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Agenda

• Introduction to the development environment
• Introduction to (Free)RTOS
• Creating and synchronizing FreeRTOS tasks
• Tasks communication
• emWin library
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Exercises

• Exercise 0 - building and running example project
• Exercise 1 - creating tasks
• Exercise 2 - handling interrupts
• Exercise 3 - queues
• Exercise 4 - building GUI with emWin 
• Exercise 5 - handling GUI events
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VisionCB-RT-STD
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Exercise 0

• Import SDK
• Import a template project
• build project
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Exercise 0
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SEGGER J-Link

• Modification of the JLinkDevices.xml script for QSPI 
programming

 /opt/SEGGER/JLink
  C:\Program Files (x86)\SEGGER\JLink_V640

• Section
  <!--                 -->
  <!-- NXP (iMXRT105x) -->
  <!--                 -->

• Loader value
Devices/NXP/iMXRT105x/NXP_iMXRT105x_HyperFlash.elf

should be:
Devices/NXP/iMXRT105x/NXP_iMXRT105x_QSPI.elf
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SEGGER J-Link
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SEGGER J-Link
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FreeRTOS

• RTOS (Real Time Operating System)

• RT - Ensures the compliance with time constraints
deterministic scheduler
fixed priorities

• OS - Kernel executing multiple tasks
independent tasks
synchronization and communication
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FreeRTOS - tasks

Classic approach

int main(void) {

  // initialization
  
  while(1) {
    // processing
  }
}

RTOS approach

int main(void) {
  // create tasks
  // run scheduler
}

void task1(void*) {
  // initialization
  while(1) {
    // processing
  }
}
void task2(void*) {
  // initialization
  while(1) {
    // processing
  }
}
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FreeRTOS - tasks
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FreeRTOS - scheduling

configUSE_TIME_SLICING = 0 configUSE_TIME_SLICING = 1

configUSE_PREEMPTION = 0 Co-operative Scheduling

configUSE_PREEMPTION = 1 Prioritized Pre-emptive 
Scheduling

Prioritized Pre-emptive 
Scheduling with Time Slicing
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FreeRTOS - memory management

• static memory allocation
• dynamic allocation algorithms

• heap_1 - simple allocation without freeing
• heap_2 - allocation and freeing without blocks combining
• heap_3 - malloc() and free()
• heap_4 - allocation and freeing with blocks combining
• heap_5 - allocation and freeing with blocks combining with 

multiple regions support



www.somlabs.com 

FreeRTOS - Idle task

• created automatically
• lowest priority
• responsible for freeing memory
• must not be starved!
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FreeRTOS - components

• Semaphores
• Mutexes
• Queues
• Notifications
• Software timers
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FreeRTOS - file structure
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FreeRTOS - configuration

• FreeRTOSConfig.h
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FreeRTOS - memory overhead

• IAR STR71x ARM7 port
• Full optimisation
• Four priorities
• https://www.freertos.org/FAQMem.html

Scheduler 236 bytes

Queue 76 bytes + queue storage area

Task 64 bytes + the task stack size

+ 5-10 kB Flash
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FreeRTOS - time overhead

• FreeRTOS ARM Cortex-M3 port for the Keil compiler
• Stack overflow checking turned off
• Trace features turned off
• Run-time stats feature turned off
• Compiler set to optimise for speed
• https://www.freertos.org/FAQMem.html

Context switching: 84 CPU cycles
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Exercise 1

• Create a new task
• Synchronize access to the common resource (UART port) using 

a mutex
• Use the same code for multiple tasks
• Synchronize access to the common resource (UART port) by 

changing the scheduling algorithm
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Exercise 1
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Exercise 1

• Creating a new task

BaseType_t xTaskCreate(  TaskFunction_t pvTaskCode,
                         const char * const pcName,
                         unsigned short usStackDepth,
                         void *pvParameters,
                         UBaseType_t uxPriority,
                         TaskHandle_t *pxCreatedTask
                       );

void vTaskCode( void * pvParameters );
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Exercise 1

• Using the mutex

SemaphoreHandle_t xSemaphoreCreateMutex( void );

BaseType_t xSemaphoreTake( SemaphoreHandle_t xSemaphore,
                           TickType_t xTicksToWait );

BaseType_t xSemaphoreGive( SemaphoreHandle_t xSemaphore );
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Exercise 1

• Changing scheduling algorithm (FreeRTOSConfig.h)

configUSE_PREEMPTION

configUSE_TIME_SLICING
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FreeRTOS - interrupts

• No requirements regarding the interrupts handling
• Functions dedicated for the interrupts - *FromISR
• Task-interrupt cooperation

• Synchronization
• Processing deferring
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Exercise 2

