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CHAPTER 1

FRIEENI]

[English]

ASCH EAESE T M 58 ESP-ToT-Solution (Espressif ToT Solution) JF A #1485 , it i — 1 LK 713 Bl Fi s i i
1} ESP-IoT-Solution $47 ¥R . B TAE. HidAl R #[E 2 ESP RIITF AR SE 25K

1.1 ESP-loT-Solution &4}

ESP-loT-Solution {3 & 15k W 2 48 1 & i F 0 AN IR B AR ADAEZE , mT 244t ESP-IDF (b sediff:, HEH
PSR BT A, HrP S R AT

o fRIEER . WoRBE. B . B AT B IKE)
o MRIIFE. LA, Ay AU HE S B SR
o MWSEBRRAIIMABE I %, NIREETHRIRI T REL AL T A D155

1.1.1 ESP-loT-Solution &

N [R] i AS 1) ESP-ToT-Solution 1A 41 :



../../en/latest/gettingstarted.html
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ESP-loT-Solution i | X[z#Y) ESP-IDF R | FELE TERRE
x x
master >=v4.4 SRR RS, SGINSCRERTE  SCiE | BRI K4y
5
release/v1.1 v4.0.1 IDF A5, kR E 2B sh B e GER | 5k
]
release/v1.0 v3.2.2 J7 s A 5 11 i

master 4} X H ESP 414 ZORAE AN, HUEA AR S — A BB, AT RS REAS
[FIRRAS 1) ESP-idf , X SEUASKFAELL 1) 1df_component . yml SCHHFEH .

1.2 ESP-IDF &4t

ESP-IDF J& k%24 ESP 251tk - S LAY Py W T A HESE -
* ESP-IDF (& — R 4 Sk SCpF, $fit 15T ESP SoC M4 i H Bz 9 AZ 21
* ESP-IDF iR 426t T A MR Pl B b i g TR K& IhsE, Bilin: t. pesk. PR &5

TEff: SR ESP-IDF 4ifE45 1 .

1.3 ESP %%l SoC &1

(AT DAL T 5 ESP RIITF %ML BE ] ESP-ToT-Solution, St HEH HiZ% 45401 0 i S BRI T OB T A
ESP 51| SoC Sz #5002l

e 2.4 GHz Wi-Fi

.

o REYERENUR. DURALBRZS, ETPIIE S 240 MHz

- RRAEIIRERML IS

o ZFAME, 1UFE GPIO, I2C, 12S. SPI. UART. SDIO. RMT, LEDC PWM. Ethernet, TWAI. Touch,
USB OTG %%

* EERINABIR, N RAM 1[ik 520 KB, [A]If 3 H5J€ PSRAM
o SCRFELE I S5 2 e Uk

ESP %71 SoC R 40nm TZHK, RARMAMIFEERE. StEae. U, MRS, ST
ol B 373 55 RIS R AR 75 3K
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HEfif: A FRS) SoC BLEAIR, PEMIHAR ESP ™ i T A,

1.4 BEEEFLIME

1.41 1. 323 ESP-IDF
H1F ESP-IoT-Solution {f¢ii ESP-IDF (XSRS SERI4% T 1., [EIL & JEHE T 5% ESP-IDF (1411505 11

i, ESP-IDF JF &M 48 8 . R, AE A ESP-ToT-Solution #K4#i[%) ESP-IDF AW GEANTH], 15 S
2% ESP-loT-Solution #g A #4185

1.4.2 2. 3%H ESP-loT-Solution

HEF master AR, RIREH AT AR RS :

git clone —-recursive https://github.com/espressif/esp-iot-solution

XF release/vi.1 U, WA PATF5SHREU RS :

git clone -b release/vl.l —--recursive https://github.com/espressif/esp-iot-solution

MTHERA, #4 release/vi. 1 BHH H R4 .

1.5 {# ESP-loT-Solution 4H{¥

AR AR ] ESP-ToT-Solution H 2, FRATTEWEM ESP 447} 5% ESP Component Registry H1 i

v

B o

ESP-IoT-Solution H 34} (9 41 {4 7] £ README_CN.md 25 &, af DAET HAR H F F i f idf.
py add-dependency fiy % H #% K 41 A Component Registry s fl %] Wi H . w1, $hit idf.py
add-dependency "expressif/usb_stream" Uil usb_stream, ZAHMKAE CMake H I H
Bl

2% IDF Component Manager £¥ 7 B 2 5 T 4 {45 TSSO 4017

1.4. EEBEFAINME 5
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1.6 &iFFITH

1.6.1 1. ixEINETE

PA_E AP R 22 ) AR AL R OR VS N 28 PATH BRSEAS B, JoyR i 2o ] 10 601X S8 T H . S hnh

HRE
* ¥%hn ESP-IDF Ff5745 & -

Windows 7 CMD & 1117

S R

$userprofile%\esp\esp-idf\export.bat

Linux F1 macOS 7£ 4 iz :

SHOME /esp/esp—-idf/export.sh

L RERZNNE (e o i Dl S EN < £ 107 O e e
* 7%h1 IOT_SOLUTION_PATH Ff3i7s i :

Windows 7E CMD %1 11547

set TOT_SOLUTION_PATH=C:\esp\esp-iot-solution

Linux #1 macOS FE & iGiafT:

export TOT_SOLUTION_PATH=~/esp/esp-iot-solution

M DAETASCERIRE A, (O YL A, WERATI R &, R

TUAEAIR

1.6.2 2. REwWEFBHR

ESP-IDF [ 30 esp32. esp32s2 HEH0EH, PIULTR AP (P2 MRELI 40 H AR (Stik%

HHAR esp32), BIANBLESFHIRY esp32s2:

idf.py set-target esp32s2

7T ESP-loT-Solution H1 5T Mg S 541 44F T & 11 example, iAA] A menuconfig fF Board Options

-> Choose Target Board HiEEFE—/HAFrH Kk:

idf.py menuconfig

Chapter 1.
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1.6.3 3. wiF. THZERF

ffiff] idf.py THEIF. FEETF, £5N:

idf.py -p PORT build flash

5% PORT 4 424 i B (A0 112, Windows B%G5HE 15— f >k COMx, Linux 2455 15—k /dev/
ttyUSBx, macOS HO5—f% N /dev/cu.,

1.6.4 4. BO3TEN log

i idf.py TH®&EF log, 849HK:

idf.py -p PORT monitor

154 PORT B b 4w I i 115, Windows R4 H 15—l coMx, Linux RGEH 15—l /dev/
ttyUSBx, macOS E 15—~ /dev/cu.,

1.7 X

* ESP-IDF 14145 0 B
o ESP-IDF #2455

1
* ESP ik T R

1.7. HRH 7
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CHAPTER 2

iR

[English]

2.1 @S2 4AH (Bus)

[English]

AF LKA (Bus) Je 857 1E ESP-IDF Ak Ui 2 ER—E W2, 4 i2c_bus. spi_bus %,
FEMT ESP S GAMNE A Z B BB . A I R &, SEIUT AR EhRE:

L. RILAMRIAG e BR
2. AR LA BRI
3. ARG B
AR A IS AT TR
1. G4 (Bus): JE RN BEA 2 [A) 3L IR A Y B3 R T 2L 0
2. s (Device): @ fEIFBA A 1 BT IR HE B0

AR A2 (Bus) EFL AU PRV LT, B ATHEA 81 2184 (Device), Hirfr SPL i 2kAitdfs CS
SUHAHR AT, 12C AR AL T S0k, HETT B 1 R R A 2 [ s



../../../en/latest/basic/index.html
../../../en/latest/basic/bus.html
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g J
12C Slave 12C Slave 1 1
#1 #2 j Iy Vdd
L
SDA l | l_ |_
12C Master < >
ESP32 SCL .—? ’_T >
12C Slave 12C Slave
#3 #4
K& 1: i2c_bus EREEE
MISO
¢ @ *
MOSI
k4 v *r—>
SCLK
SPI Master T T r
ESP32
s SPI Slave SPI Slave SPI Slave
| o1 #1 #2 #3
cS2 I
CS 3

[ 2: spi_bus HEHEHE F
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2.1.1 i2c_bus {EfH%

L Q@R fili2c_bus_create () QIB—IELIHB]. QIENTFESNE 2C NS, NLBLRCE
Ui izc_config_t. FCEIIELHE SDA A1 SCL 515, F T, PROMX S ETE RGBT T
ZHE, —BATEIB T . S BT 65 B BN R IR, FER A AR E R -

2. QA ifli2c_bus_device create () FEERE N LSLH 2 FOIE S, QT EEE
SRR A 12C Btk . AE TR T2C A& 4 IR AR R S L B T B S U R . )
B R AT ECE N 0, R BRI 24 BT S LI,

3. B Miffli2c_bus_read_byte (). i2c_bus_read _bytes () 0] HiEHAT Byte WYEEEUHR
YE; f[§ifli2c_bus_read _bit (). i2c_bus_read bits () W] BEIEIFT bit MEEEEE, HEE
e NBA A A AR an il . T A OB S 1) buf BRI FE 55 . AR A7 A sk T iy
NULL_I2C_MEM_ADDR, T #/EBA NIRar i e st

4. BARE A [fifi2c_bus_write_byte ()., i2c_bus_write_bytes () W HiZHFT Byte NG A
¥R ifli2c_bus write _bit (). i2c_bus_write_bits () A HIEHSFT bit ME AEE. H
B NS, W ARl RS AR E S A KBS, T ATy
NULL_I2C_MEM_ADDR, M| F#RVEEA NI A i isess

5. MHBRB AL RITA R i2c_bus BE T A58, 1T A M BRI 48 F1LE LKL BRI R S R 7T
fifli2c_bus_device _delete () 43O B BHRAME, RIGHEHi2c _bus_delete () ¥ i
LRGEPRMIS . ANRAE R A AR IR I A R A 2, BRAERE AR ST .

il

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 = 100000,

i // 12c_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 device?, address: 0x32 , clk_speed: no-specified

i12c_bus_read_bytes (i2c_devicel, NULL_I2C_MEM_ADDR, 2, data_rd); // read bytes from.

—devicel with no register address

(FoakEE)
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(£ 50

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 devicel
i2c_bus_delete (&i2c0_bus); //delete i2c _bus

TR W T RLERRIY 5, Bl

1. MZ1Eastbhlf 16 By, WPMEH i2c_bus_read _reglé () B{i2c_bus_write _regl6 () AT
HHAE:

2. X F T BBk AT Mk iy B uk G T B Ay S M BO e Ay, RIPAME R i2c_bus_cmd_begin () #if 12C
command link #FF7#4E .

2.1.2 spi_bus A=

L gl gk: fiflspi_bus create() QIE—PEKEG, BIENTFEIEE SPL OS5 (i
SPI2_HOST.SPI3_HOST) DA MR E I spi_config_t. BLEWfUFE MOSI. MISO, SCLK 5| &,
PRI A8 | e RGBT I EffiE , — B TEs Tk . SRR E A max_transfer_sz,
P BC - R AL ST s R i, R O RE{ BRI (E 4096

2. BIERA: fliflspi_bus_device create () EERIEIELEAIZ LAER A, QRNGERE
BRI ) Cs BING . Banat TR, B TR BB, SPI IR AR i o Tl L
BT URIIAR .

3.8 | e f#i  Hspi_bus_transfer byte(). spi_bus_transfer_bytes ().
spi_bus_transfer _reglé6 () VA spi_bus_transfer reg32 () W] H 12 o447 5038 00 1% by $5
YE. HIT SPLZARU TR, AR R FIH AT AR AT, AR ARSI, TRk
Bl AERCEEICECE ) buf FIAL H A

4. MFRBCF AL WERPTAHY spi_bus MAFTLA5E 0, AT DA i R 50 35 AL RS BIRER AR GE W U T
il spi_bus_device_delete () 2 HIFC QIR BAMER, REBH M spi_bus_delete () Ffi
RTINS . CRAE B AR BRI IR B4, SR A S AT .

il

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

uint8_t data8_out = O0xff;

uintlé6_t datal6_in = 0;

uint32_t data32_in = 0;

(Rt

12 Chapter 2. Eiili¢A%¥



https://docs.espressif.com/projects/esp-idf/zh_CN/latest/esp32/api-reference/peripherals/i2c.html?highlight=i2c#communication-as-master
https://docs.espressif.com/projects/esp-idf/zh_CN/latest/esp32/api-reference/peripherals/i2c.html?highlight=i2c#communication-as-master

ESP-loT-Solution

(& k)

spi_config_t bus_conf = {

.miso_io_num = 19,

.mosi_io_num = 23,

.sclk_io_num = 18,
Y // spi_bus configurations
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.
—spl device

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

g XTHLEREIRIV M5, WPAEIEMI M spi_bus_transmit_begin () %5y spi_transaction_t JEATH#
fE.

2.1, BISEE A (Bus) 13
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2.1.3 Bi&Hf IDF A&

o ESP-IDF v4.0 2 A FARAS,

214 EEESH

* ESP32

» ESP32-S2

2.1.5 APl &%
i2c_bus API &%

Header File

¢ 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 i2c¢ 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.
Return i2c_bus_handle_t Return the I2C bus handle if created successfully, return NULL if failed.
Parameters
* port: I2C port number
e conf: Pointer to I2C bus configuration
esp_err_t i2c_bus_delete (i2c_bus_handle_t *p_bus_handle)
Delete and release the 12C bus resource.
Return
* ESP_OK Success
» ESP_FAIL Fail
Parameters

¢ p_bus_handle: Point to the I2C bus handle, if delete succeed handle will set to NULL.

14 Chapter 2. Eiili¢A%¥
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uint8_t i2c_bus_scan (i2c_bus_handle_t bus_handle, vint8_t *buf, uint8_t num)
Scan i2c¢ devices attached on i2c¢ bus.
Return uint8_t Total number of devices found on the 12C bus
Parameters
* bus_handle: I2C bus handle
e buf: Pointer to a buffer to save devices’ address, if NULL no address will be saved.
e num: Maximum number of addresses to save, invalid if buf set to NULL, higer addresses will be dis-

carded if num less-than the total number found on the I12C bus.

uint32_t i2c_bus_get_current_clk_speed (i2c_bus_handle_t bus_handle)
Get current active clock speed.
Return uint32_t current clock speed
Parameters
¢ bus_handle: I2C bus handle
uint§_t i2c_bus_get_created_device_num (i2c_bus_handle_t bus_handle)
Get created device number of the bus.
Return uint8_t created device number of the bus
Parameters
* bus_handle: I2C bus handle

i2c_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.
Return i2c_bus_device_handle_t return a device handle if created successfully, return NULL if failed.
Parameters

* bus_handle: Point to the I2C bus handle

¢ dev_addr: i2c¢ device address

* clk_speed: device specified clock frequency the i2c_bus will switch to during each transfer. 0O if use

current bus speed.

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 wused in pairs with

12c_bus_device_create.

21. B{ERLAH (Bus) 15
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Return
* ESP_OK Success
e ESP_FAIL Fail
Parameters
¢ p_dev_handle: Point to the I2C device handle, if delete succeed handle will set to NULL.
uint8_t i2c_bus_device_get_address (i2c_bus_device_handle_t dev_handle)
Get device’ s I12C address.
Return uint8_t I2C address, return NULL_I2C_DEV_ADDR if dev_handle is invalid.
Parameters
e dev_handle: I2C device handle

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.

Return esp_err_t

e ESP_OK Success

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.
Parameters
e dev_handle: I2C device handle

e 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

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.

Return esp_err_t
e ESP_OK Success

e« ESP_ERR_INVALID_ARG Parameter error

16 Chapter 2. Eiili¢A%¥
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* 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.
Parameters

e dev_handle: I2C device handle

e mem_address: The internal reg/mem address to read from, set to NULL_I2C_MEM_ADDR if no

internal address.
e data_len: Number of bytes to read
e data: Pointer to a buffer to save the data that was read

esp_err_t i2c_bus_read_bit (i2c_bus_device_handle_t dev_handle, vint8_t mem_address, wint8_t bit_num,

uint8_t *data)
Read single bit of a byte from i2c¢ device with 8-bit internal register/memory address.

Return 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.
Parameters
e dev_handle: I2C device handle

e mem_address: The internal reg/mem address to read from, set to NULL_I2C_MEM_ADDR if no

internal address.
e 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.

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 i2¢ device with 8-bit internal register/memory address.

Return 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.
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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.
Parameters

¢ dev_handle: I2C device handle

* mem_address: The internal reg/mem address to read from, set to NULL_I2C_MEM_ADDR if no

internal address.
e bit_start: The bit to start from, 0 - 7, MSB at 0
¢ length: The number of bits toread, 1 - 8
e data: Pointer to a buffer to save the data that was read
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.
Return 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.
e ESP_ERR_TIMEOUT Operation timeout because the bus is busy.
Parameters
¢ dev_handle: I2C device handle

* mem_address: The internal reg/mem address to write to, set to NULL_I2C_MEM_ADDR if no

internal address.
e data: The byte to write.

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_regl16.

Return 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.
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¢ ESP_ERR_TIMEOUT Operation timeout because the bus is busy.
Parameters
e dev_handle: I2C device handle

* mem_address: The internal reg/mem address to write to, set to NULL_I2C_MEM_ADDR if no

internal address.
e data_len: Number of bytes to write
* data: Pointer to the bytes to write.

esp_err_t i2c_bus_write_bit (i2c_bus_device_handle_t dev_handle, uint8_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.

Return 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.
e ESP_ERR_TIMEOUT Operation timeout because the bus is busy.
Parameters
¢ dev_handle: I2C 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.

esp_err_t i2c_bus_write_bits (i2c_bus_device_handle_t dev_handle, uint8_t mem_address, uint8_t

bit_start, uint8_t length, uint8_t data)
Write multiple bits of a byte to an i2¢ device with 8-bit internal register/memory address.

Return esp_err_t
e ESP_OK Success

« 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.
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Parameters
¢ dev_handle: I2C device handle

e mem_address: The internal reg/mem address to write to, set to NULL_I2C_MEM_ADDR if no

internal address.
e 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.

esp_err_t i2c_bus_cmd_begin (i2¢_bus_device_handle_t dev_handle, i2c_cmd_handle_t cmd)

12C master send queued commands create by 12c_cmd_link_create . This function will trigger send-
ing 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 before
each transfer, hence multiple devices with different configs on a single bus can be supported.

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

Return 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.
Parameters
e dev_handle: I2C device handle

¢ cmd: I2C command handler

esp_err_t i2c_bus_write_regl6 (i2c_bus_device_handle_t dev_handle, uintl6_t mem_address, size_t

) ) ) ) data_len, const uint8_t *data)
Write date to an i2¢ device with 16-bit internal reg/mem address.

Return 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.
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Parameters
¢ dev_handle: I2C device handle

¢ mem_address: The internal 16-bit reg/mem address to write to, set to NULL_I2C_MEM_ADDR if

no internal address.
e data_len: Number of bytes to write
* data: Pointer to the bytes to write.

esp_err_t i2c_bus_read_regl6 (i2c_bus_device_handle_t dev_handle, uintl6_t mem_address, size_t

data_len, uint8_t *data)
Read date from i2c device with 16-bit internal reg/mem address.

Return esp_err_t
e ESP_OK Success

« 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.
Parameters
e dev_handle: I2C device handle

* 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

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_DEV_ADDR

invalid i2¢ device address
gpio_pad_select_gpio

portTICK_RATE_MS
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Type Definitions

typedef void *i2c_bus_handle_t
i2c bus handle

typedef void ¥i2c_bus_device_handle_t

i2¢ device handle

spi_bus APl &%

Header File

* 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.
Return spi_bus_handle_t handle for spi bus operation, NULL if failed.
Parameters
e host_id: SPI peripheral that controls this bus, SPI2_HOST or SPI3_HOST
* bus_conft: spi bus configurations details in spi_config_t
esp_err_t spi_bus_delete (spi_bus_handle_t *p_bus_handle)
Deinitialize and delete the spi bus.
Return esp_err_t
¢ ESP_ERR_INVALID_ARG if parameter is invalid
¢ ESP_FAIL Fail
e ESP_OK Success
Parameters
* p_bus_handle: pointer to spi bus handle, if delete succeed handle will set to NULL.

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.

Return spi_bus_device_handle_t handle for device operation, NULL if failed.

Parameters
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* bus_handle: handle for spi bus operation.
e device_conft: spi device configurations details in spi_device_config_t
esp_err_t spi_bus_device_delete (spi_bus_device_handle_t *p_dev_handle)

Deinitialize and remove the device from spi bus.

Return esp_err_t
¢ ESP_ERR_INVALID_ARG if parameter is invalid
¢ ESP_FAIL Fail
* ESP_OK Success

Parameters
e p_dev_handle: pointer to device handle, if delete succeed handle will set to NULL.

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.

Return esp_err_t
e ESP_ERR_INVALID_ARG if parameter is invalid
* ESP_ERR_TIMEOUT if bus is busy
e ESP_OK on success
Parameters
e dev_handle: handle for device operation.
e data_out: data will send to device.
e data_in: pointer to receive buffer, set NULL to skip receive phase.

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.

Return esp_err_t
e ESP_ERR_INVALID_ARG if parameter is invalid
e ESP_ERR_TIMEOUT if bus is busy
e ESP_OK on success

Parameters

e dev_handle: handle for device operation.
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e data_out: pointer to sent buffer, set NULL to skip sent phase.
* data_in: pointer to receive buffer, set NULL to skip receive phase.
e data_len: number of bytes will transfer.
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.
Note Only call this function when spi_bus_transfer_xx do not meet the requirements
Return esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
e ESP_ERR_TIMEOUT if bus is busy
e ESP_OK on success
Parameters
¢ dev_handle: handle for device operation.
e p_trans: Description of transaction to execute

esp_err_t spi_bus_transfer regl6 (spi_bus_device_handle_t dev_handle, uintl6_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.
Return esp_err_t
e ESP_ERR_INVALID_ARG if parameter is invalid
e ESP_ERR_TIMEOUT if bus is busy
e ESP_OK on success
Parameters
* dev_handle: handle for device operation.
e data_out: data will send to device.
e data_in: pointer to receive buffer, set NULL to skip receive phase.

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.

Return esp_err_t

¢ ESP_ERR_INVALID_ARG if parameter is invalid
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¢ ESP_ERR_TIMEOUT if bus is busy
e ESP_OK on success
Parameters
¢ dev_handle: handle for device operation.
* data_out: data will send to device.

e data_in: pointer to receive buffer, set NULL to skip receive phase.

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 sclk_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
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_*
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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

2.2 12S LCD 3Rzf

2.2.1 APl &%

Header File

¢ bus/include/i2s_lcd_driver.h

Functions

i2s_lcd_handle_t 12s_led_driver_init (const i2s_lcd_config_t *config)
Initilize 12s lcd driver.
Return A handle to the created i2s lcd driver, or NULL in case of error.
Parameters
» config: configuration of i2s
esp_err_ti2s_led_driver_deinit (i2s_lcd_handle_t handle)
Deinit i2s lcd driver.
Return
e ESP_OK on success
e ESP_ERR_INVALID_ARG handle is invalid
Parameters

e handle: i2s lcd driver handle to deinitilize
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esp_err_t i2s_led_write_data (i2s_lcd_handle_t handle, uint16_t data)
Write a data to LCD.
Return
« ESP_OK on success
e ESP_ERR_INVALID_ARG handle is invalid
Parameters
e handle: i2s lcd driver handle
e data: Data to write
esp_err_ti2s_led_write_cmd (i2s_lcd_handle_t handle, vint16_t cmd)
Write a command to LCD.
Return
e ESP_OK on success
e« ESP_ERR_INVALID_ARG handle is invalid
Parameters
¢ handle: Handle of i2s lcd driver
e cmd: command to write
esp_err_t i2s_led_write_command (i2s_Ilcd_handle_t handle, const uint8_t *cmd, uint32_t length)
Write a command to LCD.
Return
e ESP_OK on success
e ESP_ERR_INVALID_ARG handle is invalid
Parameters
e handle: Handle of i2s lcd driver
¢ cmd: command to write
* length: length of command
esp_err_t i2s_led_write (i2s_lcd_handle_t handle, const uint8_t *data, uint32_t length)
Write block data to LCD.
Return

e ESP_OK on success
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e ESP_ERR_INVALID_ARG handle is invalid

Parameters
* handle: Handle of i2s lcd driver
¢ data: Pointer of data
* length: length of data
esp_err_ti2s_led_acquire (i2s_lcd_handle_t handle)
acquire a lock
Return Always return ESP_OK
Parameters
e handle: Handle of i2s lcd driver
esp_err_t i2s_lecd_release (i2s_Ilcd_handle_t handle)
release a lock
Return Always return ESP_OK
Parameters

¢ handle: Handle of i2s lcd driver

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 IO

int8_t pin_num_cs

CS io num

int8_t pin_num_wr

Write clk io
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int8_t pin_num_rs

RS io num

int clk_£freq
12s clock frequency

i2s_port_t i2s_port
I12S 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_lecd_handle_t

2.3 |REZFFA M (Boards)

[English]

AR BN SR AT Boards) WMEHITTIE, A AR BIRE I 2 L4, w] 1 B A PR LS
— M5 SO S RECETC R IRIIR A, BT ARG SCRAIT A B R PP il AR IS A AN R I 5, B
RIIREAITE :

1 AR A — 5 BT E S
2. AN MR E S 4L
3. RGP I
4. PO S AR A RE 4 i 2 D
Boards £ {FIE5H AT :
* Boards 41{F i & AT INE
- board_common.h, & T /AH AP R
- board_common.c, & T A% APLARESLI (%)

— Kconfig.projbuild, €& T AHKIED &L
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Boards : GPIO Define + Init Func + Resource Handle

esp32-devkitc esp32-MeshKit-Sense
| I
| esp32-custom-board | ————————- I
R Rt ! 1 |
jot board.h ————— P esp32-custom-board |
board.c : 1 |
kconfig.in . b ———— 4

e Kconfig.projbuild; CMakeLists.txt ...

& 3: Boards ZH {4544 HE &

o DT AR A i 24 10 T3PS A DA R I
— iot_board.h 32T IFRARHS MVEERE X, I RMUSAHG E 2 X APL 4R ]
~ board.c LT AH APLEGFI S0 (BOAMERED), HiE 3 APL 8
~ kconfig.in, HLHT BT BB & L EI.

{I:f#: Boards ¥ examples/common_components/boards HfEft,

231 ERHAZE
L. WIRAEFF ZM: FE app_main i iot_board_init ¥R K, H FIRAI#E menuconfig Hfifi
T % 43 Aoiie & TR MG AL S

2. IRBUNREAIRN: {§if] iot_board_get_handle fll board_res_id_t FREWAMEEIEL AN, W%
HMEAR G IR AT R 1] NULL;

3. AT AMSCAR A

NE

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,

(Rt
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(£ 50

BOARD _I2CO_ID is declared in board _res_1id t 1in each iot_board.h*/
bus_handle_t 12c0_bus_handle = (bus_handle_t)iot_board_get_handle (BOARD_I2CO_ID) ;
if (1i2c0_bus_handle == NULL) {

goto error;

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

*/

2.3.2 FARYIGRFIEE

BT Boards JF RN AR, RTLAGE I LA R 7 ik UIHB AN L BT AR -

1. J®EFEHWBWIF AW : {F menuconfig-—>Board Options->Choose Target Board HiEEFE—NMNIF %
s

2. BEEIFTAMSE: Board Common Options W& AAMIFAMECEDT, HIANRCE R EIEIT A
UG IAIRIERIE 12c_bus; XXX Board Options HLE TIRIT AAMAFA RIRCEI, BlUNIIT K
PEHUIRASSE

3. ffif] idf.py build flash monitor EHIHIFH FHAM.

W HWIFERGmPFEEREAN ESP32, Wl EsP32-S2, iHEHIFZHIMH 1idf.py set-target
esp32s2 FlE HAx.
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2.3.3 EXFHHNFER

ESP32 Jf & #lt

2€-WOOHM-ZEdST
JISS3HdS>

esp32-meshkit-sense

esp32-lcdkit

ESP32-S2 J1 & #x

8 @
132
281201018

ERESEASEESSESESES

— =
1B 19 20 21 26 33 34 35 36 37 38 39-40 41 42 TX RX 45 46 RSTGND
CER RS R RN R RN R

esp32s2-saola

ESP32-S3 J A&k
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2.3.4 FRMFFEIFF AR

WBILIRIHTRIT S, W PAPGHEIERCEE T Boards AT AR AR -
ASIIT AL AR

1.

2.

3.

