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FreeRTOS forraskod elrendezés

= Nagyon egyszeru alap kernel

o tasks.c, queue.c, list.c. File-ok az Source konyvtarban

EH_1[FreeRTOS]
1 [Demo]
_1[Source]

T[]

(1linclude]

] [portable]

Qﬁ croutine C
Galist c
¥ queue c
= readme bxt
Ghtasks c

o Ezek a file-ok tartalmazzak az alap taszk |étrehozast és

szinkronizaciot.
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FreeRTOS portolas

= A port specifikus kéd részek a portable directoryban

= ortable 214 L : i 1ti
llportable] = Task valtas, Sys tick timer, Critical

szekcioba lépés és elhagyas

" Toolchain szerint rendezve
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GCC specifikus részek

= GCC specifikus részek

EH_1IGCC] .

| —[ARM_CM3] " Egy port file
- ][ARM7_AT31FR40008]

| " [ARM7_AT915AM75] @port

- ][ARM7_LPC2000]
- [ARM7_LPC23xx]
[ ][ATMega323]

- ][AVR32_UC3]

L ][H852329]

| [HCS12]

- ][MCF5235]

-] [MicroBlaze]
- [MSP430F449]
- [PPC405_Xilinx]
[ [STR75x]

= 0

@ portmacro
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GCC demo projectek

= Kartya és fordito specifikus részek

C1[ARM7_LPC2106_GCC] i, ,
C1[Common] Startup kod

J[CORTEX_LM35102_GCC] s WA . ,
C1ICORTEX_LM35102_KEIL] Kartya specifikus kod
CJ[CORTEX_LM35102_Rowley]

C1[CORTEX_LM35316_IAR]

CJI[CORTEX_LM35811_GCC]

CJICORTEX_LM35S811_IAR]

CIICORTEX_LM35811_KEIL]

CJ[CORTEX_LM3Sx00c_Eclipse]

CJICORTEX_LM3Sxox_IAR_Keil]

C1ICORTEX_STM32F103_IAR]

C1[CORTEX_STM32F103_Keil]

CJICORTEX_STM32F103_Primer_GCC]
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A FreeRTOS konyvtarszerkezete attekintés

(]| FreeRTOS
[F ]| Source
(@[ Portable
@] eccc
[ [T ]| ARM_CM3
@] Include \_E MemMang _g Porte
| g Heap_1.c —g Portmacro.h
g Heap_2.c —g Common.c
Tasks.c

g g Heap_3.c

ES List.c
—g Croutine.h

Queue.c

ES _g FreeRTOS.h

g Coroutine.c ES ;
|| List.h
_ES Portable.h
_ES Projdefs.h
_g Queue.h
~g Semphr.h
_g StackMacros.h

(§ )| Demo —g Task.h

Tanszek
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FreeRTOS konfiguracio

= FreeRTOS_Config.h

*® .

A%
¥ Application specific definitions.
*
# These definition=s should be adjusted for your particular hardware and
* gpplication requirements.
*
* THESE FARAMETERES ARE DESCRIBED WITHIN THE 'CONFIGUEATION' SECTION OF THE
¥ FresRTOS APT DOCUMENTATION AVAILABLE ON THE FresRTOS org WER SITE.
*
#define configlUSE_PREEMPTION 1
#define configlUSE_IDLE_HOOQK I
#define configUSE_TICE HOQK I
#define configCPU CLOCEK HZ { [ un=zigned portLOHG ) 20000000 3
#define configTICK_RATE HZ { { portTickType ) 1000 )
#define configMINIMAL STACKE SIFE { { un=zigned portSHOET 3 70 )
¥define configTOTAL_HEAP SIZE ( ( =ize_t ) ( 7000 ) )
#define configMA¥ TASE NAME LEN (10 7
#define configlUSE_TRACE_FACILITY I
¥define configlUSE 16 BIT TICES I
#define configIDLE SHOULD YIELD I
#define configlSE_CO_ROUTIHES I
fdefine contigMA¥ PRIOEITIES { { un=igned portBASE_TYPE ) &5 )
#define configMAX CO _ROUTINE PEIOREITIES ( 2 )

