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Abstract

This application note describes how to create new projects and debug applications for the Arm® Cortex®-M4 core
of STMicroelectronics’ heterogeneous multi-core device STM32MP1 in Arm Keil MDK. Two examples using
different boot modes are explained step by step. The examples are present in the STM32MP1xx device family
pack. Additionally, it is explained how to generate an OpenSTLinux device tree for customized peripheral
assignments.
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Prerequisites
MDK v5.27 provides support for creating and debugging applications for Arm Cortex-M based cores of
heterogeneous multi-core devices, including STM32MP1 devices from STMicroelectronics.

To be able to use the examples provided in this application note, you need to have a valid MDK license (not
MDK-Lite). You can use the built-in seven days trial version of MDK-Professional.

Using Packlinstaller, make sure that the following software packs are available:

e ARM.CMSIS.5.5.1.pack (or higher)
e ARM.AMP.1.1.0.pack (or higher)
o Keil. STM32MP1xx.1.1.0.pack (or higher)

A Bash shell is required to run shell scripts. Install for example Git for Windows and make sure the installation
folder (C:\Program Files\Git\bin) is added to the Windows path. In Windows, check Control Panel — System —
Advanced System Settings — Environment Variables — System Variables — Path

Introduction

The STM32MP1 is a heterogeneous device based on a single- or dual-core Arm Cortex-A7 (CA7) and an Arm
Cortex-M4 (CM4) core. The Arm Cortex-A7 core provides access to open-source operating systems (such as Linux
or Android) while the Arm Cortex-M4 core leverages the STM32 MCU ecosystem and usually runs bare-metal
code or a real-time operating system such as Keil RTX5.

This device offers two different boot modes: engineering and production.

e The engineering boot mode allows the user to connect a debugger to an
opened chip, so that any program can be loaded on either the CA7 or the
CM4. When the ROM code detects engineering boot mode, it reopens CA7
secure debug and starts the CM4 to run an infinite loop. In this boot mode,
the CM4 application can be loaded directly with the debug adapter. This is
the recommended setup to start a new CM4 project.

e In production boot mode, the master processor CA7 loads the
application and starts the coprocessor CM4. In this case, system resources,
such as clock and regulators, are managed by OpenSTLinux, which loads
the executable file and launches the coprocessor through Linux
remoteproc commands.

omib= BT TS R '
For the examples demonstrated in this tutorial, it's assumed you are familiar with the STM32MP157x-EV1
evaluation board or the STM32MP157C-DK2 discovery kit and you have already loaded and booted the
OpenSTLinux image. Otherwise please follow the Getting Started section of the STM32 MPU Wiki, which is the

entry point for many references in this document.

The examples are also part of the STM32MP1xx device family pack. They can be copied using the Pack Installer
tool. Open it by clicking on the Pack Installer icon in the pVision toolbar: @

%% Pack Installer - CAKEIL_VS\ARM\PACK

File Packs Window Help
.3’ Device: STMicroelectronics - STM3ZMP1 Series

ﬂ Devices Boards ﬂ ﬂ Packs Examples
Search:  STM3ZMP1 - X ’7 Show examples from installed Packs only
Device /| Summary Example Action Description
—-“1% All Devices 8 Devices Al_Character_Recegnition (STM32MP157C-EV1) 2 Copy Al Character Recognition example
- % STMicroelectronics 8 Devices CMSIS-RTOS2 Blinky (STM32ZMP157C-EVT) i Copy CM35IS-RTOS2 Blinky example
+-71% STM32MP1 Series 8 Devices OpenAMP_TTY echo (STM32ZMP157C-EVT) ! Copy OpenAMP TTY echo example
AN319 — Using STM32MP1 Cortex-M with Keil MDK Copyright © 2019 Arm Ltd. All rights reserved

2 www.keil.com/appnotes/docs/apnt_319.asp


http://www2.keil.com/mdk5/activation
http://www2.keil.com/mdk5/packinstaller
https://gitforwindows.org/
https://wiki.st.com/stm32mpu/wiki/Getting_started/STM32MP1_boards
https://wiki.st.com/stm32mpu/index.php/Main_Page

Hardware setup for the STM32MP157x-EV1 evaluation board
The following connections must be made to be able to debug the hardware successfully:

- Connect the power supply to the CN1 jack.

- Using a Micro-USB cable, connect to the ST-Link (CN4); this can be used for debug and a serial terminal
- [Optional] Connect a ULINK debug adapter using an adapter board to the JTAG connector (CN14)

- Ethernet connection (network with DHCP server or fixed IP address)
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Boot in engineering mode

For engineering mode, you need to set the boot pins in the following order:

e Boot 0: Off
e Boot 1: Off
e Boot2:0n

Boot in production mode

For production mode, you need to set the boot pins in the following order:

e Boot0:0n
e Boot 1: Off
e Boot2:0n

Debug connection

The STM32MP157x-EV1 evaluation board includes an on-board ST-Link debug adapter. While this is great to get
started, the capabilities of the debug unit are limited. Using the 20-pin JTAG connector (with the optional
adapter board HPI-0195C), you can connect any member of the ULINK family of debug adapters to get more
debug visibility. The required connections and software settings are explained later.
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https://www2.keil.com/mdk5/ulink

Hardware setup for the STM32MP157C-DK2 discovery kit
The following connections must be made to be able to debug the hardware successfully:

- Connect the USB Type-C power supply to the CN6 connector.
- Using a Micro-USB cable, connect to the ST-Link (CN11); this can be used for debug and a serial terminal
- Ethernet connection (network with DHCP server or fixed IP address)
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Boot in engineering mode

For engineering mode, you need to set the boot pins in the following order:
gl W~ s00T2

e Boot 0: Off S mm — gy BQOTO
X - ©

e Boot2:0n

Boot in production mode

For production mode, you need to set the boot pins in the following order:

‘ L = O
e Boot0: On = gl W~ g ooT2
' — g BOOTO

e Boot2:0n @ ""u'; & I‘? @

Debug connection

The STM32MP157C-DK2 discovery kit has only an on-board ST-Link debug adapter. If you need more debug
capabilities, use the STM32MP157x-EV1 evaluation board instead. The required connections and software
settings are explained in the following page.
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ST-Link
Engineering mode

Go to Project — Options for Target. On the Debug tab, select “ST-Link” and then open the “Settings” dialog.
On the next dialog’s Debug tab make sure that AP equals 2:

Cortex-M Target Driver Setup X

Debug ITraca ] Flash Duwnluad] Pack ]

Debug Adapter SW Device
Unt: | ERENTETPR] El IDCODE Device Name
[ Shareable ST-Link SWDID | (6BAD2477  ARM CoreSight SW-DP
Serial Number: J

‘ D66EFF313732524E43012315 - ,7
Version: HW': [V2-1 FW: |V2J33M25 ]

l—
I¥ Check version on start |

On the Trace tab, make sure that “Trace Enable” is unchecked:

Cortex-M Target Driver Setup X
Debug Trace IFIash Dawnload] Pack ]

Core Clock: | 10.000000 MHz

On the Pack tab, make sure “Debug Description Enable” is unchecked:

Cortex-M Target Driver Setup X

Debug ] Trace ] Flash Download  Pack I
Debug Description
Pack: Keil. STM32MP 1xx_DFF.0.0.1-devd

Click OK.
On the Utilities tab, uncheck “Update Target before Debugging”:
kA Options for Target ‘Target 1' X

Device | Target | Output | Listing | User | C/C++ (AC6) | Asm | Linker | Debug ~Utiities l
Configure Flash Menu Command

* |se Target Driver for Flash Programming [v Use Debug Driver

— Use Debug Driver — Settings | I ™ Update Target before Debugging I

Click OK.

Production mode

In production mode, in addition to the setting used above, make sure that you are not resetting the target when
connecting to it. On the Debug tab, make sure that “Reset” equals VECTRESET and that “Reset after Connect” is
not used:

Debug
Connect & Reset Options
Connect: I

I Reset after Connect

Cache Options Download Options

¥ Cache Cods ™ Verify Code Download
W Cache Memory ™ Download to Flash

- | Reset: [VECTRESET  ~|

o0 &

OK | Cancel

Note:

In production mode, the debug adapter cannot connect directly to the device. OpenSTLinux will establish the
connection once the application for the Cortex-M4 is loaded. Thus, you need to have a binary image of the
application ready and must follow the steps 15— 17 on page 23.
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ULINK
Engineering mode

Go to Project — Options for Target. On the Debug tab, for example, select “ULINK Pro Cortex Debugger” and
then open the “Settings” dialog.