F MR 28 SR 25 4 HEAT ALY 1ot _board. h;

BT RTE board_xxx . c UNIIZIT SR B BRECSE L, BORHAAT Y 55 BR B0 A T 5
R HFORAE kconfig. in YSHIZIT A ARRAT Y T B0

FEIT A HUE BANE] Keonfig.projbuild, LA

FEIF AR H SRS CMakeLists. txt, (EHARMAIERART | WRTLEFFER) make FIFRL,
15 A BHE L component .mk.,

1Efif: A2 Boards MEAIAYIT ZARSCPFSE, dad ] BB 5 O A A as i o

2.3.5 HiFKH

N FEARHTR : bus, button, led_strip

2.3.6 E&EL IDF laF

o ESP-IDF v4.4 /DA FARAS,

23.7 EGESH

» ESP32

» ESP32-S2

* ESP32-S3
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SR

[English]

3.1 BRE

[English]

WENHRERGESERAR P, FHtS R RETN R, ESP32 2RI A hEE: s 2
HET FEIIME S, A 2884 12, 8080, SPI fl RGB,

—HBRESEE AP B Bon EAU BE 1C. WUREM (WRRERE) e T BRRST. S
. ORESEG W IC (MFRbrAERIE) 2 VCHC Rm Bt 5 E AR A —R Bl —E i oxt
AR FHE s B AR A T B

3.1.1 ESP32 RIS HBREREDO

FERA FEEL B T DAL B R R 11, 1 1L19486 3 MCU 4210 (HJI 8080 432 11). SPI#:11. RGB 11
F1 MIPT 217,

ESP32 RBSt A4 11 LR DL R -
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SoC 2C 0 SPI #:11 8080 #%1 RGB #11

EsP32
ESP32-S2

ESP32-53
ESP32-C3

Efi#: ESP32 RFtE A i 12C. SPI, 8080 Fil RGB 4 ¥ n] PAIEH ) GPIO A 55 WS BIME A D«

SPI 0O

ESP32 ZFE i) SPL ¢ 45 :
* SPI B4 f5c % W] 15 80MHz
o SCFF QSPI B

8080 QO

ESP32 Z415t5 i) 8080 42 143 %1l Hi S R ¥y A s S B

SoC SR 8080 2 LA AME | 5k

ESP32 28 8/16 [AR T BB Asi 46 5 =) T 15 20MHz

ESP32-S2 | 128 8 (AR N BB R A i T 35 40MHz, 16 {7120~ 20MHz

ESP32-S3 | LCD_CAM 8 (AR B B a5 1T ik 40MHz, 16 {55 20MHz
RGB 0

ESP32-S3 ;ti A4 —4> RGB #: 11, 304747 RGB565 #1517 RGB88S izt RGB #2115 8080 5 1
RITEN, —NEEXBIFET RGB 5 O 5ias— AT A7, X8R5 24—l 8 &R e #e L e
HBEFIRIATE R . BT ESP32-S3 5tk i INHRICA 81 RAM I T-i2AF, FrATRZSME PSRAM, F47 1.
FEET PSRAM | W T RAFESRIVH SEROK, Frlib sl R0 R Cr d6 i 8 2 PSRAM , JiH.4%
PSRAM I} g 53 /0 5 ¥ 4 8OMHz.,

EfR:  RGB £ O MIKSNAE esp-idf ff) components/esp_lcd A HIMATE esp-iot-solution., FIFEiE S5
esp-idf/examples/peripherals/lcd/rgb_panel
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3.1.2 REEHIEE

CLE BC I Pl AL S R R R

EHISRES | RASPR | KR

NT35510 480 x 865 Color
ILI9806 480 x 865 Color
RM68120 480 x 865 Color
1L19486 320 x 480 Color
1L19488 320 x 480 Color
1LI9341 240 x 320 Color
1L19342 240 x 320 Color
ST7789 240 x 320 Color
ST7796 320 x 480 Color
SSD1351 128 x 128 Color
SSD1306 128 x 64 Mono
SSD1307 128 x 39 Mono
SSD1322 480 x 128 Gray

SSD1963 480 x 864 Color

H:rft SSD1963 T 8080 12 [54H%| RGB $:11,

3.1.3 IRzhLEH
N T EIMAFE—DBRRHE RIS A Z A R SEPRE oL, KRR AR Rl & v IR sy R s R B
IR P> -
o FROUKE: SEREEAS Y Ay S IR I SRS
o BREPEH AR KEN I D KR S R R
TERRF BT b, — BRIl T DA 18 AN (7] 42 1 9K Bl DASKE BT B F_EANTR] Ao 17

3.1.4 REMTH

XF B AT 2 R PSR B T AT RS A B , X HLUR 2 B BR AR AT SRy 2k 7326, Tl OLED. LCD
SEPERERTHAR R — BT, PR ORI R ULE T BPP (Bits Per Pixel), il BPP (A8 [a] S EURE ¥ 1) Ak
HO7 I — 2R, TR TR A28 LR GRAM RS RIMR 3R w7 2

MUA LT RT DAt AR OHE AT DA S Ry 2 -
« BBP >=8, ili# i %+; RGB888. RGB666. RGB565 254 [ (it #e .

« BPP <8, MHFEHANHEA, MREERAN, WalaEKHm .
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CONTROLLER DRIVER

5501306 ST7789 MNT35510

......

ILI9341 ‘

write_emd()
write_data()
write()

Bl L BRIk s a R [

| Pixel

- —~
Data a(n) — Red, Green[0:2] Data a(n+1) — Green[3:5], Blue

Time >

[ 2: BPP = 16 GRAM #5544
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N <t VO >~
NN AN AN
S — A on <t —_— o — —
CRCRGCRONG; CROROCRORG;
KA EA 000000 ceecsccscccccccsccas [SARNSAQNSApNSA N
NN NN A N N NN A
LSB D0 COM16
COM17
PAGE2 [ T T T | | ceeeeeeeececeacanans
MSB D7 com23
T~ Each box represents one bit of image data
& 3: BPP = 1 GRAM 454
SEGO0 SEG1 SEG2 SEG3 SEG476 SEGA477 SEG478 SEG479 .
Outputs
IRAM
Column
00 00 77 77 address
(HEX)
COMO | 00 | DI[3:0] | DI[7-4] | DO[3:0] | DO[7:4] D239[3:0] | D239[7:4] | D238[3:0] | D238[7:4]
COMI | 01 | D241[3:0] | D241[7:4] | D240[3:0] | D240[7:4] | | D479[3:0] | D479[7:4] | D478[3:0] | D478[7:4]
COMI26] 7E  |D30241[3:0]D30241[7:4]D30240[3:0][D30240[7:4] [D30479[3:0]D30479[7-4]D30478[3:0]D30478[7:4]
coM127] 7F  [D30481[3:0D30481[7:4]ID30480[3:0[ID30480[7:4]  [D30719[3:01ID30719[7:4]D30718[3:0D30718[7:4]
RAM
COM  Row v\Corresponding to one pixel
Outputs Address
(HEX)

[ 4: BPP = 4 GRAM %5#4
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BPP <8 Itf, — NG E] T2 MR R, ILTCIE B ] MR o X, JRBIA SCF draw_pixel ()
PR, H set_window () WISEBIFZEIMRME]. BPP >= 8 I, AT AFRFAHLTT ) B MR

R XTREAbE, WM RGB565 Bt dmis .

3.1.5 EORzEY

— APPSR 2 0, /EESP32 il E A 8080 1. SPI Ml 12C X =AM 5htREER:, W]
PAMEJE] scr_interface_create () A8 OIKshE A Hp—Ffhz 00,

HfE: i scr_interface_create () QAR O BT EEREANS Z X WAL E S,
Bil4n 8080 2125 _lcd config t 1M SPI#ENjgscr_interface_spi_config t,

SH T AR B i g DR Bl gr — (8 X ez 1, display/screen/screen_utility/interface_drv_def.h W 5g LT A
0, ATRAGE TR S 50008 F 2 1K)

Hfipg: BRI, i ESP32 J /N, Rt R B % D 3RS AR swap_data FUEA]
WA R/ N . WHERE: 408 SPLEZLIIE, T IDF (1) SPLIRSI AREA 1R A% IIRE, 3% D UKEhHf
DX AT TR A, BRI AR B TT SR, Kb B8 RAM .,

3.1.6 RFiTHIZRIEN
PR REARIE AN [ A4 e 2 g 0 S SE BRI RE SR 107 SRS AR B AN TH] GUI A, %o B ) — e 2 i
BRE scr_driver ¢ #EfT TR . X T—LERRRYIRE N IRE, 52 A A7 UR I HURR 2 ) ol EU5E B

T X S63E R Y, BT B Hl a8 A B DR R AH [, HAN & T B e R PS8l T, il : X1 BPP
<8 W FHEAN L H draw_pixel () FRE. AN ZERRECH R B ESP_ERR_NOT_SUPPORTED,

25 A

AY

fa

X HLBCE Y B T e S 4t B FSE IR, XA INBRFEA AR Bz il as B 25 . — A 8 i
FIRER SR Tr ), AR AT ANERE 091 90°, 180° B 270°, R PAMTHAREURIRA R, BRIATs )2k 0° FITHH
HHR. X 84 x2) AR ERTT N AR 3 A HEHIIF K414 X-mirroring, Y-mirroring I X/Y

swapping.,

TFAFI AR 8 LA RRE T ). WEREIR T RIANIER, AR TR P RIRCE T R fH IR TR,
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0 [SCR_DIR_LRTB] SCR_MIRROR_Y [SCR_DIR_LRBT]

SCR_MIRROR_X
[SCR_DIR_RLTB]

ﬂ SCR_SWAP_XY

SCR_MIRROR_XI| SCR_MIRROR_Y
[SCR_DIR_RLBT]

SCR_SWAP_XYI SCR_MIRROR_Y

[SCR_DIR_TBLR] [SCR_DIR_BTLR]

SCR_SWAP_XY!I SCR_SWAP_XYI SCR_MIRROR_XI|
SCR_MIRROR_X SCR_MIRROR_Y [SCR_DIR_BTRL]
[SCR_DIR_TBRL]

TR B il B s 7 [ B SIS A ], i # o AT AT O -
o WFROSHE, 8 AT iR .

o MTE@GER, A1 SSDI306 SFhE kU, R Siffscr_dir t g UL 4 A5, B SR A0 XY
il

TR TR T7 B A B AR DGR, ARATRE S A B R S R R O

o WIRHMBEE NSCR DIR LRTB, JFHAIAN S FFEAP XA SR . X 0] 682 K st I
M ELXT XY Jy ) FEAT T Bi%, 3 A% MR R S B 0 R R e DARS B 0 R ) s R 1]

o WERETHREG, BoRNAEARILT . X ATRE R F R BT AU A HER N T B R gR R, SR
5 5 R DA SE VA AE R T L, XY 5 R B IE A ) R RS AL -

EREEHES

FE— S NRSF R BiaE b, B R T I B3 N B B il i 0 R . 25 AR Bl
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l¢

240

I‘

-

52

rControIIer window ]

A

Panel window

135

240

320

K H Controller window setteiEflasn B/RT 1, 40PF% N 240 x 320, Panel window & FE3ETIR
T, AR R 135 x 240, WA DR e E AR X3, W DA H S DA E K~ 1) RS T 52 MR &R,
TR E 1) FREE T 40 MEE.

AL RS 90° J5 . B UK T FARES T 40 M@, AET BT RES T 53 ME% . A F i

240

l¢

320

N

d

(Controller window ]

53

[€
X
y|
40

Panel window

A

240

Y

135
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Brwe s A IR s 2 85 B AR B S AR B BE R (e FE K e A RS B, DAGRFFIE B 1) R K. AR TR B 2
fEscr_controller config_t WIEMECE B #7E SCR_DIR_LRTB Jy [n] B % Al 5w h Al R+ .

TE AR
* BIRRFS LS RE BPP >= 8 (1 i .

o M FERE GRS 2 T AE A FER MG, IR X AT RE 2 R B R PR 5 RN, IR Y%
AR, i ILI9806 W 2%itf& i 1119806.c H1f) ILI9806_RESOLUTION_VER NSLPRIIAHER

3.1.7 ARG

it DURRBIATE4Ed, LCD PAK LVGL /RfiliE£2%  180_controller, rgb_panel 1 spi_led_touch

MisitRE

scr_driver_t g_lcd; // A screen driver

esp_err_t ret = ESP_OK;

/** Initialize 16bit 8080 interface */
i2s_lcd_config_t i2s_1lcd_cfg = {
.data_width = 16,
.pin_data_num = {
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16
by

.pin_num_cs = 45,
.pin_num_wr = 34,
.pin_num_rs = 33,

.clk_freq = 20000000,
.1i2s_port = I2S_NUM_O,
.buffer_size = 32000,
.swap_data = false,

i

scr_interface_driver_t *iface_drv;

scr_interface_create (SCREEN_IFACE_8080, &i2s_lcd_cfg, &iface_drv);

/** Find screen driver for ILI9806 */
ret = scr_find_driver (SCREEN_CONTROLLER_ILI9806, &g_lcd);
if (ESP_OK != ret) {

ESP_LOGE (TAG, "screen find failed");

(FIakss)
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return;

/** Configure screen controller */

scr_controller_config_ t lcd_cfg = {
.interface_drv = iface_drv,
.pin_num_rst = -1, // The reset pin is not connected
.pin_num_bckl = -1, // The backlight pin is not connected
.rst_active_level = 0O,

.bckl_active_level = 1,

.offset_hor = 0,

.offset_ver = 0,
.width = 480,
.height = 854,

.rotate = SCR_DIR_LRRBRT,
bi

/** Initialize ILI9806 screen */
g_lcd.init (&lcd_cfqg);

WfR: PO BATHF T ILI9341 Gy akal, an 26l A oK 3, 7% AE menuconfig —>
Component config -> LCD Drivers -> Select Screen Controller HUJiHERT I ROkl .

R RE&

fn

/** Draw a red point at position (10, 20) */
lcd.draw_pixel (10, 20, COLOR_RED);

/** Draw a bitmap */
lcd.draw_bitmap (0, 0, width_of_pic, height_of_pic, pic_data);

FHRERER

scr_info_t lcd_info;

lcd.get_info(&lcd_info);

ESP_LOGI (TAG, "Screen name:%s | width:%d | height:%d", lcd_info.name, lcd_info.width, .
—~lcd_info.height);
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3.1.8 APl &%

Header File

* display/screen/screen_driver.h

Functions

esp_err_t scr_£find_driver (scr_controller_t controller, scr_driver_t *out_screen)

Find a screen driver.
Return

e ESP_OK on success

¢ ESP_ERR_INVALID_ARG Arguments is NULL.

e ESP_ERR_NOT_FOUND Screen controller was not found.
Parameters

e controller: Screen controller to initialize

e out_screen: Pointer to a screen driver

Structures

struct scr_controller_config t

configuration of screen controller

Public Members

scr_interface_driver_t *interface_drv
Interface driver for screen

int8_t pin_num_rst
Pin to hardreset LCD

int8_t pin_num_bckl
Pin for control backlight

uintd_t rst_active_level

Reset pin active level

uint§_t bckl_active_level

Backlight active level

3.1. ERE

45


https://github.com/espressif/esp-iot-solution/blob/8c7e1df/components/display/screen/screen_driver.h

ESP-loT-Solution

uintl6_t width

Screen width

uint16_t height
Screen height

uintl6_t of£set_hor
Offset of horizontal

uintl6_t offset_ver

Offset of vertical

scr_dir_t rotate

Screen rotate direction

struct scr_info_t

Information of screen.

Public Members

uint16_t width

Current screen width, it may change when apply to rotate

uint16_t height

Current screen height, it may change when apply to rotate

scr_dir_tdir
Current screen direction
scr_color_type_t color_type
Color type of the screen, See scr_color_type_t struct
uint8_t bpp
Bits per pixel
const char *name

Name of the screen

struct scr_driver_t

Define a screen common function.

46
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Public Members

esp_err_t (*init) (const scr_controller_config_t *lcd_conf)
Initialize screen.
Return
¢ ESP_OK on success
¢ ESP_FAIL Driver not installed
Parameters
* lcd_cont: Pointer to a structure with lcd config arguments. see struct scr_controller_config_t
esp_err_t (*deinit) (void)
Deinitialize screen.
Return
* ESP_OK on success
e ESP_FAIL Deinitialize failed
e ESP_ERR_NOT_SUPPORTED unsupported
esp_err_t (*set_direction) (scr_dir_t dir)
Set screen direction of rotation.
Note Not all screens support eight directions, it depends on the screen controller.
Return
¢ ESP_OK on success
* ESP_FAIL Failed
Parameters

* dir: Pointer to a scr_dir_t structure. You can set the direction in two ways, for example, set it to
“SCR_DIR_LRBT” or “SCR_MIRROR_Y” , They are the same, depending on which expression

you want to use

esp_err_t (*set_window) (uint16_t x0, uint16_t y0, uint16_t x1, uint16_t y1)

Set screen window.

Note When the BPP of the screen controller is less than 8, the coordinate value is limited to a multiple of
some number

Return

e ESP_OK on success
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» ESP_FAIL Failed
Parameters
» x0: Starting point in X direction
» yO0: Starting point in Y direction
* x1: End point in X direction
e y1: End point in Y direction
esp_err_t (*write_ram_data) (uintl6_t color)
Write a RAM data.
Return
e ESP_OK on success
* ESP_FAIL Failed
Parameters
* color: New color of a pixel
esp_err_t (*draw_pixel) (uintl6_t x, uint16_t y, uint16_t color)
Draw one pixel in screen with color.
Return
e ESP_OK on success
» ESP_FAIL Failed
Parameters
* x: X co-ordinate of set orientation
e y: Y co-ordinate of set orientation
* color: New color of the pixel
esp_err_t (*draw_bitmap) (uintl6_t X, uint16_t y, uint16_t w, uint16_t h, uint16_t *bitmap)
Fill the pixels on LCD screen with bitmap.
Return
e ESP_OK on success
» ESP_FAIL Failed
Parameters

* x: Starting point in X direction
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* y: Starting point in Y direction
* w: width of image in bitmap array
* h: height of image in bitmap array
* bitmap: pointer to bitmap array
esp_err_t (*get_info) (scr_info_t *info)

Get screen information.

Return
* ESP_OK on success
» ESP_FAIL Failed

Parameters

* info: Pointer to a scr_info_t structure.

Macros

COLOR_BLACK
COLOR_NAVY
COLOR_DARKGREEN
COLOR_DARKCYAN
COLOR_MAROON
COLOR_PURPLE
COLOR_OLIVE
COLOR_LIGHTGREY
COLOR_DARKGREY
COLOR_BLUE
COLOR_GREEN
COLOR_CYAN
COLOR_RED
COLOR_MAGENTA
COLOR_YELLOW
COLOR_WHITE

COLOR_ORANGE

3.1. ERE
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COLOR_GREENYELLOW
COLOR_PINK
COLOR_SILVER
COLOR_GRAY
COLOR_LIME
COLOR_TEAL
COLOR_FUCHSIA

COLOR_ESP_BKGD

Enumerations

enum scr_dir_t
Define all screen direction.
Values:

SCR_DIR_LRTB

From left to right then from top to bottom, this consider as the original direction of the screen

SCR_DIR_LRBT

From left to right then from bottom to top

SCR_DIR_RLTB
From right to left then from top to bottom

SCR_DIR_RLBT
From right to left then from bottom to top

SCR_DIR_TBLR
From top to bottom then from left to right

SCR_DIR_BTLR
From bottom to top then from left to right

SCR_DIR_TBRL
From top to bottom then from right to left

SCR_DIR_BTRL
From bottom to top then from right to left

SCR_DIR_MAX

SCR_MIRROR_X = 0x40

Mirror X-axis

50
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SCR_MIRROR_Y = 0x20

Mirror Y-axis

SCR_SWAP_XY = 0x80
Swap XY axis

enum scr_color_type_t

The types of colors that can be displayed on the screen.

Values:

SCR_COLOR_TYPE_MONO

The screen is monochrome

SCR_COLOR_TYPE_GRAY

The screen is gray

SCR_COLOR_TYPE_RGB565

The screen is colorful

enum scr_controller_t

All supported screen controllers.
Values:
SCREEN_CONTROLLER_ILI9341
SCREEN_CONTROLLER_TILI9342
SCREEN_CONTROLLER_ILI9806
SCREEN_CONTROLLER_ILI9486
SCREEN_CONTROLLER_TIILI9488
SCREEN_CONTROLLER_NT35510
SCREEN_CONTROLLER_RM68120
SCREEN_CONTROLLER_ST7789
SCREEN_CONTROLLER_ST7796
SCREEN_CONTROLLER_SSD1351
SCREEN_CONTROLLER_SSD1963
SCREEN_CONTROLLER_SSD1306
SCREEN_CONTROLLER_SSD1307

SCREEN_CONTROLLER_SSD1322

3.1.
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Header File

« display/screen/interface_driver/scr_interface_driver.h

Functions

esp_err_t scr_interface_create (scr_interface_type_t type, void *config,

) ) **out driver)
Create screen interface driver.

Return

ESP_OK on success

e ESP_ERR_INVALID_ARG Arguments is NULL.

ESP_FAIL Initialize failed
¢ ESP_ERR_NO_MEM: Cannot allocate memory.
Parameters
* type: Type of screen interface
e config: configuration of interface driver
e out_driver: Pointer to a screen interface driver
esp_err_t scr_interface_delete (const scr_interface_driver_t *driver)
Delete screen interface driver.
Return
e ESP_OK on success
e ESP_ERR_INVALID_ARG Arguments is NULL.
Parameters

e driver: screen interface driver to delete

Structures

struct scr_interface_spi_config_t

SPI interface configuration.

scr_interface_driver_t
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Public Members

spi_bus_handle_t spi_bus

Handle of spi bus

int8_t pin_num_cs
SPI Chip Select Pin

int8_t pin_num_dc

Pin to select Data or Command for LCD

int clk_£freq
SPI clock frequency

bool swap_data

Whether to swap data

struct scr_interface_i2c_config_t

12C interface configuration.

Public Members
i2c_bus_handle_t i2c_bus
Handle of i2c bus

uint32_t clk_speed

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

uintl6_t slave_addr
12C slave address

struct scr_interface_driver_t

Define common function for screen interface driver.

Public Members
scr_interface_type_t type
Interface bus type, see scr_interface_type_t struct

esp_err_t (*write_command) (void *handle, const uint8_t *cmd, uint32_t length)

Function to write command

esp_err_t (*write_data) (void *handle, uint16_t data)

Function to write a data

esp_err_t (*write) (void *handle, const uint8_t *data, uint32_t length)

Function to write a block data

3.1. ERE

53



ESP-loT-Solution

esp_err_t (*read) (void *handle, uint8_t *data, uint32_t length)

Function to read a block data

esp_err_t (*bus_acquire) (void *handle)

Function to acquire interface bus

esp_err_t (*bus_release) (void *handle)

Function to release interface bus

Enumerations

enum scr_interface_type_t
Type of screen interface.
Values:

SCREEN_IFACE_I2C
12C interface

SCREEN_IFACE_8080
8080 parallel interface

SCREEN_IFACE_SPI
SPI interface

3.2 HLEWD

[English]

B /LED miFERAIR AR RE TR WK BRI %, %7 S LCD R b5 D5 R A7 9, Sl
WHME R, HEEATT . TR RS ERSF B R BN R I 5

ESP-IoT-Solution & £ i Y £ h 48 /LED g RUKh#s T -

B ThEE EO | &3 HiRFH;
CH450 B WoR S A, SR 6 AT | I2C | ch450 CH450
HT16C21 20x4/16x8 LCD ##il#%, Y RAM Bgf | 12C | hel6e2l | HT16C21
IS31FL3XXX | LED fi 4% i 2% 2C | is31f3xxx | IS31FL3XXX
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3.2.1 CH450 3Rz}

CH450 J&— A0S E nikant i, nTRAM TUKE) 6 (A4 el 48 & LED Jif%, nlifad 12C 415 ESP32
PEATIELE .

vCcc Bciu Racéqu
e SRHEERE T D0 00|
:}—/ - - - - - -
{ l S| gND gggi : g_/_/ ; l-lo l-lo l-lo l-lo l-'o '-lo
—
= C2 §EE§, 8 — 7
228u D167 12 s1s; M1 | N2 | N3 [ N4 | N5 [ Ne
RESET, 1‘ RSTH DIGS g Eg
- INT# DIG4 T o
s Sigfm
| ‘ UL CH458K/H )

& 5: CH450 SL7 3 F v & &

IR BN CHAS0 f EAC B EEAT T8, B ] DUE SR ch450_write () B{ ch450_write_num() #%
PR T R .

z3t)

i2c_bus_handle_t i2c_bus = NULL;
ch450_handle_t seg = NULL;
i2c_config_t conf = {
I2C_MODE_MASTER,
.sda_io_num = I2C_MASTER_SDA_IO,

.mode

.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,

i

i2c_bus = i2c_bus_create (I2C_MASTER_NUM, &conf);

seg = ch450_create(i2c_bus);

for (size_t i = 0; 1 < 10; i++) {
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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3.2.2 HT16C21 IRz)

HT16C21 j2—3K 3 FF RAM WL LCD #5613k sl TR0 20 x 48 16 x 8 Bl Misbt, %
A T2C B2 05 ESP32 TG .

Vo
Vice- Vopid
GOMO
Vico- 2Vopid
Vs
Vo
Vice- Vopid
comt
Vico- 2Vopi3
Vas
Vieo
Vice- Vopid
comz
Vico- 2Vopi3
Vas
Vo
Vico- Vopia
cOoM3
Vico- 2Vopi3
Vs
Vo
Vico- Vopia
sEGn
Vico- 2Vopi3

%

Vice- Vopi3
SEGn+1

Ve
Vo 2Vopi3
%
e

s
0
Vico- Vopia
SEG n+2
Vico- 2Vopi3
Vas
Vieo
Vico- Vopia
SEGn+3
Vico- 2Vopi3

Ves

2

E

UL
gl

Kl 6: HT16C21 SRS 4

5

State

LCD segment

(en}

State2
(offy

mem o o

—O—0O—0O—@—

ZIK X HT16C21 By HE A EAEH#HAT T E 2, AP MH htl6c2l_create QE LI Z f5, #d
ht16c21_param_config X IRN#s ST ECE, 2GR B ht16c21_ram_write #HfTH A

Bl

i

i2c_bus_handle_t i2c_bus = NULL;

ht16c21_handle_t seg = NULL;

uint8_t lcd_data[8] = { 0x10, 0x20, 0x30, 0x50, 0x60,

i2c_config_t conf

{

.mode

.sda_io_num

.sda_pullup_en

.scl_io_num

.scl_pullup_en

.master.clk_speed

bi

I2C_MODE_MASTER,
I2C_MASTER_SDA_IO,
GPIO_PULLUP_ENABLE,
I2C_MASTER_SCI_IO,
GPIO_PULLUP_ENABLE,
I2C_MASTER_FREQ_HZ,

0x70,

0x80 };

(Rt
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(£ 50

i2c_bus = i1i2c_bus_create (I2C_MASTER_NUM, &conf);
seg = htl6c21_create(i2c_bus, HT16C21_I2C_ADDRESS_DEFAULT) ;

ht16c21_config_t htl6c2l_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

htl16c21_param_config(seg, &htl6c21_conf);

htl6c21_ram _write(seg, 0x00, lcd_data, 8);

htl6c21_delete (seq);
i2c_bus_delete (&i2c_bus);

3.2.3 IS31FL3XXX IRz}

IS3IFL3XXX ZFith i u] 1l UK AN R ALY LED gl e . Horp IS3IFL3218 S04 18 AMEEIE, &4
TIE H L) PWM ], ficRka i F it 38 mA, I E#EIKE) LED #EATI27R . IS31FL3736 S HF 2 HyidiH
BRI 12 x 8 LED HifE, &NiliE h—A> 8 i PWM BKZly, ek SCRF 256 9iss

V Battery
T

V_ Battery 3 ouTl 7
vcc

ouT
v ETonr )

OUT3
OUT:
OUTY
oUTq i
4. P78 oUT}

z 1S31FL3218 out

—sSDA ouUT
6

Micro
Controll¢r 24 SCL ouT

(e (W (U

o Jeo [T [

SDB oUT
10?%_ ouUT

= ouT

ouT

ouT

2 R_EXT
E{ - ouT
33
4 GND ouT

A==

= ouT

& 7: IS31FL3218 HLA 5 F Ha % &

RAKEIXT IS3IFL3XXX (Y EEABRAE I T 782, nBIanr M3 s,

3.2. HELEIWN
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IS31FL3218 7=l

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 = 1s31f13218_create (i2c_bus);
1s31f13218_channel_set (fxled, 0x00ff, 128); // set PWwM 1 ~ PWM 8 duty cycle 50%
1is31£f13218_delete(fxled);
i2c_bus_delete (&i2c_bus);

3.3 LED 18§7R%T

[English]

LED /AT Je i i BN A tH b ez —, Al DA AN RE S TR 7R R G024 Al TARIRAS . ESP-ToT-Solution
Sk LED $54T AL R A AT D)

o SFHE AR
o P SRR O

o YRS HRAT

» LEDC 4 UKh S5 i, s

3.3.1 ERAE

FilsE SRR EY

INJRA IR K R blink step t i X THABERRE, FORITIREHIRERZm 1. 2P RAAGH—1
NRRIEAL, AR IR ZE 2] AR R AR R GRS . INIRRIAY 5 SO AR

Bl L SC—AMERIARR: 520.05s, K O0.1s, JHRZ5—E .

const blink_step_t test_blink_loopl[] = {
{LED_BLINK_HOLD, LED_STATE_ON, 50}, // stepl: turn on LED 50 ms

(N IUERED)
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(22 30
{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. & SL—AEFRNHE: 52 0.05s, K 0.1s, £ 0.15s, KO0.1s, PAT58RITHK.
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
{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}, // step5: stop blink (off)
bi
Bl 3. 7 SC—AMEFRAIR: WisE 0.05s, K 0.5, PUTHEERATIEK . (GPIO BixR L H#F)
const blink_step_t test_blink_breathe[] = {
{LED_BLINK_BREATHE, LED_STATE_ON, 500}, // stepl: fade from off to.
—on 500ms
{LED_BLINK_BREATHE, LED_STATE_OFF, 500}, // step2: fade from on to.
—off 500ms
{LED_BLINK_BRIGHTNESS, 50, 500}, // step3: set to half.
—brightness 500 ms
{LED_BLINK_STOP, 0, O}, // step4: stop blink (50%.

