INTRODUCTION TO MURASAKI

An STM32 Peripheral Class Library
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WHAT IS
MURASAKI?

Photo by Daniele Levis Pelusi on Unsplash



IN THIS SECTION
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OVERVIEW

. A collection of the peripheral wrapper class
. UART, SPI, 12C, ADC, Encoder, SAI, 12S, EXTI, GPIO

- RTOS aware classes are available
- Task, Synchronizer, CriticalSection

- IO APIs are :

- Wrapped by Class.
- Synchronized : 10 call returns when IO function is complete.
- Blocking : If IO is occupied, wait until it becomes vacant.

- Hosted by GitHub
- https://github.com/suikan4github/murasaki



https://github.com/suikan4github/murasaki

TARGET

- STM32 microcomputer
series.

- Core pressor is not matter.

- Providing one unified API
through the STM32 variants

- Tested Target
. STM32F0 : CORTEX-MO
. STM32G0 : CORTEX-MO+
. STM32L1 : CORTEX-M3
. STM32F4 : CORTEX-M4
. STM32G4 : CORTEX-M4
. STM32F7 : CORTEX-M7
. STM32H7 : CORTEX-M7



REQUIRED ENVIRONMENT

. Linux or Windows
- Developed on Ubuntu 16.04 LTS
- Windows 10 + WSL is confirmed
- MacOS is not tested

- CubelDE 1.3

- Device Configuration Tool is essential
- Makefile build must be acceptable. But not tested.

- Other tools
- Doxygen
. pdflatex
- Terminal emanator



MOTIVATION

. A class library which doesn’t bother the development.
. Strict name space
. Strict parameter typing
- Synchronous and blocking IO API
- Multi-task aware
- Enough speed to support audio DMA data

. Strict parameter checking

. Context free printf()



OUT OF SCOPE

- Very quick response processing
- Motor control
- Power supply control

- Very low power operation
- Mouse
- TV remote controller

- Very small memory footprint

- High reliability application



PLATFORM AS ABSTRACT LAYER

- Murasaki provides dedicated
class for each peripheral

- Application will use the
peripheral through these
class variable.

- Programmer can create
these class variable as
he/she wants.

Application

Cube HAL

STM32 MCU

—_—
—

Murasaki
Platform



CUBE IDE AND MURASAKI

Pinout & Configuration
Additional Software
I
- ’

System Core

Analog

Timers

Connectivity

Multimedia

Computing

Middleware

>

B1 [Blue PushButton]
RCC_OSC32_IN
RCC_OSC32_0UT
RCC_OSC_IN
RCC_OSC_OUT

LED3
LED4
LED1

LED2

TIMZ_CH1
TIMZ_CHZ
USART_TX

USART_RX

12C1_SDA

SPI_NSS
SPI1_SCK.
SPI_MISO
PN _MOS!

GPIO_EXTH

STM32F446RETx
LQFP64

~ Pinout

LED. CS

£ Pinout view

System view

TMS

USART1_RTS
USART1_CTS
USART1_RX
USART1_TX

SPI2_MOS|
SPI2_MISO

SPI2_SCK
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Application

|2cMaster
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=
1

Cube HAL i
1

U SIM32MCU T T

Murasaki
Platform



PRINTF() DEBUG SUPPORT

A dedicated Printf() function
is available.

116=void ExecPlatform()

117 {
118
e Th read Safe 119 TS re AR e e e e
:EE; murasaki::debugger-»Frintf(" Mandelbrot set by NUCLEO-G431RB¥n");
. I;‘E‘ ' Render the set.
123 i = 0; < YPICSIZE;
® BI_ConteXt I;‘-'l o '(Flllgt(!::nt X =y@; x < IPIESI;E?)KEH
125 print a message with cm(m?:;nr value to the console.
126 murasaki::debugger=>Printf("%c",
- Can use from both task and wapeerLnandeLbrot (AP0
. 129 izeof( ) - 1)1);
Interru pt ConteXt :Efﬁ : murasaki::debugger->Printf("¥n"); seeTmeeper
1532 Loop forever
133 while (true) {
134 Blink LED
° BUffered 135 muras;Ei::platform. led->Toggle();
136 wait for a while
. . :23 murasaki::Sleep(500);
- As soon as text is stored in the RN

140

buffer, Print() returns. L



UART

- UART is packed in the Uart
class.

- Transmit() / Receive ()
member functions are :

- Synchronous
- Blocking

1 J*F

156= void Test1@1Master(void) {
'/ Start UART simple test.

156
157
158
159
160
161
162
163
164
165
166
167
16

murasaki::platform. test state = cmd 107;

murasaki::platform. test success = false;

murasaki::platform. sync command->Release(); '/ tell slave tas
murasaki::platform, vart=->Transmit(

tx_data uvart,
sizeof(tx data uvart)
);

murasaki:

:platform. sync ack=>Wait():




[2C

- [2C is packed in the
[2cMaster and I12cSlave
class.

- Transmit () / Receive()
member functions are :
- Synchronous
- Blocking

208
209
210
2N
212
213
214
215

murasaki::platform. sync_command->Release(); '/ tell slave

task next

murasaki::platform. i2c_master=>Transmit(

i2c device,
tx data iZc,
sizeof(tx data i2¢c),
Btransfered count);




SPI

- SPI is packed in the
SpiMaster and SpiSlave
class.

- TransmitAndReceive()
member function is : surasski g atform, syne_command-elaase(); _// tell slavs task noxt test

murasaki::platform. spi master->TransmitAndReceivel
murasakiz:platform, slave adapter,

Y SynChronOUS tx_data_spi_master,
] rx_data_spi_mast
- Blocking

er,
sizeof(tx data spi master));




BY THE WAY,
SPI IS CONSIDERED HARMFUL

- The clock polarity and the
clock phase is up to the
slave.

- For each time to access

different slave, the master have
to be re-configured.

- Muarsaki uses the
SpiSlaveAdapter class to
specify these configuration.




AUDIO

Audio is packed in the
DuplexAudio class.

TransmitAnd Recelve()
member functions is :

- Synchronous

IDCBJpleXAUdiO is not blocking

- This IO doesn’t assume multiple
task access the 10 randomly

Both I2S and SAI port are
supported

while (true) // Talk Through
{

"Wait the end of current audio transmission & receive.

" Then, copy The Tx buffer to tx DMA huffpr
L Bed than cx DMA boFfoy 2o oo LoFfo.
murasaki: platform aud|n »TransmitAndReceive(
tx left,
tx_right,
rx_left,
rx right);

'/ Copy KX to TX : talk through

for (int i = 0; i < AUDIO CHANNEL LEN; i++) {
tx_left[i] = rx_left[i];
tx_right[i] = rx_right[i];

}

'/ Blink status.
murasaki::platform. led st@->Toggle();
murasaki::platform. led st1->Toogle();




GPIO

- GPIO class
- Gpln
- GpOut

- Simple bit operations

1

213
214
215

217
218
219
220
221
222

224
225
226

228
229
230
231
232
233

235
236
237
238

JoITT T Tate The LCELD o7 The ARhafAfll |
murasaki::platform. led st0->Clear();
murasaki::platform. led st1->Set();

while (true) // Talk Through

oard

S/ Wait the end of current audio transmission & receive.
S/ Then, copy the tx buffer to tx DMA buffer

// And then copy the rx DMA buffer to rx buffer.
murasaki::platform audio=->TransmitAndReceivel

S/ Copy RX to TX : talk through

tx left,
tx_right,
rx_left,
rx_right);

for (int i = 0; i < AUDIOD CHANNEL LEN; i+4) {

tx_leftli]l = rx_left[il;
tx right[i] = rx right[i];

SBlink sTatus,
murasaki::platform. led st0->Toggle();
murasaki::platform. led st1->Toggle();




OTHER PERIPHERALS

- ADC is packed in the Adc - EXTI is packed in the Exti
class. class.

- Convert member function - Wait member function is :
IS : . Synchronous
- Synchronous

- Exti is not blocking.

- Only one task wait for specific
interrupt.

- Blocking



MULTI-TASKING

- Task is easy to create.

- Syncronizer class for
- Wait
- Release

. CriticalSection class for

- Inter-task exclusive resource
access.

139

141
142
143
144
145
146
147 )
1

L */
140=void TaskBodyFunction(const void #ptr) {

'/ For demonstration of FreeRTOS task.
murasaki::platform. taskl = new murasaki::SimpleTask(

Bbrief Demonstration task.

