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Objetivos

Introducir el concepto de microkernel
Aplicar el microkernel FreeRTOS
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* Tendencia hacia aplicaciones mas complejas

* Agravada por la necesidad de conectividad (Bluetooth, WiFi, USB, 10T
..)

* Cumplimiento de plazos de ejecucion (real-time)
 Complejidad interfaces de usuario (graficos, gestos, voz , ...)

* El mercado esta lleno de aparatitos cada vez mas inteligentes
* Quiza valga la pena hacer un flash-ba-"
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* La manera basica de hacer aplicaciones es insuficiente

Runs once
}
q.
void loop() {
//Do first...
//Do this next... Runs over and
//Do this too... over and over...
1
1143

* Las interrupciones y lo que vimos de “a dos niveles” ayuda ...
* ... pero no es suficiente
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* ¢ Qué nos dice el mundo real?

* https://www.embedded.com/2019-embedded-markets-study-reflects
-emerging-technologies-continued-c-c-dominance/

21% of all projects

will be primarily
devoted to loT.

® Will have one or more
projects devoted to loT

No projects devoted to loT
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* ¢ Qué nos dice el mundo real?

* https://www.embedded.com/2019-embedded-markets-study-reflects
-emerging-technologies-continued-c-c-dominance/

. I
Wideband Cellular (LTE, 3G, 2G) ok -
e 14%
NFC .,

Narrowband Cellular (NB-IoT, LTE Cat-M, EC-GSM)* TN 13%

LoRa M 11%
I 10%
IEEE802.15.4 6 106

b — 10%

Sub-GHz 10%
IEEE802.15.4g M 6% 2019 (N = 344)
2017 (N = 379)
Z-Wave ™ g'q?é’

; M 2%
SigFox 3%

B 1%
RPMA 1%

{ *Added in 2019. J Other 13%
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¢, Qué nos dice el mundo real?

https://www.embedded.com/2019-embedded-markets-study-reflects
-emerging-technologies-continued-c-c-dominance/

crr I 23%
0,
Python - B

0,
Assembly language - A
Java

MATLAB

N 2%
Labview = —

o 2017
JavaScript I 1%

C#
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* ¢Qué nos dice el mundo real?
Please select ALL of the operating systems T
you are currently using.

Embedded Linux 21%
In-house/custom 19%
FreeRTOS 18%
Ubuntu 14%
Android 13%
Debian (Linux) 13%
Microsoft (Windows 10) 10%
Microsoft (Windows Embedded 7/Standard) 6%
Texas Instruments RTOS 6%
Wind River (VxWorks) 5%
Green Hills (INTEGRITY) 5%
Texas Instruments (DSP/BIOS) 5% Regional Breakout
Micrium (uC/0S-11) 4% EMEA uses Embedded Linux much more than other regions.
AnalogDevices (VDK) 4% APAC uses Android much more than other regions and uses
Keil (RTX) 4% Embedded Linux much less that others.
Red Hat (IX Lunix) 3%
Microsoft (Windows 7 Compact or earlier) 3% mmmm
Express Logic (ThreadX) 3% —
Micrium (uC/OS-111) 3% Embedde 0 9 ) )
QNX (QNX) o Linux 21% 21% 30% 15%
Android Go (Google) 2% Android = 5 o
Freescale MQX 2% (Google) ) i 14 27%
Wittenstein High Integrity Systems... 2%
CMX 29, W 2019 (N = 468)
Segger (embQS) 2% Only Operating Systems with
LynuxWorks (LynxQS) 2% 2% or more are shown.
Wind River (Linux) 2%
OSEK 2%
ECos 2%

Rage: Mirrenths 1igine an ansrating sustam
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* ¢ Qué nos dice el mundo real?

Please select ALL of the operating systems you are ©
considering using in the next 12 months.

