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/* STM32 Lesson 01 - Blink LED

* 00000 GPIO OO PA5 (User LED)OO0 1 00OOOOO
* 00000
*/

#include "main.h"



#include "gpio.h"

/* 000000 */
void SystemClock Config(void);

static void MX GPIO Init(void);

int main(void)
{

/* 000000000000 */
HAL Init();

/* 0000000 168 MHz */
SystemClock Config();

/* 000 GPIO */
MX_GPIO Init();

/* 000 */
while (1)
{
/* [0 PAS [0000O0OLED O0O0*/
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN SET);

/* 00 500 ms */
HAL Delay(500);

/* 00 PAS OO0O0OOLED pOO*/
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN RESET);

/* 00 500 ms */
HAL Delay(500);

/**

* @brief 0000000
* 000000 (HSE) 000 168 MHz
*/
void SystemClock Config(void)
{



RCC OscInitTypeDef RCC _OscInitStruct

{6};

RCC ClkInitTypeDef RCC ClkInitStruct = {0};

/** 000000000000 */
_ HAL RCC_PWR CLK_ENABLE();
__ HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

/** 000 RCC OO0 */

RCC OscInitStruct.0OscillatorType = RCC OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

8;

336;

RCC PLLP DIV2;

7;

RCC _OscInitStruct.PLL.PLLM

RCC OscInitStruct.PLL.PLLN
RCC OscInitStruct.PLL.PLLP
RCC OscInitStruct.PLL.PLLQ

if (HAL_RCC OscConfig(&RCC _OscInitStruct) != HAL_OK)
{

Error Handler();

/** 000 CPUOAHB [ APB 00000 */

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE_SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK DIV1;

RCC_ClkInitStruct.APBI1CLKDivider = RCC_HCLK DIV4;

RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK DIV2;

if (HAL_RCC ClockConfig(&RCC ClkInitStruct, FLASH LATENCY 5) != HAL OK)
{

Error Handler();

/**
* @brief GPIO 0000

* 00 PAS 00000
*/



static void MX GPIO Init(void)

{
GPIO InitTypeDef GPIO InitStruct = {0};

/* GPIO 00000 */
_ HAL_RCC_GPIOA CLK ENABLE();

/* 00 GPIO O PA5 */

GPIO InitStruct.Pin = GPIO PIN 5;

GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

Veks

* @brief 00000

* 0000000000

*/
void Error Handler(void)
{

while (1)

{

/* 000000000 */
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/* STM32 Lesson 02 - Clock Configuration Verification
* J000000000O0CO0O LED QOO00CDOC
* 00000
*/

#include "main.h"

#include "gpio.h"

/* 0000000 >/
void SystemClock Config(void);
static void MX GPIO Init(void);

void LED Blink(uintl6 t delay ms, uint8 t count);

/* 0000000C0000000 */
uint32 t SystemCoreClock = 168000000; /* 168 MHz */

int main(void)

{
HAL Init();

/* 0000000 168 MHz */
SystemClock Config();

/* 000 GPIO */
MX_GPIO Init();

/* 000000 */



while (1)

{
/* 000000000 (5 O01eems O0) - 00 168 MHz */
LED_Blink(100, 5);
HAL Delay(1000); /* 00 10 */

/* 000000000 (3 0o2eems 00) - 0O0OOOO */
LED Blink(200, 3);
HAL Delay(1000);

/* 000000000 (2 Opseems 0O0O) - OOO0OOO */
LED Blink(500, 2);
HAL Delay(2000);

* @brief LED [JOO00O0
* @param delay_ms: [00/000000C000
* @param count: 0000

*/
void LED Blink(uintl6 t delay ms, uint8 t count)
{
for (uint8 t i = 0; i < count; i++)
{
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN SET); /* LED [0 */
HAL Delay(delay ms);
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN RESET); /* LED [J */
HAL Delay(delay ms);
}
}
/x5

* @brief 00000000
* [0 HSE (8 MHz) - PLL [0 168 MHz
*/
void SystemClock Config(void)
{
RCC OscInitTypeDef RCC OscInitStruct = {0};
RCC ClkInitTypeDef RCC ClkInitStruct = {0};



/* 0000000 */
~ HAL RCC PWR CLK ENABLE();

~ HAL PWR VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1l);

/* 00 RCC OO0 */

RCC OscInitStruct.OscillatorType = RCC OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC_PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8; /* 00008 MHz / 8 = 1 MHz */

RCC OscInitStruct.PLL.PLLN = 336; /* 0001 MHz x 336 = 336 MHz */
RCC_OscInitStruct.PLL.PLLP = 2; /* 000000336 MHz / 2 = 168 MHz */
RCC OscInitStruct.PLL.PLLQ = 7; /* USB (000336 MHz / 7 = 48 MHz */

if (HAL RCC OscConfig(&RCC OscInitStruct) != HAL OK)
{

Error Handler();

/* 0000000 */

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC CLOCKTYPE PCLK1 | RCC CLOCKTYPE PCLK2;

RCC ClkInitStruct.SYSCLKSource = RCC SYSCLKSOURCE PLLCLK;

RCC ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1; /* HCLK = 168 MHz */
RCC ClkInitStruct.APB1CLKDivider = RCC HCLK DIV4; /* PCLK1 = 42 MHz */
RCC ClkInitStruct.APB2CLKDivider = RCC HCLK DIV2; /* PCLK2 = 84 MHz */

/* Flash 000000000000000000 */
if (HAL RCC_ClockConfig(&RCC ClkInitStruct, FLASH LATENCY 5) != HAL OK)
{

Error Handler();

/* 00 SysTick 000000 */
HAL SYSTICK Config(SystemCoreClock / 1000); /* 1ms Jggg */

Jx*

* @brief GPIO 0000



*/
static void MX GPIO Init(void)

{
GPIO InitTypeDef GPIO InitStruct = {0};

_ HAL_RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 5;

GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

VEt:
* @brief 00000
*/
void Error Handler(void)
{
while (1)
{
HAL GPIO TogglePin(GPIOA, GPIO PIN 5); /* (JO00O0O0O */
HAL Delay(100);
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(IIIII1] HSI (16 MHz) []] PLL[]
/* 00 HSI 00 PLLOOOOOOC */
RCC OscInitStruct.0scillatorType = RCC_OSCILLATORTYPE HSTI;
RCC OscInitStruct.HSIState = RCC_HSI ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL OFF; /* OO PLL */

RCC ClkInitStruct.SYSCLKSource = RCC SYSCLKSOURCE HST;

(0 LED OTIIIITIIIITIIT] 168 MHz [T] 16 MHz[]
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.0 GPIOA[I] PAO[IIM
e GPIO mode: Input
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4. [T] EXTI lineO interrupt [IT] Enabled
5

. 110
e Preemption Priority: 0
e Sub Priority: 0

[0 SysTick [TITITI1T HAL Delay[]

(I Project » Generate Code

? P0?77

main.c - ??7?7? + ???

/* STM32 Lesson 03 - Key Press with Debouncing

* 000000000 LEDODOOOOO0OOO
* 00000




*/

#include "main.h"

#include "gpio.h"

/* 00ooog >/

void SystemClock Config(void);

static void MX GPIO Init(void);

void HAL GPIO EXTI Callback(uintl6é t GPIO Pin);

void Debounce Key(void);

/* 00000 */
#define DEBOUNCE DELAY MS 20 /* Q0000000000 */
#define DEBOUNCE SAMPLES 3 /* 0000 */

/* 0000 */

volatile uint8 t key pressed = 0; /* 000000 */
volatile uint32 t last interrupt _time = 0; /* QJO0O0OOO */
uint8 t led state = 0; /* LED Jgpe=gg1l=0 */

int main(void)

{
HAL Init();
SystemClock Config();
MX GPIO Init();

/* 00000LED OO0 */
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN RESET);
led state = 0;

while (1)
{

/* 0000000 */
if (key pressed)

{

Debounce Key();

key pressed = 0; /* [O000 */

/* 00000000000C00 */




Veis

* @brief GPIO JO0O00O0O0O0
* 0000000000000
* @param GPIO Pin: [000000
*/
void HAL GPIO EXTI Callback(uintl6é t GPIO Pin)
{
if (GPIO Pin == GPIO PIN 0)
{
/* 00000000000000000 56ms */
uint32 t current time = HAL GetTick();

if (current time - last interrupt time > 50)
{
key pressed = 1; /* 000000000000 */

last interrupt time = current time;

/**
* @brief O00000000
* 000000000000
*/
void Debounce Key(void)

{

uint8 t stable count = 0;

/* 000000 */
for (uint8 t i = 0; i < DEBOUNCE SAMPLES; i++)
{
/* 000oog */
GPIO PinState key state = HAL GPIO ReadPin(GPIOA, GPIO PIN 0);

/* 0000000000000000000 */
if (key state == GPIO PIN RESET)
{




stable count++;

/* 00ooog */
HAL Delay(DEBOUNCE DELAY MS);

/* 00000000000000000000 */

if (stable count == DEBOUNCE_SAMPLES)

{
/* 00 LED OO */
led state = !led state;

HAL GPIO WritePin(GPIOA, GPIO PIN 5, led state ? GPIO PIN SET :

/**

* @ebrief 000000000 2 OO
*/

void SystemClock Config(void)

{

RCC OscInitTypeDef RCC OscInitStruct = {0};
RCC_ClkInitTypeDef RCC_ClkInitStruct = {0};

_ HAL_RCC_PWR CLK_

RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.

ENABLE() ;

~ HAL PWR VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1l);

OscillatorType = RCC_OSCILLATORTYPE HSE;

HSEState = RCC_HSE ON;
PLL.PLLState = RCC_PLL ON;
PLL.PLLSource = RCC_PLLSOURCE_ HSE;

PLL.PLLM = 8;
PLL.PLLN = 336;
PLL.PLLP = 2;
PLL.PLLQ = 7;

if (HAL_RCC OscConfig(&RCC OscInitStruct) != HAL OK)

{

Error Handler();

GPIO PIN RESET);



RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIV2;

RCC ClkInitStruct.APB1CLKDivider

RCC_ClkInitStruct.APB2CLKDivider

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL OK)
{

Error Handler();

/**
* @brief GPIO OO00O0
*/
static void MX GPIO Init(void)

{
GPIO InitTypeDef GPIO InitStruct = {0};

/* GPIO 00000 */
_ HAL_RCC_GPIOA CLK ENABLE();

/* 00 PASOLED OO0 */

GPIO InitStruct.Pin = GPIO PIN 5;

GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

/* 00 PAGOOOOO + 0OO */
GPIO InitStruct.Pin = GPIO PIN 0;

GPIO InitStruct.Mode = GPIO MODE IT FALLING; /* 000000 */
GPIO InitStruct.Pull = GPIO PULLUP;

GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;

HAL GPIO Init(GPIOA, &GPIO InitStruct);

/* 00 EXTIO OO0 */
HAL_NVIC SetPriority(EXTI® IRQn, 0, 0);



HAL_NVIC EnableIRQ(EXTIO IRQn);

Yok
* @brief 000 © 0000
*/
void EXTIO IRQHandler(void)

{
HAL_GPIO EXTI_IRQHandler(GPIO PIN 0);

/**
* @brief Q000
*/
void Error Handler(void)

{
while (1);
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m o (1T

(1110 (11T M0 key pressed [TT1T]
M0 0 EXTIO_IRQHandler [TTT] (I HAL [T IO
PP?7°?7°?7°7°?7
(IIITIIT] Debug [TTITITIT]

/* 0000000000000 */

GPIO PinState key state = HAL_GPIO ReadPin(GPIOA, GPIO PIN 0);
// key state [0 GPIO PIN RESET (0) = (O

// 0 GPIO PIN SET (1) = OO

? 27077

PP70707?777
STM32 [T1 [II1 (] Priority Grouping[T]

e Preemption PriorityTTTTTTTTTTITIT]
o 111 0> [I1] 1>[11 2 ...
o IITIHTTITTITITTIT

e Sub Priority[ITTITITIIIIIIIIII

/* 0000000/
HAL NVIC SetPriority(EXTIO IRQn, 0, 0); /* [J0=0, =0 */

P07
(TITTITITTITI

#define ANTI BOUNCE TIME 50 /* 50ms (00O */

void HAL GPIO EXTI Callback(uintl6 t GPIO Pin)
{

static uint32 t last time = 0;

uint32 t now = HAL GetTick();



/* 0000000 > SemsO0indooo */
if (now - last time > ANTI BOUNCE TIME)

{
key pressed = 1;

last time = now;

? 27077

?7? 17?77?7777
(T UART [ITITITIT]
?7? 27?77?7777
(LTI 2 [T
void Handle Long Press(void)

{
uint32 t press time = HAL GetTick();

UART [11T]

while (HAL GPIO ReadPin(GPIOA, GPIO PIN ©) == GPIO PIN RESET)

{
if (HAL GetTick() - press time > 2000)

{
/* 0ooo */

return;

2797 3777777

/* 2.0 *



? P77

??99?7? -7 4 P72UART 2777 + 7?7?77
0 4 I
e UART [IT11T]

e [ITTIITIN
e [ITTITTIIT]

?77?7?

