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1) Uvod do generovani kodi ze Simulinku
2) Automatické generovani aplikacniho SW ze Simuinku

3) Testovani vygenerovaného SW pomoci SIL/PIL
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Motivace automatického generovani C kédu ze Simulinku

Modelovani a Simulace

Grafické modelovani
Citelnost, srozumitelnost, pfenositelnost
Brzka verifikace a validace

(prubézna validace modelu, kédu SIL... HIL apod.)

Automatické generovani kédu

Redukce programatorského ¢asu
Redukce chyb pfi transformaci algoritmu do kédu
Propojeni modelu a kédu

Automatizace testu

if (reset) {
y=0; [
} else { R
y+=k * u; C++

}

Uvod do generovani kodt ze Simulinku
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> s Uvod do generovani kédti ze Simulinku

Priklad automatického generovani na SW ECU

Calibration ROM 9464 9464 0%
Code ROM 2952 2900 -1.76%
RAM 240 238 -0.83%
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Uvod do generovani kodt ze Simulinku

Code Generation from

Code Generation from

MATLAB Code Simulink Models
MATLAB Simulink
MATLAB Code MATLAB Blocks for
for Cos!e * Function Code
Generation Block Generation
y
MATLAB Coder Simutink Coder
and and
Embedded Coder Embedded Coder

CorC+
Code

L

IDE toolchain

Compiler or

l

Executable program
(in target environment)
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> oo Uvod do generovani kédt ze Simulinku

Automatické generovani C kédu ze Simulinku

MATLAB Simulink

Other Code generation MATLAB Function ~ Other
MATLAB code from MATLAB block Simulink blocks

'

Simulink
Coder

l

C or C++
code

l

Compiler or
IDE toolchain

l

Executable program
(runs in target environment)
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> e Uvod do generovani kédti ze Simulinku

Pro jaké ucely se hodi generovani kédu ze Simulinku a Stateflow?

* Akcelerace Simulaci (méd rapid accelerator)
* Rapid prototyping (prototypovani aplikaci)
* Hardware In the Loop (HIL) testovani

* Vyvoj aplikaéniho embedded SW
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Uvod do generovani koéda ze Simulinku

Rapid Prototyping

Simulink

Controller Model

Code
Generation

Plant Model

Harness

Hardware in Loop (HIL)

Simulink

Controller Model

Plant Model

/|'|EII'HESS

A

ECU

Code
|Generation

Real-Time Computer
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Koéd muze byt vygenerovan v riiznych podobach:
1) Aplikacni SW takika nezavisly na HW - nutna vlastni integrace do projektu

2) Projekt s nastavenim zakladnich HW komponent (interrupty apod.), dalsi HW
funkce se ruc¢né importuji do vygenerovaneho projektu

3) Kompletni projekt (neni nutné SW ru¢né upravovat)

MATLAB Program
Simulink/Stateflow Model

Code Generation

DLL | = Used with existing code
(— = Used for implementation

igx_ji = Standalone executable/dll

=
=
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Vyvoj a integrace aplikacniho
SW pomoci Simulinku
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B et Generovani aplikaéniho SW ze Simulinku

Generujeme pouze funkce nezavislé na HW a provadime jejich otestovani a
integraci v IDE (napf. CCS)

Tj. dnes se nebudeme bavit o nastaveni HW, interrupta a schedulingu

Controller
Model
Communication
Interfaces ) e e
] : i Output 1}
LI T[] i i Drivers | %
I | | [ | + : Actuators
Sensors .
| Special !
: Device !
oA ! Drivers ! -i
lal B | C]| e Specal
Interfaces
® .
© —1}
_____ . T TR
\ Scheduler/Qperating System :
|.._...and Support Utilities |

INVESTICE DOVAS! BUDOUCNDSTE
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Prabéh generovani kodu ze Simulinku

Configure Model for
Code Generation

)

v

Run Code Generation Advisor

Modify
Configuration?

v

Generate Code

Build and Run Executable

)

v

Signals During Execution

Tune Parameters and Monitor

Expected

Results?

INVESTICE DOVAS! BUDOUCNDSTE
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- Generovani aplikacniho SW ze Simulinku

Postup pfi navrhu:
1) Uprava modelu pro generovani

pfechod ze spojité oblasti do diskrétni, double -> fixed point, optimalizace,
pojmenovani signalu apod.

