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11 Activity diagram: Powe
v l2 Open ar se Window
e 121 Fully Open
5122 Fully €
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1.7 Driver commands

Passenger Commands

Controller Functional Reguirements

wver window must have two o..

The power window shoulkd not move

The power window can be prated

« 231 The driver side for the passe
vils Driver Move down operation
.« 24.1 Driver down button press
.242 Move down to end stog
243 Move down automatically performance
&244 Enter neutral when fully n
va2s Driver Move up operation
. 251 The diver power windaw should ¢

The driver power window shy

} The move up operation mu

254 Once the window fully up,

P OOWN Op

QEr POW

The Passenger power window s

* Properties

Type: Container ’

Index: 2

Custom ID: REQ 2

Summary: Controller Functional Reguirements

Description  Rationale

Both the driver and passenger can send commands to
the window to move it up and down. The controller infers
the correct command 1o send to the window actuator
(e.g., the driver command has pricrily over the
passenger command), In addition, diagram monitors the
state of the window system o establish when the
window s fully opened and closed and to detect if there
is an object be indow and frame.

»en the

top

obstacle
- « position

- bottom

Keywords:
* Revision information:
* Links

+ Implemented by:
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vl Quantitative Requirements _—
“ll Activity diagram: Power window control
ﬁ* vuiz Open and Close Window —_
m “121  Fully Open —
‘g‘ﬁﬁ —T® %122  FullyClose I ——
} 413 Move Response e
%14 Detect Object I
“15 Validate Driver
W16 Valldate Passenger
“l? Driver commands —
1.8 Passenger Commands 1
vi2 Controller Functional Requirements || [ |
1 The power window must have two o... ——
2 The power window should not move, ., ——
2.3 The power window can be operated, ——
w231 The driver side for the passenge... ——
=]

viu24 Driver Move down operation
“24.1 Driver down button press
242 Move down to end stop
W24.3 Move down automatically performance
“244 Enter neutral when fully down
vE2s Driver Move up operation
w251 The driver power window should o.
W 252 The driver power window should o..
253 The move up operation must be fl,., {
254 Once the window fully up, the dr...
vu2b6 Passenger Move down operation
w261 The Passenger power window shoul,,
w262 The Passenger power window shoul..,
w263 The move down operation must be ...
“264 Once the window fully down, the ... x
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1 The power window must have two o... ——
2 The power window should not move, ., ——
== ;k vi23 The power window can be operated. e
m 9231  The driver side for the passenge... T
Eg& @24 Driver Move down operation =

“24.1 Driver down button press
242 Move down to end stop
W24.3 Move down automatically performance
“244 Enter neutral when fully down
vE2s Driver Move up operation
w251 The driver power window should o.
W 252 The driver power window should o..
253 The move up operation must be fl,., |
254 Once the window fully up, the dr...
vu2b6 Passenger Move down operation
w261 The Passenger power window shoul,,
w262 The Passenger power window shoul..,
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* Properties
Type: Contaner
Index 2

Custom ID: REQ 2
Summary: Controller Functional Requirements

Desaription  Rationale

top
obstachke
- posstion

bottom

Keywaords

* Revision information

* Links

= o Implemented by:

ik | iR

B

iR

4\ MathWorks

11



1. SIEM

4\ MathWorks 12



*

O, BIE, TR T IRAAR

Test Test

Test

Harnesses Authoring

Manager

= G, BEIE, ZBZEME = SRR ZE s NG AN . HAERH A
RESIR

;,V - _I 5 peel I
e om : Ao e :u s — — B L e i) .
OO e e —Pgenr | 2 HeEos=» (IO
Si J o BB ® k twn Seam Per—— o1 B0 .
e e =AY s = = i o O
--l/!-‘-'\-.-!n. | . I i v | S 4 | e oo - -
— L i| . Tes Sequence’ o e g .
A - B ef + i\ YT _ S s o
| o , Devtsn-zveh oo . .iisiaac  Main Model I i o
- Component 1. ‘Scenano
Test Browser under test - EE] ! Signal 1
b Ll fas b =R B T e
¥ il e LS e e— \ Signal Editor e
- ‘ uEc
| TRIGSER
\ .
Report Generated by Test Manager Test ResUltS
|

