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as the foundation for a wide range of products.

HC/OS-II" HC/OS-1Il: The Real-Time Kernel for the Freescale Kinetis

This book describes practical, working applications for embedded medical devices built
on PC/OS-111 and Freescale's TWR-K53N512 medical board (ARM® Cortex™-M4) using
Codewsarrior and IAR development tools. Each of the included examples feature hands-

onworking projects, which allowyou to get your application running quickly, and can

serve as a reference design for implementing C/OS-IIL

r_p'ClDSvIII MC/OS-11l: The Real-Time Kernel for the Infineon XMC4500
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as a fun and educational experience, resulting in a high-level of proficiency in a short

time.

MC/OS-11l: The Real-Time Kernel for the NXP LPC1768

This book provides practical examples using NXP's LPC1768 Microcontroller, based on
the ARM Cortex M3(rev 2) architecture. A companion evaluation board (Keil MCB1700)
and IDE (Keil MDK Evaluation Version) enable the reader to quickly and easily evaluate
the microcontroller, tools and RTOS. (Both are available separately.) A range of
examples are included, providing a unique hands-on experience, and leading to a faster
and better understanding of the concepts presented in the book.

pC/OS-11l: The Real-Time Kernel for the Renesas RX62N

This book is also accompanied by a versatile Evaluation Board (Renesas YRDKRX62N),

Development Environment and Application Examples for Renesas’' RX62N MCU. The
RX62N is a high-performance 32-bit Flash MCU based on a modified-Harvard M
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AL T FreeRTOS, F LAR %K% SYSTEM_SUPPORT _OS MM 1.

10,4532 FF os
/11,3 FF os
#define SYSTEM_SUPPORT OS 1 1178 LRGN T2 5 SCRE OS

2+ B usart.c 34

usart.c SCAFEIR 5., usart.c SCHA PR BB, — N ZESIN FreeRTOS.h k3044,
ERYSEAIN UCOS (1 includes.h Sk 30, B LLE T
A0 SRAL T os, AL T T 14 Sk S RIA] .
#if SYSTEM_SUPPORT OS
#include "FreeRTOS.h" /los 1 H
#endif

S =& USARTL Wi ss eki g, TEAMEA UCOS (B fig ik v U i) e £ 75 235
OSIntEnter()fl OSIntExit(), 4] FreeRTOS HFIVEHIAFTE T, Fr L IXATRIDMER, 1B
DYEL I
void USART1_IRQHandler(void) HEE T 1 AR AR S5 FE P

{
u8 Res;

if(USART GetITStatus(USART1, USART IT RXNE) != RESET)
{
Res =USART ReceiveData(USARTI); asaiv A& EREAErT

if((USART RX_STA&0x8000)==0) TSR 58
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{

if(USART RX_STA&0x4000) /AEWE] T 0x0d

{
if(Res!=0x0a)USART RX STA=0; RS R, BB O
else USART RX_STA[=0x8000; IRV R T

}
else /UL E] 0X0D

{
if(Res==0x0d)USART RX STA|=0x4000;
else
{
USART RX BUF[USART RX STA&OX3FFF]=Res ;
USART RX STA++;
if(USART RX STA>(USART REC LEN-1))USART RX STA=0;

}

3. B delay.c X4

delay.c LB ELECR T, KON M3l FreeRTOS RGN 41, delay.c SCA4FHITAH 4
AR, JekE— N3 SysTick Handler(), I R 3502 1% 25 7 I 25 1) 7 A 45 ek 2, AR 40
extern void xPortSysTickHandler(void);
/lsystick HI Ik 55 B8 40 8 A OS I 21
void SysTick Handler(void)

{

N

if(xTaskGetSchedulerState()!=taskSCHEDULER _NOT_STARTED)// &4t C. &84T

{
xPortSysTickHandler();

}
}

FreeRTOS F-Co bl 2 FHR 25 7€ I 45 77 A2 1, ARHE FreeRTOS Y R G #1411 B B 1P 25 7€
INf 2% 00 B 400, SRR g 4 R ) i A A A I AR R T T o AR T E I s T I 5% e Kb iR A
FreeRTOS ] API &%} xPortSysTickHandler().

delay_init()72& I KA 4a I 5 I 25 AISE I 8 55, ARAS 4
ARTER A RE IR R L
/ISYSTICK FIsf £ 5& &y AHB Iy, JEAlif5) 2 LI SYSTICK I #4545 AHB/8
/X BT He4% FreeRTOS, T LA¥E: SYSTICK I BlAfZ iy AHB [ % !
/ISYSCLK: R Gt It} fh 4%
void delay init()
{

u32 reload;

SysTick CLKSourceConfig(SysTick CLKSource HCLK);/i% 48  HCLK
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fac_us=SystemCoreClock/1000000; IIANE R OS,fac_us #5575 Z4%FH
reload=SystemCoreClock/1000000; IR TH RS AR M
reload*=1000000/configTICK_RATE HZ; //ARFE configTICK_RATE HZ % 5€ i H!

//IF1A] reload SN 24 1 217 2%, i K AR
/16777216, fE 72M K, 214 0.233s KA

fac_ms=1000/configTICK._RATE HZ; /MAR3R OS ] LAZERS (1) /> HAr

SysTick->CTRL|=SysTick CTRL TICKINT Msk; //JFJ3 SYSTICK 1

SysTick->LOAD=reload; /I 1/configTICK_RATE_HZ #b it
11—k

SysTick->CTRL|=SysTick CTRL_ENABLE Msk; //JfJ& SYSTICK

BT FRATTUE T FreeRTOS W R Gl Sl H1i 20 5E I @52 L1, T84 € ZEARYE FreeRTOS 1Y
RGBT R VIIG AT I 2% T, delay init()il /& K 5E X N IHEE . FreeRTOS ) R4
BT % configTICK_RATE _HZ RKikE, X MERATTLLEHHKE, HE2—HEREKFLIER
AT EAR G IX ME R e N, L Senite I B2 € I 28 0 Hh I8 R 0 o 72 RR it ] A v
T E I ZR I R A ZE 1 B & AHB 1 1/8, X HUN T % FreeRTOS H4 35 &5 a8 I 2% B I £iAt
HECONT AHB, iR 72MHz! IX— g B

FERRI = R HGES R E T 1, ARG T
J/ZERS nus
//nus: ZEIE R (] us 5.

//nus:0~204522252(5 KAE R 2732/fac_us@fac us=168)
void delay us(u32 nus)

{
u32 ticks;
u32 told,tnow,tcnt=0;
u32 reload=SysTick->LOAD; //LOAD &
ticks=nus*fac_us; Voo RREskA
told=SysTick->VAL; TN
while(1)
{
tnow=SysTick->VAL;
if(tnow!=told)
{
/X BIER—F SYSTICK Jfe— Mg vt E sl T bl 1.
if(tnow<told)tcnt+=told-tnow;
else tent+=reload-tnow-+told;
told=tnow;
if(tcnt>=ticks)break; //05F TB) e I /5 T L AR R BT ) DU SR U
H
¥
H
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J/ZERT nms, 23 5] R 551 BE

//nms: ELIE 1) ms 21

//mms:0~65535

void delay ms(u32 nms)

{

if(xTaskGetSchedulerState()!=task SCHEDULER_NOT_STARTED)// %% C. 41817
{

if(nms>=fac_ms) J/FEI I T R OS B d5e 2 B 1) ] 34
{
vTaskDelay(nms/fac_ms); //FreeRTOS ZERT
}
nms%=fac_ms; /108 E& TIES X A /NI ZERT T,
IR P )7 KA
H
delay us((u32)(nms*1000)); /1338 7 A AE B
}
J/ZERT nms, AN 5] R 551 BE
//mms: ZZIE ) ms %L
void delay xms(u32 nms)
{
u32i;

for(i=0;i<nms;i++) delay us(1000);

delay us()+& us ZAERS PR %L, delay ms Al delay xms()#R & ms e FILERT R EL, delay us()F
delay xms()OAN2FEULES V. delay ms()H L& X FreeRTOS A [P LERT BR %L vTaskDelay()[)
fay Lk, BT DAZEAS F delay msORII 2 S 8UE S V.

delay.c BEUEIA G IE—T, SHORME 2.2.2.1 Prosfiiz:

Build Output 0 x |
** Using Compiler 'V5.06 update 2 (build 183)', folder: 'D:\Keil v5\ARM\ARMCC\Bin'

Build target 'FreeRTOS'

linking...

. .\OBJ\LED.axf: Error: L6200E: Symbol PendSV_Handler multiply defined (by port.o and stm32f10x_it.o).

. .\OBJ\LED.axf: Exrror: L6200E: Symbol SVC_Handler multiply defined (by port.o and stm32£10x it.o).

. .\OBJ\LED.axf: Error: L6200E: Symbol SysTick_Handler multiply defined (by delay.o and stm32f10x_it.o).
T SNOUgN INIOIMETION TO IIST IMEgE SYNDOIT.

Not enough information to list the image map.

Finished: 2 information, 0 warning and 3 error messages.

" \OBJ\LED.axf" - 3 Error(s), 0 Warning(s).

Target not created.

Build Time Elapsed: 00:00:01

ST-Link Debugg:

K 2.2.2.1 #iREER
K 2221 KEHRIRFE R porte. delayc Al stm32f10x it.c o ="EHEE LI REL:
SysTick Handler(). SVC_Handler()fl! PendSV_Handler(), X =A>e&%> H i 8 5E i 2% b 7 AR
A SVC RS R PendSV rHWT IR S5 BRI EL, H4 stm32£10x_it.c W = AN R 57 i,
Wi 2.2.2.2 fiior:
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58 void UsageFault_Handler (void)

60 % Go to infinite loop when Usage Fault exception occurs *
61| while (1)

63 |

66 void SVC_Handler (void)

70 void DebugMon_Handler (void)
72 [}

74 void PendSV_Handler(void)
75
76
77

78 void SysTick_Handler (void)

K 2222 FERE
FRR G PRARED, NAZEA R T, WHRIE R HHR S FATARIE R RS 50 £, SYSTEM
S AB L TER T .

2.3 BHERIUETE
2.3.1 EBERFEIT

1. ERHEK

%5 AT B[ FreeRTOS N FIACHS, Wi FreeRTOS HIFSHESE 5 kL) . T Kb IERF )
FreeRTOS, A DAE #244 ASLI0 RS S HRGG 2 B O TR

2. SEWERIH

AT /MESS . start task()s led0 task (). ledl task ()F1 float task(), XPU/MESSHY
{5 ThEean T

start_task(): FSREIEHAD =MMT5%

led0_task (): %] LEDO HIIAFK, 7R RGBT,

ledl_task (): 4%l LED1 B ¥k

float_task(): A5 A7F smUMRAESS, Tl STM32F4 [#) FPU 215 TAEIEH .

3. ERTHE

FreeRTOS 5286 2-1 FreeRTOS #2152 56 .

4. LREFEIT

O/t E

#include "sys.h"
#include "delay.h"
#include "usart.h"
#include "led.h"
#include "FreeRTOS.h"
#include "task.h"
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/************************************************

ALIENTEK &M STM32F103 JF & #K FreeRTOS S£4 2-1

FreeRTOS #4H8 SE56- P bR K i A
HiARS FF: www.openedv.com

¥ )54 http://eboard.taobao.com
"IES R, PR IREL STM32 k).

KIEME AT EMES:
J7 T R R R A R A A
& : 1B JRF @ALIENTEK

************************************************/

#define START TASK PRIO
#define START STK SIZE
TaskHandle t StartTask Handler;
void start_task(void *pvParameters);

#define LEDO_TASK PRIO
#define LEDO_STK SIZE
TaskHandle t LEDOTask Handler;
void led0_task(void *p_arg);

#define LED1_TASK_PRIO
#define LED1_STK_SIZE

1 IMEF IS

128 IMESSHER KN

IMEZS AR
INES R %

2 IMEF RS2

50 IS5 HERR RN

INEZ5 R
INES R %

3 IMEF RS2

50 IS5 HERR RN

TaskHandle t LED1Task Handler; IS5 FR
void ledl_task(void *p_arg); INMESS R
® main()F
int main(void)
{
NVIC _PriorityGroupConfig(NVIC_PriorityGroup 4);//% & R4t H kit a2k 7y 4H 4
delay_init(); J/3EIT B HR G AL,
uart_init(115200); IR
LED_Init(); /IW)EEA LED
AT IR 55
xTaskCreate((TaskFunction_t )start_task, INESS R
(const char* )'start_task", IS5 24 FR
(uintl6_t )START STK_SIZE, IMESHER KN
(void* )NULL, IME LA S5 R AU Z 4L
(UBaseType t  )START TASK_PRIO, ISR Se 4k
(TaskHandle t*  )&StartTask Handler); INES IR
vTaskStartScheduler(); 13T IR AT 55 R
}
® E5EM
I IR AE 55 1E: 55 R 4L
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void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); G N RS
/185 LEDO 1155
xTaskCreate((TaskFunction_t )ledO _task,
(const char* )"led0_task",
(uint16_t )LEDO_STK SIZE,
(void* JNULL,

(UBaseType t )LEDO_TASK PRIO,
(TaskHandle t*  )&LEDOTask Handler);

/185 LED1 1155

xTaskCreate((TaskFunction_t )led1 task,
(const char* )"led1 task",
(uint16_t )LED1 STK SIZE,
(void* JNULL,

(UBaseType t )LED1 TASK PRIO,
(TaskHandle t*  )&LEDI1Task Handler);

vTaskDelete(StartTask Handler); /B R 5%
taskEXIT_CRITICALY(); /138 H I SR IX
}
//LEDO {F:55 b5 £
void led0_task(void *pvParameters)
{
while(1)
{
LEDO=~LEDO;
vTaskDelay(500);
}
}

//LED1 £55 R %k
void led1 _task(void *pvParameters)

{
while(1)
{
LEDI1=0;
vTaskDelay(200);
LEDI=1;
vTaskDelay(800);
}
}

WA I 1 3 MESS: LEDO WHAAE55 . LED1 MRAT 45 1 AT 5%, EA1RIAE
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B led0 task(). led] task(). ledO task()FH ledl task(F551R 18, miEil LEDO Al
LED1 J& #18% IA £k o

BT FRATT 2 A IARAR S SRR FreeRTOS A& B RAE I,  Fr LASCT ELAA 1) pR £ 1 18 A
JEIR ARG, JE T2 TR !

2.3.2 SERERFEBITERMT

PRIt N EARAD R STM32F103 FF M, F#GE 2 PUE&E % LEDO A1 LED1 46 A4k,
LEDO 5] N4, A2 KA IE LEDO T 55AXAS H ik B 4F 1) LEDO 5% 500ms, K 500ms.
LED1 2 [ [a)4 , R RN TR, X 2 RN AE LED] 4T 55480 i B 4 197 200ms, K 800ms.
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B=% FreeRTOS R4EE

FESCBRE ] FreeRTOS YR RBATHS & 75 ZARYE 5 O KOKBCE FreeRTOS, 1y HANF 244
1) MCU 7E# F FI R BB AR . FreeRTOS I R SEHC & S/ FreeRTOSConfigh, 7EILHALE
SCAEHRTRASE R FreeRTOS HUSKBYAIACE, X & IEHW EER—N 30, AREHRIEIX A XA
A, ARES IR LG

3.1 FreeRTOSConfig.h S ff

3.2 “INCLUDE_” JTAf%

3.3 “config” JFHRMIZ
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3.1 FreeRTOSConfig.h 3 /¥

FreeRTOS L B FA & it 7F FreeRTOSConfig.h Hif#i ] “#define” IXFEMIIEFIH & L E
& LB . #E FreeRTOS IE 75 demo H1, &4 LFE#SH —4> FreeRTOSConfig.h 3, Al
TEAT FH I ] DA 51X AN S0, B2 R SRR A .

3.1 “INCLUDE ” FFiEHI%

ff/ “INCLUDE_” J¥:3k1)% Fl R KR HE BiFR BE FreeRTOS HAHRL[) API BR%k, 1F At
FEFHRECE FreeRTOS HW AL API PRI . L2472 INCLUDE vTaskPrioritySet ¥ &4 0 [f]
B i 2% 78 AN B 1 A BR 2 vTaskPrioritySet(), 4% B A 1 1IEF % gt & 7= v BLUAE A R 2L

vTaskPrioritySet(). X AMIREI I mE KM gm e, 7E3CHF tasks.c HAUWTE 3.1.1 P,
14005=1y ( INCLUDE vlaskPrioritySet == 1 ) J&

1401 FHREE

1402 void vTaskPrioritySet( TaskHandle t xTask, UBaseType_ t uxNewPriority )
1403 &

}561 “Zendif /% INCLUDE_vTaskPrioritySet *

B 311 Ao

M 3.1.1 AT LE 249 2 4 F . NCLUDE vTaskPrioritySet == 1 [ I i, B %
vTaskPrioritySetO4 24Pk, V1R, X BN T 4/ iEK B4 vTaskPrioritySet()ff) A & #EAT 1
#178 - FreeRTOS 1 BT AIC B Al 2 1X A FH 2% A 4 1 1) 7 12K SEERIKT , AN 1L FreeRTOS iX 4+,
IRZ WM ER . RTOS RGUM GUI PS5 HR 2 Al FH 2% A1 4 13 1) 7 V20K 72 BUC BB BT 1 o 2% A9
PERIF AL 2 A S 0], AR ER DI AR e, X PEn] AR SEhr i KRR 2485
[¥1 ROM A1 RAM K/, 45 B SR MCU K RGTHAE, FERRA

NHSKEE “INCLUDE_” JHIRMHARLLT, EATR IRt 4

1. INCLUDE_xSemaphoreGetMutexHolder

L SR AT FH BRI xQueueGetMutexHolder() 1)1 7% INCLUDE_xSemaphoreGetMutexHolder 24
IR XN 1o

2. INCLUDE_xTaskAbortDelay
L 2R A pR 2 x Task AbortDelay() 1144 % INCLUDE_xTaskAbortDelay & XN 1.

3. INCLUDE_vTaskDelay
LN S AT BR 2L vTaskDelay ()1 75 2244 % INCLUDE vTaskDelay & XA 1.

4. INCLUDE_vTaskDelayUntil
T 2R S pR 2 vTaskDelayUntil () 1 75 226 %2 INCLUDE_vTaskDelayUntil & SN 1.

5. INCLUDE_vTaskDelete
LN S EAS FH BR 2L vTaskDelete()ff) 1% 75 206 %2 INCLUDE _vTaskDelete % SN 1.

6. INCLUDE xTaskGetCurrentTaskHandle
wm R OB fif A B 4 xTaskGetCurentTaskHandle() [ 1&F 7 %
INCLUDE xTaskGetCurrentTaskHandle & XN 1.

X
M

7+ INCLUDE_xTaskGetHandle
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I R E A% H eRi 28 x TaskGetHandle() )3 77 22K % INCLUDE_xTaskGetHandle & XN 1.

8. INCLUDE_xTaskGetldleTaskHandle
wmooH® ® O A K ¥ xTaskGetldleTaskHandle() M) ifF & % %
INCLUDE_xTaskGetldleTaskHandle & XN 1.

N

9. INCLUDE_xTaskGetSchedulerState
N SR EAS FH PR 2L x TaskGetSchedulerState() )15 75 £ % INCLUDE_xTaskGetSchedulerState
EXN 1o

10. INCLUDE_uxTaskGetStackHighWaterMark
o B OE O A B $ uxTaskGetStackHighWaterMark() ) & #F B
INCLUDE _uxTaskGetStackHighWaterMark & XA 1.

N

11, INCLUDE_uxTaskPriorityGet
1 2R EAS FH PR 2 uxTaskPriorityGet() 1 77 2244 %% INCLUDE_uxTaskPriorityGet & XN 1.

12. INCLUDE_vTaskPrioritySet
I R 2248 F pR 28 vTaskPrioritySet() ()1 75 224 % INCLUDE_vTaskPrioritySet & XN 1.

13. INCLUDE_xTaskResumeFromISR
0 S EAT FH PR 2L x TaskResumeFromISR() 1% 75 2244 7% INCLUDE_xTaskResumeFromISR Al
INCLUDE _vTaskSuspend #55& SUA 1.

14. INCLUDE_eTaskGetState
W R 248 F eR 28 e TaskGetState() Y 1 75 2244 %2 INCLUDE_eTaskGetState & XA 1.

15. INCLUDE_vTaskSuspend

BB A A B 20 vTaskSuspend() « vTaskResume() . prvTaskIsTaskSuspended() -
xTaskResumeFromISR() 1% %% INCLUDE_vTaskSuspend % 5€ XN 1.

an F A A MR 2 xTaskResumeFromISR() 1) 1 %% INCLUDE_xTaskResumeFromISR Al
INCLUDE_vTaskSuspend #4200 5E A 1,

16. INCLUDE_xTimerPendFunctionCall
B AF A pR 24 xTimerPendFunctionCall() #1 xTimerPendFunctionCallFromISR() 1] i %%
INCLUDE_xTimerPendFunctionCall £l configUSE_TIMERS #B:AZ55E XN 1.

3.2 “config” FFER K

“config” JFUAMIZ AT “INCLUDE ” FFUR1%:—FF, #52 F>R 7€ K FreeRTOS [0 B A3
BUM, BT RFEA TG — FixL “config” FFUAMZ.

1. configAPPLICATION ALLOCATED HEAP

BN 5 WL T FreeRTOS 1) HE N 17 /2 H % ¥ & Sk 0 M, ¥ &
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configAPPLICATION_ALLOCATED_HEAP JE 34 1 i ENAF R LA P BATICE, HENAF
1E heap l.c. heap 2.c. heap 3.c. heap 4.c Al heap S.c HH & L, BARIEMA SCAFERTH -
(I B A N A EE T e LR nFRA TR RE%E4% T heap_4.c, HBATE heap_4.c Hh Ak 3.2.1
JIt7s i s

166 % Allocate the memory for the heap. *
101 9%if ( configAPPLICATION_ALLOCATED_HEAP == 1 )

1025 * The application writer has already defined the array used for the RTOS
103 heap — probably so it can be placed in a special segment or address. *
104 extern uint8_t ucHeap[ configTOTAL_HEAP_SIZE ];
105 | #else
106 static uint8_t ucHeap[ configTOTAL_HEAP_SIZE ];
107 | #endif /* configAPPLICATION_ALLOCATED_HEAP x*
108 L
B3.2.1 HpAF

ME 3.2.1 7 LAE H 24 % configAPPLICATION ALLOCATED HEAP 5 XA 1 3% 75 B H
FEATHENAF ucHeap, 75 U (101 s 2 2 B4 SR 23 L1

2. configASSERT

Wis, KL C PrAEFETH assertORRIE, I ACRS AR AT LU B4 NS HOE & & B,
FreeRTOS W% H 5 s #2518 FHl configASSERT(x), 24 x A 0 MR B A 4% & A4, fii
Wr s FE s SEOFE MR, — BRI B H . configASSERT() 7 ZE7E FreeRTOSConfig.h 3L
PR E S an s
#define configASSERT((x)) if((x)==0) vAssertCalled( FILE , LINE );

R, vAssertCalled )RR TR ZH - BAT & X, ATLLEZ /RS LCD Rk, Warblg
AL R TR R R, AR R TR BRI A0 R € e
I
#define vAssertCalled(char,int) printf("Error:%s,%d\r\n",char,int)
#define configASSERT(x) if((x)==0) vAssertCalled( FILE , LINE )

AR x AR L IE L T BN H A AR HR I SO A2 AR IR ITE AT 5 TR0 CAS Y
ATLMERIWT S, B e R E L s, Brbsgimoray !

3. configCHECK_FOR_STACK_OVERFLOW

CE MR A, BEMESS A — MESSHERR, a0 RAL T B % xTaskCreate() &l i —MT:
S TR B4 X AMTE S5 I HERR /2 H B A FreeRTOS ) HE(ucHeap) 73 FCHYT,  HERR K/ 2 HH BRI 2R
xTaskCreate() 124 usStackDepth >R g ). U 548 FH 2R 5 xTaskCreateStatic() B & AT 55 FI1EAT:
SHER AR P W ER, %8 pxStackBuffer AT HERR, —M2— 4.

R H o2 T BN AR AT E M EE N ZER, FreeRTOS $fit 1 W FhaT ik i AL >k 35 Bk
DDA HE R R, AN (S R Rh LA B0 22 152 B % configCHECK _FOR _STACK_OVERFLOW.
SR RE T HERRAS I THAE 3%, B2 configCHECK FOR_STACK OVERFLOW Ay 0, A4 M
JUL R AN T R (IR R ), 2 A AZAS I 21 HE AR AR HE DU 2 T X N8 TR B,
B B AUFE AR
void vApplicationStackOverflowHook( TaskHandle t xTask,

char * pcTaskName );

S xTask /21T45 AN, pcTaskName &/T55 447, EE R M2k A E I TE e
EBIX AN SE, R R A X MR T LE A B4 E pxCurrentTCB KA & W MT- 55 &
AT HERRER o A LEAb PR 2R TT BE AR MEAR S H AB A B — A fault FICRIERIXFESR, AL,
HEM ARSI 218 0 bR SCU R TR, @R TR R g A
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configCHECK_FOR_STACK OVERFLOW==1, f# FHEFRVS HIR I 77325 1.
BRSO R A TR BRI, IR IR AE AR P ), IR NG S5 AR A P ZRAR AT
REIE B R, 77— B AW R AT 25 HERR T4t 2 B4R A 28], dn S48 ) 1 e (A
if st 2 A7 R 8. 7iE— AR AU PR L (R B A2 S RS U BT A P HE AR H
configCHECK._FOR_STACK OVERFLOW==2, i F HEFR S HIR I 7732 2.
81 F 759 Z RO TEE BB S5 I I 2% AR S5 HERR I 78 — AN A mbRicE, ks —Hi
D HERS 5 T ) LA bytes(bRic )2 B NS, QSR w oS BE st 2 Vi F HERR T tH 88+ R 8, 7
M T E R AL L R A — S (RGP SRR AR R L ik
TREATIN B LT BT AR Y, (R — S BRI R, B H AR bR O E A R R R
15 .

3. configCPU_CLOCK_ HZ
% E CPU A4,

4. configSUPPORT DYNAMIC ALLOCATION

SESCA 1 ITETERIZE FreeRTOS [ I AZ N 5 BN BT 75 2 1) RAM it 2 M FreeRTOS [ e
SIASMERE A AT, e O 0 MIEATT I RAM gt 7 B P BT84, BRAIE W R %
configSUPPORT DYNAMIC ALLOCATION A 1.

5. configENABLE_BACKWARD_COMPATIBILITY
FreeRTOS.h ' i — 651 fj#define 7€ S, IX L7050 AR — L m R A4 7, N 3.2.2
B

823 Hzif rnnflPF\—\RlF BACKWARD _COMPATIRILITY ==_1

824 = eTaskStateGet eTaskGetState

825 Zdefine portTickType TickType_t

826 Zdefine xTaskHandle TaskHandle_t

827 = xQueueHandle QueueHandle_t

828 = xSemaphoreHandle SemaphoreHandle_t

829 Zdefine xQueueSetHandle QueueSetHandle_t

830 Zdefine xQueueSetMemberHandle QueueSetMemberHandle_t
831 = e xTimeOutType TimeOut_t

832 = xMemoryRegion \(emonReglon t

833 2 1e xTaskParameters TaskParameters_t|

834 = xTaskStatusType TaskStatus_t

835 = xTimerHandle TimerHandle_t

836 Zdefine xCoRoutineHandle CoRoutineHandle_t

837 = i pdTASK_HOOK_CODE TaskHookFunction_t

838 Zdefine portTICK_RATE_MS portTICK_PERIOD_MS

839 Zdefine pcTaskGetTaskName pcTaskGetName

840 Zdefine pcTimerGetTimerName pcTimerGetName

841 Zdefine pcQueueGetQueueName pcQueueGetName

842 = e vTaskGetTaskInfo vTaskGetInfo

843

844 ¢ * Backward co ) hpse definiti
845 re not reall u for

846 :, f tmlTI\lER C%LLBACK TimeICallbackFunct ion_t
847 Zdefine pdTASK_ CODE TaskFunction_t

848 Zdefine xListItem ListItem_t

849 #define xList List t

850 | "endif /* configENABLE_BACKWARD_COMPATIBILITY *

K322 e X
£ V8.0.0 ZHil ] FreeRTOS H > {i H BiX £ 2R A, X7 ik RIS M v8.0.0 2
BEOWORR AR OB R B RO B R AR EMEBEES, RAE N T E
configENABLE BACKWARD COMPATIBILITY 4 1.

6+ configGENERATE_RUN_TIME_STATS

WEN 1 IFA RIS IhRE, AR APT R AL H R 1R, N 0 B SCHIR M Seit Thag. ik
% configGENERATE _RUN_TIME STATS A 1 FIiHIE T EE X 3.2.1 FH%.
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B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
* ik
portCONFIGURE TIMER FOR_RUN TIME STATS() | Itt%: FH kA4 — AN RAE it
R RINE NN
portGET RUN_TIME_COUNTER_VALUE()&k 1 7 FH R 3 [ 224 i I b G I
portALT GET RUN_TIME COUNTER_VALUE(Time) | 8.
321 #EX

7. configIDLE_SHOULD_YIELD

I € LT 573 INAE45 (idle Task) Ak T RIS e 4 1O Ho A FH P AR5 14T, 2408 0 IO s
WAES AL AL T RIS R IAE Skl CPU AR, 248 1 HIRHES WAL S b T
RIS I P AT %% ikt CPU ERIAL, BRIEA A A TS, RFEE TR INAESS B
B2 RAD, ERX At TRIEM, WK 3.2.3.

TO T1 T2 T3 T4 T5 T6 T7

B c [1] A B c [1] A B
3.23 fE55EAT

K323 HEZAMPES: AL By C, BH—MTWAES L AP RSB RS LT
— R, A5 UIHRELE TO~TT B %, TO~T1 Z [al IR 1)y — AN 8] A, B A AT LG H—
THIEAESS B C #HAT 7 — 58I 8], 78 T2 RS INAESS T EH3T, 1SS 8T 7 —
BN TR LS 8 A AR S540E 7 CPU AL, A AES5184T 3 T3 2R AT S VI, B ARSI ihic
17 WLVE SRS TRESS A —REH 7 — DR, PrRMESS A I8 AT N ] )t b Af AT
Sb

R VR T KA TIRE, SRS WS A T 200, 1 HIAER MCU M RE#IR
5 !

8+ configKERNEL_INTERRUPT_PRIORITY.
configMAX_SYSCALL_INTERRUPT_PRIORITY.
configMAX_API_CALL_INTERRUPT_PRIORITY

X =AM FreeRTOS P WIACE AT S, JaT&A L I THIF TORHE !

9. configMAX_CO_ROUTINE_PRIORITIES

WE T LA ECA MR i AR e, st R MR e g8 W E 5 USRI 2 mT
LA 0 #| configMAX CO ROUTINE PRIORITIES-1, L 0 2 & % M 1 56 %,
configMAX_CO_ROUTINE_PRIORITIES-1 Ay & AL 56 2% o

10. configMAX_PRIORITIES

WEALS IR s, WE I DUSAES 3T UEA A 0 2 configMAX PRIORITIES-1 [
A, Hr 0 IR SE, configMAX PRIORITIES-1 & & it /e gk . &M UCOS HIIX
A1, UCOS " 0 & dp it e !

11. configMAX_TASK NAME_LEN
WES A KNKRL.

12. configMINIMAL_STACK_SIZE
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BB SRS R /ME S HEROR N, BLF N8N, ARFT. HAnfE STM32 E#CE N 100
(R, 4 BRI/ 100%4=400 777

13. configNUM_THREAD LOCAL_STORAGE_POINTERS
W B RMES A AR TR EN B RN, ARt A e e i 3845, F P R FE
7 AT DAAE TK SO A Hb A7 fifs P A7 N — L83 .

14, configQUEUE_REGISTRY_SIZE

W AT CLEM I ASIAIE 5 B R KR, A WA A A (5 5 BB X
TEREILZL, 0 HESERAE B B SAE S BEATEM, WA EM 7RIS S B4 2 A
WA HE R, ORGSR A A A5 5 B B 0 BT

15, configSUPPORT_STATIC ALLOCATION
b e SO 1, AR S YR RIS 7R EE R P AR E RAM, 2408 0 (B st 2 [ A8
H heap.c H HIBhaS N A7 & 2 5K 2Ok H 301 H 1 RAM.

16~ configTICK_RATE_HZ

W& FreeRTOS W RGN B 403, BAN HZ, BARH RS €N a b s, &
TG I R C B R E N R R R, BTTIAEVE delay.c SCHFROIRHIR C 2200 1o AR T 3RAIT
Wb BB N 1000, A HAELZ 1ms.

17, configTIMER QUEUE LENGTH
7 R B FreeRTOS 24 E I 2511, FreeRTOS M1 E I 28 API R E <l a2 BAFI 1)
AR AT RORTE R, 7 R B X AN A I 2 A 2 A SIS

18. configTIMER_TASK_PRIORITY
BB A N BT 55 AR S5 AR S

19. configTIMER TASK STACK DEPTH
B T I 2R 5T 55 AT 45 HERR K/

20. configTOTAL_HEAP_SIZE

BEHERN, R T EhE WA TS, FreeRTOS fEGIEATS . (55 8. AL
foc 5t 2 1l heap_x.c(x N 1~5) o [ N A7 36 R BBOR HIE N A7 o X 28 9 A7 k2 M\ HE
ucHeap[configTOTAL _HEAP_SIZE]H H1i% 1], HFIK/NH configTOTAL _HEAP_SIZE K& Y.

21, configUSE_16_BIT_TICKS

BHERATITHR TR R, KRG MIHHSE B E RN TickType t, %
configUSE 16 BIT TICKS A 1 fHF {5 TickType t #t /& 16 A7), 24 configUSE 16 BIT TICKS
N0 B TickType t A& 32 F7f).

22. configUSE_APPLICATION TASK TAG
oz BN 1 M 1§ B % configUSE APPLICATION TASK TAGF()
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. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
xTaskCallApplicationTaskHook() il 2 #f 4 7

23. configUSE_CO_ROUTINES
WA 1 g S R, A2 el DU 8, (HRThae AR, ER MCU tEgec&dE
R T, VS E

24, configUSE COUNTING_SEMAPHORES
BB | IR SR 5, I APL RS2 W%

25, configUSE_DAEMON_TASK STARTUP_HOOK

2477 configUSE_TIMERS #1 configUSE DAEMON TASK STARTUP HOOK #8241 [ 75
B € L% vApplicationDaemonTaskStartupHook(), BRI U1 -

void vApplicationDaemonTaskStartupHook( void )

26~ configUSE_IDLE_HOOK
N1 IS S AR 558 TR B, I ESE LA AT S B R, BB R A T
void vApplicationldleHook( void )

27+ configUSE_MALLOC_FAILED HOOK
N 1A A A 73 BE SR BB 1 R 80, P 75 S SIEBI A A7 70 BE R DGR 1 R 80 eR ORI R
void vApplicationMallocFailedHook( void )

28. configUSE_MUTEXES
N IERERFESE, HRE APT KA W%,

29. configUSE_PORT_OPTIMISED TASK SELECTION

FreeRTOS A P F 7 15 KIEFE N — N EEATIESS, — DNRIBHMNINE, F—" RN
Jiik, HELREA R, [ MCU B B35 4 K SE

1 FH 7

® 4% configUSE_PORT_OPTIMISED_TASK_SELECTION A 0, B 5 1t /N S 45 It 4k

© 7 EE A A 3 FH P A gk

® & CIEF RS, (HRMBF R ITIEK.

® AR I E H B

R

® AT IE A SR

® 4% configUSE_PORT_OPTIMISED_TASK_SELECTION Ay 1 ]I {.

® A RIRIIFES, WIHHEIT S (CL)$E4 -

® (LiEHTTEREE.

® IRMIREHEE, —Kke 321

STM32 H it B i & F 8 4, B LLIRAT o] BUAE A Re Bk 7 vk, B R R
configUSE_PORT OPTIMISED TASK SELECTION & XN 1. iHH AT $ /547 UCOSIII
MBI T, WRMRER T s T rES M.
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30. configUSE_PREEMPTION

1 IHE S SRS, 0 WML . T A A o 2 B R S A S AR RN
BT R R WA TAE S DI, A AR S S AR U R Hh 7 AT AT 55 4

® —MES M T A%k taskYIELD().

® —MESWA T AT LMEAT 53 NFHEEAS ) API BREL

® N AR A E T AE R AT RSP

31. configUSE_QUEUE_SETS
9 1A HBABISE D RE -

32. configUSE_RECURSIVE_MUTEXES
N IERLEA TR S8, AR APT B4 1«

33. configUSE_STATS FORMATTING_FUNCTIONS
% configUSE_TRACE_FACILITY Fl configUSE_STATS FORMATTING FUNCTIONS #{H
1 I R 25 vTaskList()F1 vTaskGetRunTimeStats() 2 8% 4 i3 o

34. configUSE_TASK_NOTIFICATIONS
A1 RS AR S E AN DI RE, AHOCHT APL BB g iE, JHa T LIhReriE s ML 2
ZIHFE 8 NF .

35, configUSE_TICK_HOOK
9 1 I RERS 8] 81 R B, I o B SCEL 1) 4 7 R A s R G
void vApplicationTickHook( void )

36+ configUSE_TICKLESS IDLE
N1 IHE AEIRIHFE tickless B

37. configUSE_TIMERS

1R AT E I A% AR ) APT BRELSS R E, 4% configUSE_TIMERS Ay 1 ik,
M 4« % configTIMER TASK PRIORITY .  configTIMER QUEUE LENGTH
configTIMER_TASK_STACK DEPTH 4 4i5E X .

38, configUSE_TIME_SLICING

BAIMBOL T, FreeRTOS {4 FH#6 7 0 B4R, IX B T 28K ERE AT &8ss T i
SR AT S5, AL SE A R B A 25 AE I e i v i e AT U046, 4% configUSE_TIME_SLICING
90 1R I AN 2 7 IS BT 40 v B o AT A R AR SR AT S AR S U0 He, BRUIE LR B
configUSE_TIME_SLICING 4 1.

39. configUSE TRACE_ FACILITY
1A R AT R ER A, e dGn— Lo S5 R AR Rl 51 M1 APT BRI 3.

FreeRTOS T B AT SEA L IX 28, 30 A7 — S8 H A O E B 25 vh A A b A X B AT 91
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ALIENTEK STM32F103 £ZR5I7F £4} FreeRTOS FF £ %12
Hiok, XS B AR B IR AR AT T

|
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

FEIE FreeRTOS H Wirc B MG 5B

FreeRTOS L & & — MREZ M, 7FEARME K MCU kB4R E . 1X7FH%E
T MCU ety R anil, AFEaES Cortex-M B NVIC KiHi# STM32 F& T H)
FreeRTOS HIHIALE, AF 5 NUIT JLH5

4.1 Cortex-M 717

4.2 FreeRTOS Wi & %%

4.3 FreeRTOS FF-5% b

4.4 \nFBAY

4.5 FreeRTOS H Wil 5256
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ALIENTEK STM32F103 £&%HF &R FreeRTOS FF & £#2
4.1 Cortex-M H1 Mt

4.1.1 FWrEN

HR TR s A — MR AL REE, T B AR, R W AR LU CPU a2 B 24 w1
(ARG T 22 A B A W R %5, Cortex-M % (1) MCU $24 T — AN FH T r I 5 21 14D #0265 ) 2 v
I #(NVIC)

Cotex-M3 [ NVIC % 3£ 240 4> IRQ(FFWri& R) 1 ANA AT B il o Wr(NMI). 1 4™ Systick(i
ZER 2 R AR TR TR 2N R G R

4.1.2 FRTEEFEN

Cortex-M AbBEEEA 2 AN H T8 B I AL 0 0 T A2 27 A7 4%, IR LU 37 f7 48 K 2 B0 e
NVIC fl R4 HL(SCB)H, CMSIS WX L3785 & LA, LL STM32F103 A, 4T7F
core_cm3.h, HWAEEME, NVIC Type Al SCB Type, #1F:

typedef struct
{
__ IO uint32 t ISER[8]; /*¥1< Offset: 0x000 Interrupt Set Enable Register &
uint32 t RESERVEDO[24];
__ IO uint32 t ICER][8]; /*¥1< Offset: 0x080 Interrupt Clear Enable Register &
uint32_t RSERVED1[24];
__ IO uint32 t ISPR[8]; /*¥1< Offset: 0x100 Interrupt Set Pending Register &
uint32 t RESERVED2[24];
__ IO uint32 t ICPR[S8]; /*¥1< Offset: 0x180 Interrupt Clear Pending Register &
uint32 t RESERVED3[24];
__ IO uint32 t IABR][8]; /*¥1< Offset: 0x200 Interrupt Active bit Register &
uint32 t RESERVED4[56];
__ IO uint8 t 1IP[240]; /¥1< Offset: 0x300 Interrupt Priority Register (8Bit wide) */
uint32 t RESERVEDS5[644];
O uint32 t STIR; /*1< Offset: 0XEOO  Software Trigger Interrupt Register &
} NVIC Type;
typedef struct
{
I uint32 t CPUID; /¥1< Offset: 0x00 CPU ID Base Register Y
_ IO uint32 tICSR /¥1< Offset: 0x04 Interrupt Control State Register  */

__ IO uint32 t VTOR; /¥1< Offset: 0x08 Vector Table Offset Register Y

IO uint32 t AIRCR; /¥1< Offset: 0xOC  Application Interrupt / Reset Control Register */
__ IO uint32 t SCR; /¥1< Offset: 0x10 System Control Register Y

__ IO uint32 t CCR; /¥1< Offset: 0x14 Configuration Control Register ~ */

__IOuint8 t SHP[12]; /*!<Offset: 0x18 System Handlers Priority Registers (4-7, 8-11, 12-15)*/
_ IO uint32 t SHCSR;  /*!< Offset: 0x24 System Handler Control and State Register */

__ IO uint32 t CFSR; /*¥1< Offset: 0x28 Configurable Fault Status Register */
_ IO uint32_t HFSR; /*¥1< Offset: 0x2C Hard Fault Status Register */
__ IO uint32 t DFSR; /*¥1< Offset: 0x30 Debug Fault Status Register Y
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ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
__IOuint32_t MMFAR; /*I<Offset: 0x34 Mem Manage Address Register ~ */

__IOuint32 t BFAR; /¥1< Offset: 0x38 Bus Fault Address Register &
__IOuint32 t AFSR; /¥1< Offset: 0x3C  Auxiliary Fault Status Register ~ */
I uint32_t PFR[2]; /¥1< Offset: 0x40 Processor Feature Register &
I uint32_t DFR; /¥1< Offset: 0x48 Debug Feature Register &
I uint32 tADR; /¥1< Offset: 0x4C  Auxiliary Feature Register &
I uint32_t MMFR[4]; /*!<Offset: 0x50 Memory Model Feature Register */
I uint32 tISAR[S]; /*!<Offset: 0x60 ISA Feature Register &
} SCB_Type;

NVIC 1 SCB #Bf7 T & Fi 4z il 25 8] (SCS) I , SCS Rtk L 0XE000E000 F45, SCB Al NVIC
FIHHEAE core em3.h A E X, WF:
#define SCS_BASE (0xEO000E000) /*1< System Control Space Base Address */
#define NVIC BASE (SCS BASE + 0x0100) /*!<NVIC Base Address Y
#define SCB_BASE (SCS_BASE + 0x0D00) /*!< System Control Block Base Address */

#define SCB ((SCB_Type * ) SCB_BASE )  /*!I< SCB configuration struct */
#define NVIC ((NVIC_Type* ) NVIC BASE )  /*I<NVIC configuration struct *//

A (1 s i 25 A7 2R FRAT T EFE A FreeRTOS WIS 2 A TR E SO, XEER—T,
REEFEIGB A EAT LAZH Cortex-M  HIBUBIEFT,  FATTH 5 500 B A2 = A>T T BR il 3 77
#: PRIMASK. FAULTMASK Fl BASEPRI, X =27 178% J [ 2 VRN U o

4.1.3 g X

29 22 /> F T SR I PR B Ak L 25 7 2% i) 2R — A v 2 El R BT R e S gk e 1, i e
() R W (DL Se 5 /N € A2 B SeAS Bl 2, T HL S e e 2 i b e DL RO Sa g i vh
XAEAE H W R E . Cortex-M AL ERAR A L8 b W72 A [ e MR e 2y, HeanE A, NMIL
HardFault, 1XE6rhiri e e i, Jede i mm .

Cortex-M AbEE 28 = AN € LA 256 AN Al gmfEmItRoed, mEA 128 MEHEH, H
FESEBRIR S R S AT RRIE . (HA2, ARZEIE SR R, AEsR
b b SRR de B s /b, 4 8 . 16 . 32 404, bl STM32 st R A 16 Lt edh. 72K
THU A B 2 A R IA S R LM E 8L, DA BB, T UANE H 2 /b k&
KK, #RE MSB X551, ik 4.1.3.1 Hi i = Aok KA K.

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
FTRIE RS B KDL, EBE

4.13.1 A=A RIEM SR

7EE 4.1.3.1 o1, Bit0~Bitd A SCI, FrAsre e 2Rk B, 5areqImsG i< 25 A
(AR o PRI, T 3 ANRLIE L, RIS A8 F AR e 2 =2 8 1> 0X00(H =i It 5 2%+ 0X20. 0X40-.
0X60. 0X80. 0XAO0. 0XCO Al 0XE0. ¥, XAt FRIVEN D AZFRATREDE T,
e an STM32 w5 1 4 fidE g !

HiEE R, MARLEZF TR 8 MM, NTAHEA 128 MEHER? 8 {1
APLZAE 256 M HERS? N TAE GHLRER S A, Cortex-M AbFEER LA 256 ML /adk
L N B 46 5 I Se (4 AL e ) FEAR S R (AR e d)), NVIC g — A F e
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. ALIENTEK STM32F103 £ R%IF £1K FreeRTOS F & Hi2

“ R HFE Y T R B A i) A AE 2R (AIRCR) 7, AIRCR 77 i A MLE A “HRAeHA”,
Nk 4.1.3.1 firs:

BB B XA | HALfE ik
I e e
WZREI 0X05FA 5 A E:, 75 )5 A
1:1 . .
[31:16] VECTKEY RW W AW . WL S U A
0XFAO05
FRImiEE: 1=KIi(BES), 0=/,
15 ENDIANESS R A AR B B 1, AT
[10:8] PRIGROUP R/W 0 A1
2 SYSRESETREQ W - TSRS B = A — I B A .
HETE R RIS S B, W L
! VECTCLRACTIVE | W I, BR7E OS M5 b & i 7
R 2 O B R ), (B
0 VECIRESET ) W 5 RBARS I 17 P R LSRG Fh

% 4.1.3.1 AIRCR %17 %%
%% 4.1.3.1 1 PRIGROUP 2RS4l BRI N MLE: MSB FrfERIAL B (2
)X RAE SR, LSB FIERI AL Be (AR X AR e g, Ak 4.1.3.2 Fiizs.

SANE KLt SN RALE RIETARTR LB
0(ERIN) [7:1] [0:0]

1 [7:2] [1:0]

2 [7:3] [2:0]

3 [7:4] [3:0]

4 [7:5] [4:0]

5 [7:6] [5:0]

6 [7:7] [6:0]

7 y [7:0]

F 4132 B EREHMEMRSHNRIE, MBS E KR
TEE— 1 STM32 MLk oy ML, FATATTH UL T STM32 i 1 4 i, Kbz A 54
MR HKE, X5 ADDHE msich TAHEX, WF:

#define NVIC PriorityGroup 0 ((uint32_t)0x700) /*!< 0 bits for pre-emption priority
4 bits for subpriority */
#define NVIC PriorityGroup 1 ((uint32_t)0x600) /*!< 1 bits for pre-emption priority
3 bits for subpriority */
#define NVIC PriorityGroup 2 ((uint32_t)0x500) /*!< 2 bits for pre-emption priority
2 bits for subpriority */
#define NVIC_PriorityGroup 3 ((uint32_t)0x400) /*!< 3 bits for pre-emption priority
1 bits for subpriority */
#define NVIC PriorityGroup 4 ((uint32_t)0x300) /*!< 4 bits for pre-emption priority

0 bits for subpriority */
LA H STM32 1 5 Mrdl, (Hig— @ BER ! STM32 g LA 4L 0 0 LR 2 7!
WRBATERE /40 4, Bl NVIC_PriorityGroup_4 i&, I 4 AR JGSUmER 424 Sk T,
B WARSED, LA 0~15 3£ 16 MESEHK . MFEHE FreeRTOS [ i B4 AT B 12 4 4,
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nE 4.1.3.2 Fis:

44

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

int main(void)
455 {
46 || NVIC_PriorityGroupConfig (NVIC Pr10r1t\Gr0up 4) /B RO T Lo o) 24|
47 delay_init(); NZH [ IaH
48 uart_init (115200); .
49 LED Tnit(): 1"T:if"T_ED
50
51 BIBFIEES
52 xTaskCreate ((TaskFunction_t )start_task,
53 (const charx ) “start_task”,
b4 (uintl6_t )START_STK_SIZE,
55 (void* JNULL,
o6 (UBaseType_t ) START_TASK_PRIO,
57 (TaskHandle_t* )&StartTask Handler) ;
58 |  vTaskStartScheduler(); FREFAE
59 |}

Kl 4.1.3.2 e dicE

R AL ALIENTEK FOFERE ) F2 UG EREC B 4 2, BT DAZER a9 R o (R A 3 BR sh %
% FreeRTOS I [ FIRH % 75 BSOS HIL E - T 22 FreeRTOS FH T & %A A HE AR
SR FENL, BT BERC S v 4, B 16 ML, TSRt fEi B

4.1.4 11

B SN WrEA — DX R RSE A A Ay, R AR A

FHRE

i 8 A, PR TE R 8 AL,

HRE RN 3 e 4 DRI A7 P — A 32 fudrfres . WIRTHTiR, MRARISEHAm
BEE, ARZGST A Jyin RPN, Al SRR AR 2. STM32 BATC AW E

Bl 4, Frolst R SO0 1o DUe A a8l mT LU 7y

Vi, IR EN] D R

Vilel, ARSI A A A B H B R R ORSEEL, 1R 4.1.4.1 141,42 k-

2 FR KA Hhik LA Ejiipa
PRI 0 R/W 0xE000_E400 08 fir) | Ahrhir#0 LB R
PRI 1 R/W 0xE000 E401 08 fir) | A1 B SEgk
PRI 239 R/W 0xE000 E4EF 08 fir) | Ahrhii#239 MM 5L
% 4.1.4.1 PSR A RS (Hodk: 0xE000 E400~0xE000 E4EF)
4 FR KA Hht VAL ik
PRI 4 0xE000 ED18 1A fault IR
PRI 5 0xE000_ED19 KLZE fault FIIR e
PRI 6 0xE000 EDI1A F¥2: fault (1S4
- - 0xE000 EDIB - -
- - 0xE000_EDIC - -
- - 0xE000 ED1D - -
- - 0xE000 EDIE - -
PRI 11 0xE000_EDIF SVC 5%
PRI 12 0xE000_ED20 R A A S8 )
- - 0xE000 ED21 : -
PRI 14 0xE000 ED22 PendSV IR
PRI 15 0xE000_ED23 SysTick L5k
#4142 RGEFEHMNHMES|(Mhk: 0XE000 ED18~0xE000 ED23)
Ew v, 4 AW FAE & AT BLF R — A 32 AL FAF 4, B b ik
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B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
0xE000_ED20~0xE000_ED23 iX PYA~25 17 # 4jt AT A2 il — Mk 7y 0xE000_ED20 ) 32 fi7 %
TE8%. X —fREE ! KA FreeRTOS 7E# & PendSV Ml SysTick fH i 1t 516 2 1 st A% #4802 422
FEAE F 3l 0XE000_ED20.

4.1.5 T i bR MK AR IR A 77 2%

7 412 NPT IRATE STM32 E#HE FreeRTOS (195 75 5 & 5 567 E PRIMASK.
FAULTMASK 1 BASEPRI iX =M affEa%, AR ) — TR =3 748
1. PRIMASK #1 FAULTMASK /752

EVFZ N, 5 SR I B AT R o B —PRAT — 80 I e R A (R 55, XA Ik
AL H PRIMASK # 475, PRIMASK H %% 1EFR NMI A1 HardFalut 4N 535 A b
TG 2 2 B T U CPSUIE UL BE 2 IR Z5) Fa 215 20 PRIMASK &7 47-4% 1 2U{H «

CPSIE I, /AR PRIMASK(fE&E i)
CPSID I, //#E PRIMASK(ZE 1l )

PRIMASK 747 #3148 7] LUl MRS F1 MSR 54 ViiH], WIF:
MOVS RO, #1
MSR PRIMASK, RO /¥ 1 5 PRIMASK 2% & A b

DY E
MOVS RO, #0
MSR PRIMASK, RO /% 0 B PRIMASK LL{EREH iy

UCOS g1l 5 X ACH A OR AP ik A2 38 a5 v W SRR (UCOS L ] LA FH 2% 1 E AT 25 1
FE B TR SEHE A XA RS, X AR A AL, 110 oS it & HEE#RE PRIMASK
AAFERI, BT LAE UCOS A oc P T I iy 5P 1 BR & A7 NMI Al HardFault DAY BTG
i !

FAULTMASK Lt PRIMASK ¥R, ‘& A] L% HardFault #5¢ iicfsi, {6 7721 PRIMASK 2%
L, FAULTMASK < 7EiR I H 3hiE % .

1Cgm a2 B g T LRI CPS 484122 FAULTMASK )4 Fitk A :

CPSIE F ik FAULTMASK
CPSID F ;®¥& FAULTMASK

AT LAFIH MRS A MSR #5477 1] FAULTMASK #4785 :
MOVS RO, #1
MSR FAULTMASK, RO ;# 1 5 A FAULTMASK 2% &5 o i
LA :

MOVS RO, #0
MSR FAULTMASK, RO ;¥ 0 5 N\ FAULTMASK i fig b

2. BASEPRI 7%

PRIMASK #1 FAULTMASK ZFf7#s A% 1, BHBKMHFRE AL, NMI A1 HardFault PLAMT)
HA A b, AESRAEA LA wE EENT A W B AT SRR ], be i R B R S K T 3
— AR IEAXAENBE e RAEAFEETR e ? /£ BASEPRI ZFf7dasH, At
W% E BASEPRI 5 0 Gt & E 1L el R . Eedn, FRATE BRI LA = T 0X60 [ W,
UG a0 S 7 A
MOV RO, #0X60
MSR BASEPRI, RO
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. ALIENTEK STM32F103 £&F|HF &1R FreeRTOS F A& Hi2
WA TR EHUH BASEPRI X A BT (4 BEil,  wT LA 4~ AQRH
MOV RO, #0

MSR  BASEPRI RO
T ! FreeRTOS [FF56 BTt 2 5/ BASEPRI 27 77 85 5K 5B | e AT DASC PR T 5N )
B R, e T IS B AN 2 i 5% A !

4.2 FreeRTOS # ¥l B 5=

4.2.1 configPRIO_BITS

77 R E MCU i LA 52k, STM32 2 4 47, kit N 4!

4.2.2 configLIBRARY_LOWEST_INTERRUPT_PRIORITY

M R R B BRI e S, iyl 7, STM32 KM T 4 47, 1 H STM32 FLE K
R 4, 52 4 A2 e . RIIR B 16 4, BARREHIBHZ 15. FrbA
A2 15, HE!D ARE MCU EAFE, B2 /B85 i K MCU BI480, AREFE
A% STM32 PHi# !

4.2.3 configKERNEL_INTERRUPT_PRIORITY

U R E AR TP ILe g, I T
#define configk ERNEL INTERRUPT PRIORITY

( configLIBRARY LOWEST INTERRUPT PRIORITY << (8 - configPRIO BITS))

PR configKERNEL INTERRUPT PRIORITY A ,
configLIBRARY LOWEST INTERRUPT PRIORITY % # 8-configPRIO BITS fi, tHift & /% 4
o AR 4 KW ? RITERAIU T, STM32 [ T 4 /BRI 4L, X 4 A7/ 4 47,
R ELEE 4 A RBEIEMMREL. 98 70T DA HBA, B %
configLIBRARY LOWEST INTERRUPT PRIORITY & XN OXFO! Rl iXFEE KA EM .

%: configK ERNEL_INTERRUPT PRIORITY Hi K15 & PendSV FHif 2 & i 2% 1) Wi . S ¢,
port.c A IR E -

#define portNVIC_PENDSV_PRI (((uint32_t) configkERNEL INTERRUPT PRIORITY )<<
16UL)
#define portNVIC_SYSTICK PRI (((uint32_t)configkERNEL INTERRUPT PRIORITY )<<
24UL)

Al PL & i, portNVIC PENDSV PRI Fl portNVIC SYSTICK PRI #F J& ff H T %
configkERNEL_INTERRUPT PRIORITY , Jy ff 4 % portNVIC_PENDSV PRI # %
configKERNEL INTERRUPT PRIORITY 4% 16 fiMg? %% portNVIC SYSTICK PRI th[&]#f /&
KR 24 £i. 4.1.4 /NT3EL T, PendSV 1 SysTeik FH T Je 2 13 B /&4 4F 0xE000 ED20 Hbik
1, XRE— B NRIRRAS 32 MERI%EE,  SysTick Al PendSV HIRSE 20 25728 20 B K REX AN 32
B R B e 8 AR 8 n, AN —ANEg 16 fn, — AN AR 24 0T .

PendSV I SysTick 5 2 2 7E MR B 15 B e ? 75 BR 2L xPortStartScheduler()F X B, I ER%L
TE A port.e 1, BREANR
BaseType_t xPortStartScheduler( void )

{

M

configASSERT( configMAX_SYSCALL _INTERRUPT PRIORITY );
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configASSERT( portCPUID != portCORTEX M7 rOpl ID );
configASSERT( portCPUID != portCORTEX M7 rOp0 _ID );

#if( configASSERT DEFINED == 1)

{

}

volatile uint32_t ulOriginalPriority;
volatile uint8 t * const pucFirstUserPriorityRegister = (uint8 t *)
(portNVIC IP_REGISTERS OFFSET 16 +
portFIRST USER INTERRUPT NUMBER );
volatile uint8 t ucMaxPriorityValue;
ulOriginalPriority = *pucFirstUserPriorityRegister;
*pucFirstUserPriorityRegister = portMAX 8 BIT VALUE;
ucMaxPriorityValue = *pucFirstUserPriorityRegister;
configASSERT( ucMaxPriorityValue == ( configKERNEL INTERRUPT PRIORITY &
ucMaxPriorityValue ) );
ucMaxSysCallPriority = configMAX SYSCALL INTERRUPT PRIORITY &
ucMaxPriorityValue;
ulMaxPRIGROUPValue = portMAX PRIGROUP_BITS;
while( ( ucMaxPriorityValue & portTOP_BIT OF BYTE ) == portTOP_BIT OF BYTE )
{
ulMaxPRIGROUP Value--;
ucMaxPriorityValue <<= (uint8 t) 0x01;

ulMaxPRIGROUP Value <<= portPRIGROUP_SHIFT;
ulMaxPRIGROUPValue &= portPRIORITY GROUP_ MASK;

*pucFirstUserPriorityRegister = ulOriginalPriority;

#endif /* conifgASSERT DEFINED */

portNVIC _SYSPRI2 REG |= portNVIC PENDSV_ PRI; //¥EE PendSV H KIS 2%
portNVIC_SYSPRI2 REG |~ portNVIC_SYSTICK PRI; /1% & SysTick FF Wit Se 2%

vPortSetupTimerInterrupt();

uxCriticalNesting = 0;
prvStartFirstTask();
return 0;

bR AR 4B 4 2 B PendSV A SysTick A5G, e AT B 2 M) hE
portNVIC_SYSPRI2 REG 5 A2 HE, portNVIC SYSPRI2 REG &1 %, fEX A port.c i
HE X, TR
#define portNVIC SYSPRI2 REG (* ((volatile uint32 t *) 0xe000ed20 ) )

58



| ALIENTEK | STM32F1 FreeRTOS H&F i}
[ ALIENTEK STM32F103 £A%5IFF %1% FreeRTOS FF & # 12
A LA )% portNVIC_SYSPRI2 REG 5t /&l 0OXE000ED20 ! [A] R t2 7] LA Hi 7E FreeRTOS

tt PendSV A SysTick I Wit Ja 2 #2 f IR !

4.2.4 configLIBRARY_MAX SYSCALL_INTERRUPT_PRIORITY

7 R E FreeRTOS R4:n] B HLM i KL, Wik WAL 4.1.5 N yHR
BASEPRI ZF A7 28 IR N BREM e, XA KREFTULAHBEE, XEREENT 5. Hitds
T 5 LA 8N T 5) AV FreeRTOS % F !

4.2.5 configMAX SYSCALL_INTERRUPT_ PRIORITY

% & configLIBRARY MAX_SYSCALL INTERRUPT PRIORITY /%% 4 £k, J& A
F1%% configKk ERNEL_INTERRUPT _PRIORITY —#f. = EIFLASE, KT bR S g sy
L2z 4= FH FreeRTOS ) APT B0, T UL i) -F T FreeRTOS RAREZE IR, iR
% BB A BE I ] FreeRTOS (1) API 5% %% !

LA STM32 Afl, A 16 MUK, 0 NEmiied, 15 NEARed, mEWT:

@ configMAX_SYSCALL_INTERRUPT_PRIORITY==5

@ configkERNEL_INTERRUPT_PRIORITY==15

ZERANPE 4.2.5.1 FoR:

o | )
eSS p AN < i FreeRTOS 2%
1k, RS NHATFreeRTOS A% 1M
5 ZER, FWIA T FHFreeRTOSH)
o4 ot

At AT FreeRTOS APT (¥
Wr T DLAS FH BT A I R AR S
%, FHEENTA LR W R E
TEIX LA S 2032 47 1t W mT LA
PL “FromISR” 45 RIAPTREL, I
HeATmr L i i

4.2.5.1 e B4R E
T & T configMAX _SYSCALL INTERRUPT PRIORITY IR 2524 AN 4% FreeRTOS 4%
R, TR e of STz B P S SR A AT 55 ok T DA X Se A e g, et DU ey AT 4 ) BE B Ao
.

4.3 FreeRTOS FF<H1

FreeRTOS JF 5% i 7 B # A portENABLE INTERRUPTS ()il portDISABLE_INTERRUPTS(),
XA R B S 77 € X, 7E portmacro.h A & X, 1R
#define portDISABLE_INTERRUPTS() vPortRaiseBASEPRI()
#define portENABLE_INTERRUPTS() vPortSetBASEPRI(0)

A LVE T e bz fr b2 iEid iK%k vPortSetBASEPRI(0)A! vPortRaiseBASEPRI()H 5231
[, XA R AT
static portFORCE_INLINE void vPortSetBASEPRI( uint32 t ulBASEPRI )
{

asm

~—
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msr basepri, ulBASEPRI

/* */

static portFORCE_INLINE void vPortRaiseBASEPRI( void )

{
uint32_t uINewBASEPRI = configMAX SYSCALL INTERRUPT PRIORITY;

asm

~—

msr basepri, ulNewBASEPRI
dsb
isb

H

}
BRI vPortSetBASEPRI()AZ ] 47 /7% BASEPRI 5 \—/MH, IL{EAE AZ % uIBASEPRI 1%

K, portENABLE_INTERRUPTS()Z T H T, EAfL# 71 0 45 vPortSetBASEPRI(), 1R
AT UHA# BASEPRI 27 A7 8% 0T 1, 25 SR .
B % vPortRaiseBASEPRI() & [ % f£ # BASEPRI 5 A %

configMAX SYSCALL INTERRUPT PRIORITY , i /A 7 R -SSR | T
configMAX_SYSCALL INTERRUPT PRIORITY [ bl > 4 e i !
4.4 Ty 5 BARRS

Il S B ARES I G X, A2 AR AP DA e BB AT, ANREMEFT WIS B, Ll i oh ik
IRIAE A 75 2 A TR P, BTG I FE HR AN BE M 4T T« FreeRTOS 75 HE NIl 5 B AR 17 B¢ 75 22
KW, AR SEIG B AL LU BT R . FreeRTOS R GA B A5 1R £ 1R i BeA R,
XEEARILER N T e A BARRL RS, FRAVES A S PR BB EAG St 5t 75 ZE il 5 B
RADLRIF

FreeRTOS 5 Il 5t Be AT R 97 A K B R A 4 A : taskENTER_CRITICAL() «
taskEXIT CRITICAL() . taskENTER_CRITICAL FROM ISR() gl
taskEXIT_CRITICAL_FROM_ISR(), IXPYANeREH 2 %€ L, 7 taskh S A @ o XY
AN BRI X )2 BT PN AT 55 e TR BRI ARG, 5 1 2 H IR 2 P s S B A R AR 7

4.4.1 [E5F s FBAE RS

taskENTER _CRITICAL()A! taskEXIT CRITICAL()FEAT-55 2% (s FACRD 4, — AN HE NI
B, — A RIBHIEFR B, XA RECR O, X e L
#define taskENTER_CRITICAL()  portENTER_CRITICAL()
#define taskEXIT CRITICAL() portEXIT_CRITICAL()

Ifii portENTER_CRITICAL()H portEXIT CRITICAL() W& % %€ X, £ portmacro.h Hi 45
ES W
#define portENTER CRITICAL() vPortEnterCritical()
#define portEXIT CRITICAL() vPortExitCritical()
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. ALIENTEK STM32F103 £ &%|HF &1 FreeRTOS FF & 32
PR %Y vPortEnterCritical()A1 vPortExitCritical()7£ 3£ port.c H, BREUIT:

void vPortEnterCritical( void )

{
portDISABLE INTERRUPTS();
uxCriticalNesting++;
if( uxCriticalNesting =1 )
{
configASSERT( ( portNVIC INT CTRL REG & portVECTACTIVE MASK ) ==10);
b
}
void vPortExitCritical( void )
{
configASSERT( uxCriticalNesting );
uxCriticalNesting--;
if( uxCriticalNesting == 0 )
{
portENABLE INTERRUPTS();
H
}

A LAt EE N PR 28 vPortEnterCritical() A 5 2 & 46 < T, 2R )5 45 & uxCriticalNesting
Bi—, uxCriticalNesting &4 /mA8 &, ARICKIGFBRERIT . KEL vPortExitCritical()x&
B HIG S B A, BB uxCriticalNesting Ji—, R 24 uxCriticalNesting 24 0 I % 74
2> H PR 2L portENABLE_INTERRUPTS(OfE e . IXFEORIE 1 A 2 AN A BARKS (R I AN
SR FE— Al A BACRS AR H T T AL H A I A B ORI B il A BAR IS AR IR H DL S
Ao AdRE !

FE55 i SRS RIS FH TV F

void taskcritical test(void)

{
while(1)
{
taskENTER CRITICAL(); (1)
total num+=0.01f;
printf("total num FIMEA: %.4f\r\n",total_num);
taskEXIT CRITICAL(); 2)
vTaskDelay(1000);
H
}

(D)~ FHANIEFIX .

(2). BHIEAX.

()FAQ) A ] AR A N T DX AR, R T DX AR — s R 17 | DR 9 NIl 71X 22 56 4]
T, X RS SRR ZK T configMAX _SYSCALL INTERRUPT PRIORITY [ ifS A5 K
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o

4.4.2 FWF s BAERY

PR%L taskENTER CRITICAL FROM_ISR(OF! taskEXIT CRITICAL FROM ISR()H WiZk 5l
I 5 B AR R4, R FHAE R T IRSS AR P iy, T XA rh W g e g — € AL T
configMAX_SYSCALL INTERRUPT PRIORITY ! JE R R C 40 1 o X PS8R H A S task.h
AT E X
#define taskENTER_CRITICAL FROM ISR() portSET INTERRUPT MASK FROM ISR()
#define taskEXIT CRITICAL _FROM ISR( x ) portCLEAR_INTERRUPT MASK FROM ISR(x)
B H # portSET_INTERRUPT MASK _FROM ISR() A
portCLEAR_INTERRUPT _MASK_FROM_ISR(), 1XPME A+ portmacro.h 175 1 R 5E X
#define portSET INTERRUPT MASK FROM ISR() ulPortRaiseBASEPRI()
#define portCLEAR _INTERRUPT MASK FROM ISR(x) vPortSetBASEPRI(x)
vPortSetBASEPRI()Hi [l L& WH# 1, #i/&4 BASEPRI Zifrds P 5 AN —"MH.
PR £ ulPortRaiseBASEPRI(){E 3C £ portmacro.h 77 SCHY, 1R
static portFORCE_INLINE uint32_t ulPortRaiseBASEPRI( void )

{
uint32 t ulReturn, ulNewBASEPRI = configMAX SYSCALL INTERRUPT PRIORITY;

asm

~—

mrs ulReturn, basepri (1)
msr basepri, ulNewBASEPRI )
dsb
isb

}

return ulReturn; 3)

(1)- Jaiszth BASEPRI FI{H, RAF7E ulReturn .
(2)s ¥ configMAX_SYSCALL_INTERRUPT PRIORITY 5 A $|% 77 # BASEPRI 1.
(3)+ R[] ulReturn, 18 H I 5 DXARE PRF (10 B LA FH 281 b A
Hh BT e FARRS ORA A T v
JIFE T 2§ 3 F T R 55 R £
void TIM3 IRQHandler(void)
{
if(TIM_GetITStatus(TIM3,TIM_IT Update)==SET) /3 H ' 7
{
status_value=taskENTER CRITICAL FROM ISR(); (1)
total num+=1;
printf("float_num K{EA: %d\r\n" total_num);
taskEXIT CRITICAL FROM ISR(status value); 2)
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TIM_ClearITPendingBit(TIM3,TIM _IT Update); //ifF& o Wrbs & 67

(D~ FEAIGFIX .
(2)~ BHIEFIX .

4.5 FreeRTOS H W7 IR sz %
4.5.1 LRI

1. EWEK

ETEBATYF T 7E FreeRTOS AL JHML T configMAX SYSCALL INTERRUPT PRIORITY
i B, ST RS, AR AT SA G RN — T . AP e
e, MRSy 4, — MRS S, FAER SRS 1s @8 Ol — e . RETE
FEAMTS5 oG P b — B[R], A A B 88 PR A O

2. LW

ARSZEGBETE T AMESS start_task()F interrupt_task(), X PHAMTESS FMESS DhEEW T -

start task(): Q%A I—MES

interrupt_task() : H* Wy W W AE 55, AE % b 2 W A FreeRTOS [ 5% 1 I B 4%
portDISABLE_INTERRUPTS )3k H Wt 5 b — B[]

3. ERTHE

FreeRTOS 525 4-1 FreeRTOS HH Wil =256 .

4. KRR 50T

0 F%%E

#define START TASK_PRIO 1 INESAR Sk

#define START STK_SIZE 256 IMESHERR RN

TaskHandle_t StartTask Handler; INES AR

void start_task(void *pvParameters); IME55 R B

#define INTERRUPT TASK_PRIO 2 INESAR ek

#define INTERRUPT STK_SIZE 256 IS5 HERR R /N

TaskHandle_t INTERRUPTTask Handler; IMEZFIAR

void interrupt_task(void *p_arg); INES R
@® main()BR %

int main(void)

{
NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & R4t i e 234 4
delay_init(); JIREIT BRI HRT 64K,
uart_init(115200); IATEEA HR 1T
LED_Init(); 1191464k LED
TIM3_Int_Init(10000-1,7200-1); IWIEAE R 28 3, eI AR 1S
TIMS Int_Init(10000-1,7200-1); IWIEAERT 28 5, eI 2R 1S
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£

/BT I 1E 55

xTaskCreate((TaskFunction_t
(const char*
(uint16_t
(void*
(UBaseType_t
(TaskHandle t*

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

)start_task,
)"start_task",
)START STK SIZE,
NULL,

IMESS PR

INES 47K

IMES5 HERR RN
IMEBZEAT 55 R B S5

)START TASK PRIO, /MT554k564
)&StartTask Handler); /455

vTaskStartScheduler(); 1T SR AT S5
}
® EHSRH
/TR S5 AT 55 R K
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); J1ENIG X
/1B P B AT 5%
xTaskCreate((TaskFunction t )interrupt_task, IS5 B L €))
(const char* )"interrupt_task", IME55 2 FK
(uint16_t JINTERRUPT STK_SIZE, IS5 HERR RN
(void* YNULL, IMEIBZEAT S5 R A 2 5
(UBaseType t  )INTERRUPT TASK PRIO,  /ME&ARSELR
(TaskHandle t*  )&INTERRUPTTask Handler); /AT45F]A
vTaskDelete(StartTask_Handler); 11 B FFUEAT 55
taskEXIT CRITICAL(); /3B H I 7 X
}
/PRI A A 55 R £
void interrupt_task(void *pvParameters)
{
static u32 total num=0;
while(1)
{
total num+=1;
if(total num==5) ()
{
printf(" K HHT............ \r\n");
portDISABLE_INTERRUPTS(); 112R: A 3)
delay xms(5000); //ZERS 5s 4)
printf("FT FF ... \r\n"); AT I Wy
portENABLE INTERRUPTS(); 5)
}
LEDO=~LEDO;
vTaskDelay(1000);
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L

(1) AIEE—AMESRBAT IR P IEIE, (55 RECH interrupt_task().

(2)« M1E% interrupt_task()iz& 17 5 YR LG < .

(3) ~ i I B % portDISABLE INTERRUPTS() > M o Wr . b % % ik F
configMAX _SYSCALL INTERRUPT PRIORITY HIJHKi#iS#i<M, T A SZAET50 .

(4)~ VAR delay xms()IERT 5S, BLEREGEXT delay usORI W34S, delay xms()2=H K
UG P P T — B R], b R BROAS 2 51 S AT 55 1A

(5)~ W% portENABLE_INTERRUPTS()Z #i 41 H H i .

® hWTHIMEIL KA B TE

/18 R FE S 3 TR AR 1L

/X BN BBy APBL I 2 f%, T APB1 N 36M

/larr: HBEIEE.

/lpsc: I BRI A 5K

/13X BLASE P AR SE I 45 3!

void TIM3 Int Init(ul6 arr,ul6 psc)

{
TIM TimeBaselnitTypeDef TIM TimeBaseStructure;
NVIC InitTypeDef NVIC _InitStructure;

RCC_APBIPeriphClockCmd(RCC_APB1Periph TIM3, ENABLE); /I 54 g

//5E B 2% TIM3 HI4a1k
TIM_TimeBaseStructure. TIM_Period = arr; ASEIE 2321
TIM_TimeBaseStructure. TIM_Prescaler =psc; 1/5E I 55390

TIM_TimeBaseStructure. TIM_ClockDivision = TIM_CKD DIV1;

TIM_TimeBaseStructure. TIM_CounterMode = TIM_CounterMode_Up; //TIM [r] i+ %#%i 5
TIM_TimeBaselnit(TIM3, &TIM_TimeBaseStructure);

TIM_ITConfig(TIM3,TIM_IT Update,ENABLE ); //f#i f45 %€ [1) TIM3 Hf W, 70 VF 58 37 h

[IFR WAk g NVIC % &

NVIC_InitStructure. NVIC _[RQChannel = TIM3 IRQn; //TIM3 H B

NVIC InitStructure. NVIC_IRQChannelPreemptionPriority = 4; 115 SRSk 4 &% (1)
NVIC_ InitStructure. NVIC TRQChannelSubPriority = 0; IS4k 0 2%

NVIC InitStructure.NVIC IRQChannelCmd = ENABLE; /ITRQ I8 E # g
NVIC Init(&NVIC_InitStructure); IFTIEAL NVIC 2547 2%

TIM_Cmd(TIM3, ENABLE); //{##g TIMx

/138 e A% S H eI aaAk
/1% BT BN APBL 1 2 %, 1fj APB1 N 36M
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/lpsc: BSR4 AL

/13X FRAL ) 2 5E I 2 51

void TIMS Int Init(ul6 arr,ul6 psc)

{

TIM_ TimeBaselnitTypeDef TIM TimeBaseStructure;
NVIC InitTypeDef NVIC _InitStructure;

RCC_APBI1PeriphClockCmd(RCC_APB1Periph_TIM5, ENABLE); /i £ {#i fiE

/I5E R 2% TIMS HI4R1
TIM_TimeBaseStructure. TIM_Period = arr; AEFIE ¢ 5=
TIM_TimeBaseStructure. TIM_Prescaler =psc; e

TIM_TimeBaseStructure. TIM_ClockDivision = TIM_CKD DIV1;

TIM_TimeBaseStructure. TIM_CounterMode = TIM_CounterMode_Up; /] b 71445 5
TIM_TimeBaselnit(TIMS5, &TIM_TimeBaseStructure);

TIM_ITConfig(TIM5,TIM_IT Update,ENABLE ); //# A48 %€ () TIMS H i, 5040 5587 i

/TR e NVIC 1 &

NVIC_InitStructure. NVIC_IRQChannel = TIM5_IRQn; /ITIMS H Kt
NVIC_InitStructure. NVIC_IRQChannelPreemptionPriority = 5; 115 SRR 5 & (2)
NVIC_InitStructure. NVIC_IRQChannelSubPriority = 0; IR 2 0 2%
NVIC_InitStructure. NVIC_IRQChannelCmd = ENABLE; //IRQ 8T8 4 {5 R
NVIC_ Init(&NVIC_InitStructure); /RTUEH NVIC 517488
TIM_Cmd(TIMS, ENABLE); //MfiEE TIMS

JIFER 25 3 H T IR 55 BR 2
void TIM3 IRQHandler(void)

{

if(TIM_GetITStatus(TIM3,TIM_IT Update)==SET) /i 1 + b7
{
printf("TIM3 % th......\r\n"); (3)

}
TIM_ClearITPendingBit(TIM3,TIM_IT Update); //if b Wb & 47

JITEIS 2% 5 H BT IR 55 BR 2
void TIM5 IRQHandler(void)

{

if(TIM_GetITStatus(TIMS,TIM_IT Update)==SET) /i H 7 7
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{
printf("TIMS #ith......\r\n"); (4)
}

TIM_ClearITPendingBit(TIM5,TIM_IT Update); //i& & 1 kx5 47

(1) BB ER 28 3 194 S50 4, BT configMAX_SYSCALL INTERRUPT PRIORITY,
IR 675 1 B B30 portDISABLE_INTERRUPTS ()55 [41 7 BT (I i ik 52 i 2% 3 & AN 32521
Q) BB ER 28 5 14 SN 5, T configMAX_SYSCALL INTERRUPT PRIORITY,
DK L /E 1 F 2R 52 portDISABLE_INTERRUPTS ()% A1 1 (F5 B (i 52 N 2 5 0 T 52 2 e < P
G)FI(4). el 2% 3 FIEn 5 B OBER.

4.5.2 LREFEBEITER

G PEIE N BAD R AR R, FTOT & DB AR SRR, 45 R 4.5.2.1 For:

5 xCoM v2.0 _ O «
BOkE

COM3: USB-SERTAL ~

— FUGIERFEATE, TIM3FITIMSETIES T T R

ik 1t v

#riRf 8 v

LA, TIMSEIEZT, TIM3ETER SEE =

BOKE @ RS0

*— STHT, TIM3FITIMS XA IEHEAT T

O e STT BREF

[ &tS [] TR
[ B ik (LT 3 aahh)

BRRE SREE R

FFEE, 7o www. openedv. com EiE
(eatkiE B ms | | T REMHF fEIbEE
[ 1e3tiieix b BT o8 FHEEFA: www. openedv. com
Q - |wwwopenedv.com | s:0 | Ri3gs |cTs=0 DSR=0 DCD=0 | 4asatia] 13:09:19

4.52.1 HOERBF
M 4521 FTLEH, —ITHEREA AT, BTl TIM3 1 TIMS #RIEH 1817, ZLHERTR
#83 o 44155 interrupt_task()IZAT 1 5 LA ERICH] 1 H W, Ui BT TIMS B TR 208 5,
2T configMAX_SYSCALL INTERRUPT PRIORITY, [K} TIMS #55<H]. {HA2&, TIM3 [ W
5= T configMAX SYSCALL INTERRUPT PRIORITY, A£:#ici, Frbd TIM3 IE#iE
17, SHERTRE . Bk 5S BUE i< B3 portENABLE_INTERRUPTS()E #i 4T
Wi, FEHATIT W LUS TIMS K847, WEHERTRERS) .
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¥HE FreeRTOS (& H 4R

RTOS RAHIZ LRSS EHE, FreeRTOS WAFIA), 1M H KL A% 3] RTOS R4 THE
Jfisk 2 RN T RTOS MIZAT S AT EE, ¥15 LF RTOS R4 H L A2 M)
WRATS I MIBR. HERMKE S, MUk WAL S BB EE . B TAESHA
PURZ, BrDAEE N RIA T L I N K U FreeRTOS M5 . A# 522> — 1 FreeRTOS
AT S HE RN, ARE RS ) A, Pl — 2 BB AR T CT FreeRTOS 11458 # 1) 3
RRENIR, AFE S NWT L5

51 HHa 2% 55

5.2 FreeRTOS 145 51 #2

5.3 WA

53 ESRE

5.4 FESARER

5.5 AE55- 5

5.6 fES5 I

5.7 AR5 HERR
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
510 fFARZBEFRE?

[ —NERATCARTAEME A 51, AVR. STM32 5 HLERALCR 8 F & 40) I — M R A2 7E
main BRI while(D)— AN RIEH R RITA AL EE, BN R 2 — N ERIIER, 1E
IR R AH L ) BRSO 75 AR B o A I FRAT T 5 2 P v S R — SR A FE . AR T2 A5
REME, XML RES RS, WHRIETEG RS, TWIRS REERTTERT, KIEH
while(WWE NG ERF, WKl 5.1.1 frox:

KIEA J56)
Task1
Task2
Task3
& T i i &) |
bl
= Task3
= Task4 R
1 1R | HEREGA)
S
Task4

K511 AilE &6 &%

A G 6 RAEMLMMEE, 11F S RAEMES (LT A H A EERTRIAT, AEIR
XANRFPIEA 2 E5, WREMRM R BESEE ! Y TRITE TS (N AR RIS g2 —FF
(1. (ERFTG G RG], FEEFEE W FERR— SRR A B Rl & RSN
BHANLT, WNRFHEZAS RGBS T .

ZAES RGN KB(N ) “rmiiaz”, KA BRI AR Z AN, Z 5 e
AN, K ] R B 2 R T, XN ] AT LB VR A — AN IME SR AR B, X 2
MES R IERACBRN, R, HARURE M2 —EHPATIRZAMMES, 12l TEBAMES AT
(RIS (AR, 5 BOE L RAG A R — B 2 AT TIRZ MES— 1 2 MES R T — N R,
FIEENMESS JeisqT, WAMESGIZ TR ? SE XN TREII AR Fi7E RTOS F 4t MY fift 1155 1
#xo AR RGHALS AR SEIT A, Hll FreeRTOS A& — M6 o U SER 24155
R, MWAHATZ AR AR X, SR mE 5.1.2 Fios:
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SR 2T %

) DIR=8 o4 I \ -
- . :
:E 2 S | EELAESIES

K512 XA RSA
EE 5.1.2 W, EAR S BRI S5 AT LUAT WHIRAR S AT 55 K ia AT T HLAS: CPU IAE AL, X4
FRARIE T AP S ST S I AT o IXFEFRAT T3 T LA IS e o S i P SR i IR 25 W B — MR s 1
PRoedk, tean B2l 5 b ) FEAS YA IR 25 55 . S SR AR 5 AT S B BLJS BT CPU Y fs
RBUEE S RIS, XA A5 RAIIEA R B

5.2 FreeRTOS 115 5hHiE

F FreeRTOS N FBEWT LA FHAESS, Hm] DA A BifE(Co-Routine), B P IR &1
{ESRAE S5 AR 1 FIAS A ) AP B 4, DRI SEAS REIE I A 51 (8045 5B e s WA 55 KR e A,
JRZ IR o PIREIE IR EEBEIFAR D () MCU 1, HOTAHIR/DN, {H 72 FreeRTOS ' J5 AT
HEFEH L T, B DR R UHRESS

5.2.1 fE5%5(Task) )R

FEFH RTOS & —AN St R A DME R — MRS IAESS . BAMESEE H S IIig 73R
Bi, AT RGe b HAR AT S5 50 RTOS LSS . AR — AN R A e — MES 1T, B
IZATEME S i RTOS L2 RER, RTOS A #HILMSELMITE . KA ME
%o TS ATEE T RTOS ARSI EARIT N, RTOS A2 IR ST H R 29—AMT 5 T iR A
AT RO L BN SO (B AR, HER RS AL S5 B —VGR HIIHR A R] . Dy T 3)ix —
o BAMESERLATAANHERR, AR5 VI ek bR SCORSERAFE AR T, XA S 55 1
DCBAT I e h o] DAMHERR FR B R SO R, AR IR IS AT .

FES R

1. 5,

- AR

R

TRAR SR

v BMES AR A AR ST RAM (&1 K.
o R SRAT A AR 06 AT 4T P R EE N B ) L

AN Wn B W
P
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
5.2.2 th#2(Co-routine) 14514

IR NI BEYRAR /D MCU T, (HU2REE MCU I Cidk e, PEReERBRGE R,
TEVRE SR 2] T ! {H)2 FreeRTOS H RTIEBA HEIMFERLERIGTT R, {H)& FreeRTOS J& 4%}
AEFHIPAMLET IR T, B RERE T AT 7. EMS EMRERES R AR, (A
AW NRA ERAE

1. HERAEH

B I AR A R — N HEAR (I SR RAT S G M S #0F B S HERR), X Rt bL s AT
25 IHHFEFE /I RAM.

2. TARESRANR e

R AR EERS, (EJ2 T DLEEAR 46 o 2R o B2 2% R A P AR

3. I

PIFR A E i % e SRS

4, AR R

T BEIRNT RAM [V AFEML TR 2 1R 1.

53 EFRE

FreeRTOS H A 55 /KL AL TR TR LIRS H R 3 — A

@ EITH

M MESSIEEIBATI, AR MES A TIBITE, T BTSSR 4l EAE
S FH AL IR AR AT 55 o T R4S FH P A2 B A AL B 25 (1) 05 TS 4 AN AEAT ART I 1) 7K ze 4R R A —AME 55 4
TBATA.

® AR

Wb TR WA S5 SR AL D2 HE 8 i 25 (R EA T 55 1A Bk PH ZE B HRD ), W LUBAT RS,
HRAE TR TS ERA BT, FINE AN EILEH e B it e R 55 IEAE AT !

® [HEX

WIER —AME S SR IS AN AR S U e A T PREERS,  Eean gt an R FEAME S5
F 7 B2 vTaskDelay O HIiE gt 2 1 NBHZERS, BEBIGER B HI5EA. ESEER S, (55 /.
R A RS S E R 2 g NBRIERS . (RS NTHEES A — M@ ), 2kt
XA I TS5 o 1B FHZEAS, RIS BT S5 A B AR IR A R

0 HiES

BIAZES—FE, ESHANEES S EARBOREZ SR ENIBITS, (HREAHESH
AT55 A R I ] o AT55 313 A AR H R 2580 1 FH B %4 vTaskSuspend()Fll x TaskResume() .

SR Z I8 AN 5.4.1 Fis:
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vTaskSuspend ()
called

vTaskSuspend ()
called

Vi FH BELZEAPT B
#

Kl 5.4.1 4155 R3S 2 18] (1) 3% 46

5.4 {EFMEH

MAE % # A LL 4 B — A M O~(configMAX_ PRIORITIES-1) ) 18 %% %%
configMAX_PRIORITIES 7£ X FreeRTOSConfig.h 14 52 X, FIHIFATUHE FreeRTOS R4
BRHR 2V T o AR AP 6 SCRERATHEL AT 2 R IX R HE 2 (P LLE L %48 4
EET AN EIBITMAES, Cortex-M Ak ¥ 28 B #HiZiE4A M), HHE
configUSE PORT OPTIMISED TASK SELECTION 1 & & N 7 1, W 4 %
configMAX_PRIORITIES Afg# it 32! Wk 2 dAmEid 32 %, HAEN FE
configMAX_PRIORITIES 7] DLYAERAE , {H/2 %83 RAM [ #E, % configM AX_PRIORITIES
BRI BB NN R B R R /IME

S E AR AT S5 AR e IS, 0 IR e RIS, configMAX_PRIORITIES-1 11
JedmE. TWAESKIRGRRIL, 0.

FreeRTOS i B2 251 T b T 9L 25 A5 S AT A im0 Se 2 1T 55 SRR PR &4 HIASL, e ta) vk 15t
AT S R e RN 55 A 453817 « 2% configUSE_TIME_SLICING & XA 1 [
15 ZAMESS AT AL —/MILJe g, BEAR . BRIAME DL N % configUSE_TIME_SLICING 734
FreeRTOS.h V4 E SN 1o BUEAb T3t 48 45 BRI A S Z0AH IR PRI 55 3t 2 A FH BF [ 5 TR FE 2
SREUZAT B[] 6

5.5 £

TEAf FH FreeRTOS (i FEH, FRATEAL H %L xTaskCreate()8¢ xTaskCreateStatic() K G &1T:
%5, XM EREIE — S H pxTaskCode, X MESHUESFEEL. M AREFRE? (15
BRI TE AT 55 AR R 8. FRIXAMEST IR ? B4 7 E e At A BRI D) B AT 2 AE
XAMES KB PSEI . EEInIREMANME S, XML E AR, A NRAKIT IR
At ARAT 5 BB B . FreeRTOS B 745 Hi BT 45 bR AR 01 F -
void vATaskFunction(void *pvParameters) (1)

{
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. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
for(; ;) 2)
{
—-E55 B AR -- (3)
vTaskDelay(); 4)
b

/AN B AR 55 bR B b ok Bl BCE R B, AT S5 BB B R [ BB A A 2 T H
configASSERT(), RTHERMRE X T configASSERT(). 15— & B MAT- 55 bf B bR s I — 5
FE9f FH BR % vTaskDelete(NULL)RMIBR AT 55 . */

vTaskDelete(NULL); (5)

}

() AR REARRM R RE, U A TS B am, N BRATEEE: F5RE
(R A1 R 7Y — 8 B void 2RAY, R oIk A, M ALK MSEZ void FREHRAIN | 1155
BRI 4 T DIARARE S B 40

() S EAPAT ISR — D KRIEH, for(; ; AR —MEH, YERA while(1)—FF, %
# 216 H while(1).

(3)- PR HTHHE B IERESARRE T, AT S BARZE RS A ax LS !

(4)~ FreeRTOS [HILEMS pREL, MhALA— & R AERT k%, HAh R ZEE1L FreeRTOS KAEAESS
DI ) APT BT BA,  LhanilsRG 5 &, IS, HEZREHLHAMES AR . A &E
Bt 2 FreeRTOS I ZE R 2815

(5)s BB RE— A RVFBR AR, QR — 2 ZEEk B IE A S R Bk AR A LS — 2 ZE R A
PR % vTaskDelete(NULL)H 3 AT 45 !