On the next dialog’s Trace tab set the Core Clock to 133.25 and enable “Trace Enable”. Use “Serial Wire Output —
Manchester” as the trace port:

ULINK Pro Cortex-M Target Driver Setup X

Debug Trace lFIash annluad] Pack ]

Core Clock: | 133.250000 MHzI | W ?ffé‘é‘é“éﬁ‘é‘ﬁ‘l‘e‘jll— UnlimitedTrace [~

Trace Port Ti Trace Everts

Serial Wire Output - Manchester j v Enable Prescaler: m [ CPI: Cycles per Instruction
[~ EXC: Exception overhead
[~ SLEEP: Sleep Cycles

SWO Clock Prescaler: 1 1 PC Sampling

= A aa _  p——

On the Pack tab, check that Debug Description is enabled:

ULINK Pro Cortex-M Target Driver Setup *

Debug} Trace } Flash Download  Pack ]

Debug Description
Pack: Keil STM32MP 1xx_DFP 0.0.1-dev8

| i

™ Log Sequences: |C:'-_CE_';corkspace'-_MDKVE-.STM32'-.MP'I_eng'-Jeng_mode_Saquences_'.Iog

Configuration: | “\DebugConfig\Target_1_STM32MP157CAAx_Cortex-M4.dbgconf Edi...

Production mode

In production mode, use the same settings as above. In addition, (] Torget 1.STM32MP157CAAX Cortex-M @ =
click on the “Edit” button on the Pack tab (see screenshot above). Beand Al | _Collpes Al Heb | T ShowGid
The dbgconf configuration file opens in a new window. In ‘E"’t:”d _— Value
Configuration Wizard mode, enable “Restart”, “Stop and Remove”, Restart v

« ”, Stop and Remove 2
and “Load a_nd Run k A =
These options will enable the ULINK debug adapters to Force M4 Start r
automatically use the right debug sequences to communicate with T e o e o PEEHELEH
the target (not available for the ST-Link debug adapter).

m&mﬁgurﬂtiﬂn Wizard /’

Customizing the uVision Tools Menu

Alternatively, to the method above (and the only automated

way when using the ST-Link), you can add shell scripts to the

WVision Tools Menu. These shell scripts load, run, stop and PrEr—— TPl Lo
remove the application in production mode. An additional one STM32MP1 Load and Run
. . STM32MP1 Stop and Remove
generates the device tree files. STM22MP1 Restart Export...
STM32MP1 Generate DTB -
The scripts are in the STM32MP1’s pack subfolder 'Tools' and
can be added to MDK menu: ™ Promptfor Arguments
Tools — Customize Tools Menu — Import... ™ Run Minimized
{PACK_FOLDER}Tools\tools.cfg ' Run Independent
(for example C:\KEIL_V5\ARM\PACK\Keil\ Command: [STook/start bat =]
STM32MP1xx_DFP\0.0.1\Tools\tools.cfg) il Folder | =l
Arguments: [$STools SD #L

QK Cancel Help |
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Creating a new Blinky project for engineering mode
The ROM code detects engineering boot and reopens CA7 secure debug and starts CM4 to run an infinite loop,

allowing the user to connect a debugger to an opened chip, so that any program can be loaded directly with the
debug adapter.

The boot switches are described in the Hardware setup section.

In this example, Keil RTX5 threads are used to control LEDs and a user button. LD3 and LD4 blink as running
lights, while blinking is paused if the UserPA13/B2 button is pressed.

Project creation step by step

1. In uVision, select Project — New uVision
Project... and give a name to the new
project.

2. From the device list, select
STMicroelectronics
STM32MP157CAAXx:Cortex-M4 device.

3. Inthe Manage Run-Time Environment
window, select the following
components:

Board Support:BSP

Board Support:Buttons

Board Support:LED
CMSIS:CORE

CMSIS:RTOS2 (API):Keil RTX5
(Variant Source)
Compiler:Event Recorder
Compiler:10:STDOUT

(Variant ITM)

Device:Startup
Device:STM32Cube HAL:Common
Device:STM32Cube HAL:Cortex
Device:STM32Cube HAL:GPIO
Device:STM32Cube HAL:HSEM
Device:STM32Cube HAL:PWR
Device:STM32Cube HAL:RCC

Select Device for Target Target 1'...

Device ]

WVendar:
Device:
Toolset:

Search:

‘ Software Packs

STMicroelectronics
STM3I2MP157CAA Cortex-M4
ARM

—_——

£t STM32ZMP1 Series 4]
0 “% STM32MP157

K1

5 STM3ZMP157AAAX

A STM32MP157AABx

% STM3ZMP15TAACK

2 STM32MP157AADK

2% STM3ZMP157CAAK
5|

A STM32MP157CABx

Description

Am based dual Cortex-A7 650 MHz + Cortex-M4 MPU

32bit dual-core Am Cortex-A7

Up to 650 MHz (Up to 4158 CoreMark)
L1 32 Kbyte | / 32 Kbyte D for each core
256 Kbyte unified level 2 cache

Am NEON and Am TrustZone

324it Am Cortex-M4 with FPU/MPU
Up to 200 MHz {Up to 673 CoreMark)

Extemal DDR memory up to 1 Gbyte
708 Kbyte of intemal SRAM: 256 KB of AX]

o]

Cancel

Help
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Software Component Sel Variant Version  Description
’ AMP Asymmetric Multiprocessing =
=4 Board Support STM32MP157C-EV1 | 1.0.0 STM32MP157C-EV1 Evaluation Board
¥ BSP |7 1.00 Board specific settings for hardware initialization
= ’ Buttens (API) 1.0.0 Buttons Interface
@ Buttons [w 1.0.0 Buttons Interface
-4 LED (&PI) 1.00 LED Interface
¥ LED [w 1.0.0 LED Interface
& Clibrary
= ’ CMSIS Cortex Microcontroller Software Interface Components
¥ CORE F ~ (513 CMSIS-CORE for Cortex-M, SC000, SC300, ARMwvE-M, ARMvE.1-M
@ DSP I_ 152 CMSIS-DSP Library for Cortex-M, SCO00, and SC300
@ NN Lib I_ 1.1.0 CMSIS-MMN Meural Metwark Library
& RTOS (4PI) 1.00 CMSIS-RTOS API for Cortex-M, SCO00, and SC300
=4 RTOS2 (API) 213 CMSIS-RTOS API for Cortex-h, SC000, and SC300
# FreeRTOS I_ 10.0.1 CMSIS-FTOS2 implementation for Cortex-M based on FreeRTOS
@ Keil FuSa RTX5 neMPU I_ Source 5.5.0 CMBSIS-RTOS2 Functional Saftey RTXS5 for Cortex-M4 without MPU support (Seurce)
@ Keil RTX5 |7 Library ~[5.5.0 CMSIS-RTOS2 RTX5 for Cortex-M, SCO00, C200 and ArmvE-M (Library)
‘ CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
’ CMSIS Driver Validation API 1.00 Run AP test for enabled drivers
’ CMSIS RTOS Validation CMSIS-RTOS Validation Suite
‘ CMSIS RTOS2 Validation CMSIS-RTOS2 Walidation Suite
= ’ Compiler ARM FuSa Compile~ | 1.6.0 Compiler Extensions for ARM Compiler 5 and ARM Compiler &
@ Event Recorder [w DAP 140 Event Recording and Component Viewer via Debug Access Port (DAP
= ‘ 1/O Retarget Input/Output
# File I_ File System 1.2.0 Use retargeting tegether with the File System component
@ STDERR I_ Breakpoint ~ [1.2.0 Stop program execution at a breakpoint when using STDERR
@ STDIN I_ Breakpoint ~ 120 Stop program execution at a breakpoint when using STDIN
@ STDOUT |7 ITM ~[1.20 Redirect STOOUT to a debug output window using ITM
v TTY I_ Breakpoint ~[1.2.0 Stop program execution at a breakpoint when using TTY
= ’ Device Startup, System Setup
@ Startup [w 1.0.0 System Startup for STMicroelectronics STM32MP157 Series
= ‘ S5TM32Cube HAL STM32F 25 Hardware Abstraction Layer (HAL) Drivers
@ ADC I_ 1.0.0 Analog-to-digital converter (ADC) HAL driver
@ CEC I_ 1.00 Consumer Electronics Control (CEC) HAL driver
@ CRC I_ 1.00 CRC calculation unit (CRC) HAL driver
¥ CRYP I_ 1.00 Cryptegraphic processor (CRYP) HAL driver
# Common F 1.0.0 Commeon HAL driver
@ Cortex [w 1.0.0 Cortex HAL driver
@ DAC I_ 1.00 Digital-to-analog converter (DAC) HAL driver
¢ DCMm I_ 1.0.0 Digital camera interface (DCMI) HAL driver
@ DFSDM Il 1.0.0 Digital Filter for Sigma-Delta Modulators (DFSDM) HAL driver
@ DMA I_ 1.00 DMA controller (DMA) HAL driver —
¥ ExTI I_ 1.00 External Interrupts (EXTI) HAL driver
¥ FDCAN I_ 1.0.0 Flexible DataRate Controller Area Metwerk (FDCAMN) HAL driver
¢ GPIo [w 1.0.0 General-purpose /0 [GPIO) HAL driver
@ HAsH I_ 1.00 Hash processor (HASH) HAL driver
@ HSEM |7 1.0.0 Hardware semaphore (HSEM) HAL driver
@ 12 I_ 1.0.0 Inter-integrated circuit (12C) interface HAL driver
@ IpcC I_ 1.0.0 Interprocesser Communication /0 (IPCC) HAL driver
@ LPTIM I_ 1.0.0 Low Power Timer (LPTIM) HAL driver
¥ MDIOS I_ 1.0.0 Management data input/output (MDIOS5) slave HAL driver
¢ MDMA I_ 1.00 Master DMA controller (MDMA) HAL driver
@ PWR |7 1.00 Power contreller (PWR) HAL driver
@ aspl I_ 1.00 Quad Serial peripheral interface (Q5SPI) HAL driver
# RCC F 1.0.0 Reset and clock control (RCC) HAL driver -
| . _ | _'l_I
Validation Qutput Description

