel_

onum) o REA 0 M AFHBKI: 2@ # A2, 3+ﬁ%§)ﬂ3 */
float swipe_threshold; VAR - o - TEJi */
float swipe_hysterisis; /XIS TS AN B E E R W~/
float swipe_alpha; /I BERK B K */
bool skip_lowlevel_init; /rI<

Y EHAMERGEF R IETEIIREME L +/

} touch_slider_config_t;
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SERW
S ik 2IANE
channel_num ik P B A R A T I .
channel_list LA ) s g e Rl .
channel_threshold BEASETE R SE A .
channel_gold_value filpEE S () NULL
debounce_times AR S AR ir 75 B 7 22 328 | 3
filter_reset_times R RO B .
position_range e VAR ONIEME RTINS .

)

calculate_window PEETTERE O KD Hzl (0)
swipe_threshold TR BRI ¥4 38 TR L o
swipe_hysterisis T IR DN )3 2R .
swipe_alpha IR SEL .
skip_lowlevel_init TR AFAE b 9K S W Bk ) 4 | false

e

Ve e e

calculate_window ZEHLE T T 00 BT E A AH SR il P i 5l
BRI (S BEEH 0t :

e 2 jlijli: calculate_window

= 2 (M prA AT EE)

X 2 MR T PG BRI R RE -

* 3+ ifijfi: calculate_window = 3 (HEEEFIHTMEMERE (B Y et 1)

T-ahfc :

o A PAEEEM 2 F] channel_num A{LA{E

o B/ME (2): W RS (AR ) 52 e 50

o WRAY G+): FEIH BT REH ] REME R0 HER

o XA RN min (3, channel_num)

© R BUMEN 2, PSR EhACUE T B AT 2 SRR IE

I e e :

e % H calculate_window = 0 5 A shEHALRE
o RV 0 IH 7 B i BT AR o FH B AR
o B E MRS RN T X T AE

14.3.3 API {i Hi-npil
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I RIwIGIE
uint32_t channel_list[] = {2, 4, 6, 12, 10, 8};
float threshold[] = {0.005f, 0.005f, 0.005f, 0.005f, 0.005f, 0.005f};
touch_slider_config_t config = {
.channel_num = 6,
.channel_list = channel_list,
.channel_threshold = threshold,
.filter_reset_times = 5,

.position_range = 10000,
.swipe_alpha = 0.9,
.swipe_threshold = 50,
.swipe_hysterisis = 40,
.channel_gold_value = NULL,
.debounce_times = 0,
.calculate_window = 0, // A %iAH (6@ H g3k H3)
.skip_lowlevel_init = false
bi

// Test successful creation

TEST_ASSERT_EQUAL (ESP_OK, touch_slider_sensor_create(&config, &s_touch_slider, o
—touch_slider_event_callback, NULL));

TEST_ASSERT_NOT_NULL (s_touch_slider);

P InT i e
2 R IR AS I e VR [ R R A 45 T Bl R AT (V8% PT DA T3

static void touch_slider_event_callback (touch_slider_handle_t handle, touch_slider_
—event_t event, int32_t data, void *cb_arg)

{

if (event == TOUCH_SLIDER_EVENT RIGHT SWIPE) {
printf ("A W (& £ ) \n");

} else if (event == TOUCH_SLIDER_EVENT LEFT_SWIPE) {
printf("Z #® (& E) \n");

} else if (event == TOUCH_SLIDER_EVENT_ RELEASE) {

printf ("J# 7 %1d\n", data);
if (data > 1000)
{

printf("& ¥ (L) \n");
}
else if (data < -1000)

{
printf("Z£# (%) \n");
}
} else if (event == TOUCH_SLIDER_EVENT_POSITION)
{
printf (" % ,%" PRId64 ",%lu\n", get_time_in_ms (), data);

g

F P S AL AR LR AL T — AR ERALH], DAFREPHZED AL B A o SR %A B R A Y
TEER L AT S5 e AL B

/S EEBA B S F
while (1) {
/SR BRAFAREN R E S

QS
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touch_slider_sensor_handle_events (s_touch_slider);

VAR N I A
vTaskDelay (pdMS_TO_TICKS (20)); // 20ms |d] [g # % & 4

14.34 51

¢ touch/touch_slider_sensor

1435 API &%
Header File

¢ components/touch/touch_slider_sensor/include/touch_slider_sensor.h

Functions

esp_err_t touch_slider_sensor_create (fouch_slider_config_t *config, fouch_slider_handle_t *handle,
touch_slider_event_cb_t cb, void *cb_arg)

Create a touch slider sensor instance.

This function initializes the touch sensor hardware (unless skip_lowlevel_init is true), sets up FSM instances
for touch detection, and registers callbacks for touch events.

$41:: The calculate_window parameter determines how many adjacent channels are used for position calcu-
lation. For backward compatibility, if set to 0, default values will be used:

¢ 2 channels: window_size = 2 (use all channels)
* 3+ channels: window_size = 3 (optimal balance between precision and noise immunity)
* For high-precision applications: window_size = min(3, channel_num)

SH
» config —Touch slider sensor configuration
¢ handle —Pointer to receive the created touch slider sensor handle
¢ cb —Callback function for touch slider events
* cb_arg —User data to pass to callback function
B
e ESP_OK on success
* ESP_ERR_INVALID_ARG if config, handle, or required config fields are NULL, or if
calculate_window is less than 2 or greater than channel_num (0 is acceptable for auto-
default)
e ESP_ERR_NO_MEM if memory allocation fails
¢ ESP_FAIL if touch sensor or FSM initialization fails

esp_err_t touch_slider_sensor_delete (fouch_slider_handle_t handle)

Delete a touch slider sensor instance.
Stops all FSMs, unregisters callbacks, frees resources, and optionally deinitializes the touch sensor hardware.

%% handle —Touch slider sensor handle to delete
B
* ESP_OK on success (or if handle is NULL)
« ESP_ERR_INVALID STATE if sensor state is invalid
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esp_err_t touch_slider_sensor_get_data (fouch_slider_handle_t handle, uint32_t channel, uint32_t
channel_alt, uint32_t *data)

Get touch sensor data for a specific channel and frequency.

Retrieves the smoothed touch sensor reading from the specified channel and frequency instance.

ZH
¢ handle —Touch slider sensor handle
¢ channel —Touch channel number
* channel_alt —Frequency instance index © to
SOC_TOUCH_SAMPLE_CFG_NUM-1)
¢ data —Pointer to store the smoothed touch sensor data
P[]
e ESP_OK on success
e ESP_ERR_INVALID_ARG if handle or data is NULL
e ESP_ERR_INVALID_STATE if sensor not initialized
* ESP_ERR_NOT_FOUND if channel not configured

void touch_slider_sensor_get_state (fouch_slider_handle_t handle, bool *pressed, uint32_t *pos,
float *speed)

Get touch sensor data for a specific channel and frequency.

Retrieves the smoothed touch sensor reading from the specified channel and frequency instance.

ZH
* handle —Touch slider sensor handle
» pressed —Touch slider is pressed or not
» pos —Touch slider speed
* speed —Touch slider speed
esp_err_t touch_slider_sensor_handle_events (touch_slider_handle_t handle)
Handle pending touch sensor events.

Processes events from all FSM instances. This function should be called periodically to update touch states
and trigger callbacks.

%% handle —Touch slider sensor handle
B
¢ ESP_OK on success
* ESP_ERR_INVALID_ARG if handle is NULL
» ESP_ERR_INVALID_STATE if sensor not initialized

Structures

struct touch_slider_config_t

Configuration structure for touch slider sensor.

Public Members

uint32_t channel_num

Number of touch slider sensor channels

uint32_t *channel_list

Touch channel list

float *channel_threshold

Threshold for touch detection for each channel
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uint32_t *channel_gold_value

(Optional) Reference values for touch channels

uint32_t debounce_times

Number of consecutive readings needed to confirm state change

uint32_t filter_reset_times

Number of consecutive readings to reset position filter

uint32_t position_range

Maximum position value of touch slider, range [0, position_range]. Higher values provide better position
resolution

uint§_t calculate_window

Window size for position calculation (should be <= channel_num). Set to O for auto-default: 2 for 2-
channel, 3 for 3+ channels

float swipe_threshold
The speed threshold for identifying swiping

float swipe_hysterisis

The speed hysterisis for identifying swiping

float swipe_alpha

Filter parameter for estimating speed

bool skip_lowlevel_init

Skip low level initialization when working with existing touch driver

Type Definitions

typedef struct touch_slider_sensor_t *touch_slider_handle_t

typedef void (*touch_slider_event_cb_t)(touch_slider_handle_t handle, touch_slider_event_t event,
int32_t data, void *cb_arg)

Touch slider sensor event callback function type.

Param handle Touch slider sensor handle

Param event Touch slider event

Param data Touch slider data. Position if event =="TOUCH_SLIDER_EVENT_POSITION, dis-
placement if event == TOUCH_SLIDER_EVENT_RELEASE

Param cb_arg User data passed to the callback

Enumerations
enum touch_slider_event_t

Touch slider event.

Values:
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enumerator TOUCH_SLIDER_EVENT_NONE

Touch slider is stationary

enumerator TOUCH_SLIDER_EVENT RIGHT_SWIPE

Touch slider is swiped right (from O to position_range)

enumerator TOUCH_SLIDER_EVENT_ LEFT_SWIPE

Touch slider is swiped left (from position_range to 0)

enumerator TOUCH_SLIDER_EVENT_ RELEASE

Touch slider is released

enumerator TOUCH_SLIDER_EVENT_ POSITION

Touch slider position is calculated
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« 2. (V4 5 SDIO F-HLAMENY ESP 5 /4 (41 ESP32. ESP32-S3) -l fl:
o 3. {UfE 4 USB-OTG 4Mghy ESP it} (1 ESP32-S2, ESP32-S3) L.

(411 ESP32, ESP32-S3) [ f;

15.1.1 SPI Flash

ESP Z 515 B\ i} NOR Flash 2 150UH P AL R RIS Flash 1] 82 laE AL ot forft, 2cht— gk 4

MB. 8 MB 1{ 16 MB,
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JHPRTPAGE A 73 X5 X Flash #4770 X, ARG KRR D RERI 7>, & Flash $i57& 23] 0] DAY R AR5 etk
Fefif (NVS) 2RV AT SH SRS RSE (FatFs 45) fE0cR . BB
Flash ) i e fpitk (DOUT/DIO) FIPuk (QOUT/QIO) AE#AfEtis, Wl id Bi¥ T/FEAE 40 MHz 5 80

MHz #5850, 0] PAE A 3 Flash 055 ST R0 %, TORBUOMNRIAARE R, RIRE & T4
HFOREVN (MB) . SEMEEOR S AR I 375

41k AT ESP-IDF v4.0 A FJiiA%, SPI Flash ZH AN USR] 3 Flash BEATH i A7 Gk, [l a] 52
FRAMES "B Flash )b 7 EA T B i 77 ik o

CEPEEE

¢ SPI Flash API
¢ NVS Flash API
e FatFS API

Bl :

« storage/nvs: #i [l NVS 473501845 5
o storage/fatfs: i [f] FatFS YT {770k .

1512 SD k

ESP ZF3t5 )1 35 ] SDIO $22 H 5 SPI 4% 117J517) SD . SDIO 2 1 304 1 £k, 4 &Rk 8 ZhAiisk, S0fF
BRINIE AR 20 MHz B} 40 MHz S8R B, F5 2R/ SDIO I — BB [5E )5 . SPI
He 11 3245l GPIO matrix 2y SD -RAEEALRAY 10, @it CS 5T PASZ R 24> SD -REg5i, SPI £
FEFST BN R, (H2AH B SDIO £ 17 s R B .

ESP-IDF H1[#] SD/SDIO/MMC Driver ¥ SD REyMF 7 MBI HEAT T2 E4E, $24tT SD R
PRI a4 D P APL. SD R EAG K2 & WHRIRRS, )28 TR . BT RE
R RAFET RN 5

SHIH:

* SD/SDIO/MMC Hikzfi: 2tk SD Rtk O MIHMUZ APL;
* SDMMC EALAKZ: $2fk SDIO iy 1 5L HL;

* SD SPT EALUKA]: e fit SPTAL Y 1 SLBL;

o fdH) SPT =l 1-bit #5, YRR 51 ERIFEK,

PR
» storage/sd_card: {Jj A Jf] FAT 304 2% #) SD .

15.1.3 eMMC
eMMC (embedded MMC) W A7its i 5 SD K HEA MR L, FLARE 5 SD A [F] i 9K 5 2 )5
SD/SDIO/MMC B3zl , {H2REH =M, eMMC 5 LAE ] SDIO #ixt, K37k SPI AL,

eMMC — i DLE TR 3 0 b, ML SD R R, WM T Fli s, AA KA R
5 K [l I 3 R GE B MU A — E BRI

55 30H:

* SD/SDIO/MMC Bz;
* ELSCFFIY eMMC BB AR

IR
* storage/emmc: 1Jj A ] FAT X4 RSG5 eMMC 174 .
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15.1.4 EEPROM

EEPROM (#ll AT24C0X %%1]) /2 1024-16384 fi i ep AT AT G Aefifid (G #5b05 | I i 1o mTaB 457
HEisl) , BRI E — ek word #4701, 44> word 0 8-bit 5[], EEPROM W] #7747
FhE, BEEHRAERER, FBHNEG TR ESHS, S IR T B TR DRI e A —E 20K
NN 2R 2775

G ALY EEPROM B l:
2R INgE 22 | HNE | A8 IRZh
AT24C01/021024/2048  bits | 12C | Atmel T AT24C02 driver
EEPROM
i YL E (FAQ)
* 5% ESP-FAQ {7tk o
152 &5
EL SR SO R G0 35
%21 SRS R
KM NVS FAT X5 & % SPIFFS X4 %&% | LittleFS X & %
TR BEXMRAT, 210 | BAERG HE, | #xHm AR TIF &, | WUR & AR, B
e 2P PEIR 5 H 5., EERHEER
I 375 5 SRR AR SO | S SCHRAT | SO PR
e R SPI NOR Flash SPI NOR Flash, | SPI NOR Flash SPI NOR Flash.
SD/MMC £ . USB SD/MMC
INAEE:
~E KB-MB GB <128 MB <128 MB
EESE X v X %
JEE A5 35 fliy % Al ik / v
TEE R = H H 5
PEUR 5 1% H ik AR
P ELLR % X 3 %
e o/ 7 X M
ik

o 70 SCRRZERE
o X0 R SCRRZRHE
o BEERCRMGTIR G FOAMXS LR, SebrtERe B T RA T E AN 55

15.2.1 NVS

A5 KAl (NVS) JE 322 T 132575 Flash NVS 73 KR AEAR R B . NVS A i £t DS (D O 2 £
f, HrpSE@ ASCIL 478, {HW AR, T8, %l (BLOB) 264,

B

o BEDMARRE: SCRPRERL. F4FH . BLOB 82 MAdn R
o WL PRYY: R, SEREdE— Bk
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o g HE: SCRF AES-XTS fis
o BEUSS BB AL

f I PR i«

- TR ICEATERR, R SRS AR
o YK R 128 KB
o iR L ] A R I

INFAFHER W) BLOB s A7, 5% B B T I B PR FAT SUPFR S
SH30H:

o A5 RAELERE I
o SfEEAE R, ATDAM NVS 4HK A T A

ABIRY

o B ABAAEOHE . storage/nvs_rw_value,
o B AT HERIANIS . storage/nvs_rw_blob.

15.2.2 FAT 1F&RS%

ESP-IDF f{ifi ] FatFs JF5C8] 1 %} FAT U R G0 524, FatFs 207 TP ERAEEN R SO 2% )2, 8
TG O SE TR %s (W0 Flash, SD K. USB [Nf7#%) M7 . AT DAEBEVR ] FatFs fit422 11 $4
1B, WaTPAfEBh C FRHfEEEAI Posix APLiliid VES (FEISCIERSE) il A FatFs ) RZ5ThRE.

R E

o JZHMEAENE: 5 PC FIHAL--EHeZS, CRpbRME FAT #5X

o ZAFEAT IR . 3% SPI Flash, SD/MMC K #1 USB |NAE8LEE L PR N 5w
o HaSZhe: SR 2 H RS, @GR S

o IRy LFE X% (Flash Encryption)

1 JH IR -

o Wir¥esd s Wb KA RE AR5
o SFIXKR/D: R BRI A /DR EE 8 A BIX

CEPEEE

o FatFs 5 VFS fid &1 .
o M RURIfRNT FATFS £51% T.H.,

B :

o storage/sd_card: i FAT XA %R SD .
« storage/ext_flash_fatfs: 5] {i ] FAT SC{4: R SE11% 4 Flash i6h H .
« peripherals/usb/host/msc: {5 [al{ii Jf] FAT ({4 2 4i 1) USB [NTE#R: (553 ESP32-S2/ESP32-S3).,

15.2.3 SPIFFS X1 &%

SPIFFS jg—% Ji] - SPL NOR Flash (g AKX SRS, JRUE SCRPBIIMT . U RGBS A 25 )
fiE. JHPTR PAECHA ] SPIFFS $2{Ik ) Posix HaXH 1, BRI LAE L VIS #2ff: SPIFFS 1 RZHINHE .

F R E

* iR ARXIRAL: %4 NOR Flash %1, RAM 5 /b
o WRAIEBOYH N E B
o Withs: —ERERKT R BRI

o JHT R 30 -

o JCHMZH: H kw4548
o ZEiMRI: SR S7EF 128 MB Flash
o PERE PR (HH T 70% HHPEREP] T %
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o JEREEL: CAE R4
SH30H:

* SPIFFS X258,
o 4R SPIFFS %) 1T H .

Bl :

« storage/spiffs: SPIFFS {ii F /3l .
* storage/spiffsgen: i 7R Wi H] SPIFFS G A 5 T B AE A @tk #2 v 8 2l A AL SC R Je 4 @ SPIFFS
5.

15.2.4 LittleFS SCik2&5;

LittleFS & — P& AR g A AR i T T U RS, R4 RS, U RS —3
PR . WTH ORI S DR

o :

o RSeITHLEL BRI AR, ITHLOR I RE T
o EhABEHIGM A G N BT RR

o BAE RAM 51 [fE HARMRAY RAM il &

« ZAFES R S SPI Flash il SD/MMC

o SEREHRSCHE: SCRFH ST H SR A

(iR

s CPHIENE: HIF G A FAT (2 THRAX)
o PPN BUUNT 128 MB DARRTGHR L RE

« S YEbh: Wi ESP AL

o SCRYBEIR: AL FAT SUPERGESCR BT E D

LittleFS H i T — BRI W 35, Rl @5 W b DRI 2R B R B
SH30H:

o LittleFS SC{F &G 4% «
o LittleFS S 2 G0 440 18 H .

B
« storage/littlefs: LittleFS {ii Fil /544 o

15.2.5 ISR &R SE (VFS)

ESP-IDF HE IS 45 (VFS) A1PF AT R I SCHE R (FAT, SPIFFS) SMI4E 1B, T DLWyt 4r
URA R AR OS5 OB 1.
B h:

o RIS RGELE

15.2.6 fifiies

FEVEFE AN SCIERGEM), R AR A
* Bed: NVS HFAT SO RGNS, LitdeFS t3 R shie, SPIFES HAIA SRR

o
 PURPRY: NVS Hl LittleFS BATH A5 - ORI LT, FAT F1 SPIFFS 7 f51 o I W] REAFAERCH 1R
JARS o
o SEREVERGAE  AHUE T SR R G e B A, R A I
5% 30
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. FEiEE A

15.2.7  SCPR&SEBEHER

* WEH RGBT

»

HILIE (FAQ)

* %% ESP-FAQ fE# 4
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HLAL

16.1  Johilrfupl

16.1.1  JehlupLEE IR

AIEE B AT A

o R AL - TR AL
o Wap X Toh ALY SRS AE 7 2
o gy X A IR AL LA 5

Jehil vu LA &

JCRIE L (Brushless Direct Current, BLDC) HEHLE T[R4 EHLAY—Fh, FIECE MEAH, WH, =AH. Bt
SIS IR S = A TSR AL

Tek AL e A T e i, TR H ], R AT LA

o TP B
o BB A
-+ BCE
. fi A
. SR
« BepgI
TERIFL LR AU s TR T

o ETRRAESGAIRM, A=A BRERNE TSRAL, WEE T RE X s, DM >) 7y
AR -
o BT KBRS, REEARIREE K2 2 1) 8 B, FamEAR AN LRER S8 -

AR A AL [ E B LR, LR S ARG . TR AR . Al 2 i R
TR, AR T B A e o e 1 ny B AR BEE TR TERE R A T e, . A eIk E
A H
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K 1: BLDC Johill FEHL

Frik: BUAEUIRASTR, IR BAAE P MG I A INHGE , WA PGS AT IR 558

TS
* KVA&L (rpm/V): W] DAEE RN TC Rl FATLZE HL A AR R B A
PR (rpm) = KV *

© $%4E (Nm): WINLH G177 A n] DA KA ShBIUAR 07 28 Sk s g 0

o BEik (rpm): AALERM B REHE

* KRB (A): WRURZH 24 TARRRCHIR

o WATH Pp: BT FREBIAVECREIR LA 2, FTDAEES AR P N, Tl L — e, Rz
FEL T BRI AR . AERE 6 WRIH ), O Eoale 6.

« AW R LS (H): AL I B2 TSR P ) HUEC LL, AR H RO H—2

LS =LL/2
 ABBIL RS () J5 M AL AL P RL, AR BH R 2 :
RS = RL/2

el i X
Tek AL BoE L 6 MOS A 2R iy AE vl B EA T UKD, i BRI KA AL S, ATRMEE T L
PR AR -

I R AR R, SRR ARCTE, e TREBREIRE IR IR S, ARl 6 IR, BT iksh—
Wl X HLR R AR Sl A 5

ik L IHVEARERIN G, SIS, LTRSS, KA ] — AR A T e
ST O
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G
:

] 2: BLDC =13 A8 H

e R Vi SRS IR R AL

SELE SETH HEBF A HHE 7 B e C
UH WL DC+ B DC-
UH VL DC+ DC- B
WH VL BE DC- DC+
WH UL DC- B DC+
VH UL DC- DC+ 25
VH WL B DC+ DC-

T AU B B AT, AT RARERE AR B R SRS B E S PWM (RS, 4% PWM 4
75 FORIR B Pl R A A D

v U UuuuL

v JUUU UL

& 3: BLDC PWM 3 & 47 1l

il X

FESS PR LS, T 2RI T8, TN S Rl NS, SR AR LR R . K
IEE SR i SN L W SRR TR I P Al B

AR AETCRIAALE, — i 3 T RBVER SRR N T8, 2O ikl 120°. J07R 1
JIR
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Pl 4: BLDC 7R /R % [t 2 0 B

U NRERITAR a I, a Sl 1, 24 NG a i, a fithAReEF. JLARIBE. IR A 5 T iezh—
[, S ENHBEOE

|

1 i
b 4 |

| L
c | L |

110'100'101 '001'011' 010110 ! 100

& 5: BLDC /R & s i
T R R L R, BRE R TS R R Sl b HUE R, (B
LURNTIE

o fREROAR DL, LR R U AR A AR LA L b, N T2 SRR B
o ERIEER AN, WAL TC RS T AR

PR, BT oI I Y Te Rl FE AL i SR T 3

TR AE—SERUNEALR G, RN EAL AR X AL AT A AR . DR T A2 s /Y
OB AR B2, o H R R A RUBAR . SRR RS B, OB Eh A
MR BT R .

JCHLAN S S H B AR YO, Ty ) SR LS Y R A S SO B B AR 5 A AR I
SR BN F BT = A5 .

© BT
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© BT RER AR
 JE T LR AL

BEMF = NlrBw
XEFALRSE, FeTRisaE ToAm AR B ER, IBATELrziet, ME—duE OB xR

WUR AR, SUR UL TR . FERRIRII,, #A — NSRBI, B MGTE, S A RETI
R

IS AN G S B P i, SERETE— A RN ARG T N AL B ARSIl SOl s 3
1 TR 30° HLA RERI I R A

ik FEHPUREN fe s, S RSB AYIRIEARG, ARSI S A

BT OB st I = A R

o AT ADC K404 T BT sl ¥, Huds 4] ADC SRERAG 3 25 5
o LT kg BRI AY TR R WAL ) LIRS T 2

BEANAA B RUR S TEI FOC T %

* MUHPHICE FOC Jr % (17 50Hn)

16.1.2 & ADC RFERJCI DT B pLEa il

AIEH B A AT A

B3

o A5 E AR

o« X F ADC 7 %44 BLDC % P35 %)
— R L
— ADC 75 0 R & kA Jr 32
- ADC 7y it R 5 R AR

REAL EAS I
H TG AL — AR PG 8 wa = Ria + Lo + eq WU, MHEHUEIEE, SAHNE, TR H

H
i—7(1-%)

AT I AT, A A L S DA AR R Bk LA, RS BBk B DS, AT R A E
e R U A A

FARBAIUIRAS T L8, esp_sensorless_bldc_control 20 {F1E J5 Bl 5 MWt I i s kv, ZRIBOR
FERLPH_ERG L FRBR,  HUA 6 AN RER /N DARA E i RO I DX )
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2 20 ki E A7
FENIBFEF | U | VA | WHH
Udc Udc GND
GND | GND | Udc
Udc GND | Udc
GND | Udc GND
GND | Udc Udc
Udc GND | GND

QNN | W —

e
L FEf RS, %) BLDC HALA B AR E R R &, A EREERA B T, REEA
=R
2. BEREIEALERITZ], XREZ R
3. MMIRKIFEAFI R ER &, WRAHEEREEN TR TBERD, R KB E, 5306
(AR

HT- ADC J5 %1 BLDC J& il

P SO ATCR LRSI, B GRAR  A SOR B U, ARPERUOE R, SOBEARIE S
FeAfR . St E st
BEMF = NlrBw
Hor, NOWGRALIAL, 1NETREE, r AT IAEE, B TR, w AMAEE.
MEPUEUE S, BYLGA S TSR E . WHLROE S A S AR IR L .
A AU — A F R P R S PO O

| | | | | |
| | | | |
| | | | | I
UM T | | |
| l | | |
| | ——
| | | |
| | | |
I [ ; [ [ I
| | ' : | |
| | |
| : | |
|
VA o :
| | | 1
) | | | |
| | | i |
. A
| — il
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|
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0 60 120 180 240 300 360
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Espressif Systems 400 Release master

Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

o

Lol

JUE 37

ADC Ji M % iR AR 24 BLDC BB, S i 350 2 i A AR A P 25
W H, HSERZEX . Mimd T BB R, B A T4t fERT ADC 1Y

How

R1l

R25

DGND

PUERITT 2 s, R 1/21 973 507 %
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Voltage

Ry v, T i R PR S B BRI HEA T L, R R E

Zero-crossing points

AT LRGN A% A A AT

DCVBUS

Kl 7: ADC 33 2 mi il 52 87 5K

-mwah—ﬁﬂﬂl

DEVBUS DCYBUS
anaooo |91 e a2 coooo
QU o dnnw o LA I s Y
=31 o0 =F [FT[eI = 0z R0 oo — Hos R 1001 [T AT
EG_vs1 Jp— EG ws3
[l [l ] o] %
o oo [ oo [
oooon | Q4 coooo |95 ooaon
QU o LA I s
Uomnn g
oo [FEAE o2 RIT 100 R Lo R.'I.B:'éllﬂ il il 5]
MOTOR_AMP
R20
sma
PGND
EG w5l EG_WSZ _ EG W53 _

[]%

-

[]%

DCYBUS

5 o B R L 5 i FE RV FBLAE ESP32 2B 1) Viep L
/i HE, HIETEHeE] ESP32 ADC e RAENTER . 1557 ESP32 ADC

DGHD

& 8: ADC 3 25y 6 M i {2
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API 5%

Header File

¢ components/motor/esp_sensorless_bldc_control/include/bldc_control.h

Functions
ESP_EVENT_DECLARE_BASE (BLDC_CONTROL_EVENT)

using esp_event_handler_register() to register BLDC_CONTROL_EVENT
esp event name
esp_err_t blde_control_init (bldc_control_handle_t *handle, bldc_control_config_t *config)
init bldc control
S8
* handle —pointer to bldc control handle
* config —pointer to bldc control config
jz[a] ESP_ERR_INVALID_ARG if handle or config is NULL ESP_ERR_NO_MEM if memory
allocation failed ESP_OK on success ESP_FAIL on other errors
esp_err_t blde_control_deinit (bldc_control_handle_t *handle)
deinit bldc control
%%, handle —pointer to bldc control handle ESP_ERR_INVALID_ARG if handle or config is
NULL ESP_OK on success ESP_FAIL on other errors
esp_err_t blde_control_start (bldc_control_handle_t *handle, uint32_t expect_speed_rpm)
motor start
S8
* handle —pointer to bldc control handle
* expect_speed_rpm —expect speed in rpm. This parameter does not work in case of
open-loop control
j&[A] ESP_OK on success
esp_err_t blde_control_stop (bldc_control_handle_t *handle)
motor stop
%% handle —pointer to bldc control handle
& In] ESP_FAIL if motor stop failed ESP_OK on success
dir_enum_t blde_control_get_dir (bldc_control_handle_t *handle)
get current motor direction
%% handle —pointer to bldc control handle
J&IA] dir_enum_t current motor direction
esp_err_t blde_control_set_dir (bldc_control_handle_t *handle, dir_enum_t dir)
set motor direction
S8
* handle —pointer to bldc control handle

¢ dir —motor direction
jRMl ESP_OK on success

Espressif Systems 408 Release master
Submit Document Feedback


https://github.com/espressif/esp-iot-solution/blob/030a332d4/components/motor/esp_sensorless_bldc_control/include/bldc_control.h
https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 16. Hi#l,

int blde_control_get_duty (bldc_control_handle_t *handle)

get current motor pwm duty

%% handle —pointer to bldc control handle
j&[A] int current motor pwm duty

esp_err_t bldce_control_set_duty (bldc_control_handle_t *handle, uint16_t duty)
set motor pwm duty, Closed-loop speed control without calls
S
* handle —pointer to bldc control handle

* duty —motor pwm duty
&[] ESP_OK on success

int blde_control_get_speed_rpm (bldc_control_handle_t *handle)
get current RPM

%% handle —pointer to bldc control handle
&[] int current RPM

esp_err_t blde_control_set_speed_rpm (bldc_control_handle_t *handle, int speed_rpm)
set motor RPM

S8
* handle —pointer to bldc control handle
* speed_rpm —motor RPM

&[] ESP_OK on success

Structures

struct bldc_debug_config_t

Debug configuration, when activated, will periodically invoke the debug_operation.

Public Members

uint8_t if_debug

set 1 to open debug mode

esp_err_t (*debug_operation)(void *handle)

debug operation

struct blde_control_config_t
BLDC Control Configuration.

Public Members

speed_mode_t speed_mode
Speed Mode

control_mode_t control_mode
Control Mode

alignment_mode_t alignment_mode

Alignment Mode
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bldc_six_step_config_t six_step_config

six-step phase change config

bldc_zero_cross_comparer_config_t zero_cross_comparer_config

Comparator detects zero crossing config

bldc_debug_config_t debug_config
debug config

Type Definitions

typedef void *bldc_control_handle_t
bldc control handle

Enumerations

enum bldc_control_event_t

Values:

enumerator BLDC__CONTROL_START
BLDC control start event

enumerator BLDC_CONTROL_ALIGNMENT

BLDC control alignment event

enumerator BLDC_CONTROL_DRAG
BLDC control drag event

enumerator BLDC_CONTROL_STOP
BLDC control stop event

enumerator BLDC_CONTROL_CLOSED_LOOP
BLDC control closed loop event

enumerator BLDC__CONTROL_BLOCKED
BLDC control blocked event
enum speed_mode_t

Values:

enumerator SPEED__OPEN_ LOOP

Open-loop speed control, speed control by setting pwm duty, poor load carrying capacity

enumerator SPEED__CLOSED_ LOOP

Closed-loop speed control, rotational speed control via PID, high load carrying capacity

enum control_mode_t

Values:
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enumerator BLDC_SIX_STEP

six-step phase change

enumerator BLDC_FOC
foc phase change, not supported yet

Header File

* components/motor/esp_sensorless_bldc_control/user_cfg/bldc_user_cfg.h

Macros

BLDC_LEDC

BLDC_MCPWM

PWM_MODE
Configure the generation of PWM.

Configure the generation of PWM.

MCPWM_CLK_SRC
MCPWM Settings.

Number of count ticks within a period time_us = 1,000,000 / MCPWM_CLK_SRC

MCPWM_PERIOD
pwm_cycle_us = 1,000,000 / MCPWM_CLK_SRC * MCPWM_PERIOD

FREQ_ HZ
LEDC Settings.

DUTY_RES
Set duty resolution to 11 bits

ALARM_COUNT_US

No changes should be made here.

DUTY_MAX

PWM_DUTYCYCLE_O05

PWM_DUTYCYCLE_10

PWM_DUTYCYCLE_15

PWM_DUTYCYCLE_20

PWM_DUTYCYCLE_25
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PWM_DUTYCYCLE_30

PWM_DUTYCYCLE_40

PWM_DUTYCYCLE_50

PWM_DUTYCYCLE_60

PWM_DUTYCYCLE_80

PWM_DUTYCYCLE_90

PWM_DUTYCYCLE_100

INJECT_ENABLE

Pulse injection-related parameters.

#iE: Used to detect the initial phase of the motor; MCPWM peripheral support is necessary. Whether to
enable pulse injection.

INJECT_DUTY

Injected torque.

CHARGE_TIME

Capacitor charging and injection time.

ALIGNMENTNMS

Parameters related to motor alignment. Used to lock the motor in a specific phase before strong dragging.

Duration of alignment, too short may not reach the position, too long may cause the motor to overheat.

ALIGNMENTDUTY

alignment torque.

RAMP_TIM_STA

Setting parameters for strong dragging. The principle of strong dragging is to increase the control frequency
and intensity.

2511 If the control cycle speeds up, corresponding reductions should be made to the RAMP_TIM_STA,
RAMP_TIM_END, RAMP_TIM_STEP The start step time for climbing. A smaller value results in faster
startup but may lead to overcurrent issues.

RAMP_TIM_END

The end step time for climbing, adjusted based on the load. If loaded, this value should be relatively larger.

RAMP_TIM_STEP

Decremental increment for climbing step time—adjusted in accordance with RAMP_TIM_STA.
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RAMP_DUTY_STA

The starting torque for climbing.

RAMP_DUTY_END

The ending torque for climbing.

RAMP_DUTY_INC

The incremental torque step for climbing—too small a value may result in failure to start, while too large a

value may lead to overcurrent issues.

ENTER_CLOSE_TIME

ADC parameters for zero-crossing detection; please do not delete if not in use.

Enter the closed-loop state delay times.

ZERO_REPEAT_ TIME

Change phase after detecting zero-crossing signals continuously for several times.

AVOID_CONTINUE_CURRENT_TIME

Avoiding Continuous Current

ZERO_STABLE_FLAG_CNT

Comparator parameters for zero-crossing detection; please do not delete if not in use.

After stable detection for multiple revolutions, it is considered to enter a sensorless state.

ZERO_CROSS_DETECTION_ACCURACY

Count a valid comparator value every consecutive detection for how many times.

ZERO_CROSS_ADVANCE

Common parameter for compensated commutation time calculation.

Advance switching at zero-crossing, switching angle = 180°/ZERO_CROSS_ADVANCE. angle compensation

should be provided. >=6

POLE_PAIR

Motor parameter settings.

Number of pole pairs in the motor.

BASE_VOLTAGE
Rated voltage.

BASE_SPEED
Rated speed unit: rpm.

SPEED_KP
Closed-loop PID parameters for speed.

P

SPEED_KI
1
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SPEED_KD
D

SPEED_MIN_INTEGRAL

Minimum integral saturation limit.

SPEED_MAX_ INTEGRAL

Maximum integral saturation limit.

SPEED_MIN_OUTPUT
Minimum PWM duty cycle output.

SPEED_MAX_OUTPUT
Maximum PWM duty cycle output.

SPEED_CAL_TYPE

0 Incremental 1 Positional

SPEED_MAX_RPM

Speed parameter settings.

Maximum speed.

SPEED_MIN_RPM

Minimum speed.

MAX_ SPEED_MEASUREMENT_FACTOR

Supports a measured speed range from 0 to 1.2 times SpeedMAX. Large values could prevent proper filtering
of incorrect data.

