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Introduction

This application note illustrates the basic functionality of the FreeRTOS™ Real
Time Operating System and show how to use it on SAM microcontroller by
covering following points:

e What are a Real-Time application and a real time operating system?

o How to create and configure a FreeRTOS project

e How to make use of FreeRTOS basic functionality in an embedded project
e How to make use of Graphical debugging tool

The description is based on FreeRTOS kernel port available in Atmel Software
Framework (ASF). All the processes illustrated in this document can be

reproduced on any Atmel Studio project for SAM devices based on ASF3.8.1 or
higher.

Atmel-42382A-Getting-Started-with-FreeRTOS-on-Atmel-SAM-Flash-MCUs-ApplicationNote_ 122014




Table of Contents

I 13114 Yo 11T e o O 3
1.1 Whatis a Real-Time APPICAtIONT .......coi e e e e e e e ar e e e e e e e e nnnnes 3

1.2 Real-Time Operating System and Multitasking .............ccoiiiiiiiiiii e 3

1.3 FreeRTOS INrOAUCHION ......ooiiiiiiiei ettt ettt et e e eaee e 3

1.3.1  The Fre€RTOS KEINEL..... . ettt e e et e e e e e e e et e e e e e e e aeannnees 4

1.3.2 FreeRTOS Tasks Management MeChaniSM...........cccviiiiiiieiiiiieiiie e 5

1.3.3  FreeRTOS Memory Management ...........occueeiiimiiiiiiiiieiieee ettt 6

2 FreeRTOS Kernel Inclusion and Configuration...........ccceeeeviiiiiiiiiiiieee e 6
2.1 Add the Kernel to an EXiSting ProjeCt..........cooiiiiiiiii e e 7

2.2 Configuration the Kernel According to Application Requirement............ccocoiiiiiiiiie e, 9
2.2.2  System and TiCK FIEQUENCY ........ooeiiuiiiiiiiiie ettt et e e e e e e 11

3 Tasks Creation and Scheduling .........ccccomimii s 12
Bu1 TASK STTUCKTUIE ...ttt ettt ettt ettt b e e ae e h e e bt e bt e be e e nbeeenae e e nbeeeennee e 12

3.2 Task Creation and DeltiON .............coiiiiiiiiiii ettt 13

3.2.1  XTaskCreate FUNCHON ... et e e et e e e e e naeaeeeeas 13

3.2.2 VTaskDelete FUNCHON ...t e e e ee s 13

G T - 11 Q1Y =T F= T [T o g =T o | O OSSP PP PRSP PUP PRI 14

3.4 Priority Settings and RouNd RODIN ..........oiiiiii e 17

4  Kernel ODbjJECtS ..o 20
3 TS To Tz T =T I 1 1= O F - o PR URP SR 20

NS T o (=T o) o] I 7= T [ PRSP 23

4.3 QUEUE MENAGEIMENT.......oiiiiiitiii ettt ettt et a e e st nen e et e esan e e sareener e e saneenens 27

5  HOOK FUNCLIONS ... 32
5.1 1d1€ HOOK FUNCLON ...ttt ettt ettt ettt et e steeennne e e 32

5.2 TICk HOOK FUNCHION.....cooiieeiie ettt e e ettt e e e e e e e et et e e e e e e e s mnbeeeeeaeeeaannnnneeeans 33

5.3 Malloc Failed HOOK FUNCHON ... e e e e e e eee s 33

6 Debugging a FreeRTOS Application ........cccuuiiiiiiiiiiceiccis s s e s 33
6.1 FreeRTOSHTIace INtegration............ooi ittt 35

6.2 Debug your Application using FreeRTOSHTIACE ......cccvviiiiiiiiiiii e 37

7  Revision HiStory ... 41

2 Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] AtmeL

Atmel-42382A-Getting-Started-with-FreeRTOS-on-Atmel-SAM-Flash-MCUs-ApplicationNote_ 122014



1.1

1.2

1.3

Introduction

What is a Real-Time Application?

The main difference between a standard application and a real-time application is the time constraint related to
actions to perform. In a real-time application the time by which tasks will execute can be predicted
deterministically on the basis of knowledge about the system’s hardware and software. Typically, applications of
this type include a mix of both hard and soft real-time requirements.

e Soft real-time requirements: are those that state a time deadline—but breaching the deadline would not
render the system useless. For example, responding to keystrokes too slowly may make a system seem
annoyingly unresponsive without actually making it unusable.

o Hard real-time requirements: are those that state a time deadline—and breaching the deadline would
result in absolute failure of the system. For example, a driver’s airbag would be useless if it responded to
crash sensor inputs too slowly.

In order to fit with these time requirements, the usage of a real time operating system (RTOS) is often needed.

Real-Time Operating System and Multitasking

The most basic feature, common to all operating system is the support for multitasking. On top of this, can be
added the support of networking, peripheral interfacing, user interface, printing, etc...

An embedded system may not require all of this, but need some of them. The types of operating systems used in
real time embedded system often have only the fundamental function of support for multitasking. These
operating systems can vary in size, from 300 bytes to 10Kb, so they are small enough to fit inside internal
microcontroller flash memory.

Embedded systems usually have access to only one processor, which serve many input and output paths. Real
time operating system must divide time between various activities in such way that all the deadlines
(requirements) are met.

A real time operating system will always include the following features:

e  Support of multiple task running concurrently

e A scheduler to determine which task should run

e Ability for the scheduler to preempt a running task
e  Support for inter-task communication

FreeRTOS Introduction

FreeRTOS is a real-time kernel (or real-time scheduler) on top of which Cortex®-M3/M4 microcontroller
applications can be built to meet their hard real-time requirements. It allows Cortex-M3/M4 microcontroller
applications to be organized as a collection of independent tasks to be executed. As most Cortex-M3/M4
microcontrollers have only one core, only one task can be executed at a time. The kernel decides which task
should be executing by examining the priority assigned to each by the application designer. In the simplest case,
the application designer could assign higher priorities to tasks that implement hard real-time requirements and
lower priorities to tasks that implement soft real-time requirements. This would ensure that hard real-time tasks
are always executed ahead of soft real-time one.

Atmel Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] 3
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1.3.1

The FreeRTOS Kernel

FreeRTOS kernel is target independent and is distributed as an independent module under the Atmel Software
Framework. This module can be added in any standard project using the ASF wizard available under Atmel
Studio or can be added manually when using the standalone version of ASF under IAR™,

Figure 1-1. The FreeRTOS Module is Made of the Following Source Files

FreeRTOS.h
stddef.h projdefs.h FreeRTOSConfig.h portable.h
portmacro.h mpu_wrappers.h

list.c croutine.c timers.c heap 3.c gueue.c tasks.c

The Cortex-M3/M4/MO0+ port include all the standard FreeRTOS features:

e Pre-emptive or co-operative operation
e Very flexible task priority assignment
e  Software timers

e Queues

e Binary semaphores

e Counting semaphores

e Recursive semaphores

e  Mutexes

e Tick hook functions

e Idle hook functions

e  Stack overflow checking

e Trace hook macros

FreeRTOS can be configured to exclude unused functionality from compiling and so reduce its memory footprint.