Resolve Select Packs Details

Cancel
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4. Go to Project — Options for Target
(Alt+F7). On the Target tab, set “Use
default compiler version 6” as the ARM
compiler.

On the Linker tab, uncheck “Use
Memory Layout from Target Dialog”,
click on the ellipsis button “...” and

select as Scatter File:
\RTE\Device\STM32MP157CAAx Cortex-
M4\stm32mpl5xx m4_ sram.sct

On the Debug tab, select your debug
adapter. Refer to the section Debug
connection for more information.

W Options for Target ‘Target 1"

Device Target |Output| Llstlngl User | C/Ce+ (.ﬂ.CG]l Asm | Lmkerl Debug' Unlmesl

STMicroelectronics STM32MP157CAAx Cortex-M4

Xtal (MHz): [12.0

ARM Compiler:

Lse default compiler version 6 [

CrreimeeE (L LI [~ Use Cross-Module Optimization

System Viewer File: [ Use MicroLIB I~ Eig Endian

ISTMEZMPT.svd J Floating Point Hardware: ISingIe Precigion -

™ Use Custom File

—Read/Only Memory Areas —ReadWrite Memory freas

default  offchip Start Size Startup default  offchip Start Size MNalnit
[~ Romi | | [ C  RAMI: | r
- oemz[ [ ¢ roRwz[ [
- oemx[ [ ¢ romws [ [ ¢

on-chip on-chip
M IROM1 |fh1BDDDDDD |MDDDD g ¥ IRAMi: |0x10020000 |cn20mn r
[~ IROMZ: I I & ™ IRAM2: |x10040000 IChZDDDD -
[ ok || cawed || Defaurs | Help

W Options for Target ‘Target 1'

Device | Targetl Oulpull Listingl User I C/Cs+ mCG}I Asm

I [ Use Memory Layout from Target Dialog I
I Make RW Sections Position Independent
™ Make RO Sections Position Independent
I Dont Search Standard Libraries
¥ Report ‘might fail' Conditions as Ermors

Linker | Debug | Lhilities I

X/0 Base: I
B/O Base: ICb:'IDDDDDDD
R/W Base I[MDDZDDDD

digable Wamings: I

5. Add user code templates: Right
click on “Source Group 1” and
then “Add new Item to Source
Group 1”.

Add “Lock Resource” from
Device:Startup component.

Sca'g"eer ARTE\Device\STM32ZMP 157CAAx_Cortex-M4'stm32mp 15x_m4_sram sct LI Edi... |
Misc
controls
Linker |-cpu=Cortex-Mdfp "o ~
control | -strict —scatter " \Objects\OpenAMP_TTY_echo sct”
string b
0K Cancel Defaults Help

Add New [tem to Group 'Source Group 1'

@ CFile {c)

Add template file(s) to the project.

Mame

Exception Handlers and Peripheral IRQ

* Component
@ Co File (opp) & cmsis
\ﬂ Asm File (s) = ’ Device
Startup
@ Header File (h) [tartup

Lock Resource I

— Startup
\% Text File ()

Image File (")

“4k| User Code Template

Type: I User Code Template

MCU Support Package

MName: I lock_resource.c

Location: I C:\Temp'\Projects\Blinky

Add

Close Help

AN319 — Using STM32MP1 Cortex-M with Keil MDK
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6. Add main file: Right click on
“Source Group 1” and then “Add
new ltem to Source Group 1”.
Add “Main file” from
Device:Startup component.

Add New [tem to Group "Source Group 1' X

Add template file(s) to the project.
@ C File (<) plate fle(s) to the proj
T Component MName
@ C++ File (.cpp) & CMsis
\ﬂ Asm File (5) = ’ Device
Startup Exception Handlers and Peripheral IRC
\ﬂ Header File (h) Startup Lock Resource
— Startup MCU Support Package
\% Text File (1) | Startup Main file |
_‘g\ Image File (%)
1@ User Code Template
Type: | User Code Template
Name: | main.c main.h
Location: | C:\Temp'Projects|Blinky
Add Close Help

In the main.c file add the following lines into the respective sections:

Includes

#ifdef RTE

#include "RTE Components.h"
#endif

#ifdef RTE_CMSIS RTOS2
used

#include "cmsis os2.h"
#endif

// Component selection

// when RTE component CMSIS RTOS2 is

// :CMSIS:RTOS2

Function prototypes

extern void app main (void *arg);

Kernel initialization, before while loop in the main function

#ifdef RTE_CMSIS RTOS2

/* Initialize CMSIS-RTOS2 */

osKernellInitialize ();

/* Create application main thread */
osThreadNew (app_main, NULL, NULL) ;

/* Start thread execution */

osKernelStart() ;
#tendif
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7. Add a new Blinky.c file with the following content:

*

Name:

* ok

Blinky.c

Purpose: LED Flasher

* This file is part of the uVision/ARM development tools.

* This software may only be used under the terms of a valid, current,

* end user licence from KEIL for a compatible version of KEIL software

* development tools. Nothing else gives you the right to use this software.

*

* This software is supplied "AS IS" without warranties of any kind.

*

* Copyright (c) 2019 Keil - An ARM Company. All rights reserved.

K e e e e e e e e o — — — — — — — ———— — — — — — — — — — ——_——— ————— */
#include <stdio.h>
#include "main.h"
#include "Board LED.h" /* :Board Support:LED */
#include "Board Buttons.h" /* :Board Support:Buttons */
#include "cmsis os2.h" /* :CMSIS:RTOS2 */
#include "RTE Components.h" /* Component selection *x/
#include CMSIS device header
#ifdef RTE Compiler EventRecorder
#include "EventRecorder.h"
#endif
static osThreadId t tid thrLED; /* Thread id of thread: LED */

static osThreadId t tid thrBUT; /* Thread id of thread: BUT */
L, D D . D i . E B i

thrLED: blink LED

K o */
__NO RETURN static void thrLED(void *argument) {

uint32 t led max = LED_GetCount() ;

uint32 t led num = 0U;

(void) argument;

printf ("thrLED is running\n") ;

for (;;) {
osThreadFlagsWait (0x0001U, osFlagsWaitAny ,osWaitForever) ;
LED On(led num) ;
printf ("Blink LED number %d\n", led num);
osThreadFlagsWait (0x0001U, osFlagsWaitAny ,osWaitForever);
LED Off (led num) ;

led num++;
if (led num >= led max) {
led num = 0U;