16.2  fredl

BALPHET LEDC 4hi% =k PWM {55, "I ASEHI iR 16 BAEALI Az iz (ESP32 SHF 16 iliH,
ESP32-S2 3£ 8 il ), RIS AIEEN 50 ~ 400 Hz, fHJT%)2 APT, JT /P KSR EAEDLITTELL
WEA FARASE, RITSBURRENLAY A B

FEBIL AT A A A s SR AN R SE R B 55, il S A PWM (5 S T AR, RS2
ik, PRI AL ST I R B . B LI 180 FEAEFEAEAL— A 20 ms (50 Hz) Sy i & 4
it 0.5 ~ 2.5 ms L kik, EMAZHIAEPLLE 0 ~ 180 BEZ [AIF% 3] .

RAE AT T XA PR B SR ERB A 5, B /NE . @l N RE H 3 b

16.2.1 fEHJ5ik

L. fedlat: i servo_init () X—4l@Edti 74464k, ESP32 64 LEDC_LOW_SPEED_MODE
M LEDC_HIGH_SPEED_MODE Wﬂuﬁ A S R TR SRR iR B B K
R EEIR . SN ANKTER IS ANKTE, HTIHE AR S S RXT N R 5] ALEE
439036 00 g | AT LEDC S35 X6 Y. 6 2R 5

2. WHEHWME: i servo_write_angle () 5 EMVIFELL. Frfe @B HARMEE, XHiE
B BESE TR 5
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3. BEHCHREIMAAL: AT servo_read_angle () ZRBFEHLY I E, HFEE B I% M BRI
NG T I THER R B A S

4. RALEIAE: YA MREVUESA TR, AT servo_deinit () Xf—4LEiE AT XKk
.

16.2.2 bl

servo_config_t servo_cfg = {
.max_angle = 180,
.min_width_us = 500,
.max_width_us = 2500,
.freq = 50,
.timer_number = LEDC_TIMER_O,
.channels = {

.servo_pin = {

SERVO_CHO_PIN,
SERVO_CH1_PIN,
SERVO_CH2_PIN,
SERVO_CH3_PIN,
SERVO_CH4_PIN,
SERVO_CH5_PIN,
SERVO_CH6_PIN,
SERVO_CH7_PIN,

}I

.ch = {
LEDC_CHANNEL_QO,
LEDC_CHANNEL_1,
LEDC_CHANNEL_2,
LEDC_CHANNEL_3,
LEDC_CHANNEL_A4,
LEDC_CHANNEL_S,
LEDC_CHANNEL_G6,
LEDC_CHANNEL_7,

} 14

b
.channel_number = 8§,
i
iot_servo_init (LEDC_LOW_SPEED_MODE, é&servo_cfqg);

float angle = 100.0f;

// Set angle to 100 degree
iot_servo_write_angle (LEDC_LOW_SPEED_MODE, 0, angle);

// Get current angle of servo
iot_servo_read_angle (LEDC_LOW_SPEED_MODE, 0, &angle);

//deinit servo
iot_servo_deinit (LEDC_LOW_SPEED_MODE) ;

16.2.3 API %%
Header File

¢ components/motor/servo/include/iot_servo.h

Functions
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esp_err_t iot_servo_init (ledc_mode_t speed_mode, const servo_config_t *config)
Initialize ledc to control the servo.
S
* speed_mode —Select the LEDC channel group with specified speed mode. Note that

not all targets support high speed mode.
* config —Pointer of servo configure struct
Bl
* ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
» ESP_FAIL Configure ledc failed

esp_err_t iot_servo_deinit (ledc_mode_t speed_mode)
Deinitialize ledc for servo.
%%t speed_mode —Select the LEDC channel group with specified speed mode.
Bl
¢ ESP_OK Success
esp_err_t iot_servo_write_angle (ledc_mode_t speed_mode, uint8_t channel, float angle)

Set the servo motor to a certain angle.

£511: This API is not thread-safe

SH
* speed_mode —Select the LEDC channel group with specified speed mode.
¢ channel -LEDC channel, select from ledc_channel_t
* angle —The angle to go
P[]
* ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error

esp_err_t iot_servo_read_angle (ledc_mode_t speed_mode, uint8_t channel, float *angle)
Read current angle of one channel.
Y
* speed_mode —Select the LEDC channel group with specified speed mode.

¢ channel —-LEDC channel, select from ledc_channel_t
* angle —Current angle of the channel

ESP_OK Success
e ESP_ ERR _INVALID ARG Parameter error

Structures

struct servo_channel_t

Configuration of servo motor channel.

Public Members

gpio_num_t servo_pin[LEDC_CHANNEL_MAX]

Pin number of pwm output
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ledc_channel_t ch[LEDC_CHANNEL_MAX]

The ledc channel which used

struct servo_config_ t

Configuration of servo motor.
Public Members

uintl6_t max_angle

Servo max angle

uintl6_tmin_width_us

Pulse width corresponding to minimum angle, which is usually 500us

uintl6_t max_width_us

Pulse width corresponding to maximum angle, which is usually 2500us

uint32_t freq
PWM frequency

ledc_timer_t timer number

Timer number of ledc

servo_channel_t channels

Channels to use

uint8_t channel_number

Total channel number

16.3 ESP SimpleFOC

esp_simplefoc &— 3T Arduino-FOC ) FOC 4114, %%} 57F; LEDC 5 MCPWM ZhfEf) ESP ith F
Tk o SCHREPA TR :

o SCREHL RIS

* SCFpEId SimpleFOCStudio S5 AINC B LA H 24K

o FEZ Arduino-FOC F5 i I F2

* KA IQMath SZ3E FOC 125 im

* SCFFTEhEESE LEDC 5 MCPWM AR A% MOS BRE3E , i AT S< B0 B Tkl B AL
FOC (Field-Oriented Control) J&—f F T Jo kil B i R LI € I s 55y, Befs AP nd 4 sE . BE S
PrEiESl. A XRERIFRRRE, & A Arduino-FOC ' 5 3CHY .

16.3.1  fe&ry 0 H vb{di i SimpleFOC

1. {§iff] idf.py add_dependency A4 ImE|mH

idf.py add-dependency "espressif/esp_simplefoc"
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2. ffiff§ idf.py menuconfig F # FreeRTOS (Top) - Component config - FreeRTOS -

Kernel
* configTICK_RATE_HZ: FreeRTOS [ i} 4] Tick fyfii%, BRIATEHL T A 100, 7E FOC 35t 75k
Ek 1000
3. BLEHNLBE. MOS WKEhFHEHIZH ST . MRS . il
HALS 8

pp: WOWEL, TR EARYESEBR A = A To ki) LS B0 B W ) HE AT LA 44
R: HIHUFHEPE, #RAH NOT_SET
KV: FEAL KV {H, BRiAH NOT_SET
L: B, 2RIAN NOT_SET

XFFROECH 14 B =AH TSR BT S, XA L pife s -

BLDCMotor motor = BLDCMotor (14);

MOS Bzl a5 Pl S 8 5 5

* pwm pin: PWMEHGIH, EFEZAARE BRI MOS 3Kl #% F 26 R B B0 . ) PWM fj 5 | 1)

* enable pin: MOS JKZZRMAEM, #E09 MOS IRE#n T BF-ahfilife, 5 TFaIEAXNP GPIO,
BRIAH NOT_SET

e voltage_power_supply: MOS IKzh#F A AL FE R

e voltage_limit: MOS 3Kzh#s i L IR i

Xt 3SPWM Y 12V MOS JRBhasiii &, XA sh LBtk 5 800 -

BLDCDriver3PWM driver = BLDCDriver3PWM (4, 5, 6);
driver.voltage_power_supply = 12;
driver.voltage_limit = 11;

driver.init ({1, 2, 3});

motor.linkDriver (&driver);

s e RS
TR AR S B B P 1 7 2 A SRR A TR N S B, 2 T SRR £ 3 A el -

* as5048a: HIF SPI Jy =it B M EH
e mt6701: I 12C. SPI = EEEUA EEHE
* as5600: 3CFf 12C Jr=Cie s B

X AS5600 ff A% i SEAG A0 5 5% I 1) 456 i e/ E oy -

AS5600 as5600 = AS5600(I2C_NUM_0, GPIO_NUM_1, GPIO_NUM_2);
as5600.init () ;
motor.linkSensor (&as5600);

PEiligs

esp_simplefoc ZFFE MM, EFH BRI PRI H FRKIATIERE:
torque: ﬁ%ﬁﬁﬁ?ﬂ

velocity: JHEHEHI

angle: FEH

velocity_openloop: #JEFHFfEsH

angle_openloop: ffEFHREEH]

Frils ATEREFIUERT B, AL 58 PASEBIR () PO Bl

4. FOC #1Ia k5 1E30 42 1l
W ERSHEG, BREEfriEll init 5 initFoc, PASEIHARIIAILEHE, IF/E3h LloopFoC
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motor.init ();

motor.initFOC () ;

while (1) {
motor.loopFOC() ;
motor.move (target_value);
command.run () ;

1 2 initFOC FHGTT AR SE R A RO &, TR LB R, R
W BEGR IR REIA F PEE A% St 2 A P TR B

5. 37 idf.py build f£lash FFFHIIATH, 25 TLEE B SR AR

16.3.2 API %%

esp_simplefoc f) API #2115 Arduino-FOC, 7]£:3% Arduino-FOC API 344
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ZAr & N

17.1 Flash iz

Flash fi#52 ESP32 RAUN F B S22 p e, T ORIPAFRETESNT Flash b R A0 B AL . R
Flash % )5, Flash N ERF g BN Gs , By kil 9y B0y 2 Osk A ST PRI

Flash J1%28 (R AZ 04 i -

o EWIMEfE: @ MMU 2427 E 2 AL B 2 g 2
o BEPRSCBL: N ESITFHAE eFuse 1, BFICIA LTI
* XTS-AES 553k R LATF B s i i i & e s Rk
o SrIXEEFEYEIN W] R TR B R R

WS B 55 % . ESP-IDF Flash fil1%8 S04

17.1.1 Flash i 5% 2 538)

Flash %54 4 R 8l @ HAMA % 4D fE:

* Flash Jug: CRIEHEHLETE, B 1EE2H Flash %8
o RAERE: PRERE SR, B st T R EAUE

SRR 7 B3 R [ i I PTI BEASR AR A 2 PR AP . RS % Flash N5 %4580

17.1.2 sl

Flash Jj%% 2 B8N AT %

o TG BT

* Jr A app KA1 X

o X

* NVS %o X

o HFARicl “encrypted” F4rIX

YR NVS 4 AN A Flash 52 PIAOZ B DIRE . F52L60H NVS I Thag. #EIL: NVS %
e

ISR - i 2y X
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17.1.3 Flash iz ohfie % fp 4

PAR /2 ESP32 Rtk i Flash IIZEThREXT L, A By, SR8 . Wiy 9IrEk oy
X WHRIE CRsfiflg):

% 1: ESP32 R Fth J Flash i ThExt o

W oh | ZEBMmEEE | ¥ A K| E 4 m | BRFEEAR FHAXKIR
BE B/EKR W/
ESP32 | AES-256 (H & X | 256-bit H eFuse T (B LR

)
ESP32-| XTS-AES-128. 256-bit 5% | 4 eFuse (BLOCK_KEYN) | fifi {4 Fifi DL B 5% - ML AE
S2 XTS-AES-256 512-bit B
ESP32-| XTS-AES-128, 256-bit 1Y | A eFuse (BLOCK_KEYN) | fifi {2 i #L %5k E 14
S3 XTS-AES-256 512-bit 74
ESP32-| XTS-AES-128 256-bit H eFuse (BLOCK_KEYO) | i {4 Fifi Bl % 5% 3 #lLAE
2 o4
ESP32-| XTS-AES-128 256-bit H eFuse (BLOCK_KEYN) | fifi {4 Fifi Bl % 5% 3 Bl AR
C3 T
ESP32-| XTS-AES-128 256-bit H eFuse (BLOCK_KEYN) | ffifFREHIEL. FHLLE T
C5 5}, Key Manager B}, Key Manager
ESP32-| XTS-AES-128 256-bit H eFuse (BLOCK_KEYN) | fifi {56 M1 % 5k = V14
C6 i
ESP32-| XTS-AES-128 256-bit H eFuse (BLOCK_KEYN) | fifi {1 Fifi Bl % 5% 3 Bl AE
H2 159
ESP32-| XTS-AES-128. 256-bit 5% | 4 eFuse (BLOCK_KEYN) | fifi {4 Fifi DL B 5 - Bl AR
P4 XTS-AES-256 512-bit B

BEW]: - ESP32-C5 30 ff Key Manager /1R B BH R IEAIAEA# )5 50 (2% : ESP32-C5 SoC IIfEE L) « -
HEE 2 eFuse (76, B4R il ECFBEDLECAE G HLA UG Bes (2% ESP32-S2 Flash fil%% #l
ESP32-C3 Flash Jin%) .

17.1.4  JPRBEARR B

Flash fa iz -
Fk iR, (Development Mode)

 SUVFZ RGeS SCE1F

G MERRR A BN
o T I EARG B

o BAEVEHIMRAR

KA B, (Release Mode)

o B A SC e R

o VUAETE T OTA B 3 HH S 1
o W TR

o Rt

AR A

« {ii[f] esp_flash_encryption_enabled() #5725 Flash HlI%0 RS
o f#i ] esp_get_flash_encryption_mode() FREUMBA (FF RAL X B LA )

BB TN Flash fI#3E.

17.1.5  Im#E ol

Flash Jiii4& i) A it 7
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Wkl 6l eFuse JRE, sl it

Wb : %% Flash Hrfg 452 0 X A4
BEE bR FRiC Flash & )8
WRSE: JIRIERINEEERIZ T

(R REERA - Flash [y A2

A S

G

2
Jo

17.1.6 W HFF Vi A 45 X

JS7 AR AT DAIZE I 5 170 N5 £ Flash A%
BB Flash:

* fifi ff| esp_partition_read() Y esp_flash_read_encrypted() ZZEUH] L A% (E BhfEER)

o {fif esp_flash_read() SEBUR BRI HdE (Al )
‘5 A Flash:
o i il esp_partition_write() 5 ABISCNZE (H3mE)

* {11} esp_flash_write_encrypted() FAJRAIMENA (Bkid A sl )

W& APLi¥E: 7% Flash H i35 Bk

17.1.7 & Pikésk Flash

BB F

* il idf.py encrypted-app-flash BTy AT IASC, BEswimt & A S
* iiid idf.py encrypted-flash BERITA XIS, BEsmt& Bl

BABP
o HAEEIT OTA B SC

o HBETahber CREfF (1124 UART ROM Downloads Ji [l i 32 HF)

FEAME I SRR ORI X

17.1.8 i

WYIR A RIS ST A7 2 eFuse (RIBkIL, SCRpBESR HE SCEHD)

DOFRBIR IR e SRS R il 1t 5e5% eFuse SPI_BOOT_CRYPT_CNT PAZEH] Flash fin% (& Atk Jo

TEIOH ) o

B S A RUEE T MR, RN 3 0 (KH-> IFE-> R H-> TFR ), e

PR PR: M) Flash %

17.1.9 /B

SERLY Flash hnas (i =625
« ESP-IDF Flash jl1%5 7151
o GEINRELEERBI
XERBIERT
* Flash I RSK A
o N RS R
 NVS Fil FATFS TEM2 3045 B9
o JFEAELA R AT LAY
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17.1.10  Jpefseik

ey SRBE M R AR
WA B I IME— % 9]
iz Rahin

A BERLRIS) DX s s
. I OTA i fi

W2 e Flash I i ESL ik

DW=

17.1.11 WS (FAQ)

* %% ESP-FAQ %44

17.2 B4 K3

L4z BSP32 RN i M L 4z PP LA e R S FERT OTA B I S i 7 2544
Bk, PR R REAT A A E o AR TG [ Ay 2 W AR P 1 e B AR AR5,
BRI IE S AU SERE LA

LA SR B R LRR AL

o ACRSEREVERR Y Sl A IR PR I (AU AR O e, B 1kaa T R S A S A

o SERABAEREDR Y LT SR 2 Y AR 1) i 2 e AL, 0 PR B A ) A R
HR LI B E

o ZRERZERTNIL: WIRESE RSA-PSS 5 ECDSA {252 53k, il ad S (R hnsde i Or i A gk

o BEPRRAAEE: RREA E PR EATAHAESZ IRIPY eFuse o, $R ARSI BE(F S PRI LT

HZ AR Bii§2%  ESP-IDF 2242 /53) v2 301

17.2.1 #4350 Y Flash s

%4 )35 Flash g2 HAMY L4 6E:

o RAEREN: PRSI, By st R
* Flash s : QRIEAEHLEE, B 1k B2 Flash fCRSAIEE

SR PRSI R I REASR A e (e PR3P 1S % . L4 )H3h 5 Flash Ji

17.2.2 e pRdhfEirig

LA AN S YIE A T AL

o =% mERT (ROMARY) A0S EAARD, TCIEPEE sl iR, 1R (5 AR
o~ PR R A U T [ EFR (bootloader ) 14 SE B MM FLSL

o OGS MBI i B AR A R AR (app)  RERI SCURY S BE MR L S

o W HRERFLE OTA JHIGE AR PR UER R ECT 240 . TR BERT AN 2 4k

HEAR AR ZAaEE v2 AR
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17.2.3 R RANHELFiHIK

2 BAEFHMRE TR

SRS | ZEFEE (B%/A%) | ZaWiERE (CPU SRE) & K | &4k
YNE:|
B=E
ESP32 RSA-3072 (RSA- A2 1 1L FE 1A%, Se-
(ECO PSS, Secure Boot V2) cure Boot V2 ZE ECO
V3+) <br>AES (V1) V3 Bl L
ESP32-S2 | RSA-3072 (RSA-PSS) | RHIHAZ 3 %2 3TEAH], AR
ESP32-S3 | RSA-3072 (RSA-PSS) | KHAHIZ T 3 B®Z 304, AR
ESP32- ECDSA-192(NISTP192) | REAHHZ5 1 ¢ % ¥ ECDSA, H
Cc2 <br>ECDSA-256 12 1 /47 ESP32-C2
(NISTP256, #ifF) Kconfig Reference
ESP32- RSA-3072 (RSA-PSS) | KHEAWZ 1 3 % 3HEAH, AT
C3 (v0.3
KAL)
ESP32- RSA-3072<br>ECDSA- RSA-3072: 12.1 | 3 i A %k — B
C5 256 (P-256) ms<br>ECDSA-256: 5.6 ESP32-C5 Secure Boot
<br>ECDSA-384 (P- ms<br>ECDSA-384: 20.6 ms v2
384) (48 MHz)
ESP32- RSA-3072<br>ECDSA- RSA-3072: 102 | 3 i A %k — BV
C6 256 (P-256) ms<br>ECDSA-256: 83.9 ESP32-C6 Secure Boot
ms (40 MHz) v2
ESP32- RSA-3072<br>ECDSA- RSA-3072: 183 | 3 i A %k — B
H2 256 (P-256) ms<br>ECDSA-256: 76.2 ESP32-H2 Secure Boot
ms (32 MHz) v2
ESP32- RSA-3072<br>ECDSA- RSA-3072: 148 | 3 i Al %k — &
P4 256 (P-256) ms<br>ECDSA-256: 61.1 ESP32-P4 Secure Boot
ms (40 MHz) v2

Wl - CERORABIECRE” FRIAE eFuse PRI AIECR, WM R SRS M. - A IIERTE])”
11t ROM 5| il #4453 J Uk bootloader Hif %52 Frak Il S bn e sl (8] nl BEMC A AIF o - 57 RIS
B L, A ORI B T SR

17.24 058
G B %4, ¥4 (Digital Signature) J&—FhiE T AEXFRIN S (1) 52 3 PEIRUEAL . B0 H K
J& IERBIER SRS (Authenticity), DA M ARAREEAE & M s A7 i A vh R 30ek (Integrity ) .
A R X

o L4 (Private Key): FTWBIRHATE S, AT ARES , RAFEAEL AR (A H [ T

RIREE B A A RS54 )

o /A% (Public Key): FTIGIEEAMEIEN, AT A% S & 45 AT 35 B0 IE 244 1 SE 1A
GAREN V2 AR R AR RIS A, BRI F AL

* RSA-PSS: RSA-3072 %4, i T Hedsshi s =

o ECDSA: 75 P-256 £ P-192 i1k, 4K B E S HIER R K (SZFRT24 1 ECDSA fifi {4

BEJ1)
17.2.5 4R
244 (Signature Block) /& ESP32-S3 Secure Boot v2 1 Ff] T~ U5 liF 4% 15 5 4 RO 5 45 P 1) O B 544

B2 M NTE bootloader B LY. AR BL AR A — B E M AR, WEBAEL . APIALHBI L
FB
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« BXPFEAGERE) SHA-256 IGA{H. A8, BXGRE
o BAYRG S 1216 7T, LT HBORER 4KB XIFrdi s, HAA CRC32 K4
o BAEBAMNES 3 AR, TS Z RIS LS

BB E L B4 PR

17.2.6  FNBEE2 42 K18

Jitk—: WRCESUSH (menuconfig) :

7£ ESP-IDF H1j= ] Secure Boot v2 £ faj ALY 7 2 il menuconfig FLE W, (L7 boot loader I,
M REXAEG P boot Loader Fl app HGHT H Sl AL L. BHIK)E3IE, bootloader £ H Z14# 5
eFuse PAJ& ] Secure Boot, F4UES A MM M . XA @& A B, MRSk, E£5EE, B
TR AT, e TR A .

1. T JF W H Bd B 3£ B Security features & [l Enable hardware Secure Boot in
bootloader

2. &% secure Boot v2 MK E, MIEAFILH, ALK E A “RSA“ I ECDSA

3.4 & S W SR, %8 M (B W RSA 3072) W] G i idf.py
secure-generate-signing-key B{ openssl genrsa 854K

4. i idf.py build R EZLMEE. XTI, LRI E LT app Hilg

fif] idf.py bootloader $§44BURH T 448 3l H.C 2 Fi7 2544 BT bootloader 5315

6. N TRARN, BN TS T4 4 5811 bootloader T2l i esptool.py write_flash
BBMEEE, idf.py flash HABKSHE W HRTF A X FE X

7. HEJF¥#S, bootloader 7 HIKIZATHT H 85585 eFuse PAJi M Secure Boot, F-Rii{45 th &2 iy 2>
IS A eFuse, FARuH A %50

8. ZJEHEBhIAEY, eFuse W[ ASAHE ZLRE T UR1IE bootloader 1 app HifR %544, BRI &ALZ
AT AL BRI 1 [ 24

TERCI: R4 AR, bootloader BEGA/ AN, T REA T HATIN A K F A, AHILAZ
(R, ASELIGR , Tl AT DVE AT RS A RO, BRI T WA I S A

Jitk s ANB TR

F— M2 espefuse.py THEIERSERTFHIALE eFuse, WHFE AN L. WEHHAHE. B
fil Secure Boot IR, XA ALK boot loader [ H AR Z 4, H LR AR K
AR, BT AR OTA B/ H . BllaE "W, “4atkn. Bk, HEES
AR, TETERE R BRI RS RE . BLAh, ARTTRAE ] SRR 4 B AN HSM kA s B, dE—4
BRI 2k

AL (RTEAS G AR AR ) A AR R RLEH
A AN EL . XA T SHA-256 M it

BRI B R AR E S A eFuse R i DXk

e ARl B 5 eFuse ARz

FEs AR B AR - 7 1 R R SRS I

PRl WE H A 2 1) eFuse fif

BeE I H 25 33024 DA AN 22 TR

24515 X bootloader il app #7454

BorEitg . KL IR EEE A RS

BHZETH: RAPUEIE ZeilE

PRI E T AR PRI SMHE I v2

W

_.
OO AP~

17.2.7 YIS

T BB AR, DB R 1L O SR T T S IR R T . SRR ,
P18 0 O T A T E , AT A4 s S AT

e

R R T B S DA R4 P
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LSRR A A (>1) HESHARE IR
2. Pess ) I EAE eFuse HHRgst BB AFATHE (401 key #0 Fl key #1)
3. 5|1 MEBARESY (bootloader) i i ZEZAHLHI, Tl key #0 Fl key #1 XJ [ i FAEH I 745
4. ROREITE (app) (LUTH Hosb— 41 (01 key #0) MR,
WEZXTZEEANEER, H5%: ZHEEY
Sl 20 -
L (ERIHEE (U key #1) 254411 OTA [ {438 2 24 77 b B0IE 5 5 A8 40 X
PV BB R HAIE — 8| S mEFET (bootloader) %544 TE % (#fiiA bootloader key #1 W] Jf] )
% Jf] esp_ota_revoke_secure_boot_public_key () #&4HIHZ (key #0 fi5Y)
IH%8] (key #0) Bl i, (8% 891254 0 - T3 o B 1E
5. Z 515 F (bootloader) MM FHARF (app) ¥ A EY] (key #1) BZKE

IR . IR

v

17.2.8 KR AR

AR

« BN EERBE, TeEM Ik

o BRSSO e s AR P A 28 DU 4 B 25 4

* 251 USB-OTG USB #, A suvFidid #4705 H el DFU B3

o SNRE—2P 0 eFuse BRI, By IR SR 4 42 2 A R

P

o JTAG $: 1 BRI B 25
o UART "R U3 22 A5

VRN 22 4 8l L 0 B
1729 BRI B UE

BB BRI T — MRS Z L RUILE], IS /s (AR 24 T 5, (EAE OTA 3
B ERUER BRI TR R S U B A BOR BRI 5, (HA RS g B B s e R I e

A2 vs MR A RiEh:
F 3 RIS vs B2 RS

TiE [2 Secure Bootv2 (F&{&) [ 4% ZIEHLFI (Ft Secure Boot)

[EEILESS o/ IHiE bootloader Fl app 551525 % X NIRRT app, fRUEHAT{E

OTA HH ik o/ {fi }fl eFuse " EHKIE BT app %544 O fifi 24 BT app F 25 4 B A B G UE B
app

U %)*E (Root of | eFuse HHpesfir) 2B 2 Y HIiEFT app HIZE4 Heh i) A4

Trust

eFuse [if B 53K Ph g = SECURE_BOOT_EN #l1 | F£524%5% Secure Boot #H 3¢ eFuse
KEY_DIGESTx

LRGN ¢/ 3¢ KEY_REVOKE_x HIlEfHHR | X A SCRrs P

i

BHTRE | IRZ3ANERY, R EHRE | X U, 2R A

77 B 04 g / Bjj 1F Flash g B4 si it AR AU X JeyABG IR B Flash B

JE B g X )5 8l B %4 Bk T ¢ B, Joknik iR

FF R AR PE X J5 H eFuse J AR08, F5 B EERAE < AL, @I R

a5 HICHRE . R A TEER A TR, s B R, P 4]
FiFrs

EAEHRENE | < IR EHR I S X A 24 1] app AH], ToyEiein

HeAE B HEEM TR N gﬁ%ﬁﬁﬁiﬂmﬁﬂTﬁiﬁﬁ, T R
P
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[N WIRE
JEH CONFIG_SECURE_SIGNED_APPS_NO_SECURE_BOOT T,

[GRIEE R i d 8 e o S bz [F R VAT E S 2 Al B

17.2.10  7=piIfCRES

SR L RN EROIES%

* ESP-IDF 24537l
o RAENRELE GBI

XERBIER T

o LA RER ._,JI‘"@
o A ORI
« ZEHEN ﬂlﬁ‘éﬁ
* 5 Flash fil% i fc & 14

17.2.11  fefscek

55 H e o R DR A 2 4 %
IRBR P RV

WG5S — T W2 A el 25 o
A 22 4 s Sl i I

g4y Flash s M

155 H 24> 3 910820 P s it

Tl B e 1 SR

W RS KRR

A

=~

17.2.12  H W8 (FAQ)

* &% ESP-FAQ L4

17.3 #Hy72hR
B ESGTHTRESHEFSWZA LR, Gk, W, 1GEMIE. M A TEENE.

17.3.1 Flash F# T H

W TR ) 22 PP RRTT TR R e SR B Iy Flash,  SCRF 20 F IR AT 08 SN 22 Fige s S 400
o B RSP B RSk, BE el i, RIMERCR, BRA N RR. &
MAFr-=LERE . ETE. FERFRE. 2% ESP32 4= B .
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J FactoryMultiDownload

~ | DownloadPanel 1 DownloadPanel 6

PASS:[o pass: o
FAIL: B FAIL: e

)

8

- 2]
COM: COM:
| & ’ START STOP ERASE ‘ START STOP ERASE
o BAUD: 175200 ¥ BAUD: |115200
— i DownloadPanel 2 DownloadPanel 7
= PASS: [0 pass: o
e FAIL: el FAIL: 2
SPIFlashConfig
SPI SPEED SPI MODE Detectedinfo
. Ccom: v COM: v
DoNotChgBin s | s | @ ‘ Si ‘ soe || G
COMEE Ele | BAUD: (115000 v BAUD: |115200
26.7MHz QouT
20MHz DIO CombineBin DownloadPanel 3 DownloadPanel 8

80MHz DOUT Default PASS: g PasS: o
FAIL: clear FAIL: clear
FASTRD

COM: COM:
START STOP ERASE \—VI START STOP ERASE \—v/

BAUD: 115200 ~ BAUD: 115200
DownloadPanel 4 DownloadPanel 9

PASS:| o PASS: | o

FAIL: B FAIL: 2=
START STOP ERASE
ALL ALL ALL

com: com [ ]

st | sor | st | st | srop

BAUD: [115200 BAUD: [115200

DownloadPanel 5 DownloadPanel 10

pass:[o | pass:[g
FAIL: clear FAIL: clear

COoM: v COoM: -
‘ START STOP ERASE ‘ START sToP ERASE
BAUD: (115200 v/ BAUD: (115200 v/

17.32 IR T 1

G LIRS EATPL, SR RAMGEATIA” Jrst, Sof A S fRC A Flis ik . o)
AEfLH% RF PEREMI. GPIO S, FPFHCALS: . Flash B25/ID MKSE, REAE A 302N H A
Gt R bin, FEMASRES . B T ENERR. AIT;M’IE%I\\ Hdmgit
MESE IR, & TR A IR PR A . S5 ESP32 R - T
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[W7 factory_test v2.0.4

File Config Log Help

Chip Type ESP32-C3
Firmware Ver App version: 1.1

FacPlanID 00 Local Status pass:1/ fail:0
Test Mode RAM

Auto Start OFF

DUT Status Dut Config Test Flow Test Threshold
ALL START| ALL STOP |

DUT1 DUT2 DUT3 DUT4

START MaC: 6867224£878¢ STOP START MAC: STOP

START HAC: STOP START HAC: STOP

[14 20]user quit test

[14: 20]syne_count is :
[14:21]chip sycn ok
[14:21] [mac] 6B67264£8T8c
[14:21]uart downloading. ..
[14:24Juart download ok
[14:24]analag test ok
[14:24)tx test ok
[14:24]rx test ok
[14:24)flash id check ok
[14:25]gpio test ok:step 1
[14:28])gpin test ok:step 2
[14:26]flash scan test ok
[14:28]all item passed

17.3.3  Biglis HkIfE RS

RS T G RSO T SHIE T, SR AAE R i v B — B ATk . s

WEALTE L, D BIA EL2E B SRR AR B, SETH IR A T o 38 T
WIHIF R PG RiER . 275 ESP32 /L[
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F1R

[

17.3.4 Matter QR —4krd A% 1" H

% TH T2 B Matter SEAFHORC I “ZERD , SRR ORI A E LSBT E . B T R PugA
M. AZERECM . I UESE R, R T R PR AR A — B 1E T Matter A2 PR
FER . AMBUESE S, 275 ESP32 AP prEL.
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Printer selection
Kethod of get data: scanner get
Scan info Data Typs: nodule labsl v Tenplats
Scan info: ‘ print Type:  |deviee label ~

Frint Label Fun
Data B ESP Server

17.3.5 EspRFTestTool T.Hfy

o EspRFTestTool: T4k ag BAAL TH, S23F Wi-Fi JEEMK. 35 A ARIRER A5 4m
K. Wi-Fi HiE WIS . % THAERS DR . EApudbest. A5 E SIS HEE O, 68
WA BT A N AAEIS 7 IF A By B s Bl 5 8 RF $84m, A BIF @ gt re i dl, $27 7= Ml 4
o EHFS R OIER . FRTERE A . INIERTR: S5t N2 A I EspRFTestTool T2,

* DownloadTool: fi TRl i [E - besk 2ts i, 3FF RAM Fil Flash BiFRasfbizt, I n]$5 5 Sk
hko % T 32 SR I G i [ bR B ) e, BRI — 2, D N R E R R
AT RERES . BESRAD., RS F K. 3% ESP32 T.HAL,

* PowerLimitTool: F T4 i@ fil 4k phy_init_data [&{f, SZRFRIGHCE SRR E S5 %L
ELAE B R P R R B BRI ) S SR, BT A AL, TS A RE RS A UE AR
Mo AT INUERESR . Rk AR . % ESP32 T.HAL,
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Tool Help
Manual Test
ChipType| Select Chip | com [comz + | BaudRate [ 115200 v | [open
MAC:54:43:b2:dc:Bc:
SUCC |64
I 0% | LoadBin
WiFi Test BT Test WiFi Adaptivity Zigbee Test Manual
Test Mode: WiFi Rate: BandWidith : Channel:
TX packet v | [11b 1M v | 20M v | 112412 v |
Attenuation(0.25dB) Duty Cycle: I [] Certification ENI Certification Code:
[0 | default v | [0x1fc000 | Default v |
Set 1ax Wave: Station 1D:
11ax wave set 1 w start stop
Log
DEBUG: #+%+% Disable certification parameters. ssssk
DEBUG: Start to set certification parameters, please walt for b seconds.
DEBUG:READ FLASH 0x001£c000, length: 144 :
50 48 59 49 4e 49 54 00 00 Q0 58 58 58 58 58 50 50 50 50 4c 4c 4dc dc
48 00 ff ff ff £f ff £ff £ff £f ff ff ff ff ff ff ff £ff £ff £f ff ff ff
ff ff ff £ff ff ff £ff ff ff £f £ff £f £ff £ff ff £ff ff £ff £ff £f ff £ff ff
£ff ff ff £ff £f £f £ 00 00 Q0 00 00 00 00 00 00 00 00 00 Q0 00 00 00
00 00 00 Q0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO 4f 5D 48
59 49 4e 49 54 00
FLASH READ END. [] show Send
[] show Time
0
Log Clear
DEBUG: %%+ Set certification parameters successfully! s
Log Save
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BT & W(WJR

18.1 ERIXTUREh

BRIEATIRB AP ERFBRIEAT T H I 2 3R R T £, [ — M2 X 7 58, TP A
LNE B O IR, Al ESP32 AR5 AR E 458 S0 -

18.1.1 PPeIi%
PWM )R

PWM 't 2 — i i 1845 ik 98 BE R 25 ) LED SERERY AR, BOAE Tl o s it ko) 2 e (B
155 FEL T IR () ZEREAS ST ) P L)) Ry . 24 S FUBS R, LED SR RIRINRIC, SefEm;
Z, AR, LED SATA I ()4, SEREAR. A ESP IR ¥ SCRp I LEDC 3K 5] / MCPWM
YKalka  PWM, RS LEDC 9KZh5CBl, LEDC YR8l SO RFpRE(FHIAS , S0 5 25 L I BC e, 70 ¢
o 20 bite HETE SR N ik PWM E5GIKEH 2 -

* RGB + C/W

* RGB + CCT/Brightnes

PWM Jj RZMEIEB (A PWM J5 55581 3 % RGB ATZRERILAT, PWM Ji#% 4000Hz, i IE(T
R, B hEE, BRI e.,

lightbulb_config_t config = {
/1. BE PM R HRTSHEE
.type = DRIVER_ESP_PWM,
.driver_conf.pwn.freq hz = 4000,

//2. Bk E, REKWFERER/AA
.capability.enable_fade = true,
.capability.fade_time_ms = 800,

.capability.enable_lowpower = false,
/R RGAR R ARG E RS MARKGERE, FERBEALL B 4/
.capability.enable_hardware_cct = true,

.capability.enable_status_storage = true,
/* B THE LED T Hh 4L */
.capability.led_beads = LED_BEADS_3CH_RGB,
.capability.storage_cb = NULL,

Q)
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(£ L£50)

.capability.sync_change_brightness_value = true,

//3. BB PwM Wb B W
.io_conf.pwm_io.red = 25,
.io_conf.pwm_io.green = 26,
.io_conf.pwm_io.blue = 27,

2R TEY
.external_limit = NULL,

/5. MERES K
.gamma_conf = NULL,

//6. HHBWERASE, WR on BN AEWENLIT S B K mRaN
.init_status.mode = WORK_COLOR,
.init_status.on = true,
.init_status.hue = 0,
.init_status.saturation = 100,
.init_status.value = 100,
bi
lightbulb_init (&config);

12C Wk Ji%

2C i)t s 12C SRl ar @ BIROE R, e as I i LA, Y LED [958, 12C
BRHPIZR A B BlRLk (SDA) FIRBhEE (SCL). Firfy ESP i A4 SCRp (U B ¢ 12C 3 £ i 1
H 2 S P A

* SM2135EH

* SM2X35EGH (SM2235EGH/SM2335EGH)

« BP57x8D (BP5758/BP5758D/BP5768)

* BP1658CJ

» KP18058

12C JDEREN %01 61 12C Bish BPSTSSD i 455/~ 5 B RGBCW ATTRBRIGAT, 12C A5ty
300KHz, RGB TERUENHLNIY S0 mA, CW KTERIKEI % 30mA, HRBIRRE, HMWEDE,
H LT

lightbulb_config_t config = {
//1.
SHBETENNAFAASHEE, SRCARENSHFEETR, RAASHNEH TR
.type = DRIVER_BP57x8D,
.driver_conf.bp57x8d.freq _khz = 300,
.driver_conf.bp57x8d.enable_iic_queue = true,
.driver_conf.bp57x8d.iic_clk = 4,
.driver_conf.bp57x8d.iic_sda = 5,
.driver_conf.bp57x8d.current = {50, 50, 50, 30, 30},

/72, Wik E, REKGFER /£ A
.capability.enable_fade = true,
.capability.fade_time_ms = 800,
.capability.enable_lowpower = false,

.capability.enable_status_storage = true,
.capability.led_beads = LED_BEADS_5CH_RGBCW,
.capability.storage_cb = NULL,
.capability.sync_change_brightness_value = true,

(CFgkzE)
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//3. BB TIC % A WY
.io_conf.iic_io.red = OUT3,
.io_conf.iic_io.green = 0OUT2,
.io_conf.iic_io.blue = 0OUT1,
.io_conf.iic_io.cold_white = OUT5,
.io_conf.iic_io.warm_yellow = OUT4,

/74, WH %, ERANESEET AT
.external_limit = NULL,

//5. BB R OE S K
.gamma_conf = NULL,

//6. RN EBH 5%, R on B EAMHE LRSI A RKAN
.init_status.mode = WORK_COLOR,
.init_status.on = true,
.init_status.hue = 0,
.init_status.saturation = 100,
.init_status.value = 100,
bi
lightbulb_init (&confiqg);

ATy 52— Pl i BAARGE i e LED St A5 YA, A0l i i A £ PSR il 5ok

VA7 LED fYZE 1, 007 2848 ESP N i L nT i i RMT Ahigek SPI A% SeBil, HEFENL Se i i SPI SLBiAT
b2 STUIEEAL P S - ISS- S LS IE2 S~k

* WS2812

WS2812 ()% SPTUKZh 5% 10 5 WS2812 AT 2k, JE WAL IIRE, EHNALE.

lightbulb_config_t config = {
//1. B wWs2812 W HH#T LS AW E
.type = DRIVER_WS2812,
.driver_conf.ws2812.led_num = 10,

.driver_conf.ws2812.ctrl_io

/720 W E, RERSG
.capability.enable_fade = t
.capability.fade_time_ms =

= 4,

FEREA/ A
rue,
800,

.capability.enable_status_storage

= true,

/* Xt F ws2812 R #¢#% ¥ LED_BEADS_3CH_RGB */
.capability.led_beads = LED_BEADS_3CH_RGB,
.capability.storage_cb = NULL,

/73 BE B, FRANFESERFEDNT
.external_limit = NULL,

/74 BERESHR

.gamma_conf = NULL,

//5. RIS, R on B EWBEAL TR M A RN
.init_status.mode = WORK_COLOR,

.init_status.on = true,
.init_status.hue = 0O,
.init_status.saturation = 100,
.init_status.value = 100,
i3
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bi
lightbulb_init (&confiqg);

18.1.2 et

BRIEATALE A A2 R ALY, ANl R RS A M B e, RZ4H, PR, PREE. 4
() APLILE B I, SHUORZE, SR, PR, HRNEEE RS, E A a]FE 12ms il —iRkm]
¥, AR SR A N EER SR, REAHAERI TS, ISR KO A mi e, 505
FIRZWE . A EEAECN 0 i, FEAREIAS SR, BERRRHEE IR E I 45 -

18.1.3 (KIFE LA

BRUAT WA ZEE ok T20 SFThREINUE, ALK AR EIESG , Bk bAs Z— SR RERC &, B T IV (RTh#E
P Fe e PR BN ECE AN, IR RS T SR B, BRVIT A E A PWM RS 12C
2 FPRDGER S e T AN ZS . BAREEC A AT, 12C B ZIFHFDGS A B SRR S, B
W E i ARTIAE, PWM &, ESP32 T APB BJ4PiE, FFELla dyasie s, Slls s et
R, FRATEF SR RET, 25 S, RATHIRER, HoAthots i >R XTAL B8R, Jo75 RBUEMIE T -
18.1.4 Hita ke i

o R

IR R R TERCE RS R

union {
struct {
uintl6_t kelvin_min;
uintl6_t kelvin_max;
} standard;
struct {
lightbulb_cct_mapping_data_t *table;
int table_size;
} precise;
} cct_mix_mode;

o BRERI bR e oK/ IMETT RSO, (A E A Oy b M, AR5 AR HE G R IR
e WRAT Bk i) LU

o FEHER: BOEAE @EITFREMLL. G . % BRITERE S LB, 6T X SUmaiE s i 0]
R ELBI, RHER S, ORI .