—brightness)

bi

JESCNIRRAZ )5, F%AE led_indicator_blink type_t #SHHZIBRI A MY, IR RFILES N
B NSEEFIFF 1led_indicator_blink_lists, /RHIATTF:

typedef enum {
BLINK_TEST_BLINK_ONE_TIME, /**< test_blink_one_time */
BLINK_TEST_BLINK_LOOP, /**< test_blink_loop */
BLINK_MAX, /**< INVALIED 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
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TiE L INHRIE ST

XEFF—AMEARET, R UE IR AT AT EAESEA TR SC N AR, i LS INIRE R, RO SC BN R
PREZ AT, AT LA R N AR 1led_indicator_blink_type_t H2é i b1 i PR3 N Bk B A 42 2%
KBNS A AT e b

Ban, FEPURARFIFNME test_blink_one_time H test_blink_loop M¥eZE, RITIEINE:

typedef enum {
BLINK_TEST_BLINK_ONE_TIME, /**< test_blink one_time */
BLINK_TEST_BLINK_LOOP, /**< test_blink_loop */
BLINK_MAX, /**< INVALIED type */

} led_indicator_blink_type_t;

{2 48 R AT KR

B MERAT: faE A 10 Fl— Al EAR B A& —ME AT

led_indicator_config_t config = {
.mode = LED_GPIO_MODE,
.led_gpio_config = {
.active_level = 1,
.gpio_num = 1,
by
.blink_lists = led_indicator_get_sample_lists(),
.blink_list_num = led_indicator_get_sample_lists_num(),
bi
led_indicator_handle_t led_handle = led_indicator_create (8, &config); // attach to.
—gpio 8

FFARME LN AR PR KT IR LA INIRZE A ek B L m SE 2R [, e el s P i A D R R« [
—AMRRIT AT ATF R 2 FHIANERRAL, KRG 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

IMERTERAT AT AR TR B E— 2 4R, IR HE 5 KT AR B U
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led_indicator_delete (&1led_handle);

o A - SCRT DATE AT AR] B i 02 DR R 7 1 26 2

led_indicator_preempt_start (led_handle, BLINK_TEST_BLINK_LOOP) ;

Ikt BT PAGEE RGeS R IEAESE A AR

led_indicator_preempt_stop (led_handle, BLINK_TEST_BLINK_LOOP) ;

1 fi: M LR AR L & EE, B AR/ R SE LED 458 4T W 8 1E A4
led_indicator_handle_t, WA PAffi flled _indicator get_handle FFH B 4@t LED [
10 “FARHUAR DA T8 A

B E B RITINMR

static blink_step_t const *led_blink_1lst[] = {
[BLINK_DOUBLE] = double_blink,
[BLINK_TRIPLE] = triple_blink,
[BLINK_NUM] = NULL,

bi

led_indicator_config_t config = {

.mode = LED_GPIO_MODE,

.led_gpio_config = {
.active_level = 1,
.gpio_num = 1,

by

.blink_lists = led_blink_1st,

.blink_list_num = BLINK_MAX,

bi

W E X led_blink_1st [] SEHLHE LIERET S
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gamma Bk iRt

NS BE R 7 2O AR, e B M ARLMEARF AL . FEARMENT LU T, ARG 1) DX B A, %o
B i KA KB R, TERC Bonis (AieRgs) b, RIRRSE (WA AT Ui . Xl
BRSNS B ) S PE (RO N IRIBAY 2 BE TR 2 Hh BTIRG 2k EL s 2R i 0L .l T DX A

A, 5

TN B HEFT Gamma FZIE . Gamma FIE J& i 1 0 53 FEAE BEA T AR MR ROoR A IE R i B . il

JEH—A Gamma (BT 2.2 32 2.4 Z[0]), ATRARFL MG i 045 B2 fELR ST 2 SE AT B A HRE g AR ek
SEREMHZR b o SXRET DA il AN R T DA, O I R LB B R A

1.
-
;_—__.--' !
8] gamma L7
correction f,-"
5.2 f,.e"'
6 L
e
4 -
/ CRT
|/ oms gamma
“0 = 15)

K& 8: Gamma Mk

float gamma = 2.3

led_indicator_new_gamma_table (gamma) ;

BRIAY) gamma T2 2.3, AJPAES led_indicator_new_gamma_table () 4 W11 gamma 3.
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3.3.2 APl &%

3.3.3 Header File

¢ led/led_indicator/include/led_indicator.h

3.3.4 Functions

led_indicator_handle_t led_indicator_create (const led_indicator_config_t *config)
create a LED indicator instance with GPIO number and configuration
Return led_indicator_handle_t handle of the LED indicator, NULL if create failed.
Parameters
* config: configuration of the LED, eg. GPIO level when LED off
led_indicator_handle_t led_indicator_get_handle (void *hardware_data)
get the handle of created led_indicator with hardware data
Return led_indicator_handle_t handle of the created LED indicator, NULL if not created.
Parameters
e hardware_data: user hardware data for LED
esp_err_t led_indicator_delete (led_indicator_handle_t handle)
delete the LED indicator and release resource
Return esp_err_t
¢ ESP_ERR_INVALID_ARG if parameter is invalid
e ESP_OK Success
¢ ESP_FAIL Delete fail
Parameters
* handle: pointer to LED indicator handle
esp_err_t led_indicator_start (led_indicator_handle_t handle, int blink_type)
start a new blink_type on the LED indicator. if mutiple blink_type started simultaneously, it will be executed
according to priority.
Return esp_err_t
e ESP_ERR_INVALID_ARG if parameter is invalid

* ESP_ERR_NOT_FOUND no predefined blink_type found
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e ESP_OK Success
Parameters
* handle: LED indicator handle
* blink_type: predefined blink type
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.
Return esp_err_t
* ESP_ERR_INVALID_ARG if parameter is invalid
¢ ESP_ERR_NOT_FOUND no predefined blink_type found
e ESP_OK Success
Parameters
e handle: LED indicator handle
e blink_type: predefined blink type
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().
Return esp_err_t
e ESP_OK Success
e ESP_FAIL Fail
e ESP_ERR_INVALID_ARG if parameter is invalid
Parameters
* handle: LED indicator handle
* blink_type: predefined blink type
esp_err_t led_indicator_preempt_stop (led_indicator_handle_t handle, int blink_type)
Stop the current preemptive action.
Return esp_err_t
e ESP_OK Success
e ESP_FAIL Fail
e ESP_ERR_INVALID_ARG if parameter is invalid

Parameters
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e handle: LED indicator handle
* blink_type: predefined blink type
uint8_t led_indicator_get_current_fade_value (led_indicator_handle_t handle)
Get the current fade value of the LED indicator.
Return uint8_t Current fade value: 0-255 if handle is null return 0

Parameters

¢ handle: LED indicator handle

3.3.5 Structures

struct blink_step_t

one blink step, a meaningful signal consists of a group of steps

Public Members
blink_step_type_t type
action type in this step

uint8_t value
hold on or off, set NULL if LED_BLINK_STOP or LED_BLINK_LOOP

uint32_t hold_time_ms
hold time(ms), set NULL if not LED_BLINK_HOLD,

struct led_indicator_config_t

LED indicator specified configurations, as a arg when create a new indicator.

Public Members
led_indicator_mode_t mode
LED work mode, eg. GPIO or pwm mode

led_indicator_gpio_config_t *1led_indicator_gpio_config
LED GPIO configuration

led_indicator_ledc_config_t *1led_indicator_ledc_config
LED LEDC configuration

led_indicator_custom_config_t *1led_indicator_custom_config

LED custom configuration

union led_indicator_config_t::[anonymous] [anonymous]

LED configuration

3.3. LED {§RIT
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blink_step_t const **blink_lists
user defined LED blink lists

uintl6_tblink_list_num

number of blink lists

3.3.6 Type Definitions

typedef void *led_indicator_handle_t

LED indicator operation handle

3.3.7 Enumerations

enum [anonymous]

LED state: 0-100, only hardware that supports to set brightness can adjust brightness.

Values:

LED_STATE_OFF =0
turn off the LED

LED_STATE_25_PERCENT = 64
25% brightness, must support to set brightness

LED_STATE_50_PERCENT = 128
50% brightness, must support to set brightness

LED_STATE_75_PERCENT = 191
75% brightness, must support to set brightness

LED_STATE_ON = UINT8_MAX
turn on the LED

enum blink_step_type_t

actions in this type
Values:

LED_BLINK_STOP = -1
stop the blink

LED_BLINK_HOLD
hold the on-off state

LED_BLINK_ BREATHE

breathe state

LED_BLINK_BRIGHTNESS
set the brightness
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LED_BLINK_LOOP

loop from first step

enum led_indicator_mode_t

LED indicator blink mode, as a member of led_indicator_config_t.
Values:

LED_GPIO_MODE

blink with max brightness

LED_LEDC_MODE
blink with LEDC driver

LED_CUSTOM_MODE

blink with custom driver

3.3. LED {§RIT
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cHAPTER 4

USB £l & &

[English]

4.1 ESP USB 5pMENT4B

4.1.1 USB &9t

USB (Universal Serial Bus) J&—F{fi I (#) S 4ebnif, T8 ALFISME 45 . USB EHLAT AT USB #:11
5 USB & 7H:, SeMEidnfetn . MR AteSI6e.

USBIF (USB Implementers Forum) J& USB #RifEf il i # , il T USB #pif, fuff USB 1.1, USB2.0, USB
3.0 4%, & X T USBHEOMPIZE . HAntiis)s. L)z, 202, FoRZ%ML, PAK USB &% (Device
Class) Frifii, # LAY 4524404% HID (Human Interface Device, AML3%11%4%). MSC (Mass Storage Class, K
KEAEN4 ). CDC (Communication Device Class, B Zi%4%5). Audio., Video 4,

1% #% ESP32-S2/S3/C3 &8 K- ¥ EL N USB-OTG 5% USB-Serial-JTAG 4%, 7454 Fh&FERY USB N H , 1%
USB Z LIRS, USB ilf52M ], USB fEfiM , USB AMLAZ HIEW 4.
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Multimedia Solution Human Interface External Storage Communications USB Device solutions

2 i As the Device, PC or mobile

( (=Y = as the hos
v | 2N & Ll

uve UAC | HID MsC coe l MSC | ‘ HID ‘
Others ! l uve ‘ cbc ‘

USB Class Driver : |
ESP-IDF USB Host Driver TinyUSB Device Driver

Full-speed USB-0TG

4.1.2 USB HS B4

Type-A #2111 USB BB PEAIT :

Pin | Name | Cable color | Description

1 VBUS | Red +5V

2 D- White Data- (0 1§ 3.3V)
3 D+ Green Data+ (0 5} 3.3V)
4 GND Black Ground

o MFAMERBA, FEAN TAESN IO K VBUS HiE, HTF Rl @ A
* D- D+ A SHIREEN:, (H2 WL R 5]

4.1.3 USB-OTG Full-speed = #I2&E

USB OTG Full-speed #5138 235 [} 2. A5 USB-OTG, USB Host 1 USB Device U il 5, Sz Epmizt i
BRI . 7 4% Full-speed (12Mbps) il Low-speed (1.5Mbps) #iffs %, 74 USB 1.1 F1 USB 2.0 #i¥.
ESP-IDF M v4.4 F 45T 22491 USB Host 11 USB Device SRR FNA A # KUK, SCRe I IR %

EENH, H5%USB-OTG il 4N
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4.1.4 USB-Serial-JTAG ¥#HI2=E T

USB-Serial-JTAG Controller: |5} E. A USB Serial #il USB JTAG I HEY % F USB 5i2s, S 4riE T USB 2
R E . $TE) log. CDC &4 1 JTAG i, A ZEpE M USB iR, B Miidf74E kP& .

BEZNH, 5% USB-Serial-JTAG £l 45 /141
4.1.5 USB Full-speed PHY &4}

USB Full-speed PHY : ) USB Full-speed Transceiver, Jf] USB Controller {155 %| USB i £kf5 5 i 4%
e, ROLSLKIKSIRE S5 . AT USB Full-speed PHY #EHEI SN & 10 511

HZN4, HEHUSB-PHY /141,

4.1.6 ESP32-S/C %% USB IMZZHF1ER

USB OTG High- | USB OTG Full- | USB-Serial- Fulls-peed High-speed
speed speed JTAG PHY PHY
ESP32- |+ V V V v
P4
ESP32- | X «l | «l X
S3
ESP32- | X «l X 2 X
S2
ESP32- | X X V | X
Cé
ESP32- | X X V | X
C3
ESP32- X X X X X
C2
ESP32 X X X X X
ESP8266 | X X X X X

« v : Supported

¢ X : Not Supported

4.1. ESP USB pMEH 48 7


./usb_otg_overview.md
./usb_phy.md

ESP-loT-Solution

4.1.7 ESP32-S2 USB ThEEE It

ESP32-S2 ‘% USB OTG Full-speed Controller 1 USB Full-speed PHY , P54 :

Internal PHY _* 1019 D- / 1020 D+

ESP32-52 USB Functions

_\
-(USB OTG Full-speed Controller/l Selecter

“-» FS Serial Interface re==t======-- ¥ External PHY |

____________

4.1.8 ESP32-C3 USB IjjgEE 9t

ESP32-C3 [N & USB-Serial-JTAG Controller 7] USB Full-speed PHY, N#F45H440F:

ESP32-C3 USB Functions

/-b Internal PHY g 1018 D- / 1019 D+

- "'-\\ ( N g
Z:\ USB-Serial-JTAG Controller —w Selecter
N _/ L

___________________________

4.1.9 ESP32-S3 USB Ih#EE &

ESP32-S3 PN E W4~ USB #5125, 4 -2 USB OTG Full-speed Controller {1 USB-Serial-JTAG Controller, [
H— USB Full-speed PHY. 7 USB PHY 2\ 44%5] USB-Serial-JTAG #5125, 7] iH386¢5 eFuse 15k
AN, BECE A S SN, AT AN PHY, [W S R Ed A4S . AES USB PHY RPN,
%3 USB PHY Y)#t.

ESP32-5S3 USB Functions

<USB OTG Full-speed Controller\ Internal PHY —* 1019 D- / 1020 D+
( USB.ert "ol Fe Sarial Interface "
'KUSB-Senal-JTAG Controller/ P FS Serial Interface ----7-=-=-=-- h‘ External PHY |

,,,,,,,,,,,,,,,,,,,,,,,,,,,
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4.2 USB-OTG M A4B

ESP32-S2/83 45.t5 Jy N & USB-OTG 4hk, B4 T USB 451 ¢s#l USB PHY, (il USB Lkif#%| PC,
S USB Host 1 USB Device L fit .

4.3 USB-OTG {&#iiE=E

ESP32-S2/S3 USB-OTG Full Speed il £k & %K 12 Mbps, {HH T USB £ f7Ar — e e [l ML, 52
PR A U s R T 12 Mbps. HARBEFME RIZRBUM ¢, N2 PR

e R et | oh #E Rl

EHY & RV | BRI FTEHURIA A | e E R
SCHIE A A To T

R A% f A A 7o

PRAUE A% it 2 Je 7o 7o A

A ] 7 9 A (10%) A (90%) o A (90%)

P85/ T 3R (] 7o A Jo A

T R R 64 “FHy 64 Fy 64 Fy ~512 Y

(AT v ROk e . 1 19 1

IS A RER . 64000 Bytes/s 1216000 Bytes/s 512000 Bytes/s

o MRTERIITA AT AR Bytes/s) = e HY R * AR L i * 1000
o Pt T A ERIE R, BES B, AR AR R B M BRI BRI

4.4 USB-OTG sMERE AL

44.1 {§H USB OTG Console T E4F13TED LOG
ESP32-S2/83 4§ N USB-OTG M ith i, ROM Code 1 ' T USB {71 %25 (CDC) MLIEE, ZMIRER
AT UART #2117, SE8 Log. Console FlE{F T 2T HE
1. 1T USB OTG Console BRI\ N XK PLRAS, WIFGMHTAE N EE:, 75288 AR B se BNk R #:
1. ¥F menuconfig F145(#ifE USB OTG Console LHAE, X5 gl f4F

2. FEth 1) Boot FE il 5| TG, SRR F il it USB k4% PC, #E A TFHEMIA . PC & &I
HIER %45, Windows &) COM*, Linux & /dev/ttyACM*, MacOS 3} /dev/cu*,

3. i} esptool TR (s HE#MH idf.py flash) i e # 065 R AK) 1105 R B
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2. YRR FEGEMAJS, USB OTG Console HIfgfs H 2l {fiGE, HInli# it USB LiE#:5] PC, PC 2 & IHIH
B [13%4%, Windows S5 COM*, Linux 3N /dev/ttyACM*, MacOS 2% /dev/cu*, LOG %M iZ g1l
BATEL.

3. PR ERUE Boot #5545, 1 esptool TH. (= B4 fdi f] idf.py flash) PCE AR HH: 1
SHIAIR S, IV, esptool il id USB 4l sl A S5t Reset H-UTHeE] T 8.

WLFM(EHE, 5% USB OTG Console

4.4.2 {#f USB OTG DFU T E %
ESP32-S2/S3 %1 USB-OTG 4Nty i, ROM Code H1 [y T USB DFU (Device Firmware Upgrade) I,
TS BARHER) DFU T 385

L. i/ DFU R F, M P ERET 2P sl AT EEEC, R 7/ Boot ZEH15 | TR, A)5@id USB
LIEHEE) PC,

2. ETREHE S NIBITIE4 idf.py dfu 4 DFU [, REMN idf.py dfu-flash R

3. WRAFAEZ A DFU s, MPRILAGE 1df.py dfu-list #F DFU &K, KRG 1df.py
dfu-flash —-path <path> & F&kigII.

WEZEMER,, 2% Device Firmware Upgrade via USB

4.5 {#H USB-OTG hizi#1T USB Host &

USB-OTG #h% % H# USB Host ZhfE, I F0] DA USB # 1 B 45 % 8 5 4M4 USB 1545 . ESP-IDF M v4.4 Ji
IR, B4 3 USB Host Driver, ] /1] PAZ:2% ESP-IDF USB Host, Jf%& USB Class Driver,

AN R E 4T 7 37 $% USB Host HID, USB Host MSC, USB Host CDC, USB Host UVC 2544 420Kk 3, F
FR] DAL 3 A X e R st A T F %

USB Host 51, 2% USB Host Solution,
4.6 {EF USB-OTG jpMgi#H1T USB Device F A
USB-OTG %Iz 5 USB Device Jfig, [RFECAE G AL T TinyUSB HpsRR, A o] PLE 3 (# ] 5T TinyUSB

THIRPIBURTT i) USB ARifEisd & 5 H s ks, Bl HID, MSC, CDC, ECM, UAC 4.,

USB Device 7 Z1¥ 1%, 5% USB Device Solution,
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4.7 USB-Serial-JTAG $pMENB

ESP32-S3/C3 453ih Jy N & USB-Serial-ITAG #Mix, B AL# T USB-to-serial #4445 F1 USB-to-JTAG #6445, 3¢
Rt USB 423 PC, SCEUBEfF FE. AT EI R 48 LOG S55)8E. USB-Serial-JTAG SN A ERE5 14
T &% ESP32-C3 47 R %2 TJJ)}-USB Serial/JTAG Controller,

4.8 USB-Serial-JTAG 5pi&IEz)

e Linux fll MacOS R4 I, Jois T3l 0K5)
» Windows 10 } DA FZR%E, BEMREH 8 &38R 5)

» Windows 7/8 245, TS T840k 5, BRSh T 3l : esp32-usb-jtag-2021-07-15, F F 3 a] PAf# F ESP-
IDF Windows Installer, “&J3% USB-Serial-JTAG BXsh {7205 |

4.9 USB-Serial-JTAG 4pMEFI S IHRE

USB-Serial-JTAG 4 A PC J5, B 45 BREHRF B w1~ -

Windows 1T T :

M -
i USB S{7aE (CoM2) I
HigeEl (LURNT] \

i EfEE
p—— download/log port
0 5
B EsneiEs
B sepnme
i wgs
§ EEEAREEE
v § EESTREEs
i Hub Controller

i -L.ISE JTAG/serial debug un*" JTAG Port

Linux 41°F & -
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random ttye3

rfkill tty7

e ttys

rtco ttvo
ttyACMO
ttyprintk

snapshot ttyse
ttys1
stderr ttysie
stdin ttysii
stdout ttySi2
tty ttys13

4.9.1 {EH USB-Serial-JTAG T &; & {4

o BIAMEOLT, USB-Serial-JTTAG "N HIREAL T REIRAS, WTDAE#E(E A USB %423 PC, X511 H
esptool " E. (B{ B #2{# ] idf.py flash) [ & USB-Serial-JTAG % £5%f N A 115 (Windows A COM*
Linux 34 /dev/ttyACM*, MacOS }y /dev/cu*) T#[E L. F#EMME], esptool Eid USB il s H
BF £ Reset FEUJ4 3 T .

o QNSRAER AR K USB-Serial-JTAG XI5 [Y USB 5B H/E T HEThag, #10 H 1E38 GPIO s H & 4k
# 10, USB-Serial-JTAG I35 USB ML R, I ICiEE M USB K £ )43 R 8, i
FrphZiiiE Lt Boot M5, Bt Fahbie s R &, X5 A esptool N [E .

o N T REGAE N R HORE USB-Serial-JTAG X} L[ USB 5| I HE - EigE, SEULE#E T USB A it
AN TFER, PR EEMRITE, 5] H Boot 455 i .

o BRAMEOLT, ) USB #2 1 FEUAFEIE -, COM SRty , wREX =i oA, I Pni &% 1
[I- Windows #t USB & 45 1741513 COM %5,

4.9.2 {#f USB-Serial-JTAG i@if{ti3

USB-Serial-JTAG Zfiliid gTAG # DHED, H P UFHRMH USB %43 PC, #RJ5M#H OpenoCD
THBIPEIARY . B8 PES % Al ESP32-C3 P JTAG #11.
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4.9.3 {#f USB-Serial-JTAG }TElZ& % LOG

e /AT menuconfig-> Component config - ESP System Settings - Channel for
console secondary output i E USB-Serial-JTTAG LOG ZfE{Hi eI

« LOG ThfefliaeANG, nIPAE R USB &ki%E#:8] PC, AJ5f#iH idf.py monitor i EH T
EATH USB-Serial-JTAG 455 W EE 05 (Windows 25 COM* , Linux 2% /dev/ttyACM*, MacOS A
/dev/cu*), BIR[¥THIR S LOG.

* USB-Serial-JTAG (NTEFMIEAEAXITH LOG, MR EHIAREEA, USB-Serial-JTAG A&HH]
1k, tHARZHTH LOG.

* USB-Serial-JTAG LOG HRE IVATEMEMRME N N (235 deep sleep £l light sleep #i5X) , AN T %
TEMEARAL N HTED LOG, WA UART #2101,

4.9.4 {f USB-Serial-JTAG 5|}H{EAH L& GPIO

AN PG A B AR PRf USB-Serial-JTAG X1 USB 51 AEHEThRE, BN ff-%id GPIO. %

TR USB D+ 45 HEIA_ERE USB HUEH, %HfH & 58 USB D+ 5 JIH R i, HBLFEAE A1 GPIO iy
ek

FNAS

* ESP-IDF v4.4 [ PAJG IR GPIO UKZ#IA 4% A USB D+ i, 8 GPIO UKl Jo i A MAC
e

o P DUE R 2 AE M USB_SERIAL_JTAG.conf0.dp_pullup = 0; ¥ USB D+ FHirifHEEA .

e LR IE R )2 USB D+ 5|l B s BEAE A g 20 EEFAE P e Ak 45 _ BB i, USB D+
SIMB L, T2 D+ 51 GPIO W, WIaakrBOm -, WM a6 24 Ll 5 USB D+ 5] 52
R R, SRR PRI, K USB D+ 5] Bl i M B 1R

4.10 USB PHY/Transceiver 443

USB Full-speed PHY/Transceiver [{JZjGE 2 USB ¥l #8 AT (5 55440 USB BG5S T, #R4LELIK
AT, RIS . ESP32-S2/S3 45t H EL N B —~ USB Full-speed PHY , JfI F ] B340 Fl it B 38 € /0
USB D+ D- 54N USB 24515 . Ib4h, ESP32-S2/S3 i 87 T /MM PHY W9 R 10, I Pl fE TR B m) i 4
SN PHY .
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411 EHAE PHY

ESP32-S2/S3/C3 HSEHL T USB PHY , (R JEA M5 PHY S5 Hr, WL FLHE 54MH5 USB EHLsist 4l USB
D+/D- %42, (HXFT-4E 34 USB 5= il its Jr, flin ESP32-S3 P& USB-OTG #il USB-Serial-JTAG, Wi
JEF— PR PHY, (7l L TIE.

ESP32-S3 USB Functions

Internal PHY _> 1019 D- / 1020 D+

( N
| USB OTG Full-speed Controller

o /

Selecter

/7 N el L
( USB-Serial-JTAG Controller ) “-p FS Serial Interface ----te=-==--- » External PHY |
\ / | o e o o e e e e~ 1 l ___________ |
Wi USB-PHY XJ [ %2 1) GPIO, 1 R KPR -
D+ | D-

ESP32-S2 | 20 | 19
ESP32-S3 | 20 | 19
ESP32-C3 | 19 | 18
ESP32-C6 | 13 | 12

4.12 {ERIMNB PHY

St —AN AN PHY, A PASZEL USB-OTG F1 USB-Serial-JTAG W44 [l TAE .

ESP32S2/S3 37 4% SP5301 =[5 25 ) fE ) USB PHY . #Mgk PHY it L7 vl i e 4
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USB_PHY USB_PHY_VCC VCC_3V3
u12 T 1
USBO_VP 4 14 AN %)NC)
USBO_VM 5| VP VCC "5 PHY SUSPND
USBO_RCV 3 | YM  SUSPND 9—T0sE OTG_DP 93
USBO_OEN 2 | RCV D+ 90 USB_OTG_DM = —
USB0_VPO 12 | OF D- @ PHY SPEED o 2
USBO_VMO 13 | VPO SPEED mg™PBHy™RSED g <
7 | YMO RSEO T PHY RERR J N
GND  RERR = 5 S
SP5301(NC) = 2
i 2 S
- = =
GND 8 S
] =
GND

TP11TP12

NS USB PHY , X5 ] 527 6 4~ GPIO

4.13 USB PHY EtiAELE

1. XFF A B USB-OTG #i1 USB-Serial-JTAG PP AM& 8 A, BRAA I N USB-Serial-JTAG 5 N #B
USB-PHY ###%. H Al PAE 8L USB 3 D7 F e, TTHRFIMICE .

2. HNF#i f} USB Host Driver &, TinyUSB #i k% FF % USB-OTG i J| , ZEHMX AR ¥ 151k E}, USB-PHY %44
HZhY)ik USB-OTG, H FA AT . 76 USB-OTG =, Wi 75 224 ] USB-Serial-JTAG
W EIIEE, FET5) Boot F| MM

4.14 22§ USB PHY BLAECE

T ST AESE, ¥ USB-PHY i E:4)#k USB-OTG.,

 USB Host Driver 5§ TinyUSB 13 PN #Pid i lit & USB PHY 3174, KF NHE USB-PHY E#:1)J4%ky USB-
OTG, WHE TEFEZ(5E, WiZ% USBPHY [ilE APL,

J5yk 20 @i BEE efuse usb_phy_sel {28 1, ¥ USB-PHY BRi\ #4144 USB-OTG:

o {4 5 EAE Boot £ N il USB-OTG UJRER}, A FFEMRTIL efuse 7. WEEM)E, HIEA
Boot 5 f5, R Fl USB-OTG $#£4LA9 F#ZhEE, %l USB DFU,

o W, BE efuse b 1 JEATKE K 0. 24 USB-PHY BRiA & 41# >k USB-OTG, i kA Boot Fizt
J&i, f# ] USB-OTG Hfig, USB-Serial-JTAG HfENRF FLyA i .

o W XTFE DateCode 2219 A= 77 ESP32-S3 BiZH FIFF &M (PW No. F.T PW-2022-06-XXXX), i T
EFUSE_DIS_USB_OTG_DOWNLOAD_MODE (BLKO B19[7]) £. & #4458 1 (USB OTG #3555 ),
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F PR S efuse_usb_phy_sel {724 1, ¥520 Ak A Boot #3XJ5 , USB-Serial-JTAG #l USB-OTG
NI RES TLEMH A

4.15 USB VID %1 PID

VID #1 PID 2 USB & &M ME—ARiR5T, HT X AER USB #%45. —fik VID 1 PID (i USB-IF 4)[i¢, USB-IF
& USB 1525 1 bR il 7 2

4.15.1 LIFIERECT L% BiF VID F1 PID

o QSRR A 52 USB Host A8, EOAFR 2EH1HE VID Al PID,

o MR T /2 USB Device #X, E# 1T 2R #8HY VID (0x303A) |, I HAELT TinyUSB itk
JF% USB prifEse sy, AREANTEE A PID, {#4] TinyUSB ERIA PID R

4.15.2 i VID $1 PID

ARG A I T T USB ik, BonT# DA i A Hi3 VID (Vendor ID) 1 PID (Product ID).,

o QRGP AT 2L USB-IF 4Ll VID, FRZ5E vk USB-IF 55, SR )5 ¥ B USB-IF ()3
FLHTE VID #il PID.

o WERGE B B AR AR VID, ERDAEIE T PID (%9%) | HIFARE 2% i R4 PID,

R 28809 VID 1 TinyUSB [ERIA PID, HANGEMRIE 007 AT & USB ML, R38R 20t T USB A
iIE.

