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How to Test Your Model...?

Production model Do you
rou 1 . MultiModeCntrl_KO_R2016a_r1 - Simulink need to
lﬁé Slgnaué-r:- L BB R GOP [ ] e 2| @&~ mOdify It for

Sjgnal Buildel» MultiModeCnitrl_KO_R2016a_ri

Edit View Display Diagram Simulation Analysis Code Tools Help

@® |[a|MultiModeCntri_KO_R2016a_r1 b
Scenario = ma
B Tignal 1
' Eﬁ L ——
; A
Signal Editor
Step Slider

untitled.xlsx;
Sheet:Sheeti

From Spreaclglgy t

}| )

Verification Subsystem
4




g‘ MathWorks'

Building Test Harness Model using Model Reference

- Separated model not for code generation but only for testing
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Simulink Test
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Why Simulink Test?

Saves you time:

= Creating / managing test infrastructure
= Generating & (re)-running multiple tests
= Reporting results

= Easy integration with other tools
(Requirements, Coverage, Test Generation, MATLAB Unit Test, Continuous Integration)

= A common test environment
— everyone doing things in a consistent manner



Simulink Test Overview

4\ MathWorks:

1. Test Harnesses

2. Test Stimulus Integration

3. Test Manager

» Synchronized, simulatable test
environment

* Inputs and assessments based on logical,
temporal conditions

* Author, execute, manage test cases
* Review, export, report
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Agenda

Creating Test Harnesses

Creating Test Cases & Test Stimuli

Testing against Requirements

Reporting

Coverage analysis



Creating Test Harness
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What if you already have a harness model....

4\ MathWorks

’i HEV_MuitiMode_Optim_R2016a * - Simulink - (| X
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Agenda

Creating Test Harnesses

Creating Test Cases & Test Stimuli

Testing against Requirements

Reporting

Coverage analysis
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Example 1. Create a test case
using the original signal builder

4\ MathWorks:
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Create test cases with Signal Builder

’i Test Hamness: MultiModeCntel_KO_R20 4 Import File X = O X
File Edit View Display Diagram Select file to i 4 Status History
I AIEOIL M| prevorerorwor
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® |[Pa]MultiModecntrt_Ko_R20163_r1_Har ChUsers\allenkim\Desktop \MAC\DriveCydexisx I I Browse... I lban 0;:“3 v
— : Cycle2
Q - Select data and placement for import ::t::cﬁ;‘l
X Choose the data to import and how it should be applied to Signal Builder, CruiseTest
>3 |Paakelmpork mber of signals per worksheet: 1
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it~ 4 UrbanCycle6
?" {4 UrbanCycles Indefined names will be renamed.)
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- [ UrbanCycle? new data
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S
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What have we done so far....

= Created and imported test harnesses

= Created a test case for running multiple simulations (iterations) with
different scenarios

4\ MathWorks:
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Common guestions...

When should | use iterations vs multiple test cases?

* I TERATIONS™®

* TABLE ITERATIONS™

+ [~ Drive Cycle Test for Each Case

v | NAME SIGHAL BEUILDER GROUP — LI I] |:'.' I Ei
| lteration2 UrbanCycle5 — oan Lycie
+ Iteration3 UrbanCycled —
= NJ
| Iterationd UrbanCycle3 =| Urban ':;I:'JE! 3
~ |terations UrbanCycle2 —
= LT
¥ Iterationf UrbanCycle — Urban I:-"l:l"IE! 4
+ Iteration7 CruiseTest _—
=| Urban Cycle 3
—
=| Urban Cycle 2
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Comparison

= Use iterations if:

— Only changing parameters, inputs, or configuration settings

Same model/harness & test type
Same set-up (callbacks)

Usually run together

Relate to same requirements(s)
Can use fast-restart

- Use separate test cases if:

Need independent configuration control
Different model/harness/test type or callbacks
Relate to distinct requirements

Distinct control of coverage

* ITERATIONS®

= TABLE ITERATIONS™

+' | MAME

¥ Iteration2
& Iteration3
+ lierationd
¥ Iterations
& IterationG

& lteration?

- Drive Cycle Test for Each Case

|=| Urban Cycle &
|=| Urban Cycle 5
|=| Urban Cycle 4
|=| Urban Cycle 3
|=| Urban Cycle 2

SIGHAL BU
UrbanCy
UrbanCy
UrbanCy
UrbanCy
UrbanCy
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Example 2. Create a test case
using real-world recorded data
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|I\/Iydata

Site A Wind on 23 May 2011
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| Importing time-stamped data from Excel or text files

Time WindSpeed WindDirection
00:00:00.175 14.59 2149
00:00:00.306 14.47 212.3
00:00:00.437 16.1 208.5
00:00:00.568 17.94 209.4