¢ [[ISTM32F446 GPIO and EXTI Reference
o [IJMITTITITTITIT]

0 GPIO [TITTITTITTIT] - UART [1]


https://www.st.com/resource/en/reference_manual/dm00135183-stm32f446xx-advanced-arm-based-32-bit-mcus-stmicroelectronics.pdf
https://www.embedded.com/

STM32 ?7?7?7? ? 4 ?2?2UART 277?77
+ 7?7?77

? 277?77

1. [ VUART 110 - (LTI
2. 110 - (111 STM32 [I1T]
3. IO - (LTI

? UART 7?2777
UART 7?7?77

UART (Universal Asynchronous Receiver/Transmitter) [TTTTTITIIIIITT]

e [ (T
o (Il [N
e (IT]  [ITITITTITTI

UART 77?7

STM32F446 UART [TTT] 3 [IIJ

m m m
TX (USART1_TX) M PA9
RX (USART1_RX) i PA10
GND 10 GND
PP0°?70777
M In I

Baud Rate 9600 /115200 1111



M I il
Data Bits 8 (11O 8D
Stop Bits 1 I
Parity None 1111
UART 7?77?77
1 [ UART 000000
| | | | | | | | | | |
|Start|Bit6 |Bitl |Bit2 |Bit3 |Bit4 |Bit5 |Bit6 |Bit7 |Stop |
| @ | pe | b1 | D2 | D3 | D4 |D5 | D6 | D7 |1 |
[ | | | | | | | | | |
27 2777
D77
M il M
USB-UART [TT] 1 PL2303 ] CP2102 [T]
USB Type-A 111 1 mn
(I 3 1 STM32 [I11]
P77
STM32 USB-UART M
PA9 (TX) RX STM32 11111
PA10 (RX) > STM32 [T1111
GND GND 111
au A -0000 ST-Link [ITTTTT] USB [T] UART



?? CubeMX ?7?7

?? 17?77 USART1

. [I1 CubeMX
. 0 Pinout [I17J PA9 [ PAlO
3. [IIII1]
e PA9[] USART1 TX
e PA10[] USART1_RX
4. 1110 Connectivity - USARTL 1111

?7? 2777 USART1 ??

1. (1111 Connectivity - USART1
2. [T

e Baud Rate: 115200

e Word Length: 8 Bits

e Stop Bits: 1

e Parity: None

e Mode: Asynchronous (RX and TX)

?7? 3777 USART1 ??

1. [I1 NVIC Settings [T]
2. [I1 USART1 global interrupt
3. 1]

e Preemption Priority: 1

e Sub Priority: 0

N -

main.c - UART + 77?7



/* STM32 Lesson 04 - UART Communication with Command Interface
* 00000 UART 00000CO LED

* 000

*  "ON" - LED [0

*  "QFF" - LED [0

* "TOGGLE" - LED {0

* 00000

*/

#include "main.h"
#include "usart.h"
#include "gpio.h"
#include <string.h>

#include <stdio.h>

/* 0000 */
#define UART_RX_BUFFER_SIZE 50
#define COMMAND_MAX_LEN 20

/* 0o0a */

void SystemClock Config(void);

static void MX GPIO Init(void);

static void MX USART1 UART Init(void);
void UART Print(const char *format, ...);
void Process Command(char *command);

void HAL UART RxCpltCallback(UART HandleTypeDef *huart);

/* 0oog */

UART HandleTypeDef huartl;

uint8 t uart rx buffer[UART RX BUFFER SIZE];
uint8 t uart rx index = 0;

char command buffer[COMMAND MAX LEN];

int main(void)

{
HAL Init();
SystemClock Config();
MX_GPIO Init();
MX_USART1 UART Init();



/* 000 LED 00000 */
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN RESET);

/* 000000 */
UART Print("\r\n \r\n");
UART Print("STM32 UART Command Interface\r\n");

UART_Print("Commands: ON, OFF, TOGGLE\r\n");

UART Print (" \r\n");

/* 00 UART 0000 */
HAL UART Receive IT(&huartl, uart rx buffer, 1);

while (1)
{
/* 0oo */
}
}
/*x

* @brief UART [JO000printf 000
*/
void UART Print(const char *format, ...)
{
char buffer[100];
va_ list args;
va start(args, format);
vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

Veks

* @brief UART 0000000

*/
void HAL UART RxCpltCallback(UART HandleTypeDef *huart)
{

if (huart->Instance == USART1)

{

uint8 t received char = uart rx buffer[0];



/**

/* 000000\ r000000NRO */

if (received char == '\r' || received char == '\n')
{
if (uart _rx _index > 0)
{
command buffer[uart rx_index] = '\0';

UART_Print("\r\nReceived: %s\r\n", command_buffer);
Process Command(command buffer);

uart rx_index = 0;

}
else if (received char == 0x08 || received char == Ox7F) /* Backspace */
{
if (uart_rx_index > 0)
{
uart_rx_index--;

UART Print("\b \b"); /* 0000 */

else

/* 0oog */
if (uart rx index < COMMAND MAX LEN - 1)
{
command buffer[uart rx index++] = received char;

HAL UART Transmit(&huartl, (uint8 t *)&received char, 1, HAL MAX DELAY);

/* 000000000 */
HAL UART Receive IT(&huartl, uart rx buffer, 1);

* @brief 000000

*/

void Process Command(char *command)

{

/* Echo */



/* 000000000 */
for (int 1 = 0; command[i]; i++)
{
if (command[i] >= 'a' && command[i] <= 'z"')

command[i] -= 32;

/* 0oog </

if (strcmp(command, "ON") == 0)

{
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN SET);
UART Print("LED ON\r\n");

}

else if (strcmp(command, "OFF") == 0)

{
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN RESET);
UART Print("LED OFF\r\n");

}

else if (strcmp(command, "TOGGLE") == 0)

{
HAL GPIO TogglePin(GPIOA, GPIO PIN 5);
UART Print("LED TOGGLED\r\n");

}

else

{
UART Print("Unknown command. Try: ON, OFF, TOGGLE\r\n");

UART_Print("> "); /* 00000 */

/**

* @brief 000000

*/

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC OscInitStruct = {0};
RCC ClkInitTypeDef RCC ClkInitStruct = {0};

_ HAL_RCC_PWR CLK_ENABLE();



__HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.0scillatorType = RCC OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;
RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL_RCC OscConfig(&RCC _OscInitStruct) != HAL_OK)
{

Error Handler();

RCC ClkInitStruct.ClockType = RCC CLOCKTYPE HCLK | RCC CLOCKTYPE SYSCLK
| RCC CLOCKTYPE PCLK1 | RCC CLOCKTYPE PCLK2;

RCC ClkInitStruct.SYSCLKSource = RCC SYSCLKSOURCE PLLCLK;

RCC ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;

RCC ClkInitStruct.APB1CLKDivider = RCC HCLK DIV4;

RCC_HCLK DIV2;

RCC_ClkInitStruct.APB2CLKDivider

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL_OK)
{

Error Handler();

/**

* @brief GPIO 00

*/
static void MX GPIO Init(void)
{

GPIO InitTypeDef GPIO InitStruct = {0};

__HAL_RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 5;
GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;



GPIO InitStruct.Pull = GPIO NOPULL;
GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

/**
* @brief USART1 00O
*/

static void MX USART1 UART Init(void)

{
huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;
huartl.Init.HwFlowCtl = UART HWCONTROL NONE;
huartl.Init.OverSampling = UART_OVERSAMPLING 16;

if (HAL_UART Init(&huartl) != HAL OK)
{

Error Handler();

_HAL_UART ENABLE IT(&huartl, UART IT RXNE);

Vot
* @brief UART MSP 0O
*/

void HAL UART MspInit(UART HandleTypeDef* huart)

{
GPIO InitTypeDef GPIO InitStruct = {0};

if(huart->Instance == USART1)

{
__HAL_RCC_USART1 CLK_ENABLE();

__HAL_RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 9 | GPIO PIN 10;



GPIO InitStruct.Mode

GPIO MODE AF PP;

GPIO InitStruct.Pull GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ VERY HIGH;
GPIO InitStruct.Alternate = GPIO AF7 USARTL;

HAL GPIO Init(GPIOA, &GPIO InitStruct);

HAL NVIC SetPriority(USART1 IRQn, 1, 0);
HAL_NVIC_ EnableIRQ(USART1 IRQn);

/**
* @brief USART1 000
*/
void USART1 IRQHandler(void)

{
HAL UART IRQHandler(&huartl);

void Error Handler(void)

{
while(1);
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?7? 2777 ADC ?7

1. (11110 Analog -» ADC1
2. ] Parameter Settings [T11]
e Resolution: 12 Bits
e Data Alignment: Right Alignment
e Scan Conversion Mode: Disable[I]IT]

m

e Continuous Conversion Mode: Enable[ITIT]



e EOC Selection: End of conversion flag

3. 0 Rank [TTITIT]
e[J] Add[] Rank1
e [[] Channel: ADC_CHANNEL 1

e Sampling Time: 144 Cycles[TT1T]

?7? 37?7 ADC ??

1. [ NVIC Settings [T]
2. [I1 ADC1 global interrupt

3. [

e Preemption Priority: 2
e Sub Priority: 0

P97 477707270°?7°°7°7?77

(LTI Timer [I] ADC[

1. []] Timers - TIM2
2. [I1 Trigger Output Event: Update Event

3. [ ADC1lIIO
e Trigger: Timer2 Trigger Out Event
e External Trigger Conversion Edge: Rising Edge

?7? 577777777
[l Generate Code
Yo alalarels

main.c - ADC ??7??7?7??7?7?7

/* STM32 Lesson 05 - ADC Continuous Sampling

* [0000000000000 WART 0000

* 00000
*/

#include "main.h"

#include "adc.h"



#include "usart.h"
#include "gpio.h"
#include <stdio.h>

#include <stdarg.h>

/* 0000 */
#define ADC_SAMPLE SIZE 10 /* 0000000 */

/* 000a */

void SystemClock Config(void);

static void MX GPIO Init(void);

static void MX ADC1 Init(void);

static void MX USART1 UART Init(void);
void UART Print(const char *format, ...);
uintl6 t ADC Get Average(void);

float ADC To Voltage(uintl6e t adc_value);

/* 0oog */

ADC HandleTypeDef hadcl;

UART HandleTypeDef huartl;
volatile uintl6e t adc value = 0;

volatile uint8 t adc conversion complete = 0;

int main(void)

{
HAL Init();
SystemClock Config();
MX GPIO Init();
MX USART1 UART Init();
MX_ADC1 Init();

UART Print("\r\n======= ADC Sampling Test =======\r\n");
UART Print("ADC Value | Voltage (V)\r\n");
UART Print(" \r\n") ;

/* 00 ADC 0000 */
HAL ADC Start IT(&hadcl);

while (1)
{



if (adc conversion complete)

{
/* 00 ADC [ */
uintl6 t adc raw = HAL ADC GetValue(&hadcl);
/* 00000 */
float voltage = ADC _To Voltage(adc raw);
/* [0 UART OO0 */
UART Print("%-9d | %.2f\r\n", adc raw, voltage);
adc_conversion complete = 0;
HAL Delay(100); /* [ 106ms 0000 */
}
}
}
/**

* @brief [ ADC (0000000
* @param adc _value: 12-bit ADC J0JJ (0-4095)
* @return [JO0OOVO
*/
float ADC To Voltage(uintl6 t adc_value)
{
/* 0000 3.3vOl2-bit QOO 4095 */
return (adc value / 4095.0f) * 3.3f;

/**
* @brief 0000000000
*/
uintle t ADC Get Average(void)

{
uint32 t sum = 0;

for (uint8 t i = 0; i < ADC SAMPLE SIZE; i++)
{

sum += HAL ADC GetValue(&hadcl);

HAL Delay(1);



return sum / ADC SAMPLE SIZE;

/**

* @brief ADC (0000000

*/
void HAL ADC ConvCpltCallback(ADC HandleTypeDef* hadc)
{

if (hadc->Instance == ADC1)

{

adc_conversion complete = 1;

}
}
/**

* @brief UART 000
*/
void UART Print(const char *format, ...)
{
char buffer[100];
va_ list args;
va_start(args, format);
vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

/**

* @brief 000000

*/

void SystemClock Config(void)

{
RCC _OscInitTypeDef RCC OscInitStruct = {0};
RCC _ClkInitTypeDef RCC ClkInitStruct = {0};

_ HAL RCC_PWR CLK_ENABLE();
__ HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);



RCC OscInitStruct.OscillatorType = RCC OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;
RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL RCC OscConfig(&RCC OscInitStruct) != HAL OK)
{

Error Handler();

RCC ClkInitStruct.ClockType = RCC CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC CLOCKTYPE PCLK2;

RCC ClkInitStruct.SYSCLKSource = RCC SYSCLKSOURCE PLLCLK;

RCC ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;

RCC ClkInitStruct.APB1CLKDivider = RCC HCLK DIV4;

RCC ClkInitStruct.APB2CLKDivider = RCC HCLK DIV2;

if (HAL RCC_ClockConfig(&RCC ClkInitStruct, FLASH LATENCY 5) !'= HAL OK)
{

Error Handler();

/**
* @brief GPIO (00
*/
static void MX GPIO Init(void)

{
GPIO InitTypeDef GPIO InitStruct = {0};

__HAL_RCC_GPIOA CLK_ENABLE();

GPIO InitStruct.Pin = GPIO PIN 5;

GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO NOPULL;



GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

Veks

* @brief ADCL OO
*/

static void MX ADC1 Init(void)

{

ADC ChannelConfTypeDef sConfig = {0};

hadcl.Instance = ADC1;

hadcl.Init.ClockPrescaler = ADC CLOCK SYNC PCLK DIV4;
hadcl.Init.Resolution = ADC RESOLUTION 12B;
hadcl.Init.ScanConvMode = DISABLE;
hadcl.Init.ContinuousConvMode = ENABLE;
hadcl.Init.DiscontinuousConvMode = DISABLE;
hadcl.Init.ExternalTrigConv = ADC SOFTWARE START;
hadcl.Init.DataAlign = ADC DATAALIGN RIGHT;
hadcl.Init.NbrOfConversion = 1;
hadcl.Init.DMAContinuousRequests = DISABLE;
hadcl.Init.EOCSelection = ADC EOC SINGLE CONV;
hadcl.Init.LowPowerAutoWait = DISABLE;
hadcl.Init.LowPowerAutoPowerOff = DISABLE;

if (HAL_ADC_Init(&hadcl) != HAL_OK)
{

Error Handler();

sConfig.Channel = ADC_ CHANNEL 1;
sConfig.Rank = 1;
sConfig.SamplingTime = ADC_ SAMPLETIME 144CYCLES;

if (HAL_ADC ConfigChannel(&hadcl, &sConfig) != HAL OK)
{

Error Handler();



