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1 Introduction

Processor Expert supports Kinetis SDK 1.2.0 version
FreeRTOS, MQX (KSDK variant in Lite and Standard
configurations), uCOSII, and uCOSIII RTOSes. Processor
Expert handles per each RTOS source files, compiler settings
and helps you to create tasks using OS_Task component.

The main goal of the Processor Expert component is a smooth
creation of an RTOS-based applications.

RTOSes source files are not a part of the basic Kinetis SDK
package. However, you must either select them in Kinetis
SDK installer or in the corresponding RTOS package and
copy them into the Kinetis SDK file structure.
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Terminology

2 Terminology

Term

Description

Web page

Kinetis Design Studio (KDS)

Released as only base product, this
means it does not contain SDK support
by default and it is necessary to add
SDK support by installing corresponding
service pack (eclipse update), this
update is available in each SDK in tools
directory.

www.freescale.com/kds

Processor Expert software

Development system to create,
configure, optimize, migrate, and deliver
software components that generate
source code for Freescale silicon.
Processor Expert.

www.freescale.com/processorexpert

Kinetis Software Development Kit
(KSDK)

Extensive suite of robust peripheral
drivers, stacks, middleware and example
applications designed to simplify and
accelerate application development on
any Kinetis MCU

www.freescale.com/ksdk

3 Basic Usage

All Kinetis SDK Processor Expert projects start with fsl_os_abstraction in project, by default. However, you must select the
RTOS type from the OS drop-down menu of the fsI_os_abstraction, component The fsl_os_abstraction component/API helps

in writing OS independent application.
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Basic Usage
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Figure 1. fsl_os_abstraction - RTOS type selection

The RTOS task can be initialized/started by selecting the OS_Task component from the Components Library view and
adding it to the project.

% *Component Inspector - free_rtos % Compenents Library &%

Alphabetical ™. Categories | Processors | Board Configurations
F [ task KSDK | |au -
Component Component Repository Descripticn

o8 0S_Task KSDK 05 task

Figure 2. OS_Task component in Components Library

NOTE
The tasks with enabled Auto initialization property, start automatically after the RTOS
initialization/startup.
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Processor Expert RTOS Integration Structure

% *Component Inspector - Taskl &3 %ComponentsLibrar}f Basic j = ¥ = 8
Properties . Methods | Events
type filter text n
ypElnE Entry point function  Taskl_task
4 Al Priority 16
4 Settings )
Creation parameter Stack size 1024
Attributes Creation parameter
Initialization

External declaration of parameter
» Shared components

Creation parameter MNULL

Attributes

Initialization

Auto initialization

05 abstraction layer

fsl_os_abstraction | osal -—

Figure 3. OS_Task component default configuration

After Processor Expert code generation, all required RTOS files and paths are added to the project and a task body is
generated for the specific module. For example, os_tasks.c default. You can fill the task body with user code.

[ Project Explarer 52 = B gl os tasks.c 2
‘B = —wvoid Taskl_task(os_tas aram_t task_init_data
== id k1 _task(os_task_p B k_init_d
c {
4 1= MKG4F /* Write your local variable definition here */
» q;-? Binaries
> [ Includes #ifdef PEX_USE_RTOS
. = Dbg uhile (1) {
#endi
+ (= Debug

] /* Write your code here ... */
» = Documentation

» = Generated_Code

+ 2= Project_Settings 05A_TimeDelay(1@); /* Example code (for task release) */
. = SDK E
4 = Sources
» [€] Events.c
> [n] Events.h #ifdef PEX_USE RTOS
o zmaic }
+ [f] os tasks.c 0 ";E”dif

N R L
» (= Static_Code
% ProcessorExpert.pe
Projectinfoxrml

Figure 4. OS_Task C module and task body

4 Processor Expert RTOS Integration Structure
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Processor Expert SDK RTOS Layers

Processor Expert RTOS integration layers are based on RTOS layers and drivers supported in Kinetis SDK. Processor Expert
tool provides an easy to use way for using RTOS in a project.

E] 0% Task EJ 05 Task EJ 05 Task

(oYY FrecRTOSIER
BareMetal
Sh{MOQX_KSDK
FresRTOS

fall yCOsE
w05

EJ fsl_os_abstraction

08 FreeRTOS @) MQX_KSDK 08 uCost 08 uCOSI

Figure 5. Processor Expert RTOS integration structure.