Note: The FreeRTOS kernel is released under GPL with exception, allowing user applications to stay closed
source. The BSP part is a mix of GPL with exception license and code provided by the different hardware
manufacturers.

Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] AtmeL
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1.3.2 FreeRTOS Tasks Management Mechanism
FreeRTOS allows to handle multiple concurrent tasks, but only one task can be run at a time (single core
processor). Thus the system requires a scheduler to time slice the execution of concurrent tasks. The scheduler
is the core of the FreeRTOS kernel; it selects the task to be executed according to priority and state of the task.
The different task states are illustrated in Figure 1-2.
Figure 1-2. lllustrates the Different Tasks of the FreeRTOS Kernel
( Not running A
Suspended
/ i Vtask Suspendfi-._,_
r VtaskSuspend() cplled
f called ViaskResume()
| J called
[ ™
| Sched{iler )
| Ready activity Running
A
ViaskSuspend()  Event
\ called Blocking API
N function called /
\ ’,,/
| Blocked
. /
At application level there are two possible states for a task: “Running” and “Not Running”. But at scheduler
level, “Not Running” state is divided in three:
e Suspend: Task has been suspended (deactivated) by the application
e Blocked: Task is blocked and waiting for synchronization event
o Ready: Ready to execute, but a task with higher priority is running
Task scheduling aims to decide which task in “Ready” state has to be run at a given time. FreeRTOS achieves
this purpose with priorities given to tasks while they are created. Priority of a task is the only element the
scheduler takes into account to decide which task has to be switched in. Every clock tick makes the scheduler to
decide which task has to be woken up.
| ,Rtos Tick
Kernel (0) Time :
Running
Task1(N) EEEE NN NN NN EEEEEEEEEEEEER
Not
Task 2 (N+1) Running
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1.3.3

FreeRTOS Memory Management

FreeRTOS allows an unlimited number of tasks to be run as long as hardware and memory can handle them. As
a real time operating system, FreeRTOS is able to handle both cyclic and acyclic tasks.

Figure 1-3 illustrates the memory allocation of tasks in RAM.

Figure 1-3. lllustration of the Memory Allocation of tasks in RAM

1 2 3

configTOTAL_HEAP_SIZE

;

The RTOS kernel allocates RAM each time a task or a kernel object is created. The section allocated to a task or
an object is called a stack. The size of this stack is configurable at task creation. The stack contains the “Task
File” and the” Task Control Board” (TCB) that allows the kernel to handle the task. All stacks are stored in a
section called HEAP. The heap management is done according the Heap_x.c file included with the kernel the
selection of Heap_x.c file should be done according to application requirement.

e Heap_1.c: This is the simplest implementation of all. It does not permit memory to be freed once it has
been allocated.

e Heap_2.c: This scheme uses a best fit algorithm and, unlike scheme 1, allows previously allocated blocks
to be freed. It does not however combine adjacent free blocks into a single large block.

e Heap_3.c: This implements a simple wrapper for the standard C library malloc() and free() functions that
will, in most cases, be supplied with your chosen compiler. The wrapper simply makes the malloc() and
free() functions thread safe.

e Heap_4.c: This scheme uses a first fit algorithm and, unlike scheme 2, does combine adjacent free
memory blocks into a single large block (it does include a coalescence algorithm).

In all cases except Heap_3.c, the total amount of available heap space is set by "configTOTAL_HEAP_SIZE”
defined in FreeRTOSConfig.h. In case of scheme 3, the heap size is configured in linker script.

FreeRTOS Kernel Inclusion and Configuration
This chapter describes the inclusion and configuration of FreeRTOS kernel in an Atmel studio 6.1 project. By
covering the following aspects:

e Use the ASF wizard to add the kernel in an existing project

e Configure FreeRTOS kernel according to product specification

o Optimize kernel size according to application requirements

Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] AtmeL
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2.1  Add the Kernel to an Existing Project

The FreeRTOS kernel is available in the Atmel Software Framework (ASF) as a standard module that can be
added to any project built around ASF. In this document the process is illustrated in an SAM4S-Xplained Pro

project, but is applicable for all existing project.

In any existing project, the kernel module addition is performed through the ASF wizard of Atmel Studio 6.1.

File Edit View WAssist{ ASF Project Build Debug Toolff’ Window Help
A - SHd| s aBo-e0 -GSl b0

NE RS @ O BP0 a5 U b [y

Different FreeRTOS modules are available in the wizard, all of them start with “FreeRTOS “and can be easily

ebug ~| | ([ |BOARD_REV_B

MG oI =R

Ve |-l 2 gl B f #88| o o) i @ ATSAMASIEE § NoTool

found by using the search bar from the “ASF wizard window”.

ASF Wizard 3

Devics:  ATSAMMSIGC  Project; |My_SAMAS-EK Project «

Extensions Version

Available Modules

Selected Modules

Brtensions: [Atmel ASFE91)  ~|  Show:  [Al - FreeRTOS

| I Generic board support (driver]

FreeRTOS - PDC Interface Layer (service)
FreeRTOS - SPIInterface Layer (service)
FreeRTOS - TW Interface Layer (service)
FreeRTOS - USART Interface Layer (service)
FreeRTOS mini Real-Time Kernel (service)

| GPIO - General purpose Input/Output (service)
[ IOPORT - General purpose I/O service (service)
[ PIO - Parallel Input/Qutput Controller (driver)

Info Actions Details

The kernel is an independent module called “FreeRTOS mini real time kernel’. When selected in the available
module list, that can be add by clicking on “Add >>” button then “Apply” button. During the selection you can

specify which version of the kernel to include in the project.

Atme[ Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE]
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ASF Wizard X

main.c

Extensions: Atmel ASF(3.91) Show:

FreeRTOS

Device: ATSAMASIEC  Project: | My_SAMAS-EK Project +
Extensions Version
Available Modules Selected Modules

I a FreeRTOS - PDC Interface Layer (service)
I a FreeRTOS - SPIInterface Layer (service)
I B FreeRTOS - TWl Interface Layer (service)

1

u Generic board support (driver)

0

I Bl GPIO - General purpose Input/Qutput (service)

I B IOPORT - General purpose /O service (service) 2
I B PIO - Parallel Input/Qutput Controller

(i
[ u FreeRTOS mini Real-Time Kernel |’servfci

..— o ) .

Info Actions

Details

FreeRTOS - PDC Interface Layer 4 .

PN interface ahstraction laver tn the FreeRTOS kernel.

o] L=

Note: FreeRTOS source code is licensed by the modified GNU General Public License (GPL). A license
agreement is then required to use the kernel in an industrial project. Information on this license can be

found in the license agreement window that appears when adding the kernel.