FreeRTOS HIAE55 R EUF UCOS AT 55 bR BB I AHH [F] (), AN 1L FreeRTOS, HAhh RTOS
(AT 55 bR B AR A2 X Rl 7 511

5.6 1L

FreeRTOS MBFAMESSHA — LS @ 11 75 247 1%, FreeRTOS X L@ ML G F]— L H — 45
PR RFE R, XA EE R (] 55 | He: TCB_t, 7EE ] B %L xTaskCreate() 81 AT 55 (1) il
BN S R MES L MESTIEHI . FEZIRAH) FreeRTOS HHYT554% 6| el i tskTCB,
HIRAE 4N TCB_t, (HRAR ik skTCB, AHRE A 42 BT 515 B & 5 H TCB t
Lon, WCEERTE SO tasks.c FAEE L, WIF:
typedef struct tskTaskControlBlock

{

volatile StackType t  *pxTopOfStack; IS5 HERRAR T
#if ( portUSING MPU_WRAPPERS == 1)

XxMPU_SETTINGS xMPUSettings; //MPU K E
#endif
Listltem t xStateListltem; IIARZSF) R
Listltem_t xEventListItem; 113 R T
UBaseType t uxPriority; IMEAR S 2%
StackType t *pxStack; IMESS HEAR AL A i ik
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char pcTaskName[ configMAX TASK NAME LEN J;/{£45 4 %

#if ( portSTACK_ GROWTH > 0 )
StackType t *pxEndOfStack; IS5 EARAR
#endif

#if ( portCRITICAL,_NESTING IN_TCB == 1)
UBaseType t uxCriticalNesting; I T IX R EIR
#endif

#if ( configUSE TRACE FACILITY == 1) //trace BF] debug FAS 5% FH £
UBaseType t uxTCBNumber;
UBaseType t uxTaskNumber;

#endif

#if ( configUSE MUTEXES == 1)

UBaseType t uxBasePriority; IS5 BRI Se B, D0 e 20 s 2 1A e FH 38
UBaseType_t uxMutexesHeld; IR IRE RN I B A5 5 8
#endif

#if ( configUSE_APPLICATION TASK TAG==1)
TaskHookFunction t pxTaskTag;
#endif

#if( configNUM_THREAD LOCAL STORAGE POINTERS > 0) //5A (74 5%
void
*pvThreadLocalStoragePointers| configNUM THREAD LOCAL STORAGE POINTERS J;
#endif

#if( configGENERATE_RUN_TIME_STATS = 1 )
uint32 t ulRunTimeCounter; ITARAC AT 5538 4T LI 18]
#endif

#if ( configUSE NEWLIB_REENTRANT == 1 )
struct ~reent xNewLib_reent; 1/7E X—> newlib 45 # /A4S &

#endif

#if( configUSE_TASK NOTIFICATIONS == 1 )/ 4538 kAl <Az &

volatile uint32_t ulNotifiedValue; INESBEME
volatile uint8_t ucNotifyState; IMESBEIRES
#endif

#if( tskSTATIC AND DYNAMIC ALLOCATION POSSIBLE !=0)
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IR RFFICAE S5 /2SS B IE R S QN2 1), iR 2S8R LA 254 pdTURE,
AR BN By pdFALSE
uint8 t ucStaticallyAllocated;
#endif

#if( INCLUDE_xTaskAbortDelay == 1)
uint8_t ucDelayAborted;
#endif

} tskTCB;

IR AT FreeRTOS AR5 #5HIH E v 444 TCB_t, {H 2R LIt tskTCB, FE AT H#HEA
IARRA IR N H o
typedef tskTCB TCB t;

A LA Hi 2K FreeRTOS MATZ5-Faiil b i sl i1 2 S AH L UCOSIT 2R %, 1ff H K25
BETA G, A FLLThRE I 5 5 AR R A S 591, (RS FEmIgR /N2 i —
IR o

5.7 RS

FreeRTOS 2 it LARE LA 0 52— ME S5 I AT 2 R A AR 55 HERRAE R B 4P T, AT55 1
FERRAEBATAE ST UIH (R 28 24 TR S5 I BLA(CPU . A A7 2 E 55 ) DRAFAE BUAE 55 AR S5 HERR o,
SE B AT 55 N IS AT RINHE B2 S FHERR th IR ME SRR L B, IRE A LA R AT Sl e
B W R 1 T T ARIEAT

QAT 55 e 75 E 4R AR 55 4R E HER, AN SRAE AT BR 3 xTaskCreate() BT 55 (BN T71%)
I A8 AAT 25 HEAR 1t 2 B BR 0 xTaskCreate() H 161, JSTHI 20 #T xTaskCreate() ) B i 2> A
W SRAE ] & x TaskCreateStatic() B 8T 55 (5 A 7712 MUH AL 5 ZE AR Fe IR B AT € SUTE S5 iRk, 2R
S HEAR B HhE R A R B 1580 puxStackBuffer /£ 345 BAEL, WF -

TaskHandle t xTaskCreateStatic( TaskFunction t  pxTaskCode,
const char * const pcName,
const uint32 t ulStackDepth,
void * const pvParameters,
UBaseType t uxPriority,
StackType t * const puxStackBuffer, (1)
StaticTask t * const pxTaskBuffer )

(D)~ ES5HERE, T E S R R HER AL 3B 25 X AN 24

HERR K/

FRATAE A F % xTaskCreate()id /& xTaskCreateStatic() Bl & 4T- 55 8 75 B 48 B AT 55 HEFR K
AN o ARG HERR B2 N StackType t, StackType t A5 I J& uint32 t, {E portmacro.h 1G5
DO Ui
#define portSTACK TYPE uint32 t
#define portBASE TYPE long

typedef portSTACK TYPE StackType t;
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typedef long BaseType t;
typedef unsigned long UBaseType t;

ALLEH StackType_t KMEIALEN 4 DT, IRAALSS M SEPRHERCR /NN 1202 A T
TE L H 4 A
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FINE FreeRTOS 1ESHH= APl B3

b—FHAT2] T FreeRTOS FTEFEAN AN, AF ki 2= > e[ H FreeRTOS HA&
FAESS ) APT BE. ARAZ PR FreeRTOS HIAE S5 EF IR, (HI2IR L )28 10 B At
i FreeRTOS, ££% H A1) RTOS REHEA AL, BT bA— k&5 i i IR B4R n fE £ B
—KMIFE . FTUAAR R TR, eI E A, ek, JEmEmIELAT IR A
JERE R BRI SEHMIRE . RB NN L

6.1 FESSEIEAMER APT BB %L

6.2 155 BRI BR S I8 (Bh A5 J71)

6.3 AT55 BRI bk S 36 (B A5 715

6.4 fESHEERAIKE API K%L

6.5 (T4 AT K S5
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6.1 fEE&BIERAIMIER API A%

FreeRTOS fIE A DRl AT 555 B, AT 5585 P S FE AR )35 VR At 2 B AN B A 55

FreeRTOS HIE 55 QI MIMER API BB 6.1.1.1 JfiR:
R # i3}
xTaskCreate() 1A BhZ& 75— ME S -
xTaskCreateStatic() S RITEAE—MES -
xTaskCreateRestricted() | B — M MPU AT BRI 4E S5, AHIG AR FHBIAS NAFE T IE .
vTaskDelete() MHIBR—AMES .
*®6.1.1.1 AR5 AR AP B3

1. B xTaxkCreate()

IR R —MT S5, 1155 77 B RAM RIRFFE S AE55A RHPIRAS(E B S 3H13), 1F
KT E—E M) RAM RAE RS HERR . QS8 FH PR 2 xTaskCreate() R B G AE 55 H 1 54 X £4
B 1 RAM 52> F 3 FreeRTOS [ 3L, DH D6 204 Y A7 9 B ST, BRAATRAT A FH
heap 4.c XA WAEEH A, 1 H.% configSUPPORT DYNAMIC ALLOCATION %454 1. 41
S FH R 50 xTaskCreateStatic() B 22 (1115 1X 2% RAM 3t 75 B FORIBHE T o Frol g i T4 ikt
RSN, RS ATEA e E AR RNTSIBT A AT 55 st e ik N2 1T ST iR iE
17, NELEATS AR BN ATE R B 3G, #BT LARIERAT 55 otk ot R RATCLfE 25 A 211,
AREFETA IR IR ORI AE 55, BB AL

BaseType t xTaskCreate(  TaskFunction t pxTaskCode,
const char * const pcName,
const uintl6 t usStackDepth,
void * const pvParameters,
UBaseType t uxPriority,

TaskHandle t * const pxCreatedTask )

2H:
pxTaskCode: 55 BRI
pcName: 5545, —BRATEEMRR, (527 KEAGRRET.

configMAX_TASK _NAME_LEN.

usStackDepth:  AE55HERR K/, VERE SRR G B HERR 2 usStackDepth [1) 4 %, H A2 HAE
S5 AT 55 HERR KN A configMINIMAL STACK SIZE.

pvParameters: LR ES RN SHL

uxPriotiry: RS, TEH 0~ configMAX PRIORITIES-1.

pxCreatedTask: (T35, AF5501% KD DL 23R BUHAT 55 AT 55 A0, X AN AR H St 2
R TS HERR . IS HO R IRAEXAMT S A0 . HoAth APT B2 AT e 224
F B AN o

R [EE

pdPASS: R A ) o
errCOULD NOT ALLOCATE REQUIRED MEMORY: AF%8I8RkM, B AHENGEASL!

2. BR¥ xTaskCreateStatic()
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I B HORT xTaskCreate)FRITIREARIR], 2 FHREIERAT S, (H2 {8 e ek 2B 8 A 55 P
WM RAM & Z A M &~ R o o B OE A MR s R ENE
configSUPPORT STATIC ALLOCATION 5& SN 1. sREEENR:

TaskHandle t xTaskCreateStatic( TaskFunction t pxTaskCode,
const char * const pcName,
const uint32 t ulStackDepth,
void * const pvParameters,
UBaseType t uxPriority,

StackType t * const puxStackBuffer,
StaticTask t * const pxTaskBuffer )

SH.
pxTaskCode: FES5 R
pcName: 115547, —MHTEEMEK, 52 FKEAREL.

configMAX TASK NAME LEN.

usStackDepth:  AFE55HERR K/, I T A BRBUR FSTTE G AR SS, It UMESS HER L 40
RN, WSEUR XN EEH T RN

pvParameters:  f£IBZ(T55 RIS

uxPriotiry: RS2, TEF 0~ configMAX PRIORITIES-1.

puxStackBuffer: (L5, —MOAEA, FdRAEN StackType t AL,

pxTaskBuffer: L5545,

AR

NULL: 5B R, puxStackBuffer B¢ pxTaskBuffer y NULL ¥R {5 2 S 80X N
BRIIRA

HAth A RS AR, R[S S5 AR

3. B xTaskCreateRestricted()

L pR 2 IR BIAE S5 1, RA I s ECESR B F 9 MCU 5 MPU(N A2 L4 #10T),
FH I bR BB R AT 2522 52 51 MPU 447 FoAth (¥ 216 A0 R 4 x TaxkCreate()—FF
BaseType t xTaskCreateRestricted( const TaskParameters t * const pxTaskDefinition,
TaskHandle t * pxCreatedTask )

¥
pxTaskDefinition: fRIM— A EEMIR TaskParameters_t, IXANMZEARIIAR 1 1F 55 HAESS K%L
HER RN SRS . G K ARAE SO task.h HA 5E o

pxCreatedTask: RSN

R [EE:

pdPASS: 125 BRI o

HoAhfE: S ARG, RA W RERZ KN FreeRTOS FIHER /N T o

4. BB vTaskDelete()
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B — ™ F R 5 x TaskCreate()8¢# xTaskCreateStatic() B IS5, #iHER T FMESAFHAT
18, WHE U HEAZIENIZITE . AEFSEMIBR UG S REFFEH AR S5 AR L an SR AT 5%
RAF NS TTVERN I, WS A B %L xTaskCreate() BT,  HABATE AT 55 WM B LA J5 BEAT:
55 2T F A (R HER NI il R N A7 2 AR 28 A 5 OB e, BRI 243 F eR 3 vTaskDelete ()
155 LUJG i 2525 75 AT 55— R B AT IR 1) o
HA L i WA A B4 A5 (1 AR A S AEAESS M B LA S E SRR s, FH P r Bl 4 AR 55
I A7 3 EE P B AT RS, AR AME S5 b 7 B8 2 pvPortMalloc() 732 1 500 575 I N
175 B AAEBAT ST R LU F P 06 2500 FH B 3 vPortFree()VH5iX 500 <7719 (Y W AR, &
M2 FEN MR . SR BUFE U
vTaskDelete( TaskHandle t xTaskToDelete )

S5
xTaskToDelete:  E I B AT 55 HIAT 55 B0

R [EIME:
xT

6.2 LS RIEFIMBR LR G TE)
6.2.1 LRI

1. SEREK

b=/ T FreeRTOS AT S5 G A AAHBR I APT BREL,  AS/NTT ok 5 =) anfar 4 dx 4
API pREL, A/NT5222] xTaskCreate() 1 vTaskDelete()iX 5 /™ b8 £ 111

2. SEWERIH

ARSLIGBETE = AMESS: start task. taskl task Al task2 task , X —=AMEHSHMLSThEeun .

start task: FIRAIEHADHAMMES .

taskl_task : qULAFES5181T 5 MbDLJE i< A H 3L vTaskDeleteOMIBRE 55 task2_task, JhfE
S ox4a] LEDO (AR, JF HJESHPER BT LCD 48 & XI5 st

task2 task : UWCAFSS @RI N RS, AR MM LED1 WIIAER, L % 00l #
LCD 57 XS i) S

3. ERTHE

FreeRTOS 5245 6-1 FreeRTOS AT-55 G A1 N B S 46 (B A ) o

4. LREFSMT

0 F5%%RE
#define START TASK_PRIO 1 ISR Se 4k (1)
#define START STK_SIZE 128 IS5 HERR RN (2)
TaskHandle t StartTask Handler; IS5 AR 3)
void start_task(void *pvParameters); INESS R 4)
#define TASK1 TASK PRIO 2 INESAR Sk
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#define TASK1 STK_ SIZE 128 IMES5 HERR R/

TaskHandle t Task1Task Handler; IME55 AR

void task1_task(void *pvParameters); IME55 R %

#define TASK2 TASK_PRIO 3 INESAR 2%

#define TASK2 STK_SIZE 128 IMES5 HERR R /I

TaskHandle t Task2Task Handler; IMES5 AR

void task2_task(void *pvParameters); IME55 R %

J/LCD Jil 7 i 45 FH 1 e

int led_discolor[14]={ WHITE, BLACK, BLUE, BRED,
GRED, GBLUE, RED, MAGENTA,
GREEN, CYAN, YELLOW, BROWN,

7INo

BRRED, GRAY };
(1) . start_task FESSHMESFMEL, AR ZREI R, PG ARSI ZEHRE
B AEST B E USRI FX AN, 2488 1 ] DB AR G AT 55 A AR e AR 551

Fo

(2)- start_task 1F55 AR5 HER Ko
(3)~ start_task {55 AR5 F)HA
(4)+ start_task 1F:-55 455 0 £ A5 W

® main()R

int main(void)

{

NVIC_PriorityGroupConfig(NVIC_PriorityGroup_4);//#% & R4 H i S 2t 34 4

delay _init(); IBERT R B a6 10
uart_init(115200); IR
LED_Init(); /IW)EEA LED
LCD_Init(); 91464k LCD

POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/F407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 6-1");
LCD_ShowString(30,50,200,16,16,"Task Creat and Del");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

/1B TTIRAESS

xTaskCreate((TaskFunction_t )start_task, INES5 R 3L (1)
(const char* )'start_task", IS 2R
(uint16 _t )START STK SIZE, IR HERR R /N
(void* YNULL, IR AT 55 R AL 230
(UBaseType t  )START TASK_PRIO, ISR Se 4k

(TaskHandle t*  )&StartTask Handler); IMESS )RR
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vTaskStartScheduler(); IFFRAESRAE (2

——

(1)~ VA FH e % xTaskCreate()fill & tart task {155, B IS SEGR FIRMATE S B E H
&SI, HAAT 25 (1 B B X R 5
(2)« W FH 5% % vTaskStartScheduler()JT /& FreeRTOS M55 5 %%, FreeRTOS HFHAIZAT .

® L& mE
I UEAES5AT 55 rR B

void start_task(void *pvParameters) (1)
{

taskENTER _CRITICAL(); J1ENIG X

/1815 TASK1 {E%5

xTaskCreate((TaskFunction t )taskl task,

(const char* )'task1 task",
(uint16_t )TASK1 STK_SIZE,
(void* JNULL,

(UBaseType t )TASK1 TASK PRIO,
(TaskHandle t*  )&Task1Task Handler);

/18I TASK2 {155

xTaskCreate((TaskFunction_t )task2 _task,
(const char* )'task2_task",
(uintl6_t )TASK2 STK SIZE,
(void* JNULL,

(UBaseType t )TASK2 TASK PRIO,
(TaskHandle t*  )&Task2Task Handler);

vTaskDelete(StartTask_Handler); //MBx I 461E 55 (2)
taskEXIT CRITICAL(); /138 H Il X
}
//task1 AT 55 BR £
void taskl task(void *pvParameters) 3)
{

u8 taskl num=0;
POINT COLOR =BLACK;

LCD DrawRectangle(5,110,115,314); /il —MEFE

LCD_DrawLine(5,130,115,130); /1 25

POINT _COLOR = BLUE;

LCD_ShowString(6,111,110,16,16,"Task1 Run:000");

while(1)

{
task1 num++; /M55 1 470N 1 157 task] numl f03) 255 M ESTEE
LEDO=!LEDO;
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printf("{£45 1 B4 #AT: %d K\r\n",task]_num);
if(taskl num==5)

{
vTaskDelete(Task2Task Handler);//E55 1 47 5 MBRIESS 2 (4)
printf("f£5% 1 MER 74E55 21\\n");

}

LCD_Fill(6,131,114,313,lcd_discolor[task1 num%147]); /3 75 [X 5
LCD ShowxNum(86,111,task1 num,3,16,0x80); /{2 75AF S5 AT IR EL

vTaskDelay(1000); IBERT 1s, A2 1000 /N8R4
}
}
//task2 AT 55 PR L
void task2 task(void *pvParameters) 5)
{
u8 task2 num=0;
POINT_COLOR = BLACK;
LCD DrawRectangle(125,110,234,314); /il — T
LCD DrawLine(125,130,234,130); /1] 2
POINT _COLOR = BLUE;
LCD_ShowString(126,111,110,16,16,"Task2 Run:000");
while(1)
{
task2 num-++; /4155 2 PATIREOIN 1 VEE task]l_num?2 J 2] 255 MIERHMESTEZ !
LEDI1=!LEDI;
printf("{F5%5 2 CA&MAT: %d K\r\n",task2 num);
LCD ShowxNum(206,111,task2 num,3,16,0x80); //SEr~fE55HAT Ik
LCD Fill(126,131,233,313,lcd_discolor[13-task2 num%14]); //3H 75 [X 35k
vTaskDelay(1000); /FERT 1s, LR 1000 /SRR 40
}
}

(1)~ start task fE55 IS BREL, TEUCATESS BRECRRATEIE T A4 MESS task] task F
task2_task. start task {155 HHR 57 w2 R G HAM AR S5 505 5 S & W RSN, Held
6 LG S RT LA R start_task ££55 .

(2)~ MF% start task {£5%, R % vTaskDelete())ZHUt /e start_task 1F5% AT 55 A
StartTask Handler.

(3). taskl_task {ES5BRE((ES5 1), RS LRI, &R 1 #8h taskl_num N—3JF H LEDO
S, B ORI AT ST IR, HsEmt/2 taskl num FUME. 24 task] task iz4T 5 WRLAE A
FH %k vTaskDelete()M 1T 45 task2_task.

(4)~ 1% taskl task 3217 1 5 ¢k, AH K%L vTaskDeleteOMIFRIT 55 task2 task.

(5)- task2_task {55 R EL(fE:55 2), Al taskl_task ZAZ .
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{7 B RS o B — S BIRE AR, BUOAIZ RN EM FreeRTOS R —MEF, RE
SFOREA VS B0 Ll RSS2 SUESS e, RN, — B R —MESS
RIRTEERA TR — 2, HAMESSHERR . ARS5 RN, AR5 E BI4E, IXAEDT . XK
PE AT DU — A h ko Bl 2, R GIRR BLIHAR S5 2 b b, B DU L3 3 main.e SCAFH
7, R TR EBOR I e i — > RSk SO R B

fE main B& AP — JT 4R 1 € fE V) IR A % B R A8 B, AR A 52 4 B DL I R 2
xTaskCreate() 8! — M UEAESS, EEAQVEITIBAES AT K%L vTaskStartScheduler()JF 54
S FEER R, IR 2R T T AR5 &8 LUS Bl BRISATIT AR R S5 1. HARESS i Bl
TEIFIRAESS ARSI T I AR5 IR DT 2 B HAh B AR S5 RS S & BAAI AKX
BN R, FTRNE RS BEHAT — IR, 4IX SR 7 G 58 i DA 3 mT DA R s 48155 T
AL AN UCOS BAE ML & KB N UCOS MLl —FE

6.2.2 BRFBITER ST

YRR N B AR, RS | AUES 2 s i, FEGelUGE PG LCD &
R 6.2.2.1 fizs:

6.2.2.1 LCD B\ A1
FE e 2D IRE AT S5 | IS TIXEE, Al HE AR SS 2 Wig4T X3, WTLLE HAESS 2 81T
TSI T, MRS 1isdT 7 12K 7. TP 0ERET, BRwE 6.2.2.2 fin:
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&5 XCom v2.0 B C
1ReBEiG: U B
gé%% ';é:ﬁ COM3 : USB-SERT#
e |
%E{% :25 EHE s
SE o Bt 1
A -— #54g

3 7 52 = Y \ Hif |8
s |~ iim rSREIR T IE42 .
RIEANT: TX S %
£ P
A
Zisend: E05E @
BIEEHNIT: 1R
2102 128
)
[ IR TE
[ &1S C
[ R e
RREE SREE hikw HE
FFJEE 7o www. openedv. com

Kl 6.2.2.2 & HIHEBIFHH(E S
ME 6222 HATLLE H, —HEAESS 1 FESS 2 ZFIREZATH, BT RS 2 ey e T
% 1 thgim, FrbMES 2 et (5 8. U145 11817 7 5 IRUUEAES 1 silbe 7115 2,
BE REI T TS LB T .

6.3 EFCIENMBRLREFSHTE)
6.3.1 LRI

1. SEREK

LNV BRATTUE T A PR AL xTaskCreate() R ENEAT S, AT E_L— /NI FEAE 50 #L )
&%, 18 F K%L xTaskCreateStaticOR BT, Wl ZFHATNE, ARSI (AR50 Yl
AR E T .

2. LW

B0 FreeRTOS 525 6-1 FreeRTOS AT 55 61 Al 4 296 (Bh A& 55

3. XRTE

FreeRTOS 5156 6-2 FreeRTOS 1T 451l 28 R SR 5L 36 (B 45 777 o

4. LREFSIH

o RS E

158 FH 8 25 7 VR B AT 55 (R IS5 75 K4 % configSUPPORT _STATIC ALLOCATION % & M 1,
TE A FreeRTOSConfigh i E, 1T Fins:
#define configSUPPORT _STATIC_ALLOCATION 1 AW AE

%: configSUPPORT_STATIC_ALLOCATION & 3N 1 PAESEE—IR, SIRIATEW AR
A E X, ik 6.3.1.1 fiuR:

..\OBJ\LED.axf: Error: L6218E: Undefined symbol vApplicationGetIdleTaskMemory (referred from tasks.o).
.+.\OBJ\LED.axf: Error: L6218E: Undefined symbol vRpplicationGetTimerTaskMemory (referred from timers.o).
Not enough information to list image symbols.

Finished: 1 information, 0 warning and 2 error messages.

", .\OBJ\LED.axf" - 2 Error(s), 4 Warning(s).

Target not created.

Build Time Elapsed: 00:00:04

6.3.3.1 t5iRIER
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XANFEFRATYF FreeRTOS L B ST FreeRTOSConfig.h HIR sk id 1, i Ad F iy

O OWwoFm OEOH O s B A B # vApplicationGetldleTaskMemory()  Fll

vApplicationGetTimerTaskMemory()o 183X P A B K 25 75 R AT 45 F e ] 4 IR 254 55 AT 25 HE

BAMESTAE PP BENAF, XA B BIRATAE maine.c & X, € AT

1175 A S5 AT 55 HERG

static StackType_t IdleTaskStack[configMINIMAL STACK SIZE];

1175 A S5 il B

static StaticTask t IdleTaskTCB;

117 I 45 i 551 55 HERR

static StackType t TimerTaskStack[configTIMER TASK STACK DEPTH];
117 I 45 i 551 55 4 1) Bk

static StaticTask t TimerTaskTCB;

13RI A 55 M 55 HERR AL S5 42 I DR A7, RO A B R A5 FH £

IERSIAE, DRI S R S5 A 55 HERR MR 5542 1) DR A A A7 AL 1%

/8 F PR, FreeRTOS #&fit 142 1 BB %L vApplicationGetldle TaskMemory()

J/SETL I R E BT

//ppx1dleTask TCBBuffer:{T- 554 il Bt Py 17

//ppxIdleTaskStackBuffer: AT 55 HE £k N 17

//pulldleTaskStackSize:AT- 55 HEA K/

void vApplicationGetldleTaskMemory(StaticTask t **ppxIdleTaskTCBBuffer,
StackType t **ppxIdleTaskStackBuffer,
uint32_t *pulldleTaskStackSize)

{
*ppxIdleTaskTCBBuffer=&IdleTaskTCB;
*ppxldleTaskStackBuffer=IdleTaskStack;
*pulldleTaskStackSize=configMINIMAL STACK SIZE;
}

113REE I 45 R 554 55 FROAT: 55 HERR FOAT 55 F2s h Hhe A A7

//ppxTimerTask TCBBuffer: AT 45 il b Py 77

//ppx TimerTaskStackBuffer:{T 55 HE# P 17

//pul TimerTaskStackSize: /T 55 HE k& K/

void vApplicationGetTimerTaskMemory(StaticTask t **ppxTimerTaskTCBBuffer,
StackType t **ppxTimerTaskStackBuffer,
uint32_t *pulTimerTaskStackSize)

{
*ppxTimerTaskTCBBuffer=& TimerTaskTCB;
*ppxTimerTaskStackBuffer=TimerTaskStack;
*pulTimerTaskStackSize=configTIMER TASK STACK DEPTH;
}

R UAE XA B BUR T B, P 5 SCERAS AR S5 HERR AR S5 I B N A7, AR5 KX S8

86



STM32F1 FreeRTOS H % F i

e

® E5E

#define START TASK_PRIO
#define START _STK_SIZE

StackType t StartTaskStack|[ START STK SIZE];

StaticTask t StartTaskTCB;
TaskHandle t StartTask Handler;

void start_task(void *pvParameters);

#define TASK1_TASK_PRIO
#define TASK1 STK SIZE

StackType t Task1TaskStack[TASK1 STK SIZE];

StaticTask t Task1TaskTCB;

TaskHandle t TasklTask Handler;

void task1 task(void *pvParameters);

#define TASK2 TASK PRIO
#define TASK2 STK SIZE

StackType t Task2TaskStack[TASK2 STK SIZE];

StaticTask t Task2TaskTCB;

TaskHandle t Task2Task Handler;

void task2_task(void *pvParameters);

/ILCD Jl 7 B 455 P 25 €

int lcd discolor[14]={ WHITE,
GRED,
GREEN,
BRRED,

ALIENTEK STM32F103 £&%HF &R FreeRTOS F & iz
A R S M. e a B % WAL 55 FE I 8% IR 55 AT 55 1) APL R H & i A
vApplicationGetldleTaskMemory() ! vApplicationGetTimerTaskMemory()>f 3K HUX L& Py £

BLACK,
GBLUE,
CYAN,

GRAY };

1 IMES e
128 INME 5 HERR RN

IMNESSHERR (1)
IMES5 i B )
IMESS RN
TS PR

2 IMES Ak
128 55 HERR R /N
TS HERR
IMESFE R
IMES5FIAR
INES5 R 2L

3 IMESA ek
128 IS5 HERR R /N
IMESSHERR
IMESFE R
IMES5 AR
INES5 R 2L

BLUE,
RED,
YELLOW,

BRED,
MAGENTA,
BROWN,

(D)~ ESEEAL S FEM IR AUESHER, X B MRS HER, Ry

StackType_t &7,

(2)s SE ARG, BRSPS A A StaticTask_t, 1A Z TCB_t 81 tskTCB!

XHEOAKEYND!
@® main()RR

int main(void)

{

NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & R4t i e 232 4

delay_init();
vart_init(115200);
LED Init();
LCD_Init();

I/AERT SR HT 6L,
IAIIEAGER T
/¥4 LED
/¥ LCD
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POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 6-2");
LCD_ShowString(30,50,200,16,16,"Task Creat and Del");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

BT UBAT 55

StartTask Handler=xTaskCreateStatic((TaskFunction_t)start_task, IMESSBREL (1)
(const char* )"start task", INESs 2R
(uint32_t )START STK_SIZE, /ME&HER K/
(void* )NULL, IS LA 55 BREU 24
(UBaseType t )START TASK PRIO, /MT554k5E4
(StackType_t* )StartTaskStack, IMES R (2)
(StaticTask_t* )&StartTaskTCB); IMESSIEHIHL(3)

vTaskStartScheduler(); I JEAT 5 B

(1)~ A pR %L xTaskCreateStatic() Bl 4155

(2) W8 IR S HERR KA AL 1B 25 PR K

(3) W LIRS Ptk i 4 R H

A] LA H 7E ¥k I xTaskCreateStatic()fl xTaskCreate()¥% A X KHIIX A, KZ EHI S EEHH

A, 2% 2]k UCOS Y IF] 2% 1% 2 X BB % x TaskCreateStatic()/B 2 #4Z&, K24 UCOS Ha @455 11
PRI EUAN x TaskCreateStatic()Z L, 755 F P K48 € A 55 HERR AME 545 I B N A2 1K, SR a4 3L
YRS HA LSS AR ARG T A FIBIFEAE E OIS (55 Bl FIH
BT,

® fEFERH

T U AT 55 1F: 55 R £

void start_task(void *pvParameters)

{

taskENTER _CRITICAL(); /13N S IX

/1% TASK1 115

Task1Task Handler=xTaskCreateStatic((TaskFunction t )task1 task, (1)
(const char* )"task1 task",
(uint32_t )TASK1 STK SIZE,
(void* JNULL,

(UBaseType t )TASK1 TASK PRIO,
(StackType t* )Task1TaskStack,
(StaticTask t* )& Task1TaskTCB);

/1% TASK2 1155

Task2Task Handler=xTaskCreateStatic((TaskFunction t )task2 _task, )
(const char* )"task2 task",
(uint32 t )TASK2 STK SIZE,
(void* JNULL,

(UBaseType _t )TASK2 TASK PRIO,

88



[ ALIENTEK | STM32F1 FreeRTOS J & /i

. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
(StackType t* )Task2TaskStack,
(StaticTask t* )& Task2TaskTCB);

vTaskDelete(StartTask _Handler); IR T 484 T 55
taskEXIT CRITICAL(); /738 Wi S X
}
//task1 AT 55 PR
void task1 _task(void *pvParameters)
{
u8 taskl num=0;
POINT_COLOR = BLACK;
LCD DrawRectangle(5,110,115,314); //iH—HEIE
LCD_DrawLine(5,130,115,130); VAETES
POINT _COLOR = BLUE;
LCD_ShowString(6,111,110,16,16,"Task1 Run:000");
while(1)
{
task]_num-+; /AF S5 1 ATREIN 1 VER taskl _numl f0F) 255 KRB
LEDO=!LEDO;
printf("f£55 1 CE&HAT: %d K\r\n",task]_num);
if(taskl num==5)
{
vTaskDelete(Task2Task Handler);/AT55 1 $447 5 IXIHFRAESS 2
printf("{£55 1 MR 74E5 21\r\n");
}
LCD Fill(6,131,114,313,lcd_discolor[task]l num%14]); //AHFEIX K
LCD ShowxNum(86,111,task] num,3,16,0x80); 1B TRAE S AT IR B
vTaskDelay(1000); //ZERT 1s, k2 1000 /BT 47
§
}
//task2 1155 BR AL
void task2 task(void *pvParameters)
{

u8 task?2 num=0;
POINT COLOR = BLACK;
LCD DrawRectangle(125,110,234,314); /il — A4 7E

LCD DrawLine(125,130,234,130); /1 28,
POINT COLOR = BLUE;
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LCD_ShowString(126,111,110,16,16,"Task2 Run:000");
while(1)
{

task2_num-++; //AF55 2 FAT RN 1 VEE taskl num?2 JHF] 255 IR STHE !
LEDI=!LEDI;
printf("{£:55 2 CEHAT: %d X\r\n",task2_num);
LCD_ShowxNum(206,111,task2 num,3,16,0x80); //\Z/~fF 55 ATV E
LCD Fill(126,131,233,313,lcd_discolor{13-task2_num%141]); /3 75 [X 3k
vTaskDelay(1000); JAERT 1s, kR 1000 />R

§

(1)« {8 FHER AT 55 602 BB 2L xTaskCreateStatic() K B #1155 task1 _task.
(2)- 1 FHER AT 55 B2 BB 2L xTaskCreateStatic() K G #1155 task2_task.

6.3.2 BFBITE R

53622 /N,

6.4 {EEHEHENIKE API R

A EHEBRA T B e REAMES BT, o — B CUGEE RIS IT . X Bl AT
55 P16 R B S 1) g VR R I A AT 45 AR BARAT A S € K T ! FreeRTOS 45 FRATTHE AL T fif ¥k
KPR 75, HRAT SRR, AT BT (84T — B A R s 1IX AT 55
R, 8 H ST IR AME S S K IR ME 5 32 1T - FreeRTOS T4 HAR MK E AP B
Btk 6.2.1.1 fizn:

RE Hiid
vTaskSuspend() HE—MES.
vTaskResume() R —AMMES BEAT
xTaskResumeFromISR() | A Wi Ik 2% R H Ik & — MER HIIE1T -

#*6.2.1.1 AESHAZNIPKIL API BRL
1. BR¥{ vTaskSuspend()

PR B TR EAMES W E VRS, SENERSIMES KEiA S NZTE. B
T A R E— 7 VAR 2 1 AT 55 K 2 R 21 vTaskResume()EX x TaskResumeFromISR()., B&HUE A U1

T
void vTaskSuspend( TaskHandle t xTaskToSuspend)

SH:

xTaskToSuspend: BRI PES AW, AT B IR 2 N BAME S 2 I — M5
AW .t SR AE A BB B xTaskCreate() 81 22 AT 55 1 1 F8 4 BB B ) 2 5L
pxCreatedTask #fi A2 AT 55 HIAE 55 FURK, Wi 2R A8 FH bR %k xTaskCreateStatic()
BIERAE 55 B A2 bR ER 3R (AR A A AT 25 BIAE 55 F0 A AT DUIE T R
4 xTaskGetHandle()KRARHE AT 55 44 7 RIKRBEEAMTE 55 BIAE 55 F K
ERE! WRSHON NULL FIERR RS A O
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2. B vTaskResume()

W MES MRS E RIS, RAES K% vTaskSuspend() B B NHALE RS54
7] LA vTaskRexume()Pk &2 ! BREUZEAL AT -
void vTaskResume( TaskHandle t xTaskToResume)

S
xTaskToResume: BB TS TS5 A

R [EE :
T
3. B xTaskResumeFromISR()

I BR B2 vTaskResume()H R TR A , B 75 A W IR 55 BB BRI E — AT 55 BREURE LN R
BaseType_t xTaskResumeFromISR( TaskHandle t xTaskToResume)

S5
xTaskToResume: B TS5 AR 55 RIAH

iR [E{H -

pdTRUE: MR IEAT AL 55 (AR 55 DL e 55 T B T IEAE I8 AT AT 55 (B 4T
W KA 55), IR 1R Y P 55 o8 K UL R 6 ZBUEAT — U R SCD) ke

pdFALSE: PRI IBAT AR S5 A 55 DU SR AR T 4 T IEFE IS AT AOAE 55 (R v W4T i 14

15%), IXEMRAE AR B b TR 55 b8 20K DU A 75 ZEEEAT R SOl
6.5 EFHEMKE LR
6.5.1 SLIRFEFFIRTT

1. LBHK

22 28 H FreeRTOS [MAE 55 HAL VK 2 AHIE AP 8%k, €45 vTaskSuspend() vTaskResume()
F1 xTaskResumeFromISR() .

2. LW

ARG 4 AMESS: start task. key task. taskl task Fl task2 task, IXPUAMESSHIEST)
REANT -

start_task: FISREIEHAD 3 MES.

key task: TZBENRSSAESS, BRI IL N AR, PR R B RPAT A F 3R .

task1 task: N H{ES 1.

task2 task: TS 2.

SEG T EPUAMEEE, KEYO. KEY1. KEY2 M1 KEY UP, XPUMEEMThEEM T
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KEYO:  JeHeBE i, s I RS 56 M0k DA E56 2 (BT
KEY1l: Mzt A, HTIEAES 1 1iEfT.
KEY2: izt A, HTHEMES 2 1isfT.
KEY_UP: A, HTHEES 1 isfT.
3. ZRTHE
FreeRTOS 5146 6-3 FreeRTOS 1155 H: AL Al & 5L o

4. EBRREF 50T

® EH5RE
SIS RSSO SE S HER N S A RAF B E AN T -
#define START TASK_PRIO 1 INEFN ek
#define START STK_SIZE 128 55 HERR R /I
TaskHandle_t StartTask Handler; INES BN
void start_task(void *pvParameters); M55 PR
#define KEY TASK_PRIO 2 IMESS R Sek
#define KEY STK_SIZE 128 IR HERR R /N
TaskHandle t KeyTask Handler; IMESS A
void key_task(void *pvParameters); /TS5 R
#define TASK1_TASK_PRIO 3 ISR ek
#define TASK1 STK_SIZE 128 IS5 HERR R /N
TaskHandle t Task1Task Handler; IMES5E)RR
void task1 task(void *pvParameters); IMESS R
#define TASK2 TASK_PRIO 4 INEFN ek
#define TASK2 STK_SIZE 128 IR HERR R /N
TaskHandle t Task2Task Handler; IS5 AR
void task2 task(void *pvParameters); INESS R
@® main()RR
int main(void)
{
NVIC_PriorityGroupConfig(NVIC PriorityGroup 4);//¥% & R4t Wit 4
delay _init(); I/3E I R BT 640
uart_init(115200); /91 ER
LED_Init(); /1914646 LED
KEY _Init(); IIRTRE A F
EXTIX_Init(); HIRTIE A AN iy
LCD_Init(); /91464 LCD

POINT COLOR = RED;

92



m W STM32F1 FreeRTOS H &k FHf
e

ALIENTEK STM32F103 £ &3 £4R FreeRTOS F & {2
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 6-3");
LCD_ShowString(30,50,200,16,16,"Task Susp and Resum");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

/BT IR 55
xTaskCreate((TaskFunction_t )start_task, 1M BR AL
(const char* )"start_task", IMESs 4 FR
(uintl6_t )START STK_SIZE, /ME&HER K/
(void* YNULL, MG ERAT 5 R S50

(UBaseType _t )START TASK PRIO, /MESAR5E
(TaskHandle t*  )&StartTask Handler); /AT-45%F]HA
vTaskStartScheduler(); /1FF Ja AT 45

1E main BRI IRAT 32 B 52 A wIaa 4k, R R]da 4k 5E A B4 T AT 55 start task()
JHIF)JE T FreeRTOS HIFESHSE .

® EH5EH
I U AT 5511 55 B £
void start_task(void *pvParameters) (1)
{
taskENTER _CRITICAL(); 13N S X
/6% KEY 1155
xTaskCreate((TaskFunction_t )key task,
(const char* )"key_task",
(uintl6_t )KEY STK SIZE,
(void* JNULL,

(UBaseType t )KEY TASK PRIO,
(TaskHandle t*  )&KeyTask Handler);
/1% TASKI 1155
xTaskCreate((TaskFunction_t )task1 task,

(const char* )"task1 task",
(uintl6_t )TASK1 STK SIZE,
(void* JNULL,

(UBaseType t )TASK1 TASK PRIO,
(TaskHandle t*  )&TasklTask Handler);

/1% TASK2 1155

xTaskCreate((TaskFunction_t )task2 _task,
(const char* )"task2 task",
(uint16_t )TASK2 STK SIZE,
(void* JNULL,

(UBaseType _t )TASK2 TASK PRIO,
(TaskHandle t*  )&Task2Task Handler);
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vTaskDelete(StartTask _Handler); /BRI 44T 55
taskEXIT_CRITICAL(); /138 il 5 X

}

Ilkey 155 R %k

void key task(void *pvParameters)

{
u8 key;
while(1)

{
key=KEY Scan(0);
switch(key)
{
case WKUP PRES:
vTaskSuspend(Task1Task Handler); /4EAE(E55 1
printf("HAZAESS 1 FIE4T\\n");
break;
case KEY1 PRES:
vTaskResume(Task1Task Handler); /MK EAL55 1
printf("Pk /L5 1 1Ui247 \r\n");
break;
case KEY2 PRES:
vTaskSuspend(Task2Task Handler);/4E #2455 2
printf("HARAE S5 2 FIEAT\\n");
break;
}
vTaskDelay(10); //AEIF 10ms
H

}

/ltask1 {F55 PR K

void task1 task(void *pvParameters)

{

u8 taskl num=0;
POINT COLOR =BLACK;

LCD DrawRectangle(5,110,115,314); /il — T
LCD DrawLine(5,130,115,130); /1 2%
POINT COLOR = BLUE;
LCD_ShowString(6,111,110,16,16,"Task1 Run:000");
while(1)

{
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task1_num-++; /553 1 ATREIN 1 VERE taskl numl JHF] 255 FIRHESTEE !
LEDO=!LEDO;
printf("{F:55 1 C&HAT: %d X\r\n",task]_num);

LCD Fill(6,131,114,313,lcd_discolor{task] num%14]); /3 78 [X 15,
LCD_ShowxNum(86,111,taskl num,3,16,0x80); /{2 7~ AT 55047 1R 5L
vTaskDelay(1000); IBERT 1s, A2 1000 /N2

/ltask2 1F:55 BRI 4L
void task2 task(void *pvParameters) (6)

{

u8 task2 num=0;
POINT COLOR =BLACK;

LCD DrawRectangle(125,110,234,314);  //il—METE

LCD_DrawLine(125,130,234,130); /1] 2

POINT _COLOR = BLUE;

LCD_ShowString(126,111,110,16,16,"Task2 Run:000");

while(1)

{
task2_num-++; /AF55 2 PATREIN 1 VEE taskl _num2 fnF 255 HIHESBEE !
LEDI=!LEDI;
printf("f£55 2 CEHAT: %d K\r\n",task2_num);
LCD_ShowxNum(206,111,task2_num,3,16,0x80); IR RES AT IR B
LCD Fill(126,131,233,313,lcd_discolor[13-task2 num%14]); //3H 78 [X 35k
vTaskDelay(1000); /FERT 1s, 2 1000 N8R 47

(1) start_task 1F:55, HT-QIEHAD 3 MES

(2). £ key_tssk AE55 BT, KEY_UP #4% T, 1 5% vTaskSuspend ) FEEEAESS 1.
(3)~ KEY!1 ##%F, WA K%L vTaskResume()K RAT55 1 HIIE1T -

(4). KEY2 ##%~, iK% vTaskSuspend() AL L5 2.

(5)s 1E55 1 AR E, F TSR SRR R A2

(6) 1155 2 WAESS R A, H T UEATE S5 o A SR ik 72 (I 7 2X0)

® hWTHIMHIL R A B TE

I1ANER HR Wi W AR A AR T
/19146 1k PE4 N H N
void EXTIX Init(void)

{

EXTI InitTypeDef EXTI InitStructure;
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NVIC InitTypeDef NVIC _InitStructure;

KEY Init(); // #%4us O¥iGk
RCC_APB2PeriphClockCmd(RCC_APB2Periph AFIO,ENABLE); //{# &5 I ThBE}

//GPIOE4 2 DU IR ARG E. R R AR
GPIO_EXTILineConfig(GPIO_ PortSourceGPIOE,GPIO_PinSource4);

EXTI InitStructure. EXTI Line=EXTI Line4;

EXTI InitStructure. EXTI Mode = EXTI Mode Interrupt;

EXTI InitStructure. EXTI Trigger = EXTI Trigger Falling;

EXTI InitStructure. EXTI LineCmd = ENABLE;

EXTI_Init(&EXTI_InitStructure); /RTEEW AN EXTI 37172

NVIC InitStructure. NVIC _IRQChannel = EXTI4 IRQn;

NVIC_InitStructure. NVIC_IRQChannelPreemptionPriority = 0x06; /48 552 6 (1)
NVIC_InitStructure. NVIC_IRQChannelSubPriority = 0x00; IIFARAZ% 0
NVIC_InitStructure. NVIC_IRQChannelCmd = ENABLE; /S RE MR Hh W
NVIC_ Init(&NVIC_InitStructure); /ARSI NVIC 254735

IME S5 A
extern TaskHandle t Task2Task Handler;

I1ANER R WT 4 IR S5FE T
void EXTI4 IRQHandler(void)

{
BaseType t YieldRequired;

delay xms(20);  //JHE
if(KEY 0==0)
{
YieldRequired=xTaskResumeFromISR(Task2Task Handler);//Pk 155 2
printf("VK A5 2 FII247 \\n");
if(YieldRequired==pdTRUE)
{
/4N F ek 4 xTaskResumeFromISR()i [H1E 4 pdTRUE,  H-4 i FH K &2 X A
TSRS 5 T 80 & T IEAEB AT (A 55 (Bl Hh WA T W 1RO 55, e AZE
TR H T IS i — 8 BEBEAT BRSO ¥/
portYIELD FROM ISR(YieldRequired);
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H
EXTI_ClearITPendingBit(EXTI_Line4);//if5 % LINE4 I [ ibs & A7

}

IMESS AR
extern TaskHandle t Task2Task Handler;

AN T 4 R3S AEFP
void EXTI4 IRQHandler(void)

{
BaseType t YieldRequired;

delay xms(20);  //H#}

if(KEY 0==0)

{
YieldRequired=xTaskResumeFromISR(Task2Task_Handler);/"k E/E5% 2  (2)
printf("Pk AL 55 2 247 \r\n");
if(YieldRequired==pdTRUE)

{
/4 5R BR %Y x TaskResumeFromISR()IZ [BI{E N pd TRUE, 84 i B R 11X A
{E55 AR5 e 55 T 803 & T IEAE IS AT W AE 55 (R BT 4T W (1455, BT AZE
TR H A T IS i — 8 BEHEAT BN SC )R ¥/
portYIELD FROM ISR(YieldRequired); 3)

}

§
EXTI_ClearITPendingBit(EXTI_Line4);//if5 % LINE4 I ) bibs & A7

}
() WEPBIRSEH, BTV FreeRTOS WA LIS, a5 e iRk 55 R 2 24

Fl  FreeRTOS 1) APl PR % 09 & A 4 F W 8 &6 &% — w® # K T

configMAX SYSCALL INTERRUPT PRIORITY! iXH &N 6.
(2)- VA R %L xTaskResumeFromISR() KAk AT 55 2 HIIE4T
(3)~ 14 e % xTaskResumeFromISR() 1) [RME KA € A& 15 75 Zdk AT BR3Pt . ik [m{E
N pdTRUE F R fi gl 75 21 ] 2R 34 portYIELD _FROM_ISRO)#EAT_E R SCHI e, 75 T A5 AN 75 22

6.5.2 BRFEBITERMT

G BEIF T B P BT A, SR AN R B SR W AT 55 M H AR R L R,

6.5.2.1 ffion:
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i XCOM V2.0

—=>HEEES 1, REEE2EFET

—> HREE2, ESIFEL2ETIET

—> KRS LRELT, R REESLET

| K FAES2HIIEAT, EHIRES 282

2>

#rFEn

- O X

BOiEE

COM3 : USB-SERTAL ~

BHE 1
ikl 1
gy 8
bt &

5200 ~

~

LO8fF @ HFE0

[ 164 #I%T
[J&ts

(] B gt (LT eI

FIRER, F-0] - www. openedv. com

Ok @100 | ms | || s

[ 1extiE M RIERT

Q -~ ‘www.apenedv.cam ‘ S:0 ‘ R:509

K 6.5.2.1 FEfrigiT4h

REXHF

AR

M BREF

i

Rik

HREE
fBibkiE

o FREFA: www. openedv. com

‘CTS:() DSR=0 DCD:O‘ SRiAdiE 15:29:39

MK 6.5.2.1 AJLLEH, —TFIRIFSS 1 FIfESS 2 #OIE W 81T, MEEMESS | 8iEF5%% 2 LU

155 1 BUEARSS 2 itz i71b381T, HEIN - RERIKEES 1 85155 2 ig

4=

1T

i, R

AR S IBAT BN AL AR B BB R, AR AR S5 I BT B 2 (1 VA X e il L IR = &

ES Y
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#ELE FreeRTOS F|EMF| R

B E 1S FreeRTOS YRS I > HJFH, A — M RIGLXSHIA T, HHE FreeRTOS 713
FNHNF I, 51 R AN FIFR T ZE FreeRTOS I — A4 4514, FreeRTOS K& F 2] T 51| R A5 KL I,
‘B SE FreeRTOS HIFEAT . BARTR N 2] JF AR FreeRTOS, A4 512 A5 L Il 4 2 1 2 5 4,
75 0 5 AR AS st e84 T » ARZEIRATKR 2 >]—F FreeRTOS HIFIERFMFIRI, AFEXT5|FRM
IR A, A= WL

7.1 2 R FIFRAFF T

7.2 BIRMFIRITFIVI LG

7.3 FIRIFIHEN

7.4 BIRIAKEHEAN

7.5 BRI

7.6 BRI ]

7.7 BUFR IR N FO R S 56
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7.1 fHARFIRAFIFR ?

7.1.1 F)F

HIZR /& FreeRTOS H I —/ MR M, ME& LABERA L, 23R4 RERER FreeRTOS
HHAESS . 55 I 4 3B 245 TU B 7E SCAF list.c A listh "o 7E listh H5E LT —4MY List_t ff)
iRk, R

typedef struct xLIST

{
listFIRST_LIST INTEGRITY CHECK_VALUE (1)
configLIST VOLATILE UBaseType t uxNumberOfltems; )
Listltem t * configLIST VOLATILE pxIndex; 3)
MiniListltem t xListEnd; 4)
listSECOND_LIST INTEGRITY CHECK VALUE (5)

} List_t;

M A G - X ANE R KRR &SR EREEN, T ERE
configUSE_LIST DATA INTEGRITY CHECK BYTES % BN 1, JF )3 PUJG 2 A3 5 N b 5 20 5l
W IN—NE & xListIntegrityValuel A1 xListIntegrity Value2, 7ERI4H0 513 M2 X AN AL &
BAN—MERIE, BN RBEANDIRE. DUGTATTE S 2] IR FEHEA TR IX A D) fie !

(2)~ uxNumberOfltems F Kic s 513 HH 71 R T & .

(3)~ pxIndex HIKiC MATFIRR 515, T WHFE.

(4~ FIRFRIG—MHIRI, FRFRIIERL R, A EHRAH MiniListltem_t, X&—4
REARFIRTN, KT FIRIH 5 I

PRGN E E A 7.1.1.1 Fos:

IES

uxNumberOfItems

pxIndex

xListEnd

7.1.1.1 FFRRrEHE
EE B 7.0 PR T Y RSB S R R,

7.1.2 BRI

PRI AT TBAES R B H , FreeRTOS $24t 1 PIAFIZRI: FIRIIIE /RS R I, X
PIASERAE SO listh AT S0, JekE— FAIRI, € LR
struct xLIST ITEM

{
listFIRST LIST ITEM INTEGRITY CHECK VALUE (1)
configLIST VOLATILE TickType t xItemValue; 2)
struct XLIST ITEM * configLIST VOLATILE pxNext; 3)
struct XLIST ITEM * configLIST VOLATILE pxPrevious; 4)
void * pvOwner; (5)
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void * configLIST VOLATILE pvContainer; (6)
listSECOND_LIST ITEM INTEGRITY CHECK VALUE (7)

¥

typedef struct XLIST ITEM Listltem t;

(A7) FIEMFPIR 1, R A RITGERNER . DU RATHE 7 ) BT I i A )
WX TjRE !

(2)~ xItemValue ¥R IUHE

(3)~ pxNext $5[a] F—MF1FR T,

(4)~ pxPrevious FE M AT —NFIZKITL, 1 pxNext B G K LI AL ) R 1 ThRE -

(5)~ pvOwner LR ULEER U E A, 85 255 h.

(6)~ pvContainer F >R it 3% AR BUHMENF1I 5K .y = A pvOwner (X 51, 7ERT HIPHERAT 55
P TCB_t BIIHE& U 17 TCB_t 1A A& & xStateListltem Al xEventListltem, iX /M8 &
IR Listltem t, W2 BLIX ISR AR R AR R FIR I, LA xStateListltem 91, 4615
—MES LLJE xStateListltem [ pvOwner 42 8 AL R [)3X ME S5 AE 5518 6|2, IR xSateListltem
BT IAES. M543 LA xStateListltem )48 & pvContainer Fif5 FIHLLE 5138, KLY
RIS R . B EE— S+ /DT EZFR, e E L. WRENEW
EZNRIT, A4/ E K] pvOwner JBYEEELZEE F, /NEM pvContainer J& ML —F .

PRI R R BB 7.1.2.1 Fos:

FIZ T

xItemValue

pxNext

pxPrevious

pvOwner

pvContainer

K 7.12.1 5IRTUREE
R B 7.0.2.0 IR T8 R 005 B A A R R AR

7.1.3 RRARFIRIR
EEEATERA TV T AR, BAERE — FREIRFIRI, EARFIR LA listh A 5E X,

LUNE

struct xMINI_LIST ITEM

{
listFIRST LIST ITEM INTEGRITY CHECK VALUE (1)
configLIST VOLATILE TickType t xItemValue; )
struct XLIST ITEM * configLIST VOLATILE pxNext; 3)
struct XLIST ITEM * configLIST VOLATILE pxPrevious; 4)

}5

typedef struct XMINI_LIST ITEM MiniListltem _t;
(D)~ H TS ERRARS R T 58 B
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(2)~ xltemValue 13K L FN R TUE .

(3) pxNext 451 T —M1 &I

(4). pxPrevious f& A E—ANFIR I,

A LLE R RS FR I 2 LA R IUD T LA R AR &, RRARE I 1 A 57 A2 58 41 3 T
A, IR QAT 2 A 2 BTN R AR FI R I ke 2 8 2 R St il T 3%
IR T EBNRIOX 42 1DRe, PTRER T A3 LB AR &, an SR F 21 2 T ) 3 2
WERNARIR T Lol BT g R &5k List ¢ HRIRERJE — AN FIRDIM R A AL & xListEnd #i2
MiniListltem t 2874 f¥],

RRARF R TS A6 = A ] 7.1.3.1 Fos:

Mini %158 T

xItemValue

pxNext

pxPrevious

K 7.1.3.1 ARV LT R EZ K
R B 7130 RIERBH R AR 5 000 T8 R A A AR

7.2 FIRMFIRIVIGEAL

7.2.1 F)RAIGHL

B B 8 S A 3 75 B AT AL B, B (KR AE A e St R VIR AL B 3 45 F Ak
List t F1AI AR AR &, F1I3R ()46 10 8 i A pR £X vListInitialise() 2R 5€ %, BLERUAE list.c 1
E X, BRI

void vListInitialise( List t * const pxList )

{
pxList->pxIndex = ( Listltem t * ) &( pxList->xListEnd ); (1)
pxList->xListEnd.xItemValue = portMAX DELAY; )
pxList->xListEnd.pxNext = ( Listltem_t * ) &( pxList->xListEnd ); 3)
pxList->xListEnd.pxPrevious = ( Listltem t * ) &( pxList->xListEnd ); (4)
pxList->uxNumberOfltems = ( UBaseType t) 0U; (5)
listSET LIST INTEGRITY CHECK 1 VALUE( pxList ); (6)
listSET LIST INTEGRITY CHECK 2 VALUE( pxList ); (7)

}

(1) xListEnd FIRFRINIRMAE, 1M pxIndex FRF R RG-S, IR G4
G2, HSHiZ xListEnd, FrPA pxIndex f§ 7] xListEnd.

(2). xListEnd B ETEMIEE1L Y portMAX _DELAY, portMAX DELAY &4N%, fE3
portmacro.h HG & 3 AR HE BT 48 H Y MCU AN ], portMAX_DELAY {E . AAHIA, 7] LA OxfTf
BUF OxITUL, ASZEFEH N Ox UL .

(3)« WIUHAHIFRI xListEnd ] pxNext 5, KA 5113 {45 — MR xListEnd,
I pxNext HEgfemH .
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(4)~ [F@B)—F, #IiHik xListEnd ] pxPrevious 285, &[] xListEnd H £ .
(5)~ H1 T e B 35 A HoAth i 21 e 301, IR uxNumberOfltems A4 0, V£, iX B 7% & xListEnd.
6 M 7« Wty R P H T EEERESE TR, RAR
configUSE_LIST DATA INTEGRITY CHECK BYTES N 1 MIB &A% FIFEIFRYE ATk
MCU AFRHESANEWARE, 7TLCN 0x5a5a 8(# 0x5a5a5a5aUL. STM32 & 32 fi R4t 5 A1
/& 0x5a5a5aSaUL, FIEMIAHATE UG Wikl 7.2.1.1 Fis:

PRI

uxNumberOfItems=0

r— pxIndex
xItemValue=

Oxfffffff

A

xListEnd pxNext

pxPrevious

K 7.2.1.1 FIRVIGN
HE, E’721.1 8 7F5, % xListEnd &N R RS 7 k!

7.2.2 FIRAMIIHL

[F B —HFE, B ITLEAL A It 75 BT ah 1k, B R W1 4A 1k i B %L vListInitialiseltem()
KTERK, BRI

void vListInitialiseltem( Listltem t * const pxItem )

{
pxItem->pvContainer = NULL; /I¥14E A pvContainer 4 NULL
IRTGEAC T e R A AR &, WRITE TS DIReRIE .
listSET_FIRST LIST ITEM INTEGRITY CHECK VALUE( pxltem );
listSET_SECOND_LIST ITEM INTEGRITY CHECK_VALUE( pxltem );

}

IR PIAEACAR T 5, RN 51 R IRk 0178 & pvContainer 146464 NULL, H H45H T
SEEMER AR BRI, AARTRE I, PRI R AL R YIRE S, BEAVIEimE
XK T FAR) R AR B A A MBS 73X 2 PR D9 41 3R T AR 4 S bl FH A LR W AR AL,
Eb 4T 2561 43 pR 85 xTaskCreate() il 2 4T 25 HEAR HH [ xStateListItem 1 xEventListItem X 51
FEIGU A 1 oA Bl 02 AR B AE AT 464k, AT 55 B R /S T 2 VR A A

7.3 FIRIMIEAN

7.3.1 FIRTFEN BT

512 T P) 9 N\ A E a8 e pR 2L vListInsert)SR5E K, BREURE LU T
void vListInsert( List t * const pxList,
Listltem t * const  pxNewListltem )

103



‘EE]E’ STM32F1 FreeRTOS H &k FHf
B ALIENTEK STM32F103 £R5IF &K FreeRTOS FF & #32
pxList: IR TSR ZR

pxNewListItem: ZLfi A 151300,

IR [EH:
x

PREL vListInsert() 1241 pxList $RE T FIZRITE G N BB/ 51K 41, pxNewListltem #5E T
THRNRIZIERIT, R XA PN RIEARTEN S AT e ? Z4E A AL E i 51 b il o A
xItemValue KR E . FIRIUIHENARYE xItemValue T 7 17 CHEF Y BT RIBATR A
PRE — T B2 vListInsert) BN ZATIEFE, BRERRS 40 R -
void vListInsert( List t * const pxList, Listltem t * const pxNewListltem )

{

Listltem_t *pxIterator;
const TickType_t xValueOfInsertion = pxNewListltem->xItem Value; (1)
listTEST LIST INTEGRITY( pxList ); )
listTEST LIST ITEM INTEGRITY( pxNewListltem );
if( xValueOfInsertion == portMAX DELAY ) 3)
{

pxlterator = pxList->xListEnd.pxPrevious; “)
}
else
{

for( pxIterator = ( Listltem t * ) &( pxList-=>xListEnd ); pxIterator->\ 5)

pxNext->xItemValue <=xValueOflInsertion; pxIterator = pxIterator->pxNext )
{
WG, A2 A

}
}
pxNewListltem->pxNext = pxIterator->pxNext; (6)
pxNewListltem->pxNext->pxPrevious = pxNewListltem;
pxNewListltem->pxPrevious = pxIterator;
pxlIterator->pxNext = pxNewListltem;
pxNewListltem->pvContainer = ( void * ) pxList; (7)
( pxList->uxNumberOfltems )++; (8)

}

(1)~ FREBCESRAIZIRIE, BIZIZRIUE 5148 & xItemValue FIMEL, PRIV ZARYEIXANME R
SE PR TUESH N IO E
(2)~ E—ATAT —AT RS RAG B FIR MR T 7E BRI . HSERUR A A B R AN 51 R0
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Hh T SE R ARG A (0 (R T U . K A B (B E A1) AN 41 R T A R B A A4 5 N
T, XPATARS 75 EE S0 R £ configASSERT() !

(3) BHRAFIRD, H— PR ERIZI R IEAE N B AL B | AR BN 1 51 R 10
F{E%F T portMAX_DELAY, /2 s RME N R M, XFEWL R T, BN E
W REKRET .

(4) FRHUCEAHA &, & FIRPH xListEnd FIRFRIIERE, FEVIEAHI LRI 5
xListEnd [} %1 A8t 52 portMAX_DELAY , I E2 4 A R 51 10 ) 51 8 /2 portMAX_DELAY .
XA IR 1208 2 8000 2 @i i AT A ) DUE HE 24 A 1) 71 3R T2 9 i 21 xListEnd AT -

(5)~ BN IFRIUFME I R AET portMAX _DELAY A4 875 A SR A — " — MK
HOMME, XA for M BERAENIAE, 3R E)EIEF RN E (Rt 2 Bhd . B
TIXA™ for FEH R TFHAIRITUE N 1, BTEL for MG A BRI A LM AR TG XA AR 2
SEAEIRTHF A 7 A AR S R TN 21 6

(6)« & R, HACKRBFIRTUGHEN LT, AWAAT I aRE R R P AT ARt
SRR IR N BB A, 3 N T TR A BOE 45 ) U BE R 3 NS . 1R FreeRTOS X i
RTOS RGuAI— e Pl 2 K & FH BB S5 R ki, i AR UR S B I I 2 B 6 Hdis
SER T I PEE, BTGB IR 2R F1 .

(7~ FIRIMOEIEANBNFIRF T, HAFRIUN K A& pvContainer 1% 1c 3 41 R I
JBTWAFIRIT .

(8) HFK AL A AF & uxNumberOfltems Jl—, s XEsIN 7 — AR,

7.3.2 FIRIBENLFE ER

N IRATT T T A R T N B vListInsert(), A<D IRATTW0E T B SRR — TR
AR, ANFERANTSR—ADTHFNRFEN=AFNRT, X =AFIRTIE 25N 40, 60
150,

1. EAER 40 B F) RN

E— N2 F)F List i —ANFIEAE N 40 B95)F I Listltem1, 76 A\ 58 5 LG 2B 7.3.2.1
FioR:

FIFARBN —DFIZIN {940

List

uxNumberOfItems=1

(‘A pxIndex

xItemValue= ListIteml

OxfFFEFff >
xItemValue=40
xListEnd pxNext
i pxNext
pxPrevious

pxPrevious

pvOwner

pvContainer=List

K 7.3.2.1 i AFIZRIT Listltem]
VER WS N E R LAG F3E List AR Listlteml W& AS & 2 B 1484k, Eeins
% List H1 ) uxNumberOfltems 228 | 1, F/RIMAETIFRPAH —AFIKIT. FIFRIT Listltem] $11]
pvContainer 2% | List, FR/NAFIRLURE T-513% List. @it E 7.3.2.1 vJLUEH, FIERE—1H
TEH), BIIESIFR !
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2. WAEN 60 KIFIRIA
B RN —MEN 60 5 R TN Listltem?2, FHASERLLE A 7.3.2.2 Fis:

List
uxNumberOfItems=2
(‘A pxIndex
xItemValue= ListIteml ListItem2
OxfEfffff
xItemValue=40 xItemValue=60
xListEnd pxNext
. pxNext pxNext —
pxPrevious
pxPrevious pxPrevious
pvOwner pvOwner
pvContainer=List pvContainer=List

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

FUFABN A FIRT, 60

7.3.2.2 #HEANFIEIN Listltem2

TR F A R 2 vListInsert() RN B0 1 21 SR I 42 BRI P 16 77 WA, BT EA Listltem2
H €2 E] Listltem1 ¥ )5 i« xListEnd FIRTIH . [FIFE, 3R List (1) uxNumberOfltems FHIX
m—A86 2 7, B R B R E AR T,
3. FNMEA 50 HIFIRIR
5 B FZR P AE N —ME 50 (FIR T Listltem3, 4 A€ LG U1K 7.3.2.3 Fis:

List
uxNumberOfItems=3
{AA pxIndex
xItemValue= ListIteml ListItem3 ListItem2
OxfFEFEf > <
xItemValue=40 xItemValue=50 xItemValue=60
xListEnd pxNext
. pxNext pxNext pxNext —
pxPrevious
pxPrevious pxPrevious pxPrevious
pvOwner pvOwner pvOwner
pvContainer=List pvContainer=List pvContainer=List

FIFARN—ABIRI, HA950

Kl 7.3.2.3 #i \FIFRI0 Listltem3
IETF R HEF R 728, Listltem3 MiZAE| Listltem1 F Listltem2 F7[8], KSR & F- 8% I8
X =R R ok 5152 BR L vListInsertO) YRS, X AR X B ECE — DN E M AT

7.4 FIRMAKBEBHAN

7.4.1 FIRTR BB R

B AR AT N BRI 4R 8T B 4L vListInsertEnd (K56,  BRBURALANT
void vListInsertEnd( List t * const
Listltem t * const pxNewListltem )

pxList,
SH:

pxList: FIRINESHN PR
pxNewListltem: ZZ4fi A )51 LT
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PR vListInsertEnd()JRAS 41T -
void vListInsertEnd( List_t * const pxList, Listltem t * const pxNewListltem )
{

Listltem t * const pxIndex = pxList->pxIndex;

listTEST LIST INTEGRITY/( pxList ); (1)
listTEST LIST ITEM INTEGRITY( pxNewListltem );

pxNewListltem->pxNext = pxIndex; 2)
pxNewListltem->pxPrevious = pxIndex->pxPrevious;

mtCOVERAGE_TEST DELAY();

pxIndex->pxPrevious->pxNext = pxNewListltem;
pxIndex->pxPrevious = pxNewListltem;

pxNewListltem->pvContainer = ( void * ) pxList; 3)
( pxList->uxNumberOfltems )++; 4)

(D~ 5 R — 47 S 58 BRI R AN BRI 58 B A

(2)« MAAT U6 2 (3) 2 T8) (A il 2 4 B4 A\ B 21 SR Ildd N B 51 R K2 . 8 R 3
vListInsert() [/ 7112 H 4 N\ — A F1 SR 0 B g x AN 51 2 0 PR A Bl 1) R I e, a2 43R
Wik 1A & xItemValue SRAfi5€ . vListInsertEnd() & 51R KR BARINF R IR, FAVFIES)E
H ] xListEnd i 2 AR SRR FIR KRB, HE4 K%L vListinsertEnd ()3l A — M FIR IR A Z B2
6 2] xListEnd [T 0BG T 23X AN @A — 2 1), 31X BT R BB AR 71 3 1 ik AR &
pxIndex SRHfER ! FITHIYL 7 F)R ) pxIndex ik 0128 & 2 H oK 11 51K 1], pxIndex T8 7] Y
B1) 2% U5 A% B3 [ (T AR 51 R 0, k21 pxIndex FTg A AR IUERACER IR L BT 2D

W, B LA B8 2R I % 3 A\ 21 pxIndex FT 48 7] 151 2 0 FET AIF 1H] o
()~ FRICHTHIFI KT pxNewListltem J& T %13 pxList.
@)~ WRFIRP BRI E WA EMN—, EHFIRIEE .
7.4.2 FIRTREHAER

#R BB % vListInsert()—#F, FRATWHE A KE — 1 K%L vListInsertEnd() 46 NI F2 o
1. BRNFIR
TEFR NSRRI AT RAVHES —DNENTIR, W 7.4.2.1 Fis:
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List
uxNumberOf Ttems=2
pxIndex
xltemValue= [0+ | [igrent ListIten?
Oxfffffff <
xItemValue=40 xItemValue=60
xListEnd pxNext
i pxNext pxNext —»
pxPrevious
pxPrevious pxPrevious
pvOwner pvOwner
pvContainer=List pvContainer=List
K 7421 BRikFIER
EREE 7.4.2.1 FHR K pxIndex Frig R FI R I, X BN Listiteml, AN & xListEnd | o

STM32F1 FreeRTOS H % F i

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

3. FEANER 50 FIFIFIR

7E_ IR F) R i N —AME N 50 FI51) 0 Listltem3, i A58 LG K] 7.4.2.2 Fiw:

FIRAR AN — DRI, {E 950

List
uxNumberOfTtems=3
pxIndex
Krenalue i ListTten3 4 Listitenl Listlten2
+ListEnd pxNext xItemValue=50 xItemValue=40 xItemValue=60
DPreieus pxNext pxNext pxNext
pxPrevious pxPrevious pxPrevious
pvOwner pvOwner pvOwner
pvContainer=List pvContainer=List pvContainer=List

7.4.2.2 JAFIRIL Listltem3
51|32 List 1] pxIndex f§ A% F T Listltem1, [X b1 H 2% vListInsertEnd()#d A\ Listltem3 [
1R 1E Listltem]1 F AT AN .

7.5 FIRIAAIMIER

AYIRITHEN, LI FIRIAIMER, IR ITAI MR EE &% uxListRemove()2K5E
Jif, PREURRNT

UBaseType tuxListRemove( Listltem t * const pxItemToRemove )

2H:
pxItemToRemove: BB 0 51 T
R [ IR [ IR A I L S5 1 51 e J R 1 R T

R, BRI R R e € ARG R P IR, FFALK XA FIRIUN N 745
Bl L AR A FIR IS B & BE N A7 . BRI3 uxListRemove() RIS AT -
UBaseType_t uxListRemove( Listltem_t * const pxItemToRemove )

{

List t * const pxList = ( List_t * ) pxItemToRemove->pvContainer; (1)
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pxItemToRemove->pxNext->pxPrevious = pxltemToRemove->pxPrevious;  (2)
pxItemToRemove->pxPrevious->pxNext = pxltemToRemove->pxNext;

mtCOVERAGE_TEST DELAY();

if( pxList->pxIndex == pxItemToRemove )

{
pxList->pxIndex = pxltemToRemove->pxPrevious; 3)
b
else
{
mtCOVERAGE TEST MARKER();
H
pxltemToRemove->pvContainer = NULL; @)

( pxList->uxNumberOfltems )--;
return pxList->uxNumberOfltems; 5)

(1) ZEMIBR —ADFN R IRA TS e FTE XA PR IAL T WA F1 Ry, B R T (1) 1%
175 & pvContainer Fft 1] UAF 2| ML 71 R T 4b T WA 2128 .

(2) 5 FIH—A7 78 SISt e 4 MM B 1) 51 2 T 1) i i 1 2 R I e e ™
fE—ifd.

(3)~ WHRFIFEK) pxIndex 1ELF5 7] Z MM B K51 R I, 4 M BR 51 2 01 DL S 22 8 3 4
pxIndex FAS “XF R W, X ANHT TGS M R 1 51 2 I B BT — S B 3R T

(4)~ WM R 21 2R T A 3 4% & pvContainer J§ 2 .

(5)~ RIEGH AR B U FTHI R -

7.6 FIRKIE

P25 FR SRR IR IS5 B 1L 12 List_t Hh 1 B A 48 & pxIndex /2 FH kil [ 5132 1], FreeRTOS
PRAE T — M RBOR E AR M7, XA REUE listGET_OWNER_OF_NEXT _ENTRY(). i
H— XA RS2 pxIndex AR EARA T — NIRRT, I HIR[FEIXASFIR I pxOwner
A XARECARRT ER A%, RAEAESCH listh SR 5E Xe
#define litGET_ OWNER_OF NEXT ENTRY/( pxTCB, pxList )

{

(M

List t * const pxConstList = ( pxList );

— = =

( pxConstList )->pxIndex = ( pxConstList )->pxIndex->pxNext; )
if( ( void * ) ( pxConstList )->pxIndex == ( void * ) &( ( pxConstList )->xListEnd ) )\  (3)

{ \

( pxConstList )->pxIndex = ( pxConstList )->pxIndex->pxNext; \' @)
} \
( pxTCB ) = ( pxConstList )->pxIndex->pvOwner; V(9
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}

(1)~ pxTCB HIRARAE pxIndex i [ (K151 I pvOwner A2 fE, it iX 1R & T

WER? B MEST ISR . pxList Kom 28 i1 513 .

i,

(2)~ B pxIndex AF EH5 [ K —AFIFRIN

(3) Wi pxIndex FH1H T FIFK M) xListEnd i A8 &, RRF| THIRKRE.

(4). IR T HIRK A EMBET xListEnd, pxIndex F—IREFIR AL T 512K 195 %
XFERTE R T — O B R 3 I

(5) ¥ pxIndex Fr#8 [m] IR T pvOwner B 45 pxTCB.

IR T N ZA R 55 h B3R T — DN EIBAT M ESS .

7.7 BRI NI R L5
IEFRATEN S TR 7 3 TR T FreeRTOS IFIRFIFIR I EAEL AR, (H2& b I

T RARIZFER] . BATRI A B R ? BRIFRRR T RS S — BAlA ARSI — T,
WLEZAE XS F R ANFN R TRAE (I ARG SO BATT 2 M B2 75— 2

7.7.1 SERBEFRT

1. L HK
2 >1{# ] FreeRTOS F1ZRFN 512 WA B I ERAE BRI, WS X Se gV B B i AT 45

ABATEIR DT T 2

2. LRI

ARG T 3 AMESS: start_task. taskl task Al list task, X —=AMESHALSTIREUN T :
start_task: FREIEH AR 2 MES.

taskl task: M FIMESS 1, #5#] LEDO [Nk, FIRIER KRG IEAIELT.

task2_task:  FIRMPNRIHERAEAESS, WHFIRMGIRITUHEKH APL sR%, JF Hadd 5 o

i H AR SL 15 BRI IX 8 APT BRI AT 2

UG T E B KEY _UP #2488, I THHUTES g7,

3. KWTHE

FreeRTOS 556 7-1 FreeRTOS F1 Z2 I0 4 N A 5256
4. ERFEFSIH

® EFRE
K AR S ICSEL . HERRAK/NESS RIS e B R -

#define START TASK_PRIO 1 IMEFS IR
#define START STK_SIZE 128 IMESS HERR RIS
TaskHandle t StartTask Handler; IMES5FIR
void start_task(void *pvParameters); IS BRI
#define TASK1 _TASK PRIO 2 INEF NSk
#define TASK1 STK_SIZE 128 IS5 HERR R /IS
TaskHandle t Task1Task Handler; INES AN

void task1_task(void *pvParameters); INESS PR
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#define LIST TASK_PRIO 3 INESAR 2%
#define LIST STK_SIZE 128 IR S5 HERR R /N
TaskHandle t ListTask Handler; IMESSFIRR
void list_task(void *pvParameters); IME55 R %

@ FIRMFIRITK E X
R LA B2 3 A F1 R
List t TestList; GIRERERTIES
Listltem_t Listltem]; /A B 2 1 1
Listltem_t Listltem2; /1A 31 2R 35 2
Listltem_t ListItem3; /AR B 2R 10 3

@® main()BR %

int main(void)

{

NVIC PriorityGroupConfig(NVIC_PriorityGroup 4);//% & &4t R il S 434 4

delay init(); I/AE BT BR BT 4610

uart_init(115200); /91 ER 1

LED_Init(); /%146 LED

KEY Init(); Gk &S

LCD_Init(); /91864 LCD

POINT COLOR =RED;

LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");

LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 7-1");

LCD_ShowString(30,50,200,16,16,"list and listitem");

LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");

LCD_ShowString(30,90,200,16,16,"2016/11/25");

I1BVETFHIRATESS

xTaskCreate((TaskFunction t )start_task, INESS R
(const char* )"start_task", INESS 24 FR
(uint16_t )START STK_SIZE, IS5 HERR R /N
(void* YNULL, G ST 55 R B 2 3L
(UBaseType _t )START TASK_PRIO, IMESAR 2%
(TaskHandle t*  )&StartTask Handler); IMESS AR

vTaskStartScheduler(); /RS E

H

® E5EH

{E45 REL start_task()F taskl task()VEBLLEE T 5, X BN T 4R Rt A s R T, EAE
— RS B H list_task(), BREUIT
INist AT 55 R %L
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void list_task(void *pvParameters)

{

I35 HIIGH AR FNF1 R I
vListInitialise(& TestList);
vListlnitialiseltem(&Listltem1);
vListlnitialiseltem(&Listltem?2);
vListlnitialiseltem(&Listltem3);

Listltem1.xItemValue=40; //ListItem]1 51|52 T{E v 40
Listltem2.xItemValue=60; //ListItem2 1|32 T{E N 60
ListItem3.xItemValue=50; //ListItem3 1|52 Ti{E N 50

HEE 35 FT BN G AN At 1) 2 10 7 ik
PrnH(" /s ddk 4 51| 55 FI1 1| 52 T s s\ p\ ).

printf(" 5 H Mk \nn");

printf("TestList Yottx \r\n", (int)& TestList);

printf(" TestList->pxIndex Yottx \r\n", (int) TestList.pxIndex);
printf("TestList->xListEnd Yottx \r\n", (int)(&TestList.xListEnd));
printf("Listltem1 Yottx \r\n",(int)&Listltem1);
printf("Listltem2 Yottx \r\n", (int)&Listltem?2);
printf("Listltem3 Yottx \r\n",(int)&Listltem3);

printf("/****************giﬂ:‘:;ﬁ*****************/\r\n");

printf("#% F KEY UP ##£4k%:!\r\n\r\n\r\n");
while(KEY Scan(0)!'=WKUP_PRES) delay ms(10); /%fF KEY UP #4% ~

W=+ TMBIFR TestList #sINFIFRIN Listitem1, FFilid & HITHIFTA
/1% TR R 53 A% B pxNext F1 pxPrevious FOME, I8 IX BHAME I 22 51| 3%
I/AEH 22 IR Lo

vListInsert(&TestList,&ListItem1); /BN FIZRIN Listltem1
printf("/*********%@ﬁ[] 2RI Listltem1 FkkkkdAAEE \P\n");

printf(" 5 H Hihk  \nn");
printf("TestList->xListEnd->pxNext Yottx \r\n", (int)( TestList.xListEnd.pxNext));
printf("ListItem1->pxNext Yottx \r\n", (int)(Listltem1.pxNext));

printf("/**********ﬁﬁ}é r@ﬁ:}%%%ﬂgjg***********/\r\nu);
printf("TestList->xListEnd->pxPrevious %ottx \r\n",(int)(TestList.xListEnd.pxPrevious));

printf("Listltem1->pxPrevious Yottx \r\n", (int)(Listltem1.pxPrevious));
printf("/*****************%;ﬁ****************/\r\n");

printf("#% F KEY UP ##4k%E\r\n\r\n\r\n");
while(KEY Scan(0)!'=WKUP_PRES) delay ms(10); /2f% KEY UP #4%

HEEVYE: [ %13 TestList ¥s INAIFRIN Listltem2, FEd k& DFTENETA

/15 T Y 51 A5 & pxNext Fll pxPrevious FUME, 183X P AME W 22 51| %
JITRALE B 2R E G L
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vListInsert(&TestList,&Listltem2); /4 A\ %13 Tl ListItem?2
printf("/*********‘]ﬁ%b[l VB30 Listltem2##*****xxx \p\n");

printf(" i H Mk \n\n");
printf("TestList->xListEnd->pxNext Yottx \r\n", (int)(TestList.xListEnd.pxNext));
printf("ListItem1->pxNext Yotx \r\n",(int)(Listltem1.pxNext));
printf("ListItem2->pxNext Yotx \r\n", (int)(Listltem2.pxNext));

printf("/***********ﬁﬁ)ﬁ r’;ﬂ ﬁ%ﬁ%ﬂgﬁ**********/\rm");

printf(" TestList->xListEnd->pxPrevious Yotx \r\n", (int)(TestList.xListEnd.pxPrevious));
printf("Listltem1->pxPrevious Yottx \r\n",(int)(Listltem1.pxPrevious));
printf("Listltem2->pxPrevious Yotx \r\n", (int)(Listltem2.pxPrevious));
printf("/****************éé]:;ﬁ*****************/\r\n");

printf("#%Z ~ KEY UP ##4#Z:\r\n\r\n\r\n");

while(KEY Scan(0)!'=WKUP_PRES) delay ms(10); /%6fF KEY UP %% F

NFRHIL: FIFR TestList A INFIRIA Listltem3, FFilEId H OATEIHTH
/1% TR R 53 A% B pxNext F1 pxPrevious FOME, I8 X BHAME I 22 51| 3%
IBHEFN R A HIE R L -

vListInsert(&TestList, & Listltem3); /4 A5 Il Listltem3
printf("/*********‘]ﬁf‘\ﬁ[] 2RI Listltem3 FhkkkddEEE\P\n");

printf(" 5 H Hihk  \nn");
printf("TestList->xListEnd->pxNext Yottx \r\n", (int)(TestList.xListEnd.pxNext));
printf("Listltem1->pxNext Yottx \r\n", (int)(Listltem1.pxNext));
printf("ListItem3->pxNext Yottx \r\n", (int)(Listltem3.pxNext));
printf("Listltem2->pxNext Yottx \r\n", (int)(Listltem2.pxNext));

printf("/**********ﬁﬁ)ﬁ ] E%ﬁ}%ﬂ232***********/\r\n");
printf(" TestList->xListEnd->pxPrevious Yottx \r\n", (int)( TestList.xListEnd.pxPrevious));

printf("Listltem1->pxPrevious Yottx \r\n", (int)(Listltem1.pxPrevious));
printf("Listltem3->pxPrevious Yottx \r\n", (int)(Listltem3.pxPrevious));
printf("Listltem2->pxPrevious Yottx \r\n", (int)(Listltem2.pxPrevious));

printf("/*****************%;ﬁ****************/\r\n");

printf("#% F KEY UP ##£4k%2!\r\n\r\n\r\n");
while(KEY _Scan(0)!'=WKUP_PRES) delay ms(10); /Z:fF KEY UP %% F

HE7NA . MBS Listltem2, @i &5 LT EDFTA 513 10 7 ) 51 22 & pxNext
/fpxPrevious FRMH, BT IXMMEWE SR IUE SR HHBERE L

uxListRemove(&Listltem2); /MR Listltem2
printf("/**********ﬂﬂﬂ [%: %1 2= T Listltem2*#******x \r\n");

printf("Jii H bk \An");
printf("TestList->xListEnd->pxNext Yottx \r\n", (int)( TestList.xListEnd.pxNext));
printf("ListItem1->pxNext Yottx \r\n", (int)(Listltem1.pxNext));
printf("ListItem3->pxNext Yottx \r\n", (int)(ListItem3.pxNext));

printf("/ kst fiT f= (1] 4 2 43 | 28 #orsoksok ok \p\p ).
printf("TestList->xListEnd->pxPrevious  %t#x \r\n",(int)(TestList.xListEnd.pxPrevious));
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printf("Listltem1->pxPrevious Yottx \r\n",(int)(Listltem1.pxPrevious));
printf("ListItem3->pxPrevious Yotx \r\n", (int)(Listltem3.pxPrevious));
prlntf("/****************éﬁﬁi*****************/\r\n"),
printf("#% ~ KEY UP #4242 \r\n\r\n\r\n");
while(KEY Scan(0)!=WKUP_PRES) delay ms(10); //2%f% KEY UP #f% ~

I3 B Listltem2, i@ 8t T EQFTA 71 I A 71 38 & pxNext 1
//pxPrevious HME, EILIX PIAME M EZ 51| R WL S 1RO -
TestList.pxIndex=TestList.pxIndex->pxNext;//pxIndex [7] J5 & — I,

/3XF¥ pxIndex Ht£x#8 M Listltem] .
vListInsertEnd(&TestList,&Listltem?2); 113K A INFI R I Listltem2
printf("/*#*xLE K EEYSNFIZR I Listltem2 ** 5 #%%\r\n");

printf(" i H Mok \n\n");

printf(" TestList->pxIndex Yottx \r\n",(int) TestList.pxIndex);
printf("TestList->xListEnd->pxNext Yottx \r\n", (int)(TestList.xListEnd.pxNext));
printf("Listltem2->pxNext Yottx \r\n", (int)(Listltem2.pxNext));
printf("Listltem1->pxNext Yottx \r\n", (int)(Listltem1.pxNext));
printf("ListItem3->pxNext Yottx \r\n", (int)(Listltem3.pxNext));

printf("/***********ﬁﬁ)ﬁ r@i{g%ﬁ%ﬂgﬁ**********/\r\nn);
printf(" TestList->xListEnd->pxPrevious Yottx \r\n", (int)(TestList.xListEnd.pxPrevious));

printf("Listltem2->pxPrevious Yottx \r\n", (int)(Listltem2.pxPrevious));
printf("Listltem1->pxPrevious Yottx \r\n", (int)(Listltem1.pxPrevious));
printf("Listltem3->pxPrevious Yottx \r\n", (int)(Listltem3.pxPrevious));
prlntf("/****************gé‘:ﬁi*****************/\r\n\r\n\r\n")’
while(1)
{

LEDI1=!LED1;

vTaskDelay(1000); /FERT 1s, A2 1000 /NEHERT 4
H

55 AL list_task(il I H -5 AR MR TG APT pR AR X ﬁJ?%*MU?%IﬁﬁM‘HT“ i

A, JFHEE S DITEN AR — A APT R SR SRS IR I E RS B, @R EE L
AT CLEAL B0 R A RIS N SR AR R 4 A\ BRI /\EIJ%%E’JEE@CTH%

/

7.1.2 BRFFBITE R

PR IF T RIS BT AR, STIF 8 DHRRBL T, ARG 42 AT 55 B 2K list_task(HH 2
— BRI

® F—IME D

S ANE DR AR A SRR SR, I HLIE L R O 51 A0 51 R T ) i,
B RITEMREAEBINEATH, & DR TE B W TR
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LCD ID:5510

/mmmmmmmmmmmmﬁji1ﬂ§|]ilﬁiﬂ%mmmmutuuuu /
Ing ht
TestList 0x200000b4
TestList—>pxIndex 0x200000be
TestList—>xListEnd 0x200000be
ListIteml 0x200000c8
ListTtem2 0x200000de
ListItem3 0200000 £0
B T R T e e R T S S R T e R T T
T REY_UPREEHLS:!

K 7.72.1 8 ORI R E R

T iX B8 51 6 A1 81 L b R /S ALER Y 0X200000, R A AR 2 AEASE, i DL AT FH A%
2 AKX LLF R ANFN R DU bl . 35 FRANF R I bk 72 AN [R] R~ 65 Bl 1R SR A
FORAEI, LA O SEPRaG ah EOHE Y AT — N 7.7.2.1 ATRAS R0 R E R

1. %13 TestList #ihi N b4.

2. %I Listltem1. Listltem2 F1 ListItem3 [ 3shik53 514 ¢8+ de Al f0.

3. #1)3 TestList ¥ xListEnd il be.

4. 5|3 TestList [#) pxIndex & Mk be, X AN Hiuhk 2 EARFI LT xListEnd, $68 pxIndex
1A xListEnd, XANAIRATT20 51 24T 4640 B 4 vListInitialise() RIS (545 21 (1) 25 2 — 301 .

® F=

#%—F KEY_UP 8, $UTHE =2, H=0ZMFIE TestList T4 AF|FE I Listltem1, 51J5&
Tl Listltem]1 [f] 5% 02 2% & xItemValue B 40, 55 =547 56 LG B DR B For ik an i 7.7.2.2
vt

Stk T FRINLL 5 1 tem ] ook,
il =! a
TestList—>xListEnd—rpxNext 0x200000c8
ListIteml—>puNext . 0x200000be
L S R = e b A SRR R e e
TestList—>xListEnd—>pxFrevious 0x200000c8
LiztIteml—rpxPrevious 0x200000be

B e e e e e e e e S e

15T REY_UPRRERES!

7722 BHHERBTHLER

ST 7.7.2.2 AT DS H— TR E B

1. xListEnd [] pxNext & [ Huhk ¢8, T c8 A& Listltem1 FHuhl, 168 xListEnd ) pxNext $&
] ListItem1.

2. FIFRIN Listltem] ] pxNext $§ R il be, 11 be A& xListEnd Fihik, #5684 Listltem1 £
pxNext $57] xListEnd.

3.xListEnd [ pxPrevious $& [F]#iil ¢8, 1M} ¢8 #& Listltem1 [1J#ihik, 5 B xListEnd 1] pxPrevious
F5 I Listltem2.

4. Listltem1 f¥] pxPrevious 5 [tk be, be A& xListEnd 134k, 15 B Listltem1 f¥) pxPrevious
817 xListEnd.

H i oy m B R R IX — B HE & 7.7.2.3 Fios:

i J
xListEnd ListIteml

Hudik: 0x200000bc Hudik: 0x200000c8
T xltemValue: portMAX_DELAY xltemValue: 40

7.7.2.3 faiiBnER
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#%—"N KEY_UP ##, $ATHEND, VUM FIFE TestList H14d AN FIFKIT Listltem2, 515&
Tl ListItem?2 FY % 51 48 & xItemValue FIMEA 600 55 VU5 $04T 5€ LA G B AR B Fhr i 7.7.2.4
Fhos:

P e e s e R e e ey | B () Y stltﬂz*t*t*nmnnnn /

IS

TestList—>xListEnd->pxNext 0x200000c8
ListIteml—)pxNext szmmﬂ de
L: stltemZ—>pxNext 000be

----- T Fn&ﬁﬁﬂiﬁxmnmmmnmmmt/
TestL: st=>xListEnd-DpxFrevious 0x200000de
ListIteml—>pxPrevious 0x200000be
ListItemZ—)pxPrevious 0x200000c8
S TR AR AR AR

IRTVREY_VPRELES !
7.7.2.4 H VRBP4 HE B

STl 7724 WU HE—RNE R

1. xListEnd ] pxNext $§[f ListItem1 .
2. Listltem]1 f¥] pxNext 1§ A Listltem2.
3. Listltem2 f#] pxNext #&[7] xListEnd.

4. HIFRIGF) pxPrevious AT FEZRAL, Ja H KIS IR AT T,
& Zy s B RN X — P 7.7.2.5 Fos:

HE pxNext i 7248

|

xListEnd > ListTteml > ListTtem2
Hhitik: 0x200000be Hhtk: 0x200000c8 Hbhk: 0x200000de
T xltemValue: portMAX_DELAY [ xltemValue: 40 < xltemValue: 60
Y

L L5V 2

7.7.2.5 fiignERE

$%—"F KEY_UP ##, $ATHE LA, T2 FIFE TestList H4di AFIFK I Listltem3, 1%
T ListItem3 Ff % 5178 & xItemValue FE N 50. 55 D925 4047 5¢ BUE B DR F40 H ankl 7.7.2.6
FioR:

hnsFEImLL stItajn3***t*t*ﬂﬂﬂﬂﬂ /

=

TestList—>xListEnd—>pxNext 0x200000c8
ListIteml—>pxNext 0x200000£0
ListItem3—>pxHext Udmmﬂdc

ListItemZ—>pxNext be
B e ] Fﬂﬁﬁﬁﬂiﬁtmwnnnnnnnt/

TestLizt—rxListEnd—>pxPrevious 0x200000de

ListIteml->pxFrevious 0x200000be
ListItem3—>pxPrevious 02000008
ListItemZ->pxPrevious 0x200000£0

T REY_UPRRLHLS !
K 7.7.2.6 & OB FiEE R

i 7.7.2.6 ATUAGH— MEE:

1. xListEnd [#J pxNext $i[7] Listltem1 .

2. Listltem] f#) pxNext $5[F] Listltem3.

3. Listltem3 ] pxNext #&[7] Listltem2.

4. Listltem2 ) pxNext $5 7] xListEnd.

H i Gy B E R IX — 2 HE & 7.7.2.7 Fis:
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xListEnd > ListIteml i ListItem3 > ListItem2 J

Hiudik: 0x200000bc Hhik: 0x200000c8 Hbhik: 0x200000£0 Hhik: 0x200000dc

< xltemValue: 40 ¢ xltemValue: 50 <« xltemValue: 60

T xltemValue: portMAX_DELAY
Kl 7.7.2.7 i Hn e

JERIX LB AT LAE AR T N AR xItemValue FRAE T HESH, XASFIERATT 8T
PRIAL vListInsert()f5 245 R — ¢, BEHIIRATRI 0 /2 X 1 !

@B MELP

XD M KL uxListRemove() Ml vListInsertEnd() i1 FE /Y, s Hr it REFaT H20—
FEo X HEEAM T T, R EATHRE 8 DK T4 145 B84
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

$F)\E FreeRTOS AE 2 H 8 ML S A < R BEAF

BATOE 2T FreeRTOS LS G FIMIBE, HAAMWE SRAEE, FHABETH
HT FreeRTOS VERY AT UZNEAR A : FIRMBIRIT. (HRATS S W oz, Mg, i
FIRE? RG0S EA RN EEXERATEANT iR, —MEMERAEZ O N AR E 25
B, FrUARMIER A LE %S —F FreeRTOS HUTS-AIE. Mk, Hke. MEM RS E5)
&, XFEAREXS FreeRTOS A —NEIRAMI T M. AZ 5 AW T L5

8.1 DA & Fr b £ I AT

8.2 WA B IR

8.3 (L& ORI FE /by

8.4 (RS MR FE AT

8.5 (L& HE I 2 /b

8.6 (LSRR HT
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
8.1 [EAZERTAARIAIR

TR — E LY Y ZAT Cortex-M ARERAS I A% ZRAIR R AR 3 50 ! PR B A%
Xf Cortex-M AP SR ZRFAG — €M TE, (L2 IARTRINHE € Bl G (BUEEER) KE2,
HER R AT b CBUBdE ) AR R &

1o 553 & BORERIR, i b i34 &) LUK Cortex-M AR 88 (IS — S KARI T fiF -

2. 954 U, mABEVUF R TE N A, SR BRI A MR B S5 A

3. 5 B OIRAE, AREMT -BENNFEY KB 8GR ARM KICHTE<, RN
B RAERES T LB R (BUBIRR) K28 5 SR AR 2 kg .

4. 7' FEAGE, KMTH—T .

5. % 8 B RN TSR F AL, SRV BT A

6+ 5510 F OS SCRPRME,  SmALE T4 35 !