@param ptr Pointer to the parameter block

Gdetails

Task body function as demonstration of the @ref murasaki

MURASAKI ASSERT(nullptr != murasaki::platform. taskl) '

You can delete this function if you don’t use.

while (true) // dummy loop
{

}

murasaki::platform. led->Togale(); //

murasaki::Sleep(700);

toggling LED

"taskl”,

256,
murasaki::ktpNormal,
nullptr,
%TashﬂudyFunctiun

——————————————— User Functions —=—==--===--smmmmmmmmm e %/

c:SimpleTask,



AUTOMATIC INTERRUPT HANDLING

- Peripheral interrupts are handled internally.

- Programmer doesn’t need to care.



IMPORT AND
RUN



IN THIS SECTION

- We fetch the sample
programs from github, and
Import

Pull requests Issues Marketplace Explore

- Run the program

suikandgithub / murasaki_samples @ Unwatch | 1 #Star | 0 0
o Wa I kth ro u g h th e p rog ra m <> Code Issues 2 Pull requests 0 Actions Projects 1 Wiki Security 0 Insights Settings
Sample programs of the Murasaki Class library Edit
O 0 stm32 cuberm stm32cube nucleo murasaki Manage topics
. See the debug functionality
-0 91 commits ¥ 2 branches (M 0 packages > 6 releases A1 1 contributor s MIT
|
Branch: master - New pull request Create new file | Upload files = Find file Clone or download ~
. suikandgithub Merge pull request #8 from suikandgithub/develop .. Clone with HTTPS ® Use SSH
B8 nucleo-f091-64 Update to Murasaki v3.0.0 Use Git or checkout with SVN using the web URL.
. https://github.com/suikandgithub/murasak E.
B nucleo-f445-64 Update to Murasaki v3.0.0
nucleo-f722-144 Update to M ki v3.0.0
i nucleo paate to Murasakivs Open in Desktop Download ZIP
Bl nucleo-f746-144 Update to Murasaki v3.0.0 3 days ago
Il nucleo-g070-64 Update to Murasaki v3.0.0 3 days ago




1.0PNE A NEW WORKSPACE

- Create a new workspace

™ STM32CubelDE Launcher

Select a directory as workspace

STM32CubelDE uses the workspace directory ko store its preferences and development artifacts.

o .
Workspace: | /home/takemasa/STM32CubelDE/workspace Foo| - Browse...

» Recent Workspaces

» Copy Settings

® Cancel Launch




2.0PEN THE GIT PERSPECTIVE

CCess

2ts

=

Open Perspective

B c/C++ (default)

1 Debug
Epevice Configuration Tool

@ Planning
EBRemote System Explorer
£ Team Synchronizing

Use F2 to display the description for a selected perspectjfe.

Cancel | Open |

ice_foo - STM32CubelDE

N~ @~@G~ & B O 5~ 8 ~5

9 Git Repositories EE] =

B @aef &5 =&
Select one of the following to add a repository to this view:

&8 Add an existing local Git repositary

& Clone a Git repository

[j* Create a new local Gikt repository




3.COPY AN URL OF THE REPOSITORY

Pull requests Issues Marketplace Explore

suikandgithub /: murasaki_samples : © Unwatch~ 1 HStar 0 0
<> Code Issues 2 Pull requests 0 Actions Projects 1 Wiki Security 0 Insights Settings
Sample programs of the Murasaki Class library Edit
stm32 cubemx stm32cube nucleo murasaki Manage topics
o 91 commits ¥ 2 branches [P 0 packages > 6 releases 41 1 contributor gfs MIT
||
Branch: master ~ MNew pull request Create new file | Upload files | Find file Clone or download ~
_ i I 1
. suikandgithub Merge pull request #3 from suikandgithub/develop .. I Clone with HTTPS @ Use 55H
B nucleo-f091-64 Update to Murasaki v3.0.0 Use Git or checkout with SWN using the web URL.
https://github.com/suikandgithub/murasa T
B nucleo-f446-64 Update to Murasaki v3.0.0
nucleo-f722-144 Update to Murasaki v3.0.0
. P - Open in Desktop Download ZIP
B nucleo-f746-144 Update to Murasaki v3.0.0 3 days ago
| nucleo-g070-64 Update to Murasaki v3.0.0 3 days ago




4.CLONE THE REPOSITORY

Clone Git Repository

Source Git Repository

GIT
ice Ffoo - STM32CubelDE Enter the location of the source repository. :‘_J_’“_‘]:‘

Nl @~ b BB Y il _
Location
&7 Git Repositories E@] URL: M[ttos//aithub. ikan4github/murasaki_samples.qith  LocalFile...
E g &5 Host: [ github.com |

Select one of the following to add a rep Repository path: | /suikan4github/murasaki_samples.git ]

Connection

of] Clone a Git repository

Protocol: | https ~

Port: [ |

Authentication

User: ( suikandgithub ]
Password: [P— ]

Store in Secure Store

Next, Next and then Finish

@ < Back | Nexkt > | Cancel | Finish




5.UPDATE SUBMODULES

rjv @v‘lv IEEQ'_' v ¥ O w o ow #
&4 Git Repositories E@] = g

B e G5 E& T

~ [ murasaki_sample [master] - fhome/takemasa/qgit/murasaki_

ki Branches

FiZTags

* = References

* 0 Remotes

i= Submodules

» &=Working Tree - fhome/takem

& AddSubmodule...
Sync submodule
Update Submodule

lE Paste Repository Path or URI GO TO C perspeCTive




6.START TO IMPORT

Al B/ gl r@
{5 Project Explorer Eﬂ 0 %S ¥ = d

Select

Import one or more projects from a Git repository.

Select an import wizard:

( type filter text

= General

P CfCH+

= Git

%L Projects from Git
" Projects from GIE (with smark import)
= Install

* (= Remote Systems

¥ = Run/Debug

¥ = Tasks

P = Team

® < Back Next > Cancel

Finish




/.SPECIFY THE REPOSITORY

Import Projecks from Git

Select Repository Source GIT
Select a location of Git Repositories —-ﬁ‘

|' type filter text

Import Projecks from Git

il Existing local repository
Select a Git Repository

i Clone URI
You can also add other local repositories to the
|' type filter text / Import Projects from Git
[ EEE AR I E N EH I B L ELENEEETG[F) Select a wizard to use forimporting projects GIT
Depending on the wizard, you may select a directory to determine —-ﬁ‘.
r m i the wizard's scope
® <Back || Next> | a

Wizard for project import
—— © Import existing Eclipse projects
() Import using the New Project wizard

- — - | () Import as general project
® <Back || MNext> | Ca =

< Back Nexkt > Cancel Finish




8.SPECIFY A PROJECT TO IMPORT

Uncheck “Search for
nested project”

Click “Deselect All”
Check desired project.
Click “Finish”

Import

Impork Projects from Git

Projects

Import projects from a Git repository

Projects:

| type filter text to filter unselected projects

Bl=
v]=

c

A e e el o

nucleo-f091-64 (fhome/takemasa/git/murasaki_sample/nucleo-f091-64)
nucleo-f446-64 (fhome/takemasa/git/murasaki_sample/nucleo-f446-64)
nucleo-F722-144 (fhome/takemasa/git/murasaki_sample/nucleo-F722-144)
nucleo-f746-144 (fhome/takemasa/git/murasaki_sample/nucleo-F746-144)
nucleo-g070-64 ({home/takemasa/qgit/murasaki_sample/nucleo-g070-64)
nucleo-g431-64 (/home/takemasa/qgit/murasaki_sample/nucleo-g431-64)
nucleo-h743-144 (fhome/takemasa/qgit/murasaki_sample/nucleo-h743-144)
nucleo-1152-64 (/home/takemasa/git/murasaki_sample/nucleo-1152-64)
nucleo-l412-64 (fhome/takemasa/git/murasaki_sample/nucleo-1412-64)

(") searchFor qested projects

Working seks

("] Add project to working sets

working sets:

<Back Next > Cancel

Select All

Qese}%t All

Finigh




9.TRIAL BUIDL

Now, we have a sample
project in the workspace

Ctrl-B to build

Ol &~Q ~@ @~~~

(2l Problems ¥ Tasks & console 52 | Properties = B
LB EREE -~

5 Project Explorer E@] %S ¥ = O

8> nucleo-F446-64 [murasaki_sample master]
¥ il Includes

CDT Build Console [nucleo-f446-64]
arm=none-eabi-gcc .. /Drivers/SIN3ZR4xx HAL Draver/Src/stm3Zt4xx_hal_pwr.c” -mcpu=cortex-md -std
arm-none-eabi-gce "..fDr|versiSTH32F4xx_HAL_Dr|verf5rcfstm32f4xx_hal_pwr_ex.c" -mecpu=cortex-md -