Embedded Linux 31%
FreeRTOS 27%
In-house/custom 16%
Debian (Linux) 15%
Ubuntu 14%
Android 14%
Microsoft (Windows 10) 12%
Texas Instruments RTOS 9%
Keil (RTX) 6%
Other 6%
Micrium (uC/0S-111) 5% Regional Breakout
Red Hat (IX Lunix) 5o/ APAC users will use FreeRTOS and Android much more
Texas Instruments (DSP/BIOS) 5o than other regions and use Embedded Linux much less.
Wind River (VxWorks) 5% EMEA will use Android less than other regions.
Green Hills (INTEGRITY) 5% .
QKON oo | Most Used | World | Americas | EMEA | APAC |
Express Logic (ThreadX) 4% Embedded 31% 329 31% 26%
Angstrom (Linux) 4% Linux
Wittenstein HIS(OpenRTOS/SAFERTOS 4% FreeRTOS 27% 25% 24% 379
Micrium (uC/0s-11) 4%
Freescale MQX 3% Android 14% 12% 10% 26%
AnalogDevices (VDK) 3% LULIAIN T RSy
Segger (embOS) 3% Only Operating Systems with
Wind River (Linux) 3% 3% more are shown
Microsoft (Windows 7 Compact or earlier) 3%
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* Un “microkernel” es una buena opcion
* Se lo puede montar uno

* O emplear un producto comercial/libre disponible <- recomendado
* “No es mas” que mas que codigo para proporcionar los servicios
mas basicos de un Sistema Operativo moderno
* Multitarea, real-time (RTOS real-time operating system)
* Buffering, colas, pilas, mailboxes, ...
* Semaforos, zonas criticas, ...

* Por ejemplo un paradigma “productor-consumidor”

Que quiere la gente

* Availability of full source code (39%)

* No royalties (30%)

* Compatibility with other software and
systems (27%)

* Availability of tech support (27%)
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* En “Wikipedia” hay un buena lectura con la idea de microkernel

https://en.wikipedia.org/wiki/Microkernel

Mas hacia alto nivel tipo Unix

* Microkernels para microcontroladores hay muchos

* Ejemplos

VALENCIA

IVERSITAT
ITECNICA

Libre: FreeRTOS, ChibiOS, Co0OS, mbedOS
Comerciales: Micrium uC/OS, Keil RTX
Especificaciones: ARM CMSIS RTOS

Los hay “seguros”, los hay “certificados” ... incluso demostrados
matematicamente (L4 microkernel) ... un mundo.

Piensa en avidnica, satélites, tarjetas de crédito, SIM del movil, ...

Sistemas Embebidos
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FreeRTOS: qué es

FreeRTOS parece acertado para empezar
* Mudltiples micros

e Echad un vistazo a la web

Para promocionar que los dispositivos 0T usen su AWS
De hecho, se puede hacer un Alexa ahora con esto

e 2020: Lo cierto es que le ha dado un empujon brutal

UNIVERSITAT
POLITECNICA
DE VALENCIA
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FreeRTOS: tasks - fundamentals

En la web explica los fundamentos de los RTOS genérico
Leed cada uno de los apartados de “Fundamentals”
Y vais preguntando dudas

DEPARTAMENT D'INFORMATICA
DE SISTEMES | COMPUTADORS

f 2R IUS Quality RTOS & Embedded Software
- — Download FreeRTOS
Kernel Libraries Resources Community Support Email List4
Home
Getting Started . .
Kermel Overview Multitasking
Suppaorted Devices
Demos [RTOS Fundamentals]
= How FreeRTOS Works
Introduction The kernel is the core component within an operating system. Operating systems such as Linux
What is An RTOS? employ kernels that allow users access to the computer seemingly simultaneously. Multiple users can
= Fundamentals execute multiple programs apparently concurrently.
Multitasking Basics
Scheduling Basics Each executing program is a task (or thread) under control of the operating system. If an operating
Context Switching system can execute multiple tasks in this manner it is said to be multitasking.

Real Time Applications
Real Time Scheduling

Implementation . . . . . . .
* R The use of a multitasking operating system can simplify the design of what would otherwise be a

Source Code Organization
Creating a New Project
Eeatures
API Reference
Quality Management
Licensing

complex software application:

reuse.