00:00:00.700 17.53 2109

00:00:00.831 1693 | 2196
o - . 00:00:00.962 15.25 218.2
© pre process : XISX flle 00:00:01.093 12,73 220.1
% get import options 00:00:01.224 13.71 212.2
. . . . . 00:00:01.355 11.89 218.6
importOptions = detectImportOptions ('SiteWindDataRecorded.xlsx') ooo001.436 15.94 212.2
00:00:01.617 16.51 208.1
% Set Sheet nnnnNnNt 748 17 11 211 R

importOptions.Sheet = '2011 05 23';

% tell it that Time is in a date-time format

importOptions = setvartype (importOptions, 'Time', 'datetime') ;

importOptions = setvaropts (importOptions, 'Time', 'DatetimeFormat', 'HH:mm:ss.SSS}]);
% read data in

T = readtable('SiteWindDataRecorded.xlsx',6 importOptions) ;

% convert to timetable

TT = table2timetable(T) ;

% re-sample to lsec intervals

TTT = retime (TT,'secondly', 'nearest'); Time WindSpeed WindDirection

0 14.59 214.9
1 15.25 218.2
2 16.46 212.2
3 16.08 207.3 20
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What have we done so far....

= Created and imported test harnesses
= Created a test case for multiple simulations (iterations)

= Created a test case importing real-world data from Excel using root import
mapping

22
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Agenda

Creating Test Harnesses

Creating Test Cases & Test Stimuli

Testing against Requirements

Reporting

Coverage analysis

23
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Requirement based testing

e ; N
Requirements
¥ ] 212 Fuel control
. 2.12.1 AF minimum bound
L 2.12.2 AF maximum bound
L 2.12.3 AF no overshoot .
. A
g . N . ' . . \\
Input Scenarios AN Implementation Dynamic Testing N
| l :;! g:_";_— | !‘ & v function customc.rite.ria |m:ﬂ
Cralgeon | 1 " = - L | » Perform custom criteria 3 §
Cruiseset || R = | I ‘1 test.verifyThat(test.s1'
| S-‘ K " - _

Baseline MATLAB Unit Test Assertions Test Sequence
and more!
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Requirements Editor in Simulink Requirements R2017b

Organize with
- [ 4d U k) & ~ Properties
Req U | rem ent Requirements = e Index: 14
i Custom ID: | #7
SetS < ez | m p o) rt fro m Summary: |Cancel Switch Detectian
1 Rcrr:rcnn:i Description  Ratlonale
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If the Cancel switch Is pressed, the value of rqurv shol VI eW a-n d

Functh Mode.Cancel.
N Author

Dashboard image

v [4 crs_req

21 ‘

#1.1

= 1.2 —

] + evision nfd DESCription  Rationale

= 1.3 | -

214 n - Links [ M Shell Dig 2 Juvs 7z u flElE= =

e Decrement Swih Detection - #Imele} | Tf the Cancel switch is pressed, the value of regDrv should be set to
v ch_req_funC_speC* Cruise Control Mode O Switg reqMode.Cancel.
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System Interface
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VL__Jl

= 1.1
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Requirements Perspective in Simulink Requirements
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PR B | - ﬂc'ﬂ'ﬁﬂgb n ¥4~ [ien T e - §i -
»_cartrier Wrogey Ynomrod
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f Index: 1
’ Custom 1D: |21
: %)_‘ Summary: |Driver Switch Request Handling
ZD—» Description  Rationale
ondl CXT T dn s s ETsam
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set @ |command for the cruise control system to operate upon
@ rearv
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G — 9
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] @ i " al
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R2017b
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Track Implementation and Verification
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Example 1.
Baseline test

4\ MathWorks:
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Test types in Test Manager

- Baseline Test Ex) Regression test

Input Output
— _ = s 3 4
\/ Assessment Criteria 2 A . ;
. l——’ : [ e oo [ IMewTestsumet & A swtrae
File ~— 7 Expected Outputs -a—esrm s New Test Suite 1
Ex) Back-to-Back test | & (EC N
T X dCK-10-bacC es - ppnzzaatin - - o
- Equivalence Test ) | B e [
| I ke SI L y P I L Bgand Al 2| Semiavon Tet Coi-Shi-A
w2co it + Real-Time Tost CrlesatH
InPUt lﬁ OUtPUt 4 &= e T’ﬂ!‘a Subgystaen Cri-Shl-R 1|
— - 2 Cooy el = Gt —
\/ Assessment Criteria  COvERAGE ST
Input OQutput = w_
4 Eot 1est ta3gs .
=  Simulation Test Ex) Verifying algorithm | —
with logical criteria
Input. OUtpl"'t \/ Assessment Criteria
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- Challenges
— Not easy to predict expected result
— Hard to make time-series input data

= Solution
— Use data captured from simulation as baseline
Try to run a simulation for each case.
Capture output data from simulation result.
Review captured data to confirm whether it is valid as baseline.
Apply reviewed data to Test Manager as baseline

A

4\ MathWorks:
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Baseline test using captured simulation result

4\ Test Manager - o X

S e - = = ‘ '
o i 8 b>Uxkl s B o=
E0IT RESULTS ENVIRONMEHNT |§ !