» &8 Drivers arm-none-eabi-gee .. /Drivers/STM32F4xx HAL Driver/Src/stm32f4xx_hal rcc.c” -mcpu=cortex-md -std
. arm-none-eabi-gece ".. /Drivers/STM32F4xx HAL Driver/Src/stm32fdxx_hal rcc ex.c” -mcpu=cortex-md -
> e Middlewares arm-none-eabi-gce ".. /Drivers/STM32F4xx HAL Driver/Src/stm32f4xx_hal tim.c" -mcpu=cortex-md -std
F 3 Src arm-none-eabi-gece ".. /Drivers/STM32F4xx HAL Driver/Src/stm32fdxx _hal tim ex.c” -mcpu=cortex-md -
» @@ Startup arm-none-eabi-gee .. /Drivers/STM32F4xx HAL Driver/Src/stm32f4xx_hal vart.c” -mcpu=cortex-né4 -st
arm-none-egabi-g++ -0 "nucleo-f446-64.elf” @"objects. list”  -mcpuscortex-md -T"/home/takemasa/gi
FFInc Finished building target: nucleo-f446-64. elf
¥ = murasaki

arm-none-egabi-size nucleo-f446-64. elf
arm-none-gabi-objdump -h -5 nucleo-f446-64.elf » "nucleo-f446-64. List”
arm=none-eabi-objcopy =0 binary nucleo-f446-64,elf "nucleo-f446-64,.bin"
text data bss dec hex filename
69700 136 36376 106212 189eed nucleo=-f446-64, elf
Finished building: default.size.stdout

[Anucleo-F446-64.i0c
[F2 STM32F446RETX_FLASH.ld
51 STM32F446RETX_RAM.Id

Finished buildina: nucleo-fd46-64.bin

Finished buildina: nucleo-fd446-64, List




10.START THE DEBUGGER

e B hov @ bisS
&5 Project Explorer &2 = B
Sik=
- mg > nucleo-fF446-64 [murasaki sampl
¥y Binaries

* il Includes

¥ &3 Drivers Debug A orke c/C++ Appli

} (2 Middlewares

PRSI

(B Startup

*» B murasaki/src

* = Debug

FFInc

~(zxmurasaki [v3.0.0 84f391b] Merge
¥ =z doc

Make sure the Nucleo is connected through USB



11.READY TO RUN

- Make sure a terminal
emulator is waiting the
Serlal COmmunlcatlon File Edit Source Refactor Navigate Search Project Run Window Help

o~ % @viHvO-Q@vid u A

1 Debug E@]Eﬁ ProjectExplorer = B | [¢ main.c &3

Q; iy i = : HﬁL_Iﬂit()i
~[Hrucleo-F446-64 [STM32 Cortex-M C/C++ 4 : ‘* USER CODE BEGIN Init */
'm"t;:‘nucleo—l:446—64.elf[cores: 0] '+ USER CODE END Init #/

o Thread #1 [main] 1 [core: 0] (Suspend : ot ) S
—_— B B I ‘% LonTigure the system cloc */
— main() at main.c:89 0x80081d6 SystemClock Confia();

s fopt/st/stm32cubeide 1.3.0/plugins/ci| ¢

‘# SER CODE BEGIN SysIni /|
s ST-LINK (ST-LINK GDB server) ’ i

* USER CODE END SysInit */

‘* Initialize all configured peripherals #*/

GPIO Init();

DMA Tnit();
USARTZ UART Init();
1201 Init();

/+ USER CODE BEGIN 2 #/




12.RUN THE

021 Mmm

O3Nuzeuns,

Blinking

PROGRAM

™ S @ takemasa@vm: ~/git/shared_foo/script

akemasa@vm:~fgit$ cd shared foo/
akemasa@vm:~fgit/shared_foo$ 1s
book-introducing-python halide_study

kica

pPp-opencv jupyter-notebook mana
akemasa@vm:~/git/shared_foo$ cd script/
akemasa@vm:~fgit/shared_foo/scripts 1s
onfigure-github-global configure-github-loca
2 terminal
akemasa@vm:~fgit/shared_foo/script$ ./termina
-Kermit 9.0.302 OPEN SOURCE:, 20 Aug 2011, for

Copyright (C) 1985, 2011,
Trustees of Columbia University in the City o

ype ? or HELP for help.
(/home/takemasa/git/shared foo/script/) C-Kerm

onnecting to fdev/stlink console, speed 115208
FS): enab

Escape character: Ctrl-% (ASCII 28,
ype the escape character followed by C to get

or followed by ? to see other options.

'WW!!! Push blue button to start the demo



13.PUSH THE BLUE BUTTON

021 Mmm

3
2
=)
=]
W
N
=
=
o
@D
o

@ S @ takemasa@vm: ~/git/shared_foo/script
(/home/takemasa/git/shared foo/script/) C-Kermit=>c

Connecting to /dev/stlink console, speed 115280

Escape character: Ctrl-\ (ASCII 28, F5): enabled
Type the escape character followed by C to get back,

or followed by ? to see other options.
H!!! Push blue button to start the demo

Probing I2C devices
| @& ©1 02 ©3 04 O5 06 67 08 @9 OA @B O0C 6D OE OF



TWO STRUCTURES OF PROJECT

- The CubelDE introduce

y . r['?“_-u Project Explorer Eﬂ = O | {['i‘“_‘n Project Explorer Eﬂ = O |
Advanced Project i g v
structure ~[§> nucleo-F446-64 [murasaki_sample m; » 5> nucleo-F446-64 [murasaki_sample m:
» 4 Binaries ~[E5 > nucleo-g431-64 [murasaki_sample m
¥ @l Includes ¥ Binaries
e In the ”Adva nced” Stru Ctu re, » &3 Drivers ¥ milIncludes
the Src directory is under ! dleares T
the Core directory. » [ freertos.c ~gysre
¥ [ main.c ¥ [} app_freertos.c
» [ main.c
’ Let’S O pe N th e b [¢) skm32F4xx_hal_msp.c
- - ¥ ¢l stm32F4xx_hal_timebase_tim.c ¥ [ skm32g4xx_hal_msp.c
murasd kl—p I atfo Fm. Cp p ﬂ Ie ¥ [g skm32F4xx_it.c » [¢ stm32g4xx_hal timebase tim.c

¥ (¢ sEm32g4xx_it.c

b (¢ syscalls.c

* [¢ sysmem.c

¥ (¢ system stm32g4xx.c

¥ ¢ syscalls.c

¥ (¢l sysmem.c

¥ ¢ system_stm32F4xx.c
* B Startup

Old structure Advanced structure



INSIDE MURASAKI_PLATFORM.CPP

- InitPlatform()

- Initialization of Murasaki

- Programmer must edit this
function to initialize his/her
platform

- ExecPlatform()
- Execution body of application.

Application

—_—
—

Cube HAL

STM32 MCU

Murasaki
Platform



INSIDE EXECPLATFORM()

1. Start a new task

102=void ExecPlatform()

2. Print a message 5 ¢

3. Then, wait for the blue
button

1. This task halt here and wait
for the interrupt from blue
button

ype the escape character followed by C to get

counter for the demonstration, ]
int count = 0:

Start LED blink :22

murasaki::platform. taskl->8tart();

waiting for the Button push
murasaki::debugger->Printf("!1! Push blue button to start the demo ¥n");
murasaki::platform. b1=->Wait();

List up connected I2C device to the console. 3
I2cSearch(murasaki::platform. i2c master);

Loop forewver
while (true) {

print a message with counter value to the console
murasaki::debugger->Printf("Hello %d ¥n", count);

update the counter value.
count++t;

wait for a while
murasaki::Sleep(500);

or followed by ? to see other options.

#1111 Push blue button to start the demo




AFTER BUTTON PUSHED

- An utility function
[2cSerch() is called.

N?=void ExecPlatform()
{

04 counter for the demonstration,
int count = 0;

07 Start LED blink
murasaki::platform. taskl->8tart();
waiting for the Button push.

{ murasaki::debugger->Printf("!1! Push blue button to start the demo ¥n");
2 murasaki::platform. b1=->Wait();

4 List up connected 120 device to the console.
I2cSearch(murasaki::platform. i2c master);

7 Loop forewver
while (true) {

print a message with counter value to the console.