« The multitasking and inter-task communications features of the operating system allow the
complex application to be partitioned into a set of smaller and more manageable tasks.
» The partitioning can result in easier software testing, work breakdown within teams, and code

UNIVERSITAT Sistemas Embebidos
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* An application based on RTOS is structured in independent “tasks”
* Each task has its own context

* The RTOS is in charge of assigning CPU following a given scheduling
policy

Task Summary

. Simple.

. Mo restrictions on use.
. Supports full preemption.
. Fully prioritised.

. Each task maintains its own stack resulting in higher RAM usage.

. Re-entrancy must be carefully considered if using preemption.

UNIVERSITAT Sistemas Embebidos
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* Atask can be in one of the following states:
* Ready, suspended, running,blocked

Suspended

vTaskSuspend()

vTaskSuspend() called

called

vTaskResume()
called

vTaskSuspend()
called

Event

Blocking API
function called

Blocked

\ UNIVERSITAT
) POLITECNICA
DE VALENCIA
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* Atask has this appearance
* Itis a simple infinite loop!
* (But it wastes a lot of CPU doing nothing?)

void vATaskFunction( void *pvParameters )

{
for( ;; )
{

-- Task application code here. --

}
/* Tasks must not attempt to return from their implementing
function or otherwise exit. In newer FreeRTOS port
attempting to do so will result in an configASSERT() being
called if it is defined. If it is necessary for a task to
exit then have the task call vTaskDelete( NULL ) to ensure
its exit is clean. */
vTaskDelete( NULL );

}

UNIVERSITAT Sistemas Embebidos

LITECNICA Microkernels
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FreeRTOS: tasks - fundamentals

* Atask has this appearance

* Well, better we wait for something to not waste CPU

void vATaskFunction( woid *pvParameters )

{

foxr{ ;; )

{

}

/* Psudeo code showing a task waiting for an event
with a block time. If the event occurs, process it.
If the timeout expires before the event occurs, then
the system may be in an error state, so handle the
error. Here the pseudo code "WaitForEvent ()" could
replaced with xQueueReceive (), ulTaskNotifyTake (),
xEventGroupWaitBits (), or any of the other FreeRTOS
communication and synchronisation primitives. */
if ( WaitForEvent ( EventObject, TimeOut ) == pdPASS )
{

—— Handle event here. -—-
1
else

{

== Clear errors, or take actions here. --

/* As per the first code listing above. */
vTaskDelete ( NULL ) ;

UNIVERSITAT
POLITECNIC
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* Tasks have “priorities” ...

* To allow the scheduler to decide wich to pick up and run

* Each task is assigned a priority from 0 to ( configMAX_ PRIORITIES - 1),
where configMAX_PRIORITIES is defined within FreeRTOSConfig.h.

* Time sliced round-robin schedyiling (Buscad qué significa eso)

: Sistemas Embebidos
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FreeRTOS: tasks - example

* Ejemplo basico (Para STM32 “antiguamente”)

/] LED 1
xTaskHandle hLED1Task; // referencia de la tarea

portTASK_FUNCTION( vLED1Task, pvParameters ) { // la tarea

while(1) {
STM_EVAL_LEDToggle(LED1);
vTaskDelay(200 / portTICK_RATE_MS); // dormir 200 ms
}
I
int main( void ) {
// L
XxTaskCreate( vLED1Task, (signed char *) "LED1",
configMINIMAL_STACK_ SIZE,
NULL, mainLED_TASK_PRIORITY, &hLED1Task );
vTaskStartScheduler(); // Iniciar el planificador
}

UNIVERSITAT Sistemas Embebidos
POLITECNICA

DE VALENCIA Microkernels
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Ejemplos en el paquete de las Cube
* Eso quiere decir que St también lo considera estratégico

[EXMIAILE MLl TEdLUnEs L CUTIHIYUreS Jd IicrosLy urive. |

FreeRTOS

FreeRTOS_LowFower

How to enter and exit low-power mode with CMSIS RTOS APL.