© BME-MIT 2015
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2. program

FreeRTOS beillesztése
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FreeRTOS konfiguracio

= Kiindulasi alap az 1. program

Target Ipep_E}{ampleJ

B == pep_Example_1
=-[A cmisis

@ core_cm3.C

ton[€] core_em3.h

El-2gy ersis_boat

[2',_% skarkup

@ stm32f 10 _conf.h

g stm3zF10x.h

@ syskbem_stm32F10x.c

@ syskem_stm32F 10:x.h

By st_lib

&' inc

= sre

----- @ misc, C

----- @ skrn32F 10w _ade.c

----- @ skrn32f 10w _dma.c

----- [ stm3zFiox_exti.c

----- @ skm32F 1 0x_gpio.c

----- [ stm3zFiow_ize.c

----- @ skmn32f10x_roc.c

----- @ skrn32F 10w _spi.c

----- [ stm32Fi0x_tim.c

----- @ skm32F10x_usark.c

-y STM3210C

EIEB syscalls

@ syscalls.c

----- @ rain.C
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Hozzaadando

(f_J| FreeRTOS
[F ]| Source
(T | Portable
@] eccc
l (f_]|ARM_CM3
@] Include \-@] MemMang HE(| Porte
| g Heap_1.c —g Portmacro.h
Heap_2.c| L]
@k\\ S g Common.c
asks.c
g Heap_3.c
ES List.c
—g Croutine.h
Queue.c
El —Eﬁ FreeRTOS.h
g Coroutine.c ES .
] List.h
\—/ (=S| Portable.n
(]| Projdefs.n
—g Queue.h
~g Semphr.h
—g StackMacros.h
(§ )| Demo —g Task.h
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Hozzaadando

E FreeRTOS
E Source
E Portable
@] eccc
I (F ]| ARM_CM3
E Include \_E MemMang _g e
| g Heap_1.c _g Portmacro.h
H 2.
/_\\ g eap_2.c _g Common.c
ES Tasks.c
g Heap_3.c
ES List.c N
7@ Croutine.
ES Queue.c
—Eﬁ FreeRTOS.h
@ _ES Listh
_ES Portable.h
—Eﬁ Projdefs.h
_g Queue.h
_g Semphr.h
_g StackMacros.h
@ Demo \ES Task.h/

(

T ... — X . P-'IErEsl:En:_hnlka &5
Fﬂg@mgﬂﬁg&?ﬁ;ﬁEEE!EH i 3 BME-MIT 2015 Informacits Rendszerek 1 2 .

Tanszek




Hozzaadando

(f_J| FreeRTOS
[F ]| Source
(T | Portable
@] eccc
l (f_]|ARM_CM3
@] Include \-@] MemMang ES Port.c
| g g Portmacro.h
/_\\ S @ Common.c
Tasks.

ES = g Heap_3.c

(=] ustc N\
7@ Croutine.

ES Queue.c g o rTOSh
— ree .

@ —ES List.h
H(=]| Portable.n
(]| Projdefs.n
—g Queue.h
~g Semphr.h
—g StackMacros.h
(§ )| Demo \g Task.h /

(
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Hozzaadando

(f_J| FreeRTOS
[F ]| Source
(T | Portable
@] eccc
l (f_]|ARM_CM3
@] Include \-@] MemMang ES Port.c
| g g Portmacro.h
/_\\ /g @ Common.c
Tasks.

ES = g Heap_3.c

(=] ustc N\
7@ Croutine.

ES Queue.c g o rTOSh
— ree .