}

/* Turn specified LED on */

/* Turn specified LED off */
/* Change LED number */

/* Restart with first LED */
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thrBUT: check button state

__NO _RETURN static void thrBUT (void *argument) {
uint32_t button msk = (1U << Buttons_GetCount()) - 1U;

(void) argument;
printf ("thrBUT is running\n");
for (;;) {
osDelay (100U) ; /* Wait */
if (Buttons_GetState() & (button msk)) printf("Button is pressed\n");
while (Buttons_GetState() & (button msk)); /* Wait while holding user
button */

osThreadFlagsSet (tid_thrLED, 0x0001U) ;
}

__NO RETURN void app main (void *argument) {
(void) argument;

LED Initialize(); /* initialize LEDs */
Buttons Initialize(); /* initialize Buttons */

tid thrBUT = osThreadNew (thrBUT, NULL, NULL) ; /* create BUT thread */
if (tid thrBUT == NULL) { /* add error handling */ }

tid thrLED = osThreadNew (thrLED, NULL, NULL) ; /* create LED thread */
if (tid thrLED == NULL) { /* add error handling */ }

for (;;) {}

8. To see threads switching in the System e — | o X
Analyzer window, enable Event Recorder ol : Comid | [Cawmn . b | T SnowGud
= [ Source Group ption alue
for RTX5. In the Project window, under g Board Support 3 System Configuration
. . =] CMSIS #- Thread Configuration
CMSIS, double-click the “RTX_Config.h” gqu;mﬂs(mﬂxen Fx3)  Timer Configurstion
. £ rbe_delay.c (RTOS2:Keil RTX5) # - Event Flags Configuration
file. B rix_evflags.c (RTOS2:Keil ATXS) # Mutax[ngnﬁgurat?nn
. . . B rx_evr.c (RTOS2:Keil RTXS) @ Semaphare Configuration
In Configuration Wizard mode, open < T rbx kemel.c (RTOS2Keil ATYS) i ;emfg,%;c;fﬁgutm
“Event Recorder Configuration” and enable O | % e Conauin
“ el e . ”, 75 rie_mempool.c (RTOSZKeil RTX5) e
Global Initlialization”: ® %mmsgqueua:(mosz:r(aumm = RTOS Event Generation
= rbe_mutex.c (RTOS2:Keil RTXS)
79 rix_semaphore.c (RTOSZ:Keil RTX5)
9. Build the target (F7). The program is 5 BT o sysemn.c (RIOS2:Keil K3
i K . w3 rbc thread.c (RTOS2:Keil RTXS)
compiled without errors or warnings. 2 T o timer.c (RTOS2Kell RTXS)
79 os_systick.c (RTOSZ:Keil RTX5)
Event Recorder Configuration
« | ol
& Project | @FBooks | {} Functions | 0, Templates TextEditor ) Configuration Wizard
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10. Start debugging: if you have not yet selected your debug adapter in your pVision project, refer to the
section Debug connection how to do so. When done, go to Debug — Start/Stop Debug Session or press
Ctrl+F5.
The application is loaded by the debug adapter into the RAM memory space specified in the linker
scatter file. Run and debug as usual, using pVision features like System Analyzer and Event Recorder as
illustrated here:

File Edit Wiew Project Flash Debug Peripherals Tools SVCS Window Help
NEdd@| s o [ |m JE lf: | B seminasting Jae | Q-leo s @&-|E-| R
HlERe vy s DRBEaE- LR R R
Registers o Ed System Analyzer Ly |
Register [vae || @ma|f|wea|plirae ke ula#e
= Core :
0:00000000 Event RecordEyd] Thread| Thread] Thread| Thread][ Thread| 77,125 - 25 F 1 17y oo || Iread] Thread] Thread] Thread Thread] Trread] Thread] Thread] Thvead] Thread Thread] Thveadl T try=sg vicheg Ao Moo feadl Thread] |
000000100 4 RTX5 RTOS
4 Thread Ever
app_main (D11
osPldieThrea T
osRtxTimer Thr )
theBUT (06100 1L | ] | | | ] ] | | | ] | | ] | 1 1 ] ] T ] ] ! ! !
thrLED (x100: | | L L L i\ L L L | | L | L | L | | | L | i | L | L | |
Grid: 200 ms 68.45us 20001s 335715.d 25883 42001= -
< b
0¢10005635 ————
i [ Disassembly | 27 system Analyzer
Klgggl”n | ] Biinky.c ] startup_stm32mpiSxcs | ] production.config | ] Abstractixt ¥ x | EventRecorder LI |
- PSR Dx01000000 38 ~ | Enable [V H 7 Mark | All Operations || Stopped
39 printf("thrlED -is running\n");
B~ Barked pos Event  Time(ss)  Component EventFroperty Value
- System
41 [ for (;;)-{ v Crl ventRecorderlnitialize estart Count = -
ntemal [ 000006845 [Nt EventRecorderlnitiali Restart C 1
Mode Thread 4z - -osThreadFlagsWait (0x00017, osFlagsWaithny.,osWaitForsver), 1 0.00006997 EvCrl EventRecorderStart
Privilsged 43 LED On(led_num); . P 0x100;
o o | PEiRtE("BiTnk.LED-mumbes s\, led mam); 2 |007354214  |RTX Thread | ThreodCrested [Ready - app_main] - thread_id=0x100
Pt Sor156395 s . osThreadFlagsWaic (0x00017, -0sFlagsiaichny ., oslaicForevear), 3 007354820 | RTXThread |ThreadCreated [Ready - osRtxldleThread] - thread_id=
...... Sec 148155346 46 LED_Off (led_num) ; 4 |007355298  |RTX Thread | ThreodCrested [Ready - osRuxTimerThread] - thread_i
- FPU 47 5 007355668 | RTXThread | ThreadSwitched [Running] - thread_id=0x10021528
o coled pumdpcc e 6 | DO073%6717 RTX Thread | ThreadSwitched [Running] - thread_id=0x10020348
> 20O if (led_num led_max) { : —HIEaconRLned 9 =
0 led mamo=-0m; .- 7 |007350247  |RTXThread | ThreadCreated [Ready - thrBUT] - thread_id=0x100204
5 I S & |007360308  |RTX Thread | IThresdCreated [Ready - thrLED] - thread_id=0x100205
= } 9 |0.08206432 RTX Thread | ThreadSwitched [Running] - thread_id=0x100204A0
22 M 10 |0.08300457  |RTX Thread | ThreadSwitched [Running] - thread_id=(0x100205F8
= 11 |008304025  |RTX Thread | ThreadSwitched [Running] - thread_id=0x10020342
56/ 12 |p23graan RTX Thread | ThreadSwitched [Running] - thread_id=0x10020440
57 thrBUT: -check-button-stats 13 |0.23973286 RTX Thread | ThreadSwitched [Running] - thread_id=0x10020348
58 *
B N0 RETURR. stavic vold . ThrBUT {vold argumenc) C 14 [024912612  |RTX Thread | ThreadSwitched [Running] - thread_id=(0x100205F2
60 | uint32_t burton msk .= (10.<< Buttons GetCount()) - 1U: 15 |0.24916850  |RTX Thread | ThreadSwitched [Running] - thread_id=(0x10020348
&1 16 |0.39647678  |RTX Thread | ThreadSwitched [Running] - thread_id=0x10020440
62 (void)argument; 17 |039648933  |RTX Thread | ThreadSwitched [Running] - thread_id=(0x10020348
&3
B | princr(vtnzBUT is rumning\n®): 18 |040588260  |RTX Thread | ThreadSwitched [Running] - thread_id=0x100205F2
= 19 |040582050  |RTX Thread | ThreadSwitched [Running] - thread_id=0x10020348
66 for (r:) ( 20 055323526 | RTX Thread | ThreadSwitched [Running] - thread_id=0x10020440
&7 osDelay (1 : 21 055324580 | RTXThread | ThreadSwitched [Running] - thread_id=(0x10020242
s if- (Buttons GecSrate() & (button msk)) printf("Bucton-is g 22 056263907 RTX Thread | ThreadSwitched [Running] - thread_id=Cx100205F8
&a while - (Buttons GetState() & (butten msk)): e
70 osThreadFlagsSet (tid thrLED, -0x00017) : 23 |0.36268155 | RTXThread | ThreadSwitched [Running] - thread_id=0x10020342
71 ) 24070999173 RTX Thread | ThreadSwitched [Running] - thread m:omoozmno_l;l
7z v |l | 3
[l project | = Registers < > @ Call Stack = Locals | B Debug (printf) Viewer Memory 1 | $EEvent Recorder
Command o B3
Load "C:\\Temp\\Projects2\\MDK\\Boards\\ST\\STM32MP157C-EV1\\Blinky\\Objects\\Blinky.axf"
>
ASSIGN BreakDisable BreakEnable BreakKill BreaklList BreakSet BreakAccess COVERAGE COVICFILE DEFINE DIR Display Enter EVALuate EXIT FUNC Go INCLUDE IRLOG ITMLOG KILL
ST-Link Debugger t1: 448155346 sec 43 C:1 CAP NUM 5CH
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Creating an OpenAMP project for production mode

In production mode, the OpenSTLinux runs on the CA7 as master and is responsible to load the application and
to start the CM4 as coprocessor, using the remoteproc framework. MDK integrates such remote coprocessor
commands in the debug engine, so the developer can load, run and debug the CM4 application as usual.