BB
ORI HE R B AT IR S F

union {
struct {
lightbulb_color_mapping_data_t *table;
int table_size;
} precise;
} color_mix_mode;

o PRER: EFHESHCE, WG BLR S AR HSV, XYY 581 (B {L 0 RGB Ll
I H B RS T Bk

o FEIERIE: () HSV AR ERT @, I8 SR GAN SIRAEB O TR ML, o, W, %, g
A2 ol = KA S/ vl SN i R RN e o 1 N Bt FS =] o o B 7
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18.1.5  LyRMREIR

AR IRBN TP BORRA @ SR AR A AR, DA 2 DR K
UNPRFE ZO A AR AT BR A 7 BERC L R R S 1A

typedef struct {
/* Scale the incoming value
* range: 10% <= value <= 100%
* step: 1%
* default min: 10%
* default max: 100%
*/
uint8_t white_max_brightness; /*#< Maximum brightness limit for white light.
—output. */
uint8_t white_min_brightness; /**< Minimum brightness limit for white light.
—output. */
uint8_t color_max_value; /**< Maximum value limit for color light output..
o */
uint8_t color_min_value; /**< Minimum value limit for color light output..

Y

/* Dynamically adjust the final power
* range: 100% <= value <= 500%
* step: 10%

*/
uintl6_t white_max_power; /**< Maximum power limit for white light output..
Ny
uintl6_t color_max_power; /**< Maximum power limit for color light output..
—*/

} lightbulb_power_limit_t;

* white_max_brightness 5 white_min_brightness il F @A, ¥ @E APl & EH
brightness SR HIFEZ K I/ MEZ 7]

e color_max_value 5 color_min_value I TE O, FE@ APLXEN value SR H]
TEZ AR A/ IMEZ 8]«

* white_max_power T EIRBIZBRGITIR, BOAE A 100, RiE 8 KYIHR YRR 1/2,
WA 200 MEEIREN . BEATERR SRR

* color_max_power I TE@BIFREITIZ, BRIAE R 100, BRI 5 KPR W1 1/3,
WAy 300 MBI FILL. &t WEATERMHR KT,

YRR X BAAT B Ih AR DA T MR ) 75 2 BT I SR A

typedef struct {
float balance_coefficient[5]; /*#< Array of float coefficients for adjusting.
—~the intensity of each color channel (R, G, B, C, W).
These coefficients help in achieving the.
—desired color balance for the light output. */

float curve_coefficient; /**< Coefficient for gamma correction. This.
—value is used to modify the luminance levels
to suit the non-linear characteristics of.
—human vision, thus improving the overall
visual appearance of the light. */
} lightbulb_gamma_config_t;

* balance_coefficient T HUIAEATEAS M AR, WKEhHRZH MR LBl T e, B0A
{E4 1.0, BTN
* curve_coefficient T RFHIAE I AYLMAR (LA A I R AZ L o

#ik: B balance_coefficient R midl O AHERYHERG M, 5B EEEZS EAEVATI G IHE.
SR ETE T, He2e 12C PGS R4 I By SmA 503 10mA AUREREE, R 2R E fL i
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T AT % S RO

18.1.6 API %%
Header File

» components/led/lightbulb_driver/include/lightbulb.h

Functions

esp_err_t lightbulb_init (lightbulb_config_t *config)
Initialize the lightbulb.
%% config —Pointer to the configuration parameters for the lightbulb.
R[] esp_err_t
esp_err_t 1ightbulb_deinit (void)
Deinitialize the lightbulb and release resources.
R esp_err_t
esp_err_t 1ightbulb_set_fade_time (uint32_t fade_time_ms)
Set lightbulb fade time.
%4 fade_time_ms —Fade time in milliseconds (ms). Range: 100ms - 3000ms.
Rl esp_err_t
esp_err_t l1ightbulb_set_fades_function (bool is_enable)
Enable/Disable the lightbulb fade function.
%%, is_enable —A boolean flag indicating whether to enable (true) or disable (false) the fade
function.
R esp_err_t
esp_err_t lightbulb_set_storage_function (bool is_enable)
Enable/Disable the lightbulb storage function.

%%, is_enable A boolean flag indicating whether to enable (true) or disable (false) the storage
function.

Bl esp_err_t
esp_err_t 1ightbulb_update_status (lightbulb_status_t *new_status, bool trigger)
Re-update the lightbulb status.
S8
* new_status —Pointer to the new status to be applied to the lightbulb.
* trigger —A boolean flag indicating whether the update should be triggered immediately.
R[] esp_err_t
bool 1ightbulb_get_fades_function_status (void)
Get lightbulb fade function enabled status.

jJ&a] true if the fade function is enabled.
j&[n| false if the fade function is disabled.

esp_err_t lightbulb_hsv2rgb (uintl6_t hue, uint8_t saturation, uint8_t value, uint8_t *red, uint8_t *green,
uint8_t *blue)

Convert HSV model to RGB model.
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$51:: RGB model color depth is 8 bit (0-255).

SH

* hue —Hue value in the range of 0-360 degrees.

e saturation —Saturation value in the range of 0-100.

* value —Value (brightness) value in the range of 0-100.

* red —Pointer to a variable to store the resulting Red component (0-255).

» green —Pointer to a variable to store the resulting Green component (0-255).

* blue —Pointer to a variable to store the resulting Blue component (0-255).
R[] esp_err_t

esp_err_t 1ightbulb_rgb2hsv (uintl6_t red, uint16_t green, uint16_t blue, uint16_t *hue, uint8_t
*saturation, uint8_t *value)

Convert RGB model to HSV model.

$41E: RGB model color depth is 8 bit (0-255).

* red —Red component value in the range of 0-255.

* green —Green component value in the range of 0-255.

* blue —Blue component value in the range of 0-255.

* hue —Pointer to a variable to store the resulting Hue value (0-360 degrees).

e saturation —Pointer to a variable to store the resulting Saturation value (0-100).
* value —Pointer to a variable to store the resulting Value (brightness) value (0-100).

R esp_err_t

esp_err_t lightbulb_xyy2rgb (float x, float y, float Y, uint8_t *red, uint8_t *green, uint8_t *blue)
Convert xyY model to RGB model.

5 1E:  Refer: https://www.easyrgb.com/en/convert.php#inputFORM https://www.easyrgb.com/en/math.
php

SH

* x —x coordinate value in the range of 0 to 1.0.

* y —y coordinate value in the range of 0 to 1.0.

* Y —Y (luminance) value in the range of 0 to 100.0.

* red —Pointer to a variable to store the resulting Red component (0-255).

* green —Pointer to a variable to store the resulting Green component (0-255).

* blue —Pointer to a variable to store the resulting Blue component (0-255).
&M esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_rgb2xyy (uint8_t red, uint8_t green, uint8_t blue, float *x, float *y, float *Y)
Convert RGB model to xyY model.

SH

* red —Red component value in the range of 0 to 255.

* green —Green component value in the range of 0 to 255.

* blue —Blue component value in the range of 0 to 255.

» x —Pointer to a variable to store the resulting x coordinate (0-1.0).

» y —Pointer to a variable to store the resulting y coordinate (0-1.0).

* Y —Pointer to a variable to store the resulting Y (luminance) value (0-100.0).
1R[] esp_err_t An error code indicating the success or failure of the operation.
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esp_err_t lightbulb_kelvin2percentage (uintl6_t kelvin, uint8_t *percentage)
Convert CCT (Color Temperature) kelvin to percentage.
SH
* kelwvin —Default range: 2200k - 7000k (Color Temperature in kelvin).
* percentage —Pointer to a variable to store the resulting percentage (0 - 100).
R esp_err_t
esp_err_t lightbulb_percentage2kelvin (uint8_t percentage, uint16_t *kelvin)

Convert percentage to CCT (Color Temperature) kelvin.

Attention

B8
* percentage —Percentage value in the range of 0 to 100.
* kelvin —Pointer to a variable to store the resulting Color Temperature in kelvin. Default
range: 2200k - 7000k.
R esp_err_t

esp_err_t lightbulb_set_hue (uintl6_t hue)
Set the hue value.

%% hue —Hue value in the range of 0-360 degrees.
1R[] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_set_saturation (uint8_t saturation)

Set the saturation value.

%% saturation —Saturation value in the range of 0-100.
&I esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_set_value (uint8_t value)
Set the value (brightness) of the lightbulb.

%%t value —Brightness value in the range of 0-100.
R[] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_set_cct (uintl6_t cct)
Set the color temperature (CCT) of the lightbulb.

$41:: Supports using either percentage or Kelvin values.

%% cct —CCT value in the range of 0-100 or 2200-7000.
1R[] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_set_brightness (uint8_t brightness)
Set the brightness of the lightbulb.
%4 brightness —Brightness value in the range of 0-100.
R esp_err_t An error code indicating the success or failure of the operation.
esp_err_t lightbulb_set_xyy (float x, float y, float Y)
Set the xyY color model for the lightbulb.

Attention The xyY color model cannot fully correspond to the HSV color model, so the color may be biased.
The grayscale will be recalculated in lightbulb, so we cannot directly operate the underlying driver through
the xyY interface.
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S8
* x —x-coordinate value in the range of 0 to 1.0.
* y —y-coordinate value in the range of 0 to 1.0.
* Y —Y-coordinate (luminance) value in the range of 0 to 100.0.

R[] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_set_hsv (uintl6_t hue, uint8_t saturation, uint8_t value)
Set the HSV (Hue, Saturation, Value) color model for the lightbulb.
S
* hue —Hue value in the range of 0 to 360 degrees.

* saturation —Saturation value in the range of 0 to 100.
* value —Value (brightness) value in the range of 0 to 100.

1R[] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t 1ightbulb_set_cctb (uint16_t cct, uint8_t brightness)
Set the color temperature (CCT) and brightness of the lightbulb.

$41:: Supports using either percentage or Kelvin values.

BH
e cct —CCT value in the range of 0-100 or 2200-7000.
* brightness —Brightness value in the range of 0-100.

R IA] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t lightbulb_set_switch (bool status)
Set the on/off status of the lightbulb.

Z¥ status —On/off status (true for on, false for off).

1R[] esp_err_t An error code indicating the success or failure of the operation.

int16_t 1ightbulb_get_hue (void)
Get the hue value of the lightbulb.

&[] int16_t The hue value in the range of 0 to 360 degrees.

int8_t 1ightbulb_get_saturation (void)
Get the saturation value of the lightbulb.

JR& 1] int8_t The saturation value in the range of 0 to 100.

int8_t lightbulb_get_value (void)
Get the value (brightness) of the lightbulb.

1& 0] int8_t The brightness value in the range of 0 to 100.

int8_t lightbulb_get_cct_percentage (void)
Get the color temperature (CCT) percentage of the lightbulb.

& ] int8_t The CCT percentage value in the range of 0 to 100.

intl6_t 1ightbulb_get_cct_kelvin (void)
Get the color temperature (CCT) Kelvin value of the lightbulb.

& [H] int16_t The CCT Kelvin value in the range of 2200 to 7000.

int8_t lightbulb_get_brightness (void)
Get the brightness value of the lightbulb.

1R[] int8_t The brightness value in the range of 0 to 100.
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bool 1ightbulb_get_switch (void)
Get the on/off status of the lightbulb.
1R[] true The lightbulb is on.
j&[a] false The lightbulb is off.
lightbulb_works_mode_t 1ightbulb_get_mode (void)
Get the work mode of the lightbulb.

&[] lightbulb_works_mode_t The current work mode of the lightbulb.

esp_err_t lightbulb_get_power_limit (lightbulb_power_limit_t *power_limit)
Get the power limit of the lightbulb.
%% power_limit —A pointer to a 1ightbulb_power_limit_t structure where the
power limit details will be stored.
&[] esp_err_t An error code indicating the success or failure of the operation.
esp_err_t 1ightbulb_get_all_detail (lightbulb_status_t *status)
Get all the status details of the lightbulb.
24 status —A pointerto a 1ightbulb_status_t structure where the status details will
be stored.
1R[] esp_err_t An error code indicating the success or failure of the operation.
esp_err_t 1ightbulb_status_get_from_nvs (lightbulb_status_t *value)
Get the lightbulb status from NVS.
%4 value —Pointertoa 1ightbulb_status_t structure where the stored state will be read
into.
R[] esp_err_t An error code indicating the success or failure of the operation.
esp_err_t lightbulb_status_set_to_nvs (const lightbulb_status_t *value)
Store the lightbulb state to NVS.
%%, value —Pointerto a 1ightbulb_status_t structure representing the current running
state to be stored.
&I esp_err_t An error code indicating the success or failure of the operation.
esp_err_t 1ightbulb_status_erase_nvs_storage (void)
Erase the lightbulb state stored in NVS.

R esp_err_t An error code indicating the success or failure of the operation.

esp_err_t lightbulb_basic_effect_start (lightbulb_effect_config_t *config)
Start some blinking/breathing effects.
%% config —Pointer to a 1ightbulb_effect_config_t structure containing the con-
figuration for the effect.
&[] esp_err_t An error code indicating the success or failure of the operation.
esp_err_t 1ightbulb_basic_effect_stop (void)
Stop the effect in progress and keep the current lighting output.

R[] esp_err_t An error code indicating the success or failure of the operation.

esp_err_t lightbulb_basic_effect_stop_and_restore (void)
Stop the effect in progress and restore the previous lighting output.

1R[] esp_err_t An error code indicating the success or failure of the operation.

void 1ightbulb_lighting_output_test (lightbulb_lighting unit_t mask, uint16_t speed_ms)
Used to test lightbulb hardware functionality.
S8

* mask —A bitmask representing the test unit or combination of test units to be tested.
» speed_ms —The switching speed in milliseconds for the lighting patterns.
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Structures

struct lightbulb_cct_mapping_data_t
CCT (Correlated Color Temperature) mapping data.

5 7k:  This structure is used for precise color temperature calibration. Each color temperature value
(cct_kelvin) needs to have a corresponding percentage (cct_percentage) determined, which is used to calibrate
the color temperature more accurately. The rgbcw array specifies the current coefficients for the RGBCW
channels. These coefficients are instrumental in adjusting the intensity of each color channel (Red, Green,
Blue, Cool White, Warm White) to achieve the desired color temperature. They are also used for power lim-
iting to ensure energy efficiency and LED longevity. Therefore, the sum of all values in the rgbcw array must
equal 1 to maintain the correct power balance.

Public Members

float rgbcw[5]

Array of float coefficients for CCT data (R, G, B, C, W). These coefficients are used to adjust the intensity
of each color channel.

uint8_t cct_percentage

Percentage representation of the color temperature. Used to calibrate the light’ s color temperature
within a predefined range.

uintl6_t cct_kelvin

The specific color temperature value in Kelvin. Used to define the perceived warmth or coolness of the
light emitted.

struct lightbulb_color_mapping_data_t

Color mode mapping data.

£ 1#: Used for calibrating color accuracy in color mode.

Public Members
float rgbcw_100[5]
The RGBCW components required when saturation is 100 at a specific hue.

float rgbecw_50[5]

The RGBCW components required when saturation is 50 at a specific hue.

float rgbew_0[5]

The RGBCW components required when saturation is 10 at a specific hue.

uint16_t hue

hue.
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struct lightbulb_gamma_config_t

Gamma correction and color balance configuration.

$&11:: This structure is used for calibrating the brightness proportions and color balance of a lightbulb. Typ-
ically, the human eye perceives changes in brightness in a non-linear manner, which is why gamma correction
is necessary. This helps to adjust the brightness to match the non-linear perception of the human eye, ensuring
a more natural and visually comfortable light output. The color balance coefficients are used to adjust the
intensity of each color channel (Red, Green, Blue, Cool White, Warm White) to achieve the desired color
balance and overall light quality.

Public Members

float balance_coefficient[5]

Array of float coefficients for adjusting the intensity of each color channel (R, G, B, C, W). These coef-
ficients help in achieving the desired color balance for the light output.

float color_curve_coefficient

Coefficient for gamma correction (RGB mode). The default value is 1.0, which is linear.

float white_curve_coefficient

Coefficient for gamma correction (CCT mode). The default value is 1.0, which is linear.
struct lightbulb_status_t

The working status of the lightbulb.

Attention Both the variable value and the variable brightness are used to mark light brightness. They
respectively indicate the brightness of color light and white light.

% 1E: Due to the differences in led beads, the percentage does not represent color temperature. The real
meaning is the output ratio of cold and warm led beads: 0% lights up only the warm beads, 50% lights up an
equal number of cold and warm beads, and 100% lights up only the cold beads. For simplicity, we can roughly
assume that 0% represents the lowest color temperature of the beads, and 100% represents the highest color
temperature. The meaning of intermediate percentages varies under different color temperature calibration
schemes:

 Standard Mode: The percentage is proportionally mapped between the lowest and highest color temper-
atures.
* Precise Mode:

— For hardware CCT schemes (only applicable to PWM-driven): The percentage actually represents
the duty cycle of the PWM-driven color temperature channel, with each percentage corresponding
to an accurate and real color temperature.

— For those with CW channels: The percentage represents the proportion of cold and warm beads
involved in the output. The increase in percentage does not linearly correspond to the increase in
color temperature, and instruments are needed for accurate determination.

— For those using RGB channels to mix cold and warm colors: The percentage has no real signifi-
cance and can be ignored. In actual use, it can serve as an index to reference corresponding color
temperature values.”

Public Members
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lightbulb_works_mode_t mode
The working mode of the lightbulb (color, white, etc.).

bool on
On/off status of the lightbulb.

uint16_t hue
Hue value for color light (range: 0-360).

uint8_t saturation

Saturation value for color light (range: 0-100).

uint8_t value

Brightness value for color light (range: 0-100).

uint8_t cct_percentage
0% -> .. -> 100% 2200K -> .. -> 7000K warm -> .. -> cold Cold and warm led bead output ratio (range:
0-100).

uint§_t brightness
Brightness value for white light (range: 0-100).

struct lightbulb_power_limit_t

Output limit or gain without changing color.

Public Members

uint8_t white_max_brightness

Maximum brightness limit for white light output.

uint8_t white_min_brightness

Minimum brightness limit for white light output.

uint§_t color_max_value

Maximum value limit for color light output.

uint8_t color_min_value

Minimum value limit for color light output.

uintl6_t white_max_power

Maximum power limit for white light output.

uintl6_t color_max_power

Maximum power limit for color light output.

struct lightbulb_cct_kelvin_range_t

Used to map percentages to Kelvin values.
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Public Members

uintl6_tmin

Minimum color temperature value in Kelvin, default is 2200 K.

uintl6_t max

Maximum color temperature value in Kelvin, default is 7000 K.

struct lightbulb_capability_t
Some Lightbulb Capability Configuration Options.

Public Members

uint16_t fade_time_ms

Fade time in milliseconds (ms), data range: 100ms - 3000ms, default is 800ms.

uintl6_t storage_delay_ms

Storage delay time in milliseconds (ms), used to mitigate adverse effects of short-term repeated erasing
and writing of NVS.

lightbulb_led_beads_comb_t 1ed_beads
Configuration for the combination of LED beads. Please select the appropriate type for the onboard LED.

lightbulb_status_storage_cb_t storage_cb
Callback function to be called when the lightbulb status starts to be stored.

bool enable_fade

Enable this option to use fade effects for color switching instead of direct rapid changes.

bool enable_lowpower

Enable low-power regulation when the lights are off.

bool enable_status_storage

Enable this option to store the lightbulb state in N'VS.

bool enable_hardware_cct

Enable this option if your driver uses hardware CCT. Some PWM type drivers may need to set this
option.

bool enable_precise_cct_control

Enable this option if you need precise CCT control. Must set ‘enable_hardware_cct’ to false in order
to enable it.

bool enable_precise_color_control

Enable this option if you need precise Color control.

bool sync_change_brightness_value

Enable this option if you need to use a parameter to mark the brightness of the white and color output.
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bool disable_auto_on

Enable this option if you don’ t need automatic on when the color/white value is set.

struct lightbulb_config_t
Lightbulb Configuration Options.

Public Members

lightbulb_driver_t type
Type of the lightbulb driver.

union /ightbulb_config_t::[anonymous] driver_conf

Configuration specific to the lightbulb driver.

uintl6_t kelvin_min

Minimum Kelvin value.

uintl6_t kelvin_max

Maximum Kelvin value.

struct lightbulb_config_t::[anonymous]::[anonymous] standard
Standard Mode

lightbulb_cct_mapping_data_t *table
Mixed Color table

int table_size

Table size

struct lightbulb_config_t::[anonymous]::[anonymous] precise

Precise Mode

union lightbulb_config_t::[anonymous] cct_mix_mode

This configuration is used to set up the CCT (Correlated Color Temperature) calibration scheme.
The default mode is the standard mode, which requires no additional configuration. For the precise
mode, a color mixing table needs to be configured. To enable this precise CCT control, the ‘en-
able_precise_cct_control’ should be set to true in the capability settings.

lightbulb_color_mapping_data_t *table
Mixed Color table

struct lightbulb_config_t::[anonymous]::[anonymous] precise

Precise Mode

union lightbulb_config_t::[anonymous] color_mix_mode

This configuration is used to set up the color calibration scheme. Measure certain hue and saturation
values as calibration points, and use a linear interpolation method for color calibration.

Espressif Systems 449 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 18. T & MEH] )%

lightbulb_gamma_config_t *gamma_conf

Pointer to the gamma configuration data.

lightbulb_power_limit_t *external_limit

Pointer to the external power limit configuration.

gpio_num_t red
GPIO Pin for the red LED

gpio_num_t green
GPIO Pin for the green LED

gpio_num_t blue
GPIO Pin for the blue LED

gpio_num_t cold_cct
GPIO Pin for the cold or cct LED

gpio_num_t warm_brightness
GPIO Pin for the warm or brightness LED

struct lightbulb_config_t::[anonymous]::[anonymous] pwm_io

Configuration for PWM driver I/O pins.

lightbulb_chip_out_pin_t red
IIC dimming driver output channel for red LED

GPIO Pin for the red LED for SM16825E driver

lightbulb_chip_out_pin_t green
IIC dimming driver output channel for green LED

GPIO Pin for the green LED for SM16825E driver

lightbulb_chip_out_pin_t blue
IIC dimming driver output channel for blue LED
GPIO Pin for the blue LED for SM16825E driver

lightbulb_chip_out_pin_t cold_white

IIC dimming driver output channel for cold or white LED

GPIO Pin for the white LED for SM16825E driver

lightbulb_chip_out_pin_t warm_yellow

IIC dimming driver output channel for warm or yellow LED

GPIO Pin for the yellow LED for SM16825E driver

struct lightbulb_config_t::[anonymous]::[anonymous] iic_io

Configuration for IIC driver I/O pins.
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struct lightbulb_config_t::[anonymous]::[anonymous] sm16825e_io
Configuration for SM16825E driver I/O pins.

union lightbulb_config_t::[anonymous] io_conf

Union for I/O configuration based on the selected driver type.

lightbulb_capability_t capability
Lightbulb capability configuration.

lightbulb_status_t init_status
Initial status of the lightbulb.

struct lightbulb_effect_config_t

Effect function configuration options.

Public Members

lightbulb_effect_t effect_type
Type of the effect to be configured.

lightbulb_works_mode_t mode
Working mode of the lightbulb during the effect.

uintl6_t hue
Hue component value for the effect (0-360).

uint8_t saturation

Saturation component value for the effect (0-100).

uintl6_t cct

Color temperature value for the effect.

uint8_tmin_value_brightness
Minimum brightness level for the effect (0-100).

uint§_t max_value_brightness
Maximum brightness level for the effect (0-100).

uintl6_t effect_cycle_ms

Cycle time for the effect in milliseconds (ms).

int total_ms

Total duration of the effect in milliseconds (ms). If greater than 0, enables an auto-stop timer.

void (*user_cb)(void)

User-defined callback function to be called when the auto-stop timer triggers.

bool interrupt_forbidden
If true, the auto-stop timer can only be stopped by specific interfaces or FreeRTOS triggers.
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Type Definitions

typedef esp_err_t (*1ightbulb_status_storage_cb_t)(lightbulb_status_t status)

Function pointer type to store lightbulb status.

Param status The lightbulb_status_t structure containing the current status of the lightbulb.

Return esp_err_t

typedef lightbulb_chip_out_pin_t 1ightbulb_iic_out_pin_t
IIC dimming chip output port definition.

Enumerations

enum lightbulb_driver_t
Supported drivers.

Values:

enumerator DRIVER_SELECT_INVALID

enumerator DRIVER_ESP_PWM

enumerator DRIVER_SM2135E

enumerator DRIVER_SM2135EH

enumerator DRIVER_SM2182E

enumerator DRIVER_SM2x35EGH

enumerator DRIVER_BP1658CJ

enumerator DRIVER_BP57x8D

enumerator DRIVER_KP18058

enumerator DRIVER_WS2812

enumerator DRIVER_SM16825E

enumerator DRIVER_SELECT_MAX

enum lightbulb_led_beads_comb_t
Supported LED bead combinations.

Values:

enumerator LED_ BEADS_INVALID
Invalid LED bead combination.
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enumerator LED_BEADS_1CH_C
Single-channel: Cold white LED bead.

enumerator LED_BEADS_1CH_W
Single-channel: Warm white LED bead.

enumerator LED_BEADS_2CH_CW

Two channels: Warm white + cold white LED beads combination.

enumerator LED_BEADS_3CH_RGB

Three channels: Red + green + blue LED beads combination.

enumerator LED_BEADS_4CH_RGBC

Four channels: Red + green + blue + cold white LED beads combination.

enumerator LED_BEADS_4CH_RGBCC

Four channels: Red + green + blue + 2 * cold white LED beads combination.

enumerator LED_BEADS_4CH_RGBW

Four channels: Red + green + blue + warm white LED beads combination.

enumerator LED_BEADS_4CH_RGBWW

Four channels: Red + green + blue + 2 * warm white LED beads combination.

enumerator LED_BEADS_5CH_RGBCW

Five channels: Red + green + blue + cold white + warm white LED beads combination.

enumerator LED_BEADS_5CH_RGBCC

Five channels: Red + green + blue + 2 * cold white + RGB mix warm white LED beads combination.

enumerator LED_BEADS_5CH_RGBWW

Five channels: Red + green + blue + 2 * warm white + RGB mix cold white LED beads combination.

enumerator LED_BEADS_5CH_RGBC

Five channels: Red + green + blue + cold white + RGB mix warm white LED beads combination.

enumerator LED_BEADS_ 5CH_RGBW

Five channels: Red + green + blue + warm white + RGB mix cold white LED beads combination.

enumerator LED_BEADS_MAX

Maximum number of supported LED bead combinations.

enum lightbulb_effect_t
Supported effects.

Values:

enumerator EFFECT_BREATH

Espressif Systems 453 Release master
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 18. T & MEH] )%

enum

enum

enumerator EFFECT_BLINK

lightbulb_lighting_unit_t
Lighting test units.

Values:

enumerator LIGHTING_RAINBOW
Rainbow lighting effect.

enumerator LIGHTING_WARM_TO_COLD

Transition from warm to cold lighting.

enumerator LIGHTING_COLD_TO_WARM

Transition from cold to warm lighting.

enumerator LIGHTING_BASIC_FIVE

Basic five lighting colors.

enumerator LIGHTING_COLOR_MUTUAL_WHITE

Color and mutual white lighting.

enumerator LIGHTING_COLOR_EFFECT
Color-specific lighting effect.

enumerator LIGHTING_WHITE_EFFECT
White-specific lighting effect.

enumerator LIGHTING_ALEXA
Alexa integration lighting.

enumerator LIGHTING_COLOR_VALUE_INCREMENT

Incrementing color values lighting.

enumerator LIGHTING_WHITE_BRIGHTNESS_INCREMENT

Incrementing white brightness lighting.

enumerator LIGHTING_ALL_UNIT
All lighting units.

lightbulb_works_mode_t
The working mode of the lightbulb.

Values:

enumerator WORK__INVALID

Invalid working mode.

enumerator WORK__ COLOR
Color mode, where the lightbulb emits colored light.
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enumerator WORK_WHITE
White mode, where the lightbulb emits white light.

enum lightbulb_chip_out_pin_t

Port enumeration names for multiple output channel chips.

Values:

enumerator OUT1
Chip output port 1/RED.

enumerator OUT2
Chip output port 2/GREEN.

enumerator OUT3
Chip output port 3/BLUE.

enumerator OUT4
Chip output port 4/WHITE.

enumerator OUT5
Chip output port 5/'YELLOW.

enumerator OUT_MAX

The maximum value for the Chip output port enumeration, this is invalid value.
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[[AIPIES

19.1 4G R Ji%

19.1.1 IOTETH UJ kM

iot_eth $R it T 4 AG WALER VUK IR TT 58, SRVREREFIGR, BOASLHLET LWIP (K]
B WS E M

s WHRTT B, HFREZMIEZTT
o BRIASCRE LWIP 2835 11, S5 T A SO 2842 11

JEDRE ]
L JeWia A driver |7, $RHERZREFIS
iot_usbh_rndis_config_t rndis_cfg = {

.auto_detect = true, // auto detect 4G module
.auto_detect_timeout = pdMS_TO_TICKS (1000), // auto detect timeout

bi

iot_eth_driver_t *rndis_handle = NULL;

esp_err_t ret = iot_eth_new_usb_rndis(&rndis_cfg, &rndis_handle);
if (ret != ESP_OK || rndis_handle == NULL) {

ESP_LOGE (TAG, "Failed to create USB RNDIS driver");

return;

2. ¥UEAY iot_eth |2

iot_eth_config_t eth_cfg = {
.driver = rndis_handle,
.stack_input = NULL,

Q)

457
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(£ L£50)

.user_data = NULL,
bi

iot_eth_handle_t eth_handle = NULL;
ret = iot_eth_install (&eth_cfg, &eth_handle);

if (ret != ESP_OK) {
ESP_LOGE (TAG, "Failed to install USB RNDIS driver");
return;

3. 23l iot_eth |2

ret = ilot_eth_start (eth_handle);

if (ret != ESP_OK) {
ESP_LOGE (TAG, "Failed to start USB RNDIS driver");
return;

}

Al &5 4% 11

1. %1% HWA iot_eth_transmit K550
2. 3% 1BNCE iot_eth_config_t W) stack_input [B1EpREL, A BRI, 28 R EJE R 2L
3. AREU 4G B MAC Huhik: 358 iot_eth_get_addr $EEL 4G il i) MAC Hidik.

LR Mg 0

* FF USB #£ 01# RNDIS USB RNDIS : ALIE =)
» LT USB #2111 PPP USB PPP
o BT USB #11#) ECM USB ECM EALIK )

API %

Header File

e components/iot_eth/include/iot_eth.h

Functions
esp_err_t iot_eth_install (iot_eth_config_t *config, iot_eth_handle_t *handle)

esp_err_t iot_eth_uninstall (iof_eth_handle_t handle)

esp_err_t iot_eth_start (iof_eth_handle_t handle)

esp_err_t iot_eth_stop (iot_eth_handle_t handle)

esp_err_t iot_eth_transmit (iof_eth_handle_t handle, void *data, size_t len)
esp_err_t iot_eth_get_addr (iot_eth_handle_t handle, uint8_t *mac)

esp_err_t iot_eth_update_input_path (iot_eth_handle_t handle, static_input_cb_t stack_input, void
*user_data)

Structures

struct iot_eth_config_ t
Ethernet configuration structure.