T

License Agreement
Accept license for FreeRTOS - Kernel 7.3.0

The FreeRTOS.arg source code is licensed by the modified GNU General Public
License (GPL) text provided below. The FreeRTOS download also includes
dema application source code, some of which is provided by third parties
AND IS LICENSED SEPARATELY FROM FREERTOS.ORG.

For the avaidance of any doubt refer to the comment included at the top
of each source and header file for license and copyright information.

This is a list of files for which Real Time Engineers Ltd are not the
copyright owner and are NOT COVERED BY THE GPL.

1} Warious header files provided by silicon manufacturers and tool vendors
that define processor specific memory addresses and utility macros.
Permission has been granted by the various copyright heolders for these

o o o0

ATAe o '

After module addition the kernel sources and configuration files are available in the solution explorer under
“src/ASF/thirdparty/FreeRTOS “path.
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2.2

Atmel

Selution Explorer

=
[l Solution 'My_SAM4S-EK_Project’ (1 project]
a4 |1 My SAMAS-EK Project |
|=d| Dependencies
[=d] Qutput Files
[+ [«a] Libraries
4 | src
4 @y ASF
[» [od common
= [od sam
4 = thirdparty
r o [ad CMSIS
4 s freertos

v 0 X

a4 |5 freertos-73.0
I+ [od source
|Z] ATMEL-disclaimer.bet
=] readmett

=== FreeRTOS sources

Pl config
|n] conf_board.h
1] _copf clockh

| [l FreeRTOSConfigh

| €==—= FreeRTOS configuration file

ast.h

=

lc] main.c

£ Solution Explorer

Note:

In addition of the inclusion of source in the project, the wizard automatically adds FreeRTOS module

sources path to the compiler input directory path.

Configuration the Kernel According to Application Requirement

The kernel configuration is done through a dedicated header files (“FreeRTOSConfig.h”) available in the project
conf directory see following figure. The kernel configuration is achieved by modifying some predefine “config”
and “INCLUDE” definitions. By default these definition are already set.

Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] 9
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i 3 =
mil)r_SAMds—E K_Praject - AtmelStudio {(Administrator)

File Edit View WAssist{ ASF Project Build Debug Tools Window Help

I T

P8 - S S| %G9 - - S5 B A P EDebyg

-] | 2% |BOARD_ReV_E R B iEE 2

PR T G i u| e ou ks

| § FreeRTOSConfigh 3¢
[

= T e |3~ @D A E

B | o} o ATSAMASIEC § NoTool _

oAl Solution Explorer 1 x

> FreeRTOSConfig. = ||

[Foof = 2

61

62 [F#if defined (__GNUC__) || defined (__ICCARM )
63 | #include <stdint.h»

64 | #endif

66 #define configUSE_PREEMPTION

67 | #define configUSE_IDLE_HOOK

68 | #define configUSE_TICK_HOOK

69 | #define configCPU_CLOCK_HZ

78 | #define configTICK_RATE_HZ

71 | #define configMAX_PRIORITIES

72 | #define configMINIMAL STACK SIZE
73 | #define configTOTAL_HEAP_SIZE

1
@
L]
(
(
(
(
(
(
1
76 | #define configUSE_16_BIT_TICKS e
1
1
8
-]
1
1
L]
1

sysclk_get_cpu_hz() )

( portTickType ) 1l@ee )

( unsigned portBASE_TYPE ) 5 )
( unsigned short ) 138 )

( size t ) ( 4@960 ) )

e ,i Solution 'My_SAM4S-EK_Project’ (1 project)
- Fl My_SAM45-EK_Project
[=d| Dependencies

[=d| Output Files fl
> [ Libraries
a [ sc ll
> [E0 ASF
4 | config

[n] conf_board.h

Hl [n] FreeRTOSConfig.h

| —
[¢] main.c

s L WS SRR <5 Solution Explorer

74 | #define configMAX_TASK_NAME_LEN 10 )

75 | #define configUSE_TRACE_FACILITY

77 | #define configIDLE_SHOULD YIELD

78 | #define configUSE_MUTEXES

79 | #define configQUEUE_REGISTRY_SIZE

89 | #define configCHECK FOR STACK OVERFLOW

81 | #tdefine configUSE_RECURSIVE_MUTEXES

82 |#define configUSE_MALLOC_FAILED HOOK

83 | #define configUSE_APPLICATION_TASK_TAG

84 #define configUSE_COUNTING_SEMAPHORES

85

86 | /* Co-routine definitions. */

87 | #define configlSE_CO_ROUTINES @

88 | #define configMAX_CO_ROUTINE_PRIORITIES { 2 )
W0% - 4| m
Output

9@

Show output from: |XDI( Packaging

B Error List 5] [NsNd B Find Results1

Ready

Taking time to adapt the kernel to application needs allows reducing the footprint of the kernel in memory. Table
2-1 lists the FreeRTOS kernel configuration and customization definitions that can be found in the

FreeRTOSConfig.h.

Table 2-1.

FreeRTOS Configuration and Customization Definitions

configUSE_PREEMPTION

Set to 1 to use the preemptive RTOS scheduler, or 0 to use
the cooperative RTOS scheduler

configUSE_IDLE_HOOK

Enable/disable IDLE Hook (callback when system has no
active task)

configUSE_TICK_HOOK

Enable/disable TICK Hook (callback on every tick)

configCPU_CLOCK_HZ

Defines CPU clock for tick generation

configTICK_RATE_HZ

Defines Tick Frequency in Hertz

configMAX_PRIORITIES

Defines the number priority level that kernel need to man-
age

configMINIMAL_STACK_SIZE

Defines the minimal stack size allocated to a task

configTOTAL_HEAP_SIZE

Defines the size of the system heap

configMAX_TASK_NAME_LEN

Defines the Maximum Task name length (used for debug)

configUSE_TRACE_FACILITY

Build/omit Trace facility (used for debug)

10 Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE]
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1: portTickType = uint_16; 0: portTickType = uint_32
configUSE_16_BIT_TICKS Improve performance of the system, but Impact the maxi-
mum time a task can be delayed

The users application creates tasks that run at the idle

configIDLE_SHOULD_YIELD .
priority

configUSE_MUTEXES Build/omit Mutex support functions

Defines the maximum number of queues and semaphores

configQUEUE_REGISTRY_SIZE that can be reglstered

configCHECK_FOR_STACK_OVERFLOW Enables stack over flow detection
configUSE_RECURSIVE_MUTEXES Build/omit Recursive Mutex support functions
configUSE_MALLOC_FAILED_HOOK Build/omit Malloc failed support functions
configUSE_APPLICATION_TASK_TAG Build/omit Task tag functions
configUSE_COUNTING_SEMAPHORES Build/omit counting semaphore support functions
configUSE_CO_ROUTINES Build/omit co-routines support functions
configMAX_CO_ROUTINE_PRIORITIES Defines the maximum level of priority for coroutines
configUSE_TIMERS Build/omit timers support functions
configTIMER_TASK_PRIORITY Defines timer task priority level
configTIMER_QUEUE_LENGTH Sets the length of the software timer command queue