This example demonstrates the inter-processor communication between the CM4 and the CA7 cores. It uses a
STMicroelectronics variant of the OpenAMP distribution.

What the example does:

e CMA initializes the OpenAMP component, configures IPCC peripheral through HAL and sets up the
openamp-rpmsg framework infrastructure, which is the first level of communication between CA7 and

CM4.

e CM4 creates two rpmsg channels for two virtual UART instances.
e CM4 waits for messages from the master core CA7 on these two channels.
o  When the CM4 receives a message on one virtual UART instance, it sends the message back to CA7 on

the same virtual UART instance.

For more info about STM32MPU coprocessor handling, resource management, RPMsg and remoteproc
framework, please refer to Coprocessor management Linux and Coprocessor management STM32Cube.

Project creation step by step

1. In uVision, select Project — New pVision
Project... and give a name to the new
project.

2. From the device list, select
STMicroelectronics
STM32MP157CAAx:Cortex-M4 device.

Select Device for Target ‘Target 1'...

Device ]

‘Soﬂware Packs j
Vendor:  STMicroelectronics
Device:  STM32MP157CAR« Cortex-M4
Toolset:  ARM
Search:
Description
-7 STM32MP1 Series j Arm based dual Cortex-A7 650 MHz + Cortex-M4 MPU
=% sTMIMPIST 3245t dual-core Amn Cortex-A7
“ STM32ZMP15TAAAX Up to 650 MHz (Up to 4158 CoreMark)
L1 32 Kbyte | / 32 Kbyte D for each core
1§ STM32MP157AABK 256 Kbyte unified level 2 cache
1§ STM32MP157AACK Arm NEON and Am TrustZone
I STM3ZMP15TAADK 32bit Amm Cortex-M4 with FPL/MPU
=% STM22MP15TCALY Up to 200 MHz (Up to 673 CoreMark)
4 Extemal DDR memory up to 1 Gbyte
% STM32ZMP157CABx 708 Kbyte of intemal SRAM: 256 KB of AX]
4 v
oK | Cancel | Help

3. Inthe Manage Run-Time Environment window, select the following components:

e AMP:RPMSG
e CMSIS:CORE

e CMSIS:RTOS2 (API):Keil RTX5 (Variant Source)

e Compiler:Event Recorder

e Compiler:10:STDOUT (Variant ITM)
e Device:Startup

e Device:STM32Cube HAL:Common
e Device:STM32Cube HAL:Cortex

e Device:STM32Cube HAL:GPIO

e Device:STM32Cube HAL:HSEM

e Device:STM32Cube HAL:IPCC

e Device:STM32Cube HAL:PWR

e Device:STM32Cube HAL:RCC
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https://wiki.st.com/stm32mpu/index.php/Category:Coprocessor_management_Linux
https://wiki.st.com/stm32mpu/index.php/Category:Coprocessor_management_STM32Cube

un-Time Environment

Software Compeonent Sel Variant Version  Description
=4 AMP Asymmetric Multiprocessing
# RPMSG v OpenAMP 100 Remote Processor Messaging - OpenAMP
4 Board Support STM32MP157C-EVT | 1.0.0 STM32MP157C-EV1 Evaluation Board
4 CLibrary
ER- eV Cortex Microcontroller Software Interface Components
@ CORE v ~|513 CMSIS-CORE for Cortex-M. SC000, SC300. ARMVE-M, ARMYE,1-M
@ Dsp I 152 CMSIS-DSP Library for Cortex-M, SC000, and S300
@ NMLib r 110 CIMSIS-NN Neural Network Library
€ RTOS (AP1) 1.00 CMSIS-RTOS AP for Cortex-, SC000, znd SC300
€ RTOS2 (API) 213 CMSIS-RTOS API for Cortex-M, SC000, and SC300
@ FreeRTOS r 10.0.1 CMSIS-RTOS? implementation for Cortex-IM based on FreeRTOS
@ Keil FuSa RTXS neMPU l_ Source 55.0 CMSIS-RTOS2 Functional Saftey RTX3 for Cortex-h4 without MPU support (Source)
@ Keil RTX5 [v  Source +|550 CMSIS-RTOS2 RTXS for Cortex-M, SC000. €300 and Armv8-M (Source)
’ CMSIS Driver Unified Device Drivers compliant to ChSIS-Driver Specifications
4 CMSIS Driver Validation API 100 Run AP test for enabled drivers
€ CMSIS RTOS Validation CMSIS-RTOS Validation Suite
& CMSIS RTOS2 Validation CMSIS-RTOS? Validation Suite
o 4 Compiler ARM Compiler |+ 160 Compiler Extensions for ARM Compiler 5 and ARM Compiler 6
@ Event Recorder v DAP 140 Event Recording and Component Viewer via Debug Access Port (DAP)
o Lo Retarget Input/Output
# File r File System 120 Use retargeting together with the File System component
@ STDERR l_ Breakpoint ~|1.20 Stop program execution at a breakpoint when using STDERR
@ STDIN [~ |Breakpoint ~[120 Stop program execution at a breakpeint when using STDIN
@ STDOUT I v[120 Redirect STDOUT to a debug output window using [TM
@ TV l_ Breakpoint ~ 120 Stop program execution at a breakpoint when using TTY
= € Device Startup, System Setup
@ Startup v 1.00 System Startup for STMicroelectronics STM32MP157 Series
£ % STM32Cube HAL STM32F2i0¢ Hardware Abstraction Layer (HAL) Drivers
¢ ADC r 1.0.0 Analog-to-digital converter (ADC) HAL driver
¥ CEC l_ 100 Consumer Electronics Control (CEC) HAL driver
¢ CRC I 100 CRC calculation unit (CRC) HAL driver
¥ CRYP r 100 Cryptographic processar (CRYP) HAL driver
# Common v 100 Common HAL driver
? Cortex v 100 Cortex HAL driver
# DAC l_ 1.00 Digital-to-analog converter (DAC) HAL driver
¥ DCMI l_ 1.00 Digital camera interface (DCMI) HAL driver
© DFSDM l_ 100 Digital Filter for Sigma-Delta Medulators (DFSDM) HAL driver
¢ DMA r 1.00 DMA controller (DMA) HAL driver
¢ EXTI I 100 External Interrupts (EXTI) HAL driver
 FDCAN r 100 Flexible DataRate Controller Area Metwork (FDCAN) HAL driver
¥ GPIO v 1.00 General-purpose /0 (GPIO) HAL driver
@ HASH I 100 Hash processor (HASH) HAL driver
¥ HSEM v 1.00 Hardware semaphore (HSEM) HAL driver
¥ 12C l_ 1.00 Inter-integrated circuit (12C) interface HAL driver
¢ IpccC v 1.0.0 Interprocessor Communication /0 (IPCC) HAL driver
@ LPTIM r 1.00 Low Power Timer (LPTIM) HAL driver
¥ MDIOS l_ 100 Management data input/output (MDIOS) slave HAL driver
¢ MDMA r 100 Master DMA controller (MDMA) HAL driver
¢ PWR v 1.00 Power controller (PWR) HAL driver
@ Q5P I 100 Quad Serial peripheral interface (QSPI) HAL driver
¥ RCC v 1.00 Reset and clock control (RCC) HAL driver
¥ RNG l_ 1.00 Random number generator (RNG) HAL driver hd
J s
Validation Output Description
Resclve | | SelectPacks | Dstails Cancel Help
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4. Configure RTX5: open the RTXConfig.h file under CMSIS component, expand the “Thread Configuration”
option and change the “Default Thread Stack size” to 512. Expand Event Recorder Configuration and
enable “Global Initialization”:

