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Agenda

- HEV P2 Model
= Requirement Management in the Simulink Enviornment

- How to implement VnV Activities using Simulink Test with HVE P2 Model
— Case1: HVE P2 Performance

— Case2 : HVE P2 Fuel Economy
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Nomenclature for HEV Topology

P# pdeddietrid B\achine locations
P2

0 P4

P2 Clutch
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HevP2Reference Application

MathWorks

#4 simulink Start Page

3 Open...

Recent

"i HevP2ReferenceApplication...

Py testsix

Py, test_hamess1.six

Py Subsystem0.six

Py, test_hamess.six

P4 battSysID_EKF_age six

Py Lilon_1RC_estim six

P batt_charging_balance_3RC...

New

Examples

| |search

(5 HEVP2.pr
5 MBDRLprj
[5 Battery_System.prj
(5 HeVP2pr
(5 HEVP2.prj
5 HEVIPS.prj
(5 HEVP2.prj
(8 HEVP2.prj

Projects

@ From Source Control ~

> My Templates

v Simulink

a

Blank Model

&

Blank Subsystem

e

Folder to Project

Show more

=3
=

Z X
%9

Project from Git

End
EE

Blank Library

8—o

Project from SVN

Code Generation

B

Learn More

[

Pii

> Aerospace Blockset

> Aerospace Blockset CubeSat Simulation Library

> AUTOSAR Blockset

> DSP System Toolbox

> Embedded Coder
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HevP2Reference Application

Environment P

ht _

FTP75 (2474 seconds)

v

Longitudinal Driver il

Controllers
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HevP2Reference Application

Environment P

[ —aY |
E Block Parameters: Drive Cyde Source 2

Drive Cycle Source (mask) (link) i

—P
Generates a standard or user-specified longitudinal drive cycle. The block output is
FTP75 (2474 seconds) the vehicle longitudinal speed. You can import drive cycles from:
- Predefined sources
- Workspace variables, including arrays and time series objects Passenger Car
- mat, xls, xIsx, or txt files

A 4

Visualization

Drive cycle source: FTP75 Y

Specify variable Select file
d‘\’Repeat cyclically [] output acceleration

Units and sample period

Output velocity units (e.g., m/s, km/h, mph): Help
\m/s

Output sample period (0 for continuous), dt [s]: |0

Update simulation time Plot drive cycle

MathWorks e 1 = .
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HevP2Reference Application

- TeaCmd SiEngineController
TrqCmd ThiPosPciCmd
ThrPosPctCmd
EngSpd
EngSpd wonreapciCmd ———»(2 )
( : y———»iMap WgAreaPctCmd
Map
GO)——»ma i ———>(3 )
Mat InjPw
Environment oped Foahisinsol
ThrPosPct FuelMainSoi
WgAreaPct
o WgAreaPct SpkAdv —»@
al IntkCamPhase SpdAdv
IntkCamPhase
- IntkCamPhaseCmd
E C ottt IntkCamPhaseCmd
» xhCamPhase
. @—b TurboRackPos ExhCamPhaseCmd
TurboRackPos ExhCamPhaseCmd
FTP75 (2474 seconds) [
" . . 10 EgrVivAreaPct
Longitudinal Driver ) Egrv._.-lvArean Ll ey &
@ Ve TurboRackPosCmd
»| Val Pl oS
Controllers VarCompRatioPos EgrVivAreaPctCmd
IntkVivLift EgrVivAreaPctCmd
. IntkVIvLift
@'—. VarintkRunLen VamRBUOPDSCmd m
VarintkRunLen VarCompRatioPosCmd
<D | INVIVLIRCmd
Afr IntkVIvLiftCmd
IntkSwirlVivPos
IntkSwirlVivPos VarintkRunLenCmd —p@
TurboSpd VarintkRunLenCmd
TurboS
P ClsdLpFuelMult —b.
frlee ClsdLpFuelMult
s
(20 )——»igsw IntkSwirtVivPosCmd f——»( 14 )
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HevP2Reference Application

Environment P
| T—— Y Y I
Erem—— Visualization
P

[T, L e

“ Passenger C
(T,

onry

R

o
[ > s et

Help

-

oo

T
(T it

i
rY
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HevP2Reference Application

