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Додаток  A 
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ПРОГРАМНИЙ КОД ПРОГРАМНО-АПАРАТНИЙ КОМУТАТОР 

ІНТЕРФЕЙСІВ ВБУДОВАНИХ СИСТЕМ  



115 

Лістинг 1. main.c 
/* Includes ------------------------------------------------------------------*/ 
#include "main.h" 

#include "cmsis_os.h" 
#include "dma.h" 

#include "lwip.h" 
#include "spi.h" 
#include "usart.h" 

#include "gpio.h" 
 

/* Private includes ----------------------------------------------------------*/ 
 
/* Private function prototypes -----------------------------------------------*/ 

void SystemClock_Config(void); 
void MX_FREERTOS_Init(void); 

/** 
  * @brief  The application entry point.  
  * @retval int 

  */ 
int main(void) 

{ 
 
 SCB_EnableICache(); 

 SCB_EnableDCache(); 
 HAL_Init(); 

 
 SystemClock_Config(); 
 

 /* Initialize all configured peripherals */ 
 MX_GPIO_Init(); 

 MX_DMA_Init(); 
 MX_SPI2_Init(); 
 MX_SPI3_Init(); 

 MX_UART4_Init(); 
 MX_SPI5_Init(); 

 MX_SPI4_Init(); 
 MX_UART5_Init(); 
 MX_UART7_Init(); 

 MX_UART8_Init(); 
 MX_USART1_UART_Init(); 

 MX_USART2_Init(); 
 MX_USART3_Init(); 
 MX_USART6_Init(); 

 MX_SPI1_Init(); 
 MX_FREERTOS_Init(); 

 
 osKernelStart(); 
 

 while (1); 
} 

 
/** 
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  * @brief System Clock Configuration 
  * @retval None 
  */ 

void SystemClock_Config(void) 
{ 

 LL_FLASH_SetLatency(LL_FLASH_LATENCY_7); 
 
 if(LL_FLASH_GetLatency() != LL_FLASH_LATENCY_7) 

 { 
  Error_Handler();   

 } 
 LL_PWR_SetRegulVoltageScaling(LL_PWR_REGU_VOLTAGE_SCALE1);  
 LL_PWR_EnableOverDriveMode(); 

 LL_RCC_HSE_EnableBypass(); 
 LL_RCC_HSE_Enable(); 

 
 /* Wait till HSE is ready */ 
 while(LL_RCC_HSE_IsReady() != 1) 

 { 
 

 } 
 LL_RCC_PLL_ConfigDomain_SYS(LL_RCC_PLLSOURCE_HSE, 
LL_RCC_PLLM_DIV_4, 216, LL_RCC_PLLP_DIV_2); 

 LL_RCC_PLL_Enable(); 
 

 /* Wait till PLL is ready */ 
 while(LL_RCC_PLL_IsReady() != 1) 
 { 

 
 } 

 LL_RCC_SetAHBPrescaler(LL_RCC_SYSCLK_DIV_1); 
 LL_RCC_SetAPB1Prescaler(LL_RCC_APB1_DIV_4); 
 LL_RCC_SetAPB2Prescaler(LL_RCC_APB2_DIV_2); 

 LL_RCC_SetSysClkSource(LL_RCC_SYS_CLKSOURCE_PLL); 
 

 /* Wait till System clock is ready */ 
 while(LL_RCC_GetSysClkSource() != LL_RCC_SYS_CLKSOURCE_STATUS_PLL)  
 { 

 
 } 

 LL_Init1msTick(216000000); 
 LL_SYSTICK_SetClkSource(LL_SYSTICK_CLKSOURCE_HCLK); 
 LL_SetSystemCoreClock(216000000); 

 LL_RCC_SetUSARTClockSource(LL_RCC_USART1_CLKSOURCE_PCLK2);  
 LL_RCC_SetUSARTClockSource(LL_RCC_USART2_CLKSOURCE_PCLK1);  

 LL_RCC_SetUSARTClockSource(LL_RCC_USART3_CLKSOURCE_PCLK1);  
 LL_RCC_SetUSARTClockSource(LL_RCC_USART6_CLKSOURCE_PCLK2);  
 LL_RCC_SetUARTClockSource(LL_RCC_UART4_CLKSOURCE_PCLK1);  