(BUgdErE) P HAB ST R SRR D N Zar R, T (BUBRRD) JHR A &R
(K1 JRJE 7, BT LA 2R T RE 2 I G AN, QA AN 1R A 25 2 B ANE b7 ki
JeXf Cortex-M [MIALELASAT — AN KRB TIFBUAT T 2EH 5 — A R B A CARM Cortex-
M3 BUB G R ) B BRAI— s AR 18, A2 T A AR o ROy AR B4 Sk BB 1, ANRE
& 200, B O fkE 7, BUEE R = AR CBUBE Fa ) Al TH s BEE 11> 40%~50%1E »

8.2 R REESI T

FEARFTH 2 2] ARM HNCGTR <, 47k KB ARM f54 PRI E RS DUE 2% (1L
JRARTE) 1“5 5 B RAET. (BUBIETT) HX— &R Cortex-M3/M4 WZHI A 15245 1
FEH VAR, BRSNS X EHITIEM S5 R %55

8.2.1 RS ARERTT B BB

TR A R Hh BATT A2 AE. main()BRB0h S B — N TIRIESS start_task, J& S HE M
B %5 vTaskStartScheduler(). X% T BE L 2T SR AE 25T BE RS 1Y, 1A BRI EAE SCAT tasks.c
T E S A RS R
void vTaskStartScheduler( void )

{
BaseType t xReturn;
xReturn = xTaskCreate( prvldleTask, (1)
"IDLE", configMINIMAL STACK SIZE,
(void * ) NULL,
(tskIDLE PRIORITY | portPRIVILEGE BIT ),
&xldleTaskHandle );
#if ( configUSE_TIMERS == 1) IS FH R AL 58 I 254 R
{
if( xReturn == pdPASS )
{
xReturn = xTimerCreate TimerTask(); )
}
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mtCOVERAGE_TEST MARKER();

b
#endif /* configUSE_TIMERS */

if( xReturn == pdPASS ) 1175 AT 55 T 58 I 34T 55 G B 1) o
{
portDISABLE_INTERRUPTS(); (3)

#if ( configUSE NEWLIB REENTRANT==1)  //f#if NEWLIB

{
_impure ptr = &( pxCurrentTCB->xNewLib_reent );

}
#endif /* configUSE NEWLIB REENTRANT */

xNextTaskUnblockTime = portMAX DELAY;
xSchedulerRunning = pdTRUE; @)
xTickCount = ( TickType t) 0U;

portCONFIGURE TIMER FOR RUN TIME STATS(); 5)
if( xPortStartScheduler() != pdFALSE ) (6)

{
IR RS SR B RN G A BT RIX R, M AR EIEK

IIAEIBATRIXE, BRIAE A % xTaskEndScheduler()»

else

IFEFFIEAT R B R R Ui i — i, TRt R KRG WAZEHE B shlish, SRR IR 2 762
1175 AT 55 B3 I 2 AR 55 B A 208 I AT
configASSERT( xReturn != errCOULD NOT ALLOCATE REQUIRED MEMORY );

/5 1k G A i dl,  BEin%? INCLUDE xTaskGetldleTaskHandle 7€ SN O (TGS i a5 il 2 3¢
//7~ xIdleTaskHandle AAf .
(void ) xIdleTaskHandle;
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(D~ BV HAES, anFA8 H # S A7 0956 H R4 xTaskCreateStatic() K A1 & 2% WAL 5%
564N tskIDLE_PRIORITY, % tskIDLE PRIORITY ¥ 0, 245 AT 55 AR 6 20 i
k.

(2)~ I SRATE FH A e o) 4 1 1 7 Bl I PR 4 x TimerCreate Timer Task ()& 6 2 i B #% A 55
11550 58 N 2RSS AT S5 (1 B AR i B2 R AE PR 2L x TimerCreateTimerTask() " 58 1, XA BRIk
IR, Rt BATEN—T.

(3). KHHWr, £ SVC Hbi k55 iK% vPortSVCHandler()H 24T o

(4). A2 H xSchedulerRunning % N pdTRUE, FoifE & IRIE1T.

(5)« 4% configGENERATE_RUN_TIME_STATS Ay 1 [ i WAl e R 1) S84 Thfig, bt
T P 92 portCONFIGURE. TIMER._FOR_RUN_TIME_STATS, 3% FI SR e B — AN & I 4
[t E R

(6). VA K%L xPortStartScheduler() KA 4G 10 HR I £ 2% 5 2 S HBEFE,  E i 2 e I 45
FPU ¥.7GA1 PendSV H H7%5%%,

8.2.2 WAZHSRBEAFRILEAL R T

FreeRTOS Z G 2 HH % 2 58 I a8 R AR AL, T HATE S5 1t 22 F 1] PendSV Hilfy, ixut
T A () AA 1K FH BR X xPortStartScheduler() SR 58/, - il Ja iR ARSI T -
BaseType_t xPortStartScheduler( void )

{ R S R KRR R ok ok K SR S R SRR R KRR RS RSk ok R R R KRR Rk Sk Rk ok R R Rk
AR R R KRk RSk kR ok ok Kk K kR R KRk Rk Rk ok ok sk kR sk ok ok ok ok kK /
portNVIC _SYSPRI2 REG |- portNVIC PENDSV_PRI; (1)
portNVIC SYSPRI2 REG |- portNVIC SYSTICK PRI, 2)
vPortSetup TimerInterrupt(); 3)
uxCriticalNesting = 0; (4)
prvStartFirstTask(); (5)
IR IE B AT B R AN B)IX HLA !
return 0;

}

(1), W& PendSV HIHMIILSER, FEARI K.

(2). WEIME EN IR edt, AR,

(3)~ W %L vPortSetupTimerInterrupt()K 15 B i 2 i I 2% 1€ I A A, I HLAE R & e i
ARk, R R, KK BATEIHT

(4). VIEHIm R IX IR BT

(5)« W FH BB 3L prvStartFirstTask() T J5 55— AME S5 .

823 BIFE —IMEE

2yt BT E LU RA T T LR 385 —AMESS 1, BRI prvStartFirstTask()FH T /B 8055 —
MEF, X MLgEE, RBUEL T
__asm void prvStartFirstTask( void )

{
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. ALIENTEK STM32F103 £ %&%FF 4% FreeRTOS & # 12
PRESERVES
1dr 0, =0XEO0OED08  ;R0=0XE000ED08 (1)
1dr 10, [r0] ;B RO JT AR A7 H sk Ak B (E TR 25 RO )
1dr 10, [r0] ;IREL MSP HI4G{E 3)
msr msp, 10 ;52 MSP 4)
cpsie | [HBE Wi (35 Bk PRIMASK) )
cpsie f Jf# BE T T (0 % FAULTMASK) (6)
dsb g i (7)
isb 182 R B b (8)
sve 0 il & SVC (R ©))
nop
nop

}

(1) 0XEO00EDO8 fRAFLE AT A7 a RO H1 o — MR it ) B 3 B 1% 2 MR 4R Hi11:(0X.00000000)
FRUEAEAEI, A, 55 AT RE R EARIE AT B e el B e UM 3R, Cortex-M AbFE 2% A L2
BET AN gl B R e AR . MR R E R ER A T AN N R R R A
(VTOR)HI I 4 F2 a7 745 - VTOR 27 ££ 45 [l s 2 OXEO00EDO8, 1 idh iX AN 77 A7 4% n] LA B 7 &
X &R, e STM32F103 i) ST B 75 Firh <> itliid B4 SystemlInit()>K i B VTOR #1744+,
AR
SCB->VTOR = FLASH BASE | VECT TAB OFFSET; //VTOR=0x08000000+0X00

I b AT RS 0K ) SR G bk ER e CE T 0X08000000, [ 2 1 S 4R ki A7 i
2 MSP MIgH(E. KT mERMAEREEMIWTFEMANBTESR BUddar) 1“5 7 =
AT ) 7.5 /N1

(2) BZHL RO HA7fist bk Ak O EARE TR HARAEAE RO B A74S, Ml A /74 VTOR
R, FERHAARAEAE RO B 74t . X —ATARBSHUT 525 LS RO BB M. %9 0X08000000.

(3)~ BZHL RO R i Mk A 1) 5040 I HARAFAAE RO F3 472, 3k =2 e Bk 0X08000000
WAFAEIG TR, TR IEARAETE RO ZA7as . FRATTH0IE M) & 3R 1 s bk R A7 R g 2 £ AR FR T
MSP [IFIIEME, X —47RL AT 58 LU 7577 2% RO Bl77fE MSP UG . BLERE (D) (2)-
()X = AA R T IR MSP R4 E 1M & !

(4). EAL MSP, RO "HRAF T MSP [IHIEGME, FHBRESS MSP ikl =4 T 2 47 MSP.

(5)FI(6)s fEREH W, XTRXWANMRLMEA AR IESH BURdar) 1“5 4 3 40807
55 4.2.3 /N

(HFI®) B FPFIIR AR B, XHAMELMIEMARIESE B ) 1“5 5
= ORAE” 15.6.13 /M1,

(9), WH SVC #54filk SVC Fllr, SVC s RE#H A, SVC Al PendSV FH X T
OS By itk dki HE, SVC FHH SVC fE4 k. XT SVC MI4INAWE S (BUdiH
FAY) [F) “55 10 B OS SCRREFE” 19 10.3 /N5 . 7E FreeRTOS FHAXAUE ] SVC 38 K8 sh e —
AMES, ST RIFRR T R HAE SVC T,
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.

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

8.2.4 SVC MR & EE ¥k
1E PR EL prvStartFirstTask() Pl i H SVC $84-filk 7 SVC H1 7, 158 —AME55 15 3l

FAE SVC I AR 55

FreeRTOSConfig.h il
#define xPortPendSVHandler

B SE R, SVC H T IR 5% oR %L B % 9 SVC_Handler(), {H 2
it #define (177 2NE 2 LNT xPortPendSVHandler(), #17F:
PendSV_Handler

R4 vPortSVCHandler()7E3CAF port.c HHE S, XANRE AL S, REURISI T :
__asm void vPortSVCHandler( void )

{
PRESERVES
ldr r3, =pxCurrentTCB ;R3=pxCurrentTCB [t (1)
ldrrl, [r3] ;U R3 BT ARAF btk b (IR 25 R1 ()
Idr 10, [r1] LR AT ARAF L BEAL IR (25 RO 3)
ldmia 10!, {r4-r11, r14} ;& . R4~R11 flI R14 4)
msr psp, 10 S FERRTRED PSP W BN LS I HEAR Q)
isb KizRegCib 7
mov r0, #0 ;R0=0 (6)
msr basepri, r0 ;T A7%% basepri=0, FF )i T (7)
orr r14, #0xd ; (8)
bx rl4 )
}

(1)~ 3RHL pxCurrentTCB F& 4+ HIf/EME AL, pxCurrentTCB & —AME[H TCB t 484, XA
BEF KR M IEAEIBAT AT S5 o X BLAIRBUX MR A Bk, 3R ILAE ARSI H >k

XAEE A 0X2

0000044, U1k 8.2.4.1 fizr.

K2 E\STM32F 1035548V 3E1\STM32F 103 FreeRTOSHER\FreeRTOSIH7-1 FreeRTOSFIZHAVE A FIMEALI\USER\FreeRTOS uvprojx..  — o X
File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

A" R ] ® <. [ E iE @ prortinitistisestack [V B #* | Q| 0 O & @) B~
HEO POV DRBEACR-D-D-0-3- B 2

Registers L] ) mainc ) portc ] statup_stm32110c_hd.s v X
Register [ va, ] 247 1} 2
= Core " I,
249
250 __asm void vPortSVCHandler( void )
P AT V 2518 {
e 059 '
B 0x00000000 X CuifrentTCB & i 7 :9(. PRESERVES
R’ 0<00000000 4y 253
> e » 254 ldr r3, =pxCurrentTCB
RO 0x08008568 © 255 ldr r1, [r3]
iz bxo0000000 ® 256 ldr r0, [r1] _
K3 (1) 0:20005870 ® 257 ldmia r0!, {r4-r11}
o ® 258 msr psp, r0
# xPS 061000008 259 isb
sy 260 mov r0, =0
Taternad . 261 msr basepri, r0
Tl Peiviteesd 262 orr rl4, #0xd
g:‘:i o 263 bx r14
e 0.00000000 264
265 /*-
A @ooors | O 0, 5 Regist

K 8.2.4.1 pxCurrentTCB 54t i fEAL B

(2)~ B R3 Fr{RAF R HubE AL AU IR ZE R1. JE X — PSR R T 20545 AT S5 4 il B )
bl . e 24 B3R AR X AN ks A 0X20000EES, T 8.2.4.2 Fik:
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- ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

[ EASTM32F 1036501V ETENS TM32F 103 FreeRTOSHHE\FreeRTOSTH7-1 FreeRTOSHZEIRIE A HUMBTRAUSER\FreeRTOS uvpr..  — o X
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1SHI| ¥ B 4= | PR EE G| @ protnitialisestae VB 90| @ @ 0 & & E|
HEO B v DREBELR-O- 3-8 D W %
e #B ) manc ) portc ] statupstmizichds 9 &
Register [ value | 249 ~
- 250 __asm void vPortSVCHandler ( void )
6 25167
B 252 PRESERVES
; U’MSZ'E 253
b p0n0a000 ® 254 ldr r3, =pxCurrentTCB * Restore the
R’ 0200000000 ® 255 1dr r1, [r3] * Use pxCurre
e Parirrers i 256 ldr r0, [r1] * The first i
a0 aassics ® 257 ldmia r0!, {r4-ri1} * Pop the reg
B2 0200000000 ® 258 msr psp, r0 * Restore the
i 259 isb
260 mov r0, =0
i 261 msr basepri, r0
& 262 orr rl4, =0xd
= 263 bx rl4
264 -}
265 /* - -
266
267 __asm void prvStartFirstTask( void )
%4 FipxCurrentTCBIE MAE &2k 2685
¥ 51 %0X20000€E8 269 [ PRESERVES
B rroject | @ Books | {} Fudh..| 0y Templ.. BB Regis...| || € >
Watch 1 r =3
Name Value Type
[ % pxCurren... | 0x20000€ER struct tskTaskCo..._ |
<Enter expres...

%] 8.2.4.2 pxCurrentTCB F5 71 ] TCB Hihl:

(3)+ HX R3 AT {RAZ[ HbE AR (AR ZE RO, FRATTRNEAT S5 42 I B 28 — A - BUwh 2 AT 55 ik
[PIAR T FE £ pxTopOfStack FIrfi A (17 B, Fir LATSE AT 454 i B BT 7 1) 7 H ik (0X20000EE8) #4321
(2 AR TR &L BT ) () bk, AT FR AR P Hox AN AR TR £ (px TopOfStack) B 4 [7] 1 ik Ay
0X20000E98, Ui 8.2.4.3 ffi7~

K3 EASTM32F10346#TV3%#\STM32F 103 FreeRTOSHIER\FreeRTOSEL%7-1 FreeRTOSFIZE AU\ FIBIRAT38\USER\FreeRTOS.uvpr...  — (m] X
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
A=A - a | PR R EEE G| @ peotintaisesta VR | @00 & E
FEO PCy v DREELA-0-3-0-0- 0|2
Registers 2 g _] mainc ] portc v x
Begixtor [ vaae | 250 asm void vPortSVCHandler ( void ) ~
T c" 0x20000898 | 2514
&L 0x20000EE8 | 252 PRESERVES
o Kopiiionss 253
<] 0x20000044
B 0200000010 254 ldr r3, =pxCurrentTCB * Restore the
» el 255 ldr r1, [r3] * Use pxCurre
& 0x00000000 256 ldr r0, [ri1] x The first i
<4 s 257 ldmia r0!, {r4-ri1} * Pop the reg
258 msr psp, r0 % Restore the
259 isb
260 mov r0, =0
261 msr basepri, r0
! 262 orr rl4, #0xd
& 263 bx ril4
= 264 '}
265 /*
266
267 __asm void prvStartFirstTask( void )
268
£ % 5 T4 510X20000E98 269 PRESERVES
270
4 271 % Use the NVIC offset register to locw
B Project | @ Books ()-u..f Oy templ.. Eregis..| | < &
| waten 1 a
Name ;.Iue Type
= 3 pxCurrentTCB struct tskTaskCo. -
@ -
® 45 xStateListtem  OX20000EEC struct xLIST_ITEM
@ % xEventlistitem  0x20000F00 struct xLIST_ITEM -

K 8.2.4.3 FeIifa%r
ATLAE H(1)s )FI3) B Il 2 SR ECE ) 3 B X AT 55 AT S R TiFe &1, RUAAT S5 Birsd
NI ZFAFAE, Wt IR E R EAT 55 AT S AR, T AR ER B T Fa 1ok ik i e 77
FaE!
(4)~ R4~R11, RI14 XL A4 HME. XEMFH 754 LDMIA, LDMIA #54& 2 NE/AT
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- ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
84, A BEERHEEE RS2 /A EUinE4, HiZuT:
LDMIA Rn! , {reg list}

FRM R F85E A7 S A B Sl 2 Ay, HhEAE R RIS 3 (A, R 7EAE 5 52 LR
HlEl. XfF STM32 Kt Hihk— k38N 4 =77, i F RS
LDR RO, =0X800
LDMIA RO!, {R2~R4}

AT LK 0X800 Huhik (I HE BRE 45 75 /795 R2, 0X804 Hubik ¥y Ha w8 45 75 17
#% R3, 0X8008 Huli: HHEMAELS RE A A7es, J8)5, BEAURT ! K RO 4 800A! i@ETiX—
HRAT MRS HER OB RA~R11 X I FAERS MBS RE T .

XEAMAMER T, RO~R3, R12, PC,xPSR X% 7o EAKAIKE ? X2 H Nix by
LRI AR T I RHE MCU H 3 BB ()11, 1 RA~R11 FFZL A P Fah AR . X /NRA1
TE53HT PendSV A W IR 25 bR B i 2 VE R . BX D LUGIRATRE — T HERR IR T0 45 4145 210
B2 K 8.2.4.5 Fiu:

xPSR=0x01000000 st

PC=pxCode ({£45 B4 %)

LR=prvTaskExitError

~TH

0X20000E98

0X20000ADO

Kl 8.2.4.5 fRINFEEHT{H
MKl 8.3.4.5 AT LLF HHKE R4~R11 M R14 LU HERR FIAR TR TR £ 8 1% 48 7] Hikik 0X20000EBS,
it R RAEFF A7 2% RO (A Mk o 3B H A W IR 5% ek B DL J5 iE AR AR FR AT PSP R AIX S Hikik
FEUE I A FF A7 2
(5). & B MBS PSP, PSP=R0=0X20000EBS, 1% 8.2.4.6 IT7~:
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=]
| ALIENTEK STM32F103 £&5|H £1R FreeRTOS 7 X #i2
K ENSTM32F10356V 3ENSTM32F 103 FreeRTOSBIRE\FreeRTOSICNT- 1 FreeRTOSAZTAVE A MBI CR\USER\FreeRTOSwpr. — [0 X
File Edt View Projec Fish Debug Periphenals Tools SVCS Window Help
Sda .Y - ™ FOOF U | B pvotintiatsestac: v 3 | @) @ O & & &
FHEO PPy DB REGHE-O-Z-8-3- 8- 2
Registers b} ) mainc ] porte [ ] staup_stm32i0chds - %
agister [ ¥atue | 252 PRESERVES
= Core 253
R0 (0=20000EB8
Rl 0520000228 254 ldr r3, =pxCurrentTCB
5 fas 255 ldr r1, [r3]
B ® 256 ldr r0, [r1] .
= ® 257 ldmia r0!, {r4-rll}
BT ® 258 msr psp, r0
e I 250 isb
R0 260 mov r0, =0
o 261 msr basepri, r0
262 orr rl4, =0xd
263 |  bxril4
264 '}
265 /¥
266 )
267 __asm void prvStartFirstTask( void )
2686 {
269 PRESERVES
270
271 * Use the NVIC offset register to loc
272 ldr r0, =0xE000EDO8
273 ldr r0, [ro0]
=@
@ udriority Ox0000001F unsigned long =
# 45 paStack Ox20000AD0 unsigned int * =4
5 %5 pcTaskName | G20000F1C “Tr... char(16]
# WTCBNumber | 000000003 unsigned long =

Kl 8.2.4.6 W EIERIE PSP H
(6). WEZE4 RO AN 0,
(7). WHEZAF4 BASEPRI 4 RO, k2 0, 4TFFH !
(8)~ R14 ZfF4RMIMAS 0XOD HHATEIZH, SIS RHE R14 FAF8RIIHE. FomBH
S LS CPU HE R 20 FLAT FH R AR !
9)s PATILATARHD LG BEF [ B K 2 %5 /7-%% RO~R3. R12. LR, PC 1 xPSR f{E, HEFE(E
FHEFEAR PSP, ARG HAT A A7 4% PC FRAFHT S %, Z Ik, FreeRTOS FIAT55 1 i 4% IE I

v

IRIBAT !
8.2.5 TRES

£ 8.2.1 /N5 i B 4L vTaskStartScheduler() i, IhEk#i<x 0@ — N4 8 “IDLE” 1T 5%,
XAMES S AT S . B2 B, S IRNAES k2 2 N IR IZ AT 4T 55, it Rgrh HAh
(AT 55 BT 3 R A BRI AT I 2 AT S5 R AR 12 4T . S INAT 4542 FreeRTOS R4t H 3l
1, ARER S FH0E. E5HERE S EHLIE —AMES BT ! H& S RS AU
N T RS R E AR LG B — MEZ BT AR, 2 WSS ik 4 2 i — L oAb
NG, W

1. FIWr R ARG H TS MR, R IS FE 2 AT 55 RO M BR AT 55 BT 45 HEAR AT
IR N AT

2. IB4TH B WS AT S RS

3. FIWR RIS KIIFE tickless B30, W I (116 14 75 ZE MO B 1) b 3

BINAES TSR S o2 AR, N 0, AR5 BRECA prvidleTask(), %7 WATLSITELH A
REAVEESH LTI IHE, XERFABHEA X MESH®ITT -
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"
8.3 RS RIEIES T

8.3.1 [EZAIBR ST

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

B TH 7 1 AE55 G nT LS 3h 28 07 VBRSO EC I A MPU 15 6L), &A1 5370l 45
PR %0 xTaskCreate()fl1 xTaskCreateStatic(). A1 FATME LA 2R % xTaskCreate() A K 73 #1—
FreeRTOS WT-5561 33t #E, pR%L xTaskCreateStatic()ZSML, X LA HT. A% xTaskCreate )Y
BT, FEEXEN T 48/ RIE L T R 0 R RSN IR !

BaseType t xTaskCreate(TaskFunction t
const char * const
const uintl6 t
void * const
UBaseType t

pxTaskCode,
pcName,
usStackDepth,
pvParameters,
uxPriority,

TaskHandle t * const pxCreatedTask )

TCB_t *pxNewTCB;
BaseType t xReturn;

/********************************************************************/

[ sk sk kb ok ok ko i P O AR 0 3 P ] 38 B AR AH DO AR 450 T ko ok ok bk ko ko /

/********************************************************************/

StackType t *pxStack;

pxStack = ( StackType t * ) pvPortMalloc( ( ( ( size_t ) usStackDepth ) *\ (1)

sizeof( StackType t)));

if( pxStack 1= NULL )

pxNewTCB = ( TCB_t * ) pvPortMalloc( sizeof( TCB_t) ); (2)

{
if( pxNewTCB !=NULL )
{
pxNewTCB->pxStack = pxStack;
}
else
{
vPortFree( pxStack );
}
}
else
{
pxNewTCB = NULL;
}

if( pxNewTCB != NULL)

€)

(4)
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{
#if( tskSTATIC_AND DYNAMIC ALLOCATION POSSIBLE !=0)
{
pxNewTCB->ucStaticallyAllocated =\ (5)
tskDYNAMICALLY ALLOCATED STACK AND TCB;
}

#endif /* configSUPPORT STATIC ALLOCATION */

prvinitialiseNewTask( pxTaskCode, pcName, (uint32_t ) usStackDepth, \ (6)

pvParameters, uxPriority, pxCreatedTask, pxNewTCB, NULL );
prvAddNewTaskToReadyList( pxNewTCB ); (7)
xReturn = pdPASS;

§

else

{

xReturn = errCOULD NOT ALLOCATE REQUIRED MEMORY;

§

return xReturn;
}

(1) {3 FH B 2 pvPortMalloc() 45 1T 55 HIAT 55 HEAR B AR AT, HA U YA RO I 2 A8 7 0 55 A
H,

(2)~ T SR HE AR N AF FR U R B R R R 45 AR S i I B R s N AE R AR R B
pvPortMalloc().

() AFESSFEHI T A A7 HH i Dl & LW AR 10 A A2 e b i A 25 HERR 7 Bt pxStack, ]
(D HRIE B AR 55 HEAR .

(4)~ AR ARAT 55 P R Y A7 HAR SRR 38 SR JSCHT T 228 FR A R (R 35 HE AR (8 N A

(5)~ ARICAR S5 HERAME 35 F | B2 A P 3h 25 A7 73 B 7 A5 21

(6)~ A% prvinitialiseNewTaskORJURIAESS, IX AN BRH5E BOGAE 5545 Il B b A7 B
IRIaa AL AR

(7)~ 18 %k prvAddNewTask ToReadyList()R 8 81 2 AT 55 A Bk 4 51 £ b

8.3.2 [EZ VLA R BT
bR i prvInitialiseNewTask()F T 5€ T 55 I UG AL, 4085 1 R EQRIS a0 R «

static void prvInitialiseNewTask( TaskFunction t pxTaskCode,
const char * const pcName,
const uint32 t ulStackDepth,
void * const pvParameters,
UBaseType t uxPriority,
TaskHandle t* const pxCreatedTask,
TCB t * pxNewTCB,

const MemoryRegion_t * const xRegions )
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StackType t *pxTopOfStack;
UBaseType _t x;

#if( ( configCHECK FOR STACK OVERFLOW > 1) || ( configUSE TRACE FACILITY ==
1) || (INCLUDE _uxTaskGetStackHighWaterMark == 1))

( void ) memset( pxNewTCB->pxStack, (int ) tskSTACK FILL BYTE,\ (1)
(size_t ) ulStackDepth * sizeof( StackType t) );

H

#endif

pxTopOfStack = pxNewTCB->pxStack + (ulStackDepth - (uint32 t) 1); 2)
pxTopOfStack = ( StackType t * ) ( ( ( portPOINTER SIZE TYPE ) pxTopOfStack ) &\
(~((portPOINTER SIZE TYPE ) portBYTE ALIGNMENT MASK)));

for( x = ( UBaseType t) 0; x < ( UBaseType t) configMAX TASK NAME LEN; x++)
{
pxNewTCB->pcTaskName[ x ] = pcName[ x ]; 3)
if( pcName[ x | == 0x00 )
{

break;
}
else
{
mtCOVERAGE TEST MARKER();
}
H
pxNewTCB->pcTaskName[ configMAX TASK NAME LEN -1 ]="0" 4)
if( uxPriority >= ( UBaseType t ) configMAX PRIORITIES ) )

{
uxPriority = ( UBaseType t ) configMAX PRIORITIES - ( UBaseType t) 1U;

else
{
mtCOVERAGE TEST MARKER();
}
pxNewTCB->uxPriority = uxPriority; (6)
#if ( configUSE MUTEXES ==1) (7)

{

pxNewTCB->uxBasePriority = uxPriority;
pxNewTCB->uxMutexesHeld = 0;
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}

#endif /* configUSE_MUTEXES */

vListlnitialiseltem( &( pxNewTCB->xStateListltem ) ); (®)
vListlnitialiseltem( &( pxNewTCB->xEventListltem ) ); 9)

listSET LIST ITEM OWNER( &( pxNewTCB->xStateListltem ), pxNewTCB ); (10)
listSET LIST ITEM_ VALUE( &( pxNewTCB->xEventListltem ), \ (11)

( TickType _t) configMAX PRIORITIES - ( TickType t ) uxPriority );
listSET LIST ITEM OWNER( &( pxNewTCB->xEventListltem ), pxNewTCB ); (12)

#if ( portCRITICAL NESTING IN TCB==1) TR A X R E
{
pxNewTCB->uxCriticalNesting = ( UBaseType t ) 0U;

}
#endif /* portCRITICAL NESTING IN_TCB */

#if ( configUSE_APPLICATION TASK TAG==1) I BEAE S5 AR D RE
{
pxNewTCB->pxTaskTag = NULL;

}
#endif /* configUSE APPLICATION TASK TAG */

#if ( configGENERATE RUN TIME STATS == 1) IMERERT B Ze vt T R
{
pxNewTCB->ulRunTimeCounter = OUL;

}
#endif /* configGENERATE RUN_TIME STATS */

#if( configNUM_THREAD LOCAL STORAGE POINTERS !=0)

{
for( x = 0; x < ( UBaseType t ) configNUM THREAD LOCAL STORAGE POINTERS;\

X++)
pxNewTCB->pvThreadLocalStoragePointers[ x | = NULL; (12)

b
#endif

#if ( configUSE_TASK NOTIFICATIONS = 1)  /{HREAE S5 AThfE

{
pxNewTCB->ulNotified Value = 0;

pxNewTCB->ucNotifyState = taskNOT WAITING NOTIFICATION;
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}

}
#endif

#if ( configUSE NEWLIB REENTRANT ==1)  //f#iit NEWLIB

{
_REENT INIT PTR( ( &( pxNewTCB->xNewLib reent ) ) );
H
#endif
#if( INCLUDE_xTaskAbortDelay == 1) /115 BE BR 2 x TaskAbortDelay/()
{
pxNewTCB->ucDelayAborted = pdFALSE,;
b
#endif

pxNewTCB->pxTopOfStack = pxPortlnitialiseStack( pxTopOfStack, pxTaskCode,\ (13)
pvParameters );
if( ( void * ) pxCreatedTask != NULL )

{
*pxCreatedTask = ( TaskHandle t) pxNewTCB:; (14)

mtCOVERAGE TEST MARKER();
}

()« o 2R 6 RE T ME AR ke I Th e B B BR DD RE O IR B AE A — A E E

tskSTACK_FILL_BYTE SKiH 7 AF 55 R, 1X/ME N 0xa5U.

(2). THAEHERAR T pxTopOfStack, i [HIH) 4R HERK (1 i 75 22 H 3.
(3) TRAFTES TS 4

(4) B L EH B INFFF 8B 4RO,

(5)~ HIWHESR TR G5, WREE TS H KT configMAX _PRIORITIES, M

B L BN configMAX PRIORITIES-1.

I,

(6)~ HIAEACAE SR HIBLI L6 2 7B uxPriority .

()~ fifE 7 LB S EIIAE, & ZHIAEAAHR ) 7B
(®)FI(9). WIUH1LA1FR I xStateListltem A1 xEventListltem, 1T 4545 H|Hgh i A M A F1R
X HEXIX A BRI AT IR o
(10)F1(12) #E KT xStateListltem F1 xEventListltem J& T4 A AF55 BAE 55401, ok

s BB XA BRI - B pvOwner A 81 B4R 55 IOATF 55 i B

(11)- B B 1 T xEventListItem [ 7B xItemValue *4 configMAX_PRIORITIES- uxPriority,

L4 ai RSS2 3, A Ze 2N 32, A4 xItemValue BN 32-3=29, iX il = & xItemValue
NN R 2 = N e = 20 | o A | BT D R S R (R S e o N E AN ¥ 74
xItemValue F{ETHTFHEFI -
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(12). VIECLEFEAR AT MR, WA RE T X N ThREMIE .

(13)~ i B % pxPortInitialiseStack WA AT 55 HERL .

(14). ERATS R0, IR[AIZ5 S50 pxCreatedTask, MIX BLA] DA AT 55 AR H Sl AT 5%
Gl

8.3.3 (LSRG R BT
TEAT S5 MY BRI A rh 2 AT 55 HEAR A AR AL, XN 385 14 FH BRi £ pxPortlnitialiseStack()>k
SE/, R pxPortInitialiseStack() it /& HEAR W UG AL BRI EL,  BREIRAS AR
StackType t *pxPortlnitialiseStack( StackType t* pxTopOfStack,
TaskFunction t pxCode,

void * pvParameters )

{
pxTopOfStack--;
*pxTopOfStack = portINITIAL XPSR; (1)
pxTopOfStack--;
*pxTopOfStack = ( ( StackType _t ) pxCode ) & portSTART ADDRESS MASK; (2)
pxTopOfStack--;
*pxTopOfStack = ( StackType t ) prvTaskExitError; 3)
pxTopOfStack -= 5; “4)
*pxTopOfStack = ( StackType t ) pvParameters; (5)
pxTopOfStack -= §; (6)
return pxTopOfStack;

}

HERRAE I RAEIEAT BT ST R ORAF I 1Y), — AR O I — A HEARR DL S 20 ok
HATHIGEAAL R, RIS Cortex-M A% M) LS Z5 AE 2R RAIE o 1X LEWMEL R ORAFAEAT S5 HERR 1, R
T4 . xPSR. R15(PC). R14(LR). R12. R3~R0. R11~R14.,

(1) ZFfF#F xPSR fH A portINITIAL_XPSR, HAEHA 0x01000000. xPSR #& Cortex-M [1)—
A WAL BFAT 2% SRR IR S 2547 4%, 001000000 /R IX A2 A7 25 1 bit24 A4 1, FoR4E T Thumb
RA, BIEAY) Thumb 154

(2) ZFifrds PC VI TS5 2L pxCode

(3)~ ZAr#% LR WIUab N ek 2L prvTaskExitError.

(4). Bkt 4 NE7ERE, R12, R3, R2, RI, XPUANZAEBRAWILEL.

(5)~ ZFA72% RO MIUG1E N pvParameters, — ML, BRECHH 2% RO~R3 /E NN SHL,
RO A MR ISR, WHIREEN 64 7, W R1 WA TREIZGR (FF (BUgdER) “5 8
BEOURN TR AREE 1) 8.1.2 AN U, P188), IX B pvParameters JE TS5 R
SR, PRAFAEZF 174 RO o

(6). kit 8 N7FfEAE, R11. R10. R8. R7. R6. R5. R4.

gyt BMwIe e 5, SRR RHERRZS R WA 8.3.3.1 FiR:
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xPSR=0x01000000 0X20001000

PC=pxCode ({1:45 & %)

LR=prvTaskExitError

RO=pvParameters

propOfStack__,
R

v
0X20000000

pxStack:

K 8.3.3.1 HEMAIUELL
VER, [K8.3.3.1 FFHLL STM32 A, e Am N KA,

8.3.4 BIMEZBIMEFIR

1E55 B SE A LR S s I Bt 2 51, FreeRTOS AN (151 3R 3R /R AT 55 A )
WA, FESCHF tasks.c Ol E X T 2 ANFIRRFEAFIKIThEE, XLEFRAT:
PRIVILEGED_ DATA static List t pxReadyTasksLists[ configMAX PRIORITIES ];
PRIVILEGED_ DATA static List t xDelayedTaskListl1;

PRIVILEGED_ DATA static List t xDelayedTaskList2;

PRIVILEGED DATA static List t *  volatile pxDelayedTaskList;
PRIVILEGED DATA static List t*  volatile pxOverflowDelayedTaskList;
PRIVILEGED_ DATA static List t xPendingReadyList;

HIFHH pxReadyTasksLists[ [t 215546413, 40 K/NA configMAX_PRIORITIES,
WU — MR —DIIR, KR RSB AIUES A — & B — e 55
NI B4 51 2% vh s i pA % prvAddNewTaskToReadyList)R 5E ik, BREUNT :
static void prvAddNewTaskToReadyList( TCB_t *pxNewTCB )

{
taskENTER_CRITICAL();
{
uxCurrentNumberOfTasks++; (1)
if( pxCurrentTCB == NULL )//IE{EIZAT{F 55808 NULL, Ui B A 1551817 !
{

pxCurrentTCB = pxNewTCB;// #7155 II4E 55 2 il JUR {E 45 pxCurrentTCB
1B A S RH—MES 1!
if( uxCurrentNumberOfTasks == ( UBaseType t) 1)

{
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prvinitialiseTaskLists(); )

mtCOVERAGE_TEST MARKER();

else

if( xSchedulerRunning == pdFALSE )
{
IS5 AR S 2R L IEAE I AT AR S5 S e
if( pxCurrentTCB->uxPriority <= pxNewTCB->uxPriority )

{
pxCurrentTCB = pxNewTCB; 3)

mtCOVERAGE _TEST MARKER();

mtCOVERAGE TEST MARKER();

uxTaskNumber++; /fuxTaskNumber f1—, FHIEESIEHIH 5.
#if ( configUSE_ TRACE FACILITY == 1)

{
pxNewTCB->uxTCBNumber = uxTaskNumber;

}
#endif /* configUSE TRACE FACILITY */
prvAddTaskToReadyList( pxNewTCB ); “4)

b
taskEXIT_CRITICAL();

if( xSchedulerRunning != pdFALSE )

{
RS RSB R L IEAE AT R S5 e
if( pxCurrentTCB->uxPriority < pxNewTCB->uxPriority )

{
taskYIELD IF USING PREEMPTION(); (5)
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}
else
{
mtCOVERAGE TEST MARKER();

}

}

else

{

mtCOVERAGE_TEST MARKER();
}

(1)~ 2% & uxCurrentNumberOfTasks N4 R g, HRGITSEE.

(2). & uxCurrentNumberOfTasks 4y 1 i IEFEGIEE AT 552 88— AME S5 ! IR A st me ok
WAL AR O F1 2, 83t i pR 8 prvInitialiseTaskLists()SRHI AL AR I 512 o IX A R BUAR ]
H, AU T A E— S PRR SR T4 R £ vListInitialise ) RVIAE LA TR, KK AT LLEAT
DT

() B BVERAES I IEAEIZ AT RSSO S, Fr AT EABL pxCurrentTCB J#T
AR AR S 1 i e

(4)~ Y FH PR 2L prvAddTaskToReadyList() R 55U N Bt 26 51K b, XA H SR, R
#define prvAddTaskToReadyList( pxTCB )

traceMOVED_TASK TO_READY_ STATE( pxTCB );

taskRECORD READY PRIORITY( ( pxTCB )->uxPriority );

vListInsertEnd( &( pxReadyTasksLists[ ( pxTCB )->uxPriority ] ),
&( ( pxTCB )->xStateListltem ) );

tracePOST MOVED_TASK TO READY_ STATE( pxTCB)

Hrh % portRECORD_READY_PRIORITY ()M Ridab T 45 a5 fAE55, Bk il # 4k
4 JR7% & uxTopReadyPriority RSZIL]. XM R AR TGS LS m =TS, B
WRARAE IR 5 T AR AE S5 U I e 2 DF o 32 T RAEH B KL vListInsertEnd (VR AE 5545 TN 21 50 2%
IRKR.

(5)s WRHFAESFHHUEF P, M HIEESRCAITRIERIZIT 7, A s
taskYIELD IF USING PREEMPTION()5¢ . —/AT-25 )4

8.4 ESMIERIESHr

AT RATCO L% 2] 7 W H FreeRTOS FIAE25 MR R %L vTaskDelete(), A5 A IAK LN
f12# 21— T vTaskDelete()IX ™A E A ELARSL B RS, BRBRAS U T -
void vTaskDelete( TaskHandle t xTaskToDelete )
{

— = = = —

TCB_t *pxTCB;

taskENTER_CRITICAL();

{
/AN S50 NULL 36 A8 4 13 BH 1 FH B2 30 vTaskDelete() AT 55 EEMIBR H £ -
pxTCB = prvGetTCBFromHandle( xTaskToDelete ); (1)
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if( uxListRemove( &( pxTCB->xStateListltem ) ) == ( UBaseType t) 0) 2)

{
taskRESET READY PRIORITY( pxTCB->uxPriority );
}
else
{
mtCOVERAGE TEST MARKER();
}

INESS 7 AL R A A2
if( listLIST_ITEM_CONTAINER( &( pxTCB->xEventListltem ) ) I=NULL) (3)

{
(void ) uxListRemove( &( pxTCB->xEventListltem ) );
}
else
{
mtCOVERAGE TEST MARKER();
}
uxTaskNumber+-+;
if( pxTCB == pxCurrentTCB ) 4)
{
vListInsertEnd( &xTasksWaitingTermination, &( pxTCB->\ (5)
xStateListltem ) );
++uxDeleted Tasks WaitingCleanUp; (6)
portPRE TASK DELETE HOOK( pxTCB, &xYieldPending ); (7)
}
else
{
--uxCurrentNumberOfTasks; (®)
prvDeleteTCB( pxTCB ); 9)
prvResetNextTaskUnblockTime(); (10)
}

traceTASK DELETE( pxTCB );

b
taskEXIT CRITICAL();
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BN SR B R 2 AEAE IS AT AR 55 8 4 75 B0 BEAT — AR S5 D03 o
if( xSchedulerRunning != pdFALSE )

{
if( pxTCB == pxCurrentTCB )
{
configASSERT( uxSchedulerSuspended == 0 );
portYIELD WITHIN_ API(); (11)
}
else
{
mtCOVERAGE TEST MARKER();
}
b

}

(1)~ AR %L prvGetTCBFromHandle()Zk BUE MM BRAE 55 AT S5 45 il B, SECRAESS RN
R SHON AT EAEAT AE S5 AR AR 4 3R [BHE i NULL.

(2) BES IS5 R MR .

(3)s AEREF LT IEAFAFENFEM (E 558 BAFIEE, RN RAES S A H 1
THIXMESS S BTREFH N e, X BTG B L MAH . (1) 371 32 o fib Bt

(4) EMMBR IR S 1T EAEE AT HAESS

(5)~ EEMIBRAESS HBAAESS AT 552 I BT 55 HEAR P o5 F () N A7 8 AR T80 (n SR
RS TTECIE RS, H2 MRS IEAEIEAT, WAME S H BT 55 HERR 1 N AE AN BERE AL
BRI | 2 B G AT 5518 4T 52 A RERETBOH R N A7, BT ARR 24T —A “hrid”, Aricth
FATLS 75 B . X B Y HT LSS I3 5158 xTasksWaitingTermination 7, W15 A 155 ZH %
H & F1H AR B N2 51 % xTasksWaitingTermination W o A4 AR T 2 N AFRECE M B 58 1%
We? ZSRAESS ! 25 RTS8 2 K UK 7 BRI N A7 #ORE TS A

(6)~uxDeleted TasksWaitingCleanUp »& />4 J& 28 &, FRICFA 2 /D AME 55 T ER TN AF -

(7)~ WHHAESMIBRE TR %, A7 R B BAR N AT L P 347550

(8). MIERAIZMAIMES, A& uxCurrentNumberOfTasks i —, Wik & 2 AT 5550k —

(9)~ PUARMBRAIIAT S, BT RAR] DA 30 F 2 4 prvDelete TCBOMIBR AT 55 2 Bk o

(10). HEHIHHE — T EZ KN AHAT T —MES, 2 N —MES RIS E, Biikf
AR5 BB (B 225 1 WM IR B ISANE 55

(A1)~ GBI 2 IEAE IS AT BIAE S5 8 4 M 58 DL S 7€ 75 2l i AT — IR S5 )4k

8.5 {EFHEIES T

FEECAT 5515 FH BRI 2L vTaskSuspend(), PRECRIS AN
void vTaskSuspend( TaskHandle t xTaskToSuspend )

{
TCB_t *pxTCB;

taskENTER_CRITICAL();

{
/AN EZ%05 NULL 35 i B 1 &
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pxTCB = prvGetTCBFromHandle( xTaskToSuspend ); (1)
traceTASK _SUSPEND( pxTCB );

IIHSAE S5 Mt 48 BB SE I F R IER ,  IF EORHAE 55 I B R 51 R v
if( uxListRemove( &( pxTCB->xStateListltem ) ) == ( UBaseType t) 0) 2)

{
taskRESET READY_PRIORITY/( pxTCB->uxPriority );

mtCOVERAGE_TEST MARKER();

INESs BT IRAE S R AL
if( listLIST ITEM_CONTAINER( &( pxTCB->xEventListltem ) ) I=NULL) (3)

{
(void ) uxListRemove( &( pxTCB->xEventListltem ) );

mtCOVERAGE _TEST MARKER();

vListInsertEnd( &xSuspendedTaskList, &( pxTCB->xStateListltem ) ); 4)

b
taskEXIT_CRITICAL();

if( xSchedulerRunning != pdFALSE )

{
taskENTER CRITICAL();

{
prvResetNextTaskUnblockTime(); )

}
taskEXIT_CRITICAL();

else

mtCOVERAGE TEST MARKER();

if( pxTCB == pxCurrentTCB )

{
if( xSchedulerRunning != pdFALSE )
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{
configASSERT( uxSchedulerSuspended == 0 );
portYIELD WITHIN API(); (6)
}
else
{
if( listCURRENT LIST LENGTH( &xSuspendedTaskList ) == (7)
uxCurrentNumberOfTasks )
{
pxCurrentTCB = NULL; (8)
H
else
{
vTaskSwitchContext(); 9)
H
}
H
else
{
mtCOVERAGE TEST MARKER();
H

(1)~ 83 %L prvGetTCBFromHandle() 3K HUCE M BR AT 55 AT 2545 il B

()~ FEATE5 AT 55 5 46 511 9 SE 1) 51 36 IR o

(3)s BEES AR EAESAEAN T AE5E. IS, WRARSIEAE SRR FF 0
T8 A M I 9 A 2710 3 A

(4)s ARSI BT 55 53R 2, Hd T 45513 xSuspendedTaskList, FTA #4214
F R THBNIXAF R

(5)s BEHFIHE— FEEZKEHPAT N —MES, e T —/MESEBI . By
AR 55 AR BIT [)2 28 T NN HE R I AME 55

(6) UMM R ESS 2 IS TMESS, I BARS HERSATIEY, A B %
W FH B8 31 portYIELD WITHIN APIO)3& I 3EA T — AT )

(7)~ pxCurrentTCB &[] IEAEIZAT 4TSS, (H2IEEIBATRMES B4R T, FrbldbZing
pxCurrentTCB  EFH—1~ “XR7. g2 &L N —MGEIE TS, AR TR HT
Z U1 R BOR TE ), AERFRPIEAT B — AT BT S A B as i iie 7, RS Ul s B L g
RNAIT, BHFEHER T —NEIETIES T . RS listCURRENT LIST LENGTH() W
— FRGHITH LS —A R T, Wl E & A 5K xSuspendedTaskList [ FE 2 A2
£ T uxCurrentNumberOfTasks . 41555 T/ 1550 10 B R 48 A AT 55 RS 1 (SEBR_EANAT
FEIXFEDL, AR DA — N2 RAESS 2 AT LUSAT, 2 AT ST B TR AN 22V FAE e m LA
PH 2E B HEL 2 AR 551 APL BRI, A ORAIE R G0 K & — AN AT IESS)

(8) WIRFTA L5 #P L ATE pxCurrentTCB gt A% T NULL 1, IXFESH F{T 5
B % pxCurrentTCB 7t AT LR A1 SHHE S5 .

9) A HAMRIBA LRSS, A vTaskSwitchContext() 3R HL N — N EIZITHITS, B
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. vTaskSwitchContext()27E N —Z 140

8.6 EFKELTES T

T4 2 B G A vTaskResume()F1 xTaskResumeFromISR(), —ANE&FHEAES R, —
AN HAE R B, HR A AL BRI FRER R — AR, TR LR £ vTaskResume() A K i
— MESRE EAL R
void vTaskResume( TaskHandle txTaskToResume )

{

TCB _t * const pxTCB = ( TCB _t * ) xTaskToResume; (1)

configASSERT( xTaskToResume );

/IR B S EAN T HEN NULL.

if( ( pxTCB !=NULL ) && ( pxTCB != pxCurrentTCB ) ) (2)
{
taskENTER_CRITICAL(); 3)
{
if( prvTaskIsTaskSuspended( pxTCB ) != pdFALSE ) 4)

{
traceTASK RESUME( pxTCB );

( void ) uxListRemove( &( pxTCB->xStateListltem ) ); (5)
prvAddTaskToReadyList( pxTCB ); (6)
if( pxTCB->uxPriority >= pxCurrentTCB->uxPriority ) (7)
{

taskYIELD IF USING PREEMPTION(); (8)
}
else

mtCOVERAGE_TEST MARKER();

mtCOVERAGE_TEST MARKER();

}
taskEXIT _CRITICAL(); )

else

mtCOVERAGE_TEST MARKER();
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}

}

(1) RIS EBORIE WS PE S5 BTSSRI, RO AAEW R IEAEIS AT AT 51X P
Fr LS AT i NULL(R5RAT4541 N NULL IS E0I 5 I, 1% B 5 A 75 24 B B
$ prvGetTCBFromHandle() R R BUEVK S (AE 554818, prvGetTCBFromHandle() 22 4t B ZH0h
NULL iXFf & it o

()« FESIEHIHOREE N NULL Al pxCurrentTCB, KA RIELE LMK E 2 /T IEAE IS AT E S5 .

(3)~ 1 %L taskENTER_CRITICAL(O)ZE NI B

(4)~ VA F BB %L prvTaskIsTaskSuspended()FI W B Pk 2 FIE 5 2 B2 DA R T, MEN
HE PR IS, WAEERARKE .

(5) H KB AT S N E R FI R MER, 555 4 DLS # 2 I BT S5 H i 41 3%
xSuspendedTaskList 7.

(6) BEWB AL FUSIMBREEAT S HIEL T .

(7 ERE RIS m T 40 AR s AT RS e 4t

® « WA EWKEWAAES LM% X&EEG, It bbfEHMBRK
taskYIELD IF USING PREEMPTION()¥ 52 Jif&—KAF- 55 V) 4t .

(9)~ Vi FH R $ taskEXIT CRITICAL()E Il A 1X
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FEIE FreeRTOS 1E55-T)#1

RTOS RGN O RATHEE, ML EFHENZ ORISR, 55Uk e TE5 1k
TP AT VISR A E R R e T — K RGN ERE, JCHEX FSemHE R4, M T4
RN T f# FreeRTOS RGuia 1T I FE 1 [F) 2 HAT 55 V)42 b AR AT i o ARTEIRA TR 2 2
—F FreeRTOS MATE VI FE, ARZ 4 NUTF L5

9.1 PendSV 5

9.2 FreeRTOS 145 V)43 &

9.3 PendSV W7 iR 5% bR %

9.4 HF—NEBITHIES
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9.1 PendSV 7%

FABHE CRURISH) 10 “5 10 2 OS STRARIE” 193 10.4 /N,

PendSV(THERI REE S H AT OS WAEIH R, SO LIRS R E . ALl
SR R R 25 4748 ICSR (10 bit28, Hu3 /2 PendSV (AEREALE 1 KAk PendSV
7. 55 SVC RHAR, CRAKHI, FUHE A T (T i e A By i, A
SAE RSG5 R HAT

FUFH A5, 996 PendSV B BUAIRAE I 574 0062, 7 LALE PendSV 573 GbFR4E AT 3L 1ts
T AR 5 AT, M RSO R, R OS B i e

fE RS OS HOUE RGET, GBI BRI N T S MK o 25 RGeh AT
%, EPMESEZ BN, W 911 Fi:

AR
ETxini LT LN
| ] | ] | | |
\ f ‘. | '. .' 1
| | | | | | |
RO .' t | '. ; '.
| | | | | I |
| | | ! | [ |
| | | I | I |
| | | ] | ] Iv
B8 -

Bl 9.1.1 R Sy s sl
R SO ik R P37 AT DA
® HAT—NRGIHH
® RN E T A (SysTick)H T .
1 OS 1, AT45 1 B 2% U A2 75 BOZ AT R S, Wi 9.1.1 F{E45 V) # 2 B SysTick
HHITH AT, BRRCE AR Y U1 B — N FE RS
Fi i briE SR (IRQ)FE SysTick FH AT 742, W SysTick FH il BESSHE 5 IRQ HIALFE, FEiXfl
FEOLR, OS ARAZHAT B R SCife, &R WG R IRQ AB k&4 4EiR, 1 HAEKR L RS+
FEIR I R A AT U ——AFAT AT — T s SE ER ) R G H AR R 2 X P . XFF Cortex-
M3 il Cortex-M4 AbFZR, MAFTETEIRM 525 RS0, T BRAA SR VFIR [ B R0, A7
TEERF W RS, H OS B [ B 2R, MRk 2 FVE: fault, W01 9.1.2 vk
Fikfault : FEREERE CEERSERRS

#ER R S
SYSTICK os 0s 0s
\ ! | \
| | |
IRQ | ?

I

i

|
| \

< |

thEF M RINELS
K 9.1.2 ISR $AT BB R S #2238 o ik iR 5%

143



| ALIENTEK | STM32F1 FreeRTOS H&F
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FE—28 OS Wik, ZRPIZAEE, W] LAEBAT W RS I AAT R SO, i ]
DARS A HR T B AR xPSR B NVIC H I S B S A48 . A, REMMEREA Re 25
SO, REAII T TIRAE SysTick HHWTHT S HFEE ™ AETERIN, X8 R ST AT BE s A AT
Il T .

N T EGRIZA L, PendSV 7% K bR SCUIHIE KAEIE BT HoAl IRQ AL PEHS O 28 56 1k
J&, BN T EDK PendSV WE NERAKIL /e, #7 OS T EHAT £ F XU, fli4 ¥ E PendSV )
HADIER, JFAE PendSV % WHAT E R XU Wil 9.1.3 Pios:

hr®k 4
SysTick (05)
SYSTICK — [7] ( )
| 1 (8]
ISRAEGT (161 srasing
o ] D t:jl] (9] ISRIt{T5EEE
SVC(0S)iFR {EPencsvrh i ! j:!"‘_eI'IdSVEF
svVC '—’|\Pend‘;\f [2] $RiTETFn | (5] PERRE I\ Wiz LR
PendsV ~ m () ! |
J’ [3] \, (4] l| ' [10]
I ! | [
% —_ #5A {58 EEA

]
4 9.1.3 PendSV _E T )k

Kl 9.1.3 AR KIS R

(1) 1145 A PRI SVC RIERATLS DI (i, SEF5s TAEERD

(2) OS #UREIER, fMlr b cvmifis, IHH pend —A PendSV 5.

(3) %4 cpu IBH svC J5, ‘EILEIEEN PendsV, MIMHAT LR LTI,

(4) Y4 PendSV PUTIEEE)SE, HIRFIZMES B, [FK#EALER.

(5) RAET A, I B AW RS FET FEHAT

(6) 7E ISR BATIIFEH, KA SysTick 7, JHHIEL TiZ ISR,

(7) 0S HATLEMME, SRJ5 pend AL PendSV S LMELF E R TS .

(8) 4 SysTick 1B G, [IFIERTHAG HE ISR 1, ISR 4kEEHAT

(9) ISR PATTEEIBH G, PendSV IRFBIFEHMEHAT, FHEAE B EHAT R SCUIHH.

(10) 4 PendSV PUTTEEESE, [IFUTS A, AN REFHXKIEANLREER.

YHE PendSV 5 (Y JE Rl 1L KK AIE, FreeRTOS £ 4t HIAT55 1)t X HF A 1E PendSV
TR 55 BR 0 SE R, UCOS L AETE PendSV H KT R 58 AT 45 D411

9.2 FreeRTOS £ & V)#:3%&

1E 9.1 /NI PendSV HH W I 42 2] 1 RN SCUESS ) Ul bl 13 & -
® LHIT MRS
@ RS e %5 (SysTick) T

9.2.1 BATRAAH

PAT RS 2 IAT FreeRTOS RGEHEALIAHOC API BREL, LU AT 5517146 bR %X taskYIELDY(),
FreeRTOS 5 4£ API pR 50t 2> 18 FH BRI 2N taskYIELD(), iX48 APl pRELHAR 2 S BUESS VI, 1X L8 API BR
AT S5 V)35 B2 taskYIELD()EGERR N R G o BRI taskYIELD() FLSEa /&N, FESCAT task.h
AT E X
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#define taskYIELD() portYIELD()

PR3 portYIELD() 2 N7, £ 3CHF portmacro.h A U1 R & X
#define portYIELD()
{

portNVIC_INT CTRL_REG = portNVIC_PENDSVSET BIT; (1)

__dsb(portSY FULL READ WRITE );
__isb(portSY FULL READ WRITE );

— = = = = —

(1)~ AL [ B 42 ) RDHE 25 294725 ICSR (1 bit28 5 N 1 £E#2 PendSV 3K J5i 5l PendSV H1 .
IXFER AT LLLE PendSV H T IR 55 2R $0H 3E AT AR 55 U148 T
T 2 FOAE 55 VD B BUN portYIELD _FROM._ISR(), 32 XU R :
#define portEND_ SWITCHING ISR( xSwitchRequired ) \
if( xSwitchRequired != pdFALSE ) portYIELD()
#define portYIELD FROM_ISR( x ) portEND SWITCHING ISR( x )
A AE tH portYIELD_FROM_ISR () £ tH 2 e it i FH e 44 portYIELD()K 578 AT 55 V41«

9.2.2 REHE BT 2% (SysTick) W7

FreeRTOS Hiik & 5 I 25 (SysTick) o 7 IR 25 BRI h 2 AT AR S5 046, T %5 7 ) 455 v BT il 55
PR -
void SysTick Handler(void)
{
if(xTaskGetSchedulerState()!=taskSCHEDULER_NOT_STARTED)// & 4i C. & 16 4T

{
xPortSysTickHandler();

TETH B E I 8% b KT AR 55 R B H B B T FreeRTOS ) API BRI xPortSysTickHandler(), I p&%L
PERSLTR :
void xPortSysTickHandler( void )
{
vPortRaiseBASEPRI(); (1)
{
if( xTaskIncrementTick() != pdFALSE ) /%4 inis & it ¥4 xTickCount f{I1E

{
portNVIC_INT_CTRL_REG = portNVIC_PENDSVSET BIT;  (2)

ki
vPortClearBASEPRIFromISR(); (3)

(1)~ RH b

(2)~ 33 ) A B4 ) FH A5 254728 TCSR 1 bit28 H N 1 582 PendSV 3K 5 5l PendSV H
Wr. JXFERL AT LAZE PendSV A I 55 B B H - ATAE S5 U030 T
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()~ FTHH M,

9.3 PendSV H Wi R 5% & 3

AUTHI 1 T FreeRTOS 4145 VI () BRI FE 2 1E PendSV H T IR 5% BRI B0 R S ), AT FRAT T
K2 PendSV W TR ST B8, BB AL VIR R 52 B ABATH . PendSV Hr KT IR 5%
PRIEUA N %A PendSV_Handler(), {HJ& FreeRTOS 1§ Fl#tdefine B E X T, WIF:

#define xPortPendSVHandler PendSV_Handler

PRI xPortPendSVHandler()J5 A% a1 T

__asm void xPortPendSVHandler( void )

{

extern uxCriticalNesting;
extern pxCurrentTCB;
extern vTaskSwitchContext;

PRESERVES

mrs r0, psp (1)
isb

Idr r3, =pxCurrentTCB (2)
Idr r2,[r3] (3)
stmdb r0!, {r4-r11, r14} (4)
str r0, [r2] (5)
stmdb sp!, {r3,r14} (6)
mov r0, #configMAX_SYSCALL_INTERRUPT_PRIORITY (7)
msr basepri, r0 (8)
dsb

isb

bl vTaskSwitchContext (9)
mov r0, #0 (20)
msr basepri, r0 (11)
Idmia sp!, {r3,r14} (12)
Idr r1, [r3] (23)
Idr rO, [r1] (14)
Idmia r0!, {r4-r11} (15)
msr psp, r0 (16)
isb

bx r14 (17)
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(1) BHGHEREARTREr, RAFAEZF AR RO H .

()FI(3), FRECYHTAES BT SSHERIE,  FRNAT 55 s () Mk CRAFAE 7 4748 R2 LT

(4)s 1RAF rd~r11 A1 R14 X JIAFAF R

(5). HZF 174 RO A S N FIZ A7 38 R2 PTORAF (bl b 25, st RoB AR TR A AE AT 55
FEHIRIEE — T Boh . MR E RS RO DRAFEAE Bobt I MERRAR TR £ 118, Py DLEDR X AN b
R TIAREE 5 N B U HIAESS WA S IS — N7 B, &I (2)M3) DA IR E T AR5 HIk,
HoWG AT 25 eI B o M bk 'S5 a0 3 7 25 4748 R2 .

(6). HZFAEds R3 1 R14 MMEIGN EAk, FAFEA R3 HIRAE T 4TRSS RS hId, 1
F N R F SR 3L vTaskSwitchContext(), 9 1 Btk R3 A1 R14 PHEH LS, ArbiX BIGEE R3
A R14 FE e R

(HFI(8) M, FENIGFIX

(9)~ i H 8 %L vTaskSwitchContext(), Ut & ZH KRBT — NMEETHWAES, H¥H
pxCurrentTCB 5§ Y IX M EI2 AT 55 .

(10)A(11) FTHFH T, B H IR X

(12)« WIRIERAE 257 4% R3 F1 R14 HUE HER, RE 74 R3 M R14 {H. £, &1d(12)
#, I pxCurrentTCB [ AR T, FrLASEEL R3 AT ERAF I bk A 1 H5dhs st 2 o I AR X
BT, BT N ANEIBAT IS AT S HI

(13)F1(14) FRECHT I Z 384T B 55 BT 55 HERR AR T, I AR TR AE AE B 4725 RO T

(15)« R4~RI1,R14 ik, 2R EtT KRS K.

(16). FEHTHFEARIRE PSP 1A .

(7). PATHATARD LLE B84 B 3h K 2 %57 47 2% RO~R3. R12. LR. PC Fl xPSR [F{H, #fiE
i IR B DL B0 AN AL BR AR TR SR R, FH AR AR A (MSP)IE 2 B AR TR £ (PSP).
IR I Bt NEAR IS, I FLAT 3R AR TR 5T (PSP), A7 A7 4% PC H Wk E AR IZ AT 1)
(RS PUES REL, FRMESIFARIZAT ! B, AR5V .

9.4 BR T -NEEBITHES

7E PendSV HWT IR 25 F2 5 7 45 1 FH B8 81 vTaskSwitchContext() SR 3K N —ANEIE 4T (AT 45
Wt R B O LML TSR = TS, dil 5 (23 25 A0 2 25 ) BR B0 RS G R
void vTaskSwitchContext( void )

{
if( uxSchedulerSuspended != ( UBaseType t ) pdFALSE ) (1)

{
xYieldPending = pdTRUE;

}

else

{
xYieldPending = pdFALSE;

traceTASK _SWITCHED_OUT();
taskCHECK_FOR_STACK OVERFLOW();

taskSELECT HIGHEST PRIORITY_ TASK(); )
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traceTASK_SWITCHED _IN();
}

(1)~ an SR FE AR R A Re AT AT 55 V) 3

(2)~ i H B % taskSELECT HIGHEST PRIORITY TASK()3KHX T — B iz 4T HIAE 5 -
taskSELECT HIGHEST PRIORITY TASK(OA R _Fj&—4~%, 7E tasks.c 14 & Lo

FreeRTOS H &k T — N EIa AT AR A PIA 5% — AR ITE, 55—
TR, XANEBRATIHA FreeRTOSCofnig.h SCIH HIRHEFR RN T, & -TikBmsh rikiE
it configUSE PORT OPTIMISED TASK SELECTION KR5EMT . 243X 1 g it fd
R, BN EE s AR %, RATRE — NP TIERIX .

1. BAFZE

i F S, A BT A RER S AT AR v, RIEIR
#define taskSELECT HIGHEST PRIORITY TASK()
{

UBaseType_t uxTopPriority = uxTopReadyPriority;

while( listLIST IS EMPTY ( &( pxReadyTasksLists[ uxTopPriority ] ) ) )

{

(1)

configASSERT( uxTopPriority );
--uxTopPriority;
}
listGET OWNER OF NEXT ENTRY ( pxCurrentTCB,
&( pxReadyTasksLists[ uxTopPriority ] ) );
uxTopReadyPriority = uxTopPriority;

2)

— = =

}

(1)~ 7ERTTHEI 8.2.4 /N YiF115t T pxReadyTasksLists[| Nt AT 55 5 R4, — ML H—A4
B2, [FIAC SR P 26 AT 55 AR B A X RL ) 5138 1« uxTopReadyPriority 183 A4b T 5t 26 45 1 i =
RAERAE, FEIRONERAT 55 (I AR 2 PR ATE 55 (A 56 2 15 KT uxTopReadyPriority, 415K
TR XA BT S5 B S AR 45 A% & uxTopReadyPriority . Pi%Y prvAddTaskToReadyList()
WABHOXAME, 2 UK S ME SIS I 2548 1) R i i #82x F uxTopReadyPriority R
WMV L P B ek . X B AIX N Em e o ah R, BB FIRA N80
BA R A A 2 28 4 W 45 HOAE 55« BRAL HStLIST _IS_EMPTY() FH T 1 Iy 54 %1 % 2 15 o~ 48,
uxTopPriority FH>RicskIX M LA 55 IR e o

(2). CEKI| T HMBESHINEHR T, 8BRS FI L bk T — AN EHE 171
f£55, BIRITVERZE ] R $L 1istGET OWNER_OF NEXT ENTRY ()JR3REUA1 2 H (1) K — A5
RN, SR RAR IR (512 TR L AT 55 42 ) U 45 pxCurrentTCB, IXFERATHHIE T F
—ANEBTIES T .

A UUE HIBH 72 e il C 1S RS, HEEH TARPS A&, 1mET
RSB I AT R, B RO o s A T A7 V2 R EEARIR £

2, M

T A2 7 ¥ A A ) A 3% 1 2 PR E 48 2 RSB, B Cortex-M AL FE 28 515 5 A TH AT
S0 MRS CLZ, T
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#define taskSELECT HIGHEST PRIORITY TASK() \

{

UBaseType _t uxTopPriority;
portGET _HIGHEST PRIORITY ( uxTopPriority, uxTopReadyPriority );
configASSERT( listCURRENT LIST LENGTH( &
( pxReadyTasksLists[ uxTopPriority | ) )> 0 );
listGET OWNER OF NEXT ENTRY/( pxCurrentTCB,
&( pxReadyTasksLists[ uxTopPriority ] ) );

(1

@)

— = = = = = —

}

(1)« @i % $ portGET HIGHEST PRIORITY/() %k HU A4t T mh 25 25 (1) f% =5 0 56 %%,
portGET HIGHEST PRIORITY AJfi F2&/N7%, € R
#define portGET HIGHEST PRIORITY ( uxTopPriority, uxReadyPriorities ) uxTopPriority = ( 31UL\

- (uint32 t) clz( (uxReadyPriorities ) ) )

A5 R BE AL 7 7 BB uxTopReadyPriority Bt AR T HAAS MR SILALH T, M2 H
A bit [T —ME%EHK, bit0 [CRMIEHK 0, bit31 MACKRMLIEH 31, UFEMHE T
5 O B2 bit B 1. MIX BT IR, W R ARk i iE R 2 R eed 32 M
He.  clz(uxReadyPriorities) i /& T 5 uxReadyPriorities FIFTFENL BT FEANE0 2T M
BRI EOGIB DRI ZE—A N 18 bit, A 0 AN, i Bl
— k4% 1000 0000 0000 0000 FIFTFEEANEUH A 0.

—HEH1% 0000 1001 1111 0001 FIRTFEAN B 4.

#3 3] uxTopReadyPriority I 75 Z M LG 7E A 31 X N7 T FAEAS 2t 2 4k Tk
GAME ST, it ded 30 NI AT SRR d, 30 T SE MO
1, B4 31-1=30, 33T mEmItegdh 30.

(2). BAEI| 7T SRR 1, 8T REZ MM FIR P T — N2
ITHIATSs, AR 71250 218 R % 1istGET OWNER_OF NEXT ENTRY ()SRFREUFF A )~ —
BRI, SR 5K SR BRI R 51 2 T3 BT 0f B AT 55 4% | RIBE 25 pxCurrentTCB, X FEFRA THUHA &
T F—ANEBITIMES T .

A DUE H A 7 VA4 Bh— N8 2 5T DA R SR Tl 267 i s Je e, (R 2 23 B
RIS E, than STM32 HAeF 32 Mgk, A 32 MEEHCAETEEWH 1. LZHIE
FreeRTOS & SCHFIF [ 1Y), BAME e T DASCRFTERR 2 MT 55 .

9.6 FreeRTOS i} [8] F A E

T 2 AR 2 FreeRTOS SCHFF 2 AMEF RN IA — MU, XEARSMRER - MER
ZIEMR R, AXARIERATEZ LR 7E FreeRTOS H A vF—AMES-IE AT — /M [A] J (— AN
PR E)JEIEE CPU IR, b FISEZ M T —MESSietr, 2T D EElT
WAMES? 16 9.4 ANTTERIICE NI T, FreeRTOS H1I& Fifil B 77 10 A2 o 18] 1 1 B
9.6.1 JBoR TIBATER — RS T IIPATIS A, EOLEH N T 3 Ml g LSS .
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|t —»
Tick ISR 1 2 3 4 5 6
(3) (7)
{E45 V1 ¥
| I I 1] I
TN HE O i
I | Il | (i
Task1 I Task | I | Task 1
[l | Il | (i
T T T T T
(2] | oo ) |
Task2 : Task : : Task
i : :
(1 ! (5 !
Task3 Task Task

€ 9.6.1 I [a] F i B
v 4TS 3 IEAEIBAT .

20 RN BRET I R W GRS I A D AR, 4RSS 3 IR S, (HORATESS 3 ik
BT E.

3. FreeRTOS FHAEFVIMENESS 1, 4E55 1 £IGH N TN DS

4. ARG 1 IELLIEAT B INE AT 58

5. fE%5 3 UGRIE] CPU MR, #EiaiT

6 AT55 3 181758/, VAT 55 V)45 iR 2 portYIELD() 3t AT BEATAT 45 VI 4 il 57 98 42 FE I IR)
MIMAEIC S N T H R — A5t AR 551817

7. FreeRTOS VJ#EIF55 1.

8+ £S5 1 PAT 5E HIS H] Jy

LA YIS 8] F 8 BE 1R)3% 2% configUSE_PREEMPTION A% configUSE_TIME_SLICING 4470
N 1. BE AR E B % configTICK RATE HZ KA, — AN E] A A Bl 2 0 2 s i 2% )
Tl A, HCn A EFE T+ configTICK_RATE_HZ 4 1000, A4 —AMF[a] 7 1K FER2 Ims. B
() 8 P2 R AR AR 7 7 I s R o W IR 55 B b, T AR 25 5 I 8 o D Al 95 R ) Ik 3¢
TEH Wik 55 K%k SysTick Handler() <=1 F FreeRTOS H’J API % %] xPortSysTickHandler(), 1 B8
# xPortSysTickHandler() 2> 5| KL & A E, HE2RXMMELSHELH LM, K
xPortSysTickHandler() 4 F :
void xPortSysTickHandler( void )

{
vPortRaiseBASEPRI();
{
if( xTaskIncrementTick() != pdFALSE )
{
portNVIC INT CTRL REG = portNVIC PENDSVSET BIT;
¥

H
vPortClearBASEPRIFromISR();
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ARG T 8 43 2R B X A BRI xTaskIncrementTick() IR [F{E AN pdFALSE FRS i 3k

S HATAE SR ! & PR xTaskIncrementTick() 2 R IH W1 T 25142 13615 A -

BaseType _t xTaskIncrementTick( void )

{
TCB_t * pxTCB;
TickType_t xItemValue;
BaseType t xSwitchRequired = pdFALSE;
if( uxSchedulerSuspended == ( UBaseType t ) pdFALSE )
{
/***************************************************************************/
/***************************************************************************/
#if ( ( configUSE_PREEMPTION == 1 ) && ( configUSE TIME SLICING==1)) (1)
{
if( listCURRENT LIST LENGTH( &(\
pxReadyTasksLists[ pxCurrentTCB->uxPriority | ) ) > ( UBaseType t) 1) 2)
{
xSwitchRequired = pdTRUE; 3)
}
else
{
mtCOVERAGE TEST MARKER();
}
}
#endif /* ( ( configUSE PREEMPTION == 1) && ( configUSE TIME SLICING==1))
}
return xSwitchRequired;
}

(1)s %% configUSE_PREEMPTION F1%% configUSE PREEMPTION #>4 1 FRfi N T )
B A 2. Bt LA AEAE BN 8]y 4 P BT I X AN = 40 1, Bk—ANe] )

(2)~ FUBAHTAESS PO SR 56 90 T & il A At A 55

(3)s WSS PRt LA 55 A0 564 b A HAM R AE 25 8 4 5t ik [5] pd TRUE .

M T AR T BUE a0 S TR 55 Bt LI AR 56 20 N A AR S A2 7E, TR 4B
xTaskIncrementTick() #t 2= iR [A] pdTURE , i T & % iR [9] {6 4 pdTURE It B
xPortSysTickHandler() it 2 34T — IRAL 55 D)4t

9.6 B8] ;A SL I
9.6.1 SLIRFEFF LT

¥
"

1. SEREK
2221 FreeRTOS S ] A i % o
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2. LRI

ARSEEG T = AMTSS: start_task. task] task F task2 task , FLr7 taskl task I task2 task
FHUESAL S AlI7], #RN 2, X =AMESHHESSThaew T -

start_task: FIREIEHAN 2 MES .

task1_task : F%ffil] LEDO AT Ak, Ff Hadid & CIFTED taskl_task HISATIXEL.

task2_task : Pl LED1 AT AR, Ff Hadid & CFTED task2_task HISATIXEL.

3. ERTHE

FreeRTOS 5L 9-1 FreeRTOS B [a] F i & .

4. EREFET

® RGRE

N T WEETIE, ¥ RGN TR B E Y 20, MK configTICK_RATE_HZ ¥ &
H 20:
#define configTICK RATE HZ (20)

TXRE T B DA 7 2 P 1 o T B 2 Soms T, AR 2 A 1] - {EA S0ms,  IX AN ]
JUIEFEAR K, AT K — m A 38 I i UL 52 R e 7 5

® EHKE
#define START TASK_PRIO 1 TSR ek
#define START STK_SIZE 128 IMESHERR R /N
TaskHandle_t StartTask Handler; IS5 AR
void start_task(void *pvParameters); IME55 R 3
#define TASK1 TASK_PRIO 2 INEFAR 2% (1)
#define TASK1 STK_SIZE 128 IR HERR R /N
TaskHandle t Task1Task Handler; IS5 AR
void task1 task(void *pvParameters); INESS R
#define TASK2 TASK_PRIO 2 INEFN ek )
#define TASK2 STK_SIZE 128 IR HERR R /N
TaskHandle t Task2Task Handler; IS5 AR
void task2 task(void *pvParameters); INESS R

(HAQ2). % taskl_task Fil task2_task IS5 Lege i BAMEIR, XREAREN 2.
@® main()BR

int main(void)

{
NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & R4t i e 232 4
delay_init(); JIREIT R HRT 64K,
uart_init(115200); IARTEEA HR 1T
LED_Init(); 1191464k LED
LCD_Init(); /91464 LCD

152



M W STM32F1 FreeRTOS H &k FHf
e

ALIENTEK STM32F103 £ &3 £4R FreeRTOS F & {2
POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 9-1");
LCD_ShowString(30,50,200,16,16,"FreeRTOS Round Robin");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

/BT IR 55
xTaskCreate((TaskFunction_t )start_task, 1TSS BR AL
(const char* )"start_task", IMESs 4 FR
(uintl6_t )START STK_SIZE, /ME5HER K/
(void* YNULL, MG AT 55 R AL S50

(UBaseType _t )START TASK OPRIO,  /ME&1R5E4K
(TaskHandle_t* )&StartTask Handler); ///£55F]4A
vTaskStartScheduler(); /1T S AT S5

7E main BRECHIRAT I B 5E S I aE 4L, R UG AL 5E I DA B4 T AT 45 start_ task
JHIF)JE T FreeRTOS KIS,

® EH5EH
IR 55AE 55 R EK
void start_task(void *pvParameters)
{
taskENTER_CRITICAL(); /NI G X
/185 TASK1 1155
xTaskCreate((TaskFunction t )task1 task,
(const char* )'task1 task",
(uint16_t )TASK1 STK SIZE,
(void* JNULL,
(UBaseType t )TASK1 TASK PRIO,
(TaskHandle t* )&Task1Task Handler);
/181 TASK2 1155
xTaskCreate((TaskFunction t )task2 task,
(const char* )'task2 task",
(uint16_t )TASK2 STK SIZE,
(void* JNULL,
(UBaseType t )TASK2 TASK PRIO,
(TaskHandle t* )& Task2Task Handler);
vTaskDelete(StartTask_Handler); IR T UE AT 55
taskEXIT CRITICAL(); /73R H I X
}
/ltask1 1T 55 PR K

void task1 task(void *pvParameters)
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{

u8 taskl num=0;

while(1)

{

taskl_num++; /A5 1 $ATIREOIN 1 = task]_numl JnF] 255 FI xR SEE !
LEDO=!LEDO;

taskENTER_CRITICAL(); /i NlmFIX

printf("{F:55 1 C&HAT: %d X\r\n",task]_num);

taskEXIT_CRITICAL(); /AR A

//ZERT 10ms, AT 551217 10ms, MBS 5T 4

delay xms(10); (1)
H
}
/task2 AT55 BRI KL
void task2 task(void *pvParameters)
{
u8 task2 num=0;
while(1)
{
task2_num-++; //AF55 2 FATREIN 1 VEE task2 numl JHF] 255 IR STEE !
LEDI1=!LEDI;
taskENTER_CRITICAL(); /i NImFIX
printf("{F:55 2 CEHAT: %d K\r\n",task2_num);
taskEXIT_CRITICAL(); /AR FX
JBZERS 10ms, BEIMESSIZEAT 10ms, MEREA R TERAF S
delay xms(10); 2)
H
}

(1)« VB3 delay xmsOZERT 10ms. 7E—NEF (8] F P9 40 AT 55 A 130T CPU {8 FHALT)
W A& —HIBTX—/MES, HEINEFFES. 1 taskl_task (£55HRATET & T EIF
R 77 R task]_task TEIE1T, (HAXA RN T CPU RULHATHERE, AR FMLE,
Fr Lhax BLIE S 8 H R 2L delay_xms()RERIAESS 5 10ms ) CPU. BR#L delay_xm() A2z 5 4E
KR, IXFERITEF T task] task FIAT I HI> 10ms, JEART DIEVESET 10ms, KAHARR
BRI T B R SR AR . — AR B 2 S0ms, AT 54T B % IO TR LA 10ms 55, Hig
FAE—ANITE T A task]_task AT RARRAT 5 Ik, (EZFSE BARADRRHAT 5 Ik, HEAR B 4R

(). F(1).

9.6.2 RFBITE RN

PRI N SIS B AR R, TR CORRBY R, R R B, IR BEos i
9.6.2.1 fli7:
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i xcom va.o - m] X
LED ID:E510[2016-10-20 09:11:18.437] ~ §
1 : 1% [2016-10-20 09:11:18.473] ROEE
il i 2K[2016-10-20 09:11:18 488
+ 1 [2016-1 11-18. 4 CONM3: USB-SERTAL v
2, : 2%[2016-10-20 09-11:18. 498,
: 3%[2016-10-20 09-11:18.510, 5200
2, + 4% [2016-10-20 09:11:18. 622 HE (U =2
i Enbnia .
1 T 3/ [2016-10-20 09:11:18. 645, L 11air] 1 ~
IS e 1020 0911 13 269
1] : 5% [2016-1 111 3 o
1 : 6.X[2016-10-20 09-11:18 582, iRz 8 e
TERZ005 ] H
2, + T.R[2016-10-20 09:11:18.607, FEE x -
: B%[2016-10-20 09:11:18.619,
2, : 90%[2016-10-20 09-11:18_630,
T TR [2016-] . ROKE @ TAR0
1 + 8% [2016-10-20 09-11:18. 654
1 : 9.%[2016-10-20 09:11:18. 666) )
1 + 105 [2016-10-20 09:11:18. 678 BHEED | FSER
3 1K [2016-10-20 09-11°18. 707 = -
2, + 122 [2016-10-20 09:11:18. 716 L) 1eiiimrtd BRE
2, E: 132 [2016-10-20 09°11:18. 728, RIS TR
1 : 114 [2016-10-20 09°11:18. 739, -
&1 : 128 [2016-10-20 09:11:18. 753 w (|5 B iR (L1 1)
WREE SREE hsW W ,
FrBE ] www. openedv. com - . 5
TonAT[EE | KB
FERE
D ErdkiE @ ns | || fIEREE || REXEE || @iEE
[ 168k b RERMT o% FFREFA: www. openedv. com
@ - |www.openedv.com | S0 | 1466 |eTs=0 DsR=0 DED=0 | HAtEtia 21:11:21

K1 9.6.2.1 & HFAB)F R 15 &

MK 9.6.2.1 ATLLEH, AN E task] task M2 task2 task FR/ZELPAT 4, 5K, FIFTHFE
PRI —FE, SAE AN N — BAEIBAT —AMESS, ity S8 S s3] —AME
K27, R, BRGNS ]2 R OO B F Gt I B B s e ), A
TP AR ESLIS AT E], X AN R EEA S %
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F+E FreeRTOS R4t A2 H| K%L

FreeRTOS A7 S4B RGN AL, T NIRRT — AN SR VR, 1X28 APT &R
Hom & RGN LR AL AR BERATHR S 3] — NIX AR R R 8, AT T JLE7

10.1 A% B 2T

10.2 A% B8 SO
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10.1 AEEHIRETK

4 B, WAL R U /& FreeRTOS W AZATAE I R, — IS N R 3 A
FHIX SR 2, 1F FreeRTOS B WA AR BIX L pR 2, a1 10.1.1 Frow:

i+ ADOUT Freer |US
[+ Features / Getting Started.
[# More Advanced...
[# Demo Projects
[ Supported Devices & Demos
= APl Reference
PDF Reference Manual

[# Task Creation

# Task Control

# Task Utilities

=/ RTOS Kernel Control

taskYIELD(
taskENTER CRITICAL
taskEXIT_CRITICAL(
taskENTER CRITICAL FROM ISR()
taskEXIT_CRITICAL_FROM_ISR()
taskDISABLE INTERRUPTS(
taskENABLE_INTERRUPTS()
VTaskStartScheduler()
vTaskEndScheduler()
VvTaskSuspendAll()
xTaskResumeAll()
VTaskStepTick()

BB mAI I SRR LR (=)0 o] | —

# FreeRTOS-MPU Specific
# Queues

T Amia Oada

K 10.1.1 N EZ RS R 2L
IX LR B R 10.1.1 Fiow:

R 3 iR
taskYIELD() {E55 14
taskENTER CRITICAL() AN, HTAES .
taskEXIT CRITICAL() BHIEAX, HTAESH.
taskENTER_CRITICAL FROM _ISR() HEANIGAX, HT AWk et
taskEXIT CRITICAL FROM ISR() IBHIG TR, T b i s ek ot
taskDISABLE INTERRUPTS() KT
taskENABLE_INTERRUPTS() FTIFH T
vTaskStartScheduler() FEIRAT S5 HFE R
vTaskEndScheduler() KT W FE RS
vTaskSuspendAll() AR TR RS
xTaskResumeAll() WEAE S TRFERS -
vTaskStepTick() wERFE M.

R 10.1.1 PIAZEE 6 R %L
10.2 PIRZH%EH) R B R

1. E¥ taskYIELD()
UERR B FIRATAE S Ui, BRRRBUA R B —A %2, BReR B VEANUHETE 25 9.2.1 /MY,

2. ¥ taskENTER_CRITICAL()
HANIEFX, HTAESREh, AR5 ER—A%, B EMIHEESE 4.4.1 M.
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3. B taskEXIT_CRITICAL()
BT, ARS8, AR, R RIS 2% 4.4.1 /NS

4. E¥ taskENTER_CRITICAL_FROM_ISR()

NI T, H TR R b, R AR T Eo— A2, IR PR IR IR 2% 4.4.2
N

5. E# taskEXIT_CRITICAL_FROM_ISR()
IR I T X, T R 55 e A, R BOAR T B — AN, R B AT R I 2 4.4.2

N
6+ BRI taskDISABLE_INTERRUPTS()
KA BER T T, RO T bR — AN, MR RS 2 4.3 /N

7. PR3 taskENABLE_INTERRUPTS()
FIFF AT B T, R BRI B — %, IR R R S8 4.3 /N1

8. ER# vTaskStartScheduler()
JESMESS LR, SR B TR IE 275 8.3 /M.

9. BA# vTaskEndScheduler()
RPAMES RS, FreeRTOS HXf T I p& B R a0 10.2.1 P

1/%%
* task. h
% {pre>void vTaskEndScheduler( void );<{/pre
%
* NOTE: Iﬁt the time of writing only the x86 real mode portl which runs on a PC

* in place ol DUS, LNpILEmMents Cils Luncctlon
%k

10.2.1 pREfFRE
AT DUE H R B T X86 ZEM A3 4%, i bk £ ULJS BT R 4iht i 245 1 Hig AT,
FIT AT G2 B4R 55 R 2> E B M R4 (FreeRTOS X I bR AR R R A2 25 E SN BR PIT AT IO 55, (H2
7E FreeRTOS HIYFAY - scA $R BIAHOCHI AL B AR, A 7T e AR LR 5 B 4 5 AH OARRY,  JREL
& X86 MIifF > HANAIE? EHA T X86 2EH), ZAESMEREICH . W LLA A ok 4
vTaskStartScheduler() R BB T A AT 55 A LS . I BREAE SCIF tasks.c HAA 1R & e
void vTaskEndScheduler( void )

{
portDISABLE INTERRUPTS(); 115 P e
xSchedulerRunning = pdFALSE; IR ICATE S B A= 1k iE AT
vPortEndScheduler(); 1/ PR AL J2 5 P v R P A R
}

bR %4 vPortEndScheduler()fE port.c A E X, XA REAEFEIE FreeRTOS [ 5 ZARHE 5L Fx
R B A RS, AL A S BX A g, JURTBRAIN T —1TWr &, R T
void vPortEndScheduler( void )
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{

configASSERT( uxCriticalNesting == 1000UL );
}
10. BRAZ%( vTaskSuspendAll()

FEECAE SR BE RS, U FH I R HROAS 75 SO0 P AT B i b T R AT AR AR S5 TR 3, IR e ST A
tasks.c A WIRE X:
void vTaskSuspendAll( void )
{

++uxSchedulerSuspended;
}

AlE Y, HRRRE I 2 TR PR AR & uxSchedulerSuspended fill—, uxSchedulerSuspended A&+
B ETHEES, TAFE SRR 2 ORI [ BR%k xTaskResumeAll() ] DL AT 55 1 B2 4%,
WA T JLIR vTaskSuspendANO)FEAC HFE RS, [FIFERIHAS A JLIX xTaskResumeAll() 4 2 2k
BATS AR

BOIAE X —FE L, 555 1 Mg 10, BEBRHMESS 1 BT 2R A1 TSI
FARJEH 28 T 1T 3 45 ) TestQueue 1 Ab T FHZEZ . H 2 A B A A HS 1 FH & 1
vTaskSuspend All()4:2 T AT 55 A S 25, 7R3 A xTaskResume Al BAL 55 WL 28 2 /i, B
ANEAMER R AR A T, AR W AR SRR B R B3 xQueueSendFromISR() [M4E55 1 A&k T BA
5| TestQueue. WIHATZ 1 FE 2875 A FHIEM) 5 R L xQueueSendFromISROSAFALSS 1 #E N2k
&, WEREATS 1 IR e 10 XI R Ri46 513 pxReadyTasksLists[ 1017, X 21E551)
e IRHEATESS 1 Bhis AT (HEIAEAT S5 R B 28 1 T B4k vTaskSuspend AL EERL, IX AN {5
55 1 B 2N BT 55 5 45 51 K pxReadyTasksLists[ 1017 7, 1 A2 ¥ 1 3 55— > 04 fif
xPendingReadyList 153 41, xPendingReadyList /& >4= A8 &, £ 1 tasks.c A E Lo 241
FH R4 xTaskResume ALL() Pk 5 1 FBE 5 ) ] i3 5t 2 44 4 21 513 xPendingReadyList H1 I4E 55 BHT#
BB EATHN B (15265 412 pxReadyTasksLists H.

11. A% xTaskResumeAll()

BE R B TRAR S5 R LS A KR, 4 0aus 1) B BG40 F
BaseType_t xTaskResumeAll( void )

{
TCB _t *pxTCB = NULL;
BaseType t xAlreadyYielded = pdFALSE;

configASSERT( uxSchedulerSuspended );

taskENTER CRITICAL(); (1)
{
--uxSchedulerSuspended; )
if( uxSchedulerSuspended == ( UBaseType t ) pdFALSE ) 3)
{

if( uxCurrentNumberOfTasks > ( UBaseType t) OU )

{
while( ListLIST IS EMPTY( &xPendingReadyList ) == pdFALSE ) (4)

{
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pxTCB = ( TCB_t * ) listGET OWNER_OF HEAD ENTRY\ (5)
( ( &xPendingReadyList ) );
( void ) uxListRemove( &( pxTCB->xEventListltem ) ); (6)
( void ) uxListRemove( &( pxTCB->xStateListltem ) ); (7)
prvAddTaskToReadyList( pxTCB ); (®)
if( pxTCB->uxPriority >= pxCurrentTCB->uxPriority ) 9)

{

xYieldPending = pdTRUE;

mtCOVERAGE_TEST MARKER();

}

/************************************************************************/
ZIN 7 S
/****************************15m%ﬁﬁﬁ}ftﬁ%********************************/

/************************************************************************/

if( xYieldPending != pdFALSE ) (10)
{
#if( configUSE PREEMPTION !=0 )
{
xAlreadyYielded = pdTRUE; (11)
H
#endif
taskYIELD IF USING PREEMPTION(); (12)
}
else
{
mtCOVERAGE TEST MARKER();
}
H
}
else
{
mtCOVERAGE TEST MARKER();
}
H
taskEXIT CRITICAL(); (13)
return xAlreadyYielded; (14)

(D)~ FHANIEFIX .
(2)~ VAREEAS R HRE THEY uxSchedulerSuspended i — o
(3)~ w1k uxSchedulerSuspended v 0 Wt B BT )4 EC T CL &R, 1 BE 48 v AR URIZAT 1.
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(4)~ whileO)fE¥F4bHE 412 xPendingReadyList, H %413 xPendingReadyList A~ A%, i ik
FAESH:2] T 513 xPendingReadyList [, X B 7 EH X L4455 MK xPendingReadyList 5%
B I A I 23X AT 55 w2 1 s 4 91 v

(5). H@3%% xPendingReadyList, FKEXH:FI%1F xPendingReadyList b [¥J4F55 5% L AT 55
.

(6)« FHESS NFAFF R EHER

(7)s HAESS ISR ERER.

(8)~ i H B prvAddTaskToReadyList() BT 2548 I 2wt 45 51 % b

(9) FIWHAE S R e R T a T AT IEEIBAT IS, W2 s 7 226 xYieldPending A
10N pdTRUE, /R HZHEATES U .

(10). RAEOVFH FTFEHATES VI

(11)~ FRICERREL xTaskResume ALl AT ARSI, A5 xAlreadyYielded H-THricfE
PR % xTaskResumeAll() /& & A AT S VT .

(12)~ B3 taskYIELD _IF_USING PREEMPTIONO#HT AR5 Ve, e BA i B —
AT, SRR 2 F 2 I YR F 2R 3 port YIELD() 2K 58 A 25 VI e 11 «

(13). BHIHFX

(14). iR[a145 & xAlreadyYielded, WA pdTRUE (#6375 7E B3 xTaskResumeAll()H i3t
17 TARS V), 5y pdFALSE HI3E &~ H HATAE 5 V4

12, BRA% vTaskStepTick()

Uk oF % 7E A FreeRTOS ¥ K Ih #E tickless £ =X 19 0 1% & A 2], HI %
configUSE_TICKLESS_IDLE & 1. {HREIKIIHE tickless A5 30 DU FEPAT 25 INAT 55 BT R 4t
BT st 245 1EI2AT,  RGER Bl Wi 1 BB AT 1K B R A ZiAS b b, XA TARRZ B
PR # vTaskStepTick() SR 52 1, L RRETE U tasks.c A IR & -
void vTaskStepTick( const TickType t xTicksToJump )

{
configASSERT( ( xTickCount + xTicksToJump ) <= xNextTaskUnblockTime );
xTickCount += xTicksToJump; (1)
traceINCREASE TICK COUNT( xTicksToJump );

}

(1)~ BREZH xTicksToJump & Z M ERFINEME, RG4S xTickCount fil_FIX /N
AL 1S BB R GERT 1] 5% T xTicksToJump 3X AN [AIEL A/ 18 i I 7E UH# FreeRTOS HIKIh#E
ABE ) IR 2 VR A PRI A
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F+—EF FreeRTOS HAh{E5 API BREL

RO JL B FRATIIE SR T KBS J15K 53] FreeRTOS HIMESSH B, (HZEIEW M AN 515
KIS APT ERBLUR A A JLAS - HAE FreeRTOS i 1R 2 S51F 5540511 APT ER %L, ANidix £ API
PRECK Z AR T, AERNFORE — XL S5 5K M ALK APL R AFHN
W LR 53

11.1 {T45HH% APT BB AT

11.2 fE55AHC APT BRIV

11.3 B A AP pRESETE

11.4 AT584T I (A Gort SE 58
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11.1 {E%HH5% API R HE
JoE — AR 11.1.1 RE— T IR 5T 554 5 ) HiAth AP pRE# A &L .