5 Processor Expert SDK RTOS Layers

5.1 fsl os abstraction

The fsl_os_abstraction (OSA) component allows BareMetal/RTOS project mode selection and provides the same API for
BareMetal or all supported RTOSes. RTOS API functions of RTOS component (e.g. FreeRTOS, uCOSII/III, MQX_KSDK)
can also be used, however application becames RTOS dependent and future transformation to another RTOS can be more
problematic. BareMetal/RTOS project mode is selected from the OS drop-down list in the Components Library view.

| main.c &2 [€] PE_low_level_init.c 5%
int main(void) ~woid PE_low_level init(void)
/*1lint -restore Enable MISRA rule (6.3) checking. */ / {

{ /* Global routing function and crystal values initialization */
#if CPU_HARDWARE_INIT
hardware_init();

#endif /* CPU_HARDWARE_INIT */

/* Write your local variable definition here */

Processor Expert internal initializatign. DON'T REMOVE THIS COQp@ff!! ***/
PE_low_level init(); ess—

** End of Processor Expert internal 1n Zation. bl /* RTOS initialization */ | = OSA_Init{);
#ifdef PEX_RTOS_INTT

/* Write your code here */ PEX_RTOS_INIT(); /* Initialization of the selected RTOS.
/* For example: for(3;) { } */ #endif

ig0de pass this line, or it will be deleted during code gent /* Components initizlization, when RTOS is active this method is called in
Macro PEX_RTOS_START iz defined by the RTOS component. I #ifdef PEX_COMPOMENTS_INIT

** RTOS startup cod
#ifdef PEX_RTOS_START
PEX_RTOS_START();

#endif

PEX_components_init();
= OSA_Start();/* startup of the selected RTOS. Macro is « sendif

S pToc s p code. **/
Processor Expert end of main routine. DON'T MODIFY THIS CODE!!! **=/
ik

ocessor Expert end of main routine. DON'T WRITE CODE BELOW!!! **=*/
End of main routine. DO NOT MODIFY THIS TEXT!!! ***/

Figure 6. OS Property - BareMetal/RTOS project mode selection

BareMetal or RTOS OSA mode is initialized by OSA_Init() method and started by OSA_Start() method. OSA_Init() method
is called in PE_low_level_init() function and OSA_Start() method on end of main() function.
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Processor Expert SDK RTOS Layers

5.2 BareMetal

The default value of the OS property is BareMetal mode. In this mode the fsI_os_abstraction method function includes task,
semaphore, mutex, event, and software emulated by fsl_os_abstraction driver. For BareMetal mode timing, synchronization
uses SysTick (ARM core System timer) as default. The following are the Used Timer options available in Processor Expert.

* None - BareMetal mode without timing function .

* LPTMR - Low power timer is used for OSA BareMetal timing function.

» Systick — System timer is used for OSA BareMetal timing function.

* User defined — In this mode user can write code for OSA BareMetal timing function.

&y Component Inspecter - esal =2 | &% Components Library

Properties . Methods

tvpe filter text
Component narme osal
a all

a 05
Used timer
Shared components

Component version 1.2.0

05 Barehdetal -

Used timer . Shared components

Used timfr SRR -

Device Mone

l:nunt:r L.I}T h*R

Tirres pelio| ¥ Tick | Nclock efg. 1: 1,000 ms
£% T — User defaned

Interrupt INT _SysTick

Interrupt prioety | mediem priority - 112
Irestall interrupt

I5R name

Figure 7. BareMetal — Used timer selection property

The Tasks function in the BareMetal mode is emulated and the next task (Task2 code teil) function is started after exiting
from the previous task (Taskl1 code teil).
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Processor Expert SDK RTOS Layers

— woid Taskl_task(cs_task _param_t task_init_data)
¢ /* Write your local variable definition here */
/* Write your code here */
¥

v

wvoild Task2 task(cs task param t task init data)

{
/* Write your local wariable definition here */
/* Write your code here ... */

}
T |
e

Figure 8. BareMetal — Emulating Task functions

5.3 FreeRTOS

The FreeRTOS component is inherited by the fsi_os_abstraction component. The fsl_os_abstraction component uses
function of the FreeRTOS component. For better code migration between RTOS types, use the fsl_os_abstraction
components methods or the FreeRTOS components methods.