This structure holds the configuration for initializing an Ethernet instance.

Espressif Systems 458 Release master
Submit Document Feedback



https://github.com/espressif/esp-iot-solution/blob/030a332d4/components/iot_eth/include/iot_eth.h
https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release master%20for 

Chapter 19. ff R

Public Members

iot_eth_driver_t *driver

Pointer to the Ethernet driver

static_input_cb_t stack_input

Function pointer for stack input

void *user_data

User data for callbacks

Type Definitions

typedef void *iot_eth_handle_t
iot_eth event base declaration
Ethernet handle type

This is a handle to an Ethernet instance, used for managing Ethernet operations.

typedef esp_err_t (*static_input_cb_t)(iot_eth_handle_t handle, uint8_t *data, size_t len, void *user_data)

Static input callback function type.

This type defines a function pointer for a static input callback. It takes an Ethernet handle, a pointer to data,

the length of the data, and a user data pointer as arguments.

Enumerations

enum iot_eth_event_t

iot_eth event declarations

Values:

enumerator IOT_ETH_EVENT_START
IOT_ETH driver start

enumerator IOT_ETH_EVENT_STOP
IOT_ETH driver stop

enumerator IOT_ETH_EVENT_CONNECTED
IOT_ETH got a valid link

enumerator IOT_ETH_EVENT_ DISCONNECTED
IOT_ETH lost a valid link
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(4

g vt

20.1 GPIO §" )i

WE& ESP32 Z At i I Uk gk — 22 9 Jie E%rﬁ?%#ﬁﬁfﬂi% CIETEROR TS, AL — LX)
GPIO B A K EOR NI 5. I35 22 A AT ESP32-S2 457 i il 5 23k 43 4~ GPIO, [ K KZ¢f# GPIO
R KA U, AR IRTEY A e 75K, i n] il ESP32 (7‘1][1 GPIO i‘f)%u Frfgde, BIIAEHET
12C $ D) GPIO 4 Jéfsib MCP23017, 4 PMRIHRATSM™ 16 4~ GPIO [, [F]If ] HE 2 1k 8 19 #
bk, R #isNRE 128 4~ GPIO 1.

20.1.1 EaERCH#%

B IhsE FERRINEE Mg | .zh
MCP23017 | 16-bit I/O expander | I2C | Microchip | #iA&5 | mcp23017

20.2 ADC ylmft iR

w47 ADC ¥R E e i 2 00GE T ESP32-S2 5 ESP32-S3 ifh

ESP32-S2/S3 ADC fEERIA S AR vl DA SN T L%, SEIRR 19 ADC e Lt HpL A <5 2
BE. (HJRAST NTC 281y 375, WIRERZ Al EE (0~3300mV) 4. ESP32-S2/S3 W] i it # 77
fianif#E ADC W B, FRAS G e R DKRARZMEAME T ik, FRATHT PASE BN ESP32-S2/83 AR
J&.

S RAR Y R R -

L ERA I, IS — R A

2. 240 B /INT S B, LR O AR A N R

3. MR EAERT #oE ek, BIMRERE, 7 kilE, RSB ETE, migiE
EAE A 2 R

4. WIESERL, VR
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https://ww1.microchip.com/downloads/en/devicedoc/20001952c.pdf
https://github.com/espressif/esp-iot-solution/tree/030a332d4/components/expander/io_expander/mcp23017
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P, K ADC it JIIRI AT AETEI 1~2 IRSEBR LR . XTI MR 13 5, %07 =51 AR IE
BATPAZIEANTT

4Tk WFF ESP32-S2 i, &2 " &K 2600 mV; X ESP32-S3 i 5, & & ., & & 2900 mV.,

20.2.1 Patch {§iJl] Jj ik

¥ MEENT AT ESP-IDF v4. 4.8 5 v5.3. 1 JF &k, MIFEAEH AN ESP-IDF A LM% %, i
FANT NZ A 1718k ESP-IDF.

W

T ESP-IDF v4 . 4.8 [1] Patch {Ji ] Jj 7k

» ESP32-S2 ADC ¥ J@#MT T 2(: esp32s2_adc_range_to_3300.patch
e ESP32-S3 ADC " [@#M T F#i: esp32s3_adc_range_to_3300.patch

A ESP32-S3 Sy, 34 MRANR I SO acAh T

1. #fiik ESP-IDF £.4: checkout %] v4.4.8

2. ffif$54 git am —-signoff < esp32s3_adc_range_to_3300.patch ¥ Patch [/ ] | IDF
H

3. WU, IR esp_adc_cal_get_voltage AR, Wl HEH A% D3RI
JE EEL

&1 ESP-IDF v5. 3.1 [ Patch {ii Jf] J5 i

e ESP32-S2 ADC " J@#N T F#: esp32s2_adc_range_to_3300_v531.patch
» ESP32-S3 ADC ¥ [N T F#: esp32s3_adc_range_to_3300_v531.patch

PAESP32-S3 Sy, dif % AT Oy sk T

1. #fi\ ESP-IDF ££ 4 checkout %] v5.3.1

2. [fif#84 git am —--signoff < esp32s3_adc_range_to_3300_v531.patch J Patch [/
F#| IDF

3. IHHE, ZHFEM adc_oneshot_get_calibrated_result #OAR, 0] HEEEHZ
R 88 J5 524K

20.2.2 API fii it

TR AR ESP-IDF, 3REU ADC 825 8 f5 i v (7 8 AR TR -
e ESP-IDFv4.4.8
L AR R Y R R, AP U esp_adc_cal_get_voltage HIEIKI
ADC1 BY, ADC2 HJiHEiE &
2. ESP-IDF v4.4.8 ADC H'E API A2, Sl 45 R A BN G5 R — 2L
e ESP-IDFv5.3.1
Lgn R4 2 o it & 2 %y B B K M H /P % 4 H
adc_oneshot_get_calibrated_result HIZEHEL ADC1 8 ADC2 B E
2. ESP-IDF v5.3.1 ADC H% API AN25500, B 45 5 Fl BRI 25 58— 3L

#TERNIT R ADC 29 J&, FHBUAMA float BMETIMITRAE, #HETFE XM ADC ¥ 5 it
KRS BT, SN
e X} F ESP-IDF v4.4.8: % {#i I menuconfig fF Component config - Driver
configurations - ADC configuration - ADC User Code Offset HfFEIL.
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e %+ ESP-IDF v5.3.1:
Calibration - ADC User Code Offset {7k,

20.2.3 ADC R SO

ESP32-S2 ADC # b s S vt bk

- Reference Voltage
- ESP32 Sz ~ Pre-Extension
3500 - After Extension
&
3000
2500 |
= 2000
E
o
= 1500
=
=
1000
500
0
A0 Sy 1M 200 S500 Ll S5
Time/ms
-500 T T T T T T T T T T T '
0 1000 2000 3000 4000 5000 6000 7000
Time/ms
ESP32-S3 ADC R iR M L
ESP32 S3 Reference Voltage

— Pre-Extension

1500 ] —— After Extension
5001330

3000 4

2500

H

1500

Values/mV

1000

500

900 Hann LAl 6200 6300 40

Time'ms

I 1 I I I I I
0 1000 2000 3000 4000 5000 6000 7000

Time/ms

i% i | menuconfig fF Component config - ADC and

ADC
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20.3 A

WG SN2 — O T o BE A0, ddiedid FES5 0 F IR h%, &
AT DABE S AR oA R U R B A SR AR R 5 R A Dl

Ui Ry Rl L P& SR alll AR SN bPu s S e

o JPIB T ARG S A B A R
o kb AL FEfF 520 T A s ke

AT AERSF R, AL SR RS, A3 GPIO Al MCPWM i3k

AT PAR TS B B IR, IR A A A AU S 5 IR B S 8. 4R it TR
P R

AR AR TSGR [l SR AR, 5 P £ 5 AT SR AR BRI 5K

20.3.1 SRR
BEATAG I FAF Il 2 2 PF TR R R -

=H % &

SIGNAL_RISING_EDGE T

SIGNAL_FALLING_EDGE TEAT

SIGNAL_VALID WFRAE A G R B T U
SIGNAL_INVALID WA JC ARG BB PR BOR T L
SIGNAL_LOST TE 100ms WA %A AU FREAY
SIGNAL_FREQ_OUT_OF_RANGE | 18 45 % AE 15 B A 5 %30 Bl 2 41

R AR ECT AN BEA TaskDelay 45 PHZE 1 # 4T

20.3.2  [ACE L

e USE_GPTIMER : ¢t 5E 274§ GPTimer Xz 2N (6 ] ESPTimer

20.3.3 BB
Bt BRI

void IRAM_ATTR zero_detection_event_cb (zero_detect_event_t zero_detect_event, zero_
—detect_cb_param_t *param, void *usr_data) //User's callback APT
{

switch (zero_detect_event) {

case :
ESP_LOGE (TAG, "SIGNAL_FREQ_OUT_OF_RANGE");
break;
case :
ESP_LOGE (TAG, "SIGNAL_VALID");
break;
case :
ESP_LOGE (TAG, "SIGNAL_LOST");
break;
default:

Q)
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(& b))
break;
}
}
// Create a zero detection and register call-back
zero_detect_config_t config = {
.capture_pin = 2,
.freqg_range_max_hz = 65,
.freq_range_min_hz = 45, //Hz
.valid_times = 6,
.invalid_times = 5,
.zero_signal_type = SQUARE_WAVE,
.zero_driver_type = MCPWM_TYPE,
bi
zero_detect_handle_t *g_zcds = zero_detect_create (&confiqg);
if (NULL == g_zcds) {
ESP_LOGE (TAG, "Zero Detection create failed");
}
zero_detect_register_cb(g_zcds, zero_detection_event_cb, NULL);
20.3.4 API Reference
Header File
e components/zero_detection/include/zero_detection.h
Functions
zero_detect_handle_t zero_detect_create (zero_detect_config_t *config)
Create a zero detect target.
%% config —A zero detect object to config
P
* zero_detect_handle_t A zero cross detection object
void zero_show_data (zero_detect_handle_t zcd_handle)
Show zero detect test data.
%% zcd_handle —A zero detect handle
void zero_detect_pause (zero_detect_handle_t zcd_handle)
Pause zero detect.
%% zcd_handle —A zero detect handle
void zero_detect_resume (zero_detect_handle_t zcd_handle)
Resume zero detect.
%4 zcd_handle —A zero detect handle
esp_err_t zero_detect_delete (zero_detect_handle_t zcd_handle)
Delete a zero detect device.
%%t zed_handle —A zero detect handle
$EA |
* ESP_OK Success
e ESP_FAIL Failure
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bool zero_detect_get_power_status (zero_detect_handle_t zcd_handle)

Get relay power status.

%% zcd_handle —A zero detect handle
Rl

 true Power on

* false Power off

bool zero_detect_singal_invaild_status (zero_detect_handle_t zcd_handle)

Get signal invalid status.

%% zcd_handle —A zero detect handle
B

* true Signal is invalid

* false Signal is valid

zero_signal_type_t zero_detect_get_signal_type (zero_detect_handle_t zcd_handle)
Get signal type.

%% zcd_handle —A zero detect handle
Bl
* SQUARE_WAVE Signal type is square
* PULSE_WAVE Signal type is pulse

esp_err_t zero_detect_register_cb (zero_detect_handle_t zcd_handle, zero_cross_cb_t cb, void
*usr_data)

Register zero cross detection callback.

S
e zcd_handle —A zero detect handle
* cb —A callback function
* usr_data —User data

B

ESP_OK Success
ESP_FAIL Failure

Unions

union zero_detect_cb_param_t

#include <zero_detection.h> Event callback parameters union.

Public Members

struct zero_detect_cb_param_t::signal_freq_event_data_t signal_freq event_data

Signal freq event data struct

struct zero_detect_cb_param_t::signal_valid_event_data_t signal_valid_event_data

Signal valid event data struct

struct zero_detect_cb_param_t::signal_invalid_event_data_t signal_invalid_event_data

Signal invalid event data struct

struct zero_detect_cb_param_t::signal_rising_edge_event_data_t signal_rising_edge_event_data

Signal rising edge event data struct
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struct zero_detect_cb_param_t::signal_falling_edge_event_data_t
signal_falling_edge_event_data

Signal falling edge event_data

struct signal_falling_edge_event_data_t

#include <zero_detection.h> Signal falling edge data return type.

Public Members

uintl6_t valid_count

Counting when the signal is valid

uintl6_t invalid_count

Counting when the signal is invalid

uint32_t full_cycle_us

Current signal cycle

struct signal_freq event_data_t

#include <zero_detection.h> Signal exceeds frequency range data return type.

Public Members

zero_signal_edge_t cap_edge

Trigger edge of zero cross signal

uint32_t full_cycle_us

Current signal cycle

struct signal_invalid_event_data_t

#include <zero_detection.h> Signal invalid data return type.

Public Members

zero_signal_edge_t cap_edge

Trigger edge of zero cross signal

uint32_t full_cycle_us

Current signal cycle

uintl6_t invalid_count

Counting when the signal is invalid

struct signal_rising_edge_event_data_t

#include <zero_detection.h> Signal rising edge data return type.
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Public Members

uint1l6_t valid_count

Counting when the signal is valid

uintl6_t invalid_count

Counting when the signal is invalid

uint32_t full_cycle_us

Current signal cycle

struct signal_valid_event_data_t

#include <zero_detection.h> Signal valid data return type.

Public Members

zero_signal_edge_t cap_edge

Trigger edge of zero cross signal

uint32_t full_cycle_us

Current signal cycle

uintl6_t valid_count

Counting when the signal is valid

Structures

struct zero_detect_config_t

User config data type.

Public Members

int32_t capture_pin

GPIO number for zero cross detect capture

uintl6_t valid_times

Minimum required number of times for detecting signal validity

uintl6_t invalid_times

Minimum required number of times for detecting signal invalidity

uint64_t signal_lost_time_us

Minimum required duration for detecting signal loss

zero_signal_type_t zero_signal_type

Zero Crossing Signal type
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zero_driver_type_t zero_driver_type

Zero crossing driver type

double freq_range_max_hz

Maximum value of the frequency range when determining a valid signal

double freq_range_min_hz

Minimum value of the frequency range when determining a valid signal

Macros

ZERO_DETECTION_INIT CONFIG_DEFAULT ()

Type Definitions

typedef void (*zero_cross_cb_t)(zero_detect_event_t zero_detect_event, zero_detect_cb_param_t *param,
void *usr_data)

Callback format.

typedef void *zero_detect_handle_t

Enumerations

enum zero_detect_event_t

Zero detection events.

Values:

enumerator SIGNAL_FREQ_OUT_OF _RANGE

enumerator SIGNAL_VALID

enumerator SIGNAL__INVALID

enumerator SIGNAL_LOST

enumerator SIGNAL_RISING_EDGE

enumerator SIGNAL_FALLING_EDGE

enum zero_signal_type_t
Zero detection wave type.

Values:

enumerator SQUARE_WAVE
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enumerator PULSE_WAVE

enum zero_signal_edge_t
Zero detection signal edge type.

Values:

enumerator CAP_EDGE_POS
enumerator CAP_EDGE_NEG

enum zero_driver_type_t

Zero detection driver type.

Values:

enumerator GPIO_TYPE
Use GPIO as driver

20.4 ADC WihiBsdgE iR

HYE: 2H] ADC W SR HE Dy 2 00E I T ESP32 &5 ESP32-S2 3t

ESP32 i) WA R Hl 2% W B T ADC £, R P BBt —20 8 ADC I 25 ) — 2k, v]
PAXF eFuse H A HE 28 5 B8R T SRS HE I ¥

[AE, 0FF ESP32-S2 0 i, [ BOAM AR PR (536 —) o AR, XA I AR AR
ADC s, B EA TRaE . SR A BT O [ S B e A TRHE . T DAKE eFuse HERGHE DT
EHEUCHPIRAEHET I (TR

THEERERRE, FARMR AR T P espefuse T H kMG eFuse HFIRET %, I AR
FOfERE . XA R TR BARSME, — HBESR TR RA R, o TeA R B Y. X2 T eFuse
B@i&fﬁf’zﬁﬂiﬂﬁﬁﬁ , —HEAMTGRE Y. Ht, RS SRRy, SRR AR e, DA A
R K o

it FR B eFuse KB XU:, adce_tp_calibration PHRMEL T —Fh sLvFH FHER R IEAT I
HER T, HAg AR

o SCHRHEN ZHARMES L, Ml TR AL E] NVS, SD REEFEE N5
© SHF ES;SZ PR 5, ESP32-S2 (W iRE T & (O536 ), HA I ELA ESP-IDF ff)
LRFIES

20.4.1 ESP32 ik i ng

ESP32 P mi M E 5 2470331 17] ADC1 jiiiE 5 ADC2 iliE iz &) 150 mV 5 850 mV HLE, ] ADC 3k
BOs s He 1 3RBCY AT R M AYFEE ADC SR G R :

Input Voltage | ADC1 (ATTENO) | ADC2 (ATTENO)
150 mV Al A2
850 mV Bl B2
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i KB 150 mV 5 850 mV R ADC JR A%, S22 E ADC YKEh 13§ ADC_ATTEN_DB_0

ESP32 ADC W si et AR |

coeffa * T+ Coeffaround

B Coeffscale + CO@ffb
. (850—150)*attengcqie|atten]+(B—A)/2

o coeffy: ( ) BflA[ 1+( )/

e coeffy: 850 — (850_150§€Z(B_A)/2 + attenyyrsecatten)

e coef fscale: 65536

* Coeffaround: CO€f£scale
ADC1 ATTENO | ATTEN 2 5 | ATTEN_6 | ATTEN_12
atteNgeqle 65504 86975 120389 224310
attengsfser | O 1 27 54
ADC2 ATTENO | ATTEN 2 5 | ATTEN_6 | ATTEN_12
attengeqle 65467 86861 120416 224708
attengsfser | O 9 26 66

20.4.2 ESP32-S2 Widikede (Jizk—) Jsim

ESP32-S2 Wi S ieife (7)) 234y 5 ADCI 5B 5 ADC2 iliE i £ 1 600 mV, 800 mV. 1000
mV 5 2000 mV B, i} ADC SRR GEECERE D R BT R AUE ADC JRia%E, DA ADCI R

ik

Input Voltage | ATTEN ADC1 Raw Value
600 mV ATTEN_0 High[ATTEN_0]
800 mV ATTEN_2_5 | High[ATTEN_2_5]
1000 mV ATTEN_6 High[ATTEN_6]
2000 mV ATTEN_12 High[ATTEN_12]

Fik: ESP32-S2 Wi iRiE (J73A ) HOMIHE USRI 200 BRIV A 8 085 0 1 HLUIR T AR BURE 9 ADC
JEAGERE , AR ORI HE R HERf 1 . Horp High 778 ) R8-S5 40 E U N /9 ADC st kot

ESP32-S2 ADC Wi i (k) itE A Hh:

_ X * Coeffa/(coeffascaling/Coeffbscaling) + CO@ffb

coef fp: 0
Coeffascaling : 65536

coeffbscaling : 1024

Coeffbscaling

coeffoi coef fascaling * Unign|atten]/Highlatten]

ATTENO

ATTEN_2_5

ATTEN_6

ATTEN_12

Uhigh

600

800

1000

2000

204.3 API %%
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~

Header File

e components/utilities/adc_tp_calibration/include/adc_tp_calibration.h

Functions

adc_tp_cali_handle_t adc_tp_cali_create (adc_tp_cali_config_t *config, adc_atten_t atten)
Create ADC calibration handle.
S
* config —Pointer to ADC calibration configuration
¢ atten —ADC attenuation level
&1 adc_tp_cali_handle_t Handle of ADC calibration, NULL if failed
esp_err_t ade_tp_cali_delete (adc_tp_cali_handle_t *adc_tp_cali_handle)
Delete ADC calibration handle.

%% adc_tp_cali_handle —Pointer to ADC calibration handle

]| esp_err_t
* ESP_OK: Always returns ESP_OK

esp_err_t ade_tp_cali_raw_to_voltage (adc_tp_cali_handle_t adc_tp_cali_handle, int raw_value, int
*voltage)
Convert ADC raw value to voltage in millivolts.

ZH
e adc_tp_cali_handle —ADC calibration handle
e raw_value —ADC raw value to convert
* voltage —Pointer to store the converted voltage in millivolts

R esp_err_t
e ESP_OK: Success
* ESP_ERR_INVALID_ARG: Invalid argument

Structures
struct ade_tp_cali_config_t

ADC calibration configuration structure.

This structure contains the raw ADC values measured at specific voltage points for calibration. The values are
different for ESP32 and ESP32-S2.

Public Members

adc_unit_t ade_unit
ADC unit (ADC1 or ADC2)

Type Definitions

typedef void *adc_tp_cali_handle_t
ADC calibration handle
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Contributions Guide

We welcome contributions to the esp-iot-solution project!

21.1 How to Contribute

Contributions to esp-iot-solution - fixing bugs, adding features, adding documentation - are welcome. We accept
contributions via GitHub Pull Requests.

21.2 Before Contributing

Before sending us a Pull Request, please consider this list of points:

* Is the contribution entirely your own work, or already licensed under an Apache License 2.0 compatible Open
Source License? If not then we unfortunately cannot accept it.

* Does any new code conform to the esp-idf : Style Guide ?

* Have you installed the pre-commit hook for the esp-iot-solution project?

* Does the code documentation follow requirements in Documenting-code ?

* Is the code adequately commented for people to understand how it is structured?

¢ Are comments and documentation written in clear English, with no spelling or grammar errors?

« If the contribution contains multiple commits, are they grouped together into logical changes (one major change
per pull request)? Are any commits with names like “fixed typo” squashed into previous commits?

e If you’ re unsure about any of these points, please open the Pull Request anyhow and then ask us for feedback.

21.3 Pull Request Process

After you open the Pull Request, there will probably be some discussion in the comments field of the request itself.

Once the Pull Request is ready to merge, it will first be merged into our internal git system for in-house automated
testing.

If this process passes, it will be merged onto the public github repository.

21.4 Legal Part

Before a contribution can be accepted, you will need to sign our contributor-agreement. You will be prompted for
this automatically as part of the Pull Request process.
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21.5 Related Documents

21.5.1 esp-iot-solution Zih% LG
SR

s T, ST
G, T YE
FEOHERE, BT R
4k ESP-IDF LA L
SRS =T U A AL

HoR&

e components: A& FIEHRIIEE D, KETUWRIAAELRH %, WS 1 README fiiZiiAFIR
515

e docs: rst A& SR, BIGESAHEIME e, APL UL

o examples: A 3RS LR WY AT RE 425

o tools: CI 4., JERX T H.,

St

o REH— e MY —DEAE b 30

o BAHMFEZ A h, TR iy RS A ARG

o SKICHE R R ROMR B, AR BB

o RUEEATESK SO SUT P i As

o SKOCPRI% IEREALTE , T R A 1 B T 7e 0 R

o ININERE SGRERESL G, 50 A8 ORGSR SCPF 2R R 27 :

#ifndef _IOT _I2C_BUS_H_
#define _IOT _I2C_BUS_H_

#endif

o MBIV extern “C” &HG, CEE C/IC++ IR G 4AE:

#ifdef __cplusplus
extern "C"

{
#endif

//c code
#ifdef __ _cplusplus

3
#endif

R

« 4735 VSCODE 4 {4 Doxygen Documentation Generator 1] H 4 il FEHELE ;
o VR G H BRI 4 S
o PRARE IR AL VRS B AR R BE . PERES T, AR S A BRBGR IBME L .

I 3l 4 R -
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/**
* @brief

* @param port

* @param conf

* @return 1i2c_bus_handle_t

*/

i2c_bus_handle_t iot_i2c_bus_create(i2c_port_t port, i2c_config_t* conf);

#hFEAE B AN SHOT ) -

/**

* @brief Create an I2C bus instance then return a handle if created successfully.
* @note Each I2C bus works in a singleton mode, which means for an i2c port only.
—one group parameter works. When

* iot_iZ2c_bus_create is called more than one time for the same 1i2c port, following.
—parameter will override the previous one.

*

* @param[in] port I2C port number

* @param[in] conf Pointer to I2C parameters

* @return i2c_bus_handle_t Return the I2C bus handle if created successfully,.
—return NULL if failed.

*/

i2c_bus_handle_t iot_i2c_bus_create(i2c_port_t port, i2c_config_t* conf);

o HORCEWIERE (S =J7 (U5, PR B U IIE )

Va3
* SPDX-FileCopyrightText: 2022-2023 Espressif Systems (Shanghai) CO LTD

*

* SPDX-License-Identifier: Apache-2.0
*/

EEp 85 e

EZ ROl UMM EIRS e aa WSk &

VE PSSR T 214 B ST ) sR B 25 75 B R S statics

Wit HE#SERLE. BSEHRA SR, FFEEEEANE;
o REFE—AEE R PR SE )RR

o WARRBAFAEEARKBELENE, F E*%EP%EU?,

o [Al—ZH RN A H RS F“%T%EH—HU %;

PREA G — ] snake_case #&3, WH/INGFHE, HiEZEM _;
PR A8 (VAR S EA AR, R0 :

EE EA L EN & ECR B it
iot_type_xxx iot_sensor_Xxx; iot_board_xxx; | =52 iot ZH {4
iot_storage_ -
type_xxx imu_xxx; light_xxx; eeprom_xxx X —ZEAME %
name_xxx mpu6050_xxx; JIB)2 driver, I T AJRER BB =T, AWK
XXX_creat / A1) 7R R 5
xxx_delete
xxx_read / BAniAE
XXX_Write
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o WA R, RIS SRR, T get_ set_ S O AR REAE;
o AE A BR T 24 i SR AR EM\ T I RS A statiC>
o HSERAERERM o_ BiZ, FSREAEIHIR s_ Big;
o SRS RTINS, B R A S A V) A
. Eﬁ A U, AT ;
A EYIRE TN, AR AR A i
. ’ﬂ‘ﬂi%’é@’* =, XSRS, WEHRE N NULL;
o RS — ﬁiﬂ% snake_case ¥z, HEH/NGFHE, HiEZEmM _;
. ﬁﬁéﬁd‘é%ﬁ’ﬂﬁ% BN data RLGEE N dat;
o AR VR EM AR WEE, SE AR IRM A S R ES S

o AL ARG
Bt M3E NG
)Ry AL e8] X

BSeRA R | static FRH, g BiZ%, WRWIME | static uint32_t g_connect_num = 0;
B RS AS B | static FR1R, s_ BIZ%, WR#ME | static uint32_t s_connect_num= 0;
EATECE R | BN Lk
R E abbreviations-in-code addr,buf ,cfg, cmd, , ctrl,

- WHAEYIE

@5 | £ ®E | £ @5 | £ ERESS
addr | address id identifier len length ptr pointer
buf buffer info | information | obj object ret return
cfg config hdr header param | parameter | temp | temporary. temperature
cmd | command | init initialize pos position ts timestamp
P L

o N snake_case ¥ _t 5%

typedef int signed_32_bit_t;

o M i typedef J i DA 773U X

typedef enum {
MODULE_FOO_ONE,
MODULE_FOO_TWO,
MODULE_FOO_THREE
} module_foo_t;

B X AHERR AL

% 4K ESP-IDF JE

Lok AR 4 A2k, NG SR AT Ak, I e R O A BRI tab BRI i 4

2. WPLMIR AR BHCE 2T, ANEAE T IR S A R AL
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void functionl ()

{
do_one_thing();
do_another_thing();

// INCORRECT, don't place empty line here

}

// place empty line here

void function2 ()

{

// INCORRECT, don't use an empty line here

int var = 0;
while (var < SOME_CONSTANT) {
do_stuff (&var);

}

HEOR T E W S, RRATREEN 120 74T

3KCPRIEE  BIRAEARERIIEER I 7 S NN A 24

if (condition) { // correct
S/
3
switch (n) | // correct
case 0O:
S/
}
for(int i = 0; i < CONST; ++i) { // INCORRECT
/S

}

FE " IJCEAERF PSR A N BN 2%, —JCisFAFATR 2%, W DMETRIRIs FAT MRS AT 2 (8] A s 23

o

const int y

const int

=
Il

int y_cur = -y;
++y_cur;

const int y = y0+ (x-x0)* (y1-y0)/(x1-x0);

vyO + (x — x0)*(yl - y0)/(x1 - x0);

yO + (x - x0) * (y1 - y0) / (x1 - x0); // correct

// also okay

// correct

// INCORRECT

- R => BARAT R ] B A T EAL AT 25 A

A, FE—ATH BRI A B TR s ARSI A TR, AT DATR I ZS AR R 5 e B S A

gpio_matrix_in (PIN_CAM D6, I2S0I_DATA_IN14_1IDX,
PIN_CAM D7, I2S0I_DATA_IN15_IDX,
PIN_CAM_HREF, I2S0I_H_ ENABLE_IDX,
gpio_matrix_in (PIN_CAM_PCLK, I2SOI_DATA_IN15_IDX,

gpio_matrix_in
gpio_matrix_in

(
(
(
(

false);
false);
false);
false);

o (HRRWEHER, WRA NI T — 817, B DS H0E KPR EAF (540 PIN_CAM_VSYNC),
CRARTE S N E 5 AT, XA T o L. Wik, RED X Axsr, 5

e AN A A SRR e R T I B X 4

o RNEAERIRAFTBAT KRS, NEAEAT RS RS o

4. 55 BRBICE SRS BAZAE B AT
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// This 1s correct:
void function (int arg)

{
}

// NOT like this:
void function (int arg) {

}

TERRECH, KRS 5 5B R R A R — 1T

if (condition) {
do_one () ;

} else if (other_condition) {
do_two () ;

s

SRR // AT RATHRE . W24, AIDMERT B / /80« o+ 7 BuERE.
ARG ER R, (AN LT R AR R 0
o AEH— R IELE T fE

void init_something /()
{

setup_dma () ;

// load_resources(); // WHY is this thing commented, asks the.
—reader?

start_timer();

}

o WUERAFRAGEREAY, WP SE MR . QPRIRTEEE, AR ARBIAE git D 52 i A 4~ S0
UAR G A I AR SRR, HAT AR R IR e, WIAEAH R AT_EIS R

void init_something()
{
setup_dma () ;
// TODO: we should load resources here, but loader is not fully integrated yet.
// load_resources();
start_timer();

* #if 0 ... #endif JULRANIL. WERAEA, WM. T, FSmERE AR
2GR AR #1E 0 ... #endif SIERERAFAERR T RETR LAY AL EL

o NEUNIA FARE AN H IR BIRERE . B0 AT AREHRIE R git BEC TR 2RI T. BN,
BCAERAEA TSI A IE B RS OLR , AACASIR ALA L

void init_something()

{
setup_dma () ;
// XXX add 2016-09-01
init_dma_list ();
fill_dma_item(0);
// end XXX add
start_timer();

6. fRRSFTIME A commit Hh HAEFL S DA LF (Unix XUi%) 45RRISCHF.
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Windows f FR] DAY git it B A 7E AR Hh checkout 42 CRLF (Windows X% ) 45 FE, il E core.autocrlf {%
H K commit i PA LF 45 . Github A —A~ kT i% B MR SR . (22, BT MSYS2 i A Unix #2319
TR, HILTEgm’E ESP-IDF JESCRE, Gl H A 5 8 U i A e B0 LE (Unix #£X) 458

WERBAE Sy S P AN commit | LF g5, W] PAEEAE MSYS2 5 Unix L Hiz 7 bt 2 B A Tt
9 Unix (K5 H Rk IDF TAEH SR, HHUekA 2 A2 5 E checkout IEARY 7 37) :

git rebase --exec 'git diff-tree —--no-commit-id —--name-only -r HEAD | xargs.
—dos2unix && git commit -a ——amend —--no-edit —--allow-empty' master

R, XATAURDRAE master EHUFTENIEE, FHAERJS B> SCAFRAESS — >0 3L BT E . )
R RANMRERL, AT

’dosZunix FILENAME

VYR

git commit --amend

7. BRI AT AR astyle B2 7 ARAE_EIR BSOS #EATA% 01K .

R IEAEM TR S — X, S IR TR 2 TS, WM E RSB A SO IR IR
SR /N7y, A BEEEAS A A U AU o SORFAE B H b A AR 2 S B A

WEPEALSr, Eistr

tools/format.sh components/my_component/file.c

CMake 11 XUt

o it 4 TS

o RATE A 120 NFAF. 3BT, iR rT RSP Frr etk (BN, @adye sk i 4T b EEXT o
HFIBHOT ) o

ANEAE endforeach(). endif () 45 Ji5 1 1) W] 645 AR A] A 25

SHen2. BB 2244 8 /NS ( with_underscores ).

T R AR ek As &, (il /NS 541 ((with_underscores ).

X4 e AR 5, {fi KRS (WITH_UNDERSCORES ).