4.16 USB i\iE

USB i\l /2 i USB Implementers Forum (USB-IF) BEATHPRAY, SAERGR AT A USB AL, PARRIEB &2
) E AR A AR AR

USB AGER AN T RE , (EZEA RO TS AR T P

o AP RS 1 T A USB MM R )7 USB Fiit.

o HURPERAITREBN USB FRds . RIARERE (YO IR B USB AGEE.
FLARAERERAER , 25 hups://www.usb.org B 3 USB-IF SR I 5250 %
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4.17 USB Host 7%

ESP32-S2/S3 %5th N USB-OTG 4%, Hiilil USB # HiERZ ML) USB %45 . PAR/44 T ESP32-
S2/S3 ith B I 5% USB Host fiftde 5 % .

4.17.1 ESP USB Camera #$ii 5=

SCRRE IS USB 4 R B, S MIPEG A% sCHUBUR RO (64, ferm v] S0 480#800@15fps, i
AT, B8 WEs. BEEREmR.

i

* PRIEFEB

o SCRFPEIR

* FF UVCLI/LS BFERHRAR K
o SCFF ESESTRATT

o XFFSISEE D PR

* O MIPEG WU 1S

o SCRPACER AN ) 20 W i A S A

-

o 5 ESP32-S2, ESP32-S3
« 4M%: USB-OTG

« USB #1#4k: 3 MIPEG %3, H &4 T 800%480@150ps, [AA £ T 480%320@15fps,
18 3 BRI usb_stream API i 1]

i

o usb_stream 2 {4

o usb_stream API {}iH]

» USB Camera Demo i35

o NIACHS: USB #1143k + WiFi [E{% usb/host/usb_camera_mic_spk

o JNBIACHS: USB #1443k + LCD As#l 5 usb/host/usb_camera_lcd_display
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4.17.2 ESP USB Audio i 5%

ScRpilid USB 4% 1 He USB B Ml sy, SCHl PCM M EMRUR O, T [l i 3245 22 s 48K Hz 16bit )
P g2t 48KHz 16bit Lhyi X, S04 Type-C e HAL, &M T EHHHIATF 5. SRR UVC [l TAE,
EHT TS 5.

i

- PudEsh

o SCRpTR

SRR A SETHARF

* 38k PCM 50 1

o RSB UCRAER

© CFPZEET

© CRFZIEIERE N

o SRR BT

* CHFFI1 USB Camera [5] i T.4F

E:
o 5 H: ESP32-S2, ESP32-S3
« 4ME: USB-OTG

* USB & fe: 3HF PCM A%

iz

o usb_stream ZH {4
e usb_stream API i Hf
» USB Audio Demo #L3i

o IRBIACHS: MP3 35 4% Tices + USB HAL usb/host/usb_audio_player
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4.17.3 ESP USB 4G BXM 5 %

YRS USB 42 14472 4G Cat.1, Cat4 12, SiPl PPP &5 M. SCHRpE#EAT Wi-Fi SoftAP #1252 I ]
BT . EHTYBM . MiFi Bai#oh . BEEE. S5 Ta5 5.

it

RSt Y=

o SRR

o HF Modem+AT MU 1 (T ZAEL1HE)

o SCHF PPP ARUEMM (KRS 4G B4 SCHy)
o« W 4G # Wi-Fi #k

o S NAPT W45 b4

© SRR

© RS H B

o SCRERRI . ARSI

o SRR G E

B

e JNH: ESP32-S2, ESP32-S3
o #M&: USB-OTG

4G 4L S0 Catl Catd SERLEHI 4G BEd], T3 B4 SCHF PPP il

iz

* USB 4G Demo L4
e jot_usbh_modem Z{f

o RNFIACHS: 4G Wi-Fi 1% H#% usb/host/usb_cdc_4g_module
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4.17.4 ESP USB 8 FH %

SCRFi S USB 42 1 ARiE U fhikss (e USB3.1/3.0/2.0 P U 4%), SCHARF U S H: 4% FatFS SUF AL,
LRSS . G T AN AT BEL. BahEm . DA

it

* 3% USB3.1/3.0/2.0 U 4%
o BOASCRrROK 32G

o SCRRPER

o Y F Fat32/exFat #%

© SR RA S

 SCfF U 4 OTA

W

* i H: ESP32-S2, ESP32-S3
* 4M%: USB-OTG

o U #%a04b o Fa32 #8358, BRIATHE 32GB PAN U #%. KT 32GB ETAE AL TS exFat

HHE

* usb_host_msc ZH{4:

o BT B3 U &+ SRS

4.18 USB Device 5%

4.19 H#H USB iR&MRHE

#I1 USB HhEK, USB H - B A TH L A6 SV VBUS B HOR Wi @ i th, BET S B AR -
T FEHER B, mT 3L VBUS Wil )5, i A e XL, TorfFscliziZis.

USB 54 VBUS Kl 53— eA ik 73k d USB PHY SECHIGH, sfifi) ADC/GPIO thk R

Hi T ESP32S2/83 7K USB PHY AN SRR (AL I 24, %I RE A0 ADC/GPIO m#ifFscBl, i
GPIO I J5 i i, SEEYRATE

1T ESP-IDF 4.4 J; ¥ RLiAs:
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LB, REHONG 10 (IEEEE, FR9k5 I RSN, Pl s (B4~ 100KQ ) 5
ESP32S2/S3 Afli% (ESP3252/S3 10 Ft KAl AHLEH 3.3v);

&b

2. ¥F tinyusb_driver_install ZJ5, FEIH M usbd_vbus_detect_gpio_enable pFE{H fE
VBUS K, ZeRECE IR, 35 E R ) 75 2 i

/**

*

* @brief For USB Self-power device, the VBUS voltage must be monitored to achieve.

—hot-plug,

* The simplest solution 1is detecting GPIO level as voltage signal.

* A divider resistance Must be used due to ESP3252/S3 has no 5V tolerate pin.
*

* 5V VBUS [EIERIZA2I22127 P22 GND

212 100K

* PREPEEEEE 2

* 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,
Hi
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, O0);
esp_rom_gpio_connect_in_signal (gpio_num, USB_SRP_SESSEND_IN_IDX, 1);

return;

%I+ ESP-IDF 5.0 JzUJ, |-hiiAs:

L[k, B EFREHONE A — 10 (EEHE, FFRT RSN, M miAr A (GNP 100KQ
) 5 ESP32S2/S3 #i%;

2. R T AN VBUS 1) 10 #1442k GPIO #i ALK

4.19. Bt USB BEMAHE 85
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3. HEKF IO L E | tinyusb_config_t H1 (Pl 2% ):

#define VBUS_MONITORING_GPIO_NUM GPIO_NUM 4
// Configure GPIO Pin for vbus monitoring
const gpio_config_t vbus_gpio_config = {
.pin_bit_mask = BIT64 (VBUS_MONITORING_GPIO_NUM),
.mode = GPIO_MODE_INPUT,
.intr_type = GPIO_INTR_DISABLE,
.pull_up_en = false,
.pull_down_en = false,
bi
ESP_ERROR_CHECK (gpio_config (&vbus_gpio_config));
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));

4.20 PEIE Windows {%iE USB & & F%| S5l COM HS

1 FAEAT 42 3] Windows PC i #fil L H VID. PID Hl Serial SiEATiR%. WX 3 S Hh AL —
EAT A, B4 PC RN TR, 5% R AFR COM 3, i iE 2% Windows

USB device registry entries.,

ESP ROM Code 15 USB Hlii 45 it G T :

ESP3252 | ESP32S3 ESP32C3
VID 0x303a 0x303a 0x303a
PID 0x0002 0x1001 0x1001
Serial | 0 MAC Hifit 7455t | MAC Hiutik 54552

» ESP32S2 (usb-otg) Serial & 0, FF Mk AHE, COM 5—F
« ESP32S3 (usb-serial-jtag). ESP32C3 (usb-serial-jtag) Serial 5% MAC Huhl, &I, COM
S BRIA LY

B COM %', SRR R BN T W T USB UEATIE (T 2% -, EE ek Windows (1
B34 COM Zi iR, B 1A Serial 5254 = -
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421 BBRAFE

BB AFTIF windows CMD, JATLAT S . ZAGRFESIIENFRIN, FLIRHHE Serial 54 45,
FEMR i i T LI S R Ak :

iy

&

REG ADD HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\usbflags\303A10010101 /V.
—IgnoreHWSerNum /t REG_BINARY /d 01

J P R ignore_hwserial_esp32s3c3.bat A, FHikBEEH G BT,

4.22 USB Stream 2441588

[English]

usb_stream 25T ESP32-S2/ESP32-S3 i USB UVC + UAC EHLIRAFLF, F M USB B I2EUE A/#:
Tl Z AR . BN 2 I SCHRE 1Bk + 1 B R + 1 BRIR s B

P

. SCRFEAL UVC Stream $z U ARBUIIAAL , SR A )25 B Ah e A
- SCRFIEAL UAC Stream $2 HARHE 7o BRI, AR BRI a2 i

. SCRpiEE UAC Control £2 N5l 22 ve KU &L #iHE S5k

- SR A ST R T B IA ST

- SCRER R A A AR

—

\S]

w

N

W

4.22.1 USB Stream PSR

* JFktR

1. ATDAGE FHAEATHT A USB 45 111 ESP32-S2/ESP32-S3 Jf ki, A% USB 42 1 75 2EAEHS ) AMIL
« USB UVC T

L BB WA UsBL. 1 423 (Fullspeed) i

2. $RAR LT Bl MIPEG R4

3. Pl uve_streaming config () MEFShHGEMNEE D, AR R S5

4. RE LR RSk, FRESCRFRE 0 MPS (Max Packet Size) 4 512

5. AR, MR BT USB (24 Ml 92 /T 4 Mbps (500 KB/s)

6. HEMEHB, EGREIRR USB &4 A 988 /N T 8.8 Mbps (1100 KB/s)

7. HERIAMPLESK, 1Z% /R i README.md
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» USB UAC Tfig

L EHREAAA UAC 1.0 B

2. P HREildvac_streaming config () METBIHEE spk/mic RAER, (I9ESHL
» USB UVC + UAC Zfi

1. UVC #l UAC JREW ARRAS T, BB AL & UAC SRIKZh—4> USB HAL, =i (i E UVC KoK
Zf—4> USB i3k

2. A FEEE A UVC + UAC, % 8Kah 2  H Al SR BA 3RS M & ik 02 &3t
(Composite Device), ANSCRFFRIN PSS BA

4.22.2 USB Stream API &%

1. Pt uve_config t BLERG A PER. WERSEL. liduac_config t BLESEHURER,
VS SR

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 frequence, Hz

.spk_bit_resolution = 16, //speaker resolution, bits

.spk_samples_frequence = 16000, //speaker frequence, 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
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[\

. Huve_streaming config() W ¥ UVC 5K g, 0 & & B B 2 FfF & W, o
Huac_streaming config() FtE UAC 3Kz}

3. i usb_streaming_start () ¥THEIER, Z GRS N5 £ 1B AN PSR
4. ZJa, EVRARYEH P SECE , VCRC BRSO RARST, WA o R L 2K, IREIRE DA
HHR

5. MRV RCE 2R, B RRZRCIN Bl (UVC F UAC e M), FFEAERTIE & ek 5
A [l

L HEF R MIPEG RS, il UVC [ P Al E [ ek BOH FL2E , TR BRI
255 L FSch TAE

2. FIRFI mic_min_bytes FIAEN)G , Rl A& mic [B]9 . (HE X BLAY [E— @ AN BE DAMT A X P 2E
T 25 R — I U o T AR5 2% mic HE 7 PH 284 4E , ] DAL uvac_mic_streaming_read
#if) 5 AR mE =X

6. Kk sdEnt, Mt vac_spk_streaming write () ¥FEHEE AN ringbuffer, FHLKF
TE USB 73[R s A HR BRI & %% OUT %

7. ffiflusb_streaming_control () FEHIFHAIKIZ . WA UAC SCHRFRFERTC, Rl Hoap 52 i 22
PEVARGIE i€ R NS il ey

8. ffiflush_streaming_stop () {51k USB i, USB @&iE¥-uk s 2R .

4.22.3 Bug k&

ESP32-S2 ECOO it/ SPI ## %1 USB AIR/EA, THSBRER
1. 7Ef AR Y ESP32-S2 ECOO 5t I, USB W] 15 4x SPI i (ESP32-S2 /i A >=ECO1 #1 ESP32-S3
YIAAFAE % Bug)
2. BRI R
* spi_1l.h IEMPAREA

//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;

* YI'FAE spi_new_trans FESINEIMEE

// 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.
—1f DMA is not used)

(FIaks)
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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_11_tx_get_fifo_cnt (SPI_LL_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");
}
#endif

//Kick off transfer

spi_hal_user_start (hal);

4.22.4 Examples

usb/host/usb_camera_mic_spk

4.22.5 API Reference

Header File

e usb/usb_stream/include/usb_stream.h

Functions

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 param-
eters, 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.

Return 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
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Parameters
e config: parameters defined in uvc_config_t
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 param-

eters, 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.
Return 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
Parameters
e config: parameters defined in uvc_config_t
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.

Return 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 resourse will be free.

Return ESP_ERR_INVALID_STATE streaming not started ESP_ERR_TIMEOUT stop wait timeout ESP_OK

stop succeed

esp_err_t usb_streaming_connect_wait (size_t timeout_ms)

Wait for USB device connection.
Return esp_err_t ESP_ERR_INVALID_STATE: usb streaming not started ESP_ERR_TIMEOUT: timeout
ESP_OK: device connected
Parameters
e timeout_ms: timeout in ms
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.
Return esp_err_t
e ESP_OK Success

¢ ESP_ERR_INVALID_STATE USB streaming is running, callback need register before start
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Parameters
* cb: A pointer to a function that will be called when the USB streaming state changes.
* user_ptr: user_ptr is a void pointer.

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.

Return ESP_ERR_INVALID_ARG invalid arg ESP_ERR_INVALID_STATE driver not configured or not
started ESP_ERR_NOT_SUPPORTED current device not support this control type ESP_FAIL control failed
ESP_OK succeed

Parameters
e stream: stream type defined in usb_stream_t
e ctrl_type: control type defined in stream_ctrl_t
e ctrl_value: control value

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.
Return ESP_ERR_INVALID_STATE spk stream not config ESP_ERR_NOT_FOUND spk interface not found
ESP_ERR_TIMEOUT spk ringbuf full ESP_OK succeed
Parameters
e data: The data to be written.
e data_bytes: The size of the data to be written.
e timeout_ms: The timeout value for writing data to the buffer.

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.
Return 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
Parameters
* buf: pointer to the buffer to store the received data
e buf_size: The size of the data buffer.
¢ data_bytes: The actual size read from buffer

e timeout_ms: The timeout value for the read operation.
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esp_err_tuac_frame_size_list_get (usb_stream_t stream, uac_frame_size_t *frame_list, size_t

) *list_size, size_t *cur_index)
Get the audio frame size list of current stream, the list contains audio channel number, bit resolution and samples

frequence. 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.
Return esp_err_t
e« ESP_ERR_INVALID_ARG Parameter error
e ESP_ERR_INVALID_STATE USB device not active
e ESP_OK Success
Parameters
* stream: the stream type
e 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

esp_err_tuac_frame_size_reset (usb_stream_t stream, uint8_t ch_num, uintl6_t bit_resolution, uint32_t

samples_frequence)
Reset audio channel number, bit resolution and samples frequence, please reset when the streaming in suspend

state. The new configs will be effective after streaming resume.

Return esp_err_t

ESP_ERR_INVALID_ ARG Parameter error
« ESP_ERR_INVALID_STATE USB device not active
¢ ESP_ERR_NOT_FOUND frequency not found

e ESP_OK Success

ESP_FAIL Reset failed
Parameters
¢ stream: stream type
¢ ch_num: audio channel numbers
e bit_resolution: audio bit resolution
* samples_frequence: audio samples frequence

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.
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Return esp_err_t ESP_ERR_INVALID_ARG parameter error ESP_ERR_INVALID_STATE uvc stream not

config or not active ESP_OK succeed
Parameters
e frame_1list: 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
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 O at the same time, which means no change on frame size.

Return esp_err_t
Parameters
e frame_width: frame width, FRAME_RESOLUTION_ANY means any width
e frame_height: frame height, FRAME_RESOLUTION_ANY means any height

e frame_interval: frame interval, O means no change

Structures

struct uvc_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
uint16_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

uint§_t *xfer_ buffer_a

Buffer a for usb payload
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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 Optional configs, Users need to specify parameters manually when they want to skip

the get and process descriptors steps (used to speed up startup)

uve_xfer_t xfer_type
(optional) UVC stream transfer type, UVC_XFER_ISOC or UVC_XFER_BULK

uint8_t format_index
(optional) Format index of MJPEG

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 0

uint8_t ep_addr

(optional) endpoint address of selected alternate interface

uint32_t ep_mps
(optional) MPS of selected interface_alt

uint32_t flags

(optional) flags to control the driver behavers

struct mic_frame_t

mic frame type
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Public Members

void *data

mic data

uint32_t data_bytes

mic data size

uintl6_t bit_resolution

bit resolution in buffer

uint32_t samples_frequence

mic sample frequency

struct uvc_frame_size_t

uvc frame type

Public Members

uintl6_t width

frame width

uint16_t height
frame height

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.
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Public Members

uint8_t spk_ch_num

speaker channel numbers, UAC_CH_ANY for any channel number

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 frequence(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 frequence(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

uint8_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
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uintl6_t ac_interface

(optional) audio control interface number, set O if not use

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
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FLAG_UAC_MIC_SUSPEND_AFTER_START

suspend uac microphone after usb_streaming_start

Type Definitions

typedef struct wvc_configuve_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 uvc_xfer_t
UVC stream usb transfer type, most camera using isochronous mode, bulk mode can also be support for higher
bandwidth.

Values:

UVC_XFER_ISOC =0

Isochronous Transfer Mode

UVC_XFER_BULK
Bulk Transfer Mode

UVC_XFER_UNKNOWN
Unknown Mode

enum usb_stream_t

Stream id, used for control.
Values:

STREAM_UVC =0

usb video stream

STREAM UAC_SPK

usb audio speaker stream

STREAM_UAC_MIC

usb audio microphone stream

STREAM_MAX

max stream id
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enum usb_stream_state_t

USB device connection status.
Values:
STREAM_CONNECTED =0

STREAM_DISCONNECTED

enum stream_ctrl_t

Stream control type, which also depends on if device support.

Values:

CTRL_NONE = 0

None

CTRL_SUSPEND

streaming suspend control. ctrl_data NULL

CTRL_RESUME

streaming resume control. ctrl_data NULL

CTRL_UAC_MUTE

mute control. ctrl_data (false/true)

CTRL_UAC_VOLUME

volume control. ctrl_data (0~100)

CTRL_MAX

max type value
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5.1.2 45#4
TIMER GROUP
Ring Buffer
Write Recoding ISR LEDC PWM

Bl 1: 451y
1. 50 E A BRI T A S TR R DA . PWM 18 A SR, 3EEERMR AL RES ;
2. #Hid—> Ring Buffer %54} % 1% | Timer Group A ISR (Interrupt Service Routines) %5 ;

3. Timer Group % 1% & I R EEF M Ring Buffer 32 1 5iiE 915 A F| LEDC.

R hT a2 PWMAES, &2 2 T R g U5 A BER 21 H e «

5.1.3 PWM §iz=

it PWM AR SR ER R, Sl i FUE PWM R ORI, TR AT

fapB cLK faPB cLK
fpwm = 2res_bz'ts - 27’es_b1'ts MOD]'OOO

HH fapp crx 8 80MHz, res_bits i PWM 23 HERA 4L, 2443#1% 5 LEDC_TIMER_10_BIT B}, PWM 4
2y 78 KHz, H 1) PWM B 14 HER A DU A A SR 50005, RN AW LA, 35K PWM i
HRE S PERRRAL, 1R PR ERE RS, AT ARE S B3 T R REA 3 R i) P4

5.1.4 ARG

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;

(N 4kER)
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(22 B30
pac.ledc_channel_right = LEDC_CHANNEL_1;
pac.ledc_timer_sel = LEDC_TIMER_O;
pac.tg_num = TIMER_GROUP_QO;
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.
—numner */

pwm_audio_start () ; /**< Start to run */

while (1) |

//< Perpare audio data, such as decode mp3/wav file

/**< Write data to paly */
pwm_audio_write (audio_data, length, &written, 1000 / portTICK_PERIOD_MS) ;

5.1.5 APl &%

Header File

¢ 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.

Return

ESP_OK Success

ESP_FAIL timer_group or ledc initialize failed

ESP_ERR_INVALID_ARG if argument wrong

ESP_ERR_INVALID_STATE The pwm audio already configure

ESP_ERR_NO_MEM Memory allocate failed
Parameters

» cfg: configurations - see pwm_audio_config_t struct
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esp_err_t pwm_audio_deinit (void)
Deinitialize LEDC timer_group and output gpio.
Return
e ESP_OK Success
* ESP_FAIL pwm_audio not initialized
esp_err_t pwm_audio_start (void)
Start to run pwm audio.
Return
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
Return
¢ ESP_OK Success
e 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.
Return
e ESP_OK Success
e ESP_FAIL Write encounter error
e ESP_ERR_INVALID_ARG Parameter error
Parameters
e inbuf: Pointer source data to write
* len: length of data in bytes

* [out] bytes_written: 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 without space be-

coming available in the DMA transmit buffer, then the function will return (note that if the data is written
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to the DMA buffer in pieces, the overall operation may still take longer than this timeout.) Pass port-
MAX_DELAY for no timeout.

esp_err_t pwm_audio_set_param (int rafe, 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.
Return
¢ ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
Parameters
e rate: sample rate (ex: 8000, 44100---)
e bits: bit width
¢ ch: channel number
esp_err_t pwm_audio_set_sample_rate (int rate)
Set sample rate.
Return
* ESP_OK Success
e ESP_ERR_INVALID ARG Parameter error
Parameters
e rate: sample rate (ex: 8000, 44100---)
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
Return
e ESP_OK Success
e ESP_ERR_INVALID_ ARG Parameter error
Parameters

¢ volume: Volume to set (-16 ~ 16). 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
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esp_err_t pwm_audio_get_volume (int8_t *volume)
Get current volume.
Return
e ESP_OK Success
e ESP_ERR_INVALID_ ARG Parameter error
Parameters
¢ volume: Pointer to volume
esp_err_t pwm_audio_get_param (int *rate, int *bits, int *ch)
Get parameter for pwm audio.
Return
* Always return ESP_OK
Parameters
e rate: sample rate, if you don’ t care about this parameter, set it to NULL
* bits: bit width, if you don’ t care about this parameter, set it to NULL
¢ ch: channel number, if you don’ t care about this parameter, set it to NULL
esp_err_t pwm_audio_get_status (pwm_audio_status_t *status)
get pwm audio status
Return
e ESP_OK Success
Parameters

e status: current pwm_audio status

Structures

struct pwm_audio_config_t

Configuration parameters for pwm_audio_init function.
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Public Members
int gpio_num_left
the LEDC output gpio_num, Left channel

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:

PWM_AUDIO_STATUS_UN_INIT =0

pwm audio uninitialized

PWM_AUDIO_STATUS_IDLE = |

pwm audio idle

PWM_AUDIO_STATUS_BUSY =2

pwm audio busy

enum pwm_audio_channel_t

pwm audio channel define
Values:

PWM_AUDIO_CH_MONO =0

1 channel (mono)

PWM_AUDIO_CH_STEREO = |

2 channel (stereo)

PWM_AUDIO_CH_MAX
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5.2 DAC &5

[English]

ESP32 47 Wi~ S2 ) DAC ST, I ] B0 A 128 il DMA #& i &40. iX HLfE ESP-IDF (¥ &fifi b ik 1

APL, F X BRI T 1 OB D DA SR B 2 A RAF (L TE -

5.2.1 APl &%

Header File

¢ audio/dac_audio/include/dac_audio.h

Functions

esp_err_tdac_audio_init (dac_audio_config_t *cfg)
initialize i2s build-in dac to play audio with
Attention only support ESP32, because i2s of ESP32S2 not have a build-in dac
Return
e ESP_OK Success
 ESP_FAIL Encounter error
e ESP_ERR_INVALID_ ARG Parameter error
¢ ESP_ERR_NO_MEM Out of memory
Parameters
» cfg: configurations - see dac_audio_config_t struct
esp_err_t dac_audio_deinit (void)
deinitialize dac
Return
e ESP_OK Success
e ESP_FAIL Encounter error
esp_err_t dac_audio_start (void)
Start dac to play.
Return

e ESP_OK Success
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¢« ESP_FAIL Encounter error

esp_err_tdac_audio_stop (void)
Stop play.
Return
* ESP_OK Success
e ESP_FAIL Encounter error
esp_err_t dac_audio_set_param (int rate, int bits, int ch)
Configuration dac parameter.
Return
¢ ESP_OK Success
¢ ESP_FAIL Encounter error
e ESP_ERR_INVALID_ ARG Parameter error
Parameters
* rate: sample rate (ex: 8000, 44100---)
e bits: bit width
 ch: channel number

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
Return
¢ ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
Parameters
¢ volume: Volume to set (-16 ~ 16), see Macro VOLUME_ODB Set to 0 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

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.

Return

e ESP_OK Success
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¢ ESP_FAIL Write encounter error

e ESP_ERR_INVALID_ ARG Parameter error
Parameters

e inbuf: Pointer source data to write

* len: length of data in bytes

* [out] bytes_written: Number of bytes written, if timeout, the result will be less than the size

passed in.

e ticks_to_wait: TX buffer wait timeout in RTOS ticks. If this many ticks pass without space be-
coming 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 port-

MAX_DELAY for no timeout.

Structures

struct dac_audio_config_t

Configuration parameters for dac_audio_init function.

Public Members
i2s_port_t i2s_num
12S_NUM_0, I2S_NUM_1

int sample_rate

12S sample rate

i2s_bits_per_sample_t bits_per_sample
I12S bits per sample

i2s_dac_mode_t dac_mode

DAC mode configurations - see i2s_dac_mode_t

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
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6.1.2 BLEEK
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# PRESEF

sHANT Wlami

=

coffee

il 1) LVGL 231 7 — A WIHERLAY 22 B0 -
AN A FELE hmi/lvgl_coffee

wificonfig

ESP32 J:4: WicFi, Ffil LVGL %l WiFi JEBESATA , WTRASLRIEE WioFi 5L, AEDHE L A%,

FH R BIAEAE hmi/lvgl_wificonfig
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R AR ECT AN EA TaskDelay S5 FHZE R #Af:

7.1.2 EEEIN

« BUTTON_PERIOD_TIME_MS : 314 J& 11

» BUTTON_DEBOUNCE_TICKS : Jl £ %

« BUTTON_SHORT_PRESS_TIME_MS : 4545 #i 45 %4 if [8]

+ BUTTON_LONG_PRESS_TIME_MS : K- 345 %]

* ADC_BUTTON_MAX_CHANNEL : ADC 41 1) i Fi i 4k

« ADC_BUTTON_MAX_BUTTON_PER_CHANNEL : ADC —/™i# i £ 2 B #5405k
« ADC_BUTTON_SAMPLE_TIMES : £ 4 i REA S

« BUTTON_SERIAL_TIME_MS : K314 &) foh %& 1) CALLBACK [&] [ R ]

7.1.3 M RRBI

el

// create gpio button
button_config_t gpio_btn_cfg = {
.type = BUTTON_TYPE_GPIO,
.long_press_ticks = CONFIG_BUTTON_LONG_PRESS_TIME_MS,
.short_press_ticks = CONFIG_BUTTON_SHORT_PRESS_TIME_MS,
.gpio_button_config = {
.gpio_num = 0,
.active_level = 0,
by
bi
button_handle_t gpio_btn = iot_button_create(&gpio_btn_cfqg);
if (NULL == gpio_btn) {
ESP_LOGE (TAG, "Button create failed");

// create adc button

button_config_t adc_btn_cfg = {
.type = BUTTON_TYPE_ADC,
.long_press_ticks = CONFIG_BUTTON_LONG_PRESS_TIME_MS,
.short_press_ticks = CONFIG_BUTTON_SHORT_PRESS_TIME_MS,

.adc_button_config = {

(Rt
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(22 30
.adc_channel = 0,
.button_index = 0,
.min = 100,
.max = 400,

by
bi
button_handle_t adc_btn = iot_button_create (&¢adc_btn_cfqg);
if (NULL == adc_btn) {

ESP_LOGE (TAG, "Button create failed");

T ADC #4016 )& ADCL, 24351 H Hrisg HoAl s 5 8 2] 7 ADC1 i, 35 4% A adc_handle F1 adc_channel
Hefil B ADC ¢4

AR Bl F 2

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, button_single_click_cb,NULL);

EiaiRREH

button_event_t event;

event = iot_button_get_event (button_handle);

7.1.4 API Reference

Header File

¢ button/include/iot_button.h
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Functions

button_handle_t iot_button_create (const button_config_t *config)
Create a button.
Return A handle to the created button, or NULL in case of error.
Parameters

e config: pointer of button configuration, must corresponding the button type

esp_err_t iot_button_delete (button_handle_t bm_handle)
Delete a button.
Return
* ESP_OK Success
e ESP_FAIL Failure
Parameters
* btn_handle: A button handle to delete

esp_err_t iot_button_register_cb (button_handle_t bm_handle, button_event_t event, button_cb_t cb,

) void *usr_data)
Register the button event callback function.