2) Konfigurace modelu pro generovani kédu

Konfigurece v model settings — nastaveni zalozek Solver, HW Implementation, Code
Generation

3) Vybér co chci generovat

Model reference, subsystem, function
4) Otestovani

S-function builder, automatic SIL block...
5) Integrace

,Rucni“ integrace, testy integrace....
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Generovani aplikaéniho SW ze Simulinku

Konfigurace modelu pro generovani kédu Solver

3

v

Data Import/Export
Math and Data Types
Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
Code Generation

Optimization

Report

Comments

Identifiers

Custom Code

Interface

Code Style

Verification

Templates

Code Placement

Data Type Replacement

Start time: 0.0 ' Stop time: |Inf

@ Configuration Parameters: Subs1/QuickStart_50021_5_3_0_5_13331 (Active) — O *
{ (Q Search
Solver Simulation time

Solver selection

Type- |Fixed-step | ¥ | Solver |discrete (no continuous states)
¥ Solver details

Fixed-step size (fundamental sample time}). '01

Tasking and sample time options

Periodic sample time constraint: |Unconstrained

[7| Treat each discrete rate as a separate task
F! Allow tasks to execute concurrently on target
P! Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

| ok

H Cancel H

Help ||

Apply |

EVROPSRA UIE
VRGPS FOND FRO REGIONALN RODVE)
INVESTICE DOVAS! BUDOUCNDSTE



FAKULTA
’ ELEKTROTECHNICKA

Konfigurace modelu pro generovani kédu Hardware Implementation

Generovani aplikaéniho SW ze Simulinku

\Q Search

Solver
Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation
Maodel Referencing
Simulation Target
¥ Code Generation
Optimization
Report
Comments
Identifiers
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement

Hardware board: fTI Delfino F2833x

Code Generation system target file: erttlc
Device vendor: Texas Instruments

¥ Device details

Number of bits

char: 16 short: 16
long: |32 long long: 64
double: 64 native: 16
size t: |32 pirdiff_t: |32

Byte ordering: Little Endian

int: 16
float: 32
pointer: 32

Device type: C2000

Largest atomic size

integer: Int

floating-point: None

|'\ Signed integer division rounds to: | Zero

Shift right on a signed integer as arithmetic shift

[+! Support long long

Hardware board settings

¥ Operating system/scheduler

Base rate trigger: |Timer 0

» Target hardware resources

L

oK \| Cancel || Help || Apply |
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Generovani aplikaéniho SW ze Simulinku

Konfigurace modelu pro generovani kédu Code Generation (mnoho dalSich
nastaveni)

. ) - Find
B Conf guration Parameters: Subs1/QuickStart_50021_5_3 0_5_13331 (Active) — O *
Replace ~
Q Search Ei Systemn Target File Browser: Subs1 X
System Target File: Descripticon:
Solver

Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
¥ Code Generation
Optimization
Report
Comments
Identifiers
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement

Target selection

System target file: Iert,t!c

asap2.tlc

| | Browsd|autosar.tlc

Language: | C

| autosar adaptive.tlc

Description: Embedded Coder

Build process

[ | Generate code only
|j Package code and arlifacts
Toolchain settings

Toolchain:

Zip file name: =empiy=

}Texas Instruments Code Composer Studio (C2000)

ASAM-ASAPZ Data Defi s
AUTOSAR
AUTOSAR Adaptive

Build configuration: }fasier Runs

» Toolchain details

Code generation objectives

Prioritized objectives: Execution efficiency, RAM efficiency

Check model before generating code: |Off

! ert.tle Embedded Coder
ert.tlc Create Visual C/C++
ert shrlib.tlc Embedded Coder (host
grE. e Generic Real-Time Ta
grt.tle Create Visual C/C++
realtime.tlc Run on Target Hardwa
rsim.tlc Rapid Simulation Tar w
< >

|, Full Name: C:\Program Files\MATLAB\R2019b\rtw\c\ert\ert.tlc
-
[ oK || cancel | Help | Apply
| = ‘ | | fodelReference Block: '<Root>»/Nasobe
i atusPointer(Subsi_M),
obeni_InstanceData.rtm));
rumulated
r each channel */
[@ 2%pi) */
Set Objectives. .. =
- Py : i
| = | Check Model.__ = lock is re-enabled in an
lad subsystem states on
E '
- bo#/
- rumulated
+ 63% o
oK | | Cancel | | He|p | | APPW | H r each channel */