21 murasaki::debugéér—)Printf("Helln %d ¥n", count);

update 1 he counter value.

1
|
|
Probing I2C devices 2 [/ updat
00 01 02 63 04 05 06 07 08 09 0A OB OC 6D OE OF 125 '
1
|
|
1
|

wait for a while
murasaki::Sleep(500);




INSIDE STARTED TASK

.- The started task just blinks
LED.

[40=void TaskBodyFunction(const void #*ptr) {

141
142 while {(true) dummy loop

143 {
14 murasaki::platform. led=>Toagle():
murasaki::Sleep(700);

togaoling LED

oW
‘)WTWIH

17
820

Xy

‘ OGD”UZ
ALy i

X




POWER OF NAME
SPACE

. Alt-/ shows the candidate of
the keywords/identifiers.

- This makes programming
easy

. Strict namespace of
Murasaki narrowing down
the candidate by minimum
timing.

0= void TaskBodyFunction(const void #ptr) {
1
2 while (true) // dummy loop
3 {
4 mul
g e N murasaki
7} * mutable
148

# MURASAKI ASSERT(COND

~~

0= void TaskBodyFunction{const void *ptr) |
1

2 while (true) // dummy loop

3 {

4 murasaki::

5 murasaki::

6

7

&

® debugger : Debugger *

~: platForm : Platform

}

fa—

~-

0= void TaskBodyFunction(const void #ptr) {
1

2 while (true) // dummy loop

3 {

4 murasaki::platform. L

? : murasaki::Sleep (700 g led : BitOutStrategy *

J

7} o logger : LoggerSktrategy *

~~

40= void TaskBodyFunction(const void *ptr) {
41

42 while (true) // dummy loop
{

44 murasaki::platform. led-3|

j? : murasaki::Sleep(700); o Clear(void) : void

47 '} @ Get{void) : unsigned int

149 @ Match(void * peripheral_handle) : bool

150 @ Set(unsigned int state = 1) : void

= = Toggle{void) : void




DEBUG : PRINTF

Let’s add Murasaki::debugger->Print() and run

counter for the demonstration
int count = B;

Start LED blink
murasaki::platform. task1->Start(); .
Type the escape character followed by C to ge
or followed by ? to see other options.

waiting for the Button push
murasaki::debugger-»Printf("!1| Push b
murasaki::platform, bl1->Wait();

® button to start the d

111 Push bhlue button to start the demo
murasaki::debugger->Printf("Hello, %d ¥n", 2020); Hello, 2026
||

List up connected I2C device to the console. —

I2cSearch{murasaki::platform. i2c master);

Loop forever
while (true) {

print a message with counter value to the console
murasaki::debugger-»Printf("Hello %d ¥n", count);




n2=void ExecPlatform()

{

DEBUG : ASSERTION

Let’'s add Murasaki::debugger->Print() and run

counter for the demonstration.
int count = 0;

Start LED blink
murasaki::platform task1->8tart();

waiting for the Button push.

murasaki::debugger=»Printf("!! LAush blue butten to start the demo ¥n" 1.
murasaki::platform, bl->Wait( )/

MURASAKI_ASSERT(1 == 2)

List up connected I2C device to the console,

3% Debug 22 |5 Project Explorer = B
& R I ¥
~[Enucleo-F446-64 [STM32 Cortex-M C/C++ /
~ i nucleo-f446-64.elf [cores: 0]

Sl NN J imdal 1L o
LU0 =1 L= L L) N R AT e =

Push button

Uod ol b Mo  EEEEFEE
T

iaealbaodloc
=

= prvPortStartFirstTask() at port.c:26

= xPortStartScheduler() at port.c:379
s fopt/st/stm32cubeide_1.3.0/plugins/c
pe ST-LINK (ST-LINK GDB server)

I2cSearch{murasaki::platform. i2c master):

takemasa@vm: ~/git/shared_Foo/script
Push blue button to start the demo

1! Assertion failure in function ExecPlatf
Fail expression == 2
Spurious exception or hardfault occured.
: Ox00000000
: OxFFFFFFFD

s B BLERLRLBLEL B B

Resume again

orm(), at line 114 of file murasaki platform.cpp !!




DEBUG : SYSLOG

Let’s add Murasaki::SetSyslogFacilityMask() and SetSyslogSeverityThreshold()

counter for the demonstration

int count = 0; takemasa@vm: ~/git/shared_foo/script

111 Push blue button to start the demo
66164, 0x200023e8, kfaExti, kseDebug: exti.cpp, line 199, Wait(): Enter
557825001, 0, kfaExti, kseDebug: exti.cpp, line 256, isReady(): Enter
557837878, 0, kfabxti, kseDebug: exti.cpp, line 264, isReady(): Exit with true
557851576, 0x200023e8, kfaExti, kseDebug: exti.cpp, line 238, Match(): Enter

Start LED blink
murasaki::platform. taskl->5ta

murasaki::SetSyslogFacilityMask(murasaki:: kfaExti); 557864315, 0x200023e8, kfaExti, kseDebug: exti.cpp, line 241, Match(): Matched. Exit with true
H . 557878601, 0x200023e8, kfaExti, kseDebug: exti.cpp, line 218, Release(): Enter
murasaki: .SetSyslngSererltyThreshnld{murasakl ’ -f'-'SE'ﬂE'-t'UE}, 55?891519: 0x200023es: kfaExti: kseDebug: exti.cpp: line 238: Match(): Enter
557904255, 0x200023e8, kfaExti, kseDebug: exti.cpp, line 241, Match(): Matched. Exit with true
waiting for the Button push 557918800, 0x200023e8, kfaExtil, kseDebug: exti.cpp, line 221, Release(): Matched and release
_ ; Y - 557933484, 0x200023e8, kfaExtil, kseDebug: exti.cpp, line 225, Release(): Exit with true.
nurasaki::debugger->Printf("!1! Push blue button to start the des 557951601, 0x200023e8, kfaExti, kseDebug: exti.cpp, line 211, Wait(): Exit with B

murasaki::platform. bl->Wait();

List up connecked I2C device to the console.
I2cSearch(murasaki::platform. i2c master);




DEBUG : TASK STACK HEADROOM

Let’s add member functions of TaskStrategy class

[0Z2=wvoid ExecPlatform()

murasaki:iaebugger=sFriniTl aTtack headroom 15 R4/ %0 F0
head room,
depth);

]

103 {

104 counter for the demonstration.

105 int count = 0;

106

107 Start LED blink

108 murasaki::platform. task1->Start(); : ~fqi i
o takemasa@vm: ~/git/shared_foo/script
110 waiting for the Button ‘E”TT] y 11! Push blue button to start the demo
111 murasaki::debugger-»Printf(" 11! PYfsh blue button to start the demo ¥n"): - _ . ) -

||l; murasaki::platfl:nrm.b1-.‘>'l'laitl:).' ‘_'L'L'ECL ht'adr[)[)l"'l 15 '1;250

113

114 int depth = murasaki::platform. taskl->getStackDepthi); /

115 int head room = murasaki::platform. taskl->getStackMinHeadroom();

116

117

I |

|

l




WE NEED ADDITIONAL SETTINGS

Pinout & Configuration ( C 0 Project Manager

O; E: FREERTOS Mode and Configuration

Categories Configuration
System Core > Reset Configuration
System Core Analog >
Analog b Timers >
d settin
Timers > ameters C Connectivity »

Connectivity > Multimedia »

USE_MALLOC_YAILED_HOOK Disabled
USE_DAEMON_YASK_STARTU... Disabled

Multimedia > Computing >

xSemaphoreGepMlutex.. Disabled

Computing CHECK_FOR_STACK_OWVERFLOW |Cption ~ Middleware
~ Run time and task stats gathering rela. q0isahled o m e ~ pcTaskGetTplkName  Disabled
Middleware GENERATE_RUN_TIME_STATS ! |Option] I uxTaskGetStackHighW... |Disabled v
N USE_TRACE_FACILITY Lg’ﬁ%%:ﬂ'“““' v RTOS xTaskGetCurrentTaskjh-Qisaled - oy
— USE_STATS_FORMATTING_FU... Disabled LB IPEG eTaskGetState | lCnabled |
~ Co-routine related definitions MBEDTLS XEventGroupSetBitFro.. Disabled
LIBIPEG USE_CO ROUTIMNES Disabled TimerPendFunctionCall Disabled

MBEDTLS



RESULT OF TASK HEADROOM

- We can see the “rest of
stack” for each task.