Return
e ESP_OK on success
e ESP_ERR_INVALID_ARG Arguments is invalid.
¢ ESP_ERR_INVALID_STATE The Callback is already registered. No free Space for another Callback.
Parameters
* btn_handle: A button handle to register
* event: Button event
¢ cb: Callback function.
* usr_data: user data
esp_err_t iot_button_unregister_cb (button_handle_t bin_handle, button_event_t event)
Unregister the button event callback function.
Return
e ESP_OK on success

e ESP_ERR_INVALID_ARG Arguments is invalid.
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¢ ESP_ERR_INVALID_STATE The Callback is already registered. No free Space for another Callback.
Parameters
* btn_handle: A button handle to unregister
* event: Button event
size_t iot_button_count_cb (button_handle_t btn_handle)
how many Callbacks are still registered.
Return O if no callbacks registered, or 1 .. (BUTTON_EVENT_MAX-1) for the number of Registered Buttons.
Parameters
e btn_handle: A button handle to unregister
button_event_t iot_button_get_event (button_handle_t btn_handle)
Get button event.
Return Current button event. See button_event_t
Parameters
e btn_handle: Button handle
uint8_t iot_button_get_repeat (button_handle_t btn_handle)
Get button repeat times.
Return button pressed times. For example, double-click return 2, triple-click return 3, etc.
Parameters
e btn_handle: Button handle
uintl6_t iot_button_get_ticks_time (burton_handle_t btn_handle)
Get button ticks time.
Return Actual time from press down to up (ms).
Parameters
e btn_handle: Button handle
uintl6_t iot_button_get_long_press_hold_cnt (button_handle_t bin_handle)
Get button long press hold count.
Return Count of trigger co(BUTTON_LONG_PRESS_HOLD)
Parameters

e btn_handle: Button handle
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Structures

struct button_custom_config t

custom button configuration

Public Members
uint8_t active_level
active level when press down

esp_err_t (*button_custom_init) (void *param)

user defined button init

uint8_t (*button_custom_get_key_value) (void *param)

user defined button get key value

esp_err_t (*button_custom_deinit) (void *param)
user defined button deinit
void *priv
private data used for custom button, MUST be allocated dynamically and will be auto freed in

iot_button_delete

struct button_config t

Button configuration.

Public Members
button_type_t type
button type, The corresponding button configuration must be filled

uintl6_t long_press_time
Trigger time(ms) for long press, if 0 default to BUTTON_LONG_PRESS_TIME_MS

uint16_t short_press_time
Trigger time(ms) for short press, if 0 default to BUTTON_SHORT_PRESS_TIME_MS

button_gpio_config_t gpio_button_config

gpio button configuration

button_adc_config_t ade_button_config

adc button configuration

button_custom_config_t custom_button_config

custom button configuration

union button_config_t::[anonymous] [anonymous]

button configuration
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Type Definitions

typedef void (*button_cb_t) (void *button_handle, void *usr_data)

typedef void *button_handle_t

Enumerations

enum button_event_t

Button events.

Values:

BUTTON_PRESS_DOWN =0
BUTTON_PRESS_UP
BUTTON_PRESS_REPEAT
BUTTON_PRESS_REPEAT_ DONE
BUTTON_SINGLE_CLICK
BUTTON_DOUBLE_CLICK
BUTTON_LONG_PRESS_START
BUTTON_LONG_PRESS_HOLD
BUTTON_EVENT_ MAX

BUTTON_NONE_PRESS

enum button_type_t

Supported button type.
Values:
BUTTON_TYPE_GPIO
BUTTON_TYPE_ADC

BUTTON_TYPE_CUSTOM

7.2 fEsd

[English]

Knob Z {44 PCNT 41, nTAATEREA PCNT G {4 AEHE
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7.24 MARBI

eI nesa

// 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");

P, J 1D B2

static void _knob_left_cb(void *arg, wvoid *data)
{
ESP_LOGI (TAG, "KONB: KONB_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);

7.2.5 API Reference

Header File

¢ knob/iot_knob.h

Functions

knob_handle_t iot_knob_create (const knob_config_t *config)
create a knob
Return A handle to the created knob
Parameters
e config: pointer of knob configuration

esp_err_t iot_knob_delete (knob_handle_t knob_handle)
Delete a knob.
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Return
e ESP_OK Success
¢« ESP_FAIL Failure
Parameters
* knob_handle: A knob handle to delete

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.

Return
e ESP_OK Success
e ESP_FAIL Failure
Parameters
¢ knob_handle: A knob handle to register

e event: Knob event

cb: Callback function
e usr_data: user data
esp_err_t iot_knob_unregister_cb (knob_handle_t knob_handle, knob_event t event)
Unregister the knob event callback function.
Return
e ESP_OK Success
e ESP_FAIL Failure
Parameters
* knob_handle: A knob handle to register
e event: Knob event
knob_event_t iot_knob_get_event (knob_handle_t knob_handle)
Get knob event.
Return knob_event_t Knob event
Parameters

* knob_handle: A knob handle to register
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int iot_knob_get_count_value (knob_handle_t knob_handle)
Get knob count value.
Return int count_value
Parameters
* knob_handle: A knob handle to register
esp_err_t iot_knob_clear_count_value (knob_handle_t knob_handle)
Clear knob cout value to zero.
Return
e ESP_OK Success
e ESP_FAIL Failure
Parameters

¢ knob_handle: A knob handle to register

Structures

struct knob_config t

Knob config.

Public Members
uint8_t default_direction
0O:positive increase 1:negative increase

uint§_t gpio_encoder_a
Encoder Pin A

uint§_t gpio_encoder_b
Encoder Pin B

Type Definitions

typedef void (*knob_cb_t) (void *, void *)

typedef void *knob_handle_t
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Enumerations

enum knob_event_t
Knob events.
Values:

KNOB_LEFT = (
EVENT: Rotate to the left

KNOB_RIGHT
EVENT: Rotate to the right

KNOB_H_LIM

EVENT: Count reaches maximum limit

KNOB_L_LIM

EVENT: Count reaches the minimum limit

KNOB_ZERO
EVENT: Count back to 0

KNOB_EVENT_MAX
EVENT: Number of events

7.3 MIRFREIREED

[English]
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7.3.1 BEMIRE
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LA 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,

(Rt
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.scl_io_num = 36,
.scl_pullup_en = GPIO_PULLUP_ENABLE,
.master.clk_speed = 100000,
ti
i2c_bus_handle_t i2c_bus = i2c_bus_create (I2C_NUM_0, &i2c_conf);

touch_panel_config_t touch_cfg = {

.interface_i2c = {
.12c_bus = i2c_bus,
.clk_freq = 100000,

.i2c_addr = 0x38,
by
.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);

T A
o RS AR, R AR HE R AR B3R M) ESP_OK.
o BRONK 0L HATIF T FT5x06 fill 855 5 i 0K 2, an S 22 41 J oAl i 3K 2y, 75 ZEHE menuconfig

-> Component config —> Touch Screen Driver —> Choose Touch Screen Driver It

FHEREXT 5K o

FEMERRTE T RAMSLSR

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) {

(FIakss)
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(£ 50

ESP_LOGI (TAG, "Pressed, Touch point at (%d, %d)", x, y);

7.3.5 APl &%

Header File

* display/touch_panel/touch_panel.h

Functions

esp_err_t touch_panel_find_driver (fouch_panel_controller_t controller,

) ) *out_driver)
Find a touch panel controller driver.

Return

e ESP_OK on success

e ESP_ERR_INVALID_ARG Arguments is NULL.

¢ ESP_ERR_NOT_FOUND: Touch panel controller was not found.
Parameters

e controller: Touch panel controller to initialize

e out_driver: Pointer to a touch driver

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

touch_panel_driver_t
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uint16_t cury[TOUCH_MAX_POINT_NUMBER]

Current y coordinate

struct touch_panel_config t

Configuration of touch panel.

Public Members

i2c_bus_handle_t 12c_bus
Handle of i2c¢ bus

int clk_£freq

i2c clock frequency
spi clock frequency

uint8_t i2c_addr

screen i2c¢ slave adddress

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_t pin_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

uint16_t height
touch panel height

7.3. RUIRRIER) 133



ESP-loT-Solution

struct touch_panel_driver_t

Define screen common function.

Public Members

esp_err_t (*init) (const rouch_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.
Return
e ESP_OK Success
* ESP_FAIL Fail
Parameters
* config: Pointer to a structure with touch config arguments.
esp_err_t (*deinit) (void)
Deinitial touch panel.
Return
¢ ESP_OK Success
» ESP_FAIL Fail
esp_err_t (*calibration_run) (const scr_driver_t *screen, bool recalibrate)
Start run touch panel calibration.
Return
* ESP_OK Success
e ESP_FAIL Fail
Parameters
» screen: Screen driver for display prompts
* recalibrate: Is mandatory, set true to force calibrate
esp_err_t (*set_direction) (fouch_panel_dir_t dir)
Set touch rotate rotation.
Return

e ESP_OK Success
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» ESP_FAIL Fail
Parameters
e dir: rotate direction
esp_err_t (*read_point_data) (fouch_panel_points_t *point)
Get current touch information, see struct fouch_panel_points_t.
Return
¢ ESP_OK Success
* ESP_FAIL Fail
Parameters

* point: a pointer of rouch_panel_points_t contained touch information.

Macros

TOUCH_MAX POINT_NUMBER

max point number on touch panel

Enumerations

enum touch_panel_event_t

Touch events.
Values:

TOUCH_EVT_RELEASE = 0x0

Release event

TOUCH_EVT_PRESS = Ox1

Press event

enum touch_panel_dir_t

Define all screen direction.
Values:

TOUCH_DIR_LRTB

From left to right then from top to bottom, this consider as the original direction of the touch panel

TOUCH_DIR_LRBT

From left to right then from bottom to top

TOUCH_DIR_RLTB
From right to left then from top to bottom
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TOUCH_DIR_RLBT
From right to left then from bottom to top

TOUCH_DIR_TBLR
From top to bottom then from left to right

TOUCH_DIR_BTLR
From bottom to top then from left to right

TOUCH_DIR_TBRL
From top to bottom then from right to left

TOUCH_DIR_BTRL
From bottom to top then from right to left

TOUCH_DIR_MAX

TOUCH_MIRROR_X = 0x40

Mirror X-axis

TOUCH_MIRROR_Y = 0x20

Mirror Y-axis

TOUCH_SWAP_XY = 0x80
Swap XY axis

enum touch_panel_interface_type_t

Values:

TOUCH_PANEL_IFACE_I2C
12C interface

TOUCH_PANEL_IFACE_SPI
SPI interface

enum touch_panel_controller_t

All supported touch panel controllers.

Values:
TOUCH_PANEL_CONTROLLER_FT5X06
TOUCH_PANEL_CONTROLLER_XPT2046

TOUCH_PANEL_CONTROLLER_NS2016
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8.1 Sensor Hub &4y
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e {fifjiot_sensor _handler unregister () iBiTALREAIRNEGE B ) [ 8 BR &k

e ffifliot_sensor _handler unregister with_type () BiTIE R BIEE 4 MR E]
TR RRER

6. ML il iot_sensor delete () WHERAS MRS, BRI 2 HEM NAFAE B

8.1.2 RBIEFF

1. Yo LRI H LED FF %7~ : sensors/sensor_control_led,

2. fL AR M 7R3 sensors/sensor_hub_monitor,

8.1.3 APl &%

Header File

* sensors/sensor_hub/include/sensor_type.h

Structures

struct sensor_data_t

sensor data type

Public Members
int64_t timestamp
timestamp

uint8_t sensor_id

sensor id

int32_t event_id

reserved for future use

uint32_tmin_delay

minimum delay between two events, unit: ms

axis3_t acce

Accelerometer. unit: G

axis3_t gyro

Gyroscope. unit: dps

axis3_t mag

Magnetometer. unit: Gauss
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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

float voltage

Voltage sensor unit: mV

float data[4]

for general use

struct sensor_data_group_t

sensor data group type
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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_driver_handle_t
hal level sensor driver handle

typedef void *bus_handle_t
i2¢/spi bus handle

Enumerations

enum sensor_type_t

sensor type
Values:

NULL_ID
NULL

HUMITURE_ID

humidity or temperature sensor

IMU_ID

gYyro or acc sensor

LIGHT_SENSOR_ID

light illumination or uv or color sensor

SENSOR_TYPE_MAX

max sensor type

enum sensor_command_t

sensor operate command

Values:
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COMMAND_SET_MODE

set measure mdoe

COMMAND_SET_RANGE

set measure range

COMMAND_SET_ODR

set output rate

COMMAND_SET_POWER

set power mode

COMMAND_SELF_TEST

sensor self test

COMMAND_MAX

max sensor command

enum sensor_power_mode_t

sensor power mode
Values:

POWER_MODE_WAKEUP

wakeup from sleep

POWER_MODE_SLEEP

set to sleep

POWER_MAX

max sensor power mode

enum sensor_mode_t

sensor acquire mode
Values:

MODE_DEFAULT

default work mode

MODE_POLLING

polling acquire with a interval time

MODE_ INTERRUPT

interrupt mode, acquire data when interrupt comes

MODE_MAX

max sensor mode

enum sensor_range_t

sensor acquire range

Values:
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RANGE_DEFAULT

default range

RANGE_MIN

minimum range for high-speed or high-precision

RANGE_MEDIUM

medium range for general use

RANGE_MAX

maximum range for full scale

enum sensor_event_id_t

sensor general events
Values:

SENSOR_STARTED

sensor started, data acquire will be started

SENSOR_STOPED

sensor stoped, data acquire will be stoped

SENSOR_EVENT_COMMON_END =9

max common events id

enum sensor_data_event_id_t

sensor data ready events
Values:

SENSOR_ACCE_DATA_READY = 10

Accelerometer data ready

SENSOR_GYRO_DATA_READY
Gyroscope data ready

SENSOR_MAG_DATA_READY

Magnetometer data ready

SENSOR_TEMP_DATA_READY

Temperature data ready

SENSOR_HUMI_DATA_ READY
Relative humidity data ready

SENSOR_BARO_DATA_READY

Pressure data ready

SENSOR_LIGHT_DATA_READY
Light data ready

8.1. Sensor Hub &4y
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SENSOR_RGBW_DATA_READY
Color data ready

SENSOR_UV_DATA_READY

ultraviolet data ready

SENSOR_PROXI_DATA_ READY

Distance data ready

SENSOR_HR_DATA READY
Heat rate data ready

SENSOR_TVOC_DATA_READY
TVOC data ready

SENSOR_NOISE_DATA_ READY

Noise Loudness data ready

SENSOR_STEP_DATA_READY
Step data ready

SENSOR_FORCE_DATA_ READY

Force data ready

SENSOR_CURRENT DATA_ READY

Current data ready

SENSOR_VOLTAGE_DATA_READY
Voltage data ready

SENSOR_EVENT_ID_END

max common events id

Header File

* sensors/sensor_hub/include/iot_sensor_hub.h

Functions

esp_err_t iot_sensor_create (sensor_id_t sensor_id, const sensor_config_t *config, sensor_handle_t

*p_sensor_handle)
Create a sensor instance with specified sensor_id and desired configurations.

Return esp_err_t
e ESP_OK Success
« ESP_FAIL Fail

Parameters
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e sensor_id: sensor’ s id detailed in sensor_id_t.
e config: sensor’ s configurations detailed in sensor_config_t
¢ p_sensor_handle: return sensor handle if succeed, NULL if failed.
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.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
Parameters
* sensor_handle: sensor handle for operation
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.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
Parameters
e sensor_handle: sensor handle for operation
esp_err_t iot_sensor_delete (sensor_handle_t *p_sensor_handle)
delete and release the sensor resource.
Return esp_err_t
¢ ESP_OK Success
e ESP_FAIL Fail
Parameters
* p_sensor_handle: point to sensor handle, will set to NULL if delete suceed.
uint8_t iot_sensor_scan (bus_handle_t bus, sensor_info_t *buf[], uint8_t num)
Scan for valid sensors attached on bus.
Return uint8_t total number of valid sensors found on the bus

Parameters

8.1. Sensor Hub &4y 145



ESP-loT-Solution

¢ bus: bus handle
¢ buf: Pointer to a buffer to save sensors’ information, if NULL no information will be saved.
¢ num: Maximum number of sensor information to save, invalid if buf set to NULL, latter sensors will be

discarded if num less-than the total number found on the bus.

esp_err_t iot_sensor_handler_register (sensor_handle_t sensor_handle, sensor_event_handler_t han-

dler, sensor_event_handler_instance_t *context)
Register a event handler to a sensor’ s event with sensor_handle.

Return esp_err_t
* ESP_OK Success
» ESP_FAIL Fail
Parameters
* sensor_handle: sensor handle for operation
* handler: the handler function which gets called when the sensor’ s any event is dispatched

e 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.

esp_err_t iot_sensor_handler_unregister (sensor_handle_t sensor_handle, sen-

sor_event_handler_instance_t context)
Unregister a event handler from a sensor’ s event.

Return esp_err_t
e ESP_OK Success
e ESP_FAIL Fail
Parameters
* sensor_handle: sensor handle for operation
e context: the instance object of the registration to be unregistered
esp_err_t iot_sensor_handler_register_with_type (sensor_type_t sensor_type, int32_t event_id,

sensor_event_handler_t handler, sen-

sor_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.

Return esp_err_t
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e ESP_OK Success
» ESP_FAIL Fail
Parameters
* sensor_type: sensor type decleared in sensor_type_t.
e event_id: sensor event decleared in sensor_event_id_t and sensor_data_event_id_t
* handler: the handler function which gets called when the event is dispatched

e 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.

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.

Return esp_err_t
¢ ESP_OK Success
¢ ESP_FAIL Fail
Parameters
* sensor_type: sensor type decleared in sensor_type_t.
e event_id: sensor event decleared in sensor_event_id_t and sensor_data_event_id_t

e context: the instance object of the registration to be unregistered

Structures

struct sensor_info_t

sensor information type
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Public Members
const char *name
Sensor name

const char *desc

sensor descriptive message

sensor_id_t sensor_id

sensor id

const uint8_t *addrs

sensor address list

struct sensor_config t

sensor initialization parameter

Public Members
bus_handle_t bus
i2c¢/spi bus handle

sensor. _m()d e_t mode

set acquire mode detiled in sensor_mode_t

sensor_range_I range

set measuring range

uint32_tmin_delay

set minimum acquisition interval

intintr_pin

set interrupt pin

int intr_type

set interrupt type

Type Definitions
typedef void *sensor_handle_t
sensor handle

typedef void *sensor_event_handler_instance_t

sensor event handler handle

typedef const char *sensor_event_base_t

unique pointer to a subsystem that exposes events
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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

Enumerations

enum sensor_id_t

sensor id, used for iot_sensor_create

Values:
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Functions

sensor_humiture_handle_t humiture_create (bus_handle_t bus, int id)
Create a humiture/temperature/humidity sensor instance. Same series’ sensor or sensor with same address can
only be created once.
Return sensor_humiture_handle_t return humiture sensor handle if succeed, return NULL if create failed.
Parameters
¢ bus: i2c bus handle the sensor attached to
e id: id declared in humiture_id_t
esp_err_t humiture_delete (sensor_humiture_handle_t *sensor)
Delete and release the sensor resource.
Return esp_err_t
e ESP_OK Success
* ESP_FAIL Fail
Parameters
e sensor: point to humiture sensor handle, will set to NULL if delete succeed.
esp_err_t humiture_test (sensor_humiture_handle_t sensor)
Test if sensor is active.
Return esp_err_t
¢ ESP_OK Success
* ESP_FAIL Fail
Parameters
* sensor: humiture sensor handle to operate
esp_err_t humiture_acquire_humidity (sensor_humiture_handle_t sensor, float * humidity)
Acquire humiture sensor relative humidity result one time.
Return esp_err_t
e ESP_OK Success
* ESP_FAIL Fail
e ESP_ERR_NOT_SUPPORTED Function not supported on this sensor

Parameters
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¢ sensor: humiture sensor handle to operate.
e humidity: result data (unit:percentage)
esp_err_t humiture_acquire_temperature (sensor_humiture_handle_t sensor, float *sensor_data)
Acquire humiture sensor temperature result one time.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
e ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: humiture sensor handle to operate.
e sensor_data: result data (unit:dCelsius)
esp_err_t humiture_sleep (sensor_humiture_handle_t sensor)
Set sensor to sleep mode.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
e ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: humiture sensor handle to operate
esp_err_t humiture_wakeup (sensor_humiture_handle_t sensor)
Wakeup sensor from sleep mode.
Return esp_err_t
e ESP_OK Success
e ESP_FAIL Fail
e ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
¢ sensor: humiture sensor handle to operate

esp_err_t humiture_acquire (sensor_humiture_handle_t sensor, sensor_data_group_t *data_group)

acquire a group of sensor data
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Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
Parameters
* sensor: humiture sensor handle to operate
* data_group: acquired data
esp_err_t humiture_control (sensor_humiture_handle_t sensor, sensor_command_t cmd, void *args)
control sensor mode with control commands and args
Parameters
* sensor: humiture sensor handle to operate
e cmd: control commands detailed in sensor_command_t
* args: control commands args
— ESP_OK Success
— ESP_FAIL Fail

— ESP_ERR_NOT_SUPPORTED Function not supported on this sensor

Type Definitions

typedef void *sensor_humiture_handle_t

humiture sensor handle

Enumerations

enum humiture_id_t

humiture sensor id, used for humiture_create
Values:

SHT3X_ID = 0x01

sht3x humiture sensor id

HTS221_ID

hts221 humiture sensor id

HUMITURE_MAX_ID

max humiture sensor id
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Header File

¢ sensors/sensor_hub/include/hal/imu_hal.h

Functions

sensor_imu_handle_t imu_create (bus_handle_t bus, int imu_id)
Create a Inertial Measurement Unit sensor instance. Same series’ sensor or sensor with same address can only be
created once.
Return sensor_imu_handle_t return imu sensor handle if succeed, NULL is failed.
Parameters
¢ bus: i2c bus handle the sensor attached to
e imu_id: id declared in imu_id_t
esp_err_t imu_delete (sensor_imu_handle_t *sensor)
Delete and release the sensor resource.
Return esp_err_t
e ESP_OK Success

* ESP_FAIL Fail

3. 1RiEfERKE (IMU) 153


../../../en/latest/sensors/imu.html
https://www.st.com/resource/en/datasheet/lis2dh12.pdf
https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Datasheet1.pdf
https://github.com/espressif/esp-iot-solution/blob/8c7e1df/components/sensors/sensor_hub/include/hal/imu_hal.h

ESP-loT-Solution

Parameters
* sensor: point to imu sensor handle, will set to NULL if delete succeed.
esp_err_t imu_test (sensor_imu_handle_t sensor)
Test if sensor is active.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
Parameters
e sensor: imu sensor handle to operate
esp_err_t imu_acquire_acce (sensor_imu_handle_t sensor, axis3_t *acce)
Acquire imu sensor accelerometer result one time.
Return esp_err_t
¢ ESP_OK Success
¢ ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: imu sensor handle to operate
e acce: result data (unit:g)
esp_err_t imu_acquire_gyro (sensor_imu_handle_t sensor, axis3_t *gyro)
Acquire imu sensor gyroscope result one time.
Return esp_err_t
* ESP_OK Success
e ESP_FAIL Fail
e ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
e sensor: imu sensor handle to operate
e gyro: result data (unit:dps)

esp_err_t imu_sleep (sensor_imu_handle_t sensor)

Set sensor to sleep mode.
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Return esp_err_t
* ESP_OK Success
e ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
e sensor: imu sensor handle to operate
esp_err_t imu_wakeup (sensor_imu_handle_t sensor)
Wakeup sensor from sleep mode.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: imu sensor handle to operate
esp_err_t imu_acquire (sensor_imu_handle_t sensor, sensor_data_group_t *data_group)
acquire a group of sensor data
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
Parameters
e sensor: imu sensor handle to operate
e data_group: acquired data
esp_err_t imu_control (sensor_imu_handle_t sensor, sensor_command_t cmd, void *args)
control sensor mode with control commands and args
Parameters
e sensor: imu sensor handle to operate
¢ cmd: control commands detailed in sensor_command_t
* args: control commands args

— ESP_OK Success

8.3. RS (IMU)
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— ESP_FAIL Fail

— ESP_ERR_NOT_SUPPORTED Function not supported on this sensor

Type Definitions

typedef void *sensor_imu_handle_t

imu sensor handle

Enumerations

enum imu_id_t
imu sensor id, used for imu_create
Values:

MPU6050_1ID = 0x01
MPU6050 imu sensor id

LIS2DH12_ID
LIS2DH12 imu sensor id

IMU_MAX_ID

max imu sensor id

8.4 IR FLIL/R%ER

[English]

IO AR SO IR AL I . (2 s

8.4.1 EEEIIE

SOMRALIEAR AR Z I R 15 s -

B Ihae BE | MR | AEE | EEmRE
BH1750 Light 12C | rohm | #UAE P | A
VEML6040 | Light RGBW 12C | Vishay | #i#%45 |
VEMLG6075 | Light UVAUVB | 2C | Vishay | Fif515 |
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8.4.2 APl &%

PAR APL SEEL T X BRI G A5 A IO RE - 5, P o] B8 % 2 A0S 40 5 1 A I R P, T AR
Hsensor_hub WL w10, SCEEHE & UE

Header File

* sensors/sensor_hub/include/hal/light_sensor_hal.h

Functions

sensor_light_handle_t 1ight_sensor_create (bus_handle_t bus, int id)
Create a light sensor instance. same series’ sensor or sensor with same address can only be created once.
Return sensor_light_handle_t return light sensor handle if succeed, return NULL if failed.
Parameters
¢ bus: i2c bus handle the sensor attached to
e id: id declared in light_sensor_id_t
esp_err_t l1ight_sensor_delete (sensor_light_handle_t *sensor)
Delete and release the sensor resource.
Return esp_err_t
e ESP_OK Success
e ESP_FAIL Fail
Parameters
* sensor: point to light sensor handle, will set to NULL if delete succeed.
esp_err_t 1ight_sensor_test (sensor_light_handle_t sensor)
Test if sensor is active.
Return esp_err_t
e ESP_OK Success
e ESP_FAIL Fail
Parameters

* sensor: light sensor handle to operate.
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esp_err_t light_sensor_acquire_light (sensor_light_handle_t sensor, float *lux)
Acquire light sensor illuminance result one time.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: light sensor handle to operate.
¢ lux: result data (unit:lux)
esp_err_t 1ight_sensor_acquire_xrgbw (sensor_light_handle_t sensor, rgbw_t *rgbw)
Acquire light sensor color result one time. light color includes red green blue and white.
Return esp_err_t
¢ ESP_OK Success
¢ ESP_FAIL Fail
e ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: light sensor handle to operate.
¢ rgbw: result data (unit:lux)
esp_err_t 1ight_sensor_acquire_uv (sensor_light_handle_t sensor, uv_t *uv)
Acquire light sensor ultra violet result one time. light Ultraviolet includes UVA UVB and UV.
Return esp_err_t
¢ ESP_OK Success
¢ ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: light sensor handle to operate.
e uv: result data (unit:lux)

esp_err_t 1ight_sensor_sleep (sensor_light_handle_t sensor)

Set sensor to sleep mode.
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Return esp_err_t
* ESP_OK Success
e ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: light sensor handle to operate.
esp_err_t 1ight_sensor_wakeup (sensor_light_handle_t sensor)
Wakeup sensor from sleep mode.
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
¢ ESP_ERR_NOT_SUPPORTED Function not supported on this sensor
Parameters
* sensor: light sensor handle to operate.
esp_err_t 1ight_sensor_acquire (sensor_light_handle_t sensor, sensor_data_group_t *data_group)
acquire a group of sensor data
Return esp_err_t
e ESP_OK Success
¢ ESP_FAIL Fail
Parameters
e sensor: light sensor handle to operate
e data_group: acquired data
esp_err_t 1ight_sensor_control (sensor_light_handle_t sensor, sensor_command_t cmd, void *args)
control sensor mode with control commands and args
Parameters
* sensor: light sensor handle to operate
¢ cmd: control commands detailed in sensor_command_t
* args: control commands args

— ESP_OK Success

8.4. IMEILIERLE
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— ESP_FAIL Fail

— ESP_ERR_NOT_SUPPORTED Function not supported on this sensor

Type Definitions

typedef void *sensor_light_handle_t
light sensor handle

Enumerations

enum light_sensor_id_t
light sensor id, used for light_sensor_create
Values:

BH1750_ID = 0x01
BH1750 light sensor id

VEML6040_ID
VEML6040 light sensor id

VEML6075_ID
VEML6075 light sensor id

LIGHT _MAX_ID

max light sensor id

8.5 SEfERzE

[English]

AR TR I AR X s, T AR TRk s BE A, W T IR I &, o BN A 23 )
(A

8.5.1 EEELIIR

2R IheE IS¥53 HEE | EE | EERRE
BME280 | Pressure | I2C/SPI | BOSCH | #j#% 1
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8.6 FH{LR%eE

[English]

F I AR R HERF SR LA SR I LR BN R Pz s e igas, TS BRI E
%o

8.6.1 EEAEIIE

AR InkE BE | HEH | MEE | BHHRE
APDS9960 | Light, RGB and Gesture Sensor | I2C | Avago ST
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CHAPTER 9

AR
[English]
9.1 N
[English]
EERTEArG SV ECE
B | K R Riz= B | fF W EE IX 0 %
2 | & i*

SPI WHEREILE, | S5fEME. SCA. | MB | SPI 40/80 MHz 4 & | SPI Flash
Flash | PffhnmiA G ik Driver
SD KA. AR | B, YUSCEE | GB | SDIO/SPR0/40 MHz 1 | SD/SDIO/MMC| *1
Card fi% 214 2% Driver
eMMC | KZHE. BliRE | B, W4 | GB | SDIO | 20/40 MHz 1 | SD/SDIO/MMC| *2

fif 2214 2/8 2k Driver
EEP- | W54k, A% | S8k MB | I2C 100 ~ 400 KHz | eeprom
ROM | JiAs
T

o *1. ESP32-S2 {37 FF SPI #ix;
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o #2. ESP32-S2 A7 FF

9.1.1 SPI Flash

ESP32/ESP32-S/ESP32-C Z%1|ith F-BRiA i F§ NOR Flash 25 P FI%HE, Flash W] 42 s e g sl A
ZE—fifl 4 MB, 8 MB 1§ 16 MB, %} ESP-IDF v4.0 DA_['}i4%, SPI Flash 2 {4 T S #5%F 32 Flash #EF7i%
EHEAELASL, A1 A] SE R AMESS e Flash 75 R 347 80 0776 -

PRI PABEI 73X 55 A Flash #E4770 X, ARG 7 XA TN BERI 73, Flash [ 170 2 13 A ) — 2EHIAQ
W2 5h, WArPAYE R RS RAEA# (NVS) ZE[A PO AR P B4, BT DAS € Flash 25 [ H 32 S0MF R 5E
(FatFS 25) FriocAs. FEIgAE SIS

Flash )i J1 3 #02k (DOUT/DIO) FIPHZL (QOUT/QIO) #Afatis, mliad i # T./E1E 40 MHz 5 80 MHz 5.