/**
* @brief ADC MSP [0
*/
void HAL ADC MspInit(ADC HandleTypeDef* hadc)

{
GPIO InitTypeDef GPIO InitStruct = {0};

if(hadc->Instance == ADC1)

{
__HAL RCC ADC1 CLK ENABLE();
__HAL RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 1;

GPIO InitStruct.Mode
GPIO InitStruct.Pull = GPIO NOPULL;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

GPIO MODE_ANALOG;

HAL NVIC SetPriority(ADC _IRQn, 2, 0);
HAL NVIC EnableIRQ(ADC IRQn);

/**
* @brief USART1 000
*/

static void MX USART1 UART Init(void)

{
huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;
huartl.Init.HwFlowCtl = UART HWCONTROL_ NONE;
huartl.Init.OverSampling = UART_OVERSAMPLING 16;

if (HAL_UART Init(&huartl) != HAL OK)
{

Error Handler();



/**
* @brief UART MSP 00
*/
void HAL UART MspInit(UART HandleTypeDef* huart)

{
GPIO InitTypeDef GPIO InitStruct = {0};

if(huart->Instance == USART1)

{
_ HAL_RCC_USART1 CLK ENABLE();
__HAL RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 9 | GPIO PIN 10;
GPIO InitStruct.Mode = GPIO MODE AF PP;

GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ VERY HIGH;
GPIO InitStruct.Alternate = GPIO AF7 USART1;

HAL GPIO Init(GPIOA, &GPIO InitStruct);

HAL NVIC SetPriority(USART1 IRQn, 1, 0);
HAL_NVIC EnableIRQ(USART1 IRQn);

Vot
* @brief ADC (00O
*/
void ADC IRQHandler(void)

{
HAL ADC IRQHandler(&hadcl);

/**
* @brief USART1 000
*/
void USART1 IRQHandler(void)

{
HAL UART IRQHandler(&huartl);



void Error Handler(void)

{

while(1);
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/* CubeMX [ */
hadcl.Init.ScanConvMode = ENABLE; /* 00000 */
hadcl.Init.NbrOfConversion = 3; /* 3 000 */

/* 0oooog </
sConfig.Channel = ADC_ CHANNEL 0;

sConfig.Rank = 1;
HAL ADC ConfigChannel(&hadcl, &sConfig);

sConfig.Channel = ADC CHANNEL 1;
sConfig.Rank = 2;

HAL ADC ConfigChannel(&hadcl, &sConfig);
sConfig.Channel = ADC CHANNEL 2;

sConfig.Rank = 3;
HAL ADC ConfigChannel(&hadcl, &sConfig);
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[l Generate Code

? P07?777

main.c - PWM 7?2777

/* STM32 Lesson 06 - PWM Breathing LED
* 00000 PwM OO0 LED (0000

* 00000
*/

#include "main.h"
#include "tim.h"

#include "gpio.h"

/* 0000 */
#define PWM MAX VALUE 99  /* PWM [JJJ (ARR) */
#define BREATHE SPEED 10  /* (000 */

/* 0ooo */

void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX TIM2 Init(void);
void Breathing LED(void);

void Set PWM(uintl6 t pulse value);

/* 0oog */

TIM HandleTypeDef htim2;

volatile uintl6 t pwm value = PWM MAX VALUE / 2; /* (00 50% QOO0 */
volatile int8 t breathe direction = 1; /* 100, -1: 00 */

int main(void)

{
HAL Init();
SystemClock Config();



MX_GPIO Init();
MX_TIM2 Init();

/* 00 TIM2 PwWM */
HAL TIM PWM Start(&htim2, TIM CHANNEL 1);
HAL TIM Base Start IT(&htim2);

while (1)

{
Breathing LED();

/**

* @brief 0000

* 0000 PwM 000

*/
void Breathing LED(void)
{

static uint8 t counter = 0;

counter++;

/* [0 BREATHE_SPEED [O00000 PwM */
if (counter >= BREATHE SPEED)
{

counter = 0;

/* 00 PwM [0 */

pwm value += breathe direction;

/* 0000000 */
if (pwm_value <= 0)
{
pwm value = 0;
breathe direction = 1; /* [O000 */
}
else if (pwm value >= PWM MAX VALUE)

{
pwm value = PWM MAX VALUE;



breathe direction = -1; /* 000 */

/* 00 PwWM */
Set PWM(pwm value);

Vet
* @brief OO0 PWM 000
* @param pulse value: 0000 (0 ~ PWM _MAX VALUE)
*/

void Set PWM(uintl6_t pulse value)

{
__HAL_TIM SET COMPARE(&htim2, TIM CHANNEL 1, pulse value);

/**

* @brief O000COO

*/
void HAL TIM PeriodElapsedCallback(TIM HandleTypeDef *htim)
{

if (htim->Instance == TIM2)

{

/* 0000000000 */

/**

* @brief 00000

*/

void SystemClock Config(void)

{
RCC 0OscInitTypeDef RCC OscInitStruct = {0};
RCC_ClkInitTypeDef RCC_ClkInitStruct = {0};

__HAL_RCC_PWR CLK_ENABLE();
__HAL_PWR VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.0OscillatorType = RCC OSCILLATORTYPE HSE;



RCC OscInitStruct.HSEState = RCC HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;
RCC OscInitStruct.PLL.PLLM = 8;

RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC_OscInitStruct.PLL.PLLQ = 7;

if (HAL_RCC OscConfig(&RCC OscInitStruct) != HAL OK)
{

Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIV2;

RCC_ClkInitStruct.APB1CLKDivider

RCC ClkInitStruct.APB2CLKDivider

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL OK)
{

Error_Handler();

/X%
* @brief GPIO 0O
*/
static void MX GPIO Init(void)

{
__HAL_RCC_GPIOA CLK ENABLE();

/**
* @brief TIM2 00
*/
static void MX TIM2 Init(void)

{
TIM ClockConfigTypeDef sClockSourceConfig = {0};



TIM MasterConfigTypeDef sMasterConfig = {0};
TIM OC InitTypeDef sConfigOC = {0};

htim2.Instance = TIM2;

htim2.Init.Prescaler = 839;

htim2.Init.CounterMode = TIM COUNTERMODE UP;

htim2.Init.Period = 99;

htim2.Init.ClockDivision = TIM CLOCKDIVISION DIV1;
htim2.Init.AutoReloadPreload = TIM AUTORELOAD PRELOAD DISABLE;

if (HAL TIM Base Init(&htim2) != HAL OK)

{

Error Handler();

sClockSourceConfig.ClockSource = TIM CLOCKSOURCE INTERNAL;

if (HAL TIM ConfigClockSource(&htim2, &sClockSourceConfig) != HAL OK)

{

Error Handler();

if (HAL_TIM PWM Init(&htim2) != HAL OK)
{

Error Handler();

sMasterConfig.MasterOutputTrigger = TIM TRGO RESET;
sMasterConfig.MasterSlaveMode = TIM MASTERSLAVEMODE DISABLE;

if (HAL TIMEx MasterConfigSynchronization(&htim2, &sMasterConfig)
{

Error Handler();

sConfig0C.0CMode = TIM OCMODE_PWM1;
sConfig0C.Pulse = 50;

sConfig0C.0CPolarity = TIM OCPOLARITY_ HIGH;
sConfig0C.0CFastMode = TIM OCFAST DISABLE;

if (HAL TIM PWM ConfigChannel(&htim2, &sConfig0C, TIM CHANNEL 1)
{

I= HAL_OK)

I= HAL OK)



Error Handler();

HAL TIM MspPostInit(&htim2);

/**

* @brief TIM2 MSP 00

*/
void HAL TIM MspInit(TIM HandleTypeDef* htim)
{

if(htim->Instance == TIM2)

{

_ HAL_RCC_TIM2 CLK_ENABLE();
HAL_NVIC SetPriority(TIM2 IRQn, 3, 0);
HAL NVIC EnableIRQ(TIM2 IRQn);

/**
* @brief TIM2 MSP [OO000GPIO OO0
*/
void HAL TIM MspPostInit(TIM HandleTypeDef* htim)

{
GPIO InitTypeDef GPIO InitStruct = {0};

if(htim->Instance == TIM2)

{
_ HAL_RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 15;

GPIO InitStruct.Mode = GPIO MODE AF PP;

GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ LOW;

GPIO InitStruct.Alternate = GPIO AF1 TIM2;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

/**



¥ @brief TIM2 0000
*/
void TIM2 IRQHandler(void)

{
HAL TIM IRQHandler(&htim2);

void Error Handler(void)

{
while(1);
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main.c - ADC + DMA 7?7?77

/* STM32 Lesson 07 - ADC with DMA Circular Mode
* 00000 DMA 000000 AbC OO

* 00000-00
*/




#include "main.h"
#include "adc.h"
#include "dma.h"
#include "usart.h"
#include "gpio.h"
#include <stdio.h>

#include <string.h>

/* 00 */
#define ADC BUFFER SIZE 100

/* 0000 */

void SystemClock Config(void);

static void MX GPIO Init(void);

static void MX ADC1 Init(void);

static void MX DMA Init(void);

static void MX USART1 UART Init(void);

void UART Print(const char *format, ...);

/* 0oog *x/

ADC HandleTypeDef hadcl;

DMA HandleTypeDef hdma adcl;
UART HandleTypeDef huartl;

/* ADC [JO000ODMA 000000 */
uintl6 t adc buffer[ADC BUFFER SIZE];

volatile uint8 t adc _half complete = 0;

volatile uint8 t adc_complete = 0;

int main(void)

{
HAL Init();
SystemClock Config();
MX_ GPIO Init();
MX DMA Init();
MX_ADC1 Init();
MX USART1 UART Init();

UART Print("\r\n=== ADC + DMA Test ===\r\n");



/* [0 ADC DMA [0 */
HAL ADC Start DMA(&hadcl, (uint32 t *)adc buffer, ADC BUFFER SIZE);

uint32 t sample count = 0;

while (1)
{

if (adc_complete)

{

adc_complete

Il
(<]

/* 0ooog */
uint32 t sum = 0;

for (uintl6 t i = 0; i < ADC BUFFER SIZE; i++)
{

sum += adc_buffer[i];

}
uintl6 t average = sum / ADC BUFFER SIZE;

float voltage = (average / 4095.0f) * 3.3f;

sample count++;

UART Print("Sample %ld: ADC=%d, V=%.2f\r\n", sample count, average, voltage);

HAL Delay(500);

/**

* @brief ADC DMA (00000

*/
void HAL ADC ConvCpltCallback(ADC HandleTypeDef* hadc)
{

if (hadc->Instance == ADC1)

{

adc_complete = 1;

}

}

/**



* @brief ADC DMA OO0OOO

*/
void HAL ADC ConvHalfCpltCallback(ADC HandleTypeDef* hadc)
{

if (hadc->Instance == ADC1)

{

adc_half complete = 1;

}
}
/**

* @brief UART 000
*/
void UART Print(const char *format, ...)
{
char buffer[100];
va list args;
va_start(args, format);
vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

/**

* @brief 000000

*/

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC _OscInitStruct = {0};
RCC_ClkInitTypeDef RCC ClkInitStruct = {0};

_ HAL RCC_PWR CLK ENABLE();
_ HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;



RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL RCC 0OscConfig(&RCC OscInitStruct) != HAL OK)
{

Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIVZ;

RCC_ClkInitStruct.APB1CLKDivider
RCC ClkInitStruct.APB2CLKDivider

if (HAL_RCC ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL OK)
{

Error Handler();

/**
* @brief GPIO (00
*/
static void MX GPIO Init(void)

{
_ HAL RCC_GPIOA CLK ENABLE();

/**
* @brief DMA [0
*/
static void MX DMA Init(void)

{
__HAL_RCC_DMA2 CLK_ENABLE();

HAL NVIC SetPriority(DMA2 Stream@ IRQn, 0, 0);
HAL NVIC EnableIRQ(DMA2 Stream0® IRQn);



/**
* @brief ADC1 JJOObPMA 000
*/

static void MX ADC1l Init(void)

{
ADC_ChannelConfTypeDef sConfig = {0};

hadcl.Instance = ADC1;

hadcl.Init.ClockPrescaler = ADC CLOCK SYNC PCLK DIV4;
hadcl.Init.Resolution = ADC RESOLUTION 12B;
hadcl.Init.ScanConvMode = DISABLE;
hadcl.Init.ContinuousConvMode = ENABLE;
hadcl.Init.DiscontinuousConvMode = DISABLE;
hadcl.Init.ExternalTrigConv = ADC SOFTWARE START;
hadcl.Init.DataAlign = ADC DATAALIGN RIGHT;
hadcl.Init.NbrOfConversion = 1;
hadcl.Init.DMAContinuousRequests = ENABLE; /* OO DMA 0000 */
hadcl.Init.EOCSelection = ADC EOC SINGLE CONV;

if (HAL_ADC_ Init(&hadcl) != HAL_OK)
{

Error_Handler();

sConfig.Channel = ADC CHANNEL 1;
sConfig.Rank = 1;
sConfig.SamplingTime = ADC_ SAMPLETIME 144CYCLES;

if (HAL_ADC ConfigChannel(&hadcl, &sConfig) != HAL OK)
{

Error Handler();