 LL_RCC_SetUARTClockSource(LL_RCC_UART5_CLKSOURCE_PCLK1);  
 LL_RCC_SetUARTClockSource(LL_RCC_UART7_CLKSOURCE_PCLK1);  

 LL_RCC_SetUARTClockSource(LL_RCC_UART8_CLKSOURCE_PCLK1); 
} 
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Лістинг 2. httpserver-netconn.c 
/* Includes ------------------------------------------------------------------*/ 
#include "lwip/opt.h" 

#include "lwip/arch.h" 
#include "lwip/api.h" 

#include "string.h" 
#include "httpserver-netconn.h" 
#include "cmsis_os.h" 

#include "interfaces.h" 
#include "convert_json.h" 

 
/* Private typedef -----------------------------------------------------------*/ 
/* Private define ------------------------------------------------------------*/ 

#define WEBSERVER_THREAD_PRIO       ( tskIDLE_PRIORITY + 4 )  
#define TOKENS_SIZE                 20 

 
/* Private macro -------------------------------------------------------------*/ 
/* Private variables ---------------------------------------------------------*/ 

u32_t nPageHits = 0; 
u16_t     var1; 

 
/* Private function prototypes -----------------------------------------------*/ 
/* Private functions ---------------------------------------------------------*/ 

 
/** 

  * @brief serve tcp connection   
  * @param conn: pointer on connection structure  
  * @retval None 

  */ 
void http_server_serve(struct netconn *conn)  

{ 
struct          netbuf *inbuf; 
  err_t           recv_err; 

char*           buf; 
u16_t           buflen; 

requst_after_parse_type       request; 
 
  /* Read the data from the port, blocking if nothing yet there.  

  We assume the request (the part we care about) is in one netbuf */ 
  recv_err = netconn_recv(conn, &inbuf); 

 
if (recv_err == ERR_OK) 
  { 

if (netconn_err(conn) == ERR_OK)  
    { 

      netbuf_data(inbuf, (void**)&buf, &buflen); 
      parse_request_from_json(buf, buflen, &request); 
      process_request_to_interface(&request); 

    } 
  } 

} 
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/** 
  * @brief  http server thread  

  * @retval None 
  */ 

static void http_server_netconn_thread() 
{  
struct netconn *conn, *newconn; 

err_t err, accept_err; 
 

  /* Create a new TCP connection handle */ 
conn = netconn_new(NETCONN_TCP); 
 

if (conn!= NULL) 
  { 

    /* Bind to port 80 (HTTP) with default IP address */ 
err = netconn_bind(conn, NULL, 80); 
 

if (err == ERR_OK) 
    { 

      /* Put the connection into LISTEN state */ 
      netconn_listen(conn); 
 

while(1)  
      { 

        /* accept any icoming connection */ 
        accept_err = netconn_accept(conn, &newconn); 
if(accept_err == ERR_OK) 

        { 
          /* serve connection */ 

          http_server_serve(newconn); 
 
          /* delete connection */ 

          netconn_delete(newconn); 
        } 

      } 
    } 
  } 

} 
 

/** 
  * @brief  Initialize the HTTP server (start its thread)  
  * @param  none 

  * @retval None 
  */ 

void http_server_netconn_init() 
{ 
    sys_thread_new("HTTP", (lwip_thread_fn)http_server_netconn_thread, NULL, 

DEFAULT_THREAD_STACKSIZE, WEBSERVER_THREAD_PRIO);  
} 
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Листинг 3. uart_task.c 
 
/* Includes ------------------------------------------------------------------*/ 

#include "GlobalIncludes.h" 
 

static u8 errUartTask; 
 
void UartTask(void *pvParameters){ 

u16 sizeTx; 
 

 
while(1){ 
 

        OSSemPend (xUartSem, 0, &errUartTask);       /* ожидаем семафор */  
if (errUartTask == OS_ERR_NONE){ 

 
if(uartMsg.readyForRead == true){  
sizeTx = ProcessRX((u8*)uartMsg.bufTxRx, uartMsg.numOfRecBytes);  

if(sizeTx != 0){ 
UARTStartTX(&(uartMsg.bufTxRx[0]), sizeTx);  

} 
else{ 
                    uartMsg.readyForRead = false; 