H1 T R AR GE 1 3 Flash ot 5 b AT Bl ie 6, Joei BN IAE AR R, IR BE & T A B SR B/ (MB).
LRI EOR R  ABUR A B 53
CEPEEE

» SPI Flash API

9.1.2 SD Card

ESP32 S7 H4(# ] SDIO $2 15 SPI #1111 SD . SDIO #5171 5745 1 4. 4 £n 8 Zilist, HHBA % 20
MHz Fil#5 7 40 MHz FiFIER . 530S A %5 11 %/0 5 i) 6 4 GPIO, I ELILARGR R 5 07 . SPT 2
1 Sl it GPIO matrix g SD 4578 (ERIM9 10, it CS 31 BIAT SR 2 SD 11, SPT 4 LI
BT E SO, ER A SDIO 52 11177 1 s {1

ESP-IDF H'[f) SD/SDIO/MMC Driver 3T SD REGWF G AT THHUZ R E2E, $24L T SD Rivw)
IntbE O RIMSUZ APL, SD REAGARZE & . WEkpEeS, 2 EH TR RS . S RE RERR
TR A5 .

L EBEEE
* SD/SDIO/MMC Uiz : % #%5 SDIO A1 SPI i f & ki = ;
* SDMMC 414Kz : SDIO #x;
* SD SPI LYKz : SPIALR;
o fdH) SPL ai 1-bit #E5, YRR 51 BRI K
R BRL
» storage/sd_card: {jFI ] FAT SCAFRSEH) SD Ko
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9.1.3 eMMC

eMMC (embedded MMC) W75 Fi5 SD R EA I, 7T LAGE -5 SD R [l 19 3R 8 A2 SD/SDIO/MMC
Y. (HRRFEE R, eMMC It {UREREH] SDIO KX, ASZHF SPIAR. eMMC HFITE 8 iR 3¢
FEERIAHE AR 20 MHz Iy 2 40 MHz, 7 4 20T SRR 40 MHz DDR #5(.

eMMC —BPAE R BB R R T b, MIE SD RS w, G Tl & s, BARERIE#HS
SRIFII X RGP — R ZORI 5

CEPEUEE
 SD/SDIO/MMC Bz ;

o ECRFT eMMC R

9.1.4 EEPROM

EEPROM (11 AT24C0X #7%1]) /& 1024-16384 (VSR TR AT S fififay (B4l 5 | f Pt nT s 17 H e
i), BRI A A B word T, M word 404 8-bit %3], EEPROM wJ #4341k, i
BRI, FrE A TR E S50, 20 it n] B T X ShAEFI ] SE e S5 — & R i Tk Fnp k.

ik

ISR EEPROM B J:

2R LIk e | B | RS | KEh
AT24C01/02 | 1024/2048 bits EEPROM | 12C | Atmel | 4%+ | eeprom

9.2 XRS5

[English]

R S R G051 35
Kt | NVS E FAT X4 &% SPIFFS X4 &%
EP= SHEXORTE, HeNZea | BAERGCE:, AR | SR AT A&, R SR
WS | SHRAT HOS. SCHERAT B, SCHERAT
pag ey KB-MB GB <128 MB
Hgchs | X v X
R | g v
BEEHHE | 0 0 0
TR 15 H |0 0 *]
g | X X
s v v X

9.2. RS 165


https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/storage/sdmmc.html
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/storage/sdmmc.html
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/storage/sdmmc.html
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/peripherals/sdmmc_host.html#supported-speed-modes
http://ww1.microchip.com/downloads/en/devicedoc/doc0180.pdf
http://ww1.microchip.com/downloads/en/devicedoc/atmel-8871f-seeprom-at24c01d-02d-datasheet.pdf
https://github.com/espressif/esp-iot-solution/tree/8c7e1df/components/storage/eeprom/at24c02
../../../en/latest/storage/file_system.html

ESP-loT-Solution

TR
« 0: LB HAS 5K,
o #1: fERAM 5.

9.2.1 NVS B

JE 5 R EAE i (NVS) [ R EH TS 75 flash NVS 4 K AP AZGE 8 . NVS s i 5 DU (B 5 sUER AT
Hop g ASCIL 45, (A AR B, F4F s . —ibhI%ds (BLOB) 242, NVS Sz 5 e P A5 in %
A — LU N, N R SRR . TR AR BLOB B A7 ER , 75 TR 5 T B 1Y
HF I FAT SCIE2RSE.

5530k

o E5) RPEAFAHIE

o HtiARS, AR NVS 43 DO A
IR

o BAMAVERE: storage/nvs_rw_value,

o GA T HEHIKRTS: storage/nvs_rw_blob,

9.2.2 FAT X &%

ESP-IDF {ifi jf| FatFs ESZHL T %F FAT SCF RS0 S0 4%, FatFs 27 TG ATEEN TR U RS2, @S
— P S BRBE A (W flash, SD ) B9, FH W DA AR B FatFs A8z DA, tn] DA C Frife
J#EF Posix APT i@t VES (FEHASCHRSE) (4 FatFs PR R ZH g .

FAT SR G R G EE , )2 W T USB rfififh o SD RER st sy L. ESP32 RFth Aradid
SO FAT SUPFRSE, AT PASEIIN X 283 DA B A D7 D

SH Uk
» FatFs 55 VFS i &1 .
o FatFs 5 VFS #1 SD R & i i »
BIRYT:
o storage/sd_card: PRI FAT U R %R SD .
« storage/ext_flash_fatfs: [0 ] FAT S04 RS HNER Flash it Ao
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9.2.3 SPIFFS {4 &%
SPIFFS J2 % Jf| T- SPI NOR flash (it AR SCHE AL, S5k SCRFBSHUAG . SO RS SRR AL S5 T Al
Pl DA 45 1] SPIFFS S Posix R, AT RAESE VES $:0E SPIFFS 9k 2§t .

SPIFFS {1 ik Az(F- SPINOR Flash % I SCIE R SGE, MIEL FAT SCPERSE S ] RAM BHEE /D, (HZ2 U
TS 25BN T 128 MB [ Flash it

55 0k

* SPIFFS X fF£&%.

o WA B SPIFFS 4541 T.H..
A BIRYT

* storage/spiffs: SPIFFS i i 7R3l .

9.2.4 EHIXHFRSG (VFS)
ESP-IDF 18130/ R 55 (VES) 41T LUK R S0P R %5 (FAT, SPIFES) $BE48 108 11, 0T DA ki e
R S P S R
5 30k:
o B RGALL
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BB

[English]

10.1 Ae#l

[English]

A PHE LEDC A= PWM 55, AIDASEHIN IR Z 16 BEAEALAY AL F20] (ESP32 S0HF 16 i,
ESP32-S2 30} 8 Btilie) , FEHIR AN 50 ~ 400 Hz. (/11%)Z APL, I R BAGEAEALITIEAL. 3d
EAE AR, RIS AEAL AR

FENLP B — A — A7 A [ RN AR e ) (5 5, i S A PWM (55T HE, RIS EZH
PEIT P AL FE Sy R RIEL B F B . 8 LAY 180 JE A EREAEAL—t A 20 ms (50 Hz) JgRf4h 30, @i 0.5
~2.5 ms F kel SRR HIEHLLE 0 ~ 180 FEZ A543,

AL TXHE RS SRR 5, GINBCR /N BIEEA . REE A S

10.1.1 ERAZE

- HERLRIGRAE: (R servo_init () X—2HiEiE#FTHI4G 1L, ESP32 f4f LEDC_LOW_SPEED_MODE
LEDC_HIGH_SPEED_MODE PZLIHIA , A 466 il e K S ke—24. WG RC B0 R 2 s KA L 5
SR f/ N AN R AR TS, T AR B S O B O R s 5 R E T4 A
FE 0 5| AT LEDC 3838 B Y. 6 5 5
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2. WEHME: ] servo_write_angle () lIHEEMYUITEL . Froas@ Bl B AnmEE, ML
JEBEA T 5

3. BEPCHRIMEL: W servo_read_angle () IREUEHLYHIME, FHEEERSEM 2RI A
RS IR e M

4. RALEAIIAL: A—HZ A, "I servo_deinit () Xf—4ldiE HAT LRI

10.1.2 R FRHI

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,

by

.ch = {
LEDC_CHANNEL_O,
LEDC_CHANNEL_1,
LEDC_CHANNEL_2,
LEDC_CHANNEL_3,
LEDC_CHANNEL_4,
LEDC_CHANNEL_S5,
LEDC_CHANNEL_6,
LEDC_CHANNEL_7,

H

}y
.channel_number = 8,
b
iot_servo_init (LEDC_LOW_SPEED_MODE, &servo_cfqg);

float angle = 100.0f;

(Qi¥iE3)
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(£ 50

// 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) ;

10.1.3 API &%

Header File

¢ motor/servo/include/iot_servo.h

Functions

esp_err_t iot_servo_init (ledc_mode_t speed_mode, const servo_config_t *config)
Initialize ledc to control the servo.
Return
¢ ESP_OK Success
e ESP_ERR_INVALID_ARG Parameter error
e ESP_FAIL Configure ledc failed
Parameters

* 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
esp_err_t iot_servo_deinit (ledc_mode_t speed_mode)
Deinitialize ledc for servo.
Return
* ESP_OK Success
Parameters

¢ speed_mode: Select the LEDC channel group with specified speed mode.
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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.
Note This API is not thread-safe
Return
* ESP_OK Success
e ESP_ ERR_INVALID ARG Parameter error
Parameters
* speed_mode: Select the LEDC channel group with specified speed mode.
¢ channel: LEDC channel, select from ledc_channel_t
e angle: The angle to go
esp_err_t iot_servo_read_angle (ledc_mode_t speed_mode, uint8_t channel, float *angle)
Read current angle of one channel.
Return
e ESP_OK Success
e ESP_ERR_INVALID ARG Parameter error
Parameters
* speed_mode: Select the LEDC channel group with specified speed mode.
¢ channel: LEDC channel, select from ledc_channel t

e angle: Current angle of the channel

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

ledc_channel_t ch[LEDC_CHANNEL_MAX]

The ledc channel which used

struct servo_config t

Configuration of servo motor.
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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

uint§_t channel_number

Total channel number
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cHAaPTER 11

[English]

11.1 Flash iz

11.1.1 #hR
* {ilifi€ flash encryption J, FEHAEEF-Be (4nH 1) A\ SPI flash ARl Bl 2ead iy, KR4
PETCTENRI LS H «

« flash encryption {ii [f] 256-bit AES key Jill%% flash £{#5, key {RAFAE 7 ) efuse WY, AR W2 S5 748 iR (433
B,

* HPBEE flash BPEEE AR EARIISC, K boot I, K {F bootloader 2%} flash H A RIHEAE AL I o

o GO IUA 4 RS A D RES flash , Jad OTA By flash B oA AR B IT KB
Benl PAFE menuconfig H i B LS UCHIR Y, (AN BT i X AT
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11.1.2 EHEE

1. make menuconfig Fi%# “Security features” ->" Enable flash encryption on boot”
2. ¥l PRVESRF H bootloader, partition table #1 app image 485 3| flash A

3. 55—k boot I flash 1 K N AR S (K partition % i 2 T REFG 2AE ST 1 0 8h), 2
JE AT VAIE 3 S B 1 flash 504 .

11.1.3 n&Hi3E (55— boot BF#1T
1. bootloader 525 3| efuse Ay FLASH_CRYPT_CNT 4 0, 27 AF ¢ FEALEA: iligs re A4 s F B key
, M key BEIRFELE efuse v, X T2 BRI
2. bootloader Xif Ff A T 4 % () partition £ flash 1 JFLAL %%

3. BRATE L efuse H1f) DISABLE_DL_ENCRYPT, DISABLE_DL_DECRYPT # DISABLE_DL_CACHE
SHHRE R 1, XA UART bootloader Hif it BB EH S fif4% f 1Y flash £5cds

4. efuse f1f¥) FLASH_CRYPT_CONFIG #i5e5 1 Oxf, Iehridi H Toe N key 02 D Aig H T 55—
A~ flash B (32 F55) XFMAIRRAT, BLER Oxf WM A 256 fif

5. efuse H'f) FLASH_CRYPT_CNT #4555 Ji 0x01, IAzE AT flash B85 B 6l A S s 45, 1R,
“FLASH_CRYPT_CNT” —

6. bootloader ¥ H T HE 5, MINEER flash 447544 bootloader

11.1.4 EOELEE flash (3 KEIEN L)

o H O EEE flash 72
1. make menuconfig H11%3¢ “Security features” ->" Enable flash encryption on boot”
2. i AR, WEATA Z BN images (£33 bootloader) 45 % flash /1,

3. J£ esp-idf HY components/esptool_py/esptool 45 K ffi Jil iy & espefuse.py burn\_efuse
FLASH\_CRYPT\_CNT %5 efuse [} FLASH_CRYPT_CNT

4. TEJEHE4, bootloader it FLASH_CRYPT_CNT [{{H T #i %% flash ¥ .

o R E AR EE N R 1 BB flash, ] PATE esp-idf 1Y) components/esptool\_py/esptool #
BT 2 espefuse.py —-port PORT write\_protect\_efuse FLASH\_CRYPT\_CNT
¥ FLASH\_CRYPT\_CNT ¥ B NG MY (FER LA B ML bootloader T2 5¢ Xt flash fii% J5
HEAT)
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11.1.5 FLASH_CRYPT_CNT

FLASH_CRYPT_CNT /2 flash il %77 % A 2 i iR, B 8-bit FfH, ERIE—TJ7 T gsE flash
HAE AT Sy BTN, 53— TR ] flash 585 UOBR B

24 FLASH_CRYPT_CNT A (0,2,4,6,8) Vifhe5 H 1 i}, bootloader £x%F flash w1 PN 25747 %% .

24 FLASH_CRYPT_CNT 4 (1,3,5,7) {i#ikeE 4 1 i}, bootloader %154 flash [ N EL Ll mss, Bk
TEH flash H A EH AR 285 5 (5

FLASH_CRYPT_CNT [{JZs {1 :

1.

2.

10.

1A (ERE flash fNAF, JKIZE O

fRE T flash Ji%%, FEZE-—IK boot B bootloader & ¥ [¥{E & 0x00, F/2MiA flash ) ¥dail &
hngg, A CEEEIUEBUE s ek key, SRIGINGE flash, BRI E 1 (BUE N 0x01)

. J5%E boot I}, bootloader I EHI{EZ 0x01, HIH flash KR N, W AR 5 B 061

TR D EE flash , TR 47T F keSS FLASH_CRYPT_CNT, i} 2 > bit #E4 1
(HfEh 0x03)

. T4, bootloader % I FLASH_CRYPT_CNT fi{E-2 0x03 (2 bit 1), T-2EHEs flash Feif,

8552 15 bootloader H FLASH_CRYPT_CNT 445 0x07 (3 bit 1), flash Jil1%% 1F 2% fdi ]

PR D EE flash , TR aro47 T3k ’S FLASH_CRYPT_CNT, I 4 4> bit #E 4 1
(HfEh 0xOf)

X 4%, bootloader % P FLASH_CRYPT_CNT [#{E & 0xOf (4 bit 1), T2 HM%EE flash $iE,
%% 52 85 bootloader ¥ FLASH_CRYPT_CNT 45k Ox1f (5bit 1), flash Jin % iF &4 4

PR S flash , TR ar 47T F keSS FLASH_CRYPT_CNT, G} 6 4 bit ##E4 1
(HRfEA 0x3f)

5% 4%, bootloader % I FLASH_CRYPT_CNT [{E &2 Ox4f (6bit 1), TR2EFH N flash £,
%% 52 85 bootloader ¥ FLASH_CRYPT_CNT %54 0x7f (7 bit 1), flash Jil %5 1 44

VR LB ASBE R A v 247485 FLASH_CRYPT_CNT, bootloader 1% FLASH_CRYPT_CNT -}
Oxff (8bit1) M}, 215 1FJF%ERY boot,

11.1.6 BT HIRHE

Bootloader

Secure boot bootloader digest (7 Secure Boot #{#ifiE, flash H1&£ HiX—i, HIAEFE “Secure Boot”

“PATERE” 1B ER 3)

Partition table

Partition table H 45 [] f) T Type 3bric A “app” HIERH
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* Partition table 145 [1] (1) BT 4 Flags fAriC >l “encrypted” W85 (I THES RMAFEME (NVS) #4531 flash
TEATAT I L AR AN 29 )

11.1.7 PEFXIZBREEOHE (FTHIE)

o R NAFEBEFCH) flash ZAFEEERY lash Bl e o i IS Bt fas:
— flash HAy AT PAT I T R P AU
— F7t#AE flash v HUSEEHE
— {H{if3@d APT esp\_spi\_flash\_mmap () EEAEIE
— 1 ROM bootloader SB[ %4 bootloader image &

« AR APl esp\_partition\_read () BERBIINGE XA L, WIEEEAY fash Bl @ 2 id i
JEEE

11.1.8 PEFXIZBTRBORIE (TEERBELHE)

* 1Hid API esp_spi_flash_read() SEE ISR

* ROM #1115 %k SPIRead() SEEUAY IR

11.1.9 REBAMERE

* Pl APlesp\_partition\_write () W, HAFRIPIER) partition FIEHE A SN

o H¥{ esp\_spi\_flash\_write () MILSE write\_encrypted EHPIZH true o & 75 04k
ik

* ROM R esp\_rom\_spiflash\_write\_encrypted () X% GHEIES A flash #1, [fi] SPI-
Write() KA RS A F] flash

11.2 2235

11.2.1 #hR

* Secure Boot ) H ¥ 2 PRIkt i Hizd T P E AR, (O B E R IR UEM flash Hmzk ) par-
tition table I app images 275+ M P38 &1

* Secure Boot H13% ff] ECDSA %544 8.3 %} partition table F{ app images HE1T2544 FfllI&IE, ECDSA 2544 8y
AN, AR TXHE @ i 3R SCHS 4, A T RIEZ 4
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* [T partition table I app images ;& 7E4X {4 bootloader I HZIGUERT, T PAK T B 1R X5 B3k /4 boot-
loader M i Bkt 254 56IF, Secure Boot i3 #: H144E ROM bootloader #2522 bootloader image 275 #%
B, KA 3N secure boot key HIfE (R FEHLEAE s =4, PRAFIY efuse H1, XFFHRIFZIEEB R

1122 FARR

o ECDSA &3 /,NMHFLERT
— 15 flash {HIAE PC Ak i

— NS F] bootloader image 1, {4 bootloader TEHATHT 2 EEUAEH, 1 H A 4HKHIE flash
partition table I app images 4275 /& £ i HH Y. I FABH 2544 11

— FAILESR PRI BT 1% partition table FI app images %544, FASHM A IR 4T, — HtERAL A6 1]
BEALAIAE 44 B image FRAEE 1L boot I F %44 Bk

* secure bootloader key

— X2 —> 256-bit AES key, {E&5—K Secure Boot I (il (- FEHLEAE B, 1RFFEAE efuse B, ZR{FTCTE
BEHL

— ¥ It key BaHIE4K 4 bootloader image & 75 #1414

11.2.3 HiTidiE
1. %1% bootloader image Fi} & P}l menuconfig i fE T secure boot, T ZEHEHE menuconfig H1$5 i B9 A 8H/F14H
SRS A 43 3] bootloader image H, bootloader ¥ 4% i 3 43 secure boot
2. %1% partition table FI app images Mt FHAREATT A 2544, 2544 Gt 2 AH B 1 — ik SCrp
3. NS —K boot B, #fF bootloader R IE— N A FE{IifE secure boot:

o fifi{:y7H—> secure boot key , BiX > key {RAFAE efuse H, F XA key . —NFEHLEL IV Fl bootloader
image 115 H} secure digest

* secure digest 5FALEL IV AR7FAE flash (1 0x0 Hibk, T F¥E 542 boot B L& bootloader image 275 4%
iR

» % menuconfig H1 64 T 2% 1| JTTAG H A1 ROM BASIC Hil, bootloader 2% efuse H ) — bR
LB E AR [k Se iy (580 AR 1 e T )
* bootloader 11425 efuse 1) ABS_DONE_0 jik A {#i §E secure boot
4. SR AEJG TR boot H1, ROM bootloader % i efuse H111) ABS_DONE_O0 #6525, T2 M flash [1j#bhk 0x0
BEPUER— K boot I PRFFH secure digest FIFEALEL IV, ] efuse H11 secure boot key . FEHLAL IV 5

2 HiTHY bootloader image 15 24 HiHY secure digest, # -5 flash H1[ secure digest A [A], M boot NEx4kEE,
WA ATE AT bootloader .

5. A bootloader i f] bootloader image FHARLER) 2> 8H%] flash FH 1) partition table A1 app images 25 #E4 756
ik, IRk J5 A4 2% boot E| app A4 H
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11.24 EHEE

1. make menuconfig }%#5 “enable secure boot in bootloader”
2. make menuconfig 15 B FAE A SH IR XTI S04

3. AR A TR, SEihAT “make” Ay, ML H TR AABAXS, FrAM AT 2R A A
BB B i %, e /R AT A & B AT . (AR gl v, @S openssl B35 oAb Tk 2% n
SRR T A LA SR X . Bl fd ) openssl:  “openssl ecparam -name prime256v1 -genkey -noout -out
my_secure_boot_signing_key.pem” (- F BLA B A AR S, T AR 2P )

4. 151764 “make bootloader” 7=4:—/M#i§E secure boot ] bootloader image

5. PUTSE 4 JE TR T2 bootloader image [ iy %, $&HEN b R AT

6. 1IZfTf4 “make flash” #1335 5 partition table F1 app images

7. B, A bootloader £x{iifiE secure boot , ZFHEE T ENHA{R secure boot BT 5 FH

11.2.5 FEEIM

o IEE[MFHIT, bootloader image HAEKEE —X, partition table /I app images W AT RS
o BMHOATIREE , — H3itEE secure boot $f4k AE H
« FIT OTA {f) image WAHTHIE S, OTA BE& M ABITHIE

« {fEBRINEE T, bootloader [ M\ 0x1000 sl JF4G, Je K1)k 28KB (bootloader). 413R%&BL Secure
Boot K ik HbiR, i e &£ 75 B Bootloader Huhlid ). il fE menuconfig H1iJ%% Bootloader [i¥] log
54, nUATRIEAKG PR 1Y Bootloader K /).

