Listing 1. Konfiguracja interfejsu SPI dla PmodOLED
pmodOledSpi.Instance = SPI2;
pmodOledSpi.Init.Mode = SPI_MODE_MASTER;
pmodOledSpi.Init.Direction = SPI_DIRECTION_2LINES;
pmodOledSpi.Init.DataSize = SPI_DATASIZE_8BIT;
pmodOledSpi.Init.CLKPolarity = SPI_POLARITY_HIGH;
pmodOledSpi.Init.CLKPhase = SPI_PHASE_2EDGE;
pmodOledSpi.Init.NSS = SPI_NSS_SOFT;
pmodOledSpi.Init.BaudRatePrescaler = SPI_BAUDRATEPRESCALER_128;
pmodOledSpi.Init.FirstBit = SPI_FIRSTBIT_MSB;
pmodOledSpi.Init.TIMode = SPI_TIMODE_DISABLE;
pmodOledSpi.Init.CRCCalculation = SPI_CRCCALCULATION_DISABLE;
pmodOledSpi.Init.NSSPMode = SPI_NSS_PULSE_DISABLE;
HAL_SPI_Init(&pmodOledSpi);


Listing 2. Konfiguracja interfejsu UART dla PmodGPS
void PmodGPS_Config(void)
{
    // Enable clock for GPIOD port required for 3DF and 1PPS pins.
    __HAL_RCC_GPIOD_CLK_ENABLE();
    // Configure the interrupts on PD10 (1PPS) and PD6 (3DF). The interrupts are active on both edges
    // to indicate the connection and disconnection events.
    GPIO_InitTypeDef GPIO_InitStruct;
    GPIO_InitStruct.Mode = GPIO_MODE_IT_RISING_FALLING;
    GPIO_InitStruct.Pull = GPIO_NOPULL;
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_VERY_HIGH;
    GPIO_InitStruct.Pin = GPIO_PIN_6 | GPIO_PIN_10;

    HAL_GPIO_Init(GPIOD, &GPIO_InitStruct);
    HAL_NVIC_SetPriority(EXTI9_5_IRQn, 2, 0);
    HAL_NVIC_SetPriority(EXTI15_10_IRQn, 2, 1);
    HAL_NVIC_EnableIRQ(EXTI9_5_IRQn);
    HAL_NVIC_EnableIRQ(EXTI15_10_IRQn);

    pmodGpsUart.Instance = USART3;
    pmodGpsUart.Init.BaudRate = 9600;
    pmodGpsUart.Init.WordLength = UART_WORDLENGTH_8B;
    pmodGpsUart.Init.StopBits = UART_STOPBITS_1;
    pmodGpsUart.Init.Parity = UART_PARITY_NONE;
    pmodGpsUart.Init.Mode = UART_MODE_TX_RX;
    pmodGpsUart.Init.HwFlowCtl = UART_HWCONTROL_NONE;
    pmodGpsUart.Init.OverSampling = UART_OVERSAMPLING_16;
    pmodGpsUart.Init.OneBitSampling = UART_ONE_BIT_SAMPLE_DISABLE;
    HAL_UART_Init(&pmodGpsUart);
}


Listing 3. Konfiguracja GPIO dla interfejsu UART
void PmodGPS_HAL_UART_MspInit(UART_HandleTypeDef *huart)
{
    // Enable the clocks for GPIO pins used by the UART3 port (PC4, PC5).
    __HAL_RCC_USART3_CLK_ENABLE();
    __HAL_RCC_GPIOC_CLK_ENABLE();

    GPIO_InitTypeDef GPIO_InitStruct;
    GPIO_InitStruct.Mode = GPIO_MODE_AF_PP;
    GPIO_InitStruct.Pull = GPIO_PULLDOWN;
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_VERY_HIGH;
    GPIO_InitStruct.Alternate = GPIO_AF7_USART3;
    GPIO_InitStruct.Pin = GPIO_PIN_4 | GPIO_PIN_5;
    HAL_GPIO_Init(GPIOC, &GPIO_InitStruct);

    // Enable the interrupts generated by USART3 port.
    HAL_NVIC_SetPriority(USART3_IRQn, 1, 0);
    HAL_NVIC_EnableIRQ(USART3_IRQn);
}


Listing 4. Zmienne używane do odbioru danych z modułu PmodGPS
#define DATA_BUFFERS_COUNT 2

typedef struct
{
    uint8_t buffer[128];
    uint32_t index;
} DataBuffer;

DataBuffer dataBuffers[DATA_BUFFERS_COUNT];
uint32_t currentDataBuffer = 0;
uint8_t dataReady = 0;


Listing 5. Funkcja main przykładu
int main(void)
{
    HAL_Init();
    SystemClock_Config();
    Led_Config();
    Serial_Config();
    for (uint32_t i = 0; i < DATA_BUFFERS_COUNT; i++) dataBuffers[i].index = 0;
    PmodGPS_Config();
    PmodGPS_Write("$PMTK605*31\r\n", 13);
    PmodGPS_Read(dataBuffers[0].buffer, 1);
    while(1)
    {
        while(dataReady == 0)
        __NOP();
        dataReady = 0;
    // The buffer before the current one contains the data received from PmodGPS.
        uint32_t readyDataBuffer =
            (currentDataBuffer > 0) ? (currentDataBuffer - 1) : (DATA_BUFFERS_COUNT - 1);
    // Write the data from the buffer to the serial port and clear the buffer.
        Serial_Write((char*)dataBuffers[readyDataBuffer].buffer, dataBuffers[readyDataBuffer].index + 1);
        dataBuffers[readyDataBuffer].index = 0;
    }
}


Listing 6. Obsługa przerwania interfejsu UART
void HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart)
{
    if(dataBuffers[currentDataBuffer].buffer[dataBuffers[currentDataBuffer].index] == '\n')
    {
        dataReady = 1;
        currentDataBuffer++;
        if(currentDataBuffer == DATA_BUFFERS_COUNT) currentDataBuffer = 0;
    } else {
        dataBuffers[currentDataBuffer].index++;
    }
[bookmark: _GoBack]    PmodGPS_Read(&dataBuffers[currentDataBuffer].buffer[dataBuffers[currentDataBuffer].index], 1);
}


Listing 7. Fragmenty funkcji obsługujących diody Pmod8LD
void Pmod8LD_SetLed(Pmod8LD_Led led)
{
    switch(led)
    {
        case Pmod8LD_Led0:
        HAL_GPIO_WritePin(GPIOD, GPIO_PIN_10, GPIO_PIN_SET);
        break;

void Pmod8LD_ResetLed(Pmod8LD_Led led)
{
    switch(led)
    {
        case Pmod8LD_Led0:
        HAL_GPIO_WritePin(GPIOD, GPIO_PIN_10, GPIO_PIN_RESET);
        break;