EVROPSRA UIE - o
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enerovani aplikacniho SW ze Simulinku

@ Configuration Parameters: Subs1/QuickStart_50021_5_3_0_5_13331 (Active) - [} x @ Configuration Parameters: Subs1/QuickStart_50021_5_3_0_5_13331 (Active) = [m] X
|Q Search |Q search
Solver Default parameter behavior: | Tunable lL‘ Configure Solver [#/] Create code generation report
Data Import/Export
B P Pass reusable subsystem outputs as: |Individual arguments ‘ Diata mpotiExpont [+/] Open report automatically
Math and Data Types - - Math and Data Types B
» Diagnostics Data initialization » Diagnostics [[] Generate model Web view
Hardware Implementation [l Harriovs oot level 0 zara intiklzation Hardware Implementation Metrics
Model Referencing . o Model Refarencing [] Static code metrics
Simulation Target Remove internal data zero initialization Simulation Target
v Code Generation ¥ Code Generation
B Optimization levels - ¥ Advanced parameters
Optimization Optimization
Report Level: | Maximum ~ | Priority: |Balance RAM and speed - Report [¥/] Code-to-model
Curmjnenls B seecity cristomidptimizations Comments [+/] Model-to-code Configure
Ioentifiers [ Identifiers [«] Eliminated / virtual blocks
Custom Code Luili Custom Code .
— /| Traceable Simulink blocks
Interface [¥7] Use memcpy for vector assignment Memcpy threshold (bytes): |64 | Interface -
Code Style 7 Code Style [Z Traceable Stateflow objects
Verification ¥/ signal storage reuse Verification [/] Traceable MATLAB functions
Templates [#1 Enable local block outputs Templates B
["] Summarize which blocks triggered code replacements
Code Placement [+] Reuse local block outputs Code Placement
Data Type Replacement
Deifs Tywe Replacement [+] Eliminate superfluous local variables (expression folding) i3 P
[+] Reuse global block outputs
[+] Perform in-place updates for Assignment and Bus Assignment blocks
[+] Reuse butffers for Data Store Read and Data Store Write blocks
[ Simplify array indexing I
oK || cancel || Help || Apply oK || cancel || Hep Apply
@ Configuration Parameters: Subs1/QuickStart 50021 5 3.0 5 13331 (Active) — ] X @ Configuration Parameters; Subs1/QuickStart_50021_5_3_0_5_13331 (Active) . m} X
‘Q Search ‘Q Search
Salver Software environment = Salver Code profiling
Data Import/Export . 11 c28 DREFImpotEport I m task ition fi
Math and Data Types Code replacement library | X ‘ | Math and Data Types || Measure task execution time B
» Diagnostics Shared code placement |Auto | » Diagnostics Measure function execution times: [Off I~
Hardware Implementation Support: [¢] floating-point numbers 1 non-finite numbers ] complex numbers Hardware on v variable: executionProfile Save options: | Summary data only |

Model Referencing
Simulation Target
v Code Generation

Optimization
Report
Comments
Identifiers
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement

[] absolute time

Code interface

1 continuous time

[ variable-size signals

Code interface packaging %Nonreusable function

[] Remove error status field in real-time model data structure

Data exchange interface

Array layout

External functions compatibility for row-major code generation

Generate C AP for:
[] signals [] parameters
[ ] ASAP2 interface

¥ Advanced parameters

Standard math library:

Ann inlinad € finctinne

Column-major

emor

[] states [] rootlevel 1O

|csa/can (ANSI)

\ OK H Cancel ||

Help

Model Referencing
Simulation Target
¥ Code Generation

Optimization
Report
Comments
Identifiers
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement

Code coverage for SIL or PIL

Third-party tool- [Nene

[ =] | Configure...