11.2.6 qEEIRE bootloader
o ZRINKEIL T bootloader image HEEREE —K, TE7= M TP 2L SGX AR, [H A bootloader image ] DAE
BB IO T PAGE S 1B L bootloader Bkt f54% image AYISIIEII AR, IXAf secure boot 5k EAEH

o T EJ BEE bootloader FLZ, N, secure bootloader key 27F PC i r= A2/, I key %%, — H. key g it
#5, el I key A2 A digest 1Y bootloader image 1, g3 i A 40

o i HAPER:
1. make menuconfig Hi%+F “secure bootloader mode” ->" Reflashable”
2. ¥ EHIZPERT —A B HR 2 A 3 AR A SR

3. 17454 “make bootloader” , —~| 256-bit secure boot key A H T4 MG E L, T
SATEHWAN EEE TR, PR T

— ¥4 PC ik Wi secure boot key 55 A efuse H1 2

— BRI m A TR TS HE Y secure digest 11 bootloader image %55 #| flash H1
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4K “BERIZPERT TR IR 6 dREE T

11.2.7 Secure Boot 5 Flash Encryption i {2 &

* Zf—IK boot i} secure boot 5 flash encrypt [{)AERUTFEAN R B s, R #E (A AE R secure boot R TR, 4k
e 2 flash encrypt (7] 5§

* JE%k boot AR, K ax GHER RS RS IATIRE AR i BECE A 358 Y

11.2.8 FAMEERTTES )RS flash B9 Secure Boot 5 Flash encryption

1. make menuconfig FF{# §E secure boot Fl flash encrypt, “Secure bootloader mode” 4% “Reflashable”, %

EAR 2B/ ALH] . pem S RAR

2. 915 bootloader -4 Jif, secure boot key :

make bootloader

3. {# i key #ll bootloader 114477 digest Y bootloader

python $IDF_PATH/components/esptool_py/esptool/espsecure.py digest_secure_
—bootloader --keyfile ./build/bootloader/secure_boot_key.bin -o ./build/

—bootloader/bootloader_with_digest.bin ./build/bootloader/bootloader.bin

4. Zi%¥ partition_table 5 app

make partition_table

make app

5. fE =A> bin 3CHF

python $IDF_PATH/components/esptool_py/esptool/espsecure.py encrypt_flash_data --
—keyfile flash_encrypt_key.bin —--address 0x0 -o build/bootloader/bootloader_
—digest_encrypt.bin build/bootloader/bootloader_with_digest.bi

python $IDF_PATH/components/esptool_py/esptool/espsecure.py encrypt_flash_data --
—keyfile flash_encrypt_key.bin —-address 0x8000 -o build/partitions_singleapp_
—encrypt.bin build/partitions_singleapp.bin

python $IDF_PATH/components/esptool_py/esptool/espsecure.py encrypt_flash_data --
—keyfile flash_encrypt_key.bin —--address 0x10000 —-o build/iot_encrypt.bin build/

—iot.bin

6. BHEE =A% Y bin I
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[ Boot ’

#r 4 bootloader £ efuse b
ABS DONE_D A 0 |, secure
bootloader jEf{HEE

4

#h1& bootloader FI BB~ E/IE
Y1 BEH secure boot key , 4§ key
{R1FTE efuse B |, HWFREFIESEP

Y

{EF key, ERSMEUTEAEREHIE
IV #1744 bootloader image
HE Y secure digest

i

4% secure digest ¥

g IV IiITEREE
flash % 0x0 Hoht

W
125 efuse i)

ABS DONE_O Fk4f#
#E secure boot

{4 bootloader 1£ERE]
FLASH_CRYPT_ CNT 20, FIA8
B FEME key , RFE
efuse P, WFRFIESHEP

i

Bootloader B key 36T
ARENENRIEE
flash FRE&L0%

A4

Bootloader 4§
FLASH CRYPT CNT 25 %
0x01 flash I0/ER M {FEaE

v

i bootloader 1§82
EiE |, AI0EEEY flash
{T¥4 bootloader

v

¥ # bootloader AT
#E ABS_DOME_D X
MEHE

i

${% bootloader FFAL
$ASE1E partition table
app image #£8

v

¥4 bootloader # &
FLASH_CRYPT_CNT , It
BB #igE 0 0x01 |

flash Hl/ERTE M EE

Boot El app image
R flash PRI
HiT
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ROM bootloader &1 efuse
F ABS DONE 0 A1 secure
boot #% {$FEE

Y

M flash Ox0 HuhHiZENEE
— % boot F{R{FHY secure
digest BB %1 IV

N

E4F B efuse Y secure

boot ker.ﬂﬁ*ﬂﬂ IV #0poss
#J bootloader image i+8

FEY secure digest

Flash H#Y secure
digest 5#ifY
digest 2&1EE

Boot Z3X{4 bootloader ,

24 bootloader 1EHY2 4R ,

Y& 1IF partition table #0 app
images B3

Boot F| app image ,
ﬁﬁﬂasﬁjﬂﬁ‘ﬂéﬁ
miT
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python $IDF_PATH/components/esptool_py/esptool/esptool.py —-—-baud 1152000 write_
—flash 0x0 build/bootloader/bootloader_digest_encrypt.bin

python $IDF_PATH/components/esptool_py/esptool/esptool.py —--baud 1152000 write_
—flash 0x8000 build/partitions_singleapp_encrypt.bin

python $IDF_PATH/components/esptool_py/esptool/esptool.py —-baud 1152000 write_
—flash 0x10000 build/iot_encrypt.bin

7. flash_encryption_key 52 A efuse ({NESE—K boot HiEEE):

python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_key flash_
—encryption flash_encrypt_key.bin

8. i secure boot key i A efuse ({XAEEE—K boot Hi%eE) :

python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_key secure_boot ./

—build/bootloader/secure_boot_key.bin

9. B85 efuse FAGFEHIARE ([NAESE—IK boot HibEE )

python S$IDF_PATH/components/esptool_py/esptool/espefuse.py burn_efuse ABS_DONE_O0
python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_efuse FLASH_CRYPT_
—CNT

python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_efuse FLASH_CRYPT_
—CONFIG Oxf

python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_efuse DISABLE_DI_
—ENCRYPT

python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_efuse DISABLE_DL_
—DECRYPT

python $IDF_PATH/components/esptool_py/esptool/espefuse.py burn_efuse DISABLE_DIL_
—CACHE

1.3 BRAREMENEFTHER

11.3.1 Windows E&S TS T H

o REEPL{IL windows T ERY TR TR, AEESTE L) A3 it be S

o A7 N CT R BCE SCPFAE configure SCPFJEN, 9 [ 22 Fp PRI L EAE security.conf v, BiT#Z K L
BN &
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ITEM Function de-
fault
debug_enable w25 IT/E debug #xA, 75 debug 0T, TR SAMAE pem SCUF £ %54H , | True
15 D BB AL AR B 41
debug_pem_path WEAEHE, T AT HEE RGN EEH, AL debug B N AR
SECURE BOOT
secure_boot_en FFj& secure boot L fE False
burn_secure_boot_key {#fiE secure boot key K5 False
se- B AT secure boot key block, i il 555 key False
cure_boot_force_write
se- JT )5 secure boot key XI% 155 73 False
cure_boot_rw_protect
FLASH ENCRYP-
TION
flash_encryption_en | Jj= flash fI %53 fig False
burn_flash_encryption| k¥ flash encrypt key 55 False
flash_encrypt_force_wiritg: 75 A # Ar flash encrypt key block, 5 #5855 key False
flash_encrypt_rw_protect-J& flash encrypt key X35 /152 5 453 False
AES KEY Not used yet
DISABLE FUNC
jtag_disable S T5 L] ITAG JHit T fig False
dl_encrypt_disable | 275 3 T & T flash ke False
dl_decrypt_disable B XA T 88T flash fR25ThfE False
dl_cache_disable B R #4555 Y flash cache ) fE False
o NETHPNEREZEM AR
1132 BesR
BEEIE
o 435 eptool
— esptool BRA %427 SIDF_PATH/components/esptool_py/esptool/
- @ADL python %%
pip install esptool
B
pip3 install esptool
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secure_boot_en debug_enable is Yes
is True ? True ?
No No ¥

Generate AES key from
debug_pem_path, generate
random |V then calculate
digest for bootloader, update

Generate random AES key
and random IV then calculate
digest for bootloader, update

image list image list
ash_encrypt_en Yes debug_enable is Yes
is True ? True ?

No J No +

Generate AES key from
Generate random AES key debug_pem_path and encrypt
and encrypt each image by each image by this key,
this key, update image list update image list

; J

v

Burn images to corresponding
address in image list

l

Burn secure boot key to EFUSE,
set block r/w protect
if secure_boot_rw_protect is True

burn_secure_boo’
_key is True ?

secure_boot_en
is True ?

Burn flash encrypt key to EFUSE,
set block r/w protect
if flash_encrypt_rw_protect is True

ourn_flash_encryption_
key is True ?

ash_encrypt_en
is True ?

No

Ly
-

Y

Disable functions according to
jtag_disable,
dl_encrypt_disable,
dl_decrypt_disable,
dl_cache_disable
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5 1: i@ bootloader 525 security $5HE#I4{t

o Ph# W] DA ST flash Besk, WIGRALATIEICAEE], SPIHESS— IR A TR A N BERILA: 1

o BRIG BARTEE RIS R I R, WERAE W IR A A A 4wl 2 RAME L, IR T RE T
WIEH .

o Ot Ao E ShFEHLAE B secure boot 5 flash encrypton %541, F-5 Ath | efuse 11, B4 E AJS, XTI
efuse block 2B E NG RYIRE, PfhS THATCE U .

o JIA S images HRFZIEF G OLRES , 6 SAE—IK boot B FEATHC E .

* 17 make menuconfig fit & secure boot Fl flash encryption, #MEE—. “ TN BB BHATEIN, H{AkER
YEE AT, WR TS —. TN, Al ARk :

1. BERLA: & RSA B4H S04

espsecure.py generate_signing_key secure_boot_signing_key.pem

or

openssl ecparam —-name prime256v1l —-genkey -—-noout -out secure_boot_signing_key.pem

2. £ menuconfig #1, PEFF Sign binaries during build, F-$5 & Wl A 4= s A B AR, W0 1.

Security features 7
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y>
includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]

[*] Enable secure boot in bootloader (READ DOCS FIRST)

Secure bootloader mode (One-time flash) --->
[*] Sign binaries during build
(secure_boot_signing_key.pem) Secure boot private signing key
[ ] Allow potentially insecure options
[*] Enable flash encryption on boot (READ DOCS FIRST)
[ ] Allow potentially insecure options

< Exit > < Help > < Save > < Load >

3. 4» 51 bootloader 51 LAY

make bootloader

make

4. ffiff] esptool K &34 BAYT bin U5 A flash X} W ik, DA example 5 hellow-world “T.f2 4 :
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bootloader.bin ——> 0x1000

partition.bin --> 0x8000

app.bin --> 0x10000

python $IDF_PATH/components/esptool_py/esptool/esptool.py —--chip esp32 —--port.
< /dev/cu.SLAB_USBtoUART —--baud 1152000 —--before default_reset --after no_
—reset write_flash -z —--flash_mode dio —--flash_freq 40m --flash_size detect.
—0x1000 $IDS_PATH/esp-idf/examples/get-started/hello_world/build/bootloader/
—bootloader.bin 0xf000 S$IDF_PATH/esp-idf/examples/get-started/hello_world/
—build/phy_init_data.bin 0x10000 $IDF_PATH/examples/get-started/hello_world/
—build/hello-world.bin 0x8000 S$IDF_PATH/examples/get-started/hello_world/

—build/partitions_singleapp.bin

TR VA Ear S OG2nBICH, SFEf A, Bl b i SCr e A I e 288, Bdias b, e
SPI A AR o

5. AT R LAGEA] window -5 B T T HRSEM T F 8 FFEAERCE S, KM THAY security

ifie, AR TR A 23R4 security AHAFME, S84 BEEAN bootloader A5 AN LA 1L :

[SECURE BOOT]
secure_boot_en * False
[FLASH ENCRYPTION]

flash_encryption_en * False

TR BUOHRFSEOT, WX TERTR, BEHBR 8RS, BITRIBIT TR TR,

188
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ESP32 SECURE FLASHER TOOL V3.6.0

SPIDownload HSPIDownload RFConfig = MultiDownload
Download Path Config Download Panel 1 Download Panel 5
@ MAC Address MAC Address
IDLE IDLE
=2 e e
@
@ CcoM: coM:
START STOP ERASE START STOP ERASE
- BAUD: P BAUD: ™
@
. @
Download Panel 2 Download Panel 6
- @ MAC Address MAC Address
DeviceMasterKey Folder Path IDLE § IDLE
%
. @ EhF 5
SpiFlashConfig r
- — COoM: coM: v
CrystalFrea:  combineBin |~ "-ASH SIZE SpiAutoSet START | STOP | ERASE - START = STOP | ERASE =
26M | e DoNotChgBin BAUD: BAUD:
SPI SPEED
SRLMORE © 8Mmbit LOCK SETTINGS
° Qio 16Mbit Download Panel 3 Download Panel 7
- QouT , DEIECIEDIINEO MAC Address MAC Address
Q oz 1 b “L: IDLE IDLE
26.7MHz i 64Mbit e dpk ‘
20MHz ey 128Mbit
80MHz FASIRD COM: COM:
START STOP ERASE START STOP ERASE
BAUD: BAUD:
Download Panel 4 Download Panel 8
MAC Address MAC Address
START STOP IDLE IDLE
ALL ALL Nk B
COM: COM:
START STOP ERASE START sTOP ERASE
BAUD: BAUD:

6. SEFATAT DA R 3 T HAY combine ThEE,
S be Rt flash FEAFHLRAE S,

- JFF bin SCPFHHIE flash Yk

- ¥ ‘DoNotChgBin’ I, XA THALX bin SCAFAYACE (SPT A ARSE) BEATETIE
- s ‘CombineBin’ 4, A" &I J5HY bin 3T,

- 1£ ‘combine’ CIFJEF, Aipf targetbin, KfHEEEF] Flash fr) 0x0 HuhikRIA]

- TH R SRS R R I8 B N 925 B3 IR T OxfE. 5 SOt 46

7. FESEG, HEBfT KA, {f bootloader 5¢ AY, security FHXAFIERIWI AL, 5 AES #4711
BEALA: 55 A EFUSE, DA K6 IH SCHY flash JE4T 1 U

FFZA bin SCPHTRA—A3C0:, F#H T flash 58

MR DA UORS ST, RROT TR, PASRIE MOE A TSI RS O .

s ERFI:
- MTEARNAYIHERE, R, app.bin A DhiE Al GErE.
- WEHEAREIRFAG, W2 LB T OTA app 2544 (WIRA OTA TifE).

— (ST bootloader X flash fin @ — AL ZIZHYLIRE, X THKHY partition W] REFR ALY
—rEh A
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O @® ESP32 SECURE FLASHER TOOL V3.6.0

SPIDownload HSFIDownload RFConfig @ MultiDownload
Download Path Config

&4 /Volumes/esp-open-sdk/ESP_IDF/esp-idf/examp .. @ O0x1000
/Volumes/esp—open-sdk/ESP_IDF/esp—idflexamp .. @ 0x8000
&2 /Volumes/esp-open-sdk/ESP_IDF/esp-idf/examp .. @ O0x10000

@
@
@
@
@
DeviceMasterKey Folder Path
@
SpiFlashConfig
CrystalFreq: FLASH SIZE AR
=, E Default _
> SPEED SPIMODE ~ 8Mbit LOCK SETTINC
QIO ~ 16Mbit DETECTED INFO
© 40MHz QouT O 32Mbit
26 7MHz  ©DIO " 64Mbit
 20MHz _bout ~ 128Mbit
N 80MHz FASTRD
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A A

— #H—KIAT bootloader, flash Jn%F#EATH| ik iy

* WA secure boot B, W] HFRF images HSCHEE F| flash v, 1tk 7R IR boot B} 5 in %%
flash

* fFRE T secure boot Hf, T ICIEE IS flash, s Rk A JeiZ: boot

BE 2: BT TH I RMIAE security Fi
o % THITEHAGBIER, BEERF image % 30RS i flash, SRJSHLE: efuse. Gt FE ot v 18 A%
B/ = AR
o Bha: BN AR TR TRE, FREHAE, JoEmeR S E R3] flash 1,

o fifi Fi N2 T B[] secure boot A/l flash encryption, Xt HFEZEHYE make menuconfig H73%E+#% “enable
secure boot in bootloader” Ff-i B A FA/FLEH AR HI AT

o NE T HAEZITH, 2BEML™2E secure boot 5 flash encryption %54H, F-455%5 #| %} W f#) EFUSE {3/ & 1.,
o BRAEAPTR:
1. BlALA B RSA 801, T2 44 [l 4

espsecure.py generate_signing_key secure_boot_signing_key.pem

or

openssl ecparam —-name prime256v1 -genkey -noout -out secure_boot_signing_key.

—pem

2. 7F menuconfig §1, 4% Sign binaries during build, 335 5 N 42 By 4R, 1N IE .

Security features 5
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y>
includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]

[*] Enable secure boot in bootloader (READ DOCS FIRST)

Secure bootloader mode (One-time flash) --->
%] Sign binaries during build
(secure_boot_signing_key.pem) Secure boot private signing key
[ ] Allow potentially insecure options
[*] Enable flash encryption on boot (READ DOCS FIRST)
[ ] Allow potentially insecure options

< Exit > < Help > < Save > < Load >
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3. 451 bootloader 5 1 F ALY

make bootloader

make

4. BCE TR AR E S

[DEBUG MODE]

debug_enable * False

pem SCH A A [F % 41
debug_pem_path *

4

[SECURE BOOT]

secure_boot_en * True
burn_secure_boot_key * True
secure_boot_force_write * False
key

secure_boot_rw_protect * True
[FLASH ENCRYPTION]
flash_encryption_en * True
burn_flash_encryption_key * True
flash_encrypt_force_write * False
E key

flash_encrypt_rw_protect * True
[AES KEY]

aes_key_en * False

burn_aes_key * False

[DISABLE FUNC]

jtag_disable * True
dl_encrypt_disable * True
dl_decrypt_disable * True

dl_cache_disable * True

E£E:

# XH debug B, TEMHAEKEH. EURE
#debug R T, HEIER I, ATAERTEERTH
# JF B secure boot Ik

# {F# secure boot key BE

# BEELEAHAE secure boot key block, #EH KE
# JFE secure boot key KIEWELE R

# B flash mEH &

# fF8 flash encrypt key B5E
# REALHAE flash encrypt key block, 4|k

=

# /B flash encrypt key RIFHELE fRiF

# HAREA, RREZER
HRAREHR, NHEREZER

4=

HEH ITAG R4
EXHTHERXT flash E
EXMTHERXT flash EEIE
HEXATHEATH flash cache Ij#

e

=
=
=
=

BHRHARESEH, FAXATHIL, REXHBUAZANFRER, BFBEATHIE,

5. M T RTHBFTTE, HAGETHRERALMEESH (L flash HRMB), 721k

‘DoNotChgBin’ #Ei.
FHREALA LS B

c EEFI

THRT RS ARCE SO BCE, 76T B 58 S R T B0R

- HTEAVFAAT B, WM, app.bin 458 O v GEM: .
- (EHEANREEK AL, R RLEH FH T-XF OTA app %44 (4144 OTA LjEE).
— JH PRl PASESEAS 3 B app image 2544 880, H F2 %2 56 ] menuconfig 117 secure boot ZHfAEHI ], K
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T HS W HEVE S, @it efuse J5 ] secure boot, %] app image 2SR AR L 2R
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cHAPTER 12

ot
ol
2

[English]

12.1 GPIO §°R&

[English]

W% ESP32 RANN A MGt — 2P R, WEHRDSHER NN FIEAERART T, ffi—LE%f GPIO
BORABREKR 5 . RIS S AA 1) ESP32-S2 457 i A& 21K 43 > GPIO, WK ZEf# GPIO W
SRR . ASRRKIA TR R oK, AR n s S ESP32 sl GPIO 4 Eth 5 itk Biln{li il BT 12C & 4%
ilf¥) GPIO 4" Jrefsitk MCP23017, HAMEEATAMy™ 16 A~ GPIO [, [A] Al HE 2 ik 8 A4 fredsitk, RIRIA4H

PE 128 4~ GPIO .

1211 BEEFIE

AR IngE REL | HIH MigH | &zh
MCP23017 | 16-bit I/O expander | 12C | Microchip | Ff%45 | mep23017
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122 ADC 'REREFHE

[English]

12.2.1 ESP32-S3 ADC ' REEFE

ESP32-S3 ADC fg KA R EARE N 0~ 3100 mV, T ANBA LR, BEWSH L I ADC #4248 . FLjth L &
K 5T RE . (HRXTTF NTC % HIg5, FREF B el AE (0~3300mV) i+, ESP32-S3 nlid fit &
AT ADC W fm B, FRES & R IR MR M v, FRATTAT PASE BT ESP32-S3 EARAIY &

KPR R AR N
LGB E, R — OB RAE
2. B R (AT 2900 mV, - R I (AR D 45

3. LI EERT 2900 mV, $RTMEE L, JEAT RINE, HFEHTARRIEB IR, IRl
Il

4. METER, PKEMEHE

P, 4 ADC JlEE, HIIRIA]REBEEL 1~2 IRSCPRHL A . X TR 35, S &9 AR EEER
A LAZBIEANTT o

12.2.2 Patch {E#f 5%

245 Patch T ESP-IDF release/v4 .4 0%k :
1. i\ ESP-IDF .4 checkout %] release/v4.4 1%
2. F#i esp32s3_adc_range_to_3100.patch ¢4
3. fif#54 git am --signoff < esp32s3_adc_range_to_3100.patch } Patch 7 ff] 2| IDF

4. HER, B L} esp_adc_cal_get_voltage AR, Mo B ZE DR RGN
5%

12.2.3 API {# i8R

LGSR AR RO AR Y RS (R, H P Ui esp_adc_cal_get_voltage E%3KHL ADCL 5§
ADC2 HYiEIE HE .

2. ESP-IDF ADC H APL R32500, 45 R AIERA L5 53K
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cHAPTER 13

Contributions Guide

We welcome contributions to the esp-iot-solution project!

13.1 How to Contribute

Contributions to esp-iot-solution - fixing bugs, adding features, adding documentation - are welcome. We accept contri-

butions via Github Pull Requests.

13.2 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 ?

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?
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e If you’ re unsure about any of these points, please open the Pull Request anyhow and then ask us for feedback.

13.3 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.

13.4 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.

13.5 Related Documents

13.5.1 esp-iot-solution ZEE#5E

BE R

o TRREHTT, A
* Gk, 5T YR
© FUMERE, BT R
* 4kik ESP-IDF £ it

QRS =TI EA MG

BR&H

* components: K IR IS, RETURMGAELZH AR, MAE 1 README LHATIRTI;
e docs: rst A, WFHESDAHLFRIME AR, APLULH];

» examples: GAR E IS AL Y R BE 2K 5

e tools: CI A%, i T H,
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e

o REH— .c MPE—AFAH . h XS

o BANHMFEZA b, BB cn g R S ARG
S E L IR Y LN i SR

o JREAAESLSU E SUERIB A S 5 S

o SKROCPRR AR BERERLIE , X ol Bk 1 EA T FE RS

o USINEE SCRREE G I, 2 ARG R K SR N F R el 5 :

#ifndef IOT I2C BUS H_
#define _IOT I2C_BUS _H_

#endif

o PREGEMESN extern “C” B1fi, CHF C/IC++ IR ESFE:

#ifdef cplusplus

extern "C"
{
#endif

//c code

#ifdef __ _cplusplus

i
#endif

TR

« 223 VSCODE #fif# Doxygen Documentation Generator 1 [4 2l it P REHE 4 ;

o VERE kG BRI 4

o REE AR TR B AR R A BE . HEREEUTE, AR S AL, REGR R E VLR .
H Bl A U REHE L -

/**

* @brief

*

* @param port
* @param conf

* @return i2c_bus_handle_t

(R ItaRED)
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*/

i2c_bus_handle_t iot_i2c_bus_create(i2c_port_t port, i2c_config_t* conf);

LSMENSRIIE S ok

/**

* @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 12c 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 MOBCGEIAERE (S5 =5 URD, AR A B S B

// Copyright 2019-2020 Espressif Systems (Shanghai) PTE LTD

//

// Licensed under the Apache License, Version 2.0 (the "License");
// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

// http://www.apache.org/licenses/LICENSE-2.0

//

// Unless required by applicable law or agreed to in writing, software

// distributed under the License 1is distributed on an "AS IS" BASIS,

// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and

// limitations under the License.

 ZRCES AR RO R EG

VIR IR 24 B SO R A BT BN S statics

o WIS AR SRS E R R, 2 B E AN
o R EE R ETRER S SR R

© ARRBATAEE A SRR L L, AR R
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o [l —HIFWNAG RIS, AR —RT2H ;
o MG snake_case #%3, HEEH/NGFRE, Bz M _;
o R ZTEE] (ARG A RIS —E, ARy ) :

HEBIE o # o 5 AR
iot_type_xxx iot_sensor_Xxx; iot_board_xxx; | /=54 iot ZH {4
iot_storage_ -+

type_xxx imu_xxx; light_xxx; eeprom_xxx St —2EIME RS

name_Xxxx mpu6050_XxX; JEJZ driver, I TR BESEBEE =77, ALK IR
g

XXX_creat / A A 55

xxx_delete

xxx_read / B AE

XXX_write

TEIC

o WM, FEVEhERS SRR R, [ get_ set SR REAE;
o VSR A BR T4 B SO PR A B W A S AR B statics

© SRR o W%, HESREVE R s_ A

o RIS RTINS R I Y 1 R

o (LA AR B SUI, TR (E
SRR, R A B A IR

o MRRRAVE R, IEXNREIERE, M EHIR{E R NULL;

o WG snake_case #&, HMH/NGFEE, Bz 0 _;
o WERADENGEE, Bl data AR dat;

o AR YRR A R SO, B0 C AR BRI S B0 RS
« AR
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el ;e 0l

SRER | BRI X

BSERTE | static FRIH, g HIZE, WAHME | static uint32_t g_connect_num = 0;
AR E | static FRIH, s_ HIZE, MR#ME | static uint32_t s_connect_num= 0;
ERECE R | EHEAN L3k

HHES abbreviations-in-code addr,buf ,cfg, cmd, , ctrl,

s WNAIESI%E

#HE | £ %5 | £ @5 | £ @5 | £

addr | address id identifier len length ptr pointer

buf buffer info | information | obj object ret return

cfg command | hdr header param | parameter | temp | temporary. temperature
cmd | command | init initialize pos position ts timestamp

KBENL

o ffi[HI snake_case #= N _t 5%

typedef int signed_32_bit_t;

o 2SN AT typedef i

T PATR T =OE L

typedef enum {
MODULE_FOO_ONE,
MODULE_FOO_TWO,
MODULE_FOO_THREE

} module_foo_t;
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B FOHERHLE

ARy 4k ESP-IDF JLL

1. 45

ANGEREE T 4 A2k

2. &

TE R R AN AT

i3

=113

AEAZATIF IR B A A R AL

ANEE T RAFIEATARDE, F5gn AR B B tab BRI ACH 4 254K

void functionl ()

{

do_one_thing () ;
do_another_thing();

void function2 ()

{

int var = 0;
while (var < SOME_CONSTANT)
do_stuff (&var);

// INCORRECT, don't place empty line here

// place empty line here

// INCORRECT, don't use an empty line here

{

HECAR M B, AT RN 120 74T

3. K

FiEbm

SGRTE A RIIERR I 7 2 SRS 0 B2

if (condition) { // correct

VAR
I3
switch (n) | // correct

case 0O:

VAR
}
Qi¥i%3)
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for(int i = 0; i < CONST; ++i) { // INCORRECT
/).

TE IJCEAEAT PSR I BN 234, —JCIBBAT AT M, W AMERRIE AT MRS AT 2 [ W 2%

const int y = y0 + (x — x0) * (y1 - y0) / (x1 - x0); // correct
const int y = y0 + (x - x0)*(yl - y0)/(x1 - x0); // also okay
int y_cur = -y; // correct
++y_cur;

const int y = yO0+ (x-x0)*(y1-y0)/(x1-x0); // INCORRECT

- R => BRAEAT R R B A T EAL AT 2 A
AW, AR AT I IK-F R A BT P AU A Al st AR, Wl AT I ZSAR SRR 5 s S AL

gpio_matrix_in (PIN_CAM_ D6, I2SO0I_DATA_IN14_1IDX, false);
gpio_matrix_in (PIN_CAM_D7, I2S0I_DATA_IN15_1IDX, false);
gpio_matrix_in (PIN_CAM_HREF, I2SO0I_H_ENABLE_IDX, false);
gpio_matrix_in (PIN_CAM_PCLK, I2SOI_DATA_IN15_IDX, false);

o EURIEER, WA NG T AT, B NSE0E N E R (3 PIN_CAM_VSYNO),
ERARES . AT S HAUAT, XA T IR SR B, R DX AT, Feile
UnR A B S RO T A X 51

o AEHHIFAFIATRCFRSE, ANEHEAT RSB 2 -

4. 55

PREUE LR AE5 % AE R AT B

// This 1is correct:
void function(int arg)

{

// NOT like this:

void function (int arg) {
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TERRET , R KRS 5 SR R AR A B [ — 47

if (condition) {
do_one () ;
} else if (other_condition) {

do_two () ;

5. 8%

/) TR MT 2R, WMERAT BRI /807 < 7 BRERE
EAREGHARHER XA, (A2 LA R R
o ANEE—MHROR ST HELL TRt

void init_something()
{

setup_dma () ;

// load_resources(); // WHY is this thing commented, asks the.
—reader?

start_timer();

o MR EALLACRY, MR SE AR . WRARTRZE, ARVTRARGIAE git J7 s P AE i A S0k g
REP A S R T AR ) RS/, TSR R IR e, WIFERI R T B o Re

void init_something ()

{
setup_dma () ;
// TODO: we should load resources here, but loader is not fully integrated yet.
// load_resources();

start_timer();

o #if 0 ... #endif Bt 2HNL. WRAMA, FHoe MG s., BN, s ARE 45k
FiZEe ., NEMJH #if 0 ... #endif BUERRRIEMBE LT REE A UL EL .

o NEGSINA RAEE RIS B H IR B AR . GOER W AE RN git B TARMAE AT, BN, Bt
ERAEATIMEATA T E R T, R

void init_something ()
{
setup_dma () ;
// XXX add 2016-09-01

(QA)
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init_dma_list () ;
fill_dma_item(0);
// end XXX add

start_timer();

6. REBITHIER

commit F* HEEMLE DA LF (Unix XA&) 45 11 Sci:.