 
                    /*Отправляем семафор еще раз что бы сконфигурироваться на прием*/ 

OSSemPost(xUartSem); 
                } 
            } 

else{ 
UARTStartRX(&(uartMsg.bufTxRx[0]));  

            } 
        } 
    }/* end Task loop */     

} 
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Листинг 4. spi_task.c 
 
/* Includes ------------------------------------------------------------------*/ 

#include "GlobalIncludes.h" 
 

static u8 errSpiTask; 
 
void SpiTask(void *pvParameters){ 

u16 sizeTx; 
 

 
while(1){ 
 

        OSSemPend (xSpiSem, 0, &errSpiTask); 
if (errSpiTask == OS_ERR_NONE){ 

 
if(spiMsg.readyForRead == true){  
sizeTx = ProcessRX((u8*)spiMsg.bufTxRx, spiMsg.numOfRecBytes);  

if(sizeTx != 0){ 
SPIStartTX(&(spiMsg.bufTxRx[0]), sizeTx);  

                } 
else{ 
                    spiMsg.readyForRead = false; 

OSSemPost(xSpiSem); 
                } 

            } 
else{ 
SPIStartRX(&(spiMsg.bufTxRx[0]));  

            } 
        } 

    }/* end Task loop */     
} 
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Додаток Б 

(Обов’язковий) 

 

 

 

 

 

 

 

 

 

 

 

ПРОГРАМНИЙ КОД ЕМУЛЯТОРА ПЕРИФЕРІЙНОГО ПРИСТОЮ З 

ІНТЕРФЕЙСОВ ЗВ’ЯЗКУ UART  
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Листинг 1. main.c 
 
/* Includes ------------------------------------------------------------------*/ 

#include "main.h" 
#include "dma.h" 

#include "usart.h" 
#include "gpio.h" 
 

/* Private variables ---------------------------------------------------------*/ 
unsigned short BlinkBlueFlag, BlinkGreenFlag; 

 
/* Private function prototypes -----------------------------------------------*/ 
void SystemClock_Config(void); 

 
/** 

  * @brief  The application entry point. 
  * @retval int 
  */ 

int main(void) 
{ 

    HAL_Init(); 
 
    SystemClock_Config(); 

 
    MX_GPIO_Init(); 

    MX_DMA_Init(); 
    MX_USART1_UART_Init(); 
 

while (1) 
    { 

if (BlinkBlueFlag && BlinkGreenFlag) { 
              HAL_GPIO_WritePin(GPIOC, LD4_Pin|LD3_Pin, GPIO_PIN_SET); 
              HAL_Delay(500); 

              HAL_GPIO_WritePin(GPIOC, LD4_Pin|LD3_Pin, GPIO_PIN_RESET);  
              HAL_Delay(500); 

        } else if (BlinkBlueFlag) { 
              HAL_GPIO_WritePin(GPIOC, LD4_Pin, GPIO_PIN_SET); 
              HAL_Delay(500); 

              HAL_GPIO_WritePin(GPIOC, LD4_Pin, GPIO_PIN_RESET); 
              HAL_Delay(500); 

        } else if (BlinkGreenFlag) { 
              HAL_GPIO_WritePin(GPIOC, LD3_Pin, GPIO_PIN_SET); 
              HAL_Delay(500); 

              HAL_GPIO_WritePin(GPIOC, LD3_Pin, GPIO_PIN_RESET); 
              HAL_Delay(500); 

        } 
    } 
} 

 
/** 

  * @brief System Clock Configuration 
  * @retval None 
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  */ 
void SystemClock_Config(void) 
{ 

  RCC_OscInitTypeDef RCC_OscInitStruct = {0}; 
  RCC_ClkInitTypeDef RCC_ClkInitStruct = {0}; 

 
  /**Initializes the CPU, AHB and APB busses clocks  
  */ 

  RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSI;  
  RCC_OscInitStruct.HSIState = RCC_HSI_ON; 

  RCC_OscInitStruct.HSICalibrationValue = RCC_HSICALIBRATION_DEFAULT; 
  RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON; 
  RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSI_DIV2; 

  RCC_OscInitStruct.PLL.PLLMUL = RCC_PLL_MUL6; 
if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK) 

  { 
    Error_Handler(); 
  } 

  /**Initializes the CPU, AHB and APB busses clocks  
  */ 

  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_DIV1; 

  RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV1; 
 
if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_0) != HAL_OK)  

  { 
    Error_Handler(); 

  } 
} 
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Листинг 1. stm32f1xx_it.c 
 
 

/** 
  * @brief This function handles USART1 global interrupt.  