/**

* @brief USART1 (00O

*/
static void MX USART1 UART Init(void)
{



huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)

{

Error Handler();

void Error Handler(void)

{
while(1);
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1. Connectivity —» I12C1
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e Speed Mode[] Fast (400 kHz)

e Addressing Mode[] 7-bit

27 377?777

m

12C1_SCL{] 4.7kQ [IT]
12C1_SDA[] 4.7kQ [IT]
I

m

NVIC Settings [11] I12C1 event interrupt [J] 12C1 error interrupt

? P707?77

/* STM32 Lesson 08 - I2C Communication */

#include "main.h"
#include "i2c.h"

#include "usart.h"

I2C HandleTypeDef hi2cl;
UART HandleTypeDef huartl;

3.3V[

3.3V[]



/* 12C 0OOO */
HAL StatusTypeDef I2C Write(uint8 t addr, uint8 t reg, uint8 t data)
{

uint8 t buffer[2] = {reg, data};

return HAL I2C Master Transmit(&hi2cl, addr << 1, buffer, 2, 1000);

/* I2C OJOoo */
HAL StatusTypeDef I2C Read(uint8 t addr, uint8 t reg, uint8 t *data, uintl6 t size)

{
HAL I2C Master Transmit(&hi2cl, addr << 1, &reg, 1, 1000);
return HAL I2C Master Receive(&hi2cl, addr << 1, data, size, 1000);

void UART Print(const char *format, ...);

int main(void)

{
HAL Init();
SystemClock Config();
MX I2C1 Init();
MX USART1 UART Init();

UART Print("\r\n=== I2C Test ===\r\n");

/* 00 I2C Ooog */
for (uint8 t addr = 0x08; addr < 0x78; addr++)
{
if (HAL _I2C IsDeviceReady(&hi2cl, addr << 1, 1, 100) == HAL_ OK)

{
UART Print("Device found at 0x%X\r\n", addr);

}
}
while (1)
{
/* 12C OO0 */
}
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Nucleo F446RC 0oooo MpPueese[
PA5 (SCK) —— SCL

PA6 (MISO) ————  SDA/MISO

PA7 (MOSI) ——————  MOSI

PA4 (CS) — (S

3.3V VCC

GND GND

?? CubeMX ?7?7

?7? 1777 SPI1

1. [I1 CubeMX
2. [1 Pinout [TITITITT
e PAS[IIT] SPI1_SCK
e PAG[ITT] SPI1_MISO
o PA7111 SPI1_MOSI
e PAA4[TIT] GPIO_Output(]T] CS 111

?7? 277?77 SPI ?7?

1. (1111 Connectivity —» SPI1
2. Mode[] Full-Duplex Master
3. Configuration [T]]]
e Frame Format[] Motorola[T]TIT]
Data Size[] 8 Bits
Prescaler[] S[I] SPI[]] = 168MHz /8 = 21 MHZz[]
CPOL (Clock Polarity)[] Low
CPHA (Clock Phase)[] 1 Edge[TITITIIT]
NSS (Chip Select Mode)[] Software[IT1T] CS[]

?7? 3777 DMA??7?7?77?77

1. 1 DMA Settings [T]
e Add - [T]] Tx DMA[] DMA2 Stream3 Channel3
e Add - [J] Rx DMA[] DMA2 Stream2 Channel3



2. 111
e Mode[] Normal
e Increment Address[] Enable (Memory)
e Data Width[] Byte

?7? 4777777
NVIC Settings 1111

e SPI1 global interrupt
e DMA2 Stream?2 global interrupt[] Rx[]
e DMA2 Stream3 global interrupt[] Tx[]

?7? 5?77?7777

[l Generate Code

? 27090777

main.c - SPI DMA ??

/* STM32 Lesson 09 - SPI with DMA
* 00000 SPI + DMA 000000

* 00000
*/

#include "main.h"
#include "spi.h"
#include "dma.h"
#include "usart.h"
#include "gpio.h"
#include <stdio.h>

#include <string.h>

/* 00 */

#define SPI_TX BUFFER SIZE 256
#define SPI_RX BUFFER SIZE 256
#define CS_PORT GPIOA



#define CS_PIN GPIO PIN 4

/* 0oog */

void SystemClock Config(void);

static void MX GPIO Init(void);

static void MX SPI1 Init(void);

static void MX DMA Init(void);

static void MX USART1 UART Init(void);

void UART Print(const char *format, ...);

void SPI CS Enable(void);

void SPI CS Disable(void);

void SPI Transmit DMA(uint8 t *tx data, uintl6 t size);

void SPI Receive DMA(uint8 t *rx data, uintl6 t size);

/* 0000 */

SPI HandleTypeDef hspil;

DMA HandleTypeDef hdma spil rx;
DMA HandleTypeDef hdma spil tx;
UART HandleTypeDef huartl;

uint8 t spi tx buffer[SPI TX BUFFER SIZE];
uint8 t spi rx buffer[SPI RX BUFFER SIZE];

volatile uint8 t spi tx _complete = 0;

volatile uint8 t spi rx _complete = 0;

int main(void)

{
HAL Init();
SystemClock Config();
MX GPIO Init();
MX DMA Init();
MX SPI1 Init();
MX USART1 UART Init();

UART Print("\r\n=== SPI DMA Test ===\r\n");

/* 00ooog */

for (uintl6 t 1 = 0; 1 < 8; i++)

{



spi_tx buffer[i] = OxAO + i; /* 000000 */

while (1)

{
UART _Print("Sending via SPI DMA...\r\n");

/* [0 DMA [0 */
SPI Transmit DMA(spi tx buffer, 8);

/* 0o0a */
while (!spi tx complete);

spi_tx complete = 0;

UART Print("Sent: ");
for (uintle t i = 0; 1 < 8; i++)
{
UART Print("0Ox%02X ", spi_tx buffer[i]);

}
UART Print("\r\n");

HAL Delay(1000);

/**
* @brief SPI 00000000
*/
void SPI CS Enable(void)
{
HAL GPIO WritePin(CS PORT, CS PIN, GPIO PIN RESET);
HAL Delay(1); /* (000000 */

/**
* @brief SPI 00000000
*/

void SPI CS Disable(void)

{
HAL Delay(1); /* 0000O0O0OCO */



HAL GPIO WritePin(CS PORT, CS PIN, GPIO PIN SET);

/x5
* @brief OO DMA 0000
*/
void SPI Transmit DMA(uint8 t *tx data, uintl6 t size)
{
SPI CS Enable();
HAL SPI Transmit DMA(&hspil, tx data, size);

/**

* @brief 0 DMA 000

*/
void SPI Receive DMA(uint8 t *rx data, uintl6 t size)
{

SPI CS Enable();

HAL SPI Receive DMA(&hspil, rx data, size);

Vot

* @brief SPI 00000000

*/
void HAL SPI TxCpltCallback(SPI HandleTypeDef *hspi)
{

if (hspi->Instance == SPI1)

{

spi_tx _complete = 1;

SPI _CS Disable();

/**

* @brief SPI 00000000

*/
void HAL SPI RxCpltCallback(SPI HandleTypeDef *hspi)
{

if (hspi->Instance == SPI1)

{



spi_rx _complete = 1;

SPI CS Disable();

/**
* @brief UART 000
*/
void UART Print(const char *format, ...)
{
char buffer[100];
va_list args;
va_start(args, format);
vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

/x5
* @brief 000000
*/

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC OscInitStruct
RCC ClkInitTypeDef RCC ClkInitStruct

{0};
{0};

_ HAL RCC_PWR CLK_ENABLE();
__HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;

RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL RCC OscConfig(&RCC OscInitStruct) != HAL OK)



Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC ClkInitStruct.SYSCLKSource = RCC SYSCLKSOURCE PLLCLK;

RCC ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;

RCC_ClkInitStruct.APB1CLKDivider = RCC HCLK DIV4;

RCC_ClkInitStruct.APB2CLKDivider = RCC HCLK DIV2;

if (HAL RCC_ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL_OK)
{

Error Handler();

/**
* @brief GPIO (00
*/
static void MX GPIO Init(void)

{
GPIO InitTypeDef GPIO InitStruct = {0};

__ HAL_RCC_GPIOA CLK ENABLE();

/* 00 PA4 00 CS OO */

GPIO InitStruct.Pin = GPIO PIN 4;

GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

GPIO InitStruct.Mode

/* 000 CS O00oooooO */
HAL GPIO WritePin(GPIOA, GPIO PIN 4, GPIO PIN SET);

/X%
* @brief SPI1 OO
*/



static void MX SPI1 Init(void)

{
hspil.Instance = SPI1;
hspil.Init.Mode = SPI MODE MASTER;

hspil.Init.Direction = SPI DIRECTION 2LINES;

hspil.Init.DataSize = SPI DATASIZE 8BIT,;
hspil.Init.CLKPolarity = SPI POLARITY LOW;
hspil.Init.CLKPhase = SPI PHASE 1EDGE;
hspil.Init.NSS = SPI NSS SOFT;

hspil.Init.BaudRatePrescaler = SPI BAUDRATEPRESCALER 8;

hspil.Init.FirstBit = SPI FIRSTBIT MSB;
hspil.Init.TIMode = SPI TIMODE DISABLE;

hspil.Init.CRCCalculation = SPI CRCCALCULATION DISABLE;

hspil.Init.CRCPolynomial = 10;

if (HAL SPI Init(&hspil) != HAL OK)
{

Error Handler();

Vot
* @brief DMA [0
*/
static void MX DMA Init(void)

{
__HAL_RCC_DMA2 CLK_ENABLE();

HAL NVIC SetPriority(DMA2 Stream2 IRQn, 1, 0);

HAL NVIC EnableIRQ(DMA2 Stream2 IRQn);

HAL NVIC SetPriority(DMA2 Stream3 IRQn, 1, 0);

HAL NVIC EnableIRQ(DMA2 Stream3 IRQn);

/**

* @brief USART1 (00O

*/
static void MX USART1 UART Init(void)
{



huartl.Instance = USART]1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)
{

Error Handler();

/**
* @brief SPI1 MSP OO0
*/
void HAL SPI MspInit(SPI _HandleTypeDef* hspi)

{
GPIO InitTypeDef GPIO InitStruct = {0};

if(hspi->Instance == SPI1)

{
_ HAL RCC_SPI1 CLK ENABLE();
__HAL_RCC_GPIOA CLK ENABLE();

GPIO InitStruct.Pin = GPIO PIN 5 | GPIO PIN 6 | GPIO PIN 7;
GPIO InitStruct.Mode = GPIO MODE AF PP;

GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ VERY HIGH;

GPIO InitStruct.Alternate = GPIO AF5 SPI1;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

hdma spil rx.Instance = DMA2 Stream2;

hdma spil rx.Init.Channel = DMA CHANNEL 3;

hdma spil rx.Init.Direction = DMA PERIPH TO MEMORY;

hdma spil rx.Init.PeriphInc = DMA PINC DISABLE;

hdma spil rx.Init.MemInc = DMA MINC ENABLE;

hdma spil rx.Init.PeriphDataAlignment = DMA PDATAALIGN BYTE;
hdma spil rx.Init.MemDataAlignment = DMA MDATAALIGN BYTE;
hdma spil rx.Init.Mode = DMA NORMAL;



hdma spil rx.Init.Priority = DMA PRIORITY HIGH;

HAL DMA Init(&hdma spil rx);

~ HAL LINKDMA(hspi, hdmarx, hdma spil rx);

hdma spil tx.Instance = DMA2 Stream3;

hdma spil tx.Init.Channel = DMA CHANNEL 3;
hdma spil tx.Init.Direction = DMA MEMORY TO PERIPH;

hdma spil tx.Init.PeriphInc

DMA PINC DISABLE;

hdma spil tx.Init.MemInc = DMA MINC ENABLE;

hdma spil tx.Init.PeriphDataAlignment

DMA PDATAALIGN BYTE;

hdma spil tx.Init.MemDataAlignment = DMA MDATAALIGN BYTE;

hdma spil tx.Init.Mode = DMA NORMAL;

hdma spil tx.Init.Priority = DMA PRIORITY HIGH;

HAL DMA Init(&hdma spil tx);

~ HAL LINKDMA(hspi, hdmatx, hdma spil tx);

HAL NVIC SetPriority(SPI1 IRQn, 1, 0);
HAL NVIC EnableIRQ(SPI1 IRQn);

/**
* @brief SPI1 000
*/
void SPI1 IRQHandler(void)

{
HAL SPI TRQHandler(&hspil);

/**
* @brief DMA2 Stream2 000
*/
void DMA2 Stream2 IRQHandler(void)

{
HAL DMA IRQHandler(&hdma spil rx);

/**



* @brief DMA2 Stream3 000
*/
void DMA2 Stream3 IRQHandler(void)

{
HAL DMA IRQHandler(&hdma spil tx);

void Error Handler(void)

{
while(1);

? P77?777

?77?7?

0 O1n a

e UART[T] "Sending via SPI DMA..."
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0 UART [I] UART [I1T] 0 MX_USART1_UART_Init()
SPI 1] DMA 1111 [ DMA Stream [J Channel [T]
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/* SDb 000 */
#define SD_CS_PORT GPIOA
#define SD CS PIN GPIO PIN 4

void SD Init(void)
{
SPI CS Enable();

/* 0000000 cMbe */

uint8 t cmd[6] = {0x40, Ox00, 0x00, 0x00, O0x00, 0x95};
HAL SPI Transmit(&hspil, cmd, 6, 100);

SPI CS Disable();

? 27077
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?7? 27?77 CAN ?7?