E Enable portable word sizes
E Enable source-level debugging for SIL

¥ Advanced parameters

Create block: [None

SIL
PIL

Create a SIL or PIL block for verification of generated code H

"y

[ ok H Cancel | | Help | Apply

EVROPSRA UIE
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Konfigurace modelu pro generovani kédu — Code generation advisor

Generovani aplikaéniho SW ze Simulinku

) Code Generation Advisor - Subs1

File Edit Run Settings Help

e — T

~ [5) Code Generation Advisor
[-] check model configuration settings against code generation ohjectives
[__] check for optimal bus virtuality
[-] 1dentify questionable blacks within the specified system
[_] check the hardware implementation
[-] 1dentify questionable software environment specifications
[__] 1dentify questionable code instrumentation (data 1/0)
-] ~1dentify questionable subsystem settings
] ~Identify blocks that generate expensive rounding code
[} ~Identify questionable fixed-point operations
[] 1dentify blocks using one-based indexing
[] 1dentify lookup table blocks that generate expensive out-of-range checking code
[] check output types of logic blocks
|__] ~Identify blocks that generate expensive fixed-point and saturation code

@ Model Advisor
@[‘ Upgrade Advisor

@ Performance Advisor

Code Generation Advisor
Code Generation Advisor
Analysis
Code Generation Objectives {System target file: ert.tic)

Available objectives Selected objectives - prioritized

ROM efficiency Execution efficiency
Traceability RAM efficiency

Safety precaution
Debugging I+ ‘

MISRA C:2012 guidelines

Polyspace «l

2

k3

Run Selected Checks|
[] show report after run
Report

Report: ..\report_1.html | Save As... |
Date/Time: Not Applicable
Summary: o Pass: 0 0 Fail: 0 [y Warning: 0 ] Mot Run: 13

Help

VRGPS FOND FRO REGIONALN RODVE)
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- Generovani aplikacniho SW ze Simulinku

Generovani kédu = pro jednoduché nastaveni Embedded Coder Quick Start

Model Advisor
Fixed-Paint Tool...

C/C++ Code

Block Parameters (Subsystem)
Properties...

Y= o Oo) Help

Embedded Coder Quick Start
Code Generation Advisor

%

Deploy this Subsystem to Hardware

E

Export Functions

|

Subsystem

EJ Embedded Coder Quick Start: Subs1

Welcome > System

Generate S-Function

Navigate To C/C++ Code
Open Subsystem Report

Choose the model or a selected subsystem for code

generation.
(@ Model Subs1
Subsystemn  © see "What fo consider"

No subsystem available. Generate code for the entire model

Back

What fo consider

Embedded Coder supports code generation for a
model or a subsystem within a model. When your
model contains other subsystems that are not
intended for code generation, choose a subsystem
build

© Embedded Coder supports subsystem code
generafion, however, imitations can apply. Before
using this Quick Start tool, consider converting the
subsystem to a model reference for more advanced
features. For more information, see "Subsystem to
Mode| Reference Conversion".

About the selected option

Generates code for the model.

Next

o

EVROPSRA UIE
VRGPS FOND FRO REGIONALN RODVE)
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Generovani aplikaéniho SW ze Simulinku

Prace se Simulinkem a vygenerovanym kédem

DEBUG

MODELING

SIL/PIL

SUBSYSTEM BLOCK

€ & © @

Code for

i—:__l Open Report  +

o | =<

Embedded Quick C/C++ Code Settings | syhsi Build View & Remove Highlighting ~ Venfy Share
CCode ~» Start Advisor ¥ N x Code Code v -
__ OQUTPUT | ASSISTANCE PREPARE GENERATE CODE RESULTS VERIFY | SHARE a
§ Lo Subsi Code P X| o
(=]
B
£ ® |Palsubs1 ¥ MIES Substcv Q Search 2
% o ~|| @ SUDS1 UW.S1neWave Accrreqiorm += b.28318530/1/95862; 7
= B
Q } ]
= ) g
g | &
| % =F /* End of S-Function (sdspsine2): '<Root>/Sine Wave' */
P =
& /* ModelReference generated from: '<Root>/Masobeni' incorporates:
E & * Constant: ‘<Root>/Constant’
* Qutport: '<Root>/xxx'
[j ! “am
65 Nasobeni (&rtCP_Constant_Value, &rib_Vstup2, &Subsl Y.Vystup);
3
/* Model initialize function */
void Subsi initialize(void)
= {
Neibari /* Model Initialize function for ModelReference Block: '<Root>/Nasobeni' */
HEORER Nasobeni_initialize(rtmGetErrorStatusPointer(Subsi_M},
(1 JVvystup &(Subs1_DW.Nascbeni_InstanceData.rtm));
/* Trigonometric mode: compute accumulated
IJ—LlDSP normalized trig fcn argument for each channel */
Ln 65 Col 23
Vstup2
Timing Legend @ >
Sine Wave . :
Highlight | None ~ ‘fp_
v Discrete Perlod
= . -
[!_EI v Other
& Empty Constant
b 1] d
Model Data Editor ~ Code Mappings - C
Ready View 2 warnings 125% FixedStepDiscrete
.
I\K%l' — I
R LVRGPSRT FOND FRO REGIOHAL ROV OF Vyskum 8 vive|
36 A T ¢ INVESTICE DO VAR BUDDUCNDSTE
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Vygenerovani HTML reportu
Report je ve formatu html provazany s modelem pomoci odkazi :
Model to Code a Code to Model