RE Ei:ip
uxTaskPriorityGet() IS IS
vTaskPrioritySet() BB FEAMT S5 AT S5 S 2
uxTaskGetSystemState() ARG LIRS
vTaskGetInfo() RIEAMESE B

xTaskGetApplicationTaskTag()

AREEAME ST 52 (Tag)fH -

xTaskGetCurrentTaskHandle()

ARG T IEAE IS AT IS5 AR S5 AR

xTaskGetHandle()

WRIEATE 55 44 7 BRI ST A

xTaskGetldleTaskHandle()

AR AR S5 A 55 F

uxTaskGetStackHighWaterMark()

SREUAT 55 I HE R (1) )77 52 96 4% e /IMEL FreeRTOS H Y 155
IKALER”

eTaskGetState() IREUFEAMES PR, XAVHAS 2 eTaskState Y,
pcTaskGetName() IRECFEAMESS TS5 %5
xTaskGetTickCount() IRENR G} [a] v H A E

xTaskGetTickCountFromISR()

A F IR 55 B R BRI 8] T B

xTaskGetSchedulerState()

PRPULST R Z AR, TR ERITA .

uxTaskGetNumberOfTasks()

PICART RGP AR SS HR

vTaskList()

DL— P 2R A% 1R 2 300t 24 T 2R 8 o 9 A AR 55 (1 VR AR A
M

vTaskGetRunTimeStats()

RIEEMESS IS AT [A]

vTaskSetApplicationTaskTag()

BLEAE S hr%5(Tag) i -

SetThreadLocalStoragePointer()

BB A AP ST

GetThreadLocalStoragePointer()

SRR A At TR B

F11.1.1 {E55HM% APT B3

IX YL API BRI #UFE FreeRTOS B MW _ L&A, W 11.1.2 fias:

Home
FreeRTOS Books and Manuals
=l FreeRTOS
[+ About FreeRTOS
[+ Features / Getting Started...
*# Mere Advanced...
[# Demo Projects
[# Supported Devices & Demos
= AP| Reference
PDF Reference Manual
[# Task Creation

ask a
# RTOS Kernel Contrel
# Direct To Task Notifications
*# FreeRTOS-MPU Specific

* Queues

11.1.2 fE45HH2 API BRI
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11.2 {E45-4H3% API REEE

1. % uxTaskPriorityGet()

BRI SRR IR AR 5 AR e, A6 FH R )16 %% INCLUDE _uxTaskPriorityGet
ZIENAN 1, REJEMAT
UBaseType t uxTaskPriorityGet( TaskHandle t xTask )

3
xTask: EEFRMATSS LSS R
REIE: SRECE 0] B AR 55 I S 2

2. ¥ vTaskPrioritySet()
e BH T ERE - ANESAE SN %R, ZAEH R BN IEE
INCLUDE_vTaskPrioritySet MiZ & XA 1, PREURELANT
void vTaskPrioritySet( TaskHandle t xTask,
UBaseType t  uxNewPriority )

ZH

xTask: AR5 AT 5 A
uxNewPriority: (E5-Z RIS, 1T ELZ 0~ configMAX_PRIORITIES - 1.

R [EME: o

3. uxTaskGetSystemState()

PERR ] TR R G A AT 55 BRI RS, BEAMESS A5 B ARAEAE — > TaskStatus_t
R SER R FLHT, XSGR R & AR HAE S5 R0 L AR5 447 HER . LRSS E R,
B A F BB )15 2% configUSE TRACE FACILITY MiZ5E XN 1, BREURMUT .
UBaseType_t uxTaskGetSystemState( TaskStatus t * const pxTaskStatusArray,

const UBaseType t uxArraySize,
uint32 t * const pulTotalRunTime )

Y.
pxTaskStatusArray: #5[7] TaskStatus_t &5 AR H 84 Bk, BMEHFEDFE A

TaskStatus t 45 # & , £ % B #H & o DL H W %
uxTaskGetNumberOfTasks(). 4544 TaskStatus_t 7£ 3} task.h FHE U

JE X
typedef struct xXTASK STATUS
{
TaskHandle t xHandle; IMESS AR
const char * pcTaskName; IME55 % 7

UBaseType t xTaskNumber;  /fE55%w"5
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eTaskState
UBaseType t
UBaseType t
uint32 t
StackType t *
uintl6_t

} TaskStatus _t;

uxArraySize:
pulTotalRunTime:

REIE:

ALIENTEK STM32F103 £ &%|HF &1 FreeRTOS FF & 32
eCurrentState; /4 ETESAAEAS, eTaskState /& — MBS
uxCurrentPriority; /T4 287 ALK
uxBasePriority; /T4 FEARL ALK
ulRunTimeCounter;///F 551247 1] L B TR
pxStackBase; J13ERR
usStackHighWaterMark; // T 256t i DASRAT 55 HERR o R 1 e /N K/, Ik

SN SR ORISR U B HEA A Vi L 1) XU o

RS S B AL RN
U1 configGENERATE RUN_TIME STATS & 1 K% S HUH AR TE £
G RIS AT I ] 6

S B FHES SIS, W2 IES 254 pxTaskStatusArray H 4>
B, HAERZSE T A% uxTaskGetNumberOfTasks() iR [FIE . W1 S5
uxArraySize K/NMUIEIR FME AT BEA 0.

4. PR vTaskGetInfo()
L R B 2 HIRIRBUESPIL S, (HR R SRAUR E I MESS PSR, AESHPHESER
H A B 24 pxTaskStatus H1, XNZSH M2 TaskStatus t A1), B AE A 0L bR 2006 %
configUSE_TRACE_FACILITY & 3N 1, BRI
void vTaskGetInfo( TaskHandle t xTask,
TaskStatus_t * pxTaskStatus,

BaseType t xGetFreeStackSpace,
eTaskState eState )
SH:
xTask: BEWRIES AE S5 AR
pxTaskStatus: fR M ZRAA TaskStatus t IS5 AR &
xGetFreeStackSpace: 7E45 M)A TaskStatus t G 7B usStackHighWaterMark SKA{RAF HAT55
IEAT LASRAT 55 HEARTR A% () P17 S e /N RN, 3R /) 150 I e A i
W, HETERXAMEREAL S — S nrE, B PLRAT A DUdE T #
xGetFreeStackSpace % & 4 pdFALSE >R Bkid 1X NP, 241 B N pdTRUE
(RIS 3R 2 A A 1) 7 S ) 4% fe /DM B
eState: ZE MK TaskStatus t HHNFBL eCurrentState I RARAFAL S5 IE1TH 7S,
XA F B eTaskState R[], X2 MR RA, 7E taskh FAHUWTE
e
typedef enum
{
eRunning = 0, AT R
cReady, /RS
eBlocked, //BHZEZS
eSuspended, /RS
eDeleted, IS5 B R
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elnvalid I 5%

} eTaskState;

RHIUT S5 18T S 2 FE AW A, Fr LA T Ik 2L vTaskGetInfo() [ $44T
T £E R 4R TaskStatus t H )7 B eCurrentState 5t 7] DA 1 H P ELEZRAE,
24 eState B EMRIME . WRALEFIX WA, AR L eState WE N
elnvalid, IXFEATS AT Bt B B2 vTaskGetInfo() £ AH FMESREL .

R [EE o

5. ¥ xTaskGetApplicationTaskTag()

G RRH ] TR IUE 55 1 Tag(BR25)ME, AR5 e A A Rl 22 & pxTask Tag SRARAFAT55 1)
PREEAE . PRAEFITHRE I EATRE 1 e BUat /e HI R IRBUX M HRAEAE Y, FreeRTOS £ 48 A
AN SAY ) BIX MR o AL L R 2175 % configUSE_APPLICATION _TASK TAG A 2N
1, RBUFEMT
TaskHookFunction t  xTaskGetApplicationTaskTag( TaskHandle t xTask )

ZH:

xTask: FRBUbR B AE AR S50 B AR S5 A0, 2ROy NULL 5 SRS /T 1R A2
1T RS R

IR [E A - 1R PR E

6~ PRI xTaskGetCurrentTaskHandle()

BRSO TR B AT 55 AT 55 F0AR,  HL SRR sl 2 AR S5 45l B, ZE R TH PR 25 61
fETE I QT (77 S S S N I S ol 1| (1 B S R S N A I G T BRI
INCLUDE_xTaskGetCurrentTaskHandle N1Z N 1, PREURANT:

TaskHandle t xTaskGetCurrentTaskHandle( void )

24 5

IR B - MRTAT S5 AT 5 FIRA
7. BRE xTaskGetHandle()

I R HOR AT 55 44 T 3R EUT 55 AT 55 F0 A, 7515 FH %1 3k x TaskCreate()EY, x TaskCreateStatic()
AR IR AR S 45 AE 55 0B — MEFS %, BREL xTaskGetHandle() A2 il FIXME 55 44 5K
U O N AT 55 ORI . B A L B 3015 % INCLUDE _ xTaskGetHandle NiZi&E AN 1, Bt
BREUFE LN
TaskHandle t xTaskGetHandle( const char * pcNameToQuery )

ZH.

pcNameToQuery: fE454, CiEE T,
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y4EI=R

NULL: WAE LS4 pcNameToQuery FTx) B (F4E55

HAbAE: 1145 % pcNameToQuery FT%f B AT 25 )

8. BR¥ xTaskGetldleTaskHandle()

o M TR | AW AE S AR S W, B ko Bl R
INCLUDE_xTaskGetldleTaskHandle %44 1, BRERAANT
TaskHandle t xTaskGetldleTaskHandle( void )

ZH: x

R[EME: RS54 55 FORA -

9. BRA¥L uxTaskGetStackHighWaterMark()

RAMESSHA B CRHER, RIS NMERIBAES KINHER S E 1, B TR
55 MBI 47 B BLAE ) 3 5 3R A% e /ML, 3B B /DN 50 WA 55 HE AR U HE AR T A Ak A B K !
FreeRTOS #23X NPy sl A fe AIME AL “ /K r 2 e IH bR ORGSR Ut 2> 2 48 9% — st T|], - T DA
7E ARG W K B B mr BLAE L, 7 R AT R I R A S A . A 0 e B 1E R
INCLUDE_uxTaskGetStackHighWaterMark 448 1, SR EURR 0T -
UBaseType t uxTaskGetStackHighWaterMark( TaskHandle t xTask )

23

xTask: BB MPUES RS AIN, MIXAZH08 NULL 5 3B 20 B SRS R
PR %1 uxTaskGetStackHighWaterMark ()AL 55) ) “ KA Lk ™.

REME: RS HERR I TR LR (8, AR D Sh R A fe /M
10. BA%X eTaskGetState()

IERBH T BRI MES ST, . BT HES. HEE. maSE, &k
{2 MR, B b pR 20 15 %2 INCLUDE eTaskGetState 42000 1, BREUEMUIT:
eTaskState eTaskGetState( TaskHandle t  xTask )

ZH.
xTask: EAE WAL LSS I

IR [EI{H : IREEN eTaskState 8, XAEMZERAL, 7E3CHF taskh A& X, BT HTVH#
PR 2L vTaskGetInfo()fF 5 L& dfid 1

11. B pcTaskGetName()

PR HEAME ST BE S5 AR B WX AMESS R N AR ST 44, BRBUR IR
char *pcTaskGetName( TaskHandle t xTaskToQuery )
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ZH
xTaskToQuery: EEMPES PAESSW, WSHOy NULL MiERoR & il 3 SHES5 (I

FH B3 peTaskGetName()) (I4F- 55 4 7

R[EME: AR (B 55 TR RLFRAT: 55 44 o

12. BR# xTaskGetTickCount()

I BRI T B AT 55 T B2 25 M 2 B[R] 71442 xTickCount [){H . xTickCount & R4t
O BT 3AME, FF AR SRR (A . BB E N 45 P I8 xTickCount LN 1, —AbEHRZ
SE I 2% TP B 22 /D VR BR T 2% configTICK._RATE HZ. ¥ b xTickCount 77783 W 1) 10 A, (H 2
AN H T FreeRTOS H AL IRAT FENA, HZ B SR 7 ) 2 FH AR A 15 FH 381 ) 1 2% & i
T o A Al ER B T2 configUSE 16 BIT TICKS, 241t%: 4 1 (% xTixkCount B &
A 16 AR R, 209 0 B RAUE A 32 (LRI E . B EUR T
TickType t xTaskGetTickCount( void )

S5 Tco

R EIE: B ) 1% 48 xTickCount H{E .

13+ BR¥ xTaskGetTickCountFromISR()

U pR #7E xTaskGetTickCount() () 7 Wr 2 il A<, FH £ m W7 ik 55 R i mh 3 B 18] T R4
xTickCount [J{H, EREJEBIUIT:
TickType t xTaskGetTickCountFromISR( void )

ZH. p

iR [E]4E : At Ja] 1 %525 x TickCount H1H .

14. BRE xTaskGetSchedulerState()

B pR ] T 3R FreeRTOS MMESTIHFEEHISATIEOL: 18477 G172 Hid ! ATt
#1135 % INCLUDE_xTaskGetSchedulerState (4250 1, MEREUREAANT
BaseType t xTaskGetSchedulerState( void )

24 o

R [EE :
taskSCHEDULER_NOT_STARTED: i Ji %% ok j3 1, i J£ 42 10 J3 30 2 3@ ik i 3%
vTaskStartScheduler() >k 58 B , Fr BL £ &K %%

vTaskStartScheduler() & 1 H 2 1 W H B %
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xTaskGetSchedulerState() 1] i #t 2 1% [A] HEAH
taskSCHEDULER_RUNNING: W28 IETEIBAT .
taskSCHEDULER_SUSPENDED: VA E A

15. BB¥ uxTaskGetNumberOfTasks()

VERR BN T W RS AL RS 80, BRI
UBaseType t uxTaskGetNumberOfTasks( void )

ZH: p

R EE M RGHAAEIT SRR, IE=HE RS TS+ BLEES TS+ B A AT 55
+ 2 TS HB AT IS
16~ PR%L vTaskList()
IR A O — AR HR AT S A S, WK 11.2.1 foR:

Name State Priority Stack Num
HWh Wkt kvl hhhhhwhwhk¥y
Print R 4 331 29
Math? R 0 417 7
Math8 R 0 407 8
QConsB?2 R 0 53 14
QProdBS R 0 52 17
QConsB4 R 0 53 16
SEM1 R 0 50 27
SEM1 R 0 50 28
IDLE R 0 64 0
Mathl R 0 436 1
Math?2 R 0 436 2
Kl 11.2.1 ESHEREER

RPHEEMT:
Name: BRSNS REAT 55 /LI 4 5
State: (EFZMHEARELR, B ZHIES, RZMAS, SEZEES, D ZMHKRE.
Priority: L&Y%k
Stack:  ARSSHERRA “RKALL”, w2 R P SL i MR RN
Num: £, X% TEME K, H2ZMESMHFE—MES 2RI AT LS it
G 5 KA X
BRI BT
void vTaskList( char * pcWriteBuffer )

BH
pcWriteBuffer: A FE0 LA (5 BRMRAIK . 1ERHIK BRI JORBAHE SR (S B,

R [EE 5
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17. K%l vTaskGetRunTimeStats()
FreeRTOS W LLJEITAH S HIAL B R A THE S s iT i [ E S, RS T b E 5t T
FEAMMES 3R E] CPU AU I ] . A% vTaskGetRunTimeStats() 24 4t i 2 115 B IE 7 2
—ANRE, REMRME T RBMES ST RA AT SR R E e, W 11.2.2 Fios:

Task Abhs Time % Time
o i o o o o o

ulP 12050 <1%
IDLE 587724 24%
QProdB2 2172 <1%
QProdB3 10002 <1%
QProdBS 11504 <1%
QConsEBE6 11671 <1%
PolSEN1 60033 2%

PolSENM2 59957 2%

IntMath 349246 14%
MuLow 36619 1%

GenO 579715 24%

11.2.2 RSB T £

PR % vTaskGetRunTimeStats() /& — A~ 1R 55 FH 1 o %, 2 fF A bk & £ 09 1 %
configGENERATE_RUN_TIME_STATS #l configUSE_STATS FORMATTING FUNCTIONS #4Zii
#H 1. % configGENERATE RUN TIME STATS N 1 [iFiE FF Bzl — R JL M EE X:

@ portCONFIGURE_TIMER _FOR _RUN_TIME_STATS(), It%: FkWIIEML— oMK
PEOLRS M LT DR AT 5 MRS 3, — MO BT 88/ BEE . XA R 2 HE R — B ZE L FreeRTOS
R GET BlEr,  — FROX AN FE I B1ORS 2 LE SR 8 B i & 10~20 A AEFTEA T .

® portGET RUN_TIME_COUNTER_VALUE(E:#

portALT_GET_RUN_TIME_COUNTER_VALUE(Time), iX P42 SEH tf— g4

T PN TSR AL 2 PR I 3 A TR A

BREUFE LT
void vTaskGetRunTimeStats( char *pcWriteBuffer )

24
pcWriteBuffer:  {RAFAT 55 I (8] (5 B HIAAAH X o A4 X 2R KORIRAFAE 550 1B {5

IR [EE P

18. BA%X vTaskSetApplicationTaskTag()

BE R BOR N B P AEA Y, e B T R E R ME S HIARSEAE AR BME ) A e K
AMANE T BATGE, FreeRTOS W AZ AN o i FTIX AN ARG AR, fn AR A8 1) abt ok 1) 438 22
configUSE_APPLICATION TASK TAG 4N 1, EREUREAUIT:
void vTaskSetApplicationTaskTag( TaskHandle t xTask,

TaskHookFunction t  pxHookFunction )
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xTask: T EARSE RS, EN NULL WG R 3 E B SRS RS .

pxHookFunction: FR B ZE, K& TaskHookFunction t 2R e 50da4r, (HAE
W A] DLBCE AT

IR [EE : T

19. B{%X SetThreadLocalStoragePointer()

BE R BN T i B R AR ASHA TR ET AR, B MESS A E B SRR BRI b & i A
Fif, A IR LB 2 R A A7 7] DA RAEAT Sl b Ae e — Lo N AR B, XEE R R T1E
% B © M . & B A M OF o RO B A MmOk DNl OE
configNUM_THREAD LOCAL STORAGE POINTERS KR 7E . 5 B4 F b o #5100 148 %2
configNUM_THREAD LOCAL STORAGE POINTERS RHEAN 0, 7M1 HAAR(E 2 AMAE i Fe 4l
HHR RN, RBURBAT
void vTaskSetThreadLocalStoragePointer( TaskHandle t xTaskToSet,

BaseType t xIndex,
void * pvValue )

23

xTaskToSet: TR B LA A B TR B AR S5 AR5 AU, W2RJE NULL 13 RoR W EAT
%5 B S R REA A TR

xIndex: TUCE AR A AR TR U R 5
pvValue: BAFEIE
R [EE: y

20. BR# GetThreadLocalStoragePointer()

12 G B N e 7V G 2 o - NI 3 O = T - PR (17 SO+ [ O B N S D R T
configNUM_THREAD LOCAL STORAGE POINTERS AGEN 0, BAEUREALUIT:
void *pvTaskGetThreadLocalStoragePointer( TaskHandle t xTaskToQuery,

BaseType t xIndex )
24
xTaskToSet: TR AR A AR SR ET RS A0, W2 NULL H)TER s IREUE 55 H
5 AR A Ak TR
xIndex: FARMUA AR A AR T B R 5 .
IR [EE SREL B ) B AR A A G TR B ME

11.3 E5HFE# API REBEER

11.3.1 LB

FreeRTOS S51F554HKH API AT HIRZ & 5AE 5 HAEEFE R E WA CH, ik
uxTaskGetSystemState(). vTaskGetInfo(). eTaskGetState()F! vTaskList()o A< SZIGFRATH K 2% > 1X
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S R B A P Y
1. SERHEK

5 2% FH FreeRTOS 54T 55 & 80 15 B & W45 X 1) APL R 4], 1945 uxTaskGetSystemState()
vTaskGetInfo(). eTaskGetState()F vTaskList()o

2. kR

ARSZIGH T =/ MESs: start_task. led0 task A query task , X =/ MESHITESIhEEWT:

start_task: FSREIEHAD 2 MES.

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

led0_task : %] LEDO {TINKR, $&/R RS IELEIZAT .

query_task : (ES5HAAE EEMIES,

FI APL BB

FESAR S h 22 S SRS IS A E B & A

IO TR Mg KEY_UP, XIUAMZBERDIREM T -

KEY_UP: %l HisiT 5%
3. ERTHE

FreeRTOS 525 11-1 FreeRTOS 1T 4514 8/= B2 ) .

4. KRR 50T

IMEF IS

O T % HE
SIS R NUT S AR ST B B T
#define START TASK_PRIO 1
#define START _STK_SIZE 128

TaskHandle t StartTask Handler;
void start_task(void *pvParameters);

#define LEDO TASK PRIO 2
#define LEDO_STK SIZE 128
TaskHandle t Led0Task Handler;

void led0_task(void *pvParameters);

#define QUERY TASK PRIO 3
#define QUERY STK SIZE 256
TaskHandle t QueryTask Handler;

void query_task(void *pvParameters);

char InfoBuffer[1000];
@® main()RR

int main(void)

{

IR HERR K/
/TS5 EIRR
IME5 R4

INEFAR %
IS5 HERR RN
IMES5 AR
INES5 R 2L

INEFAR S
IS5 HERR RN
IMES5 AR
INES5 R 2

IMRAFAE B

NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & R4t i e 234 4

delay init();
uart_init(115200);
LED Init();

J/3E T R B I ah 4k
HATAEAL B T
/IM)464E LED
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KEY Init(); AGE A e B
LCD _Init(); /%1864 LCD

POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 11-1");
LCD_ShowString(30,50,200,16,16,"Task Info Query");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

BT URAT 55
xTaskCreate((TaskFunction_t )start_task, 1M BR AL
(const char* )'start_task", INES5 247K
(uint16_t )START STK_SIZE, /ME55HERE K/
(void* YNULL, IMEIBZEAE S5 R S 3

(UBaseType _t )START TASK PRIO, /ME55A5E%
(TaskHandle t*  )&StartTask Handler); /AT55H]HA
vTaskStartScheduler(); /1T S AT S5

1E main BRI IRAT 32 B 52 i wIaa 4k, R R]da 4k 5E A I B4 T TS5 start task()
JHIF)E T FreeRTOS KIS MSE .

® EH5EH
/Med0 55 B %L
void led0_task(void *pvParameters)
{
while(1)
{
LEDO0=~LEDO;
vTaskDelay(500); /AERF 500ms, k2 500 AN EPT
H
}
/lquery T35 BRi %
void query_task(void *pvParameters)
{
u32 TotalRunTime;

UBaseType_t ArraySize,x;
TaskStatus t *StatusArray;

/15— AL uxTaskGetSystemState() ) 4 H

printf("/xssrrfE 5. pRAY uxTaskGetSystemState() [ {5 F #5525 \r\n ")
ArraySize=uxTaskGetNumberOfTasks(); IR ARG S HE (1)
StatusArray=pvPortMalloc(ArraySize*sizeof(TaskStatus t));  //HiE A A7 2)
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if(StatusArray!=NULL) TN AE I T
{
ArraySize=uxTaskGetSystemState((TaskStatus_t* )StatusArray, 3)
(UBaseType t )ArraySize,
(uint32_t* )&TotalRunTime);

printf("TaskName\t\tPriority\t\t TaskNumber\t\t\r\n");
for(x=0;x<ArraySize;x++)
{
/8IS H T ENH SRECE ) R GUE S AR5 S, AR AR
IMES RS BAMES 5
printf("%s\t\t%d\t\t\t%d\t\t\t\r\n", 4
StatusArray[x].pcTaskName,
(int)StatusArray[x].uxCurrentPriority,
(int)StatusArray[x].x TaskNumber);

§

vPortFree(StatusArray); /%N A7 %)
printf("/**************************éé‘:ﬁi***************************/\r\n")
printf("#% T KEY UP ##£4k%:!\r\n\r\n\r\n");

while(KEY Scan(0)!=WKUP_PRES) delay ms(10); //%5:F5 KEY_UP #4%

b

1155 — 20 RN vTaskGetInfo()Fr {5
TaskHandle t TaskHandle;
TaskStatus _t TaskStatus;

printf("/************%:bF: @;& VTaskGetInfo()E@ﬁﬁH**************/\r\n");

TaskHandle=xTaskGetHandle("led0 task"); IIARYEAT S5 4 ST S5 AR (6)
//3REX LEDO Task HIE4515 H
vTaskGetInfo((TaskHandle t YTaskHandle, /5554 (7)

(TaskStatus_t*  )&TaskStatus, /T35 B&5t 14
(BaseType t )pdTRUE, /RS AR 55 HERR P S0 /N R oK/

(eTaskState yelnvalid);  /BR% H CIRBUE ST HS
(/383 R DT BN 48 B AR S5 A R A5 B
printf("{£:5% 44 %s\r\n", Task Status.pcTaskName); (8)
printf("{E 55 % 5 %d\r\n",(int) TaskStatus.x TaskNumber);
printf("{E 5L %d\r\n", TaskStatus.eCurrentState);
printf("{£55 4 AT S %d\r\n", (int) TaskStatus.uxCurrentPriority);
printf("{£:55 FEAL B2 %d\r\n", (int) TaskStatus.uxBasePriority);
printf("F- 55 HEAR FEH 1k %#x\r\n",(int) TaskStatus.pxStackBase);

printf("{T: 25 HERR I 52 ) 4 B /M :%d\r\n", Task Status.usStackHighWaterMark);

printf("/**************************élﬂ:‘:;ﬁ***************************/\r\nu);

printf("#% F KEY UP #4k%E\r\n\r\n\r\n");
while(KEY Scan(0)!'=WKUP_PRES) delay ms(10); /%545 KEY _UP ##4% R
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/1= %L eTaskGetState() 115

eTaskState TaskState;

char TaskInfo[10];

printf("/***********%zf/l: . R eTaskGetState() A% FH ek R \P\p "),
TaskHandle=xTaskGetHandle("query task");  /MRIFAL S5 4 IREATL S5 A0 )
TaskState=eTaskGetState(TaskHandle); /BRI query_task fESHIESIERS (10)
memset(TaskInfo,0,10); //BUHTEE

switch((int) TaskState) (11)
{

case 0:sprintf(TaskInfo,"Running");break;

case 1:sprintf(TaskInfo,"Ready");break;

case 2:sprintf(TaskInfo,"Suspend");break;

case 3:sprintf(TaskInfo,"Delete");break;

case 4:sprintf(TaskInfo,"Invalid");break;
H
printf("F 55 H A E : Yod X B [ H: A4 %s\r\n", Task State, TaskInfo); (12)
printf("/**************************éé‘:ﬁi**************************/\r\n");
printf("#% ~ KEY UP #4242 N\r\n\r\n\r\n");
while(KEY Scan(0)!'=WKUP_PRES) delay ms(10); /1% F5 KEY_UP 8#4% F

/YA MR%L vTaskList() 114 H
printf("/*************%EZF: l%[iﬁ‘[VTaskList()E’\JﬁFﬁ*************/\r\n");

vTaskList(InfoBuffer); IBRE A AR S5 45 2 (13)
printf("%s\r\n", InfoBuffer); /RIS CHTED TR SS 1IE B (14)
while(1)
{

LED1=~LEDI;

vTaskDelay(1000); /AERT 1s, HEERZ 1000 METEPTH
§

(1)~ ¥ %k uxTaskGetNumberOfTasks()IRHCY T RG H AT S5 2R, BONERRYRAE S5
WSS B AU StatusArray 3L AF. 1ER, 1XH StatusArray #2175 7] TaskStatus t ZRAY[Y)
FaEt, AHAAEAE A B 24 A 1 — N E R A

(2)~ A H %L pvPortMalloc() 45115515 B 24, StatusArray 73 FCIN AT, %U4H /& TaskStatus_t 28
LR

(3)~ VA H BB %X uxTaskGetSystemState() 3K IR Gt T AL 15 5, W SRIEI A BT
7 StatusArray 1.

(4) I E PR R A AR 55 3405 BT ETHOR, X BLIF A R I S 15 BT
fid, HEMAESRMES A ESRALEAUES 9 5 T

(5)~ 1E5515 B2 StatusArray 1§ FH 5658, B A7

(6)~ i H & £ x TaskGetHandle )RR AT 55 44 KSR 25 AR, 31X B SREUT 55 44 4 led0_task”
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B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
HAE S5 FAR . FRATIHE B AT 55 I B it — RS 2 ORAFAT 55 O B0, WUERARAE 1A 55 BORR B i 3 mT
PLEFEEH

(7)~ AR % vTaskGetInfo() SR IUAE 55 448 “led0_task” IS5 B, (E5515 BARFEALE
TaskStatus H'o FREUTS515 B BN T VFSETHE 55 HERR I S8 f/NRIR K/, AR5 HIs AT S 2
FH B % vTaskGetInfo() >R 481t

(8)~ i Hf [y IR A BT 5% ledO_task TS5 B o

(9)- 1@ K%L xTaskGetHandle()3REUT 55 444 “query task” AT A4 -

(10). B B %L eTaskGetState() 3R HUT- 55 RIIZ AT H: 75

(11). J# it B2 eTaskGetState()SREX BT 5 1B 1T A2 MESS AL eTaskState, 2SR
ANFERER R A E R S, 33X B A 5 SRR 1 AR 28 1) B S

(12) JE B O# AT S query task FIIEITHEAE B

(13). Y H K% vTaskListO Gt it T AR5 B B, Giit Bk MRS 15 B A E S b X
InfoBuffer #1, IXLAT55(5 B LARME 1L N2,

(14). 85 D ORAFAE S P X InfoBuffer H TS5 B .

11.3.2 BFREBITER T

G TR BIFF RN, FTHF R DRI, SR JE 448 (15 54K query_task(FFI
IR — B IR

® E—

55— &% 2] uxTaskGetSystemState() & B (1) 48, 33 b o BRI B R Ge b 4R TG £ 45

FfE R, JEH@M S OB EP R85 8, KRB 754 TSR RATS
g5, WK 11.3.2.1 Fins:

LCD ID:5510

Srkkkikk B —1 1 [R#uxT askGetSystemState () BHEF erkkkbkikk /
TaskName Priority TaskHumber
query_task 3 5

ledD_task 2 4

IDLE 0 b

start_task 1 1

Tmr Sve 31 3

B T e e e T T e T T e T e
R TKEY_UPRREFER!

11321 55—3%
ME 11.3.2.1 7T LUE 2 RS BAES R RIRAR, v 0, R EIRSAES ML Bmm,
31. 1 BARS RS HAMES g T e AR, REHEH 7 BATEROER, M5 ZRIEES
BI85 7oK H 3 73 Bl i -
@ E-F
5 RIS SR vTaskGetlnfo() SRR S5 444 “led0_task” HIMESS(E R, FHodid & N
H, Wil 11.3.2.2 fiok:
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Sererretorkck s 15 R TaskGetInfo ()FHEH serekrtrittrr
FEE: led0_tashk
I5HRS: 4
s :
ue
}9‘% Eﬁi 0x20001478
TR DR RME 107
T e T e T T T T T e T
FETKEY_UPRELHLS: !

11322 0
113,22 i DA AT AR5 led0_task HUVEANIE R, BT 4. (5505 . (155470
PR, (E5 HEAREGE, 1T 45 MR e B R R T st 04 /M

[ %Eﬁ
=PI RN eTaskGetStat()>RAT%5 query task HIEfTHES, & O EF 2R K
11.3.2.3 ﬁﬁ/T.

SRAAAARAA AR, T géhe'[ askGetS tate () #exrrmie: /
F5it7sE:0, SﬂEH’H ) Running
*****1:1:1:1:1:1:1:1:1:1:twwwwwftﬂiwwwwtﬂ*** FAAAEAAA A AR

$5 TVKEY_UPRRLHEE!
11323 =%

® P

VUL RIS BRI AL vTaskListOIRI R Gt YT AR5 MG R, I BB ix s B4 i
FAK I AL — R AF AT FH P SR 22 ph X o, 9 R ol 1 (5 B R 1 22 0 X InfoBuffer
h, REiEdE O Z M X InfoBuffer H SR, WA 11.3.2.4 fis:

SRRk s — 4 ﬁ[v'[ askList ()H”]ﬁﬁi*********u**ﬁ

query_task R 192

IDLE R u 111 2|
led0_task B 2 107 4
Tmr Svec S 31 235 3

K 11.3.2.4 5004
K 11.3.2.4 R85 FIF)E LFRATAE DB BB 8L vTaskList() B S 2 V4l i T .

1.4 EFIBITREE B4

FreeRTOS 7] DL pF 1 vTaskGetRunTimeStats() R4t it 5 MT- 554 ] CPU R[], PA A
A FH BRI 8] (5 S TR E 8] o 70 YR AR PR B i AT T mT DARR 4R A A Bsf 1) 45 FH AR 20 AFr R AT 55
(1] CPU (5 % mE, GG B Bl s AT 55 o A SEI0 AT R 2% 2] 4nfl i FreeRTOS HJiX
MNEATH RS ST DR

11.4.1 HRERRE

B LT AE A5 % configGENERATE RUN TIME STATS 4004 1, 675 BAEE X HAh
W‘j/l\?i H
portCONFIGURE TIMER FOR RUN TIME STATS(): F & —AN ik 1 i I o/ K e fe it i 4
portGET RUN_TIME COUNTER VALUE(): zH 2 [ i 8] 4iE

X =ANETE FreeRTOSConfigh H13E X, U1F:
#define configGENERATE RUN TIME STATS 1
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#define portCONFIGURE TIMER FOR RUN TIME STATS() ConfigureTimeForRunTimeStats()
#define portGET RUN_TIME COUNTER_ VALUE() FreeRTOSRunTimeTicks
Hr e84 ConfigureTimeForRunTimeStats()F14% & FreeRTOSRunTimeTicks 7F timer.c HL[H &
o Wk
//FreeRTOS I [AIZETH BT HY 540 1 Ads
volatile unsigned long long FreeRTOSRunTimeTicks;

/TG4 TIM3 £ 3 FreeRTOS (1B [A] Go - A 2

void ConfigureTimeForRunTimeStats(void)

{
IFERTES 3 WGk, ERTEREEIA 72M, SR ECH 72-1, FrLLERTES 3 A
IR T2M/72=1M, BE3NEREHN 50-1, B4 € 4% W52 S0us
FreeRTOSRunTimeTicks=0;
TIM3 Int Init(50-1,72-1);  //#14E4k TIM3

}

PR % ConfigureTimeForRunTimeStats()F SER /2 WIAA M E N 25, NI A1 Zi vt D e 75 22 H -
SEAH > wEHE 2 I e, 3K HLASE P 2 I 4 3 o T E 1 R 2 vTaskGetRunTimeStats () H I i 155
XA B ERIAR E ZE L FreeRTOS [ R GEI Bl i, K4 10~20 f5HI AT . FreeRTOS G £ HATTHC
B7E 1000HZ, J&H] 1ms, X ERATRERS 45 3 FIP IR ECE )y 20KHZ,  J&3 50us, WI%f
JE RGN B ) 20 %

& 3 WAtk
/B EIS 4% 3 WTHIAA L
/X B Bhik Ny APBL ) 2 £, T APB1 4 36M
[farr: HBEIEE.
/lpsc: I BT Z3 S3iEK
/1% BLASE FH H) 2 SE I 4 3!
void TIM3 Int Init(ul6 arr,ul6 psc)
{

TIM_ TimeBaselnitTypeDef TIM TimeBaseStructure;

NVIC InitTypeDef NVIC _InitStructure;

RCC_APBI1PeriphClockCmd(RCC_APB1Periph TIM3, ENABLE); /I £ {#i fiE

/€ I 3 TIM3 Hl4a1k

TIM_TimeBaseStructure. TIM_Period = arr;

TIM_TimeBaseStructure. TIM_Prescaler =psc;

TIM_TimeBaseStructure. TIM_ClockDivision = TIM_CKD DIV1;

TIM_TimeBaseStructure. TIM_CounterMode = TIM_CounterMode_Up; //TIM 1] b1+ =
TIM_TimeBaselnit(TIM3, &TIM_TimeBaseStructure);

TIM_ITConfig(TIM3,TIM_IT Update,ENABLE ); /i G458 % ) TIM3 HF W7, 7 1 58 37 v e

/WA e 2% NVIC ¥ &
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NVIC_InitStructure. NVIC_IRQChannel = TIM3 IRQn; //TIM3 = ¥t
NVIC_InitStructure. NVIC IRQChannelPreemptionPriority = 1; /55 5L 4%k 1 2%
NVIC_InitStructure NVIC_IRQChannelSubPriority = 0; // MfL264% 0 %%
NVIC InitStructure. NVIC IRQChannelCmd = ENABLE; //IRQ & # i &
NVIC Init(&NVIC_InitStructure); IFTUEAL NVIC 2547 2%

TIM_Cmd(TIM3, ENABLE); /M#iRE TIM3

/IRE IS 4% 3 FH T AR 55 R 4
void TIM3 IRQHandler(void)

{
if(TIM_GetITStatus(TIM3,TIM_IT Update)==SET) //i i # ¥
{
FreeRTOSRunTimeTicks++; /AT I 1A) S vt I R T s i —
}
TIM_ClearITPendingBit(TIM3,TIM_IT Update); //ifF& o Wrbs & 47
}

FreeRTOSRunTimeTicks /&4 R4 &, RN [EI et Dhae L fbis(a], fEEm 4% 3 (14 i
IR 55 pR B P REAT SR

11.4.2 SERFEFHRTT

1. EBHEK

22 218 F FreeRTOS 1217 K B2 S 1182 vTaskGetRunTimeStats() F1# A

2. LBt

ASEG AT VU AMESS: start task. taskl task . task2 task Al RunTimeStats task, iXPU/ME
SRS DIRean T

start_task: FSRAIEHAD 3 MES

task1_task : RIFHAESS 1, %M LEDO TIANHR, Jf HAE LCD Bf&E B4R & XK gt .

task2 task : NFHATEZS 2, il LED1 AT INKR, FELRI#H LCD B % b6 X B .

RunTimeStats_task: SREUIZ 821, 29 KEY UP 884% T LA J5 3 H %21 vTaskGetRunTimeStats()
SREUESS R T (A5 S, HA o & D H 208 0BT b

SIS TR E—AMEE KEY_UP, HRIKEURS T 5847 I A & .

3. KRTHE

FreeRTOS 5256 11-2 FreeRTOS 1155127 I ] 41t

4. SEBREFF550Hr

OEFTRE
#define START TASK PRIO 1 INESA ek
#define START STK_SIZE 128 IS5 HERR R /N
TaskHandle t StartTask Handler; IMESS AR
void start_task(void *pvParameters); IME55 R AL
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#define TASK1 TASK PRIO 2
#define TASK1 STK SIZE 128
TaskHandle t TasklTask Handler;

void task1 _task(void *pvParameters);

#define TASK2 TASK PRIO 3
#define TASK2 STK SIZE 128

TaskHandle t Task2Task Handler;
void task2_task(void *pvParameters);

#define RUNTIMESTATS TASK PRIO 4
#define RUNTIMESTATS STK SIZE 128
TaskHandle t RunTimeStats Handler;

void RunTimeStats_task(void *pvParameters);

char RunTimelInfo[400];
® main()EF

int main(void)

{

ALIENTEK STM32F103 £&%HF &R FreeRTOS FF & £#2

IMESAR S 2%
IS5 HERR R /N
IMESS BIHR
INESS PR

IMESAR S 2%
IS5 HERR R /N
IMESS BIHR
INESS PR

IMESAR S 2%
IS5 HERR R /N
IMESS FIHR
IMESS PR

HRAAE ST IBAT IR T B

NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & Z 4t H i Je 2t 434 4

delay_init();
uart_init(115200);
LED_Init();
KEY Init();
LCD_Init();

POINT COLOR = RED;

I3E R R B a6 10
IR ER T
/91464 LED
1A BE A e
/¥ LCD

LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 11-2");
LCD_ShowString(30,50,200,16,16,"Get Run Time Stats");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

I IR 55
xTaskCreate((TaskFunction _t )start_task, INE5 R 4L
(const char* )'start_task", INES AR
(uint16_t )START STK SIZE, /MESHER KN
(void* )NULL, I EE S5 R AU 24

(UBaseType _t
(TaskHandle t*
vTaskStartScheduler();

)START TASK_PRIO, /TS5
)&StartTask_Handler); /AT555]H%

1T SR AT S5
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FE main bR IA] SR AT BIAG A, EREF AR TE LS 61 22 4RSS start_task()
F:HIFJE T FreeRTOS WIE55 R .

® EFEH
I UG 5541 55 B AR
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); 1/3E NI FE X
/168 TASK1 1155
xTaskCreate((TaskFunction_t )task1 task,
(const char* )"task1 task",
(uint16_t )TASK1 STK SIZE,
(void* JNULL,
(UBaseType_t )TASK1 TASK PRIO,
(TaskHandle t* )&Task1Task Handler);
/1815 TASK2 1155
xTaskCreate((TaskFunction t )task2_task,
(const char* )"task2 task",
(uint16_t )TASK2 STK SIZE,
(void* JNULL,
(UBaseType t )TASK2 TASK PRIO,
(TaskHandle t* )&Task2Task Handler);
/8% RunTimeStats 1T-55
xTaskCreate((TaskFunction t )JRunTimeStats_task,
(const char* )"RunTimeStats task",
(uint16_t JRUNTIMESTATS STK SIZE,
(void* JNULL,
(UBaseType t JRUNTIMESTATS TASK PRIO,
(TaskHandle t* )&RunTimeStats Handler);
vTaskDelete(StartTask Handler); //Mk& 46155
taskEXIT CRITICAL(); /B H I F X
}
/ltask1 {F55 PR K
void task1 task(void *pvParameters)
{

u8 taskl num=0;

POINT COLOR = BLACK;
LCD_DrawRectangle(5,110,115,314); //illj— /7%
LCD DrawLine(5,130,115,130); VTETES
POINT COLOR = BLUE;
LCD_ShowString(6,111,110,16,16,"Task1 Run:000");
while(1)
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{
task1_num-++; /5530 1 AT 1 VEE taskl numl JHE] 255 IR STEE
LEDO=!LEDO;
LCD Fill(6,131,114,313,lcd_discolor{task] num%14]); /3 78 [X 15,
LCD_ShowxNum(86,111,task1_num,3,16,0x80); // i 7~ AE 55 04T VR 3L
vTaskDelay(1000); FERT 1s, HELZ 1000 AR5

/ltask2 1F:55 BRI 4L
void task2 task(void *pvParameters)

{

u8 task2 num=0;

POINT_COLOR = BLACK;

LCD DrawRectangle(125,110,234,314);  //il—ETE

LCD_DrawLine(125,130,234,130); /1] 2

POINT _COLOR = BLUE;

LCD_ShowString(126,111,110,16,16,"Task2 Run:000");

while(1)

{
task2_num-++; /AF55 2 PATUREIN 1 VEE taskl _num2 fF 255 HIHESTBEE )
LEDI=!LEDI;
LCD_ ShowxNum(206,111,task2 num,3,16,0x80); // /<455 84T IR ¥
LCD_Fill(126,131,233,313,lcd_discolor[13-task2_num%14]); /3 75 [X 15
vTaskDelay(1000); IFERT 1s, 2 1000 /e 40

//RunTimeStats {F5%
void RunTimeStats_task(void *pvParameters)
{
u8 key=0;
while(1)
{
key=KEY Scan(0);
if(key==WKUP_PRES)

{
memset(RunTimelnfo,0,400); I B ZMIXIEE
vTaskGetRunTimeStats(RunTimelnfo); /I3REUT S5 i247 I [)E 2 (1)
printf("f£ 55 &\t B 4T I [EN 3247 P o B 2 B \r\n);
printf("%s\r\n",RunTimeInfo); 2)
h
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vTaskDelay(10); /ZERS 10ms, L2 1000 AN 8540
H
}

(1)« AH A% vTaskGetRunTimeStats() RIS 12 AT I (845 B, IR E S G55 i T
6], JF B vt 2 1) 47 I 15 S IR A 1 T8 AL GUE — e H A7 B - B A i gzl X BL T,
Gz DX B bk 18 S S 5% 3 45 R £ vTaskGetRunTimeStats() -

(2). I P H G BT SIS AT RS S

11.4.3 BRFBITE RN

Uit NSRS BT AR, FTIFER DRI, #% N KEY UP %84 AT 55 st
FFEME S, Wk 11.4.3.1 Fiox:

1CD ID:6510 s e
58 iz{1AiE E TS B
RunTimeStats_task 0 A%
IDLE 16572 96%
taskl_task 311 1%
task2_task 311 1%
Tmr Swe 1 1%
, A ETHEES
RunTimeStats_task 349 1%
IDLE 23283 94%
taskl_task 546 2%
taskZ_task Bd6 2%
Tmr Swe 1 A%

11.43.1 RS IsiT I G R
BLE R, PR vTaskGetRunTimeStats()AH A K 6 AR FERS 8], B DUAS RIS T4 % 1 1 FH ik
R, WIS BT LA I B R A AT AR 55 IS AT 1 Dl I8 B2 18 1T I [ AN 2 B IR (I8 AT i
[f], FLIE I [AME 2T L) 50us.
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¥+ FreeRTOS M} [E)%5

FEAEH FreeRTOS It A% 3RATIE & 2 7E — M55 bR 250 4 F SE ) 2R H500T 3K AT 55 SE I
MPAT AL B AL I 2 ATAE 5 U4, BTSN BHZERS, ELBER 58, 1155
BRI NS o ZERY PR AR T FreeRTOS HIM [H)E R, AR 55 FRATTI K 2% 5] — L& FreeRTOS 13X
A EE ISR, BEETRHEN RE LSRR A T4 RS2t NFHIERST), fE4E
I 58 1 LA JE AE 25 S el MPHZE S IR E RIS 1), AR F 3 NI T JL 4

12.1 FreeRTOS ZERT p& £

12.3 FreeRTOS R4t 415 A
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12.1 FreeRTOS ZEF} K%

12.1 ¥ vTaskDelay()

2215 UCOSIII FIHH A SAZ 138, #£ UCOSIII H A& B B8 50 OS TimeDly() 1] PAiK B oy = Fh
e MR, AR50, 7E FreeRTOS HSERT 3R B0t A7 M xR U4 i, A
IF7E FreeRTOS H AN [A] %% 3 FH 1 B8 20AS [, A R 280 v TaskDelay () A2 AH % 452 =0 R G ZE i) BR 450
PR £ vTaskDelayUntil()Ae £ 0 A5 X (44 %] LB R %0 . B4R vTaskDelay()7E 3L tasks.c A & X,
B L R #1115 %2 INCLUDE vTaskDelay 4008 1, pREARES AT :
void vTaskDelay( const TickType t xTicksToDelay )

{
BaseType t xAlreadyYielded = pdFALSE;

J/AE I B TR R T 0.
if( xTicksToDelay > ( TickType t) OU ) (1)
{

configASSERT( uxSchedulerSuspended == 0 );

vTaskSuspendAll(); (2)

{

traceTASK DELAY ();
prvAddCurrentTaskToDelayedList( xTicksToDelay, pd FALSE ); 3)

}

xAlreadyYielded = xTaskResumeAll(); 4)
}
else
{

mtCOVERAGE TEST MARKER();
H
if( xAlreadyYielded == pdFALSE ) (5)
{

portYIELD WITHIN_ API(); (6)
H
else
{

mtCOVERAGE TEST MARKER();
H

}

(1) ZEWTES [A] 2340 xTicksToDelay KHfiiE, NELERT (IR 0%,  ZEMT I 8] 15 & 2K
T 0. AFIEF 4 T EHH FH B2 portYIELDO)IEATAE 55 Dl 4t .

(2)~ A R % vTaskSuspend ANO)EEHEAT 55 1 5 25 .

(3)~ W H B8 % prvAddCurrentTaskToDelayedList() K 2= 4E B {8 AT 5% ¥ N 2 &€ B %1 %
pxDelayedTaskList B¢ # pxOverflowDelayedTaskList() # . J& 1l & H & 7 #r BB
prvAddCurrentTaskToDelayedList() -

(4)~ A H R %L xTaskResume AR BAT 55 FE 25

(5)~ MH K%L xTaskResumeAll() A BEATAE 55 1 BE UG B 4 73X B e A3 AT AT 45 TR
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(6)~ I FH %L portYIELD WITHIN_API()#ET — AT 55 .

12.2 % prvAddCurrentTaskToDelayedList()

bR %1 prvAddCurrentTaskToDelayedList() FH T4 2 B AE 55 IS N B S AF 51 2 b, BREE SO
tasks.c HA € X, Gk f5 1) BR A T
static void prvAddCurrentTaskToDelayedList( TickType t x TicksToWait,
const BaseType t xCanBlockIndefinitely )

TickType t xTimeToWake;
const TickType t xConstTickCount = xTickCount; (1)

#if( INCLUDE xTaskAbortDelay ==1)

{
/AN SAT 5 R 5 x TaskAbortDelay() i1 52 A7 AT 55 | [1) ucDelayAborted 7B K
//pdFALSE.
pxCurrentTCB->ucDelayAborted = pdFALSE;
}
#endif
if( uxListRemove( &( pxCurrentTCB->xStateListltem ) ) == ( UBaseType t) 0) 2)
{
portRESET READY PRIORITY ( pxCurrentTCB->uxPriority, uxTopReadyPriority ); (3)
}
else
{
mtCOVERAGE TEST MARKER();
H
#if (INCLUDE vTaskSuspend ==1)
{
if( ( xTicksToWait == portMAX DELAY ) && ( xCanBlockIndefinitely != pdFALSE ) )(4)
{
vListInsertEnd( &xSuspendedTaskList, &( pxCurrentTCB->xStateListltem ) ); ®)
}
else
{
xTimeToWake = xConstTickCount + xTicksToWait; (6)
listSET LIST ITEM_ VALUE( &( pxCurrentTCB->xStateListltem ), \ 7)
xTimeToWake );
if( xTimeToWake < xConstTickCount ) (8)
{
vListInsert( pxOverflowDelayedTaskList, &( pxCurrentTCB->\ )
xStateListltem ) );
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}
else
{
vListInsert( pxDelayedTaskList, &( pxCurrentTCB->xStateListltem ) );  (10)
if( xXTimeToWake < xNextTaskUnblockTime ) (11)
{
xNextTaskUnblockTime = xTimeToWake; (12)
}
else
{

mtCOVERAGE_TEST MARKER();

}

ARt s sl stttk sl st kil sk ol kst skl ol kst slolk skl ol ko sekoklok sk skolol okl sokolkololoR okl Rokskk /
=B5-a%
/****************************Eﬁﬁ%ﬁ:gﬁH:ln/,j—J*******************************/

/***************************************************************************/

}
(1)~ EEHHE N bR %L prvAddCurrentTaskToDelayedList() F B [8] 55 F R A7 7E xConstTickCount H,

S T VT BRAT 45 W B I () A P SR L 21 o xTickCount 2R BR T THECES,  RFANRE 2 I 2% T
xTickCount #{<=fi1—

(2) ER MR IEAEIBAT AR S U N B RE IS 71 e, 5 5 BEAEH RIS M 51| R rh R B

() W IS Mt 28 513K P F2 [ DL S i B BUE AT 55 78 uxTopReadyPriority H 5L 2 b5 ic
5t & ¥ uxTopReadyPriority H X M ) bit I 2 .

(4) « ZE B B [E] A B K {H portMAX DELAY , Jf H xCanBlockIndefinitely AN A
pdFALSE(xCanBlockIndefinitely A4 pdFALSE 1537~ 0V BHZEAT55) G B M HT TS U
ngjEREsIRS Y, ARSmARRINRER Z R,

(5)~ B UETESS A N2 HE 5132 xSuspended TaskList K .

(6)~ VHHRAT 55 M B IR 8] 5, 3 A2 (1) HH R B 2 1 12F N 2R 25 prvAddCurrentTaskToDelayedList()
(1A [E]{E xConstTickCount ffl_F #E Y i [8]{E x TicksToWait.

(7)~ W HE B AT 55 M LR 8] 25l xTimeToWake 5 N BIMT-45 413 HhOH: 25 510 28 300 AH 8 7
B

(8) THE 13 B AT 55 e [ 5 [B] 557N T xConstTickCount, Ui R4 TH H . £RLE
xTickCount #& TickType t KAL), XA 32 M HEHERAL, Kth#EH xTickCount TH5HAT 55 M
PN (] A5 x TimeTo Wake IS 1 € 2= HH B H 3 52 - FreeRTOS X BE IR S & 1 1 1 Ab 2,
TE FreeROTS "5 X T WA ERS 41)3% xDelayedTaskListl I xDelayedTaskList2, F HAHE LT
ME% pxDelayedTaskList fll pxOverflowDelayedTaskList K5 73X N3, TEVTUE10 53R R 2K
prvInitialiseTaskLists() #' #& 41" pxDelayedTaskList & 7] T %] & xDelayedTaskListl , #§ %I
pxOverflowDelayedTaskList 5[] | 1|3 xDelayedTaskList2. XK A H 1G0T 55 U8 I 3
pxOverflowDelayedTaskList Ffrfis [n] I 53R 4, Wi 2R %A v H & A N 2] pxDelayedTaskList it
IO E L e

9)~ W R A T i BT IO 24 AT 25 U8 i 2 pxOverflowDelayedTask List T8 7] [ 71 & H
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(10) AN SRBA R A v PR TS S0R 4 TR 5578 N2 pxDelayedTaskList JT4i [ FI 51 2
(11). xNextTaskUnblockTime &4 R85, RAFEIERE F— N EEHUH P ZEIAE 55 /M)

[B] 5 E. 4 xTimeToWake /)N T xNextTaskUnblockTime )1 Ut BG4S 58 /NMETE [A] 555 T

(12). B #1 xNextTaskUnblockTime 4 xTimeToWake.

12.3 % vTaskDelayUntil()

PR % vTaskDelayUntil()2> FHZEAT 55, PHZERT ))& —ANEXT I (], ARLE 75 B3 I — e AR

IBAT TS5 AT LA FH pRi %% vTaskDelayUntil(). IR SCAF tasks.c A W F 7€ -

void vTaskDelayUntil( TickType t* const pxPreviousWakeTime,
const TickType t xTimelncrement )

TickType t xTimeToWake;
BaseType t xAlreadyYielded, xShouldDelay = pdFALSE;

configASSERT( pxPreviousWakeTime );
configASSERT( ( xTimeIncrement > 0U ) );
configASSERT( uxSchedulerSuspended == 0 );

vTaskSuspendAll();

{
const TickType t xConstTickCount = xTickCount;

xTimeToWake = *pxPreviousWakeTime + xTimelncrement;

if( xConstTickCount < *pxPreviousWakeTime )

{
if( ( xTimeToWake < *pxPreviousWakeTime ) && ( xTimeToWake >\
xConstTickCount ) )
{
xShouldDelay = pdTRUE;
}
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
if( ( xTimeToWake < *pxPreviousWakeTime ) || ( xTimeToWake >\
xConstTickCount ) )
{
xShouldDelay = pdTRUE;
}
else
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{
mtCOVERAGE TEST MARKER();
b
}
*pxPreviousWakeTime = xTimeToWake; )
if( xShouldDelay != pdFALSE ) (10)
{
traceTASK DELAY UNTIL( xTimeToWake );
prvAddCurrentTaskToDelayedList( x TimeToWake - xConstTickCount, pdFALSE );(11)
}
else
{
mtCOVERAGE TEST MARKER();
}
H
xAlreadyYielded = xTaskResumeAll(); (12)

if( xAlreadyYielded == pdFALSE )

{
ortYIELD WITHIN_ API();

mtCOVERAGE TEST MARKER();

ZH:

pxPreviousWakeTime: | — AT 55 ZE IS 45 oA M B2 PR I ) A, AR 55 R 36— IO T R 3
vTaskDelayUntil 1 75 2% pxPreviousWakeTime #J4H 101 AT 55 1 while)fE R4 s 8] £ 41
1E LUJE IIE 4T A B 8 vTaskDelayUntil()2> H 3 887 pxPreviousWakeTime .

xTimelncrement: 1T-55 75 B 4E I AR 8] 5 A EL(FH X T pxPreviousWakeTime AS X ZE R 715
%0

(1) HAERESHES.

(2)~ et NBR 2L vTaskDelayUntil()FI 18] s B,  FFERAF1E xConstTickCount ',

(3)~ AR HE AL Bf B [A] xTimelncrement K 11 54T 45 T — Uk 22 0 [ (¥ F (1) 550, {R A7 7E
xTimeToWake H'o 7] LLF HIXANE I I [A] 52 AH X T~ pxPreviousWakeTime [, g2 E—4E%
PN R ) [] & . pxPreviousWakeTime. xTimeToWake. xTimelncrement 1 xConstTickCount []
KERWE 12.3.1 FizR.
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§<—XTimeIncrement—>§

xTickCount o|1|2(3|4|5|6|7|8)|9(10|11|12(13|14|15|16| 17| 18| 19| 20| 21

i xConstTickCount i
i v ’
Task (155 34k | (2)vTaskDelayUntil() (3)
A A
pxPreviousWakeTime xTimeToWake

Kl 12.3.1 BEZIAIPKR

wro123.10 o () AAES F AR, Wk R AT S R B TAE, Q)= AF5 R Ech i
vTaskDelayUntil )£ 55 3EATAE R, (3) NHABAE S AEIZAT . 4RSS HILERT I [A] /2 xTimelncrement,
IXANFE B ] (8] 2 AH X T pxPreviousWakeTime [, AJ LA AT 55 S AT I (8] — 8 BN TAE S5 1)
FERFAS[A] xTimelncrement ! & U SR A vTaskDelayUntil() FI1E AT 55 #H 24 F4T 55 40T &
M7k # 72 xTimelncrement, [ F55— & ZEAEIX AN A] N PAT T2 e IXFERLIRIE 1455 /K 4%
i — S AIARIEAT T, XA IE R A a0 SE R I [, RG R 2 vTaskDelayUntil ()t U A 26 %
FEI pRIEL .

@)~ WHE 1231 7 TLAEH, i E xConstTickCount £ KT pxPreviousWakeTime [, 1H
A — Pl 4 S5 xConstTickCount /N T+ pxPreviousWakeTime, AR/ xConstTickCount %
!

(5)~ BE#R xConstTickCount #B¥i i 1, H A 11 54T 2 4T 55 0o B I 18] R0 7 2 0 Hh 1)
J¥ H. xTimeToWake H & /& £ KT xConstTickCount 1. XFEHUIE 12.3.2 fizx:

xTickCount 0 1 2 3 4 ) e Max-6 | Max-5 | Max-4 | Max-3 | Max-2 | Max-1 | Max
1 1 1 1
! . ! E !
1 xConstTickCount : : :
i v i i i

Task {14 4% | (3)vTaskDelayUntil() (2155 £k

A A
xTimeToWake pxPreviousWakeTime

K 1232 BEHEH
(6)~ USRI (5) KRB0 pd TRUE IR 15 %5 xShouldDelay, Aric L4 ZERT
(7)~ B HALFIFE N, —: RA xTimeToWake %, —: #& A H . A xTimeToWake
i TE WA 12.3.3 FiR:
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xTickCount 0 1 2 3 N Max-6 | Max-5 } Max-4 | Max-3 | Max-2 | Max-1 | Max
| i i xConstTickCount |
i ! ' v i
Task i (2)fF4 344 | (3)vTaskDelayUntil()

3

XTiméToWake pxPreviousWakeTime

& 12.3.3 xTimeToWake i t

FRANGR BTt 12,31 o, X PRI LS SCVFIEAT SE R

(8)~ ¥ pdTRUE I&1& %5 xShouldDelay, #ric fo¥FIERT

(9). HBT pxPreviousWakeTime HIH, H#7Y xTimeToWake, NS T — RPAT il
o

(10). ZXL AT AIFINT, FCVFREATAESS BT

(11)~ 4 FH 8% prvAddCurrentTaskToDelayedList()#H 47 2L o BRESE —NSEUE W BATSS
HOBHZERF ], AT SR W 7RSS N —IRMREIN [A] 5T, B AAT: 55340 5 22 FH 28 I a)
AN — IR MR 8] 5 x Time ToWake 98 2% 24 11 I 8] xConstTickCount. [fi7E 2% vTaskDelay()-
W fil B R X S 405 B 9 xTicksToDelay .

(12)~ VB B8 % xTaskResume ALK & A 55 1 4%

bR $ vTaskDelayUntil() )45 A 5k 0 R
void TestTask( void * pvParameters )

{
TickType t PreviousWakeTime;

//ZERS 50ms, {HJ2 PR vTaskDelayUntil() [ S50 75 0% B 2 IER 54058, A REE
/1Y BRI, PR LA F R 4 pdMS_TO_TICKS B [A) #5469 15 41 4
const TickType t Timelncrement = pdMS TO_TICKS( 50 );

PreviousWakeTime = xTaskGetTickCount();  /FREC4ETH RS T H1E

for( ;)
/******************************************************************/
/*************************ng%jz&k*********************************/

/******************************************************************/

/17 BB 2 vTaskDelayUntil 347 ZE
vTaskDelayUntil( &PreviousWakeTime, Timelncrement);

FL S A BR800 vTaskDelayUntil() 28 I R AE 55 0 AN — %€ i fE A I PE 132 4T, 6 oR 2K
vTaskDelayUntﬂ()R%‘ DRUE/RA% I8 — 52 I IO B 28, BEA A3 . WARA S Rl sl
T (R T R 3 1 S LA 1 i D SE U 55 B TR 55 s EOE AT SE A RERE IR . XA ERT SE
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) FUZ AR T vTaskDelay()ix /i 54 ) E I B HT 5

12.2 FreeRTOS & 4kt 8353

NERA ARG, BATHGEAD RGN, Ao a®R2 2K T, xTickCount Hi2

FreeRTOS [ R Gh 8015 #0112 48 - BN Z 2 i 78 H W xTickCount 5t 21—, xTickCount ]
FARERAE IR 2 7E BR 2L xTaskIncrementTick() F 3t 4711, MR EAE SCAF tasks.c A E X, WIH:
BaseType _t xTaskIncrementTick( void )

{

TCB_t * pxTCB;
TickType t xItemValue;
BaseType t xSwitchRequired = pdFALSE;

JPSEA IR 35 41 v B 3 225 5 P25 0 BB ) U1 PR — RS BR 80, SIS B 15 4 7 % xTickCount (19
/ME, FFHAS R B ALSS T Z %

traceTASK INCREMENT TICK( xTickCount );

if( uxSchedulerSuspended = ( UBaseType t) pdFALSE ) @))

const TickType t xConstTickCount = xTickCount + 1; 2)

/IR G597 BS xTickCount B, 2504 0, U2 vk 16 A AC 45 A ) A L 3
EZEEKIER
xTickCount = xConstTickCount;
if( xConstTickCount == ( TickType t) OU ) 3)
{
taskSWITCH_DELAYED LISTS(); 4)

mtCOVERAGE_TEST MARKER();
}

IR AT AR ST SE IS I (R 21 1, AF 55 R o MR AR R MR ) s AL 42 U (et /D B K A T
/FFREBAR NI GE R 512, T AL T AR T SRS I 3712 v 85— B 3R T I8 A4 55
/AR I RIESAT B8 5 T S AR 7, HEBERA S,

if( xConstTickCount >= xNextTaskUnblockTime ) ®)
{
for(;;)
{
if( listLIST IS EMPTY( pxDelayedTaskList ) != pdFALSE ) (6)
{
IZERS B M 7S 15 B xNextTaskUnblock Time Ay fix AH
xNextTaskUnblockTime = portMAX DELAY; 7)
break;
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BRI FIRAZE , FRERIERS 513 (58— B IR IAAIEL, ARAE F X ME
HFIWAE S SER I AR B2 1, AR B T RS SR AL 55 7 BRIE I 571 3%

pxTCB = ( TCB_t * )\ (®)
listGET OWNER OF HEAD ENTRY( pxDelayedTaskList );
xItemValue =\ 9)

listGET_LIST ITEM_VALUE( &( pxTCB->xStateListItem ) );

if( xConstTickCount < xItemValue ) (10)

{
IMESS BRI (A IE ¥ 2, {BJE xItemValue {71755 F— B A s
J/BHZEZS AR 550 I R e B By 18] £, B DA TR 22 H xItemValue K 58 35T
//75 & xNextTaskUnblockTime

xNextTaskUnblockTime = xItemValue; (11)
break;

H

else

{
mtCOVERAGE TEST MARKER();

H

IPAE S5 MIE R 51 R h B2 Bk

(void ) uxListRemove( &( pxTCB->xStateListltem ) ); (12)

IMES B IBEEAFHAR R ? WESE. RIS, W2 TER XL
IMESS DAH R SR H R R RS BR o AH 24 TS5 S B R !
if( listLIST ITEM_CONTAINER( &( pxTCB->xEventListltem ) ) I\ (13)

=NULL)

{

( void ) uxListRemove( &( pxTCB->xEventListltem ) ); (14)
H
else
{

mtCOVERAGE TEST MARKER();
H
IAESS A I B B2 51 2R
prvAddTaskToReadyList( pxTCB ); (15)

#if ( configUSE_PREEMPTION == 1 )

{
IMEFFE A%, PR R BE 28 AR S5 T e 202 15 v T 4 AT IEAE
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IBAT BRSNS, IR R TE R 7R E kAT — A5 T
if( pxTCB->uxPriority >= pxCurrentTCB->uxPriority ) (16)

{
xSwitchRequired = pdTRUE;

mtCOVERAGE_TEST MARKER();

b
#endif /* configUSE_PREEMPTION */

AN SRATEE T I R] B I8 75 B AL PR R A SE 2 AT 55 2 TR A BE
#if ( ( configUSE_PREEMPTION == 1 ) && ( configUSE_TIME_SLICING == 1) )(17)

{
if( listCURRENT LIST LENGTH( &(\

pxReadyTasksLists[ pxCurrentTCB->uxPriority ] ) ) > ( UBaseType t) 1)

xSwitchRequired = pdTRUE;

mtCOVERAGE TEST MARKER();

}
#endif

/A5 FH B 45 40 ) 1 R 2R
#if ( configUSE_TICK_HOOK == 1)

{
if( uxPendedTicks = ( UBaseType t ) OU )

{
vApplicationTickHook(); (18)

mtCOVERAGE TEST MARKER();

}
#endif /* configUSE TICK HOOK */
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}
else INESS AR 19)
{
++uxPendedTicks; (20)
#if ( configUSE _TICK HOOK == 1)
{
vApplicationTickHook();
}
#endif
b
#if ( configUSE_PREEMPTION == 1)
{
if( xYieldPending != pdFALSE ) (21)
{
xSwitchRequired = pdTRUE;
}
else
{
mtCOVERAGE TEST MARKER();
}
H

#endif /* configUSE PREEMPTION */

return xSwitchRequired; (22)

(1)« FIBTAE S5 P 28 2 R R

()~ RIS BT THEGE xTickCount fil—, FFKG 45 R AORAFAE xConstTickCount H1, T~ —471%
7244 xConstTickCount TK{E 25 xTickCount, #H24F%5 xTickCount J1—.

(3)~ xConstTickCount N 0, UK T i !

4 R KA T i IS 8 6 3L taskSWITCH DELAYED LISTS K 4 I} 51 3 45 41
pxDelayedTaskList 13 H 515K F5%l pxOverflowDelayedTaskList Firfis Al (1418317384, %K
taskSWITCH_DELAYED_LISTS(O) 4/l big %, 75 3XM tasks.c A 7E X, BIX AN FEET Frda )
HI5 2R A2 # LA S i 75 22 58T xNextTaskUnblockTime HI{E .

(5). A& xNextTaskUnblockTime {RAFH T — AN fif B BH 28 (O AF 55 (O I 18] 4B, 40 2R
xConstTickCount K xNextTaskUnblockTime [ 1% 5l it B A 1155 75 Bl bRFHZE T

(6)~ HIWTER 51| K2 5 AT

(7)~ BRFER 512 A2 1% 8 F xNextTaskUnblockTime % & A portMAX_DELAY .

(8) ZEWTFNFRANZS, FRELAEI F1) 5 — > F1 R IO AT 5545 il B

(9)~ FREX(®) R I B AT 5545 il He rh B H AR 21 R T

(10)+ AF S5 il B (RPH S 9 R WU ORAF 1A 55 R RGPt B 1) 0, o SRS A noie s 1) R T
HHT I RGN PPN PP R EERE) DTS5 BB I I [R]E AR 2

(11)s AR5 RERT S [alIb AR B, 1 H xItemValue CZRAF TN — M ) 4T 5% i it it ek )
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&, FrBAAEEH xItemValue 2K 5 H1 xNextTaskUnblock Time .

(12). AESSAERTI 2] T, B DARKHAE 55 50 I ZE RS 21 R R R

(13) MBEEFRBEFAGENEM, WERE SR IS RICEERRIEHATES
MAE LA B R R B o R g I s ) 1)

(14). ReAE55 DAH RIS 51 R RS R

(15)« AESSZERS AR T, I HAFSS O MWAER 51 R 8l FAEp1 R P OB bk, I UX 555
BRSNS IR pI R .

(16)~ ZET IS BB TS50 Se g T IEAE IS AT AR S5 e g, BT ARG B ATAE S U046 15 Am
it xSwitchRequired A4 pdTRUE, iR ZH AT T4

(17) W SRAERE T IS () R RE RIS, BB A3 BRI (5] 1 A R LA, BRI S 9.6
N

(18) LnSRfsERE 1 I 8] 7 #8F eR B AT IS 18] 7 85 - R 2 vApplicationTickHook(), BRi
B EANEHA S BITRE .

(19)~ 2RI pR %L vTaskSuspend AN()FERE [ AF 55 J &5 F 15 £E BN 25 7€ I s Hh sl A
ANEHEH xTickCount 1o B2 (/2 H uxPendedTicks it 53¢ 1 & #% 4 il F2 o I B 15 41
B IXFEAEV A REL xTaskResume ALk AT 251 BE 28 (P I k2> 1 - uxPendedTicks X ER%L
xTaskIncrementTick(), IX# xTickCount 5t £ 5, I H IS L8 R 127 U BH 28 O AF: 55 # 2= BT FH 2
PR % xTaskResume All() FAH B ) A BEARCAD 41
BaseType t xTaskResumeAll( void )

{

TCB_t *pxTCB = NULL;

BaseType t xAlreadyYielded = pdFALSE;

configASSERT( uxSchedulerSuspended );

taskENTER_CRITICAL();

/************************************************************************/
N 7] >
/****************************15Eﬁﬁﬁﬁ}fﬁﬁ%********************************/

/************************************************************************/

UBaseType t uxPendedCounts = uxPendedTicks;
if( uxPendedCounts > ( UBaseType t) OU )

{

//do-while(JEM A, TEFIRELCH uxPendedTicks

do

{
if( xTaskIncrementTick() != pdFALSE )  //ii HH B& %} xTaskIncrementTick
{

xYieldPending = pdTRUE; IRE T AT S L .

H
else
{

mtCOVERAGE TEST MARKER();
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H
--uxPendedCounts; /2% &g —
} while( uxPendedCounts > ( UBaseType t) OU );
uxPendedTicks = 0; IEAHAT 5EEE, uxPendedTicks 1%
§
else
{

mtCOVERAGE_TEST MARKER();

/************************************************************************/
2N 7 St
/****************************15E%ﬁﬁﬁ}ftﬁ%********************************/

/************************************************************************/

taskEXIT CRITICAL();
return xAlreadyYielded;

(20). uxPendedTicks &4 fmA8 &, {E3CMF tasks.c 1A 5 S, AT45 1 B A HE LU Ih AR &
F R s B 15 da 28

(1) A iz iE FH HAh ) APT pR %2> 187 F A8 & xYieldPending SRR ic/& 75 7s 2Lt AT 1 R3]
e, JEHEEAAREB BRI .

(22)- &[A] xSwitchRequired [J{E, xSwitchRequired fRAF 1 & B ATAE ST MG S, ik
A pdTRUE 3% 5t 7% Z AT L %5 VUl ¥, pdFALSE W1 3k AN 5 Z i ATAE S U1 4 . BR 3K
xPortSysTickHandler()# i ] xTaskIncrementTick() )i {5 gt 2 AW R 5] 4E , F HAR 35 1% [5] i g 5
AT V).

197



mm STM32F1 FreeRTOS H &k FHf

l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

#+=2 FreeRTOS BA%I

TESEBRANF R, 5w 2B B —AMT 55 B A B R 55 75 R S A —AME 453 AT R B AT 7
XA CYRIRAZ” BRI R SR W B AL I R . AR B AR R G0 P A N R AT
AR — A AR AR R A, R W AR F R R G0 S A 4 R R SR AR I B
A B CUTJRE R B, FreeRTOS X 4RI 1T — N4 “BAF” ML R 58 AT %5 5
B2 L5 5 il 8] 1) SR . AREEIRATH RS- 2] FreeRTOS BASI, AT a0 L5

13.1 BAATE A

13.2 BABI 2544

13.3 BABIA

13.4 [\ BRI K% TH S

13.5 BAF_ B4R i

13.6 MBAZIZHLIH B

13.7 BABIHRAE LSS
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13.1 BAFIfEiA

BAFIE RN TAES 51155 AR5 5 Rl [ s E e 10, v DR 5% (155
Wrz ALy 5, AFIH ] DA A BRI KNS R U E « AR5 5115 (55
A EEAZ I (B CRAFAE A, MURSBA B IR E o BAB BT RS CRAF 1) 5 R 100 B Hi A s 51 1)
K RE, A EBAS B 248 s 0 I H 1 /NI FI A B . T BAFI SR AE as8 7H S, BT DA
WAR N B BAF . FreeRTOS "G 5 & M2 KIEEAZI S U i LA D ZIR AW T i
FreeRTOS [IBAF1,

1. BIRFHE

I BA B R R S 3t o HE (FIFO) RIAZ i G2 b 358 2 A A B1) R 38 B3 (R (Y N BA) 7Kk
T8 AR A% B BAF () SRR, 1T AN BA B SR H5CHRE P B (1 Y 1 A ) A2 MBI (1) S S B 1 o L2
WA LM LIFO MIfFfE2znt, WAt Gitset, FreeRTOS H ¥ EAZI 42t T LIFO HIfE#2%
ML .

Hd R IE B AT 2 SEEURE S UL, 2 B RS AR LRI A S, X R TR
BAF o A7 i PR B0 T SR G L, T AN A SR 1 51 (B R AR R R &), XNy e A%
o 2t UCOS MRS RAZANE, UCOS HITH S BAFIR 5] FfEis, fHidney Btast.
K FH 51 FAAR I8 B ETH BN R — B AR R AT WL, e RN AE K, B4 SR &
X AT i 2 I 4 M 4 ) AR VB AN e SR AR I W R, (SR 5| AR A i )T | R
FH AT B+ 01

KA AR HITE BAA S S ECERHE T, SR P — st A, (H& — BRI B R BB B H R
GRIEHRE 2 vh X T DABHIBR el & B S, X R TE X Le g ph X T LA R - FreeRTOS
rhA FH BA B A% a3 Y8 5 %) 1 B AR P R e 4 DL, Rt mT DU A 5| R A v ST, FR B
FEBAF R IR X AN S L FR BT AN AT LT L IR 2 TR R a2k I Y SR K [ B gl
AT DAE R IE B X bk, P anee 4 B FHERES R, 28 R Ed s A A R AR K 1
K U T e AN IS

1. BEEVIN

BABIAN I & T 5N A 8 AT 5518, AT AT S5 #80T LA AFI Rk B, B3 BA B
PEHUH S

2. HBAFHEE

S5 SR N BAF O 2RI A R LA S — N B ZE N [R], XA BHLZE B[R] 52 41T
45 M BAB HR U 2T B AT 25 LS [ B 8] o+ BA A gl A BA A7 Fp ST 5, S BABHL 28 2
EEXT BB LU BT S5 11 S 1. FEAMESS A F T A0SR e DRI s, 5 DUl 2
P LAt 2T BB Q s AE55 A MBAFI Q it B . (H 2 W AL BAFY Q 2751, A
VAT EAE, AT A XSRS € 2RI BUEM AR, TZE AT ? £55 A BILE
A=, — WA UHEREUE, . EARESSE, HE—2FBF, WA —SMAH
7, = 5, R EERIRAEEE ! W — AN X AP ZE R [R] g 1Y), IX AP ZE R [R]
BN AR BT A A . PHEER (R 0 MG SR APHZE, BA B GRS FIR BT 5 4k S AT 82
TREARAS, KPR — Rk R QIR FHZERT A2 0~ portMAX _DELAY, {1453 MEAFIH 3k
I B vE sk e NPHZERS, PHEE (A48 52 TAE4-HE NFHZEZAS (K (8], 4FHZER [ F] T DL Ik
BABCEEEE S 0B HIZERS, IR BT S HAE AT T AR, SRAE B ZE I (7] Py 2 3]
TR RIR [, PATAESS R TH A ARRS, X P GO R EE R R . B R [ BN
portMAX_DELAY [f11&, (L4 uhe—EHE NS, HRBREEWE i X meEs =
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3. ABABHZE

N BAUE R A R A B R R S U2, BT BN BB . RO H BABHZE—AF, 24— MESS A
FI 2 363 2 AT DAV B PH ZE I 1] . EE R4S B T EBAS) Q Kk R, {HAZILERAS Q &
Wi, TR R RIE R . BERHMTSS B st 2B EIA LA TS A —FER I8, X RS LA A
FS R, RAAE RG] Q KIXHE, — M2 Q IBUHEmC.

4. BAFIBAESFRRE R

T LR P A YR T TR BB N AR BA G R

® BIERAFI
Task A Task B
. Queue
o LI LI int y;

K 13.1.1 BB S
Bl 13.1.1 1S A ZEAMES B KIEHE, XMHER x BEME. Ehalg— 1 0, i+
HARE PSR B AN 260 B B . X BLRATT AN T — KN 4 BIBNG, RN EAE I8 1) 2
x B, 1M x 24 int RAAE, FrelBau B E S int 881K, 78 STM32 /& 4
T, RIS R 4 DT
® [FRAFIRIEE —MHEE

Queue Task B
L L JL JL1o0]

Send

Bl 13.1.2 [ BAFIRIE R — AN B
Bl 13.1.2 FESS A B8 E x fH 10, FHXAME RIE RN BB G i BA S0 R K B
3 7. UYL T ABAS AR IRV B R S U 73, BrbA— B B RIE e AL & x i n] LAF
WA, RIAR A

® FBIIRIZAE-NMHER

int y;

Queue Task B
LI J[20][10]

Send
13.1.3 [AIBAFIRIESE AN S

Kl 13.1.3 1145 A XRIBAFIRZE T —NME R, BT x 19E, X B2 20, BREPAFIFRI R K
FEH 26

® MBAFIHEEEGE &

int y;

Queue

[ JL =20 ][10]

Receive

200



[ ALIENTEK | STM32F1 FreeRTOS J & /i
B ALIENTEK STM32F103 2 R5IFF £} FreeRTOS FF & %42
K 13.1.4 ABAS his B 2
Kl 13.1.4 LSS B WBAFIPEEBGE R, IR e i s B IR ES y, XFE y 555 T 10
1o AE55 B MBAFH S0 B 58 i PG PT RAIE 57 B 4 1T B B8 AN R ik FRE R A
TS IOTE HARAE 55 s h Bt A RESRIUXANE R T, T ELBASIRI AR /N2 n—, AR 3. iR
N AR 0 A AT 25 Bl P T USRI AN, 1T BA B3R R K /MK TH A 2.

13.2 BAF S5 Hg44

BH—NEREHTREES], U Queue t, IXANEEHIATLE LA queue.c H1E LU F:
typedef struct QueueDefinition

{

int8_t *pcHead; /145 11 BA B A7 i X FFaf bk o

int8 t *pcTail; 1148 1) BA B A X 5 fm — A1 o

int8 t *pcWriteTo; MR T AFA X A T — AN 2 R X3

union

{
int8_t *pcReadFrom; 1124 FAAE BB R IR B i T e Jim — At BA ) BA 21 300 bl
UBaseType_t uxRecursiveCallCount;//>% FI{E 18 V= .5 5 i i i FH SR 1 s 368 VA B e B

11 P IR
ju

List_t xTasksWaitingToSend; /A RIBAT S5 HIF,  HSLLPR 4 BAF%5 5 BN BA 2 i gk
INFHZES MRS = H R EE .

List_t xTasksWaitingToReceive; //ZERFENUTSFIER, FRLLPR B\ 25 5 350 H BA R M i3t
INFHZESFMES = H R L .

volatile UBaseType_t uxMessagesWaiting; //BAZIHH 4T AFITiE &, W2 H 24

UBaseType_t uxLength; /1B AF I 45 5E I BA S FE, k=2 BA B e R SR PRI
HANFIIRH 2 ) K

UBaseType_t uxItemSize; /18R AF IS 48 5E IR B A TG B ) B KA S, BT

volatile int8_t cRxLock; /122 BNF _EA3 DAJE FH SR e vt B e e i 81 1) BA 51 T3
/1, e H AR BRI U, 2 BAFCE B i e
11BN queueUNLOCKED

volatile int8_t cTxLock; 112480 F _E B LSS SR G it ik EIBA S A (R A B ik i
(AR NN FIBA B R, SRS Bt i
/1BEN queueUNLOCKED

#if( ( configSUPPORT STATIC ALLOCATION = 1 ) &&\
( configSUPPORT DYNAMIC ALLOCATION == 1))
uint8_t ucStaticallyAllocated;// U1 5 {3 FH i 25 A7 it (1) 1t 7 B % B N pd TURE .
#endif
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#if (configUSE_ QUEUE _SETS==1)  //BAAISERR
struct QueueDefinition *pxQueueSetContainer;
#endif

#if ( configUSE TRACE FACILITY == 1) /BB % %
UBaseType _t uxQueueNumber;
uint8_t ucQueueType;

#endif

} xQUEUE;

typedef xQUEUE Queue t;
EHUAR ) FreeRTOS HHBAFI ] B2 ff ] xQUEUE X444, HiHRAS FreeRTOS H A% 144
T Queue t.

13.3 B\ EE

13.3.1 ERHRR

FEAEH B 2 R A5 GBI, A R QVERA SN B 7%, — Mo Fras i), Al H 2
xQueueCreateStatic(); 73— MEZNEMN, KL xQueueCreate()o X PN BREA T _L#B 2 %,
HIESE R BAF A1 2 Y R BUE xQueueGenericCreate()fll xQueueGenericCreateStatic(), 1% 4™ bR %
FECAF queue.c A E X, X DY R AL AL AT

1. BRA¥ xQueueCreate()

BE R BUA T 2 — %2, FRBIASBIEERAF, 77 i 2R FH 1 /2 B 41 xQueueGenericCreate(),
PRAUFE I
QueueHandle t xQueueCreate(UBaseType t uxQueueLength,
UBaseType t uxItemSize)

¥
uxQueueLength: ZZ01 % BB FIBAFI L, IX B2 BAFI 1T H 25
uxItemSize: BAFI RN I H (E BRI, A AT

R 6] {E
HoAihfH A1 B 5 R T DA i 3 ] ) A 1) ) 4
NULL: A 1) 7 S

2. B# xQueueCreateStatic()

1 R B T B BAB Y, (RS B ST IR EIE A, ST RN B
AT, BLeREA R B2 —AN%2, % i R /2 B2 xQueueGenericCreateStatic(), EA%L
JERIHT
QueueHandle t xQueueCreateStatic(UBaseType t  uxQueueLength,
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UBaseType t uxItemSize,

uint8 t * pucQueueStorageBuffer,
StaticQueue t* pxQueueBuffer)

ZH.
uxQueueLength: BRI BAF A S R, 3 BL A BAZ A T H 2
uxItemSize: FAF R AN T H (B, B 1y

pucQueueStorage:  FEMIBAFIIH FIAFE X, HEH BRI EX, XMAEXFEH 3
T . WS BB AHE ) — uint8_t ERFEH . XM E R T2
F(uxQueueLength * uxItemsSize) 77 »

pxQueueBuffer: WSH R > StaticQueue t KM E, HRLRAEFN R
R EE :

HABAE : A B GITE Rl LA 7R BA B A4 !

NULL: BAZ) ) 2 2R

3. B xQueueGenericCreate()

PR 0 xQueueGenericCreate() | T 3 25 € & A F1, G 2 BA &) ik B2 b 75 22 1) 9 A7 5 i i
FreeRTOS H[¥1 57 P 475 B R 2L pvPortMalloc() 7 Aic, bR EUR B0
QueueHandle t xQueueGenericCreate( const UBaseType t  uxQueueLength,
const UBaseType t uxItemSize,
const uint8 t ucQueueType )

¥

uxQueueLength: ZZ01 % K BAFFIBAFIH L, 31X B2 BAFI 1T H 25

uxItemSize: A ARSI H F SR EE, AT .

ucQueueType: PABIZEAY, T FreeRTOS HHIME 5 A& @IS PSSR CILT), A5 S
T 1) BR BN A AR AT FH S BR R 1Y, R I o) A %) Ak 55 B4 o b BA A 1 FH s
WSS, — G SPpR.

queueQUEUE_TYPE BASE SR OPEPSY N
queueQUEUE_TYPE SET Y ZIES
queueQUEUE_TYPE MUTEX HFETE
queueQUEUE_TYPE COUNTING SEMAPHORE HHAESE
queueQUEUE_TYPE BINARY SEMAPHORE “EHETE
queueQUEUE_TYPE_RECURSIVE MUTEX HHHFESE

PR %0 xQueueCreate() €] % FA 21 09 B % 0t 2 £ B A & B 10 3 2
queueQUEUE _TYPE BASE.

S CILE R
FHoAihfH A 5 B T A BRI BA B A 4 !
NULL: A1) G152 2T

4. ¥ xQueueGenericCreateStatic()

203



[ ALIENTEK | STM32F1 FreeRTOS J & /i

. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
VERR B T2haS 8RS, GRS IS RE o 75 Z A A A7 s B P BAT o Bchy,  pREUR Y

e

QueueHandle t xQueueGenericCreateStatic( const UBaseType t uxQueueLength,

const UBaseType t uxItemSize,
uint8 t * pucQueueStorage,
StaticQueue t * pxStaticQueue,
const uint8_t ucQueueType )
Z2H
uxQueueLength: BRI BAFA S R, 3 BL A BAZ B 2 H 2
uxItemSize: BABI A BT H (T BRI EE, B ey

pucQueueStorage:  FEMIBAFIIH FIAFE X, HEH BRI EX, XMAEXFEH 3
T . WS B AR — uint8_t EREH . X MBI E R TE
F(uxQueueLength * uxItemsSize) 77

pxStaticQueue: HSHFR M — StaticQueue t FMA T, HRIRAEATI G5 HIA
ucQueueType: FAFI AL

1R BME:

HoAt A - A1 B4 RS DA JiE BAF )4

NULL: FAZ 1) 22 SR UL

13.3.2 PAFIGIER R SRR

B A SERATI B BB A, — A5 A T4 xQueueGenericCreateStatic(), 73—
A& 8 & 5 ) xQueueGenericCreate() « AT R FE 40 1) 0 M1 — 1 30 25 61 22 o8 £
xQueueGenericCreate(), F#S /712K AR, REATLLEAT 08— F - B L xQueueGenericCreate()
TE AT queue.c AW & Xs
QueueHandle t xQueueGenericCreate( const UBaseType t uxQueueLength,

const UBaseType t uxItemSize,

const uint8_t ucQueueType )
Queue_t *pxNewQueue;
size_t xQueueSizelnBytes;
uint8_t *pucQueueStorage;

configASSERT( uxQueueLength > ( UBaseType t) 0 );

if( uxItemSize == ( UBaseType t)0)

{
IIBANBNUER AN 0, IR A BAS 5 EAFAHIX
xQueueSizeInBytes = ( size t) 0;

}

else

{
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1153 TR IAEA X, B ORI I R #8 T AORAF BT BT H (T 8
xQueueSizelnBytes = ( size t ) (uxQueuelLength * uxItemSize ); (1)

b

pxNewQueue = ( Queue t * ) pvPortMalloc( sizeof( Queue t ) + xQueueSizelnBytes ); (2)

/I A7 B L)
if( pxNewQueue !=NULL )
{
pucQueueStorage = ( (uint8 t * ) pxNewQueue ) + sizeof( Queue t); 3)

#if( configSUPPORT STATIC ALLOCATION == 1)
{
1/BAF A BN T 0, B PARA 1 7 Bt ucStaticallyAllocated 47
/it N pdFALSE
pxNewQueue->ucStaticallyAllocated = pdFALSE;
}
#endif
prvinitialiseNewQueue( uxQueueLength, uxItemSize, pucQueueStorage, \ @)
ucQueueType, pxNewQueue );
H

return pxNewQueue;

}

(1)~ BABR ZAF I B, P DA AUE A B X, BB S 2 uxQueueLength #l
uxltemSize F&& 1 BAFIH B K AFIITH (G E)EE MM E KRR, P A el 2 1 S A7 1
X IR N

(2)~ A K%L pvPortMalloc()25 A F1 73 FL AT, 13 703X HL FR A R A7 DR/ 0N A& A 471 8 ) 4 R A
FHE BAEE X SR/

(3)~ IHEH W BAEME XA ek, ()M HIE 2 A A7 2 S 25 6 A0 BA B A Y8 A7 X A
KN, BABN SRR NAEAERT, SRERAE i T e W A7 X A7

(4)- Y &% prvInitialiseNewQueue()HJ 254 A A1 o

AT LAE H R %L xQueueGenericCreate()H ) TAE 225 A3 BN AE, 4N AF 53 BRI LA
J5i A FH 828 prvInitialiseNewQueue ()R W 451 BAF)

13.3.3 BAFIHIIRIL R EL

PAFNWIEE AL R 2L prvInitialiseNewQueue()F T-BAFI IR UG4L,  BEEREHE LM queue.c A 7E
o BRBURS AT
static void prvInitialiseNewQueue( const UBaseType t uxQueueLength, //BAFIKE

const UBaseType t uxItemSize, /INF T H K
uint8_t * pucQueueStorage, //BAFIT H f7-4if X
const uint8_t ucQueueType, 1IN
Queue t* pxNewQueue )  //BAFIZ5E Rk
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( void ) ucQueueType;

if( uxItemSize == ( UBaseType t)0)

{
/NI B KN 0, LA IR X, XK pcHead 1515 BAB I 4R E
pxNewQueue->pcHead = (int8_t * ) pxNewQueue;
b
else
{
/1% & pcHead i 7] PA 51 A7 i [X 5 Motk
pxNewQueue->pcHead = ( int8 t * ) pucQueueStorage; (1)
b

R BAF S A6 1A HE < B A A

pxNewQueue->uxLength = uxQueuelLength; (2)
pxNewQueue->uxltemSize = uxltemSize;

(void ) xQueueGenericReset( pxNewQueue, pdTRUE ); 3)

#if ( configUSE TRACE FACILITY == 1)  /EREFERAH =7 BHItA1L
{

pxNewQueue->ucQueueType = ucQueueType;

}

#endif /* configUSE_TRACE_FACILITY */

#if( configUSE_QUEUE_SETS==1) ITNFERAH SR B I ia AL,
{

pxNewQueue->pxQueueSetContainer = NULL;

H
#endif /* configUSE QUEUE_SETS */

traccQUEUE CREATE( pxNewQueue );

(1)~ BABSE AR A 1 Al 3 A% B pecHead Fi M BA S A7 X A i Hodik .

(2)~ WIUEAL A S5 4 B A 52 A8 & uxQueueLength Al uxItemSize, 1% P54k 51 48 & AR AT
BAF1 ) 5 K A 152 H AR BABI TR )N

(3)~ A H %L xQueueGenericReset)E 7 B\FI. PS: Kk —H)HLE, ZkgeEn, REOH 17—
A=A

13.3.4 BAF S ALK %

BB HIEE AL R EL prvInitialiseNewQueue()H i H T 8% xQueueGenericReset()R &2 7BAF,
B % xQueueGenericReset()f XL U1 :
BaseType t xQueueGenericReset( QueueHandle t xQueue, BaseType t xNewQueue )
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{

Queue_t * const pxQueue = ( Queue t * ) xQueue;

configASSERT( pxQueue );

taskENTER CRITICAL();
{
/IHTIR A BABIAR 5 1 i A
pxQueue->pcTail = pxQueue->pcHead + ( pxQueue->uxLength * pxQueue->\
uxItemSize );
pxQueue->uxMessagesWaiting = ( UBaseType t) 0U;
pxQueue->pcWriteTo = pxQueue->pcHead;
pxQueue->u.pcReadFrom = pxQueue->pcHead + ( ( pxQueue->uxLength - \
(UBaseType t) 1U ) * pxQueue->uxItemSize );
pxQueue->cRxLock = queueUNLOCKED;
pxQueue->cTxLock = queueUNLOCKED;

if( xNewQueue == pdFALSE )
{

(D

2

/T EALASI LG BRI IH A2 221, BT DA A0 4 - H BA AR BA B A S R
/BT P ZE A S5 MK IF ORFFBE ZEHEZS o (BN T8 8 il T N BA () BA A ki
/BT FHZE AR S B R T, XSS EARFRPEZEEZS,  AMBASI A RL51&

1FEBx

if( listLIST IS EMPTY( &( pxQueue->xTasksWaitingToSend ) ) == pdFALSE )

{
if( xTaskRemoveFromEventList( &( pxQueue->\

xTasksWaitingToSend ) ) != pdFALSE )

{
queueYIELD IF USING PREEMPTION();

mtCOVERAGE TEST MARKER();

else

mtCOVERAGE TEST MARKER();

else

HHIEE A ) 513

207



E E STM32F1 FreeRTOS H &k FHf

B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
vListlnitialise( &( pxQueue->xTasksWaitingToSend ) ); 3)
vListlnitialise( &( pxQueue->xTasksWaitingToReceive ) );

}
H
taskEXIT CRITICAL();
return pdPASS;

(1)~ HIUBABAT (R AH DGR 1 AR

(2)~ WRIEZS% xNewQueue e EE A HIATZ S/ FIBAF], W RAR (1518 75 2
RO AR Ab 2

()~ WIUE B\ H 513K xTasksWaitingToSend ll xTasksWaitingToReceive .

