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Objectives

- Hands-on workshop to show you the steps needed to
quickly simulate and develop STM32 graphical
applications using MATLAB® Simulink environment.

* Know tools installations and settings to be able to start
development.

- Know Simulation and « C » Code Generation possibility
» Know how to develop application from scratch

- Know where to obtain additional technical support
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Systems Check

- Mandatory Software

* From Mathworks

« MATLAB®, Simulink and Embedded Codeﬁ
* From STMicroelectronics

+ STM32CubeMX &/
* One of following Toolchalin

« EWARM from IAR 2§

- MDK-ARM from Keil N4

* TrueSTUDIO from Atollic E
- SWA4STM32 from STMicroelectronics £

» STM32-MAT/TARGET toolkit to develop STM32 applications

- Hardware

« Any electronic application board with STM32 and SWD/JTAG connection.
« STLinkV2 or 3" parties dongle if not integrated to STM32 application board.
« USB to Serial adapter.

Lys P
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http://www.mathworks.com/
http://www.st.com/
http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF259242?s_searchtype=partnumber
https://www.iar.com/iar-embedded-workbench/downloads/
http://www2.keil.com/mdk5/
http://www.atollic.com/index.php/targets/armtargetsupport
http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF261797?s_searchtype=partnumber

Pre-requisites



Pre-requisites mm
» STM32CubeMX Q)

&

. Y

« Have a look to STM32CubeMX videos to know how &
using this powerfull tool.

FEATURED VIDEOS See All

STM32CubeMX in S points  &y7 1 be — O W e

soution 50 ease your |

Lasts 9 minutes and 12 seconds Lg ts 6 minutes and 44 seconds

v}
57 vt D e 04"




Pre-requisites

s

* Toolchain 8 é
* You must be confortable with one of following :
toolchain.

WJE
e Ewarm from IAR ﬁ

Embedded Workbench for Arm (Ewarm)

* pVision from Kell m
 TrueSTUDIO from Atollic a
o

« SWA4STM32 from ST 9
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Hardware setup



Step #1 — Hardware selection mm

» Use one of STM32 boards including STLink

* Nucleo, Discovery, EvaluationBoard etc...
« STM32F3348-DISCO and STM32F429i-DISCO
will be used during examples.

|

gy S 3 |
Nucleo Board  Discovery Board Evaluation Board

* Or STM32 application board connected to SWD (Single
Wire Debug)/JTAG dongle.
« STLink, ULink2, JLink etc..

T T Vi N
’ > Rk % . .g}/
. A S BIKEIL ULINK2 &,
:\.ﬁ y E 7 . % /
STLink ULink2 JLink



Step #2 — Hardware connection
)

» Connect USB dongle port to PC USB port

* And connect STM32 HE10 20 pins dongle connector to STM32 target board

- Exemple:

Connect HE10 20 pins STLink dongle connector
to HE10 20 pins connector of

STM32 Evaluation Board on the other side.

Exemple: Connect STLink
dongle USB to PC on one side.

Exemple: Connect USB PC port to STLink USB port embedded in
STM32 board.

Usually, all ST recent boards embedd
STLink tool.
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Step #3 — Hardware connection
L)

* As soon as you are using ST-LINK

* ook at
http://www.st.com/web/catalog/tools/FM146/CL.1984/SC720/SS1450/PF2511687s
searchtype=parthumber

» « Related Tools and Software » section to check or update firmware

Related Tools and Software

Part Number Description

STSW-LINKOO4 STM32 ST-LINK utility

STSW-LINKOOS ST-LINKNZ2 firmware upgrade

STSW-LINKOODS HfSﬂlﬂr'li'l:llai QE:EET_U” kV2, ST-LinkWV2-1 USB driver signed for XP, Windows7,

Lys
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http://www.st.com/web/catalog/tools/FM146/CL1984/SC720/SS1450/PF251168?s_searchtype=partnumber

Software setup



Quick description of tools

4\ MathWorks

High level language for complex

MATLAB® calculation

Graphical development environment
N Complete environment of simulation
Simulink

and implementation of embedded
systems.

Embedded

Coder

Lys
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C code generation for embedded
system.
Embedded system interface

STM32Cube
Embedded
Software

7]

Collection of embedded
software components, highly
portable from one STM32 to
another

STM32CubeMX

Q
T L1
SN

Configuration software tool
on the PC, able to generate
initialization C code versus
user choices

q)

Toolchain

One toolchain from partners or
ST is required to compile and
link C code generated by
Embedded Coder,
STM32CubeMX and
STM32Cube embedded software

©IAR

SYSTEMS

DZlKElE Elatollic

Tools by ARM




Step #1 — Software installation

* Install MathWorks software (R2015b or later)
« MATLAB®, Simulink, Embedded Coder are mandatory

« Add-ons : SimPowerSystems, Simscape and Staflow for motor control
applications if needed.

* http://www.mathworks.com

* Install STM32CubeMX

 Download and documents available from : www.st.com/microxplorer

- Install toolchain (Cf Slide 3 : « Systems Check »)

» Cf Slide 3 « Systems Check » to get link to supported 3rd parties
download area.


http://www.mathworks.com/
http://www.st.com/microxplorer

Step #2 — Software installation

- Install STM32-MAT/TARGET

+ STM32 embedded target for MATLAB® and Simulink
This toolkit is mandatory to integrate STM32 to MathWorks tools.

Download and documents available from : click here
Unzip « stm32-mat_target.zip »

Run «STM32MatTarget xx_setup.exe » (xx = software version)
Default installation path is « C:\AMATLAB\STM32-MAT » repository

i Y
) STM32-MAT - InstaliShield Wizard ]

Destination Folder
Click Mext to install to this folder, or dick Change to install to a different

Install STM32-MAT to:
C:\MATLAB'\STM32-MAT),



http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF258513?s_searchtype=partnumber

Step #3 — STM32-MAT/TARGET integration

< A
W B

* Integrate STM32-MAT/TARGET to MathWorks flow
1. Open MATLAB®
2. Enter « pathtool » command from CommandWindow

4\ MATLAB R2015b

'ﬁl}' - =] Find s & E Liz, New Variable | Analyze Code @

ti > Open Variable fi7 Run and Time

Mew Mew Open ll_=| Compare  Import Save Simulink
Script w - Data Workspace [ Clear Workspace w [ Clear Commands w  Library
FILE YVARIABLE CODE SIMULINK

<@ = 5 E Ly Gy MATLABR » STM32-MAT » STM32 »

Current Folder N | Command Window

Mame = J > pathtool
add5Src
blks
CRL
html
pil
rtw
script
5TM32demos
'@] MCD-5T Liberty SW License Agreement V2. pdf
ﬂ Readme.htrmnl

r startup.bat
) /4
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3. Click « Add with Subfolders... » button on « Set path » window.

4. Select STM32 installed path
« Default path :C:\MATLAB\STM32-MAT\STM32

4 3 MATLAB - Mame
4 | STM32-MAT
| addSrc
| 4 | STM32 |
| blks
= o addSrc .

5. Click « Save » then « Close » button.

4\ Set Path =@ = |

All changes take effect immediately.

MATLAE search path:

Add Folder... .. C\Program Files\MATLAB\R2014b\toolbox\matlab\testframework -

I J Ch\Program Files\MATLAB\R2014b'\toolbox\matlab\demos B
. C\Program Files\MATLAB\R2014b\toclbox\matlab\graph2d

. C\Program Files\MATLAB\R2014b\toclbox\matlab\graph3d

, Ch\Program Files\MATLABYR2014b\toclbox\matlab\graphics

|l Add with subfolders...

Move to Top

)
)
)
)
Move Up o CA\Program Files\MATLAB\R2014b\toolbox\matlab\graphics\obsolete
. C\Program Files\MATLAB\R2014b\toolbox\matlab\plottools
I/ CA\Program Files\MATLABY\R2014b'\toclbox\matlab'scribe
. C:A\Program Files\MATLAB\R2014b\toolbox\matlab\scribe\obsolete
. C\Program Files\MATLAB\R2014b\toolbox\matlab\specgraph
)
]

J Ch\Program Files\MATLAB\R2014b'\toolbox\matlab\uitools

Move Down

Move to Bottom

=

| = P ..l... e :

Remove

il

save || Close |[ Revet |[ Defaurt |[ Hep |

6. Simulink is then ready to design STM32 application.
Kys

life.augmented



Scenarios and Tools usage



Simulation / PIL / Code Generation

Step 1: Pure simulation [ MATLABG) ]
imulin
» Everything done on the PC. Only MATLAB® and Simulink are needed

Step 2: Processor-in-the-loop (PIL)

MATLAB®/ [ STM32Cube )

 Algorithm fully executed on STM32 Simulink Embedded
+ Data (Input or output) exchanged between \__Software Toolchai
MATLAB®/Simulink and STM32 via UART | Embedded cooen

Coder STM32CubeMX

*: used only for UART

Step 3: Everything on STM32

MATLAB®/ | [ STM32Cube |
« Data (input or output) obtained within Simulink Embedded
STM32 through its peripherals (ADC, [ Software .
Timers, ...) and algorithm fully executed on | Embedded Toolchain
STM32 Coder STM32CubeMX

Scenarios are independent and can be done individually

Lys
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Scenarios
- Simulink graphical applications can : 1

* Be Simulated on PC.
« MATLAB® and Simulink needed only.

* Process Simulink data on STM32 target
e MATLAB®, Simulink, STM32CubeMX, one toolchain and STM32-
MAT/TARGET must have been installed.

» Generate C code project for this application
e MATLAB®, Simulink, STM32CubeMX, one toolchain and STM32-
MAT/TARGET must have been installed.

» External Mode
e MATLAB®, Simulink, STM32CubeMX, one toolchain and STM32-

MAT/TARGET must have been installed.

- Simulink model must be created and configured to be able to develop
STM32 graphical applications.

Lys
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Simulink model setting



Simulink Model Setting 1/5

New Variable
. . . EIE L L] Find Files & E e m.i
* From MATLAB® IDE click New>Simulink Model New |Wew| Open (L |compars ot  Save BTN
. . . . . Script - Data \Workspace Clear Workspace
to open a new Simulink graphical application : v
= | seript Ctri=N RRREE
mOdeI * * — reynaudp * Documents » MATLAB »
[ g untited (ole || Curen LEJ Function Command Window
File Edit View Display Diagram Simulation Analysis Code Tools Hel =» pathtool
N play E;E — - P - " @ @ Example ﬁg .
- Ee-=- v 0o fioma 1) @ - .
untitled I Class
® [Baluntited M =i System Object >
& —
3 Figure
= Graphical User Interface
Command Shortcut
& Simulink Model
Ready 100% oded5
(] stateflow Chart
7] simulink Project >
||

* Then application parameters must be set for
STM32 target.....