Aatror Jraice Joveace

Fanaintin fis
i
- - =
» -
(ATl
b 1, e —
7 SAFA4Z 5110115

] ] — Temporal Assessments
Time-Series Data

4\ MathWorks 13
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¥4 slexPowerWindowExample - Simulink - 0 ‘
SIMULATION MODELING > ~ SUBSYSTEM BLOCK
—_— ! . —
Create Test Harness for B2 Add Test Harness @ ()
power_window_control_sy:| “® 2 Import Test Haress Manage Test  Simulink Test
Harnesses » Manager
NAVIGATION CREATE TEST HARNESS MANAGS TEST CASES .

siexPowerWindowExampie

@
u [ Open Interactive Test Mode! l
.
—
P armature_current
(D] Continuous |
driver_switch  Position armalure_cuerent —0——)@
— move_up mave_up - ture current
Normal neutral P driver_neutral armature_current
up F—>9= deiver_up positon
position
e down |——» driver_down move_down pasition
Normal neutral -——Pp» passenger_neutral force force ’@
move_down force
up ——P» passenger_up Simulink_3D_Animat
L —P1 obgect_presant gear_angle P goar angle
) down |——P» passenger_down [ =
| Bl
assenger_swilch -
passenger_ ‘ window_system
present 4 object_present
: KN, o | | &
- E}—b«x""x window_world
o5 absent object
S Copyright 2013-2016 The MathWorks, Inc. |
»
| Ready 111% ode23
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Create Test Harness

Specify the properties of the test hamess. The component under test is the system for which the harness is
being created. After creation, use the block badge to find and open harnesses.

Component under Test: slexPowerWindowExample/power_window_control_system

Basic Properties Advanced Properties Description

Name: |slexPowerWindowExample_Harness2

Harnesses saved internally. More information

Sources and Sinks

Inport v = >| Component under Test |c=— > Outport >

[] Create scalar inputs
Generate function-call signals using: | Test Sequence 2

[] Add separate Test Assessment block

Open harness after creation

9 | [
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@ Create Test Harness

Specify the properties of the test hamess. The component under test is the system for which the harness is
being created. After creation, use the block badge to find and open harmesses.

Component under Test: slexPowerWindowExample/power_window_control_system

Basic Properties ~ Advanced Properties Description

Name: |slexPowerWindowExample_Harness2

Harnesses saved internally. More information

Sources and Sinks

Inport v | == >| Component under Tes
Inport

Signal Builder

U

From Workspace ignals using: Test Sequence w
From File
Test Sequence isessment block
Chart
[ Constant bation
Ground
None
Custom

J Cancel Help

p

Signal Editor

Test Sequence

MAT file (input)

Excel file (input)

4\ MathWorks

16



E X Hi

@ Create Test Harness X

Specify the properties of the test hamess. The component under test is the system for which the harness is
being created. After creation, use the block badge to find and open harmesses.

Component under Test: slexPowerWindowExample/power_window_control_system

Basic Properties ~ Advanced Properties Description

Name: |slexPowerWindowExample_Harness2

Harnesses saved internally. More information

Sources and Sinks
// Outputs \

Inport v == >| Component under Test

[] Create scalar inputs

. ‘ 'R
To Workspace #\ — 1
Generate function-call signals using: | Test Sequence v | |To File Inpet
Terminator | 3

[] Add separate Test Assessment block None
Custom

Open harness after creation MAT file Excel Assessments

/

J Cancel Help
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A\ Test Manager