HoAth, NG cmake-lint T H 1) BRI K E
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£

A avi_player_config_t::audio_cb (C++
adc_tp_cali_config_t (C++ struct), 472 . member), 26§ .
adc_tp_cali_config t::adc_unit (C++ avi_player_config_t::audio_set_clock_cb

member), 472 (C++ member), 268
adc_tp_cali_create (C++ function), 472 avi_player_config_t::avi_play_end _cb
adc_tp_cali_delete (C++ function), 472 . (C++ membe'r), 268 .
adc_tp_cali_handle_t (C++ nype), 472 avi_player_config_t::buffer_size (C++
adc_tp_cali_raw_to_voltage (C++ function), member), 268

472 avi_player_config_t::coreID (C++ mem-
ALARM_COUNT_US (C macro), 411 ' ber), 268 o
ALIGNMENTDUTY (C macro), 412 avi_player_config_t::priority (C++
ALIGNMENTNMS (C macro), 412 . member), 268 .
audio_codec_adc_cfg_t (C++ struct), 264 avi_player config t::stack in psram
audio_codec_adc_cfg_t::adc_channel_list (C++ member), 268

(C++ member), 264 avi_player_config_t::stack_size (C++

audio_codec_adc_cfg_t::adc_channel_num member), 268
(C++ member), 264 avi_player_config_t::user_data (C++

audio_codec_adc_cfg_t::atten (C++ mem- member), 268
ber), 264 avi_player_config_t::video_cb (C++

audio_codec_adc_cfg_t::conv_frame_size member), 268

(C++ member), 264 avi_player_deinit (C++ function), 266

audio_codec_adc_cfg_t::handle (C++ avi_player_get_audio_buffer (C++ func-
member), 264 tion), 266

audio_codec_adc_cfg_t: :max_store buf_ sid&l_player_get_video_buffer (C++ func-
(C++ member), 264 tion), 266

audio_codec_adc_cfg t::sample_rate_hz &Vi_player handle t (C++ type), 269

(C++ member), 264 avi_player_init (C++ function), 266

audio_codec_adc_cfg_t::unit_id (C++ @&vi_player play from file (C++ function),

member), 264 . 265
audio_codec_new_adc_data (C++ function), avi_player_play_from_memory (C++ func-
264 tion), 265

audio_frame_format (C++ enum), 269 avi_player_play_stop (C++ function), 266
audio_frame_format::FORMAT_PCM  (C++ AVOID_CONTINUE_CURRENT_TIME (C macro),

enumerator), 269 413
audio_frame_info_t (C++ struct), 267 B
audio_frame_info_t::bits_per_sample

(C++ member), 267 BAS_CHR_BATTERY_INFO_FEATURE_BM_NONE
audio_frame_info_t::channel (C++ mem- (C macro), 54

ber), 267 BAS_CHR_BATTERY_INFO_FEATURE_BM_RECHARGE
audio_frame_info_t::format (C++ member), (C macro), 55

267 BAS_CHR_BATTERY_INFO_FEATURE_BM_ REPLACE
audio_frame_info_t::sample_rate (C++ (C macro), 55

member), 267 BAS_CHR_BATTERY_INFO_FEATURE_BM_RFU (C
audio_set_clock_cb (C++ type), 269 macro), 55
audio_write_cb (C++ type), 269 BAS_CHR_BATTERY_INFO_FLAGS_BM_AGGREGATION_GROUP
avi_play_end_cb (C++ type), 269 (C macro), 54

avi_player_config_t (C++ struct), 268
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#5]

BAS_CHR_BATTERY_INFO_FLAGS_BM_CHEMISTRYBAS_CHR_HEALTH_STATUS_FLAGS_BM_RFU (C

(C macro), 54 macro), 54
BAS_CHR_BATTERY_INFO_FLAGS_BM_ CRITICAL BAFRMR_LEVEL_STATUS_ASSITIONAL_STATUS_BATTERY_FA
(C macro), 54 (C macro), 53
BAS_CHR_BATTERY_INFO_FLAGS_BM DESIGNED EAPATHR YLEVEL_STATUS_ASSITIONAL_STATUS_BATTERY_FA
(C macro), 54 (C macro), 53
BAS_CHR_BATTERY_INFO_FLAGS_BM_EXPIRATIMAIDATHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_FA
(C macro), 54 (C macro), 53
BAS_CHR_BATTERY_INFO_FLAGS_BM_LOW_ENER@AS_CHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_RF
(C macro), 54 (C macro), 53
BAS_CHR_BATTERY_INFO_FLAGS_BM MANUFACTURAS DAIHE LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_TR
(C macro), 54 (C macro), 53
BAS_CHR_BATTERY_INFO_FLAGS_BM_NOMINAL_VEAJAHR_LEVEL_STATUS_ASSITIONAL_STATUS_SERVICE_UN
(C macro), 54 (C macro), 53
BAS_CHR_BATTERY_INFO_FLAGS_BM_NONE (C BAS_CHR_LEVEL_STATUS_FLAGS_BM_ADDITIONAL_STATUS
macro), 54 (C macro), 51
BAS_CHR_BATTERY_INFO_FLAGS_BM_RFU (C BAS_CHR_LEVEL_STATUS_FLAGS_BM_BATTERY_LEVEL
macro), 54 (C macro), 51
BAS_CHR_CRITICAL_STATUS_FLAGS_BM_CRITIMAS KR RLESIENTESTATUS_FLAGS_BM_IDENTIFY
(C macro), 53 (C macro), 51
BAS_CHR_CRITICAL_STATUS_FLAGS_BM_IMMEDBAE: (FFRVIKFEL_STATUS_FLAGS_BM_NONE (C
(C macro), 53 macro), 51
BAS_CHR_CRITICAL_STATUS_FLAGS_BM_NONE BAS_CHR_LEVEL_STATUS_FLAGS_BM_RFU C
(C macro), 53 macro), 51
BAS_CHR_ENERGY_STATUS_FLAGS_BM_ AVAILALBFABAIHERYEVENRATTATIS POWER_STATE_BATTERY_CHARGE_L
(C macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM _AVAILALEBAFNFRGYLEVEL_STATUS_POWER_STATE_BATTERY_CHARGE_L
(C macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM_AVAILALBFAFNFRGYLINAST SHRREGE POWER_STATE_BATTERY_CHARGE_L
(C macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM CHARGE_RBAF CHR_LEVEL_STATUS_POWER_STATE_BATTERY_CHARGE_L
(C macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM_ EXTERNAIBZSDHURH, THOMREIR STATUS_POWER_STATE_BATTERY_CHARGE_S
(C macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM_NONE (C BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_CHARGE_S
macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM_RFU (C BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_CHARGE_S
macro), 53 (C macro), 52
BAS_CHR_ENERGY_STATUS_FLAGS_BM_VOLTAGE BAS_CHR_LEVEL_STATUS_POWER_STATE_BATTERY_CHARGE_S
(C macro), 53 (C macro), 52
BAS_CHR_HEALTH_INFO_FLAGS_BM_CYCLE_COUNBAIDFKHKGNELVHILFFIAME POWER_STATE_BATTERY_NOT
(C macro), 54 (C macro), 51
BAS_CHR_HEALTH_INFO_FLAGS_BM_DESIGNED_ (FARATHRIGFVFRERANTIRE POWER_STATE_BATTERY_SET
(C macro), 54 (C macro), 52
BAS_CHR_HEALTH_INFO_FLAGS_BM_NONE (C BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_FAULT_BAT
macro), 54 (C macro), 53
BAS_CHR_HEALTH_INFO_FLAGS_BM_RFU (C BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_FAULT_EXT
macro), 54 (C macro), 53
BAS_CHR_HEALTH_STATUS_FLAGS_BM_ BATTERY BAERAITHR SIMMFEARYSTATUS_POWER_STATE_CHARGE_FAULT_NON
(C macro), 54 (C macro), 53
BAS_CHR_HEALTH_STATUS_FLAGS_BM_ CURRENT_BAMPERATIRFEL_STATUS_POWER_STATE_CHARGE_FAULT_OTH
(C macro), 54 (C macro), 53
BAS_CHR_HEALTH_STATUS_FLAGS_BM DEEP_DIXARARER ENFIL,_STATUS_POWER_STATE_CHARGE_TYPE_CURR
(C macro), 54 (C macro), 52
BAS_CHR_HEALTH_STATUS_FLAGS_BM_NONE (C BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_FLOA
macro), 54 (C macro), 52
BAS_CHR_HEALTH_STATUS_FLAGS_BM RCYCLE_®AMNICHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_RFU
(C macro), 54 (C macro), 52
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BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_T(CGX<&WRhitmerator), 410

(C macro), 52

bldc_control_get_dir (C++ function), 408

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE I¥®Ec dINKNSINNyet _duty (C++ function), 408

(C macro), 52

bldc_control_get_speed_rpm (C++ function),

BAS_CHR_LEVEL_STATUS_POWER_STATE_CHARGE_TYPE_¥O09.TAGE

(C macro), 52

bldc_control_handle_t (C++ type), 410

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_IFXIERNATL ROWER ISOUREE fie@iitve)C4aD

(C macro), 52

bldc_control_set_dir (C++ function), 408

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_IFIXIERNAIL BOWERe tS CURGE (CHOF ¢ona)T409

(C macro), 52

bldc_control_set_speed_rpm (C++ function),

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_EXTERNAO9 POWER_SOURCE_RFU

(C macro), 52

bldc_control_start (C++ function), 408

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRED_IFXIERNAIL BOWER: FOUREE fINKHHOWH0S

(C macro), 52

bldc_debug_config_t (C++ struct), 409

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELESIS]EXTHRNALC RORRR tSOLHREH1 o ONRCEDo N

(C macro), 52

(C++ member), 409

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELESISI@EXIERNALC HOFRR_tSOURCEISNTHE ONNHCHE +

(C macro), 52

member), 409

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELESDEXTERNATmaawLR1$OURCE_RFU

(C macro), 52

BLDC_MCPWM (C macro), 411

BAS_CHR_LEVEL_STATUS_POWER_STATE_WIRELHSIE EATERIEL BROWEALIS QWREAE0NNRNOWN

(C macro), 52

BLE_ANP_CAT_BM_EMAIL (C macro), 82

BAS_CHR_TIME_STATUS_FLAGS_BM_DISCHARGERIFIZANBYCAT_BM_MISSED_CALL (C macro), 82

(C macro), 53
BAS_CHR_TIME_STATUS_FLAGS_BM_NONE (o
macro), 53
BAS_CHR_TIME_STATUS_FLAGS_BM_RECHARGE
(C macro), 54
BAS_CHR_TIME_STATUS_FLAGS_BM_RFU (o
macro), 54
BASE_SPEED (C macro), 413
BASE_VOLTAGE (C macro), 413
bldc_control_config_t (C++ struct), 409
bldc_control_config_t::alignment_mode
(C++ member), 409
bldc_control_config_t::control_mode
(C++ member), 409
bldc_control_config_t::debug_config
(C++ member), 410

bldc_control_config_t::six_step_config

(C++ member), 409
bldc_control_config_t::speed_mode
(C++ member), 409

BLE_ANP_CAT_BM_NEWS (C macro), 82
BLE_ANP_CAT_BM_NONE (C macro), 81
BLE_ANP_CAT_BM_SCHEDULE (C macro), 82
BLE_ANP_CAT_BM_SIMPLE_ALERT (C macro), 82
BLE_ANP_CAT_BM_SMS (C macro), 82
BLE_ANP_CAT_BM_VOICE_MAIL (C macro), 82
BLE_ANP_CAT_ID_CALL (C macro), 82
BLE_ANP_CAT_ID_EMAIL (C macro), 82
BLE_ANP_CAT_ID_MISSED_CALL (C macro), 82
BLE_ANP_CAT_ID_NEWS (C macro), 82
BLE_ANP_CAT_ID_SCHEDULE (C macro), 82
BLE_ANP_CAT_ID_SIMPLE_ALERT (C macro), 82
BLE_ANP_CAT_ID_SMS (C macro), 82
BLE_ANP_CAT_ID_VOICE_MAIL (C macro), 82
BLE_ANP_CAT_NUM (C macro), 82
BLE_ANP_CHR_UUID16_ALERT_NOT_CTRL_PT
(C macro), 81
BLE_ANP_CHR_UUID16_NEW_ALERT (C macro),
81
BLE_ANP_CHR_UUID16_SUP_NEW_ALERT_CAT

bldc_control_config_t::zero_cross_comparer_colE imcro), 81

(C++ member), 410
bldc_control_deinit (C++ function), 408
bldc_control_event_t (C++ enum), 410

BLE_ANP_CHR_UUID16_SUP_UNR_ALERT_ CAT
(C macro), 81
BLE_ANP_CHR_UUID16_UNR_ALERT_STAT c

bldc_control_event_t::BLDC_CONTROL_ALIGNMENT macro), 81

(C++ enumerator), 410

BLE_ANP_CMD_DIS_NEW_ALERT_CAT (C macro),

bldc_control_event_t::BLDC_CONTROL_BLOCKED 82

(C++ enumerator), 410

BLE_ANP_CMD_DIS_UNR_ALERT_CAT (C macro),

bldc_control_event_t::BLDC_CONTROL_CLOSED_LOORB2

(C++ enumerator), 410

BLE_ANP_CMD_EN_NEW_ALERT_CAT (C macro),

bldc_control_event_ t::BLDC_CONTROL_DRAG 82

(C++ enumerator), 410

BLE_ANP_CMD_EN_UNR_ALERT_CAT (C macro),

bldc_control_event_t::BLDC_CONTROL_START 82

(C++ enumerator), 410

bldc_control_event_t::BLDC_CONTROL_STOP

BLE_ANP_CMD_NOT_NEW_ALERT_IMMEDIATE(C
macro), 82
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BLE_ANP_CMD_NOT_UNR_ALERT_IMMEDIATE (C
macro), 82
BLE_ANP_INFO_STR_MAX_ LEN (C macro), 83
BLE_ANP_NEW_ALERT_MAX_LEN (C macro), 83
BLE_ANP_UUID16 (C macro), 81
BLE_ANS_CAT_BM_CALL (C macro), 40
BLE_ANS_CAT_BM_EMAIL (C macro), 40
BLE_ANS_CAT_BM_MISSED_CALL (C macro), 40
BLE_ANS_CAT_BM_NEWS (C macro), 40
BLE_ANS_CAT_BM_NONE (C macro), 40
BLE_ANS_CAT_BM_SCHEDULE (C macro), 40
BLE_ANS_CAT_BM_SIMPLE_ALERT (C macro), 40
BLE_ANS_CAT_BM_SMS (C macro), 40
BLE_ANS_CAT_BM_VOICE_MAIL (C macro), 40
BLE_ANS_CAT_ID_CALL (C macro), 41
BLE_ANS_CAT_ID_EMAIL (C macro), 40
BLE_ANS_CAT_ID_MISSED_CALL (C macro), 41
BLE_ANS_CAT_ID_NEWS (C macro), 41
BLE_ANS_CAT_ID_SCHEDULE (C macro), 41
BLE_ANS_CAT_ID_SIMPLE_ALERT (C macro), 40
BLE_ANS_CAT_ID_SMS (C macro), 41
BLE_ANS_CAT_ID_VOICE_MAIL (C macro), 41
BLE_ANS_CAT_NUM (C macro), 41
BLE_ANS_CHR_UUID16_ALERT_NOT_CTRL_PT
(C macro), 40
BLE_ANS_CHR_UUID16_NEW_ALERT (C macro),
40
BLE_ANS_CHR_UUID16_SUP_NEW_ALERT_CAT
(C macro), 40
BLE_ANS_CHR_UUID16_SUP_UNR_ALERT_CAT
(C macro), 40

BLE_ANS_CHR_UUID16_UNR_ALERT_STAT c
macro), 40

BLE_ANS_CMD_DIS_NEW_ALERT_CAT (C macro),
41

BLE_ANS_CMD_DIS_UNR_ALERT_CAT (C macro),
41

BLE_ANS_CMD_EN_NEW_ALERT_CAT (C macro),
41

BLE_ANS_CMD_EN_UNR_ALERT_CAT (C macro),
41

BLE_ANS_CMD_NOT_NEW_ALERT_IMMEDIATE (C
macro), 41

BLE_ANS_CMD_NOT_UNR_ALERT_IMMEDIATE (C
macro), 41

BLE_ANS_INFO_STR_MAX_ LEN (C macro), 41
BLE_ANS_NEW_ALERT_MAX_LEN (C macro), 41
BLE_ANS_UUID16 (C macro), 40

BLE_BAS_CHR_UUID16_BATTERY_INFO (C
macro), 51

BLE_BAS_CHR_UUID16_CRITICAL_STATUS (C
macro), 51

BLE_BAS_CHR_UUID16_ENERGY_STATUS (C
macro), 51

BLE_BAS_CHR_UUID16_ESTIMATED_SERVICE_DMAIEE_CONN_GATT_CHR_WRITE_NO_RSP

(C macro), 51
BLE_BAS_CHR_UUID16_HEALTH_INFO
macro), 51

(e

BLE_BAS_CHR_UUID16_HEALTH_STATUS (C
macro), 51

BLE_BAS_CHR_UUID16_LEVEL (C macro), 51

BLE_BAS_CHR_UUID16_LEVEL_STATUS (e
macro), 51

BLE_BAS_CHR_UUID16_TIME_STATUS (C
macro), 51

BLE_BAS_UUID16 (C macro), 51
BLE_BCS_CHR_UUID16_FEATURE (C macro), 57

BLE_BCS_CHR_UUID16_MEASUREMENT c
macro), 57

BLE_BCS_FEAT_BASAL_METABOLISM (C macro),
57

BLE_BCS_FEAT_BODY_WATER_MASS (C macro),
57

BLE_BCS_FEAT_FAT_FREE_MASS (C macro), 57
BLE_BCS_FEAT_HEIGHT (C macro), 57
BLE_BCS_FEAT_HEIGHT_RESOLUTION
macro), 57
BLE_BCS_FEAT_IMPEDENCE (C macro), 57

(@

BLE_BCS_FEAT_MASS MEASUREMENT_RESOLUTION

(C macro), 57
BLE_BCS_FEAT_MULTI_USER (C macro), 57
BLE_BCS_FEAT_MUSCLE_MASS (C macro), 57
BLE_BCS_FEAT_MUSCLE_PERCENTAGE (C

macro), 57
BLE_BCS_FEAT_SOFT_LEAN_MASS (C macro), 57
BLE_BCS_FEAT_TIME_STAMP (C macro), 57
BLE_BCS_FEAT_WEIGHT (C macro), 57
BLE_BCS_FLAG_BASAL_METABOLISM (C macro),

58
BLE_BCS_FLAG_BODY_WATER_MASS (C macro),

58
BLE_BCS_FLAG_FAT_FREE_MASS (C macro), 58
BLE_BCS_FLAG_HEIGHT (C macro), 58
BLE_BCS_FLAG_IMPEDENCE (C macro), 58
BLE_BCS_FLAG_MEASUREMENT_UNITS (C

macro), 57
BLE_BCS_FLAG_MULTI_USER (C macro), 57
BLE_BCS_FLAG_MULTIPLE_PACKET (C macro),

58
BLE_BCS_FLAG_MUSCLE_MASS (C macro), 58
BLE_BCS_FLAG_MUSCLE_PERCENTAGE

macro), 58
BLE_BCS_FLAG_SOFT_LEAN_MASS (C macro), 58
BLE_BCS_FLAG_TIME_STAMP (C macro), 57
BLE_BCS_FLAG_WEIGHT (C macro), 58
BLE_BCS_MAX_VAL_LEN (C macro), 57
BLE_BCS_UUID16 (C macro), 57
BLE_CONN_GATT_CHR_BROADCAST (C macro), 35
BLE_CONN_GATT_CHR_INDICATE (C macro), 36
BLE_CONN_GATT_CHR_NOTIFY (C macro), 36
BLE_CONN_GATT_CHR_READ (C macro), 35
BLE_CONN_GATT_CHR_WRITE (C macro), 36

(«©

(C
macro), 35

BLE_CTS_CHANGE_OF_DST_MASK (C macro), 61

BLE_CTS_CHANGE_OF_TIME_ZONE_MASK (C
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macro), 61
BLE_CTS_CHR_UUID16_CURRENT_TIME C
macro), 61
BLE_CTS_CHR_UUID16_LOCAL_TIME «fmaav)
61
BLE_CTS_CHR_UUID16_REFERENCE_TIME (o
macro), 61

ble_hci_adv_filter_t::ADV_FILTER_ALLOW_SCAN_WLST_
(C++ enumerator), 96
ble_hci_adv_param_t (C++ struct), 92
ble_hci_adv_param_t::adv_filter_policy
(C++ member), 92
ble_hci_adv_param_t::adv_int_max (C++
member), 92

BLE_CTS_EXTERNAL_REFERENCE_TIME_UPDATE WRSKnci_adv_param_t::adv_int_min (C++

(C macro), 61
BLE_CTS_MANUAL_TIME_UPDATE_MASK c
macro), 61
BLE_CTS_UUID16 (C macro), 61
BLE_DIS_CHR_UUID16_FIRMWARE_REVISION
(C macro), 65
BLE_DIS_CHR_UUID16_HARDWARE_REVISION
(C macro), 65
BLE_DIS_CHR_UUID16_MANUFACTURER_NAME
(C macro), 65
BLE_DIS_CHR_UUID16_MODEL_NUMBER (o
macro), 65
BLE_DIS_CHR_UUID16_PNP_1ID (C macro), 65
BLE_DIS_CHR_UUID16_REG_CERT (C macro), 65
BLE_DIS_CHR_UUID16_SERIAL_NUMBER C
macro), 65
BLE_DIS_CHR_UUID16_SOFTWARE_REVISION
(C macro), 65
BLE_DIS_CHR_UUID16_SYSTEM_ID (C macro),
65
BLE_DIS_UUID16 (C macro), 65
ble_hci_add_to_accept_list (C++ function),
91
BLE_HCI_ADDR_LEN (C macro), 93
ble_hci_addr_t (C++ type), 93
ble_hci_addr_type_t (C++ enum), 94

member), 92
ble_hci_adv_param_t::adv_type (C++
member), 92
ble_hci_adv_param_t::channel_map (C++
member), 92
ble_hci_adv_param_t::own_addr_type
(C++ member), 92
ble_hci_adv_param_t: :peer_addr (C++
member), 92
ble_hci_adv_param_t: :peer_addr_type
(C++ member), 92
ble_hci_adv_type_t (C++ enum), 94
ble_hci_adv_type_t::ADV_TYPE_DIRECT_IND_HIGH
(C++ enumerator), 95
ble_hci_adv_type_t::ADV_TYPE_DIRECT_IND_LOW
(C++ enumerator), 95
ble_hci_adv_type_t::ADV_TYPE_IND (C++
enumerator), 95
ble_hci_adv_type_t::ADV_TYPE_NONCONN_IND
(C++ enumerator), 95
ble_hci_adv_type_t::ADV_TYPE_SCAN_IND
(C++ enumerator), 95
ble_hci_clear_accept_list (C++ function),
91
ble_hci_deinit (C++ function), 90
ble_hci_dev_type_t (C++ enum), 94

ble_hci_addr_type_t::BLE_ADDR_TYPE_PUBIHI:_hci_dev_type_t::BLE_HCI_DEVICE_TYPE_BLE

(C++ enumerator), 94

(C++ enumerator), 94

ble_hci_addr_type_t::BLE_ADDR_TYPE_RANIGEM:_hci_dev_type_t::BLE_HCI_DEVICE_TYPE_BREDR

(C++ enumerator), 94

(C++ enumerator), 94

ble_hci_addr_type_t::BLE_ADDR_TYPE_RPA PUBICI dev_type_t::BLE_HCI_DEVICE_TYPE_DUMO

(C++ enumerator), 94

(C++ enumerator), 94

ble_hci_addr_type_t::BLE_ADDR_TYPE_RPA _RPNOOM _enable_meta_event (C++ function),

(C++ enumerator), 94
ble_hci_adv_channel_t (C++ enum), 95
ble_hci_adv_channel_t::ADV_CHNIL_37

(C++ enumerator), 95
ble_hci_adv_channel_t::ADV_CHNL_38

(C++ enumerator), 95
ble_hci_adv_channel_ t::ADV_CHNI_39

(C++ enumerator), 95
ble_hci_adv_channel_t::ADV_CHNL_ALL

(C++ enumerator), 95
ble_hci_adv_filter_t (C++ enum), 95

90
ble_hci_init (C++ function), 90
ble_hci_reset (C++ function), 90
ble_hci_scan_cb_t (C++ type), 93
ble_hci_scan_param_t (C++ struct), 92
ble_hci_scan_param_t::filter_policy
(C++ member), 93
ble_hci_scan_param_t::own_addr_type
(C++ member), 93
ble_hci_scan_param_t::scan_interval
(C++ member), 93

ble_hci_adv_filter_t::ADV_FILTER_ALLOW_ISGAMIANYsCON gaiam_t : :scan_type (C++

(C++ enumerator), 95

member), 93

ble_hci_adv_filter_t::ADV_FILTER_ALLOW_ISIGANIANYs N pH1SM_t: :scan_window

(C++ enumerator), 95

(C++ member), 93

ble_hci_adv_filter_t::ADV_FILTER_ALLOW_ISCANI ML STc OONc NVt _t (C++ struct), 91

(C++ enumerator), 95

ble_hci_scan_result_t::adv_data_len
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ble_hci_scan_result_t::

ble_hci_scan_result_t::

ble_hci_scan_result_t::

ble_hci_scan_result_t::

ble_hci_scan_result_t::

ble_hci_scan_result_t::

(C++ member), 92
91

(C++ member), 92
member), 92
member), 91

ber), 92

(C++ member), 92

BLE_HRP_CHR_UUID16_HEART_RATE_CNTL_POINT

bda (C++ member), (C macro), 85
BLE_HRP_CHR_UUID16_MEASUREMENT (o
ble_addr_type macro), 85

BLE_HRP_CMD_MAX (C macro), 86

ble_adv (C++ BLE_HRP_CMD_RESET_ENERGY_EXPENDED (C

macro), 86

dev_type (C++ BLE_HRP_CMD_RFU (C macro), 85
BLE_HRP_FLAGS_BM_ENERGY (C macro), 85

rssi (C++ mem- BLE_HRP_FLAGS_BM_FORMAT (C macro), 85
BLE_HRP_FLAGS_BM_NONE (C macro), 85

scan_rsp_len BLE_HRP_FLAGS_BM_RFU (C macro), 85
BLE_HRP_FLAGS_BM_RR_INTERVAL (C macro),

ble_hci_scan_result_t::search_evt 85

(C++ member), 91

BLE_HRP_FLAGS_BM_SENSOR_CONTACT_DETECTED

ble_hci_scan_type_t (C++ enum), 95 (C macro), 85
ble_hci_scan_type_t::BLE_SCAN_TYPE_ACTIBIEE_HRP_FLAGS_BM_SENSOR_CONTACT_SUPPOTRED

(C++ enumerator), 95

(C macro), 85

ble_hci_scan_type_t::BLE_SCAN_TYPE_PASENE HRP_UUID16 (C macro), 85

(C++ enumerator), 95

BLE_HRS_CHR_BODY_SENSOR_LOC_CHEST (C

ble_hci_search_evt_t (C++ enum), 93 macro), 67
ble_hci_search_evt_t::BLE_HCI_SEARCH_DIBIF SIREMEHR IBODY_ SENSOR_LOC_FEAR_LOBE

(C++ enumerator), 94

(C macro), 67

ble_hci_search_evt_t::BLE_HCI_SEARCH_DIEE BIFS REER FBUDY_SENSOR_LOC_FINGER (C

(C++ enumerator), 94

macro), 67

ble_hci_search_evt_t::BLE_HCI_SEARCH_DIEE (VPI, GHR BODY_SENSOR_LOC_FOOT (e

(C++ enumerator), 94

macro), 68

ble_hci_search_evt_t::BLE_HCI_SEARCH_DIEE RIS FSHR_BODY_SENSOR_LOC_HAND (e

(C++ enumerator), 94 macro), 67
ble_hci_search_evt_t::BLE_HCI_SEARCH_INELEMPRS FOHR_BODY_SENSOR_LOC_MAX (e
(C++ enumerator), 93 macro), 68

ble_hci_search_evt_t::BLE_HCI_SEARCH_INELE) FRARTHRWBOIYISENSOR_LOC_OTHER (C

(C++ enumerator), 94 macro), 67
ble_hci_search_evt_t::BLE_HCI_SEARCH_INELIREERFVIHR_BODY_SENSOR_LOC_RFU C
(C++ enumerator), 93 macro), 68

ble_hci_search_evt_t::BLE_HCI_SEARCH_SHNRCHIRKANMHR EMPL FRNSOR_LOC_WRIST (C

(C++ enumerator), 94 macro), 67
ble_hci_set_adv_data(C++thGMHL90 BLE_HRS_CHR_MERSUREMENT_RR_INTERVAL_MAX_NUM
ble_hci_set_adv_enable (C++ function), 90 (C macro), 67
ble_hci_set_adv_param (C++ function), 90 BLE_HRS_CHR_UUID16_BODY_SENSOR_LOC (C
ble_hci_set_random_address (C++ function), macro), 67

91 BLE_HRS_CHR_UUID16_HEART_RATE_CNTL_POINT
ble_hci_set_register_scan_callback (C macro), 67

(C++jﬁndwnl9l BLE_HRS_CHR_UUID16_MEASUREMENT (&
ble_hci_set_scan_enable (C++ function), 90 macro), 67

ble_hci_set_scan_param (C++ function), 90 BLE_HRS_UUID16 (C macro), 67
BLE_HRP_CHR_MERSUREMENT_FLAGS_FORMAT_UIELE_HTP_CHR_TEMPERATURE_FLAGS_NOT c

(C macro), 85

macro), 88

BLE_HRP_CHR_MERSUREMENT_FLAGS_FORMAT_U&LE_HTP_CHR_TEMPERATURE_FLAGS_SET (C

(C macro), 85

macro), 88

BLE_HRP_CHR_MERSUREMENT_FLAGS_NOT (C BLE_HTP_CHR_TEMPERATURE_TYPE_ARMPIT (C

macro), 85

macro), 88

BLE_HRP_CHR_MERSUREMENT_FLAGS_SET (C BLE_HTP_CHR_TEMPERATURE_TYPE_BODY (C

macro), 85

macro), 88

BLE_HRP_CHR_MERSUREMENT_RR_INTERVAL_MAXBDREJMITP_CHR_TEMPERATURE_TYPE_EAR c

(C macro), 85

macro), 89

BLE_HRP_CHR_UUID16_BODY_SENSOR_LOC (C BLE_HTP_CHR_TEMPERATURE_TYPE_FINGER(C

macro), 85

macro), 89
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BLE_HTP_CHR_TEMPERATURE_TYPE_GAST_TRACIBLE_HTS_CHR_TEMPERATURE_TYPE_TYMPANUM

(C macro), 89
BLE_HTP_CHR_TEMPERATURE_TYPE_MAX (o
macro), 89
BLE_HTP_CHR_TEMPERATURE_TYPE_MOUTH (C
macro), 89
BLE_HTP_CHR_TEMPERATURE_TYPE_RECTUM (C
macro), 89
BLE_HTP_CHR_TEMPERATURE_TYPE_RFU (o
macro), 88
BLE_HTP_CHR_TEMPERATURE_TYPE_TOE c
macro), 89
BLE_HTP_CHR_TEMPERATURE_TYPE_TYMPANUM
(C macro), 89
BLE_HTP_CHR_TEMPERATURE_UNITS_CELSIUS
(C macro), 88

BLE_HTP_CHR_TEMPERATURE_UNITS_FAHRENHEIT

(C macro), 88

(C macro), 71
BLE_HTS_CHR_TEMPERATURE_UNITS_CELSIUS
(C macro), 71
BLE_HTS_CHR_TEMPERATURE_UNITS_FAHRENHEIT
(C macro), 71
BLE_HTS_CHR_UUID16_INTERMEDIATE_TEMPERATURE
(C macro), 70
BLE_HTS_CHR_UUID16_MEASUREMENT_INTERVAL
(C macro), 70
BLE_HTS_CHR_UUID16_TEMPERATURE_MEASUREMENT
(C macro), 70
BLE_HTS_CHR_UUID16_TEMPERATURE_TYPE (C
macro), 70
BLE_HTS_UUID16 (C macro), 70
BLE_TPS_CHR_UUID16_TX_ POWER_LEVEL c
macro), 72
BLE_TPS_UUID16 (C macro), 72

BLE_HTP_CHR_UUID16_INTERMEDIATE_TEMPERMALIREIDS_ATT_VAL_LEN (C macro), 75

(C macro), 88

BLE_HTP_CHR_UUID16_MEASUREMENT_INTERVAL

(C macro), 88

BLE_UDS_CHR_UUID16_DATABASH_CHG c
macro), 75
BLE_UDS_CHR_UUID16_REG_USER (C macro), 75

BLE_HTP_CHR_UUID16_TEMPERATURE_MEASUREMENT UDS_CHR_UUID16_USER_CTRL (C macro),

(C macro), 88
BLE_HTP_CHR_UUID16_TEMPERATURE_TYPE (C
macro), 88
BLE_HTP_FLAGS_BM_NONE (C macro), 88
BLE_HTP_FLAGS_BM_RFU (C macro), 88
BLE_HTP_FLAGS_BM_TEMPERATURE_TYPE (o
macro), 88
BLE_HTP_FLAGS_BM_TEMPERATURE_UNITS (C
macro), 88
BLE_HTP_FLAGS_BM_TIME_STAMP (C macro), 88
BLE_HTP_UUID16 (C macro), 88
BLE_HTS_CHR_TEMPERATURE_FLAGS_NOT (e

macro), 71
BLE_HTS_CHR_TEMPERATURE_FLAGS_SET c
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_ARMPIT (C
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_BODY (o
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_EAR (o
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_FINGER (C
macro), 71

BLE_HTS_CHR_TEMPERATURE_TYPE_GAST_TRACT

(C macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_MAX (o
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_MOUTH (C
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_RECTUM (C
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_RFU (o
macro), 71
BLE_HTS_CHR_TEMPERATURE_TYPE_TOE (o
macro), 71

75
BLE_UDS_CHR_UUID16_USER_INDEX (C macro),
75
BLE_UDS_USER_CTRL_CONSENT_OP (C macro),
75
BLE_UDS_USER_CTRL_DEL_DATA_OP (C macro),
75
BLE_UDS_USER_CTRL_DEL_USER_OP (C macro),
75
BLE_UDS_USER_CTRL_LIST_ALL_OP (C macro),
75
BLE_UDS_USER_CTRL_POINT_PARAM_LEN c
macro), 75
BLE_UDS_USER_CTRL_REG_NEW_OP (C macro),
75

BLE_UDS_USER_CTRL_RSP_OP (C macro), 75
BLE_UDS_UUID16 (C macro), 75
BLE_UUID128_VAL_LEN (C macro), 35
BLE_UUID_CMP (C macro), 36
BLE_UUID_TYPE (C macro), 36
BLE_WSS_BMI_FLAG (C macro), 79
BLE_WSS_BMI_MASK (C macro), 78
BLE_WSS_CHR_UUID16_WEIGHT_FEATURE (C
macro), 78
BLE_WSS_CHR_UUID16_WEIGHT_ MEASUREMENT
(C macro), 78
BLE_WSS_HEIGHT_RESOLUTION_OPO001_M (C

macro), 79
BLE_WSS_HEIGHT_RESOLUTION_OP005_M (C
macro), 79
BLE_WSS_HEIGHT_RESOLUTION_OPO01_M c
macro), 79
BLE_WSS_HEIGHT_RESOLUTION_NONE (e
macro), 78
BLE_WSS_HEIGHT_RESOLUTION_OFSET c
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macro), 78

BLE_WSS_MEASUREMENT_UINTS_FLAG

macro), 79

BLE_WSS_MULTI_USER_MASK (C macro), 78
BLE_WSS_TIME_STAMP_FLAG (C macro), 79
BLE_WSS_TIMESTAMP_MASK (C macro), 78
BLE_WSS_USER_ID_FLAG (C macro), 79
BLE_WSS_UUID16 (C macro), 78
BLE_WSS_WEIGHT_RESOLUTION_OPO005_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OPO1_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OPO2_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OPO5_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OP1_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OP2_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OP5_KG

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_NONE

macro), 78

BLE_WSS_WEIGHT_RESOLUTION_OFSET

macro), 78

BROADCAST_PARAM_LEN (C macro), 35
bus_handle_t (C++ type), 345
button_cb_t (C++ type), 308
button_event_args_t (C++ union), 307

button_event_args_t::
member), 307
button_event_args_t::
(C++ struct), 307
button_event_args_t::
(C++ member), 307
button_event_args_t::
(C++ member), 307
button_event_args_t::
(C++ struct), 307
button_event_args_t::

(C++ enumerator), 308
button_event_t::BUTTON_PRESS_END (C++

enumerator), 308
button_event_t::BUTTON_PRESS_REPEAT

(C++ enumerator), 308
button_event_t::BUTTON_PRESS_REPEAT_DONE

(C++ enumerator), 308
button_event_t::BUTTON_PRESS_UP

enumerator), 308
button_event_t::BUTTON_SINGLE_CLICK

(C++ enumerator), 308
button_param_t (C++ enum), 309
button_param_t: :BUTTON_LONG_PRESS_TIME_MS

(C++ enumerator), 309
button_param_t::BUTTON_PARAM_MAX (C++

enumerator), 309
button_param_t : :BUTTON_SHORT_PRESS_TIME_MS

(C++ enumerator), 309
button_power_save_cb_t (C++ type), 308
button_power_save_config_t (C++ struct),

308
button_power_save_config_t::enter_power_save_cb

(C++ member), 308
button_power_save_config_t::usr_data

(C++ member), 308

(e

(C++
(Cc

(e

(c

(«c
(«c
(e
(«c
(c

C

calibration_factor_t (C++ struct), 363
calibration_factor_t::ki (C++ member),

363

long_press (C++ calibration_factor_ t::kp (C++ member),
363

long_press_t calibration_factor_t::ku (C++ member),
363

long_press_t::press,itifestion parameter_t (C++ struct), 362
calibration_parameter_t::standard_current
(C++ member), 362
calibration_parameter_t::standard_power
(C++ member), 362
calibration_parameter_t::standard_voltage

multiple_clicks

multiple_clicks_t

multiple_clicks_t:

(C++ member), 307
button_event_t (C++ enum), 308
button_event_t::BUTTON_DOUBLE_CLI

(C++ enumerator), 308
button_event_t::BUTTON_EVENT_MAX

enumerator), 309

button_event_t: :BUTTON_LONG_PRESS_HOLD chip config t::divider resistor

(C++ enumerator), 308

CK

(C++

:click§C++ member), 362

CDC_HOST_ANY_PID (C macro), 236
CDC_HOST_ANY_VID (C macro), 236

CHARGE_TIME (C macro), 412

chip_config_t (C++ struct), 363
chip_config_t::cfl_gpio (C++ member), 363
chip_config_t::cf_gpio (C++ member), 363

member), 363

(C++

bUtton—event—t::BUTTON—LONG—PRESS—STARthip_config_t::factor(C++1nanh7L363
chip_config_t: :pin_mode (C++ member), 363

(C++ enumerator), 308

button_event_t::BUTTON_LONG_PRESS_UP chip_config_t::sampling_resistor (C++
(C++ enumerator), 308 member), 363
button_event_t::BUTTON_MULTIPLE_CLICK chip_config_t::sel_gpio (C++ member), 363
(C++ enumerator), 308 chip_config_t::type (C++ member), 363
button_event_t: :BUTTON_NONE_PRESS control_mode_t (C++ enum), 410
(C++ enumerator), 309 control_mode_t: :BLDC_FOC (C++ enumerator),
button_event_t::BUTTON_PRESS_DOWN 411
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control_mode_t: :BLDC_SIX_STEP (C++ enu-
merator), 410