Lys
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Simulink Model Setting 2/5

» Open Configuration Parameters window and select Code Generation
r*i untitled

File Edit View Display Diagram  Simulation

= - § sle =

* Click « Browse... » button to select
stm32.tcl as System target file

Anal

§ —— N
untitled &4 Configuration Parameters: untitled/Configuration (Active) == g
. Select: Target selection -
[P untitied |
I — Salver System target file: grt.tic Browse.
Data Import/Export
—ne I Optimization Language: = v]
-Q I Diagnostics
o Hardware Implementation Build process
Model Referencing
I Simulation Target Toolchain settings
Ll Code Generation
Report Toolchain: [Automatlcally locate an installed toolchain - ] [ validate
g;:nngr:)tla;ts Microsoft Windows SDK v7.1 | nmake (64-bit Windows)
o L hl .
S:gtuogm Code Build configura i System Target File Br R ntitied g - | Show settings
Interface System Target File: Description:
autosar.tlc RUTCSAR -

Code Generati

ert.tlc Embedded Coder

Lys
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Select objectivi || ert.tlc
ert_shrlib.tlc
grt.tlc

grt.tlc

idelink ert.tlc
idelink grt.tlc
realtime.tlc

Check model b

[ Generate codI

[7] Package code

rsim.tlc
rtwsfcn.tlc

* Click « OK» button

Create Visual C/C++ Solu]
Embedded Coder (host-basi
Generic Real-Time Target
Create Visual C/C++ Solu
IDE Link ERT

IDE Link GRT =

Run on Target Hardware
) ooy

Check Model...

m

Rapid Simulation Target
S5-Function Target

stm3z2.tlc stm32 (Embedded Target) [_
| Tl | b |
Full Name: C:\snap_view\mcd_cd\Matlab\STM32\rtw\stm32.tlc
[_ok || concel || tHep || apply |




Simulink Model Setting 3/5

IR

« stm32.tlc has been selected, Build process parameters has changed

» Select STM32 Options (mandatory) and STM32 Project Files

# Commonly Used Parameters | = All Parameters |
Salact: Target selection
Solver System target file: | stm32.tlc Browse...
Data Import/Export
> Optimization Language: [C = ]
» Diagnostics Description: stm32 (Embedded Target)
Hardware Implementation
Model Referencing Build process
Simulation Target
4 Code Generation [C] Generate code only
Report [7] Package code and artifacts Zip file name:
Comments Makefile configuration
Symbols
Custom Code Generate makefile
Interface Template makefile: stm32.tmf
Code Style
Verification Make command: | make_rtw |
Templates

Code Placement

Code generation objectives
Data Type Replacement

Memory Sections Prioritized objectives: Unspecified [ Set Objectives... ]
5TM32 Options
STM32 Project Files Check model before generating code: | Off V] [ Check Model... ]

Lys
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Simulink Model Setting 4/5

+ STM32CubeMX Path update is used to automatically update STM32CubeMX installation ¢

path.
» Path selected during STM32CubeMX installation

* Download Application is used to

Select: _—
start STM32CubeMX to generate sobver Dovirioad Application
. Data Import/Export STM32CubeMx Path update
prOJeCt :’ g?ﬁmizat_ﬁ"" STM32CubeMx installation path [C:\Program Files\STMicroelectronics\STM32Cube\STM32CubeMX
. > Diagnostics
° UnCheCk for COde generatlon Only Hardware Implementation Installed Full Path | C:\Users\reynaudp'\Documents\STM32-MAT\STM32
Model Referencing
Simulation Target [ Update installed path
° I nStaI Ied F U | | path IS ST M 32' ‘ Cw:e(sir:terahon Model configuration (ioc) Full Path fuments\STM32-MAT\STM32\STM32demos\Test\ADC\F4VGTx_ADC.ioc
H H Comments dl imizati
MAT/TARGET installation path. oymbals ) nterupt Handier Optimization
« Default path : C:\MATLAB\STM32- o o
MAT\STM32 Code sty
Verification
Templates

Code Placement

« Update installed path to update path Data Type Replacement

Memory Sections

when it has changed STM2 Options

STM32 Project Files

» Model configuration (ioc) Full path is
hardware configuration file path
created using STM32CubeMX for

this Simulink application
* Read only, updated from STM32_Config
model.

Lys
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Select:

Solver
Data Import/Export

[> Optimization

I» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target

4 Code Generation

Report
Comments

Symbols

Custom Code

Interface

Code Style

Verification

Templates

Code Placement

Data Type Replacement
Memory Sections

I|STM32 Project Files

Simulink Model Setting 5/5

Append o list |Unselect to reset files path list with one file only|

[

Select source files (.c)

C files included to project The list of full paths of .c files is visible here

[

Select include files (.h) ]

Header files added to project The list of full paths of .h files is visible here

« STM32 Project Files gives possibility to include
files into generated project.

Functions defined in .c files can be used from Simulink "U
Functions>MATLAB Function®

For example : Convert MATLAB Function called from ADC
examples generates C code using getBuffPtr function prov
getBuffPtr.c file in STM32\addSrc\src repository to return n
pointer.

<

Q

Click to open files hrowse{_i {
(multiselect)

c/l.h

ser-Defined

test
ded with
lessage

| function [NbChar, Buff] = convert (u)
- | if coder.target('Sfun")
BB e bl 1 MbChar *
@i Smulink Library Browser B——— ) Y ‘ % Executing in MATLAB, Buff is null
. — Buff = uint3z(0):
rameters - bl * B2 ([ conver™
q:' e '&k &'l = @ NbChar = uintle(0):
S | User. F else
5 % Executing in the generated code.
“ - £ > - ftbuffer is an array of 15 unsigned char
i m )u W wpe buffer = zeros (1,15, "uintd');
B L %Generate C code using sprintf to write input value as float in buffer
o i Fen Furction Calker 1 coder.ceval ("sprintf',coder.wref (buffer),["%2.2L',0],u);
o re tmp = uintd("Volt'):
Logic and Bit Operations %y is input value + 'Volt' = CR4LF
Losup Tables S P VI v = [buffer(1:4), tmp, 13, 10, 0l:
Math Ceraticens %Call getBuffPtr extern C function to get pointer address of y buffer
Maciel Verification Buff = coder.ceval('getBuffPtr',coder.xef(v));
Model-Wide Lilites 5_.2 MA ATLAB Functic NbChar = uintlé(size(y,2)):
Poris & Subsysiems end
Signal Adtrittes ] ~end|
Sinis E
% | getBuffPtr.c
= S-Function Bullder S-Function Examples €
User-Defined Functions I




PC pure simulation



Tools usage

- Step 1: Pure simulation [ MATLAB®/ ]
» Everything done on the PC

Simulink

life.augmented



MATLAB® & Simulink

Not a subject for this HandsOn
General purpose for MATLAB®/Simulink
Doesn’t need STM32-MAT/TARGET toolkit.

Contact MathWorks for MATLAB®, Simulink trainings



Processor in The Loop (PIL)



Tools usage

« Step 2: Processor-in-the-loop (PIL)

MATLAB®/ [ STM32Cube )
» Algorithm fully executed on STM32 Simulink Embedded
Soft
- Data (Input or output) exchanged e redaeg ] — Toolchain
between MATLAB®/Simulink and STM32 Coder STM32CubeMX
via UART

*: used only for UART

Lys
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PIL Overview

PIL is used to run MATLAB® algorithm on STM32

+ To see if STM32’s computational results are numerically equivalent to PC-based simulation results.
» To measure directly the time to execute the model steps (profiling)

PIL simulation uses serial port to send data from Simulink to STM32 and
receive Simulink processed data back from STM32

PIL simulation doesn’t run in « real-time » —
« Simulink is « master » sending asynchronously data  Simulink

to STM32 through serial port.
+ STMS32 waits for data from Simulink, process data i .
: : . RN Test Controller LRV} d
(in real-time) and send it back to Simulink through g gensals - Model elé’r:fr]};i?;
serial-port.
Code
» PIL simulation doesn’t process real data g ERIERILT [
from STM32 peripherals. ) N, 2 2
. L
» STM32 peripherals (ADC etc...) are not used. Embedded
« Only STM32 USART peripheral is used to Processor Controller
communicate with Simulink. C-Code

PIL Implementation

Lys
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* |IR Filter example

* Open Test_PIL_IIR_Filter.mdl model example from C\MATLAB\STM32-MAT\STM32\STM32demos\PIL\Filter

(Default STM32-MAT/TARGET installation path)

PIL Example

P = B
P Test_PIL_TIR_Filter - Simulink N — - i E@g
File Edit Xiew Display Diagram Simulation Analysis Code Tools Help
[ = - L7 r. i
Bl - e MEME R YON 2 A P! Normal Y] | @~ @y
Test_PIL_IIR_Fiter |
® |[Pa|Test_PIL_TIR_Filter » -
K = e Text Processor-in-the-Loop Simulation for NR-Filter
| E3
' — [ r IIR_Fitter_int32
D T e D> N (= Lo @
3 ®1000 A *0.001 ¥ i
IIR_Fitterlnta2
IIR_Fitter_int32 +
] o Input Output —pb_;_ }—b double @
. A -y Add blodk_vs_code
|E_E| Reference Simulation model Diff between PIL and Simulation results
»
Ready View diagnostics 100% FixedStepDiscrete |
.

Lys
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Reference Model for PIL

» Ituses lIR_Filter_int32.mdl as reference model.
* lIR_Filter_int32.mdl is a simple algorithm for one order filtering.
* IIR_Filter_int32.mdl is set to be used for Processor-in-the-loop (PIL)

2. TR Filter_int32 - Simulink — — (=[5 eS|
File Edit View Display Diagram Simulation Analysis Cede Tools Help
= i ~=H~(w) m - @ - s~
i} £ 5@ O] 0.0 | processor-ntheoon em) -] @
Model Browser == | IIR_Filter_int32
TIR_Filter_int32 ® |Pa|tR_Fiter_int32 e
@&
IE‘ Output(t) = a . Qutput{t-1) + b . Inputft)
CQuput{t-1) =0 at =0
=F
1
z
Unit Delay
O
D
Output
O] =roe
[ Input
realdz t
«
Ready 100% FixedStepDiscrete

Lys
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PIL setting vs Simulation

« IIR_filter_int32 model is used twice : Explore e
Open

Model Raterence

Referemoe the spedfied model, IF the referenced madel mqulrcsarr.--mnm
srgumonts, anter thom 3¢ » comms waparsted list.

at Cut Cirl+X ¥ the referenced model has mere than one instance simulating in Narmal
e, you mikght neeed te b on Hormal Mode WVisibility for this Model
% CDp].l' CirleC m;mlmrchr':emmhmuhwﬂwel
Pazte Ctrl+V remm=
i Pl ~ - -
Comment Through Ctrl+Shift+Y 1 _paar_jez 14 | Brwess... | |Dpan bodal]
MUNIE AFGRIMSNra:
. Comment Out Ctrl+5Shift+X
* Oneis set for PIL IR_Fitter_int32 Delate e
. i [PO]  oupu Delete e
) _ Samutation moda: [ Frocessor-in-the-lnop (FIL) -
R P Find Referenced Yarnahles Iﬁ
Subsystem & Model Reference L
[-c < FrnMHe m“
Format *
¥ T T
Rotate & Flip »
Arrande , 73] Bunction Bk Harsnieters Rebenence Sirulston modsl ==
g Model Refersnce )
IR Fiter int32 Pafsranze thae specified madel. B tha relsrascad madel regquirie ary modal
- - B Aol * argamants, antes them 030 comma seporated lis.
thes refEnencecd rnwdel has mone tan ome edances srendstinog in Boomasl
I I 3 L you e [ e
L — < L T | e Rortmf peca vilitt can bt cartraie by gols o the Yo riade
Reference Simulaticn model aind editng Rormsl Mede Yisibility.
. . . Signals & Ports » | Poramaters
* One is set for simulation model (Normal) sl e
Requirements Traceability b DP_Fimar_ncd. mal [ Brovese... | [open Mod]

Model argumenta:

Fixed-Point Tool...

e Click I'Ight mouse button on each PSS! BGUTSAL VEILSE (I Tl INEERRL):
reference model to open select Block C/C++ Code N | — |
Parameters

Block Parameters (ModelReference)

Properties... << Enabla varans
"I Help ) ok [ e | [_meie ][ sy

life.augmented




Simulink PIL start

 Set simulation duration time and click run simulation green button
« Example : Simulate 1second
P2 Test PILIIR Filter - Simulink l '-_ p— -.—-_1