FreeRTOS_LowPower_LPTIM

How to enter and exit low-power mode with CMSIS RTOS APT with LPTIM
used as clock source for both RTOS and HAL ticks.

FreeRTOS_MFU

How to use the MPU feature of FreeRTOS.

FreeRTOS_Mail

How to use mail queues with CMSIS RTOS AFI.

FreeRTOS_Mutexes

How to use mutexes with CMSIS RTOS AFL.

FreeRTOS_Queues

How to use message queues with CM3IS RTOS AFPL.

FreeRTOS_Semaphore

How to use semaphores with CMSIS RTOS APL.

FreeRTOS_SemaphoreFromISR

How to use semaphore from ISR with CMSIS RTOS APL.

FreeRTOS_Signal

How to perform thread signaling using CMSIS RTOS APIL.

FreeRTOS_SignalFromISR

How to perform thread signaling from an interrupt using CMSIS RTOS APIL.

FreeRTOS_ThreadCreation

How to implement thread creation using CMSIS RTOS APL.

FreeRTOS_Timers

How to use timers of CMSIS RTOS APL.

UNIVERSITAT
POLITECNICA
DE VALENCIA
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* Ejemplos en el paquete de las Cube

* No todos los ejemplos estan para la placa Nucleo-L476
* Este siesta

FreeRTOS_MPU How to use the MPU feature of FreeRTOS.
I I

I —

* Interesante comentario en el Readme del ejemplo

For more details about FreeRTOS implementation on STM32Cube, please refer to UM1722 “Developing Applications
on STM32Cube with RTOS™.
|

\ UNIVERSITAT
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* jAnda, si hasta CubeMX lo incorpora!

ERTMNC | .
@R TOS ’ Quality RTOS & Embedded Software

Download FreeRTOS

Kernel Libraries Resources Community Support Email List 4
Home
Forums
= Ecosystem STM32Cube
Ecosystem Cverview
RSSO STM32 ARM Cortex-M Tools and Embedded Software
OpenRTOS
Fail Safe File System Introduction
Tracealyzer Example, Demonstration and Application Projects
@ WolfSSL SSL/TLS i
&= S STM32Cube is free embec_!ded e e
= %—;”—5 software from ST that provides
& Atme : : . 5
T all the drivers and middleware Eieject Geation s
Future Designs Inc. Configuration GUI g
NXP components necessary to get up
o ST and running quickly on STM32 “ File System
Introduction ARM Cortex-M microcontrollers. EIRRaE
STM32Cube STM32Cube includes ————, Peripheral Drivers
Comprehensive Demo FreeRTOS, but the use of
STM32CubeMX a RTOS’. il 125 Ethernet CAN
e ree is optional.
Work-flow Example P USB CRYPTO Etc.
FreeRTOS Interacti
ree nteractive - Read more about STM32Fx/STM32Lx Start up and
STM32Cube embedded
software Click to Enlarge

- Build a comprehensive
demonstration project

Sistemas Embebidos
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https://www.freertos.org/FreeRTOS-Plus/BSP_Solutions/ST/index.html

* jAnda, si hasta CubeMX lo incorpora!

m STM32CubeMiX Cube_FreeRTC

sz O

CubeMX

Categories
System Core ?
Analog ?
Timers »
Connectivity b4
Multimedia b4
Security b4
Computing b4
Middleware v
FATFS