2, BABIEIERY), HanFRATEIE—ANE 4 NPT, RS PAFI T B 32 N5 R A
% TestQueue, GIEMIIIIASILIE 13.3.4.1 fi7s:

TestQueue

pcHead

pcTail

pcWriteTo —

pcReadFrom

xTasksWaitingToSend
(N PBAFHZE%15R)

xTasksWaitingToReceive

(HiBAFH 2E%13%) N BATUZ

5

Queue_t

uxMessagesWaiting=0

uxLength=4

uxItemSize=32
cRxLock=queueUNLOCKED
cTxLock=queueUNLOCKED

oAt 172 A%

(CRARRI %A 9 1T 5E)
FAF T H — (32771)

BAFIH — (32F7) g B IF
(CE9s)
BB H = (32F7) frfifl
FAF T H DY (3277%)

Kl 13.3.4.1 GEE5E A IATLE A5
13.4 MBAFIRIEHE

13.4.1 EEJRA
IR LT RAF LA S AT LA A B R 3598 L T, FreeRTOS $24E T 8 AN rIBAFI & 1% EL i) API 5%
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H, ik 13.4.1 PioR:
R Zi iR
xQueueSend() KIEH BRI R JamABLD, X
xQueueSendToBack() A REUE—FER .
1T BNBNREL | xQueueSendToFront() RIEHEBIBAAIL CRTFRIABL ).

RIEW BRG], "B S IIRE, B\

T VLR H B E m 0 R

xQueueSendFromISR() KIEHBRIBAFE (JFRIAR), XA

xQueueSendToBackFromISR() | BREE—FEMT, FH T A Wi iR 5% R %k

RIEH B BIAFL (RTRABY, T

7 1 55 R £

RIEH BRI\, W5 II6E, AT

xQueueOverwriteFromISR() T LUEEshE SEIHNEE, AT AWk
#13.4.1.1 NBAER%L

1. E# xQueueSend(). xQueueSendToBack()F! xQueueSendToFront()

X = BR BB A2 T 1) BA B A R SR, 3K = AN BRI B A2 7, He A R 2 xQueueSend()
A xQueueSendToBack() & —FE 1, #2 fa M ABA,  RIKE BT 093 B 4d A BB A B Jo 1T - bR 2K
xQueueSendToToFront()& il A PN, R3S A BIBAFIIRTIH - SR ! 1% = AN pR R J5 A
A FHMIE—A % xQueueGenericSend(). X = ANRE A e TAE &% 0h, AseH Tk
AR5 e d, AR S R BCR T R RE, EATEL “FromISR” 458, X = AN JE A R
BaseType t xQueueSend( QueueHandle t  xQueue,

xQueueOverwrite()

e B 28 N o\ B xQueueSendToFrontFromISR()

const void * pvitemToQueue,
TickType t xTicksToWait);

BaseType t xQueueSendToBack(QueueHandle txQueue,
const void* pvitemToQueue,

TickType t xTicksToWait);

BaseType t xQueueSendToToFront(QueueHandle t xQueue,

const void *pvlitemToQueue,
TickType t xTicksToWait);
24
xQueue: BABI AN, T B R WA A AE HE B BAS Bl DL 2 3% 1] St A 1)

BAF 4 o

pvitemToQueue: 15712 RIEMITH IR, KIEHE 2K IX AN B4 UL RIBAS .

xTicksToWait:  FHZEMS[E], 1 ZHE7R 2 BAZ 5 I I g4 55 30 N PH 28 245 55 45 A 91 2 IR R 4 K
A an SR 0 B 24 BA B3 B sk SZ R R [B] 5 2408 portMAX_DELAY ()
Wt —H %A, HEASAEZSHNBS O, Wt itE, HEE
INCLUDE vTaskSuspend 4 Z00H 1.
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IR B
pdPASS: IF) BA B 383 JE s !

errQUEUE_FULL:  BAFICZ0H 7, HEKIER.
2. B¥ xQueueOverwrite()
U B H L Y T R BAS AR 1, BB 1 DUR B S IH I EEE, AEXAIHEEE
A EAPIAMUESF S WIBOE . XA RBCE T AR Y 1 RASIAGETH S, BEe 2
—ANGE, R 2 B3 xQueueGenericSend(), PREURETYINT
BaseType t xQueueOverwrite(QueueHandle t xQueue,
const void * pvitemToQueue);

2%

xQueue: BABIEORE, 5B A RS BA A A H R, G BAB BT AR 2 R [m] BB
NI TR

pvitemToQueue: F5[AZAIR RIS, FIEKIN 2R IZANE B 4% IR BAZI

ACILER
pdPASS: [ BA B A 360 STl bR Kt 2R [8] pdPASS ! P A Bt BR BT IE R A
FEF- BB AN, T 1 RO B S B IH B, BB E R
3. B xQueueGenericSend()
PERRBOA R B IE TR, BT BIAE 55 BN DA R B A2 T AL R 8, e ki3
WA T IR, SoRE — T R R A
BaseType t xQueueGenericSend( QueueHandle t xQueue,
const void * const pvIltemToQueue,
TickType t xTicksToWait,
const BaseType t xCopyPosition )

2%,

xQueue: BB AN, i I WA BA B A ik s, 6 A A R Bl PAJS £ 3% [l e BA 31 £
BAF 4 o

pvitemToQueue: F5[FZRILIHE, KIEFEFE 2o X AN B4 DL AF

xTicksToWait:  [HZE[A],

xCopyPosition: ~ APAT7=, A =F BT

queueSEND TO BACK: IE1EPANEN
queueSEND TO FRONT: HiT Al A BA
queueOVERWRITE: BE NN

FTHYHE RN BN APT bR B It 50K v e SR R N A7 2
1R BME:
pdTRUE: Ir] BA 1) 32 JE s !
errQUEUE_FULL:  FAFICANH 7, THERIERI.
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4. B xQueueSendFromISR().

xQueueSendToBackFromISR().

xQueueSendToFrontFromISR()

X AR [ A TR R B, X AR T RS R . X EAN R R
77, HrA % xQueueSendFromISR () xQueueSendToBackFromISR ()72 —FEFY, #RA& G
BN, BBy BAE A BIBA S G - 82X xQueueSendToFrontFromISR ()& Hif /] ABA, B Hr
T BN BIBAB BRI o 31X = B E A A R [R) — 1> BB 2 xQueueGenericSendFromISR (). iX =
AR JFE AR
BaseType_t xQueueSendFromISR(QueueHandle t  xQueue,

const void * pvitemToQueue,
BaseType t * pxHigherPriorityTask Woken);

BaseType_t xQueueSendToBackFromISR(QueueHandle t xQueue,
const void * pvitemToQueue,

BaseType t*  pxHigherPriorityTaskWoken);

BaseType_t xQueueSendToFrontFromISR(QueueHandle t xQueue,

const void * pvitemToQueue,
BaseType t * pxHigherPriorityTask Woken);
Z2H:
xQueue: BABIEJHN, T L WA A S AE 2, B BAS Bl DL 2 3% 1] St A 1)

BAZ )4 o
pvitemToQueue: 5 [FZRIEIHE, KIE IR 2R X AN B3 LRI S .
pxHigherPriorityTaskWoken: FriciB H IR LS 2 BT RS VI, XA ERE HIX
EARBCRECER, AP AT RE, P A RER A
AR ERARAEIXMERAT 7o 24U E A pdTRUE (IR AEIR
HH e TR 55 bR B R AT — AR S5 Uk

AL
pdTRUE: Ir] A #71 Hh ik v SR ) !
errQUEUE_FULL:  BAFICANH 7, THERIERI.
PATERMEE, 0T LR X SR B A B PR A . BRERR AT 5, I 28 pR H AR 2 1
TR S R BT R, IR RAEAES T, P DA A P 28X — 30 1!
5. E# xQueueOverwriteFromISR()

U pR e xQueueOverwrite() i) FFINTZ AR AS,  HILE TR 55 08 B, 2 BASG (¥ i 1 2h 7
IR, SRR A%, SR A 2 K2 xQueueGenericSendFromISR(), LR
BRI
BaseType _t xQueueOverwriteFromISR(QueueHandle t  xQueue,

const void * pvitemToQueue,
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BaseType t * pxHigherPriority Task Woken);

I BRI S BRI (R A [R]_E T = eR SO ]

6. ¥ xQueueGenericSendFromISR()

RIS T 4 A BN BN R B 4T A% 1 IR R 2 xQueueGenericSendFromISR(), 1X /& 5
IEFIEEER, WRIATNE TR R AL, Sk E — TRARER RS, F:
BaseType_t xQueueGenericSendFromISR(QueueHandle t xQueue,

const void* pvitemToQueue,
BaseType t* pxHigherPriorityTask Woken,
BaseType t xCopyPosition);

28

xQueue: BABIEIHN, T WL WA A S A& R, B BB BTl DL 2 3% (1] B A 1)

BAZ )4 o
pvitemToQueue: 5 [FZRILIHE, KIE R 2o X AN B4 TLRI A
pxHigherPriorityTaskWoken: PriciB H IR LS B BT RS VI, XA EIME HIX
EARBCRRCER, AP AT RE, HP A TR
AR ERARAEIXMEFRAT T 24U E A pdTRUE (IR AEIR
tH HH TR 55 BRI B R AT — AR S5 Uk
xCopyPosition: ~ APATT=, A =FABATT

queueSEND TO BACK: J& TN BA
queueSEND TO FRONT: IIEPNUN
queucOVERWRITE: L ICUNUN
ACILER
pdTRUE: LN SESTERSYo 2N

errQUEUE_FULL:  BAFICZ& 1, HEKIERM.

13.4.2 (ERZIBERANBAREL

ANE RGN AT R NBNIE RS NP, i & R R 2 8 O\ BA R
xQueueGenericSend(), XANBEIESCAF queue.c ST HIE X, 4E08UE B ERIS A0 R
BaseType t xQueueGenericSend( QueueHandle t xQueue,

const void * const pvIitemToQueue,
TickType t xTicksToWait,
const BaseType t xCopyPosition )

BaseType t xEntryTimeSet = pdFALSE, xYieldRequired;
TimeOut_t xTimeOut;
Queue t * const pxQueue = ( Queue _t * ) xQueue;

for(;;)
{
taskENTER _CRITICAL(); 113N X

{
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/1R BAFIBLAE & S A R RAFGE A, A0SR LS 77 s BRI A AN I E
11T BB 52 AN T 336 AT M o
if( ( pxQueue->uxMessagesWaiting < pxQueue->uxLength ) ||\ (1)
( xCopyPosition == queucOVERWRITE ) )

tracecQUEUE_SEND( pxQueue );
xYieldRequired = prvCopyDataToQueue( pxQueue, pvitemToQueue,\ )
xCopyPosition );

/**************************************************************************/

/**************************************************************************/

{
IR 75 A 45 1 T 480 B Tk A B 2835
if( listLIST IS EMPTY( &( pxQueue->xTasksWaitingToReceive ) ) ==\(3)
pdFALSE )
{
if( xTaskRemoveFromEventList( &( pxQueue->\ @)
xTasksWaitingToReceive ) ) != pdFALSE )
{
/AR ERPZES RS B, R BT — IS VI
queueYIELD IF USING PREEMPTION(); 5)
}
else
{
mtCOVERAGE TEST MARKER();
§
H
else if( xYieldRequired != pdFALSE )
{
queueYIELD IF USING PREEMPTION();
H
else
{
mtCOVERAGE TEST MARKER();
H
}
taskEXIT CRITICAL();
return pdPASS; (6)
H
else
{
if( xTicksToWait == ( TickType t) 0) (7
{
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HIBNF R, - ELACA v B BH 28 I 1A (138 3t LR ]

taskEXIT CRITICAL();

tracecQUEUE_SEND_ FAILED( pxQueue );

return errQUEUE_FULL; (8)
}
else if( xEntryTimeSet == pdFALSE ) 9)
{

H/BAB R I A8 5E 1A 55 BH 28 I 8] PR 5 A7) 46 Ao B 1] 45 #4 44

vTaskSetTimeOutState( &xTimeOut );

xEntryTimeSet = pdTRUE,;

else

/I TR 5 AR C 2 0TaE I T,
mtCOVERAGE TEST MARKER();

}
taskEXIT_CRITICAL(); /AR FX

vTaskSuspendAll(); (10)
prvLockQueue( pxQueue ); (11)

[T AR, AR A N A
if( xTaskCheckForTimeOut( &xTimeOut, &xTicksToWait ) == pdFALSE ) (12)

{
if( prvlsQueueFull( pxQueue ) != pdFALSE ) (13)

{
traceBLOCKING ON_QUEUE_SEND( pxQueue );
vTaskPlaceOnEventList( &( pxQueue->xTasksWaitingToSend ), \  (14)

xTicksToWait );
prvUnlockQueue( pxQueue ); (15)
if( xTaskResumeAll() == pdFALSE ) (16)

{
portYIELD WITHIN API();

else

/B —IX
prvUnlockQueue( pxQueue ); (17)
(void ) xTaskResumeAll();
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}
else
{
/8=
prvUnlockQueue( pxQueue ); (18)

( void ) xTaskResumeAll();

tracecQUEUE_SEND_ FAILED( pxQueue );
return errQUEUE_FULL; (19)

}
}

(D)~ ZmBAFRIEEAE, HCZumE — NAFIRA TR, WSS S C AR K%k
o HPAFIARG B 2 78 5 N P E AT LK BB T

(2)~ VHR%L prvCopyDataToQueue()¥ i 54 LRI FAZI . FiTiI B 1 ANBA4r A S R NBA
HI N BAFNE 5 NBA, A AT B SEIR 2 7E PR 2L prvCopyDataToQueue()H 58 i . 41 F ik
Ja AN queueSEND_TO_BACK [FJifi ol v 245 VLRI A B 5 4R 8 51 peWriteTo Fr45 7 1) BA
I, ¥ DU LS peWriteTo 3411 uxItemSize ™75, 8 F—AFIIH . HiEEEFTIA
B\ queueSEND TO FRONT E{# queueOVERWRITE [ i 1 5.8 U1 2] u.pcReadFrom 5 1]
RINFITRH , [FIFE ) 75 EE % u.pcReadFrom (KA & . X4 [a1BAFI S AN — M B LS BAS 4t
HIVH S ECE KL uxMessagesWaiting 23—, {H 2% #2785 AP\ queueOVERWRITE Hifi%
204 uxMessagesWaiting 8 —, IXFE— I8 —IIAH S TIAZ) 4 H0H B =R A A2

B)s WEZGAHAESH TIHERNZIE S MPHZE, FHZERAESSEAAENIT
xTasksWaitingToReceive %13 I,

@) BIES B THREEmMEAZE, FAEQ)H DR mBAFIFRE T —&HEE T, FrelfH
PR3 xTaskRemoveFromEventList()4FH 2 (1) {F: 55 M\ 31| 3% xTasksWaitingToReceive F#FR, I HAL
EAMMES IRy R, AR BT IX eAE 55t 2 H: 215158 xPendingReadyList .
L0 SR FH ZE ) AE 250 Se G LG A 1 IEAE S AT AR S L e e B bl 77 EATAE 55 Ul . 240K
% xTaskRemoveFromEventList()i& [F1{E 4 pdTRUE )& st 75 E 3t 74555 Ul

(5) HATIES VI

(6)~ i&[A] pdPASS, FRic NBARIN

(M~ 2)2N(6)HF AR H BARFICR, BIVH S AFI AR, ANPRA MR . (2R 1 LA
JaWe? B eIk B B PHZER A2 54 0, Wi 0 B E il BH A BH ZE i 1] .

(8)~ HI(NSHNFHLZERT (A4 0, APmk EL#%iR 7] errQUEUE_FULL, #ricBASI Cilatnl LLT .

(9) an P ZE S (B AN D9 0 FF: ELIN (8] 45 M A48 3 A WG A TR ST a6 40— VORI I S5 i A2 &
WA PR EL vTaskSetTimeOutState() 58 B I 2514 4A 7L & xTimeOut FIFIAGEM . F L2105 41l
H R G B $A 04038 BME xTickCount Al H X E xNumOfOverflows .

(10). AESHEERS B8, ACAD AT 23X B B 4 AT PR A S 0 1, T H R E 7 AN 0
() FH 2 IF 18] o I8 42 T R gl B0 AT 55 SR IR B I i T, bR SR AE 55 hn N B BA B
xTasksWaitingToSend 1|3,

(11)~ A BRE prvLockQueue()245 BAFI _F 41, FHsemi 2 BA 5 il A8 & cRxLock Al
cTxLock W & A queueLOCKED UNMODIFIED,

(12). A K%L xTaskCheckForTimeOut() 5 #7 M I &5 74 7825 & xTimeOut, Jf H 7 BH ZE
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(13)« BHZERSRAB R, R A A2 53 2T Y -

(14)+ 23 (12) #1(13) 75 H BH Z€ IF 18] 3% 21, 1 B BA &0 4K TH 52 35 09, 8 sk o R %k
vTaskPlaceOnEventList()¥ 1T 55 AN 2IBA 51 ] xTasksWaitingToSend 1) HH FIZERS 7158 4, 5 H.
BAES NGy Xb B, FE! W R MHEZ%ER A 2 portMAX DELAY J H %
INCLUDE vTaskSuspend A 1 %, %t vTaskPlaceOnEventList() 2= 1T 55 ¥ fin 21 31 &
xSuspendedTaskList |,

(15). #R1ESER, WA KL prvUnlockQueue()fiF 8 A F .

(16)~ ¥ FH 5% ¥ xTaskResume ALK & AT 45 1A 7 4%

(17). FHEER AR S, H2EBAFIIRAEAR 2N A FITI, 82 S AE Bk — I

(18)s MHLLTEE(12)2F, BHIERTEZ] T ! A 2AE 5w A AR Les e 1, ARkt oA
G, REATS AL .

(19). iZ[H] errQUEUE_FULL, FRBAFI T .

13.4.3 FRTZIE N R E

PR BN PR B R E — T R W BA %L xQueueGenericSendFromISR(), At 1)
W7 25 N A B SR A FE L BR BOR ST o Hh BT N BA BRI BRI 55 RN BRBR R [R5, BR AR
LI
BaseType_t xQueueGenericSendFromISR( QueueHandle t xQueue,
const void * const pvitemToQueue,
BaseType t * const pxHigherPriorityTask Woken,
const BaseType t xCopyPosition )

BaseType t xReturn;
UBaseType_t uxSavedInterruptStatus;

Queue _t * const pxQueue = ( Queue t * ) xQueue;
portASSERT IF INTERRUPT PRIORITY INVALID();

uxSavedInterruptStatus = portSET INTERRUPT MASK FROM ISR();

{
if( ( pxQueue->uxMessagesWaiting < pxQueue->uxLength ) |\ (1)

( xCopyPosition == queuecOVERWRITE ) )

const int8_t cTxLock = pxQueue->cTxLock; )
traccQUEUE_SEND FROM ISR( pxQueue );
( void ) prvCopyDataToQueue( pxQueue, pvitemToQueue, xCopyPosition );  (3)

1A _EAS R I AN et A SR B3R, BAA AR PRI fie S b _E X BB 44 1
if( cTxLock == queueUNLOCKED ) 4)
{

/**************************************************************************/
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/**************************************************************************/

if( listLIST IS EMPTY ( &( pxQueue->xTasksWaitingToReceive ) ) ==\ (5)

pdFALSE )
{
if( xTaskRemoveFromEventList( &( pxQueue->\ (6)
x TasksWaitingToReceive ) ) != pdFALSE )
{
HTAPAI IS 5 2 P RS Bk RO 95500 L AR 5 DL R B8 v, BT A
PG E AT S U
if( pxHigherPriorityTaskWoken != NULL )
{
*pxHigherPriorityTaskWoken = pdTRUE; (7)
}
else
{
mtCOVERAGE TEST MARKER();
}
}
else
{
mtCOVERAGE TEST MARKER();
}
H
else
{
mtCOVERAGE TEST MARKER();
H
}
H
else
{
/lcTxLock I, IXFEBLRITEAE BAF L83 1] [ BA &) rh i 1 odhs
pxQueue->cTxLock = (int8 t) (cTxLock +1); (8)
H
xReturn = pdPASS; )
}
else
{
tracecQUEUE_SEND FROM ISR FAILED( pxQueue );
xReturn = errQUEUE FULL; (10)
}
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}
portCLEAR INTERRUPT MASK FROM ISR( uxSavedInterruptStatus );

return xReturn;

(D~ PAFIRBEE R E S AT, Xt AR

(2)~ EHLBAF A 5148 ' xTxLock, FH T BAS & 75 40

(3)- ¥ HdE+E ILRIAF

(4) BAB BT, PRAndE55 N B R ELE $RAE BA B v 1K) 1) 2 R s 5t 2 6 BA A7) 43

(5)~ FIWrBAFIFIZK xTasksWaitingToReceive & 75 A%, WIHRA N2 PG U AT 51K
TH B IR HZE T

(6)~ P AHR TS5 B xTasksWaitingToReceive FFEFR . BRAT S5 N BA R EL AL B 2 —
Ffo

(7)~ W SRRINIMFIZE xTasksWaitingToReceive 182 B (4T 5518 He 2% Lb 24 BUAT 45 AR Se 2% v
-4 Fric pxHigherPriorityTaskWoken A pdTRUE, KR EFATALS DI . Wi R EFHATAE 55 V)
(R 75 AR AR b pR B LA, AR H P TR S5 BRI TEAT — IR S5 D4k

(8)~ LN SRRAF L8 1l A ks BA 1 B 073 A8 & ¢ TxLock M—, FoRBEAT T —IRABANEAE, 1E
A1 i 8 (prvUnlockQueue () o B iz 2 6k FL AU 2R AR BE

(9). iZ[A] pdPASS, FRABATEM -

(10). LS BAF I 5 5t B 4%0R [ errQUEUE_FULL, &= BAFi .

13.5 BA%) 4N s

T _F TR AR 55 25088 N A R 50FN A B 0 368 PN A B 50 (D R #5221 1 BA B 1 A At
A 1) BN Bl A2 P A APT BRI %R : prvLockQueue()F prvUnlockQueue(). H /5 KE— N F L
B bR 2L prvLockQueue(), MLERECA iR —AN %2, X WR:

#define prvLockQueue( pxQueue ) \
taskENTER CRITICAL(); \
{ \

if( ( pxQueue )->cRxLock == queueUNLOCKED ) \

{ \

( pxQueue )->cRxLock = queue LOCKED UNMODIFIED;\

} \

if( ( pxQueue )->cTxLock == queueUNLOCKED ) \

{ \

( pxQueue )->cTxLock = queueLOCKED UNMODIFIED;\

} \

} \

taskEXIT _CRITICAL()

prvLockQueue() iR 1R il 5, il A2 K PA#1 AR ) B 2 A8 & cRxLock 1 cTxLock ¥ & K
queueLOCKED UNMODIFIED #4751 »

TERTE — T BAFI IR R 2 prvUnlockQueue(), BRELUI R :
static void prvUnlockQueue( Queue t * const pxQueue )

{
/1 LAY % (cTxLock A1 cRxLock)id sk 1 7EBNFI L4501 1], A BAE i BARIHcE, 24 BA%1
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/1 LB ELJE BA SR AT DU BB R BRBA SR, ER A S B R A BT .
taskENTER_CRITICAL();
{

/IAbBE cTxLocko
int8 t cTxLock = pxQueue->cTxLock;
while( cTxLock > queueLOCKED UNMODIFIED ) (1)

{

/**************************************************************************/

/**************************************************************************/

{
IAE ST WA IR P R Bk
if( listLIST IS EMPTY( &( pxQueue->xTasksWaitingToReceive ) ) ==\ (2)
pdFALSE )
{
if( xTaskRemoveFromEventList( &( pxQueue->\ 3)
xTasksWaitingToReceive ) ) != pdFALSE )
{
/NN R RS BR AT 5 AR S 2 L M AT AT S5 I e s, (R
AT AESS VI He o
vTaskMissedYield(); 4)
H
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
break;
}
H
--cTxLock; (%)
}
pxQueue->cTxLock = queueUNLOCKED; (6)
H
taskEXIT CRITICAL();
//EEE cRxLocko
taskENTER CRITICAL();
{
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int8 t cRxLock = pxQueue->cRxLock;
while( cRxLock > queue LOCKED UNMODIFIED ) 7)
{
if( listLIST IS EMPTY( &( pxQueue->xTasksWaitingToSend ) ) == pdFALSE )
{
if( xTaskRemoveFromEventList( &( pxQueue->xTasksWaitingToSend ) ) !=\
pdFALSE )
{
vTaskMissedYield();
}
else
{
mtCOVERAGE TEST MARKER();
}
--cRxLock;
H
else
{
break;
H

pxQueue->cRxLock = queueUNLOCKED;

b
taskEXIT_CRITICAL();

}

(1)~ HIWrR A W BB &% TIEEE 13.2.3 /N5 A A T 28 N A B8 5004 B i 35
T AR EAF B TE IS A 1) BA B A3 BRI LA S 2K N BATHEGE cTxLock f—

(2). FIWrF3 xTasksWaitingToReceive /&5 A%, AR AN 1 TE LB AH B AE 55 1
k.

()~ L5 MFIZK xTasksWaitingToReceive HFL 5

(4)~ WRWINIMFIZE xTasksWaitingToReceive F1# B [ 4E 550 Se 2 b 4 BUAT 55 IR e =
T2 HR L AT S V) . X B FH R A vTaskMissedYield() K 56 B AT 55, oK 3L
vTaskMissedYield() R A2 &) B (144 4= i 8 & xYieldPending 1% & N pdTRUE. 4 H IE /L5 V)
FELEWR B SE AW 2 AR I B YT $A A B pR £ x TaskIncrementTick (), MR #0 4 #IWT xYieldPending
HE, MR E & MRHMT S VI, BARAERT LIS 12.2 /N,

(5)~ FFALFETE— 25500 cTxLock & —, EFIALFETERTH I,

(6) Z4bH 5E LG FRiC cTxLock A queueUNLOCKED, i cTxLock &% F8IHI T .

(7)~ MbH5E cTxLock DAJEH: N RBEALEE xRxLock [, ACELEFEM xTxLock RFEML, K
FEATHT— .

13.6 MBAFIZELH B

ANBREA HIBA, Bt & BRI h SREXBAZ1 3507 /2. )» FreeRTOS o HH BA R £ 2 13.6.1.1
R
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53R B 3%

MBAF LA B I ), I HLsE i
DYER SN ZIETTCERSS)

MBAFI LA B I JR.), e LS e
LS AN BA B T (3 2. )

MBAFI LA B I JR.), e LS e
xQueueReceiveFromISR() PLIE A B BA AN TG 2, F TR b %%
BRH R

MBAF LA B I JR.), e LS e
xQueuePeekFromISR () CLE AMIBR BN TGH B, F Tl iRs
BREF .

% 13.6.1.1 HiBABR £

xQueueReceive()

155 2% i A B 2L

xQueuePeek()

Hh T 2% A B K

1. B xQueueReceive()

U BRSO TAEAE S5 BRI 52 B — SR (T 3R )TH IS, B2 T DA 3t 2K BA A7) PR3 S
Pafh by, HEEREAR R — %2, BIERAT MR U xQueueGenericReceive()o I BRI ETE 132 HUTH
SR g2k FH#E DUJ7 =, BT AR P 75 B it — N B A g i XORORAF S B 3 R dfs Pk
B e A 2 ) BA B R s B 150 BN BAB I H IS, RS AL

BaseType t xQueueReceive(QueueHandle t xQueue,
void * pvBuffer,
TickType t xTicksToWait);
2
xQueue: BAFIEIIN,  fis WL O AB B, U BAZ BTl LA £ 3% [m] St A 710 )
UG R
pvBuffer: TRAFEE 122 h X, B HBAZ AR A Sl 15 B 81 ) B0 4 DL BT AS G v X
i,

xTicksToWait:  BHIEI[E], 1t ZHdR 7R 24BN 517 (1] g AT 55 330 N 28 25 56 15 BA B A7 250405 1) B
KIFTE] . 2R 0 & 4 BA S R I B sl S BTR [B] ;- 2408 portMAX_DELAY
MM —BE% MG, BB AHKE, B EE, HEE
INCLUDE_vTaskSuspend 4414 1,

1% [El4A -
pdTRUE: MBAF S R B
pdFALSE: MNBAZ) 5 E S S

2. ¥ xQueuePeek()

BERR S T ABAFI I — 2 (R R, RBEHAEAES ! B ek B S D LA A 2
HEMER, REUE— A, FIEPUT IR EUZE xQueueGenericReceive(). BRI EE L HH S
I fige 2 R 9% DL 300, BT DA P 5 R At — B0 s i DR ARAF B B 1 8, s B
HlE KR e G BA S B I i BT e BN BAS T H I RE, B8R BN T
BaseType t xQueuePeek(QueueHandle t  xQueue,

221



[ruiene

STM32F1 FreeRTOS H % F i

g

2%

xQueue:

pvBuffer:

xTicksToWait:

ACILER
pdTRUE:
pdFALSE:

ALIENTEK STM32F103 £Z&%5|FF & 1% FreeRTOS FF & 7%
pvBulffer,
xTicksToWait);

void *
TickType t

BABIEOR, 45BN SRS R B, B3 BB B AR 2 3R [m] BB
NG TR

TRAFESHR (22 DX, BEEOA B PR R 2 R 1 B ) 10 Bt 75 DL 23X 2 X
e

BHZEITIH),  BEZ MR 7 24 DA 25 (RN A 55 34\ FH 28 2555 455 BA B A 08 1) A
KIfTE] QIR 0 F 5 2 BAF 2 A I s S BR[04 portMAX DELAY

3. E# xQueueGenericReceive()

A R

MGt —BESR, B A HHE, WK 2wsE, HEE
INCLUDE_vTaskSuspend 4414 1,
A F H S R 15
A F HH sz B R 2R
P %0 xQueueReceive() & /& xQueuePeek() , & 2 #F & W A B BB %

xQueueGenericReceive(), HRREUE B IETHH1), BREJFA MR

BaseType_t xQueueGenericReceive(QueueHandle t xQueue,

24

xQueue:

pvBuffer:

xTicksToWait:

xJustPeek:

ACILER
pdTRUE:
pdFALSE:

void* pvBuffer,
TickType t xTicksToWait
BaseType t xJustPeek)

BB AR, 45 B S BN BA S B #cds 6 BA B sl BA S 2= 1 2] 16 A 31 )
BAF 4 o
RAFEHR I ZZ X,
H,

PHLZEMS[R], 1 S H48 7R 2 BA S 25 1R I fige AT 551k N PH 28 25 5545 DA 910 230408 1) e
KIS TE] . Wy 0 il 24 BAF1 2 (R Ik S BRIz [5]; 2478 portMAX_DELAY
Wit —BE% R, BN AHE, B2 sE, HEE
INCLUDE_vTaskSuspend 4414 1,

Fric i B ) LS A2 S MR BA BT, 247y pd TRUE (RS stAS FH N BR
5t A2 PR 5 TH P BB #X xQueueReceive )RR 2 [ BAF & — £ . 240
pdFALSE (1) 5k 2 i B 4t A BA A T

BB A (R R o R P e DL B AN SR X

MBI i B e 7 2
MBAF) H 5 A SR

4. BEH xQueueReceiveFromISR()
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UEpR % E xQueueReceive() i) R IWTRRCAS,  FH 78 b 7k 55 0 K0 MBA A RS B (375 3K) — 23

S5 BRI LAE 2R BA A o R 2% B M I o 1 o O BRI SR AR I 2 R 5 DL 5

JIT A R P AR R B b DXOR AR AF B B R, i i B P e A B 1S BA A

15 T € AR BRI B0 EE, B BUR AN T

BaseType_t xQueueReceiveFromISR(QueueHandle t xQueue,

void* pvBuffer,
BaseType t * pxTaskWoken);
Z2H
xQueue: BABIEIIN,  Fis WO AB B, U BAS BTl LA £ 3% [m] S BA 1) )
A EJ45 -
pvBuffer: TRAFEE 22T X, A Z AR A g 15 B 81 ) B0 4 DL BT AS G2 v X
Hi.

pxTaskWoken:  ARiciB iR AR 2 BREATAESS VI, XA R AE 2 R HOR B 1,
MPARRATERE, MR HERME - DNRERRAAXAMEMT 7. HtE
N pdTRUE [ 3B H v B 55 R 32 i — i 2EREAT — AR5 DDk

R EE :
pdTRUE: ABAF A S A B )
pdFALSE: N BAZ) 5 E S S

5. B xQueuePeekFromISR()

HERREE xQueuePeek ()1 HH IBTRRAS, b bR BCZE S B D) LAJE A 2443 S A R, ok R 5 A
wR:
BaseType t xQueuePeekFromISR(QueueHandle t  xQueue,

void * pvBuffer)

ZH.

xQueue: BAB A, Fi B e BOURAS BA S i dl, G BAF )y BL S £ 3 [m] 1k BA 471
BAB 4 -

pvBuffer: TRAFEIR G P X, BB A F e 52 g T B 38 1 B 8 DL 31X A2 X
H,

1R EE

pdTRUE: MBA 5 BB 82 o

pdFALSE: MBS S 2R

H BA B B ) B AR R AN BB R BN, AR R ANE VR 204 17, A%, KK
BATR IR RS — T L T
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13.7 BAFIHRVESLL
13.7.1 SLHERF KT

STM32F1 FreeRTOS H % F i

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

1. L HK

%51 FreeRTOS [IBNSIRIS: API ML, 24t {76 AL % s et I DA B R s B o
MBAS s .

2. SEHBEt

ARSEEG T = AMT 5%« start_tasktask]l task Keyprocess_task IX = MT4- WAL S ThEEWI -

start_task: FREIEH AR 2 ME5S.

task1_task : BZHUZEEMHEE, RS EEKEFIAS] Key Queue H1, FF H A A BAS 1)
REBFER.

Keyprocess_task : IZE#ACIRATS, 1HLEAS Key Queue HHIH S, ARIEA I 17 EAE fHAH
NP GRS

SO T =AM dE KEY UP. KEY2 M1 KEYO, S48 N AS B sl ,  (E5%
taskl task 241X LE{E K% F|PAF1] Key Queue H1s

SIS A T AN Key Queue F1 Message Queue, A% Key Queue FT-& 3 {45 (H
FA%1| Message Queue F T-f%18 it [ ik it >R A9 2. .

SEIE T ERA W, —ASEE O R, — AN e 2 T, AT ER W R
B 1 Brb b Bl TR IR IS R 38 , RIS EA R 285 15 B FA A1 Message_Queue .
SERT 28 2 W e R AR E N 500ms, 78 N R B2 ECBA 7)) Message Queue FIVH ., I
K HEIR1E LCD L

3. ZWTHE
FreeRTOS 556 13-1 FreeRTOS BAF 5 AE 5286
4. LRRFET

OEFRE

#define START TASK_PRIO 1 IMEFS SR
#define START STK_SIZE 256 IMESS HERR R /N
TaskHandle t StartTask Handler; IMES5FIR
void start_task(void *pvParameters); INES5 R
#define TASK1 TASK PRIO 2 IMEFS IR
#define TASK1 STK_SIZE 256 IMESS HERR R /N
TaskHandle t Task1Task Handler; INES5FR

void task1_task(void *pvParameters); INES5 R
#define KEYPROCESS TASK PRIO 3 INESAR 2%
#define KEYPROCESS STK SIZE 256 IS5 HERR R /IS
TaskHandle t Keyprocess Handler; IS5 AR

void Keyprocess task(void *pvParameters); IS BRI
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#define KEYMSG Q NUM 1 Jlei-s: X =PSNINTINOE o= (1)

#define MESSAGE Q NUM 4 IIRGEBIEHEEATIEE (2
QueueHandle t Key Queue; 113 ERAE Y JE B\ B A4

QueueHandle t Message Queue; 15 B BAF AR

(1)« BA%l Key Queue FRALEILZBAERT, tHEE—1 u8 &, FrLAAFIHK A 1 54T T -
HHBEEKER 1 AF.

(2). BA%1 Message Queue FIRALi i DU B EdE, BAIIKERE RN 4, BMHEERK
% 5 USART REC LEN(E usart.h H74 5 X).

© ik N7 F 2R ¥

7£ main.c HILAH —E AR KA, 1R
/IRTHE LCD L BRI ) AB I T 2
/lstr: B G IR AF # (FRUSCRI T )
void disp_str(u8* str)
{

LCD _Fill(5,230,110,245, WHITE); 115635 B R X 3k
LCD_ShowString(5,230,100,16,16,str);

}

JINEE T

void freertos_load main_ui(void)

{
POINT_COLOR = RED;
LCD_ShowString(10,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(10,30,200,16,16,"FreeRTOS Examp 13-1");
LCD_ShowString(10,50,200,16,16,"Message Queue");
LCD_ShowString(10,70,220,16,16,"KEY UP:LED1 KEYO0:Refresh LCD");
LCD_ShowString(10,90,200,16,16,"KEY 1:SendMsg KEY2:BEEP");
POINT COLOR =BLACK;
LCD DrawLine(0,107,239,107); /1 25
LCD DrawLine(119,107,119,319); /1 £
LCD DrawRectangle(125,110,234,314); /%5 /E
POINT COLOR =RED;
LCD_ShowString(0,130,120,16,16,"DATA_Msg Size:");
LCD_ShowString(0,170,120,16,16,"DATA Msg rema:");
LCD_ShowString(0,210,100,16,16,"DATA_ Msg:");
POINT COLOR = BLUE;

}

/25 Message_Queue PAFIH 14 iz BA 511 45 & A0 el R BA 51 B =

void check msg_queue(void)

{
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u8 *p;

u8 msgq_remain_size; IAENSYIN PPN

u8 msgq_total_size; NSNS NGN

taskENTER CRITICAL(); 113N 7 X
msgq_remain_size=uxQueueSpacesAvailable(Message Queue);//#5 E|AFIFEI & KA (1)
msgq_total size=uxQueueMessagesWaiting(Message Queue)+\ 2)

uxQueueSpacesAvailable(Message Queue);//15 2 A FI i KN, K= -+ R 1
p=mymalloc(SRAMIN,20); //FiEF N AT
sprintf((char*)p,"Total Size:%d",msgq_total size); /{7~ DATA Msg 75 5 BAFILE 1K/
LCD_ShowString(10,150,100,16,16,p);
sprintf((char*)p,"Remain Size:%d",msgq _remain_size);  //i7x DATA Msg 5 K/
LCD_ShowString(10,190,100,16,16,p);
myfree(SRAMIN,p); 1IRETLN AT
taskEXIT _CRITICAL(); /B FIX

SERT#% 9 B T AR 55 BR B T R 2R disp str()7E LCD I 275 MBA%1] Message Queue F2I
B S . BREL freertos load main ui() B A& 7E Bf %5 b H SZIG BRI 4G UL S . R
check msg_queue()H] T A #IFA%1 Message Queue (A5, ELIIBAZE KN, BAF 4R 4%
Ko

(1)~ V4 F %L uxQueueSpacesAvailable() 5 HUBA 1] Message Queue HIFI5R AN,

(2)~ Vi BR 2L uxQueueMessages Waiting() 3R XA 51 4 iy B8 &=, a2 BA A A F &, R
H 55 K%L uxQueueSpacesAvailable() 3R H 2 1) A 51 F 52 K/ INFE AR 2 BAFI ) KN

® main()F

int main(void)

{
NVIC_PriorityGroupConfig(NVIC_PriorityGroup_4);//1% B R 4: rh Wit Je 445041 4
delay _init(); I/AE IS} B ERT A6 4K
uart_init(115200); 1RTGE A ER T
LED_Init(); /91864 LED
KEY_Init(); IIRTaE A B
BEEP_Init(); HARTIA A GRS 2%
LCD_Init(); 91464k LCD
TIM2_Int_Init(5000,7200-1); IRIGEA E I 45 2, JA A 500ms
my mem_init(SRAMIN); IIAIEEA N N A
freertos_load main_ui(); /IN#EE Ul
BT IR
xTaskCreate((TaskFunction_t )start_task, IMESS R
(const char* )'start_task", INE55 245
(uint16_t )START STK SIZE, /ME&HER KN
(void* YNULL, MG B ERAT 55 R 230

(UBaseType t )START TASK PRIO, /MT554k564
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(TaskHandle t*  )&StartTask Handler); /AT %H]HA

vTaskStartScheduler(); 1T SR AT S5
}
@ EHSRH
I UG 5541 55 B AR
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); NG S X
/B S Key Queue
Key Queue=xQueueCreate(KEYMSG_Q NUM;,sizeof(u8)); (1)
/1813 Y J2. Message Queue, BA B T FE 2 £ T b X A B
Message Queue=xQueueCreate(MESSAGE Q NUM,USART REC LEN); 2)
/105 TASK1 1155
xTaskCreate((TaskFunction t )task1 task,
(const char* )"task1 task",
(uint16_t )TASK1 STK SIZE,
(void* JNULL,
(UBaseType t )TASK1 TASK PRIO,
(TaskHandle t*  )&TasklTask Handler);
/1815 TASK2 1155
xTaskCreate((TaskFunction t )Keyprocess_task,
(const char* )"keyprocess_task",
(uint16_t )KEYPROCESS STK SIZE,
(void* JNULL,
(UBaseType t JKEYPROCESS TASK PRIO,
(TaskHandle t*  )&Keyprocess Handler);
vTaskDelete(StartTask Handler); //Mk& 46155
taskEXIT CRITICAL(); /B H I F X
}
/ltask1 {F55 PR K
void task1 task(void *pvParameters)
{
u8 key,i=0;
BaseType t err;
while(1)
{
key=KEY _Scan(0); VesEiitis
if(Key Queue!=0)&&(key)) /I8 B B\F] Key Queue GIJ%E i), I H AR 4% T
{
err=xQueueSend(Key Queue,&key,10); 3)
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if(err==errQUEUE_FULL)  /// 3%k
{
printf("FA%1 Key Queue Ui, £d &% KM \r\n");
}
b
i++;
if(i%10==0) check _msg_queue();//f; Message Queue PAFI )75 & 4)
if(i==50)
{
1=0;
LEDO=!LEDO;
H
vTaskDelay(10); /AERS 10ms, HHA2 10 AN

//Keyprocess_task PR%L
void Keyprocess_task(void *pvParameters)

{

u8 num,key;
while(1)
{
if(Key Queue!=0)
{
/IVERIH B Key Queue
if(xQueueReceive(Key Queue,&key,portMAX DELAY)) (5)
{
switch(key) (6)
{
case WKUP PRES: //KEY_UP %] LED1
LEDI1=!LEDI;
break;
case KEY2 PRES: //KEY?2 i dgns 2%
BEEP=!BEEP;
break;
case KEY0 PRES: //KEYO kil LCD 75 5
num++;
LCD _Fill(126,111,233,313,lcd_discolor[num%14]);
break;
H
}
H
vTaskDelay(10); J/AERS 10ms, tHALZ 10 N8B0
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=

}
}

()~ TEER A 2 i Z 5@ A1, i FH %L xQueueCreate() B FL 51 Key Queue, PAFI
KN 1, BABAIBEHE) KR 1 AT,

(2)« [FFE B & BL 7] Message Queue, BAFIKE N 4, HABNFITHEEYKE RN
USART REC LEN, USART REC_LEN % 50.

(3)~ RN B F2 4 AE LU S 5t 1 FH R 2 xQueueSend() K 1% FIBA % Key Queue H, T HA—
NS Key Queue HAE—ANBAFIIN, AT L AR 0T BLA 78 5 N BA B 3 xQueueOverwrite() .

(4)~ AR %L check_msg_queue()Vf & BAFIE B, FHIGAH MG B "7E LCD L, fip\%
SR, BRI AR NE

(5)~ VA H %L xQueueReceive() 3k HXEAF1] Key Queue H HIH E.

(6)« AL & key TRAFEIRINE )TH ., 242 8AE , 3X BARE A (5] R Fac S B AHOAS (R R AL 2

©® I IR R AL B R

ASZIG BT HA T, B R AT E 2 9 e N R, AR 1 B B AR B A
FEREIFE A R O SERR R T A 1, X BB R O AR IR R IR i X R/ 50, W

#define USART REC LEN 50 1178 SUB KRBT 48 50
#define EN_USART1_RX 1 /MEifE (1) /ZF1E (0) #1182k

EE R BT EAEP WIS R ECh 8 FreeRTOS (¥ APL BRI, FT A— & BEVE =
g E, XERELT:
void uvart_init(u32 bound)
{

//GPIO ¥ 1% &

GPIO_InitTypeDef GPIO InitStructure;

USART InitTypeDef USART InitStructure;

NVIC InitTypeDef NVIC InitStructure;

RCC_APB2PeriphClockCmd(RCC APB2Periph USART1|RCC APB2Periph GPIOA,
ENABLE); //f#ifit USART1, GPIOA Ff%f

//USART1 TX GPIOA.9

GPIO_InitStructure.GPIO_Pin = GPIO Pin 9; //PA.9

GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO Mode AF PP; //& st
GPIO_Init(GPIOA, &GPIO_InitStructure);//#]4f4t. GPIOA.9

//USART1_RX GPIOA.10 #JiR1k

GPIO_InitStructure. GPIO_Pin = GPIO_Pin_10;//PA10

GPIO_InitStructure. GPIO_Mode = GPIO_Mode IN FLOATING;//i% =5 i \
GPIO_Init(GPIOA, &GPIO_InitStructure);//#]451t GPIOA.10

//Usart] NVIC Bt &

NVIC_InitStructure. NVIC _IRQChannel = USART1 IRQn;
NVIC InitStructure. NVIC_IRQChannelPreemptionPriority=7 ;//4f; {511t 56 4% 7
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NVIC InitStructure. NVIC_IRQChannelSubPriority = 0; IFRAH 0
NVIC_nitStructure. NVIC_IRQChannelCmd = ENABLE; //IRQ HHIE A HE
NVIC Init(&NVIC InitStructure); IFRHETR € IS EHIM6 10 VIC FF174%

//USART #J4a ki E

USART _InitStructure. USART BaudRate = bound; /8 DR R

USART _InitStructure. USART WordLength = USART WordLength 8b;/ 74y 8 fir i dikg =X
USART InitStructure. USART StopBits = USART StopBits_1; //—M& 147

USART _InitStructure. USART Parity = USART Parity No;  //FCaH BT

USART InitStructure. USART HardwareFlowControl = USART HardwareFlowControl None;
USART InitStructure. USART Mode = USART Mode Rx | USART Mode Tx; /KRB

USART Init(USART1, &USART InitStructure); /#1aA4LH 1 1
USART ITConfig(USART1, USART IT RXNE, ENABLE);/JT i & 1 $52 rh
USART _Cmd(USART1, ENABLE); /MEREER 1

RS & DR W e S B, KRB EI LI 7, TSN 0. ZAML%k

P Al LR FreeRTOS A1) APT BR ¥, 50 1 IR S5 R Ein R -
void USART1 IRQHandler(void) /81 RS R

{

u8 Res;
BaseType t xHigherPriorityTaskWoken;

if(USART GetITStatus(USART1, USART IT RXNE) |= RESET)
{

Res =USART ReceiveData(USARTI); asai e e EREAEiT
if((USART _RX_STA&0x8000)==0) TR 58 %
{

if(USART RX_STA&0x4000) IR T 0x0d

{
if(Res!=0x0a)USART RX STA=0; /A%WtstiR, EH T 4h
else USART RX_STA[=0x8000; ISR T
}
else /1L 2] 0X0D
{
if(Res==0x0d)USART RX_STA|=0x4000;
else
{
USART RX BUF[USART RX STA&O0X3FFF]=Res ;
USART RX_STA++;
if(lUSART RX_STA>(USART REC_LEN-1))USART RX STA=0;
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}
}
b
11k 18] BAB R a2 WS 3 i B
if(USART RX STA&0x8000)&&(Message Queue!=NULL)) (1)
{
/118 BAB PR R A
xQueueSendFromISR(Message Queue,USART RX BUF,&xHigherPriorityTaskWoken);(2)
USART RX STA=0;
13 MR B v X USART_RX_BUF AT F — VS 41k
memset(USART RX BUF,0,USART REC LEN); 3)
/AR 5 BRI TE AT — AR5 VIR
portYIELD FROM ISR(xHigherPriorityTaskWoken); 4)
H

(1)< W2 A BRI B, o SRR 3B 11 1 3l K B4 0325 31 BA A1 Message Queue Y,

(2)~ WA PR 2 xQueueSendFromISR(O)H £ M #2022 i X USART _RX_BUF[] #2121 (1) 504
K% F LS Message Queue .

(3) KIETER LG R 5 2 X USART_RX_BUF[JiE % .

4 W R FEEHRATAE S E AR W B O W IR S R 2w A R
portYIELD FROM ISR()i#AT — /A 55 M .

TEERT 2 BRI R 55 BB G K A %1 Message Queue H IR F-4415 ok 21 A7 B B~ 17
LCD b, SEM 2§ 2 [FE I & L E N 500ms, &N 25 PTA AR ) 5, i — B0y s e
FRRE, W

/TR Se gk NVIC wE

NVIC_InitStructure. NVIC_IRQChannel = TIM2_IRQn; //TIM2 H

NVIC TInitStructure. NVIC IRQChannelPreemptionPriority = 8; 1158 SR SE SR 4 4%
NVIC_InitStructure NVIC_IRQChannelSubPriority = 0; IR 0 2%

NVIC InitStructure. NVIC_IRQChannelCmd = ENABLE; //IRQ JHIE % 1 e
NVIC_Init(&NVIC_InitStructure); IRTUEA NVIC 2547 5%

JE N 2 B IR 95 R B A, ARG AT
extern QueueHandle t Message Queue; /& H A5G4
extern void disp_str(u8* str);

JITE IR 25 2 H W IR 55 BR 2
void TIM2_IRQHandler(void)

{
u8 *buffer;

BaseType t xTaskWokenByReceive=pdFALSE;
BaseType t err;

if(TIM_GetITStatus(TIM2,TIM_IT Update)==SET) /i H 7 ¥
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{
buffer=mymalloc(SRAMIN,USART REC _ LEN); (1)
if(Message Queue!=NULL)
{
memset(buffer,0,USART REC LEN); /i 22X )

}

/173K 74 B Message Queue
err=xQueueReceiveFromISR(Message Queue,buffer,&xTaskWokenByReceive); (3)

if(err==pdTRUE) AR EITE B
{
disp_str(buffer); /HE LCD & sl 2 13 2. 4)
}
}
myfree(SRAMIN,buffer); IR TN A+ )
/AR T B BEREAT — IR 55 D4
portYIELD FROM ISR(xTaskWokenByReceive); (6)

TIM_ClearITPendingBit(TIM2,TIM_IT Update); //ifF& o Wrbs & 47

}

(1)« MBAFI SR EGH B2 R a8 DU 7 2, B DARAT T 25 i 4 — MR 22 b X Aok
TRAF B FI R I B . X IS SIS NAAE R 7 A0 — MR Z X, ZAEhaE N
A& BTT% 2 ALIENTEK 2% 5 (1), B4R R BEAVE H 751G S 2% 2 RE v i N AFE BRS04
R, MATLMEA FreeRTOS RIS NAAE MR HERME AT, XM EUE%
PP IX R /IN— 8 BT PAZ I A B IO /AT, B an A5 #25t /& USART _REC_LEN.

(2) IEHRGMIX .

(3)- A &%l xQueueReceiveFromISR() M BA%1] Message Queue H3REUH S .

(@)~ G SRIREGH BRI S st 8 F R AL disp_strO SR BRI 7H B 2 7R7E LCD .

(5)~ A% 78 B LA SRR T8(3) H HR 7 21 1 B8 2 o XA A7

(6) « R FE E AT AR S5 A BT B OE AR OB w2 0 W Ik 55 R B 2 T BR B
portYIELD FROM ISR()iHAT—IKAESHE .

13.7.2 BFEBITERMT
i P AL BT R R, FTFE DB, LCD BN ERwE 13.7.2.1 i,

232



m STM32F1 FreeRTOS H &k FHf

l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

K] 13.7.2.2 LCD EZRL\ER
I R R R IR R % — R, Lkl “ALIENTEK” , BT @Eh 4% 9 & &1
P12 EBA 1] Message Queue IS, 4utEUA ) CLS Bt W AH B 2 s Bos 78 LCD &,
FTLA LCD & BoR ¥ 78 “ALENTEK” 41k 13.7.2.3 fiR:

It
(EY_UP:LED1 KEYO:Refresh LCD
sz KEY2:BEEP

ALTENTEK

Kl 13.7.2.3 SoRBAFIH )T S
JE I ER ) AR A 32 B 1 ey R I EZ A B Message Queue ol K/NFIARAL, B 5%
ARG B G A RN, &SRS F i B A F .
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FT+VIE FreeRTOSESE

GO RERERGTEEN MY, G5 E—MANRKITRIEE AT FL, FreeRTOS
FESENON MHEESE. (HEGESE. OFETEMRHNEFRESE. AANESER
NN, (BN s ] LERES R,  AFERNTHKRS 2] —F FreeRTOS K
SHE, RESNUW RIS

14.1 {5 &E R

142 Z{HIESE

143 —fH{E 5 EHER

144 HEHES &

14.5 THEUE 5 EHAE LS

14.6 RS2 HnF:

14.7 RS S0

148 HFfE5=

149 HFE5EEHELR

14.10 BHEFESE
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14.1 55 EMN

G R TR IR IRV M AES R . 28 AMRE ST, ENMEEIH
100 MEFAL, 3K 100 MEFALRKFH AT, X+ RKFERUIX 100 MO 2L 2 5.
RS IZME E IEFBAT, RELEER RN MEE EEEAE — T T 20 %
T EAEAERA? ARTERRENE - METE, BERNEEIEREXMETEE, &
XAMER] 100 FIIFHR B IE 23200 1o 5 E I AR LA — 2B B WA AR 0T s
Yy, HAFIFHERE R FRER S, MR UE S =R, R REe] I
ERET, RICEEHREUREELERSN - B2 ESEN—. Xtk AR EH
fa S5 BT I B B R, RIS R P R T EORE S B A DR
A FEHTE, BATRIE — R A BE D N TS, XA 2 SR Tt A r BEA PV IRES
fEFBCRAER, W R IR R RSN E SR, BARDHR EESE.

F 5 B TR BT R s S T A R, AU RS TR A R
A REMEIAT -

EEFAIV TE S EASLERIRYT R PR, S5 ENS AN EENN S &S

A2, MRS S s i 5AE 55 Z I FEZE . AEPAT Fh 7 R 55 R B i i m] UL 7 455
FIEAE T EAREAESS C TR IR A T, 0B A TR 55 bR B L5 R AT 55 TR B 45 1R R
N R BAESS AT o RS S Hh TR 55 BR B I A B AT T o1 — g AR EAR U, PRI 5% R
ORI A BEBUR 2 GRS, 75 00 115 2 B2 (1 R T (R Sei 1 . BRALGR S i IR 55 e AR R e —
FECHS AL R TR 55 bR B AT AMARIL, 2R R AE AR I T RS IO R R AR AL B R . AR
H RTOS A GRS BATH AT A B 5 5 B 58 b T fie, b Bos A i st B i8S 5 &
W IR 55 B8 BN R AR AR B . B R B AR R — MESS, MBS SSRGS &, WAk
RS S ERU RO T, IS ARG 5E A NI AR B, SRR G AR At A P WA AT I 1)
FEH R XA TR T SRS 2 ARG S EREIFD, ST, RS S IRl
DA 5 o Bk SE A b

FreeRTOS itA — L AR ARRU G S &, W FE S BEASE LA E S, X8R
ME B RAE VR . A M5 58 MANRYE FreeRTOS 'E M _E#A PRI UHIE, QFE _(H1E
SE, UWHMGSE. DFESEMENLRETE, FATHEIHE XL & BB
FITRARE B H FreeRTOS BT BEkE,  HOERIN W] LA B MG R AR 930 Bk}

142 —fHIF5E

14.2.1 —fEESEFN

CEETEEE M T L FUIRBEY, CEAGESEMLRFESEAREIRM, HERERA
SEANGIZE R, HRE S B e RS, RS S ERA e K. L EHE S
HEEE T FP (RS 5SS BUES 5 WiED), WSS Bl a M TR R s Ui,
AREFESENANRT R L I, A AT M85 5 BAERD R

AAFI—#F, {558 APL BRAUSC VRS E — S FHIERS (], FHIER ()2 4R 55 3RS 5 B A
1t 5 5 BRI P BUE 553N FHZE S 10 SR BT i 8. W R AME 55 (R FHLZEAE [R]—
—ME TR EMIER AR EMES R E 5 &, XS 5 ' A R = i
SE BTSSR PR FERES

“AEE T EHIIRE A RA BT AS, IXANREIR AT LA R, BEa R
(1, XA IR AE AR ? AR5 AN R WA A X ANRF R BA S AS R AE-F-BA A A AT AT 2

235



[ ALIENTEK | STM32F1 FreeRTOS J & /i
B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
T BB XA A A R A5 AT AR X AL R 52 BAT 555 7 2 [l [R5

FE 52 BR R 3 2 fd ) — AME S SR FE MCU AN, B nmgs S b, — gt i
BRI R A —AME S 40 & MCU 1 ETH(MZSFHICAME, 1 STM32 LA
MAC)NE A B, 247 B8 (0 e it A BRI AN X 48 5035 o X REAE RS 30 115 SR AR TR 2%
CPU WIRA, 1 HABFH I T AT 55 84T S BRRR A 7 IR A 245 R 28 5080 PR e A% X 44T
S NFHZERS, 4 CPU AR HA AT 55, 445 B0dla IR N 24T 25 A4 24047 o BLEAE 1K
G R DLSEPUX FE ThRE, T 45 @ SRS 5 2ok MR AT M s, B it A
PELZE S, 11 199 265 v 7 IR 55 B 50 (O 22 2800 X 2 M Hh I D s, B n STM32 1 MAC & F| DMA
HHT, 38 I HR TR DL T A TS A A R UM 5 SR AT 55 LUK I AT I B T R 4%
s, WAL S A DL RIRIUEE T. M TS HRE - HISN EESE, EASBEUES
&=, mRWRSREUE - EAERRGES R, EASKRIESE. ERBIRS R REES &
A LU %% xSemaphoreGiveFromISR(), 7] PAf# AT S5 AN Thae Rk B A G 5=, m BA#
FAT S50 G R R, R EE D, AIXAESEMMN AN A LI E NN A

ﬁm:EE%E%%&¢%5E%HyMﬁAM%$,E%%%ﬂ%%?%u%%ﬁﬁ&
I IOAREE, X FEMOR 24 TR 7 AP A B FE . ] DU FH A SR AR Ml S i, AN
PRI P T AR S5 BRSO SREF DG K, R A S M B @ i BA B R IE AT 55 W SR BAB TERL I i
R4 it NFHZERS, HESIREEEE, T4 BB EdE DS T M S e B A2 . RTi L
ASBIREOR T AHE 5 =0 TSR,

1. ZEFESELEK

Semaphore | ________ >
L]

Kl 14211 ER_EESE
7EE 14.2.1.1 H4T-5% Task i85 531 xSemaphoreTake()FRBUE 5 &, (HR LN {5 S &L
B, FTPMESS Task 3 ANFHZES .

2. FERBESE

Interrupt
Semaphore | _________ >
xSemaphoreGiveFromISR () ]
K 14.2.1.2

B R R AR T, A R R IRS% R B i BB $ xSemaphoreGiveFromISR()EIUE S &, IS
SEARNH
3. EEHRIEEERY

Interrupt Task

Semaphore | _________
xSemaphoreGiveFromISR () xSemaphoreTake ()

K 14.2.1.3 E51ERE S BN
HTESEOEAM T, FrUALS Task SKEUE S ERY), B4 MBHESMHER, HFaHATH
FHI A FR R .
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4, FEBHIKFEANEES

HTF AT 55 oR 50— A & — S R B, BT LAEAT 55 (i 5 AH G 1) b B8 DA S 3k £ T U P o 40
xSemaphoreTake()SRHUE 5 & . FEPAT5EEE =P UG EESEMCEERNTHN T, FrUMES
B HE NP ZERS, AR —B—HE, BRI ORI HLA A 2R xSemaphoreGiveFromISR()

BES &,

1422 RIE—fHESE

FIBAZ—FE, ZAAMH EESERLAUEE MEFSE, EFTEERBIE 1422
PR

R iR
HEUE_MEHETE, TNMEZZRAE
vSemaphoreCreateBinary () FreeRTOS H 1 FH 1181 2 —(HAE 5 = 1 API B&
#.

BASAIE —MHAE 5 &, B FreeRTOS i FH L
BB S S
xSemaphoreCreateBinaryStatic() St EE S E.

® 1422 QIR (HESE

1. BR% vSemaphoreCreateBinary ()

W RHR Z A FreeRTOS HIMEIE —HE SERE, HIRACEATMEH T, BihicAr
FreeRTOS /] xSemaphoreCreateBinary()>k &AL EREL, X HIEL IR BEIXABREGE RN T He s Rt
BT Z A FreeRTOS 1 it 1) N FH JE QD o db e F2 A%, BRI 18 2 B e £
xQueueGenericCreate()>K 5 ), £ A4 semphr.h FA W1 R & -

void vSemaphoreCreateBinary( SemaphoreHandle t xSemaphore )

xSemaphoreCreateBinary()

ZH.
xSemaphore: {RAFOIE I H AHAE 5 =AW,

IR [E4H :
NULL: “AHE S EAIE R,
HABE: “MHE T BRI,

2. PA# xSemaphoreCreateBinary()

LR E vSemaphoreCreateBinary() BT IRAS, BT ARAS ] FreeRTOS H 4t — FH b R BOR A1) 2
THHES R, AR AR T EE S ERNEE S BT EM) RAM 2 H FreeRTOS [N FAE
FER A RS . MR EO R I 1) A S 2B RN, Wi Ul NI e L —{EE S
= 1 ] B8 20 xSemaphoreTake() /& 3K LA B 1), BLeg Bt &A%, E ARG 2ok 72 2 i R 2L
xQueueGenericCreate()>K 581, BREUHE AR
SemaphoreHandle t xSemaphoreCreateBinary( void )

28
o
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R [EME:
NULL: “HE SRR
FHAdE: U T B A AE 5 BRI AN

3. E% xSemaphoreCreateBinaryStatic()

e B A A S ER, AR E —EE S BN E S B S EN
RAM 75 22 HH PRI, MREUE A7, B @il 7 2 @it i xQueueGenericCreateStatic()
KT, BRBURAANT
SemaphoreHandle t xSemaphoreCreateBinaryStatic( StaticSemaphore t *pxSemaphoreBuffer )

¥
pxSemaphoreBuffer: It 2415 ] —> StaticSemaphore t XM AF &, FR{EF(E S EL A,

AR
NULL: “MHE S EAIE R,
HABAE: BRI —EE S '

14.2.3 —{HiFSEAIBEREMT

E— AT AT AEGE SRR R, PSSR N E S B R
o AAHRD N — TREWA SIS EERE, HSEERBAIERIELL, BA T
HIRE — N RN ZAH(E 5 E3IAS 012 K%L vSemaphoreCreateBinary(), &AL
#if( configSUPPORT DYNAMIC ALLOCATION ==1)
#define vSemaphoreCreateBinary( xSemaphore )
{
( xSemaphore ) = xQueueGenericCreate( ( UBaseType t) 1,
semSEMAPHORE QUEUE ITEM_ LENGTH,
queueQUEUE TYPE BINARY SEMAPHORE );
if( ( xSemaphore ) = NULL )
{

(1)

( void ) xSemaphoreGive( ( xSemaphore ) ); 2)

— - = = = = = = —

}

}
#endif

(D) ETut 7 —AE(E 5 B AR RS A F STy, Fr Ol (a5 5 22 00 F 1
AR X BLAE A 2L xQueueGenericCreate(VBIEE T —/NBAFI, BAFIKEEN 1, BAFIIKE R 0,
FAF1274 ) queueQUEUE_TYPE BINARY SEMAPHORE, iife —fHfE 5.

(). B AEAE 5RO 8D LS 32 EI U H 2R # xSemaphoreGive VR —ABAE T &, ULINHT
B MEE S EA R

FERG — NHCAN —fE15 5 56 2 B %1 xSemaphoreCreateBinary(), BREAALU1T
#if( configSUPPORT DYNAMIC_ ALLOCATION == 1)

#define xSemaphoreCreateBinary() \
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xQueueGenericCreate( ( UBaseType t) 1, \
semSEMAPHORE QUEUE ITEM LENGTH, \
queueQUEUE_TYPE BINARY SEMAPHORE ) \

#endif

A DUE OB RUA ) —ABAS 5 B0 2 R it 2 15 A R xQueeueGenericCreate() R 1) — MK
#1°N queueQUEUE_TYPE BINARY SEMAPHORE. KJEA 1. BAFIITKEE N 0 (IS, 1X—25
B RA ) —AHAE 5 E O R A, AN (A Rt B hRAS (1) BR BUE i D ) 2 —AELA5 5 & DA
Ja A2 LRIV A %L xSemaphoreGive(VRE I 815 5 5. A2 UhH ik R 26 2 1 — 815 5 &=
BN TR, T MAS 2 R

RFERE, QBRI EA X RS, gt 7SR S T R LR (i
F5 58, MBAFIETE NEsa] L BA S S5 /IR 1Y 5 02 A8 & uxMessages Waiting >R ) .

1424 BBEEE
BG5S EMREBAEMA, WK 14.2.4.1 Fis:

B3 Ei::3%
xSemaphoreGive() 1E5 G5 ERER AL
xSemaphoreGiveFromISR() TR IBT 215 5 B RR IR PR A

T 14241 BIfES&

[FIRAG—HF, BEUE 58 RS R, &6 AMERZHEBTE. (HEEES
BILAAFESE, BIIHMAHE 14241 PRREEBUE S E, BHALFESES THIRE
JRER AL

1. BR# xSemaphoreGive()

ﬁt@iﬁﬁﬁ TR CAEGESE. HEESEN L FESE, MRBE—NE RIEERE
T FE A HH BR L xQueueGenericSend() R 52 A1, BREUR LU R -
BaseType_t xSemaphoreGive( xSemaphore )

ZH.
xSemaphore: ZR(E 5 2 AW

1R [EME :
pdPASS: BEE 5 BRI
errQUEUE_FULL: B 5 ELM.

A1 KFE— N R EL xSemaphoreGive() I HL AR A 2%, IR EE XA semphrh AW R E X
#define xSemaphoreGive( xSemaphore ) \

xQueueGenericSend( ( QueueHandle t) ( xSemaphore ), \

NULL, \

semGIVE BLOCK TIME, \

queueSEND TO BACK) \

A LAE AT 5 RT3 5 B2 1) BA ARG B AR, R X BRI KIE BRI &,
BHZERT 5] 0(% semGIVE_BLOCK_TIME A 0), )\Mﬁfﬁmﬁﬁ HYEIEPNYNSEERONYSOrEY e
=IO VR PR, N BRI A 81 25 #4 A B DR AR B uxMessagesWaiting <X 1—, X T
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EAE 5 E I8 #IWT uxMessagesWaiting 5t 7] AVRIE (S 5 &2 75%5( T 24 uxMessagesWaiting 4
1 FE B S S EA R N 0 BER. an FEAFIH 1) 1& i (2l £ % {8 errQUEUE_FULL, 2
NBABH, ANBARIC

2. ¥ xSemaphoreGiveFromISR()

BER BN TAEP RS S8, U e RRB A E%‘E%Hfriﬂliﬁ%%, 450
AN fe F R AE o W IR 25 B BCh ORI L RS S R MR HoE — » HOIEAT I 2 B
xQueueGiveFromISR(), ILeREUHEAI AT -
BaseType t xSemaphoreGiveFromISR( SemaphoreHandle t  xSemaphore,

BaseType t * pxHigherPriorityTask Woken)

28

xSemaphore: ERTHIE S ERN.

pxHigherPriorityTaskWoken: PriciB H IR LS 2 BT RS VI, XA EIE HIX
=R BLE R, ﬁﬁF‘TFﬁl&ﬁlxﬁ A A R
A B RARAFIZAMARAT T o HIAEDN pdTRUE YRR AEIR
TR 55 R B T 0 AT IRAE S5 D)

R [EE:

pdPASS: BsE T BN .

errQUEUE_FULL:  BJiUE 5 &R M.

LE 7 W B UE 5 B S 2 PR3 xQueueGiveFromISR(), I bR ORI I 23 N BA
PR # xQueueGenericSendFromISR() M F 25 ALk ! R & XG5 &M 7 N sh . k%
xSemaphoreGiveFromISRO)AN e H T 75 H B R B I B A5 5 1, DN R A 5 & A B e gk
AR, AN E TS, BRALER W e Ak K . KK WL = E T A
xQueueGenericSendFromISR(O)T L 2K 7 Hr xQueueGiveFromISR().

14.2.5 KBS 5 &
SREUE S BB AEHANERE, NF 14.2.5.1 Fir:

B3 iR
xSemaphoreTake() 1E55 PAREUE 5 2R
xSemaphoreTakeFromISR() HH T R EUE 5 = R

* 1425 1 REME S &
FPREBE 5 =M APL R —FF, AERTMERFSE. MESELCREFESE, B
AL IR 14.2.5.1 HRIRBERIUE 5 &
1. E# xSemaphoreTake()
R TR B S 5. MG S EREFESE, KR —0N7E, BIERIUS

SR AR A xQueueGenericReceive VR FEAKIT, PREUFEEUNT :
BaseType t xSemaphoreTake(SemaphoreHandle t  xSemaphore,

TickType t xBlockTime)

240



E W STM32F1 FreeRTOS H &k FHf

l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

xSemaphore: EIRITIE S5 =AM,
xBlockTime: [FHZERS[A],

IR B
pdTRUE:  ZRHEUE S &I,
pdFALSE: iy, JREUE 58K
FRE— T B2 xSemaphoreTake () EARNZS, IR XA semphr.h 15 17 F 58 X

#define xSemaphoreTake( xSemaphore, xBlockTime ) \
xQueueGenericReceive( ( QueueHandle t ) ( xSemaphore ), \
NULL, \
( xBlockTime ), \
pdFALSE ) \

PHUE 5 2 MR S 2 A B R, R BIEA R N T IS iE R . 7
-+ =F PR R %L xQueueGenericReceive() 1 I 5 i i an 5 A A by 2= H ELFHZERT 8] O AIE 5k
SRR AL errQUEUE_EMPTY, RoRBAFIH . Wi BAZI 23 5 HLBHZERT HA N 0 WS 55
IS INBNGE R ) o SBAFIAS 973 B i M BA B s BB UHE GREUE 5 B APUTIX—2), %L
P I 5T B DA G I8 75 B BA S S5 R AR Rl R AR B uxMessagesWaiting Ji—, SA J5 AfE R - L8R N
AT FHZE(PAE 55, Befa ikl pdPASS Fon XYy HF1E 58 LB adidkk, H 77
ENGE Eﬁiﬁ%ﬁﬁi 5T B I B A AR g

2. BA# xSemaphoreTakeFromISR ()

BRSO T AE P W IR S5 RO SREUE S8, WREBUH TR AEE S BT EGE S &,
X AREME MR ABCRR M E FESE! LB Dk, HIEWRATNER K
xQueueReceiveFromISR (), MR ER U1 -

BaseType_t xSemaphoreTakeFromISR(SemaphoreHandle t xSemaphore,
BaseType t * pxHigherPriorityTask Woken)

ZH.
xSemaphore: BORIHIE 5 =R
pxHigherPriorityTaskWoken: Fric iR B DL S 2 AT AR S U4, XA R AN E HHIX
SARBOREER), HPARTRE, HP R RRERE—
M ERAAFXAMEAT T Z(E pd TRUE F 7R
Hh T IR 55 R R BT AT — AR S )

1R [EME :
pdPASS: RIUE TR
pdFALSE: SREUE 5 R,

7E A R EUE 5 8 B IR 12 B 2L xQueueReceiveFromISR (), XA BRI EU A2 1 B 2
H AR L 2 BABAS g 2 (R I s 4 DUBA B i (K s (FH T8 5 B A R X —28), RE
P AAN B RIAR B Rl 2 AR B uxMessagesWaiting 8%, WIS AT 558 A N\ BATT FH 2 B 7% it o
FHEERS, AR FH MRS A B E e s ?)ﬁﬂ%ﬁ%%ﬁ pxHigherPriorityTaskWoken % & A
pdTRUE, IR IE] pdPASS Fox HBASE . 40 SBAF 975 B LR [9] pdFAIL 7 H PA 2%
Wl XA B BOE S AR T L
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
143 —{EE S EHRIELR

14.3.1 SLHERFRT

1. KK HK

TGS ENEGRERD, EERIESSES B SRS 2 ED . K2 HIEN T
ST ST 5% 2 [ B [E1 AR 2] — N el B 5 R e e T S5 AE 55 TRl R 2

2. LRI

AT AT — AN 5 R AR E 4R 2 R T & i B i) LED1 #1 BEEP JF G 1) S5,
B F (AKX KANE):

LEDION: {JJ} LEDI.

LEDIOFF: X LEDI.

BEEPON: # TNy 4,

BEEPOFF: K P#4ny 3%

XA A I o CURIRG TR, 82— R/INEM L R R Wi, 483
BAELLE R —(H S 5 & . 1L5 DataProcess task()F] T AbHLIXSE$5 4, (L4554 — HZAIREL
TIHESE, YPENE SRS R DR X PR BOX SR 4, SRS IR IR TR 21 HiAH B
IR o

ARSEEG T = AMESS: start_task. taskl task . DataProcess task 1X =/ MT-45HME55ThREUN
T

start_task: FREIEH AR 2 MES.

task1_task : F%ffil] LEDO (N#F, $#&75R R4 IE(EIETT.

DataProcess_task : FRAACFAES, RIWIERN IR 2 K425 A F 14

SEI LB @ 7 — A {15 % & BinarySemaphore H] T 58 i & O o b A1 AT 5%
DataProcess_task 2 [B][F][F] 25

3. LR THE
FreeRTOS 5256 14-1 FreeRTOS A5 S B4 ELL .
4. LR S5

OEFHHE

#define START TASK_PRIO 1 IMEFS IR
#define START STK_SIZE 256 IMESS HERR RIS
TaskHandle t StartTask Handler; IMES5FIR
void start_task(void *pvParameters); INES5 R
#define TASK1 TASK PRIO 2 IMEFS SR
#define TASK1 STK_SIZE 256 IR HERR R /N
TaskHandle t Task1Task Handler; INES )RR

void task1_task(void *pvParameters); M55 R
#define DATAPROCESS TASK PRIO 3 INESAR 2%

#define DATAPROCESS STK SIZE 256 IS5 HERR R /IS
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TaskHandle t DataProcess Handler; IMESSEIRR
void DataProcess_task(void *pvParameters); /T4 0%

I —AEfE S BRI
SemaphoreHandle t BinarySemaphore;// {H 15 5 = AJ#K

11T A AT F i AE
#define LED1ON

#define LED1OFF

#define BEEPON

#define BEEPOFF

#define COMMANDERR  OXFF

® At N A R %
11775 BB NG A RO RS
lstr: B R A 1) 75 B
Men: FRFEBHKE
void LowerToCap(u8 *str,u8 len)

AW N =

{
u8 i;
for(i=0;i<len;i++)
{
if((96<str[i])&&(str[i]<123)) NG B}
strfi]=str{i]-32; IEHNKE
h
j
M R AR RR A, K71 R iy & ey 2 {E
/lstr: fi4

/AR EME: OXFF, fni4iiR; HAE, w4E

u8 CommandProcess(u8 *str)

{
u8 CommandValue=COMMANDERR;
if(stremp((char*)str,"LED10N")==0) CommandValue=LED1ON;
else if(strcmp((char*)str,"LED10OFF")==0) CommandValue=LED 1OFF;
else if(strcmp((char*)str,"BEEPON")==0) Command Value=BEEPON;
else if(strcmp((char*)str,"BEEPOFF")==0) CommandValue=BEEPOFF;
return Command Value;

BR 21 LowerToCap()FH T4 £ [ R IE I R 1 & H /NS FRER — 83 oK S 7B, X Rk
A DAFE R IE i 2 I A X 50 KNG BRI RIR 22 88— F 5 RS - B3 CommandProcess()
¥ B i & 77 iy &8, a4 “LEDION” ¥k pli iy S {H At 2 0(%
LEDION 4 0).

@® main()R
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int main(void)
{
NVIC_PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & Z 4t R il S 4341 4
delay init(); I/AE T SR HT A6 AL,
uart_init(115200); /916 1
LED_Init(); /%1464 LED
KEY Init(); 191 F
BEEP_Init(); 1IATTGE e WS 2
LCD _Init(); /%1864 LCD
my_mem_init(SRAMIN); 11T A4 A 8 9 A7

POINT COLOR=RED;
LCD_ShowString(10,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(10,30,200,16,16,"FreeRTOS Examp 14-1");
LCD_ShowString(10,50,200,16,16,"Binary Semap");
LCD_ShowString(10,70,200,16,16,"Command data:");

BT IR 55
xTaskCreate((TaskFunction_t )start_task, IS5 R
(const char* )'start_task", IMESs 4 FR
(uint16_t )START STK_SIZE, /ME55HERE K/
(void* YNULL, IMEIBZEAE S5 R S 3

(UBaseType_t )START TASK PRIO, /ME55A5E5%
(TaskHandle t*  )&StartTask Handler); /AT55H]HA

vTaskStartScheduler(); 1S AT 5 B
}
® EFERH
TR S5 AT 55 B 5K
void start_task(void *pvParameters)
{ taskENTER _CRITICAL(); /13N S IX

B MHE 5 &
BinarySemaphore=xSemaphoreCreateBinary();
/I8 TASK1 155
xTaskCreate((TaskFunction_t )task1 task,

(const char* )"task1 task",
(uint16_t )TASK1 STK SIZE,
(void* JNULL,

(UBaseType _t )TASK1 TASK PRIO,
(TaskHandle t*  )&TasklTask Handler);
/1% TASK2 1155
xTaskCreate((TaskFunction_t )DataProcess_task,
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(const char* )"keyprocess_task",
(uint16_t )DATAPROCESS_STK_SIZE,
(void* )NULL,

(UBaseType t )DATAPROCESS TASK PRIO,
(TaskHandle t*  )&DataProcess Handler);
vTaskDelete(StartTask _Handler); I BRI 55

taskEXIT CRITICAL(); /138 Wi S X
}
/task1 1F:55 BRI 4L
void task1 _task(void *pvParameters)
{
while(1)
{
LEDO=!LEDO;
vTaskDelay(500); /AERF 500ms, W2 500 T
H
}

//DataProcess_task PR%{
void DataProcess_task(void *pvParameters)
{
u8 len=0;
u8 CommandValue=COMMANDERR;
BaseType t err=pdFALSE;

u8 *CommandStr;
POINT COLOR=BLUE;

N

while(1)
{
if(BinarySemaphore!=NULL)
{
err=xSemaphoreTake(BinarySemaphore,portMAX DELAY);/3RHUfE 5= (1)
if(err==pdTRUE) I3RBUE 5 &
{
len=USART RX_STA&Ox3fff; /1433 b k2
CommandStr=mymalloc(SRAMIN,len+1); //H15 N A7
sprintf((char*)CommandStr,"%s",USART RX BUF);
CommandStr[len]="0"; /1IN L A
LowerToCap(CommandStr,len); [/ A5 E
CommandValue=CommandProcess(CommandStr); /iy
if(CommandValue!=COMMANDERR) /1%

{
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[ ALIENTEK STM32F103 £R5IF 44K FreeRTOS Fr &£ Hi2
LCD_Fill(10,90,210,110,WHITE); 1B B 7R [X 5k

LCD_ShowString(10,90,200,16,16,CommandStr);/fE LCD _ &/~ fr4
printf(" i 2 A:%s\r\n",CommandStr);
switch(CommandValue) /b A4 4)
{
case LED1ON:
LEDI1=0;
break;
case LED1OFF:
LEDI=1;
break;
case BEEPON:
BEEP=1;
break;
case BEEPOFF:
BEEP=0;
break;

else

printf("TE AL, TEEHHA I NAN");
}
USART RX_STA=0;
memset(USART RX BUF,0,USART REC LEN);/H 4IRS X 5 %

myfree(SRAMIN,CommandStr); IIBETRNAE
H
}
else if(err==pdFALSE)
{
vTaskDelay(10); /AERF 10ms, AR 10 A8
}

}

(1)« 1 H B& # xSemaphoreTake() 38 B — { {5 5 & BinarySemaphore , & i} ] 8] g
portMAX DELAY.

(2)~ Vi H BRi % LowerToCap ) fiir 2445 H H /N5 P BERE e R S 1Y

(3). VA K% CommandProcess()Ab# iy &4 dt, H SRl 25 i & 777 4 ydn 218

(4). MRABEARK a7 2 EPAT AR P #ME, 77K LEDL, JTX BEEP.

© IR K A FRE R

ASEEG R 1 s T AR ERICEAR I, PTOARR EAIAAGER 1T 1, SR AR AR
i, MIHOSP TIRZIRT o AEEZEE D 1 FARBEeg ! BONRATEE S O 1
R 55 e {8 FH FeeRTOS (1) API BR#, ASCIGRE &S 11 e S IEgh 7, FIRAE9HN 0,
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LU

/[Usart] NVIC Pt &

NVIC _InitStructure. NVIC IRQChannel = USART1 IRQn;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority=7 ; /4t 552 7

NVIC_InitStructure. NVIC_IRQChannelSubPriority = 0; TS 0

NVIC_InitStructure. NVIC_IRQChannelCmd = ENABLE; /IRQ FHIE A HE

NVIC_ Init(&NVIC_InitStructure); IFTUEAL NVIC 2547 2%
Hr T T IR SRR R

extern SemaphoreHandle t BinarySemaphore; /=K =R=n L i)

void USART1 IRQHandler(void) /81 RS R

{
u8 Res;

BaseType t xHigherPriorityTaskWoken;

if(USART GetITStatus(USART1, USART IT RXNE) |= RESET)

{
Res =USART ReceiveData(USART1);//(USART1->DR); //iZEu 203 f% s

if((USART RX_STA&0x8000)==0)//3 5k 58 &,
{
if(USART RX_STA&O0x4000)/# Y5 # T 0x0d
{
if(Res!=0x0a)USART RX_ STA=0;/#: #5515, H T 4h
else USART RX_STA[=0x8000; //#ZEU5Em T
§
else /i i3] 0X0D
{
if(Res==0x0d)USART RX_STA|=0x4000;
else
{
USART RX BUF[USART RX_ STA&O0X3FFF]=Res ;
USART RX_STA++;
if(USART _RX_STA>(USART REC LEN-1))USART RX STA=0;

BB G5
if((USART RX STA&0x8000)&&(BinarySemaphore!=NULL))

{
IR —AEE 5 &

247



m W STM32F1 FreeRTOS H &k FHf

l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

xSemaphoreGiveFromISR (BinarySemaphore,&xHigherPriority Task Woken); (1)
portYIELD FROM ISR (xHigherPriorityTaskWoken);// 11 5 75 B {4 i3E 47— AT 55 V1

(D~ M8 OB R ds U5 Bt A A R 20 xSemaphoreGiveFromISR() B I 15 & &
BinarySemaphore.

14.3.2 BFEBEITERMT

PRIt N BSLIGARIS BT AR A, FTOFE DB, i B OB RIS S, el
4 “ledON”, FFRARBZN R 2 LG B2 2 /NG PR KRS, FF BB /R7E LCD
b, Wk 14.3.2.1 fios:

K 14.3.2.1 #2757
A IERIHE LEDL Bt ss,  [FIRFAmR A H DR B R IE 4 KNS e a5 1 iy
LT rr e, WP 14.3.2.2 fis:

i XCOM v2.0 _ O %
r%%";%?é%iﬂn RO
COM& : USB-SERTAL ~
HE 115200 v
it 1 ~
gz 8 v
it & v
FOHE @ XHRO

BREE ZREE SR B
Led10N

RiE
Osmss @m0 | ns || AR || BEXE || SiosE
[ 1eitiblRiE M REHT ox FFREFA: www. openedv. com
Q - |www.openedv.com | S8 | R29 |cTs=0 Dsr=0DcD=0| ..

K 14.3.2.2 HOERBF
i A 1R IR T R AR 2 ) A B R IE R A E R IR R B B, IR IE
“ledl_off” XA 4,58 HARBIF B 14.3.2.3 Aik:
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i XCOM V2.0 — O X
AIJS]\J I]?:EEIU $D)£1§

£y R [Nl
FARIE Y IHEARA! COMS : USB-SERTAL v

FE 115200 v

SRR Bl 1 =
gt & v
SEfa (& >

BROKE @ XARQ

BREE ZREE SR 8

ledl_off
LI FEfdEiE  j@g: 100 | ms HANM || BEXH || FibkE
O] 163HHIREE [ RIEHTT o FFRETH: www. openedv. com
@ ~ |wwwopenedv.com | S18 | Rs |cTs=0 psr=0 bcp=0|

K 14.3.2.3 iR iexR
144 HHEESE

14.4.1 HHEEFEESERN

BRI P HRFHEE S EMMESEE S E, EESEMSTKEN 1 WEAF], B4
HHAGESERZKERT 1 G FEESE M, AP ATEROSI 26 174
B, RFESROATER AR, HERGESEEEH TINS5

1. B4

TERXAN AT, BRI 5 R AE AR b B iR E B UE 5 2 OGINE 5 Z 0
), HMESSRIESECE S EHBER—, 55 EH 5 & P\ 5251 7Rl i 48 &
uxMessagesWaiting) KAC I F A . 7EIXFRIZ A H AN THEUUE S BTG THEUE N 0.

2. BREH

XN pEY, E9EEAR AN HEE, s R SRR T A8 E .
—AMES ERRG R AR, HRLIEREIE 58, (58RI LUEE 5 & E i
—o HETEMN O PINMEUIHRA TR T J—MESMHEREUE —EE2RES R,
BESEUEESEHESN— AERX NGO EEE 5 BV N %S TE 2 E,
btz 23— 3 100 MELEAL, IBACIE(E 5 BRI EE T & EMIIZYIE N 100,

1442 GBI HRGEEE

FreeRTOS $2fit 7 H/MHAUE S EAIEREL, WK 14.4.2.1 Pios:
xSemaphoreCreateCounting() {F S FECETHEEE S =,
xSemaphoreCreateCountingStatic() | 1 AT AR THUE 5 &

R 14421 THURE SRR
1. % xSemaphoreCreateCounting()
WREH TR — MG S &, RN NAE I S NS BT SRR AR
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A=A, BEIESEHAE 5202 K2 xQueueCreateCountingSemaphore(), I bR % i 784 4
¥

SemaphoreHandle t xSemaphoreCreateCounting(UBaseType t uxMaxCount,

UBaseType t uxInitialCount )

2%

uxMaxCount: MG SEHAIIEUE, HE5EEHS T HEEREBUE 5 252 KM
uxInitialCount: 11555 EWIH1EH .

R [EME:
NULL: TS S BRI
HAtofH: TR E S BN, RETHRUE S 'R,
2. PA% xSemaphoreCreateCountingStatic()
BERR At R B TR S S8R, 8 s B QT8O E S B NPT R N AF
T B P e LR A AR — AN, HLIE AT Y42 BR 21 xQueueCreateCountingSemaphoreStatic() »
PRAUFE AN
SemaphoreHandle t xSemaphoreCreateCountingStatic( UBaseType t uxMaxCount,
UBaseType t uxInitialCount,
StaticSemaphore t * pxSemaphoreBuffer )

SH:

uxMaxCount: IS SRR AXIIEE, XE5EES T HER R RUE 5 mE e K.
uxInitialCount: 114{5 5 EWIUHE

pxSemaphoreBuffer: $5[7— StaticSemaphore t XM A&, H RIS 5 EEEMAE.,

R 6] {E
NULL: THUE 5= R,
HoAthfE: TS 00T, REHERE S &AW,

14.4.3 HHAESEABRIES T

X B R s AR (S 5 & PR % xSemaphoreCreateCounting(), HREUE N7, & X
LU
#if( configSUPPORT DYNAMIC ALLOCATION == 1)
#define xSemaphoreCreateCounting( uxMaxCount, uxInitialCount ) \
xQueueCreateCountingSemaphore( ( uxMaxCount ), ( uxInitialCount ) ) \
#endif
A LEH, EIETFHR 2 K% xQueueCreateCountingSemaphore(), I EEEE L queue.c
AUIHE X
QueueHandle t xQueueCreateCountingSemaphore( const UBaseType t uxMaxCount,
const UBaseType t uxInitialCount )
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QueueHandle t xHandle;

configASSERT( uxMaxCount != 0 );
configASSERT( uxInitial Count <= uxMaxCount );

xHandle = xQueueGenericCreate( uxMaxCount,\ (1)
queueSEMAPHORE QUEUE_ITEM_LENGTH, \
queueQUEUE_TYPE COUNTING SEMAPHORE );

if( xHandle != NULL )
{

( (Queue_t *) xHandle )->uxMessagesWaiting = uxInitial Count; )
tracecCREATE_ COUNTING_SEMAPHORE();

traceCREATE_COUNTING SEMAPHORE_FAILED();
}

return xHandle;

}

(1) HHEIUE S B ARSI B 3EAE B SCHL, B DARS 25 FH 6 30 xQueueGenericCreate()
go# — A~ BhW oA, BL % K O N uxMaxCount , X F I K OE A
queueSEMAPHORE QUEUE ITEM LENGTH( It % R~ 0) , B\ % 1 2% A N

Sog =N

queueQUEUE_TYPE _COUNTING SEMAPHORE, #/n2MtHAESE.
(2) BAFISE MR TR A & uxMessagesWaiting F T 1HEUE 5= THE, ARETHEUUE
S EMIWIIHE K% E uxMessagesWaiting .

14.4.4 BBARBIIHESE
TG SR B BNSIS —EESEME, BEiES% 1423 M 14.2.4 /N,

14.5 A ESEHRELE
14.5.1 SEBFERFHTTH

1. LBHK

HHAUE SR T HHH BB EEH, RS S BAEX A S A 5 3 A
—FE, ARSI R S — N UG T B A SRR R ik

2. SR

ARSI KEY_UP #8EREHF4F, 24 KEY_UP #% F LG R FERAE, i3]
KEY_UP % T LUs sRE 0T B S S, F IS S AR R —MES. o1
RSG5 &, A5 5 EIRBURTY LS HURIHT LCD 482 X st ait, I iRm0l
fE5®EMIE.
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g

REANT -
start_task: FREIEHAD 2 MES.