Eile Edit Miew Display Diagram Simulation Analysis Code Tools Help
%-® ge-3 <o - & = D @ - i

Test PIL_IIR_Filter |
® |[Pa|Test_Pn_tR_Filter ¥

Processor-in-the-Loop Simulation for IR-Filter |

Fr R_Fiter_int12

@ > ol e
" |

x1000

IR _Filerirei2

¥ iR_Filer_inG2 .
I Inpat. =
[
Reference Simulaton model ) Diff batween PIL and Simulation results

View diagnostics 100% FixedStepDiscrete

§¥HEDIE[EJLI@'EE

Lys
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Code generation overview

* PIL reference model runs into STM32 target as simulation model runs ;%
on PC

« Automatic convertion of PIL model to .c/.h files
« Automatic call to STM32CubeMX to create project
» Manually build and download project to STM32 target from selected toolchain

P Y

> 5 PROJECT
IF_Fikes_inf12 } o h
L) = -
IR _Filer|nt32 1;_F_,..-—.
A W

‘ Automatic Code Project
generation eneration L=
B> Manual 9 S E
M O
Build
&
Download

Lys
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PC/STM32 communication overview

« Some parameters are requested when you start PIL

« STM32 Target
« STM32 device that will run the application

Simulink

« PC Communication Port PC COM

s COMXx Test PORT
» Default parameters : 115200bds, 8b, no parity, 1 stop Signals
o Embedded
« STM32 Communication Port Processor
* USARTX USART

* USARTYX, Port and Pins for Rx/Tx
« Same parameters as PC COM Port selection

STM32 ([PLL

Lys
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PIL Processing 1/5 =

- PC COM Port from Device Manager

» 8b is fixed, other parameters can be simulink
changed PC COM
 Time Out: Simulink message error after 10 st PORT
ignals

seconds without communication.

Look at Windows
«Device Manager» to

I —
find PC COM Port \ é Device Manager

| ' f? Ports (COM & LPT)

H - "
? Prolific USB-to-Serial Comm Set parameters

{4\ Figure 1: PC COM Port selection / | =

-

Set PC COM Portdor PIL settings and press continue.

com Parity none - /

Bits per 1
second 115200 v Stop bits 1 i
) 8 ]
Data bits Flow cantrol none h
(8) '
Time out (s) 10

life.augmented




PIL Processing 2/5
I

« STM32 Selection

« Example with STM32F429i-DISCO board
« Family : STM32F4
* Name: STM32F429ZITx
» Frequency:168MHz (by default STM32max speed is selected)

-
"4 Figure 1: STM32 MCU selection _ BN

Select MCU Family and MCU name and press continue.

Frequency value is used for Profiling. |
To compute STM32 processing time.

S5TM32 Family S5TM32 Name
| STM32F4 - STM32F425ZMx -

Lys
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Max frequency value (Hz)

| 163000000

‘ Continue




PIL Processing 3/5
Waas

« STM32 COM Port 5mbedded
° Examp|e rocessor
- USART1 USART

« Rx: PA10 & Tx: PA9

STM32 ([PIiL

-

z Figure 1: PIL USART parameters selection

Select PIL MCU communication parameters and press
continue.

Rx port PATD

Usart name USARTH v
Tx port PAD

Continue

Lys
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PIL Processing 4/5 w2

» Toolchain Selection

» Select toolchain from list of proposition

* Hide CubeMx IDE call

» By default STM32CubeMX is opened in order to
set/verify clock configuration.

+ Set « Hide CubeMx IDE call » to automatically
generate toolchain project using STM32CubeMX
default clock settings.

A\

=

PROJECT
h

o)
| |
Project
generation

.C

H 4 Figure 1: toolChain selection

File Edit View |Insert Tools Desktop Window Help,

DEHL RIARKROLIDELEA-|S

Select toolChain used for
press continue,

toolChain EWARM

-/L‘—W

I Version

Continue

57 |

ide CubeMx IDE call (Use default HSVPLL freq)

—

100ChAIN £\ oy ,
) WOK-2RN
Version | rresTUDi0
SW4ASTMI2
Other




» It Is an asynchronous process.
« Simulink is waiting.
« Simulink must send data through COM port, only when project is built and downloaded
to STM32 target.
» Then, you will press « Continue » button to start data flow PC/STM32.
« STM32CubeMX is automatically opened and you can verify or modify STM32 settings.

File Edit View Inset Tools Desktop Window Help

DEES | N ARVODEL- 2 |0E | =D

Configure MCU. Generate, buid and
start project. Press Continue to
start PIL.

Continue

Lys
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A~rmge=- STM32CubeMX & PIL 1/2

« STM32CubeMX settings done

* Pinout :
e Usartl, RX/Tx
« USART1 Configuration

=] Basic Parameters

-
A

GLSUN USART1_RX
PAS USART1_TX

= STM32F4292Tx = 1
t}- & USART1 ‘ LOFP144 =

Baud Rate 115200 Bits/s

Word Length 8 Bits (induding Parity)

Parity MNone

Stop Bits 1 |

S8 =

EEFIfijiaqiqeqassdssisgs

[y}

» STM32CubeMX settings to do
» Clock Configuration

.- R R R R T R T TR
s
= g

)

HCLK (MHZ)

+ Default value I < L = 1
180 MHz mz » wws

- Max frequ value (H
+ Reference value already selected for Profiling ":'HT 200 -
« Clock setting : Enter 168 and return
 Then Clock tree is automically updated =~ t————

Lys
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STM32CubeMX & PIL 2/2

« STM32CubeMX project generation KT

» Generate source code based on user settings
* Press Project Settings « OK »

i
File Project Pinout Window Help
B E | WEp~" ||@|F [¥] Keep Current Signals Placement =

Finout | Clodk Configuration | Configuration I Power Consumption Calculator

» Generate Project

Generating EWARM project...
| I

* Open Project

-
% Code Generation

@ The Code is successfully generated under Cifsnap_view,/mecd_cd/Matlab/STM32/5TM32demos/CodeGeneration/IR_Filter_int32_PIL

Open Folder ] |§Dpen Pruject§| ’ Close

e Close STM32CubeMX

Lys
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A Look at toolchain User Manual to know how to deeply use it. TO O I C h a,l n & P I L 1/2

’ TOO | Ch al n p rOJ eCt I;i;SIlH_Filtar_inﬂZ - lIR_Filter_int32 Configuration
* Generated from STM32CubeMX -8 (1 Application

7 EWARM Generated
L@ &b startup_stm32142%0c 5 from

DUser MATLAB®

* Includes

 Application files generated from MATLAB® B mans I
 main.c generated from MATLAB® and modified ST I2I_hal_misp.c and
L@ [ stm32to_itc Modified
by STM32CubeMX. _ o &E"ém by
« HAL mandatory peripherals drivers L B cyatem_stm3zidocc STM32CubeMx
2 L1 STM3I2F4ex_HAL_Driver

@ [} stm32fdbo_hal.c

M [ stn3214e_hal_cotex o
@ [ st 32fde_hal_dma.c
—A [0 stm32f4e_hal_dma_exc
@ [F) stm32f4e_hal_flash.c
-3 [0 stm32ibo_hal_flash_sxc
L@ [0 stm321dex_hial_flash_ramfunc.c
@ [ stm3214e_hal_gpio.c
—@ [ stm321do_hal_pwr.c

3 £ strn32ibe_hal_pwr_exc
3 [0 stm32{4e_hal_rccc

L@ [ stm32ibec_hal_rec_exc
@ [ strm32fdxe_hal_uart.c

O Middlewares
=0 Ei codeinstr_data_stream.c

L m B IR_Filter_int32.c
—@ [ tiostream_utils.c
—@ [£) STM32SerialRtiostream-FrofilerTimer.c Generated

&8 [) STM32SerialRtiostream-Riiostream.c from

@ [0 xil_data_stream.c

@ [ wil_instrumentation.c MATLAB®
—@ [ xil_interface.c

—/ [0) xil_interface_lib.c
m @ [) xilcomms_iostream.c
1 i ﬁuﬁ:uul
life.augmented [ IR _Filter_int32 Configuration.out




1L
Project | Tools Window Help @ =
O

Add Files...
Add Group...
Import File List...

. - . Add Project Connection...
¢ BUIId TOOICha‘In prOJeCt EditCorjﬁgurations... A
* Make (F7)

IAR EWARM toolchain used

for this example
Remove

Create Mew Project...
Add Existing Project...

Options... ALT+F7
Wersion Control System *
Make F7

File Edit View Project Tools Window Help

- Download project N H@ S BR| 0 o YD eramnURs|s]

Workspace x
I T - - Download and Debug
|[IIF|_F|Iter_|nt32 Configuration Y]

?@ Project - IAR Embedded Workbench IDE

File Edit View Project Debug Disassemnbly

L IEREETIERS * Run project
|- 822 L2 22X * Then, STM32 is running and waits for

LI SHO [Go | data from Simulink.

Kys T
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Running PIL

L Start Si m u I i n k data fl OW File - Edit Mi Insert  Tools Desktop Window Help — ..
. . Udde | k| RRODEL-|E 0E | ad
+ « Continue » button of PIL start window

Configure MCU. Generate, buid and
start project. Press Continue to
start PIL.

* PIL results

Input signal

STM32 filtered
signal

Difference
between

PC & STM32
filters
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* Profiling = PIL Timing analysis

PIL Profiling 1/3

. . ; Workspace
* executionProfile has been generated in MATLAB® Workspace [~ Vatoe
. . ] 1 al 0.9000
+ « executionProfile » default Workspace variable name b0 01000
- Can be modified from « Configuration Parameters » window |E f"“”t'””P”’f"E j’;f;e;”ﬂ:gm
Code Generation > Verification of the model. - testdata 1001x1 double
H tout_PIL 1001x1 double
- yout_PIL 10012 double

Lys

life.augmented

4 Configuration Parameters: Test_PIL_IIR_Filter/Configuration [ACB Jﬁﬁm

Select:

Solver
Data Import/Export
[» Optimization
I» Diagnostics
Hardware Implementation
Model Referencing
I: Simulation Target
4 (Code Generation
Report
Comments
Symbols
Custom Code
Debug
Interface
Verification

Code profiling

Measure task execution time

Measure function execution times

Workspace variable:| executionProfile

Code coverage for SIL or PIL

Code coverage tool: [None

SIL or PIL verification block

Create block: ’ Mone

["] Enable portable word sizes



PIL Profiling 2/3

Qe

« Enter «executionProfile.report» on MATLAB® command window to

open profiling report window to know
« STM32 processing time at selected frequency
« Execution time and number of calls per function

5 Coi o g TTII T C CCC TER e

Code Execution Profiling Report for IIR_Filter_int32
The code execution profiling report provides metrics based on data collected from a SIL or PIL execution. Execution times are calculated
from data recorded by instrumentation probes added to the SIL or PIL test hamess or inside the code generated for each component. See
Code Execution Profiling for more information.
i STM32 processing
| 3
i 1. Summary time ~549us
| Total time (seconds x 1e-09)
: Measured time display options ‘Units', 'Seconds’, 'ScaleFactor’, '1e-09', 'NumericFormat', '%0.0f')
Timer frequency (ticks per second)
‘ Profiling data created 01-Feb-2016 14:59:19
2. Profiled Sections of Code
Section Maximum Average Maximum Self  Average Self Calls
Execution Execution Time Time
Time Time
IIR_Filter int32 initialize 738 738 738 738 1 E@
IIR_Filter int32 [0.001 0] 548 548 548 548 1001 [E][4
Ly o) e |
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PIL Profiling 3/3

 Click on C code generated
» To see MATLAB® generated code for STM32
« or profiled sections

128 F* Single In-the-Loop Component */
1z2& if (®ilFcnId == 0} {
127 taskTimeStart TIR Filter int32 (1U):
128 ITR Filter int3Z initialize(rt errorStatus, & (ETHodel), &({localDW)); I
1=z tas;TimEEnE_IIR_;ilter_int32 ﬁlE} 5

Calls 130 } else {

U El

1001 E
202 switeh (xilTID) {
203 case 1:
26 taskTimeStart ITR Filter int32(21);
208 ITR Filter int32(&(i Tnput), &({o Output), & (locallW)):;
208 tazkTimeEnd IIE Filter int32(2U);
207 break:

Lys
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Application Code Generation



Tools usage

« Step 3: Everything on STM32 . \
MATLAB®/ STM32Cube
« Data (input or output) obtained within Simulink Embedded
STM32 through its peripherals (ADC, [ Software Toolchai
Timers, ...) and algorithm fully executed Embedded ooichain
on STM32 Coder STM32CubeMX

Lys
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Simulink application development

» Look at Simulink model Setting 1/4 to 4/4 to open and configure new model.