- The unit is byte.

o CheCk FreeRTOS M S & takemasa@vm: ~/git/shared_foo/script

Push blue button to start the demo

Configuration for details : Stack headroom is 214/256
= NROR STACK _OVE e EEE R L

RFLOW



DEBUG : HARD FAULT

{

2= void ExecPlatform()

counter for the demonstration.
int count = B;

Start LED blink
murasaki::platform. taskl->Start();
waiting for the Button push.

murasaki::debugger->Printf("1!1! Push blue button to sta
murasaki::platform. b1=->Wait();

typedef void (*FUNCTYPE) (void);

FUNCTYPE funcPtr = reinterpret_cast<FUNCTYPE>(D):
funcPtr();

List up connected I2C device to the console.

I2cSearchimurasaki::platform. i2c master):

| non forever

-2

takemasa@vm: ~/git/shared_Foo/script
11! Push blue button to start the demo

Spurious exception or hardfault occured.

RO
R1
R2
R3
R12
LR
PC
PSR
CFSR
HFSR
DFSR
AFSR
MMAR
BFAR

® EE BE BE FE S FE FE BE EE S BE EE S

-

Oxoooo0000
Ox00000000
Dx0o000007
Ox00000000
BXASASASAS
Ox080087F7
Ox00000000
Bx40000000
Ox00020000
0x40000000
Dx00000000
Ox00000000
OXEQOBED34
OxEOOBED38

(Note : To avoid the stacking by C compiler, use rele



DOCUMENTATION



IN THIS SECTION

- Location of PDF document
- Making Doxygen document
- Tour of Doxygen document
- WIKI



LOCATION OF PDF DOCUMENT

- murasaki/doc

- PDF document is same
contents with HTML
document

- Just a matter of format

{5 Project Explorer 231 BE% ¥ = 8
~Ih > nucleo-f446-64 [murasaki_sample master]
¥ Binaries
¥t Includes
* (= Drivers
¥ 2> Middlewares
3= Src
P (3 Startup
» @@ murasaki/src
* = Debug
b Gu> Inc
~zmurasaki [v3.0.0 84F391b] Merge pull request #128 frol
T [=zdoc
» Eximg
|7% DOCUMENTATION.md
|7 doxygen.css
[f murasaki.doxyfile
| refman.pdf
» ExInc
b B Sre




MAKING DOXYGEN DOCUMENT

Install Eclox, to create the document

I @"‘“@Hﬁ'ﬁﬁ
i Project Explorer EE] /ﬁé& ~ = B8 || ¢ murasaki
- ) > nucleo-f446-64 [murasaki_sample master] g;

rE-BiaTies 93 i
ol a4 mu
@]Incltfdes o m
¥ 5 > Drivers 96

2 i a7 mu
2 > Middlewares 0 n
P> Src a9

P (B3 Startup 100}

5 Project Explorer EEW & v =
8> nucleo-f446-64 [murasaki_sample master]
¥ Binaries

» mllIncludes
» (3 = Drivers
2> Middlewares
P> Src
» (3 Startup
» @ murasakifsrc
* == Debug
P g = Inc
(= murasaki [v3.0.0 84f391b] Merge pull request #128 froi
g doc
» =-search
= adau1361_shpp__dep__incl.map
= adau1361 8hpp_dep incl.md5
@ adau1361_8hpp_dep_incl.png
= adau1361 8hpp__incl.map
= adau1361 8hpp_ incl.md5
& adau1361_8hpp__incl.png




HTML DOCUMENTATION

- Classes and Functions are
grouped by “Module”

- “Murasaki Class Collection”
module is a list of the Modules
peripheral classes.

- Usually, application programmer
uses classes in this module.

Here is a list of all modules:

Murasaki API reference

Murasaki Class Collection
Third party classes
Definitions and Configuration
Application Specific Platform
Abstract Classes
Synchronization and Exclusive access
Helper classes
Utility functions

CMSIS

Murasaki Class Library soo

A peripheral controll class collections for the STM32 microprocessor f

Main Page ‘ Related Pages m Namespaces | Classes

Murasaki AP| referen

S5TM32 Class library
Classes for the third
Definitions and confi
Variables to control
Generic classes as t
Sync between the ta
Classes to support t
Collection of the use



MURASAKI CLASS COLLECTION

. Peripheral like UART, SPI,
I12C, ADC, GPIO, SAI, I2S
are controlled by these
classes.

. Algorithm class like
SimpleTask or DuplexAudio
are also listed here.

Murasaki Class Library soo

A peripheral controll class collections for the STM32 microprocessor family

Main Page | Related Pages N P | CI. | Files |

Murasaki Class Collection

Murasaki AP reference

STM32 Class library. More...

Collaboration diagram for Murasaki Class Collection:

Murasaki API reference |<—| Murasaki Class

Classes

class murasaki::Adc
STM32 dedicated ADC class. More...

class murasaki::Bitln

General purpose bit input. More...

class murasaki::BitOut

General purpose bit output. More...

class murasaki::Debugger
Debug class. Provides printf() style output for both task and ISR context. More...

class murasaki::DuplexAudio
Stereo Audio is served by this class. More...

class murasaki::Exti

EXTI wrapper class. More...

class murasaki::l2cMaster

Thread safe, synchronous, and blocking 10. Encapsulating 12C master. Based on §



DEFINITIONS AND CONFIGURATION

- These macros configures
Murasaki
- Buffer size
- Use of Debug

- To change the configuration,
define these macros in the
platform_config.hpp

Definitions and Configuration

Murasaki APl reference

Definitions and configuration collection of murasaki platform. More...

Collaboration diagram for Definitions and Configuration:

#define

fidefine

#tdefine

#define

fidefine

fidefine

#define

#define

fidefine

Murasaki API| reference |-1—| Definitions al

PLATFORM_CONFIG_DEBUG_LINE_SIZE 256
Size of one line[byte] in the debug printf. More...

PLATFORM_CONFIG_DEBUG_BUFFER_SIZE 4096
Size|byte| of the circular buffer to be transmitted through the serial port. Mon

PLATFORM_CONFIG_DEBUG_SERIAL_TIMEOUT (murasaki::kwmsindefinitel
Timeout of the serial port to transmit the string through the Debug class. Mor

PLATFORM_CONFIG_DEBUG_TASK_STACK_SIZE 256
Size[Byte] of the task inside Debug class. More...

PLATFORM_CONFIG_DEBUG_TASK_PRIORITY murasaki::ktpHigh
The task proiority of the debug task. More...

MURASAKI_CONFIG_NODEBUG false
Suppress MURASAKI_ASSERT macro. More...

MURASAKI_CONFIG_NOCYCCNT false
Doesn't run the CYCCNT counter. More...

NUM_OF_CALLBACK_OBJECTS 8

The number of the interrupt callback handling objects. More...

NUM_OF_EXTI_OBJECTS 8
The number of the EXTI callback handling objects. More...



SYNCHRONIZATION AND EXCLUSIVE
ACCESS

. Inter-task synchronization

Synchronization and Exclusive access

it Interrupt VS. taSk Murasaki AP reference
Synchronization

Sync between the task and interrupt. Make the resources thread safe. More...

. I nte r_ta Sk eXCI u Slve a Csses . Collaboration diagram for Synchronization and Exclusive access

Murasaki AP| reference |ag

Classes

class murasaki::CriticalSection

A critical section for task context. More...

class murasaki::Synchronizer

Synchronization class between a task and interrupt. This class provig




UTILITY FUNCTIONS

. Cycle counter control
. I2C device search

. Other functionality may
added

Utility functions

Murasaki APl reference

Collection of the useful functions. Maore...

Collaboration diagram for Utility functions:

Murasaki API reference

Functions

void murasaki::|2cSearch (murasaki::|2cMasterStrategy *master)

12C device serach function. More...

void murasaki::InitCycleCounter ()

Initialize and start the cycle counter. More...

unsigned int murasaki::GetCycleCounter ()
Obtain the current cycle count of CYCCNT register. More...