Sets the stack depth allocated to the software timer ser-

configTIMER_TASK_STACK_DEPTH .
vice/daemon task

2.2.2 System and Tick Frequency

An important point to take in account when using an RTOS is the system frequency and more particularly the
kernel tick frequency (Time base information of the RTOS). The kernel tick frequency is defined in the
“FreeRTOSConfig.h” and is based by default on the MCU frequency. The tick frequency can be set according to
following definitions:

#tdefine configCPU_CLOCK_HZ (sysclk_get cpu_hz())
#tdefine configTICK_RATE_HZ ((portTickType)1000)

The first definition uses the “sysclk_get_cpu_hz” function from ASF to retrieve the frequency of the CPU. In a
project based on ASF, the CPU frequency is set according “conf_clock.h” file.

The second definition allows setting the tick frequency in Hz.

A W NING In order to ensure that sysclk_get cpu_hz() return the correct system frequency, the

“sysclck_init” function should be added at the beginning of the main routine, to ensure
that correct frequency configuration is applied during code execution.

Atme[ Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] 11
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3.1

12

#include <asf.h>

Int main (void)

{

Sysclk_init();
Board_init();

Tasks Creation and Scheduling

This chapter goes through the basic tasks creation, scheduling, and handling processes by describing:
e Task structure
e Task creation
e Task scheduling
e  Priority setting
All steps will be illustrated by FreeRTOS+Trace in order to see the impact of the different kernel function calls and

settings. For more detail on how to configure “FreeRTOS+Trace” refer to Chapter 6 Debugging a FreeRTOS
Application.

Task Structure

A task is implemented by a function that should never return. They are typically implemented as a continuous
loop such as in the “vATaskFunction” shown below:

void vATasRFunction( void *pvParameters )
{
for( ;5 )
{
/* Task application code here.*/
}
}

As no return is performed, the task should be of a void type. A specific structure “pvParameters” can be used to
pass information of any type into the task:

Typedef struct {
const char Parameterl;
const uint32_t Parameter2;
/000"y

} pvParameters;

In order to be executed, a task need to be created (Memory allocation + add to Scheduling list). At creation, a
handler ID is assigned to each task. This ID will be used as parameter for all kernel task management function.

xTaskHandle task_handle_ID;

Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] AtmeL
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3.2 Task Creation and Deletion
The task creation and deletion are done by kernel function “xTaskCreate()” and “vTaskDelete()".
3.21 XTaskCreate Function
The “xTaskCreate” function creates a task by allocating RAM to it (creation of the task stack). It's parameters
allows to set the name, stack depth, and priority of the task, and also to retrieve task identifier and pointer to RAM
function where the task code is implemented. After its creation a task is ready to be executed. XTaskCreate
function call should be done prior to scheduler call.
Function Prototype:
Void xTaskCreate(pvTaskCode, pcName, usStackDepth, pvParameters, uxPriority,
pxCreatedTask;
Function Parameters:
o PvTaskCode: Pointer to the function where the task is implemented
e PcName: Given name of the task. Intended for debugging purpose only
e UsStackDepth: Length of the stack for this task in words
o PvParameters: Pointer to Parameter structure given to the task
e  UxPriority: Priority given to the task, a number between 0 and MAX_PRIORITIES - 1 (see Kernel
configuration)
e PxCreatedTask: Pointer to an identifier that allows handling the task. If the task does not have to be
handled in the future, this can be NULL
3.2.2 VTaskDelete Function
In order to use the “INCLUDE_vTaskDelete” must be defined as 1 in FreeRTOSConfig.h.
The “vTaskDelete function is used to remove a task from the scheduler management (removed from all ready,
blocked, suspended, and event lists). The identifier of the task to delete should be passed as parameter.
Prototype:
void vTaskDelete(xTaskHandle pxTask);
Function Parameters:
e PxTask: Pointer to identifier that allows handling the task to be deleted. Passing NULL will cause the
calling task to be deleted.
Note: When a task is deleted, it is the responsibility of idle task to free all allocated memory to this task by
kernel. Note that all memory dynamically allocated must be manually freed.
Task deletion should be avoided in majority of RTOS apps in order to avoid HEAP actions, heavy in CPU
cycles. It is preferable to have a task put in sleep mode and awakens on events for regular actions to
obtain deterministic timings.
The following code example illustrates a simple task definition and creation:
AtmeL Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE] 13
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#include <asf.h>

/* Task handler declaration*/
xTaskHandle workerl_id;

static void workerl_task(void *pvParameters)

{

for(5;)
/* task application*/

/* Should never go there */
vTaskDelete(NULL);

}

Int main (void)

{
Sysclk_init();
Board_init();
/* Create Worker 1 task */
xTaskCreate(workerl_task, "Worker 1",configMINIMAL_STACK_SIZE+1000,NULL, 2,& workerl_id);
/*Start Scheduler*/
vTaskStartScheduler()
while(1);

}

As any code in infinite loop can fail and exit this loop, it is safer even for a repetitive task, to invoke
vTaskDelete() before its final brace.

3.3 Task Management

FreeRTOS kernel offers different functions for task management. These functions allow setting tasks in different
states and also obtain information on their status. Here is a list of available functions:

VTaskDelay : /* Delay a task for a set number of tick */
VTaskDelayUntil /* Delay a task for a set number of tick */
VTaskPrioritySet /* Set task priority */

UxTaskPriorityGet /* Retrieve Task priority setting */
VTaskSuspend /* Suspend a Task */

VTaskResume /* Resume a Task */

ETaskStateGet /* Retrieve the current status of a Task */
VTaskDelete /* Delete a Task */

Most of these functions will be used and described in the different example of the document.

To illustrate the management of task and also following description on kernel object usage we will take the
following context example:
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static

{

#include <asf.h>

xTaskHandle workerl_id;
xTaskHandle worker2_id;

void workerl task(void *pvParameters)

static uint32_t idelay;
static uint32_t Delay;
Delay = 100000;
/* Worker task Loop. */
for(s;)
{
/* Simulate work */
for (idelay = 0; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(workerl id);
}
/* Should never go there */
vTaskDelete(workerl id);

static

{

void worker2 task(void *pvParameters)

static uint32_t idelay;
static uint32_t Delay;
Delay = 100000;

/* Worker task Loop. */
for(;;)

{

/* Simulate CPU work */
for (idelay = 0; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(worker2_id);
¥
/* Should never go there */
vTaskDelete(worker2 id);

Atmel
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Int main (void)
{
Sysclk_init();
Board_init();
xTaskCreate(workerl_task, "Worker 1", configMINIMAL_STACK_SIZE+1000,NULL, 2,& workerl_id);
/* Create Worker 2 task */
xTaskCreate(worker2_task, "Worker 2", configMINIMAL_STACK_SIZE+1000,NULL, 1,& worker2_id);
/*Start Scheduler*/
vTaskStartScheduler()
while(1);

In this code example, two tasks with different priority are created. Each task simulates a CPU workload by
performing a loop of a certain time (idelay). After the execution of this loop, the task is suspended using the
“vTaskSuspend”. As they are not resumed in the program the tasks are executed only one time.