D

dac_audio_config_t (C++ struct), 261
dac_audio_config_t::bits_per_sample
(C++ member), 261
dac_audio_config_t::dac_mode (C++ mem-
ber), 261
dac_audio_config_t::dma_buf_count
(C++ member), 261
dac_audio_config_t::dma_buf_len
member), 262
dac_audio_config_t:
ber), 261
dac_audio_config_t::max_data_size
(C++ member), 262
dac_audio_config_t::sample_rate
member), 261
dac_audio_deinit (C++ function), 260
dac_audio_init (C++ function), 260
dac_audio_set_param (C++ function), 260
dac_audio_set_volume (C++ function), 261
dac_audio_start (C++ function), 260
dac_audio_stop (C++ function), 260
dac_audio_write (C++ function), 261
DEFAULT_AUDIO_CODEC_ADC_MONO_CFG (s
macro), 264
DEFAULT_AUDIO_CODEC_ADC_STEREO_CFG (C
macro), 264
DEFAULT_TINYUF2_NVS_CONFIG (C macro), 253
DEFAULT_TINYUF2_OTA_CONFIG (C macro), 253
DUTY_MAX (C macro), 411
DUTY_RES (C macro), 411

E

ENTER_CLOSE_TIME (C macro), 413

esp_bcs_val_t (C++ struct), 55

esp_bcs_val_t::basal_metabolism
member), 56

esp_bcs_val_t: :bcs_flag (C++ member), 56

esp_bcs_val_t::body_water_mass (C++
member), 56

esp_bcs_val_t: :day (C++ member), 56

esp_bcs_val_t::fat_free_mass (C++ mem-
ber), 56

esp_bcs_val_t::height (C++ member), 57

esp_bcs_val_t: :hours (C++ member), 56

esp_bcs_val_t::impedance (C++ member), 56

esp_bcs_val_t::minutes (C++ member), 56

esp_bcs_val_t: :month (C++ member), 56

esp_bcs_val_t::muscle_mass (C++ member),
56

esp_bcs_val_t::muscle_percentage (C++
member), 56

esp_bcs_val_t: :seconds (C++ member), 56

(C++

:12s_num (C++ mem-

(C++

(C++

esp_bcs_val_t::timestamp (C++ member), 56
esp_bcs_val_t::user_id (C++ member), 56
esp_bcs_val_t::weight (C++ member), 56
esp_bcs_val_t::year (C++ member), 56
ESP_BLE_ADV_DATA_LEN_MAX (C macro), 93
esp_ble_anp_data_t (C++ struct), 81
esp_ble_anp_data_t: :cat_id (C++ member),

81
esp_ble_anp_data_t::cat_info (C++ mem-
ber), 81
esp_ble_anp_data_t::count (C++ member),
81

esp_ble_anp_data_t::new_alert_val
(C++ member), 81

esp_ble_anp_data_t::unr_alert_stat
(C++ member), 81

esp_ble_anp_data_t::[anonymous]
member), 81

esp_ble_anp_deinit (C++ function), 80

esp_ble_anp_get_new_alert (C++ function),
79

esp_ble_anp_get_unr_alert (C++ function),
80

esp_ble_anp_init (C++ function), 80

esp_ble_anp_option_t (C++ enum), 83

(C++

esp_ble_anp_option_t::BLE_ANP_OPT_DISABLE

(C++ enumerator), 83

esp_ble_anp_option_t::BLE_ANP_OPT_ENABRLE

(C++ enumerator), 83

esp_ble_anp_option_t::BLE_ANP_OPT_RECOVER

(C++ enumerator), 83

esp_ble_anp_set_new_alert (C++ function),
80

esp_ble_anp_set_unr_alert (C++ function),
80

esp_ble_ans_get_new_alert (C++ function),
39

esp_ble_ans_get_unread_alert (C++ func-
tion), 39

esp_ble_ans_init (C++ function), 40

esp_ble_ans_set_new_alert (C++ function),
39

esp_ble_ans_set_unread_alert (C++ func-
tion), 39

esp_ble_bas_battery_info_t (C++ struct), 49

esp_ble_bas_battery_info_t::aggregation_group

(C++ member), 50
esp_ble_bas_battery_info_t::chemistry
(C++ member), 50

esp_ble_bas_battery_info_t::critical_energy

(C++ member), 50

esp_ble_bas_battery_info_t::designed_capacity

(C++ member), 50

esp_ble_bas_battery_info_t::en_aggregation_group

(C++ member), 49

esp_ble_bas_battery_info_t::en_chemistry

(C++ member), 49

esp_bcs_val_t::soft_lean_mass (C++ . o
member), 56 esp_ble_bas_battery_info_t::en_critical_energy
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(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 50

exp

esp_ble_bas_battery_info_t::fea
(C++ member), 50

esp_ble_bas_battery_info_t::fla
(C++ member), 49

esp_ble_bas_battery_info_t::fla

(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 50
esp_ble_bas_battery_info_t::
(C++ member), 50
esp_ble_bas_battery_info_t::
(C++ member), 50

man

esp_ble_bas_battery_info_t::rec
(C++ member), 49
esp_ble_bas_battery_info_t::rep

(C++ member), 49
esp_ble_bas_battery_info_t::
(C++ member), 49
esp_ble_bas_critical_status_t
struct), 45
esp_ble_bas_critical_status_t::
(C++ member), 46
esp_ble_bas_critical_status_t::
(C++ member), 46
esp_ble_bas_critical_status_t::
(C++ member), 46
esp_ble_bas_critical_status_t::
(C++ member), 46
esp_ble_bas_data_t (C++ struct), 50
esp_ble_bas_data_t::battery_inf
member), 51
esp_ble_bas_data_t::
(C++ member), 50
esp_ble_bas_data_t::
(C++ member), 50
esp_ble_bas_data_t::
(C++ member), 50
esp_ble_bas_data_t::
(C++ member), 50

res

critical_st

energy_stat

en_
en_
en_
en_

en_

low_energy

nominalvoltage

battery_level

esp_ble_bas_data_t::time_status

designed_capacineyber), 51

(C++

esp_ble_bas_energy_status_t (C++ struct),

expiration_datd6
esp_ble_bas_energy_status_t::
low_energy (C++ member), 47
esp_ble_bas_energy_status_t::
manufacture_daf€++ member), 46
esp_ble_bas_energy_status_t::
nominalvoltage (C++ member), 47
esp_ble_bas_energy_status_t::
iration_date (C++ member), 47
esp_ble_bas_energy_status_t::

tures (C++ member), 46
esp_ble_bas_energy_status_t::

gs (C++ member), 46
esp_ble_bas_energy_status_t::

gs_reserved (C++ member), 46

esp_ble_bas_energy_status_t::
(C++ member), 46
esp_ble_bas_energy_status_t::
ufacture_date (C++ member), 46
esp_ble_bas_energy_status_t::
(C++ member), 46
esp_ble_bas_energy_status_t::

harge_able (C++ member), 46
esp_ble_bas_energy_status_t::
lace_able (C++ member), 46

esp_ble_bas_energy_status_t::
(C++ member), 46

esp_ble_bas_energy_status_t::
(C++ member), 46

erved

(C++

available_battery_ca
available_energy
available_energy_las
charge_rate
en_available_battery
en_available_energy
en_available_energy_
en_charge_rate
en_external_source_p
en_voltage
external_source_powe
flags

reserved

voltage

esp_ble_bas_get_battery_info (C++ func-

critical_power tioma#d

esp_ble_bas_get_battery_level (C++ func-

immediate_serviior), 42

esp_ble_bas_get_critical_status

reserved function), 42

(C++

esp_ble_bas_get_energy_status (C++ func-

status tion), 42

esp_ble_bas_get_estimated_date

function), 42
o (C++
tion), 43

tion), 43
atus
tion), 42
us
tion), 43

(C++

esp_ble_bas_get_health_info (C++ func-
esp_ble_bas_get_health_status (C++ func-
esp_ble_bas_get_level_status (C++ func-
esp_ble_bas_get_time_status (C++ func-

estimated_service_dste ble_bas_health_info_t (C++ struct), 48

esp_ble_bas_health_info_t::cycle_count_designed_1

en_cycle_count_designe

max_designed_operating

esp_ble_bas_data_t::health_info (C++ (C++ member), 48

member), 51 esp_ble_bas_health_info_t::
esp_ble_bas_data_t::health_status (C++ member), 48

(C++ member), 51 esp_ble_bas_health_info_t::flags (C++
esp_ble_bas_data_t::level_status (C++ member), 48

member), 50 esp_ble_bas_health_info_t::
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(C++ member), 49

(C++ member), 45

esp_ble_bas_health_info_t::min_designedspmdrlt ibbas tlempelrattiatus_t: :power_state

(C++ member), 48

(C++ member), 45

esp_ble_bas_health_info_t::min_max_desiegrdlbpdrad irsvakemteatatsirte: : power_state_reserved

esp_ble_bas_health_info_t::reserved

esp_ble_bas_health_status_t (C++ struct),

(C++ member), 48
(C++ member), 48

47

(C++ member), 45
esp_ble_bas_level_status_t::reserved

(C++ member), 45
esp_ble_bas_level_status_t::service_required

(C++ member), 45

esp_ble_bas_health_status_t::battery_ headdlblminmesylevel status_t::wired_external power_

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

esp_ble_bas_health_status_t::

(C++ member), 48
(C++ member), 48
(C++ member), 48
(C++ member), 48
(C++ member), 47
(C++ member), 48
(C++ member), 47
(C++ member), 48
(C++ member), 48

(C++ member), 48

esp_ble_bas_init (C++ function), 44

esp_ble_bas_level_status_t (C++ struct), 44

en_batterwededdid mwmsaty critical_status

en_cycle_acmmthble_bas_set_estimated_date

flags

(C++ member), 45

current_tesgedaltteideas_level_status_t::wireless_external_pow

(C++ member), 45

cycle_courgsp_ble_bas_set_battery_info (C++ func-

tion), 44

deep_discheameslmumes_set_battery_level (C++ func-

tion), 42
(C++
function), 42

en_currentedrenpberdiareset_energy_status (C++ func-

tion), 43
(C++
function), 42

en_deep_disghdriee ksoinget_health_info (C++ func-

tion), 43
esp_ble_bas_set_health_status (C++ func-
tion), 43

reserved esp_ble_bas_set_level_status (C++ func-

tion), 42
esp_ble_bas_set_time_status (C++ func-
tion), 43

esp_ble_bas_level_status_t::additional_esmthise_bas_time_status_t (C++ struct), 47

esp_ble_bas_level_status_t::battery

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

esp_ble_bas_level_status_t::

(C++ member), 45
(C++ member), 44
(C++ member), 45
(C++ member), 45
(C++ member), 45
(C++ member), 45
(C++ member), 45
(C++ member), 45
(C++ member), 44

(C++ member), 44

battery_fault

battery_level

esp_ble_bas_time_status_t::discharged
(C++ member), 47
esp_ble_bas_time_status_t::discharged_standby

battery_charge_le(€@++ member), 47

esp_ble_bas_time_status_t::en_discharged_standby

battery_charge_st&€«e+ member), 47

esp_ble_bas_time_status_t::en_recharged

battery_charge_ty€++ member), 47

esp_ble_bas_time_status_t::flags (C++
member), 47
esp_ble_bas_time_status_t::recharged
(C++ member), 47
esp_ble_bas_time_status_t::reserved

charging_fault_re&Ce#s member), 47

esp_ble_bcs_init (C++ function), 55

en_additioredp dtlbaidscs_set_measurement (C++ func-

tion), 55

en_battery_dswddle_conn_add_svc (C++ function), 29

esp_ble_conn_cb_t (C++ type), 36

en_identifiesp ble_conn_character_t (C++ struct), 30

(C++ member), 44 esp_ble_conn_character_t::flag (C++
esp_ble_bas_level_status_t::flags member), 30

(C++ member), 44 esp_ble_conn_character_t: :name (C++
esp_ble_bas_level_status_t::flags_reserved member), 30

(C++ member), 44 esp_ble_conn_character_t::type (C++
esp_ble_bas_level_status_t::identifier member), 30
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esp_ble_conn_character_t::uuid

member), 30

(C++

esp_ble_conn_character_t::uuid_fn

(C++ member), 30

esp_ble_conn_config_t (C++ struct), 31
esp_ble_conn_config_t::adv_uuidl6

(C++ member), 31

esp_ble_conn_config_t::broadcast_data

(C++ member), 31

esp_ble_conn_config_t::device_name

(C++ member), 31

esp_ble_conn_config_ t::

(C++ member), 31

esp_ble_conn_config_ t::

(C++ member), 31

esp_ble_conn_config_t::

(C++ member), 31

esp_ble_conn_config_t::

(C++ member), 31

esp_ble_conn_config t::

(C++ member), 31

esp_ble_conn_config_t::

(C++ member), 31

(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_REPORT

(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_SERVER_CON

(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_TIME_TRIGG

(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_UNKNOWN

(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_USER

(C++ enumerator), 37

extended_adv_datesp_ble_conn_desc_t::ESP_BLE_CONN_DESC_VALID_RANG

(C++ enumerator), 37

extended_adv_leresp_ble_conn_desc_t::ESP_BLE_CONN_DESC_VALUE_TRIG

(C++ enumerator), 38

extended_adv_rsepesfatale_conn_disconnect (C++ function), 28

esp_ble_conn_event_t (C++ enum), 36

extended_adv_rspderble_conn_event_t::ESP_BLE_CONN_EVENT_CONNECTE

(C++ enumerator), 36

include_service espdle_conn_event_t::ESP_BLE_CONN_EVENT_DATA_REC

(C++ enumerator), 37

periodic_adv_datasp_ble_conn_event_t::ESP_BLE_CONN_EVENT_DISC_COM

(C++ enumerator), 37

esp_ble_conn_config_t::periodic_adv_leresp_ble_conn_event_t::ESP_BLE_CONN_EVENT_DISCONNE

(C++ member), 31

esp_ble_conn_connect (C++ function), 28
esp_ble_conn_data_t (C++ struct), 31

esp_ble_conn_data_t::
32
esp_ble_conn_data_t::
member), 32
esp_ble_conn_data_t::
31
esp_ble_conn_data_t::
32
esp_ble_conn_data_t::
(C++ member), 31

data (C++ member),
data_len (C++
type (C++ member),

uuid (C++ member),

write_conn_id

esp_ble_conn_deinit (C++ function), 28
esp_ble_conn_desc_t (C++ enum), 37

esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_&dt BWIRMAIhn_periodic_report_t

(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_&siNTL & ONIHIG periodic_report_t::data
(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC «€OMEIFI e RIGeriodic_report_t::data_length
(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_é&diIdd, conn_periodic_report_t::data_status
(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_&iy ISENSC@IONFI&riodic_report_t::rssi
(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_&NV ISFNSc MHASERFI odic_report_t::sync_handle
(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_ &Ny HRIGEM ™ periodic_report_t::tx_power
(C++ enumerator), 38
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_é&{IENDEDconn_periodic_sync_lost_t
(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_&XIEFRORIonn_periodic_sync_lost_t::reason
(C++ enumerator), 37
esp_ble_conn_desc_t::ESP_BLE_CONN_DESC_ &Ry BIGRMAThn_periodic_sync_lost_t::sync_handle

(C++ enumerator), 37
esp_ble_conn_event_t::ESP_BLE_CONN_EVENT_PERIODIC
(C++ enumerator), 37
esp_ble_conn_event_t::ESP_BLE_CONN_EVENT_PERIODIC
(C++ enumerator), 37
esp_ble_conn_event_t::ESP_BLE_CONN_EVENT_PERIODIC
(C++ enumerator), 37
esp_ble_conn_event_t::ESP_BLE_CONN_EVENT_STARTED
(C++ enumerator), 36
esp_ble_conn_event_t::ESP_BLE_CONN_EVENT_STOPPED
(C++ enumerator), 36
esp_ble_conn_event_t::ESP_BLE_CONN_EVENT_UNKNOWN
(C++ enumerator), 36
esp_ble_conn_init (C++ function), 27
esp_ble_conn_notify (C++ function), 28
(C++
struct), 32

(C++ member), 33
(C++ member), 33
(C++ member), 33
(C++ member), 33
(C++ member), 32
(C++ member), 32
(C++ struct), 33

(C++ member), 33
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(C++ member), 33
esp_ble_conn_periodic_sync_t (C++ struct),
32

esp_ble_conn_periodic_sync_t::adv_addr

(C++ member), 32

esp_ble_cts_cur_time_t::month (C++
member), 59
esp_ble_cts_cur_time_t::seconds (C++

member), 60
esp_ble_cts_cur_time_t::timestamp

esp_ble_conn_periodic_sync_t::adv_clk_accuracyC++ member), 60

(C++ member), 32
esp_ble_conn_periodic_sync_t::adv_phy
(C++ member), 32

esp_ble_conn_periodic_sync_t::per_adv_ival

(C++ member), 32
esp_ble_conn_periodic_sync_t::sid
(C++ member), 32
esp_ble_conn_periodic_sync_t::status
(C++ member), 32

esp_ble_cts_cur_time_t::year (C++ mem-
ber), 59
esp_ble_cts_get_current_time (C++ func-
tion), 58
esp_ble_cts_get_local_time (C++ function),
59
esp_ble_cts_get_reference_time
function), 59
esp_ble_cts_init (C++ function), 59

(C++

esp_ble_conn_periodic_sync_t::sync_handsp_ble_cts_local_time_t (C++ struct), 60

(C++ member), 32
esp_ble_conn_read (C++ function), 29
esp_ble_conn_remove_svc (C++ function), 29
esp_ble_conn_set_mtu (C++ function), 28
esp_ble_conn_start (C++ function), 28
esp_ble_conn_stop (C++ function), 28
esp_ble_conn_subscribe (C++ function), 29
esp_ble_conn_svc_t (C++ struct), 30
esp_ble_conn_svc_t::nu_lookup

member), 30
esp_ble_conn_svc_t::nu_lookup_count

(C++ member), 30
esp_ble_conn_svc_t: :type (C++ member), 30
esp_ble_conn_svc_t: :uuid (C++ member), 30
esp_ble_conn_uuid_t (C++ union), 29
esp_ble_conn_uuid_t::uuid128 (C++ mem-

(C++

ber), 30
esp_ble_conn_uuid_t::uuidl6e (C++ mem-
ber), 29
esp_ble_conn_uuid_t::uuid32 (C++ mem-
ber), 30

esp_ble_conn_uuid_type_t (C++ enum), 38

esp_ble_cts_local_time_t::dst_offset
(C++ member), 60

esp_ble_cts_local_time_t::timezone
(C++ member), 60

esp_ble_cts_ref_time_t (C++ struct), 60

esp_ble_cts_ref_time_t::days_since_update

(C++ member), 60

esp_ble_cts_ref_time_t::hours_since_update

(C++ member), 61
esp_ble_cts_ref time_t::time_accuracy
(C++ member), 60
esp_ble_cts_ref_time_t::time_source
(C++ member), 60
esp_ble_cts_set_current_time (C++ func-
tion), 58
esp_ble_cts_set_local_time (C++ function),
59
esp_ble_cts_set_reference_time
function), 59
esp_ble_dis_data (C++ struct), 64
esp_ble_dis_data::firmware_revision
(C++ member), 64

(C++

esp_ble_conn_uuid_type_t::BLE_CONN_UUIRSKY B & 2Bis_data: thardware_revision

(C++ enumerator), 38

(C++ member), 64

esp_ble_conn_uuid_type_t::BLE_CONN_UUIRSYEN & dis_data: :manufacturer_name

(C++ enumerator), 38

esp_ble_conn_uuid_type_t::BLE_CONN_UUIDESKB¥lS82dis_data: :model_number

(C++ enumerator), 38
esp_ble_conn_write (C++ function), 29
esp_ble_cts_cur_time_t (C++ struct), 59
esp_ble_cts_cur_time_t::adjust_reason

(C++ member), 60
esp_ble_cts_cur_time_t::day (C++ mem-

ber), 60
esp_ble_cts_cur_time_t::day_of_week

(C++ member), 60
esp_ble_cts_cur_time_t::fractions_256

(C++ member), 60

(C++ member), 64

(C++
member), 64

esp_ble_dis_data: :pnp_id (C++ member), 64

esp_ble_dis_data::serial_number (C++
member), 64

esp_ble_dis_data::software_revision
(C++ member), 64

esp_ble_dis_data::system_id (C++ mem-
ber), 64

esp_ble_dis_data_t (C++ type), 65

esp_ble_dis_get_firmware_revision
(C++ function), 62

esp_ble_cts_cur_time_t::hours (C++ esp_ble_dis_get_hardware_revision
member), 60 (C++ function), 62

esp_ble_cts_cur_time_t::minutes (C++ esp_ble_dis_get_manufacturer_name
member), 60 (C++ function), 63
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esp_ble_dis_get_model_number (C++ func-
tion), 61
esp_ble_dis_get_pnp_id (C++ function), 63
esp_ble_dis_get_serial_number (C++ func-
tion), 62
esp_ble_dis_get_software_revision
(C++ function), 62
esp_ble_dis_get_system_id (C++ function),
63
esp_ble_dis_init (C++ function), 63
esp_ble_dis_pnp (C++ struct), 64
esp_ble_dis_pnp: :pid (C++ member), 64
esp_ble_dis_pnp: :src (C++ member), 64
esp_ble_dis_pnp: :ver (C++ member), 64
esp_ble_dis_pnp: :vid (C++ member), 64
esp_ble_dis_pnp_t (C++ type), 65
esp_ble_dis_set_firmware_revision
(C++ function), 62
esp_ble_dis_set_hardware_revision
(C++ function), 62
esp_ble_dis_set_manufacturer_name
(C++ function), 63
esp_ble_dis_set_model_number (C++ func-
tion), 61
esp_ble_dis_set_pnp_id (C++ function), 63
esp_ble_dis_set_serial_number (C++ func-
tion), 62
esp_ble_dis_set_software_revision
(C++ function), 62
esp_ble_dis_set_system_id (C++ function),
63
esp_ble_hrp_data_t (C++ struct), 84
esp_ble_hrp_data_t::detected (C++ mem-
ber), 84
esp_ble_hrp_data_t: :energy (C++ member),
84
esp_ble_hrp_data_t::energy_val
member), 85
esp_ble_hrp_data_t::flags (C++ member),
84
esp_ble_hrp_data_t::format (C++ member),
84
esp_ble_hrp_data_t::heartrate
member), 85
esp_ble_hrp_data_t::interval (C++ mem-
ber), 84
esp_ble_hrp_data_t::interval_buf (C++
member), 85
esp_ble_hrp_data_t::reserved (C++ mem-
ber), 84
esp_ble_hrp_data_t::supported
member), 84
esp_ble_hrp_data_t::ul6 (C++ member), 84
esp_ble_hrp_data_t: :u8 (C++ member), 84
esp_ble_hrp_deinit (C++ function), 84
esp_ble_hrp_get_ctrl (C++ function), 83
esp_ble_hrp_get_location (C++ function), 83
esp_ble_hrp_init (C++ function), 84

(C++

(C++

(C++

esp_ble_hrp_set_ctrl (C++ function), 83
esp_ble_hrs_get_hrm (C++ function), 66
esp_ble_hrs_get_location (C++ function), 66
esp_ble_hrs_hrm_t (C++ struct), 66
esp_ble_hrs_hrm_t::detected (C++ mem-
ber), 66
esp_ble_hrs_hrm_t::energy (C++ member),
66
esp_ble_hrs_hrm_t::energy_val
member), 67
esp_ble_hrs_hrm_t::flags (C++ member), 67
esp_ble_hrs_hrm_t::format (C++ member),

(C++

66
esp_ble_hrs_hrm_t::heartrate (C++ mem-
ber), 67
esp_ble_hrs_hrm_t::interval (C++ mem-
ber), 67
esp_ble_hrs_hrm_t::interval_buf (C++
member), 67
esp_ble_hrs_hrm_t::reserved (C++ mem-
ber), 67
esp_ble_hrs_hrm_t: :supported (C++ mem-
ber), 66

esp_ble_hrs_hrm_t::ul6 (C++ member), 67
esp_ble_hrs_hrm_t: :u8 (C++ member), 67
esp_ble_hrs_init (C++ function), 66
esp_ble_hrs_set_hrm (C++ function), 66
esp_ble_hrs_set_location (C++ function), 66
esp_ble_htp_data_t (C++ struct), 87
esp_ble_htp_data_t::celsius (C++ mem-
ber), 87
esp_ble_htp_data_t: :day (C++ member), 87
esp_ble_htp_data_t::fahrenheit (C++
member), 87
esp_ble_htp_data_t::flags (C++ member),

87

esp_ble_htp_data_t::hours (C++ member),
87

esp_ble_htp_data_t::location (C++ mem-
ber), 88

esp_ble_htp_data_t::minutes (C++ mem-
ber), 87

esp_ble_htp_data_t: :month (C++ member),
87

esp_ble_htp_data_t::reserved (C++ mem-
ber), 87

esp_ble_htp_data_t::seconds (C++ mem-
ber), 88

esp_ble_htp_data_t::temperature
member), 87

esp_ble_htp_data_t::temperature_type
(C++ member), 87

esp_ble_htp_data_t::temperature_unit
(C++ member), 87

(C++

esp_ble_htp_data_t::time_stamp (C++
member), 87
esp_ble_htp_data_t::timestamp (C++

member), 88
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esp_ble_htp_data_t: :year (C++ member), 87
esp_ble_htp_deinit (C++ function), 86
esp_ble_htp_get_measurement_interval
(C++ function), 86
esp_ble_htp_get_temp_type (C++ function),
86
esp_ble_htp_init (C++ function), 86
esp_ble_htp_set_measurement_interval
(C++ function), 86
esp_ble_hts_get_intermediate_temp
(C++ function), 68
esp_ble_hts_get_measurement_interval
(C++ function), 69
esp_ble_hts_get_measurement_temp (C++
function), 68
esp_ble_hts_get_temp_type (C++ function),
68
esp_ble_hts_init (C++ function), 69
esp_ble_hts_set_intermediate_temp
(C++ function), 69
esp_ble_hts_set_measurement_interval
(C++ function), 69
esp_ble_hts_set_measurement_temp (C++
function), 68
esp_ble_hts_set_temp_type (C++ function),
68
esp_ble_hts_temp_t (C++ struct), 69
esp_ble_hts_temp_t::celsius (C++ mem-
ber), 70
esp_ble_hts_temp_t::day (C++ member), 70
esp_ble_hts_temp_t::fahrenheit (C++

member), 70
esp_ble_hts_temp_t::flags (C++ member),
70
esp_ble_hts_temp_t::hours (C++ member),
70
esp_ble_hts_temp_t::location (C++ mem-
ber), 70
esp_ble_hts_temp_t::minutes (C++ mem-
ber), 70
esp_ble_hts_temp_t::month (C++ member),
70
esp_ble_hts_temp_t::reserved (C++ mem-
ber), 69
esp_ble_hts_temp_t::seconds (C++ mem-
ber), 70
esp_ble_hts_temp_t::temperature (C++
member), 70

esp_ble_hts_temp_t::temperature_type
(C++ member), 69
esp_ble_hts_temp_t::temperature_unit
(C++ member), 69
esp_ble_hts_temp_t::time_stamp (C++
member), 69
esp_ble_hts_temp_t::timestamp (C++
member), 70
esp_ble_hts_temp_t::year (C++ member), 70
ESP_BLE_SCAN_RSP_DATA_LEN_MAX (C macro),

93
esp_ble_tps_get_tx_power_level (C++
function), 72
esp_ble_tps_init (C++ function), 72
esp_ble_tps_set_tx_power_level (C++
function), 72
esp_ble_uds_db_t (C++ struct), 73
esp_ble_uds_db_t: :db_buf (C++ member), 74
esp_ble_uds_db_t::1len (C++ member), 73
esp_ble_uds_get_db_incre (C++ function), 72
esp_ble_uds_get_reg_user (C++ function), 73
esp_ble_uds_get_user_ctrl (C++ function),
73
esp_ble_uds_init (C++ function), 73
esp_ble_uds_reg_user_t (C++ struct), 74
esp_ble_uds_reg_user_t::first_segment
(C++ member), 74
esp_ble_uds_reg_user_t::flag (C++ mem-
ber), 74
esp_ble_uds_reg_user_t::header (C++
member), 74
esp_ble_uds_reg_user_t::last_segment
(C++ member), 74
esp_ble_uds_reg_user_t::rolling_segment_number
(C++ member), 74
esp_ble_uds_reg_user_t::user_index
(C++ member), 74
esp_ble_uds_reg_user_t::user_name
(C++ member), 74
esp_ble_uds_reg_user_t::user_name_present
(C++ member), 74
esp_ble_uds_reg_user_t::user_name_truncated
(C++ member), 74
esp_ble_uds_set_db_incre (C++ function), 72
esp_ble_uds_set_reg_user (C++ function), 73
esp_ble_uds_set_user_ctrl (C++ function),
73
esp_ble_uds_user_ctrl_t (C++ struct), 74
esp_ble_uds_user_ctrl_t::op_code (C++
member), 74
esp_ble_uds_user_ctrl_t::param_len
(C++ member), 74
esp_ble_uds_user_ctrl_t::parameter
(C++ member), 74
esp_ble_wss_feature_t (C++ struct), 76
esp_ble_wss_feature_t: :bmi (C++ member),
76
esp_ble_wss_feature_t::h_resolution
(C++ member), 76
esp_ble_wss_feature_t::height (C++
member), 76
esp_ble_wss_feature_t::timestamp (C++
member), 76
esp_ble_wss_feature_t::user_id (C++
member), 76
esp_ble_wss_feature_t::w_resolution
(C++ member), 76
esp_ble_wss_feature_t::weight (C++
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member), 76
esp_ble_wss_get_measurement

tion), 76
esp_ble_wss_init (C++ function), 76

(C++  func-

35
ESP_IOT_ATT_ERR_UNLIKELY (C macro), 34
ESP_IOT_ATT_ERROR (C macro), 34
ESP_IOT_ATT_ILLEGAL_PARAMETER (C macro),

esp_ble_wss_measurement_t (C++ struct), 76 34
esp_ble_wss_measurement_t::bmi (C++ ESP_IOT_ATT_INSUF_AUTHENTICATION c
member), 77 macro), 33
esp_ble_wss_measurement_t::bmi_height_ @$seidT ATT_INSUF_AUTHORIZATION c
(C++ member), 77 macro), 33
esp_ble_wss_measurement_t::day (C++ ESP_IOT_ATT_INSUF_ENCRYPTION (C macro),
member), 77 34
esp_ble_wss_measurement_t::flag (C++ ESP_IOT_ATT_INSUF_KEY_SIZE (C macro), 34

member), 77
esp_ble_wss_measurement_t::height
(C++ member), 78

ESP_IOT_ATT_INSUF_RESOURCE (C macro), 34
ESP_IOT_ATT_INTERNAL_ERROR (C macro), 34
ESP_IOT_ATT_INVALID_ATTR_LEN (C macro),

esp_ble_wss_measurement_t::height_resolution 34

(C++ member), 78
esp_ble_wss_measurement_t::hours (C++
member), 77

ESP_IOT_ATT_INVALID_CFG (C macro), 34
ESP_IOT_ATT_INVALID_HANDLE (C macro), 33
ESP_IOT_ATT_INVALID_OFFSET (C macro), 33

esp_ble_wss_measurement_t::measurement ESPLtTOT_ATT_INVALID_PDU (C macro), 33

(C++ member), 77
esp_ble_wss_measurement_t::minutes
(C++ member), 77
esp_ble_wss_measurement_t::month (C++
member), 77
esp_ble_wss_measurement_t::seconds
(C++ member), 77

ESP_IOT_ATT_MORE (C macro), 34
ESP_IOT_ATT_NO_RESOURCES (C macro), 34
ESP_IOT_ATT_NOT_ENCRYPTED (C macro), 35
ESP_IOT_ATT_NOT_FOUND (C macro), 34
ESP_IOT_ATT_NOT_LONG (C macro), 34
ESP_IOT_ATT_OUT_OF_RANGE (C macro), 35
ESP_IOT_ATT_PENDING (C macro), 34

esp_ble_wss_measurement_t::time_presentESP_IOT_ATT_PRC_IN_PROGRESS (C macro), 35

(C++ member), 77
esp_ble_wss_measurement_t::timestamp
(C++ member), 77
esp_ble_wss_measurement_t::user_id
(C++ member), 77

ESP_IOT_ATT_PREPARE_Q_ FULL (C macro), 33

ESP_IOT_ATT_READ_NOT_PERMIT (C macro), 33

ESP_IOT_ATT_REQ_NOT_SUPPORTED (C macro),
33

ESP_IOT_ATT_SERVICE_STARTED (C macro), 35

esp_ble_wss_measurement_t::user_presentESP_IOT_ATT_STACK_RSP (C macro), 35

(C++ member), 77
esp_ble_wss_measurement_t::weight
(C++ member), 77

ESP_IOT_ATT_SUCCESS (C macro), 33
ESP_IOT_ATT_UNKNOWN_ERROR (C macro), 35
ESP_IOT_ATT_UNSUPPORT_GRP_TYPE (C

esp_ble_wss_measurement_t::weight_resolution macro), 34

(C++ member), 78

esp_ble_wss_measurement_t::year (C++
member), 77

esp_ble_wss_set_measurement (C++ func-
tion), 76

ESP_EVENT_DECLARE_BASE (C++ function), 408
ESP_IOT_ATT_ALREADY_OPEN (C macro), 35
ESP_IOT_ATT_APP_RSP (C macro), 35
ESP_IOT_ATT_AUTH_FAIL (C macro), 34
ESP_IOT_ATT_BUSY (C macro), 34
ESP_IOT_ATT_CANCEL (C macro), 35
ESP_IOT_ATT_CCC_CFG_ERR (C macro), 35
ESP_IOT_ATT_CMD_STARTED (C macro), 34
ESP_IOT_ATT_CONGESTED (C macro), 35
ESP_IOT_ATT_DATABASE_OUT_OF_SYNC (C
macro), 34
ESP_IOT_ATT_DB_FULL (C macro), 34
ESP_IOT_ATT_DUP_REG (C macro), 35
ESP_IOT_ATT_ENCRYPED_MITM (C macro), 35
ESP_IOT_ATT_ENCRYPED_NO_MITM (C macro),

ESP_IOT_ATT_VALUE_NOT_ALLOWED (C macro),
34
ESP_IOT_ATT_WRITE_NOT_PERMIT (C macro),
33
ESP_IOT_ATT_WRONG_STATE (C macro), 34
esp_lv_decoder_deinit (C++ function), 173
esp_lv_decoder_handle_t (C++ type), 174
esp_lv_decoder_init (C++ function), 173
esp_lv_fs_desc_deinit (C++ function), 175
esp_lv_fs_desc_init (C++ function), 175
esp_lv_fs_handle_t (C++ type), 175
esp_msc_ota (C++ function), 226
esp_msc_ota_abort (C++ function), 226
esp_msc_ota_begin (C++ function), 225
esp_msc_ota_config_t (C++ struct), 227
esp_msc_ota_config t::buffer_size
(C++ member), 227
esp_msc_ota_config_t::bulk_flash_erase
(C++ member), 227
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esp_msc_ota_config_t::ota_bin_path
(C++ member), 227

FPS2INTERVAL (C macro), 222
frame_data_t (C++ struct), 267

esp_msc_ota_config_t::skip_msc_connect_fueame_ data_t::audio_info (C++ member),

(C++ member), 227

268

esp_msc_ota_config_t::wait_msc_connect frame_data_t::data (C++ member), 267

(C++ member), 227
esp_msc_ota_end (C++ function), 226
esp_msc_ota_event_t (C++ enum), 228

frame_data_t::data_bytes (C++ member),
267

frame_data_t: :type (C++ member), 268

esp_msc_ota_event_t::ESP_MSC_OTA_ABORT frame_data_t::video_info (C++ member),

(C++ enumerator), 228

esp_msc_ota_event_t::ESP_MSC_OTA_FAILEDframe_data_t::