[*&] code Generation Report = ] x
<@ & Find: l:l 4 v Match Case
~
Contents File Name Lines of Code Lines  Referenced Generated On
Model
Summary
rtwtypes.h a4 99 shared  05/02/2021
Subsystem Report 11:47 PM
Code Interface Report Subs1.h 42 120 05/03/2021 } Lo e i
. 12:08 AM 2 o — . —
Traceability Report C/C++ Code ¥ Navigate To C/C++ Code
Subsl.c 26 93 05/03/2021 —— e BI0p 2VyStips
Static Code Metrics Report 12:08 AM P”‘ alamisters Gefupetion xx
i roperties...
Code Replacements Report Nasobeni.h 26 82 Nasobeni  05/03/2021 ?@ Help foni
Coder Assumptions LS rr I
Nasobeni.c 23 67 Nasobeni  05/03/2021 Lol
12:05 AM S,
Generated Code i
const_params.c 3 17 shared  05/02/2021
(-1 Main file 11:47 PM
ert_main.c
-1 Model files 2. Global Variables [hide]
Subs1.
— Global variables defined in the generated code.
subslh Global Variable Size (bytes) Reads / Writes Reads / Writes in a
1+1 Shared files (2) Function
[+1 Subsl_DW 16 10 )
Referenced Models [+ Subsl M_ 8 0* 0*
Nasabeni {1 Subsl_Y 8 1 1
Vystup 8 4§ 1
Total 32 11
K Thio mlabsl yrmeinbale im ommb Adieamtlis srmmal o momis £1mmbime ¥

o] e

.

LVEOF I FOND RO REGIONALN ROTVO) OF Vyakum a vive]
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Nazvy signalu a funkci

Nazvy signall a funkci — doporucuje se pouzivat bus misto multiplexoru

HH%P

Vstup1

Sine Wave

Vstup2

Y
-l 4 Nasobeni 36
P
— P \Vstup- Vystug Generated Code 37 typedef struct {
stup ; 5 38 real T Vstupl;
'J 2 (-1 Model files = i
E - 39 real T Vstup2;
Nasobeni NasUoenre 1‘2 } Vstup;
Nasobeni.h 41
42 #endif
Code Replacements Report a1 - T
i 42 /* outBut and update for referenced model: 'Nasobeni' */
Coder Assumptions 43 wvoid Nasobeni(const real_T *rtu_Inl_Vstupl, const real_T *rtu_Inl_Vstup2, real_T
44 *rty_Out3)
Generated Code a5 {
o ] 46 /* Bias: '<Root>/Bias' incorporates:
[-1 Model files 47 * Product: '<Root>/Product’

Nasobeni.h

Mlzeme pouzivat Bus editor
(spustén napr. z Matlabu
prikazem buseditor)

49 *rty_Out3 = *rtu_Inl_Vstupl * *rtu_Inl Vstup2 + 16.0;

5 }

£= Bus Editor - Manage Bus Objects in the Base Workspace

File Edit View Options Help

AR AE S

(5 EB | &

x Hltenr:! by Bus Name

V‘ Clear Filter

. E Base Workspace
v B Vstup

= Vstupl

— Vstup2

= Vstupl double real
= Vstup2 double real

Name DataType Complexity Dimensions DimensionsMode SampleTime Min Max

1 o o
1 [l

1 Fized
[11] Fixed

Simulink.Bus: Vstup
Properties

Name: |Vstup

Code generation options

Data scope: ;Aum

Headerfie: [
Alignment: I:

Description:

R

EVROPSRA UIE - o
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Generovani subsystému

Parametry generovani subsystému lze nastavit v Block parameters

Reusable function — pokud subsystém jako knihovna

(SERER ST COPE

(= o

In1 0

—Out

E] Block Parameters: Subsystem
Subsystem
Select the settings for the subsystem block. To enable parameters for

| code generation, select 'Treat as atomic unit'.