  */ 
void USART1_IRQHandler(void) 
{ 

unsigned int                size_rx, sz_response; 
static char                 *response; 

static  char                receive_buffer[32]; 
 
    // RX - channel 5 

    // TX - channel 4 
 

    // errors (frame, noise, overrun) 
 if(USART1->SR & USART_SR_FE || 
    USART1->SR & USART_SR_NE ||  

       USART1->SR & USART_SR_ORE){ 
 

        // clear status 
  USART1->SR &= ~USART_SR_IDLE; 
  USART1->SR &= ~USART_SR_TC; 

 
        // reconfigure DMA on recive 

  DMA1_Channel5->CCR &= ~DMA_CCR_EN; 
  DMA1_Channel5->CMAR = (unsigned long)(receive_buffer[0]); 
  DMA1_Channel5->CNDTR = sizeof(receive_buffer); 

  DMA1->IFCR |= (DMA_IFCR_CTCIF5 | DMA_IFCR_CHTIF5); 
  DMA1_Channel5->CCR |= DMA_CCR_EN; 

 
        // reciever interrupt on 
        USART1->CR1 |= USART_CR1_IDLEIE; 

 } 
 

    // receive a message 
 if(USART1->SR & USART_SR_IDLE){ 
   

  USART1->SR &= ~USART_SR_IDLE; 
  USART1->SR &= ~USART_SR_TC; 

  DMA1_Channel5->CCR &= ~DMA_CCR_EN; 
 
        // check message and prepare response 

        size_rx = sizeof(receive_buffer) - DMA1_Channel5->CNDTR; 
if (strncmp(receive_buffer, "blink blue", size_rx)) { 

            BlinkBlueFlag = 1; 
response = "okey blue"; 
            sz_response = sizeof("okey blue") - 1; 

        } else if (strncmp(receive_buffer, "blink green", size_rx)) { 
            BlinkGreenFlag = 1; 

response = "okey green"; 
            sz_response = sizeof("okey green") - 1; 
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        } else if (strncmp(receive_buffer, "off blue", size_rx)) { 
            BlinkBlueFlag = 0; 
response = "off"; 

            sz_response = sizeof("off") - 1; 
        } else if (strncmp(receive_buffer, "off green", size_rx)) { 

            BlinkGreenFlag = 0; 
response = "off"; 
            sz_response = sizeof("off") - 1; 

        } else if (strncmp(receive_buffer, "astalavista baby", size_rx)) { 
            BlinkBlueFlag = 1; 

            BlinkGreenFlag = 1; 
response = "I'll be back"; 
            sz_response = sizeof("I'll be back") - 1; 

        } else { 
response = "wrong"; 

            sz_response = sizeof("wrong") - 1; 
        } 
 

        // reconfig transmite dma to send respone 
        DMA1_Channel4->CMAR  = (unsigned long)(&response); 

        DMA1_Channel4->CNDTR = sz_response; 
        DMA1->IFCR          |= (DMA_IFCR_CTCIF4 | DMA_IFCR_CHTIF4); 
        DMA1_Channel4->CCR  |= DMA_CCR_EN;  

 
        // transmitter interrupt on 

        USART1->CR1 |= USART_CR1_TCIE; 
  
 } 

 
    // transmission complete 

 if(USART1->SR & USART_SR_TC){ 
 
  USART1->CR1 &= ~USART_CR1_TCIE; 

  USART1->SR  &= ~USART_SR_TC; 
 

        // off transmitting dma 
  DMA1_Channel4->CCR &= ~DMA_CCR_EN; 
 

        // reconfigure DMA on recive 
        DMA1_Channel5->CMAR = (unsigned long)(&receive_buffer[0]); 

  DMA1_Channel5->CNDTR = sizeof(receive_buffer); 
  DMA1->IFCR |= (DMA_IFCR_CTCIF5 | DMA_IFCR_CHTIF5); 
  DMA1_Channel5->CCR |= DMA_CCR_EN; 

 
        // reciever interrupt on 

        USART1->CR1 |= USART_CR1_IDLEIE; 
} 
} 
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