RCERTBWRETl  Results and Artifacts |=| UbanCycle6 » |\ StatPage x [5] TesttorMAC x |2 Comparison  x
H‘;’ tests by name or tags, e.g. tags: test s
~ 1= TesiForMAC®
) Drive Cycie Test
» | 7J Drive Cycle Testfor Each Test Case

|| Urban Cycle 6 HAME FILE
[£] urban Cycle 5 No Inpuls available. Click Add fo add new inputs

Include external inputs/signal builder data in test resutt

Stop simulation at fast time point
EXTERNAL INFUTS

|£] Urban Cycle 4
|£] Urban Cycle 3
[£] urban Cyde 2

File format: | EXCEL |+
File: I C:\Baseline\BaselineForUrbané xlsx | |
Sheet IOph\:mal Specify sheet I S

v Signal Bullder

» SIMULATION QUTF

» CONFIGURATION S|

v BASELINE CRITERIA

Include baseline data in test result

SIGNAL MAME SHEETS ABS TC FEL TER LEADING TOL ¢ +
£ ALUE Click "Add"” button to add an axisting baseling file or click "Capture" {o record a new baseline
Name |Z Urban Cyeie 6
Type Baseline Test
Model MuitiModeCntri_KO_R2016
Hameass Name MultiModeCntrl_KO_R2015
Simulation Mode [Model Settings]
Location CADropbox\EvenfiZ0 181MA.
Enabled v
Hierarchy TestForMAC » Drive Cycle == Add. W Caplurs Edif Visualize Dei e::
Rigs »ITERATIONS

4\ MathWorks
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Example 2
Using verify() to test against a requirement

32



Test Sequence Block
Simulink Test

= Atest sequence block can

— Drive inputs (considering feedback)

— Assess outputs with verify keyword

ol SO beamesil/Tes) Acseromert * - T3 Seueace Tffee

H S v EE- 3 40

4\ MathWorks

User Inputs

impeller torque

— | throttle

Engine

E Brake
Throttle

Double-click to
open the GU/

and Iec! an
Ej" . ver

s_peed = ramp(10);
throttie = 25:

verify(gear == 1),

Ne —+ >
engine RPM T= i i :
O — £
> :
|—> ’output torque &
{ I

transmission speed

vehicle

-

Define Inputs
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’i Test Harness: MultiModeCntrl_KO_R2016a_r3_err2_Harness2 * - Simulink prerelease use

File Edit View

ﬁ MultiModeCntrl_KO_R2016a_r3_err2_Harness2/Test Sequence * - Test Sequence Editor

& & @-

scitEE=0@eRP - - 2O

@ |[PalMutiModecnty Symbols Step Transition NextStep  Des
= gt C ng s . e
- 1 s ifE Start

3 neng —
2 [J EngMode . verify(GenMode ~= Run);
=2 sd output -end
SC o WD DL O Add stap after« Add :n.'!‘-:;fr\p.
Constant
] Er parameter

Data Store Memory
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C Caller Block Support R2018b

Verify model and hand code together

= C Caller block allows you to call a C function
directly from a model

harness for the C Caller block

= Test the C function by creating a test , M e j:z

T1
D

H

¢
N
i

= Author, manage and execute tests of the C
function with Simulink Test

WO —

Test Harness

dlHAl 2= H5 & &)

g

ro
ol
10
J
e

» 14:30~150:00 SimulinkES = -
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Agenda

Creating Test Harnesses

Creating Test Cases & Test Stimuli

Testing against Requirements

Reporting

Coverage analysis
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Test Manager

Simulink Coverage
Simulink Design Verifier

4\ Test Manager

TESTS

Sutipiots  Clean Subiplot  Legend

VIEWS

= ITERATIONS

» TABLE ITERATIONS

» SCRIPTED ITERATIONS

EUUVRLNSE D Show the list of iferations that will execute

Run test iterations in fast restart

» CUSTOM CRITERIA

~ AGGREGATED COVERAGE RESULTS

REPORT COMP. D c1 MCDC

HEV_MultiMode Optim_R2016a_r3 A 389 54% e 81% —— 48% w—
[Fa] MultiModeCntrl KO_R2016a_r3_errd A 143 76%  — G2%  — 41% ==
[ Power_Management_v0 A 49 91%  — 97%  — 100% e—

» AGGREGATED COVERAGE RESULTS

AMALYZED MODEL REPORT COMP. D1 c1 MCDC

[%a] HEV_MultiMode_Optim_R2016a_r3 A 389 54% e 81% — 48%
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Summary

Benefits of Simulink Test

— Ease of creation, organisation & control of test harnesses

— Ease of driving your models with data from various sources

— Ease of in-harness/model verification of requirements

— Ease of reporting

— Ease of integration: requirements, coverage
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