Figure 3-1. Result on FreeRTOS+Trace
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3.4 Priority Settings and Round Robin

FreeRTOS allows developer to affect different level of priority for each task to be executed. The task priority
setting is performed during task creation (xTaskCreate, uxPriority parameter). See the following extract from the
previous chapter example:

Int main (void)

{
Sysclk_init();
Board_init();
xTaskCreate(workerl_task, "Worker 1", configMINIMAL_STACK_SIZE+1000,NULL
/* Create Worker 2 task */
xTaskCreate(worker2_task, "Worker 2", configMINIMAL_STACK_SIZE+1000,NULL J§ 1 J& worker2_id);
/*Start Scheduler*/
vTaskStartScheduler()
while(1);

& workerl_id);

Using different priority combination will have a different impact on the tasks scheduling and execution. In the
current example, the “worker 1 task has a higher priority than the worker 2 one. This results in the execution of
“worker 1” task prior to “worker 2”.
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By modifying the code to set a higher priority on worker 2 task, will allow to execute it prior to “worker 1” task:

Int main (void)

{
Sysclk_init();
Board_init();

/*Start Scheduler*/

while(1);

vTaskStartScheduler()

xTaskCreate(workerl_task, "Worker 1", con-FigMINIMAL_STACK_SIZE+1990,NULL workerl_id);
/* Create Worker 2 task */
xTaskCreate(worker2_task, "Worker 2", con-FigMINIMAL_STACK_SIZE+1000,NULL worker2_id);
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When two or more tasks share the same priority, the scheduler will cut their execution in time slice of one tick
period and alternate their execution at each tick. This way of executing task is also known as round robin.

Int main (void)

{
Sysclk_init();
Board_init();

while(1);

xTaskCreate(workerl_task, "Worker 1",con-FigMINIMAL_STACK_SIZE+1000,NULL

/* Create Worker 2 task */

xTaskCreate(worker2_task, "Worker 2", con-FigMINIMAL_STACK_SIZE+1000,NULL worker2_id);
/*Start Scheduler*/
vTaskStartScheduler()

& workerl_id);
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Kernel Objects

In addition to standard task scheduling and management functionality, FreeRTOS provides kernel objects that
allow tasks to interact each other. In this chapter we will focus on the following standard kernel object.

e  Software Timer

e  Binary semaphores

e Queues

Software Timer Usage

A software timer allows a specific function to be executed at a set time in the future. The function executed by the
timer is called the timer’s callback function. The time between a timer being started and its callback function
being executed, is called the timer’s period. In short, the timer's callback function is executed when the timer
period expires.

A timer can be linked to tasks using a specific handle ID. It also has a dedicated priority setting (see FreeRTOS
config file).
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xTimerHandle Timer handle;

Different functions are used for creating and managing timers. Most of these functions need a timeout value of
type xBlockTime. This timeout represents the maximum tick latency for the function to be taken into account. As
the timer is like a task, it needs to have a higher priority, to be allowed to run when command is called. The
xBlockTime is a time-out in case the timer function is not handled on time. This is why it should have one of the
highest priorities in the system. Here is a list of all these function:

e xTimerCreate:
Description:
Prototype:

Parameters:

e xTimerStart:

Description:

Prototype:
Parameters:

e xTimerStop:

Description:

Prototype:
Parameters:

Function used to create a timer object

xTimerHandle xTimerCreate(*pcTimerName, xTimerPeriodInTicks,
uxAutoReload, pvTimerID, pxCallbackFunction);

pcTimerName: Given name to the timer, for debugging purpose only
xTimerPeriodInTicks: Number of tick in timer period
uxAutoReload: If set to 1, activate timer auto reload feature
pvTimerID: Pointer to pre defined timer ID (xTimerHandle)

pxCallbackFunction: Pointer to callback function to be executed
when the timer's period expires

Function used to start a timer
void xTimerStart(xTimer, xBlockTime)
xTimer: targeted timer ID

xBlockTime: Timeout for function to be handled by timer object

Function used to stop a timer
void xTimerStop(xTimer, xBlockTime)
xTimer: targeted timer ID

xBlockTime: Timeout for function to be handled by timer object

Going back to the contextual example, the inclusion of code highlighted in red in the following example illustrates
the process to initialize a 500 ticks software timer.
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#include <asf.h>

xTaskHandle workerl_id;
xTaskHandle worker2_id;
xTimerHandle Timer_id;

static void workerl_task(void *pvParameters)
{
static uint32_t idelay;
static uint32_t Delay ;
Delay = 100000;
for(;;)
{
/* Simulate work */
for (idelay = 0; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(workerl_id);
¥
/* Should never go there */
vTaskDelete(NULL);

}

static void worker2_task(void *pvParameters)
{
static uint32_t idelay;
static uint32_t Delay ;
Delay = 100000;
for(;;)
{
/* Simulate CPU work */
for (idelay = 0; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(worker2_id);

/* Should never go there */
vTaskDelete(NULL);

}

void TimerCallback( xTimerHandle pxtimer )

{
}

/* Timer Callback section*/

int main (void)

{
board_init();
sysclk_init();

/*Create 2 Worker tasks. */
xTaskCreate(workerl_task, "Worker
1", configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+1,&workerl_id);
xTaskCreate(worker2_task, "Worker 2",configMINIMAL_STACK_SIZE+1000,NULL,
tskIDLE_PRIORITY+2,&worker2_id);

/* Create one Software Timer.*/

Timer_id = xTimerCreate("Timer",500,pdTRUE,0,TimerCallback);
/* Start Timer.*/

xTimerStart( Timer_id, 0);

vTaskStartScheduler();

Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE]

Atmel-42382A-Getting-Started-with-FreeRTOS-on-Atmel-SAM-Flash-MCUs-ApplicationNote_ 122014

Atmel



4.2

,

File Find View Bookmarks J-Link Help
= _— 0 B on
B istartup) - (No Actor Selected)
B T Sve | EB
Workerzl
l Waorker 1
— =
] o 2.000.000
Zoom In | Zoom Cut |
— =
View Filter
B [¥] Actor Instances: 14 of 14
B} [] Kemel Notices: 0of §
- = [[] Kemel Objects Uses (N/A)
t [[] Kemel Service Calls {M/4)
] BN 4.000.000

Semaphore Usage

In order to synchronize different tasks together, FreeRTOS kernel provides semaphore objects. A semaphore
can be compared to a synchronization token that tasks can exchange with each other.