The basic FreeRTOS component functions are to:

* Add all needed RTOS source files and paths to the project.
* Configure FreeRTOS > create FreeRTOSConfig.h configuration file. The content of the configuration file is specified
by the FreeRTOS component properties settings.

% *Cempenent Inspector - free_rtes 23 % Compenents Library

Properties . Methods | Events
type filter text

a All
4 Settings
Motification tirner
4 Configuration parameters (FreeRTOSConfig.h)

Miscellaneaus configuration

> Heap memory configuration
Hook function configuration
Run time and task stats configuration
Co-routine configuration
Software timer configuration

> Tickless idle configuration
API configuration
User settings

L

Basicj(b ¥ =0

Miscellaneous config . Heap memory cenfigur| Hock function config | Run time and task st| s

Use preemtion scheduler
CPU core clock [Hz]

CPU BUS clock [Hz]

Tick interrupt frequency [Hz]

Max, number of task priorities 64

m

Minimal stack size 200

Max. task name lenght 12

Use 16 bit ticks ]

Idle should yield

Use mutex

Use recursive mutexes

Use counting semaphores —
Use application task tag ]

Queue registry size 1] -
] }

Figure 9. FreeRTOS component — Configuration properties
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4 [= 05
4 EJ osal:fsl_os_abstraction
4 EJ free_rtos:FreeRTOS
/- = Co-routines N
4 [= Bvent management
M| sEventGroupCreate Free RTOS methods
M sEventGroupClearBits
M xEventGroupClearBitsFromISR
H] vEventGroupDelete
M| xEventGroupGetBits
M xEventGroupGetBitsFromISR
M xEventGroupSetBits
Ml xEventGroupSetBitsFromISR
Ml xEventGroupSync
M xEventGroupWaitBits
» = Queue management

» [= Semaphore and mutexes
« [ Software timers

\, [+ [= Task and scheduler J

H 054 _SemaCreate OSA Methods

H OSA_SemaWait

H 054 _SemaPost

H 054 _Semalestroy
M 054_MutexCreate
H 0SA_Mutexlock

M 054_MutexUnlock
H 05A_MutexDestroy
M 054 _EventCreate
H OSA_Event\Wait

M 054 _EventSet

M 05A_EventClear

M 054 _EventGetFlags
H] OSA_EventDestroy
M 054 _TaskCreate

M| 054 _TaskDestroy
M 054 _TaskYield

H] OSA_TaskGetHandler
M 054 _TaskiGetPriority
\ M OSA TaskSetPriority )

Figure 10. FreeRTOS and OSA methods (API)

5.4 MQX_KSDK
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The MQX_KSDK component is inherited by the fsl_os_abstraction component. The fsI_os_abstraction component uses the
function of the MOX KSDK component. The MQX_KSDK component supports MQX-Standard and MQX-Lite
configurations.

The basic MQX_KSDK component functions are to:

¢ Add all needed RTOS source files and paths to the project and accordingly select the configuration set.
¢ Create MQX configuration files.
* Configure compiler parameters.

‘% *Component Inspector - mox_ksdk 3 ‘% Components Library

Properties . Methods | Events

type filter text

P Component name

4 Al Component version 1.2.0
4 Settings

Settings
» Configuration parameters

Inherited components Configuration parameters ~._Inherited components | Shared components

MQX Lite -
MQX Lite
MQX Standard

Shared components

Configuration set

Yerification option

Components

Lightweight events
Lightweight message queues

== Message

Mutexes
Timer

Use idle task

Floating point context saving [
Task destruction
Lowest task priority 32
User settings

Definitions 1 line(s)  [...]

4

Figure 11. MQX_KSDK MQX-Standard/Lite configuration

For MQX-Lite configuration set the initialization scenario of the Processor Expert components is the same as for other RTOS/
BareMetal mode (Init() functions of components are called between OSA_Init() and OSA_Start() function).

For MQX-Standard the init methods of Processor Expert components are called within the main_task task; the task body is
created within Sources/rtos_main_task.c file. The main_task is automatically added to the project, inherited by MQX-
Standard configuration, and must be set to the highest task priority. The main_task initiates or starts as first task in the
project.