Project

a

=9 Project: prod_mod
El gy Target1
2 Source Group 1
¢ amp
o cmsis

=29
=@

ﬁ irg_cmdf.s (RTOS2:Keil RTX5)

ﬁ rix_delay.c (RTOS2:Keil RTX5)

ﬁ rix_evflags.c (RTOS2:Keil RTX3)

T rbcevr.c (RTOS2Keil RTXS)

ﬁ rb_kernel.c (RTOS2:Keil RTXS)

BT rix_lib.c (RTOS2:Keil RTXS)

®T e memory.c (RTOS2Keil RTXS5)
ﬁ rix_mempool.c (RTO52:Keil RTX3)
®T r_msgqueue.c (RTOSZ:Ksil RTXS5)
T rocmutex.c (RTOS2:Keil RTXS)

ﬁ rix_semaphore.c (RTOS2:Keil RTX5)
T rix_system.c (RTOS2:Keil RTXS)

ﬁ ri_thread.c (RTOS52:Keil RTX3)

T rbctimer.c (RTOSZKeil RTXS)

ﬁ os_systick.c (RTO52:Keil RTX3)

L] RTX_Config.c (RTOS2:Keil RTX5)
J RTX_Cenfig.h (RTOS52:Keil RTX3)
Compiler

Device

x| ] RTX_Config.h
[ Bpand Al | Collapse Al Help [~ Show Grd
Option Value
Systern Configuration
=~ Thread Canfiguration
Object specific Memory allocation I~
I Default Thread Stack size [bytes] 512 I
Idle Thread Stack size [bytes] 256
Idle Thread TrustZone Module Identifier 0
Stack overrun checking 2
Stack usage watermark [

o-&8-B-E-8-8-5

i

<
EProject @B-}:Is {} Functions [].Timplates

Processor mede for Thread execution

Timer Configuration

Event Flags Configuration
Mutex Configuration
Semaphere Configuration
Memory Poel Configuration
Message Queue Configuration

Event Recorder Configuration

Privileged mode

| Global Initialization

il

Text Editor )\Conﬁguration Wizard /

RTOS Event Generation

5. Open the menu Project — Options for Target (Alt+F7). On the Target tab, set “Use default compiler
version 6” as the ARM Compiler:

KA Options for Target ‘Target 1'

Device Tanget WOutput} Listing} Lzer } CiCs++ {ACG}] Azm ] Linker] Debug} Utilitiesl

STMicroelectronics STM32ZMP 157CAA« Cortex-M4

Htal (MHz): |12.0

Code Generation

ARM Compiler:

Use default compiler version 6 [

6. On the C/C++ (AC6) tab, add the following preprocessor defines:
__LOG_TRACE_IO_NO_ATOMIC_64_SUPPORT METAL_INTERNAL METAL_MAX_DEVICE_REGIONS=2
VIRTIO_SLAVE_ONLY:

KA Options for Target 'Target 1'

Device I Target ] Output ] Listing ] User

Preprocessor Symbols

Define

Undefine:

C/Co+ (ACE) | Asm | Linker | Debug | Utities |

LOG _TRACE 10 _NO ATOMIC 64 SUPPORT METAL INTERNAL METAL MAX DEVICE REGIO

7. On the Linker tab, uncheck “Use Memory Layout from Target Dialog”, click on the ellipsis button “...”
and select as Scatter File:
\RTE\Device\STM32MP157CAAx Cortex-M4\stm32mpl5xx m4 sram.sct

KA Options for Target 'Target 1'

I ™ Use Memory Layout from Target Dialog I

I Make RW Sections Posttion Independent
[ Make RO Sections Position Independent
I Dont Search Standard Librares

¥ Report might fail' Conditions as Emors

Device | Target | Output | Listing | User | C/C++ (ACE) | Asm

Linker | Debug | Lities |

X/0 Base: ’7
R/0 Bage: |x10000000
R/ Base |(x10020000

X

dizable Wamings: ‘

Scaf,_iler | \RTE\Device"\STMI2MP157CAA_Cortex-M4'atm32mp 150 _m4_sramsct | J
e

Misc
controls

Linker
contral
string

Edt...

—cpu=Cortex-M4fp "o
—strict —scatter " \Objects*prod_mod sct”

o]

Cancel

Defaults |

Help
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8. On the Debug tab: select your debug adapter, uncheck “Load Application at Startup”, click on the ellipsis
button “...” and type “debug.ini” to create a new Initialization File:

(W] Options for Target ‘Target 1" X

De\ricel Targei] Output] Listing] User ] C/C++ IACE}I Asm ] Linker Debug IUti\'rties]

" Use Simulator ~ with restrictions Settings * lsge: |UL|NK Pro Cortex Debugger j Settings

[ Limit Speed to Real-Time

¥ Load Application at Startup ¥ Run to main{) I™ Load Application at Startup v
Initilization File: Initialization File:
| J | \debug ini J Edit

Click on “Edit...” to open the debug.ini file and add the following line:
LOAD %L NOCODE INCREMENTAL

9. Editthe linker scatter file to add Resource Table, OpenAMP, and Event Recorder buffer sections:
LR_VECTORS 0x00000000 0x00000400 { ; Vector table

.isr vector +0 {
startup*.o (RESET, +First)

}
}
LR IROM1 0x10000000 0x00060000 { ; SRAM
ER IROM1 0x10000000 0x00020000 { ; Code
* (InRoot$$Sections)
.ANY (+RO)
.ANY (+XO)
}
RW_IRAM1 0x10020000 0x00020000 { ; Data
.ANY (+RW +ZTI)
}
.resource table +0 ALIGN 4 ({ ; Resource Table
rsc_table.o (+RW +ZI)
}
RW_OPENAMP 0x10040000 EMPTY 0x00010000 { ; OpenAMP Buffer
}
RW_ER 0x10050000 UNINIT 0x00010000 { ; Event Recorder
EventRecorder.o (+ZI)
}
}
10. Add user code templates: Right click on “Source Group 1” and then “Add new Item to Source Group 1”:
Add New ltem to Greup 'Source Group 1' X
@ CHie (c) Add template file(s) to the project.
T . Component Mame
@ C++ File {.cpp) @ @ CMSIS
\ﬂ Asm File (5) = ¢ " - -
Exception Handlers and Peripheral IRQ
@ Header File (h) Lock Resource
1 MCU Support Package
é Text File (<) Main file
Qg_\lmage File (") I
1@ Uszer Code Template
Add the all available templates from the Device:Startup component.
AN319 — Using STM32MP1 Cortex-M with Keil MDK Copyright © 2019 Arm Ltd. All rights reserved
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11. Add the IPCC functions to the stm32mp1xx_hal_msp.cfile as reported below.

/**

* @brief IPCC MSP Initialization

* This function configures the hardware resources used in this example
* @param hipcc: IPCC handle pointer

* @retval None

*/

void HAL IPCC MspInit(IPCC_HandleTypeDef* hipcc)

{

if (hipcec->Instance==IPCC)

{
/* USER CODE BEGIN IPCC MspInit 0 */

/* USER CODE END IPCC_MSpInit 0 */
/* Peripheral clock enable */
__HAL RCC_IPCC_CLK_ENABLE () ;
/* IPCC interrupt Init */
HAL NVIC SetPriority(IPCC_RX1 IRQOn, 0, 0);
HAL NVIC EnableIRQ(IPCC_RX1 IRQn);
/* USER CODE BEGIN IPCC_MSpInit 1 */

/* USER CODE END IPCC MspInit 1 */
}

}

/**

* @brief IPCC MSP De-Initialization

* This function freeze the hardware resources used in this example
* @param hipcc: IPCC handle pointer

* @retval None

*/

void HAL IPCC MspDeInit (IPCC_HandleTypeDef* hipcc)
{

if (hipcc->Instance==IPCC)

{
/* USER CODE BEGIN IPCC MspDeInit 0 */

/* USER CODE END IPCC_MspDeInit 0 *x/
/* Peripheral clock disable */
__HAL RCC_IPCC_CLK DISABLE () ;

/* IPCC interrupt DeInit */
HAL NVIC DisableIRQ(IPCC RX1 IRQn);
/* USER CODE BEGIN IPCC_MSpDeInit 1 *x/