1. 1111 Connectivity - CAN1
2. Activated[IT1T]
3. Parameter Settings [I1]]
e Mode[] Normal Mode
e Prescaler{] 8[I11] = 168MHz /8 /13 = 1.615 Mbps[I1T] 1 Mbps[]
e Time Quanta in Bit Segment 1[] 11
e Time Quanta in Bit Segment 2[] 2
e Resynchronization Jump Width[] 1
4. Filter Settings[T111T]
e Number of Master Filters[] 14
e Filters Configuration[]



o

Filter ID[] Ox000[TIT1] ID[]
Filter Mask[] 0x000

Filter FIFO Assignment[] FIFOO
Filter Activation[] Enable

o

o

o

?7? 377777
NVIC Settings 1111

e CAN1 RXO interrupt
e CAN1 TX interrupt

P77 47707777

[I1 Generate Code

? 27090777

??? (Nucleo 1)?main.c

/* STM32 Lesson 10 - CAN Bus (Sender)

* 00000 CAN 000000 Nucleo

* 00000
*/

#include "main.h"
#include "can.h"
#include "usart.h"
#include <stdio.h>

#include <string.h>

#define CAN ID TEST 0x123 /* CAN OO ID */

void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX CAN1 Init(void);
static void MX USART1 UART Init(void);

void UART Print(const char *format, ...);



CAN _HandleTypeDef hcanl;
UART HandleTypeDef huartl;

int main(void)

{
HAL Init();
SystemClock Config();
MX GPIO Init();
MX CAN1 Init();
MX USART1 UART Init();

UART _Print("\r\n=== CAN Bus Sender ===\r\n");
CAN_TxHeaderTypeDef TxHeader;
uint8 t TxData[8];

uint32 t TxMailbox;

/* 0000oog */
TxHeader.StdId = CAN ID TEST;

TxHeader.IDE = CAN ID STD; /* [0 ID */
TxHeader.RTR = CAN_RTR DATA; /* 000000000 */
TxHeader.DLC = 8; /* 0000 8 bytes */

uint32 t counter = 0;

while (1)

{
/* 000o0g- */
TxDatal[0] = (counter >> 24) & OxFF;
TxData[l] = (counter >> 16) & OxFF;
TxData[2] = (counter >> 8) & OxFF;
TxData[3] = counter & OxFF;
TxData[4] = OxAA;
TxData[5] = OxBB;
TxData[6] = OxCC;
TxData[7] = OxDD;

/* 0000 */
if (HAL _CAN AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox)

== HAL_OK)



UART Print("CAN Sent: ID=0x%03X, Data=[%02X %02X %02X %02X %02X %02X %02X %02X]\r\n",
CAN_ID TEST,
TxData[0], TxData[l], TxData[2], TxDatal[3],
TxData[4], TxData[5], TxData[6], TxData[7]);
counter++;
}
else

{
UART Print("CAN Send Failed!\r\n");

HAL Delay(1000);

void UART Print(const char *format, ...)
{
char buffer[100];
va list args;
va start(args, format);
vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

void SystemClock Config(void)
{
RCC OscInitTypeDef RCC _OscInitStruct {0};

{0};

RCC ClkInitTypeDef RCC ClkInitStruct

_ HAL RCC_PWR CLK ENABLE();
_ HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;



RCC OscInitStruct.PLL.PLLN
RCC OscInitStruct.PLL.PLLP
RCC OscInitStruct.PLL.PLLQ

336;
2;
7;

if (HAL RCC 0OscConfig(&RCC OscInitStruct) != HAL OK)

Error_Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIV2;

RCC_ClkInitStruct.APB1CLKDivider
RCC_ClkInitStruct.APB2CLKDivider

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL OK)

Error Handler();

static void MX GPIO Init(void)

{

__HAL_RCC_GPIOA CLK ENABLE();

static void MX CAN1 Init(void)

{

hcanl.Instance = CAN1;
hcanl.Init.Prescaler = 6;
hcanl.Init.Mode = CAN MODE NORMAL;
hcanl.Init.SyncJumpWidth = CAN SJW 1TQ;
hcanl.Init.TimeSegl = CAN_BS1 11TQ;
hcanl.Init.TimeSeg2 = CAN BS2 2TQ;
hcanl.Init.TimeTriggeredMode = DISABLE;
DISABLE;
DISABLE;

hcanl.Init.AutoBusOff

hcanl.Init.AutoWakeUp
hcanl.Init.AutoRetransmission = ENABLE;
hcanl.Init.ReceiveFifoLocked = DISABLE;
hcanl.Init.TransmitFifoPriority = DISABLE;

if (HAL _CAN Init(&hcanl) != HAL OK)

Error_Handler();



HAL_CAN_Start(&hcanl);

static void MX USART1 UART Init(void)

{
huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)

Error Handler();

void Error Handler(void)

{
while(1l);

??? (Nucleo 2)?main.c

/* STM32 Lesson 10 - CAN Bus (Receiver)
* 00000000 Nucleo [0 CAN OO

* 00000
*/

#include "main.h"
#include "can.h"
#include "usart.h"
#include <stdio.h>

#include <string.h>
#define CAN ID TEST 0x123

void SystemClock Config(void);
static void MX GPIO Init(void);



static void MX CAN1 Init(void);

static void MX USART1 UART Init(void);

void UART Print(const char *format, ...);

CAN HandleTypeDef hcanl;
UART HandleTypeDef huartl;

int main(void)

{

HAL Init();

SystemClock Config();
MX GPIO Init();

MX_CAN1 Init();

MX_USART1 UART Init();

UART Print("\r\n=== CAN Bus Receiver ===\r\n");

CAN_FilterTypeDef sFilterConfig;

CAN_RxHeaderTypeDef RxHeader;
uint8 t RxData[8];

/* 000000g */

sFilterConfig.
sFilterConfig.
sFilterConfig.
sFilterConfig.
sFilterConfig.
sFilterConfig.
sFilterConfig.
sFilterConfig.
sFilterConfig.

FilterBank = 0;
FilterMode = CAN_FILTERMODE IDMASK;
FilterScale = CAN FILTERSCALE 32BIT;

FilterIdHigh = (CAN_ID TEST << 5) >> 16;
FilterIdLow = (CAN _ID TEST << 5) & OXFFFF;
FilterMaskIdHigh = OxFFFF;

FilterMaskIdLow = OXFFFF;
FilterFIFOAssignment = CAN _RX FIFQ0;
FilterActivation = ENABLE;

if (HAL CAN ConfigFilter(&hcanl, &sFilterConfig) != HAL OK)

Error Handler();

if (HAL_CAN Start(&hcanl) != HAL OK)

Error Handler();

/* 0oooog */

if (HAL CAN ActivateNotification(&hcanl, CAN IT RX FIFO0 MSG PENDING)

I= HAL_OK)



Error Handler();

UART Print("Waiting for CAN messages...\r\n");

while (1)
{
if (HAL CAN GetRxFifoFillLevel(&hcanl, CAN RX FIF00) > 0)
{
if (HAL CAN GetRxMessage(&hcanl, CAN RX FIF00, &RxHeader, RxData) == HAL OK)
{
UART Print("CAN Received: ID=0x%03X, DLC=%d, Data=[%02X %02X %02X %02X %02X %02X %02X
%02XI\r\n",
RxHeader.StdId, RxHeader.DLC,
RxData[0], RxData[l], RxData[2], RxDatal[3],
RxData[4], RxData[5], RxData[6], RxDatal[7]);

}
HAL Delay(100);

void UART Print(const char *format, ...)
{
char buffer[100];
va_ list args;
va start(args, format);
vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC _OscInitStruct

{0};
{0};

RCC ClkInitTypeDef RCC ClkInitStruct

__HAL_RCC_PWR CLK_ENABLE();
__HAL_PWR VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);



RCC OscInitStruct.0scillatorType = RCC _OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;

RCC OscInitStruct.PLL.PLLN = 336;
RCC_OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL_RCC OscConfig(&RCC OscInitStruct) != HAL OK)

Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIV2;

RCC ClkInitStruct.APB1CLKDivider

RCC_ClkInitStruct.APB2CLKDivider

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL_OK)

Error Handler();

static void MX GPIO Init(void)

{
__HAL_RCC_GPIOA CLK ENABLE();

static void MX CAN1 Init(void)

{
hcanl.Instance = CAN1;
hcanl.Init.Prescaler = 6;
hcanl.Init.Mode = CAN MODE NORMAL;
hcanl.Init.SyncJumpWidth = CAN SJW 1TQ;
hcanl.Init.TimeSegl = CAN BS1 11TQ;
hcanl.Init.TimeSeg2 = CAN_BS2 2TQ;
hcanl.Init.TimeTriggeredMode = DISABLE;
hcanl.Init.AutoBusOff DISABLE;

DISABLE;

hcanl.Init.AutoWakeUp

hcanl.Init.AutoRetransmission = ENABLE;



hcanl.Init.ReceiveFifolLocked = DISABLE;
hcanl.Init.TransmitFifoPriority = DISABLE;

if (HAL_CAN Init(&hcanl) != HAL_ OK)

Error Handler();

static void MX USART1 UART Init(void)

{
huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART_PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)

Error Handler();

void Error Handler(void)

{
while(1);

? 27070777
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=== CAN Bus Sender ===

CAN Sent: ID=0x123, Data=[00 00 00 00 AA BB CC DD]
CAN Sent: ID=0x123, Data=[00 00 00 01 AA BB CC DD]
CAN Sent: ID=0x123, Data=[00 00 00 02 AA BB CC DD]

0 01 UART 1] [0



=== CAN Bus Receiver ===

Waiting for CAN messages...

CAN Received: ID=0x123, DLC=8, Data=[00 00 060 060 AA BB CC DD]
CAN Received: ID=0x123, DLC=8, Data=[00 00 60 061 AA BB CC DD]
CAN Received: ID=0x123, DLC=8, Data=[00 00 60 62 AA BB CC DD]

D277
[ l 1l
1o (11111 a1n Prescaler/TimeSeg
(1 CAN [IT11111 1111 120Q I
1D o M

HAL_CAN_GetTxMailboxesFreeLevel()
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STM32 ?777? 7 11 ??RS-485 ?7?

? 277?77

1.1 RS-485 [I1T1] - [ITIIT11]
2. 1 MAX485 1] - ([0
3. 000  /OIIm - (11 (DE/RE)

? RS-485 77?77
RS-485 vs RS-232
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| DE « PAO® (GPIO OUT) |
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|

?? CubeMX ?7??7

?7? 1777 USART1

1. [J Pinout [II1]
e PA9[] USART1 TX
e PA10[] USART1 RX
e PAO[] GPIO_Output[T] DE/RE [1TJ

?7? 277?77 UART 77

1. 1 Connectivity - USART1
2. Mode[] Asynchronous
3. I

e Baud Rate[] 9600
Word Length[] 8 Bits
Parity[] None
Stop Bits[] 1

NVIC Settings[]

o USART1 global interrupt v



? P07?77

??77?7main.c

/* STM32 Lesson 11 - RS-485 (Sender)
* 00000 Rs-485 0000

* 00000
*/

#include "main.h"
#include "usart.h"
#include <stdio.h>

#include <string.h>

#define DE_PORT GPIOA
#define DE_PIN GPIO PIN ©
#define RE_PORT GPIOA
#define RE_PIN GPIO PIN 0

void SystemClock Config(void);

static void MX GPIO Init(void);

static void MX USART1 UART Init(void);

void RS485 SetTx(void); /* Q00000 */

void RS485 SetRx(void); /* Q00000 */

void RS485 Send(uint8 t *data, uintl6 t size);

UART HandleTypeDef huartl;

int main(void)

{
HAL Init();
SystemClock Config();
MX GPIO Init();
MX USART1 UART Init();

uint8 t counter = 0;

while (1)
{



char buffer[50];

/* 000000 */
RS485 SetTx();

HAL Delay(10); /* 000000 */

/* 0000 */

sprintf(buffer, "Msg%d\r\n", counter++);

/* 00 */
RS485 Send((uint8 t *)buffer, strlen(buffer));

/* 000000 */
RS485 SetRx();

HAL Delay(1000);

/**
* @brief [0000000DE=0, RE={Q
*/
void RS485 SetTx(void)
{
HAL GPIO WritePin(DE_PORT, DE_PIN, GPIO PIN SET);
HAL GPIO WritePin(RE_PORT, RE PIN, GPIO PIN SET);

/**
* @brief [O0000000ODE=0, RE=0OQ
*/
void RS485 SetRx(void)
{
HAL GPIO WritePin(DE_PORT, DE_PIN, GPIO PIN RESET);
HAL GPIO WritePin(RE_PORT, RE_PIN, GPIO PIN RESET);

Veis
* @brief [0 RS-485 000
*/



void RS485 Send(uint8 t *data, uintl6 t size)

{
HAL UART Transmit(&huartl, data, size, HAL MAX DELAY);
HAL Delay(5); /* 000000 */

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC OscInitStruct
RCC ClkInitTypeDef RCC ClkInitStruct

{0};
{0};

__HAL_RCC_PWR CLK_ENABLE();
__HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.OscillatorType = RCC OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;

RCC OscInitStruct.PLL.PLLM = 8;

RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL_RCC OscConfig(&RCC_OscInitStruct) != HAL_OK)

Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIV2;

RCC_ClkInitStruct.APB1CLKDivider

RCC ClkInitStruct.APB2CLKDivider

if (HAL_RCC ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL OK)

Error Handler();

static void MX GPIO Init(void)

{
GPIO InitTypeDef GPIO InitStruct = {0};



__HAL_RCC_GPIOA CLK_ENABLE();

GPIO InitStruct.Pin = GPIO PIN 0;
GPIO MODE OUTPUT PP;
GPIO NOPULL;

GPIO InitStruct.Mode

GPIO InitStruct.Pull

GPIO InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOA, &GPIO InitStruct);

HAL_GPIO WritePin(GPIOA, GPIO PIN ©, GPIO PIN RESET);

static void MX USART1 UART Init(void)

{
huartl.Instance = USART1;
huartl.Init.BaudRate = 9600;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)

Error Handler();

void Error Handler(void)

{
while(1);
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MODBUS 7?77?77
RS-485 I]  MODBUS [TTIITIT

/* MODBUS RTU (OO0 */
typedef struct {

uint8 t slave id; /* 00000 */

uint8 t function code; /* 000 */

uint8 t data[2521]; /* 00 */

uintl6 t crc; /* CRC 00000 12 OO */

} ModbusFrame;
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1. M CRCIIM - [T
2.1 STM32[]] CRC-[J] CRC[I]

3. [T - [ITITIT]

? CRC ?7
??77? CRC?