- Save Simulink model and open Library Browser
* For example: Save model as test.sIx into C:\TEMP\test repository

r"‘i test - Simulink — — Elﬂlg1
File Edit View Display [-J';gram Simulation  Analysis Code Tools Help
i = o |8 - = - L & CRM7A RRFTT » (9 ~| & -
test
® |[Paltest v
E3 [}
=

||

(&=
[]
(&
Ready 100% FixedStepDiscrete

Lys
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« STM32 Drivers Library

» Several STM32 peripheral drivers are available.

« MCU Configuration

*+ « MCU CONFIG » is the first library to open and use
* Drag&Drop STM32_Config to your model.
 STM32_Config is used to select STM32 configuration through STM32CubeMX configuration ioc file.

g - - - - i—— ——
E= sSimulink Library Browser = | &
<2 Enter search term ‘Q‘J\ v T [.3}
Target Support Package - STM32 Adapter
I Simulink
mE"m:ddEd Coder ADC CAN DAC GRID HRTIMERS 12c
. Library Librany Library Library Library Library
I Simscape
I Simulnk 30 Animation
b Sirmdink Coder ADC CAN DAC GPIO HRTIMERS 12C
I Simulnk Extras
Stateflow GONFIG R 3 ACCESS| SR TIMERS WERART IWDG
Library Library Library Library
DAC i WJ Cﬁh REGISTERS TIMERS LSART *WDG

GPIO

N

[ rmane ‘YJ'
ML Hane

TR Conig
STM32_Config

&7
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* |OC file selection

+ .iocfile is a text file created and used by STM32CubeMX as STM32 descriptor.
.oc file contains STM32 configuration (pinout, peripheral selection & configuration)

A\

Lys
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STM32 Configuration 2/3

Double click STM32_Config to open block parameters window

Select ioc file describing STM32 you want to use for your application with « Select STM32 configuration file »

» ltis the only and mandatory way to select .ioc file for Simulink application.
You can also modify ioc file or create a new one and STM32CubeMX is automatically opened.

"5 test * - Simulink

J& Block Parameters: STM32_Config

=@ ' [

File Edt View Display Diagran
x R

[ test | .

© !‘anest

s WP AYs

a MCU Name

= STMI2_Config

- 2

-

O

-

-

»

STM32_Config (mask) (link)

STM32 Configuration :
Select STM32 .ioc configuration file

or
Start STM32CubeMx configuration tool for
- Selected ioc configuration file
- New ioc configuration file
- Browse to select ioc configuration file to modify

Parameters

STM32 configuration file path

Configuration file  No selected file [Sohct STM32 configuration flc]

Start STM32CubeMx configuration tool
Currentiocfile | New loc file | Browse for ioc file | ‘
( Start STM32CubeMx configuration tool ]

MCU Name
MCU Name

e e

ioc file selection

ioc file creatir or
modification

thﬁeﬁb&mﬂe

@ |

A



STM32 Configuration 3/3
@ A

* |OC file creation

» Select « New ioc file » and click « Start STM32CubeMX configuration tool » button.

* STM32CubeMX opens.

* Look at http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF259242?s searchtype=partnumber
to get STM32CubeMX User Manual.

+ Save STM32CubeMX ioc configuration file and select it using « Select STM32 configuration file » button.
* ioc file is not automatically selected for Simulink application from STM32CubeMX

'
& FTMI2CubeME Untitled
| Fite Progect Window Help

= Bk STMGZ.Conk > BoRu® &8 *p &
STMI2_Coefig (mask) (link)
STM3Z Configuration -

Select STM32 Jioc configuration file
or

Start STHO2Cubebx configuration toal for

- Sebected ioc configurabion file
- Hew loc configuration file

= Bronvse bo select iod configuration file bo madify .
New Project

Parameters

STMIZ configuration file path

Configuration file | Mo selected file [Setect 5TM32 configuration file|

Start STM32Cubaec configuration tool

| Current i file Brovse for soc file ) Help
[start sTRzCUBeb: configuratien tool | ]

Load Project

MU Hams
MU Nama

[ ok || concet |[ medp || seon

Lys
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http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF259242?s_searchtype=partnumber

Simulink application example

* Hardware :
* Example based on STM32F3348-DISCO

» Configuration :
* Leds (LED3/4/5/6)
Push Button (User blue button)
USART2 Virtual Com Port (SB14&SB16 soldered)
ADC1
TIM1 & TIM6

- Software application :
* Use TIML1 to blink LED3 at 1Hz
* Use TIM6 to blink LED4 at 2Hz
» Use TIM6 to trig ADC1 channels 2&3 conversion
» Blink Led6 when user push button is pressed
» Send ADC1 channel 3 values on USART2 when user push button is pressed

Lys
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STM32CubeMX STM32F3348 Pinout

» Hardware pinout configuration
« PAO: GPIO_EXTIO
*+ PA1:ADC1_IN1
* PA2:ADC1_IN2
 PB3: Usart2_Tx
* PB4 : Usart2_Rx
 PB6 to PB9 : GPIO_Output

B_USER [B1 Blue PushButton]  [ZE1
ADC1_IMZ |58
ADC1_IM3  [ELH

* Hardware setting
+ USARTZ2 is Asynchronous & usart2
g----Mode[Asynchmnous v‘
* ADC1 IN2 & IN3 Single-ended . j aoc:
é-----DisabIe = |

-IN2 | IN2 Single-ended
- ~IN3|IN3 Single-ended

* TIM1 Channell as Ouput Compare No output & s
¢ |-Slave Mode [Disable

rigger Source | Disable

i i~Clock Source | Disable
é----ChanneIl[Othut Compare Mo Cutput

4 [H |4 |4

* TIM6 Activated (No Output) a s TIM6

‘ .. [7] One Pulse Mode

Lys
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STM32CubeMX Peripheral settings 1/2

 Peripheral configuration :

« USART2
- BaudRate: 115200 @ USART2 Configuration =
. \F/)Vo_rtd Length: zBlts |pra : |v§’“ﬂﬂ B|¢ch5emngs|‘,y@m : |¢w : |
. arity: one
. StOp BitS: 1 Interrupt Table Enabled Preemption Priority Sub Priority
« Enable global interrupt USART2 global interrupt / USARTZ wake-up interrupt through EXT line... o o
-« ADC1 T -
* Injected Channels 2&3  [— - = = o e
. Interrupt_at end of sequence.of CONVEISION | pbioure the bekow :
» Conversion triggered from Timer6 —
* Interrupt Enabled
=1 ADC_Satwred
& ADC1 Confiquration Closck Prescaier DT Asrprchyonous daock mode
= .-,_ . Erepton ADC 13- resolaon
Parameter i User Constants MVIC Settings Datn Alrrent Faght shiperert
Interrupt Table Enabled ‘*‘““'W"'*:* leatind
ADC1and ADC2 interrupts | Ty —T-— S
(End O Conespsr s Sslertan Eref of semasnns of (iavss
Crewrrun beefuviour Dvvprran dats oeerwritien
Lty Pl Aits AT DCensbler]
= ADC_Requisr Conversoniode 1
Enabin Raguisr Coferaond Diensbsie
= ADC_Injected_Comversoniode:
Enabie Injeched Correrpions Erubie
hurnber OF Corvversera -]
| Exterral Trigger Comverson Edge Trigpes detechon on e rsng wdge |
|_Extarnal Trgger Source [Timer & Trigges Outewene |
Emjeched Corverson Mode: Mone
st bt Cortexct Deabied
7] R 1
Charnal Charrel 2
Sl Tirrat 1.5 Cycles
Oiffset Musber Pz offoet |
Irectad Offast ]
=] Rk i
Charnel Charwel 3
Sl Tirs: 7.5 Cydiey
"I - P
| inpecwccffen B
life.augmented l




STM32CubeMX Peripheral settings 2/2

 Peripheral configuration : e

e TIM1 | &7 Parameter settings | o/ User Constants </ NVIC Settings || /7 pMA Settings |
* Default conflg.urauon Interrupt Table Enabled Preemption Priority
* TIM1 Update interrupt enabled TIM1 break and TIM15 interrupts

TIM1 update and TIM16 interrupts
[TIM1 trigger and commutation and TIM17 interrupts
TIM1 capture compare interrupt

I

+ TIM6

° Tl‘lggel‘ event Update Event & TIMS Confi i —
* TIM®6 global interrupt enabled e

i</ Parameter Settings | o/ User Constants | o/’ NVIC Settings | o/’ DMA Settings |

[ - Configure the below parameters :
@ TIM6 Configuration —

| &/ Parameter settings | /7 User Constants | &/ NVIC Settings | o/ DMA Se

= Counter Settings

Interrupt Table Enabled Preemption

TIM6 global and DAC1 underrun error interrupts | o Prescaler (PSC - 16 bits value) 0
Counter Mode Up
Counter Period (AutoReload Register - 16 bits va... 0

[= Trigger Qutput (TRGO) Parameters
Trigger Event Selection Update Event
# Pin Configuration .
* GPIO External interrupt @10 | apca | usaeT2
. Ext(_arnal Interrypt Mode W|_th =
Falling edge trigger detection Search (CrtiH ] o oy Modied Pins

Cutput Push Pul o pull up ol ... Lo
Dutput Push Pull o pull up pl ... Low

o
FB7 /o fablz LD [LD ...
] ria Ot Push Pull oo pul up ol .. Low Dmabie LD L D4 Ora.,
FEs n/a (Ot Push Pull oo pul i ol .. Low Dmabiz LD _F: [LD% Gre.
PAD Corifgur s
GPI0 mode [External Interrupt Mode with Fallrg edge trigger detection -
GPE0 Puall L Pull [Po i i pudl e -

&7 - e

life.augmented
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STM32CubeMX Clock Configuration

* Clock Default Configuration:
* 16 MHz

HSE_RTC
+ Modification not mandatory s L e o

« Can be 36 MHz for example st

_

12C1 Clock Mux

i 8 To 12C1 (MHz

I
_EI To IWDG (KHz)
o+ |

To FLITFCLK (MHz)
To AHE bus, c

System Clock Mux memory and D

HSI
@ To Cortex Syst
SYSCLK (MHz) AHB Prescaler | HOLK (MHz)
HSE
N e s | | % |Foxcomexd
72 Wtz mas
PLLCLK APB1 peripher
> @
PLL Source Mux APB1 timer cle
] Enable 038 |
APB2 peripher
APB2 timer clc
ADC1,2 Prescaler

USART1 Clock Mux

_[“ v] ,_I 3 |ToADc1,2(MHz} croca
-

TIM1 source Mux g
PLLCLK=2 =7
ToT[Ml (MHz)

PCLKZ,
e

To USART2 (M

USART2 Clock Mux
PCLKL sysok[ ™

Lys
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STM32CubeMX project Settings
Q)[ad

@ Project Settings s ——— M

iProject || Code Generator

* Project Name:
+ «test» for this example

Project Settings
. . Project Mame
* Project Location : rest |
* C:\TEMP for this example Project Location
|coyTEMP |

Toolchain Folder Location

« Save the current prOJect CHTEMPfest| |
» test.ioc file is available from Toolchain / IDE
c:\TEMP\test repository EWARM -
© STM32CubeMftestioc |STM32F334C8Tx STM32F2348DISCOVERY Meu and Firmware Package
File Project Clock Configuration Window Help | Meu Reference
|STM32F 334C8Tx | !