Processor Expert Kinetis SDK RTOSes Integration User's Guide, Rev. 1.0.0, 04/2015
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Processor Expert SDK RTOS Layers

[7 Project Explorer &2

a 5= MKBAF_Prjl0_GCC
> g;-? Binaries
> [ai Includes
: = Dbg
: (= Debug
: [== Documentation
> [= Generated_Code
> [= Project_Settings
. = SDK
4 [= Sources
+ €] Events.c
. [h] Events.h
» [g main.c
- [€] os_tasks.c
. bl pc tackeh
> || s g DLl
> [= Static_Code
% ProcessorExpert.pe
£l Projectinfo.uml

= 0O g rtos_main_task.c &2
—vold main_task(os_task_param_t task_init_data)

{

/* Write your local variable definition here */

/* Initialization of Processor Expert cc(Autoinitia"zation of | is active).

#ifdef MainTask PEX_RTOS_COMPONENTS_INIT

Processor Expert

PEX_components_init();

#endif components
/* End of Processor Expert components inIwie y
#ifdef PEX_USE_RTOS 4
while (1) { Part of the
#endif "main_task" for use
/* Write your code herel... */ by "user"

054 TimeDelay(1@); /*

#ifdef PEX_USE_RTOS

#endif
T

Example code (for task release) */

Figure 12. MQX-Standard - rtos_main_task

5.5 uCoOsSli

The uCOSII component is inherited by the fs/_os_abstraction component. The fsl_os_abstraction component uses function of
the uCOSII component. s. For better code migration between RTOS types, use the fsl_os_abstraction components methods or
the uCOSIII components methods.

The basic uCOSII component functions are to:

* Add all needed uCOSII source files and paths to the project.
* Configure uCOSII RTOS > creates app_cfg.h, lib_cfg.h, and os_cfg.h configuration files. The content of configuration
files is specified by the uCOSII component properties settings.

Processor Expert Kinetis SDK RTOSes Integration User's Guide, Rev. 1.0.0, 04/2015
Freescale Semiconductor, Inc.
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% *Component Inspector - ucosll &2 % Components Library Basic

Properties ~._Methods E\rentq
type filter text

Component name |_.::£ZZ

a All uCOSI version V29210
4 Settings Component versien  1.0.0
Motification timer Settings

> Application configuration (app_cfg.h)

> Libraries configuration (lib_cfg.h) MNetification timer . Application configuration (app_cfg.hﬂ Libraries configuration (Iib_cfg.hﬂ 05 configuration (os_cfg.hﬂ

» 05 configuration (os_cfg.h)
Device SysTick
Counter SYST_CVR

Kernel notification 1 ms [Z] Clock cfg. 0: 1 ms; Clock cfg. 1: 1.000 ms

o

Figure 13. uCOSII component — Configuration properties
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‘25, Compenents - MKG4F_Peb 73 B ¥ 7
4 8 ocalifel o abstraction
G 08| ucosLuCOSH _\

4 [ Mizcellaneous

H OSEventMameGet
Hl OSEventMameset
H OSEventPendMulti
] OsInit

| OSIntEnter

H OSIntExit

M| O5SafetyCriticalStart
W OsSchiedlock uCOSsIl methods
H 0SSchedUnlock

H OSStart

H O55tatinit

H OSVersion

Task local storage

Event flags management

Message mailbox management

- Memuory managemient

Mutual exclusion semaphore management
. Message queue management

Semaphore management

TOPEPEDE

- Task management
[ = Time management
\ (= Timer management j
.= =pecific

054 SemaCreate _\
M 054 SemaWait
H 0S4 _SemaPost
Hl 054 Semalestroy
H O05SA MutexCreate
M 054 MutexLock
M 0S4 _MutexUnlock 0SA methods
M 054 MutexDestroy
A OSA EventCreate
[ 05A_EventWait
H OSA_EventSet
H 054 EventClear
H OSA EventGetFlags
H 05A_EventDestroy
| OSA TackCreste

H OSA_TaskDestroy
\E—WH S

Figure 14. uCOSII and OSA methods (API)
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5.6 uCoOSlii

The uCOSIIIcomponent is inherited by the fsI_os_abstraction component. The fsl_os_abstraction component uses function
of the uCOSIII component. For better code migration between RTOS types, use the fs/_os_abstraction components methods
or the uCOSIII components methods.

The basic uCOSIII component functions are to:

¢ Add all needed uCOSIII source files and paths to the project.

* Configure uCOSIII RTOS > creates app_cfg.h, lib_cfg.h, and os_cfg.h configuration files. Content of configuration
files is specified by the uCOSIII component properties settings.