TESTS

| J &l @ ot @ y P

Cop i
New | Open Save 4 Copy Delete TestSpec Run R
- - - - Report - ¢

Test File

Create a blank test file
Test Suite
Create a container for test cases

TEST CASE TEMPLATES

Baseline Test

npare simulation output to a fixed baselin

Equivalence Test

Compare output of two simulations

Simulation Test

erform a simulation with no criteria

Real-Time Test

Perform a simulation on real-time target

Test File from Model

Create a test file from model

Test for Model Component

Create a new baseline or back-to-back test fo

component

Test from Spreadsheet

t with data spedfied in a spreadsheet

z 8 @A
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Test Case Templates

Simulation Test

l"&' | Output QAssessment
| Criteria

Baseline Test Equivalence Test
Assessment

lnpui q Output lnpui ’a Outpit

5 ' Criteria e [ “ Outout

) S = P
-- Outputs | .

Assessment
Criteria
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& Test M anager

H uldg = K .)l import a \2)

= v, -’
Save Farallel  Report Visualize Preterences Help
- - -
j [CERSRRERNE  Resulis and Arfifacts .. DriverMoveDown
« Results: 2020-Mar-22 21:24:44 10 L DriverMoveDown
Quicome 9
- DrivarMovaeDown o — -
» o Logical and Temporal Assessm @ A P

running lest case

a
» ! !
»
v ERR
Name Signal Editor scenario ‘'movedown' not found in model slexPowerWindowExample_SignaiEditor.
»
Test Flle L
Twe) Ca B =
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a Stateflow (chant) sledPowerWindowExample/power_window_control_systemycantrol /control_2/control - Sirmuilink
v "“, ootrol
: @ driverNeutral
o) entry:
+ moveUp = 0;
moveDown = 0;
—J
@)
“a ;
= [driver[3]] [endstop]
=
i (driverDown ! ) [dnver{1]]
& entry: moveDown = 1: [iniDriverDown
¢ exit: moveDown = 0;
ool after(100,ticks)
® river(1
- [d lVC[I]]. {\—)2 —
[autoDnverDown [Driver[)own 1
N =
Ready 188% ke
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’. Stateflow (chart) slexPowerWindowExample/power window _control_systemy/control fcontrol_1/control - Sirmlink (]
SIMULATION DEBUG MODELING REQUIREMENTS x
T
b= ) :’J : + A Import 5% Highhght Links < ag
Save All  Requirements New ] Open —:' Layout = Chack Share
v Edito Redquitement Set Consistency >
o control 4 Property Inspector AR
- Requirement: 1.1.1
& Details
3 Index: 1.2.1 2
2 ldriverd Custom 1D: |1.1.1
= | f [driver2] 1.1.1: Fully Open A : g
o o oaiUp ™ If the up command is gl AL AL
. s Sl Sl |inxven issued for between 200 Description  Rationale
£ _|exit: movelUp = ] g . dp 1 B [/ = -
g iver{f o aler(100 ms and 1 s, the window ”~m°‘ 2 d?* = Edf’ »
20 M . € up commana Is issued for
a1 | dnver[1]] -
& {2 St 2 . LEME must fully open. between 200 ms and 1 s, the window
" . : must fully open.
£ {311 -
<
M e
= € um v Keywords:
W < > S .
Requirements - sixPowerWindowExample 4 > Rewsxon lnformatlon.
View: Requirements = 5 J B o & PRI 0 | e ~ Links
= ¢ Implemented by:
Lr' n r- Close Window [ | = autoDriverUp
122 Fully Close | | o < > v
Ready % odel3
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ImEBE (Project) H

FRQIECT SHORTCUTS

FLOTS

- 1 < -‘ e ';;‘: E A ¥ fom 3§ Pemete s Submodule

New Jpen Shae Y T PISyect hoth on fefresh Comme ren E( franches @ Slashe

—~ v v L) Startup Shatdow Detain &) P

ENVRONME SCL O

% ol &3 » & » Demos ¢ TDDPowerWindowfinal »

srers boider Al Piciect Pomer Window Coetrolier Project

Narme Git  Date Modified raject (78) | Moditied (3 POl Layour Treo ~ | &~
§ powerwindow. py Name Lot t= Modified Claszfication Cn