In order to synchronize a task with an interrupt or another task, the task to synchronize will request a semaphore
by using the function “xSemaphoreTake’. If the semaphore is not available the task will be blocked waiting for its
availability. At this time the CPU process will be released and another concurrent ready task will be able to
start/continue its work. The task/interrupt to be synchronized with will have to execute “xSemaphoreGive”
function in order to unblock the task. The task will then take the semaphore.

Here is an example describing semaphore usage between hardware interrupt and task:

The semaphore is not
available..,
...50 the task is blocked
waifing for the semaphore
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nterupt!
xSemaphoreGiveFromISR({) — — — —¥xSemaphoreTake()

An interrupt occurs.. that
‘gives’ the semaphare. . ..

ask

nterupt!
xSemaphoreGiveFromISR() —_—— xSemaphoreTake()

which unblocks the task
(the semaphore is now
available).

ask

[D] xSemaphoreTake()
O

...that now successfully
‘takes’ the semaphore, so it
is unavailable once more.

Going back to our contextual example, the following code in red illustrates the creation of a “Manager Task” that
creates and uses a notification semaphore in order to synchronize its execution with the previously created timer.
This “Manager Task” will have the highest priority in the system but will need the release of the notification
semaphore (implemented in the timer callback) to be unblocked. This manager task function will be used to
resume the worker task.
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#include <asf.h>

xTaskHandle workerl_id;
xTaskHandle worker2_id;
xTaskHandle manager_id;
xTimerHandle Timer_id;
xSemaphoreHandle notification_semaphore;

static void workerl_task(void *pvParameters)
{

static uint32_t idelay,Delay ;

Delay = 100000;

for(;;)

/* Simulate work */

for (idelay = ©; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(workerl_id);

/* Should never go there */
vTaskDelete(NULL);

}

static void worker2_task(void *pvParameters)
{
static uint32_t idelay , Delay;
Delay = 100000;
for(;;)
{
/* Simulate CPU work */
for (idelay = 0; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(worker2_id);

/* Should never go there */
vTaskDelete(NULL);
}

void TimerCallback( xTimerHandle pxtimer )

{

/* notify manager task to start working. */
xSemaphoreGive(notification_semaphore);
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static void manager_task(void *pvParameters)

{

/* Create the notification semaphore and set the initial state. */
vSemaphoreCreateBinary(notification_semaphore);
vQueueAddToRegistry(notification_semaphore, "Notification Semaphore");
xSemaphoreTake(notification_semaphore, 0);

for(5;)
{
/* Try to get the notification semaphore. */
/* The notification semaphore is only released in the SW Timer callback */
if (xSemaphoreTake(notification_semaphore, 10000))
{
vTaskResume (workerl_id);
vTaskResume (worker2_id);

int main (void)

{
board_init();
sysclk_init();
/*Create 2 Worker tasks. */
xTaskCreate(workerl_task, "Worker 1",configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+1,
&workerl_id);
xTaskCreate(worker2_task, "Worker 2",configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+2,
&worker2_id);
/* Create one Software Timer.*/
Timer_id = xTimerCreate("Timer",500,pdTRUE,®, TimerCallback);
/* Start Timer.*/
xTimerStart( Timer_id, 0);
/* Create one manager task.*/
xTaskCreate(manager_task, "manager",configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+3,
&manager_id);
vTaskStartScheduler();
while(1);

}
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4.3 Queue Management

Queues are used for inter-task communication and synchronization in a FreeRTOS environment. They are an
important subject to understand as it is unavoidable to be able to build a complex application with tasks
interacting with each other. They are meant to store a finite number of fixed size data. Queues should be
accessible for reads and writes by several different tasks and do not belong to any task in particular. A queue is
normally a FIFO which means elements are read in the order they have been written. This behavior depends on
the writing method: Two writing functions can be used to write either at the beginning or at the end of this queue.

lllustration of Queue Usage:

A queue is created to allow task 1 and task 2 to communicate. The queue can hold a maximum of five values.
When a queue is created, it does not contain any value so it is empty:

s !
™y
Task1 = =) Task2
\ / >,
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Task 1 writes a value on the queue; the value is sent to the end. Since the queue was previously empty, the value
is now both the first and the last value in the queue:

-

Task 1 Task 2

(=] |L111J
)

Task 1 sends another value. The queue now contains the previously written value and this newly added value.
The previous value remains at the front of the queue while the new one is now at its back. Three spaces are still
available:

-

Task 1 Task 2

@0
)

Task 2 reads a value in the queue. It will receive the value in the front of the queue:

™)
™y

-

Task 1 Task 2

(E==amE)

Task 2 has removed an item. The second item is moved to be the one in the front of the queue. This is the value
task 2 will read next time it tries to read a value. Four spaces are now available:

' ™

Task 1 Task 2

][]

I —

b,

Here is a list of the kernel functions that allows handling of the queue:

e xQueueCreate:
Description: Function used to create a new queue
Prototype: xQueueCreate(uxQueuelLength, uxItemSize);
Parameters: uxQueuelLength: Number of item that queue can store

28
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e xQueueSend:

Description:

Prototype:

Parameters:

e xQueueReceive:

Description:

Prototype:

Parameters:

Function used to send data into a queue
xQueueSend(xQueue, pvItemToQueue, xTicksToWait)
XQueue: ID of the Queue to send data in
pvItemToQueue: Pointer to Data to send into Queue

xTicksToWait: System wait for command to be executed

Function used to receive data from a queue
xQueueReceive(xQueue, pvBuffer, xTicksToWait)
XQueue: ID of the Queue to send data in
pvItemToQueue: Pointer to Data to send into Queue

xTicksToWait: System wait for command to be executed

In our contextual example we will illustrate the queue usage by passing CPU load workload simulation
information (delay) from manager to Worker task using a message queue (see code highlighted in red).
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#include <asf.h>

xTaskHandle workerl_id;

xTaskHandle worker2_id;

xTaskHandle manager_id;

xTimerHandle Timer_id;

xSemaphoreHandle notification_semaphore;
XQueueHandle Queue_id;

static void workerl_task(void *pvParameters)

{

}

static uint32_t idelay,Delay ;
xQueueReceive(Queue_id,&Delay, 100000) ;
for(;;)

/* Simulate work */

for (idelay = ©; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(workerl_id);

/* Should never go there */
vTaskDelete(NULL);

static void worker2_task(void *pvParameters)

{

}

static uint32_t idelay , Delay;
xQueueReceive(Queue_id,&Delay, 100000) ;
for(;;)
{
/* Simulate CPU work */
for (idelay = 0; idelay < Delay; ++idelay);
/* Suspend Task */
vTaskSuspend(worker2_id);
}
/* Should never go there */
vTaskDelete(NULL);

void TimerCallback( xTimerHandle pxtimer )