@ —ES List.h
H(=]| Portable.n
(]| Projdefs.n
—g Queue.h
~g Semphr.h
—g StackMacros.h
(§ )| Demo \g Task.h /

(
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Interupt vektorok

= 3 interupt vektor
o Systick : oprendszer heartbeat timer

o SVC: elinduldsnal az elso szal inditasa
o PendSVC: taszk valtas

= A portban meg vannak az implementaciok
o xPortSysTickHandler()
o xPortPendSVHandler()
o vPortSVCHandler()

= CMSIS startup részében kell modositani

& Méréstechnika és
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Startup kod valtoztatas

= Hivatkozni a kilso file-ban elérhet6 fliggvenyekre
o extern void xPortSysTickHandler(void);
o extern void xPortPendSVHandler(void);
o extern void vPortSVCHandler(void);

= A megfelel6 vektorokat feulirni

130  attribute  [(section(".isr wector']]]

131woid (¥ const g pfnVectors[]) (void] =

13214

133 e Zore Exceptions——————————— wf

134 [void *)&puldtack[3TACE 3TZIE-1], S%1<¢ The initial stack pointer wf

135 PReset Handler, f®1leg Reset Handler wf

136 NHMI_Handler, S0 NMI Handler wf

137 HardFault Handler, f%1<¢ Hard Fault Handler wf

135  MemManage Handler, S0 MPU Fault Handler wf

139  BusFault Handler, S 1< Bus Fault Handler wf

140  UsageFault Handler, f*1le Tzage Fault Handler *f

141 0,0,0,0, S %1 Reserved wf

142  wPort3WCHandler, _ J*'< BEVCall Handler =
143 DebuglMon Handler, S0 Debugy Monitor Handler wf

144 0, S %1 Reserved wf

145 xPortPend3VHandler, S* ¢ Pend3V Handler wf
146 xPort3ysTickHandler f*0e Z3yaTick Handler wf

147
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Szalak lehetséges allapotai

Not Running
(super state)

Suspended

N\

vTaskSuspend() vTaskSuspend()
called called
vTaskResume()
called
Running
vTaskSuspend) Event Blocking API
called function called

e

& Méréstechnika és
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Szalak létrehozasa, szalkezlés

= xTaskCreate()

o Flggvény pointer a task-ra

o Task neve (a FreeRTOS nem hasznalja)

o Stack mérete szavakban

o Task parameéterek

o Prioritas

o Task handle ami a |étrejott taszkra mutat

hTaskCreatEi wlaskl,
[ #igned portCHAR * ) "TASE 4",
com-TACE SIZE,
MNULL,
1,
| xTazkHandle % | MNULL ):
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. példa két parhuzamos szal

= TaskA, TaskB

o Fix periddus

= Toljuk el a TaskA kezdését
picit

= Melyiknek nagyobb a
prioritasa?

o Probaljuk ki a
configUSE_PREEMPTION
konfiguracio opciot

© BME-MIT 2015

#g a - HyperTerminal

File Edit Wiew Call Transfer Help

#abcdefghi jklmnop#
=*0123456789=
Habcdefghi jklmnopH
=0123456 789
Habcdefghijklmnoph
=0123456 789
Habcdefghi jklmnop#
=0123456789=
#abcdefghi jklmnop#
=0123456789=
Habcdefghi jklmnopH
=[0123456 789
#abcdefghi jklmnop#
=0123456789=
Habcdefghi jklmnopH
=0123456 789
Habcdefg_

|

i

(Connected 0:06:28 WANST

9600 81
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TCB

TCB

TCB

TCB

= Tobb soros preemtiv utemezd

TCB

TCB

TCB

[hit

Prioritas kezeles utemezo

TCB
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2. pelda ket delay kozotti kulonbseg

= Hasznaljuk a 1ol x|
File Edit Yiew Call Transfer Help
. D& & EJ =0 | B
VTaSkDeIayuntll t Eg%%g&#abcdefghijklmnop#;l
=01234#abcdefghi jklmnop#
06 189
=1 234#abedefghi jklmnop#
06 189
=P1234#abcdefghi jklmnop#
06 7189=
=01234#abcdefghi jklmnop#
6 189
=@1234#abcdefghi jklmnop#
06 7189
=01234#abcdefghi jklmnop#
06 7189
=@1234#abcdefghi jklmnop#
D6 789
K Llj
|Conmected 0:15:11 ANSTW 9600 81
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3. Kozos eloforras problema megoldasa