CRC (Cyclic Redundancy Check) [TITITITIT]

e [TTTIT] (ITT11I
e [ITITTT]
o [TTITTTITITI
CRC MMM IO
1l Hn 1l m
CRC-8 X8 + X7 + X6 + x4 + 0x00 11
X2+ 1
CRC-16 X~16 + x™15 4+ x72 +1 OxFFFF MODBUS
CRC-32 X"32 + ... OXFFFFFFFF ZIP[] Ethernet

STM32F446 ?? CRC

STM32F446 [T] CRC [ITI111T]

« CRC-32[[[[]
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e (110 [TIIIII 32-bit [T]




?? CubeMX ??
?? 1?2?27 CRC

1. 1 Connectivity - [[] CRC
2. Activated[]T]

?7? 2777 CRC ?7

Polynomial[] 0x04C11DB7[] CRC-32 [11]
Input Data Inversion[] Enabled
Output Data Inversion[] Enabled
Input Data Width[] 32-bit

2797 3777777

? 2700?77

CRC ???77?main.c

/* STM32 Lesson 12 - Hardware CRC

* 0000000 CRC 000000

* 00000
*/

#include "main.h"
#include "crc.h"
#include "usart.h"
#include <stdio.h>

#include <string.h>

void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX CRC Init(void);
static void MX USART1 UART Init(void);



void UART Print(const char *format, ...);

CRC _HandleTypeDef hcrc;
UART HandleTypeDef huartl;

int main(void)

{
HAL Init();
SystemClock Config();
MX GPIO Init();
MX_CRC Init();
MX USART1 UART Init();

UART Print("\r\n=== Hardware CRC Test ===\r\n");

uint8 t test datal[] = "Hello STM32 CRC Test";

uint32 t crc_result;

/* 00 1000000 */

UART Print("Method 1: Calculate once\r\n");

crc_result = HAL CRC_Calculate(&hcrc, (uint32_t *)test data, 5);
UART Print("CRC-32: 0x%08X\r\n", crc_result);

/* 00 200000 */
UART Print("\nMethod 2: Calculate in steps\r\n");

HAL CRC DeInit(&hcrc);
MX_CRC Init(); /* 00000000 CRC */

uint32 t datall] {0x12345678, Ox9ABCDEFO};

uint32_t data2[] {OxAABBCCDD};

crc_result = HAL CRC Accumulate(&hcrc, datal, 2);
UART Print("CRC after first block: 0x%08X\r\n", crc_result);

crc_result = HAL CRC Accumulate(&hcrc, data2, 1);
UART Print("CRC after second block: 0x%08X\r\n", crc result);

while (1)
{



HAL Delay(1000);

void UART Print(const char *format, ...)

{

char buffer[100];

va list args;

va start(args, format);

vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

void SystemClock Config(void)

{

RCC OscInitTypeDef RCC _OscInitStruct
RCC ClkInitTypeDef RCC ClkInitStruct

{0};
{0};

__HAL_RCC_PWR CLK_ENABLE();
__HAL_PWR VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.
RCC OscInitStruct.

OscillatorType = RCC_OSCILLATORTYPE HSE;
HSEState = RCC HSE ON;

PLL.
PLL.
PLL.
PLL.
PLL.

PLL

PLLState = RCC_PLL_ON;
PLLSource = RCC_PLLSOURCE HSE;

PLLM = 8;
PLLN = 336;
PLLP = 2;
.PLLQ = 7;

if (HAL RCC OscConfig(&RCC OscInitStruct) != HAL OK)

Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE_SYSCLK

| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC SYSCLKSOURCE PLLCLK;
RCC_ClkInitStruct.AHBCLKDivider = RCC SYSCLK DIV1;
RCC ClkInitStruct.APB1CLKDivider = RCC HCLK DIV4;



RCC ClkInitStruct.APB2CLKDivider = RCC HCLK DIV2;

if (HAL RCC_ClockConfig(&RCC ClkInitStruct, FLASH LATENCY 5) !'= HAL OK)

Error Handler();

static void MX GPIO Init(void)

{
__HAL_RCC_GPIOA CLK ENABLE();

static void MX CRC Init(void)
{

hcrc.Instance = CRC;

if (HAL CRC_Init(&hcrc) != HAL OK)

Error_Handler();

static void MX USART1 UART Init(void)

{
huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)

Error Handler();

void Error Handler(void)

{
while(1);
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=== Hardware CRC Test ===

Method 1: Calculate once

CRC-32: 0x12345678

Method 2: Calculate in steps

CRC after first block: Ox9ABCDEFO
CRC after second block: OxAABBCCDD

?77?7
m
CRC[] O CRC 11T
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/* 0 CRC 0000000 */
typedef struct {

uint8 t header; /* OO0 OxAA */
uint8 t length; /* 0000 */
uint8 t data[2561]; /* 00 */
uint32 t crc; /* CRC OO0 */

} CRCPacket;

void Send Packet With CRC(CRCPacket *pkt)

{
/* 00 CRC */

(1M

[ MX_CRC_Init() [TJ

(LTI

(111

HAL_CRC_Delnit()



pkt->crc = HAL CRC Calculate(&hcrc,
(uint32_t *)&pkt->header,
(pkt->length + 2) / 4);

/* 000000 */
HAL UART Transmit(&huartl, (uint8 t *)pkt,
sizeof (CRCPacket), HAL_MAX DELAY);

uint8 t Verify Packet CRC(CRCPacket *pkt)

{
uint32 t calculated crc = HAL CRC Calculate(&hcrc,
(uint32_t *)&pkt->header,
(pkt->length + 2) / 4);

return (calculated crc == pkt->crc) ? 1 : 0;

? CRC 72777

M CRC I
MODBUS RTU CRC-16 1111
Ethernet CRC-32 I1n
Xmodem CRC-16 111
HDLC CRC-16/32 1
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1. [0 RTOS 11N - [LTTTTITTIT]
2. [I1 FreeRTOS -[] STM32 [T111T]

3. MO - (LTITITIIT

? RTOS 77
RTOS ?7?7

RTOS (Real-Time Operating System) [TTTTTTTTIT]
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1. 11 Middleware —» [[] FreeRTOS
2. Interface[] CMSIS V2
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2. 1 SysTick[] 1ms[] FreeRTOS 111
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FreeRTQOS ????7?7?main.c

/* STM32 Lesson 13 - FreeRTOS
* 0000000000000

* 00000
*/

#include "main.h"
#include "cmsis 0s.h"
#include "usart.h"
#include <stdio.h>

#include <string.h>

void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX USART1 UART Init(void);

void UART Print(const char *format, ...);

/* 0000 */
void Taskl Start(void *argument);
void Task2 Start(void *argument);

void Task3 Start(void *argument);
UART HandleTypeDef huartl;

/* 0000 */

osMessageQueueId t queueHandle;

int main(void)

{
HAL Init();
SystemClock Config();
MX_GPIO Init();
MX _USART1 UART Init();

UART Print("\r\n=== FreeRT0S Multi-Task Demo ===\r\n");

/* 0000 */

queueHandle = osMessageQueueNew(10, sizeof(uint32 t), NULL);



/* 0oog */

osThreadNew(Taskl Start, NULL, NULL); /* JgddosPriorityNormal */
osThreadNew(Task2 Start, NULL, NULL); /* JgddosPriorityNormal */
osThreadNew(Task3 Start, NULL, NULL); /* QdddosPriorityHigh */

/* 00 RTOS 000 */
osKernelStart();

while (1);

/**
* @brief Task 100 1 J0000COCOC
*/

void Taskl Start(void *argument)

{

uint32 t counter = 0;

while (1)

{
UART Print("Taskl: Sending data S%lu\r\n", counter);
osMessageQueuePut (queueHandle, &counter, 0, 0);
counter++;

osDelay(1000); /* 00 1 0O */

Vot
* @brief Task 200000000000
*/
void Task2 Start(void *argument)
{
uint32 t rx data;

osStatus_t status;

while (1)

{
status = osMessageQueueGet(queueHandle, &rx data, NULL, osWaitForever);
if (status == 0s0K)
{



UART Print("Task2: Received %lu\r\n", rx_ data);

/%%
* @brief Task 3000000000 566ms 0000
*/

void Task3 Start(void *argument)

{
while (1)
{
UART Print("Task3: High Priority Task Running\r\n");
osDelay(500); /* [0 500ms */
}
}
void UART Print(const char *format, ...)
{

char buffer[100];

va list args;

va start(args, format);

vsnprintf(buffer, sizeof(buffer), format, args);

va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC OscInitStruct
RCC ClkInitTypeDef RCC ClkInitStruct

{0};
{0};

_ HAL_RCC_PWR CLK_ENABLE();
__HAL_PWR_VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

RCC OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
RCC OscInitStruct.HSEState = RCC_HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;

RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSE;



RCC _OscInitStruct.PLL.PLLM

8;

RCC OscInitStruct.PLL.PLLN = 336;
RCC OscInitStruct.PLL.PLLP = 2;
RCC OscInitStruct.PLL.PLLQ = 7;

if (HAL _RCC OscConfig(&RCC OscInitStruct) != HAL_ OK)

Error Handler();

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK | RCC_CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE PCLK1 | RCC_CLOCKTYPE PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE PLLCLK;

RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK DIV1;

RCC_HCLK DIV4;

RCC_HCLK DIV2;

RCC ClkInitStruct.APB1CLKDivider
RCC_ClkInitStruct.APB2CLKDivider

if (HAL_RCC ClockConfig(&RCC_ClkInitStruct, FLASH LATENCY 5) != HAL OK)

Error_Handler();

static void MX GPIO Init(void)

{

_ HAL RCC_GPIOA CLK ENABLE();

static void MX USART1 UART Init(void)

{

huartl.Instance = USART1;
huartl.Init.BaudRate = 115200;
huartl.Init.WordLength = UART WORDLENGTH 8B;
huartl.Init.StopBits = UART STOPBITS 1;
huartl.Init.Parity = UART_PARITY NONE;
huartl.Init.Mode = UART MODE TX RX;

if (HAL_UART Init(&huartl) != HAL OK)

Error Handler();

void Error Handler(void)

{

while(1);
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=== FreeRT0S Multi-Task Demo ===
Task3: High Priority Task Running
Taskl: Sending data 0

Task2: Received 0

Task3: High Priority Task Running
Taskl: Sending data 1

Task2: Received 1

Task3: High Priority Task Running

P707?7?°77

1. Taskl [J] 1000ms [TTIITIT]
2. Task2 [T

3. Task3 [] 500ms [TITIIIII1IT
4. [T
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?? CMSIS-RTOS 2 API

[

osThreadNew()
osDelay()
osMessageQueueNew ()
osMessageQueuePut ()

osMessageQueueGet ()



osSemaphoreNew( ) 111
osMutexNew() 11T
osKernelStart() [ RTOS [T

P07

/* 000000000 */

osSemaphoreld t semaphore;

void Task Producer(void *argument)
{
while (1)
{
/* 0000og */
UART_Print("Producer: Data ready\r\n");

/* 00000000000 */

osSemaphoreRelease(semaphore) ;

osDelay(1000);

void Task Consumer(void *argument)

{
while (1)
{
/* 00000000 */
if (osSemaphoreAcquire(semaphore, osWaitForever) == 0s0K)
{
UART Print("Consumer: Processing data\r\n");
}
}
}

i dddddddde



/* 000000 UART OO */

osMutexId t uart mutex;

void Safe UART Print(const char *format, ...)
{
/* 00000 */

osMutexAcquire(uart mutex, osWaitForever);

char buffer[100];

va_list args;

va_start(args, format);

vsnprintf(buffer, sizeof(buffer), format, args);
va_end(args);

HAL UART Transmit(&huartl, (uint8 t *)buffer, strlen(buffer), HAL MAX DELAY);

/* 00000 >/

osMutexRelease(uart mutex);

? 77?7

1. ?????Event Flags?
(LITTITITIT]

osEventFlagsId t event flags;

/* 0000 */
osEventFlagsSet(event flags, 0x01);

/* 0000 */
osEventFlagsWait(event flags, 0x01, osFlagsWaitAny, osWaitForever);

2. ?27?2?7??27?Software Timer?

[LITITTITITTI



void Timer Callback(void *argument)

{
UART Print("Timer fired!\r\n");

osTimerId t timer = osTimerNew(Timer Callback, osTimerPeriodic, NULL, NULL);

osTimerStart(timer, 1000); /* [J 1000ms OO0 */

3. ????7?Task Notification?