Main  Code Generation ~ Subsystem Reference
Show port labels |FromPortIcon

Read/Write permissions: |ReadWrite

Name of error callback function:

Permit hierarchical resolution: |All

Treat as atomic unit

1 Minimize algebraic loop occurrences
Sample time (-1 for inherited):

-1

Treat as grouped when propagating variant conditions

9  canel

Help | Apply

E] Block Parameters: Subsystem X
Subsystem ~
Select the settings for the subsystem block. To enable parameters for
code generation, select 'Treat as atomic unit'.

Main  Code Generation  Subsystem Reference

Function packaging: if{éuséblé function '
Function name options: |User specified 5
File name options: E{luto -

Memory section for initialize/terminate functions: Inherit from model ~|

Memory section for execution functions: Inherit from model -

< >

(7 ] Cancel Help Apply

E} Block Parameters: Subsystem X
Subsystem o
Select the settings for the subsystem block. To enable parameters for
code generation, select "Treat as atomic unit'.

Main  Code Generation ~ Subsystem Reference

Function packaging: |Nonreusable function v
Auto
Inline

Function name optior

T M Nonreusable function
File name options: § Reusable function

Function interface: \-vuid_void -
[T Function with separate data
Memory section for initialize/terminate functions: Inherit from model ~

Memory section for execution functions: \-I-n'her'i-f from model =

< >

(7] | Cancel Help |  Apply
[ —

LVEOF I FOND RO REGIONALN ROTVO)
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Reference model = atomicky uzavreny koéd, ktery se snadno integruje, napf.
subsystém neni implicitné atomicky

Generated Code 28 # define Subsl_COMMON_INC

29 #include "rtwtypes.h”
[-1 Main file 30 #endif
ert_main.c 41
32 /* Child system includes
[-1 Model files 33 #include "Nasobeni.h"
Subsl.c 34
35 /* Macros for accessing r
Subsl.h 36 #ifndef rtmGetErrorStatus
: 37 # define rtmGetErrorStatu
[-1Shared files 3% Bandit
constiparams.c 39

46 #ifndef rtmSetErrorStatus

rtwtypes.h
41 # define rtmSetErrorStatu
42 #endif
Referenced Models 43
44 #ifndef rtmGetErrorStatusl
Nasobeni 45 # define rtmGetErrorStatu
Coder Assumptions 42 /* output and update for referenced model: 'Nasobeni' */
43 wvoid Nasobeni{const real T *rtu_Inl Vstupl, const real T *rtu_Inl_Vstup2, real T
44 *rty_out3)
Generated Code 25 [
-1 Model files 46 /* Biags: '<Root>/Biags’' incorporates:
. 47 *  Product: '<Root>/Product'’
Nasobeni.c " .
Nasobeni.h 49 *rty_Out3 = *rtu_Inl_Vstupl * *rtu_Inl_Vstup2 + 10.89;
58 }
[-1 Shared files 51
rtwtypes.h 52 /* Model initialize function */

53 wvoid Nasobeni_initialize(const char_T **rt_errorStatus, RT_MODEL_Nasobeni T *
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Otestovani SW pomoci automatizované verifikace, SIL a Data Inspector

Testovani pomoci SIL

Simulink automaticky vygeneruje interface s vygenerovanym kédem subsystému

MODELING

e System Under Test | Top model

Automated

Simulation Mode | Normal

=)

Verification »| SIL/PIL Mode | Software-in-the-Loop (SI) ~ |

Automated Verification

and compare results

6 Simulate model, generate and run code in SIL/PIL simulation. |-

¥ ‘ @ ﬂ Stop Time|1 ‘ @

Settings

-

SIL/PIL

Monitor £5 b Run
Signals = - Verification

RUN AUTOMATED VERIFICAT

£ Simulation Only
Simulate model without using SIL/PIL

SIL/PIL Simulation Only
Run generated code using SIL/PIL

Code Pe
O®|E

IJ—I]DSP

1

Sine Wave

ou———p( 1)