UNIVERSITAT
POLITECNICA
DE VALENCIA

FreeRTOS: cube

NUCLEO-L476RG

File Window

Clock Configuration
Additional Software
FREERTOS Mode and Configuration

Reset Configuration

v Pinout

~ AP

FreeRTOS API
~ Versions

Fr

Ch -
~ Kemel settings
USE_PREEMPTION
CPU_CLOCK_HZ
TICK_RATE_HZ
MAX_PRIORITIES
MINIMAL_STACK_SIZE
MAX_TASK_NAME_LEN
USE_16_BIT_TICKS
IDLE_SHOULD_YIELD
USE_MUTEXES
USE_RECURSIVE_MUTEXES
USE_COUNTING_SEMAPHOR. ..
QUEUE_REGISTRY_SIZE
USE_APPLICATION_TASK_TAG
ENABLE_BACKWARD_COMP...
USE_PORT_OPTIMISED_TASK
USE_TICKLESS_IDLE
USE_TASK_MOTIFICATIONS
RECORD_STACK_HIGH_ADDR..
~ Memory management settings

10.0.1

1.02

Enabled

SystemCoreClock

1000

7

128 Words
16
Disabled
Enabled
Enabled
Disabled
Disabled
i
Disabled
Enabled
Enabled
Disabled
Enabled
Disabled

L]

Sistemas Embebidos
Microkernels

B1 [Blue FushButton]
RCC_0SC32_IN
ROC_05C32_0UT
REC_OSC_IN
RCC_OSC_OUT

USART_TX

=
z

STM32L4T6RGTx
LQFP64

L TCK

USART_RX e

£
o
=
5
T
z
=
=
=1
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* Se genera algo como esto

e La notacidon de las llamadas se basa en basa en CMSIS RTOS

=5 Application/User

Lj main.c

Lj freertos.c

] stm32ldo it.c

Lj stm32ldiee_hal_rmsp.c

.j strm32ldio_hal_timebase_
[ 1 Drivers/STM32L 4o HAL_Drin
[ Drivers/CMSIS
[ Middlewares/FreeRTOS

UNIVERSITAT

POLITECNICA

i R ]
120
121
122
123
124
125
126
127
128
125
130
131
132
133
134
135
136
137
138
135
140
141
142
143
144
145

1AL

=

/* Create the thread(s) =/

f* definition and creation of defaultTask */

osThreadDef (defaultTask, StartDefaultTask, osPriorityMNormal, O, 12
defaultTaskHandle = osThreadCreate (osThread({defaultTask), NUOLL):

551

I

S* definition and creation of myTaskPepes */
os8ThreadDef (myTaskPepe, StartTask02, osPricorityRealtime, 0O, 12
myTaskPepeHandle = osThreadCreate (osThread (myTaskPepe), NULL):

551

):

/* USER CCODE BEGIN RETOS_THREADS  f
S* add threads, ... *F
/% USER CODE END RETOS _THEREADS f

S* Start scheduler =)
osKernelStart ()

S* We should never get here as control is now taken by the schedualer &/

S* Infinite loop *f
/* USER CODE BEGIN WHILE */
while (1)
{
S* USER CODE EWND WHILE */

/* USER CCDE BEGIN 3 */

F TTODT oD DRI 2 &

Sistemas Embebidos
Microkernels
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* Kernel call are different in the firs example and in the code
generated by Cube, Why?

* CMSIS-RTOS is the reason
* Is a layer on top of any RTOS to exhibit a common layer

* Check “UM1722: Developing applications on STM32Cube with
RTOS” at

Figure 5. CMSIS-RTOS architecture

Application Code
main thread interrupt

CMSIS-RTOS API 1

NIVERSITAT Sistemas Embebidos
DLITECNICA
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https://www.st.com/content/ccc/resource/technical/document/user_manual/2d/60/ff/15/8c/c9/43/77/DM00105262.pdf/files/DM00105262.pdf/jcr:content/translations/en.DM00105262.pdf
https://www.st.com/content/ccc/resource/technical/document/user_manual/2d/60/ff/15/8c/c9/43/77/DM00105262.pdf/files/DM00105262.pdf/jcr:content/translations/en.DM00105262.pdf

FreeRTOS: example “servo” |]|5[:'H'
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* Let it be the following mean program
* And let have a trip to transform it to a “task”

“4 2

43 error code = servo Init();

44 if (error code != Error NoError)

450

46 error Handler( FILE , LINE , error code);
47 }

48 r

49 servo SetPosition(0); HAL Delay(1000);