Windows Jf] F1R] DAY git i B 7 A H checkout j2 CRLF (Windows X% ) 45, T E core.autocrlf 1% &
K commit i} PA LF 258, Github 45—/ & FREE R SO, (Hi2, BT MSYS2 i ] Unix #1977,
A B AE g ESP-IDF Y SCARI, 38 3 28 50 K SO i A il B0 ()1 LE (Unix #£X) 251

AR IETE A S PR AN commit T LF g5k, WA DA FE MSYS2 B Unix Ziig HHaizq7 a2/ B 140N
Unix (RfHRHMCH IDF TAEH S, H ek 4 a2 E checkout IEAfH 4 3)

git rebase --exec 'git diff-tree --no-commit-id --name-only -r HEAD | xargs dos2unix &

—& git commit —-a —-—amend --no-edit --allow-empty' master

iR, XATAURDRAE master EHUFTENL R, FAERJS HSU> SCAFRAMES — 70 3L B E . )
RHOHRANRERL, ATAIsAT

dos2unix FILENAME

Rty

git commit --amend

7. B

AT LAGE ] astyle @A g Bk BSOS EA A% Ak

WREIEAENCKI A S — 30, B e e 2 ES , iR s UL A SOk AR A S
SCPER—/INE Y, AN TR A A R QR o R B A AAG A A S

R, HEAT

tools/format.sh components/my_component/file.c
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CMake X2 #&

o Gt 4 AR

o KA 120 FRF. - EIATHE, SRR AT RRAE T RT (BN, T R AT N e B
FIZH) o

* NEAE endforeach(). endif() 25 J5 I 1 AT 4H-5 R AATAT N 2
o W4 BREFIE A /NG (with_underscores ),

o NPT R R AL i, /NG R (with_underscores ).

o XTeRENER AR, @RS (WITH_UNDERSCORES ).

o Hifth, i#:80E comake-lint 1 H A9 ERIAK B .
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me

[anonymous] (C++ enum), 66

B

BH1750_1ID (C++ enumerator), 160

blink_step_t (C++ class), 65

blink_step_t::hold_time_ms (C++ member),
65

blink_step_t: :type (C++ member), 65

blink_step_t::value (C++ member), 65

blink_step_type_t (C++ enum), 66

bus_handle_t (C++ type), 141

button_cb_t (C++ type), 124

button_config_t (C++ class), 123

button_config_t::adc_button_config (C++
member), 123

button_config_t::custom_button_config
(C++ member), 123

button_config_t::gpio_button_config
(C++ member), 123

button_config_t::long_press_time
member), 123

button_config_t::short_press_time (C++
member), 123

button_config_t: :type (C++ member), 123

(C++

button_config_t:: (C++ mem-
ber), 123

button_custom_config_t (C++ class), 123

[anonymous]

button_custom_config_ t::active_level

(C++ member), 123

button_custom_config_t::button_custom_deinit

(C++ member), 123

button_custom_config_t::button_custom_get_key_valuc

(C++ member), 123

button_custom_config_t::button_custom_init

(C++ member), 123
button_custom_config_t::priv (C++ mem-
ber), 123
BUTTON_DOUBLE_CLICK (C++ enumerator), 124
BUTTON_EVENT_MAX (C++ enumerator), 124
button_event_t (C++ enum), 124
button_handle_t (C++ type), 124
BUTTON_LONG_PRESS_HOLD (C++ enumerator), 124
BUTTON_LONG_PRESS_START (C++ enumerator),
124
BUTTON_NONE_PRESS (C++ enumerator), 124
BUTTON_PRESS_DOWN (C++ enumerator), 124
BUTTON_PRESS_REPEAT (C++ enumerator), 124
BUTTON_PRESS_REPEAT_DONE (C++ enumerator),
124
BUTTON_PRESS_UP (C++ enumerator), 124
BUTTON_SINGLE_CLICK (C++ enumerator), 124
BUTTON_TYPE_ADC (C++ enumerator), 124
BUTTON_TYPE_CUSTOM (C++ enumerator), 124
BUTTON_TYPE_GPIO (C++ enumerator), 124
button_type_t (C++ enum), 124

C

COLOR_BLACK (C %), 49
COLOR_BLUE (C %), 49
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COLOR_CYAN (C %), 49

COLOR_DARKCYAN (C %), 49
COLOR_DARKGREEN (C %), 49
COLOR_DARKGREY (C %), 49
COLOR_ESP_BKGD (C %), 50
COLOR_FUCHSIA (C %), 50

COLOR_GRAY (C %), 50

COLOR_GREEN (C %), 49
COLOR_GREENYELLOW (C &), 49
COLOR_LIGHTGREY (C %), 49
COLOR_LIME (C %), 50

COLOR_MAGENTA (C %), 49
COLOR_MAROON (C %), 49

COLOR_NAVY (C %), 49

COLOR_OLIVE (C %), 49

COLOR_ORANGE (C %), 49

COLOR_PINK (C %), 50

COLOR_PURPLE (C %), 49

COLOR_RED (C %), 49

COLOR_SILVER (C %), 50

COLOR_TEAL (C %), 50

COLOR_WHITE (C &), 49

COLOR_YELLOW (C %), 49

COMMAND_MAX (C++ enumerator), 142
COMMAND_SELF_TEST (C++ enumerator), 142
COMMAND_SET_MODE (C++ enumerator), 141
COMMAND_SET_ODR (C++ enumerator), 142
COMMAND_SET_POWER (C++ enumerator), 142
COMMAND_SET_RANGE (C++ enumerator), 142
CTRL_MAX (C++ enumerator), 100
CTRL_NONE (C++ enumerator), 100
CTRL_RESUME (C++ enumerator), 100
CTRL_SUSPEND (C++ enumerator), 100
CTRL_UAC_MUTE (C++ enumerator), 100
CTRL_UAC_VOLUME (C++ enumerator), 100

D

dac_audio_config_t (C++ class), 110

dac_audio_config_t::bits_per_sample
(C++ member), 110

dac_audio_config_t::dac_mode (C++ mem-
ber), 110

dac_audio_config_t::dma_buf_count (C++
member), 110
dac_audio_config_t::dma_buf_len (C++
member), 110
dac_audio_config_t::12s_num (C++ member),
110
dac_audio_config_t::max_data_size (C++
member), 110
dac_audio_config_t::sample_rate (C++
member), 110
dac_audio_deinit (C++ function), 108
dac_audio_init (C++ function), 108
dac_audio_set_param (C++ function), 109
dac_audio_set_volume (C++ function), 109
dac_audio_start (C++ function), 108
dac_audio_stop (C++ function), 109

dac_audio_write (C++ function), 109

F

FLAG_UAC_MIC_SUSPEND_AFTER_START (C %),
98
FLAG_UAC_SPK_SUSPEND_AFTER_START (C %),
98
FLAG_UVC_SUSPEND_AFTER_START (C %), 98
FPS2INTERVAL (C %), 98
FRAME_INTERVAL_FPS_10 (C %), 98
FRAME_INTERVAL_FPS_15 (C %), 98
FRAME_INTERVAL_FPS_20 (C %), 98
FRAME_INTERVAL_FPS_30 (C %), 98
FRAME_INTERVAL_FPS_5 (C %), 98
FRAME_RESOLUTION_ANY (C %), 98

G

gpio_pad_select_gpio (C %), 21

H

HTS221_1ID (C++ enumerator), 152

humiture_acquire (C++ function), 151

humiture_acquire_humidity (C++ function),
150

humiture_acquire_temperature (C++ func-
tion), 151
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humiture_control (C++ function), 152
humiture_create (C++ function), 150
humiture_delete (C++ function), 150
HUMITURE_ID (C++ enumerator), 141
humiture_id_t (C++ enum), 152
HUMITURE_MAX_ID (C++ enumerator), 152
humiture_sleep (C++ function), 151
humiture_test (C++ function), 150

humiture_wakeup (C++ function), 151

i2c_bus_cmd_begin (C++ function), 20
i2c_bus_create (C++ function), 14
i2c_bus_delete (C++ function), 14
i2c_bus_device_create (C++ function), 15
i2c_bus_device_delete (C++ function), 15
i2c_bus_device_get_address (C++ function),
16
i2c_bus_device_handle_t (C++ type), 22
i2c_bus_get_created_device_num (C++ func-
tion), 15
i2c_bus_get_current_clk_speed (C++ func-
tion), 15
i2c_bus_handle_t (C++ type), 22
i2c_bus_read_bit (C++ function), 17
i2c_bus_read_bits (C++ function), 17
i2c_bus_read_byte (C++ function), 16
i2c_bus_read_bytes (C++ function), 16
i2c_bus_read_regl6 (C++ function), 21
i2c_bus_scan (C++ function), 14
i2c_bus_write_bit (C++ function), 19
i2c_bus_write_bits (C++ function), 19
i2c_bus_write_byte (C++ function), 18
i2c_bus_write_bytes (C++ function), 18
i2c_bus_write_regl6 (C++ function), 20
i2s_lcd_acquire (C++ function), 28
i2s_lcd_config_t (C++ class), 28
i2s_lcd_config_t::buffer_size (C++ mem-
ber), 29
i2s_lcd_config_t::clk_freq (C++ member),
29

i2s_lcd_config_t::data_width (C++ mem-

ber), 28
i2s_lcd_config_t::12s_port (C++ member),
29
i2s_lcd_config_t::pin_data_num (C++ mem-
ber), 28
i2s_lcd_config_t::pin_num_cs (C++ mem-
ber), 28
i2s_lcd_config_t::pin_num_rs (C++ mem-
ber), 28
i2s_lcd_config_t::pin_num_wr (C++ mem-
ber), 28
i2s_lcd_config_t::swap_data (C++ member),
29

i2s_lcd_driver_deinit (C++ function), 26
i2s_lcd_driver_init (C++ function), 26
i2s_1lcd_handle_t (C++ type), 29
i2s_lcd_release (C++ function), 28
i2s_lcd_write (C++ function), 27
i2s_lcd_write_cmd (C++ function), 27
i2s_lcd_write_command (C++ function), 27
i2s_lcd_write_data (C++ function), 26
imu_acquire (C++ function), 155
imu_acquire_acce (C++ function), 154
imu_acquire_gyro (C++ function), 154
imu_control (C++ function), 155
imu_create (C++ function), 153
imu_delete (C++ function), 153
IMU_ID (C++ enumerator), 141
imu_id_t (C++ enum), 156
IMU_MAX_ID (C++ enumerator), 156
imu_sleep (C++ function), 154
imu_test (C++ function), 154
imu_wakeup (C++ function), 155
iot_button_count_cb (C++ function), 122
iot_button_create (C++ function), 121
iot_button_delete (C++ function), 121
iot_button_get_event (C++ function), 122
iot_button_get_long_press_hold_cnt (C++
function), 122
iot_button_get_repeat (C++ function), 122
iot_button_get_ticks_time (C++ function),
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122 KNOB_L_LIM (C++ enumerator), 129
iot_button_register_cb (C++ function), 121 KNOB_LEFT (C++ enumerator), 129
iot_button_unregister_cb (C++ function), 121 KNOB_RIGHT (C++ enumerator), 129
iot_knob_clear_count_value (C++ function), KNOB_ZERO (C++ enumerator), 129

128
iot_knob_create (C++ function), 126 L
iot_knob_delete (C++ function), 126 LCD_CMD_LEV (C &), 29
iot_knob_get_count_value (C++ function), 127 LCD_DATA_LEV (C %), 29
iot_knob_get_event (C++ function), 127 LED_BLINK_BREATHE (C++ enumerator), 66
iot_knob_register_cb (C++ function), 127 LED_BLINK_BRIGHTNESS (C++ enumerator), 66
iot_knob_unregister_cb (C++ function), 127 LED_BLINK_HOLD (C++ enumerator), 66
iot_sensor_create (C++ function), 144 LED_BLINK_LOOP (C++ enumerator), 66
iot_sensor_delete (C++ function), 145 LED_BLINK_STOP (C++ enumerator), 66
iot_sensor_handler_register (C++ function), LED_CUSTOM_MODE (C++ enumerator), 67

146 LED_GPIO_MODE (C++ enumerator), 67
iot_sensor_handler_register_with_type led_indicator config_t (C++ class), 65

(C++ function), 146 led_indicator_config_t::blink_list_num
iot_sensor_handler_unregister (C++ func- (C++ member), 66

fion), 146 led_indicator_config_t::blink_lists
iot_sensor_handler unregister_with_type (C++ member), 65

(C++ function), 147 led_indicator_config_t::led_indicator_custom_confi
iot_sensor_scan (C++ function), 145 (C++ member), 65
iot_sensor_start (C++ function), 145 led_indicator_config_t::led_indicator_gpio_config
iot_sensor_stop (C++ function), 145 (C++ member), 65
iot_servo_deinit (C++ function), 171 led_indicator_config_t::led_indicator_ledc_config
iot_servo_init (C++ function), 171 (C++ member), 65
iot_servo_read_angle (C++ function), 172 led_indicator_config_t::mode (C++ mem-
iot_servo_write_angle (C++ function), 171 ber), 65

led_indicator_config_t::[anonymous]

K (C++ member), 65
knob_cb_t (C++ type), 128 led_indicator_create (C++ function), 63
knob_config_t (C++ class), 128 led_indicator_delete (C++ function), 63
knob_config_t::default_direction (C++ 1led_indicator_get_current_fade_value

member), 128 (C++ function), 65
knob_config_t::gpio_encoder_a (C++ mem- led_indicator_get_handle (C++ function), 63

ber), 128 led_indicator_handle_t (C++ type), 66
knob_config_t::gpio_encoder_b (C++ mem- led_indicator_mode_t (C++ enum), 67

ber), 128 led_indicator_preempt_start (C++ function),
KNOB_EVENT_MAX (C++ enumerator), 129 64
knob_event_t (C++ enum), 129 led_indicator_preempt_stop (C++ function),
KNOB_H_LIM (C++ enumerator), 129 64
knob_handle_t (C++ type), 128 led_indicator_start (C++ function), 63
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led_indicator_stop (C++ function), 64
LED_LEDC_MODE (C++ enumerator), 67
LED_STATE_25_PERCENT (C++ enumerator), 66
LED_STATE_50_PERCENT (C++ enumerator), 66
LED_STATE_75_PERCENT (C++ enumerator), 66
LED_STATE_OFF (C++ enumerator), 66
LED_STATE_ON (C++ enumerator), 66
LIGHT_MAX_ID (C++ enumerator), 160
light_sensor_acquire (C++ function), 159
light_sensor_acquire_light (C++ function),
157
light_sensor_acquire_rgbw (C++ function),
158
light_sensor_acquire_uv (C++ function), 158
light_sensor_control (C++ function), 159
light_sensor_create (C++ function), 157
light_sensor_delete (C++ function), 157
LIGHT_SENSOR_ID (C++ enumerator), 141
light_sensor_id_t (C++ enum), 160
light_sensor_sleep (C++ function), 158
light_sensor_test (C++ function), 157
light_sensor_wakeup (C++ function), 159
LIS2DH12_1ID (C++ enumerator), 156

M

mic_frame_t (C++ class), 95

mic_frame_t::bit_resolution (C++ member),
96

mic_frame_t::data (C++ member), 96

mic_frame_t::data_bytes (C++ member), 96

mic_frame_t::samples_frequence (C++ mem-
ber), 96

MODE_DEFAULT (C++ enumerator), 142

MODE_INTERRUPT (C++ enumerator), 142

MODE_MAX (C++ enumerator), 142

MODE_POLLING (C++ enumerator), 142

MPUG6050_ID (C++ enumerator), 156

N

NULL_I2C_DEV_ADDR (C %), 21
NULL_I2C_MEM_ADDR (C %), 21
NULL_ ID (C++ enumerator), 141

NULL_SPI_CS_PIN(C %), 26

P

portTICK_RATE_MS (C %), 21
POWER_MAX (C++ enumerator), 142
POWER_MODE_SLEEP (C++ enumerator), 142
POWER_MODE_WAKEUP (C++ enumerator), 142
PWM_AUDIO_CH_MAX (C++ enumerator), 107
PWM_AUDIO_CH_MONO (C++ enumerator), 107
PWM_AUDIO_CH_STEREO (C++ enumerator), 107
pwm_audio_channel_t (C++ enum), 107
pwm_audio_config_t (C++ class), 106
pwm_audio_config_t::duty_resolution
(C++ member), 107
pwm_audio_config_t::gpio_num_left (C++
member), 107
pwm_audio_config_t::gpio_num_right (C++
member), 107
pwm_audio_config_t::ledc_channel_left
(C++ member), 107
pwm_audio_config_t::ledc_channel_right
(C++ member), 107
pwm_audio_config_t::ledc_timer_sel (C++
member), 107
pwm_audio_config_t::ringbuf_len
member), 107
pwm_audio_deinit (C++ function), 103

(C++

pwm_audio_get_param (C++ function), 106
pwm_audio_get_status (C++ function), 106
pwm_audio_get_volume (C++ function), 105
pwm_audio_init (C++ function), 103
pwm_audio_set_param (C++ function), 105
pwm_audio_set_sample_rate (C++ function),
105
pwm_audio_set_volume (C++ function), 105
pwm_audio_start (C++ function), 104
PWM_AUDIO_STATUS_BUSY (C++ enumerator), 107
PWM_AUDIO_STATUS_IDLE (C++ enumerator), 107
pwm_audio_status_t (C++ enum), 107
PWM_AUDIO_STATUS_UN_INIT (C++ enumerator),
107
pwm_audio_stop (C++ function), 104
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pwm_audio_write (C++ function), 104

R

RANGE_DEFAULT (C++ enumerator), 142
RANGE_MAX (C++ enumerator), 143
RANGE_MEDIUM (C++ enumerator), 143
RANGE_MIN (C++ enumerator), 143

S

SCR_COLOR_TYPE_GRAY (C++ enumerator), 51
SCR_COLOR_TYPE_MONO (C++ enumerator), 51
SCR_COLOR_TYPE_RGB565 (C++ enumerator), 51
scr_color_type_t (C++ enum), 51
scr_controller_config_t (C++ class), 45

scr_controller_config_t: :bckl_active_levgl

(C++ member), 45
scr_controller_config_t::height

member), 46

scr_controller_config_t::interface_drv

(C++ member), 45
scr_controller_config_t::offset_hor
(C++ member), 46
scr_controller_config_t::offset_ver
(C++ member), 46
scr_controller_config_t::pin_num bckl
(C++ member), 45
scr_controller_config_t::pin_num_rst
(C++ member), 45
scr_controller_config_t::rotate

member), 46

scr_controller_config_t::rst_active_level

(C++ member), 45

scr_controller_config_t::width (C++ mem-

ber), 45
scr_controller_t (C++ enum), 51
SCR_DIR_BTLR (C++ enumerator), 50
SCR_DIR_BTRL (C++ enumerator), 50
SCR_DIR_LRBT (C++ enumerator), 50
SCR_DIR_LRTB (C++ enumerator), 50
SCR_DIR_MAX (C++ enumerator), 50
SCR_DIR_RLBT (C++ enumerator), 50
SCR_DIR_RLTB (C++ enumerator), 50

(C++

(C++

scr_dir_t (C++ enum), 50
SCR_DIR_TBLR (C++ enumerator), 50
SCR_DIR_TBRL (C++ enumerator), 50
scr_driver_t (C++ class), 46
scr_driver_t: :deinit (C++ member), 47
scr_driver_t::draw_bitmap (C++ member), 48
scr_driver_t::draw_pixel (C++ member), 48
scr_driver_t::get_info (C++ member), 49
scr_driver_t::init (C++ member), 47
scr_driver_t::set_direction (C++ member),
47
scr_driver_t::set_window (C++ member), 47
scr_driver_t::write_ram_data (C++ mem-
ber), 48
Cr_find_driver (C++ function), 45
scr_info_t (C++ class), 46
scr_info_t: :bpp (C++ member), 46
scr_info_t::color_type (C++ member), 46
scr_info_t: :dir (C++ member), 46
scr_info_t: :height (C++ member), 46
scr_info_t: :name (C++ member), 46
scr_info_t: :width (C++ member), 46
scr_interface_create (C++ function), 52
scr_interface_delete (C++ function), 52
scr_interface_driver_t (C++ class), 53
scr_interface_driver_t::bus_acquire
(C++ member), 54
scr_interface_driver_t::bus_release
(C++ member), 54

scr_interface_driver_t::read (C++ mem-

ber), 53
scr_interface_driver_t::type (C++ mem-
ber), 53
scr_interface_driver_t::write (C++ mem-
ber), 53

scr_interface_driver_t::write_command
(C++ member), 53
scr_interface_driver_t::write_data (C++
member), 53
scr_interface_i2c_config_t (C++ class), 53
scr_interface_1i2c_config_t::clk_speed

(C++ member), 53
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scr_interface_i2c_config_t::1i2c_bus
(C++ member), 53

scr_interface_i2c_config_t::slave_addr
(C++ member), 53

scr_interface_spi_config_t (C++ class), 52

scr_interface_spi_config_t::clk_freqg
(C++ member), 53

scr_interface_spi_config_t::pin_num_cs
(C++ member), 53

scr_interface_spi_config_t::pin_num_dc
(C++ member), 53

scr_interface_spi_config_t::spi_bus
(C++ member), 53

scr_interface_spi_config_t::swap_data
(C++ member), 53

scr_interface_type_t (C++ enum), 54

SCR_MIRROR_X (C++ enumerator), 50

SCR_MIRROR_Y (C++ enumerator), 50

SCR_SWAP_ XY (C++ enumerator), 51

SCREEN_CONTROLLER_ILI9341 (C++ enumerator),
51

SCREEN_CONTROLLER_ILI9342 (C++ enumerator),
51

SCREEN_CONTROLLER_ILI9486 (C++ enumerator),
51

SCREEN_CONTROLLER_ILI9488 (C++ enumerator),
51

SCREEN_CONTROLLER_ILI9806 (C++ enumerator),
51

SCREEN_CONTROLLER_NT35510 (C++ enumerator),
51

SCREEN_CONTROLLER_RM68120 (C++ enumerator),
51

SCREEN_CONTROLLER_SSD1306 (C++ enumerator),
51

SCREEN_CONTROLLER_SSD1307 (C++ enumerator),
51

SCREEN_CONTROLLER_SSD1322 (C++ enumerator),
51

SCREEN_CONTROLLER_SSD1351 (C++ enumerator),
51

SCREEN_CONTROLLER_SSD1963 (C++ enumerator),

51
SCREEN_CONTROLLER_ST7789 (C++ enumerator),
51
SCREEN_CONTROLLER_ST7796 (C++ enumerator),
51
SCREEN_IFACE_8080 (C++ enumerator), 54
SCREEN_IFACE_I2C (C++ enumerator), 54
SCREEN_IFACE_SPI (C++ enumerator), 54
SENSOR_ACCE_DATA_READY (C++ enumerator), 143
SENSOR_BARO_DATA_READY (C++ enumerator), 143
sensor_command_t (C++ enum), 141
sensor_config_t (C++ class), 148
sensor_config_t: :bus (C++ member), 148

sensor_config_t::intr_pin (C++ member),

148

sensor_config_t::intr_type (C++ member),
148

sensor_config_t::min_delay (C++ member),
148

sensor_config_t: :mode (C++ member), 148
sensor_config_t: :range (C++ member), 148
SENSOR_CURRENT_DATA_READY (C++ enumerator),
144
sensor_data_event_id_t (C++ enum), 143
sensor_data_group_t (C++ class), 140
sensor_data_group_t: :number (C++ member),
141
sensor_data_group_t::sensor_data (C++
member), 141
sensor_data_t (C++ class), 139
sensor_data_t: :acce (C++ member), 139
sensor_data_t: :baro (C++ member), 140
sensor_data_t: :current (C++ member), 140
sensor_data_t: :data (C++ member), 140
sensor_data_t: :event_id (C++ member), 139
sensor_data_t: : force (C++ member), 140
sensor_data_t: :gyro (C++ member), 139
sensor_data_t: :hr (C++ member), 140
sensor_data_t: :humidity (C++ member), 140
sensor_data_t::1light (C++ member), 140
sensor_data_t : :mag (C++ member), 139

sensor_data_t::min_delay (C++ member), 139
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sensor_data_t::
sensor_data_t::
sensor_data_t::
sensor_data_t::
sensor_data_t::
sensor_data_t::
139
sensor_data_t::
sensor_data_t::

sensor_data_t::

noise (C++ member), 140
proximity (C++ member), 140
rgbw (C++ member), 140
sensor_id (C++ member), 139
step (C++ member), 140

temperature (C++ member),

timestamp (C++ member), 139
tvoc (C++ member), 140
uv (C++ member), 140

sensor_data_t: :voltage (C++ member), 140
sensor_driver_handle_t (C++ type), 141
SENSOR_EVENT_ANY_1ID (C %), 141
sensor_event_base_t (C++ type), 148
SENSOR_EVENT_COMMON_END (C++ enumerator),
143
sensor_event_handler_instance_t
type), 148
sensor_event_handler_t (C++ type), 148
SENSOR_EVENT_ID_END (C++ enumerator), 144

(C++

sensor_event_id_t (C++ enum), 143
SENSOR_FORCE_DATA_READY (C++ enumerator),
144
SENSOR_GYRO_DATA_READY (C++ enumerator), 143
sensor_handle_t (C++ type), 148
SENSOR_HR_DATA_READY (C++ enumerator), 144
SENSOR_HUMI_DATA_READY (C++ enumerator), 143
sensor_humiture_handle_t (C++ type), 152
sensor_id_t (C++ enum), 149
sensor_imu_handle_t (C++ type), 156
sensor_info_t (C++ class), 147
sensor_info_t: :addrs (C++ member), 148
sensor_info_t: :desc (C++ member), 148
sensor_info_t: :name (C++ member), 148
sensor_info_t::sensor_id (C++ member), 148
SENSOR_LIGHT_DATA_READY (C++ enumerator),
143
sensor_light_handle_t (C++ type), 160
SENSOR_MAG_DATA_READY (C++ enumerator), 143
sensor_mode_t (C++ enum), 142
SENSOR_NOISE_DATA_READY
144

(C++ enumerator),

sensor_power_mode_t (C++ enum), 142
SENSOR_PROXI_DATA_READY (C++ enumerator),
144
sensor_range_t (C++ enum), 142
SENSOR_RGBW_DATA_READY (C++ enumerator), 143
SENSOR_STARTED (C++ enumerator), 143
SENSOR_STEP_DATA_READY (C++ enumerator), 144
SENSOR_STOPED (C++ enumerator), 143
SENSOR_TEMP_DATA_READY (C++ enumerator), 143
SENSOR_TVOC_DATA_READY (C++ enumerator), 144
SENSOR_TYPE_MAX (C++ enumerator), 141
sensor_type_t (C++ enum), 141
SENSOR_UV_DATA_READY (C++ enumerator), 144
SENSOR_VOLTAGE_DATA_READY (C++ enumerator),
144
servo_channel_t (C++ class), 172
servo_channel_t: :ch (C++ member), 172
servo_channel_t::servo_pin (C++ member),
172
servo_config_t (C++ class), 172
servo_config_t::channel_number (C++ mem-
ber), 173
servo_config_t::channels (C++ member), 173
servo_config_t::freq (C++ member), 173
servo_config_t::max_angle (C++ member),
173
servo_config_t::max_width_us (C++ mem-
ber), 173
servo_config_t::min_width_us (C++ mem-
ber), 173
servo_config_t::timer_number (C++ mem-
ber), 173
SHT3X_1ID (C++ enumerator), 152
spi_bus_create (C++ function), 22
spi_bus_delete (C++ function), 22
spi_bus_device_create (C++ function), 22
spi_bus_device_delete (C++ function), 23
spi_bus_device_handle_t (C++ type), 26
spi_bus_handle_t (C++ type), 26
spi_bus_transfer_byte (C++ function), 23
spi_bus_transfer_bytes (C++ function), 23
spi_bus_transfer_regl6 (C++ function), 24
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spi_bus_transfer_reg32 (C++ function), 24
spi_bus_transmit_begin (C++ function), 24
spi_config_t (C++ class), 25
spi_config_t::max_transfer_sz (C++ mem-
ber), 25
spi_config_t::miso_io_num (C++ member), 25
spi_config_t::mosi_io_num (C++ member), 25
spi_config_t::sclk_io_num (C++ member), 25
spi_device_config_t (C++ class), 25
spi_device_config_t::clock_speed_hz
(C++ member), 25
spi_device_config_t::cs_io_num (C++ mem-
ber), 25
spi_device_config_t: :mode (C++ member), 25
STREAM_CONNECTED (C++ enumerator), 100
stream_ctrl_t (C++ enum), 100
STREAM_DISCONNECTED (C++ enumerator), 100
STREAM_MAX (C++ enumerator), 99
STREAM_UAC_MIC (C++ enumerator), 99
STREAM_UAC_SPK (C++ enumerator), 99
STREAM_UVC (C++ enumerator), 99

T

TOUCH_DIR_BTLR (C++ enumerator), 136
TOUCH_DIR_BTRL (C++ enumerator), 136
TOUCH_DIR_LRBT (C++ enumerator), 135
TOUCH_DIR_LRTB (C++ enumerator), 135
TOUCH_DIR_MAX (C++ enumerator), 136
TOUCH_DIR_RLBT (C++ enumerator), 135
TOUCH_DIR_RLTB (C++ enumerator), 135
TOUCH_DIR_TBLR (C++ enumerator), 136
TOUCH_DIR_TBRL (C++ enumerator), 136
TOUCH_EVT_PRESS (C++ enumerator), 135
TOUCH_EVT_RELEASE (C++ enumerator), 135
TOUCH_MAX_POINT_NUMBER (C f’Z), 135
TOUCH_MIRROR_X (C++ enumerator), 136
TOUCH_MIRROR_Y (C++ enumerator), 136
touch_panel_config_t (C++ class), 133
touch_panel_config_t::clk_freq (C++ mem-
ber), 133
touch_panel_config_t::direction
member), 133

(C++

touch_panel_config_t::height (C++ mem-

ber), 133
touch_panel_config_t::i2c_addr (C++ mem-
ber), 133
touch_panel_config_t::i2c_bus (C++ mem-
ber), 133

touch_panel_config_ t::interface_i2c
(C++ member), 133

touch_panel_config_t:
(C++ member), 133

touch_panel_config_ t:
(C++ member), 133

touch_panel_config_t::pin_num_cs

rinterface_spi

:interface_type

(C++
member), 133

touch_panel_config_t::pin_num_int (C++
member), 133

touch_panel_config_t::spi_bus (C++ mem-

ber), 133
touch_panel_config_t::width (C++ member),
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