SemapGive task : SREUFZHIRES, 2 KEY UP ##4% © % LLUE BB iS5 & CountSemaphore,

ALIENTEK STM32F103 £ R3IF %1% FreeRTOS 7 & #iE
ARG = AMESS: start_task. SemapGive task . SemapTake task X = /AMES IS

BEATE 5538 F SR ¥ LEDO 157 KRB RFE P IEAE B 1T H

SemapTake_task : #RHU{5 5% CountSemaphore, Z3RKHL

XI5t
SR PRI T A

AN =]

&= CountSemaphore,

18

Ho WM RS KEY_UP #4g, F TR R,

3. XBWTE

FreeRTOS 5256 14-2 FreeRTOS 1255

4. EBRREF 50T

OEFHE
#define START TASK PRIO 1
#define START STK SIZE 256
TaskHandle t StartTask Handler;
void start_task(void *pvParameters);
#define SEMAPGIVE TASK PRIO 2
#define SEMAPGIVE _STK SIZE 256
TaskHandle t SemapGiveTask Handler;
void SemapGive task(void *pvParameters);
#define SEMAPTAKE TASK PRIO 3
#define SEMAPTAKE STK SIZE 256

TaskHandle t SemapTakeTask Handler;

void SemapTake task(void *pvParameters);

et

ERcp -Gk

B

RS

INESAR S
IR HER K/
INESFIR
INES R 3L

INESAR S
IR HER K/
INESFIR
INES R 4L

INESAR ek
IMESHERR RN
INESFIR
INES R 4L

SemaphoreHandle t CountSemaphore;//i ({5 5 &

//LCD il J5# B 45 FH 1 e

int lcd discolor[14]={ WHITE, BLACK,
GRED, GBLUE,
GREEN, CYAN,
BRRED, GRAY }
@® main()RR
int main(void)

{

b

BLUE, BRED,
RED, MAGENTA,
YELLOW, BROWN,

NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & R4t i e 234 4

delay_init();

/FE IS BRIt
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ALIENTEK STM32F103 £&%HF &R FreeRTOS FF & £#2

uart_init(115200); AR T
LED_Init(); /%1464 LED

KEY Init(); Gk S
BEEP_Init(); 1IATTGE e WS 2
LCD _Init(); /%1864 LCD
my_mem_init(SRAMIN); TG4k A 8 P A7

POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 14-2");
LCD_ShowString(30,50,200,16,16,"Count Semaphore");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

POINT COLOR =BLACK;
LCD_DrawRectangle(5,110,234,314);

LCD_ DrawLine(5,130,234,130);

POINT COLOR = RED;
LCD_ShowString(30,111,200,16,16,"COUNT _SEM Value: 0");
POINT COLOR = BLUE;

/BT IR 55
xTaskCreate((TaskFunction_t )start_task, 1TSS R
(const char* )'start_task", IMESs 4 FR
(uint16_t )START STK SIZE, /ME5HER K/
(void* YNULL, IG5 R S 3L

(UBaseType_t )START TASK PRIO, /551564
(TaskHandle t*  )&StartTask Handler); /AT55H]HA

vTaskStartScheduler(); TSR AE 55 B
}
® EFEH
IFFRAAE 55 4 5 BRSG
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); /NI SR IX
MR ES &
CountSemaphore=xSemaphoreCreateCounting(255,0); (1)
/BRI 5 LS
xTaskCreate((TaskFunction_t )SemapGive _task,
(const char* )"semapgive task",
(uint16_t )SEMAPGIVE _STK SIZE,
(void* JNULL,
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(UBaseType t  )SEMAPGIVE TASK PRIO,
(TaskHandle t*  )&SemapGiveTask Handler);

/1R IRIUE 5 EALSS

xTaskCreate((TaskFunction_t )SemapTake task,
(const char* )"semaptake task",
(uint16_t )SEMAPTAKE STK SIZE,
(void* JNULL,

(UBaseType t )SEMAPTAKE TASK PRIO,

(TaskHandle t*  )&SemapTakeTask Handler);
vTaskDelete(StartTask _Handler); I BRI 55
taskEXIT CRITICAL(); /738 Wi S X

1T BUAE 5 BT 55 R AL
void SemapGive_task(void *pvParameters)
{

u8 key,i=0;

u8 semavalue;

BaseType terr;

while(1)
{
key=KEY_Scan(0); VesEiitis
if(CountSemaphore!=NULL) IS 5 SO R
{
switch(key)
{
case WKUP PRES:
err=xSemaphoreGive(CountSemaphore);//B T HAE S &  (2)
if(err==pdFALSE)
{
printf("{& 5 BRI \r\n");
H
IBRBGH G 5 &
semavalue=uxSemaphoreGetCount(CountSemaphore); 3)
LCD_ShowxNum(155,111,semavalue,3,16,0);/Z/~ {55 EEH (4)
break;
}
H
it
if(i==50)
{
1=0;
LEDO=!LEDO;
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H
vTaskDelay(10); //AERT 10ms, HEZE 10 AN Ehi4E

}
1BRBH OS5 B AR 55 B A
void SemapTake task(void *pvParameters)

{
u8 num,;
u8 semavalue;
while(1)
{
xSemaphoreTake(CountSemaphore,portMAX_DELAY); /485 5E(E 5= %)
num-++;
semavalue=uxSemaphoreGetCount(CountSemaphore);  /FRIEE(E 5= (6)
LCD ShowxNum(155,111,semavalue,3,16,0); AT YN =g [:)
LCD _Fill(6,131,233,313,lcd_discolor[num%14]); 11 5%
LEDI=!LEDI;
vTaskDelay(1000); IIZERT 1s, R 1000 /N840
H
}

(D BB GESE, HoE /&5 00dE, A K% xSemaphoreCreateCounting() 8!
H— M AE S & CountSemaphore. THUE S5 & 1H R RME R E N 255, BT AL H
BOUESERHTHEM ), bt E S ERNYIBERE N 0. WRHHHAGESEHT
GEUEE B IS S A ST EOE 5 BTG A N AR B U ) SE PR B R R A T .

(). Wi KEY UP B FHEM RonEMHE KA T, S K4S H R M &
xSemaphoreGive()B /{5 ‘5 & CountSemaphore.

(3) W R %L uxSemaphoreGetCount()3XHX% 5 & CountSemaphore {5 5 &E(H, BHES
wE T E T EE SN —. B2 uxSemaphoreGetCount() & H KIKBUE 5 =MEN, X DNBREED
F, "X ERE uxQueueMessagesWaiting()FY— /M B a2, S iph 2 3 [m] A 41) 5 4 A il 0 A%
uxMessagesWaiting H{H o

(4). £ LCD k% R{55 & CountSemaphore {5 T EAE, FULEUHIME(E &KL

(5)~ i H K%L xSemaphoreTake()3KHX {5 5 & CountSemaphore
(6)~ FIFERIAESREUE 55 LU VA FH 28 % uxSemaphoreGetCount()3RBU(E 5 &8, I+ HAE LCD
RIS, BOSREUE S8R LG S EE .

14.5.2 FBFEBITERMT
i TSI BT R AR, BRAE T LCD SR 14.5.2.1 iR,
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Count Semaphore
ATON@ALIENTEK
2016/11/25

COUNT_SEN Value: 0

P 14.5.2.1 LCD BRI 57 i ]

1% F KEY UP #Fi{5 5 & CountSemaphore, J¥E W% LCD LGS EENZ. B
B M LLE1E%% SemapTake_task()#t il AR ENE 5 &, JRINEBE 5 &GRS RBIF LCD 185
IR E . BG5S 2MIEE S EEMagm, REESEMIEE S EEm SR, wE
14.52.2 fli7R:

K 14522 55851k
LESRMEEN 0 FIRHEH R RE S EL, 1155 SemapTake task()FKHUE T &K, (T
Z R NFHZERS, LCD 48 € X e hlis ik, HRRESMGEGE 45187 8177 .

14.6 REZBUEE

FEAE ] —AEAS S BRI S B BRE WK — A —— e e, I e rT I
WARZ AR B ILR, FESKI RGEH A SCVF I BUZ AL, XS BME S R BURIN S, 7TRE
SSFBUTENER, B 14.6.1 g MU BB T,
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l ALIENTEK STM32F103 £ ZR3FF £4% FreeRTOS FF & HiE
TR ‘
RIS
fE%5H (5) (13)| |
HE%H IER=E
HGHEELIN PATSL %L
F4M CPUM AR i ‘ (9) Rz
@) 6) (12)
1T4M ‘
HEHEELI %M
CPUfH AL T
? (?
L | (1) | 3) | I (11)
F45L

FIMETE
?

Kl 14.6.1 A%~

(1) 1£5 H AES M A THERIRES, S —F k4, (£55 L IEfEBTT.

(2) H—WZUTSS L AZ Y ) L, 7R e D AU SRS N N AZ SRS 5 &

(3) 115 L3RS 5 EH M 2L = 3.

(4) HTAES HeSm, SR NHEMRAETEERIZF 7415 LI CPU L.

(5) 1% H FFIBIELT.

(6) f£%% H g T P B HAESS L IEAEE AR TR, BT Z5ERE S 2%
L 5%, 5% H Qi AEERES, FHE% LRINZE 52,

(7) 1£55 L 4k4Listy.

(8) HTAES M Mt edim 1S L, MBS M SN EMERE G, E5% M RIF 7%
L ) CPU 1 AL,

(9) 155 M AbFZ AL B ) 5

(10) £ M $UTEESE, B CPU [ HBUHIE TS L.

(11) fE45 L 4k82i817

(12) JZAES L B A K TR TE 55, 2tovil, BT Sem WA EA &
AL SAEFAFXMETE, BN REUTES D).

(13) fE% H R 2hx(E 5 BIHEEEIT.

FERXFEDL R, AF55 H B Se g sehn RS TAES% L IR g0KTF. FONES HE—H
LRFEFES LD S A =38, RS M R T4ES L0 CPU i FAL, fi
TS H BB IUEAL, XA S AR5 M e s 115 H, SR el .

14.7 R ZHBEE LK
14.7.1 LSRR

1. SEREHK

FEAE ] B A5 5 BRI R 2 AR AR Se R 1 e R, AR SR e e MBS B S 2
e, MRS B4 5 AR o
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
2. SIS

ARG ATV AMESS: start_task. high task « middle task , low task, iXPUAMESFMESS
ThREWIR «

start_task: FREIEH AR 3 ME5S.

high_task : LIS, SR AEETE, FKPURDLUG AT HHB AL, Ab3E 58
A SR A 5 &

middle_task : HEFRIEHRIES, —ANTEFHNAES

low_task: {RICAERATSs, FIERAERIES—FF, SR HE T8, RPN LS 237
FHRL AL EE, ASEAN A 2 A AE TR e B AE 55 o F ZABAE 5 & I A) 22 A — SRR
1o

SIS A T —/> Z{A 15 5 & BinarySemaphore, =i/t 56 gAML S6 JOX P ME 55 2 X
MG TE.

3. KB THE

FreeRTOS 5156 14-3 FreeRTOS /e 2% 5256

4. ERERF ST

OEFHE

#define START TASK_PRIO 1 IMEFS IR
#define START STK_SIZE 256 IMESS HERR R /N
TaskHandle t StartTask Handler; IS5 FR
void start_task(void *pvParameters); INES5 R
#define LOW TASK_PRIO 2 IMEFS IR
#define LOW STK SIZE 256 IMESS HERR R /N
TaskHandle t LowTask Handler; IMEZS )

void low_task(void *pvParameters); INES5 R
#define MIDDLE TASK_PRIO 3 IMEFS IR
#define MIDDLE STK_SIZE 256 IMESS HERR RIS
TaskHandle t MiddleTask Handler; IMEZS )

void middle task(void *pvParameters); INES5 R
#define HIGH TASK_PRIO 4 IMEFS IR
#define HIGH STK_SIZE 256 IMESS HERR RIS
TaskHandle t HighTask Handler; IMES5FR

void high_task(void *pvParameters); INES R

I —AEfE S BRI
SemaphoreHandle_t BinarySemaphore;// —{E{5 5 &

//LCD Fill 57 B {5 FH ) 2
int Ied_discolor[14]={ WHITE, BLACK, BLUE, BRED,
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GRED, GBLUE, RED, MAGENTA,
GREEN, CYAN, YELLOW, BROWN,
BRRED, GRAY };

@® main()ER

int main(void)

{
NVIC_PriorityGroupConfig(NVIC_PriorityGroup_4);//% & R4 H Wi e 2 34 4

delay init(); JI3E IS BRI HR A6 AL,
uart_init(115200); IRTEEAL HR T

LED _Init(); //¥1464k LED

KEY _Init(); IR e B
BEEP_Init(); 11RTUE BN 2
LCD_Init(); 91464k LCD
my_mem_init(SRAMIN); JIAIEEAY A N AR

POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 14-3");
LCD_ShowString(30,50,200,16,16,"Priority Overturn");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

VBT URAESS
xTaskCreate((TaskFunction_t )start_task, INES R
(const char* )"start_task", IME55 R
(uint16 _t )START STK SIZE, /MT55HER K/
(void* )NULL, IS LS5 R A 24

(UBaseType t  )START TASK PRIO, //E%2:4%
(TaskHandle t*  )&StartTask Handler); /AT55H)HA
vTaskStartScheduler(); IFF IR AR5 R FE

® EFERH
IR AT 551155 e 2K

void start_task(void *pvParameters)

{
taskENTER_CRITICAL(); /NG X

g EHESE

BinarySemaphore=xSemaphoreCreateBinary(); (1)
N AEAE S BRI R UG ZRRE— T
if(BinarySemaphore!=NULL)xSemaphoreGive(BinarySemaphore); 2)
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IR BT SS

xTaskCreate((TaskFunction_t )high_task,
(const char* )"high_task",
(uint16_t )JHIGH_STK SIZE,
(void* NULL,

(UBaseType t )JHIGH_TASK PRIO,
(TaskHandle t*  )&HighTask Handler);

BV SR S A S5

xTaskCreate((TaskFunction_t )middle_task,
(const char* )"middle_task",
(uint16_t JMIDDLE STK SIZE,
(void* JNULL,

(UBaseType t JMIDDLE TASK PRIO,
(TaskHandle t*  )&MiddleTask Handler);

VAR SERAE ST

xTaskCreate((TaskFunction t )low_task,
(const char* )'low_task",
(uintl6_t )LOW_STK SIZE,
(void* JNULL,

(UBaseType t J)LOW_TASK PRIO,
(TaskHandle t*  )&LowTask Handler);

vTaskDelete(StartTask Handler); 11 U6 AT 55
taskEXIT_CRITICALY(); /3B H I X

}

IR SR RAE 55 HIAE 55 R AL

void high_task(void *pvParameters)

{
u8 num;

POINT COLOR = BLACK;
LCD DrawRectangle(5,110,115,314); /i — T
LCD_DrawLine(5,130,115,130); /18 25
POINT _COLOR = BLUE;
LCD_ShowString(6,111,110,16,16,"High Task");

while(1)

{
vTaskDelay(500); //#ERF 500ms, g2 500 AMHHE 47
num-+-+;
printf("high task Pend Sem\r\n");
xSemaphoreTake(BinarySemaphore,portMAX DELAY); /R _{H{5 5= 3)
printf("high task Running!\r\n");
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

LCD Fill(6,131,114,313,lcd_discolor[num%14]); /37 X5

LEDI1=!LEDI;

xSemaphoreGive(BinarySemaphore); BG5S = 4)
vTaskDelay(500); /4ER 500ms, WA= 500 /N EF 544

IS ST S5 T 55 PR AL

void middle task(void *pvParameters)

{

u8 num;

POINT_COLOR = BLACK;
LCD DrawRectangle(125,110,234,314); /il —ETE
LCD_DrawLine(125,130,234,130); /1 £
POINT_COLOR = BLUE;
LCD_ShowString(126,111,110,16,16,"Middle Task");
while(1)

{

num-++;

printf("middle task Running!\r\n");

LCD Fill(126,131,233,313,lcd_discolor[13-num%14]); /3 75 [X 1k
LEDO=!LEDO;

vTaskDelay(1000); //ZER} 1s, tHEZ 1000 454

IMEA S AT 55 LSS B B

void low_task(void *pvParameters)

{

static u32 times;

while(1)

{

)

il

xSemaphoreTake(BinarySemaphore,portMAX DELAY); /#RH _AH{5 5
printf("low task Running!\r\n");
for(times=0;times<20000000;times++) /IR HATSS 5 H M8 5= (6)
{

taskYIELD(); /1R AT 55
}
xSemaphoreGive(BinarySemaphore); IR HESE (7
vTaskDelay(1000); /#ERT 1s, tH5EZ 1000 e

261



STM32F1 FreeRTOS FRF /M

l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
}

(1)« I FH 5% % xSemaphoreCreateBinary() 8 & 1t {5 5 &

(2)~ BRINGIER) EE T B2 ToRU, X B 251 BR # xSemaphoreGive(VRE T —1k —
fEf5 55 . BWMES high_taskOF low_task(O#S S IRIUA B 5 4

(3)s I FAT 55 H BB #L xSemaphoreTake )ZRIX —fHAE 5 &

@)~ 1# 52 UL 75 218 F B 2 xSemaphoreGive(VFF il —{HAE 5 &

(5)+ MRARSELAT 55 P —(E {5 5 & BinarySemaphore.

(6)+ AR ST S5 B I [0] 5 FH (S 5 & .

(7)s RGBSR AEME T &

14.7.2 FEFBITERMT

I R H AR B AR, TR DR T, BRIATAL R LCD SRt 14.7.2.1
PR o

K&l 14.7.2.1 LCD ERiA 1]
M LCD EAE G A BRI H B RIIG, FATAT L 8 DR 75 (8 W 224 S i %
O H AR 14.7.2.2 Pk
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i XCOM V2.0 _ 0 «
LCD ID:5510 A .,
middle task Running! BOi%E
low task Running!
COMS : USB-SERTAL ~

high task Pend Sem
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running'
middle task Running!
middle task Running'
middle task Running!
middle task Running!
middle task Running!
middle task Running!
high task Running!
middle task Running!
high task Pend Sem
high task Running!
low task Running!

BHE 115200 v

feitfu 1 v
#iEu 8 v
EEtdE & v

BO%KE @ TSR0

#EEN | ErEW
O 16t #IRTM BREF
[]&ts ] otk
o | O B (LA f TRz )

BREE ZEEE hiER

ledl_off

Rix

OErsE g o0 | ms |

|| fTRuEE | REYRE | BIEEE

O 1eitlsix ] REHT

© ~ |www.openedv.com |S:0

ox FFREFA: www. openedv. com

| Ris02 |cTs=0 DSR=0 DCD=0 | 5giatia] 17:07:44

K 14722 # 0%

N T IIE T, AR A DR ZHl R, a0

LCD ID:5510
middle task Running!
low task Running!
high task Pend Sem
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
middle task Running!
high task Running!
middle task Running!
high task Pend Sem

)
@
3

“)
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(1)« low_task 1553k HL 2| —{E 15 ‘5 & BinarySemaphore JF4HIZ1T

(2)~ high task FRH{{5 5 & BinarySemaphore, {H &K {55 & BinarySemaphore #7155
low_task (5 F% , Bl high task 5t — BH 5%54F, H 3| low_task 1155 B¢ il{5 5 & BinarySemaphore

(3)~ HIT high task %&£ 3K B #{5 5 &= BinarySemaphore, WAt —EHZ:4E, L AEECLH
high_task %G 1217, 1fi middle task —E{EIE1T, %4 ARIEGEHLE middle_task A5 LSE =
T high_task. {H/2=HSE | high task AT 55 4E 551056402 & T middle_task ), XM a2 thedk
S !

(4)- high_task f£:55 I N3RELE [ 15 ‘5 & BinarySemaphore fi&1T

MABIFEF AT AE H, 29— ML DTS A — D s e AT 55 R A [ —ME 5 &=,
M ARG T Hph R RAT S50 . WRAUIR e RAT 55315 TR 58, AT
AT ERPIRES, B2, PEREL IS AT DT e BAE 55 11 2 T = L e AT 554847
(I SRR PUESEERESE  ITUARRIETT), KRB TSR .

WESR R S6 BB /2 MRS n) 8, B AA A RRITIE? A XS 5 b —FhE

=

SE—OFETE!

148 HFE5&E

14.8.1 B RESE/N

HFE SRS MIA IR AN ZEE S &, £RPINAED(ES SES s
Wr S5 Z M) MEE S ERiE G .. B ESEEGH TR ZH /s RS . 78
BRI ERAESERS T DR, 2455 A8 EA0 H B U5 I gl 4 ZR e SRAG X AN L
2 58 BE IR DA w0 ZBUH I XA TR, SRR A AT 55 0TI DA S IR A P RL 254 R .

B A5 58 AEAE 5 2AH R APT AT B4 BT DLE /e {5 5 f th ml DAL FH 2E I a],
AFT ZEE T ERR G SE B RARMBRN R S— T FE 58 IEER— ML
FBHWAEFAEH, LA SR e R S5 B R BOX AN BFE S B S biZE . A
ARXAS SIS R AAT S5 BRI P 5 AR e e TH 21 5 B S FE R e, XA 2
AR Ak A . PSR AIS AT BRI PR T s LS AT 55 b T IHZE S B T, JF B C e Bl
“ARSCR B 7 BRI B B I

PSR Ak AT A BETE EHIH BRI Pl e, & RIS RE R BRI SE 0 L 7 SR A S
A SEZ 82 FH N2 AR BT E 2 WA B S L S SR 0 A A - B AR 5 BEANEE T o W IR g% ek
JiR BRI

® L FESEAMAGEMAMIE], Pl AREHIAEES T, ANse T W Rgs s

® 1R 5% bR B AN RE R D S AR LR 5 BT B0 B PH ZE I [R) 3R N FH 2E 3

14.8.2 SR ERESE

FreeRTOS 24t T AN E /55 5 B AR RE, WK 14.8.2.1 Prr:
xSemaphoreCreateMutex() EHZE T EAREFET &
xSemaphoreCreateMutex Static() FHES TR LR E Y=,

R 14.82.1 BRESEAERE

1. E# xSemaphoreCreateMutex()

R TR AN ERFETE, s BN N AAEE SN AR E BEE B IR R R

264



[ ALiENTEK | STM32F1 FreeRTOS F & F M
l ALIENTEK STM32F103 £ ZR3FF £4% FreeRTOS FF & HiE
AN, HIESERE S B2 %L xQueueCreateMutex(), I pREUR LU

SemaphoreHandle t xSemaphoreCreateMutex( void )

24
o

R [EME:
NULL: B 55 REIE R
FHAtofH: AV BT 1 A5 5 BRI .

2. B xSemaphoreCreateMutexStatic()

et RO TR E SRR, AL ﬁtué&ﬁdil—iﬁrﬁ%éE’Jiﬁﬁ%%ﬁﬁﬁgﬂ’]
RAM FTEHH R, SEREURA %, ARG FE 2 iE it B2 xQueueCreateMutex Static ()
KIEH), BREURAT
SemaphoreHandle t xSemaphoreCreateMutex Static( StaticSemaphore_t *pxMutexBuffer )

e 28
pxMutexBuffer: HZ%($5 W — StaticSemaphore t XM AT, HRIRAHE 5 EE A

IR 6] {E
NULL: N EREy -l N
oA B R Ih B B R 15 5 R AR

14.8.3 HFE5EAUBETRESM T

B R rahAS003 H 55 5 2 K3 xSemaphoreCreateMutex (), BEERERAN %2, & XU R
#deﬁne xSemaphoreCreateMutex() xQueueCreateMutex( queueQUEUE TYPE MUTEX )
A LR, FIETFH 12 B2 xQueueCreateMutex(), It R H7E XA queue.c HAH W R E X,
QueueHandle t xQueueCreateMutex( const uint8 t ucQueueType )
{
Queue_t *pxNewQueue;
const UBaseType t uxMutexLength = ( UBaseType t) 1, uxMutexSize = ( UBaseType t) 0;

pxNewQueue = ( Queue t * ) xQueueGenericCreate( uxMutexLength, uxMutexSize,\ (1)
ucQueueType );
prvInitialiseMutex( pxNewQueue ); 2)

return pxNewQueue;

!

(1)~ W H K%L xQueueGenericCreate() A2 —NBAFI, PAFIKEE N 1, BAFITKEE N 0, BASI
KM ANZH ucQueueType. H T AR ZOUE L FESER, AL ucQueueType N
queueQUEUE TYPE MUTEX.
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. ALIENTEK STM32F103 £ &%|HF &1 FreeRTOS FF & 32
(2)- VA REL prvinitialiseMutex(V¥ G54 B 155 & .
PR %Y prvInitialiseMutex XA a1 T

static void prvInitialiseMutex( Queue t *pxNewQueue )

{
if( pxNewQueue !=NULL )
{
1SRN BA S I i R AR AL BA S A AR B pl R AR B, {E R L) 1S ) L e
ME5E, FIAERARERERERRE, JCHAREH TR AL
pxNewQueue->pxMutexHolder = NULL; (1)
pxNewQueue->uxQueueType = queuecQUEUE IS MUTEX; 2)
IR RISV B R 55 B
pxNewQueue->u.uxRecursiveCallCount = 0; 3)
tracecCREATE MUTEX( pxNewQueue );
IR E RS &
(void ) xQueueGenericSend( pxNewQueue, NULL, ( TickType t) OU,\
queueSEND TO BACK);
}
else
{
tracecCREATE MUTEX FAILED();
}
H

(HAI(2)s X BLRFK Al g5t =X, BAFI 254K Queue t 1A pxMutexHolder A1 uxQueueType
IXPRAS R AR BN 2 IX PN ZR PE 2 MR B SR AR EE 2 IX N LS R 7, I A ERAG 5 EAE& 1,
FEAF queue.c AH IR E X -

#define pxMutexHolder pcTail
#define uxQueueType pcHead
#define queueQUEUE IS MUTEX NULL

2 Queue_t FTRIRAFHIES % pcHead 1 peTail #8 A A Z A7 X 3K, 24 Queue t T3
NHFESERRES AT E pcHead 1 peTail | o M T HFE 5 EMIEE pcHead 1517
NULL KR peTail fRA74 B RBAFIRI AT A, pxMutexHolder F&1AIH1H 515 =M ME
S HMES M. Har 4 peTail Al pcHead At /&y 1 1 9 ACHS AT L4

() WHRAEMEFESELLFESEMNIE, BT ZYIE BT G5 4R 4 1) Rl 7 AR &
u.uxRecursiveCallCount.

HFRES=OE AT LLE 28 82 xQueueGenericSend VB — X5 5 &, W H)RES
EEA RGN B FESEEER S 14.8.3.1 fis:
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Mutex

uxQueueType (pcHead) =
queueQUEUE IS MUTEX

pxMutexHolder (pcTail) =NULL

pcWriteTo

uxRecursiveCallCount=0

xTasksWaitingToSend
(N PBAFHZE%15R)

xTasksWaitingToReceive

(Hi AR 2E%13%)

uxMessagesWaiting=1

uxLength=1

uxItemSize=0
cRxLock=queueUNLOCKED
cTxLock=queueUNLOCKED

Al 57 A
(R 2% A 4 13 T )

ucQueueType=
queueQUEUE TYPE MUTEX
_______ e

K 14.8.3.1 TR1E 5 BN A K

1484 B ERESE

BHREFRGESEMNNMEMN _—EHESE2. WHHGSE —F, HEHIOEHK
xSemaphoreGive() (S B b 56 A5 5 BRI 1 /2 B 3L xQueueGenericSend()) . At i T B F A5 5 &
W BB AR A E,  Pir DLE AR ER I FE 2 s XK. A8 B3 xSemaphoreGive()REIUE
x— P2 E A
prvCopyDataToQueue() 3K 5€ & 1, B & 5 & 1 & 0 xQueueGenericSend() 2 1 H
prvCopyDataToQueue(). B JF15 5 & ML So 2k 4k 4K 1942 75 $R 21 prvCopyDataToQueue() F 5€ % 1,

TR EZEMWN P 2K uxMessagesWaiting I — , 1

IR B A R — B

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

T )
3

Queue t

static BaseType_t prvCopyDataToQueue( Queue t * const pxQueue,

const void * pvltemToQueue,

const BaseType t xPosition )

BaseType t xReturn = pdFALSE;
UBaseType_t uxMessagesWaiting;

uxMessagesWaiting = pxQueue->uxMessages Waiting;
if( pxQueue->uxItemSize == ( UBaseType t) 0)

{
#if ( configUSE MUTEXES == 1)
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. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
{
if( pxQueue->uxQueueType == queuecQUEUE IS MUTEX ) (1)
{
xReturn = xTaskPriorityDisinherit( ( void * ) pxQueue->pxMutexHolder );(2)
pxQueue->pxMutexHolder = NULL,; 3)
H
else
{
mtCOVERAGE TEST MARKER();
b

}
#endif /* configUSE_MUTEXES */

AR ek s s stk sk sl sk ek sk s ket sk skl ol kil okt sk skolol loksiok kol ok skl skl okl kR ok kol kR /

/*********************************************************************/

pxQueue->uxMessagesWaiting = uxMessages Waiting + 1;
return xReturn;

(). AR R EFE S E.

(2)~ i H B %L xTaskPriorityDisinherit()Ab B! B 515 5 & AL 26 e 4k 7K ] it

(B). EFESERMLLE, BFESENAE TEMIES T, Fril pxMutexHolder Z45 i]
NULL.

£ K& — F B # xTaskPriorityDisinherit() /& /& 4 B A& i) 4b B AL Jc 4k K 1), R
xTaskPriorityDisinherit()fCAZ 41 T -
BaseType_t xTaskPriorityDisinherit( TaskHandle t const pxMutexHolder )

{
TCB _t * const pxTCB = ( TCB _t * ) pxMutexHolder;
BaseType t xReturn = pdFALSE;

if( pxMutexHolder != NULL ) ()

{
NE—MEFFRMEB| B/ E S EUEM W KBRS APAN I, LR
NG T REIMES H E & 4ETIEEIZ1T /TS pxCurrentTCB.
configASSERT( pxTCB == pxCurrentTCB );
configASSERT( pxTCB->uxMutexesHeld );

( pxTCB->uxMutexesHeld )--; )

IREBAFAENR S B ? IRAFAE BITEAT 55 TR S R 2 MM 95 FE A S AR
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if( pxTCB->uxPriority != pxTCB->uxBasePriority ) 3)
{
IFARMES RBE T — A B ETE
if( pxTCB->uxMutexesHeld == ( UBaseType t)0) 4)
{
if( uxListRemove( &( pxTCB->xStateListltem ) ) == ( UBaseType t) 0) (5)
{
taskRESET READY PRIORITY ( pxTCB->uxPriority ); (6)
}
else
{
mtCOVERAGE TEST MARKER();
}

/M5 B IO S ORAT: 55 B3 7 I 21 5t 2 571 & o
traceTASK PRIORITY DISINHERIT( pxTCB, pxTCB->uxBasePriority );
pxTCB->uxPriority = pxTCB->uxBasePriority; (7)

/* Reset the event list item value. It cannot be in use for
any other purpose if this task is running, and it must be
running to give back the mutex. */
listSET LIST ITEM_ VALUE( &( pxTCB->xEventListltem ), \ (8)
( TickType t) configMAX PRIORITIES -\
( TickType t ) pxTCB->uxPriority );

prvAddTaskToReadyList( pxTCB ); 9)
xReturn = pdTRUE; (10)
H
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
mtCOVERAGE TEST MARKER();
}
H
else
{
mtCOVERAGE TEST MARKER();
H

return xReturn;
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}

(1)~ BREZE pxMutexHolder KA I B F(E 5 BAESEGIH,  Pr LB Se I Wt B+
B 582N Oy HAE IR,

(). BRAESTRSENEZNEFESE, S EAOES Ui BN B R E S E
ANEL, AT B A A ) e 2 A8 B uxMutexesHeld A SRR S BT 55 R INBI B R 5 &
o BRI —REFESE, &8 uxMutexesHeld H & Z K —.

(3)~ W BTN A, WIRAFAETEE S I 4T e B B AN E TR S ML 5
778

(4)s FIBT G HTRE B R ARSI B R G — N RESE, BIRWRAES IR T
HALE RS 5 EREA R B R4k 7K . RSBk AR A B AU AE R U e — DN RS
o BRI

(5)~ AR IUL T T kSR AT 55 1 S AT e R PR BT 55 AR 58 4, T L2
HATES MRS R EE R TR BR . ARSI R E N JFER IR S 2% UL PSR I 2 i %
.

(6)~ LN SAE 55 4k AR X AN e o0t B R aht 28 36 rh 3 A At ATE 55 100 3 SR B XA Se )
)Rz

(7)~ FEHWEALS IR L AT IS uxBasePriority .

(8)~ E AT A5 LT

9) BB E G FAESS B MBS i Kb .

(10). i&[Al pdTRUE, #onsZdTAE5RIE .

14.8.5 KN EFEEE

FWMEFESENREFAFRR —EHESEN T REGETEN R B, #2
xSemaphoreTake()(ZEFRHUATIE 5 BRI BAEZ xQueueGenericReceive()), U E 715 5 &I
TR 75 B FRAL Ao R 4k AR T 1)@, PRI xQueueGenericReceive()TE (A queue.c 1A € X, 1E
=R USRI R RATEA T B, AR TR T — XA L A
() R B A T
BaseType t xQueueGenericReceive( QueueHandle t xQueue, void * const pvBuffer, TickType t
xTicksToWait, const BaseType t xJustPeeking )

{

BaseType t xEntryTimeSet = pdFALSE;

TimeOut_t xTimeOut;

int8 t *pcOriginalReadPosition;

Queue _t * const pxQueue = ( Queue t * ) xQueue;

for( ;; )
{
taskENTER CRITICAL();

{

const UBaseType t uxMessagesWaiting = pxQueue->uxMessages Waiting;

1) W BB 2 154 T B
if( uxMessagesWaiting > ( UBaseType t) 0) (1)
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{
pcOriginalReadPosition = pxQueue->u.pcReadFrom;
prvCopyDataFromQueue( pxQueue, pvBuffer ); 2)
if( xJustPeeking == pdFALSE ) 3)
{
traccQUEUE_RECEIVE( pxQueue );
IR BRTH 1B
pxQueue->uxMessagesWaiting = uxMessages Waiting - 1; 4)
#if ( configUSE_ MUTEXES == 1) (5)
{
if( pxQueue->uxQueueType == queuecQUEUE IS MUTEX )
{
pxQueue->pxMutexHolder = (6)
(int8 t * ) pvTaskincrementMutexHeldCount();
}
else
{
mtCOVERAGE TEST MARKER();
}

H
#endif /* configUSE MUTEXES */

IEFREA S FANBATIBLZE, W FA 1)1 75 AR BRI 23 .
if( listLIST IS EMPTY ( &( pxQueue->xTasksWaitingToSend ) ) == (7)

pdFALSE )
{
if( xTaskRemoveFromEventList( &
( pxQueue->xTasksWaitingToSend ) ) != pdFALSE )
{
1750 SR A7 ok BEL 2 PR AT 55 P S 0% LU 2 BT 55 P 2 0 e P i e 75
AT —IRAESS V)
queueYIELD IF USING PREEMPTION();
§
else
{
mtCOVERAGE_TEST MARKER();
§
H
else
{

mtCOVERAGE TEST MARKER();
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®)

tracecQUEUE_PEEK( pxQueue );
MTEEEBA S A BT JE DA R R R

pxQueue->u.pcReadFrom = pcOriginalReadPosition;

110 SR 55 R A A AT L 28 1 175 35 Al B A 55 FRO BELZE S
if( listLIST IS EMPTY( &( pxQueue->xTasksWaitingToReceive ) ) == (9)
pdFALSE )

if( xTaskRemoveFromEventList( &
( pxQueue->xTasksWaitingToReceive ) ) != pdFALSE )

{
17300 SR AR 55 B FE AT 55 0 e 4% L 24 B AF 550 S i O it 7 2
/AT — IRAE S )4
queueYIELD IF USING PREEMPTION();

mtCOVERAGE_TEST MARKER();

else

mtCOVERAGE TEST MARKER();

taskEXIT CRITICAL();
return pdPASS;

else

NSk (10)

if( xTicksToWait == ( TickType t) 0)

{

}

IBNFI A, WS BHZER [A] 2 0 (1 B 4% [7] errQUEUE_EMPTY
taskEXIT CRITICAL();

traceQUEUE_RECEIVE FAILED( pxQueue );

return errtQUEUE _EMPTY;

else if( xEntryTimeSet == pdFALSE )
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NI 7S FF B E 1 BHZERS [A], /R AR LI TARAS St A
vTaskSetTimeOutState( &xTimeOut );
xEntryTimeSet = pdTRUE;

mtCOVERAGE_TEST MARKER();

}
taskEXIT_CRITICAL();

vTaskSuspendAll();
prvLockQueue( pxQueue );

/IR DRSS, I B EER R B KAE
if( xTaskCheckForTimeOut( &xTimeOut, &xTicksToWait ) == pdFALSE ) (11)
{

if( prvlsQueueEmpty( pxQueue ) != pdFALSE ) (12)

{
traceBLOCKING_ON_QUEUE_RECEIVE( pxQueue );

#if ( configUSE MUTEXES == 1)

{
if( pxQueue->uxQueueType == queuecQUEUE IS MUTEX ) (13)
{
taskENTER CRITICAL();
{
vTaskPriorityInherit( ( void * ) pxQueue->pxMutexHolder );(14)
¥
taskEXIT CRITICAL();
H
else
{
mtCOVERAGE TEST MARKER();
H
}
#endif

vTaskPlaceOnEventList( &( pxQueue->xTasksWaitingToReceive ), (15)
xTicksToWait );
prvUnlockQueue( pxQueue );
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if( xTaskResumeAll() == pdFALSE )
{
portYIELD WITHIN API();
}
else
{
mtCOVERAGE TEST MARKER();
}
H
else
{
HEEAR—IK
prvUnlockQueue( pxQueue );
( void ) xTaskResumeAll();
H
}
else
{
prvUnlockQueue( pxQueue );
( void ) xTaskResumeAll();
if( prvlsQueueEmpty( pxQueue ) != pdFALSE )
{
tracecQUEUE RECEIVE FAILED( pxQueue );
return errtQUEUE_EMPTY;
H
else
{
mtCOVERAGE TEST MARKER();
H
}

}

(1)~ BABUA =S, AT LA BA S i B A 4

(2)~ VA H %L prvCopyDataFromQueue() {5 FH £ d5#% VL1177 XM BA 51 A $ B A3

(3) HHE T H LA 75 R EAE I PR 4

4) PAFIHTH B BCR TH02% uxMessagesWaiting Jik—, 181X — 5 ol B b4 1 o

(5)~ R RECE N TR /B S5 &/,

(6)~ SR E RS SR, TEMMCEFESENTEE, 24 pxMutexHolder THR{H,
pxMutexHolder [ 1% & 4 87 1F 55 W A% & & i . H 2 X B 2 @ 3 K
pvTaskIncrementMutexHeldCount()>RIRAE Y, LR EIR W7 5, FU@ AT S 4 il e il i A &
uxMutexesHeld fl—, FTRAEFSIKNE] T —NMEHFETE, S)aHREOR YT TS RS
ilEZA
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(7)~ HE BRI DL S HIW 2 A AT 55 B N BT BHZE 1Y, a0 A 1 U5 it 7 B A B AT 55 1 PH 2
A, Gn SR AR P ZE BT 550 26 2 bE U HTAE 25 AR S 2 75 B AT — IR 55 D4tk

(8)~  Hi BRI AN 75 ZEMI RV 2

(9)~ Tn 5 HH AP B i A 55 20 B v S5 PR3 R A AH 24 T I AR IR 20 B A Ak BRAR

AR BAFAERNS A2 5 A 55 R O AT B ZE, A IS SRR A 5%
IPHZERS o [EIAEIRT,  Gn SRR SR BH 2E HOAE 55 D0 S 4% LU A R 55 AR S 2% v I 08 75 BEE AT — IR
F Y.

(10)~ _E 1173 B BT 2 BA B AN D9 2 (R s, I8 24 BA 51 Dy 72 (R I 12 an ey Ab WG 2 Ab P 3 A A0
BN AT 55 i P N BA 2L xQueueGenericSend()Z5 L. WISRBHZER BN 0BG sk B E2 R (A
errQUEUE_EMPTY, FoxBASAS, GnSRUCE | FH 28 1] 1 sl AT AH < A AL 2

() Er BRI R KA, G SRR BRSBTS s I 2IBA 51 (¥ x TasksWaitingToReceive
HIr.

(12). HAEBAFR S IREE N ? WERA N iE st 7E il — I BA .

(13). FoRIbeR B0 TR EFE S ER.

(14). i H R % vTaskPriorityInherit() &b 3 B /515 5 & W I O0 Je G 4k 7K v &, 4n 5 pRi £k
xQueueGenericReceive)H T IR H 518 S & 115, IR EHAT 21X B B E%EIEF%EZE
M AT45 b o I RRECR 14.8.4 /N5 1) BB 30 x TaskPriorityDisinherit()ist FEAH [ o 1 BR %02 1 W
HATAESS E SR SE o & L IR TR E S 2RI MES RS e s, W2 1)iE it
SAUIA B E 5 2RI 2 AT 55 AR S JR 3 8 5 2R 55 AH R e e 2 !

(15). &dQ2)B AW, BAFIMKIANZS, IARAES B INE]313 xTasksWaitingToReceive
.

1E LTI HT R, 2083055 2 24 K40 xQueueGenericReceive()H 1 B /515 5 & I (1) 4b
PR, HAA3)MA4)KIEM P T HFES 2R AR AN ISR TATEA TR0 1)
R — TJX/I\Jiﬁ R IAES Wi MESS HighTask A1 LowTask, HighTask £S5 N 4,
LowTask RS IR N 2. IXPAMESS #2487 — A H 715 5 & Mutex, LowTask Se3RELE|H.
71555 Mutex. II{F5 HighTask ME3RIE /715 55 Mutex, {55 HighTask i H] ek
xSemaphoreTake()Z AR H. 715 5 & Mutex, KIEFE S B IEEWAES LowTask {HH,
It H LowTask FES A 2, A CHAES AR/, KIAESS HighTask Biest4 LowTask
PRSP NS A AR e, Bl 4, SRJE1E5% HighTask A FHER S HFES
=AW

149 HFRESERIETLE
14.9.1 SLEBFERFHIT

1. SERHEHK
FAMHEFESE, FHNEEFRESERLD A AR R EE Z MO R
2. LB

ARSLIGAE “FreeRTOS 545 14-3 FreeRTOS fE el e St ” HOFEA_E5Ems, RARR A
THESEEMNOLFETE, R EEE,

3. LR T
FreeRTOS 5255 14-4 FreeRTOS H 715 5 EHp/EL .
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4. EREFEMT

ARSI R AESZES “FreeRTOS 5256 14-3 FreeRTOS /a4 BliEScat” (3 B0, BT
1E55 R ELLAA AL 350 43 E AR 7] o

® EFEH
IIT U554 55 B AR
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); 113N X
IR FESE
MutexSemaphore=xSemaphoreCreateMutex(); (1)
I UL
xTaskCreate((TaskFunction t )high_task,
(const char* )"high_task",
(uint16_t )JHIGH _STK SIZE,
(void* JNULL,
(UBaseType t )JHIGH _TASK PRIO,
(TaskHandle t*  )&HighTask Handler);
IRV AR S AT DS
xTaskCreate((TaskFunction t )middle task,
(const char* )"middle_task",
(uint16_t JMIDDLE STK SIZE,
(void* JNULL,
(UBaseType t JMIDDLE TASK PRIO,
(TaskHandle t*  )&MiddleTask Handler);
IEEAR S AT 55
xTaskCreate((TaskFunction t )low_task,
(const char* )'low_task",
(uintl6_t )LOW_STK SIZE,
(void* JNULL,
(UBaseType t J)LOW_TASK PRIO,
(TaskHandle t*  )&LowTask Handler);
vTaskDelete(StartTask Handler); BT 44T 55
taskEXIT CRITICAL(); /73R H I X
}
/RIS AT 55 HIAE 55 R L
void high task(void *pvParameters)
{

u8 num;
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POINT COLOR =BLACK;
LCD DrawRectangle(5,110,115,314); //il—EIE
LCD DrawLine(5,130,115,130); VTS
POINT COLOR = BLUE;
LCD_ShowString(6,111,110,16,16,"High Task");

while(1)

{
vTaskDelay(500); /4ER 500ms, W2 500 /N EF 544
num-++;
printf("high task Pend Sem\r\n");
xSemaphoreTake(MutexSemaphore,portMAX DELAY); /R E 555 & )
printf("high task Running!\r\n");
LCD Fill(6,131,114,313,lcd_discolor[num%14]); I FEIX 35,
LEDI1=!LEDI;
xSemaphoreGive(MutexSemaphore); IR 5= 3)
vTaskDelay(500); //#EHF 500ms, k=2 500 0540

IS RAE ST AL S5 B 2
void middle task(void *pvParameters)

{

u8 num;

POINT COLOR = BLACK;
LCD DrawRectangle(125,110,234,314);  //lH—/METE
LCD_DrawLine(125,130,234,130); /18 25
POINT _COLOR = BLUE;
LCD_ShowString(126,111,110,16,16,"Middle Task");
while(1)
{
num++;
printf("middle task Running!\r\n");
LCD Fill(126,131,233,313,lcd_discolor|13-num%14]); /3 75 [X 12k
LEDO=!LEDO;
vTaskDelay(1000); //ZER} 1s, tHEIZ 1000 454

IS BT 55 HIE S5 B 5K

void low_task(void *pvParameters)

{
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static u32 times;

while(1)
{

xSemaphoreTake(MutexSemaphore,portMAX DELAY);
printf("low task Running!\r\n");
for(times=0;times<20000000;times++) /AR S FAT S S ERE S &

{
task YIELD();

}

xSemaphoreGive(MutexSemaphore);

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

IR R 55 & 4)
)

1R AT 55V
RS (6)

vTaskDelay(1000); /#ERS 1s, tHELZ 1000 £

b
}
(1)~ 4 F R % xSemaphoreCreateMutex() /) H. /% {5 5 & MutexSemaphore
(2). 1£% high task JENH FIE 5=,
()~ HFESRMH MG — & 2R !
(4). 1155 low_task 3KHU H /%15 5 & MutexSemaphore, PHZER}[E]°4 portMAX DELAY .
(5) BEIMESS low_task KN [A] (5 H B+ {5 5 & portMAX_DELAY .
(6)« fE55 low_task (EHE B e {55 &, B!
14.9.2 BFBITER AT
FPEIE T AL RN I R AR, F SR OERETF, B OERBFE WA 14.9.2.1 FiR:
i XCOM V2.0 - m] X
-lizdglint]lzing‘ R ERFESE, ATFHHNEFRE O
> (£ Flow_task5 Fl, LA —EE (O 15, SRR
low_task i 555 & FHE s o
it 1 v
#iRf 8 v
gEtlE & v
BO#E @ xiHHE0
#FEO | R
[ 16 #RTM AREF
[]&rs mpis
(] B i (CL4R 1T EIZEET)
BREE SEEE kN BB
ledl_off BiE
FRRE
CIERdEE @i 100 | ms L IR R #bkE
[ 1eft@pEiE M REHT o FREFFA: www. openedv. com
@ -~ wwwopenedv.com | S:0 R:218 CTS=0 DSR=0 DCD=0 | Saietid 20:00:18
14.9.2.1 & OERBF
N T IR, BATK A& DR T B S ok, R
LCD ID:5510
middle task Running! (1)
low task Running! )
high task Pend Sem 3)
high task Running! 4)
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middle task Running!

high task Pend Sem
high task Running!

middle task Running!
low task Running!

(1)~ middle_task 1F45i217 .

(2). low_task ZR1F IO /F 15 5 =117

(3)~ high_task WERIG 58, EXESERF—BNE, ff low task (BB FE 5 E.
{22 middle_task H<2i24T. BAHT low_task IEAEfH B FIES &, Frbh low_task (L5515
PR EEF B T 5 high_task FHFE R EL, XML AT S5 middle_task &7, T PA middle_task
FEBABEFFAT I low_task AF-55 HIE4T 1!

(4)~ high_task {E553R1F 15 5 BiIE1T

M BT 2B AT LA B RRAS 5 A RIS 7S R I R K A

14.10 BHEFESE

14.10.1 #HE FESER/N

BHEFESEVUEER - MIRNERESE, AR T LR ESERIESHAE
PRI B R S5 &E, (HRGBHIFESEARR, DRI T I3EHEFE S =mNES L
FIRBUXA B B S 55, 10 HIRECNR D —AMESf8 H k% xSemaphoreTakeRecursive()
IR T 22 /0 08 A3 B 745 5 B 1518 H i %L xSemaphoreGiveRecursive(VFEiZ /b ik ! L
WHEAMES IR T 5 AE S &, IARMESWEFRFERRR S RO aE5 5.

ARG S ERA gAML, T ER IS EE R ESEUE — 2Bl
BRI, FERFESE -, BEAEFESEARAEPBIRS EECH.

O TR HARRIAEAE, HIRE TAEFES = R AL S S, e F bR
R

® IR S5 R BAS B 15 B PH ZE I T

BEAE 36 9 B R A5 5 B A6 % configUSE RECURSIVE. MUTEXES WAZ5N 1!

14.10.2 BIBZHEFfE5E

FreeRTOS $2tlk TP R(5 5 B0 ML, WK 14.10.2.1 Pik:
xSemaphoreCreateRecursiveMutex() AT B RS E.
xSemaphoreCreateRecursiveMutexStatic() | 1 FHERS L@ RIH L FRE 5=

#14.102.1 BUEEBIHEFE T &

1. B xSemaphoreCreateRecursiveMutex()
R TR — MR B FESE, THRENNAREISNAEETE L. MR
KRN, HIEEHE S EAIE M2 K2 xQueueCreateMutex (), MR EUFE AL 1T

SemaphoreHandle t xSemaphoreCreateRecursiveMutex( void )

28
o
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R [AE:
NULL: ENSER=y kbl SN
FHAdE: U T ) B A5 5 BRI AR .

2. BE# xSemaphoreCreateRecursiveMutexStatic()

UERR R QIS N B E S 2R, RSk B Qs 1 B 5 S BHE E S =0
i RAM 7 Z il 7 ok B, st B A 2, B Q) gl R Rl T e 2
xQueueCreateMutexStatic ()K5ERT, BREJEA T :

SemaphoreHandle t xSemaphoreCreateRecursiveMutexStatic( StaticSemaphore t *pxMutexBuffer )

ZH.
pxMutexBuffer: ItZ%$5 R —1> StaticSemaphore t R JAF T, HRMAAETELSEHIK,

AR
NULL: HiFESE0=2 KK,
HABAE: BRI I B RS S BRI

14.10.3 BAE 52 0IETRES T

X B M) &80 B 515 5 & PR 2L xSemaphoreCreateRecursiveMutex (), IR EZAN%,
SE AR :
#define xSemaphoreCreateRecursiveMutex()
xQueueCreateMutex( queueQUEUE TYPE RECURSIVE MUTEX)
A LLEH, BIE T3 A0 /2 A% xQueueCreateMutex(), H.JF15 5 &= A6 & 12 H XA R 5L,
HORTEQIEH I B RE S5 B HERAIESR N queueQUEUE TYPE RECURSIVE MUTEX. H
BRI S % 14.8.3 /M.

14.104 BPBEALFESE
BHEFRESEA THIB A% xSemaphoreGiveRecursive(), BLEREUNZE, WITH:

#define  xSemaphoreGiveRecursive( xMutex ) xQueueGiveMutexRecursive( ( xMutex ) )
MBS ML 2 ERBMWEEEFETE, HIERERZ DK
xQueueGiveMutexRecursive() >R 5 1, HEEREACIS U T
BaseType t xQueueGiveMutexRecursive( QueueHandle t xMutex )
{
BaseType t xReturn;

Queue _t * const pxMutex = ( Queue t * ) xMutex;

configASSERT( pxMutex );

IR I B R S B R AR ARSI, ERBUEH LR ESBEIMESHERS
IETIEEIBAT RS . POAREFE SRR, @BHEFE SR RRBREBCEAE R — 4
MES 5! IR A HTIEE IS AT AR S AR S H B 55 5 B A H A RER !
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if( pxMutex->pxMutexHolder == ( void * ) xTaskGetCurrentTaskHandle() ) (1)
{

traceGIVE_ MUTEX RECURSIVE( pxMutex );
( pxMutex->u.uxRecursiveCallCount )--; 2)
if( pxMutex->u.uxRecursiveCallCount == ( UBaseType t) 0 ) 3)
{
( void ) xQueueGenericSend( pxMutex, NULL, \ 4)
queueMUTEX GIVE BLOCK TIME, queueSEND TO BACK );
}
else
{
mtCOVERAGE TEST MARKER();
}
xReturn = pdPASS; (5)
}
else
{
xReturn = pdFAIL; (6)
traceGIVE_ MUTEX RECURSIVE FAILED( pxMutex );
}

return xReturn;

}

(1) WAMES IR B IE IH B+ E &, WAMES R EOR808 A B F (5 5 25
HIE YT ITRES .. REXMESEALEHEFESENMEE, WRA S
ANRETE R -

(2)~ uxRecursiveCallCount J#—, uxRecursiveCallCount F K1t 3% 18 V315 5 B4 SR IR
T8 V5 B A5 5 5 mT DA — M55 2 GREL, PR AR R TR I 22 22 ORE T, (H2 R TE
B Ja — ORI i 7 25 18 FH B84 xQueueGenericSend() 5 lRE O A2, HoAth 1z B A2 17 L1
4 uxRecursiveCallCount Ji— B[ 7] .

(3)~ 4 uxRecursiveCallCount 4 0 FJH i 156 BH 72 5 Jg — IR BRI T o

(4) R R i a — OB UE R FH 828 xQueueGenericSend() 58 il L IE FIRE UL FE . FH 2
I 1] /& queueMUTEX_GIVE BLOCK_TIME, % queueMUTEX GIVE BLOCK_TIME 4 0.

(5) HHEFE S EREIULY), #&H pdPASS.

(6)~ HIHE {5 5 ERIIOR KD, #RIH] pdFAIL.

BT 880 B F(E 580 DU — AME S R R, U AR U i et EoRE i 2 ik, H2&
WE TR G — OB B A 218 H B8 % xQueueGenericSend() 7€ B 1E FURE A . o AtURE A A 1%
HOZ AL uxRecursiveCallCount i —

14.10.5 FPRHELFESE
BV HFAE 5 B A 3REUE F 820 xSemaphoreTakeRecursive(), RS N7, € W F:
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#define xSemaphoreTakeRecursive( xMutex, xBlockTime )
xQueueTakeMutexRecursive( ( xMutex ), ( xBlockTime ) )
BREE — NS RO BRI IS D B E S RN, 5 ASEGE N . B IR SR
F2 42 HH PR 2 xQueueTakeMutexRecursive() >R 52 i, LR T -
BaseType_t xQueueTakeMutexRecursive( QueueHandle t xMutex, /BRI E 5 &
TickType t xTicksToWait )//FH % [A]

BaseType t xReturn;
Queue _t * const pxMutex = ( Queue t * ) xMutex;
configASSERT( pxMutex );

traceTAKE_ MUTEX_RECURSIVE( pxMutex );

if( pxMutex->pxMutexHolder == ( void * ) xTaskGetCurrentTaskHandle() ) (1)
{
( pxMutex->u.uxRecursiveCallCount )++; )
xReturn = pdPASS;
H
else
{
xReturn = xQueueGenericReceive( pxMutex, NULL, xTicksToWait, pdFALSE );  (3)
if( xReturn != pdFAIL )
{
( pxMutex->u.uxRecursiveCallCount )++; “)
}
else
{
raceTAKE MUTEX RECURSIVE FAILED( pxMutex );
}
H
return xReturn;
b

(1)~ AW ETERBOE A B RE S 8IMES AR CE 2B EFESEMHEH . @it
X HUAT LU 4 R 55 2 56— GREUE 0 LR 15 5 Bl 2 AR

(). MEHFMES CERZIEHA O FESENIARE, WU MES CE R 73RS
TG, RREREERBULEHEFETE, IBA8E SR uxRecursiveCallCount Jll—, 2R 51k 8]
pdPASS F R o

(3) WIERAESS 258 — UK BGH A B R 15 5 E 1l R 2 H K28 xQueueGenericReceive()
6 R I 3R BGE 2 -

(4) VRS B F(E 5 BRI LS % uxRecursiveCallCount fil— .
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. ALIENTEK STM32F103 £ R%IF £1K FreeRTOS F & Hi2
14.10.6 BAEFE5BERRY
B AT B ARE S, AL TTRSEE T, FreeRTOS BT feflt 7 — M AR E], K
KXW SH—TF, RN
SemaphoreHandle t RecursiveMutex; et = WA Ry AL ]

IFEMES A —NBHELFESE

void vATask( void * pvParameters )

{
1A G B 0 B 5 5 B2 B A EAE
RecursiveMutex = xSemaphoreCreateRecursiveMutex(); /8% IH B 55 5 &
for( ;)
{
/************,E%,ﬁﬁg,**************/
}
}

M5 FE A 3 )3 LR AR 5 B DI RE R AL
void vAFunction( void )

{

if( xMutex != NULL )

{
JBRELE VA B R A5 58, BHZER RN 10 M50
if( xSemaphoreTakeRecursive( RecursiveMutex, 10 ) == pdTRUE )
{

/***********/ﬁ\:{&%@ﬂ%ﬁ*************/

BN TR, BRI 3ROSR (5 58, (HRAE SRR E E
HASREIZ AP HIZREE B IE AR oot Vi & 5 At A PR T Y
xSemaphoreTakeRecursive( RecursiveMutex, ( TickType t) 10 );
xSemaphoreTakeRecursive( RecursiveMutex, ( TickType t) 10 );

MBI T 2GR B FE S8, bl =X
xSemaphoreGiveRecursive( RecursiveMutex);
xSemaphoreGiveRecursive( RecursiveMutex);
xSemaphoreGiveRecursive( RecursiveMutex);

VA H G5 BRG] ARk HAAE 55 3RE 1
else

/**********ﬁ”ﬂEﬁ:{%‘%%%’gm%y&***********/
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[ ALIENTEK | STM32F1 FreeRTOS H&F M

l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

#B+THE FreeRTOS ¥tk B it 28

SE I 28] PAUE A BES MCU #5845, A 19 MCU H 2 I 28 Th g S 58K, b ande it PWM.
BN IR T BE . (HE 8 IO 2 S B S8 B R R Th B ——se i, 3l s i 8 ok 5 jl 75 2
WAL FR S 55 . MCU B e I 28 8 TR E i 2%, AFEI) MCU HAli g i 25502 AN ],
DRI A B2 FE AR I ) /. FreeRTOS 324 T B M8 ThRE, A @ik fF et 88, W ke 281k
P& B R A B AR A, AR T35 0 (R P SRS v 1) R PR AR B AT 28R A T
24 MCU [R5 I 25 AN 08 I g 5t T L2 S5 H] FreeRTOS [ E I 2%, AR F kY] —
I FreeRTOS HI3K A e85, AFT 5 IR L5

15.1 FAF e i 2 i

15.2 BB 28 Ak %5/Daemon 1£5%

15.3 FRLYJCE I R0 JE) B 2 ) 2%

15.4 SATEAE I 2%

15.5 B3R e i) 4%

15.6 FFJa FA e iy 2%

15.7 A5 IR 5 A B 2%

15.8 A e i) 25 S
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
15.1 A e i 28

1. B 5E i 23

AR 2R RVE R E — B R, BB M R BA 2 R AT R E M ThRE R B, e i #
A P XA T B B8 B0 402 B 28 100 1] 38 R B o (] 97 R P 19 TR SR AT T o L i ) 28 14D 5 IR D 300,
1 5 2, 2 I 2 0 i AR T LU st AT R R 4

2. WEEAREHEEEH

B S IS 28 00 50 R R AE SE N B IR SSAE S h BAT I, i BL— xE ASBEAE [R] 1 of 5 rh i F AR
fil 2= BH ZE 4T 25 191 APL R B! Loan, & B4 B sk B T 75 A B A vTaskDelay() «
vTaskDelayUnti(), &4 —249j [nl BA S B (5 5 & 1) FEZ FHZE N [A]FK) APT eR 0 AN BE T A

15.2 ER 23k % /Daemon 1£5%

15.2.1 ER 8 RFEE S5FI

SEI 8 —DAIEM . AJET FreeRTOS WAZIMINRE, ‘B2 HH 2 I 28 IR 55 (8% Daemon){T-5%
KAL) . FreeRTOS $240L TIRZ @ I 8345 <1 AP BR%L, 1X%% API BRUK Z #11# FH FreeRTOS
(1R BA B 3 i 245 8 I 38 IR FSAT 55 o IX AN BAFI MY il I 25w 2 BRI o 7 I 2% i 2 PA B 2 $ Atk o
FreeRTOS [ 28I, H AR E ViR ! Bl 15.2.1 #id 7 ix AN 2.

MHERF ERERREAES
4pplication Code N /FreeRTOS(Kernel) Code N
/Void vAFunction (Void)\ /void pvTimerTask (Void)\
{ APT BR 5507 52 B 32 4y 4 BA {
SR () | for(::)
------ {
xTimerReset () ; / #I Timer command queue I % » xQueueReceive () ;
: %ﬁ%%%ﬁ%MﬁéW{l .
A RS R (dir4)
\\ // BE ¢ \\ //

Bl 15.2.1 EHF 38 a2 DA FIHERAE
Bl 15.2.1 Ze Moy J& 1 - BRI —i8 43, 3 B e A H P Gl i i A5 i A
T Hp A (0 4 2 5 B 2 IR S5 AT 25 (AT 45 bR B, 5 BT 388 A 2 BAZIKE FH P B FATE 55 F0 0 B 28 IR 451
B — . BRI TR, SHFEF A T K%L xTimerReset(), 45 5t & S A0 fr & 24k
KR ER 2R A B, B SRR ST S S A B IR A iy A SRR R 2 il BR # x TimerReset()
()42 1 1) 2 ) 2 i 2 A B ik T AL 4, A 2 B 3R 28 xQueueSend()VIX ¥ 1 BA F1I#E 1
BRERIE o

15.2.2 EH#AHREE

B N TRATVAE TR A — N E AR IR ST S5 A e I g A BB, XN R TE
EREREN, BB EMEATRT I YHER FreeRTOSCofig.h —FE, 1M H A & 12 5 F
X AF FreeRTOSConfigh H i1, ¥R EB|FIBECE W T
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. ALIENTEK STM32F103 £ %&%FF 4% FreeRTOS & # 12
1. configUSE_TIMERS

T S B4 A 7 I 2% 8 % configUSE_TIMERS —E B W E N 1, 4B N 1 e
PR SAT 55 5k £ 1E JE Bl FreeRTOS W B 2% 1 [ Zh B 2t o

2. configTIMER_TASK_PRIORITY

B B e i AR RS AT S AR 5562, AT BN 0~( configMAX_PRIORITIES-1). flR5GZk
— 5 AR SE PRGN BOROR B E . W e I B8 RS S I e B B A, e B a4
A %71) F ) iy 4 A 5 B 2 [ 130 B B0l 2 B i ) 75 31 A 3

3. configTIMER_QUEUE_LENGTH
177 F R v B e I 2% 2 A FI R A B

4. configTIMER_TASK_STACK_DEPTH

U PSR BB SE N e I 554 55 AR S5 HERORD, B, AT L, X STM32 SKiid
AT AT TR AR IR AR R P T E  E  [EL U R K, DR 5 HERR A KN e
BRI 2% 14 [0 1 o8 HOR e

15.3 EAIR RE B35 0 F8 B e v 2%

BRI G 7 PR BRLCE IR 1 I 2, BRI 0335 S I [ 3 R O AT —
U LLUERS 1s, 2Rt 2] 7 LUR st & AT — KBRS SRR E N sl 215 1hs 1T, X
TEUGE I S ERATRT LA T3 EHT R S A R APT B EEITAD), (R BLUCGE 2R ANRE
ENEJH . MR, JHER S — B R s LU sl PAT 52 0 e B B B sl EE R s, XH
[ 1 B 500 o P S PR AT o 181 15.3.1 838 17 508 I 8 0 ) 918 I 4 R AN TR«

Timer 1€ W #9100, 5T [H]
2, WHEHEE. HTTinerlj&

BYCERT 3%, FTLATimer 1f) 5] B Timer2 B E 115200, 5ER
BT = FHAT T - SRRV, R 6O R A
4 {E2Timer2 2 & {1 i) 45,
/ FI7 LA 50 0 B 2 I 34T
PAAN 3 I 4% S ~ A \A
FH O %1 3 ' 7 ; .
Tinerz . m m
Timer 1 -

0 100 200 300 400 500 600
I [F]

15.3.1 B UG I 25 A0 3 5 el
B b Timerl AEVRER 22, B 22 E #4100, Timer2 9 & B2 BT 58, 52 I 22 F5 B34 200,

15.4 AR ERE
AT IR BA AT RE 2 7E € I 8 IEAEISAT IO 5 ZE R AL E N 4%, R E I 85I i 2
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ALIENTEK STM32F103 £ R3IF %1% FreeRTOS 7 & #iE
TR TSR B A B IR T E) R, IR AT IR [R) SR ARG T AL I AR RN ZIH L, I
ARG — A s 2 I 2 AN A . B 15,400 R TIXANEAE, Timerl J& BRUCGER 25,
SE I JE A Ss:

Timer IE4T4% 1L AT —FD4%48 4% T, Timer 1 E AL,
K] S 07 T 5 ) 7 2R 6 st S 1 R 1) [0 1 R Bt AN 2 3
77 . EMLUETimer |EHHE B ERFIEI/T R 10s
HIR B Timer 122 1EI24T, W& R ALE 1I5E5s
RGUBAT1skE, % . LCD
HHATIF, TimerlJFARIZAT,
Timer L5 H RGBT R 65 &
iﬂ?ﬂ:, W e R 251217 5s 5 1%

Timer2 € B} EHH~200, ER
e TE) 2, 1 B e A
{H 2 Timer2 2 A H e i) 2%,
it LA B @i&%)ﬁfﬁ‘f@ﬁﬂﬁ

»

LCDIE Y6 2K ],
Timer 1 1EE4T | |

\
Al
v

N
N '

\
\
\
\
\.
i3
v
'

Timer 1 i T

[
Lag

DERE

Os is 25 Ss 45 Ss és 75 Ss 9As 105 1A151A25
i} ]

Kl 15.4.1 Emfas A

FER 15.4.1 AT R TN S 2 AL AR, KR —MEEZ T I LCD HOHIf T, A1
e 2 e AR 2 T RO A AR 74T T LCD 0%, 24 LCD B st LU IR 58 2 Y i

WA BIIZ T AN K. WRAEIX 5s Z NWMEEEERZ T 7, LCD B MIZ T HIX AN Z)

5T 5o
FreeRTOS 2t 1 1> API B HCR e A E R 2R R AL, W1k 15.4.1 s
B HiiR

xTimerReset() BT e 2, RS

xTimerResetFromISR() ST 2%, FAE A B IR 55 ek o
#1541 ST ER %
1. ¥ xTimerReset()

B — MR e Ay, MR B R AEAESSH, ANReH TR Wik S5 eR 2! R R — A
FIEPATHI 2 %L xTimerGenericCommand(), BREE AL 40T .

BaseType_t xTimerReset( TimerHandle t

24

xTimer:

F
xTimer,
TickType t

xTicksToWait )

BT AT A 78 I R B A
xTicksToWait:

BB FHZERS ], I BA%L xTimerReset ()JTJ5 #1 E I 25 S22 [ 5E I 23
4B\ K 3% —%% tmrCOMMAND RESET #i4-, BEARZ AT KL S,
HE 21 K B N B BH ZE B 18] O 36 B
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. ALIENTEK STM32F103 £ &%|HF &1 FreeRTOS FF & 32
G
pdPASS: BAF e SR A 8T, HSe iy A KB .
pdFAIL: At I A AL R, i Rk R

2. ¥ xTimerResetFromISR()

IE R xTimerResetFTHIThRCAS, SR B T h i IR S5 sk o L bt — A%, K’k

HAT B2 BB #L xTimerGenericCommand(), PREUFE LU
BaseType t xTimerResetFromISR( TimerHandle t  xTimer,

BaseType t * pxHigherPriorityTask Woken );

ZH.

xTimer: BT T I 230 A o

pxHigherPriorityTaskWoken: 1CiR H B # DL f5 2 B d-AT AR 55 U, IX AR B IR E R B H
HWER, HPARBTERE, H5 AR AR R
FEXAMERAT 7 MIAE N pdTRUE B /LR H A W7 iR 55 R
K R — 5 HHEAT — A5 V)

% 5] {4 :
pdPASS: A A AT, HSE R a2 RIE I
pdFAIL: AR S B RN, a4 Ik R

15.5 QBB ER

15 FH A B 25 AT 2SR B i A s I 8, SR I R B BR BN 58 15.5.1 o
xTimerCreate() i B L AR A e i 28
xTimerCreateStatic() i F S iR AR A e I 28
#1551 QU E R 2

1. B xTiemrCreate()

R T B — MR E N 28, P RE S N 7B ShaS WA E BT 0 IC . R B R
1€ B #8 4b TARIRAR &, Wl & KRz 47 19 . B& 20 xTimerStart() - xTimerReset() -

xTimerStartFromISR() . xTimerResetFromISR() N xTimerChangePeriod() il
xTimerChangePeriodFromISR () AJ LAfS0 il 2 1) 5 B 28 3E AJEBIPIRES, b eR B0 IR A4 i F
TimerHandle txTimerCreate( const char * const pcTimerName,

TickType t xTimerPeriodInTicks,

UBaseType t uxAutoReload,

void * pvTimerID,

TimerCallbackFunction t pxCallbackFunction )

24

pcTimerName:  BfEN &84T, LR —HFMH, HTREMH.
xTimerPeriodInTicks : X ' 5E I &% 1) € W &% 8 B, S A2 2w #h v f . » LA B
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uxAutoReload:

pvTimerID:

pxCallbackFunction:

R B {E -

ALIENTEK STM32F103 £ R3IF %1% FreeRTOS 7 & #iE
portTICK_PERIOD_MS ¥ ms SALEEHOAM #0824 1, &
B 28 0 B 100 NETERT S, 84 xTimerPeriodInTicks A
100, 45E 28 E N 500ms )% xTimerPeriodInTicks it m] DA% &
9(500/ portTICK._PERIOD MS).

WEEM A, FLUOE N 2502 e R 857 k2408 pdTRUE
(RN g s B 2 JA e I 28 . Wi oN pdFALSE HiE 7B )
FEHUGE N 85 -

SERT 28 ID 5, —MIEH N A E R 8 EE — N R R Y i A8 e
IR AR T DUE k2 AT IX AN B A R . (H2 FreeRTOS 3£ A
SE I # L R — AN [ R E, A [ pR R AR e N AR 1D 5ok 4b
AR 58 I 25

SE I8 R BR A, 08 N 2E I S T DUE st A XS R 3.

NULL: A E R A B R
A fH: B BT R R A 7 I 2 A

2. BR# xTimerCreateStatic()

R TR — MR E R 28, TR R ANAF TR ZA T BAT . Fr B At I A%
IETARBRIRES, k& RIE1TH. BR%L xTimerStart(). xTimerReset(). xTimerStartFromISR()-

xTimerResetFromISR(). xTimerChangePeriod()f! xTimerChangePeriodFromISR() F LA 1] & 1)
SEMSRHENTESPRES, ek B 5 2

TimerHandle t xTimerCreateStatic(const char * const pcTimerName,
TickType t xTimerPeriodInTicks,
UBaseType t uxAutoReload,
void * pvTimerID,

2%

pcTimerName:

xTimerPeriodInTicks :

uxAutoReload:

pvTimerID:

TimerCallbackFunction t pxCallbackFunction,
StaticTimer t * pxTimerBuffer )

BAEN AT, A REas, HT R
BOPE E N AR 8 A W, AL N B i . wT BRI
portTICK_PERIOD MS ¥ ms HLA7E4 I B iidadh. 2840017, 2
A28 N 100 NEERTHAE, 84 xTimerPeriodInTicks HiA
100, 45Em) 2884 500ms )% xTimerPeriodInTicks it ] LAk &
“N(500/ portTICK_PERIOD MS),

W E BRI, FRUCE N 2SS e 28?7 42408 pdTRUE
(R B i s B A 1) A2 ] B E I 28« WIERON pdFALSE iE 7~ B & (1)
ST B UGE I 25 6

SER A ID 5, — MBI N A E I S — AN B R, e E
IR AR T DUt 2 AT XA B R . 4 FreeRTOS 3 HFZ A
SE I 2R R — AN B, 7R R ECh AR e i8R ID 5ok
AR 1) 5E I 25
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. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
pxCallbackFunction: &N &5 [ BKEL, 4@ i 25 5€ I A S 1 DUG st 2 1 IX AN B3

pxTimerBuffer: ZH AR ) —> StaticTimer_t 8M (A8 &, HISRORAT E N ds 4k 14

R [AE:

NULL: A I A R,
HAhE: B B T P A S ) 2 A

15.6 FFjia Bk Ent 2%

WAt e i A5 LS AT E T LA FreeRTOS $2 AL N IS bR BR300 o 38 2
A%, X BRECE 15.6.1 Pk:
RE ik
xTimerStart() HEBAEN 28, HTHES T
xTimerStartFromISR() TR 28, T
% 15.6.1 TFR BT E N &%

1. BR# xTimerStart()

JA S R 2%, PREL xTimerStartFromISR ()& X ™ bR E 1 P T i A, m] DA TE AR 8T AR 55 2
B, QR E R 8 A IEAT FUE A B PR AL xTimerStart() i 2 T8 € I 28 BN R, a0 S8
1 5 B 8% IEAEIE AT UG U FH B4 x TimerStart() 145 5 A1 xTimerReset)—#f. WLEREZEANZ%, H
IE$AT ) /& PR 2L xTimerGenericCommand, PRZEUFE AT
BaseType t xTimerStart( TimerHandle t  xTimer,

TickType t xTicksToWait )

2%

xTimer: T I I B 25 (0 R A

xTicksToWait: 15 B BHZENS 4], i F ek 4 x TimerStart() /5 301 i B #45 J SE =2 ) 52 I 45 1 2
B\#1| /3% —%% tmrCOMMAND START 54, BESRAZFPAFIRZEH R, B
SE S5 S FI N DA BH ZE S 8] 1) %

AL
pdPASS: B E N AR TT A By, Sl i A KK R .
pdFAIL: AR E N R TT R R, i A ROE R
2. B xTimerStartFromISR()
R B BR 2L x TimerStart(O) ) HITRRAS, FAE HR IR S5 BR 20, Rl — N2, BIEPUT
172 PR L xTimerGenericCommand(), IR EE U R -

BaseType t xTimerStartFromISR( TimerHandle t  xTimer,
BaseType t * pxHigherPriorityTask Woken );

24
xTimer: LTI B S I 2 (O o
pxHigherPriorityTaskWoken:  Aricil s B DL & TS5 V04, XA B E R s
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. ALIENTEK STM32F103 £ R%IF £1K FreeRTOS F & Hi2
HAIBER, MR TSE, 1R ARk
TRAFIXAMEAT T o 4ULAE N pdTRUE 1B AER H o 7 IR 2%
PR B 1T BEHEAT — AR S V.

R [EIME:
pdPASS: AR B B 2T A T, H S A A R I ) .
pdFAIL: BAFE IR TE R R, A RIE R

15.7 & 1E3 4 e it 3%

BRSNS e I 38 10 APL BB, T4 A 15 IR e I 25 1 R %L, FreeRTOS 4
Bt T TS IR I 8500 APL BB 3R 15.7.1 P
B i3}
xTimerStop() b e 4, TR
xTimerStopFromISR() P IE A e 2%, FH T IR S5 s .
L 15.7.1 KPAEA € I 2%

1. ¥ xTimerStop()

PERR B T I — AR E T &, BT TAESS T, ANRERIE D W RS b | ki3
A%, HIETH R Z B xTimerGenericCommand(), PREUET T
BaseType_t xTimerStop ( TimerHandle t  xTimer,

TickType t xTicksToWait )

2%

xTimer: BT 11 B T I 2 R A A

xTicksToWait: 5 & FHZERT 8], 1 FH A% xTimerStop()f5% 1k B 52 B 4% L SE 52 1) 5 I 28 A 2
BABI K % —4 tmrCOMMAND _STOP 14>, BESRZFIBAFIRIEHE, E
22U Je B N BH ZE I 8] 15

R[EME:
pdPASS: BT N A AR R, SRR A & AR R
pdFAIL: AR E N AT LRI, A A ROE R

1. BR# xTimerStopFromISR()

MR EE xTimerStop)f HWThRAS, BERREH T Wik &b | SLsR B2 — N7, B IERR
1T 72 PR 2L xTimerGenericCommand(), BRZCEAL U1
BaseType_t xTimerStopFromISR( TimerHandle t xTimer,

BaseType t * pxHigherPriorityTask Woken );

24

xTimer: T LB 5E N 25 A0

pxHigherPriorityTaskWoken:  Aricil BB DL & TS5 04, XA B E R s
HAIBER, MR TRE, 1A R SR — ek
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B ALIENTEK STM32F103 £R3IFF %4 FreeRTOS FF & 372
PRAFIXAMERAT T o 4UL{E A pdTRUE I 7EIR H A BT IR 55
PR B HT— 8 BT — IRAE S5 D4

R [EIME:

pdPASS: A e I ST R T, LS iy 2 B L .

pdFAIL: A e I EAF R R, A RIE RN

15.8 Ak et 25 5C0
15.8.1 SLHERF KT

1. LB EK

% >] FreeROTS € 28 MIAEH, QFEHAE R R ald. e k.

2. LBt

ARSEIG AT P AMESS: start_task A1 timercontrol task IX P AT 55 WAL S5 ThEE U T«

start_task: FIRAIEATSS timercontrol task A7/ #1H: E I 25

timercontrol_task: 4| PN FAEE I 2% B B A k.

SEIG IR B T AN AL E I 45 : AutoReloadTimer Handle 1 OneShotTimer Handle, X
A8 B 2893 A 30 e B 2 RN B IR GE I 8% o BB 48 AutoReloadTimer Handle [ 5E B 2% F 14
1000 M AP ITHA(1s), € 2% OneShotTimer Handle [ 5E I 2% & 114 2000 MR (25).

3. ZRTHE

FreeRTOS 5256 15-1 FreeRTOS #K A4 5E I 4 S5

4. ERERFSHT

O /L5 RE
#define START TASK_PRIO 1 INES RS
#define START STK_SIZE 256 IMESSHERR RN
TaskHandle t StartTask Handler; INMESFIRR
void start_task(void *pvParameters); IMES5 R4
#define TIMERCONTROL TASK PRIO 2 IMESAR S
#define TIMERCONTROL STK SIZE 256 IMESSHER RN
TaskHandle t TimerControlTask Handler; IS5 R) R
void timercontrol_task(void *pvParameters); IME55 R4
T
TimerHandle t  AutoReloadTimer Handle; /1 &) A 58 B 28 A AR
TimerHandle _t OneShotTimer Handle; 1/ AR GE B 2% A AR
void AutoReloadCallback(TimerHandle t xTimer); /& 3 5€ i 2% 0] 26 %
void OneShotCallback(TimerHandle_t xTimer); [/ GE Y 25 1B 1 e 4
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B ALIENTEK STM32F103 £ R5IF £4R FreeRTOS FF & #12
//LCD Jill Ji# iR 5 FH i €
int led_discolor[14]={ WHITE, BLACK, BLUE, BRED,

GRED, GBLUE, RED, MAGENTA,

GREEN, CYAN, YELLOW, BROWN,

BRRED, GRAY };

@® main()ER

int main(void)

{
NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & R4t H i Je 2t 74 4

delay init(); JI3EIS BRI HRT 6L,
uart_init(115200); IRTEEAL HR T
LED_Init(); /914646 LED
KEY_Init(); IIRTUE A F
BEEP_Init(); IR A IS 2
LCD_Init(); 91464k LCD
my_mem_init(SRAMIN); JIAIEEAY A N A

POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 15-1");
LCD_ShowString(30,50,200,16,16,"KEY _UP:Start Tmr1");
LCD_ShowString(30,70,200,16,16,"KEY0:Start Tmr2");
LCD_ShowString(30,90,200,16,16,"KEY 1:Stop Tmr1 and Tmr2");

LCD DrawLine(0,108,239,108); /1 2%

LCD DrawLine(119,108,119,319); /%
POINT COLOR =BLACK;
LCD_DrawRectangle(5,110,115,314); /I — /M7
LCD DrawLine(5,130,115,130); VTTES

LCD_DrawRectangle(125,110,234,314); /il —ANMETE
LCD_ DrawLine(125,130,234,130); /%%
POINT_COLOR = BLUE;
LCD_ShowString(6,111,110,16,16," AutoTim:000");
LCD_ShowString(126,111,110,16,16,"OneTim: 000");

IRETT IR 55
xTaskCreate((TaskFunction_t )start_task, INE5 R 3L
(const char* )'start_task", INES5 47K
(uint16_t )START STK SIZE, /ME&HER KN
(void* )NULL, MG AT KBS HL
(UBaseType _t )START TASK_PRIO, /MT%4%:4%
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ALIENTEK STM32F103 £ A% %1 FreeRTOS FF & 32
(TaskHandle t* )&StartTask Handler); ///£555]1A

vTaskStartScheduler(); 1T SR AT S5
}
® EHSRH
/TR S5 AT 55 e K
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); J13E NI X
NOVEBAE AR S, AERES, I 1s(1000 AN BHETR), AR
AutoReloadTimer Handle=xTimerCreate((const char* )"AutoReloadTimer", (1)
(TickType t )1000,
(UBaseType _t )pdTRUE,
(void* )1,
(TimerCallbackFunction t)AutoReloadCallback);
IRV UGERT &%, BUCER AS, A 252000 NEFRPTTIA), BB
OneShotTimer Handle=xTimerCreate((const char* )"OneShotTimer", 2)
(TickType t )2000,
(UBaseType t )pdFALSE,
(void* )2,
(TimerCallbackFunction t)OneShotCallback);
/1% TASK1 115
xTaskCreate((TaskFunction_t )timercontrol_task,
(const char* )"timercontrol_task",
(uint16_t )TIMERCONTROL STK SIZE,
(void* JNULL,
(UBaseType t )TIMERCONTROL TASK PRIO,
(TaskHandle t* )&TimerControlTask Handler);
vTaskDelete(StartTask_Handler); /IR T 964 5%
taskEXIT CRITICAL(); /138 H Il X
}

//TimerControl FI{E2% BRI %X
void timercontrol _task(void *p_arg)
{
u8 key,num;
while(1)
{
11BN € B 2 EB AN e Th 1 A Re X FLdt AT Bk
if((AutoReloadTimer Handle!=NULL)&&(OneShotTimer Handle!=NULL))
{
key = KEY_ Scan(0);
switch(key)
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{
case WKUP_PRES: 11?4 key up & T BIEFT I JE BA E i 4
xTimerStart(AutoReloadTimer Handle,0); /T BAE R 2% (3)
printf("JF 5 E I & 1\r\n");
break;
case KEY0 PRES: /174 keyO 3% R BITEFT I BRLE I 28
xTimerStart(OneShotTimer Handle,0); /T A IR E R 2% (4)
printf("JF 5 E I & 2\r\n");
break;
case KEY1 PRES: 114 keyl N 1E G M A8 I 2%
xTimerStop(AutoReloadTimer Handle,0); /R FAE R 2% (5)
xTimerStop(OneShotTimer Handle,0); 112 A BRIR 8 I 2%
printf(" 2% A E BT 85 1 F1 2\r\n");
break;
§
}
num-++;
if(num==50) //%&F 500msLEDO [A%k—X
{
num=0;
LEDO=!LEDO;
}

vTaskDelay(10); /ZER 10ms, tHEEZ 10 AN

(1)~ YA H K%L xTimerCreate() 8] 22 %€ I #% AutoReloadTimer Handle, X & HHE I 45,
JE I A 172 1000 MERP59H, ZEARBIRE 2 1s.

(2)~ A EREL xTimerCreate() 6% % I #§ OneShotTimer Handle, iX/&—/NHICGER #5, &
I8 1179 2000 SRR, AEACBIRE HO 2 2s.

(3)~ % KEY_UP % T UL J5 1 H B& 2 xTimerStart() T 5 Ji JH 2 i) %5 AutoReloadTimer Handle.

(4)s H KEYO #% F LLJ5 U A B2 xTimerStart()JT )5 5.0 € B #5 OneShotTimer Handle.

(5)~ M KEY1 #% F ULJ5 i A B 2L xTimerStop() [E] i 5% P 2 B 28 AutoReloadTimer Handle
F1 OneShotTimer Handle.

® EN 23 EVE R

1 FE 35 5 I 25 1A) Tl ) R

void AutoReloadCallback(TimerHandle t xTimer)

{
static u8 tmrl_num=0;
tmrl _num+-+; 1/ 3 58 ISR PAT RO 1
LCD_ShowxNum(70,111,tmrl num,3,16,0x80); 117 A 58 I 88 AT IR
LCD Fill(6,131,114,313,lcd_discolor[tmr]l num%14]);  /AE7 X%

}
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/1B SE I 245 PR ] 3 R

void OneShotCallback(TimerHandle t xTimer)

{

static u§ tmr2_num = 0;

tmr2_num-++; /1 391 I R PAT R0 1
LCD_ShowxNum(190,111,tmr2 num,3,16,0x80); IR 7R B T I A8 PAT IR 3L
LCD Fill(126,131,233,313,lcd_discolor{tmr2_num%14]); /3 7¢ X 15

LEDI1=!LEDI;

printf("5E I 2% 2 321745 \r\n");

15.8.2 BFFBITER ST
G PEIE N B IRARS BIF AR, BOATEDL T LCD o 15.8.2.1 FR.

2F1

15.8.2.1 LCD Rl iiw
2% T KEYO 8 PLG E R #% OneShotTimer Handle JF4R181T, &R g3 i1ATS[a13] 1 LLG
Hi2x I B %L OneShotCallback(), Jf A {1l X I K1 5t g RUB O HAR B, 75 SE R
5 1% LA JA € I 28 OneShotTimer Handle Ht < {5 1E1E17. %1% F KEY _UP ## 1 1% 7€ I 2%
AutoReloadTimer_Handle Ht2FF 461817, 2 a8 A HAR 1 DS B 20 0 X 35 15 S5 (a2 408 il
NHEANEIE . BT ER % AutoReloadTimer Handle A& FIIE R 25, FrUAAS{E1LIE1T, FRAE%
T KEY 1 8 [F] i} ¢ E i #5 AutoReloadTimer Handle 1 OneShotTimer Handle.
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

$EARNE FreeRTOS HiEiaEA

AT 2] ARG S &k e A, (BRAEANE 5 B RFEIEMEE 5 R e 5 R

PHEAES HATRIE . ARHEREMES TR FHES 2 ADFMEUE ST, NE S &R
AEN 11T . FreeRTOS NILIRME T — ANl ffR v ik, et 2 br b dl. AZIRAT K

—F FreeRTOS H b &L, ARZ 5 N JLEB5:

16.1 bR ELA T

16.2 Gl H bR EH

16.3 &WHEFMHAL

16.4 FRECH bR S 4

16.5 S5 FF4RE AL

16.6 FHAFhrEH LI
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
16.1 EHhrEH BN

1. FHALEFARE)

FAAL SRR A E R TR, FALE SRS, i i LA T

® YU E|— 5 B I HARIX K0 A B B DL e il LU AN (b ) B 1, PSR
T JE T B AR (Il T PLE X AN (R ) B 0.

® YAERAF A 1) B aE s P 2 AR B DUE T DL AN (PR ) B 1, MR IR
IR 248 32 25 BT UK IX AN (b 8D B 0

O JL7ETRE NS RE—NOEME R, BREMIGRE)E 1. IAEATE W ML kiE
OEME R, XAMIFRE)E 0.

2. B4

AN H R FAEAL, AR A R S R U A, [RIRE, DA BT A
1) =AM A5

@ FFRELN bitd FoR IS 1 2 7 A F R

O FHIFREAHM bitl Ron2g B AHETREMNME HRIEH %,

® HIFREAN bit2 RRIAE AL 75 2 17 P 28 IR O BME B o

3. Ffin S B SR A

HARE A EHE RN EventGroupHandle t, 24 configUSE 16 BIT TICKS &y 1 HIH 5
ARG AT LLTEE 8 DAL, 24 configUSE 16 BIT TICKS 4 0 (e S b B4 /2% 24
ANFAFAL

HAREH A A FAAHAEAEE— TR 5 1) EventBits_t XA &4, EventBits_t
7E event_groups.h A U1 & X:
typedef TickType t EventBits t;

HHEFA! TickType_t £E 3 portmacro.h 178 W1 R 5E X
#if( configUSE 16 BIT TICKS==1)

typedef uint16_t TickType t;

#define portMAX DELAY ( TickType t) Oxffff
#else

typedef uint32_t TickType t;

#define portMAX DELAY ( TickType t) OxffffffffUL

#define portTICK TYPE IS ATOMIC 1
#endif

AT LA H 2 configUSE 16 BIT TICKS A 0 [l TickType t &4~ 32 A7 IE A, [#
It EventBits_t t&1> 32 (22T . EventBits_t 287 {148 & 1] IAFAE 24 N, T4
A 8 r A HAt o FAFAL 0 BRI R bit0 b, AZER bitl AU FAL 1, PRI,
XFF STM32 Rt — N br S A f 2 W] LIAF A 24 DFAEAL, W&l 16.1.1 Fios:

Event Group

Event Bits

o o o ¥ | 0 [ )

Kl 16.1.1 bR A FARAL
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. ALIENTEK STM32F103 £ &5 & FreeRTOS F &Iz
16.2 BIBEHFrEA
FreeRTOS #&fit 7 AN H TR H b S R %L, Ik 16.2.1 Frk:

R iR
xEventGroupCreate() BTN F A S A
xEventGroupCreateStatic() i HERS TR E AR A A

K 16.2.1 FHARELH O R 2

1. BR¥ xEventGroupCreate()

IR T — D F RS, IrRENAERE IS NAEE AN . BT AL
R R, FH M Abr & A e M bit 3 HL ¥k T configUSE 16 BIT TICKS , 4
configUSE_16_BIT_TICKS1 & 1 MM ik FH-br EHAE 8 A v H # £ (bit0~bit7) , 4
configUSE_16_BIT_TICKS Jy 0 (i bR E4A 24 A7) H I AL(bit0~bit23). EventBits_t 38

T A B HRA A AR A P RSN F AL, BRI T
EventGroupHandle t xEventGroupCreate( void )

.

%

IR 6] {E
NULL: HAR GO R
oA B B I s S AL A

2. B xEventGroupCreateStatic()
R TR — AN bR B4 N 2%, PR EM N TR EZER P BAT o8, R 2 an

T
EventGroupHandle t xEventGroupCreateStatic( StaticEventGroup_t *pxEventGroupBuffer )

ZH.

pxEventGroupBuffer: %45 StaticEventGroup_t R4 &, HROAF FbrE AL
L%

1R [EME :

NULL: H A S AR
HABE: B I S s A

16.3 W EHMAL

FreeRTOS R4 T 4 A& $H ki B FH 4 br B4 b AL (R &), FHEA bR E) R B a4
EEME 1 RERE, X4 AR EInE 16.3.1 Fias:

xEventGroupClearBits() IR E M HEIAIEE, HEMES T,
xEventGroupClearBitsFromISR() P48 P HAATE R, FHTE T RS R £+
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. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
xEventGroupSetBits() Ve S E 1, HEES .
xEventGroupSetBitsFromISR() e e M HAALE 1, FERBIRSS R .

® 16.3.1 AL (Fr 8B R L
1. E# xEventGroupClearBits()
KRR EA P s E FAAEE, WRBUABEHAEES T, AR AL PR SS pR !
T AR 45 R KO oAt APT BR AL, BRBUR BN T
EventBits_t xEventGroupClearBits( EventGroupHandle t xEventGroup,
const EventBits_t uxBitsToClear );

2%

xEventGroup:  EHAE I FHAFREH I A
uxBitsToClear:  ZEEMIFMAL, LLINEIHRR bit3 FUTERKE N 0X08. W LLFRIERR 2
bit, W E N 0X09 FITEH 2 R JEER bit3 A1 bit0.

AL
GRONER R Y R A Rk G R I
2. B xEventGroupClearBitsFromISR()
IR N PR xEventGroupClearBits() i) P It R hAS, t K48 € M EAH AL (irB)iFE . 1
BRI £ AR S5 B AR, R AR AL
BaseType_t xEventGroupClearBitsFromISR( EventGroupHandle t xEventGroup,
const EventBits_t uxBitsToSet );

S

xEventGroup:  EHEERIFH PR EH AR

uxBitsToClear:  Z/EERIFHIAL, HLINEERR bit3 FITEHEKE N 0X08. A LLFEEEERZ A
bit, W E N 0X09 HIEH & FH TR bit3 A1 bit0.

1R EE
pdPASS: FHALEZ I .
pdFALSE: FAALE R R

2. B xEventGroupSetBits()
WEIRENHEMHAN 1, R R GHEES T, ArH Tl RS RE, )R 2 an

I

EventBits_t xEventGroupSetBits( EventGroupHandle t  xEventGroup,
const EventBits t uxBitsToSet );

2

xEventGroup:  EHEE I FHAFREH AN
uxBitsToClear:  f5EZH | MFHAFAL, LanE bit3 {5 1 FIIEELBEE N 0X08. 7] LA[E K
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
Z/bit B 1, WKREN 0X09 FiE R FIEE bit3 1 bit0 & 1.

AL
AT {E : EX R e FAA B 1 5.
3. E# xEventGroupSetBitsFromISR()

SRR B T e e I E 1, MR EUE xBventGroupSetBits()f) H WTfcAS,  FH7E 87
W55 e, pRBUR RN
BaseType_t xEventGroupSetBitsFromISR( EventGroupHandle t xEventGroup,
const EventBits_t uxBitsToSet,
BaseType t * pxHigherPriorityTaskWoken );

BH.

xEventGroup:  EHRAE I FHAFREH A o

uxBitsToClear:  f8EZ & 1 (JFHAAL, LWENS bit3 5 1 PG EN 0X08. 1 LL[FIKHE:

ZAbit B 1, WHZERN 0X09 (G2 [F I bit3 A bit0 & 1.

pxHigherPriorityTaskWoken: FriCiR bR L5 2 B TSV, XM EREREKESH
HREN, APAHRTRE, A5 R RERE—ABERRAZ
EAMEAT T o 24I04H A pd TRUE AR IR H o b iR 4% s 8
Al — & BEHAT — AR5 V)

R EE :
pdPASS: HAIE 1.
pdFALSE: FAALE 1R

16.4 FRIEHrEAE

FATAT LU FreeRTOS #2451 APT bR HCR & W FAFARHELL A, FreeRTOS — L4241 T H 4
KRR APLEREL W3R 16.4.1 Pk
xEventGroupGetBits() SRECHFT F AR S A MBS FHALE), HEES .
xEventGroupGetBitsFromISR() | SRECHFT FHAFbr B AME, AR Wik 5 ek
# 16.4.1 FRICFFREAE

1. Bi% xEventGroupGetBits()

R EH TIRBCARTEA AR EHE, B2 &N FAAHME . RS T, AR
FTEF IR SS BR . MR BN %, HOIEPATHIZ PR3 xEventGroupClearBits(), R4 24 40
I
EventBits_t xEventGroupGetBits( EventGroupHandle t xEventGroup )

Y.
xEventGroup:  FREUF AR E AT AIH -
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B ALIENTEK STM32F103 £R5I7F 45 FreeRTOS F £ #ig
R [EIME:
EfME: HTF bR S .