{

/* notify manager task to start working. */
xSemaphoreGive(notification_semaphore);
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{

int

static void manager_task(void *pvParameters)

static uint32_t Delayl = 400000 , Delay2 = 200000;

/* Create the notification semaphore and set the initial state */
vSemaphoreCreateBinary(notification_semaphore);
vQueueAddToRegistry(notification_semaphore, "Notification Semaphore");
xSemaphoreTake(notification_semaphore, 9);

for(5;)
{
/* Try to get the notification semaphore. */

/* The notification semaphore is only released in the SW Timer callback */
if (xSemaphoreTake(notification_semaphore, 10000))

{
xQueueSend(Queue_id,&elayl,0);
xQueueSend(Queue_id,&elay2,0);
vTaskResume(workerl_id);
vTaskResume (worker2_id);

}

main (void)

board_init();
sysclk_init();

/*Create 2 Worker tasks */

xTaskCreate(workerl_task, "Worker 1",configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+1,
&workerl_id);

xTaskCreate(worker2_task, "Worker 2",configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+2,
&worker2_id);

/* Create one Software Timer */

Timer_id = xTimerCreate("Timer",500,pdTRUE,®, TimerCallback);
/* Start Timer.*/

xTimerStart( Timer_id, 0);

/* Create one manager task */
xTaskCreate(manager_task, "manager", configMINIMAL_STACK_SIZE+1000,NULL,tskIDLE_PRIORITY+3,
&manager_id);

/* Create a queue*/
Queue_id = xQueueCreate(2,sizeof( unsigned long ));

vTaskStartScheduler();
while(1);
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5 Hook Functions

In addition to task management functions, FreeRTOS provides hook functions that allow management of
additional event in the system. Hook functions (or callbacks) are called by the kernel when specific predefined
event appends. The usage of each hook can be disabled or enable from the FreeRTOS configuration file.

5.1 Idle Hook Function

The idle task (default lowest priority task) can call an application defined hook function - the idle hook. This
function will only get executed when there are no tasks of higher priority that are able to run. This makes the idle
hook function an ideal place to put the processor into a low power state - providing an automatic power saving
whenever there is no processing to be performed (see low power section).

The idle hook is called repeatedly as long as the idle task is running.

&\ WARNING

It is paramount that the idle hook function does not call any API functions that could
cause it to block. Also, if the application makes use of the vTaskDelete() API function
then the idle task hook must be allowed to periodically return (this is because the idle

32 Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE]

Atmel-42382A-Getting-Started-with-FreeRTOS-on-Atmel-SAM-Flash-MCUs-ApplicationNote_ 122014

Atmel



task is responsible for cleaning up the resources that were allocated by the RTOS
kernel to the task that has been deleted).

Tick Hook Function

The tick interrupt can optionally call the tick hook. The tick hook provides a convenient place to implement timer
functionality.

A W NING vApplicationTickHook() executes from within an ISR so must be very short, not use

much stack, and not call any API functions that don't end in "FromISR" or
"FROM_ISR".

Malloc Failed Hook Function

The memory allocation schemes implemented by heap_1.c, heap_2.c, heap_3.c, and heap_4.c can optionally
include a malloc() failure hook (or callback) function that can be configured to get called if pvPortMalloc() ever
returns NULL.

Defining the malloc() failure hook will help identify problems caused by lack of heap memory — especially when a
call to pvPortMalloc() fails within an API function.

A W NING Dynamic memory allocation is not the best to do on MCUs. In the case of FreeRTOS, it

is preferable to use dynamic memory allocation only during inits.

6 Debugging a FreeRTOS Application
Debugging a real time application is a complex exercise due to multiple task management and kernel object. For
this purpose Atmel Studio 6 offers the possibility to download an extension tool called FreeRTOS+Trace.
FreeRTOS+Trace rely on a trace recorder library for FreeRTOS developed by Percepio, in partnership with the
FreeRTOS team. This library will allow to records the FreeRTOS kernel events in a dedicated RAM section.
Dedicated PC software will then dump this trace and gives several graphical trace views that explain what
happened, showing tasks, interrupts, system calls, and selected application events. This can be used as a lab
tool during debug sessions or even in deployed use as a crash recorder if you have storage on the device.

Application
FreeRTOS+Trace Recorded Data
Trace Recorder

The main trace view shows all recorded events visualized on a common vertical time-line, tasks, and events can
be clicked and highlighted for additional information, including timing and dependencies. This gives a detailed
understanding when zoomed in on specific intervals and naturally transforms into an overview when zooming
out.
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File Find View Bookmarks J-Link Help
= --
l(startup}
lerSvc
manager
T =
~ a=
— am
— =
lWarkeM

, 1

(Mo Actor Selected)

Previous Instance | Next Instance |

View size IZ_EDD.DM (s.ms.us)

v Grid |1DDDI}DD (us) W Auto

Zoom In | Zoom Out |

- ] Actor Instances: 110of 110
[ [] Kemel Motices: 0 of 104

i [] Kemel Objects Uses (N/A)

... [] Kemel Service Calls (N/A)

In addition to generic task view FreeRTOS+Trace Analyzer allows to analyze:

Getting Started with freeRTOS on Atmel SAM Flash MCUs [APPLICATION NOTE]

CPU Load

Timing variation
Communication Flow
Synchronized view
Communication flow
Kernel Object History
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6.1

FreeRTOS+Trace Integration

FreeRTOS+Trace is available as an Atmel studio 6 extension downloadable via the AS6 extension manager.

Extension Manager

Installed Extensions

ASF
Debugging
Development
Device
Projects
Toolchain
Tools

Kits

Programmers

Training
Utilities
Verification

Wireless

Updates (1)

Atmel

Sort by: | Highest Ranked -

8)

Abmel

FreeRTOS +Trace

Gain an unprecedented insight into the runtime world
of your FreeRTOS system using this powerful toolbo...

Atmel Firmware Tool
Standalone tool for upgrading/downgrading firmware
on Atmel Tools, Use to downgrade JTAGICES from L.

=
=

| Search Available Downloads

Created by: Percepio AB
Version: 2.5.0
Downloads: 3831
Rating: ke
More Information
Getting Started
Reviews

Jolkriniok

Mark Sherman
4/30/2013 Version: 241
This is great!

Jolninink

sunelf

2772013 Versiom: 2.3.2
Jolninink

Tarzan Lin

12/19/2012 Versiom: 23.2
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As explained in the introduction, this tool is based on a recorder library to add in the project. This library allows
enabling trace functionality and allocating a dedicated memory section in the product internal RAM to store
traces data for graphical debug.

The sources of this library can be found in
Recorder Library’.

after tool installation or directly by clicking on “Help — Trace

FreeRTOS+Trace
File Find Wiew Bookmarks J-Link | Help

User Manual

Trace Recorder Library

Enter License Key...
Percepio Website

Show Diagnostic Log...
I About FreeRTOS+Trace...