/* USER CODE END IPCC MspDeInit 1 */
}

AN319 — Using STM32MP1 Cortex-M with Keil MDK Copyright © 2019 Arm Ltd. All rights reserved
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12. The interrupt handlers SVC_Handler, PendSV_Handler and SysTick_Handler are part of the RTX5
implementation and shall be removed from the stm32mp1xx_it.c file. Add the IPCC handlers as reported
below.

extern IPCC_HandleTypeDef hipcc;

void IPCC_RX1 IRQHandler (void)

{
HAL TIPCC_RX IRQHandler (&hipcc) ;

}

void IPCC_TX1 IRQHandler (void)

{
HAL IPCC_TX IRQHandler (&hipcc) ;

}

13. In the main.c file add the following lines to the respective sections:

Includes

#ifdef RTE

#include "RTE Components.h" // Component selection

#endif

#ifdef RTE CMSIS RTOS2 // when RTE component CMSIS RTOS2 is
used

#include "cmsis os2.h" // :CMSIS:RTOS2

#endif

#include "virt uart.h" // ARM:AMP:RPMSG

Defines

| #define MAX BUFFER SIZE RPMSG BUFFER_SIZE

Variables

IPCC_HandleTypeDef hipcc;

VIRT UART HandleTypeDef huartO;
VIRT UART HandleTypeDef huartl;

__I0 FlagStatus VirtUartORxMsg = RESET;
uint8 t VirtUartOChannelBuffRx[MAX BUFFER SIZE];
uintl6é t VirtUartOChannelRxSize = 0;

__I0 FlagStatus VirtUartlRxMsg = RESET;
uint8 t VirtUartlChannelBuffRx[MAX BUFFER SIZE];
uintlé_t VirtUartlChannelRxSize = 0;

Function prototypes

extern void app main (void *argq);

static void MX IPCC_Init(void);

void VIRT UARTO_RxCpltCallback (VIRT UART HandleTypeDef *huart);
void VIRT UART1 RxCpltCallback (VIRT UART HandleTypeDef *huart);
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Kernel initialization, before while loop in the main function

#ifdef RTE CMSIS_RTOS2
/* Initialize CMSIS-RTOS2 */
osKernellInitialize ()

/* Create application main thread */
osThreadNew (app_main, NULL, NULL) ;

/* Start thread execution */
osKernelStart() ;
#endif

Main thread

void app main (void *argument) {

/* IPCC initialisation */
MX IPCC Init():;

/* OpenAmp initialisation */
MX OPENAMP Init (RPMSG_REMOTE, NULL);

/*

* Create Virtual UART device

* defined by a rpmsg channel attached to the remote device
*/
log info("Virtual UARTO OpenAMP-rpmsg channel creation\r\n");
if (VIRT UART Init(s&huart0) '= VIRT UART OK) ({

log _err ("VIRT UART Init UARTO failed. \r\n") ;

Error Handler();

}

log _info("Virtual UART1 OpenAMP-rpmsg channel creation\r\n");
if (VIRT UART Init(shuartl) '= VIRT UART OK) {

log _err ("VIRT UART Init UART1 failed. \r\n") ;

Error Handler();

}

/*Need to register callback for message reception by channels*/

if (VIRT UART RegisterCallback (&huart0, VIRT UART RXCPLT CB ID,
VIRT UARTO RxCpltCallback) !'= VIRT UART OK)

{

Error_ Handler() ;

}

if (VIRT _UART RegisterCallback (&huartl, VIRT UART RXCPLT CB_1ID,
VIRT UART1 RxCpltCallback) != VIRT UART OK)

{

Error Handler();

}

/* Infinite loop */
while (1)
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OPENAMP check for message();

if (VirtUartORxMsg) {
VirtUartORxMsg = RESET;

VIRT UART Transmit (&huartO, VirtUartOChannelBuffRx,

VirtUartOChannelRxSize) ;
}

if (VirtUartlRxMsg) ({
VirtUartlRxMsg = RESET;

VIRT UART Transmit (&huartl, VirtUartlChannelBuffRx,

VirtUartlChannelRxSize) ;
}

osDelay (100) ;
}
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IPCC Initialization and Virtual UART callbacks

/**
* @brief IPPC Initialization Function
* @param None
* @retval None
*/
static void MX IPCC Init(void)
{

hipcc.Instance = IPCC;
if (HAL IPCC_Init(&hipcc) != HAL OK)
{
Error Handler() ;
}
}

void VIRT UARTO_RxCpltCallback (VIRT UART HandleTypeDef *huart)
{

log _info("Msg received on VIRTUAL UARTO channel: %s \n\r", (char *)
huart->pRxBuffPtr) ;

/* copy received msg in a variable to sent it back to master processor
in main infinite loop*/

VirtUartOChannelRxSize = huart->RxXferSize < MAX BUFFER SIZE? huart-
>RxXferSize : MAX BUFFER SIZE-1;

memcpy (VirtUartOChannelBuffRx, huart->pRxBuffPtr,
VirtUartOChannelRxSize) ;

VirtUartORxMsg = SET;

}

void VIRT UART1 RxCpltCallback (VIRT UART HandleTypeDef *huart)
{

log info("Msg received on VIRTUAL UART1 channel: %s \n\r", (char *)
huart->pRxBuffPtr) ;

/* copy received msg in a variable to sent it back to master processor
in main infinite loop*/

VirtUartlChannelRxSize = huart->RxXferSize < MAX BUFFER SIZE? huart-
>RxXferSize : MAX_BUFFER_SIZE—l;

memcpy (VirtUartlChannelBuffRx, huart->pRxBuffPtr,
VirtUartlChannelRxSize) ;

VirtUartlRxMsg = SET;
}

14. Build the target (F7). The program compiles without errors or warnings.
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15. Before connecting to the target, open a terminal viewer (such as PuTTY or TeraTerm) and connect to the
COM port that is provided by the ST-LINK (check Windows Device Manager), using 115200 Baud. Once Linux

is up and running, use the command ifconfig to get the IP address of the device:

root@stm32mpl:~# ifconfig

ethO Link encap:Ethernet HWaddr 00:80:FF:FF:FF:A5

inet addr:192.168.0.10 Bcast:192.168.0.255 Mask:255.255.255.0

inet6 addr: fe80:ff0:elff:feef:45a5/64 Scope:Link

UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1

RX packets:35 errors:0 dropped:0 overruns:0 frame:0
TX packets:52 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1000

RX bytes:7081 (6.9 KiB) TX bytes:8135 (7.9 KiB)
Interrupt:63 Base address:0xc000

You’ll need this address in the next step, to communicate with the target.

16. Configure the production.config file: set BOARD_HOSTNAME with the board’s hostname or IP address.

Project L | _] production.config
=-“T% Project: OpenAMP_TTY _echo

#-Configuration-file-for-STM32MP1-shell scripts

=l g Target1 #:The shell-scripts-to-lead, run, stop-and-remove the-application in-preduction mode
#-[d Source Group 1 #-and-to-generate-device tree-files-are in-the-subfolder: 'Tools' -and-can-be- added-
& Amp #-to-MDK-menu: - Tools- > Customize Tools-Menu->- Import... > {PACK_FOLDER}/Tools/tools.cfg
@ CMSIS #-A-Bash-shell-in-the-path-is-required- (e.g. install-Git-Bash-https://gitfoerwindows.org
£

#-and-add-"C:\Program-Files\Git\bin" to the -Windows -Path).
+ @ Compiler

5% Device #-Board's-hostname or-IP- address
& [ stm32mplo_hal.c (STM32Cube HAL:Common) |BOARD_toSTHANE=192.165.8.18 |
e ﬁ stm32mplax_hal_cortex.c (STM32Cube HAL: Cortex)

#-Device tree file generation

] ﬁ stm32mpl_hal_gpio.c (STM32Cube HAL:GPIO) #-The- "Generate DTB' -script-takes the-device tree source file-from-the project’'s "DeviceTree'-folder,
a ﬁ stm32mplia_hal_hsem.c (STM32Cube HAL:HSEM) #-generates-the-binary-file-and-copies-it-te-the-board's- /boot-folder
& ﬁ stm32mphiohal_ipee.c (STM32Cube HALIPCC) #-Follow the 5T decumentation- to-download- the-kernel-sources,  extract-and-apply patches

DT=stm32mpl57c-evl
@ (BT stm32mp1ioc hal_pwr.c (STM32Cube HALPWR) STAGING_KERNEL_DIR=/Z/5TM32MP1/linux-4.19.9

-3 stm32mp o hal_pwr_ex.c (STM32Cube HAL:PWR) INCLUDES="-T. -T${STAGING_KERNEL_DIR}/arch/arm/boot/dts/ - -13{STAGING_KERNEL_DIR}/include/"
& ﬁ stm32mplia_hal_rec.c (STM32Cube HALRCC)
e ﬁ stm32mpl_hal_rcc_ex.c (STM32Cube HAL:RCC)
I_] proeduction.config (Startup) I

] startup_stm32mp15es (Startup)

_] stm32mp 1o md_sram.sct (Startup)

¥ ] stm32mplax_hal_conf.h (Startup)
] _] systern_stm32mp o (Startup)

17. Start debugging: if you have not yet selected your debug adapter in your uVision project, refer to the
section Debug connection how to do so.
If you are using ST-Link, go to Tools — STM32MP1 Load and Run.
For ULINKpro, ULINKplus, ULINK2 and CMSIS-DAP debug adapters, this command is run using debug
sequences, as configured earlier. Go to Debug — Start/Stop Debug Session or press Ctrl+F5.