README.md

. % Dependency Analyzer 2 aM Confaunition P A
slexPomer'Wndowtsample_ P S f {f" ]
£ cignSupport
slexPowsiWndowtxample_ Mesigriuppe
iy Tratien

VexPowe:

dowEx emple_
slexPomerWindowixample_
P model

ety

+ mages
requsements
test
Rkt

configureModel

heni

- . - ¥ Fetch
-- - o
=) @ =N & Remote % Submodules
. : Push
Git  Refresh Commit = v Branches @ Stashes
Details &L Pull

SOURCE CONTROL

task . i3

work . 3V
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(53
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h 22 ZEMATLABI

A F B A

' testsery
L4
% Jenklns Adam Sifounakis | log out
Jenkins « F’!‘)'.;}Hl Manag
# Back to Dashboard

" Manage Jenkins

Filter: MATLAB

Available

Install | Name Version

MATLAB

1.1.2

S ——
Update information obtained: 4 min 43 sec ago m
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& Test Manager -
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| Test Manager 43 #rF1iEiR iR Z45 R

4\ Test Manager (= [ S

TESTS VISUALIZE FORMAT Y

A
| L Q QA m, F““
Cleat Biat | 0 B] ’[i; Data Cursors Highloht | Send to Figure
- - inidode
é:l:- — g EDIT |[ZOOM & PAN| MEASURE & TRACE SHARE
u __n % ?I.E] g Results and Artifacts [if\ start Page > |5] Slow Accel x| [§ Comparison
1 E Y Baseline m— Compare TO
2 fourth
|| 4 Results : 2015-Jan-12 17:35:31 2@ 10

4|7 Signal Builder Baseline examples 2@ 1@

. {# M Simulation Data

]
4 |=| Fast Accel [x}
jtg A + \—t 4 [[z] Baseline Criteria Result o seeene
InspectorHf & iz :
) throttle -_— 0 3
~) vehicle speed — O
» P Sim Output (sf_car : normal) None

©
(5}
S
@
w0
w
=)

- WERIEE, sS4, 3E | | SIS

10 2 S IS——
- | o8 . . .
Name [z] gear 0.8
Status (%]
4
Absolute Tolerance 0 2
Relative Tolerance 0.00 %
Block Path SigBdriven/shift_logic 0.2
ol
o 2 - 6 8 10 12 12 18 18 20 22 22 26 28 20
——
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= PowerWindowControlUnitTest sig 6 @
v |=| DriverMoveDown
v |=| DriverMovelp
v |=| EmergencyObstacle
v |=| Detect Object

v |=| Fully Close Window

O 0 0 0 0 O

v |=| PassengerMovedown
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Create Test Result Report ? X

Title Page Information

Title: Test

Author
v Include MATLAB version

Include in Report

Results for Only Passed Tests -

v Test requirements
MATLARB figures

Error and log messages
Simulation metadata
Coverage results

Plots of criteria and assessments

QLA A AL S

Plots for simulation output and baseline

2|+ rowsx 1|+ columns of plots per page

Output Options

File Format PDF >

File Name C:\Demos\PowerWindow324\newReport.pdf &=
Customization

Template File: im

Report Class

newReport.pdf

Report Generated by Test Manager

Title: Test
Author:
Date: 25-Mar-2020 15:29:15

Test Environment

Platform PCWING4
MATLAB (R2020a)

Switch block "Switch"

Justifv or Exclude

Requirement Testing Details

Implemented Requirements || Verified by Tests Runs
Cancel Switch Detection Cancel button U1z
| [
Summary
1 Parent: crs_controll]
Moded Hierarrhy Complessty Teul
. = o h
Metric Cov Decsrion Contsnrn MCDC Exerwmon :_'::l'.':' n::;'.l. o
v
Cvclomatic Complexity 1 exaeiion
. | e sl - " - . —_— - e
Decision 100 /
EXEC'UU.OII 100 —_— 8 A — A L —
‘ — NA A NA NA
A -  e— A
1 e A A e N — UL —
— A A oA e
— A A A A A
A -
hunls —_— \ A — — e—
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First Order Process