Main Page Related Pages Modul v Program flow

USAGE GUIDES Related Pages

Here is a list of all related documentation p

Application flow
HAL Assertion flow
Spurious Interrupt flow
Assertion flow
General Interrupt flow
EXTI flow

v Porting guide

- Beside of APIs, Murasaki

= v Pref: i
has different aspect of o a0 + CubelDE setting
P ti Iti-task i
documents. T Heap Size
. Usa ge Introduction $2::§[:T:-f:r:g[} logger E::sl:llc_l_s;a:rlnic :;z:;aclnf the default task
. Guard b rti ;

. Program flow explanation System Logging oy ster peripherd

P o) I‘tl N G g d T Cor:ﬁgLéraEblq ¢ 12C peripheral
° g ulge arget and Environmen EXTI

v Usage Introduction Configuration

Task Priority and Stack Size
Heap memory consideration
Platform variable
Routing interrupts
Error handling
Summary of the porting

Message output
Serial communication
Debugging with Murasaki.
Tasking

v Other peripherals

12C Master

12C Slave

SPl Master

SPI Slave

GPIO

Duplex Audio
v Program flow




CONFIGURATION OF PERIPHERAL

. Also, each peripheral class

describes :

- How to configure the device

- Interrupt handling
- IO operations

Detailed Description

The |2cMaster class is the wrapper of the 12C controller.

Configuration

To configure the 12C peripheral as master, chose |12C peripheral in the Device
NVIC interrupt.

System Core
Analog >

Timers Reset C-nfiguratiol

|
@ NVIC Settings

® FParameter

NVIC Interrupt T:

12C1 event interrupt /
12C1 error interrupt

Connectivity

FDCAN1

12C2

Also, pay attention to the 12C Maximum Output Speed. The default setting by

with an oscilloscope.

Reset Configuration

=1=)

@ DMA Setting



WIKI

- Murasaki project has its  sikandgitu / mursa
Own Wiki . 55 6 Pullrequests 0 Projects 2  Actions Wiki Security 0 R

Home

e S u p p | e m e n ta | i n fo rm a ti O n Seiichi "Suikan" Horie edited this page on 28 Dec 2019 - 2 revisions
will be placed here

Welcome to the Murasaki wiki!

Technical documentation

Step by step porting guide

( ’ Pull requesis Issues Marketplace

A guide of porting. Murasaki is easy to use, but porting is not simple. In this guide, we explain
the procedure of point with the screenshot of each step.
suikandgithub / murasaki

Other documentation

<» Code Issues 6 Pull requests 0 Actions Projects 2 Wiki

Links
STM32 HAL class library

Aggregation of the link to the outside resources. ST Nucleo, third party page and
methodologies.




HOW TO
CREATE YOUR
OWN
APPLICATION




IN THIS SECTION

- Create a new project to your Nucleo

- Configure the device by CubelDE Device Configuration Tool
- Clone Murasaki into the project

- Install Murasaki

. Set up the project to use Murasaki

- Build

- Adjust to the target Nucleo



CREATE AN C++ PROJECT FOR YOUR
NUCLEO

. First of all, create a new
STM32 Project into your
work space.

File Edit Source Refactor Navigate Search Project Run Window Help

= PRET Makefile Project with Existing Code -
F - | > N > ST M 3 2 Open File... C/C++ Project
o I e eW ™ Open Projects from File System... -MP

Recent Files > STM32 Project From STM32CubeMX .ioc File

Project L

Convert to a C/C++ Project (Adds C/C++ Nature)
Source Folder

Folder

Source File

Header File

File from Template
Class

Other...

Convert Line Delimiters To




SPECIFY THE CORRECT NUCLEO
NAME

- Follow the procedure :
1. Select board selector ® () STM32 Project

2. Type the Nname Of the Nucleo Target Selection
to the Number search Select STM32 target

3. Select correct Nucleo board

4. Then, click “Next” 7
2 O
Part Mumbeg/Aearch hd

44| v
MNUCLEO-FA4ERE

MUCLEO-FAIAEZE

e STM 3244A6E-EVAL




SPECIFY THE PROJECT NAME

- Follow the procedure :

1. Specify the name in to Setup STM32 project
“Project Name” Project
17, Project Name m—nucleo—446|
2. Make sure to select the “C++ © e sepro
aS the Ta rget La nguage Location: /home/takemasa/STM32CubelDE/workspace_foo Browse...
3. Then click “Finish” Options
- . Targ age
Regarding the default pin g]m
State and EClese perSDECtlve, TargetedBinary'I’_ype
C||Ck OK for' a Whlle © Executable () Static Library
. - B} Targeted Project Type
5. Now, the Device Configuration © sTM32cube O Empty

Tool appears

@ <Back | Next> | Cancel Finish




CONFIGURE THE FREERTOS

- Choose CMSIS V1 as
FreeRTOS interface.

. Set the Minimal_stack size
as 256

- This will increase the stack size
of the default task

FREERTOS Mode and Configuration

Interfage [CMSIS_V1

System Core >
Analog >
Configuration
Ti >
fmers Reset Configuration
Connectivity >
Multimedia 5 /) Config parameters
v < =] e el W 1al o

Computing >
Middleware

FATFS
' FREERTOS

[N =] = -

MBEDTLS ~ MPU/FP

Disabled
Enabled

TE_HZ 1000
MAX_PRIORITIES 7
MINIMAL_STACK_SIZE 256
MAX_TASK_NAME_LEN 16




CONFIGURE THE HEAP SIZE

- Set TOTAL. HEAP_SIZE
12kB or more.

- Murasaki uses FreeRTOS
heap for all activity.

. At least 12kB is require.

Pinout & Configuration C

Additional Software
FREERTOS Mode and Configuration

nfiguration

o] ®

Categories | A-=Z

Interface [CMSIS_V1 w
System Core ?
Analog ?
Configuration
Timers >
Reset Configuration
Connectivity ?
Multimedia ? @ Incl
aters
Computing »
fradir] © © o
Middleware ~ USE_TICKLESS_IDLE Disabled
- USK TASK_MNOTIFICATIO.. Enabled
FATFS RECYORD_STACK_HIGH_.. Disabled
" FREERTOS ~ Memory management settings
LIBJPEG Merry Allocation Dynamic / Static
MBEDTLS

TOTAL _HEAP_SIZE 15360 @
Memory Management sc... heap_4
~ Hook function related definitions




CONFIGURE THE UART

- Nucleo Uses one UART as USB
serial port.

- The port is up to the Nucleo
. UART
- USART
- LPUSART

- By default, appropriate port is
asynchronous, by CubelDE

- Make sure the parameters are:
- 115200bps
- 8bit
- No parity
- 1 stop bit

Q v]

Categories | A-wz

Connectivity

-

CAN
CANY
FMPIECT
12cl
l2cz
12C3
QUADSPI
5010

@ sPI
SPIZ
SPI3
UARTH
UARTY

LISARTE
LUSB_COTG_FS
USBE_OTG_HS

Multimedia

USART | |

MVIHE Settings

@ Parameter Settings

" Basic Parameters

Baud Rate
Waord Length
Parity

Stop Bits

~ Advanced Parameters

Data Direction
Cwver Sampling

115200 Bits/s
2 Bits (includin
MNone

1

Receive and Tra

16 Samples



CONFIGURE THE UART NVIC

- Check the Global interrupt

CANT
CANZ
FMPI2C]T
12l
1zcz
12C3
QUADSPI
sDIo
@ sPI
SPI2
SPI3
UART4
UARTS
USART
LUSART3
USARTS
USB_OTG_FS

USARTZ Mode and Configuration 1
Mode

Mode [Asynchronous ~|

Hardware Flow Control (R5232) [Disable v|

Configuration

Racat anfia ratinn

@ NVIC Settings
- 2] @ Use

NVIC Interrupt Table Enabled| Pireemption Priorit
USARTZ global interrupt 5

Sub Priorit

]



CONFIGURE THE UART DMA

. Follow procedure :

e =

Select the DMA settings
Add a DMA

Configure it as TX

Add one more DMA
Configure it as RX

Leave the Mode and Width as
default

- Normal
- Byte

USART2 Mode and Configuration

Mode [Asynchronous ~|

Hardware Flow Control (RS232) [Disable |

Configuration

Reset Configuration

@ Parameter Settings ® User Constants ® NVIC Settings & DMA Settings @ GPIO Settings
DMA Reguest

USARTZ2_RX DMAT Stream 5 Peripheral To Memaory Low
USARTZ_TX DMAT Stream 6 Memory To Peripheral Low
Add Delete

+DMA Request Settings

Peripheral Memary

Maode Increment Address O
Use Fifo [ Threshold I:l Data Width Byte




CHANGE THE TIME BASE

- QubeHAL uses its own time
b ase rm my-nucleo-446.ioc 231

- By default, this time base is Pinout & Configuration
SysTick

- Also FreeRTOS uses it.