% *Component Inspector - ucosll &3 % Components Library Basic
Properties . Methods | Events
type filter text
Component name
a All -
- uCOSII version V3.04.03
4 Settings c . . 100
Motification timer nm.pnnen version =2
Settings

> Application configuration (app_cfg.h)
> Libraries configuration (lib_cfg.h) o T . . . . . " . . p
. 05 configuration (os_cfg.h) Netification timer . Application configuration (app_ | Libraries configuration (lib_cfg. | O5 configuration (os_cfg.h) | 0%

- 05 configuration - application specifics (os_cfg_app.h) Device SysTick
Counter SYST_CVR

Kernel notification 1 ms E] Clock cfg. 0:1 ms; Clock cfg. 1:1.000 ms

<<

Figure 15. uCOSIIll component — Configuration properties
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25 Components - MKG4F_Peb 53 NsE =

I+ = Generator_Configurations
4 [= 05

4 E] o=al:f=l_os_abstraction

4 [ Eventflags management
H 05FlagCreate
H O5FagDel
|l OsFlagPend
¥ OSFlagPendAbaor
H 05FlagPendGetFlagsRdy
H OSFlagPost

& [= Memory management

(== Message queue management
= Miscellaneous

= Mutual exclusion semaphore management

e

- Semaphore managenent

|

Wl

- Thread local storage
- Task management

I.__ 1

» [=» Task message queues

& [= Time management

\ [ Timer management
[~ specific

(,_ﬂ 054 _SemaCreate _\

Hl 0%A SemaWait

F OSA_SemaPost

H 054 _Semalestroy

B 05A_MutexCreate

Hl 0%A Mutexlock

FH O0%A_MutexUnlock

H 054 _MutexDestroy

W 05A_EventCreate

Hl O%A_EventWait

F OSA_EventSet

H 054 _EventClear

W 05A_EventGetFlags

Kl OSA_EventDestroy

I O%A TaskCreate

H 054 _TaskDestroy

M| OSA TaskYield

Fl O%A TaskGetHandler

I O%A_TaskGetPriority

H 054 _TaskSetPriority

B 05A MsqQCreate

H 054 _MsgQPut

.

I 0SA_MsgQGet W,

uCOSIll methods

0SA methocs

Figure 16. uCOSIIl and OSA methods (API)
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5.7 OS_Task

OS_Task is software component designed for creating RTOS tasks. OS_Task uses OSA functions, which helps setup task
stack size, priority, and pre-generates task body in defined the *.c module.

% Component Inspector - Taskl 33 %3 Basic 5 = o=

Properties “._ Methods | Events

type filter text Name Tackl -
4 Al Component version 1,20
4 Settings Settings
Creation parameter
Attributes Entry point function  Taskl_task
Initialization Priority 16
: Shared compoenents Stack size 1024

Creation parameter

External declaration of parameter
Creation parameter MULL
“ Attributes

[7] Floating point task
Initialization

[v] Auto initialization

Shared components

0S5 abstraction layer

fsl_os_abstraction | osal v

Figure 17. OS_Task component — Configuration properties

% Component Inspector - Taskl 22 %% Basic b =] ¥oeEg

Properties | Methods | Events

type filter text
el Event module name  os_tasks I il
a All prm—
Events Vents
- Item Task code Task procedure name
Task code  generate code Taskl_task
4 b

Figure 18. C module (os_tasks.c) where task body is generated
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[{ Project Explorer £2 = B | [g os tasks.c 52
= <,="=“D —wvoid Taskl task(os_task_param_t task_init_data)
< MKB4F {
‘= B /* Write your local variable definition here */
> 3%, Binaries
> [t Includes #ifdef PEX_USE_RTOS
> = Dbg while (1) {
+ (= Debug #endif

i /% Write v - - v S
s = Documentation /* Write your code here !

[ Generated_Code
» [ Project_Settings
> (= SDK
4 (= Sources
: €] Events.c
» B Eventsh #ifdef PEX_USE_RTOS
. |.c| main.c }
: o] os_tasks.c #endif
|| os_tasks.h }
s = Static_Code
% ProcessorExpert.pe
Projectinfo.xml -
4| n | 3

m

0SA_TimeDelay(18); /* Example code (for task release) */

Figure 19. OS_Task C module and task body

4 E] Taskl:05 Task

M| Init

M GetHandler
H| Deinit

I Taskl_task

Figure 20. OS_Task methods/event (API)
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