The Linux console should show the following message:
remoteproc remoteprocO: remote processor m4 is now up

At this point, the image has been loaded to the embedded Linux file system. The remoteproc commands
load the application into the specified memory location (as stated in the scatter file) and start the CM4. The

debug symbols have been loaded as well and the debug adapter is connected to the target, so that you can
run and debug as usual.
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Run the following script in Linux to send messages every second:

cat /dev/ttyRPMSGO &

cat /dev/ttyRPMSGl &
fi

while [[ $(1s -A /dev/ttyRPMSG*) ]1];

sleep 1
done

if [[ $(1s -A /dev/ttyRPMSG*) ]]; then
stty -onlcr -echo -F /dev/ttyRPMSGO

stty -onlcr -echo -F /dev/ttyRPMSG1

do

echo "Hello Virtual UARTO" >/dev/ttyRPMSGO
echo "Hello Virtual UART1" >/dev/ttyRPMSG1l

Use System Analyzer and Event Recorder to keep track of RTX events and OpenAMP messages:

& C\Temp\ProjectsAMDK\Board:

Ml&s8 ss2ge Tranamtied 6 Open AP

I7ETs] |
»[>l

RTX Thread | ThreadUnblocked

Fle Edt View Project Flash Debug Perpherals Tools SUCS Window Help
15 H @ (Y] [e=|m | Sl | 9 semiosting Vae|a-| ce- @]
HEO|BEE o OB B M- E- @R
Registers ® B system Analyzer
Regsicr e | @8a|f|we|piist sle: ulae
5 Core Invea Wode |
RO 0x00000000 5VCal (1)
R1 000000000 SysTick (15)
R2 00000000 ExtIRQ 103 (119) I
R3 0:00000000 Event Recorder H{TAeadbreempted ATX Trrezd] Message] Message Received| [Message[ Message Recsived |
R4 00000000 4 RTX5 RTOS
RS 0:00000000 4 Thread Events [Feadylan (0x10020910) unning
R 0:00000000 app_main ((x10020910)
R7 000000000 osRtxldeThread (010021l Re;
Re 0:00000000 osRtxTimerThread (0¢1002{[Ready |
R9 000000000 || o e
R1D st | Lillad Bt
RI1 O 1
R12 000000000 | [BhDisascembly | 2 system analyzer
RI3(SP)  0cl0021C38
RIMEED GO0 L] maine | ) RO Configh ) starup strizmpiswis | |] RTK Configc = x| [Event Recorder
RIS(PC) 010004502 172 | Enabte ¥ B P mark
H PSR 001000000 173 | - -/* Infinice loop */ e | e e | Comporert
% Barked 17a | - /* USER -CODE. BEGIN WHILE */ P
- System 178 | wmile (1) 2004 |2736010852 | RTX Wait
= Intemal 17601t 2005 |3736011108 | RTX Thread
L"“‘*‘e ;’“‘f‘* | 177 2006 3736011364 | RTX Thread
rviege  Priviege 178 OFENAMF_check_for message();
G pep s - e 207 3736011555 | RTX Wait
States 5086611543 180 /* USER-CODE -END-WHILE - */ 2028 |37.51683505  RTX Wait
Sec 3317344498 1810 - if (VizeUaztORaMsg) { 2009 |3751685697 | RTX Thread
e 133 3?;;“3;;?“?4” i men 0, -VirtUarcQC 1Buf R STIENESRTX Theed
v nsmit (shuartd, -VirtUart0Channeld .
i R _UART_Transmit (Shuar irtUart0ChannelBuf fRx S ovoaeos R Thvend
les | 3751686672 | ST OpenAMP
186 F - 1f (VirtUarclRaxMsg) { 3751687057 | ST OpenAMP
187 VirtUartlRuiMsg = RESET; 3751687900 | ST OpenAMP
188 VIRT_URRT_T. t(shuartl, -VircUarclChannelSuffRx,
i i _UART_Transmit (shuar 1rtUarciChannelSuffRx BT | Sy
ol 3751688443 | ST OpenAMP
181 esDelay(100) ¢ 3751639627 | ST OpenAMP
ig ©+#*-USER-CODE -BEGIN-3-*/ 3751706923 | ST OpenAMP
e | T T —— 3751707107 | ST OpenAMP
las |3 3751707606 | RTX Wait
196 L 3751707852 | RTX Thread
197 (1/** N B - R 3751708108 | RTX Thread
| forier systen Clook Conriguracion roiomm | Rwar
L ., 2044 3767152 RTXWait
201 vnid sveremClock Confia(vnid) v 37.67361344
[l roject | S Registers < B Fl

Event Property
Delay
ThreadBlocked
ThreadSuitched
DelayStarted
DelayCompleted
ThreadUnblocked
ThreadPreempted
ThreadSwitched
Message Received
Message Received
Message Received
Message Received
Message Transmitted
Message Transmitted
Message Transmitted
Message Transmitted
Delay
ThreadBlocked
ThreadSwitched
DelayStarted
DelayCompleted

a8
o AllOperations (3] topped
Value
ticks=100 4

[Blocked] - thread_jd=0x10020810, timeout=100
[Running] - thread_id=0¢10021AAC
ticks=100
thread id=0x10020910
010020910, ret_val=050K

[Received] - Src=0x00000400, Dst=0x00000000
Msg=Hello Virtual UARTO\n

Msg=Hello Virtual UARTT\n

[Transmitted] - Src=0+0D000000, Dst=0+00000401
Msg=Helle Virtual UARTO\n

[Transmitted] - Src=0x00000001, Dst=0x0000040
Msg=Hello Virtual UART1\n

ticks=100

[Blocked] - thread_id=0x10020910, timeout=100

thread_ic=0¢10020910

[Readly] - thread_id=0x10020910, ret val=0s0K |

Command 9 [ Call Stack - Locals » g
[#s 1 Tveana carie ~ | Name Location/Value Type
Ws 1, va
Ws 1, “proc @ osRtxTimerThr... Ox10004F31 Task
WS 1, “default_chnl R 010004503 Task
WS 1, “ep © % osbldleT... | GxI00045D2 void f{void )
WS 1, “nipec @ %% argum.. 0x00000000 param - void *
WS 1, ‘rproc_resource
WS 1, “SystemCoreClock, 0x0R @
< >
S
RSSIGN BreakDisable SreakEnable Break¥ill BreakList BreakSes BreakAccess COVERAGE || Encan stack + tocais [T viemon 1
ULINKplus Debugger 138173444085 L1 G AP NUM SCI

Useful links

e STM32 Arm® Cortex®-based MPUs user guide
e Reference Manual STM32MP157

e Programming Manual STM32

e Datasheet STM32MP157C

e Errata STM32MP151x/3x/7x

e OpenAMP workgroup
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https://wiki.st.com/stm32mpu/index.php/Main_Page
https://www.st.com/resource/en/reference_manual/dm00327659.pdf
https://www.st.com/resource/en/programming_manual/dm00046982.pdf
https://www.st.com/resource/en/datasheet/stm32mp157c.pdf
https://www.st.com/resource/en/errata_sheet/dm00516256.pdf
https://www.multicore-association.org/workgroup/oamp.php
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