= Qyorsitsuk fel a szalakat
100ms-re

= RTOS Kernel Control-bdl a

taskENTER_CRITICAL
taskEXIT_CRITICAL

Hasznalata

= Miagond?
o Hozzunk létre egy gyors
nagy prioritasu szalat

* 5 ms-est 2ms-el eltolva

o Nyujtsuk meg a printf-et

& Méréstechnika és
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4. Mutex hasznalata

" Hozzunk létre egy mutex-et és vizsgaljuk meg a
hatasat

The Task A obtained
the semaphore, it can
use the common
resource

Task A: - "O
-

Takes the-semaphore
-

Mutex _ - -
O . Common resource
ask B:

It doesn’t have the
semaphore

The Task B can not
reach the common
resource, because it
doesn’t have the
semaphore

& Méréstechnika és
% W‘gﬁ © BME-MIT 2015 Informacits Rendszersk 23

Tanszek




5. Mutex hasznalata

= Legyen kulon kiiratd fuggvény (handler)

The Task A obtained
the semaphore, it can
use the common
resource

Task A: - "0
-

Takes the-semaphore
-

Mutex _ - -
O . Common resource
ask B:

It doesn’t have the
semaphore

The Task B can not
reach the common
resource, because it
doesn’t have the
semaphore
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0. Queue hasznalata

= Egy fogyaszto egy termel6 megoldas

o Termelés

ask A ask B
xQueuveSendToBack() m

o Fogyasztas

ask A ask B
xQueueReceive()

& Méréstechnika és
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/. Ket termel0 egy fogyaszto

= Két fogyaszto egy termeld megoldas

o Tipikus megoldasa a kijelz6 és mas kommunikacios
eszkozok kezelésének

& Méréstechnika és
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8. Szoftveres timer

= QOprendszer timer megoldasok
= Callback fliggvény hivas

= Nem kotédnek kozvetlenil a hardware-hez
o Tetszbleges szamu lehet
o Valdjaban egy rendszer szal szolgalja ki a kéréseket
o A heartbeat timerhez er8sen kotédik
= Sok opcio
o Periddikus nem periodikus ...
= OS konfiguralas
o #define configUSE_TIMERS 1
o #define configTIMER _TASK_PRIORITY configMAX_PRIORITIES - 1

o #define configTIMER_QUEUE_LENGTH 5
o #define configTIMER_TASK_STACK_DEPTH 256

& Méréstechnika és
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FreeRTOS mikddés vizsgalat

memoria kezelés

& Méréstechnika és
BME-MIT 2015 Informacits Rendszerek
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Hogyan all 0ssze a memoria

= Linker script ROM rész

OUTPUT_FORMAT ("elf32-littlearm", "elf32-bigarm", "elf32-littlearm")
/* Internal Memory Map*/

MEMORY
{
rom (rx) : ORIGIN = 0x08000000, LENGTH = 0x00040000
ram (rwx) : ORIGIN = 0x20000000, LENGTH = 0x00010000
}

_eram = 0x20000000 + 0x00010000;
/* Section Definitions */
SECTIONS

{

text:
{
KEEP(*(.isr_vector .isr_vector.*))
*(.text .text.* .gnu.linkonce.t.*)
*(.glue_7t) *(.glue_7)
*(.rodata .rodata* .gnu.linkonce.r.*)
}>rom

© BME-MIT 2015
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Hogyan all 0ssze a memoria

= Linker script RAM rész

.data : AT (_etext)
{
_sdata=;
*(.data .data.*)
.= ALIGN(4);
_edata=.;
}>ram

/* .bss section which is used for uninitialized data */

.bss (NOLOAD) :
{
_sbss=.;
*(.bss .bss.*)
*(COMMON)
.= ALIGN(4);
_ebss=.;
}>ram

/* stack section */
.co_stack (NOLOAD):
{
.= ALIGN(8);
*(.co_stack .co_stack.*)
}>ram