..
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4 ’a sldemo_autotrans - Simulink — O X

A, Search Documentation O I SEERELED! SIMULATION

<EPp HG B « Transmission C... v P @ @ -a D %| Comment Out LJ L} Addimage ~
= (- g = &y =
Current Folder > f g Comment Through [T = )
\/—' N T Convert | Is Atomic Expand Content - i Name  Create =
L4 YA o s ype v | Subsyst P On-~>| Mas
K/ e ubsystem review n ask
= Simulink Model == AT 2 -
*a sldemo_autotrans.sh Simulink Model | = =
{E Variant Subsystem 3
Convert subsystem to variant s
[LQ Referenced Subsystem Ls
Convert subsystem to referenced subsystem
’>‘g Model Block
*=N Convert subsystem to referenced mode
= Throttle
(= EngineRPM [:]
|
B Passing Maneuver VehicleSpeed
PlotResults
s fhrottie ShiftLogic — | TransmissionRPM
sldemo_autotrans.shx (Simulink Model) v
iM odel ~ | Preview: Engine and Transmission Subsystem
| version:
11.262 Brake
1,262 o BrakeTorque
|Saved in
Simulink Vehicle
version: e 3 ot ManeuversGUI
R2019b — TransmissionRPM
| Last E -'-‘
modified by:
mdragic VehicleSpeed
(@A
Modeling an :
| Automatic |!.‘
| Transmission
le o ! » )
*| Ready :| Ready 110% ode5
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‘ Ma‘th\Nor kS Products Solutions Academia Support Community Events

Fixed-Point Designer

.« Pl

Fixed-Point Designer

Model and optimize fixed-point and floating-point
algorithms

® Watch video
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A Simubink Project - Power Windew Contsatler

[ SMHULNK PROECT

LA < >
tiew Open Share  Chect
- - Project

s CHRCHS

PROJECT SHORTOUTS

:0 Project: Power Window Contre

#] Shortcut Management
w& Batch Job
l-%‘ Dependency Analysis

>
"
|V sl ownr WindowDHYS

C* - Projece Fdes View =

Name
conhigureMode
data

heni

model

s tlePow

WardowCntiCoversge.sls

& slePowerWindowC
% sePowerWndowCntleteract sl
% slePowerWindowControl =i
% st owerWindowDSPLD sk

sl owerWindowbample.sh

'3 slePowerWindowSALib.kx
task

utsities

ioveragelncreasesh

v
E

\’\\\\\\\\‘\
[l 7

“

Open
Run

Show in Explores

Renemyg
Delete

Find Depenclencees

Remove from Project
Add Shortcut to
Add Label

Remove Label

F2
Delete

Chrl=X

CireC

Clszsfication
Configuraten
DesignSupport

Visuskzation

DesignSuppon

Design
_

DesignSupport
Convervence

Configuration
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2 LIRS Replace
4] Clones « v

Replace Clones

- [// Create library blocks from dones
Copy model and replace its clones with library links
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o ETERIRRIT — Simulink and Stateflow
- TREE — Simulink Requirements
o BIEHIITAIR — Simulink Test
o MR FEEE T — Simulink Coverage
o EfFENMEIE — Simulink Check
. ﬁﬁiiﬁ& — MATLAB Plug in for Jenkins
¢H4R, EWMHEE — Projects
-
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=  Aqgile System Development with Model-Based Design

=  Agile Model-Based Design: Accelerating Simulink Simulations in Continuous
Integration Workflows

= Verification, Validation, and Test Solution Page

= Continuous Integration Solution Page

LAB EXIPO
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https://www.mathworks.com/solutions/agile-development.html
https://www.mathworks.com/company/newsletters/articles/agile-model-based-design-accelerating-simulink-simulations-in-continuous-integration-workflows.html
https://www.mathworks.com/solutions/verification-validation.html
https://www.mathworks.com/solutions/continuous-integration.html