(C++ enumerator), 228

268
[anonymous] (C++ member),

268

esp_msc_ota_event_t::ESP_MSC_OTA_FINISH'RAME_INTERVAL_FPS_10 (C macro), 222

(C++ enumerator), 228

FRAME_INTERVAL_FPS_15 (C macro), 222

esp_msc_ota_event_t::ESP_MSC_OTA_GET_IMRAMIESCINTERVAL_FPS_20 (C macro), 222

(C++ enumerator), 228

FRAME_INTERVAL_FPS_30 (Cmacro), 222

esp_msc_ota_event_t::ESP_MSC_OTA_READY REAMEFTEINTERVAL_FPS_5 (C macro), 222

(C++ enumerator), 228

FRAME_RESOLUTION_ANY (C macro), 222

esp_msc_ota_event_t::ESP_MSC_OTA_START frame_type_t (C++ enum), 269

(C++ enumerator), 228

frame_type_t::FRAME_TYPE_AUDIO (C++

esp_msc_ota_event_t::ESP_MSC_OTA_UPDATE_BOOT_RRARAAAMDON269

(C++ enumerator), 228

frame_type_t::FRAME_TYPE_VIDEO (C++

esp_msc_ota_event_t::ESP_MSC_OTA_VERIFY_CHIP_ eiumerator), 269

(C++ enumerator), 228

FREQ_HZ (C macro), 411

esp_msc_ota_event_t::ESP_MSC_OTA_WRITE_FL.ASHy_t (C++ struct), 175

(C++ enumerator), 228
esp_msc_ota_get_img_desc (C++ function),
226
esp_msc_ota_get_status (C++ function), 227
esp_msc_ota_handle_t (C++ type), 227
esp_msc_ota_1is_complete_data_received
(C++ function), 227
esp_msc_ota_perform (C++ function), 225
esp_msc_ota_set_msc_connect_state
(C++ function), 226
esp_msc_ota_status_t (C++ enum), 228

esp_msc_ota_status_t::ESP_MSC_OTA_BEGIN

(C++ enumerator), 228

esp_msc_ota_status_t:: ESP_MSC_OTA_IN_PRlOfCRBOSS

(C++ enumerator), 228

esp_msc_ota_status_t::ESP_MSC_OTA_INIT

(C++ enumerator), 228

esp_msc_ota_status_t::ESP_MSC_OTA_SUCCESS

(C++ enumerator), 228
esp_restart_from_tinyuf2 (C++ function),
252
esp_tinyuf2_current_state (C++ function),
252
esp_tinyuf2_install (C++ function), 252
esp_tinyuf2_uninstall (C++ function), 252

F

FLAG_UAC_MIC_SUSPEND_AFTER_START c
macro), 222

FLAG_UAC_SPK_SUSPEND_AFTER_START (o
macro), 222

FLAG_UVC_SUSPEND_AFTER_START (C macro),
222

fs_cfg_t::fs_assets (C++ member), 175
fs_cfg_t::fs_letter (C++ member), 175
fs_cfg_t::fs_nums (C++ member), 175

G

gpio_pad_select_gpio (Cmacro), 14

i2c_bus_cmd_begin (C++ function), 12
i2c_bus_create (C++ function), 8
i2c_bus_delete (C++ function), 8
i2c_bus_device_create (C++ function), 9
i2c_bus_device_delete (C++ function), 9
Us_device_get_address (C++ function),
9
i2c_bus_device_handle_t (C++ type), 14

i2c_bus_get_created_device_num (C++
function), 9

i2c_bus_get_current_clk_speed (C++ func-
tion), 9

i2c_bus_get_internal_bus_handle (C++

function), 9
i2c_bus_handle_t (C++ type), 14
i2c_bus_read_bit (C++ function), 10
i2c_bus_read_bits (C++ function), 10
i2c_bus_read_byte (C++ function), 9
i2c_bus_read_bytes (C++ function), 10
i2c_bus_read_regl6 (C++ function), 12
i2c_bus_scan (C++ function), 9
i2c_bus_write_bit (C++ function), 11
i2c_bus_write_bits (C++ function), 11
i2c_bus_write_byte (C++ function), 11
i2c_bus_write_bytes (C++ function), 11
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i2c_bus_write_regl6 (C++ function), 12
i2c_cmd_handle_t (C++ type), 14
i2c_config_t (C++ struct), 13
i2c_config_t::clk_flags (C++ member), 13
i2c_config_t::clk_speed (C++ member), 13
i2c_config_t: :master (C++ member), 13
i2c_config_t: :mode (C++ member), 13
i2c_config_t::scl_io_num (C++ member), 13
i2c_config_t::scl_pullup_en (C++ mem-
ber), 13
i2c_config_t: :sda_io_num (C++ member), 13
i2c_config_t::sda_pullup_en (C++ mem-
ber), 13
i2s_lcd_acquire (C++ function), 20
i2s_lcd_config_t (C++ struct), 20

i2s_lcd_config_t::buffer_size (C++
member), 21
i2s_lcd_config_t::clk_freq (C++ member),
20
i2s_lcd_config_t::data_width (C++ mem-
ber), 20
i2s_lcd_config_t::12s_port (C++ member),
21
i2s_lcd_config_t::pin_data_num (C++
member), 20
i2s_lcd_config_t::pin_num_cs (C++ mem-
ber), 20
i2s_lcd_config_t::pin_num_rs (C++ mem-
ber), 20
i2s_lcd_config_t::pin_num_wr (C++ mem-
ber), 20
i2s_lcd_config_t::swap_data (C++ mem-
ber), 21

i2s_lcd_driver_deinit (C++ function), 19
i2s_lcd_driver_init (C++ function), 19
i2s_lcd_handle_t (C++ type), 21
i2s_lcd_release (C++ function), 20
i2s_lcd_write (C++ function), 20
i2s_lcd_write_cmd (C++ function), 19
i2s_lcd_write_command (C++ function), 19
i2s_lcd_write_data (C++ function), 19
ina236_clear_mask (C++ function), 358
ina236_config_t (C++ struct), 358
ina236_config_t::alert_cb (C++ member),

359

ina236_config_t::alert_en (C++ member),
359

ina236_config_t::alert_pin (C++ member),
359

ina236_config_t: :bus (C++ member), 359
ina236_config_t::dev_addr (C++ member),
359
ina236_create (C++ function), 358
ina236_delete (C++ function), 358
ina236_get_current (C++ function), 358
ina236_get_voltage (C++ function), 358
ina236_handle_t (C++ type), 359
INA236_I2C_ADDRESS_DEFAULT (C macro), 359

INJECT_DUTY (C macro), 412
INJECT_ENABLE (C macro), 412
int236_alert_cb_t (C++ type), 359
iot_button_count_cb (C++ function), 305
iot_button_count_event_cb (C++ function),
305
iot_button_delete (C++ function), 305
iot_button_get_event (C++ function), 305
iot_button_get_event_str (C++ function),
306
iot_button_get_key_level (C++ function),
306
iot_button_get_long_press_hold_cnt
(C++ function), 306
iot_button_get_repeat (C++ function), 306
iot_button_get_ticks_time (C++ function),
306
iot_button_print_event (C++ function), 306
iot_button_register_cb (C++ function), 305
iot_button_register_power_save_cb
(C++ function), 307
iot_button_resume (C++ function), 306
iot_button_set_param (C++ function), 306
iot_button_stop (C++ function), 307
iot_button_unregister_cb (C++ function),
305
iot_eth_config_t (C++ struct), 458
iot_eth_config_t::driver (C++ member),
459
iot_eth_config_t::stack_input
member), 459
iot_eth_config_t:
ber), 459
iot_eth_event_t (C++ enum), 459

(C++

:user_data (C++ mem-

iot_eth_event_t::IOT_ETH_EVENT_CONNECTED

(C++ enumerator), 459

iot_eth_event_t::IOT_ETH_EVENT_DISCONNECTED

(C++ enumerator), 459
iot_eth_event_t::IO0OT_ETH_EVENT_START
(C++ enumerator), 459
iot_eth_event_t::IOT_ETH_EVENT_STOP
(C++ enumerator), 459
iot_eth_get_addr (C++ function), 458
iot_eth_handle_t (C++ type), 459
iot_eth_install (C++ function), 458
iot_eth_new_usb_ecm (C++ function), 243
iot_eth_new_usb_rndis (C++ function), 240
iot_eth_start (C++ function), 458
iot_eth_stop (C++ function), 458
iot_eth_transmit (C++ function), 458
iot_eth_uninstall (C++ function), 458
iot_eth_update_input_path (C++ function),
458
iot_knob_clear_count_value (C++ function),
320
iot_knob_create (C++ function), 320
iot_knob_delete (C++ function), 320
iot_knob_get_count_value (C++ function),
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320
iot_knob_get_event (C++ function), 320
iot_knob_register_cb (C++ function), 320
iot_knob_resume (C++ function), 320
iot_knob_stop (C++ function), 321
iot_knob_unregister_cb (C++ function), 320
iot_sensor_create (C++ function), 349
iot_sensor_delete (C++ function), 349
iot_sensor_handler_register (C++ func-
tion), 349
iot_sensor_handler_register_with_type
(C++ function), 350
iot_sensor_handler_unregister (C++ func-
tion), 350

ir_learn_cfg_t::task_affinity (C++
member), 334
ir_learn_cfg_t::task_priority (C++

member), 333
ir_learn_cfg_t::task_stack (C++ member),
334
ir_learn_check_valid (C++ function), 332
ir_learn_clean_data (C++ function), 332
ir_learn_clean_sub_data (C++ function), 332
ir_learn_handle_t (C++ type), 334
ir_learn_list_t (C++ struct), 333
ir_learn_list_t::cmd_sub_node
member), 333
ir_learn_new (C++ function), 331

(C++

iot_sensor_handler_unregister_with_typeir_ learn_print_raw (C++ function), 332

(C++ function), 350
iot_sensor_scan (C++ function), 349
iot_sensor_start (C++ function), 349
iot_sensor_stop (C++ function), 349
iot_servo_deinit (C++ function), 416
iot_servo_init (C++ function), 415
iot_servo_read_angle (C++ function), 416
iot_servo_write_angle (C++ function), 416
iot_usbh_ecm_config_t (C++ struct), 243
iot_usbh_ecm_config_t::auto_detect

(C++ member), 243

ir_learn_restart (C++ function), 331
ir_learn_result_cb (C++ type), 334
ir_learn_state_t (C++ enum), 334
ir_learn_state_t::IR_LEARN_STATE_END
(C++ enumerator), 334
ir_learn_state_t::IR_LEARN_STATE EXIT
(C++ enumerator), 334
ir_learn_state_t::IR_LEARN_STATE_FAIL
(C++ enumerator), 334
ir_learn_state_t::IR_LEARN_STATE_READY
(C++ enumerator), 334

iot_usbh_ecm_config_t::auto_detect_timeiomtlearn_state_t::IR_LEARN_STATE_STEP

(C++ member), 243
iot_usbh_ecm_config_t::itf_num
member), 243
iot_usbh_ecm_config_t: :pid (C++ member),
243
iot_usbh_ecm_config_t: :vid (C++ member),
243
iot_usbh_rndis_config_t (C++ struct), 240
iot_usbh_rndis_config_t::auto_detect
(C++ member), 241

(C++

(C++ enumerator), 334
ir_learn_stop (C++ function), 331
ir_learn_sub_list_t (C++ struct), 332
ir_learn_sub_list_t::symbols (C++ mem-

ber), 333
ir_learn_sub_list_t::timediff

member), 333

(C++

K

keyboard_btn_callback_t (C++ type), 315

iot_usbh_rndis_config_t::auto_detect_timsgard_btn_cb_config_t (C++ struct), 314

(C++ member), 241

iot_usbh_rndis_config_t::itf_num (C++
member), 241

iot_usbh_rndis_config_t::pid (C++ mem-
ber), 241

iot_usbh_rndis_config_t::vid (C++ mem-
ber), 241

ir_learn_add_list_node (C++ function), 332

ir_learn_add_sub_list_node (C++ function),
332

ir_learn_cfg_t (C++ struct), 333

ir_learn_cfg_t::callback (C++ member),
333

ir_learn_cfg_t::clk_src (C++ member), 333

keyboard_btn_cb_config_t::callback
(C++ member), 314
keyboard_btn_cb_config_t::event
member), 314
keyboard_btn_cb_config_t::event_data
(C++ member), 314
keyboard_btn_cb_config_t::user_data
(C++ member), 314
keyboard_btn_cb_handle_t (C++ type), 315
keyboard_btn_config_t (C++ struct), 314
keyboard_btn_config_t::active_level
(C++ member), 314
keyboard_btn_config_t::core_id
member), 315

(C++

(C++

ir_learn_cfg_t::learn count (C++ mem- keyboard btn_config_t::debounce_ticks
ber), 333 (C++ member), 314

ir_learn_cfg_t::learn_gpio (C++ member), keyboard_btn_config_t::enable_power_save
333 (C++ member), 315

ir_learn_cfg_t::resolution (C++ member), yeyboard_btn_config t::input_gpio_num
333 (C++ member), 314
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keyboard_btn_config_t::input_gpios
(C++ member), 314

keyboard_btn_config_t::output_gpio_num

(C++ member), 314
keyboard_btn_config_t::output_gpios
(C++ member), 314
keyboard_btn_config_t::priority
member), 315
keyboard_btn_config_t::ticks_interval
(C++ member), 314
keyboard_btn_data_t (C++ struct), 313
keyboard_btn_data_t::input_index (C++
member), 313
keyboard_btn_data_t::output_index
(C++ member), 313
keyboard_btn_event_data_t (C++ union), 312

(C++

member), 321

knob_config_t::gpio_encoder_a (C++
member), 321
knob_config_t::gpio_encoder_Db (C++

member), 321

knob_event_t (C++ enum), 321

knob_event_t: :KNOB_EVENT_MAX (C++ enu-
merator), 322

knob_event_t: :KNOB_H_LIM (C++ enumerator),
321

knob_event_t: :KNOB_L_LIM (C++ enumerator),
322

knob_event_t::KNOB_LEFT (C++ enumerator),
321

knob_event_t: :KNOB_NONE (C++ enumerator),
322

keyboard_btn_event_data_t::combination knob_event_t::KNOB_RIGHT (C++ enumerator),

(C++ member), 313

321

keyboard_btn_event_data_t::combination_knob_event_t::KNOB_ZERO (C++ enumerator),

(C++ struct), 313

322

keyboard_btn_event_data_t::combination_kniatkevardlte t (C++ type), 321

(C++ member), 313

keyboard_btn_event_data_t: :combination_l;t: :key_num

(C++ member), 313
keyboard_btn_event_t (C++ enum), 315

LCD_CMD_LEV (C macro), 21
LCD_DATA_LEV (C macro), 21

keyboard_btn_event_t::KBD_EVENT_COMB INMEI[Q_I\&NDICATOR_CHECK (C macro), 172

(C++ enumerator), 315
keyboard_btn_event_t::KBD_EVENT_MAX
(C++ enumerator), 315

LED_INDICATOR_CHECK_WARNING (C macro),
172
led_indicator_delete (C++ function), 169

keyboard_btn_event_t::KBD_EVENT_PRESSED eq_indicator_get_brightness (C++ func-

(C++ enumerator), 315
keyboard_btn_handle_t (C++ type), 315
keyboard_btn_report_t (C++ struct), 313
keyboard_btn_report_t::key_change_num

(C++ member), 313
keyboard_btn_report_t::key_data

member), 313

(C++

tion), 170
led_indicator_get_hsv (C++ function), 170
led_indicator_get_rgb (C++ function), 171
led_indicator_preempt_start (C++ func-
tion), 169
led_indicator_preempt_stop (C++ function),
170

keyboard _btn_report_t::key_pressed_num jed_indicator_set_brightness (C++ func-

(C++ member), 313

tion), 170

keyboard_btn_report_t::key_release_dataled_indicator_set_color_temperature

(C++ member), 314

(C++ function), 171

keyboard_btn_report_t::key release_num Jed indicator_set_hsv (C++ function), 171

(C++ member), 313
keyboard_button_create (C++ function), 311
keyboard_button_delete (C++ function), 311
keyboard_button_get_gpio_by_index

(C++ function), 312
keyboard_button_get_index_by_gpio

(C++ function), 312
keyboard_button_register_cb (C++ func-

tion), 311
keyboard_button_unregister_cb (C++ func-

tion), 312
knob_cb_t (C++ type), 321
knob_config_t (C++ struct), 321
knob_config_t::default_direction (C++

member), 321
knob_config_t::enable_power_save (C++

led_indicator_set_on_off (C++ function),
170

led_indicator_set_rgb (C++ function), 171

led_indicator_start (C++ function), 169

led_indicator_stop (C++ function), 169

lightbulb_basic_effect_start (C++ func-
tion), 444

lightbulb_basic_effect_stop (C++ func-
tion), 444

lightbulb_basic_effect_stop_and restore

(C++ function), 444
lightbulb_capability_t (C++ struct), 448

lightbulb_capability_t::disable_auto_on

(C++ member), 448
lightbulb_capability_t::enable_fade
(C++ member), 448
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lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

lightbulb_capability_t::

(C++ member), 448

enable_hardwareligtitbulb_config_t::

450

enable_lowpowerlightbulb_config_t::

member), 451

enable_precise_lightdontlrodonfig_t::

member), 449

enable_precise_ldodhlirbwldmtaamifig_t::

ber), 450

enable_status_sltioytadgemilb_config_t::

fade_time_ms
led_beads

storage_cb

member), 450
lightbulb_config_t::

(C++ member), 449

lightbulb_config_t::
member), 449
lightbulb_config_t::

blue (C++ member),
capability (C++
cct_mix_mode (C++
cold_cct (C++ mem-
cold_white (C++
color_mix_mode

(C++

driver_conf

external_limit

(C++ member), 450
storage_delay_mnisightbulb_config_t::

member), 449

sync_change_brighghtdmsllvadorefig t::

lightbulb_cct_kelvin_range_t (C++ struct),

447

lightbulb_cct_kelvin_range_t::max

(C++ member), 448

lightbulb_cct_kelvin_range_t::min

(C++ member), 448

lightbulb_cct_mapping_data_t (C++ struct),

445

450
lightbulb_config_t::
450
lightbulb_config_t::
member), 451
lightbulb_config_t::
ber), 451
lightbulb_config_t::
member), 449

lightbulb_cct_mapping_data_t::cct_kelvinightbulb_config_t::

(C++ member), 445

member), 449

lightbulb_cct_mapping_data_t::cct_percehnit@dygdulb_config_ t::

(C++ member), 445

lightbulb_cct_mapping_data_t::rgbcw

(C++ member), 445

lightbulb_chip_out_pin_t (C++ enum), 455

lightbulb_chip_out_pin_t::0UT1

enumerator), 455

lightbulb_chip_out_pin_t::0U0T2

enumerator), 455

lightbulb_chip_out_pin_t::0UT3

enumerator), 455

lightbulb_chip_out_pin_t::0UT4

enumerator), 455

lightbulb_chip_out_pin_t::0UT5

enumerator), 455

(C++
(C++
(C++
(C++

(C++

lightbulb_chip_out_pin_t::0UT_MAX

(C++ enumerator), 455
lightbulb_color_mapping_data_t

struct), 445

(C++

lightbulb_color_mapping_data_t: :hue

(C++ member), 445

lightbulb_color_mapping _data_t::

(C++ member), 445

lightbulb_color_mapping_data_t::

(C++ member), 445

lightbulb_color_mapping_data_t::

(C++ member), 445

lightbulb_config_t (C++ struct), 449

ber), 449
lightbulb_config_t::
450
lightbulb_config_t::
lightbulb_config_t::
member), 450
lightbulb_config_ t::
ber), 449
lightbulb_config_t::
449
lightbulb_config_t::
member), 449
lightbulb_config_t::
449
lightbulb_config_t::

(C++ member), 450

lightbulb_config_t::
member), 450

gamma_conf (C++
green (C++ member),
iic_io (C++ member),
init_status (C++
io_conf (C++ mem-
kelvin_max (C++
kelvin_min (C++
precise (C++ mem-

pwnm_io (C++ member),

red (C++ member), 450
sm16825e_io (C++

standard (C++ mem-
table (C++ member),
table_size (C++
type (C++ member),
warm_brightness

warm_yellow

(C++

lightbulb_deinit (C++ function), 440
lightbulb_driver_t (C++ enum), 452

rgbcw_0Olightbulb_driver_t::DRIVER _BP1658CJ

(C++ enumerator), 452

rgbcw_10i0ghtbulb_driver_t::DRIVER_BP57x8D

(C++ enumerator), 452

rgbcw_Sl0ightbulb_driver_t::DRIVER_ESP_PWM

(C++ enumerator), 452

lightbulb_driver_t::

DRIVER_KP18058
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(C++ enumerator), 452

lightbulb_get_cct_percentage (C++ func-

lightbulb_driver_t::DRIVER_SELECT_INVALID tion), 443

(C++ enumerator), 452
lightbulb_driver_t::DRIVER_SELECT_MAX
(C++ enumerator), 452
lightbulb_driver_t::DRIVER_SM16825E
(C++ enumerator), 452
lightbulb_driver_t::DRIVER_SM2135E
(C++ enumerator), 452
lightbulb_driver_t::DRIVER_SM2135EH
(C++ enumerator), 452
lightbulb_driver_t::DRIVER_SM2182E
(C++ enumerator), 452
lightbulb_driver_t::DRIVER_SM2x35EGH
(C++ enumerator), 452
lightbulb_driver_t::DRIVER_WS2812
(C++ enumerator), 452
lightbulb_effect_config_t (C++ struct), 451
lightbulb_effect_config_t::cct (C++
member), 451

lightbulb_get_fades_function_status
(C++ function), 440
lightbulb_get_hue (C++ function), 443
lightbulb_get_mode (C++ function), 444
lightbulb_get_power_limit (C++ function),
444
lightbulb_get_saturation (C++ function),
443
lightbulb_get_switch (C++ function), 443
lightbulb_get_value (C++ function), 443
lightbulb_hsv2rgb (C++ function), 440
lightbulb_iic_out_pin_t (C++ type), 452
lightbulb_init (C++ function), 440
lightbulb_kelvin2percentage (C++ func-
tion), 441
lightbulb_led_beads_comb_t (C++ enum),
452
lightbulb_led beads_comb_t::LED_BEADS_1CH_C

lightbulb_effect_config_t::effect_cycle_ms (C++ enumerator), 452

(C++ member), 451

lightbulb_effect_config_t::effect_type

(C++ member), 451
lightbulb_effect_config_t::hue (C++
member), 451

lightbulb_led_beads_comb_t::LED_BEADS_I1CH_W
(C++ enumerator), 453

lightbulb_led_beads_comb_t::LED_BEADS_2CH_CW
(C++ enumerator), 453

lightbulb_led beads_comb_t::LED_BEADS_3CH_RGB

lightbulb_effect_config_t::interrupt_forbiddefC++ enumerator), 453

(C++ member), 451

lightbulb_led_beads_comb_t::LED_BEADS_4CH_RGBC

lightbulb_effect_config_t::max_value_brightne$E++ enumerator), 453

(C++ member), 451

lightbulb_led_beads_comb_t::LED_BEADS_4CH_RGBCC

lightbulb_effect_config_t::min_value_brightne$E++ enumerator), 453

(C++ member), 451
lightbulb_effect_config_t::mode (C++
member), 451
lightbulb_effect_config_t::saturation
(C++ member), 451
lightbulb_effect_config_t::total_ms
(C++ member), 451
lightbulb_effect_config_t::user_cb
(C++ member), 451
lightbulb_effect_t (C++ enum), 453
lightbulb_effect_t::EFFECT_BLINK (C++
enumerator), 453
lightbulb_effect_t::EFFECT_BREATH
(C++ enumerator), 453
lightbulb_gamma_config_t (C++ struct), 445

lightbulb_led_beads_comb_t::LED_BEADS_4CH_RGBW
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_4CH_RGBWW
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_5CH_RGBC
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_5CH_RGBCC
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_5CH_RGBCW
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_5CH_RGBW
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_5CH_RGBWW
(C++ enumerator), 453
lightbulb_led_beads_comb_t::LED_BEADS_INVALID

lightbulb_gamma_config_t::balance_coefficient (C++ enumerator), 452

(C++ member), 446

lightbulb_led_beads_comb_t::LED_BEADS_MAX

lightbulb_gamma_config_t::color_curve_coeffic{En# enumerator), 453

(C++ member), 446

lightbulb_lighting_output_test (C++

lightbulb_gamma_config_t::white_curve_coefficfuwmrtion), 444

(C++ member), 446
lightbulb_get_all_detail (C++ function),

lightbulb_lighting_unit_t (C++ enum), 454
lightbulb_lighting_unit_t::LIGHTING_ALEXA

444 (C++ enumerator), 454
lightbulb_get_brightness (C++ function), lightbulb_lighting_unit_t::LIGHTING_ALL_UNIT
443 (C++ enumerator), 454
lightbulb_get_cct_kelvin (C++ function), lightbulb_lighting_unit_t::LIGHTING_BASIC_FIVE
443 (C++ enumerator), 454
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lightbulb_lighting_unit_t::LIGHTING_COLDLJMLIWARY status_t::brightness

(C++ enumerator), 454

(C++
member), 447

lightbulb_lighting_unit_t::LIGHTING_COLORJIREHFIAY status_t::cct_percentage

(C++ enumerator), 454

(C++ member), 447

lightbulb_lighting_unit_t::LIGHTING_COLORJMITIIAG, $HERTFs_t : : hue (C++ member), 447

(C++ enumerator), 454

lightbulb_status_t::mode (C++ member),

lightbulb_lighting_unit_t::LIGHTING_COLOR_VALY&G6 INCREMENT

(C++ enumerator), 454

lightbulb_lighting_unit_t::LIGHTING_RAINBfltbulb_status_t::saturation

(C++ enumerator), 454

lightbulb_status_t: :on (C++ member), 447
(C++
member), 447

lightbulb_lighting_unit_t::LIGHTING_WARM (ICLISIONE) status_t::value (C++ member),

(C++ enumerator), 454

447

lightbulb_lighting_unit_t: : LIGHT ING_WH Ty BRICHT NS IR CREMANT (C++ function), 440

(C++ enumerator), 454

lightbulb_works_mode_t (C++ enum), 454

lightbulb_lighting_unit_t::LIGHTING_WHIITEHHHFOT works_mode_t: :WORK_COLOR

(C++ enumerator), 454
lightbulb_percentage2kelvin (C++ func-
tion), 442
lightbulb_power_limit_t (C++ struct), 447

lightbulb_power_limit_t::color_max_power

(C++ member), 447

(C++ enumerator), 454
lightbulb_works_mode_t: :WORK_INVALID

(C++ enumerator), 454
lightbulb_works_mode_t: :WORK_WHITE
(C++ enumerator), 454
lightbulb_xyy2rgb (C++ function), 441

lightbulb_power_limit_t::color_max_value

(C++ member), 447

lightbulb_power_limit_t::color_min_valugx BLE_DEVNAME_LEN (C macro), 35

(C++ member), 447

MAX_SPEED_MEASUREMENT_FACTOR (C macro),

lightbulb_power_limit_t::white_max_brightnessg4ig

(C++ member), 447

MCPWM_CLK_SRC (C macro), 411

lightbulb_power_limit_t::white_max_poweqpwM_PERIOD (C macro), 411

(C++ member), 447

mic_callback_t (C++ type), 223

lightbulb_power_limit_t::white_min_brigptsiessame t (C++ struct), 219

(C++ member), 447
lightbulb_rgb2hsv (C++ function), 441
lightbulb_rgb2xyy (C++ function), 441
lightbulb_set_brightness (C++ function),

442
lightbulb_set_cct (C++ function), 442
lightbulb_set_cctb (C++ function), 443
lightbulb_set_fade_time (C++ function), 440
lightbulb_set_fades_function (C++ func-

tion), 440
lightbulb_set_hsv (C++ function), 443
lightbulb_set_hue (C++ function), 442
lightbulb_set_saturation (C++ function),

442
lightbulb_set_storage_function

function), 440
lightbulb_set_switch (C++ function), 443
lightbulb_set_value (C++ function), 442
lightbulb_set_xyy (C++ function), 442
lightbulb_status_erase_nvs_storage

(C++ function), 444
lightbulb_status_get_from_nvs (C++ func-

(C++

mic_frame_t::bit_resolution (C++ mem-
ber), 219
mic_frame_t: :data (C++ member), 219
mic_frame_t::data_bytes (C++ member), 219
mic_frame_t::samples_frequence (C++
member), 219
MIN (C macro), 36
mmap_assets_config_t (C++ struct), 180
mmap_assets_config_t::app_bin_check
(C++ member), 180
mmap_assets_config_t:
member), 180
mmap_assets_config_t:
ber), 181
mmap_assets_config_t:
member), 180
mmap_assets_config_t:
member), 180
mmap_assets_config_t:
(C++ member), 181
mmap_assets_config_t:
(C++ member), 180

:checksum (C++
:flags (C++ mem-
:full_check (C++
:max_files (C++

:metadata_check

:mmap_enable

tion), 444 mmap_assets_config_t::partition_label
lightbulb_status_set_to_nvs (C++ func- (C++ member), 180

tion), 444 mmap_assets_config_t::reserved (C++
lightbulb_status_storage_cb_t (C++ member), 181

type), 452 mmap_assets_copy_mem (C++ function), 179
lightbulb_status_t (C++ struct), 446 mmap_assets_del (C++ function), 179
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mmap_assets_get_height (C++ function), 180 OpenAI_Audio_Output_Format::0PENAI_AUDIO_OUTPUT_F

mmap_assets_get_mem (C++ function), 179 (C++ enumerator), 290
mmap_assets_get_name (C++ function), 179 OpenAI_Audio_Output_Format::OPENAI_AUDIO_OUTPUT_F
mmap_assets_get_size (C++ function), 179 (C++ enumerator), 290
mmap_assets_get_stored_files (C++ func- OpenAI_Audio_Output_Format::0PENAI_AUDIO_OUTPUT_F
tion), 180 (C++ enumerator), 289
mmap_assets_get_width (C++ function), 180 OpenAI_Audio_Output_Format::OPENAI_AUDIO_OUTPUT_F
mmap_assets_handle_t (C++ type), 181 (C++ enumerator), 289
mmap_assets_new (C++ function), 179 OpenAI_Audio_Output_Format::O0PENAI_AUDIO_OUTPUT_F
(C++ enumerator), 290
N OpenAI_Audio_Output_Format::0PENAI_AUDIO_OUTPUT_F
ntc_circuit_mode_t (C++ enum), 357 (C++ enumerator), 290
ntc_circuit_mode_t::CIRCUIT_MODE_NTC_GMPPenAI_Audio_Response_Format (C++ enum),
(C++ enumerator), 357 289
ntc_circuit_mode_t;;CIRCUIT_MODE_NTc_Vd%penAI_AudiO_ReSpOnse_Format::OPENAI_AUDIO_RESPON
(C++ enumerator), 357 (C++ enumerator), 289
ntc_config_t (C++ struct), 356 OpenAI_Audio_Response_Format::0PENAI_AUDIO_RESPON
ntc_config_t::atten (C++ member), 356 (C++ enumerator), 289
ntc_config_t::b_value (C++ member), 357 OpenAI_Audio_Response_Format: :OPENAI_AUDIO_RESPON
ntc_config_t::channel (C++ member), 356 (C++ enumerator), 289
ntc_config_t::circuit_mode (C++ member), OpenAI_Audio_Response_Format::0OPENAI_AUDIO_RESPON
356 (C++ enumerator), 289
ntc_config_t::fixed_ohm (C++ member), 357 OpenAI_Audio_Response_Format: :OPENAI_AUDIO_RESPON
ntc_config_t::r25_ohm (C++ member), 357 (C++ enumerator), 289
ntc_config_t::unit (C++ member), 356 OpenAI_AudioSpeech (C++ struct), 286
ntc_config_t::vdd_mv (C++ member), 357 OpenAI AudioSpeech::setModel (C++ mem-
ntc_dev_create (C++ function), 355 ber), 286
ntc_dev_delete (C++ function), 356 OpenAI_AudioSpeech: :setResponseFormat
ntc_dev_get_adc_handle (C++ function), 356 (C++ member), 286
ntc_dev_get_temperature (C++ function), 356 OpenAI_AudioSpeech::setSpeed (C++ mem-
ntc_device_handle_t (C++ type), 357 ber), 286
NULL_I2C_DEV_ADDR (C macro), 13 OpenAI_AudioSpeech: :setVoice (C++ mem-
NULL_I2C_MEM_16BIT_ADDR (C macro), 13 ber), 286
NULL_I2C_MEM_ADDR (C macro), 13 OpenAI_AudioSpeech: : speech (C++ member),
NULL_SPI_CS_PIN (C macro), 18 286
nvs_modified_cb_t (C++ fype), 253 OpenAI_AudioSpeech: :speechStream (C++
member), 286
O OpenAI_AudioSpeech_t (C++ type), 288

OpenAI_AudioTranscription (C++ struct), 285

OpenATI (C++ struct), 287 , , , k
OpenAI_AudioTranscription::file (C++

OpenAI_Audio_Input_Format (C++ enum), 289
OpenAI_Audio_Input_Format::OPENAT AUDIOO_INPUIT_”A%;’}?%?TTZ%V?ALA .
(C++ enumerator), 289 penA udioTranscription: :setLanguage

OpenAT_Audio_Tnput_Format::OPENAT AUDTO_TNPUT E&EMAAAGE)285
(C++ enumerator), 289 penAI AudioTranscription::setPrompt

OpenAI Audio Tnput Format::OPENAI AUDIO_INPUT ‘GORMAGAGH, 285
OpenAI AudioTranscription: :setResponseFormat
(C++ enumerator), 289

OpenAI_Audio Input Format::OPENAI AUDTO_TNPUT ‘F&EMAY 4GRS
OpenAI AudioTranscription: :setTemperature
(C++ enumerator), 289

OpenAI_Audio_Input_Format::OPENAT AUDIOO_INPUT_(E?SdiN’J’K"FlLEﬁpGg@S c
(C++ enumerator), 289 penAI AudioTranscription_t (C++ tpe),

OpenAI_Audio_Input_Format::0OPENAI_AUDIO_INPUT §%RMAT WAV
OpenAI AudioTranslation (C++ struct), 287
(C++ enumerator), 289

OpenAT_Audio_Tnput_ Format::OPENAT AUDTS RSP AERATE ipsption: 1 file (C++
‘member), 287
(C++ enumerator), 289

OpenAT_Audio_Output_Format (C++ enum), OpenAI_AudioTranslation::setPrompt
289 (C++ member), 287

OpenAT Audio_Output Format : :OPENAT AUDTE G HRMGA Sigt1on : : setResponseFormat

(C++ enumerator), 289 (C++ member), 287
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OpenAI_AudioTranslation: :setTemperatureOpenAI_Edit::setTemperature (C++ mem-

(C++ member), 287

OpenAI_AudioTranslation_t (C++ type), 288
OpenAI_ChatCompletion (C++ struct), 281

ber), 282

OpenAI_Edit_t (C++ type), 288

OpenAI_Edit::setTopP (C++ member), 282

OpenAI_ChatCompletion::clearConversatidpenAIl_EmbeddingData_t (C++ struct), 276
OpenAI_EmbeddingData_t::data (C++ mem-

(C++ member), 282

OpenAI_ChatCompletion:

member), 282

OpenAI_ChatCompletion:

(C++ member), 282

:message

:multiModalMessage

(C++ ber), 276

OpenAI_EmbeddingData_t::len (C++ mem-

ber), 276

OpenAI_EmbeddingResponse (C++ struct), 276

OpenAI_ChatCompletion: :setFrequencyPendgenAI_EmbeddingResponse: :deleteResponse
(C++ member), 281 (C++ member), 277
OpenAI_ChatCompletion: :setMaxTokens OpenAI_EmbeddingResponse: :getData
(C++ member), 281 (C++ member), 277
OpenAI_ChatCompletion::setModel (C++ OpenAI_EmbeddingResponse::getError

member), 281

OpenAI_ChatCompletion:

(C++ member), 281

OpenAI_ChatCompletion:

member), 281

OpenAI_ChatCompletion:

member), 281

:setStop

:setSystem (C++

(C++ member), 277

:setPresencePenaldpenAI_EmbeddingResponse:

member), 276
OpenAI_EmbeddingResponse:
(C++ member), 276

(C++

:getLen (C++
:getUsage

OpenAI_EmbeddingResponse_t (C++ type), 287

OpenAI_Image_Response_Format (C++ enum),

OpenAI_ChatCompletion::setTemperature 289
(C++ member), 281 OpenAI_Image_Response_Format::0PENAI_IMAGE_RESPON
OpenAI_ChatCompletion: :setTopP (C++ (C++ enumerator), 289

member), 281
OpenAI_ChatCompletion: :setUser

member), 282
OpenAI_ChatCompletion_t (C++ type), 288
OpenAI_Completion (C++ struct), 279
OpenAI_Completion: :prompt (C++ member),

OpenAI_Image_Response_Format::OPENAI_IMAGE_RESPON
(C++ enumerator), 289

OpenAI_Image_Size (C++ enum), 288

OpenAI_TImage_Size::0OPENAI_IMAGE_SIZE_1024x1024
(C++ enumerator), 288

OpenAI_TImage_Size::0PENAI_TIMAGE_SIZE_256x256

(C++

280 (C++ enumerator), 288

OpenAI_Completion: :setBestOf (C++ mem- OpenAl_Image_Size::OPENAI_IMAGE_SIZE_512x512
ber), 280 (C++ enumerator), 288

OpenAI_Completion: :setEcho (C++ member), OpenAl_ImageEdit (C++ struct), 284
280 OpenAl_TImageEdit: :image (C++ member), 285