SYS Mode and Configuration

Debug|Serial Wire
] system Wake-Up ©

- Follow the procedure : -
1. Select “System Core”
2. Select “SYS”

3. Choose any Timebase Source
except SysTick

Timebase Sourde |SysTick ~
TIME

TIMS

TIM10O

TIM 11
TIM12

rning: This IP has {|/M13 onfi
TIM 14




CONFIGURE THE CLOCK (F722 ONLY)

- CubelDE has bug of Nucleo  _____ _
F722 clock configuration —

- Follow the procedure to fix :
1. Select “Clock Configuration”

2. Change the “Input Frequency”
to 8 MHz.

- By default, it is 25MHz




CHECK THE NAME OF LED PIN

- We use LED pin in the
Skelton code

- Check the name of LED pin
- It is board dependent




GENERATE A CODE

- Now, time to generate a
code.

- Once generated, type Ctrl-B
to build.

- Build must be OK.

e Search Project Run Window Help

Pinout & Configuratio

Joc
TX_FLASH.ld
Input frequ

TX_RAM.Ild -




OPEN THE PROJECT LOCATION

- This is most tricky part.

. If you have installed
EasyShell, execute ”Open
with default Application”

- On Linux, project location is
opened by Nautilus file browser

- On Windows, project location is e o
opened by command prompt e
window Shown

- If you have not installed
EasyShell, go to the project
by yourself



OPEN THE SHELL WINDOW

. Linux only

- From the context menu
open the shell window

workspace foo my-nucleo-446

- - _—

Core Debug Drivers
Middlewares STM32F446RETX_ STM32F446RETX_
FLASH.ld RAM.ld

FLWITAHILY —(F)
+nucleo-446.ioc LU KF2 4 MD)

HELEIFAINEETT...

iR CBE<(E)




SHELL WINDOW IS OPEN

- Shell window is located at
project

" takemasa @ m: ~/STM32CubelDE/workspace_Foo frny ucleo-446

- Make sure the project T =
7 Debug Middlewares 5T|"‘13 F44 RETK RF«I‘-'I ld
Contents EX|St : emasa@vm:i;‘s ubeIDE/ |~".p-.'j-:=:_1'-:1-:1,-" cleo-4465

- Now, we are ready to clone
the Murasaki repository



COPY THE REPOSITORY URL

O Pull requestis Issues Marketplace Explore A +-
suikan4githul) / murasaki ®@Unwatch~ 1 % Star 5 2
<> Code Issues 6 Pull requests Actions Projects 2 Wiki Security 0 Insights Setlings
STM32 HAL class library Edit
freerios stm32 cubemx stm32cube murasaki Manage topics
-0- 295 commits ¥ 2 branches M 0 packages > 10 releases 1127 utors s MIT

Branch: master -

New pull request
. suikandgithub Merge pull request #128 from suikandgithub/develop

i .github/ISSUE_TEMPLATE Update issue templates

il Inc

Make sure the protocol
e is HTTPS
il doc Update for reglease

Create new file = Upload files = Find file |- Clone or download -

Clone with HTTPS @ se SSH

Li=z=5i or checkout with SVN using the web URN.

https://github.com/suikandgithub/mura g1

not appro,
pprop Download ZIP

6 days ago




CLONE THE REPOSITORY

M & @ takemasa@vm: ~/STM32CubelDE/workspace_foo/my-nucleo-446

takemasa@vm:~/STM32CubeIDEfworkspace_foo/my-nucleo-4465 1s

Core Drivers STM32F446RETX_FLASH.ld my-nucleo-446.1i0c

Debug Middlewares STM32F446RETX_RAM.1ld
takemasa@vm:~/STM32CubeIDEfworkspace_foo/my-nucleo-4465 git clone https://fgithub
.com/suikandgithub/murasaki.git

Cloning into 'murasaki'...

remote: Enumerating objects: 197, done.

remote: Counting objects: 100% (197/197), done.

remote: Compressing objects: 100% (179/179), done.

remote: Total 1898 (delta 119), reused 91 (delta 15), pack-reused
Receiving objects: 100% (1898/1898), 12.066 MiB | 5.31 MiB/s, done
Resolving deltas: 100% (1341/1341), done.

Checking connectivity... done.

takemasa@vm:~/STM32CubeIDE /workspace_foo/my-nucleo-4465 [

git clone https://github.com/suikand4github/murasaki.git
|



INSTALL MURASKI TO PROJECT

takemasa@vm: ~/STM32CubelDE/workspace_foo/my-nucleo-446/murasaki

# Linux B REM Windows
cd Murasaki : cd Murasaki
wsl ./install

remote: Counting objects: 100% (9

remote: Compressing objects: 180% done.

remote: Total 1898 (delta 119), reused S alta 15), pack-re
Receiving objects: 100% (1898/1898), 12.06 MTH

Resolving deltas: 100% (1341/1341), done.

Checking connectivity... done.
takemasa@vm:~/STM32CubeIDE/workspace_foo/my-nucleo-446% cd murasaki/
takemasa@vm:~/STM32CubeIDEfworkspace_foo/my-nucleo-446/murasakis ./install
Found ../Core/Src as the source directory.

Found ../Core/Inc as the include directory.

Found ../Core/Startup as the startup directory.

template files copied

../Core/Ssrc/main.c modified.

..fCore/Startup/startup _stm32f446retx.s modified.
../Core/Ssrc/stm32f4xx_it.c modified.
../Core/Inc/murasaki include stub.h created.
takemasa@vm:~/STM32CubeIDE/workspace_foo/my-nucleo-446/murasakis [




WHY DO WE NEED INSTALLATION?

- There are several point which CubelDE Skelton calls Murasaki.
- InitPlatform()
- ExecPlatform()
- HAL's assertion failure hook
- Spurious Interrupt
- Hard fault

- These call must be coded by programmer
- No weak binding routines

- The installer script is the best way to avoid the routine works



REFRESH THE PROJECT

- While we installed on the
shell command, Eclipse
doesn’t know that

. Follow the procedure :

1.

2
3.
4

Select project
Open the context menu
Execute “Refresh”

Now, you can see “Murasaki
in the project

144

&5 Project Explorer &2

- E my-nucleo-446
¥ Binaries
* i Includes
} B Core
» & Drivers
¥ 2 Middlewares
* =Debug
[ my-nucleo-446.ioc

[id STM32F446RETX_FLASH
[Z STM32F446RETX_RAM.Id

1 nucleo-f446-64
0 nucleo-g431-64

S ¥ = 0 Immy—nucll

,-

New

Go Into

P EasyShell

Openin New Window
Show In

IB Copy

* Delete

Source

Rename...

£ Import...
1 Export...

Build Project

Clean Project

C e
Close Project E A



OPEN THE PROPERTY

- Now, we open the project to

n
n
set
File Edit Source Refactor Navigate Search Project Run Window

- Include directory _—
° Source dlreCtOry llﬁProjectExplorerE@

- /e my-nucleo-446

» 3> Binaries

* mil Includes

* 2 Core

» 2 Drivers

» 2 Middlewares Build Automatically

* & Debug Build Targets

* (=murasaki
[ my-nucleo-446.ioc
[@ STM32F446RETX_FLASH.Id MY Generate Report
[T STM32F446RETX_RAM.|d i Generate Code

0 nucleo-f446-64

1 nucleo-g431-64

Close Project

B Build Al

Build Configurations
Build Projec

Build Working Set
Clean...

C/C++ Index

Properties

Help

» Confi




ADD INCLUDE PATH

- Follow the procedure :
. Open “C/C++ General”

type Filter text Paths and Symbols - - -

11 144

. Se | eCt Pa t h S a n d Sy m bo | S ' Ssisll;t:r;e Configuration: | Debug [ Active ] v | | Manage Configurations...
11 n _

. Se | eCt I n Cl u d eS ta b ] >CJC++ Genera! 3 2includes | # fymbols  miLibraries  ®LibraryPaths  (BSourceLocation >

Documentation 5

1

2

3

4. Select “GNU C++" T D et e s oo o
5

6

7

Formatter 4 Edit...

Indexer ;.9MIddlewares{Third_Party/FreeRTOS[Suurce{pm
I o o = = Dri CMsIS/includ L
IC Language Mappings o 1 Drivers/ finclude Delete
- {= Drivers/STM32F4xx_HAL_Driverfinc

Paths and Symbols
P 2 o - g (= Core/inc EEEERIE

- W rlte 1 m u r.a Sa kl /I n C cmsng-svoaat gDrivers{cMSIS{DEVI:E{ST]STMBZM)D(ﬂncll.lde
Project References =g Add direct 4]
- Y7 7/ Run/Debug Settings = BTreciory — |
Click “OK Vi

L F

» Task Repository

Using relative pat |_| murasaki/ind
-

Show built-in><w€ (] Add to all configurations Variables...