• Send a notification from the button interrupt
• Add a higher priority ‘busy task’
• Observe the button-LED responsiveness
• Switch the priorities
• Change the scheduling algorithm
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Exercise 2

• Using notifications

BaseType_t xTaskNotifyFromISR( 
    TaskHandle_t xTaskToNotify,
    uint32_t ulValue,
    eNotifyAction eAction,
    BaseType_t *pxHigherPriorityTaskWoken );

BaseType_t xTaskNotifyWait( 
    uint32_t ulBitsToClearOnEntry,
    uint32_t ulBitsToClearOnExit,
    uint32_t *pulNotificationValue,
    TickType_t xTicksToWait );



www.somlabs.com 

Exercise 2

• Busy task

void busyTask(void* param) {

const TickType_t delayMs = 10 / portTICK_PERIOD_MS;
char* text = "Calculation finished\n";

while(1) {
for(int i = 0; i < 0xFFFFFFF; i++)

;

LPUART_WriteBlocking(LPUART1, (uint8_t*)text, strlen(text));
vTaskDelay(delayMs);

}
}

xTaskCreate(busyTask, "BUSY_TASK", 128, busyTask, 2, &busyTaskHandle);
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Exercise 2

• Switching priorities
   
  xTaskCreate(ledTask, "LED_TASK", 128, ledTask, 2, &ledTaskHandle);
  xTaskCreate(busyTask, "BUSY_TASK", 128, busyTask, 1, &busyTaskHandle);

• Changing scheduling algorithm

#define configUSE_PREEMPTION    0
#define configUSE_TIME_SLICING  1
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FreeRTOS - queues

• FIFO queues used for sending data
• task - task
• task - interrupt

• Data type defined by the programmer:
• simple type
• structure
• pointer
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Exercise 3

• Read temperature and pressure from MPL3115A2
• Create a queue for sending:

• simple types
• structures
• pointers

between two tasks.
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Exercise 3

PIN

1 VCC

3 SDA

5 SCL

9 GND
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Exercise 3

• Using a queue

QueueHandle_t xQueueCreate(  UBaseType_t uxQueueLength,
                             UBaseType_t uxItemSize  );

BaseType_t xQueueSend(  QueueHandle_t xQueue,
                        const void * pvItemToQueue,
                        TickType_t xTicksToWait  );

BaseType_t xQueueReceive(  QueueHandle_t xQueue,
                           void *pvBuffer,
                           TickType_t xTicksToWait  );
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emWin

• GUI library based on windows and widgets
• Touch panel support
• Easy to use with any RTOS or bare-metal application
• Examples for multiple microcontrollers

https://www.segger.com/evaluate-our-software/
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emWin - configuration

Configuration files:
• GUIConf.h
• LCDConf.h
• emwin_support.c
• emwin_support.h

#define GUI_MEMORY_ADDR ((uint32_t)s_gui_memory)
#define VRAM_ADDR ((uint32_t)s_vram_buffer)
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Exercise 4

• Analyze the GUI building code in the guiTask
• Create another GRAPH component for pressure data
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Exercise 4

PIN

1 VCC

3 SDA

5 SCL

9 GND
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Exercise 4

• Creating the GRAPH widget

GRAPH_Handle GRAPH_CreateEx( int x0, int y0, 
                        int xSize, int ySize,
                        WM_HWIN hParent, 
                        int WinFlags, 
                        int ExFlags, int Id);
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emWin - touch panel

• PID (Pointer Input Device) and MultiTouch support
• Providing touch events to the library
• Handling the input events
• Windows notifications
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Exercise 5

• Analyze handling the touch events in the software timer code
• Create buttons
• Use the buttons for acceleration axis selection
• Handle the input events
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Exercise 5

• Creating buttons

BUTTON_Handle BUTTON_Create( int x0, int y0,
                             int xSize, int ySize,
                             WM_HWIN hParent, 
                             int WinFlags,
                             int ExFlags,
                             int Id);
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Exercise 5

• Handling events

void eventCallback(WM_MESSAGE * pMsg) {
  if(pMsg->MsgId == WM_NOTIFY_PARENT) {
    if (pMsg->hWinSrc == buttonX) {
      int code = pMsg->Data.v;
      if (code == WM_NOTIFICATION_RELEASED) {
        activeAxis = ACTIVE_AXIS_X;
      }
    }
    return;
  }
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Why to use RTOS?

• Easy timing management
• Application modularity
• Team development
• Schedulability design and analysis

• MAST (mast.unican.es)
• SimSo (projects.laas.fr/simso)
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Why to use FreeRTOS?

• One of the most popular RTOS
• Very well documented
• Open-source
• FreeRTOS+ Ecosystem
• OpenRTOS an SafeRTOS
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