© BME-MIT 2015

Inicializalt adat
.data

Inicializalatlan adat
.bss

Main program stackje
.co_stack

#define STACK_SIZE 0x00000100
__attribute__ ((section(".co_stack")))
unsigned long pulStack[STACK_SIZE];
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Normal malloc hasznalata

= Syscalls.c
o A RAM terilet végére

caddr_t _sbrk ( intincr)

{
static unsigned char *heap = NULL;

unsigned char *prev_heap;

if (heap == NULL) {
heap = (unsigned char *)&_end;

}
prev_heap = heap;

heap +=incr;

return (caddr_t) prev_heap;

}

BME-MIT 2015
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FreeRTOS memodria hasznalata

= Memmang stilus kivalasztasa, illetve

o heap_1: csak foglalas nincs felszabaditas
o heap_2: foglalas és felszabaditas
o heap_3: gyakorlatilag malloc, free thread safe-en

" FreeRTOS config.h
o #define configTOTAL HEAP_SIZE( ( size_t) (30 * 1024 ))

= Kezel6 fuggvények
o pvPortMalloc()

o vPortFree()

& Méréstechnika és
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1. példa Queue hasznalata memoria

foglalassal

= Egy fogyaszto egy termel6 megoldas

o Termelés

ask A ask B
xQueuveSendToBack() m

o Fogyasztas

ask A ask B
xQueueReceive()

& Méréstechnika és
BME-MIT 2015 Informiécits Rendszerek 33.

Tanszek




2. pelda Stack meret monitorozas

= Mit éri meg monitorozni és mit?
= Stack water mark felkonfiguralasa
" FreeRTOS_config beallitasok

o #define INCLUDE_uxTaskGetStackHighWaterMarkO

o uxTaskGetStackHighWaterMark(NULL);

= Miért nem szamit, hogy hova rakjuk?

& Méréstechnika és
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3. pelda Stack eater megirasa

= Mikor latszik a hatasa?

= Mi a hatasa

& Méréstechnika és
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4. pelda Stack overflow jelzés

" Hogy mkodik?

" FreeRTOS_config beallitasok
o #define configCHECK _FOR_STACK_ OVERFLOW 2

" Implementalandé

o vApplicationStackOverflowHook fliggvény
|étrehozasa

& Méréstechnika és
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FreeRTOS idozitési vizsgalatok
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5. Run Time Stats

= Beépitett mUlszerezés
o Szikséges hozza egy viszonylag nagy felbontasu Timer

* Hardware-es megvaldsitas kell COLCEET R
A 2l D= =3 0l
= Kesz megvaI05|tas TASK ¢ 65858 e
. TASK_B 694384 <1%
o timertest.c TASK_A 135919 1%
- FreeRTOS konflguraCIO |C‘0nnected1:04:ﬂl AMSTW 9500 B-M-1 SCROLL _::é

#define configGENERATE_RUN_TIME_STATS 1

= Megvaldsitas

extern unsigned long ulRunTimeStatsClock;
#define portCONFIGURE_TIMER_FOR_RUN_TIME_STATS() ulRunTimeStatsClock = 0
#define portGET_RUN_TIME_COUNTER_VALUE() ulRunTimeStatsClock

& Méréstechnika és
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= Gyakorlatilag minden fontosabb bels6 lépéshez tartozik

i Tick interrupt

SAVE_CONTEXT

h‘aceTask_Sﬁitched_Dut
macro

i Task Switch Context() |

_—

traceTask_Switched_In
macro

v

| portRESTORE_CONTEXT() |
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6. Feladat

= Az aktualis task kirajzolasa egy scope segitséegével
= DAC hasznalat: PA4-es lab

o dac.c, dac.h

" FreeRTOS config
o #define configUSE_APPLICATION_TASK TAG 1

o extern void my_dac_set voltage(unsigned char dac);
o #define traceTASK_SWITCHED IN() my_dac_set_voltage((( int ) pxCurrentTCB->pxTaskTag)*100 )
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