2. E# xEventGroupGetBitsFromISR()

RECY AT A S A PE, TR xEventGroupGetBits() [ TR A, AR AU :
EventBits_t xEventGroupGetBitsFromISR( EventGroupHandle t xEventGroup )

Y
xEventGroup:  ERHUI)FHAFFRELH I AR o

yACIi=R
ERELER ENHIE SER ARl

16.5 2515748 @ FIEHAL

HEAMES T REFRE S ZAFEATEE, WA AME 5 75 E 5 R I W 2 A AL (b

&), 1 H K% xEventGroupWaitBits() 1] PASE X N DRE . Ui FH B8 £ DA G W SRAT 25 B A e 1 S 4
FE A MERIF(E 1 BUE TR S EALZER, B2 FH ZEm 5 24 50 prasfir i) 4
RLAEEAF . RBURALINT
EventBits_t xEventGroupWaitBits( EventGroupHandle t xEventGroup,

const EventBits_t uxBitsToWaitFor,

const BaseType t xClearOnExit,

const BaseType t xWaitForAllBits,

const TickType t xTicksToWait );

¥

xEventGroup: fRE EERIHE R EH.

uxBitsToWaitFord: i & ZAEAF IS4 07, L anEE4E A bit0 F(B)bit2 1R L 25U 2 0X05,
U SR AL bit0 F1(E)bitl A(E)bit2 IR S Bt 2 0X07, LASSHE.

xClearOnExit: 20 B 9 pd TRUE [, H4 7EIR H I R 32 JiT 230 uxBitsToWaitFor
P B IX R TG . WRWESL pdFALSE [TE X Le A A5
A

xWaitForAllBits: WS E % & N pdTRUE K1, 4 uxBitsToWaitFor JiTi% B X L1}
MR 1, B R E I B ZERT (8] 2 IS5 6 % xEventGroupWaitBits() 4 43
REl. 4tk 3N pdFALSE B, A2 uxBitsToWaitFor fr ik B HiX L5
AL AR —AE 1, BUHE 18 E 1Y B ZE W) 2 1 1E R A
xEventGroupWaitBits() il 2 iR 7] .

xTicksToWait: WERHZER ], BN TTHEL

y4EIi=R

EfE: iR Bl TR AL E 1 DUR AR S AN, B PR (R 2. AR
PXAMETRA TR ENTE L AL E 1 T o a0 SR ek R Dy B 2 B[R] 3 1 3 [m]
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ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
AIAE AR 2 X AR BHE A RRATAT & o

16.6 HHREHLE

16.6.1 SLINFER T

1. SERHEK

2] FreeROTS ARSI, WIREIEFIFREH . RN A EAAE 1. RN
HEECEA IS =2 (R

2. kR

ARG AT PUANMESS: start_task. eventsetbit task. eventgroup task Fll eventquery task 1X [/
AMESS AT S DR an R

start_task: FRENE AL =AM A H R E4

eventsetbit_task: CHAZHE, RIEA R FFEE R FA RS AP AN K FAAE 1, Ak
B HEAF A .

eventgroup task: [FIISERF ARG AP I Z AN FMA, HIXEEAAHE 1 PIEHHPIT
AL AR EE, 5 FE R RIET LCD fi e X IR s,

eventquery_task: B IFAFHMME, i SN FIALE . SR FAFHE LG 3 H
AE|LCD b, FFH AR TR K.

SIS RIS B T — AN F bR E4L:  EventGroupHandler, SE46H 2] T IX AN F bR B4 =
ANEEAEAL, 43 AL bit0, bitl A bit2.

U2 E 3 ML KEYO. KEY1 A1 KEY2, Hii% KEY1 Al KEY2 A% @A
1. bl KEYO Ay A, KEYO FHORIE 7 an ] 76 Hh i R 45 15 1 FH AR R S 4L APL

3. ERTR

FreeRTOS 5256 16-1 FreeRTOS HFfr & 41 5056

4. LREFEIT

OEFHE

#define START TASK_PRIO 1 INESAR 64
#define START STK_SIZE 256 IR HERR RN
TaskHandle t StartTask Handler; IMES5HIH
void start_task(void *pvParameters); INESS B
#define EVENTSETBIT TASK PRIO 2 INESAR a4k
#define EVENTSETBIT STK_SIZE 256 IR HERR RN
TaskHandle t EventSetBit Handler; /TSI
void eventsetbit_task(void *pvParameters); IMESS R
#define EVENTGROUP_TASK PRIO 3 INESAR 2
#define EVENTGROUP STK_SIZE 256 IS5 HERR R /N
TaskHandle t EventGroupTask Handler; /TSI
void eventgroup_task(void *pvParameters); IMESS R
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#define EVENTQUERY TASK PRIO 4 IMESS S
#define EVENTQUERY STK SIZE 256 IMESS HERR RN
TaskHandle t EventQueryTask Handler; IMESS AR

void eventquery_task(void *pvParameters); 1M BR AL
i

EventGroupHandle t EventGroupHandler; /AR &2 AR
#define EVENTBIT 0 (1<<0) JE X2 DA

#define EVENTBIT 1 (1<<I)
#define EVENTBIT 2 (1<<2)
#define EVENTBIT ALL (EVENTBIT OEVENTBIT 1[EVENTBIT 2)

//LCD Jiil 7 i 45 FH B4 e

int led_discolor[14]={ WHITE, BLACK, BLUE, BRED,
GRED, GBLUE, RED, MAGENTA,
GREEN, CYAN, YELLOW, BROWN,

BRRED,  GRAY };
® main()F

int main(void)

{
NVIC _PriorityGroupConfig(NVIC_PriorityGroup_4);//¥% & Z 4t H i Je 2t 474 4

delay _init(); J/3E IS BRI HRI G,
uart_init(115200); IR
LED_Init(); /IW)EEA LED
KEY_Init(); IIRTUE AT
EXTIX_Init(); JIRTIE AR Iy
BEEP_Init(); IR W 2
LCD_Init(); 91464k LCD
my_mem_init(SRAMIN); HITER A N8 N A

POINT COLOR = RED;
LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 16-1");
LCD_ShowString(30,50,200,16,16,"Event Group");
LCD_ShowString(30,70,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,90,200,16,16,"2016/11/25");

POINT COLOR =BLACK;

LCD DrawRectangle(5,130,234,314); /EFETE
POINT COLOR = BLUE;
LCD_ShowString(30,110,220,16,16,"Event Group Value:0");
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&

BT IRIESS

xTaskCreate((TaskFunction_t
(const char*
(uint16_t
(void*
(UBaseType_t
(TaskHandle t*

vTaskStartScheduler();
}

® EFEH
/TR S5 AT 55 R K

void start_task(void *pvParameters)
{
taskENTER CRITICAL();
JURENE = S v

EventGroupHandler=xEventGroupCreate();

/18 e B AL KL S5
xTaskCreate((TaskFunction_t
(const char*
(uint16_t
(void*
(UBaseType_t
(TaskHandle t*
1OV HE bR B A B S5
xTaskCreate((TaskFunction_t
(const char*
(uint16_t
(void*
(UBaseType _t
(TaskHandle t*
/160 b A E WAL
xTaskCreate((TaskFunction_t
(const char*
(uint16_t
(void*
(UBaseType _t
(TaskHandle t*

ALIENTEK STM32F103 £&%HF &R FreeRTOS FF & £#2

)start_task, IS5 PR 3L
)"start_task", IS5 24
)START STK SIZE, IR HERR R /N
YNULL, IEIBLEAT 55 R BRI 2L
)START TASK PRIO, INESAR 2%
)&StartTask _Handler); IS5 A

IFE AT

NI 5 X
IR AR S )

)eventsetbit_task,
)"eventsetbit_task",
)EVENTSETBIT STK SIZE,
JNULL,
JEVENTSETBIT TASK PRIO,
)&EventSetBit Handler);

)eventgroup_task,
)"eventgroup_task",
)EVENTGROUP_STK SIZE,
JNULL,
)EVENTGROUP TASK PRIO,
)&EventGroupTask Handler);

)eventquery task,

)"eventquery task",
)EVENTQUERY STK SIZE,
JNULL,
)EVENTQUERY_ TASK PRIO,
)&EventQueryTask Handler);

vTaskDelete(StartTask_Handler); //{E&F 46155

taskEXIT CRITICAL();

/1B H i F X
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B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
116 B LRSS
void eventsetbit_task(void *pvParameters)
{
u8 key;
while(1)
{
if(EventGroupHandler!=NULL)
{
key=KEY Scan(0);
switch(key)
{
case KEY1 PRES:
xEventGroupSetBits(EventGroupHandler, EVENTBIT 1); (2)
break;
case KEY2 PRES:
xEventGroupSetBits(EventGroupHandler, EVENTBIT 2); 3)
break;
H
}
vTaskDelay(10); /LR 10ms, L2 10 N0 540
H
}
/AR S H A BAESS
void eventgroup_task(void *pvParameters)
{
u8 num;
EventBits_t EventValue;
while(1)
{

if(EventGroupHandler!=NULL)
{
1155 AR5 AT A A A S A
EventValue=xEventGroup WaitBits((EventGroupHandle t )EventGroupHandler, (4)

(EventBits t ) EVENTBIT ALL,
(BaseType t )pdTRUE,

(BaseType t )pdTRUE,

(TickType t )portMAX DELAY);

printf("FH b5 E 4 FI1E: %d\r\n",EventValue);
LCD_ShowxNum(174,110,EventValue,1,16,0);
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. ALIENTEK STM32F103 £ R5IF £1R FreeRTOS FF & H i
num-+-+;
LEDI1=!LEDI;
LCD Fill(6,131,233,313,lcd_discolor[num%14]);

}

else

{
vTaskDelay(10); //ZER} 10ms, a2 10 £

}

H
}
TS5
void eventquery_task(void *pvParameters)
{
u8 num=0;
EventBits_t NewValue,LastValue;
while(1)
{

if(EventGroupHandler!=NULL)

{
NewValue=xEventGroupGetBits(EventGroupHandler);  /FREUCEAFAR)  (5)
if(NewValue!=LastValue)

{
LastValue=New Value;
printf(" S AFFR EHPE:%d\r\n",New Value);
LCD_ShowxNum(174,110,NewValue,1,16,0);
H

}

num++;

if(num==0) /4 500msLEDO [N%k—X

{
num=0;

LEDO=!LEDO;
}
vTaskDelay(50); //ZERF 50ms, WakAE 50 AN 4540
H
}

()~ &5 H 2L xEventGroupCreate() 81—/ S 4F 45 £ 41 EventGroupHandler

(2)« % F KEY 1 #8517 FH B8 20 xEventGroupSetBits() %S4 br £ 4L AT bitl & 1.

(3). #% T KEY2 ## I 1 H 8 %5 xEventGroupSetBits() ¥ S 44 br E 4L AT bit2 18 1.

(4)« W FH R %L xEventGroupWaitBits()[F] I S5 45 FHAF bR E 4L bit0, bitl M bit2, R KX =

ANEEPFERE 1| B A 2T AR5 B AR AT .

(5)~ % xEventGroupGetBits() £ ] 51445 & 41 EventGroupHandler FI{EAE4L, J8id 7
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| ALIENTEK STM32F103 £ZR5I7F £4} FreeRTOS FF £ %12
B I LB AR AT A A A AR E 1 T

® I KA B

FAF bR & 4 EventGroupHandler [ 25147 bit0 A& it KEYO F4M s Hh I AR 5% b8 B0k B & 1
R RHIBE D AR T W R E AT
NVIC InitStructure. NVIC_IRQChannel = EXTI4 IRQn;
NVIC_InitStructure. NVIC_IRQChannelPreemptionPriority = 0x06; /48 5E5c2k 6
NVIC_InitStructure. NVIC_IRQChannelSubPriority = 0x00; IFARSEL 0
NVIC InitStructure. NVIC IRQChannelCmd = ENABLE; AERE AN H W TE
NVIC_Init(&NVIC_InitStructure); IFTEEAN A NVIC FF 1745
KEYO F 4N W7 ik 55 2R 8040 5
/AR E A AR

extern EventGroupHandle t EventGroupHandler;

/17 W R 55 R
void EXTI4 IRQHandler (void)

{
BaseType t Result,xHigherPriorityTaskWoken;

delay xms(50); IEE
if(KEY0==0)
{
Result=xEventGroupSetBitsFromISR (EventGroupHandler, EVENTBIT 0,\ (1)
&xHigherPriorityTaskWoken);
if(Result!=pdFAIL)

{
portYIELD FROM ISR(xHigherPriorityTaskWoken);

}
EXTI_ClearITPendingBit(EXTI_Line4);/i& [ LINE4 _F ) i bs 26 47

() 7EF AR %5 e bt WA xEventGroupSetBitsFromISR () K4 2544 b 75 41 1) S5 1
bit0 & 1.

16.6.2 FEFBITE R T

T N RIS RITF Ach, ATIT 8 BT, BRATE LT LCD Borinf& 16.6.2.1
I
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- ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

ATE STH32F103/407
FreeRTOS Examp 16-1
Event Group
ATOM®ALIENTEK
2016/11/25

Event Group Value:0

K] 16.6.2.1 LCD ZRI\ S
M F% N KEY0.KEY 1 Al KEY2 KM %< LCD AR AL A H AR BT P #1015 2., 24 KEYO.
KEY1 Al KEY2 #A ¥ FHIRE LCD $85E X3k stEt st 2 miE, B =3 E 1
T, LCD ®oninf 16.6.2.2 firk:

ATE STM32F103/407
FreeRTOS Examp 16-1
Event Group
ATCOH®ALTENTEK
2016/11/25

Event Group Value:0

K 16.6.2.2 LCD 5% X3 H Rt i 22
TEEMEL, 2 LCD 1S PRI 72 L5 FA R S A 25 %, @il 8 D sl T T BUR
AN BIF AR S AUA RSO, W 16.6.2.3 iR:
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AT XCOM V2.0 _ O «
HBO%E
COMS : USB-SERTAL v

BE 115200 v

feibfa 1 -
HiEu 8 v
et % v

BO#ME @ XiEs0

BEEN | FeEk
[ 1 #IBT~A AREF
[ &t []oTR
(] Bttt (LA 4R 1T 2R

RRRE SEEE hifth 28
ledl_off

Rix
OErEE B ms | || fTAeE BEXH BIbRE
[ 1e3tfilRiE ] RIEHT o FREFM: www. openedv. com

Q - |wwwopenedv.com | S0 | Ri320 |cTs=0 DSR=0 DCD=0 | i8] 18:47:06
K 16.6.2.3 & LB F

M 16.6.2.3 AT LLE H, RRIRFARELIE N 7 FE S B K F s S A EE

o XRMNHFHFEARMEN 7 FIERHFEEL bit0, bitl A bi2 #HE 1 17, (£5

eventgroup taskOFTEEF AR T, AR5 BEL xEventGroupWaitBits() it 2K FA4- 4% %,
NBATIHE I FH B 2L xEventGroup WaitBits() IF i ik 152 B (1 205 AR 1
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

#+HE FreeRTOS 4EEIEH

M v8.2.0 FRATFF 4, FreeRTOS Hrih | 4T-5% 1 1(Task Notifictions)iX M RE, T LAd AT
FZMAKRNREBETE. HENI., FHREHSEXSERTG, MRS BMAESRS TR, A
BHRA T K2 2] —F FreeRTOS [MES5BANTHRE, AT/ NUWF JLH 5

17.1 AE55@mfai N

17.2 RIEAFS5 8 A

17.3 AT4538 Hil F &K 1% s %

17.4 FREUF55 18 50

17.5 AT Al (515 5 e

17.6 AT55 8@ LTG5 st

17.7 A% 55 188 SASAUL I S A S 00

17.8 AT 55 i VS FE A b 75 2H S50
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
17.1 fEH&ERFE AN

£ 55 38 5N /£ FreeRTOS & —ANn kI Dhee, ZEAH FH AT 55 50 1 0k gk 75 24 2
configUSE TASK NOTIFICATIONS 5 SN 1.

FreeRTOS AT #RAH —A 32 AR AME, (E55#HHe 1% A48 & ulNotifiedValue
R IX AN EANE . ALK BRSNS I8 N ST 55 PR 9 55 A AT 55 368 260 1 P
FEMNIE, [ IR AT 55 KB AT 55 18 A1 DA ik 2 AR IX M55 B FHLZEARAS ot m] DUBE B AT
S5 WA 25 B AR, AT 4538 0 mT LId ik U R 753k BB BT 55 ()38 A -

© N T UT 55 18 HME (A0 SR ORI 4R FR ST 55 TR 18 R 5 i Ak 3 )

® 75 a5 BT S5 () ad S

O FHEAMUT S B AE M — N Z A bit.

® I hNHIAT S5 (1) ad FME

GEEL RE AL b I e B AT S5l AR v nT DU — 23 & B AREAS) . EE S
. MG S EMEREA . (FAES RS A (S5 EIIRERIRGE, fRRRAT 25 PH %€
(RIS 6] Eb B 3248 A S 5B R 45%(FreeRTOS ‘B 7 MR4SE 5, (1 v8.1.2 FiA T i — 1815
S, GCC Jmifdy, -02 ALz FIAR), WA e 5 K3 configASSERT()), Ff H.f#H
) RAM /b1

AT 55 38 F ) a5 458 FH R 2 xTaskNotify() 83 xTaskNotifyGive()(IL A I & £ H b i A ) >k
SERG, XANEAES - EH R E, H B A5 A R xTaskNotifyWait() B¢ 3
ulTaskNotifyTake() K IR DX AN EIME o BANHEUE 55 R D9 55457 A 55 388 S i BHL 2 1) 136 8 4 AE R
BT S50 51 DA ok 2> AR PR PH 2E RS

FES5 B A0 AR VT DL s B, I Hb RAM (R4 A, ER AT 45388 Jen th 2 A5 1 P B 41 £«

@ FreeRTOS HESSIEEN R G — MESUE S, SR ZH0 N H AR X FE O

® FEUST 5 T AR FR AT 45 B A it NPHZERS, (H2 RIETS A SR AT S BRI R I%
2 I it PH 2

17.2 RIZEHBEH
RS BENRIERECE 6 4, Ik 17.2.1 ffion:

XTaskNotify() RIFBEF, A B AME I EA R BT 5 sd mE,
Y RS
xTaskNotifyFromISR() FIEEHN, PAEL xTaskNotify() 11 BT iRCAS
<TaskNotifyGive( KRIFIEFN, A B EMEH BAREBSUE S @ aME,
’ BRI S B A I —, TR T
vTaskNotifyGiveFromISR() FRIEIEFN, PRAEL xTaskNotifyGive() [ H TR A
. KIFIER, A I RME B AR B BRSO 5 sd AE,
xTaskNotifyAndQuery() ZEAT St
. JRIKIBH, PR xTaskNotifyAndQuery()H WA, HAE
xTaskNotiryAndQueryFromISR() I 25 M

F17.2.1 AR50 AN KL R AL
1. BR# xTaskNotify()
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UERR O T RORAE I8 A, IE R BURE AT S I A s A @ F M, RN R, HIE
HAT B BR #L xTaskGenericNotify(), PREUFEEIUTT :
BaseType_t xTaskNotify( TaskHandle t xTaskToNotify,
uint32 t ulValue,
eNotifyAction eAction )

ZH.
xTaskToNotify: {E55H)IR, $i5 AT 5538 A& KIE L BAMME S5 .
ulValue: 55 38 KME
eAction: RS EATERI I, eNotifyAction & MHZEFRAY, FECMF taskh HAHUWT
e
typedef enum
{
eNoAction = 0,
eSetBits, /B Hi 6 %E I bit
elncrement, /1B EE I —
eSetValueWithOverwrite, /78 5 177 7\ 58 38 F01{E
eSetValueWithoutOverwrite /N8 5@ 511H
} eNotifyAction;
WSHOT DR FM BB P AR R, ANE SRS G AR .
1% [EE :
pdFAIL: M ZH eAction BN eSetValueWithoutOverwrite [KJIHiE, U1 5RAT 5@ ME %
BT DA IR ] pdFAIL
pdPASS: eAction ¢ & Jy H AR T K I 5 48— 1% [5] pdPASS.

2. E¥ xTaskNotifyFromISR()

UE R EH T RORAT I8 A, 2 R xTaskNotify O TR AR, LR EORAN %2, B IERATH)
#& BAEL xTaskGenericNotifyFromISR(), BLEREREM 0T -
BaseType t xTaskNotifyFromISR( TaskHandle t xTaskToNotify,
uint32 t ulValue,
eNotifyAction eAction,
BaseType t * pxHigherPriorityTask Woken );

S

xTaskToNotify: E55HWN, F5@EF55 8 HIE KIELHEAMESS 1.
ulValue: R @ AN -

eAction: AT 45 38 B B B T

pxHigherPriorityTaskWoken: iR H R % DL 2 AT AR 55 U4, XA B RE R 2 H3)
WEK, HAAHBTRE, AP A 5SROk
MEFRAT 1o HUEN pdTRUE FBHEAEIR H H Wil 55 R Bz
Rl — & BT — AR5 V)
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R [EME:

pdFAIL: M2 eAction BN eSetValueWithoutOverwrite [P %, WISRAT 5@ HEEH
HH R 5] pdFAIL

pdPASS: eAction & B 9 H ARG T ¥ I {5 48— 1R[] pdPASS.

3. BER¥ xTaskNotifyGive()

RIEAESSEH, X T BB xTaskNotify(), 1R BURIA AR ST I8 EN KN A AT e . 1k
BRI KA S5 B A T BRI —, EREGR N, FLEBAT 2 %L xTaskGenericNotify(),
U B HFE AN R
BaseType_t xTaskNotifyGive( TaskHandle t xTaskToNotify );

Y.
xTaskToNotify: {F550)IN, $85E 55 AR RIELTBAMMES 1

AL
pdPASS: I PR A 53R 5] pdPASS.
4. B vTaskNotifyGiveFromISR()
BLERH xTaskNotifyGive ) ITRR AT, FIFE P IBTIR 55 B 80 h, B EUR I T -
void vTaskNotifyGiveFromISR( TaskHandle t xTaskHandle,
BaseType t*  pxHigherPriorityTaskWoken );

ZH.

xTaskToNotify: E55FWN, F5 & F55 18 HIE KILLHEAMMESS 1.

pxHigherPriorityTaskWoken: 1R H R % DL 2 AT AR 55 V)4, XA & HE R 32 H 3
WA, HAAHBTRE, P A SR — AR R
AMEFAT T o HULEN pdTRUE IR IR H H W AR 55 R B
B — & EHEAT — AR5 V) e

AL
Tc.
5. B% xTaskNotifyAndQuery()
BEER B xTaskNotify()IRZEMLL, BEERHEL xTaskNotify()2 — NS4, WWSEH R AT EHT

BIREAVE . MWRECRA 2, FEIEPUT A2 BB xTaskGenericNotify(), A0 T
BaseType t xTaskNotifyAndQuery ( TaskHandle t  xTaskToNotify,

uint32 t ulValue,
eNotifyAction eAction
uint32 t* pulPreviousNotificationValue);

SH.
xTaskToNotify: {L55AIR, T AT 58 HE K IELEWMES
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ulValue: 155 E HME
eAction: AT S5 R0 5 B i .

pulPreviousNotificationValue: FH >k R A7 58T 1 14E 25 18 KIME -

AL
pdFAIL: M ZH0 eAction W E N eSetValueWithoutOverwrite FRiE, 41 RAT @ FMEBEH
BB D iR 5] pdFAIL
pdPASS: eAction & B 9 H ARG T ¥ I {5 48— 1R[] pdPASS.
6~ BRZ xTaskNotifyAndQueryFromISR()
IR #5CA xTaskNorityAndQuery() 1 H TR A, FHEH W AR 55 s 0 . LR EIRE N2, B

IEHAT I A2 PR % x TaskGenericNotifyFromISR(), BRI HE L0 R
BaseType_t xTaskNotifyAndQueryFromISR ( TaskHandle t  xTaskToNotify,

uint32 t ulValue,
eNotifyAction eAction,
uint32 t* pulPreviousNotificationValue

BaseType t*  pxHigherPriorityTaskWoken );

2

xTaskToNotify: {F550)N, $85E 55 AR RIELTBAMMES 1)
ulValue: AT 55 A

eAction: AT 558 AN F ) vk

pulPreviousNotificationValue: FH >R ORAF 5 HT A1 F4E 55 18 KIME -

pxHigherPriorityTaskWoken: iR B LUS /2 R AT S5 VI, XA R B RE K s A 35)
WER, HPAAHETERE, H &R DR RAFX
AMEFT T HIAE N pdTRUE FIRHEEIR H A bR 55 R 3
i — 5 FHEAT — AR5 V)4

1% [El4A -

pdFAIL: M2 eAction WE A eSetValueWithoutOverwrite [R5, WAL IBAMERH
SRR [e] pdFAIL .

pdPASS: eAction 15 B 9 H A1 T I {5 45— [5] pdPASS.

17.3 EFEAEA KSR

17.3.1 FEFAFFBRIBHRIZERS

T2 17.2 NP ERATE 2] 7 3 AMES AT S5 RN K% R 48 xTaskNotify(). xTaskNotifyGive()
F xTaskNotifyAndQuery(), X =™ H 28 F 1 #0 2 R 2L xTaskGenericNotify() ! IR E7E SC
1 tasks.c AR E L, 4aiaa 1 R A T

BaseType_t xTaskGenericNotify( TaskHandle t xTaskToNotify,  //fE55 )t
uint32 t ulValue, /MESEEME
eNotifyAction eAction, JAE 55 8 H 8 7 3
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uint32_t * pulPreviousNotificationValue )//fr A7 5 i 71 /1
IMES5IBRIE
{

TCB_t * pxTCB;
BaseType t xReturn = pdPASS;
uint8 t ucOriginalNotifyState;

configASSERT( xTaskToNotify );
pxTCB = ( TCB_t * ) xTaskToNotify;

taskENTER_CRITICAL();

{
if( pulPreviousNotificationValue != NULL ) (1)
{
*pulPreviousNotificationValue = pxTCB->ulNotified Value; )
}
ucOriginalNotifyState = px TCB->ucNotifyState; 3)
pxTCB->ucNotifyState = taskNOTIFICATION RECEIVED; 4)

switch( eAction )
{
case eSetBits : (5)
pxTCB->ulNotified Value |= ul Value;
break;
case elncrement : (6)
( pxTCB->ulNotifiedValue )++;
break;
case eSetValueWithOverwrite: (7)
pxTCB->ulNotified Value = ul Value;
break;
case eSetValueWithoutOverwrite : ()
if( ucOriginalNotifyState != taskNOTIFICATION RECEIVED )

{
pxTCB->ulNotifiedValue = ulValue;

xReturn = pdFAIL;

}
break;

case eNoAction:
break;
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}

traceTASK _NOTIFY();

/100 SRAT 55 BRI D9 S5 455 A 55 308 R T N OEL 588 285 ) 2 5 222 it B oL 28

if( ucOriginalNotifyState == task WAITING NOTIFICATION ) 9)
{
( void ) uxListRemove( &( pxTCB->xStateListltem ) ); (10)
prvAddTaskToReadyList( pxTCB ); (11)

/******************************************************************/

/******************************************************************/

if( pxTCB->uxPriority > pxCurrentTCB->uxPriority ) (12)
{
/AR BHLZE AR S5 I e 4 LE 2 s AT S IU 5B 4m, P AR 2E3EAT
IMES D)
taskYIELD IF USING PREEMPTION();
H
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
mtCOVERAGE TEST MARKER();
}
H
taskEXIT CRITICAL();
return xReturn; (13)

}
(1)- #IWrZ44 pulPreviousNotificationValue 7& 56 %, KNI S8 R ARAE BT R AT 5538

HIH

(2)~ W R4 pulPreviousNotificationValue A 2% 1)1t FH 1M 250 ORAF 55 3 1T I AT 2538 R4

() TRAFESEHRE, A N HSBBOXARE, JaHIRATEAR Y X ARE ki 2 5
FHAE S5 M FH ZE SR BR

(4)~ FEFAT S EALIR AN taskNOTIFICATION RECEIVED.

(5) HRIEA R E 77 A R AR, Wil eSetBits BT A 45 E 1 bit B 1. s
BB ST S B FME I — B A bits

(6) WIH T H 77N elncrement B EHURAT 5538 F0EIN—

(7)~ IR 77 RN eSetValueWithOverwrite B w126 78 5 J5 K AT 55 38 1

(8) WA T H /77N eSetValueWithoutOverwrite F i 5 7 2 1 7 52K Ao AT 45388 0B 2 5 1
AER, AN CAHACER T S B ONAT S B A . G0 SR T AT A5 38 A T S W A A A
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it. xReturn A pdFAIL, Ji £ iR [AlIX ME

(9)~ MRAEG) P IRAE IR IT 55 AT PR A BRI W2 75 A 4 55 7 SRR IHL 28, W RAEAESS
3R B B RTAE 554 T taskWAITING NOTIFICATION SRS % 5t it WG AR 55 A S A5 45
WAVMETEN T BHZER .

(10). FHAES MRS FIR TR R

(1) BT EFI MBI 7R

(12)~ 07 1 At ok L 2 04 25 A e 0 75 L M BT IEAEIZ AT AT 45 S s, iR 2 s
LT — AR S U

(13). #[A] xReturn [¥){H, pdFAIL 5 pdPASS.

17.3.2 PRS- BARIZERE

WS E MR R E =4, 4 % N : xTaskNotifyFromISR() .
xTaskNotifyAndQueryFromISR() ! vTaskNotifyGiveFromISR(). 1 p&%{ xTaskNotifyFromISR()
F1 xTaskNotifyAndQueryFromISR () 241 FH (148 /& B %0 xTaskGenericNotifyFromISR(), L eR%L
SR B T
BaseType_t xTaskGenericNotifyFromISR( TaskHandle t xTaskToNotify,

uint32 t ulValue,
eNotifyAction eAction,
uint32 t* pulPreviousNotificationValue,
BaseType t * pxHigherPriorityTask Woken )

e 28

xTaskToNotify: E55FWN, F5E 5518 HIE KILLWEAMMESS 1.
ulValue: AR5 8 AN -

eAction: AT 55 388 11 B I B ¥

pulPreviousNotificationValue: K RAF 5HT T AF55 18 AN 1E

pxHigherPriorityTaskWoken: 1R H R % DU 2 R TAE 55 V)4, XA & HE R 32 H3)
WA, HAAHBTRE, P A SR — AR R
AMEFRAT T o HULEN pdTRUE BHELEIR H H WAk 55 R 2
R — & AT — AR V)

R[EME:
pdFAIL: M ZH0 eAction W E N eSetValueWithoutOverwrite [, 41 RAT 5@ FME A
BB R iR A1 pdFAIL
pdPASS: eAction 1 B Jy HAMIE I I 5 48— 1% [7] pdPASS.
PR %Y xTaskGenericNotifyFromISR()7E SCF tasks.c A & X, BREURISU T :
BaseType t xTaskGenericNotifyFromISR( TaskHandle t xTaskToNotify,
uint32 t ulValue,
eNotifyAction eAction,
uint32 t* pulPreviousNotificationValue,
BaseType t * pxHigherPriorityTask Woken )
{

TCB_t * pxTCB;
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uint8 t ucOriginalNotifyState;
BaseType t xReturn = pdPASS;
UBaseType _t uxSavedInterruptStatus;

configASSERT( xTaskToNotify );
portASSERT IF INTERRUPT PRIORITY INVALID();
pxTCB = ( TCB_t * ) xTaskToNotify;

uxSavedInterruptStatus = portSET _INTERRUPT MASK FROM ISR();
{

if( pulPreviousNotificationValue != NULL ) (1)
{
*pulPreviousNotificationValue = pxTCB->ulNotified Value;
}
ucOriginalNotifyState = px TCB->ucNotifyState; 2)
pxTCB->ucNotifyState = taskNOTIFICATION RECEIVED; 3)
switch( eAction ) 4)
{

case eSetBits
pxTCB->ulNotifiedValue |= ulValue;
break;

case elncrement
( pxTCB->ulNotifiedValue )++;
break;

case eSetValueWithOverwrite:
pxTCB->ulNotifiedValue = ulValue;
break;

case eSetValueWithoutOverwrite :
if( ucOriginalNotifyState != taskNOTIFICATION RECEIVED )

{
pxTCB->ulNotifiedValue = ulValue;

xReturn = pdFAIL;

}
break;

case eNoAction :
break;
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}

traceTASK_NOTIFY FROM_ISR();

/100 SRAT 55 BRI D9 S5 455 A 55 308 R T N OEL 588 285 ) 2 5 222 it B oL 28

if( ucOriginalNotifyState == task WAITING_NOTIFICATION ) (5)
{
configASSERT( listLIST ITEM_CONTAINER( &( pxTCB->xEventListltem ) ) ==
NULL );
if( uxSchedulerSuspended == ( UBaseType t ) pdFALSE ) (6)
{
( void ) uxListRemove( &( pxTCB->xStateListltem ) );
prvAddTaskToReadyList( pxTCB );
H
else (7)
{
vListInsertEnd( &( xPendingReadyList ), &( pxTCB->xEventListltem ) );
H
if( pxTCB->uxPriority > pxCurrentTCB->uxPriority ) (®)
{
/A BR B ZE AR S5 I e e bE TS AT AR S DL SE S, P ARG B2 hmid
/A8 Y P I R 55 bR AP ISk 7 B 55 D)k
if( pxHigherPriorityTaskWoken != NULL )
{
*pxHigherPriorityTaskWoken = pdTRUE;
}
else
{
xYieldPending = pdTRUE;
}
H
else
{
mtCOVERAGE TEST MARKER();
H

}
portCLEAR_INTERRUPT MASK_FROM _ISR( uxSavedInterruptStatus );

return xReturn;

(1)~ HIWr 24 pulPreviousNotificationValue 7& 15 24, KIS0 F SR AR AT 58 i i AT 558
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HUE. RS E pulPreviousNotificationValue A R il FH b S 500/ A7 52 BT BT 4T 5538 e

(2)s RAEFEHRE, B THSBBOXARE, J5 HIERATERSE ZARE R € 2 5
BE S R PRIE 2R

(3)~ FHTESSE AR taskNOTIFICATION RECEIVED.

(4)~ HRIEAS[F)ryam e 5 0 SR MO R R Ab 2, 55 PR 2L xTaskGenericNotify () ) AL HE T F2
—F.
(5)+ TRIEQ)FIRAEMIFUE 55 2 1T BPIRASAE R I W 5 A 4 55 75 EEARBRPHZE, WRAEATSS
R W FH LS54T taskWAITING NOTIFICATION R A& B35 it it B A 1155 RN AT 5%
EFME TN T FHZER .
(6) FIWHESSIAREAS R A BB, SRR REREA BB 5 DOIRS TR PR RR, 28
Ja EHTHAES ANIN B s ) R .

(7)~ WAL SR A B80T TS BT 25 U8 N2 513 xPendingReadyList H o

(8) HI W AT 55 A B FH 2E AT 55 PR SE 22 5 b MRl AR S L Je Sy, 2R 2 1 o
pxHigherPriorityTaskWoken #5xict pdTRUE. U152 pxHigherPriorityTaskWoken JG R 1E #iHs
4 J7 7% & xYieldPending #5ic A pd TRUE.

A FAN—ANF T A W IR 55 bR B AT 2538 R0 0% BR 2 vTaskNotifyGiveFromISR(), IR %
H xTaskGenericNotifyFromISROM H AL, 6 pR B T BT S@ AEI—, KREKATLLEAT 54T
— N ILRR L

17.4 FREUEFBE R
KRBTSR ECE A, R 17.4.1 Fios:

B3 Ei::3%
IREUE S A1, 7] LAY B AR IR H I bR B0 A B4 AT 55 18 MBS &
ulTaskNotifyTake() B — . ST A A E A T R TS T E I R
F R ECRIREUE 5 &
S T2 A, : 7 , P N
< TaskNotify Wait( ;;g @%%ﬂ Et ulTaskNotifyTak() ¥ N8 K, 4 DhEERRAT 558

F17.4.1 AT EHIERIEREL
1. A% ulTaskNotifyTake()
IR AR IUE S5 I AR B, SAF 5518 A FAE —AHAE 5 EalE vHEUAUE 5 B R i g mT DA
F R ECRIRIUE 55, REURHaT:

uint32 t ulTaskNotifyTake( BaseType t xClearCountOnExit,
TickType t xTicksToWait );

Y.

xClearCountOnExit: Z#{N pdFALSE HJ1E7EIR tH 582X ulTaskNotifyTake() B 5 AT 2% 38 F1ME.
I, FhrtE %7‘%‘_5-% Mt 24008 pdTRUE 157518 HY R 20T A i
EHAEFZBAEEE, RUMEETE.

xTickToWait: BH ZE B[]

R B {E -
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e - 55 3 A DD B T T AR

U R EAE SCA tasks.c A E S, ARSI
uint32_t ulTaskNotifyTake( BaseType t xClearCountOnEXxit, TickType t xTicksToWait )
{

uint32_t ulReturn;

taskENTER_CRITICAL();

{
if( pxCurrentTCB->ulNotified Value == QUL ) (1)
{
pxCurrentTCB->ucNotifyState = task WAITING NOTIFICATION; 2)
if( xTicksToWait > ( TickType t) 0) 3)
{
prvAddCurrentTaskToDelayedList( xTicksToWait, pd TRUE );
traceTASK NOTIFY TAKE BLOCKJ();
portYIELD WITHIN API();
H
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
mtCOVERAGE TEST MARKER();
}
H

taskEXIT CRITICAL();

taskENTER_CRITICAL();

{
traceTASK NOTIFY TAKE();
ulReturn = pxCurrentTCB->ulNotified Value; 4)
if( ulReturn != QUL ) (5)
{
if( xClearCountOnEXxit != pdFALSE ) (6)
{
pxCurrentTCB->ulNotifiedValue = OUL;
H
else
{
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pxCurrentTCB->ulNotified Value = ulReturn - 1; (7)
H
}
else
{
mtCOVERAGE TEST MARKER();
}
pxCurrentTCB->ucNotifyState = taskNOT WAITING NOTIFICATION; (8)
H
taskEXIT CRITICAL();
return ulReturn;

(1) HIWAESSHEAE RS9 0, WY 0 MiE U IR R A R IENME S A

(2). BEUES AR N taskWAITING NOTIFICATION.

(3). WRFHZENAIA Y 0 BTG s AT i I B i 21 ey, IF BT — AR5 .
(4)s WA B AMEARA 0 (16t S SRBUT 5538 J01H -

(5). AEFEAMEKRT 0.

(6). Z% xClearCountOnExit A~ A pdFALSE, il 4548 A i %

(7)~ WHEZH xClearCountOnExit 4 pdFALSE )5 A8 5K AT 55 38 HIME IR — -

(8)s FHMES AR N taskNOT _WAITING NOTIFICATION

2. B xTaskNotifyWait()

BERR B R R IEUE 5518 501, AN b i # bE ulTaskNotifyTake() 5% N5E K, ANEALS5IE
FAME G S8, WEESE. ISR S A i — 7, # T DU I B R R
25538 A0 . H & 24T 55 3l S0 AR A B A5 5 B M i R (E 5 BRI i 4 3 48T R 2K
ulTaskNotifyTake(). JLeREUEAL 1R
BaseType t xTaskNotifyWait( uint32_t ulBitsToClearOnEntry,

uint32 t ulBitsToClearOnExit,
uint32 t* pulNotificationValue,
TickType t  xTicksToWait );

ZH.

ulBitsToClearOnEntry: 4 A 55 18 1 ) I g R A1 25 18 SnE -5 St S 80 U B 3047 4%
M5B, MBS EN O 5{ % ULONG MAX [ st 284155
HAEE %

ulBitsToClearOnExit: WU S 7 AR5 @A, FEMEAH R )AL F0R H ek HC B A 55 A1E
HS MBI EETRMSEE, [ By Ot ol
ULONG_MAX fif il So#3 A 55l HME 7 % -

pulNotificationValue: 12 H R IRAFAF 550 H1{H -

xTickToWait: RHLZE B 6]

y4EILi=R
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pdTRUE: SRELE] [ AES5I8 AT
pdFALSE: T35 AIEREURIN
WG BRI BUAE S tasks.c A E S, ARBSATR:
BaseType t xTaskNotifyWait( uint32_t ulBitsToClearOnEntry,
uint32 t ulBitsToClearOnExit,
uint32 t* pulNotificationValue,
TickType t  xTicksToWait )

BaseType t xReturn;

taskENTER_CRITICAL();

{
if( pxCurrentTCB->ucNotifyState != taskNOTIFICATION RECEIVED ) (1)
{
pxCurrentTCB->ulNotified Value &= ~ulBitsToClearOnEntry; 2)
pxCurrentTCB->ucNotifyState = task WAITING NOTIFICATION; 3)
if( xTicksToWait > ( TickType t) 0) 4)
{
prvAddCurrentTaskToDelayedList( xTicksToWait, pd TRUE );
traceTASK NOTIFY WAIT BLOCKJ();
portYIELD WITHIN API();
H
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
mtCOVERAGE TEST MARKER();
}
H

taskEXIT CRITICAL();

taskENTER_CRITICAL();

{
traceTASK NOTIFY WAIT();
if( pulNotificationValue != NULL ) (5)
{

*pulNotificationValue = pxCurrentTCB->ulNotified Value;
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if( pxCurrentTCB->ucNotifyState == task WAITING_NOTIFICATION ) (6)

{

xReturn = pdFALSE;
}

else

{
pxCurrentTCB->ulNotified Value &= ~ulBitsToClearOnExit; (7)
xReturn = pdTRUE;

}

pxCurrentTCB->ucNotifyState = taskNOT WAITING NOTIFICATION; (8)
H
taskEXIT CRITICAL();
return xReturn;

(1)~ AE% [F@EREA A taskNOTIFICATION RECEIVED.

(). AFS il 51E 5 2% ulBitsToClearOnEntry (KB AE #H47 #0r Hig 5.

(3) FEFBEHIRASHCN taskWAITING NOTIFICATION.

(4)s W SRFHZER R T 0 Wik ZER AT S5 U MBI E N F R, IF BT — RIS D)4

(5) TN FAESSEADIRA A taskNOTIFICATION RECEIVED, 1 H 2% pulNotificationValue
A R ORAFAT 5538 EME

(6)~ WIRAESSIBANFIRES XA N taskWAITING NOTIFICATION {35 s ric xRetur A
pdFALSE.

(7). WIERATSSBANFPIRAS — H A taskNOTIFICATION RECEIVED 3% 5t #44T- 5538 &1 i
524 ulBitsToClearOnExit FIHURH#ATiZAL 5125, F HAFrid xReturn & pdTRUE, 7R3k
B S5 T8 A0 S ) o

(8)« FRiCAE S ANFIIRA N taskNOT WAITING NOTIFICATION.

17.5 EFEMEHP —EHESELR

AL T, 4% FreeRTOS B 7 MIGETH, [ AL 558 A1 B AR AEAE 5 = I AT 55 M B BH
FE IS AR 45%, FHHFER RAM WD S0 AT F 10 70 A48 45388 0 K R SRR
L RE AT LUE Y, AR5 A AR AR D, Bt ABRAT I [8] 55 BT 75 (1) RAM. sl AH 2 2 sk

TGS ERAERAN 1 ESE, XWERFEF “CE” PERE. YMESEMHTE
RAEE 5 EIIBRHMEAR 5@ ME s = B ARG S &, K%L ulTaskNotifyTake()h il A RUE 5 &
FREX pR % xSemaphoreTake(), P& %X ulTaskNotifyTake() 1241 xClearCountOnExit 13 & & pdTRUE .
XA AE A R R BUAT: 5% 38 0 I L) A S B e &7 F . B B xTaskNotifyGive() M1
VTaskNotlfyleeFrornISR()FﬂT’%ﬁ@é& xSemaphoreGive() 1 xSernaphoreGiveFromISR()o BT
SRBA TE I — AN SIS R — T 58 AR W A AEAE S =

17.5.1 LR

1. SERHK
FreeRTOS H (AT 553 1 AT DA SRASA —(E (5 5, ASSZ bt R 2 S dn ] fd AT 4538 & 2h
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REAA —(EHIE 5 &,

2, LW

ARSI FETE “FreeRTOS SL55 14-1 FreeRTOS HA5 5 S48~ HFEAE HEsam ki, R
B H AP AHAS 5 EA L AP BRESCAAE S5 I8 A APT BR%L.

3. XBTE

FreeRTOS 5L56 17-1 FreeRTOS AF 55l &AL —MEH15 5 &=

4. LREFSHT

ARG IETE “FreeRTOS L5 14-1 FreeRTOS —HAE 5 85256 H&SUM KA, FrLlJLFAT
A RIS ERARE], Rk —AE(E 5 B R IR NIRRT 5538 A A R AR . ATl Pk
o E AR R — T

® EH5EH

//DataProcess_task PRI%L
void DataProcess_task(void *pvParameters)

{

u8 len=0;
u8 CommandValue=COMMANDERR;
u32 NotifyValue;

u8 *CommandStr;

POINT _COLOR=BLUE;

while(1)

{
NotifyValue=ulTaskNotifyTake(pdTRUE,portMAX_DELAY); //AREUESEM (1)
if(NotifyValue==1) IFEFEZ TR EEMEN 1, BEHHES B AIA R )

{
len=USART RX_STA&Ox3fff; 1143 B R B R SR K R
CommandStr=mymalloc(SRAMIN,len+1); /1B N AF
sprintf((char*)CommandStr,"%s",USART RX BUF);
CommandStrlen]=\0’; /b R RS
LowerToCap(CommandStr,len); IR R RS

CommandValue=CommandProcess(CommandStr);  //fim 2 AT

if(CommandValue!=COMMANDERR)

{
LCD_Fill(10,90,210,110,WHITE); 11375 B 5 X 3k
LCD_ShowString(10,90,200,16,16,CommandStr);/{E LCD & /R4
printf(" @7 2 H:%s\r\n",CommandStr);

switch(CommandValue) /IR B iy 2>
{
case LEDION:
LEDI1=0;
break;
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case LED1OFF:
LEDI1=1;
break;
case BEEPON:
BEEP=1;
break;
case BEEPOFF:
BEEP=0;
break;

}

else

{
printf(" LR A4, VE EHTHI N \r\n");
§
USART RX_STA=0;
memset(USART RX BUF,0,USART REC LEN); /& DM XiEE

myfree(SRAMIN,CommandStr); IRETIN A7
}
else
{
vTaskDelay(10); /AERF 10ms, AL 10 AT
}

}

}
(1)~ 4 FH 8% ulTaskNotifyTake() 3R EUAAT 55 WAL 55 1B A, PR%L ulTaskNotify Take() ) 56—

ZH R BN pdTRUE. FAASLES & AT S @ A —AEE S5m0, B DARE AR U 55 am %
PLE BT S mAETEZ .

(2)~ BR%L ulTaskNotifyTake() & [FE A 1 2 0T FAE S5 I8ANME, W58 1 MGt i AT
ZdEFMEA R, ST EE T2

® HirabE

T4 1B A B RIE AR R T 1 IR B AR 2% e B sE ), TR BT AR S A2 7 R
extern TaskHandle t DataProcess Handler;; /328U 5538 S0 FRAT 25 F0 A

void USART1_IRQHandler(void) /T 1 R IR SRR

{
u8 Res;

BaseType_t xHigherPriorityTaskWoken;

if(USART_GetITStatus(USART1, USART IT RXNE) |= RESET)

{
Res =USART ReceiveData(USART1);//(USART1->DR); //iz B 3 A K3
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if((USART RX_STA&0x8000)==0)//3 & 5E &,
{

if(USART RX_STA&0x4000)/# %] T 0x0d

{
if(Res!=0x0a)USART RX STA=0; /AZWCE %, B Hi T4
else USART RX_STA[=0x8000; I GERL T

}
else /UL E] 0X0D

{
if(Res==0x0d)USART RX STA[=0x4000;
else

{
USART RX_BUF[USART RX STA&OX3FFF]=Res ;

USART RX_STA++;
if(USART RX_STA>(USART REC_LEN-1))USART RX STA=0;

}

RN RN
if((USART RX STA&0x8000)&&(DataProcess Handler!=NULL))
{
WA SR
vTaskNotifyGiveFromISR(DataProcess Handler,&xHigherPriorityTaskWoken); (1)
IR T ZHTEREAT — IR S VI
portYIELD FROM ISR(xHigherPriorityTaskWoken);
H

}
(1)~ 4 FH R %L vTaskNotifyGiveFromISR() [ {45 DataProcess_task & iEAT551@ A, HLALHUAR

Ffe MEESBEAIZERE. HAHS RIS “FreeRTOS L5 14-1 FreeRTOS —{H{5 & & 5L
557 FEARSEAAHE

AUEH, FAESEMERAEESENEEEZIERER RN, NHEEEHELA API
BRE, ARG T R AL B R A

17.5.2 LREFEBITER

HHH “FreeRTOS 24 14-1 FreeRTOS —AHAS 5 85247,

17.6 EFBAEMTHEESELR

AFE TEESE, WERE S EET LR 1, B R KR EAENEE 52 R LI E.
BTHBRE S B RN AR5 T LRGSR E S8, FSEERAZAT 0 iR E
SEAMN

2 AE 55 3l A AE T BORAE 5 R A R IR U 5 B T SR UE Sl L, 8 R B
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ulTaskNotifyTake()K & L p& %1 xSemaphoreTake(). BA%{ ulTaskNotifyTake()H1Z#{ xClearOnExit

%uﬁﬁ pdFLASE, IXFEAECR AT 55 18 A1 D) DA AT 55 3@ FIE st 23 08— o A8 AR 5 T A R %
PR % xTaskNotifyGive() 1 vTaskNotifyGiveFromISR() >k # X it £t B 15 5 & FF i &8 %

xSemaphoreGive()f! xSemaphoreGiveFromISR(). N [k — /N SEEG SR8/~ — AT 55 10 &0 2 anfe]
METHERE S &,

17.6.1 SLIFERF T

1. L HK

FreeRTOS H AL 5538 AT LA R SRAEIU T BOAG S5 8, AR SEBR ok 2 >0t e o FH A 5538
DR S S &

2. SEHBEt

ARG R AE “FreeRTOS 52546 14-2 FreeRTOS THEL(E 5 & 52567 BFEmE BB SOm kK, R
A RS S B AR OE APT BB ECAAT S A1 APT R

3. KB THE

FreeRTOS 556 17-2 FreeRTOS AT 558 AL £ S 5 &

4. ERERF ST

ARSERRAE “FreeRTOS 5245 14-2 FreeRTOS THU(E 55 st _FAESMIRM, K&
ARG R],  FA TR A B ARG Y — T

® EHFEH
IR BORAE 5 BAT 55 B E
void SemapGive_task(void *pvParameters)

{
u8 key,i=0;
while(1)
{
key=KEY _Scan(0); VesEiitis
if(SemapTakeTask Handler!=NULL)
{
switch(key)
{
case WKUP PRES:
xTaskNotifyGive(SemapTakeTask Handler);// /i 4T 5518 A (1)
break;

}
it
if(i==50)
{
1=0;
LEDO=!LEDO;
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vTaskDelay(10); /ZERS 10ms, HElZ 10 AN

}

IERHRTH B A 5 AT 55 iR AL

void SemapTake task(void *pvParameters)

{
u8 num,;
uint32_t NotifyValue;
while(1)
{
NotifyValue=ulTaskNotifyTake(pdFALSE.portMAX DELAY);/ZREUTESEET  (2)
num-++;
LCD_ShowxNum(166,111,NotifyValue-1,3,16,0); /5.7~ 24 BT 4538 KME (3)
LCD_Fill(6,131,233,313,lcd_discolor[num%147); /il
LEDI1=!LEDI;
vTaskDelay(1000); J/AERT 1s, A2 1000 N8R4
§
}

(1)« PARTAETH S 5 51 bR E O AR AT 55 18 R0 1 BR 2 xTaskNotifyGive()

(2)~ VA AT 4538 0 3R HX R £ ulTaskNotifyTake(), H1-T-FA 12 FAT 5538 HERAL RS 5
HI1, FrLLeK L ulTaskNotifyTake() I 55— NS E S E N pdFALSE . X AERRIR AU L) — IRAF55
WEN, RS EAER S, FRUEARRE 5 E. PR ulTaskNotifyTake() 13 [2{E 9 4F55 38 %0
H k> 2 BT AE

(3)~ 1E LCD L8/ SRR M%0ME, 7 ER, NotifyValue B A4 & 24§ (4F 5538 HifH .

17.6.2 SLREFBITER

BFESLH “FreeRTOS 524 14-1 FreeRTOS —AHAS 585247,

17.7 155 B ARV E HRFH SL 50

AF 55 3@ AT FH SR AT 25 AR E A, (ER AR T HIBA S R IETHE B, AT 5@ A AT 55 Kk

252 FR Z BRI !

1. HAeRIE 32 A EHRE .

2. B RATF LSS WAL S8 AME, T H— R R e RAF — MES-@AE, 24T B
H 1.

DAL b U AT 55388 6 m] DARSEAUL— AN B 4 R0V 2 B RE T AN A2 R s )T B BN o AT 55 38 A
AT B MR AR

R 3% B R DAL 2R 8 x TaskNotify() 8k # xTaskNotifyFromISR(), BRI ZE eAction W E
eSetValueWithOverwrite B¢ #  eSetValueWithoutOverwrite - 41 H £ #{ eAction N
eSetValueWithOverwrite [R5 AN BT 55 I8 FIMELE 75 LB AL EE, 3 A I8 B #1021 B0 3 o
24 eAction A eSetValueWithoutOverwrite 15 W1 _F—/MT 5538 A 1 1L A H A EE, A48T
EI’JEEﬁ\i_%ME?JtT SR WUR BT 558 FME A1 B ] s % xTaskNotifyWait(). T 1@

SIS RV R — AT 588 2 AT P A R A
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17.7.1 LR EFET

1. SERHEK

FreeRTOS 1 (/4T 55 18 K1 AT DLASRALATE SHBAR , A SILIe 5t R 27 = far 4 F A 55 38 0 Dy g
HEALLI S HIRAE -

2, LW

ARSEEG BT = AMT 5%« start_tasktask]l task Keyprocess_task IX =T WAL S ThEEWI -

start_task: FHROIEHADL 2 MES

taskl_task : BZEHUSEIBAE, SRS IEEAE AT 558 A K 445 1155 Keyprocess_task

Keyprocess_task: FZHACIRATESS, BRHUESSIEANE, HEHE AN [R]  38 RS (O B (1) Ab

SEIG TR E = NMgE KEY UP. KEY2 Fl1 KEYO, AN %8st NAS R i eE, £5%
task1_task() 22K iX LU A N AE 55 18 N K 1% 45 155 Keyprocess_tasko

ARSEHRAE “FreeRTOS 546 13-1 FreeRTOS BAFIHE/ESZG " IFERt EASTRI R A o

3. LR THE

FreeRTOS 556 17-3 FreeRTOS AT 551 AR S5 HE AR SL56 .

4. ERERF ST

OEFRE
#define START TASK_PRIO 1 IMEF IR
#define START STK_SIZE 256 IMESS HERR R /N
TaskHandle t StartTask Handler; IS5 FR
void start_task(void *pvParameters); INES5 R
#define TASK1 TASK PRIO 2 IMEF IR
#define TASK1 STK SIZE 256 IMESS HERR RIS
TaskHandle t Task1Task Handler; IMES5FIR
void task1_task(void *pvParameters); INES5 R
#define KEYPROCESS TASK PRIO 3 IMEFS SR
#define KEYPROCESS STK SIZE 256 IMESS HERR R /N
TaskHandle t Keyprocess Handler; IMESS AR
void Keyprocess_task(void *pvParameters); INES5 R
//LCD Fill B¢ B {5 FH ()0 €
int lcd_discolor[14]={ WHITE, BLACK, BLUE, BRED,
GRED, GBLUE, RED, MAGENTA,

GREEN,  CYAN,
BRRED,  GRAY !
@® main)R#

int main(void)

{

YELLOW, BROWN,

NVIC_PriorityGroupConfig(NVIC_PriorityGroup_4);//#% & R4t R it S 2 4341 4
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delay init(); J/AE R iR HRT A6 AL,
uvart_init(115200); /191 ER 1
LED_Init(); /%1464 LED

KEY Init(); 1R T
BEEP_Init(); 1IATTGE WS 2
LCD _Init(); /%1864 LCD
my_mem_init(SRAMIN); 11T A4 A8 P A7

POINT COLOR = RED;

LCD_ShowString(10,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(10,30,200,16,16,"FreeRTOS Examp 18-3");
LCD_ShowString(10,50,200,16,16,"Task Notify Maibox");
LCD_ShowString(10,70,220,16,16,"KEY UP:LED1 KEY2:BEEP");
LCD_ShowString(10,90,200,16,16,"KEY0:Refresh LCD");

POINT COLOR =BLACK;
LCD_ DrawRectangle(5,125,234,314); //H 55T

IBVEIFURIESS
xTaskCreate((TaskFunction_t )start_task, 1TSS R
(const char* )'start_task", IMESs 4 FR
(uintl6_t )START STK_SIZE, /ME55HER K/
(void* YNULL, IMGIBZEAE S5 R S 3

(UBaseType t )START TASK PRIO, /ME55A5E5%
(TaskHandle t*  )&StartTask Handler); //AT-55H]HA
vTaskStartScheduler(); ISR AE 55 B

® E5EH
T U AT 551F: 55 R £

void start_task(void *pvParameters)

{
taskENTER _CRITICAL(); /13N S IX

/1% TASKI1 1155
xTaskCreate((TaskFunction_t )task1 task,

(const char* )"task1 task",
(uintl6_t )TASK1 STK SIZE,
(void* JNULL,

(UBaseType _t )TASK1 TASK PRIO,
(TaskHandle t*  )&TasklTask Handler);
/AL B AL AT 55
xTaskCreate((TaskFunction_t )Keyprocess_task,
(const char* )"keyprocess_task",
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(uint16_t )KEYPROCESS STK_SIZE,
(void* )NULL,

(UBaseType t )KEYPROCESS TASK PRIO,
(TaskHandle t*  )&Keyprocess Handler);

vTaskDelete(StartTask Handler); M BRFFEAT 55
taskEXIT CRITICAL(); /738 Wi S X
}
/Mtask1 1F:55 BRI 4L
void task1 _task(void *pvParameters)
{
u8 key,i=0;
BaseType terr;
while(1)
{
key=KEY_Scan(0); VEsEiitis
if((Keyprocess_Handler!=NULL)&&(key))
{
err=xTaskNotify((TaskHandle t )Keyprocess Handler, IMEFEAN (1)
(uint32 t Ykey, IS5 18 HE
(eNotifyAction )eSetValueWithOverwrite); /78 5 175 =X
if(err==pdFAIL)
{
printf("F: 5518 &1 A% R O\r\n");
H
H
it++;
if(i==50)
{
1=0;
LEDO=!LEDO;
H
vTaskDelay(10); //AER 10ms, AR 10 A4
H
}

//Keyprocess_task BR%L
void Keyprocess_task(void *pvParameters)

{
u8 num,beepsta=1;
uint32_t NotifyValue;
BaseType t err;
while(1)
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{
err=xTaskNotifyWait((uint32_t )0x00, /N BR A IR ANTEBRAE S bit (2)
(uint32_t YULONG_MAX, /1B H bR £ 1 ) 15375 % BT A7 11 bt

(uint32_t* )&NotifyValue, //{RAFAT 55 I8 F1E
(TickType t  )portMAX DELAY); //PH ZER [H]
if(err==pdTRUE) 113K BT 55 388 S R )
{
switch((u8)NotifyValue)
{
case WKUP PRES:  /KEY UP #5#] LEDI
LEDI=!LEDI;
break;
case KEY2 PRES: /IKEY?2 2 il i 25
beepsta=!beepsta;
BEEP=!BEEP;
break;
case KEYO PRES: //KEYO kil LCD 5 5t
num+-+t;
LCD Fill(6,126,233,313,lcd_discolor[num%14]);
break;

}
}

(1)~ A F BR 3L xTaskNotify() K IE(E 5@ 5, AL EAEATREE, RIETCRABESTT
X

(2)~ W H B EL x TaskNotifyWait)FREUT 558 %0, SREE AT 55 8 En S st & (1) R Ik 11%
BAE, SRS YA R A F B AR O [R) ) b 2

17.7.2 LREFEBEITER

I NSRS BT AR, B sk LED1 FIERS 285G LCD F8 & X 35
BRI . ASLIG BTSSR “FreeRTOS 5256 13-1 FreeRTOS PAFIERAF 52467 28400, R
AR AR T R I Sk i E i 1T

17.8 (S5 BEARMSF IR EHELR

FFhRE 2ﬂﬁ;&?fﬂﬂ5*éﬂ HERHEAARE(O), B ST bR S AL BA 5 S SR 9
BHERIGE . 4 MESERFF AR EA I LR EBD) I ] DU NPRZERS, 91E 5%
PSSk %%#ﬁi(ﬁ)ﬁ‘ﬁiﬁkﬁﬂﬁﬁUJ:JXAE%?JET VH#E CPU.

AT 5538 S AR AR B AR S5 @ FE A S T AR, XA AT 55 18 S 1) A
bit HE F M 45 & (HL) . B L xTaskNotifyWait() & X 3 4 45 £ 4 19 APl BR %
xEventGroupWaitBits() . %7 xTaskNotify()Fl xTaskNotifyFromISR()( 2 % 1] 2 # eAction N
eSetBits) & A FH {4 br H L H T API 8831 xEventGroupSetBits( )l xEventGroupSetBitsFromISR().
TN TR — AN S RIS — N AT S AN e AR S bR S A
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17.8.1 SLHFERF KT

1. SERHEK

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

FreeRTOS 1 (AL 5538 1 AT LA RSN SAFAR G AL, AR SEa8 it ok =7 >J Ui el 1 AT 5538 % 2

RERRAF RS AL
2. kR

ARSI EAE “FreeRTOS 5255 16-1 FreeRTOS A bn 20 S206 7 3Ll _HA& o SR 1 .

3. XBWTE

FreeRTOS 5256 17-4 FreeRTOS AT 253 SR G4 br i 2 5256 .

4. EBRREF 50T

A SZIG R AE “FreeRTOS 52546 16-1 FreeRTOS SHAEbr G4 5250 FESUN KK, KEB AR
TOESEAA R, FRATE PR h EEARD PHE—T:

® fEFERH
UG AT 55 1% 55 R £

void start_task(void *pvParameters)
{
taskENTER CRITICAL();
/1B B AL S5
xTaskCreate((TaskFunction_t
(const char*
(uintl6_t
(void*
(UBaseType_t
(TaskHandle t*
NV FR S A B SS
xTaskCreate((TaskFunction _t
(const char*
(uint16_t
(void*
(UBaseType _t
(TaskHandle t*

vTaskDelete(StartTask Handler);

taskEXIT_CRITICAL();

/1B B AL AR 55

IHENIG S X

)eventsetbit _task,
)"eventsetbit_task",
)EVENTSETBIT _STK SIZE,
JNULL,
)JEVENTSETBIT TASK PRIO,
)&EventSetBit Handler);

)eventgroup task,
)"eventgroup_task",
)EVENTGROUP STK SIZE,
JNULL,
)EVENTGROUP TASK PRIO,
)&EventGroupTask Handler);

IIMERITURAE 55

/1B H I 57X

void eventsetbit task(void *pvParameters)

{
u8 key,i;

while(1)
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{
if(EventGroupTask Handler!=NULL)
{
key=KEY Scan(0);
switch(key)
{
case KEY1 PRES:
xTaskNotify((TaskHandle t )EventGroupTask Handler, (1)
(uint32 t )JEVENTBIT 1,
(eNotifyAction )eSetBits);
break;
case KEY2 PRES:
xTaskNotify((TaskHandle t )EventGroupTask Handler, 2)
(uint32 t )JEVENTBIT 2,
(eNotifyAction )eSetBits);
break;
H
}
it
if(i==50)
{
1=0;
LEDO=!LEDO;
}
vTaskDelay(10); /LR 10ms, tHELZ 10 NP 540
H
}
/1A bR E AL BT S
void eventgroup_task(void *pvParameters)
{
u8 num=0,enevtvalue;
static u8 eventOflag,eventlflag,event2flag;
uint32 t NotifyValue;
BaseType t err;
while(1)
{
1R 55 T8 AVE
err=xTaskNotifyWait((uint32 t  )0x00, 113N BREL R R ANTE BRAESS bit (3)

(uint32_t YULONG MAX, //iB H & $ i s B BT A 11 bit
(uint32_t*  )&NotifyValue, /R{AALSEEE

(TickType t )portMAX DELAY);//FH ZE R[]
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if(err==pdPASS) TS5 8 HIER AT
{
if((NotifyValue& EVENTBIT 0)!=0) 115 0 RAE 4)
{
eventOflag=1;
}
else if(NotifyValue&EVENTBIT 1)!=0) /3 1 k4
{
eventlflag=1;
}
else if(NotifyValue&EVENTBIT 2)!=0) /3 2 kK4
{
event2flag=1;
}

}
}

enevtvalue=eventOflag|(event]flag<<l)|(event2flag<<?2); /N F/br EAE(5)
printf("f£ 55 1EF1{H H:%d\r\n" enevtvalue);
LCD ShowxNum(174,110,enevtvalue,1,16,0); /I{E LCD R 4 H7 F4-E

if((eventOflag==1)&&(event1flag==1)&&(event2flag==1))// =N FAFAR [FI I < 4 (6)
{

num-+-t;

LEDI1=!LED1;

LCD Fill(6,131,233,313.lcd_discolor[num%14]);

evemidilag=0s IR ETEE (7)

eventlflag=0;
event2flag=0;

printf("{F: 55 B ENZREUEB\\n");

()~ #%F KEY!1 #LL5 A %L xTaskNotify() K AEAL S8, BRI SR S 4 1,
Bt DAIX B 5 B ) AT 45 8 MBI bit] B 1.

(2)~ 1% F KEY2 8 LLUG i B3k xTaskNotify() & AEAT 553850, RN BRI bR S 411,
Bt LI B 5 B ) AT 45 a8 MBI bit2 B 1.

(3)~ W FH R %L xTaskNotify WaitOZREUE 3@ AME, AT IRICEbr L 41 .

(4). R4 NotifyValue KIIBZM N FRAE T, WRZEFMF 0 RAMKIE M Z(T5EH
H 0 bit0 B —)k4h eventOflag I 1, FoRF1F 0 KA T . RONESBAAGE b EAIREA]

338



E m STM32F1 FreeRTOS H &k FHf
. ALIENTEK STM32F103 £ %&%FF 4% FreeRTOS & # 12
CAFIRS S5 A5 2 N AL . R — AN E 1, BREL xTaskNotify Wait() 2 A SREUTE 55
B JHT RS T A 28 H B B0 R IR X AN F AR A7 22 (B2 xTaskNotify Wait() () 250 B 1) . Fir LAX
HERATE N RAEERMAFRE, ARG 2T =4 F s EA: EVENTBIT 0.
EVENTBIT 1. EVENTBIT 2. iX =/NHAr SRR =AF4E, BN F4EE — MR RIS
WHARBOLEE, R=ABRAALS R eventgroup_task()H A & X, AT HIA:
eventOflag. eventlflag Al event2flag. X =R EH N 1 BRI =ADFAHEKAE T, X
ASFRARAN R T AR A R (R S R A SR e 2

(5)s BIX =ANFAR R AR SR AR S A

(6) PSR = AN SRR AE T, PATAH R AR 3

(7)s WHE TR UG F R EREIFE .

® T LETRE

/AR R AL AT
extern TaskHandle t EventGroupTask Handler;

/17 T iR 55 eR 4
void EXTI4 IRQHandler(void)
{
BaseType t xHigherPriorityTaskWoken;
delay xms(50); AEER
if(KEY0==0)
{
xTaskNotifyFromISR((TaskHandle t )EventGroupTask Handler, /AL4AJHE (1)
(uint32 _t JEVENTBIT 0, I/ T bit
(eNotifyAction )eSetBits, /5 FTHE 7€ bit

(BaseType t*  )xHigherPriorityTaskWoken);

portYIELD FROM ISR(xHigherPriorityTaskWoken);

}
EXTI_ClearITPendingBit(EXTI_Line4);/i& 3 LINE4 _F ) i br 26 47

(1)~ IR %5 2 K I A x TaskNotifyFromISR ()R & 34T 5538 %1«

17.8.2 LBEFBITER

SISy “FreeRTOS 525 16-1 FreeRTOS A F i 4H 5256 7,
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%+ )\&E FreeRTOS {KIh#E Tickless B,

1R 22 N 37060 06 T 2SRRI B SR AR A%, LK I TE N RCR B RS, T ik 2 25
HSZR%Z MCU #G HRN MR IIFER R, PUHOR R &8 AT I ThEE,  EATRRHLTF R () i
AT DM A X S T FERE . (R IAE RNV EAE FHERE R0, FUAE KRG TR DI REM S Hs
WRAINEE, XSRS, T PRI R RN IR, X RS ER
2, BRRGOUAFEACFHRIFE T, AT FEILI RGBSR KA G S AH B R 28R
B W] . FreeRTOS $2t T — MMM Tickless MK INFERL, A BBATE K 2E 3] — N dnfar fif FHax A
Tickless B, AZTNUIT JLE

18.1 STM32F1 k4B

18.2 Tickless #5201 i

18.3 {ILIh#E Tickless iz 5216

340



[ruiene

STM32F1 FreeRTOS H % F i

g

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

18.1 STM32F1 {KThEH =,

STM32 AL 5l SCHFHRTIFERE I, DAA R FH 1) STM32F429 1, 3647 =P IR D FERR =
@ AR (Sleep) i,
@ % 11:(Stop)
@ 7FFHl(Standby)Fzt.
X =N EE BN 18.1.1 PR

. Xt 1.2V e | Xt vDD & | |
R FR A M iR B BT o BB BT PESR
BIRGLEIR | WEI (il | CPUCLK X
S P % e i A
IR U | JER
RHR) WFE P s R
Al
PDDS #l
N {£5 EXTI £ ({E .
N LPDSEE | i srst | gty 12v | msiimse | 0o
fZ1k +SLEEPDEEP N " v op o | TIRIIFE
N L | FCE, WNERERA | IRETERERSCH | RV Ak A "
AE+WFI B N FE
ANERER)
WFE
WKUP 5|1
F#5. RTC
‘ P (A A B
PDDS 47 . ,
- +SLEEPDEEP gfi B);rcc Hfif: JiF 1.2V | HSI #1 HSE S
N {7+ WFI 2 ; O SR BRI | YR
WEE HE, RTC N[
BRI, NRST
5| AT E AL
IWDG E i

K 18.1.1 AKIhFER AT E

ey L 1P 2 LS Wi pvas s i N RPN P | < T M N VAR E B 8 i P VA DR AP 5
Ko TTRBATVRVEMPNE — T =FH A XA

18.1.1 EEAR(Sleep)tE =,

@ B ANFEIRER

HEN BRI R A W R 4 WEICEAS W) Al WFE(SE A5 F4) i Cortex-M Y% 1) SCR(5
Grezs i) B A7 g AT LAGe 348 FH 7 RIAR RIS 238 tH I ARAR, 24 SCR # /74 ¥) SLEEPONEXIT(bit1)
B9 0 OB AT A SZRIARER, 40 1 A (s AR I ARER o 5% T 37 BRI AR HA s R AR ) 3
N FIESHE (BURTER) “36 9 T RIWFER RGFEmIRiE” &5,

CMSIS(Cortex fult4a il & B A1 452 AR FRAL 1 AN BREOR B 1E 484 WFL R WFE, FRATTAT L
BEREM X EE:  WFL R WFE. FreeRTOS R 4i4: i ] WFI 454 HE AARIRAE A .

©® B HRHRIER

BRERAE T WEL 15232 NARBRAE SRR AAE R — S h W 20k MCU AARHR A 2 e i
WARAEA WEE $52 BEARIREE T4 247 HAE R R R T A 2B AR, Enic & —
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B ALIENTEK STM32F103 £ZR5IFF£1R FreeRTOS FF £33
N EXIT AR N9t

24 STM32F103 kb T RHRAR X% Cortex-M3 PIA%(F 118 1T, {HRHABAMEIZ /T IEH,
E4n NVIC. SRAM 5. ARIRBLCHIZIAE L HAR P, (EDRARIR A A A e g i, 7
J7 A LA RIIEAT

18.1.2 1Z 1k (Stop) B =R

15 IEREAIE T Cortex-M3 IR B PR 05 AN IR 7142, 7R R 1.2V 3800 B it 4
#h<xf# 1k, PLL. HSI M HSE RC #R¥% a2 w281k, (HZ2WNE SRAM FIEE S # R . AESS
A LA TARAE IE R, ] Bl EOMRIhFER . Wisa iG] LUE % PWR_CR Z /7251
FPDS 78 1 >Kf§ Flash 7E4% LB 5 N B HUIRES, 2 Flash &b T8 HRZS 1B % MCU
A5 1A A DL T S 2 AR S AE R . IR HE N FTR SR 18.1.2.1 fiR:

21 iR

FELLN 264 R AT WFICGEFFh W E WEE(SF R ) 4

— W& Cortex-M3 R G5 7 f£ 7% 1) SLEEPDEEP fi7..

— 5B HR S ] 2 A 22 (PWR_CR)H ) PDDS 1/,
AR — B E PWR_CR ' LPDS fi7.i% 4 f 5 2% 1A 2
e AT N, AR A W i SR A (RS 27 A7 4%
(EXTI_PR))FI RTC (1) [l E b B L2 bR, 75 s I =0 N
P opiphid, FPgketiair.
WIHR AT WFI 3E {5 1R

BB AR AN Ik 2y T T U(FE NVIC H b 548 BEAH S ) 41

B T ) )
WHRBAT WFE 35 1ERE
BB AT — AN 2
F 18.1.2.1 HEAFIR H 2 1A

18.1.3 fFHL(Standby)HE R

FHEC T AT T A D RERE R, FrUB I DI FE MK AL R T Cortex-M3 (17 5 ik
MR, Hod iR gs 2t b, 1.2V i, PLL. HSI 5% 24 F1 HSE ¥R %% ss il e Al T
0 XA L E B AR S I 25 A7 2540, SRAM FIHAh 27 17 28 O N AR £ 2K . R AHEN
AR N 18.1.3.1 fioR:

GRS iR
TE LA 264 R 3T WFI(EEfF I8 E WRE(SE R AR TE 4
— W HE Cortex"-M3 R4l &7 47 4+ () SLEEPDEEP fi7..

HABA B R S (PWR_CR)T PDDS £

— R YR MRS FF A2 (PWR_CSR)H 1) WUF £,
N WKUP 5lIE) EFA#. RTC WA EFHE. NRST 5| E A
1B H B

Hhi. IWDG EAi.
# 18.1.3.1 HEAFIR H AR
B AU G2 F 80 STM32F1 H T, AT LA 2 I nde il 2 o+ 2 Je K11 o SEBRiy
FH o AR A FH A B I B ROE B A E AU . 6T STM32 AR DHFERL R 141 A 28 R0
W% ST B MZ%5FM.
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
18.2 Tickless R ¥R

18.2.1 A REfKTh#E?

18 114 /NS YHEIRIUT 5538 47 I 145 2 s m] DUR H, — BR8] 5 B AL B 2% K & 1)
R 5] T4 AL B 25 AT 55 BT CABRAT Tl ] LA 2% B8 224 A 0 8 Acb 2 2 PR 55 (0 ol A sl it AR THFEAR 5,
T B AR 2 AR 1 B AN AL B 2% MR IO FERE e . FreeRTOS Ht/2 i it 7 AL B 4% Ak
A AT 25 (1 ] 5o A 328 8 BN AR DR AR PRI B FE . — MR 75 2 AT 55 I B - R 2 P 4
ATIRTHFEAHOCAL B, bl 5z B AL PR 2% 30 ANAIRD AR 20 OC PRI H At A AL S BRI SR 40 A4S 55
AEE JETHILL STM32F103 = AMIK D FEAR 2 r i) R ARASE 209 51 A -

BATHITE FreeRTOS [ RS Bl HHIZr e I 25 R WKL, R BRI, A
B I Z R AR S . 181 /TR, HRWR AT B STM32F03 M AR AL = e i,
JE S 1 2 s ) g v B £ 3 8 STM32F4103 JEME R HE A AR HBEAR B . DRk, 4 SR 3
e I 25 P TR R R 6 2 S UK B BE AT ()i FELE 3 e BEAR A =0, IXFE S B 245 1
LRI AR P R I 55

NI, FreeRTOS 4R ML T — Mtk i ——Tickless #5530, 4 AbHE 233 N 25 AT 55 A A
LSS 596 PH 22 40759 40 v I G 2 e I 4 T BT, R 22 A B 2 B L ARAT: 5% 75 S AR B )
15 AL B 25 A 2 W MAR T ARERSE XA e i o Dy e AT TR s A A 1 8«

HE—: KHARFETHTW S SRARGT TS T, R H s L.

FreeRTOS ) 2 Gt B e T~ R 409 0 h Wr(R 2 e I 2 TP IS0 IS, IR M 1 R4+
WT IR gt 2 SRR G B 14T, XSRS AS FRVRI L A2 a0 AT A X A () e 2 AT AT B
R RGOSR (], 4 RGN I O RIS AT BN BN RRAT T X
IBEFRAT T3 75 2 573 b — A g I R d S BoZh LRI ), Gn SRAE A & AR D #E AL HE 38 1%
R A —METHHREERT 28, ol STM32L4 RFI(L 2512 ST MAKIIFEALFE 3 sk A — A
MU i LPTIM( DAL 2 I 28) 0 2 16 28 . STM32F103 VA X i i Inh 8 8 4wl 42285 168 P W 255 5 I 2%
KTERIXADRE, ARSI G 2 P

)RR s QAT ERAUE T — /NS AT AT 55 Re Bl v At 1 e I 2

RS A 3 N T ARTIFERE S, E 2 ) v W7 A0S JE AT 55t LR iE A T (18 v 2 N A 3
W E SR L, AR S RT DA AL BB MR T RERE U i . (RN ST T, Bk
oAb g8 MR THFER AR BE, TVEMRBE SR TR AT | XA VR RIRBT,  BESRNF E T4
oA AL P 2 DA T AR NN e, T ATV A B AL ) 7 R SE X AN Tl g o W AL PR 2R A
HENRIFER N2 /T RE BRI B 2 KB WIS AT N —/MES 4 ki 7] mifE 7, FKATR
TESF—ANE T 8%, A A 10 52 I 3 BN AN RMEL R AT 1, eI TR ) T DUS PR A s B
W, AEIER AR DR B T o X AL G T AN i, A e e
A Z KBS AT T —MMES 2 XA ] 502 K DR AT I 8], (B 15 PR 1) /2 FreeRTOS
CATERATTER T XA TAE

18.2.2 Tickless EL{&SzER

1. % configUSE_TICKLESS IDLE

AR Tickless f2X, B 45 420K FreeRTOSConfig.h HH 1% configUSE TICKLESS IDLE
wEAN 1, REELF:
#define configUSE_TICKLESS IDLE 1 /1 J3 FCTI#E tickless B
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2. % portSUPPRESS_TICKS AND_SLEEP()

€ Tickless #5 3 LLJ5 24 71 7 7 F A 0 #6 4 BL 0 I {5 FreeRTOS PN % it 2 R F 22
portSUPPRESS TICKS AND SLEEP()JALFRARIHFEAH 5% 1 T.AF

@ TFIHAESEME—TIZATHIES, BPUOVHARPTA BESS AL T IH S s k4.

@ AL T RIS [ % KT configEXPECTED IDLE TIME BEFORE SLEEP
AP, % configEXPECTED IDLE TIME BEFORE SLEEP ERiATE X ff FreeRTOS.h H15&
SN2, FRATATPATE FreeRTOSConfigh HEHE X, HENIAT 2!

portSUPPRESS_TICKS_AND_SLEEP(H 241, WS HHAIKIE € iLH 2 KN [H¥EG 5%
BENBUEERS, SRR AP a3t AR DI FERE S I K (AL I B i ), BRDA— B HAfE
A AN M S N L ) R AN T V=S VK (A P = - s VI S O £ = S S S
portSUPPRESS_TICKS AND_SLEEP()Mi% /2 HH FiR4E B Qg HM-F & RmE 1), E
Wl 2 AT 25 T8 FH R 56 L AR AR DO FE A o (H2 ! an SRl STM32 114 51X A2 1 TAE A
MIATRTERL T, BN FreeRTOS O IAMGLF 7, H A BRI SEAGFUF EAR . 2498 T IRt
AUHCEZREFMS, AMH FreeRTOS LM, WRB TS MIE K E LK
configUSE_TICKLESS IDLE % & 4 2.

% portSUPPRESS TICKS AND SLEEP 7 {4 portmacro.h H1 i R 5E X:

#ifndef portSUPPRESS_TICKS AND_SLEEP
extern void vPortSuppressTicksAndSleep( TickType t xExpectedldleTime );
#define portSUPPRESS TICKS AND SLEEP( xExpectedldleTime )
vPortSuppressTicksAndSleep( xExpectedldleTime )
#endif

M E T OB AC RS AT BLE B portSUPPRESS TICKS AND SLEEP() Y A i w42 R %1
vPortSuppressTicksAndSleep(), I E&ETE S port.c AU E X:

__weak void vPortSuppressTicksAndSleep( TickType t xExpectedldleTime )
{

uint32_t ulReloadValue, ulCompleteTickPeriods, ulCompletedSysTickDecrements,\

ulSysTickCTRL;

TickType t xModifiableldleTime;

IR TR € I 25 1) Reload (B FH)[E AU, a2 A Re b 2 & I 28 B T 8UfE
if( xExpectedldleTime > xMaximumPossibleSuppressedTicks ) (1)

{
xExpectedldleTime = xMaximumPossibleSuppressedTicks;

IME T2 e 28 .
portNVIC SYSTICK CTRL REG &= ~portNVIC_SYSTICK ENABLE BIT;

/A48 231 xExpectedldleTime >R 501 25 7€ I 5 11 B 2R 40 E

ulReloadValue = portNVIC SYSTICK CURRENT VALUE REG +\ )
(ulTimerCountsForOneTick * ( xExpectedldleTime - 1UL ) );

if( ulReloadValue > ulStoppedTimerCompensation ) 3)

{
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ulReloadValue -= ulStoppedTimerCompensation;

__disable_irq(); 4)
__dsb( portSY_FULL READ_ WRITE );
__isb(portSY FULL READ WRITE );

NI 75 AT DABE AR D FERE X
if( eTaskConfirmSleepModeStatus() == eAbortSleep ) (5)

{

else

IIANBERE NRDIFERE S, BB R i & e I 28

portNVIC _SYSTICK LOAD REG = portNVIC SYSTICK CURRENT VALUE REG;
portNVIC SYSTICK CTRL REG |= portNVIC SYSTICK ENABLE BIT;

portNVIC SYSTICK LOAD REG = ulTimerCountsForOneTick - 1UL;

__enable_irq(); (6)

(7

AT LA NARDIFERE S, BB B e I 3

portNVIC_SYSTICK LOAD REG = ulReloadValue; (8)
portNVIC_SYSTICK_CURRENT VALUE REG = 0UL;
portNVIC_SYSTICK _CTRL REG |= portNVIC_SYSTICK ENABLE BIT;

xModifiableldleTime = xExpectedldleTime;
configPRE SLEEP PROCESSING( xModifiableldleTime ); 9)
if( xModifiableldleTime > 0 )
{
__dsb(portSY FULL READ WRITE );
_ wihi(); (10)
__isb( portSY FULL READ WRITE );

HEARRSHAT 2K BRI i B S22 1B TR ZhAEAR A !

configPOST SLEEP PROCESSING( xExpectedIdleTime ); (11)
/15 1R B R I 4%
ulSysTickCTRL = portNVIC _SYSTICK CTRL REG; (12)

portNVIC SYSTICK CTRL REG = (ulSysTickCTRL &\
~portNVIC _SYSTICK ENABLE BIT );

__enable_irq(); (13)

/1 W 3 BOR B AR DI A2 H 058 r I 51 RS PR3 A 0 5 R IS s U B e 1) 21 51 R )
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if( (ulSysTickCTRL & portNVIC_SYSTICK_COUNT FLAG BIT)!=0) (14)

{

R

uint32 t ulCalculatedLoadValue;
ulCalculatedLoad Value = ( ulTimerCountsForOneTick - 1UL ) - ( ulReloadValue -\
portNVIC SYSTICK CURRENT VALUE REG );

if( (ulCalculatedLoadValue < ulStopped TimerCompensation ) ||\
( ulCalculatedLoad Value > ulTimerCountsForOneTick ) )

ulCalculatedLoadValue = ( ulTimerCountsForOneTick - 1UL );
H
portNVIC SYSTICK LOAD_ REG = ulCalculatedLoad Value;
ulCompleteTickPeriods = xExpectedldleTime - 1UL;
}
else AR TR ), TR AT N () M
{
ulCompletedSysTickDecrements = ( xExpectedIldleTime * \
ulTimerCountsForOneTick ) -\
portNVIC SYSTICK CURRENT VALUE REG;

ulCompleteTickPeriods = ulCompletedSysTickDecrements / \
ulTimerCountsForOneTick;

portNVIC SYSTICK LOAD REG = ( ( ulCompleteTickPeriods + 1UL ) *\
ulTimerCountsForOneTick ) - ulCompletedSysTickDecrements;

/R R S e N Y, T ST I RS I R R E N IEE A
portNVIC_SYSTICK _CURRENT VALUE REG = 0UL;
portENTER_CRITICAL();

{
portNVIC SYSTICK CTRL REG |= portNVIC SYSTICK ENABLE BIT;
vTaskStepTick( ulCompleteTickPeriods ); (15)
portNVIC SYSTICK LOAD REG = ulTimerCountsForOneTick - 1UL;

}

portEXIT CRITICAL();

(1)« 2%k xExpectedldleTime 7~ 4b B 28K EAR R DAL R A7 IS (BRI B 15 90 55
XA IS B] 2l PR 25 2 B 28R TH I, H T 2 8 I 48 I T OB A7 3 2 24 A1), BRI I A ) TR) B
ApEEIL I E e 28 B BRI B . xMaximumPossibleSuppressedTicks & M4 /AL &, 7E
A port.e A E X, A ELSTERE vPortSetupTimerInterrupt() HH 4% FFHTIRAE, AXAS U :
ulTimerCountsForOneTick = ( configSYSTICK CLOCK HZ / configTICK RATE HZ);
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xMaximumPossibleSuppressedTicks = portMAX 24 BIT NUMBER / ulTimerCountsForOneTick;

2315 xMaximumPossibleSuppressed Ticks=0xffffff/(72000000/1000)~233, Kt al LA H
BENRIFER I R KI KOy 233 ANIFAE, EE! ZMEERYE B T - -F 6 L
FreeRTOS [115¢ Bt B 1H LK T

(2)~ 145 24 xExpectedldleTime TR 2 i€ I 2% (1 B R 80 (8, RO AL R 28 N AR T FEASE
FCLUJE BT 2 R 7 I K 58 Y

(3)~ MR EE R 3245 112 AT BHE LTS B R DA IS AT AYIX BUN (8] 4245 FreeRTOS
FGU Bt 7 N R, XA R R AEBAT I . X BEFFIBAT (R ] AT EE R
BARR L LG, PO FEAE. i as RACRE ALK P A [F) 3 2011 P BIAAT I T
AFE. X B BERMERTE E— A (A, X AN E{E AR & ulStopped TimerCompensation >fAff
E, XA, 15X porte A E Lo HAF A STE KL vPortSetupTimerlnterrupt()
F EHIR AR, ARSI T
#define portMISSED COUNTS_FACTOR (45UL)

ulStoppedTimerCompensation = portMISSED COUNTS FACTOR / ( configCPU _CLOCK HZ/\
configSYSTICK_CLOCK_HZ);

i BT A R AT LIS H . ulStopped TimerCompensation=45/(72000000/72000000)=45 . 11 5%
A 50X AN B TAIARL () 18 BB 207 portMISSED COUNTS_FACTOR HI [,

(4). 1EPAT WFI FTE 2474 PRIMASK (115 A0 2 25 T DA H o g i (F 2 AN 2 Ab PRI 2
W, B R Th R A DL S B 1 B 27 /7 %% PRIMASK Rff ISR 3 EI3AT, FLszsi el
PRIMASK K4EiR ISR AT . % disable irq()/2 K & 27 f7-2& PRIMASK (1), 15R 2917
#& PRIMASK i H pKi £ enable_irq(), XM~ pRHEGE H1 CMSIS-Core 5K, 4 2R v FH i) 51
TR T CMSIS FHIC SRl h ] LA E 45k H, ALIENTEK HIFTA GIFEER IR0 T

(5)« K%L eTaskConfirmSleepModeStatus()>K FIW & 75 vl DL NARIHFERE S, ek 27
A tasks.c HPA SE S0 I BRBGE IS A RIE A SUAE TS5 R ULE AL BEAR BEAS RERE NMRTIFEAR L,
WALIR A eAbortSleep HITEHIFRRNABEBEANAMCDIFERE I, BEIRARERE NARDIFEN s 75 2L H8 Ik
R E N A MIEAT.

(6)- Vi FH BRI 4 enable_irqO)EHT 4TI Wy, FIONTE@) AT B %L disable_irq()J<H] [
.

(7)~ FTLABEAARDIFERE R, 58 UK DA AH R B .

(8)+ HEAMRDIFERR N 18] CAAEQ) TR IR T, X B AME S AN B2 € I 48 1) =
R AT

(9)+ configPRE_SLEEP_PROCESSING()/& %, fE#t NMRIFERZ 5 nl g — L AR
FAEEEE, PR RSB SCPHAMEI Bl QIR IR Le R AR Y R A6 5, IX SRR AR
ATAFEIRR AN 2 og i, e T PHRRE AN 2 el

(10). {fH WFI 54-1# STM32F429 i N FEHR A

(11) AAABHAT B B UGB A HE 38 IR TR D AR, IR AR DR DL S th n] R 7R 22
WEE S . LEWE R B, RSN, AT AR R ) R S A, IR
7£%% configPOST SLEEP PROCESSING() 5E i, Ji [ £ BEAIX AN 72 il A H

(12)~ BREURHE E R 4 CTRLAZHIAVRES) /74, JETHEH.

(13). VK% enable irqO)FTFFH .

(14)~ FIWTR AR DY FEAR 202 H T 2 7 I 2t BT 51 RS (138 5 HLAth W S A2 1, DR D3k i
J5E R BT S%of IRE P 22 G B B s B2 A ) T B VAN R, 3XAS R G Bl kM AR ) B BB 4
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(15)~ 1 FH B %5 vTaskStepTick() Mz RGN o, BB S HUE BEAME (R {HL, 10 R BE STAT tasks.c
IR E X
void vTaskStepTick( const TickType t xTicksToJump )
{
configASSERT( ( xTickCount + xTicksToJump ) <= xNextTaskUnblockTime );
xTickCount += xTicksToJump;
traceINCREASE TICK COUNT( xTicksToJump );

}

ATCUEH, BERRBURTE R, HIE4 FreeRTOS 1RG£ #0111 2#% xTickCount i _E—A4>
AMEETTC .

3. % configPRE_SLEEP_PROCESSING (! configPOST_SLEEP_PROCESSING()

FE R IE R TIAFE BT AR R A B 2515 B BRI FERE AT T, 16 75 B — Le o Ah 1Y
AbFER,  EeAn:

O® FEAL BRI BRI AE RSN, A AR T REER /), 2 AT DATERE AR DR DS
K R G b

® BUUTEE, IR DIFE B LL AR N R R R, R AR DR S DL S AT LAY
B P EREHER YR,  Eetn STM32 (A8 RC IR 2% -

® CPAFAAMEE Bl, than 10 CIRIRFEf.