OpenAI_Completion::setFrequencyPenalty
(C++ member), 280

OpenAI_Completion: :setMaxTokens
member), 279

OpenAI_Completion::setModel (C++ mem-
ber), 279

OpenAlI_Completion: :setN (C++ member), 280

OpenAI_Completion::setPresencePenalty
(C++ member), 280

OpenAI_Completion: :setStop (C++ member),
280

OpenAI_Completion::setTemperature
(C++ member), 279

OpenAI_Completion: :setTopP (C++ member),
280

OpenAI_Completion: :setUser (C++ member),
280

OpenAI_Completion_t (C++ type), 288

OpenAI_Edit (C++ struct), 282

OpenAI_Edit: :process (C++ member), 283

OpenAI_Edit: :setModel (C++ member), 282

OpenAI_Edit::setN (C++ member), 283

(C++

OpenAI_ImageEdit: :setN (C++ member), 285
OpenAI_ImageEdit::setPrompt (C++ mem-
ber), 284
OpenAI_TImageEdit::setResponseFormat
(C++ member), 285
OpenAI_ImageEdit::setSize (C++ member),
284
OpenAI_ImageEdit::setUser (C++ member),
285
OpenAI_ImageEdit_t (C++ type), 288
OpenAI_ImageGeneration (C++ struct), 283
OpenAIl_ImageGeneration::prompt (C++
member), 283
OpenAI_ImageGeneration:
ber), 283
OpenAI_TImageGeneration:
(C++ member), 283

:setN (C++ mem-

:setResponseFormat

OpenAI_ImageGeneration::setSize (C++
member), 283
OpenAI_ImageGeneration::setUser (C++

member), 283
OpenAI_ImageGeneration_t (C++ type), 288
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OpenAI_ImageResponse (C++ struct), 277
OpenAI_ImageResponse: :deleteResponse
(C++ member), 278

OpenAI_ImageResponse: :getData (C++
member), 278
OpenAI_ImageResponse: :getError (C++

member), 278
OpenAI_ImageResponse::getLen (C++ mem-
ber), 278
OpenAI_ImageResponse_t (C++ type), 288
OpenAI_ImageVariation (C++ struct), 283
OpenAI_TImageVariation: :image (C++ mem-
ber), 284
OpenAI_ImageVariation:
ber), 284
OpenAI_ImageVariation:
(C++ member), 284

:setN (C++ mem-

OpenAI_ImageVariation::setSize (C++
member), 284
OpenAI_ImageVariation::setUser (C++

member), 284
OpenAl_ImageVariation_t (C++ type), 288
OpenAI_ModerationResponse (C++ struct), 277

:setResponseFormat

overcurrent_event_data_t (C++ struct), 362

overcurrent_event_data_t::current_value
(C++ member), 362

overcurrent_event_data_t::trigger_value
(C++ member), 362

overvoltage_event_data_t (C++ struct), 362

overvoltage_event_data_t::overvalue
(C++ member), 362

overvoltage_event_data_t::voltage_value
(C++ member), 362

P

POLE_PAIR (C macro), 413
portTICK_RATE_MS (C macro), 14
power_measure_calibration_factor_reset
(C++ function), 361
power_measure_chip_t (C++ enum), 365
power_measure_chip_t::CHIP_BL0937
(C++ enumerator), 365
power_measure_chip_t::CHIP_MAX
enumerator), 365
power_measure_deinit (C++ function), 360
power_measure_event_t (C++ enum), 364

(C++

OpenAI_ModerationResponse: :deleteRespons®yer_measure_event_t::POWER_MEASURE_ENERGY_REPOR

(C++ member), 277
OpenAI_ModerationResponse: :getData
(C++ member), 277
OpenAI_ModerationResponse: :getError
(C++ member), 277
OpenAI_ModerationResponse: :getLen
(C++ member), 277
OpenAI_ModerationResponse_t
287
OpenAI_SpeechResponse (C++ struct), 279
OpenAl_SpeechResponse: :deleteResponse
(C++ member), 279

(C++ type),

OpenAI_SpeechResponse::getData (C++
member), 279
OpenAI_SpeechResponse: :getLen (C++

member), 279
OpenAI_SpeechResponse_t (C++ type), 288
OpenAI_StreamCallback (C++ type), 287
OpenAI_StringResponse (C++ struct), 278
OpenAI_StringResponse: :deleteResponse

(C++ member), 279

OpenAI_StringResponse::getData (C++
member), 278
OpenAI_StringResponse::getError (C++
member), 278
OpenAI_StringResponse: :getLen (C++
member), 278
OpenAI_StringResponse::getUsage (C++

member), 278
OpenAI_StringResponse_t (C++ type), 288
OpenAI_t (C++ type), 288
OpenAIChangeBaseURL (C++ function), 276
OpenAICreate (C++ function), 276
OpenAlIDelete (C++ function), 276

(C++ enumerator), 364
power_measure_event_t::POWER_MEASURE_HOME_APPLTIAN
(C++ enumerator), 364
power_measure_event_t::POWER_MEASURE_HOME_APPLIAN
(C++ enumerator), 364
power_measure_event_t::POWER_MEASURE_INIT_DONE
(C++ enumerator), 364
power_measure_event_t: :POWER_MEASURE_OVERCURRENT
(C++ enumerator), 364
power_measure_event_t: :POWER_MEASURE_OVERVOLTAGE
(C++ enumerator), 364
power_measure_event_t::POWER_MEASURE_UNDERVOLTAGE
(C++ enumerator), 364
power_measure_get_active_power
function), 360
power_measure_get_calibration_factor
(C++ function), 361
power_measure_get_current (C++ function),
360
power_measure_get_energy (C++ function),
361
power_measure_get_power_factor
function), 360
power_measure_get_voltage (C++ function),
360
power_measure_init (C++ function), 360
power_measure_init_config_t (C++ struct),
363
power_measure_init_config_t::chip_config
(C++ member), 364
power_measure_init_config_t::enable_enerqgy_detect
(C++ member), 364
power_measure_init_config_t::overcurrent
(C++ member), 364

(C++

(C++
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power_measure_init_config_t::overvoltagewm_audio_status_t (C++ enum), 259

(C++ member), 364 pwm_audio_status_t::PWM_AUDIO_STATUS_BUSY
power_measure_init_config_t::undervoltage (C++ enumerator), 259

(C++ member), 364 pwm_audio_status_t::PWM_AUDIO_STATUS_IDLE
power_measure_rated_voltage_t (C++ (C++ enumerator), 259

enum), 365 pwm_audio_status_t::PWM_AUDIO_STATUS_UN_INIT
power_measure_rated_voltage_t: :RATED_VOLTAGE_{A®¥ enumerator), 259

(C++ enumerator), 365 pwm_audio_stop (C++ function), 257
power_measure_rated_voltage_t: :RATED_VQI@dGRudf)Vwrite (C++ function), 257

(C++ enumerator), 365 PWM_DUTYCYCLE_05 (C macro), 411
power_measure_rated_voltage_t::RATED_VEWMAGHITADXCLE_10 (C macro), 411

(C++ enumerator), 365 PWM_DUTYCYCLE_100 (C macro), 412
power_measure_reset_energy_calculation PWM_DUTYCYCLE_15 (C macro), 411

(C++ function), 361 PWM_DUTYCYCLE_20 (C macro), 411
power_measure_start_calibration (C++ PWM_DUTYCYCLE_25 (C macro), 411

function), 361 PWM_DUTYCYCLE_ 30 (C macro), 411
power_measure_start_energy_calculation PWM_DUTYCYCLE_40 (C macro), 412

(C++ function), 361 PWM_DUTYCYCLE_50 (C macro), 412
power_measure_stop_energy_calculation PWM_DUTYCYCLE_60 (C macro), 412

(C++ function), 361 PWM_DUTYCYCLE_80 (C macro), 412
proxi_cb_t (C++ type), 375 PWM_DUTYCYCLE_ 90 (C macro), 412
proxi_state_t (C++ enum), 376 PWM_MODE (C macro), 411
proxi_state_t::PROXI_STATE_ACTIVE

(C++ enumerator), 376 R
proxi_state_t::PROXI_STATE_INACTIVE RAMP_DUTY_END (C macro), 413

(C++ enumerator), 376 RAMP_DUTY_INC (C macro), 413
pwm_audio_channel_t (C++ enum), 259 RAMP_DUTY_STA (C macro), 412
pwm_audio_channel t::PWM_AUDIO_CH_MAX RaAMP_TIM_END (C macro), 412

(C++ enumerator), 259 RAMP_TIM_STA (C macro), 412

pwm_audio_channel t::PWM_AUDIO_CH_MONO raMP_TIM_ STEP (C macro), 412
(C++ enumerator), 259
pwm_audio_channel_t::PWM_AUD IO_CH_STERES
(C++ enumerator), 259
pwm_audio_config_t (C++ struct), 258
pwm_audio_config_t::duty_resolution
(C++ member), 259
pwm_audio_config t::gpio_num_left
(C++ member), 258
pwm_audio_config_t::gpio_num_right
(C++ member), 258
pwm_audio_config_t::ledc_channel_left
(C++ member), 259
pwm_audio_config_t::ledc_channel_right
(C++ member), 259
pwnm_audio_config_t::ledc_timer_sel
(C++ member), 259
pwm_audio_config_t::ringbuf_len (C++
member), 259
pwm_audio_deinit (C++ function), 257

sensor_command_t (C++ enum), 346
sensor_command_t : : COMMAND_MAX (C++ enu-
merator), 346
sensor_command_t : :COMMAND_SELF_TEST
(C++ enumerator), 346
sensor_command_t : :COMMAND_SET_MODE
(C++ enumerator), 346
sensor_command_t : : COMMAND_SET_ODR
(C++ enumerator), 346
sensor_command_t : :COMMAND_SET_POWER
(C++ enumerator), 346
sensor_command_t : : COMMAND_SET_RANGE
(C++ enumerator), 346
sensor_config_t (C++ struct), 351
sensor_config_t::addr (C++ member), 351
sensor_config_t: :bus (C++ member), 351
sensor_config_t::intr_pin (C++ member),

pwm_audio_get_param (C++ function), 258 351

pwm_aud%o_get_status (C++ funcnlon), 258 sensor_config_t::intr_type (C++ member),
pwm_audio_get_volume (C++ function), 258 351

pwm_audio_init (C++ function), 25§ sensor_config_t::min_delay (C++ member),
pwm_audio_set_param (C++ function), 257 351

pwm_audio_set_sample_rate (C++ function),

sensor_config_t: :mode (C++ member), 351
sensor_config_t::range (C++ member), 351
sensor_config_t: :type (C++ member), 351
sensor_data_event_id_t (C++ enum), 347

258
pwm_audio_set_volume (C++ function), 258
pwm_audio_start (C++ function), 257
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sensor_data_event_id_t::SENSOR_ACCE_DATRermrEdMDYdata_t : : rgbw (C++ member), 344

(C++ enumerator), 347
sensor_data_event_id_t::
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t::
(C++ enumerator), 347
sensor_data_event_id_t::
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t::
(C++ enumerator), 348
sensor_data_event_id_t::
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348
sensor_data_event_id_t::
(C++ enumerator), 348
sensor_data_event_id_t:
(C++ enumerator), 348

: SENSOR_EVENT_ID_END

: SENSOR_MAG_DATASREFIIY event_handler_instance_t

sensor_data_t: :sensor_addr (C++ member),

SENSOR_BARO_DATA_READ?®43

sensor_data_t: :sensor_name (C++ member),

: SENSOR_CURRENT_DATA_RB4BY

sensor_data_t::sensor_type (C++ member),
343
sensor_data_t: :step (C++ member), 344

: SENSOR_FORCE_DASR RIFADYata_t: :temperature (C++ member),

344

SENSOR_GYRO_DATReREM)Ydata_t::timestamp (C++ member),

343

SENSOR_HR_DATA_&FADYr_data_t: :tvoc (C++ member), 344

sensor_data_t: :uv (C++ member), 344

: SENSOR_HUMI_DATFerREAMDYdata_t: :voltage (C++ member), 344

sensor_device_impl_t (C++ type), 345

: SENSOR_LIGHT_DAIRnRFADYriver_handle_t (C++ type), 345

SENSOR_EVENT_ANY_ ID (C macro), 345
(C++
type), 352

SENSOR_NOISE_DAdEnRFADMent_handler_t (C++ type), 352

sensor_event_id_t (C++ enum), 347

SENSOR_PROXI_DASNRFADNent_id_t::SENSOR_EVENT_COMMON_END

(C++ enumerator), 347

: SENSOR_RGBW_DATReREMDYevent _1d_t::SENSOR_STARTED

(C++ enumerator), 347

: SENSOR_STEP_DATFerREFDYevent_1id_t::SENSOR_STOPED (C++

enumerator), 347

: SENSOR_TEMP_DATFeREAD Yhandle_t (C++ type), 352

SENSOR_HUB_DETECT_FN (C macro), 352

SENSOR_TVOC_DATRerREADYhub_detect_fn_t (C++ struct), 351

sensor_hub_detect_fn_t: : fn (C++ member),

: SENSOR_UV_DATA_READY 351

sensor_info_t (C++ struct), 350

sensor_data_event_id_t::SENSOR_VOLTAGE_SRATFOREADNo_t : : name (C++ member), 350

(C++ enumerator), 348
sensor_data_group_t (C++ struct), 345
sensor_data_group_t: :number (C++ mem-

ber), 345
sensor_data_group_t::sensor_data (C++

member), 345
sensor_data_t (C++ struct), 343
sensor_data_t: :acce (C++ member), 343
sensor_data_t: :baro (C++ member), 344
sensor_data_t: :current (C++ member), 344
sensor_data_t: :data (C++ member), 345
sensor_data_t: :event_id (C++ member), 343
sensor_data_t: : force (C++ member), 344
sensor_data_t: :gyro (C++ member), 344
sensor_data_t: :hr (C++ member), 344
sensor_data_t: :humidity (C++ member), 344
sensor_data_t: :1light (C++ member), 344
sensor_data_t: :mag (C++ member), 344
sensor_data_t::min_delay (C++ member),

343
sensor_data_t: :noise (C++ member), 344
sensor_data_t::proximity (C++ member),

344

sensor_info_t::sensor_type (C++ member),
351

sensor_mode_t (C++ enum), 346

sensor_mode_t : :MODE_DEFAULT (C++ enumer-
ator), 346

sensor_mode_t: :MODE_INTERRUPT (C++ enu-
merator), 347

sensor_mode_t : :MODE_MAX (C++ enumerator),
347

sensor_mode_t : :MODE_POLLING (C++ enumer-
ator), 347

sensor_power_mode_t (C++ enum), 346

sensor_power_mode_t: :POWER_MAX
enumerator), 346

sensor_power_mode_t: :POWER_MODE_SLEEP
(C++ enumerator), 346

sensor_power_mode_t: :POWER_MODE_WAKEUP
(C++ enumerator), 346

sensor_range_t (C++ enum), 347

sensor_range_t: :RANGE_DEFAULT (C++ enu-
merator), 347

sensor_range_t: :RANGE_MAX (C++ enumera-
tor), 347

(C++
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sensor_range_t: :RANGE_MEDIUM (C++ enu-
merator), 347
sensor_range_t: :RANGE_MIN (C++ enumera-
tor), 347
sensor_type_t (C++ enum), 345
sensor_type_t: :HUMITURE_ID (C++ enumera-
tor), 345
sensor_type_t: :IMU_ID (C++ enumerator), 345
sensor_type_t::LIGHT_SENSOR_ID (C++
enumerator), 346
sensor_type_t::NULL_ID (C++ enumerator),
345
sensor_type_t::SENSOR_TYPE_MAX
enumerator), 346
servo_channel_t (C++ struct), 416
servo_channel_t: :ch (C++ member), 416
servo_channel_t::servo_pin (C++ member),
416
servo_config_t (C++ struct), 417
servo_config_t::channel_ number
member), 417
servo_config_t::channels (C++ member),
417
servo_config_t::freq (C++ member), 417
servo_config_t::max_angle (C++ member),
417
servo_config_t::max_width_us (C++ mem-
ber), 417
servo_config_t::min_width_us (C++ mem-
ber), 417
servo_config_t::timer_number (C++ mem-
ber), 417
SPEED_CAL_TYPE (C macro), 414
SPEED_KD (C macro), 413
SPEED_KTI (C macro), 413
SPEED_KP (C macro), 413
SPEED_MAX_INTEGRAL (C macro), 414
SPEED_MAX_OUTPUT (C macro), 414
SPEED_MAX_RPM (C macro), 414
SPEED_MIN_INTEGRAL (C macro), 414
SPEED_MIN_OUTPUT (C macro), 414
SPEED_MIN_RPM (C macro), 414
speed_mode_t (C++ enum), 410
speed_mode_t : :SPEED_CLOSED_LOOP
enumerator), 410
speed_mode_t : : SPEED_OPEN_LOOP (C++ enu-
merator), 410
spi_bus_create (C++ function), 15
spi_bus_delete (C++ function), 15
spi_bus_device_create (C++ function), 15
spi_bus_device_delete (C++ function), 16
spi_bus_device_handle_t (C++ type), 18
spi_bus_handle_t (C++ type), 18
spi_bus_transfer_byte (C++ function), 16
spi_bus_transfer_bytes (C++ function), 16
spi_bus_transfer_regl6 (C++ function), 16
spi_bus_transfer_reg32 (C++ function), 17
spi_bus_transmit_begin (C++ function), 16

(C++

(C++

(C++

spi_config_t (C++ struct), 17

spi_config_t::max_transfer_sz
member), 17

spi_config_t::miso_io_num (C++ member),

(C++

17

spi_config_t::mosi_io_num (C++ member),
17

spi_config_t::sclk_io_num (C++ member),
17

spi_device_config_t (C++ struct), 17
spi_device_config_t::clock_speed_hz
(C++ member), 18
spi_device_config_t::cs_io_num
member), 17
spi_device_config_t::mode (C++ member),
18
state_callback_t (C++ type), 223
static_input_cb_t (C++ type), 459
STORGE_FACTOR_KEY (C macro), 364
stream_ctrl_t (C++ enum), 224
stream_ctrl_t::CTRL_MAX (C++ enumerator),
224
stream_ctrl_t::CTRL_NONE (C++ enumerator),
224
stream_ctrl_t::CTRL_RESUME (C++ enumera-
tor), 224
stream_ctrl_t::CTRL_SUSPEND (C++ enumer-
ator), 224
stream_ctrl_t::CTRL_UAC_MUTE (C++ enu-
merator), 224
stream_ctrl_t::CTRL_UAC_VOLUME
enumerator), 224

(C++

(C++

T

tinyuf2_nvs_config_t (C++ struct), 253
tinyuf2_nvs_config t::modified_cb
(C++ member), 253
tinyuf2_nvs_config_t::namespace_name
(C++ member), 253
tinyuf2_nvs_config_t::part_name
member), 253
tinyuf2_ota_config_t (C++ struct), 252
tinyuf2_ota_config t::complete_cb
(C++ member), 253
tinyuf2_ota_config_t::if_restart (C++
member), 253
tinyuf2_ota_config_t::label (C++ mem-
ber), 252
tinyuf2_ota_config_t::subtype
member), 252
tinyuf2_state_t (C++ enum), 253

(C++

(C++

tinyuf2_state_t::TINYUF2_STATE_INSTALLED

(C++ enumerator), 253
tinyuf2_state_t::TINYUF2_STATE_MOUNTED
(C++ enumerator), 254

tinyuf2_state_t::TINYUF2_STATE_NOT_INSTALLED

(C++ enumerator), 253
touch_button_config_t (C++ struct), 379
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touch_button_config_t::

(C++ member), 380

touch_button_config_t::channel_list

(C++ member), 380

touch_button_config t::channel_num

(C++ member), 380

touch_button_config_t::

(C++ member), 380

touch_button_config_t::debounce_times

(C++ member), 380

touch_button_config_t::

(C++ member), 380

touch_button_handle_t (C++ type), 380
touch_button_sensor_create (C++ function),

378

touch_button_sensor_delete (C++ function),

378

touch_button_sensor_get_data (C++ func-

tion), 378

touch_button_sensor_get_state (C++ func-

tion), 379

touch_button_sensor_get_state_bitmap

(C++ function), 379

touch_button_sensor_handle_events

(C++ function), 379

touch_cb_t (C++ type), 380

TOUCH_MAX_POINT_NUMBER(Cnma@%326
touch_panel_config_t (C++ struct), 324

touch_panel_config_t:

member), 325

touch_panel_config t:

member), 325

touch_panel_config_t:

ber), 325

touch_panel_config_t:

member), 325

touch_panel_config t:

member), 325

touch_panel_config_t:

(C++ member), 325

touch_panel_config_ t:

(C++ member), 325

touch_panel_config_t:

(C++ member), 325

touch_panel_config_t:

member), 325

touch_panel_config t:

(C++ member), 325

touch_panel_config_t:

member), 325

touch_panel_config_t:

ber), 325

touch_panel_config t::

(C++ member), 325

:clk_freq (C++

direction (C++
height (C++ mem-
i2c_addr (C++
i2c_bus (C++

interface_1i2c

rinterface_spi
:interface_type
:pin_num_cs (C++
:pin_num_int
:spi_bus (C++

:width (C++ mem-

[anonymous]

touch_panel_controller_t (C++ enum), 328
touch_panel_controller_t::TOUCH_PANEL_CONTROLBEBR FT5X06

(C++ enumerator), 328
touch_panel_controller_t::TOUCH_PANEL_CONTROLLER, 332016

channel_gold_value (C++ enumerator), 328

touch_panel_controller_t::TOUCH_PANEL_CONTROLLER_
(C++ enumerator), 328
touch_panel_dir_t (C++ enum), 327
touch_panel_dir_t::TOUCH_DIR_BTLR
(C++ enumerator), 327

channel_thresholtbuch_panel_dir_t::TOUCH_DIR_BTRL

(C++ enumerator), 327
touch_panel_dir_t::TOUCH_DIR_LRBT
(C++ enumerator), 327

skip_lowlevel_imdduch_panel_dir_t::TOUCH_DIR_LRTB

(C++ enumerator), 327
touch_panel_dir_t::TOUCH_DIR_MAX (C++
enumerator), 327
touch_panel_dir_t::TOUCH_DIR_RLBT
(C++ enumerator), 327
touch_panel_dir_t::TOUCH_DIR_RLTB
(C++ enumerator), 327
touch_panel_dir_t::TOUCH_DIR_TBLR
(C++ enumerator), 327
touch_panel_dir_t::TOUCH_DIR_TBRL
(C++ enumerator), 327
touch_panel_dir_t::TOUCH_MIRROR_X
(C++ enumerator), 327
touch_panel_dir_t::TOUCH_MIRROR_Y
(C++ enumerator), 327
touch_panel_dir_t::TOUCH_SWAP_XY (C++
enumerator), 327
touch_panel_driver_t (C++ struct), 325
touch_panel_driver_t::calibration_run
(C++ member), 326
touch_panel_driver_t::deinit (C++ mem-
ber), 326
touch_panel_driver_t::init (C++ member),
325
touch_panel_driver_t::read_point_data
(C++ member), 326
touch_panel_driver_t::set_direction
(C++ member), 326
touch_panel_event_t (C++ enum), 326
touch_panel_event_t::TOUCH_EVT_PRESS
(C++ enumerator), 327
touch_panel_event_t::TOUCH_EVT_RELEASE
(C++ enumerator), 327
touch_panel_find_driver (C++ function), 324
touch_panel_interface_type_t (C++ enum),
327
touch_panel_interface_type_t::TOUCH_PANEL_IFACE_I
(C++ enumerator), 328
touch_panel_interface_type_t::TOUCH_PANEL_IFACE_S
(C++ enumerator), 328
touch_panel_points_t (C++ struct), 324
touch_panel_points_t: :curx (C++ member),
324
touch_panel_points_t: :cury (C++ member),

touch_panel_points_t::event (C++ mem-
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touch_panel_points_t::point_num (C++
member), 324

touch_proxi_config_t (C++ struct), 375

touch_proxi_config_t::channel_gold_valusouch_slider_event_t::TOUCH_SLIDER_EVENT_RIGHT_SW

(C++ member), 375
touch_proxi_config_t:
(C++ member), 375
touch_proxi_config_t:
(C++ member), 375
touch_proxi_config t:
(C++ member), 375
touch_proxi_config_t:
(C++ member), 375

:channel_list

:channel_num

:debounce_times

touch_proxi_config t::skip_lowlevel_init

(C++ member), 375
touch_proximity_handle_t (C++ type), 375
touch_proximity_sensor_create (C++ func-

tion), 374
touch_proximity_sensor_delete (C++ func-

tion), 374
touch_proximity_sensor_get_data

function), 374
touch_proximity_sensor_get_state (C++

function), 374
touch_proximity_sensor_handle_events

(C++ function), 375
touch_slider_config_t (C++ struct), 385

(C++

touch_slider_config_t::calculate_window

(C++ member), 386

:channel_threshold

(C++ enumerator), 387

touch_slider_event_t::TOUCH_SLIDER_EVENT_RELEASE

(C++ enumerator), 387

(C++ enumerator), 387
touch_slider_handle_t (C++ type), 386
touch_slider_sensor_create (C++ function),

384
touch_slider_sensor_delete (C++ function),
384
touch_slider_sensor_get_data (C++ func-

tion), 384
touch_slider_sensor_get_state (C++ func-
tion), 385
touch_slider_sensor_handle_events

(C++ function), 385
touch_state_t (C++ enum), 380
touch_state_t::TOUCH_STATE_ACTIVE

(C++ enumerator), 380
touch_state_t::TOUCH_STATE_INACTIVE

(C++ enumerator), 380

U

UAC_BITS_ANY (C macro), 222

UAC_CH_ANY (C macro), 222

uac_config_t (C++ struct), 220
uac_config_t::ac_interface (C++ member),
221

uac_config_t::flags (C++ member), 222

touch_slider_config_t::channel_gold_valyg: config_t::mic_bit_resolution (C++

(C++ member), 385
touch_slider_config_t::channel_list
(C++ member), 385
touch_slider_config_t::channel_num
(C++ member), 385

touch_slider_config_t::channel_threshold

(C++ member), 385
touch_slider_config_t::debounce_times
(C++ member), 386

touch_slider_config_t::filter_reset_times

(C++ member), 386
touch_slider_config t::position_range
(C++ member), 386

member), 221
uac_config_t::mic_buf_size (C++ member),
221
uac_config_t::mic_cb (C++ member), 221
uac_config_t::mic_cb_arg (C++ member),
221
uac_config_t::mic_ch_num (C++ member),
220
uac_config_t::mic_ep_addr (C++ member),
221
uac_config_t::mic_ep_mps (C++ member),
221
uac_config_t::mic_fu_id (C++ member), 221

touch_slider_config_t::skip_lowlevel injdc config_t::mic_interface (C++ mem-

(C++ member), 386
touch_slider_config_t::swipe_alpha
(C++ member), 386

ber), 221
uac_config t::mic_samples_frequence
(C++ member), 221

touch_slider_config_t::swipe hysterisisjac_config_t::spk_bit_resolution (C++

(C++ member), 386

member), 221

touch_slider_config_t::swipe_threshold uac_config_t::spk_buf_size (C++ member),

(C++ member), 386
touch_slider_event_cb_t (C++ type), 386
touch_slider_event_t (C++ enum), 386

221
uac_config_t::spk_ch_num (C++ member),
220

touch_slider_event_t::TOUCH_SLIDER EVENJadLEEInSIYPE: : spk_ep_addr (C++ member),

(C++ enumerator), 387

221

touch_slider_event_t::TOUCH_SLIDER _EVENRNMnhfig t::spk_ep_mps (C++ member),

(C++ enumerator), 386

221

touch_slider_event_t::TOUCH_SLIDER EVENJa®QSITELY t : : spk_fu_id (C++ member), 222
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uac_config_t::spk_interface (C++ mem-
ber), 221

uac_config_t::spk_samples_frequence
(C++ member), 221

uac_device_config_t (C++ struct), 248

uac_device_config_t::cb_ctx (C++ mem-
ber), 248
uac_device_config_t::input_cb (C++
member), 248
uac_device_config_t::output_cb (C++
member), 248
uac_device_config_t::set_mute_cb (C++

member), 248
uac_device_config_ t::
(C++ member), 248
uac_device_config_ t::
(C++ member), 248
uac_device_init (C++ function), 248
uac_frame_size_list_get (C++ function), 217
uac_frame_size_reset (C++ function), 217
uac_frame_size_t (C++ struct), 220
uac_frame_size_t::bit_resolution (C++
member), 220
uac_frame_size_t::ch_num (C++ member),
220
uac_frame_size_t::samples_frequence
(C++ member), 220

set_volume_cb

skip_tinyusb_init

usb_stream_t::STREAM_UAC_SPK (C++ enu-
merator), 223

usb_stream_t : : STREAM_UVC (C++ enumerator),
223

usb_streaming_connect_wait (C++ function),
216

usb_streaming_control (C++ function), 216

usb_streaming_start (C++ function), 216

usb_streaming_state_register (C++ func-
tion), 216

usb_streaming_stop (C++ function), 216

usbh_cdc_config (C++ struct), 235

usbh_cdc_config: :cbs (C++ member), 235

usbh_cdc_config::itf_num (C++ member),
235

usbh_cdc_config: :pid (C++ member), 235

usbh_cdc_config::rx_buffer_size (C++
member), 235
usbh_cdc_config::tx_buffer_size (C++

member), 235
usbh_cdc_config: :vid (C++ member), 235
usbh_cdc_create (C++ function), 231
usbh_cdc_delete (C++ function), 231
usbh_cdc_desc_print (C++ function), 234
usbh_cdc_device_config_t (C++ type), 236
usbh_cdc_driver_config_t (C++ struct), 234
usbh_cdc_driver_config_t::new_dev_cb

uac_frame_size_t::samples_frequence_max (C++ member), 234
(C++ member), 220 usbh_cdc_driver_config_t::
uac_frame_size_t::samples_frequence_min (C++ member), 234

skip_init_usb_host_driv

(C++ member), 220
UAC_FREQUENCY_ANY (C macro), 222
uac_input_cb_t (C++ type), 248
uac_mic_streaming_read (C++ function), 217
uac_output_cb_t (C++ type), 248
uac_set_mute_cb_t (C++ type), 248
uac_set_volume_cb_t (C++ type), 249
uac_spk_streaming_write (C++ function), 216
uac_streaming_config (C++ function), 216
UF2_RESET_REASON_VALUE (C macro), 253
uint24_t (C++ struct), 44
uint24_t::u24 (C++ member), 44
undervoltage_event_data_t (C++ struct), 362
undervoltage_event_data_t::undervalue

(C++ member), 362

undervoltage_event_data_t::voltage_valussbh_cdc_event_callbacks_t::

(C++ member), 362
update_complete_cb_t (C++ type), 253
usb_stream_state_t (C++ enum), 223
usb_stream_state_t::STREAM_CONNECTED

(C++ enumerator), 223

usb_stream_state_t::STREAM_DISCONNECTEDusbh_cdc_event_callbacks_t::

(C++ enumerator), 223
usb_stream_t (C++ enum), 223
usb_stream_t: : STREAM_MAX (C++ enumerator),
223
usb_stream_t::STREAM_UAC_MIC (C++ enu-
merator), 223

usbh_cdc_driver_config_t::task_coreid
(C++ member), 234
usbh_cdc_driver_config_t::
(C++ member), 234
usbh_cdc_driver_config_t::
(C++ member), 234
usbh_cdc_driver_config_t::
(C++ member), 234
usbh_cdc_driver_install (C++ function), 230
usbh_cdc_driver_uninstall (C++ function),

task_priority
task_stack_size

user_data

231
usbh_cdc_event_callbacks_t (C++ struct),
234
usbh_cdc_event_callbacks_t::connect
(C++ member), 235
disconnect
(C++ member), 235
usbh_cdc_event_callbacks_t::notif_ cb

(C++ member), 235
usbh_cdc_event_callbacks_t::
(C++ member), 235

recv_data

user_data
(C++ member), 235

usbh_cdc_event_cb_t (C++ type), 236

usbh_cdc_flush_rx_buffer (C++ function),
233

usbh_cdc_flush_tx_buffer (C++ function),
233
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usbh_cdc_get_rx_buffer_size (C++ func-
tion), 233
usbh_cdc_get_state (C++ function), 234
usbh_cdc_handle_t (C++ type), 236
usbh_cdc_new_dev_cb_t (C++ type), 236
usbh_cdc_notif_cb_t (C++ type), 236
usbh_cdc_read_bytes (C++ function), 232
usbh_cdc_register_new_dev_cb (C++ func-
tion), 233
usbh_cdc_send_custom_request (C++ func-
tion), 231
usbh_cdc_state_t (C++ enum), 236
usbh_cdc_state_t::USBH_CDC_CLOSE (C++
enumerator), 236
usbh_cdc_state_t::USBH_CDC_OPEN
enumerator), 236
usbh_cdc_state_t::USBH_CDC_STATE_MAX
(C++ enumerator), 236
usbh_cdc_unregister_new_dev_cb
function), 233
usbh_cdc_write_bytes (C++ function), 232
uvc_config (C++ struct), 218

(C++

(C++

uvc_config:
uvc_config:
uvc_config:
uvc_config:
uvc_config:

219

uvc_config:

218

uvc_config:

:frame_buffer_size

:ep_addr (C++ member), 219
:ep_mps (C++ member), 219

: flags (C++ member), 219

: format (C++ member), 218
:format_index (C++ member),

:frame_buffer (C++ member),

(C++

member), 218

uvc_config:
uvc_config:

218

uvc_config:

218

uvc_config:
uvc_config:

218

uvc_config:
uvc_config:
uvc_config:

219

uvc_config:

218

uvc_config:

218

uvc_config

: frame_cb (C++ member), 218
:frame_cb_arg (C++ member),

:frame_height (C++ member),

: frame_index (C++ member), 219
:frame_interval (C++ member),

:frame_width (C++ member), 218
:interface (C++ member), 219

:interface_alt (C++ member),
:xfer_buffer_a (C++ member),

:xfer_buffer_b (C++ member),

:xfer_buffer_size (C++ mem-

ber), 218

uvc_config:

:xfer_type (C++ member), 219

uvc_config_t (C++ type), 223

uvc_device_config (C++ function), 245

uvc_device_config_t (C++ struct), 246

uvc_device_config_t::cb_ctx (C++ mem-
ber), 246

uvc_device_config_t::fb_return_cb
(C++ member), 246
uvc_device_config_t::start_cb
member), 246
uvc_device_config_t::stop_cb (C++ mem-
ber), 246
uvc_device_config_t::uvc_buffer
member), 246
uvc_device_config_t::uvc_buffer_size
(C++ member), 246
uvc_device_deinit (C++ function), 245
uvc_device_init (C++ function), 245
uvce_fb_t (C++ struct), 245
uvc_fb_t: :buf (C++ member), 245
uvce_fb_t::format (C++ member), 246
uvc_fb_t: :height (C++ member), 245
uvce_fb_t: :1len (C++ member), 245
uvce_fb_t::timestamp (C++ member), 246
uvce_fb_t::width (C++ member), 245
uvc_format_t (C++ enum), 247
uvc_format_t::UVC_FORMAT_H264 (C++ enu-
merator), 247
uvc_format_t::UVC_FORMAT_JPEG (C++ enu-
merator), 247
uvc_frame_size_list_get (C++ function), 217
uvc_frame_size_reset (C++ function), 217
uvc_frame_size_t (C++ struct), 219
uvc_frame_size_t::height (C++ member),

(C++

(C++

220
uvc_frame_size_t::interval (C++ member),
220
uvc_frame_size_t::interval_max (C++
member), 220
uvc_frame_size_t::interval_min (C++
member), 220
uvc_frame_size_t::interval_step (C++

member), 220
uvc_frame_size_t::width (C++ member), 220
uvc_input_fb_get_cb_t (C++ type), 246
uvc_input_fb_return_cb_t (C++ type), 246
uvc_input_start_cb_t (C++ type), 246
uvc_input_stop_cb_t (C++ type), 246
uvc_streaming_config (C++ function), 215
uve_xfer_t (C++ enum), 223
uvc_xfer_t::UVC_XFER_BULK (C++ enumera-

tor), 223
uvc_xfer_t::UVC_XFER_ISOC (C++ enumera-

tor), 223
uvc_xfer_t::UVC_XFER_UNKNOWN (C++ enu-

merator), 223

\Y

video_frame_format (C++ enum), 269

video_frame_format: :FORMAT_H264
enumerator), 269

video_frame_format::FORMAT _MJEPG (C++

(C++

uvc_device_config_t::fb_get_cb (C++ enumerator), 269
member), 246 video_frame_info_t (C++ struct), 267
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