50

51 for(;;)

528

53 servo SetPosition(-100); HAL Delay(1000);
54 servo SetPosition(-200); HAL Delay(1000);
55 servo SetPosition(-300); HAL Delay(1000);
56 servo SetPosition(-700); HAL Delay(1000);
57 servo SetPosition(-900); HAL Delay(1000);
58 servo SetPosition(0); HAL Delay(1000);

59 servo SetPosition(350); HAL Delay(1000);
60 servo SetPosition(900); HAL Delay(1000);
6l servo SetPosition(350); HAL Delay(1000);
62 servo SetPosition(900); HAL Delay(1000);
63 servo SetPosition(100); HAL Delay(1000);
64 servo SetPosition(200); HAL Delay(1000);
65 servo SetPosition(0); HAL Delay(1000);

66 }

il |
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First, let me transform the code in something better

/* Includes —-----—mmmmmm

#include <stdio.h>
#include "stm3214xx_hal.h"
#include "error.h”
#include "servo.h"

/* Private typedef --------oooo——__

typedef struct

{
intl6_t tenth_degree;
uint16_t timems;

} servostep_t;

/% Private define ———===--—--r-s-c-t-c-to===r

#define NUM_STEPS 13

/* Private variables ----——-------—————__

const servostep_t my_sequence [NUM_STEPS] = {
{-100,1000},

{-200,1000},

{-300,1000},

{-700,1000},

{-900,1000},

{0, 1000},

{350,1000},

{900,1000},

{350,1000}, I
{900,1000},

{100,1000},

{200,1000},

{0,1000}

-

UNIVERSITAT
POLITECNICA
DE VALENCIA

uint8_t index = 0;
for(;;)
{

Sistemas Embebidos

Microkernels

servo_SetPosition(my_sequence[ index].tenth_degree);
HAL_Delay(my_sequence[index].timems);

index++;

if (index == NUM_STEPS)

{

}

index = 0;
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Now, this is similar to a simple task, isn’t it?

* Let's transform it in a task/thread!

uint8_t index = 0;
for(;s;)
{

servo_SetPosition(my_sequence[index].tenth_degree);
HAL_Delay(my_sequence[ index].timems);

index++;

if (index == NUM_STEPS)

{

index = 0;

UNIVERSITAT
*) POLITECNICA
DE VALENCIZ

/'x *
* @brief Function implementing the myServo thread.
* @param argument: Not used
* @retval None
g
void StartServo(void *argument)
{
static uint8_t index = 0;
for(;;)
{

servo_SetPosition(my_sequence[index].tenth_degree);
osDelay(my_sequence[ index].timems);

index++;

if (index == NUM_STEPS)

|

index = 0;
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* CHALLENGE:

* Create an app with two tasks:

* 1 ->Increases a shared integer variable every 2 seconds. Reset the
variable when it reaches 47 (counts from O to 46)

* 2 -> Blinks the LED for 50 ms as many times as the value contained in
the previous variable, the turns off the LED and halts for 2.5 seconds
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* CHALLENGE:

* Create an app with two tasks:

* 1 ->Increases a shared integer variable every 2 seconds. Reset the
variable when it reaches 47 (counts from O to 46)

* 2 -> Blinks the LED for 50 ms as many times as the value contained in
the previous variable, the turns off the LED and halts for 2.5 seconds

MAL
ii Chapucero !
Hay condiciones
de carrera
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e Pensadlo ...

volatile uint32_t shared_counter;

void StartIncVar(void *argument) guid StartLEDBlink(void *argument)
{
For{::) for(;;)
i {
osDelay(2000); for(uint8_t 1i1=0;1i<shared_counter;i++)
shared_counter++; {
if (shared counter > 46) LED_On();
{ osDelay(50);
shared_counter = 0; LED: BFFL )5
} osDelay(50);
} }
} osDelay(2500);
}
}