[*&] code Generation Report

<« €& Find: I:h} ¥ Match Case

Code Replacements Report A
Coder Assumptions File: Subsl.c
1 /*
Generated Code 2 * Classroom Licens
-] Model .ﬁles 3 * government, comn
; 4 *
Subsl.c 5 * File: Subsi.c
Subs1.h 6 =
7 * Code generated j
-1 Utility files 8§ *
rtwtypes. h 9  * Model version
16 * Simulink Coder
[+1 Interface files (1) 11 * C/C++ source cot
12 *
[=1SIL/PIL files 13 * Target selectior
CoderAssumpTgtAppsvc_Cinterface.h 14 * Embedded hardwar
15 * Code generation
Subsl_sbs.c 16 * 1. Execution
XILTgtAppSvc.h 17 * 2. RAM effici
18 * validati {
XILTgtAppSve_Cinterface.h s s
coder_assumptions_app.c 20
coder_assumptions_app.h :i TS UL
coder_assumptions_data_stream.c 23 /* Block signals ar
coder_assumptions_data_stream.h 24 DW rtow;
25
coder_assumptions_rtiostream.c 26 /* External output:
27 EXLY rty;

coder_assumptions_shared_enums.h
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Je vygenerovan projekt, vytvoren spustitelny soubor a automaticky ladén ve Visual
studiu, krok po kroku, vysledky posilany zpét do Simulinku do Data Inspect

Soubor Upravit Zobrazit Projekt Sestavit Ladit Test Analyzovat Nastroje Rozsifeni Okno  Napovéda
fmgll = T P Pokracovat - M _ S > ¢ anr g My = 2
Proces: [15796] Subsl.exe - Vidkno: [20512] Hlavni viakno - Y Ramec zasobniku: Subs1.i
Pameét 1

Adresa: 0x0000000000000000
27 72 72 PP PP PP PP PP PP 2P 22 1P P PP PP PP PP PP P2 PP PP PP PP PP PP PP 22 iP PP PP PR 2P 2P PP P

Substc R X

%, Ostatni soubory - (Globéalni rozsah) - Subs1_initializ]

rtY.Outl = 2.0 * rtb_SineWave + 10.0;

)id Subsl initialize(void)

B | Vybrat C:\Users\talic\OneDrive\Plocha\TACR\Subs1_ert_rtw\sil\Subs1.exe
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Testovani pomoci SIL

Otestovani SW pomoci automatizované verifikace, SIL a Data Inspector

4\ simulation Data Inspector - untitled®

Q 4

Inspect

2 Within tolerance
0 Out of tolerance
2 Not aligned
Filter Comparisons
. NAME (BA AB. RE
I O s O
0

Compare
B

MAX DI RESULT £

« Compare Run 7: Subs1 (SIL/PIL) ... 02 ez

Sine Wz 0.00% a
‘ Subsyst0 0.00% 0 (/]
—_— Constar 0 0.00% [-]
Properties O
BASELINE COMPARE TO
Name QOut1:1 (Ru Outt:1 (Ru. .
Description

Override Global T... no no

Absolute Tolerance 0 0

Q&P »

Relative Tolerance  0.00% 0.00%

Time Tolerance 0 0

Units

Data Type double double
Sample Time 0.1 0.1

Run Compare R... | Compare R.

Baseline

Compare to

\ Run 6: Subs1 (Simulation)

| Run 7: Subs1 (SIL/PIL)

o= O X

0| Global Time Tolerance: ‘ D|

¥ | Global Abs Tolerance: ‘ gl Compare

': Global Rel Tolerance: ‘ OJ

\B-a-E k| o

M Outi:1 (Run 6: Subs1 (Simulation)) M Out1:1 (Run 7: Subs1 (SIL/PIL)) M Tolerance

110.0000000000002

[10.0000000000001

[10.0000000000000 4

9.9999999999999

e |

01 02 03 04 05 06 (g 08 09 1

M Tolerance M Difference

01 02 03 04 05 06 07 08 08 1

IK%]’ . - - -
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Regionalni inovaéni centrum elektrotechniky
Fakulta elektrotechnicka
Zapadoceska univerzita v Plzni

Cilové automatické generovani
kédu ze Simulinku

Jakub Talla

WWW.rice.zcu.cz
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Fakulta elektrotechnicka
ZapadocCeska univerzita v Plzni

Déekuji za pozornost!

Adresa: Tel: +420 377 634 443 Email:talic@kev.zcu.cz
Univerzitni 26 Fax: +420 377 634 402

306 14 Plzen

Ceska republika

WWW.rice.zcu.cz