E:ésl_/.EEU! ‘Q "\'\"\"J@@. l'{\i:'
Pinout| Clock Configuration | Configuration | Power Consumption Calculator |
[T

Firmware Package Name and Version
|STM32Cube FW_F3 V1.4.0 |

* You can save ioc file anywhere.
f » It is preferable to save ioc file in
same repository as model that will
use it. Repository and ioc file must — =
have same name.

Lys
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Simulink application 10C file selection

* 10C file selection
* loc file has been created and can be selected
* Open (double click) STM32_Config block parameters window

* STM32 configuration path is related to model
* .\ because test.ioc and test.sIx in same repository

- ~
*4 Block Parameters: STM32_Canfig (e
STM32_Config (mask) (link)

STM32 Configuration :
Select STM32 .ioc configuration file

STMEZF o ar
L” Start STM32CubeMx configuration tool for STMZ2Fxx ‘1’
- Selected ioc configuration file
MCU Hame - New ioc configuration file
" ; M32F 334CAT;
- Browse to select ioc configuration file to modify ST £
/ Parameters — \

Double C||Ck STM32 configuration file path | .\
Configuration file |test.ioc lSehect STM32 configuration ﬁl.el Slmu“nk appllcat|on for

Start STM32CubeMx configuration tool STM 32 F334C8TX M C U

Current ioc file | New ioc file | Browse for ioc file |

Start STM32CubeMx configuration tool ] ‘

MCU Name
STM32F334C8Tx

[ ok [ cancel |[ melp || zppy

«Select STM32 configuration file »
Browse and select test.ioc file

Lys
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USE TIM1 to Blink LED3 at 1Hz

@ “Uf'

- Software application example:

 Use TIM1 to blink LED3 at 1Hz

* Use TIM6 to blink LED4 at 2Hz

» Use TIM6 to trig ADC1 channels 2&3 conversion
* Blink Led6 when user push button is pressed

+ Send ADCL1 channel 3 values on USART2 when user push button is pressed

Lys
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TIM1 Selection & Configuration m=

» TIM1 Selection [ s

» Drag&Drop Timers block from Simulink Library Browser —— @ D s <A <[ - | =
= i Target Support Package - 5TM32 Adapter/TIMERS
Bz ~ e 5 Simuin T
. . [> Embedded Coder ™ o
+ TIM1 Configuration e
. . . ® test [ Simulink 30 Animation g” Tmers
* Open (double click) Timers block parameters window — > Sk ode”
» Select TIM1 and set parameters Ll s Ly 4 Tt Spor: S 5T052 Adeper
. £ M32F334C8Tx
"% Source Block Parameters: Timers. u = ! )
Timers (mask) (link) = ST PRTIVERS
Timers configuration comes from ioc file. :Eé%;m
CH1-4 channels possibility./ TIM1 SPI
T <T]
O 7 s
Global | cHi | cypfcrs | o |
) Y o Timers
Timer [TIMI ']
Prescaler or || cock
Timer Clock APB timer clock (Hz) Internal clock division (CKD) ! test - Simulink v w-
\ 36000000 1 File Edit View Display Diagram Sim
[7] set timer clock
= e -
Prescaler Timer clock (Hz) |3_E:L EE @
999 36000.00 B test
OUTPUT CHANNELS 1Hz for output ® |[Faltest
[C] variable output ch I fi — oy
riable output channel frequency fl"equency @ STMZ2Fx m
Set output channel frequency
Counter period (ARR register) Fixed gfftput channel frequency value (Hz) £z STM32F334CHT>
36000 1.00 = STM32_Config
ARR value is also encoder ticks number per loop.
. PARAMETERS
Validate Update SN T
. Counter mode |Up 1 Sy S
Interrupt M1 UP
global DMA | none -
Imers
\ INTERRUFT L
\ Channel interrupt available [7] No outputs
r up TRG com BRK il
,’ I « [ I | »

life.augmented [ ok [ cancel |[ mHelp || ppy




. TIM1 toggle LED3 at 1Hz

Drag&Drop Function-Call Subsystem from Simulink
Library Browser (Simulink>Ports & Subsystems)

TIM1 Application

* Open (double click) Function-Call block and Drag&Drop

GPIO_Write block
* Open (double click) GPIO_Write block parameters
window and select Pin6 (LED3 is connected to Pin6) g

-
"L Block Parameters: GPIO_Write

GPIO_Write (mask) (link)

not set.

Parameters

GPIO (General Purpose InfOut) Port write:
Write GPIOx input value to selected pin(s) of port (A to F)
Only toggle is available when Enable input parameter is

Port Name [GPIOB

Find
fio " PortB Pin6
sz TOQQle

Pin4
Ej

Toggle Pin0
Toggle Pinl
Toggle Pin2
Toggle Pin3
Toggle Ping

test/Toggle_6 * - Simulink S S

File Edit View Display Diagram
E-8 <« 4 &8

Toggle_&

test » Tngg\e_ﬁ

it

LED3

sTMAZ ﬁ

© |Paftest ¥

STM32Fax ‘ﬁ

STM22F234C8Tx

STM32_Config

O® @ U
:
d

LED3]

Toggle_8

'CZI Enter search term

hE-T s @

Simulink/Ports & Subsystems

< Entersearchterm  + M | Bl >3 | & @

Target Support Package - STM32 Adapter/GPIO

b Simulink

3]

a

GFIOB

GFIO_Write

? HDL Coder
b Simscape
b Simuiink 30 Animation
P Simulink Coder
b Simulink Extras
statefiol
4 Target Support Package - STM32 Adapter
ADC

GPIO_Exti GFIO_Read GPIO_Writ=

4 Simulink = | [ |
Commonly Used Blod- For Each For Iterator
Continuous Subsystem Subsystem
Dashboard
Discontinuities
t:g&;ﬂ%&:;?perahn £ Function-Call Function-Call

- Feedback Latch Generator
Math Operations
Model Verification Wt
Model-Wide Utilities ot
Signal Attributes Function-Call Function-Call
Signal Routing | Subsystem

Toggle Pins acc test
Finé. Toggle Finé s ® |Pajtest b
[7] Pin7 Toggle Pin7 o
[ Ping Toggle Ping @& stwzEx Ly
[ Ping Toggle Pin9 El STM3ZF334C8Tx
Pin10 Toggle Pinl0 i = —
[ ok ][ cancel Help Apply - .
l ”_ : LED3 will blink when TIM1 update interrupt —
[ = Lyg]
occurs. Every second at 1Hz e
O
Timers
LEDZ()
Toggle_6

Lys
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USE TIMG6 to Blink LED4 at 2HZ ==

@ “Uf'

- Software application example:

e Use TIM1 to blink LED3 at 1Hz

Use TIMG6 to blink LED4 at 2Hz

Use TIM6 to trig ADC1 channels 2&3 conversion

Blink Led6 when user push button is pressed

Send ADC1 channel 3 values on USART2 when user push button is pressed

Lys
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TIM6 Application m=

* TIM6 toggle LED4 at 2Hz

* Make the same thing as for TIM1 but frequency is 2Hz
and PortB Pin8 toggle as it is connected to Led4

- - === -

[Patest »

STMB2Fxx ‘ﬁ

STM32F2234CETx

STM32_Config

=1

TINH uUpP
Timers 1

[ED3]

Of B UE S

Toggle_&

’
Led4()

Toggle_8

LED4 will blink when TIM6 update interrupt
occurs. Every 0.5 second at 2Hz

Lys

life.augmented



- Software application example:

e Use TIM1 to blink LED3 at 1Hz

Use TIM®6 to blink LED4 at 2Hz

Use TIM6 to trig ADC1 channels 2&3 conversion

Blink Led6 when user push button is pressed

Send ADC1 channel 3 values on USART2 when user push button is pressed

Lys
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ADC1 Selection & Configuration
« ADC1 Selection
» Drag&Drop ADC_Read block from Simulink Library Browser %

test
. . @ |Pafrest » Target Support Package - 5TM32 Adapter/ADC
« ADC1 Configuration — b Smink S —
@ sTmazFe I> Embedded Coder s
« We don’'t need ADC values - 2 b HDL Coder o
. . STM32F334CETx [+ Simscape m
+ Select JEOC/S as interrupt output trigger _, s s - = ADC_Rea
= I Simulink Cod
: . L p— L]
*4 Block Parameters: ADC_Read ‘A - . sTMZ2 o
bt o> _ ; . . . - % ADCT 4 Target Support Package - STM32 Adapter
ADC/Channel selection | ADC settings | Channel settings - O ADC Read ADC
Trigger Timers -
D3
Trigger for regular conv | Not used
Trigger edge | Mot used i
Acquisition mode
DMA acquisition
Interrupt enable |
Analog Watchdog
AWD1L test
AWD2 [Paltest »
o ' || ————— - P
Injected end of 2
Interrupt output trigger conve rS|On tr|gger H B
End of conversion i = STM32 Confi
At the end of all conversions (EOS , JEOS) = ﬁ
[ eocys JEOC/S | R0
ST ‘H ADC1 JECC B
AWD [ ovr 0 Mt uR
. ADC_Resd
| LED3)
< I ]
I ok || cancel |[ melp | [ apply ]ﬂ Toagle b

Lys
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ADC1 Application

* TIMG6 trig ADC1 channels conversion

» Blink LED5 at end of ADC1 conversion to verify that TIM6
has triggerer it.

» Drag&Drop Function-Call Subsystem from Simulink
Library Browser (Simulink>Ports & Subsystems) and add
GPIO_Write block in.