HENRRANNNNRRARNNNNEE

/* Task A [J[J Task B */
osThreadFlagsSet(task b id, 0x01);

/* Task B [O00O0 */
osThreadFlagsWait (0x01, osFlagsWaitAny, osWaitForever);

4, P?77?7?°977?
RTOS [T

void *pvPortMalloc(size t xSize); /* Q000 */
void vPortFree(void *pv); /* 0000 */

? 77?7

P9?077?777

/* 000000 */
osThreadState t state = osThreadGetState(task id);

/* Oogd */
switch (state)

{

case osThreadInactive:



UART Print("Task is inactive\r\n");
break;
case osThreadReady:
UART Print("Task is ready to run\r\n");
break;
case osThreadRunning:
UART Print("Task is currently running\r\n");
break;
case osThreadBlocked:
UART Print("Task is blocked\r\n");

break;

? 2?13 777?777
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? 277?77

HENRRANNRNNRENEN
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. CAN Bus [TTTTTTITTIT]
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1. I

2. 111

3. [TTTIITIIIT (11 (1] [T (i

4. [QTIITIITITITTTTT

5. I VESC[I]] VESC Tool[J] Motor Configuration -

> General -> Invert Motor Direction [II]T] True[ITTITITIT]

? 2777777 (main.c)

/* USER CODE BEGIN Header */

/**
Sk >k 3k 5k >k 3k 5k >k 3k 5k >k 3k ok >k 3k ok sk Sk ok >k Sk ok 3k Sk ok sk ok ok 3k 5k 3k >k 5k 3k 3k 5k sk 3k ok sk 3k ok 3k 3k 5k sk 3k ok sk sk k sk sk ok sk sk ok >k sk ok sk sk ok skosk ok skok ok >kok ok skok ok kok ok
* @file : main.c

* @brief + 0000000000 (OOocooo)

sk ok ok ok 3K ok oK oK oK oK oK oK kK oK ok ok oK oK ok ok K oK ok ok oK oK ok 3k oK ok ok 3k K oK ok ok K oK oK ok 3K K oK oK 3K oK oK ok oK oK ok kK oK ok ok oK oK oK K o oK ok ok K oK oK K K oK

*/
/* USER CODE END Header */



#include "main.h"

/* USER CODE BEGIN PD */

// --- 0000000 ---

// 0000000000 (0000000000000 5A = 5000mA)
#define TEST MAX CURRENT_MA 5000

// 0000 (0~4095 O00000CO000CO000CO0)
#define THROTTLE DEADZONE 150

// VESC CAN ID [

#define VESC_ID FRONT L 0xB1
#define VESC_ID FRONT R 0xB2
#define VESC_ID REAR L 0xA3
#define VESC_ID REAR R OxA4

#define CAN PACKET SET CURRENT 1
/* USER CODE END PD */

/* Private variables -------mmmmmm i
ADC HandleTypeDef hadcl;
CAN HandleTypeDef hcanl;

/* USER CODE BEGIN PV */
uintle t throttle adc = 0;
int32 t target current = 0;
/* USER CODE END PV */

/* Private function prototypes ------cmmmmmmm e
void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX ADC1 Init(void);
static void MX CAN1 Init(void);

/* USER CODE BEGIN PFP */
void VESC Send Current(uint8 t controller _id, int32 t current ma);
void Basic Drive Loop(void);

/* USER CODE END PFP */

int main(void)



HAL Init();

SystemClock Config();

MX_GPIO Init();
MX_ADC1 Init();
MX_CAN1 Init();

/* USER CODE BEGIN 2 */

// 000 CAN 00
HAL CAN Start(&hcanl);

// 00 ADC 0000
HAL ADC Start(&hadcl);

/* USER CODE END 2 */

/* Infinite loop */
while (1)
{

Basic Drive Loop();

/* USER CODE BEGIN 4 */

/**
* @brief JO0000000C (106Hz)
*/
void Basic Drive Loop(void)
{
static uint32_t last tick = 0;
uint32 t current tick = HAL GetTick();

// 0000000 1e6Hz (O 16ms JO000000OO0OO00O)
if ((current _tick - last tick) < 10) {

return;

}

last tick = current tick;

// 1. (0000 ADC



throttle adc = HAL ADC GetValue(&hadcl);

// 2. 00000000000
if (throttle adc < THROTTLE DEADZONE) {

target current = 0;
} else {
// 0 ADC I (00000) 0000000
// 00: (O0ADC - 0OO) * 0000 /7 (4695 - 0O0)
uint32 t active adc = throttle adc - THROTTLE DEADZONE;
target current = (active adc * TEST MAX CURRENT MA) / (4095 - THROTTLE DEADZONE);

// 3. 00000000C00000 4 000

// 000000000(1Ims)00 CAN Bus (000 4 D00
VESC Send Current(VESC ID FRONT L, target current);

HAL Delay(1);

VESC _Send Current(VESC ID FRONT R, target current);
HAL Delay(1);

VESC Send Current(VESC ID REAR L, target current);
HAL Delay(1);

VESC _Send Current(VESC ID REAR R, target current);

/**
* @brief 0000000 VESC (OOODOO)
*/
void VESC Send Current(uint8 t controller id, int32 t current ma)
{
CAN_TxHeaderTypeDef TxHeader;
uint32 t TxMailbox;
uint8 t TxDatal[4];

TxHeader.ExtId = (CAN PACKET SET CURRENT << 8) | controller id;

TxHeader.IDE = CAN_ID EXT;
TxHeader.RTR = CAN_RTR DATA;
TxHeader.DLC = 4;



TxDatal0] (uint8 t)(current ma >> 24);

TxData[l] = (uint8 t)(current ma >> 16);
TxData[2] = (uint8 t)(current ma >> 8);
TxData[3] = (uint8 t)(current ma);

uint32 t timeout = 0;

// 00 Mailbox [JO0

while (HAL CAN GetTxMailboxesFreelLevel(&hcanl) == 0)
{

timeout++;
if (timeout > 50000) return; // O0O0OOOOCO

}
HAL CAN_ AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

/* USER CODE END 4 */



STM32 ??7??7?7?? VESC ?7?7 (
?7?°?°7?7?7?7? CAN Buffer)

STM32 ?7??7??7?7? VESC 27?7 (
?7?°?7°?7?77?7 CAN Buffer)

? 000707070777

[ITIT] STM32 [IJ] CANBus[I] 4[ VESC

(T T T

1. 1110 (AWD/RWD)[TTTIT] AWD [TTIITITITIIIT > 10000 ERPM
ERRNNRRNRRNNRRNRENND 100% 1110

2. (10111 (Ring Buffer)[TT] STM32[]] CAN[II] DMA
[TTTTIITITTTd Ring Buffer(TTTTTTTTTITTIITTTTTT Fok
(IIIITT] galiing CAN Bus [TTITTITITTIIIIT]

3. [ITII11 (Ackermann E-Diff)

OO I T T T T

(T

? 272777 (main.c)

/* USER CODE BEGIN Header */

Vot
>k sk 3k 3k >k sk 3k sk sk ok 3k sk sk ok sk sk sk ok Sk >k sk k sk sk sk 3k sk sk ok 3k sk sk ok 3k sk sk ok Sk >k sk ok 3k sk sk 3k sk sk sk Sk 3k sk ok 3k sk sk ok 3k >k sk ok 3k >k sk ok 3k >k sk ok 3k >k ok K >k ok ok k Kk
* @file : main.c
* @brief : STM32 VESC 4WD/RWD Dynamic Control System with E-Diff
Sk 3k 3k 3k 5k 5k 5K 3K 5K 3K 3K 3K 3K 3K 3K 3K 3K >k 3K 3k 3k 3k 3k 3k 3k 3k3kokskoskoSkoSk Skook Sk Sk Sk Sk ok ok ok 5k 5k 5k 5K 3K 3K 3K 3K 3K K 3K 3K 3k 3k 3k 3k 3k 3k skoskoskoskoskoskoskoskokoSk ok ok ok ok ok ko ok ok k
*/

/* USER CODE END Header */

/¥ INClUAES - - - - - - oo oo e oo */

#include "main.h"



#include <math.h> // 000000000 tanf() O fabs()

/* Private includes -----------moom e */

/* USER CODE BEGIN Includes */

/* USER CODE END Includes */

/* Private define -------mmmmm */
/* USER CODE BEGIN PD */

#define POWER LIMIT W 1000 // 0000000 1eeew

#define BATTERY VOLTAGE NOM 48 // 0000 48V

#define MAX TOTAL CURRENT MA ((POWER LIMIT W * 1000) / BATTERY VOLTAGE NOM)
// 000000 (ERPM: Electrical RPM)
#define ERPM_THRESHOLD RWD 10000

#define ERPM HYSTERESIS 500 // 0000

// VESC CAN ID JJ (OO0 VESC Tool 0J00OO)

#define VESC_ID FRONT L 0xB1
#define VESC_ID FRONT R 0xB2
#define VESC_ID REAR L OxA3
#define VESC_ID REAR R OxA4

// VESC CAN Packet ID

#define CAN PACKET SET CURRENT 1
#define ENCODER RESOLUTION 4096.0f
#define STEERING CENTER OFFSET 2048.0f

// 000000 (O00000CO00000)
#define TRACK WIDTH M 0.8f // 00 (0000000)
#define WHEELBASE M 1.2f // 00 (00000CO)

// CAN 000000000 (OO0 DMA)
#define CAN _RX BUFFER SIZE 16

/* USER CODE END PD */

/* Private variables --------mmmmmmi o */
ADC HandleTypeDef hadcl;
ADC HandleTypeDef hadc2;



CAN HandleTypeDef hcanl;

/* USER CODE BEGIN PV */
int32 t current erpm = 0;
uintle t throttle adc = 0;
int32 t target total ma = 0;

uintl6_t speed adc = 0;

float current angle = 0.0f;
float steering angle = 0.0f; // -180 ~ +180 [0 (O00O0OOO)

uint32 t raw _encoder value = 0;

// [0 Ring Buffer 000

typedef struct {
CAN _RxHeaderTypeDef header;
uint8 t datal8];

} CAN RxPacket t;

CAN RxPacket t can rx buffer[CAN RX BUFFER SIZE];

0; // 0000 (O0OO)
0; // 0000 (OOOO)

volatile uint8 t can rx_ head

volatile uint8 t can rx tail

/* USER CODE END PV */

/* Private function prototypes ---------------
void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX ADC1 Init(void);
static void MX CAN1 Init(void);
static void MX ADC2 Init(void);

/* USER CODE BEGIN PFP */
typedef enum {

MODE 4WD,

MODE_RWD
} DriveMode t;

DriveMode t drive mode = MODE _4WD;

void VESC Send Current(uint8 t controller id, int32 t current ma);

void Control Loop 1lkHz(void);



void ENCODE Step up(void);

void HAL CAN RxFifoOMsgPendingCallback(CAN HandleTypeDef *hcan);

void Process CAN Rx Buffer(void);

void Apply Electronic Differential(float steering angle deg, int32 t axle total current,
int32 t *cmd left, int32 t *cmd right);

/* USER CODE END PFP */

Vet
* @brief The application entry point.
*/

int main(void)

{

HAL Init();

SystemClock Config();

MX_GPIO Init();
MX_ADC1 Init();
MX_CAN1 Init();
MX_ADC2 Init();

/* USER CODE BEGIN 2 */
HAL CAN Start(&hcanl);
HAL CAN ActivateNotification(&hcanl, CAN IT RX FIFOO MSG PENDING);

// 00 ADC 000000
HAL ADC Start(&hadcl);

HAL ADC Start(&hadc2);
/* USER CODE END 2 */

/* Infinite loop */

while (1)

{
Process CAN Rx Buffer(); // 0000 Ring Buffer [ CAN ([
Control Loop 1kHz(); // 00000

/* USER CODE BEGIN 4 */

/**



* @brief J000O0O0 (Ackermann E-Diff)

*/
void Apply Electronic Differential(float steering angle deg, int32 t axle total current,
int32 t *cmd left, int32 t *cmd right)
{

// 000000 (0000 3 0000000000)

if (fabs(steering angle deg) < 3.0f) {
*cmd left = axle total current / 2;
*cmd _right = axle total current / 2;

return;

// 00000
float theta rad = fabs(steering angle deg) * (3.1415926f / 180.0f);

// 0000000000
float R center = WHEELBASE M / tanf(theta rad);

// 00000000
float r_inner = R center - (TRACK WIDTH M / 2.0f);

float r outer = R center + (TRACK WIDTH M / 2.0f);

if (r_inner < 0.1f) r_inner = 0.1f; // 0000

// 000000000

float total r = r_inner + r_outer;
int32 t current inner = (int32 t)(axle total current * (r_inner / total r));

int32 t current outer = (int32 t)(axle_total current * (r outer / total r));

// 0000000000000
if (steering angle deg > 0.0f) {

// 00000000

*cmd _right = current inner;

*cmd _left = current outer;
} else {

// 00000000

*cmd_left = current inner;

*cmd _right = current outer;



/

%k

* @brief J0000 (O 500Hz)

*/

void Control Loop 1lkHz(void)

{

static uint32 t last control tick = 0;
uint32 t current tick = HAL GetTick();

if ((current tick - last control tick) < 2) {
return;

}

last control tick = current tick;

throttle adc = HAL ADC GetValue(&hadcl);
speed adc = HAL ADC GetValue(&hadc2);
current_erpm = ((int32 t)speed adc * 20000) >> 12;

target total ma = ((int32 t)throttle adc * MAX TOTAL CURRENT MA) >> 12;

int32 t abs erpm = (current erpm < Q) ? -current _erpm : current erpm;

if (drive mode == MODE 4WD) {
if (abs erpm > (ERPM _THRESHOLD RWD + ERPM_HYSTERESIS)) {
drive mode = MODE RWD;
}
} else {
if (abs erpm < (ERPM THRESHOLD RWD - ERPM HYSTERESIS)) {
drive mode = MODE 4WD;

int32 t current front axle = 0;

int32 t current rear axle = 0;

if (drive _mode == MODE 4WD) {
current _front axle = target total ma / 3;
current rear axle = target total ma - current front axle;

} else {

current front axle = 0;



current rear axle = target total ma;