The inclusion of Trace Recorder Library should be done manually in the Atmel Studio 6 project.

Selution Explorer - X
e
] conf_board.h -
] conf_clock.h

n] FreeRTOSConfigh
#  FreeRtos Plus_Trace_Lib

| treBasec

| treBase.h

_| treConfig.h

| treHooks.h

| treKemel.c

| treKernelh

_| trePortc

| trePorthh

_| treTypesih

m

_| treUser.c
| treUserh
L ast.h
|e] main.c

-Q Solution Explorer

Include the new directory path in the compiler “Directories” properties:

F ™

Include Paths (-T)

W/srcfFreeRtos_Tra ce_Lih-|

Relative Path

Add the trcHooks library include AT THE END of src/config/FreeRTOSConfig.h file:
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#include "trcHooks.h"

#tendif /* FREERTOS_CONFIG_H */
}

Add the trace library include at the beginning of your main.c file.

#include <asf.h>
#include "trcUser.h"

When all, those steps are performed, the Start of Trace recording is done by calling the “uiTraceStart” function
from the project main routine.

int main (void)

{

board_init();
sysclk_init();

uiTraceStart();
vTaskStartScheduler();

while(1);
// Insert application code here, after the board has been initialized.

6.2 Debug your Application using FreeRTOS+Trace

When project will be executed once, the FreeRTOS debug trace should be available in the SRAM of the SAM4E.
We will open FreeRTOS+Trace and check that trace data are accessible from the tool.

The following process can be followed for debugging an application.

s
TO DO Setup and use FreeRTOS+ Trace with your project.

e Connect the board to your computer

ke

e  Click on “Build” button: =
e  Check the build log in the log output frame to ensure the project built successfully

e Click on “Start Debugging” button b to download and run the program from internal flash of the SAM4E
e Atmel Studio will ask you to select the Debug Tool. Select the SAM-ICE.

e Click on stop debugging button 4 in order to stop the debug session
e Open the “.map” file of the project. Available in “Output Files” directory.
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| &
,_i Solution 'SAM4E_FreeRTOS_Hands_on' (1 project)
4 | SAMAE_FreeRTOS_Hands_on

 [=d Dependencies

4 | Output Files

SAMAE_FreeRT(OS Hands_on.bin
SAMAE_FreeRTOS Hands_on.eep
SAMAE_FreeRTOS_Hands_on.elf
SAMAE_FreeRTO5_Hands_on.hex
SAMYE FreeRTOS5 Hands_on.lss
SAMAE_FreeRTOS Hands_on.map
SAMAE_FreeRTOS5 Hands_on.srec

[ [+3] Libraries
b O src

. ASF Explorer f-a Solution Explorer _

e Search for “RecoderData” keyword in the .map file (use “Ctrl+F” short key to open find and replace

window)

. 02000 0@ @@ @ @@ @@ @@ @ @@ @ @@ @ @@ OO
47494 Hdauddec etext = . 2+
4795
4796  .relocate ax2eaa0000 @x2ef8 load address ex@ed4edecc
4797 aw2aaaaa0e . = ALIGN (8x4)

4798 Bx26000000 _srelocate = .

4739 *(.ramfunc .ramfunc.*)

4800 *(.data .data.*) Find and Replace *A X

4881 .data.g_interrupt_enabled Iﬂ Quick Find = A:’E Quick Replace ~

4382 @x2poaeea0 axl

4303 9x26600002 Find what:

4384 *fill* @x2aaaaa81 @3 || p

4385 .data.5ystemCoreClock

4806 Bx20800004 axa| Lookin:

4se7 @x200860804 lCu rrent Document Y]

4303 .data.uxCriticalNesting

4389 ax2eaaaaas g Find options cm3/port.:
4316 .data.xFreeBytesRemaining

4311 Bx2600008C Bxd I Eind Next ] ’ Bookmark Al ] Iheap_tl.o
4512 .data.xNextTaskUnblockTime

4313 ax2eaaaale L oy o e g e ey e

4314 .data.RecorderDataPtr

4315 Bx26609814 @x4 src/FreeRtos_Trace_Lib/trcBase.o

4816 ax2eaaeall RecorderDataPtr

4317 .data.RecorderData

4818 Bx20068018 @x29e8 src/FreeRtos_Trace_Lib/trcBase.o

4819 ax2eaaeals RecorderData

4320 .data.objectHandleStacks

4521 Bx2D662a66 @xb8 src/FreeRtos_Trace_Lib/trcBase.o

4522 ax2eea2a00 objectHandlestacks

4323 .data.TraceObjectClassTable

4524 @x20862abg @x8 src/FreeRtos_Trace_Lib/trcKernel.o =
4525 ax2ee82abs TraceObjectClassTable

4326 .data.Delay2.856@

4827 Bx20082ach @xd src/main.o

4528 .data.Delayl.8559

4829 ax2ee82acs @x4 src/main.o

4838 .data Bx20882acs @x438 c:/program files (x86)/atmel/atmel toolchain/arm gcc/native/4.7.3.99/arm-gnu
4831 @x2ee82acs _impure_ptr

4332 ax2e882ef8 . = ALIGN (@x4)

4333 Bx26882ef8 _erelocate = .

4834 N

00% - 4| m ] »
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e Retrieve RecorderData section mapping address and size. These data are required by FreeRTOS+Trace
to read trace from product memory.

.data.RecorderData
|exzaepaels | | @x29e8|src/FreeRtos Trace Lib/trcBase.o

Bx2ep88818 RecorderData

A WARNING The address and size of the allocated section can changed according to the selected

compiler optimization.

e Under windows, click on “Start — All Programs — Percepio — FreeRTOS+ Trace —
FreeRTOS+Trace”
e In FreeRTOS+Trace main windows, select “J-Link — Settings”

,
e =

|| File Find View Bookmarks IJ-Link Help
Current Device: ATMEL SAM-ICE ﬂ Actor Information

Select Device...

|| Read Trace
Sawe Trace...

I Settings...

Halt
|| Resume

e Configure the start Address and the Bytes to read according to information retrieved from .map file

. N
[=h Select Memory Region u
Device Type: | ATMEL SAM-ICE
Serial Number: | 28001012
Start Address: (20000018
Bytes To Read: || 258 |

e Read the project Trace by clicking on “J-Link — Read Trace”
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.
[2)] FreeRTOS+Trace

File Find View Bookmarks IJ—Link Help

Curent Deice N/A R

1l Select Device...
Read Trace
II Save Trace...

Settings...

Halt

Resume

Previous Instance | Next Instance |

View size I (unit)
¥ Grid I {unit) ¥ Auto

Zoom In | Zoom Out |

A WARNING If you face some problem when Read/Updating trace from FreeRTOS+Trace follow

these steps:

° Close FreeRTOS+Trace

° Use Studio 6.1 to download, run, and then stop debugging
° Restart the FreeRTOS+Trace and then read the trace
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