» Set GPIO_Write block parameters window to toggle Pin9
(LEDS is connected to Pin9)

LED5 will blink when ADC1 injected
channels 2&3 has been converted.

test

® test 3
Q 5TM32For  f - . -
S /J Start of Conversion is triggered from TIM6
IE' STMI2F334CETx
= T2 Config Channels 2&3 values are available at the
end of conversion
sz Lgy
IR
ST LH ADC1  JEOC
TIMA UF
] ADC_Resd
Timers r r
LED3() Led5()
Toggle_8 Toggle_8
STM3Z =g

Lys
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Push Button functions
1)

- Software application example:

e Use TIM1 to blink LED3 at 1Hz
e Use TIM6 to blink LED4 at 2Hz

» Use TIM6 to trig ADC1 channels 2&3 conversion

* Blink Led6 when user push button is pressed

« Send ADC1 channel 3 values on USART2 when user push button is pressed

Lys
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EXTIO Selection & Configuration
- EXTIO Selection et e

* Push Button is connected to External Interrupt O on PAO <& Enter search term v A v| % v =
» Drag&Drop GPIO_Exti block from Simulink Library Browser Target Support Package - STM32 Adapter/GPIO
* Open (double click) GPIO_Exti block parameters window F Simuink e
and select GPIOA pin0 T > T coda 0 A
b Simscape 1 erroExti ¢
L [ L ! i e
- -~ i STM32F334CETx imulink
& Source Block Parameters: GPIO_Exti ‘ u = <TMB2 Confia ’ gEQEOE}(UaS
GPIO_Exti (mask) (link) 3 - sz Lyl ‘ Targ:égummtpa = - STM32 Adapter
GPIO External interrupt setting. g 2 Ly4| P
Select External interrupt to manage linked process. 7 ™ UP *l
. ADC_Read
PortA Pin0 L =5
Parameters
N i ‘ﬁ STM22 G
Pin0 Pinl Pin2 Fin3 Ping Fin5 PinG Pin7 e e cron B
Timers 0
Ping [1Ping [JPin10 [JPin11 []Pin12 []Pin13 []Pin14 []Pinl5 orio B
Leda)) —
[ ok || cancel |[ Help || apply
test |
@ |[Patest »
. D.rag&Drop Function-Call Sgbsy;tem from - Ty
Simulink Library Browser (Simulink>Ports o N
& Subsystems) and connect it to ExtiO = STH02 Contis
output e Ay
stz Zu ADCA JEIgE
Tin uP
O s ADC_Read I
Every models in Function-Call connected =] Ledk)
to GPIO_EXxti output will be executed for —— —
every action on push button. s o o
H STM32
TINE urP ,’
\ 4 Timers GFIOA E"g
- We want to blink LED6 and send ADC1 3 oPI0_Edi
"I ch3 value on USART2 T Lm0
life.augmented Toaae g BT




Push Button Action 1/2

- Blink LED6
+ Open (dogble click) Function-Call block and Drag&Drop € 5 e < b B0 - ®
GPIO_WrIte blOCk Target Support Package - STM32 Adapter
+ Open (double click) GPIO_Write block parameters window and * bk cote IR
select Pin7 (LEDG6 is connected to Pin7) * S sinson P
) SE;!I;:;KHES ‘ HRTIMERS 2c MCU CONFIG EGISTERS ACCESS|
= s BN S
° Send ADCl Ch3 Value On USARTZ pac HRTIMERS 12¢ MCU CONFIG REGISTERS
« Drag&Drop ADC_Read block from Simulink Library Browser G g R R
« Drag&Drop USART_Send block from Simulink Library Browser 7 s
Q )y Rec:r‘vsﬁ%RGUTsed Blocks
. = =I5y O T /
* ADCL1 Settings B . _ -~
* Open (double click) ADC_Read block = Gr1o wike /
parameters window and select ADC1 Ch3 ? —
sz Ly STz > /4
Anet ad rsasens - /BP_7 * - Simulink [E=EERT)
[ ] USART2 Settlngs ADC. Reed Y Dstazsend Hosen Edit View Display Diagram Simulation Analysis Code Tools Help
- = USART_Send = 15 . 5 sy 9 - »| (3) =] B«
- Open (double click) USART2_Send block ' CULEIS T4 P ©
parameters window and set buffer size. o e B -
It is mandatory to set Buffer Size as close as - = L5
Usart Name | USARIZ messages sent in order to avoid memory waste. & amon e
Send Buffer Size = rio w
16 -
+ Add signal processing. [},
« MATLAB® code can be added in — ﬁ—f'
« MATLAB Function » from Simulink e =1 |
. . STM22 Y7/
Library Browser>User-Defined — — oz
Functions>MATLAB Function it B S s
lE_EI ADC_Read CHAR convertion
1S7] »
life.augmented Ready 100% FixedStepDiscrete ||




Push Button Action 2/2

* MATLAB Function

* Add MATLAB® code to convert ADC1 Ch3 value to Buffer of
characters

 MATLAB® function is converted to C code and integrated to
generated project during « build » process.

12bis max value

STM3Z
NbB2Send

Ly

USARTZ  nbSentfy

Deta2Send
USART_Send

Function convert : 1 input and 2 outputs

|
1
2
3
4
=)
&
7
g
9

10
11
12
13
14
15

- Buff = uint32(0);
- HbChar = uintlé&(0):

BP_7/CHAR convertion 0 | + | /

[l function [NbChar, Buff] = convert(u)

- if coder.target('Sfun')

% Executing in MATLAE, Buff is null Nothingto do

el=e

% Executing in the generated code.

- buffer = zeros (1,15, 'uintg'};

[buffer({l:4), tmp, 13, 10, 0O]:

end

- end

Lys
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for Simulation

coder.ceval ("sprintf', coder.wref (buffer),['%2.2E"',0],u):
- tmp = wint8 ("Volt');
— y =
- Buff = coder.ceval ('getBuffPrr',coder.ref(v)) s
- HbChar = uintlée(size(v,2)) ;!

« xx.x Volt » Buffer to
send throught USART2

«getBuffPtr» is a C function provided with STM32-MAT/TARGET that convert
MATLAB® array to C pointer.



Build Application

« Generate code for created application
* Press « Build Model » to automatically
generate C code and toolchain project.

w-smink TTREREET S TTT R AR L

file Edit View Display Disgremr—swmoieten—mdaalcic Code Tools | Help | _
-8 < me-E-ed®b = ¥ »QE-
© |[Patest » Y
Q sz Lyg
STMOZF324C8Tx
= STM32_Config
STMR2 ‘,’
= ST IRQ
) Ays ADC1  JECC
Tine uP
@ ADC_Resd
Timers y y
TE03) Ted50
Togge & Togge_28
SUE ¢
. e lg
Timers GAOA O‘
) GPIO_Exti '
(@ 316350
-+ Tooweb
.7
»
Ready 100% FixedStepDiscrete

Lys
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MATLAB® Code Generation 1/2 mma

 Diagnostic Viewer

» Diagnostic Viewer window appears when you

click on « View diagnostics» at the bottom of
built model. It gives « Code Generation »
information about Build process.

* Generated Code

Lys

MATLAB® generates C code corresponding
to Simulink model in selected Current Folder

<A & E L » G MATLAB » STM32-MAT » STM32 » STM32demos » CodeGeneration b

Current Folder ® | Command Window

Mame = Je >

STM32 code is generated in repository wj
name is created using name of Simulj
model with « _stm32»

File  Edit View Display Diagram &

[Pa]test »

& swEx Ly
El STM32F334C8Tx

= STM32_Config

E STM32

M

life.augmented

Current Folder
MName «
= slprj
_sfprj
stm32

sl_proj.tmw
= test_stm32
html

buildInfo.mat
codedescriptor.dmr
codelnfo.mat
compilelnfo.mat
defines. bt
main.c
modelsources.tet
rbw_proj.tmw
rtwtypes.h
rtwtypeschksurm.mat
5TM32_Config.h

5| test.bat
test.c
test.h

@1 test.mk
test.out
test_ ADC.c
test ADC.h
test_data.c
test_EXTLc
test_EXTLh
test_private.h
test_ref.rsp
test_TIM.c
test_TIM.h
test_types.h
test_USART.c
test_ USART.h

Details

IE-H- &% |- (@]~ ¢ 8- @

test 3. Mallab_PFCV06

~ Build
01:04 PM

### Real-Time Workshop build procedure for method: 'entry
248 modellame: 'test

#38 gos: 'rest il
##8 bdroot: 'test

### Starting Real-Time Workshop build procedure for model: test
### Windows version:winé4

$2# Model connectivity is: normal

### Create verification block: None

~ Code Generation

### Generating code into build folder:
C:\snap_view\mcd cd\Matlab\STM32\SIM32demos\CodeGeneration\test_stm32

Output port 1 of "cest/BP_7/USART Send' is not

Component: Simuink | Category: Block warning

Paramster precision loss occurred for 'Value' of 'test/BE 7/Volt'. The paramster's
value cannot be represented exactly using the run-time data type. A small quantization
error has occurred. To disable this warning or error, in the Configuration Parameters >
Diagnostics > Data Validity pane, set the 'Detect precision loss' option in the
Parameters group to 'none'.

Component: Simuink | Category: Block warning

##% Generated code for 'test' is up to date because no structural, parameter or code
replacement library changes were found.

### Real-Time Workshop build procedure for method: 'before tlc
##% modellName: 'test

### gcs: 'test

### bdroot: 'test

+#4# before_tlc

### Real-Time Workshop build procedure for methed: 'after tle
### modellNlame: 'test

##% gea: test

### bdroot: 'test

#3# after_tlc

### Real-Tire Workshop build procedure for methed: 'befors_make
### modellName: 'test

#4# gca: "test

### bdroot: 'test

### Code Format : Fmbedded-C

##% Processing Tenplate Makefile: C:\Users STM3Z-
MAT\STM32\rtw\stm32. tmf

### test.mk which is gemerated from C:\Users\reynaudp\Documents\STM32-
MAT\STM32\rtw\stm32.tmf is up to date




MATLAB® Code Generation 2/2

Current Folder

» STMS32 peripherals driver code is generated | Name ~
in .c/.h files wich name is created using name B A sipy
of Simulink model and peripheral name. ﬁ ;;'::;Jz
sl_projtmw
1 best - Simuink i:-— e A ad . T o | = test_stm32
e [&t Niew [Dicplyy Disgram  Smwlstion  dnabmis Code Jook  Melp ® html

: . \ N 71 buildinfo,mat
=l M.IE . @ - - @ e L codedescriptor.dmr
= 1 codelnfo.mat
— . 1 compilelnfo.mat
defines.txt
main.c
modelsources.txt

rtw_proj.tmw

rtwtypes.h
] wtypeschksum.mat

STM32_Config.h
4l test.bat
test.c
test.h
test.mk
test.out
test_ ADC ¢
test_ ADC.h
test_data.c
N test_EXTLc

test EXTLh
test_privateh
test ref.rsp
E =T test_TIM.c
—— | test TIM.h
test_USART.c

test USART.h |

"I =S = ' Details A

life.augmented
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STM32CubeMX Code Generation 1/2 mm

. STMSZCubeMX process
STM32CubeMX is automatically called from
MATLAB® when « Download Application » has Download Application
been selected from Model Configuration window.

+ STM32CubeMX generates configuration code.

Generating user source code. ..

+ STM32CubeMX adds necessary library files.
.c/.h library files from HAL STM32 libraries.

Copying libraries files...
| I

* STM32CubeMX generates toolchain project
including files generated from MATLAB®

Click « Open Project » to automatically open

|
' project using selected toolchain.

Generating EWARM project...

+ STM32CubeMX generated project can be open
% Code Generation / u

@ The Code is successfully g%!er C/TEMP ftest

m | Open Folder | [OpenProject]| |  Close |

life.augmented




STM32CubeMX Code Generation 2/2

+ STM32CubeMX project generation
* Project is generated in same repository as ioc
file. (Example with Simulink « test » project)

« STM32CubeMX project contains

* Drivers : Contains STM32 selected library and

CMSiI files
MName
L CMSIS
| | Drivers || STM32F3s HAL Driver
| EWARM
. Inc
L Src
. test
« EWARM: Contains toolchain project files (IAR for
example)
MName .. settings
. . test Configuration
. Drivers ] Project.eww
Ji EWARM || stm32f334:8 _flash.icf
o Inc || test.ewd
Sre || test.ewp
. test

Lys
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flame .mlproject : Generated from MATLAB®. Contains information af
J Drivers .cl.h files to add to project from MATLAB®
|| EWARM
- Isnc .mxproject : Generated from STM32CubeMX. Contains information
= tr; about .c/.h files generated from STM32CubeMX
§ te
L mlproject
|| .muproject .script : Generated from MATLAB®. Contains STM32CubeMX

|| script === command to generate project.