// 00000000 (000Oooo)
int32 t cmd front L = 0, cmd front R = 0;

int32 t cmd rear L = 0, cmd _rear R = 0;

Apply Electronic Differential(steering angle, current front axle, &cmd front L,
&cmd _front R);
Apply Electronic Differential(steering angle, current rear axle, &cmd rear L,

&cmd_rear R);

// 0000 CANOOO Bus Flooding
static uint8 t motor step = 0;

switch(motor step)

{

case 0:
VESC Send Current(VESC ID FRONT L, cmd front L);
motor step = 1;
break;

case 1:
VESC Send Current(VESC ID FRONT R, cmd front R);
motor step = 2;
break;

case 2:
VESC Send Current(VESC ID REAR L, cmd rear L);
motor step = 3;
break;

case 3:
VESC Send Current(VESC ID REAR R, c¢md rear R);
motor _step = 0;
break;

}
}
/*x
* @brief 00000 CAN 00000 (OO0 main 0 while 0O00)
*/

void Process CAN Rx Buffer(void)

{



while (can rx tail != can rx head)

{
CAN RxPacket t *packet = &can rx buffer[can rx taill;
// 0000000
if (packet->header.IDE == CAN_ID STD && packet->header.StdId == 0x01)
{
if (packet->data[0] == 0x07 && packet->data[l] == 0x01 && packet->data[2] == 0x01)
{
raw_encoder value = (uint32 t) ((packet->data[6] << 24) |
(packet->data[5] << 16) |
(packet->data[4] << 8) |
packet->data[3]);
// 00000000000C00000 (-180 ~ 180)
float temp angle = (float)raw _encoder value - STEERING CENTER OFFSET;
steering angle = (temp angle * 360.0f) / ENCODER RESOLUTION;
// 0000
if (steering angle > 180.0f) {
steering angle -= 360.0f;
} else if (steering angle < -180.0f) {
steering angle += 360.0f;
}
}
}
can_rx _tail = (can rx tail + 1) % CAN RX BUFFER SIZE;
}
}
/x5

* @brief CAN [O00 (0000 Buffer OO0O0)
*/
void HAL CAN RxFifo@MsgPendingCallback(CAN HandleTypeDef *hcan)
{
if (hcan->Instance == CAN1)

{
uint8 t next head = (can rx head + 1) % CAN RX BUFFER SIZE;

if (next head != can rx tail)



if (HAL_CAN GetRxMessage(hcan, CAN RX FIF00,
&can rx_buffer[can rx head].header,

can_rx buffer[can rx head].data) == HAL OK)

{
can_rx_head = next head;
}
}
else
{
// 0 Buffer 0000000 FIFO 0000
CAN_RxHeaderTypeDef dummy header;
uint8 t dummy datal8];
HAL CAN_GetRxMessage(hcan, CAN RX FIF00, &dummy header, dummy data);
}

void VESC Send Current(uint8 t controller id, int32 t current ma)

{

CAN_TxHeaderTypeDef TxHeader;
uint32 t TxMailbox;
uint8 t TxDatal4];

TxHeader.ExtId = (CAN PACKET SET CURRENT << 8) | controller id;

TxHeader.IDE = CAN_ID EXT;
TxHeader.RTR = CAN_RTR DATA;
TxHeader.DLC = 4;

TxData[0@] = (uint8 t)(current ma >> 24);
TxData[l] = (uint8 t)(current ma >> 16);
TxData[2] = (uint8 t)(current ma >> 8);
TxData[3] = (uint8 t)(current ma);

uint32_ t timeout = 0;
while (HAL CAN GetTxMailboxesFreelLevel(&hcanl) == 0)
{

timeout++;

if (timeout > 50000) return;



HAL CAN_ AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

void ENCODE Step up(void)

{
CAN_TxHeaderTypeDef TxHeader;
uint32_t TxMailbox;
uint8 t TxData[8];

TxHeader.StdId = 0x01;
TxHeader.IDE

CAN_ID STD;

TxHeader.RTR = CAN RTR DATA;

TxHeader.DLC = 4;

TxData[0]
TxData[1l]
TxData[2]

0x04;
0x01;
0x04;
OxAA;

TxData[3]
HAL CAN AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

TxHeader.DLC = 5;
TxData[0]
TxData[1l]

0x05;
0x01;
0x05;
TxData[3] = 0x88;
TxData[4] 0x13;
HAL CAN AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

TxData[2]

}
/* USER CODE END 4 */
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? 2?77?77 (main.c)

/* USER CODE BEGIN Header */
J**

3k >k 3K 5k 3k >k 3K 5k 3k >k 5k Sk ok K 5K Sk kK 5Kk 3k 3k 5k Sk kK 5k kK 3K 5k 3k K 5K Sk sk K 5k 3k k3K 5k Sk >k 3K Sk Sk >k 3k 5k kK 3K Sk sk K 5Kk k3K 5k Sk >k ok ok Sk koK 5k kK ok kok Rk sk k

* @file : main.c



* @brief : STM32 VESC 4WD/RWD Dynamic Control System
Sk 3k ok ok 5k ok 5k 3k ok 3k 3k 3k 3k >k 3k >k 3k >k 3k 3k 3k 3k 3k 3k 3k sk Sk Sk SkoSk Sk Sk Sk ok ok ok ok ok ok ok 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k k3K Skook Sk ok Sk Sk ok ok ok ok ok sk ok Sk kK Kk kK
*/

/* USER CODE END Header */

/F INClUAES - - - - - - oo oo */

#include "main.h"

/* Private includes -------cmmomccmmac e r e r e aa e n */

/* USER CODE BEGIN Includes */

/* USER CODE END Includes */

/* Private define -------------““““ */
/* USER CODE BEGIN PD */

#define POWER LIMIT W 1000 // 0000000 1eeew

#define BATTERY VOLTAGE NOM 48 // 0000 48V

// 00000 (mA)
#define MAX_TOTAL CURRENT MA ((POWER LIMIT W * 1000) / BATTERY VOLTAGE NOM)

// 000000 (ERPM: Electrical RPM)

// 00 200004 . 40000390 rpm (000000
#define ERPM_THRESHOLD_RWD 10000

#define ERPM HYSTERESIS 500 // 00000000000000

// VESC CAN ID [JJ (OO0 VESC Tool 0JOOO)

#define VESC_ID FRONT L 0xB1
#define VESC_ID FRONT R 0xB2
#define VESC_ID REAR L 0xA3
#define VESC_ID REAR R OxA4

// VESC CAN Packet ID

#define CAN PACKET SET CURRENT 1
#define ENCODER RESOLUTION 4096.0f
#define STEERING CENTER OFFSET 2048.0f
/* USER CODE END PD */

/* Private variables -----------mmmmi */
ADC HandleTypeDef hadcl;
ADC HandleTypeDef hadc2;
CAN _HandleTypeDef hcanl;



/* USER CODE BEGIN PV */
int32 t current erpm = 0;
uintl6 t throttle adc = 0;
int32 t target total ma = 0;

uintle t speed adc = 0;

float current angle = 0.0f;
float steering angle = 0.0f;
uint32 t raw _encoder value = 0;

/* USER CODE END PV */

/* Private function prototypes
void SystemClock Config(void);
static void MX GPIO Init(void);
static void MX ADC1l Init(void);
static void MX CAN1 Init(void);
static void MX ADC2 Init(void);

/* USER CODE BEGIN PFP */
// 0000000000000
typedef enum {
MODE_4WD,
MODE_RWD
} DriveMode t;

// 0000 (O CAN RX [0)
// 0 - 4095

// 00000 (mA)

// 00000 ADC

// 6 ~ 360 000000
// -1806 ~ +180 (00000000
// 0 ~ 4095

DriveMode t drive mode = MODE 4WD;

void VESC Send Current(uint8 t controller id, int32 t current ma);

void Control Loop 1kHz(void);
void ENCODE Step up(void);

void HAL CAN RxFifoOMsgPendingCallback(CAN HandleTypeDef *hcan);

/* USER CODE END PFP */

/**

* @brief The application entry point.

*/

int main(void)

{
/* MCU Configuration---------
HAL Init();



SystemClock Config();

/* Initialize all configured peripherals */
MX GPIO Init();
MX _ADC1 Init();
MX_CAN1 Init();
MX ADC2 Init();

/* USER CODE BEGIN 2 */

// 00 CAN 00000

HAL CAN Start(&hcanl);

HAL CAN ActivateNotification(&hcanl, CAN IT RX FIFOO MSG PENDING);

// 00000 ADC 0000 while(1) DO0COOCCOOCOOCOOCO
HAL ADC Start(&hadcl);
HAL_ADC_Start(&hadc2);
/* USER CODE END 2 */

/* Infinite loop */
while (1)
{

Control Loop 1kHz();

/* USER CODE BEGIN 4 */

Vot
* @brief 0000 (OO0OOOOO CAN OO Bus (0O)
*/

void Control Loop 1kHz(void)

{

static uint32 t last control tick = 0;
uint32 t current tick = HAL GetTick();

// 000000 (OO0 500Hz)
if ((current tick - last control tick) < 2) {

return;

}

last control tick = current tick;



// 1. 000000000 ADC (6 ~ 4095)

throttle adc = HAL ADC GetValue(&hadcl);

speed adc = HAL ADC GetValue(&hadc2);

current erpm = ((int32 t)speed adc * 20000) >> 12;

// 2. 0000000 (mA)
target total ma = ((int32 t)throttle adc * MAX TOTAL CURRENT MA) >> 12;

// 3. 0000 (OO ERPM 000)

int32 t abs erpm = (current erpm < Q) ? -current erpm : current erpm;

if (drive mode == MODE 4WD) {
if (abs erpm > (ERPM THRESHOLD RWD + ERPM HYSTERESIS)) {
drive _mode = MODE RWD;
}
} else {
if (abs erpm < (ERPM THRESHOLD RWD - ERPM HYSTERESIS)) {
drive mode = MODE 4WwD;

// 4. 000000 (Distribute Current)
int32 t current front axle = 0;

int32 t current rear_axle = 0;

if (drive mode == MODE 4WD) {
// --- 4wD [0 (Ooooo) ---
// 0 256W + [J 500wW000 1:2

current front axle = target total ma / 3;

current rear axle = target total ma - current front axle;
} else {

// --- RWD 00 (OO00O) ---

// 0000 (0000000) 00000000

current front axle = 0;

current rear axle = target total ma;

// 5. 0000000000000
int32 t cmd _front = current front axle / 2;

int32 t cmd rear = current rear axle / 2;



static uint8 t motor step = 0;

switch(motor step)

{

case 0:
VESC Send Current(VESC ID FRONT L, cmd front);
motor step = 1;
break;

case 1:
VESC Send Current(VESC ID FRONT R, cmd front);
motor step = 2;
break;

case 2:
VESC Send Current(VESC ID REAR L, cmd rear);
motor_step = 3;
break;

case 3:
VESC Send Current(VESC ID REAR R, c¢md rear);
motor_step = 0;
break;

}
}
/**

* @brief JO0000O0 VESC
*/
void VESC Send Current(uint8 t controller id, int32 t current ma)
{
CAN TxHeaderTypeDef TxHeader;
uint32 t TxMailbox;
uint8 t TxData[4];

TxHeader.ExtId = (CAN PACKET SET CURRENT << 8) | controller id;
TxHeader.IDE = CAN ID EXT;
CAN_RTR DATA;

TxHeader.RTR
TxHeader.DLC = 4;

// Big Endian packing

TxData[0] = (uint8 t)(current ma >> 24);
TxData[1]
TxData[2]

(uint8 t)(current ma >> 16);

(uint8 t)(current ma >> 8);

TxDatal3]

(uint8 t)(current ma);



// 00000000 Timeout 00000 CAN Bus [00OCCO
uint32 t timeout = 0;
while (HAL CAN GetTxMailboxesFreeLevel(&hcanl) == 0)
{
timeout++;

if (timeout > 50000) {
return; // 0000000000

}
HAL CAN AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

/**
* @brief O00000COO
*/
void ENCODE Step up(void)
{
CAN_TxHeaderTypeDef TxHeader;
uint32_t TxMailbox;
uint8_t TxData[8]; // OUOOOOCO 8 bytes 0000

TxHeader.StdId = 0x01;

TxHeader.IDE = CAN _ID STD;
TxHeader.RTR = CAN_RTR DATA;
TxHeader.DLC = 4;

TxData[0] = 0x04;

TxData[l] = Ox01;

TxData[2] = 0x04;

TxData[3] = OxAA;

HAL CAN_ AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

// 00000

TxHeader.DLC = 5; // 00000000 5
TxData[0] = 0x05;

TxData[l] = 0x01;

TxData[2] = 0x05;

TxData[3] = 0x88;

TxData[4] = 0x13; // 000 5 O byte 0OOO

HAL CAN_AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);



/**

* @brief CAN 00000000 (OOOOCOCOOO)

*/
void HAL CAN RxFifo@MsgPendingCallback(CAN HandleTypeDef *hcan)
{

CAN_RxHeaderTypeDef RxHeader;
uint8 t RxData[8];

if (hcan->Instance == CAN1)

{
if (HAL_CAN GetRxMessage(hcan, CAN RX FIF00, &RxHeader, RxData) == HAL_ OK)
{
// 000000000000 IDOOo VESC 0000000
if (RxHeader.IDE == CAN ID STD && RxHeader.StdId == 0x01)
{
if (RxData[0] == 0x07 &% RxData[l] == 0x01 && RxData[2] == 0x01)
{
// 00000
raw_encoder value = (uint32 t)((RxData[6] << 24) |
(RxData[5] << 16) |
(RxDatal4] << 8) |
RxData[3]);
}
}
}
}

}
/* USER CODE END 4 */