- ingsal () Addtoalll '

port Settings.. - 0 all languages workspace...
[ = Is aworkspace path .

File system...
| OK Cancel _
@ \ ) ' B
T —

murasaki/Inc



ADD SOURCE LOCATION

- Follow the procedure :

1.
2.
3.
4

14

Select “Source Location
Click “Add Folder---"”
Select “murasaki/Src”
Click “OK”

type Filter text

} Resource
Builders
+ C/C++ Build
- C/C++ General
» Code Analysis
Documentation
File Types
Formatter
Indexer
Language Mappings
Preprocessor Include
CMSIS-SVDERE
Project References
Run/Debug Settings
» Task Repository

Paths and Symbols

Configuration: | Debug [ Active ]

£ Eincludes # symbols  =hLibraries [E&LibraryPths.I @source Location |

Source folders on build path:

» = /my-nucleo-446/Core

» = /my-nucleo-446/Drivers

* = /my-nucleo-446/Middlewares

-

Manage Configurations...

2 | Add Folder...|

Edit Filter...
Delete

select a Folder from workspace:

= <root folder>
= .settings
» = Debug
~(=murasaki
» . git
» = .github

[Tt P

¥ (=Inc
q _ " [ Arply

_ply and Close

L

CDT Build




BUILD MAY FAIL

The result of build is up to
Nucleo board

F722, F746, H743 : No error
NUC|eO 64 . g Problems ¥ Tasks B console 22 [0 Properties o 4 /E L&

CDT Build Console [my-nucleo-446]

1 arm-none-eabi-g++ .. /Lore/Src/murasak)_plattorm, cpp -mcpu=cortex-md -std=gnut+14 -g3 -DUSE HAL
M UART port I I Iay be dlffere nt arm-none-eabi-gcc "..{Eore{Src{stmEZﬂH hal msp.c¢” -mepu=cortex-m4 -std=gnull -g3 -DUSE_HAL DRI
arm-none-eabi-gce .. /Core/Src/stm32f4xx_hal timebase tim.c” -mcpu=cortex-m4 -std=gnull -g3 -DUS
- arm-none-eabi-gce .. /Core/Src/stm32f4xx_it.c” -mcpuscortex-md4 -std=gnull -g3 -DUSE HAL DRIVER -
° LD nal | Ie | | Iay be dlfferent arm-none-eabi-gce "../Core/Src/syscalls.c” -mcpu=cortex-m4 -std=gnull -g3 -DUSE HAL DRIVER -DSTM
arm-none-eabi-gce "../Core/Src/sysmem.c” -mcpu=cortex-m4 -std=gnull -g3 -DUSE HAL DRIVER -DSTM32
arm-none-eabi-gce .. /Core/Src/system stm32f4xx.c” -mepu=cortex-m4 -std=gnull -g3 -DUSE HAL DRIV
arm-none-eabi-g++ -o "my-nucleo-446.elf” @"objects. List”  -mcpu=cortex-m4 -T"/home/takemasa/STM

Core/Src/murasaki platform.o: In function “InitPlatform’:

F I X d e e n d S O n th e ta r et /home/takemasa/STM32CubeIDE /workspace foo/my-nucleo-446,/Debug/. . /Core/Src/murasaki platform. cpp:
L] collect?: error: ld returned 1 exit status

make: #**k [makefile:65: my-nucleo-446.elf] Error 1
"make =j4 all” terminated with exit code 2. Build might be incomplete.

22:44:48 Build Failed. 2 errors, 0 warnings. (took 3s.600ms)




FIX THE UART PORT IDENTIFIER

- The correct UART port is
defined in main.c

- Apply this identifier to the
murasaki_platform.cpp

.@ murasaki_platform.cpp &2

39

*;/

4=/, Following block is just sample.
‘/ Original declaration is in the top of main.c.

41
42
43
44
45
46
47
45
49
50

81

#if o0

extern I2C HandleTypeDef hiZcl;
extern I2C HandleTypeDef hiZc2;
extern 3PI _HandleTypeDef hspil;
extern SPI_HandleTypeDef hspi4;
extern UART HandleTypeDef huart2;

flendi f
extern

»
voi

UART HandleTypelQdf huart3;

PLATFORM Prototypes

skBodyFunction{const void #ptr);

PLATFORM Implementation

f Initialization of the asystem.

552 void InitPlatform()

i

ffif | MURASAKI CONFIG_NOCYCCNT
'/ Start the cycle counter to measure the cycle in MURASAKI SYSLOG,
murasaki::InitCycleCounter();

ffendi f

' On Nucleo,

 UART device setting for console interface.
the port connected to the USE port of ST-Link is

[ main.c 5:31
43 /+ IUSER CODE END PM */
44
45 .."‘ :-‘I ;Ur]l.!.. vl ;r]h:.\...:.
46 | UART HandleTypeDef huart2;
47 DMA HandlelypeDet hdma usart2 rx;
45 DMA HandleTypeDef hdma usart2 tx;
49
50 osThreadId defaultTaskHandle;

51

‘# USER CODE BEGIN PV =#/

! referred here.
measaki::platform.uart console = new murasaki;:Debugger®
while (nullptr == murasaki::platform.uart _console)

t{&huart3);

! stop here on the memory allocation failure.




ADJUST THE LED IDENTIFIER

- The LED name is generated

_ . . i€l murasaki_platform.cpp Eﬂ]
by the Device Configuration
54
T I BE /% PLATFORM Implementation */
56
OO 57 // Initialization of the asystem.
S8=void InitPlatform()
59
. G0 #if | MURASAKI _CONFIG NOCYCCNT
° PO rt na me a nd PI n na me 61 / Start the cycle counter to measure the cycle in MURASAKI SYSLOG.
62 murasaki::InitCycleCounter();
. 63 Hendif
have to be ad usted 64 '/ UART device setting for console interface.
65 '/ On Nugleo, the port connected to the USB port of ST-Link is
66 '/ referred here.
LD GPIO P t 67 nurasaki::platform uart_console = new murasaki::DebuggerUart(&huart3);
O X Or 68 while (nullptr == murasaki::platform.uart console)
A — 69 + // stop here on the memory allocation failure.
H 70
o LDX Pln 71 '/ UART is used for logging port.
- 72 '/ At least one logger is needed to run the debugger class.
73 mut_'asaki::platform. logger = new murasaki::Uartlogger{murasaki::platform. uart cons
74 while (nullptr == murasaki::platform. logger)
75 : // stop here on the memory allocation failure.
76
77 '/ Setting the debugger
78 murasaki::debugger = new murasaki::Debugger(murasaki::platform. logger);
79 while (nullptr == murasaki::debugger)
a0 : // stop here on the memory allocation failure.
a1
82 '/ Set the debugger as AutoRePrint mode, for the easy operation.
83 murasaki::debugger->AutoRePrint(); // type any key to show history.
84
85 '/ For demonstration, one GPID LED port is reserved.
86 '/ The port and pin names are fined by CubellE.
87 murasaki::platf led = pew-mrasaki o tony(LD2 GPID Port, LD2 Pin);
ASSERT(nullptr != murasaki::platform. Ted;J
89




FINALLY WE CAN RUN

- Build the target
- Debug the target

takemasa@vm: ~/git/shared_Foo/script

Escape character: Ctrl-\ (ASCII 28, FS): enabled
IType the escape character followed by C to get back,
or followed by ? to see other options.

- And then, resume




FURTHER PROGRAMING WITH
MURASAKI

. Platform variable is defined in Inc/platform_def.hpp
- Programmer must modify the Murasaki::Platform type
- And must configure the device by Device Configuration Tool
- And then Initialize them

- There is no Global Interrupt Mask
- Murasaki assumes the peripheral I0 control is in task context
- Thus, inter-task exclusive access is enough

- If you need to control the IO which is not covered by
Murasaki

- You can control them through the HAL in a Murasaki task
- You can use its HAL callback as you want
- Murasaki doesn’t interfere such the IO



SUMMARY



MURASAKI

. A class library for STM32 series

- Multi-task native
- Synchronous and blocking IO
. Strict name space and IDE’s name completion helps coding

- Automatic interrupt handling
- Rich debugging method

. Supporting multiple STM32 MCU series
- Hosted and managed by GitHub repository / tools

- Documentation by Doxygen



THANKS & STAY HOME