UNIVERSITAT
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* Race conditions and interdependency problems can be solved
unsing “mutual exclusiéon” mechanisms

e See

° Inthe CS jargon, this is called a M UTEX

* In FreeRTOS you can use xCreateMutex to benefit of this
mechanism

* But you are using CMSIS-RTOS overlay, so you can use
* osMutexCreate, osMutexAcquire, osMutexRelease

JINIVERSITAT Sistemas Embebidos
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* Using Mutex in CMSIS-RTOS

/* Define the mutex */

osMutexDef (osMutex) ;

/* Create the mutex */

osMutexId osMutex = osMutexCreate (osMutex (osMutex)) ;

if (osMutexWait(osMutex, mutexTWO TICK DELAY) != os0K)
{

/* Toggle LED3 to indicate error */
BSP _LED Toggle(LED3);

I
if (osMutexRelease(osMutex) != osOK)

{

/* Toggle LED3 to indicate error */
BSP_LED Toggle(LED3);

¥

(Fragmentos sacados de los ejemplos de la Nucleo-F413ZH)
https://www.keil.com/pack/doc/cmsis/RTOS2/html/index.html
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FreeRTOS: Mutex

e |ets correct our lab work ...

void StartIncVar(veid *argument)

vold StartLEDBlink(void *argument)

{ {
forl:s) IDF(;;]
{ "
osDelay(2000); LN s E0ts . ,
osMutexAcquire(myMutexBlinkHandle,0U); osMutexAcquire(myMutexBlinkHandle,0U);
shared_counter++: cnt = shared_counter;
if {Shared counter > 46) osMutexRelease(myMutexBlinkHandle);
{ £ for(uint8_t 1=0;i<cnt;i++)
shared_counter = 0; o
} LED_On();
osMutexRelease(myMutexBlinkHandle): osDelay(50);
} LED_Off();
} osDelay(50);

UNIVERSITAT
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* Lets imagine that we want to reset the shared counter when the
user key is pressed

* It seems that an EXTx interrupt is adequate for this task, isn't it?

416 wvoid HAL GPIO EXTI Callback(uintlé t GPIO Pin)
417 21
418 osMutexAcquire (myMutexBlinkHandle, 0U) ;
& 419 shared_cc-unter = 0;
420 osMutexRelease (myMutexBlinkHandle) ;
421 |}

Sistemas Embebidos
Microkernels
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* Interrupts is a typical hell for a RTOS-based app ... but necessary

* Handling they with the two-levels approach proposed in the subject
continues being a great solution

* Letdoitin the right way using semaphores

* Semaphores are used to synchonize and/or lock things,
* e,g, fopen(), fprintf(), socket() ...
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* Lets go for a binary semaphore in CMSIS-RTOS applied to an ISR
* From the recommend manual from St ...

* NOTE: osSemaphoreWait() - osSemaphoreAcquire()

Figure 8. Obtaining semaphore from ISR

Thread (blocked)
osSemaphoreWait()
Interrupt Thread (running) ‘
D
\ osSemaphoreRelease() | | osSemaphoreWait() . |
R W, e J
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* Applying it!

/* Definitions for myBinarySemButton */

osSemaphoreld_t myBinarySemButtonHandle;

const osSemaphoreAttr_t myBinarySemButton_attributes = {
.name = "myBinarySemButton"

i

/* creation of myBinarySemButton */
myBinarySemButtonHandle = osSemaphoreNew(1, @L &myBinarySemButton_attributes);

void HAL_GPIO EXTI Callback(uint16 t GPIO _Pin) }fcid StartButtonTask(void *argument)
1

: for(;;
osSemaphoreRelease(myBinarySemButtonHandle); 0et;
} if (osSemaphoreAcquire(myBinarySemButtonHandle, 0U) == 050K)
{

osMutexAcquire(myMutexBlinkHandle,0U);
shared_counter = 0;
osMutexRelease(myMutexBlinkHandle);
};
osDelay(50);
T
}
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e CMSIS RTOS
* Ver el UM xxxx de St sobre RTOS
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