# testioc
"3 test.sh

Inc & Src: Contains STM32CubeMX generated
or modified files.

MName

\. Drivers | main.c

.. EWARM | stm32f3e_hal_msp.c
|I . stm32f3e it

| M Sic
. test

main.c : Generated from MATLAB®. It has been modified by STM32CubeMX

to add project configuration.

_hal_msp.c: Peripherals configuration
_it.c : Interrupt handlers for configured interrupt only.

test (Simulink project name): Contains all .c/h
files generated from MATLAB®

MName K= test.c

.| Drivers & test ADC.c

|| EWARM | test_data.c

| Inc | test EXTLc

i Src || test_TIM.c
test [ test USART.c



A It is required to know toolchain functionalities. TO O | C h al n P rOJ e Ct

 Toolchain settings
* STM32CubeMX has automatically generated
project including mandatory settings. It is exactly
same project at it should be generated « by
hand ». Possibility to tune all settings.

Example using EWARM (IAR) toolchain for
Simulink test project

* Toolchain Actions
* Build project
* Download and Debug project

Lys
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BUILD Download&Debug
project project
3 Project - AR Embedded Workbench I0E 4 Bas p
File Edt View Project Tools Window Help
DS RO S L a@lo | el Y REoe® e "'MIV?IXQI&IB' STM3? board must be connected to PC when
Warksg x E““ you click « Download&Debug »
| e Cortigaten SleEm
Fies PRI esssssssssnsncsnssssassssassnsss ececscsccsesnsssssssnsns ssssacssecacaed
" ¢ File Same ! main.c
Bo!‘““’“ Configuration v * Descriptios t Main progres Pody
LIEWARM .
L?—‘;;%m * COPYRIGET(c) 301€ SDMicroelectrosics
}-Qam3m_hd_ms = 4nd Use i3 Jource 454 Bizary Zorms, vith or vitbout =2
L@ B stn32t3e ite vided that the followisg conditisns are set:
3 () Denvers * 1. Redistribeticns of source oode Bt e ebove oopyright 2
F@L]M‘S 4 8% of conditions «ad ke foll iainer,
Lgasmmm MaAL Dn ¢ 2. Redastiribetions in Dinary form mest reproduce the above copyrigh
L& (I Middlewares Sheaie . this list of conditions and the followiag discleimer in the docs
C o and/or ctier materiels provided with tie distribution.
Lghmanias
Ha Dweste * 3. Neither tke neme of STMicroslectronics mor the names of its coot
MB* {_ADC. . Bay e used to endorse or promote products derived from this sof
= D‘:‘:’ mz . vit2oot Specific Prior vXitten permission.
e Rest BXMc * THIS SOFTWARZ IS FROVIDED BY THE COPYRIGET BOLDERS AND CONTRIBUTORS *
Blov_TlMc * AND ANY EXPRESS CR IMPLIED FARRANTIES, INCLUDING, BUT NOT LIMITED 7O,
D""_USARTC * IMPLIED JARRANTIES OF MERCHANTABILITY AND FITNESS FOR A FARTICULAR
L‘E;_IM“ * DISCLADNED. IN NO ZVENT SHALL THY COPYRIGET BOLDER OR CONTRIBITORS 88
* FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR JOMSEQOR



A It is required to know toolchain functionalities. R u n P rOj e Ct

Example using EWARM (IAR) toolchain for
Simulink test project

Simulink « test» example results
* Project is started and waits at 1st main

inStI’UCtiOI’]. f.wﬁ:: I:.w Progect Doty :nm ATARE Joch  Mindow -
. Click «Gon % 18 g Ba e AT Y Y TEL LYY

- LD3/LD4/LD5 are blinking S-slpa sy 1~
» LD6 is alternatively ON and OFF when | =T~ ——y =1

AR BalsCvoid)

teut Coriguaten. - = ol = [ Memany
you press User button. ADC value set on Foas Y| ket v [ oty -
PA2 (ADC1 Ch3) is sentto PC through | T855258 | i Crase: caats
USART_ ijf:r;::w static w223l ¢ sotolelcsdTisarlocpial 5 = 1 . L = o

. L £ Cmpt J* Bmza oomber of acto relosd Simer rotatico Bo dn oS sTick
You can see ADC value on PC using S s 0020 entose
PUuTTY for example. B COMIS - PuTTY Cm s “Bad0naezz extoon

Ox8003424: D=d770
LEL L EE PR

mAlD
= OwS003428: GmBETD
P — 0001928 Swedid Ouiibl
o e 0xA0074%s: DxbOYE

T ConfLquracLoa------

OxB0d 38 Sxi¥id Dxdbb
1 Seialiped the Flidk fsrarfess asl ohe Syaeisk, o yatenllock =la
HAE_Tadp (s 0007434 =000 Oxdfd

¥, ESARTE -

L}

Log =
FlashSTHMISF FAMT I ol
Fri Fab 12, 2006 17 5725 Tasged taaad
Fri Fab 12 2008 17 5738 Undcaded macro Sie: CiProgram Files (3E1AR SystemeEmbedded Workbench T (fericonigiAsshioaden ST,
FlashSTMIF T s
Fri Fab 12, 2008 17 5728 Dowsloaded CATEMP e shEWARL e ContgurstonExonest Configuntion out o fash mamory.
Fri Fab 12 2006 17 5735 Hisrdemnh nipal et ghodigy ) wad peirommisd .
g|  FriFab 12 2006 175727 19932 bytes downloacksd mio FLASH and varsed (776 Kinsasfie)
147 L Fri Feb 12 2006 17 8727, Losded debugee: C\TEMP st BV P it ConSgurasion) Ear'de! Conlquession ot
o it el e

el | bm.-:l.m|hld Hl
e WO Ready HUM =

3 wad

S Eﬂ e --‘.'—"I
-'Lgmq el
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External Mode



Tools usage

« External Mode

MATLAB® | [ STM32Cube |
+ Data (input or output) obtained within Simulink Embedded
STM32 through its peripherals (ADC, [ Software .
Timers, ...) and algorithm fully executed Embedded Toolchain
on STM32. Coder STM32CubeMX

+ Data monitoring from Simulink via UART

* Not possible to modify STM32
configuration during External Mode.

Lys
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External mode example mm=

* Hardware :
« Example based on NUCLEO-F302R8

» Configuration :
+ ADC1:IN1

- Software application :
» Read ADC1 IN1 value from Simulink

Lys
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STM32CubeMX STM32F302R8 configuration

......

mmmmmmmmmmmmmmm
mmmmm

aaaaaaaaaaaaaa

+ Open STM32CubeMX tool and select STM302R8Tx o

PC1..
PC1..

* Hardware setting

* PAO: ADC1 IN1 Single-ended =

PCO

=-Peripherals =
& ® ADC1 B
. ~IN1|IN1Single-ended =) D

ADC1_TMY 20

vvvvvvvvvvv

Linker Settngs~— (Blas|RR 2B 08 S (== (=0 &

* Project configuration

Minimum Heap Si 03000
A » Heap Size : 0x3000 T RS EE

Minimum Stack Size D400

. % .~ Because of communication flow between Simulink and STM32, Heap Size
‘- ' must be higher as possible.

» Clock configuration
+ Setto Max : 64MHz if HSI used

- Save project

Lys
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Simulink External Mode

» Look at Simulink model Setting 1/4 to 4/4 to open and configure new model.

- Save Simulink model and open Library Browser
* For example: Save model as test.sIx into C:\TEMP\test repository

* Follow instructions from STM32 Configuration 1/3 to 3/3 in order to
select IOC configuration file you saved for STM302RS8.

r*itv.=_st—S'|m|..|Iinkc — e » l - - - - E‘Eﬂﬂ
Eile Edit Miew Display Diagram Simulation Qnalysis Code '_I'ocTIs Help
-8 e -E-e® GO P [ 0o [Norml 1) | D |G
test
test -
@ '
£ sweore Ly
= STM32F302RETx i
S5TM22_Config
|
L]
Ready lﬂﬂ_% B FixedStepDissete : H

Lys

life.augmented



Simulink External Mode mm

- PULSE or SIN or ADC value

» Select source to scope on Simulink.

* It can be Sine Wave or square pulses depending on Switch position or STM32
ADC1 PAO input value depending on Switchl position.

[P test -
Read PAO input value (0 to 4095)
33
STM32F e “T’ =
ot .
STMZ2F202R8T= ks Compute 0 to 3.3V
anes D vide ’ .
STMZZ_Config . / 4. Scope l =RRC X
12bits mex value

ADC configuration

STM32 "‘Tf | File| Tools View Simulation Help

ADC1 Chi_r1 » g-le-aAQ-KH-F-
0to 3.3V precessing
ADC_Read :
-1

Puke Manusal Switch1  Gain Scope
Generator Manual S itch
B or ADC value
Sine or pulse
=
+ 4

i+

Ready

Sine W ave

Lys
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Simulink External Mode mm

» Select External to enable External Mode

Q)

File Edit View Display Diagram Simulation Analysis Code TJools Help

@]v EE@vv@@ v 10,0 E'Ktﬂ'ﬂd v] Ovv
« Generate code for created application
* Press « Build Model » to automatically generate C code
and toolchain project.
File Edit View Display Diagram  Simulation gnalysis Code Jools Help
v] O - -

Lys
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Simulink External Mode
QT

- PC COM Port selection o
. i ) 475 Ports (COM & LPT) :
« COM port number is given from Device manager | .3 sTMicroelectronics STLink Virtual COM Port (COM4)

.
4 Figure 1: PC COM Port selection e

- = e = . .
Set PC COM Port for External Mode settings and press
continue.

com 4 Parity nene

Bits per 1 3 1
second 115200 %) Stop bits

none

- 8
D""(‘:)’“‘ Flow control

Time out (s) 10

Continue

jal UART speed Baud Rate only is configurable.

Lys
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Simulink External Mode

« STM32 UART selection
» Selected UART depend on Virtual Com Port (VCP) configuration.
° LOOk at User manual Of used board ri Figure 1: External Mode USART parameters selection E‘Eﬂ

Select ExtMode MCU communication parameters and
press continue.

« NUCLEO-F302R8 example:

Rx port PA3 -

5.8 USART communication

The USARTZ2 interface available on PAZ and PA3 of the STM32 microcontroller can be
connecied to ST-LINK MCL, STMicroelectronics Mormpho connecior or to Arduino connector.
The choice can be changed by setting the related solder bridges. By default the USART2
communication betmeen the @rget MCL and ST-LINK. MCU is enabled in order o support
Virtual Com Port for mbed (SB13 and SB14 OM, 5B32 and 5883 OFF). If the
communication between the anget MCL PAZ (D1} or PAS (D) and shiesd or extension
board is required, SB62 and SB63 should be OM, 5813 and 5614 should be OFF. In such
case it possible to connect another USART to ST-LINK MCLU using fiying wires between
Morpho connector and CN3. For instance on NUCLEOQ-F103REB it is possible to use
USART2 available on PC10 (TX) & PC11 (RX). Two flying wires need to be connected as Continue
ol
PC10 (USARTI_TX) avalable on CNY pin 1 to CM3 pin RX L
PC11 (USART3 RX) available on CMT pin 2 to CM3 pin TX

Usart name USARTZ =
Tx port PAZ -

Lys
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* Project Generation
« STM32CubeMX generates project as for Build Project Process.