® CPAMR T b H AR D REAE R FR, XS TR AL P AR BT R I gk AL B, L e] DA
I MOS & R4 il AN LR 1) 5%, 76 AL FE 2% 00 NAR ThAHREAR 202 RiT 5 P IX S B (1 FL YR

AR ARIIFEB I e G R Z, KRR UL LM AR —T, Lmmgzs i JLs7EL
PR NAR AR R 2 BT 0B 58 AL o FreeRTOS JNFRATHRAL T — N2k 58 X e 4, &k
J& configPRE_SLEEP_PROCESSING(), XA EMSEIM N A FEZA T Ldm'S . R MK
DHFERE A BT FRATTRRAR T Ab AR . OGP T L M B S5 1)0E,  IR7EIR tH AR DhFERE A DL S
MO OE K E A BOAE MR . E OB O A kR B E S, XA R E
configPOST_SLEEP_PROCESSING()H 58/, [FIFEMIXANEM BEANEWTF LEH - LERE . X
NS RN vPortSuppressTicksAndSleep()if H , FAI1AT PAZE FreeRTOSConfig.h & SUX AN,
wr:

/********************************************************************************/

/* FreeRTOS S Th#EE FEAH G B )

/********************************************************************************/

extern void PreSleepProcessing(uint32 t ulExpectedldleTime);
extern void PostSleepProcessing(uint32 t ulExpectedldleTime);

/1B NAR T FEAR 2l 2l 0 AL PR
#define configPRE SLEEP PROCESSING  PreSleepProcessing
/B AR FEAR 2 5 ZEAl ) AL PR
#define configPOST SLEEP PROCESSING PostSleepProcessing
PR %X PreSleepProcessing() ! PostSleepProcessing()A] ATEATE — A C CHH T, ARFEXTMN
FIBIRE R AE main.c SCEFHD, BB BAR N BAE T — 19 TEfR.
4. % configEXPECTED IDLE_TIME_BEFORE_SLEEP

AP g TARAEAR DA S I (8] BB BOA ARATBR A, 1 IR mAT, W2 S rhe
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T PR R AL ARAT o L2 BF ] ARG 140 8 SCAAS KR, 3t 1 /B B 4, PO NI sl 1 R !
B BL3R AT @ 20 CAE AR AR D) RE B AU i ) AN PR, AN ERERE T, B
configEXPECTED IDLE TIME BEFORE SLEEP /& K 5E X NINRENT . 72 BRNTE SO
FreeRTOS HA & 3, W1R:
#ifndef configEXPECTED IDLE TIME_BEFORE_SLEEP

#define configEXPECTED IDLE TIME_BEFORE_SLEEP 2
#endif

#if configEXPECTED IDLE TIME BEFORE SLEEP <2

#error configEXPECTED IDLE TIME BEFORE SLEEP must not be less than 2
#endif

BRINIE UL T configEXPECTED IDLE TIME BEFORE SLEEP y 2 MiHehiir, I H &/
ANBEZNT 2 AN B4R o 40 R EE BOXAME I 5 R AZE ST FreeRTOSConfih Howf H # 5 e .
W S E 7 RAE 55 BR B prvIdleTask () A !

18.3 {KIh#E Tickless P\ 246
18.3.1 LRFEF&TH

1. EBEK

21T 8 F FreeRTOS MK TI#E Tickless #53X, W%¢ Tickless BANT T FEK R G TI#EH L
.

2. L

T IHFEER A 37 & — AN EDR G K KEHE A B &, ROAThFE S HEREIRMEN S . —
MR Th LI & AR 2 a7 B p B i R AR B 45 B /N ) & i d  B #% o e TR ThRE AR T 5, &
M R ARG I H R IR B2, RS 5%, B8 BRSO 45 85 KI5 R I 2 S0 AT HH L 0 4 1
B, LRWFFAT AT FFoe L

ASIGFRATT B — MBI O R IE SR E R 4 Sk 6T R AR %) LED1 A BEEP FF2<H)
SEBG, AN SLEG 2 K “FreeRTOS 5256 14-1 FreeRTOS —AHAS 5 & 5L56 I faj BB o, R 2 FESLiE
14-1 F A 38 TR Dh#ERE R . A% o FRATT AT DA B B8 1 53X P AN S 36 i 485 R B, i8R
Tickless #% T PR IHFER B H H .

3. EBTHRE

FreeRTOS 5555 18-1 FreeRTOS 1K Ih#E Tickless B 525 .

4. LREFEIT

@ KINFEAERE

IE AR AT 7 2 AL B A
/MlExpectedIdleTime: ik IFER IS 171 [H]
void PreSleepProcessing(uint32_t ulExpectedIdleTime)

{
1R A LA D FEAE X T AV FH SN BEI Bf,  HeAk R R T s AR
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOB,DISABLE); (1)
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOC,DISABLE);
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RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOD,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOE,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOF,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOG,DISABLE);

/B HRIDFER N LU T ZEAL B R 15
/mlExpectedldleTime: i IFER s 17 [H]
void PostSleepProcessing(uint32_t ulExpectedldleTime)

{

/B BARTHFER A LG FT AR Ll G P P e g b, bbbk R TS AR
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOB,ENABLE); 2)
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOC,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOD,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOE,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph  GPIOF,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph  GPIOG,ENABLE);

(1)« FEARDFERE U LA o0 P IR LR D FEAR i A I A B2y, AR Sge v eR 1 1 75 224E
RIFERLU A A, Ak USART1 Fl GPIOA BR8P ASBERE O PA,  HoA 1 2% i b o] BLC A
XA EAR PR SE PR B R B, AT DA S R B AT — S A A R T PR D FE Y b 2

(2). 1B HEKIhHFERE S DL S 75 4T I e 5L PreSleepProcessing() H < P 1 A5 L& 452 IR IS 4

® £5KE

#define START TASK_PRIO 1 IMEFAR 4%
#define START STK_SIZE 256 IMESHERR RN
TaskHandle_t StartTask Handler; INES AR
void start_task(void *pvParameters); INES R 4L
#define TASK1_TASK_PRIO 2 INESAR ek
#define TASK1 STK_SIZE 256 IMESHERR RN
TaskHandle t Task1Task Handler; IMES5HIH
void task1_task(void *pvParameters); INES R 4L
#define DATAPROCESS TASK PRIO 3 INESAR S
#define DATAPROCESS STK_SIZE 256 IMESHERR RN
TaskHandle t DataProcess Handler; /T2 E) R
void DataProcess_task(void *pvParameters); 1M BRI

I —fEfE SRR
SemaphoreHandle t BinarySemaphore; /A (X =R=s el i

11T i A AT F ) AME
#define LED1ON 1
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#define LED10OFF 2
#define BEEPON 3
#define BEEPOFF 4
#define COMMANDERR 0XFF

® At N A R %
1775 BB NG RO RS
/str: BE R A () 7 B
Men: “FFFEACSE
void LowerToCap(u8 *str,u8 len)

{
u8 i;
for(i=0;i<len;i++)
{
if((96<str[i])&&(str[i]<123)) NS
str{i]=str[i]-32; W RPN
}
}

e OB ETSE O e e SR R 2 D ATl
/lstr: A4
/AR IEE: OXFF, fir&4hiR; HAME, w4HE
u8 CommandProcess(u8 *str)

{
u8 CommandValue=COMMANDERR;
if(stremp((char*)str,"LED10N")==0) CommandValue=LED1ON;
else if(strcmp((char*)str,"LED1OFF")==0) CommandValue=LED10FF;
else if(strcmp((char*)str,"BEEPON")==0) CommandValue=BEEPON;
else if(strcmp((char*)str,"BEEPOFF")==0) CommandValue=BEEPOFF;
return Command Value;

}
@® main()BR %

int main(void)

{
NVIC_PriorityGroupConfig(NVIC PriorityGroup 4); /1% & R4+ Wil e 254 4
delay _init(); I/3E I BR BT 640
uart_init(115200); 19164k ER
LED_Init(); 1191464k LED
KEY _Init(); IIRTRE A F
BEEP_Init(); JIRTGR BN 2%
my mem_init(SRAMIN); HAIEEAY N N A7
/1BVEITIRIESS
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xTaskCreate((TaskFunction_t )start_task, 1M BR A
(const char* )"start_task", IMES5 4 FR
(uintl6_t )START STK_SIZE, /MESHER K/
(void* YNULL, MG AT 55 R AL S50

(UBaseType t  )START TASK PRIO, /{4554
(TaskHandle t*  )&StartTask Handler); /AT-45%F]HA

vTaskStartScheduler(); 1T S AT S5
}
® EFEH
/TR S5 AT 55 e K
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); 113N G X
e MEfE 5 &
BinarySemaphore=xSemaphoreCreateBinary();
/1% TASKI 1155
xTaskCreate((TaskFunction_t )task1 task,
(const char* )'task1 task",
(uintl6_t )TASK1 STK SIZE,
(void* JNULL,
(UBaseType t )TASK1 TASK PRIO,
(TaskHandle t*  )&Task1Task Handler);
/18 TASK2 1155
xTaskCreate((TaskFunction_t )DataProcess_task,
(const char* )"keyprocess_task",
(uintl6_t )DATAPROCESS STK SIZE,
(void* JNULL,
(UBaseType _t )DATAPROCESS TASK PRIO,
(TaskHandle t*  )&DataProcess Handler);
vTaskDelete(StartTask_Handler); 1T T U6 AT 5%
taskEXIT CRITICAL(); /138 il 5 X
}

/ltask 1 AT 5% BR A
void taskl task(void *pvParameters)

{
while(1)
{
LEDO=!LEDO;
vTaskDelay(500); //3EIT 500ms, k2 500 AN T4E
}
}
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//DataProcess_task PR%Y
void DataProcess_task(void *pvParameters)

{

u8 len=0;

u8 CommandValue=COMMANDERR;
BaseType t err=pdFALSE;

u8 *CommandStr;

while(1)
{
err=xSemaphoreTake(BinarySemaphore,portMAX DELAY); /FRHUE 5=
if(err==pdTRUE) 13RBUE 5 BT
{
len=USART RX_STA&Ox3fff; 11453 B R B R SR K R

CommandStr=mymalloc(SRAMIN,len+1); //H1E N AF
sprintf((char*)CommandStr,"%s",USART RX BUF);
CommandStr[len]="0"; 110 B4 5 B R AT 5
LowerToCap(CommandStr,len); I EAF RN RS
CommandValue=CommandProcess(CommandStr);  //f 2 AT
if(CommandValue!=COMMANDERR)
{
printf(" 7 2 A:%s\r\n",CommandStr);
switch(CommandValue) L osE
{

A

N
>

case LEDION:
LED1=0;
break;

case LED1OFF:
LEDI1=1;
break;

case BEEPON:
BEEP=1;
break;

case BEEPOFF:
BEEP=0;
break;

else

printf(" TG a2, TE BT \r\n");
§
USART RX STA=0;
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memset(USART RX BUF,0,USART REC LEN); //& 3RS X 5%
myfree(SRAMIN,CommandStr); IRETIN A7

}
}
}
© AT IA L K AL FE I R

[F]S206 “FreeRTOS 524 14-1 FreeRTOS —fHAZ S&525 " —Ff.
BRSUE, ASZISACHEAT “FreeRTOS 5246 14-1 FreeRTOS —MHAZ S &SI ” HEA—F, H
BN B E)

18.3.2 LR ERFBITER

G R IT TSI A BT AR, FTOT & DB T, d@id & BB T RA A 4 B AT A
il LED1 8(# BEEP 2%, #4E /771 “FreeRTOS S£4% 14-1 FreeRTOS —fH {55 &L
R, XARARNE L, AN E SRS Tickless HAE T REB IR A G IIFE.

BEIR EW S ThAE 1 2 T N BB R DU FE R &, DO RBUZR WS — i1, X HIRA]
A X SR A — AN D L 78 HE LR AN AR /MRS, 3 USB £k 2T A 1) USB_232
OO R BERBE R R, AR AR R A N A W 19.3.2.1 .

g @ @0 DBRERTR
2o = e NORIES RS
A | (O % 17 48

@HERER
® MR AT
@6 6 ®BRERETR

K 18.3.2.1 {XAR I

I A O

® PR T IAMRTE A L O, B R AR TR AL R R RO — A A ARSI md
FERMRE USB_232 43 AT RAR AL

® BT LWL BE . JLINK. STLink ZEAMEEARER, [ 1k a2 SR i T4k

® T RMRAEE I A AR ThAEAL B, fE@id Ay 445 ] LED1 5k BEEP 2% LA Th#E
ARG R, RIAE I N ARIhFEARE QAR R BOE B AR B SR /KT o 1K R PR NSNS AE G FL B T 4R
TAET, (HRMENEIHFERE R DU 7k 2 R I e B S, BT IEEIS.

1. FF/3 Tickless #

FTIT Tickless HEz, LK% configUSE TICKLESS IDLE % &4 1, ZidilE R4 %
IR 18.3.2.2 k.
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05.13V 0.595W 1
0.116A 00199mAh

Kl 18.3.2.2 RGIkE
FTIF Tickless 83t LU T () TAEHIEJ9: 5.13V, TAERIAA: 0.116A=116mA, Th&Jy:
0.595W=595mW .

2. <M Tickless B,

<] Tickless #53X, %% configUSE TICKLESS IDLE ¥'# N 0, £l & RS8R T
nkd 18.3.2.3 fivk:

05.13V 0.836%R 1
0.163A 00204mAh

18.2.2.3 ARGkt
J<H Tickless HER LUE MR 11 TAE T A: 5.13V, TAEHJHIN: 0.163A=163mA, ThHEA
0.836W=836mW .

3. B4

SR PLE 4 TT)E T FreeRTOS ) Tickless #zULL)G RGH TAEHERMEL T 163-
116=47mA, HER[EK T : 836-595=241mW. XNk H & STM32F429 it A H B [ BEAR AR 20T ok
PIThFEU S, WER ARG S REAE B et IEB AR DRI 4 ThFe & & B — /MRAK I
Ko
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#E+/E FreeRTOS RIS

B IRAE S5 72 FreeRTOS W AT —AME 55, HiAth RTOS KRG A 2 HAE S, ELl uC/OS.
BATFHAE, NSRS SN LT —MES, 4RGSR A A5
(RIS A5 25 PNAT 55 Bt FFARIS AT, 25 INAT 55 A B B2 AR FH 302 1 A B 28 7 TG = T (M ) e 4R i
i, BiIEACPRISTCHN, DR, RARS Mg € 2 AR, MR T, bR EHEEASX A
IRPE RN EEAR BEIR, FreeRTOS 28 WAL rh S PAT — S A 1) b 38 . AT FRA TR 5] —
I FreeRTOS H I NAESS, A= NUF L5

19.1 IWAESTEfR

19.2 25 AT 5550 F R B R

19.3 2 NATS 5T SR ASE G
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19.1 FRELZFE

19.1.1 ZFRAEZF N

1 FreeRTOS MR A ) LA E i< A BN — AN WAE S, X FEin] A R 2/ —
RS AT LUIEAT o AHRIXAN T ARSI BRI e g, RS A Bt m e g 25 4k T3
BHNEIEA S WAT A 2 IR SR e R AT 5546 5 CPU BH . AT 5518 7 /b — AN B ZE R IR
Bt UISRIEANMT S EE F R 2 vTaskDelete OB BR H &, 84X MES AT S5 FE 5B TCB AT 5%
HEM S IX L FreeRTOS R4t [ 31153 BC I P9 A7 75 ZE0E 25 INAT 55 HOBEICHE, T SRR3R 1 2 ) AT
A8 2R AR S B R, AN TR EAE S IWAT S R Bk, — BT INAT S
ITHINLE ! BRI AN S AT S A A AR DR T, i LAAT DIARAE S5 b Sl isb 25 N
{EAEF CPU BB IRI(bLan, 4 CPU I&4T 25 AT 25 (1 i) 5 A5 A 3 2 3 NAR DB ) o

F P AT LLBIEE 5 25 IRAE S5 L S AR [ B R AE 55, 4% configIDLE_ SHOULD_YIELD A 1
(0 B AT 45 3t mT DA 2 PRATE 55 (s TR) At 0 2 PR 45 2 Lk B T 45 TR I S 0 D
FIAESs . X R EAE 3.2 TR configIDLE SHOULD YIELD (B YR T, X R sk
FreeRTOS 1 ¥ (5 A% .

19.1.2 ZRAEZKEIE

2414 FH B8 £ vTaskStartScheduler() /5 ST 55 18 5 # F N6 1 R Bost 25 5 30 802 AT S5, AR
{ELINE
void vTaskStartScheduler( void )
{

BaseType t xReturn;

IV RS, R RIRILESR
#if( configSUPPORT STATIC ALLOCATION ==1) (1)
{

StaticTask t *pxIdleTaskTCBBuffer = NULL,;

StackType t *pxldleTaskStackBuffer = NULL;

uint32_t ulldleTaskStackSize;

vApplicationGetldleTaskMemory( &pxldleTaskTCBBuffer, &pxIdleTaskStackBuffer, \
&ulldleTaskStackSize );
xIdleTaskHandle = x TaskCreateStatic( prvIdleTask,
"IDLE",
ulldleTaskStackSize,
(void *) NULL,
(tskIDLE PRIORITY | portPRIVILEGE BIT ),
pxldleTaskStackBuffer,
pxlIdleTaskTCBBufter );

if( xIdleTaskHandle !=NULL )
{
xReturn = pdPASS;
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}
else
{
xReturn = pdFAIL;
}
}
#else 2)
{
xReturn = xTaskCreate( prvIdleTask,
"H)LE",
configMINIMAL STACK SIZE,
(void * ) NULL,
(tskIDLE_PRIORITY | portPRIVILEGE BIT ),
&xldleTaskHandle );
}

#endif /* configSUPPORT STATIC ALLOCATION */

AR ek ks s stttk sl sk etk s ket sksklol sl kil okt kol loRsiok kol ok skl skl okolokkoRsok kol kR /
2N >

/*********************************************************************/

(D) fEAEBS AR NTS,

(). RN TECETNES, TRAESFMES R ECHN prvldleTask(), (E5HERK/NA
configMINIMAL_STACK_SIZE, {55 A% K/INA] LAfE FreeRTOSConfig.h F& M. AE 5 SH
tskIDLE_PRIORITY, % tskIDLE PRIORITY 4 0, ¥t WAT S0 Bimi%, F P ARERE =&
BT AR S R Se 4k !

19.1.3 ZREZ R

WAL KL SR ECN prvldleTask(), {HESEEr ERATIZA R, FAEREL %
SE SCRSELY,  7E3CAF portmacro.h HAG W1 24 5& -
#define portTASK FUNCTION( vFunction, pvParameters ) void vFunction( void *pvParameters )
e portTASK_FUNCTION(OFE A tasks.c HATE X, BT WA AR5 R B, iRy
LU
static portTASK _FUNCTION( prvldleTask, pvParameters ) (1)

{
(void ) pvParameters; //[7 1E 3R 4

/A BN FreeRTOS IS AT ST BRE, MESRAER RS EZ WSS E3)
1181

for( ;)
{
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IR ERGAESZEMRE T, WA B E R X L 55 AE S5 42 B TCB M
IMESS HERR I N AT

prvCheckTasks WaitingTermination(); 2)

#if ( configUSE_PREEMPTION == 0)
{

AR B G & SN AL TR f AT — SRS VIR B S = B A HAh
IMESHER, MBEAEAE S XANZTERATERZ 8, KR EGE
MRS A R (i 2E) 2 Jm # 2 E 336 3F CPU AL

task YIELD();

}
#endif /* configUSE PREEMPTION */

#if ( ( configUSE_PREEMPTION == 1 ) && ( configIDLE_SHOULD YIELD ==1)) (3)
{
/AN FAE A & A B BRI TR R A RE, SR RS A SR RS IR
H— AR F IR, H BIAT 554 T 3k 267 1 0h 25 N AT 55 3t LA TR A B
ML WG AR A] 3 4% BN R R 25 XA R AR 55 . T SRAE S IR AR S5 AR SE 2
IR B R PR 2 A PR S T AT X 55

if( listCURRENT LIST LENGTH(\ @)
&( pxReadyTasksLists[ tskIDLE PRIORITY ]) )> ( UBaseType t) 1)

{
taskYIELD();

mtCOVERAGE TEST MARKER();

}

}
#endif

#if ( configUSE_IDLE_HOOK == 1)
{

extern void vApplicationldleHook( void );

AT R 5 SCR)AS AR S5 80 7 R3S R 1 R 2 B TS BE A AT Ao
//AT BA 5] PH 2 25 AR 55 1K) APT BR 3

vApplicationldleHook(); ®)
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}
#endif /* configUSE IDLE HOOK */

/U RAERE T Tickless AR5 S $A T AH 22 1 AL EEACHD
#if ( configUSE_TICKLESS IDLE !=0) (6)

{
TickType t xExpectedldleTime;

xExpectedldleTime = prvGetExpectedldleTime(); (7)
if( xExpectedldleTime >= configEXPECTED IDLE TIME BEFORE SLEEP ) (8)

{
vTaskSuspendAll(); ©)
{

IRER DAY, B RE IR AE, X RS EE AT LA
/1% F

configASSERT( xNextTaskUnblockTime >= xTickCount );
xExpectedldleTime = prvGetExpectedldleTime(); (10)

if( xExpectedIdleTime >=\
configEXPECTED IDLE TIME BEFORE SLEEP)

traceLOW_POWER _IDLE BEGIN();
portSUPPRESS TICKS AND SLEEP( xExpectedIdleTime ); (11)
traceLOW_POWER IDLE END();

else

mtCOVERAGE TEST MARKER();

}
( void ) xTaskResumeAll(); (12)

mtCOVERAGE TEST MARKER();

}
#endif /* configUSE TICKLESS IDLE */

(1)« K647 R FF /2 static void prvldleTask(void *pvParameters), B! %E 2 AT 55 BB AT 55
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PREL 4 5t 2 prvldleTask().

(2)- W %L prvCheckTasksWaitingTermination()K5: 2 /& 15 5 75 B R A7 B4 I BRAT 55
M A AR S B R B vTaskDelete() Ml B B & M 16, AT 5 8t & W m B H) R
xTasksWaitingTermination "' . B %0 prvCheckTasksWaitingTermination() 2 & #& %] &
xTasksWaitingTermination J& 15 7%,  WHERA 7S BITE BARK O 511 38 o A A1 55 %8 B2 1) N A7 BT
(TS5 i H TCB T 55 HERR F I AF) o

(3)s 1A 5% H. configIDLE_ SHOULD YIELD v 1, 8% fRAE 55 75 B ik i 1]
G R 2 ) At 46 A1 55

(4)s KBRS A tskIDLE_PRIORITY (75 AT 55 RS 20) (R 25 AT 55 F R R 2 s, iR A
A (R 58 FH BR X task YIELDO#EAT — AT 5 V13

(5) WIERAERE T 2 WAT S48 T R EURITE SLPAT IX AN 7 SR8, 8 TR 5550 - R B R 0 44
4 vApplicationldleHook(), XA EM T HATHE | LS XA XA 5 R EUR Ik — &
ANRE VR AT AR ] DABH 2 25 PHAT 55 1) APT B4

(6)+ configUSE_TICKLESS IDLE A4 0, #iHIf#ifE T FreeRTOS HKIIFE Tickless #52x(.

(7)~ Vi H &% prvGetExpectedIdleTime() 3R BUAL BE 25 HE AARTIAER RIS, IUE IR A7 AEAR
& xExpectedIdleTime 1, AL AR B4

(8)~ xExpectedIdleTime 1 % KT configEXPECTED IDLE TIME BEFORE_SLEEP 7 %4,
JRKAE F— & i@ % configEXPECTED IDLE TIME BEFORE SLEEP Kk &4 diid 1 .

(9). Ab¥E Tickless #0, R RS HEES, HIupi2 kR A BAC Ry The

(10)~ FFTIREL— R [, 3X IR B [B){E 2 B 32 T portSUPPRESS_TICKS AND_SLEEP()
76

(11)~ I portSUPPRESS TICKS AND_SLEEP()ik NIk Ih#E Tickless #3, b —= &t
M Tickless A2 T o

(12). WEBAEFZ VAL A

19.2 ZFREZH T RECER

19.2.1 BFRE

FreeRTOS HH Z AT HREL BT BRECRBURE RS, MR EOAT IHE R &
TWHST R, ETHT R EANEI B P RRE . 0 RA T B 7 R 80 il
2 WAHE, W7 RECE—ANrEDhRe, nf UBIE 2w SCRIE B AN TR 8, Tk
BT RN 19.2.1.1 FiR:
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3%
TN T RE, RS A

FRREL
B[] 88 F BR 48, xTaskIncrementTick() >
W7 R TR B A SR
R BT AR 2% BRI s X T STM32 SKii il /&
T T I 2 T IR 25 BRI
WA RO R Rk B, G R
pvPortMalloc() F 7 P A7 5 U 4D B {0 ight 2 18
F A ¥ BR 2
SEH (Daemon)f 45 8 B+ R 2L, SEHE
AR E I 2R IR 5 AT 5
#19.2.1.1 T EREUERE R

B BR A A VAR AR R, FH P A REAH B B 1R B, SR 5 BATARIE SEPR 7R R 5 40

TREINE, N1 3RAT 2 DL RAT 55 50 SR ECN 51 DA LA 45 FH 481 R 28

.7‘-

FREX

configUSE_IDLE_HOOK

configUSE_TICK_HOOK

configUSE_ MALLOC_FAILED HOOK

configUSE_DAEMON_TASK_STARTUP_HOOK

19.2.2 ZFRAEZHTEE

TERA T ARSI AT A A = T S NAE S5 1 g, n SRABAE S AR S50 Se 40T A B
MESA PR

® L7 RS T R B AL BT SS

ANEH ABHRAERUE R G T 2 /DF — MESTTLUISAT, RIS A REAE S N AR 554+ bR
o AT AT DABHZE R INAE 5510 APL BB,  Lhin vTaskDelay(), B¢ HAth A BHZERT 8] (5
5 i B A e A

® i 57 ARSI LA R TS

BV —AMES i IR R TT 1, HRX P ITESHFEE 21 RAM.

B FH 25 PR 5546 T BR BB S B2 4E FreeRTOSConfigh HUK5%: configUSE IDLE HOOK £
N1, RG9S S WAL 554 TR %L vApplicationldleHook(). 38 7E 25 R AT 4544 - pR B oAb 2
W E NRINFERE AR B RS, AT 5 FreeRTOS HF I Tickless BEaf[X 43, X HI# H.
H XA DHE ) SE IR T7 VA RR 2 il FR DR (A ) LA () RTOS AR GE AT LA FH X Fof
TSR TN HE) . XAl K T REA AT FreeRTOS H 711 Tickless A2 X 51 A il T~ E

ST

Idle

Taskl

Task2

@)

3)

Ta#k
Il 1

T T
Task |
1 1

1
|
|
|
|
|
T T
|
|
|
|
|

I
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|
|
|
|
T
|
|
|
|
|

Task

Task

Task

Task

Task
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K19.2.2.1 PIAMIRDIFERE N HE
K19.2.2.1 A =AMES, e — A F WAES(dle), P 455 (Task] 1 Task2),
HASRES GBI T =0 508 2) 3), HAd T1 B T12 & 12 M%), Rk
153 AN IZ PRI DIFE R S 79 26 0 fr— R AN R
1. BRAEIhFEER

L R FH a8 AR DO FEASE A0 5 510 285 2 B 2% BT 2 2 g A B 28 AR D FE A =0 i, DA
(WA, FF T2 B ZIAE RS MRDIAER A R e i, (H2 42 TRt T3 w4 i HA AT 55 B LAk
PR N — I NI FERE 0. T2, T3 Ml T4 X =AM Z#E—FE, REMIENEIIFE. 1B K
UIKE, s RGOS ZAE N T1 B ZIE NRIhFE, SRJE17E TS B ZE H .

TEQ)F BWALSS R TAE TR, (HR2PAT TIRIIFER AR H, BRI
MESAK, Bk AR T FE 2 75 ZE ) 1) o

Q)AL AE T12 B ZIE FEAS SR A e i, o I (1) B AR A B FEAEAT S5 2R 5 &
SEHL T S AT 25 2 TR [ D) o

2. {RINEE Tickless Bz,

FEQ) I T1 B ZI A B2 AR IHFERE R, 76 TS5 I %158 HRThAERE . AH L IE A TR
AT 3 i AR DR R

FEQ)H T2 WAE S HAg AT TSI BP0, B Dot & 4 B NIRTh A . B fE
Tickless A5x0H R A 25 PNAT 55 B2 AT I 1] (13868 b A S5 /0N R PR B8 A4 2 g MR THFERE S, otk
) {Eif 1T configEXPECTED IDLE TIME BEFORE SLEEP k&, F—&Ec&itid 7.

(3) P 10 A A AR D FERE 2 —FF

A LA H A 5 08 R D #ERE 20, FreeRTOS H 5 I Tickless AU N & B A 2%, Af LALIR
ARV T R (6 KL 2 FreeRTOS TR Tickless fxl. 2448 T, WM T ohie
TERA RS 1 IE AR DIFERRE S W UE A, R — 5Kl — AN SR8 A e 75 25 RAT 55 80 1
BRI HR SE IR THFE o

19.3 FRERZHEFREER
19.3.1 SEFERFHITH

1. L HK
27 2J WA 7E FreeRTOS =5 AT 5584 1 bR 0 SEBAIR THAE
2. LW

ASIGHE | —ES2E “FreeRTOS 5256 18-1 FreeRTOS X IN#E Tickless S0 ” b i fai B
&k, ] Tickless #50, 7E WAL E T BRE - F WFI #5472 A PR35 3 N BRAR AR =

3. LT

FreeRTOS 5245 19-1 FreeRTOS 4% AT 25481 bR B 5256
4. LBREFST

@ MHxEKE

#define configUSE_TICKLESS IDLE 0 112K PR IIFE tickless 127X
#define configUSE _IDLE_HOOK 1 IR 7S IRAT 5550 1 R 3
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® FRIEFZFHTEH

N1 NAR DI FEAR U AT 75 ZE AL B ) S A
void BeforeEnterSleep(void)
{

N15R AR EAR DR T A A et B, Ak R R PEARD
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOB,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOC,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOD,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOE,DISABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOF,DISABLE);

RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOG,DISABLE);

/B AR DA 2 LA 7 ZEAL B ) S

void AfterExitSleep(void)

{
/B AR DIFERRE C LA FT T AR LE R P R MBI B, AR R s PEACHY
RCC_APB2PeriphClockCmd(RCC APB2Periph GPIOB,ENABLE);
RCC_APB2PeriphClockCmd(RCC APB2Periph GPIOC,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOD,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOE,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOF,ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph GPIOG,ENABLE);

112 RAE 55 1 R 4L

void vApplicationldleHook(void)

{
__disable_irq();
__dsb(portSY _FULL READ WRITE );
__isb(portSY FULL READ WRITE );

BeforeEnterSleep(); 17338 O\ B RRASE 2 2 T 75 AL 2 (1) A
_ wfi(); 1133 N IR ASE 2
AfterExitSleep(); /738 H R RRASE 2 S5 75 AL ) A

__dsb(portSY FULL READ WRITE );
__isb(portSY FULL READ WRITE );
__enable irq();

T RAES T AR B H RAUE AT WL 452 STM32F103 #E NBEAR B, 7EHE AR

HA AR TR ASE 2 R st A DA — Se A AL, Bt oe P AN Bh 4545, VAR FreeRTOS 1)
Tickless B,
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

® HEZRFMEE
HoAth A 6% B TS BRI N A7 “FreeRTOS 258 18-1 FreeRTOS {KIj#E Tickless 553X 52
1867 —FF, XHEBMATIHKT .

19.3.2 LREFBITER

PR IF T SRR BT AR, ATIFE DRRBL T, s O B TR a2t AT BA
fEfil LED1 8 BEEP [JT56. AR T, AHASLIRKE A, DHFEINE! DhFead 193.2.1
N

05.13V 0.610W 1
0.1194 00327méAh

K 19.3.2.1 R
MRS SN 513V, TAEHRN 0.119A=119mA, THFE N 0.610W=610mW . i F—&
D& R A FR DI FE RS DhREAH B, TARE > T 163-119=44mA, IIZFFEAK T 836-
610=226mW ..
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#—+& FreeRTOS WS

WAFE BE— N RGEEARU LG 77, FreeRTOS O RKEAMMHE] T WAFE T, L& (E5%
G, IS A MHEF R AL F S EARIS AT EL FreeRTOS $&4HE 1 Y475 B R
Kook g AR TN AF, A ZEHRF S —F FreeRTOS H M I NAEEEE, AZE 0 NINR JLES

20.1 WAFEFRfRI A

20.2 WAERE

20.3 heap_1 WAE/ELTT 1%

20.4 heap_2 WAE LT 1%

20.5 heap_3 WAEELTT 1%

20.6 heap_4 WA/ ELTT 1%

20.7 heap_5 WAEELTT 1%

20.8 NAEEHE ST
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l ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE
20.1 FreeRTOS AEEHENM AN

FreeRTOS GEAT55 BAFI . 15 T EERIM g PRI 7%, — Rl sha I G T K RAM.

— MRS BATEXTRN RAM, XM EM NSRS, A0 #8275 00 ok 20— i A
“Static” £5 &, LU T 5564 pR %L xTaskCreateStatic(), 5 FH b pf £ G 2 AT 55 I IS (5 75 ZE i FH P
E ARG HERR, ABRATA PR P ST,

fEHZNENAAE LK FreeRTOS WAZIERIEATS BB, (&5 ERIN R3S 1 HiE
RAM. #5ifE C FEH ) malloc()FH free()Vt nJ DASEIAHZAS W AFE BE, (2 40 R J5E R R ) 7 S A -

® MR AXRGH BFEAE .

® =5 IR Z A (A

® vl EL&ELam.

® B AEMNWENE, FFRIAT B AR

® S REUNMAE .

® (AR E RS E k.

ANFEHIHRA RGNS T W AF 7 BORII A1 ZRAN R, PRt — AN AR BCRE AT LA E A R G
AIIEIETT . FreeRTOS H4 N A7 73 BCAE AR HE JZ I —8 53, IXHF FreeRTOS {FHE il LAMEAH A
() R N AF 2 BC DT Vs

YN T RAM (B R] LLE ] pvPortMalloc()3K £ 4 malloc() HHil N AE, AE AR
A5 ] PA#E H vPortFree() BRI EUCKR B free() BRI EURE LN A7 - BREL pvPortMalloc(). vPortFree()5 B&
. malloc()~ free() 1 BRI EUR AL AL

FreeRTOS $2fit 7 5 N AE 0 BC J7v%, FreeRTOS {1 A AR E— N rvk, BEE O
PINAEDBLTT 1% IX 5 B2 5 N30, 434 heap_1.cv heap 2.c. heap 3.c. heap 4.c il
heap 5.c. 1X 5 N3 FreeRTOS WS H, B84%: FreeRTOS->Source->portable->MemMang,
Ja S TEMPHEIX 5 PO AT X

202 WHEBHR

TE%E FreeRTOS [NHNAF LT A2 BIRA VA KRE — AT AN AE# ), B RiE 2
INERI . BRI N AR . IR A WA R B AREIVE? INAFRE A& FEBE S AT s R R
f, & 20.2.1 fow.

KSR @ [ s
[] eammnts

iy Hakea (] etz

(] wtsmesr
FIRNAF 80B 80B | 10B 100B (2)

S — PR A7

FIRNAT 80B 80B | 10B 100B (3)
G&W%ﬂﬁﬁﬁt DYE;
FIAALF | 80B 508 (4)
—T
PIFERE

K 20.2.1 PR PRI R
(1) LI A AEHEIR I AR TR, N4 .
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(2) MR EILHE— RN EL, —Fa LT 4 B, K/ 5104 80B. 80B. 10B Al
100B.

(3) LN AL FHSEN AR, AT TR WA S — 4 80B RIS TH 1 10B IX P/~ P 175k
BRI NAE . R UL AT AR 7 ZE S0B [N AE, R4 B nl LUABAN T KRR, — A
2 B I T PRDIE V00 70 PO R T R AR, 2 — gt 2 NIRRT SR 80B R A7 B HLZ AR
2, NIRIBEBCGH SRR AN 10B 1 SRR T, BRARILES A 55 4h— A8 i 55 2210 A A2/
T 10B.

(4) SR Z XM FENRBUGE, WASRBEAR S8, RASFBORER/NIA AR
2 & 80B I S0B IX PN A AEERZ AT /IN A A7 B, X8 Y AEER B T KNS BUR 2 40N A 6
AT, LSRN A T A AR

PIAERE & WA B B R R R ) — A 10, 75 DU 136 2 5 3R S o] F 1 9 AR kD>
e 2 N PR R 9 2 O AS B4 3@ (0 N A2 T 7% | FreeRTOS (1) heap 4.c BRZAIRATIRME T — /M
PN AERE T 150, TSk W AR AT & LR — B (R R B K AR

20.3 heap_1 WHESEC Tk

20.3.1 SECHTEEA

AN EE AN AEHE, FreeRTOS [ N 17 # A ucHeap[], K /NH
configTOTAL HEAP SIZE, iX/MRiTH#F FreeRTOS Bt & B YT 7o ASE W Rh A 77520 il
JiiE, EAN N AEHERR A ucHeap[], 1 HOK /NS 2 configTOTAL_HEAP_SIZE. N AFHESESCAF
heap x.c(x A 1~5)F17E X[, Ll heap 1.c SCH#A W R & X:

#if( configAPPLICATION ALLOCATED HEAP==1)

extern uint8_t ucHeap[ configTOTAL HEAP_SIZE ]; /B P BEATE LN HE
#else

static uint8_t ucHeap[ configTOTAL _HEAP_SIZE |; 114 P28 R E
#endif

4% configAPPLICATION ALLOCATED HEAP A 1 HINHzE TR B /0 {4752 XN AEHE, 75
DU FR) T E g PR A8 R U, BRI FH S R 28 R U IR SR B o SRS A AT LUK A A7 HE e L
F|5MH SRAM 57 SDRAM H1o

heap 1 SEHLE R Z 72 RAM YRR — DN KRB (N AR HE) e — /N ik, K3
H(NAFHE) 25 BN config TOTAL _HEAP_SIZE, BRI C 230 1 o ff i B 5 xPortGetFreeHeapSize()
A DASJRERCA A7 HE el AR RN

heap_1 ##¥EWI T :

1. & TR — BAVER LTS 55 2 MBI A SMBRI R, SEBr B K250
FreeRTOS N #R & IXFEHT o

2. BRI E MR (BAT I A6 9% 1S TR 2 80T /2 —FED), T HA S BN .

3. AREL SN AN AF 3 B R AT AR 8 (8T 8, AR N — DS B o IR, s
TIRLEA TR E NS AT EC I R o

20.3.2 NEHERBIER

heap 1 1] 417 H11% B %L pvPortMallocO)YR A5 4 T :
void *pvPortMalloc( size t xWantedSize )

{
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void *pvReturn = NULL,;
static uint8 t *pucAlignedHeap = NULL;

IR 55
#if( portBYTE ALIGNMENT !=1) (1)
{
if( xWantedSize & portBYTE ALIGNMENT MASK ) )
{
T EEHAT IR 5%
xWantedSize += ( portBYTE _ALIGNMENT - ( xWantedSize &\ 3)
portBYTE ALIGNMENT MASK) );
}
b
#endif
vTaskSuspendAll(); 4)

{
if( pucAlignedHeap == NULL )

{
11 DR A A7 HEE PR T i o =5 %0 5 4
pucAlignedHeap = (uint8 t * ) ( ( ( portPOINTER SIZE TYPE )\ 5)
&ucHeap[ portBYTE ALIGNMENT ] ) &\
(~( (portPOINTER SIZE TYPE )\
portBYTE ALIGNMENT MASK)));

I ERGE %R NARE B, A RGN A
if( ( ( xNextFreeByte + xWantedSize ) < configADJUSTED HEAP SIZE ) && (6)
( ( xNextFreeByte + xWantedSize ) > xNextFreeByte ))

pvReturn = pucAlignedHeap + xNextFreeByte; (7
xNextFreeByte += xWantedSize; (®)

traceMALLOC( pvReturn, xWantedSize );

H
( void ) xTaskResumeAll(); 9)

#if( configtUSE_ MALLOC_FAILED HOOK == 1) (10)

{
if( pvReturn == NULL )

{

extern void vApplicationMallocFailedHook( void );
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vApplicationMallocFailedHook();

}

}
#endif

return pvReturn; (11)
}

(1)« B FHEIATFHRFE, % portBYTE ALIGNMENT #2& 75 Bt 5171 %, BRilA 8,
FEHAT 8 T T, WHE S E xWantedSize B 8 IMEE, WA G H T B AN
8 MIfE%L.

(2). S xWantedSize 5% portBYTE ALIGNMENT MASK #4T 532 8 3 ) xWantedSize
TN 8 T T, WHREERSET 0 HiiH xWantedSize & 8 FHXIFFHI, FUHIIEAN 8 F
FXF5%, portBYTE_ALIGNMENT MASK “A4 0x0007 - {E 4 xWantedSize 4 13, A4 13&0x0007=5,
5KT0, FTCL 13 A 8 A5 48, 75 B2 6 55 Ab 2 . 24 xWantedSize 9 16 I {5, 16&0x0007=0,
Pk 16 52 8 HIF54, Jois 71X 5%.

(3)« 4 xWantedSize A7 8 FT5Xf 5 (5 k75 22 5y 8 T 5%, WA LR K
KT EHABERIEARAN 8 T FHE, T 13 Riiite 16, B2 AT 1)
XA, [FFRELL xWantedSize N 13 ], H5A Rl

xWantedSize=13+(8-(13&0x0007))=13+(8-5)=16;

(4)~ A PREL vTaskSuspend AN)EEATAE 5SS EE SR, RN HIIE N AE IR B ORY, A RERE
HoARAT S5 4T W

(5)- TR AFHERT T FHEC AR b2 8 75X 551K, A AFHE ucHeap LRI 2 HH g 1
FAYBCHT, ucHeap AU AEHLIEA — 8 & 8 TR TR (ERIRATLE A A ik 15 e B A — A
8 TR F IR AG AL, X AMbEA pucAlignedHeap o, FIFEFREHANRTTHE—T, A=k
RAATACS, ucHeap Al pucAlignedHeap 41151 20.3.2.1 Fis:

0x200006C8
0x200006C4
\ 4 A 4

458

A A

ucHeap

pucAlignedHeap

K 20.3.2.1 P A7HEHEE
] 20.3.2.1 F1 N A7EHE ucHeap PR HLEE A 0x200006C4, X MHEEASZ 8 T3 % 5511,
Fir AAS e SR AE ., & 7 5 0k 5% B S W RUASE A %) T 46 #h ik o2 0x200006C8 it LA
pucAlignedHeap 54 0x200006C8 .
(6)s F&E— T HAFERTEIA, 3AC5eR LG & 2 AR i N A7 HETE ),
xNextFreeByte & M4 RAF &, HRIRAT pucAlignedHeap 2 P A7 HERI 4 N A7 17 ik 2 18] KW A%
4, W& 20.3.2.2 flizs:
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0x200006C8

0x200006C4 xNextFreeByte
y

4705 | T NAE RITAC A A

A A

ucHeap

pucAlignedHeap

] 20.3.2.2 xNextFreeByte 7~ &

(1) WERNAEE B HA SRR T, T2 mofs B3 20 N A7 1 bR 4G pvReturn, L
WIFRATEL RIS 30 ANF2795 (T 55 LUE SEPr i ZHE 32 NI A A7, iRkl 20.3.2.3 fir
TN

0x200006C8

0x200006C4
\ 4 A

xNextFreeByte

47 | EAENAE | 327 RITEC AT

A 4 k———
xWantedSize

ucHeap

pucAlignedHeap pvReturn

K120.3.2.3 WAFEHIEIE R
(8)s WAFHIETERLL G BB — N A& xNextFreeByte.
(9)~ i FH R $ xTaskResume ATI() 1% 5 AF 55 1 i 4%
(10)~ %% configUSE_ MALLOC_FAILED HOOK A 1 HIiE i B A 1 P A7 HE 37 2R el 7
SR, RIS A AT B3 vApplicationMallocFailedHook(), I BRI 7 EH P B AT 905 S8
(11)s R [E] pvRerurn B, Q15 PIAF B B (15 2 BP0 21 7R N A7 B ik, P9 A7 B ORI
(1) IR [5] NULL.

20.3.3 WARBR SR

heap 1 FINAFREIRECH pvFree(), FILAE —F pvFreeOMIIRIS, WIR:

void vPortFree( void *pv )
{

(void ) pv;

configASSERT( pv == NULL );
}

Al LAFE H vPortFree() A BAAR AN AR R . IS FBAEH heap 1, — H HIE N AR
DA VPRI H/2 heap 1 BINAE L FEMI L, WIEE K heap 1 LT = TCATAAI{E HANME
Wi, THARXAME, ARZ/DNEKPHERS T HEI RS 552805, £
FPIgAT B AR IR LA 5 AL RAEA MR, A X AN g4 heap_ 1 sRAR G &

20.4 heap_2 WHFSECH 1,

20.4.1 43Hc A

heap 2 $&fit T — AP FC YL, AME heap 1 ABFE, heap 2 345 T N AF BRI %L, heap 2
AR NG IR — K, XA — AN s, BEEIRABI S N, WA S
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W R ZA KA —HIALEER), 2 SEUAMER ! heap 4 $RAL 72 A AR &I
heap_2 HAFHELIT:

1. " CAMd eI v fe = R IMIBRATE S PAF. (B 5 EEMNHF, EyEEA WA
FEA

2. GRS EAREE NAE 0 R/ANEBENLE), S AstEEEMEA 7, i N s

® WA AR ERAESS, T HAERSS 75250 B HEAR /NS —FE,
HB4 heap 2 BLAEH GIE . WA S A 75 HERR R /INFIRER Z AN, HS4 heap 2 Hl
NEET, FARXFESIEANAEA T4, REAFBUEE ARG ERHER! A
it heap 4 BRE GXFIAH T .

® W B AN A A R BA B A XIS AR AN [F], B4 heap 2 BiANIES T, F1E
[—FF, SR o] LU A heap 4.

® 1T E A pvPortMalloc()A1 vPortFree()K H il MU N A7, 1A A&l i HoAh
FreeRTOS [HJH:Ath APT BRECR B2, IXFHEHL T heap 2 A&

3. WRRIHFHAES A G5 B EF(E 5 ERA A UEHEG BT 7 BT AR K
e, BT AR A AR [F], B i K 22 BB L T B a5 B9 A2 R 2 AN IR ) () 3 1T fig
WAERE e BANIX /MRS, (22 25 IR TR

4. BAEANAHEME, H2WztihstE C F 1 mallo)F free() R 5 !

heap_2 FEA ol DUIE AT K 2 8 T ESE TN AR T, 1 heap_4 T2 B AW N 1F
TR B FF AN R 25 PR AR B G A2 A28 B0 R Dy e

N
£5

20.4.2 NIFHRPEMR

[A] heap_1 —#f, heap_2 RN 74D ucHeap[], K/ configTOTAL_HEAP_SIZE. 7] LA
JH 3t PR AL xPortGetFreeHeapSize() K 3R HUE 4 (1 9 A7 K /1N

N T SEINAFRETR, heap 2 SIN T WAFRMIMES:, &R0 — BN — AR,
Pl T BN A AF R AR, WERKIANE . N TEBARIGIN T — MRS,
BERGEUNT
typedef struct A BLOCK LINK
{

struct A BLOCK_LINK *pxNextFreeBlock; /AR REERH N A28 W A FEEL

size_t xBlockSize; =TI IR R NN
} BlockLink t;

R WAFBET A 2 —> BlockLink _t ZRM AR SR AR ML N A7 B, EEan3RATTEAE i
T 16 MFIALE, IR A A SEE st an & 20.4.2.1 Fis:

AR

pxNextFreeBlock
87
xBlockSize=24

K 20.4.2.1 NAEER
K 20.4.2.1 RNAHIERNE 24 7, BARIRATAHE T 16 N7, HEEFESA
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8 FTRARMF BlockLink _t AU (125 A5 5, xBlockSize 103% A WAZHIIK /I

N T IHEE R, AT R NSRS A STE MR N, RIS AL & xStart, xEnd H2K
WRXAMER LA, X PN & LR
static BlockLink t xStart, xEnd;

20.4.3 AFFERIIRG R B AR

WAFHENI AR BRSO prvHeaplnit(), BRECEIG 1T
static void prvHeaplInit( void )
{

BlockLink t *pxFirstFreeBlock;

uint8 t *pucAlignedHeap;

TR P A7 HE PR G il = 4 % 5 1)

pucAlignedHeap = (uint8 t * ) ( ( ( portPOINTER_SIZE TYPE )\ (1)
&ucHeap[ portBYTE ALIGNMENT ]) & \
(~( (portPOINTER _SIZE TYPE )\
portBYTE ALIGNMENT MASK)));

/1xStart Fi [ 2% R A AFERBER 15
xStart.pxNextFreeBlock = ( void * ) pucAlignedHeap; 2)
xStart.xBlockSize = ( size t) 0;

/IxEnd $ [F 25 R AP HREER JE o
xEnd.xBlockSize = configADJUSTED HEAP SIZE; 3)
xEnd.pxNextFreeBlock = NULL;

HRTIE R — 2SR AR, 23 PR AR i KNl A2 FT P PR AL A7 HE KD
pxFirstFreeBlock = ( void * ) pucAlignedHeap; 4)
pxFirstFreeBlock->xBlockSize = configADJUSTED HEAP SIZE;
pxFirstFreeBlock->pxNextFreeBlock = &xEnd;

(1)« A heap_1 —#¢, RN AEHER) 0] HEE LG HbE N 8 = 5% 5%

(2). ¥Jahtk xStart AZ &,

(3)~ Witk xEnd .

(4). A PWAERATT SR E— BlockLink t 28 [ 4E ) RAR &, XA SE k1A AR B 13k
FHIR b A A7 B ) R /NFT R — AN 23 TN A7 B ik

WAL ) WA HE T 20.4.3.1 BT
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g

xStart

ucHeap

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

A

».
L

.

4575 (EF)

pucAlignedHeap:

pxNextFreeBlock

xBlockSize=0

xEnd

pxNextFreeBlock

—» NULL

xBlockSize=

configADJUSTED HEAP SIZE

pxNextFreeBlock=&xEnd

xBlockSize=

Block

< 0x200006C8
pxFirstFree

configADJUSTED HEAP STZE | | )

RIRNAE

HRNAE
>>—configADJUSTED
HEAP SIZE

4795 (EF)

K 20.4.3.1 W16 )G B A7 HE

20.4.4 NFHUENREER

heap 2 70 VF N /7 BE T8, BRI N A 1 52 2 B N B &5 R A AF BE SR P,
prvInsertBlockIntoFreeList() F K 5¢ B N AZ L 4G N4, 728 LR
#define prvInsertBlockIntoFreeList( pxBlockTolnsert )

0 wa06€4--x(--

E"jC/J\:
configTOTAL_HEA
P_SIZE

{
BlockLink t *pxIterator;
size t xBlockSize;
xBlockSize = pxBlockTolnsert->xBlockSize;
IEPIEER, BIHRIEN S
for( pxIterator = &xStart; pxIterator->pxNextFreeBlock->xBlockSize < xBlockSize; (1)
pxIterator = pxIterator->pxNextFreeBlock )
{
IAAEAT A
}
11K AT HABR N B
pxBlockTolnsert->pxNextFreeBlock = pxIterator->pxNextFreeBlock; 2)
pxIterator->pxNextFreeBlock = pxBlockTolnsert;
}

(D~ FHRAFRIHEN S, WAFTGZ AN BIGER R, BV RRRAKS

FABA R, FreA for PR N BA AR
(2)~ REINAFFN LU BURE A AF HUR A B R
AN AT 75 22K /N 80 T A BUBAZIBER b, T REAIE 20.4.4.1 Pios:
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Wt

pxNextFreeBlock

xBlockSize=16

8F 4T

MA7HR2

pxNextFreeBlock

xBlockSize=64

565711

— SN
PAEERS

pxNextFreeBlock

xBlockSize=80

e

1277

S———

NULL — pxNextFreeBlock <

xBlockSize=160

152747

K 20.4.14.1 WAFHGEN

20.4.5 WAHRTEREUER

heap 2 ] P47 FHAE BRECR RS 40 R
void *pvPortMalloc( size t xWantedSize )
{
BlockLink t *pxBlock, *pxPreviousBlock, *pxNewBlockLink;
static BaseType t xHeapHasBeenlInitialised = pdFALSE;
void *pvReturn = NULL;

vTaskSuspendAll();
{
MR FE B — KR I A 15 7 BT AL N A HE
if( xHeapHasBeenlnitialised == pdFALSE ) (1)
{
prvHeaplnit();

xHeapHasBeenlnitialised = pdTRUE;

HNAER/ANFARE T, SEBR I I N AE KNG ZE N b 2546 44
//BlockLink_t 12K/
if( xWantedSize > 0 ) 2)

{
xWantedSize += heapSTRUCT _SIZE; 3)
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//xWantedSize {15 X%} 7 Ab 2
if( ( xWantedSize & portBYTE ALIGNMENT MASK ) !1=0)
{
xWantedSize += ( portBYTE_ALIGNMENT - ( xWantedSize &
portBYTE ALIGNMENT MASK ) );

IFTHE I NAERANEEE, HEAT NAE I -
if( ( xWantedSize > 0 ) && ( xWantedSize < configADJUSTED HEAP SIZE ) )

{

}

I\ xStart(Fe/NAAFH)ITAG,  BFRK/ING LT 75 WA AR

pxPreviousBlock = &xStart;

pxBlock = xStart.pxNextFreeBlock;

while( ( pxBlock->xBlockSize < xWantedSize ) &&\ @)
( pxBlock->pxNextFreeBlock != NULL ) )

{
pxPreviousBlock = pxBlock;
pxBlock = pxBlock->pxNextFreeBlock;
H
if( pxBlock != &xEnd ) 5)
{
/3R [ FA 7 21 B N A ik
pvReturn = ( void * ) ( ( (uint8_t * ) pxPreviousBlock->pxNextFreeBlock ) +\(6)
heapSTRUCT SIZE );
pxPreviousBlock->pxNextFreeBlock = pxBlock->pxNextFreeBlock; @)
if( ( pxBlock->xBlockSize - xWantedSize ) >\ ®)
heapMINIMUM BLOCK SIZE )
{
pxNewBlockLink = ( void * ) ( ( (uint8_t * ) pxBlock ) + xWantedSize );
pxNewBlockLink->xBlockSize = pxBlock->xBlockSize - xWantedSize;
pxBlock->xBlockSize = xWantedSize;
prvInsertBlockIntoFreeList( ( pxNewBlockLink ) ); )
}
xFreeBytesRemaining -= pxBlock->xBlockSize; (10)
H

traceMALLOC( pvReturn, xWantedSize );

(void ) xTaskResumeAll();
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#if( configUSE_ MALLOC FAILED HOOK == 1) (11)
{

if( pvReturn == NULL )

{
extern void vApplicationMallocFailedHook( void );
vApplicationMallocFailedHook();

}

}
#endif

return pvReturn;

(1)~ W52 55— VA F B 8 pvPortMalloc() H i P A7 F UG 8t 75 ZEJe WA 1L — R N A7 HE

(2)s FITHIE I AF R ANHEAT 3500 55

(3). SEBREEINAE RN BRI 45 FK BlockLink t R/, AR W AEERET 214
1£— BlockLink t 25745 &, BlockLink t 45#J4A K] K /A heapSTRUCT SIZE.

(4). MWZTIN WAFERER Sk xStart FF46, EHE 2T WA KN N AEER, pxPreviousBlock it
R — A AR S 2R BN BT H N A

(5). FEI AT H N R 255X 2 xEnd !

(6) FRENPNAFH LUE ¥ o] F A A7 B HUECRAFAE pvReturn H,  BRE0R B (RS0 [B] HHAE
XA A7 Bk 45 #)4K BlockLink t, 4P 20.4.5.1 FiR:

PIT7 R

pxNextFreeBlock

heapSTRUCT SIZE
xBlockSize=16

L pvReturn

854

20.4.5.1 HAFHINE

(1)~ WAFRCEW R T, P& ER XA NI RN FREER DR

(8)~ AFTEIXFE—FRE L (A [R5 1A BlockLink t FIR/N), FFEZEHIE 100 NMEHA
17, Haf" B UEERAR] 7 —A IK FHRWAAER, Sehri PR AT E 100 N517,
T 900 N FATHUR R T o XA EEAGE, FrLATEERIW, a0 5 g 2 5 SEBR N A7k
Z T 1 A A7 R 7N (xBlockSize-x WantedSize) K - AN BIAE H 5T 2 42 RN A7 BB H &
B ASET AT 2SN N A7 1X N RI{E B % heapMINIMUM _BLOCK SIZE SRi%E, XABIE
32 KF heapSTRUCT SIZE.

(9) BB N N AF BB 2 R N AR BE R

(10). H ¥4 )m78 & xFreeBytesRemaining, 1A% & FHRARAT N AEHERI R N A7 R/

(1) SRR 741 2R 00 5 50 FH A5 2R 2 vApplicationMallocFailedHook()»

20.4.6 WEEREB R BEMR

P AERE T B 2L vPortFree() (1R AS 40 T :
void vPortFree( void *pv )

{
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uint8 t *puc = (uint8 t * ) pv;
BlockLink t *pxLink;

if( pv 1= NULL)

{
puc -= heapSTRUCT _SIZE,; (1)
pxLink = ( void * ) puc; 2)
vTaskSuspendAll();
{
T4 P A7 HR T 281 25 TR 9 A7 e e o
prvinsertBlockIntoFreeList( ( ( BlockLink t * ) pxLink ) ); 3)
xFreeBytesRemaining += pxLink->xBlockSize; 4)
traceFREE( pv, pxLink->xBlockSize );
}
(void ) xTaskResumeAll();
H

}

(1)« puc NZREHUCI A7 B Hhbk, XN bkl 2 B 20.3.2.4 H pvReturn g k. Ay
PLAZIR 2 heapSTRUCT SIZE 7 2 BRI N A7 BT 7R N A7 B 1 bk

(2). Bi kg as sy .

(3) F NAFEER N2 23 N ARG R

(4). S FF & xFreeBytesRemaining.

WA RETEREL vPortFree()iE 2R T HLIY, 2 H IRt 2K 75 R BT P AE BT R 1 A7 B
IR N AR EEE R

20.5 heap 3 WESEHE

EANIELTT AR X AR AE C Y BRI EL mallocOR free() I fA] B35 2%, FreeRTOS XX 7™ BRI 2
7 2RR /I, AR B IRAL T
void *pvPortMalloc( size t xWantedSize )

{

void *pvReturn;

vTaskSuspendAll(); (1)

{
pvReturn = malloc( xWantedSize ); 2)
traceMALLOC( pvReturn, xWantedSize );

}

( void ) xTaskResumeAll(); 3)

#if( configUSE_MALLOC_FAILED HOOK ==1)

{
if( pvReturn == NULL )

{
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extern void vApplicationMallocFailedHook( void );

vApplicationMallocFailedHook();

}
H
#endif
return pvReturn;
}
void vPortFree( void *pv )
{
if( pv)
{
vTaskSuspendAll(); 4)
{
free( pv ); (5)
traceFREE( pv, 0 );
}
( void ) xTaskResumeAll(); (6)
H
}

(HFI4) HRATZ RS, N mallocOF free(VFRAELEFE RT
(2)~ 1 FH %L malloc() K H i I A7

B)MI(6) KEAFS LR

(5) W BREL freeVBELNAF

heap 3 FIHFMEINT:

1. Tt — N NAEHE, HiRa R 2SR mallocOR free()eRi%k. ELUnfiiH STM32
(A AT LU AE U 3 SCF i Heap Size SRASIUAFEHERI K/, Wil 20.5.1 s,

48 Stack_Size EQU 0x400;

49

50 AREA STACK, NOINIT, READWRITE, ALIGN=3
51 Stack Mem SPACE  Stack Size

52 _ initial_sp

53

54

55 : <h> Heap Configuration

g5 ; o> Heap Size (in Bytes) <0x0-OxFFFFFFFF:8
o h . :
58 — A £ HE )
59 Heap_Size EQU 0x200;| |

K20.5.1 NAFHER/N
2. BAAWE M
3. ATRERIE A E
7, 7F heap 3 " configTOTAL HEAP_SIZE &% 7!
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20.6 heap_4 WA B

20.6.1 43Hc ik

heap 4 $Efit T —MNRACIIILECE T, AME heap 2, heap 4 20 WAFHE A& FFR— AN KA AT
FPAFE, B T WAEE A 5 . N AEHE N ucHeap(], K/INFAIBEN configTOTAL _HEAP_SIZE.
AJ LIS 2 # xPortGetFreeHeapSize() K3 HURI 43 [ N AE K /N

heap_4 R :

1. AT AR 75 B R A AMIBRIE 5 B\, B9 BB R ES2ENMNHF.

2. AR heap 2 JISFE™ A = IR N AARE F,  RIASEZ 0 B N A7 K/ A2 BEATLIR .

3. BAEAHEN,, (H2ztt C FRikEF 1 malloc()Fl free()UH -

heap 4 JEH &S T L TR EH B B EL pvPortMalloc()F1 vPortFree()>k B i FIURE i A A7
FINH, V&, FRAIFEHE FreeRTOS HIH 5 5k L £ heap 4!

heap 4 AT HEERSEHRE BT INNAEIR, BERLEMEYE heap 2 —HF. heap 4 tHE X T
PR SRR A AE B xStart Ml pxEnd KRR FER LAE, Forh pxEnd 7245 7] BlockLink _t 454t .

20.6.2 AFFHERTIRG R BT AR

PAERTAEAY B2 prvHeapInit() RIS W1«
static void prvHeaplnit( void )
{
BlockLink t *pxFirstFreeBlock;
uint8_t *pucAlignedHeap;
size tuxAddress;
size t xTotalHeapSize = configTOTAL HEAP SIZE;

/B HHbA 5 Adb E
uxAddress = ( size t ) ucHeap;

if( (uxAddress & portBYTE ALIGNMENT MASK ) !=0) (1)
{

uxAddress += ( portBYTE ALIGNMENT - 1 );

uxAddress &= ~( ( size t) portBYTE ALIGNMENT MASK );

xTotalHeapSize -= uxAddress - ( size_t ) ucHeap; (2)
H
pucAlignedHeap = (uint8 t * ) uxAddress; 3)
//xStart N HEER K
xStart.pxNextFreeBlock = ( void * ) pucAlignedHeap; 4)

xStart.xBlockSize = ( size t) 0;

//pxEnd N7 N NAFERFIR R, I HK H 83 B N A7 HE R e
uxAddress = ( ( size_t ) pucAlignedHeap ) + xTotalHeapSize; (5)
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uxAddress -= xHeapStructSize;
uxAddress &= ~( (size t) portBYTE ALIGNMENT MASK );
pxEnd = ( void * ) uxAddress;
pxEnd->xBlockSize = 0;
pxEnd->pxNextFreeBlock = NULL;

HIFFG6 BRI IR i 45 A 77 HE BN T 28 (B0 B — A 2 IR A B

pxFirstFreeBlock = ( void * ) pucAlignedHeap; (6)
pxFirstFreeBlock->xBlockSize = uxAddress - ( size_t ) pxFirstFreeBlock;
pxFirstFreeBlock->pxNextFreeBlock = pxEnd;

HAB =AW, T HIZAS A HRIIA A A HE R A 7T H 2318
xMinimumEverFreeBytesRemaining = pxFirstFreeBlock->xBlockSize; (7)
xFreeBytesRemaining = pxFirstFreeBlock->xBlockSize;

xBlockAllocatedBit = ( ( size_t) 1) << ( ( sizeof( size t) * heapBITS PER BYTE ) -1 );(8)

(1)~ T FH AT HE R 4R B (8 5 6 S A B

(2)~ AT G HIbE AR 0] 55 AR B DS M S 2 LA T A, B TR X LA
R, AR TR DNREERHE— T

(3)~ pucAlignedHeap Jy N AFHET 75X 55 LAJG I AT RS 46 Hudik o

(4). W64k xStart, xStart 0] N AEPEER L

(5)~ #tEA pxEnd, pxEnd NF]FHNAAPVEER R, pxEnd T3] T NAFHER R

(6)~ [ heap 2 —#¥, WAFHLATIHIZA — BlockLink t 57 (AR ok iR A7 ER, X HL &
TERIX N BRI .

(7) ~ xMinimumEverFreeBytesRemaining it 3% #% /N B I A 25 N N A7 R,
xFreeBytesRemaining 77~ N A7 HEFI 42 K/,

(8). WIS A& xBlockAllocatedBit, #4644 58 B LA K AE B {H DY 0X80000000, 138
7 size t RAUHY, H S RN size t AR B M)A B 1, X 32 7 MCU Rl 2 0X80000000-
AR 2 F SR AR C A WA B 84, BlockLink t H Ak 52 A8 & xBlockSize & F SRk P 77
PR/, 1E heap 4 AR N AR SRS, A A | MG Romgi s 7, Br
PATE heap_4 H1— W AU K R iy OXTFFFFFFF .

B35 N A7 HE ucHeap K /N A 46KB, B configTOTAL HEAP SIZE =46*1024, ucHeap fit2
GhHE N 0X200006D4, 23 p& % prvHeapInit()#)4E 4 LG ) A7 HE N ] 20.6.2.1 Fios:
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ucHeap—3p» 4 e} ‘10009694-——\—--
4745 (E37)
pucAlignedHeap—P» < 0x200006D8

xStart pxNextFreeBlock=pxEnd A Firstl

pxFirstkree
pxNextFreeBlock oS e Block

BlockSize=0 0x2000BEC8-0x200006D8
SR
nfigTOTAL_HEA
GENekss N e s
BRI ~
xTotalHeapSize

€— 0x2000BEC8
—> pxNextFreeBlock=NULL
pxEnd
xBlockSize=0

45791 (FE37)

€—0x2000BEDS —7- -

K 20.6.2.1 HIaatk e AR (1 3 A7

20.6.3 AFEHUIEN BB
WAZELE N BRI 2L prvInsertBlockIntoFreeList() FH Ao 3 AN P9 A7 Beddi A 31 25 1 N A7 R EER v

BRACEAS Gr  :
static void prvInsertBlockIntoFreeList( BlockLink t *pxBlockTolnsert )

{

BlockLink t *pxIterator;

uint8_t *puc;

/13 P25 R A AR EERR , R N AF BRI N i, ARG TR st it MR B e i e — i

for( pxIterator = &xStart; pxIterator->pxNextFreeBlock < pxBlockTolnsert;\ (1)
pxlterator = pxIterator->pxNextFreeBlock )
{
HAMBAE R Ak 2R
H

IHENAESR, U SR B N ) A AFER AT BURTRG — A A B & IRt
NEFF A AT ER

puc = (uint8_t *) pxIterator;

if( ( puc + pxlterator->xBlockSize ) == (uint8 t * ) pxBlockTolnsert ) 2)
{

pxlIterator->xBlockSize += pxBlockTolnsert->xBlockSize;
pxBlockTolnsert = pxIterator;

else
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mtCOVERAGE_TEST MARKER();

/AR A AR S H RN A B G I, AT ARt & It
puc = (uint8 _t * ) pxBlockTolnsert;.
if( ( puc + pxBlockTolnsert->xBlockSize ) == (uint8_t * ) pxIterator->pxNextFreeBlock ) (3)

{
if( pxIterator->pxNextFreeBlock != pxEnd )

{
TP WA B & AR N A7 R
pxBlockTolnsert->xBlockSize += pxIterator->pxNextFreeBlock->xBlockSize;
pxBlockTolnsert->pxNextFreeBlock =\
pxlterator->pxNextFreeBlock->pxNextFreeBlock;
}
else
{
pxBlockTolnsert->pxNextFreeBlock = pxEnd;
}
H
else
{
pxBlockTolnsert->pxNextFreeBlock = pxIterator->pxNextFreeBlock; 4)
H
if( pxIterator != pxBlockTolnsert )
{
pxlIterator->pxNextFreeBlock = pxBlockTolnsert;
H
else
{
mtCOVERAGE TEST MARKER();
H

(1) 37725 N A AEEREERR, $RH S HT N AF RN AL, AR F HR b Bk I 21 v L %
FAE—iEE

(2) HEEA S LU AW 5 o] A A N A G, i nT DL st & e —ik.
WA 20.6.3.1 Fin:
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N ; N AR
E— A Bk CINER LS
Blockl Blockl
4—0x20008000 <«4—0x20008000
pxNextFreeBlock pxNextFreeBlock
xBlockSize=16 xBlockSize=16
8F 8
Block2 Block2
0420009000 prlterator > 0£20009000
pxNextFreeBlock L pxBlockTolnsert pxNextFreeBlock L
xBlockSize=64 B xBlockSize=144
56711 5611
4—0x20009040
Block3 pxNextFreeBlock
4—0x20009090
» pxNextFreeBlock xBlockSize=80
xBlockSize=80
}\ T2
- TR /
AR fE R Block3
<€—0x20009090
> pxNextFreeBlock

xBlockSize=80

T T AW

P 20.6.3.1 WAAEIEAN 1
TEB 20.6.3.1 H, A7 M B P ROk P A 2 LR N IR A A7 e, ot dfbhiy 0x20009040, %
ik NI R A 7B Block2 (AR Ml —#¢, BT LXK BAN P AFE AT LL& JEFE— 2. & 9F LLJE Block2
(11K /N xBlockSize 258 A H I I AF RN, B 64+80=144.
(3)s FHEE R Q) A HAH NAFHUZ AT DA N — /NG I, /2 Block3, Wi
AT CARERL R G 9, AR E AR R 20.6.3.2 ATR:
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ETRRER O R e

Blockl
<€4—0x20008000
pxNextFreeBlock

xBlockSize=16

87

Block2 Block2
It t
Dprlxock?froaInO;ert " < 20009000 —0x20009000

pxNextFreeBlock pxNextFreeBlock

A

xBlockSize=224 xBlockSize=224

T A WA pran

A

0x20009040
pxNextFreeBlock

xBlockSize=80 #ifIBlock2

12577 216515

<4—0x20009090
pxNextFreeBlock

xBlockSize=80

2 e

12571

P 20.6.3.2 WAFEAN 2
fEE 20632 HRTLLEH, mEHFEARNFSRA Bloke2. Block3 & FFM— 1 K/ANA
64+80+80=224 T 1T KNAFH, XA heap_4 fRIR N AEIE I 715 !
(4) WIERAFER Block3 & H HE Bk P AN W A7 Bk H ko
(5)~ pxlterator A% pxBlockTolnsert Hft &M H 7E P AFHAE A B IS A2 H e AT ik — kA
I, XA IR FH S Y b3 775 o pxlterator AITHE M) (1) I AZERAERT, pxBlockTolnsert
g NAFERTEJS, PR AP BB B R

20.6.4 WAHIERBERE

heap_4 A 77 HIE B B IR 40 T -
void *pvPortMalloc( size t xWantedSize )

{
BlockLink t *pxBlock, *pxPreviousBlock, *pxNewBlockLink;

void *pvReturn = NULL;

vTaskSuspendAll();

{
IE—VAR, VI N A
if( pxEnd == NULL ) (1)

{
prvHeaplnit();

else
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{
mtCOVERAGE TEST MARKER();
}
/7 B S N AF RN I AL AN RE Y 1, B dee o SR s WAFER
/1A
if( ( xWantedSize & xBlockAllocatedBit ) ==0) 2)
{
if( xWantedSize > 0 ) 3)
{
xWantedSize += xHeapStructSize;
if( ( xWantedSize & portBYTE _ALIGNMENT MASK ) != 0x00 )
{
xWantedSize += ( portBYTE ALIGNMENT - ( xWantedSize &\
portBYTE ALIGNMENT MASK));
configASSERT( (xWantedSize & portBYTE ALIGNMENT MASK )==0)
}
else
{
mtCOVERAGE TEST MARKER();
}
H
else
{
mtCOVERAGE TEST MARKER();
H

if( ( xWantedSize > 0 ) && ( xWantedSize <= xFreeBytesRemaining ) )

{

/1IN xStart( A H B /INIT IR, B /ING A2 T 7 22 A A7 AR

pxPreviousBlock = &xStart;

pxBlock = xStart.pxNextFreeBlock;

while( ( pxBlock->xBlockSize < xWantedSize ) &&\ 4)
( pxBlock->pxNextFreeBlock != NULL ) )

pxPreviousBlock = pxBlock;
pxBlock = pxBlock->pxNextFreeBlock;

/IR RAREN ) N AF B pxEnd HITE BRI BCH W AE AT A2 AL
if( pxBlock != pxEnd ) 5)

{
pvReturn = (void * ) ( ( (uint8_t * ) pxPreviousBlock->\ (6)
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pxNextFreeBlock ) + xHeapStructSize );
1145 B B N AF B 22 PR A AR TR AR B
pxPreviousBlock->pxNextFreeBlock = pxBlock->pxNextFreeBlock; (7)
IR BAE RN AFHUR TP fi K AE, ke 0 P B
if( ( pxBlock->xBlockSize - xWantedSize ) >\ (®)
heapMINIMUM BLOCK SIZE )
{
pxNewBlockLink = ( void * ) ( ( (uint8_t * ) pxBlock ) + xWantedSize );
pxNewBlockLink->xBlockSize = pxBlock->xBlockSize - xWantedSize;
pxBlock->xBlockSize = xWantedSize;
prvinsertBlockIntoFreeList( pxNewBlockLink ); 9)
b
else
{
mtCOVERAGE TEST MARKER();
H
xFreeBytesRemaining -= pxBlock->xBlockSize; (10)
if( xFreeBytesRemaining < xMinimumEverFreeBytesRemaining )
{
xMinimumEverFreeBytesRemaining = xFreeBytesRemaining;
H
else
{
mtCOVERAGE TEST MARKER();
H
HIAAFHL TR, ARic it A7 C g i
pxBlock->xBlockSize |= xBlockAllocatedBit; (11)
pxBlock->pxNextFreeBlock = NULL;
}
else
{
mtCOVERAGE TEST MARKER();
}
H
else
{
mtCOVERAGE TEST MARKER();
H
}
else
{
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mtCOVERAGE_TEST MARKER();

}
traceMALLOC( pvReturn, xWantedSize );

H
( void ) xTaskResumeAll();

#if( configUSE_ MALLOC_ FAILED HOOK ==1)
{
if( pvReturn == NULL )
{
113 F 5 B
extern void vApplicationMallocFailedHook( void );
vApplicationMallocFailedHook();

mtCOVERAGE _TEST MARKER();

}

}
#endif

configASSERT( ( ( ( size t) pvReturn ) & ( size t) portBYTE ALIGNMENT MASK )==0);

return pvReturn;

ALIENTEK STM32F103 £ &5 F £4) FreeRTOS F & HiE

(1)« pxEnd >4 NULL, i NAFHERBYIGE1L, B LA Z A pR %L prvHeaplnit()#] 464 A
e
(2) BlockLink_t H'[{JA5 5 xBlockSize & KAk NAFHA/NE, Hofwm b Rl sk A7k
BEAERALEH, BRSNS S LA EEA 1.

(3)s BRI HAE I N AEBCE N B 45 #4R BlockLink t BYK/IN, BRI g P AE B Bl 1 7 S ARAF
—> BlockLink_t 287 (AR o $5 J5 3 7 BT e 28 (0 KM 10 S b 3 . T BLA ANBE R, A
xWantedSize A Ox7FFFFFFF, 4 xWantedSize Ml I 45 #) /& BlockLink t [ K /N 5t 2
0x7FFFFFFF+8=0x80000007, fEffi—X 8 “71i X} 5% xWantedSize #i & 0x80000008, I f% =N
1. BT C.430E T, BlockLink t HF )28 & xBlockSize (1) A& FH SR ARIC A A7 BR 2 75 1 A FH 117
XEBE R, {H2 FreeRTOS Wi %A b ¥,

(4). MW WAFEEER Sk xStart FH4G, ZEHRI 2 AT WA KM AR, pxPreviousBlock (1)

(5)~ AP AT N AF A e 2 HER R pxEnd!

(6) RENNAFILLLE HUKs W A7 B Hu PR AFAE pvReturn 71, BRI 2S00 [B] PR B fige 2% ] SG A
(1) WAFRCE T T, FrRARRZRX N W AF N2 R AR R P A B

(8)s HUHEIMWAAH KT ITHR RN, FIHEIE 2 R R A7 S A A — N ] A

(9)~ R PR N A7 Bl N B2 IR AR BB R b
(10). ¥4 /5 & xFreeBytesRemaining 1 xMinimumEverFreeBytesRemaining .
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(11)~ xBlockSize 55 xBlockAllocatedBit #FATEUIZH, W& xBlockSize I =i E 1,
TR A A7 B AL H o

20.6.5 PR R BOTE AR

W AFRETECRR B 2 T
void vPortFree( void *pv )

{
uint8 t *puc = (uint8 t *) pv;
BlockLink t *pxLink;

if( pv !I=NULL)

{
puc = xHeapStructSize; (1)
pxLink = ( void * ) puc; 1115 1k 4 P SR

configASSERT( ( pxLink->xBlockSize & xBlockAllocatedBit ) =0 );
configASSERT( pxLink->pxNextFreeBlock == NULL );

if( ( pxLink->xBlockSize & xBlockAllocatedBit ) !=0 ) 2)

{
if( pxLink->pxNextFreeBlock == NULL )

{
pxLink->xBlockSize &= ~xBlockAllocatedBit; 3)

vTaskSuspendAll();
{

xFreeBytesRemaining += pxLink->xBlockSize;
traceFREE( pv, pxLink->xBlockSize );
prvInsertBlockIntoFreeList( ( ( BlockLink t * ) pxLink ) ); 4)

}
( void ) xTaskResumeAll();

mtCOVERAGE_TEST MARKER();

mtCOVERAGE_TEST MARKER();

(1) FKHUAFEBLH) BlockLink t ZRA 45 M1
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(2) BRI N AEHE E R TR, A A ) R AR 5 B B BOX — i
1% B @ ) xBlockSize [ mALE RS T 0 SRR N AFHUR B R A . fi
21t T BlockLink t H i 71 48 & xBlockSize 5% i F R KR L N AF A WA B -

(3)~ xBlockSize HifmfiiG %, HEFFCILNAIEAE A . xBlockSize &R NFHK
/N, HUERAE pyvPortMalloc()BR 2 BL I 73 AT 10—, WS 4 FRAE I N A7 K72 0x80000008, HS4
EL X — AT AU AL 2 J5 XA RNt A2 A 1 0x00000008 o it PA— 5 AR I £E 4 H R 2
pvPortMalloc() H 1% P 7 (K528 2 136 5 25 A0 B LIS, 55 % K/ NASRE#EE Ox7FFFFFFF

4) NGRS NN AR

20.7 heap 5 WESEC T ¥

heap_5 i T Al heap_4 tH[F )& IEEIE, WAEE BESLIERIEAME, (H/2 heap 5 VP
WAFHERS B2 DN ARSI N AFBL . el STM32 [ #8 RAM 1 LMEA N AEHE, H72 STM32
i RAM LBV, BRI E KA E RAM KN BT 1, S sk, A STM32 7T
PLAMZE SRAM HE2KAEM SDRAM, WUERALH heap 4 HITEIREE R GEAEN TS RAM FIFMES
SRAM & SDRAM 2 [8] —¥k— 7, f#ifi] heap 5 MIEM ANAEERXA A, FHAEA LL—&/EN
NAEHERH -

WIERAL A heap 5 11, fEVHF AP B £ 1 75 2561 FH 2R %k vPortDefineHeapRegions ()2K
XN AFHEMWI a6 b3, 7E vPortDefineHeapRegions() A 04T 5¢ 2 B 2% 11 1 F AL AA] AT B8 < 1 FH
pvPortMalloc()f*) AP BR%y ! ELUnGIEAT S5 (55 PAFISE R %L BB vPortDefineHeapRegions()
HE NS5, Z80E 1 HeapRegion t 2R [1J#4H, HeapRegion N—EE5MA, a5 ATE
portable.h FH & X, E A1
typedef struct HeapRegion

{

uint8 t  *pucStartAddress; A ER )RR G bk

size t xSizeInBytes; 1 INAFER /N
} HeapRegion t;

EMHW T, heap 5 FUVFAAFHERS I DAELER N AFBL, IR AN IESL  NAF BUILZ 45K
& HeapRegion_t K& X ¥, ELanlL STM32F103 F &M A, IAEAEA WAFEL: A SRAM,
1 SRAM, #24H5MI: 0X20000000. 0x68000000, K/NSr5il: 64KB. IMB, JB4 %4 sk
-
HeapRegion t xHeapRegions[] =

{
{ (uint8_t*) 0X20000000UL, 0x10000 },//H#B SRAM A, EciaHihl 0X20000000,
IIR7INJ9 64KB
{ (uint8_t*) 0X68000000UL, 0x100000},//4}B SRAM W17, ifHitk 068000000,
IIR/NR IMB
{NULL, 0 } e edi ey ==
2

TR B R R G 42 R bt LS 21 53 PRI HE 51, T L e fs — S iR 2B NULL.
heap_5 VP NAEHEANIESE, ULE T2 VA 2 AN WNAEHE. 1E heap_2 Fl heap_4 T HH 4N
TEHE, WA RIHE At R R A — AN AEHE. heap S A ZNWAEHE, IXLL A7 HES TR
TE—ifd, MNP SREERIFML, XA FE i R 2L vPortDefineHeapRegions() 56 i o

i heap_5 MIRHELE—FF 4658 N 1% Z6 8 FH B3 vPortDefineHeapRegions() 76 % N 7 HE [ 4]
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B! RIEA RERIEATE S B 5 EXEAR, W REUD:

int main(void)

{

NVIC_PriorityGroupConfig(NVIC_PriorityGroup 4); /% B R Gt +H Wit se 504 4

delay _init(); I/AERT B HRTAE AL,

uart_init(115200); 1191864 HR 1

LED_Init(); /%1464 LED

KEY Init(); AT T

BEEP_Init(); IR WS 2

LCD _Init(); /81864 LCD

my_mem_init(SRAMIN); 111844 A 8 P9 A

/M A heap_5 B EETF JEAT SR EESS . GIMESS . BIRE S EZIT—E Bk

/17 F BR %X vPortDefineHeapRegions() ) 414 PN A7 HE !

vPortDefineHeapRegions((const HeapRegion_t *)xHeapRegions);

IIBVETFHIRAESS

xTaskCreate((TaskFunction t )start_task, IMESS R
(const char* )'start_task", M55 24 R
(uint16 _t )START STK SIZE, IMESS HERR RN
(void* YNULL, IMEIB 2555 R 240
(UBaseType t  )START TASK PRIO, INEF NSk
(TaskHandle t*  )&StartTask Handler); IMESS AR

vTaskStartScheduler(); /RS E

}

heap 5 [ P17 HHE ARSI R BRI heap 4 JEAR—HF, 1X BLEANVEAI AR 1, R0 DA RS
HU T heap_4 BIFHIRC N 25K HAT 40 H7

2k, FreeRTOS B 7HALM) 5 FHNAE A ELITIEC AT 7, heap 1 s fij 5, (H2 R aE G
WAE, AEEREIL. heap 2 $24t T INAERECR £, FH P ARRS t ] DL E 28 F pR 2L pvPortMalloc() 1
vPortFree()>k IS AN AT, H2& heap 2 2= FEUNAFE 7742 ! heap 3 /2 XThrifE C B
PR mallocOM free()f) e, I HIRML 7 ZF2LRY". heap 4 AHXT 5 heap 2 #2417 WAFH
FEThae, A CABRNAERE R BIP=42, FRATIFEHE FreeRTOS MRS ii%E#E T heap 4. heap 5 FEA
0 heap 4 —#F, R heap 5 SCHFNAFHERE FHANIES I N A7

20.8 FreeRTOS WA E H 2L
20.8.1 LSRR

1. SEBEHK

AR BATEE— NP R 2E S # ] FreeRTOS A7 HIE ARS8 %L :  pvPortMalloc()-
vPortFree(), F HULEE HRIEFIRE B 9 AE /NI AR A 155 1O

2. LR
ASEIGHETF M55 : start_task Fll malloc_task , XPAMTESSHAT S ThEEWT T -
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start_task: FREIE 5 4b—MES -

malloc task : DAL T8N AF I HIE . RIS IhRE. (T35 AW 1 3R A& 4 17
O, Akl ] KEY_UP 4% T FINHME st g A7, 4 KEYO #%F DU sl (8 H g 2 N AF,
QSR 2] KEY 1 % (U5 i 2 B e 20 N A7

e 23] 3 Mg KEYO. KEY1 M1 KEY UP, KEY UP A THIi#ENTE, KEYO 1§/
HE RN AT, KEY 1 BB 5 3 1 N A

3. LR THE
FreeRTOS 5286 20-1 FreeRTOS WA FE 506
4. LRSI

O EFE

#define START TASK_PRIO 1 INEFN ek
#define START STK_SIZE 128 IR HERR R /N
TaskHandle_t StartTask Handler; IMES BN
void start_task(void *pvParameters); INESS R
#define MALLOC TASK PRIO 2 INEFN ek
#define MALLOC STK_SIZE 128 IS5 HERR R /I
TaskHandle t MallocTask Handler; IMES5E)RR

void malloc_task(void *p_arg); IS BRI

@® main()RR

int main(void)

{
NVIC_PriorityGroupConfig(NVIC PriorityGroup 4);//¥% & R4t It 4
delay_init(); I/3E I BRI 640
uart_init(115200); /91 ER
LED_Init(); //¥1%64k LED
KEY Init(); Gk &S
BEEP_Init(); 1R WS 2%
LCD_Init(); /191464 LCD
my_mem_init(SRAMIN); 11T Ak A8 P A7 T

POINT COLOR = RED;

LCD_ShowString(30,10,200,16,16,"ATK STM32F103/407");
LCD_ShowString(30,30,200,16,16,"FreeRTOS Examp 20-1");
LCD_ShowString(30,50,200,16,16,"Mem Manage");
LCD_ShowString(30,70,200,16,16,"KEY UP:Malloc,KEY 1:Free");
LCD_ShowString(30,90,200,16,16,"KEY0:Use Mem");
LCD_ShowString(30,110,200,16,16,"ATOM@ALIENTEK");
LCD_ShowString(30,130,200,16,16,"2016/11/14");
LCD_ShowString(30,170,200,16,16,"Total Mem: Bytes");
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LCD_ShowString(30,190,200,16,16,"Free Mem: Bytes");
LCD_ShowString(30,210,200,16,16,"Message: ");
POINT COLOR = BLUE;

I1BVETFHIRAESS
xTaskCreate((TaskFunction_t )start_task, IME55 R %L
(const char* )"start_task", INE55 B TR
(uint16 _t )START STK SIZE, IR HERR R /N
(void* YNULL, G ERAT 55 R S50
(UBaseType _t )START TASK PRIO, INES ek
(TaskHandle t*  )&StartTask Handler); IME55 IR
vTaskStartScheduler(); 11FF S AT 551 B
}
® EH5EH
/T AR S5 AT 55 e K
void start_task(void *pvParameters)
{
taskENTER _CRITICAL(); 113N X
/1% TASK1 115
xTaskCreate((TaskFunction_t )malloc_task,
(const char* )"malloc_task",
(uint16_t Y)MALLOC_STK_SIZE,
(void* JNULL,
(UBaseType t JMALLOC TASK PRIO,
(TaskHandle t*  )&MallocTask Handler);
vTaskDelete(StartTask_Handler); 11 B FFUEAT 55
taskEXIT CRITICAL(); /138 H Il X
}
/IMALLOC 1F: %% i1 %%

void malloc_task(void *pvParameters)

{

u8 *buffer;
u8 times,i,key=0;

u32 freemem,;

LCD_ShowxNum(110,170,configTOTAL HEAP SIZE,5,16,0);/5.7~ N1 M A&

while(1)

{
key=KEY Scan(0);
switch(key)
{

case WKUP_ PRES:
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buffer=pvPortMalloc(30); IR NAE, 30 M )
printf(" B iF 21| 1) A7 HLHE A : %#x\r\n", (int)buffer);
break;

case KEY1 PRES:
if(buffer'=NULL)vPortFree(buffer); /B HN1F 3)
buffer=NULL; 4)
break;

case KEYO PRES:
if(buffer'=NULL) //ouffer 7] FH, 1 F buffer (5)
{

times++;

sprintf((char*)buffer,"User %d Times",times);//[H] buffer #1155 — L5 H5
LCD_ShowString(94,210,200,16,16,buffer);

}
break;
}
freemem=xPortGetFreeHeapSize(); 13RI 42 WAE RN (6)
LCD_ShowxNum(110,190,freemem,5,16,0);//35. 7~ N A7 5L 75 2
it
if(i==50)
{
1=0;
LEDO=~LEDO;
}
vTaskDelay(10);

() BN RRR, WA R HZ configTOTAL HEAP_SIZE K21, Frbl
H #2578 configTOTAL HEAP SIZE HIMEEUAT T -

(2). %N KEY_UP #&, i #% pvPortMalloc() & A7, K/NA 30 715

(3)s % T KEY1 8, B Hig 2 N AF .

@)~ BN AFLLE ¥ buffer W E A NULL, BR%EL vPortFree(VRE N A7 UL G FFA 24 buffer
EE, WA buffer B2 R HIE RN AZ AL, QiR b B R RS buffer IRIE RS R ILIE &
ATDMER L B AR BAREUN AT, BT LUK B buffer 15 %!

(5)- FIW7 buffer £ EAR, A RAIEHZH buffer.

(6)~ i H K%L xPortGetFreeHeapSize() 3K B4 1l 2 P A7 K/ H A2 7R3 LCD .

20.8.2 LBRFBITER
I T EAL B AP, LCD SorunE 20.8.2.1 fin:
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loc,
lem
ATOM®AL TENTEE
2016/11/14

Total Nem:20480 Bytes
| Free Mem:17856 Bytes
[ e
| Nessage:

] 20.8.2.1 LCD &/~ AL
AT LAE N TEHE S 8 20480 715, F FreeRTOSConfig.h U FhFR A5 B 1 Py A7 3
KNI :
#define configTOTAL HEAP SIZE ((size_t)(20%1024))  //20%¥1024=20480
PRI R4 A7 K/ A 17856 7745, IRUNRTTH & 008 T — S H TSRS 5%, b
FH ESPWAERIE 5. %~ KEY_UP 8, HiIFHNAE, WAEFHIEKD) LCD Sk 20.8.2.2
Fi7R:

k HIOR
A aliodrlu

FreeRTOS Examp 17-1

Nem Nanage
KEY_UP:Malloc, KEY1:Free
KEY0:Use Mem
ATON®ALTENTEK
2016/11/14

Total Mem:20480 Bytes

Free MNem:17816 Bytes

Nessage:

i 20.8.2.2 WAFHIEID
WA HE A DG 2 idask B 1T B 2 00 B B0 N A7 e ik, & DB Fan
20.8.2.3 flR:
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i xcomv2.0 - [m] x

é‘fﬁ’éﬁq?@%"mh 0x20006818 [-:m)2

COMS : USB-SERTAL v
BHE 115200 v
Bkl 1 ~
g 8 ~
etk X ~
RO#F @ XARO0

ffFEO0 | FiE

O 18R AREF

Oxrs ()3
[ it (LR T D)

PRRE SREE i WE
ledion

ARk
OEpei @100 | me | | | STRXA | | REXF LR
O 16t #pRiE 4 REHT o FEREFA: www. openedv. com

@ - |www.openedv.com | S:0 R:45 CTS=0 DSR=0 DCD=0| ST 16:56:23

Kl 20.8.2.3 & AT

ME 20.8.2.3 FT LA H LIS BRAE 20 A A7 ) 1 Hulik g 0x20005a18, ANid s A (1 [7] 22 7T g
RS T, K 7422 hREISNAERNN 17816, 17856-17816=40, TMiFATHIFHIAZE 30 NFATH
WAL AFE N A2 40 DFTIR? ZRET 10 DT EA RIS BT heap_4 W AF 7L
JHERIRHEC UL T, X2 RN BT I RAE R/ En 4514k BlockLink t fK/NAJE 8
TIX S F R R .

%N KEY 1 SR A AT, BB Jel 5 P9 A7 RN BT AR R T 17856, 156 FH N AE RSO !

RN

TEAS FH P9 A7 B A I B 488 B PR — A Il g & P A7k B PN A7t e 1) iR R 8 LA )
BN AE ! DAASSEI 9], B4 5 k% T KEY UP 4, i LCD 2 RrIF 4 N TEH 17656,
1P 20.8.2.4 Fis:

ATE STM32F103/407
FreeRTOS Examp 17-1
Mem Nanage

KEY _UP:Malloc, KEY1:Free
EEY0:Use Nem
ATOM®ALTENTEE
2016/11/14

Total Mem:20480 Bytes
Free Mem:17656 Bytes
Nessage:

20.8.2.4 ELLZ IKHTENAT
17856-17656=200, FELE 5 K—FLHE T 200 FH N, B 7 — R HiE 40 A7y
(1, 5 KHE EBAE 40%5=200 777, XMNEHH . RIEMERRNAT, ESH% 5 K KEY, BRI
LCD SonBl A NAEN 17696, T 20.8.2.5 Fins:
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|

K 20.8.2.5 ELEZ RN AT

17856-17696=160, Fash/b 1 160 NFT5KINAE, W2 USEPr B R T — Ik NAE, HAth
(1) 4 PORTORUA Y A A2 IXFE? XA WA ER, JiHEE T 160 M IIAAE, XARAIE
T A7 BB RO B, A7 B R O ZE RO UL, 76— BN AR A R TR AT 4
XA R A — IR R %L pvPortMalloc() N H XM BLN A7 ! FRATIES: 5 X4% KEY_UP A buffer
HIE AT, BUE TR R, IR, %K KEY_UP #88 HiE N A L, 56
¥ KEY 1 Bt buffer (A TE, SRJE % KEY UP N FEF /BN TE. WIEEIRA 5 ILIXFEK)
R, SOIOREBUNAT, A EE M E 1 B FH T R R D B S B A IE I AT S B
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