Lys
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Simulink External Mode

% Code Generation

e

The Code is successfully generated under C:/Users/reynaudp/Documents/5TM32-MAT/STM32/5TM32demos/ExternalMode/Joc/NUCLED_F302RE

[ Open Folder ] | Open Project§| [ Close

 Click Open Project and verify Project Setting

e e —

File Edit View Project Tools Window Help
DSH@ & & @|| o | WL S| D
VST main.c |
test -
[ Options for node "test”™ ﬂ R cisd
Files i mH
=lufiest - test [v [ |
-8 01 Application Categon: i eiss
81 CIEWARM oo
| s startup_stm 32130285
I_E-‘ CIlUser Runtime Checking
. CfC++ Compiler Bificati
maln.c fication,
Target - - - - e PN
1320 hal_msn.c Assembler g ‘OLﬂput I Library Corfiguration I Library Options I MISRALC:200- )
str32fboc_itc g““t’:t ‘;"f“f”’” tice,
2 [ Drivers qu m B Processor varant .
CICMSIS Eu\kEAchuns notice,
. Linker M4 |
CISTM32F Bec_HAL_Driver Sebagger OCore | CortaxeF foation
ﬁgﬁ;ﬁwﬂss S\mullatur © Device ST STM3ZF3028 E......
Angel a.
ot_serial_pktc CMSIS DAP pooe
ext_svrc GDB Server .
ext_svi_sefial_transpar.. 1AR ROM-monitor Endian mode FPU c T5n
ot _wiork.c Tjet{TTAGjet @ Little VFPv4 - T
tiostream_serial_interf... J-ink{1-Trace Eig \BosE 2rE
instream_utils.c T Stﬁ!‘aﬂs BE3Z \fL1aBLE
Th3ZEerialPtiostrea. . Macraigor @ BES Nrzar
st PE micro - ibs or
test_ADCC RDI \fEVER
st_data.c STAINE BILITY,
bt s
—E Outout
IF R




Simulink External Mode

CUad

* Build, Download and Run project
« STM32 target must run project before connection with Simulink is done.

File Edit WView Project Debug Disassembly ST-LINK  Toeols Window Help I

D@ &S| 2R o ME R R RN R A A -l
S-lel2 L8 SBX]
I s | RUN
Workspace X main.c| main) « X
| [test vl —
| Files ge B, A% Remaining number of auto reload timer rotatlon to do #/ .
S static uint32_t remainkutoReloadlimerLoopVal S = 1;
1|3 (Ftest - test v
|2 1 Application /# USER CODE END 0 *#/ a
& (3 Drivers 1
& (3 Middlewar.. %  int main(void)
L@ (7 Output [

/* USER CODE BEGIN 1 #/

A% Data initialization #/
int T 1i;

boolean T rtmStopReq = false;

J& TICRD ~ANE _FRND 1 £/
I test
4 | m | P

Ready Ln &7, Coll

Lys

life.augmented



Simulink External Mode

- Simulink External Mode settings
« Verify Simulink model Configuration parameters window

& Configuration Parameters: test/Configuration (Active)

4 Code Generation

Report absolute time [C] continuous time [] non-inlined S-functions
Comments [T] variable-size signals

Symbuols

Custom Code Multiword type definitions: [System defined v]
Debug

Interface .

Verification Code interface

Code Style Code interface packaging: lNonreusabIe function 'l

Templates

Code Placement [C] Classic call interface

Data Type Replacement

Memory Sections Single output/update function [7] Terminate function required

=TM32 Options [T] Suppress error status in real-time model data structure [ Combine signal/state structures

Data exchange

[C] maT-file logging

Interface: [E)dernal mode External Mode Interface selected

Host/Target interface

Transport layer: stm32_serial Only Serial Com is supported ¥ | ME{-file name: ext_serial_win32_comm

MEX-file arguments: 0,4,115200,10_ 0 = Net verbose
4 = PC COM port
115200 = Com Speed

Memory management
10 = Timeout

[C] static memary allocation
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Simulink External Mode mm
QT
« STM32 — Simulink Connection
 Click Connect To Target

P2 test*- Simulink I T r %

File Edit View Display Diagram Simulation Analysis Code Tools Help

- & B0 @ -3 = ¥ w0 [Exema )| @~ ay
test Connect To Target |
] tESt -
s '
:'@,E 33
Ed Vo .
STM32F302RETx g i

:t 4095 D' ivide
- 12bits max value

STM32
Lys .

ADC1 Chi_r >

|:| 01033V

ADC_Read

- ST
— i

Manual Switchi ~ Gain Scope

Generator Manual Switch

(i il
i+
|E_E| Sine Wave
> |y | m | »
Ready View 2 warnings 100% FieedStepDiscrete

ST
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Simulink External Mode

* Memory configuration
« Connection can be done but no signal visible from scope.

X;y,DhQ"m@&cViwwu r . Laa 3 | B i

gv Ev %v xv|vv |Q eal Vv @v @
test 3.
UoIID MW EIapsed: 11y N
|~ simulation
0517 PM

Source 'test/ADC Read' specifies that its sample time (-1) is back-inherited. You should
explicicly specify the sample time of sources. You can disable this diagnostic by setting
the 'Source block specifies -1 sample time' diagnostic to 'none' in the Sample Time group
on the Diagnostics pane of the Configuration Parameters dialog box. —

l Component: Simulink | Category: Block waming

Parameter precision loss occurred for 'Value' of '"tegt/Volt'. The parameter's value cannot
be represented exactly using the run-time data type. A small quantization error has
occurred. To disable this warning or error, in the Configquration Parameters > Diagnostics
> Data Validity pane, set the 'Detect precision loss' option in the Parameters group to
'none’.

m

Component: Simulink | Category: Block waming

Not enough memory on the target to process the packet: EXT_SELECT_SIGNALS ez
T ———
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Simulink External Mode ==

* Memory configuration
* Increase Heap Size from STM32CubeMX configuration if possible
» Or configure Signal & Triggering from External Mode Control Panel

r _ - - - - - — -
'Pi test * - Simulink
BT e -
File Edit View Display Diagram Simulation Analysis fgode] Tocls  Help
= OE & - = - C/C++ Code > - .| b .
i} o © &
Data Objects - r B
fest I test: External Mode Control Panel u
® test External Mode Control Panel Connection and triggering
@ [ Disconnect] [Stop Real-Time Code] ’Arm Trigger]
|y [
F] v/ ot i Floating scope
STM22F302RETx :
= Enable data uploading
STM32_Config )
12bits max value Duration: | auto
STMZ Loy
v/ x Farameter tuning
O ADG1 Ghi_rl f—
0to33V
ST o [C] atch download

Tt - »

1 . T Download

Puke [ *° Menuel Switchi ~ Sain Scope -

Generstor | Manual Switch Configuration
Signal & Triggering ... l [ Data Archiving ... ]
IE_EI Sine Wave [ oK ] I ﬂelp ]
% |4 [ i
External View diagnostics 100% T=8211.300 e . FixedStepDiscrete
e
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Simulink External Mode mm

» Memory Configuration
» Change Scope duration to 100

» Connect To Target again

[ “a test: External Signal & Triggering

Signal selection

—————= =

| Trigger cptions

= Mode: |normal

"I Source: |munuul

= | Duration:

. Arm when connecting to target
L

Trigger signal
" Fath:

Direction: rising ~ | Lewel: 0 Hold-off: | 0
h

| R

100

Delay: 0

Clear all

off

V'i test * - Simulink

DY S —

File Edit View Display Diagram Simulation Analysis Code Tools Help

fo-=e

Extemal

» @ 3~ [wo

b - &
| test |
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Signal modification

» Sine is selected (-3 to 3)

4| Scope -

"L Function Block Parameters: Gain

o -

Running

File Tools View Simulation Help |

@=-a-d- F&-

Gain

Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u®K).

J

Main | Signal Attributes | Parameter Attributes E
Gain:
Multiplication: |Element-wise(K.*u]

]| Cancel || Help Apply

Offset=20760 T=20751.000

Lys
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« Change Gain from 3 to 2

 Sine signal amplitude is now from -2 to 2

4.| Scope =

File Tools View Simulation Help ]

@-00 |- a-E-|F -

Running

Offset=20910 T=20914.800




Signal Selection
* Double click Switch to select pulse generation

ba test * - Simulink —
File Edit View Display Diagram Simulation Analysis Code Tools Help

b - R M= ORON" e -| & -
test 4| Scope | = | E |il?-l

File Tools View Simulation Help 1-'

G- | - Q- FFH-

HE®

E

ADC1 C
0123V
ADC_Resd
0

—— >~

e

Fulse i Manual Switcht ~ Gain Scope
Generator Manual Switch
@ 2
+

- Sine Wave

> | 1 3

External View diagnostics 100% T=21273.500 e FixedStepDiscrete
h

Running Offset=21160 T=21167.400
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Signal Selection

» Double click Switchl to select signal from ADC1 PAO

9& test * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
o [ - . a R Evterms = =
o BEG =P @B 0] e
test
® EltEst -
@
33
STM22Fxx ‘1’ .
El Vit
STM22F302RETx
- =]
SR 12bits max value
STM32 ‘
(Bl x
ADC1 Chi_r
0to33V
ADC_Resad
O
Fulse - Manusl Switch1 ~ Gain Scope
Generator Manual Switch
[[ Sine Wave
P |y m 2
External View diagnostics 100% T=23246.700 L7 | FixedStepDiscrete

NUCLEO AN-AO Pin (connected to ADC1 IN1)
and GND must be connected to a power supply
(or voltage generator) max 3.3V.

Lys
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4.| Scope
File Tools View Simulation Help N
@v~.b.;}vuvgv§@v

Offset=23110 |T=23116.200




Simulink External Mode
» Connected / Not connected S "

» As long as STM32 application is running, you can connect or unconnect Simulink
model.

r"i test * - Simulink ® = smms |E |
e C ted File Edit View Display Diagram Simulation _Analysis Qode‘ Tools  Help
onnecte o~ B e -Blelr @ v [wo ] [extemal
test

"'i test * - Simulink ! - S Fk

File Edit View Display Diagram Simulation Analysis Ceode TJoels Help

b~ & EE@"@@ v 10.0 |External - |

test

* Not connected
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Simulink External Mode

* Monitoring
* As long as STM32 application is running, you can modify Simulink model

’i test * - Simulink § = _E@
File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
|§“L = gg @ - - @ (!) * [10.0 External - -
test
[Patest
Q s Can be modified
sTmszFax [
&) 2 /4 x
.:_
= LRI — e Can NOT be modified
STM32_Co
_Config 12bits max value
*
D ADC1 Chi_rl
to 3.3V
ADC_Read
o
e _D/..— >
= Manual Switch1 =N Scope
Generator Manual 5 witch
[T
ine
L 1 | »
External View diagnostics 107% T=35006.400 L e FixedStepDiscrete

Monitoring meens that only parameters can be modified. C generated code can't be modified. For example, it is not

|
possible to replace x with + as x C code function has been generated.
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Simulink External Mode
- External Mode without ioc file selection. ey

* It is possible to do STM32 External Mode for Simulink model without any
STM32 driver used.

 MCU used for External Mode is then selected using MCU selection window
as PC port and STM32 USART for External Mode communication

» |IOC file is generated including selected STM32 MCU and USART for
communication with Simulink.

« STM32CubeMX generates code and project.
* Process is same as process using STM32 drivers.

Pulse
Gener ator

Manual Switch Gain Scope

++

Sine Wave
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Releasing your creativity
with the STM32

£} isTva2 =) @sT_world ¢Fe st.com/e2e

a7 WWW.st.com/stm32


http://www.st.com/stm32