Environment * B
/ i x V I t;
MotPwrMech
BattHevP2 BattSoc @ MoPaTiech isualization
BattSoc
LdCurr BaltSoc —

Battv Bativ » 8 ) @ MotTraCmd MotMapped 3

—:E'__% MotTraomd MotTrg ot e ~%)
BattCurr 1 M
BattTemp R BattPwr @ MotSpd Motor Coupling Dynamics

MotSpd i er Car
AmbTemp &' HVDC : 2 eVl _‘

BatiCmt =
Battery BattCrnt Motor

MotCmt S %

MotPwrEN
o 2 MotPwrElec

1
Sl 001s+ 1 | StarTrg )

MotCrnt Y 2

w

1T StartTrq
[} @_. EngSpd Coupling Dynamics1

EngSpd BattCrnt

1 $tartCmd /
StartCmd m Low Voltage Starting System Help

BattCmnt 1
0.01s+1
Battery Discharge Dynamics

MathWorks
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Powertrain Blockset / Simulink Test Collaboration

= Plus
— Provide starting point for engineers to build good plant / controller models
— Provide open and documented models
— Provide very fast-running models that work with popular HIL systems

= Needs
— Systematic V&V workflow using Powertrain Blockset
— Repeatable and Automatic Process

MathWorks
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Model Based Design for Powertrain Blockset

8 Requirements Editor -
File Edit Display Aralysis Report Help
&|0/8 =&z 48008 ke

¥ Properties
View: |Requirements ¥ Search Type: Functional ~ +
Index Summary gy U
[ systemLevelRequirements il @
v |5 electricUAVReqs Summary: | Waypoint Traversal
vEl Flight Controller
B11 Sensors Desription  Rationale
B12 Navigation Filter bip /U@ ===
v E I : P 7
k! 1 3 Gl Avicraft shall follow a given set of waypoints by t
B3 Waypot T operator via a ground control station intriads of
B 132 Waypoint 0biting |atitude, longitude, and height.
B 133 Automatic Retur to Land

Simulink Requirement
— Test Requirement Authoring
— Test and Modeling Status Check

MathWorks
AUTOMOTIUE CONFERENCE 20189

HEV P1 Reference Application

Powertrain Blockset
— Vehicle modeling
— Simulation

4\ MathWorks

2 it H 11 Preferences
| ‘

- sy
% M Statpage x

req_based_testing

req by 1]

» TAGS

» DESCRIPTION
» RE

EMENTS
CKS
» COVERAGE SETTINGS"

~ TEST FILE OPTIONS"®

| Close all open figures at the end of execution

Simulink Test
— Test Authoring and Automation
— Execution and Report Generation

1"



Model Based Design for Powertrain Blockset

8 Requirements Editor

File Edit Display Aralysis Report Help

EOe EEE 4ERR 2
View: ‘Requiremems V_\
Index Summary
» [ systemLevelRequirements
v i dlecticUAVRegs
Flight Controller
Sensors
Navigation Fiter
Guidance
Waypoint Traversal
Waypoint Orbiting
Automatic Retumn to Land

MathWorks

AUTOMOTIVE CONFERENCE 2018

¥ Properties
Type: ;-Funmanal v
Indec 131

Description  Rationale

Aricraft shall follow a given set of waypoints by t
operator via a ground control station in friads of
latitude, longitude, and height.

el

£

AR Eh
-

HEV P1 Reference Application

?

Traceable

4\ MathWorks:

4 Test Manager

==
o | wod ™ T E Do D
1 tew B i i

[Tl Results and Artfacis

[Fiter tests by name or tags, e.g. tags: test

~ =1 req_based_testing
~ [ Integration tests
[E New Test Case 1
~ 2 Follow Wobile Guidance
[El Follow Moblle Guidance fest 1
~ (3 WP Guidance tests
[E we Guidance test 1
~ 3 circe Guidance
[El circe guidance test 1

_ 1

=] req_based_testing » [} Start Page x

req_based_testing

1eq based testing

TestFie

Select releases for simulation: | Curent =
» TAGS

» DESCRIPTION

» REQUIREMENTS

VCALLBACKS

+ COVERAGE SETTINGS"

~ TEST FILE OPTIONS®

| Close all open figures at the end of execution

12
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Author Requirements in Simulink

. . Summary: |Cance\ Switch Detection
|5 Requirements Editor - O X
Description ~ Rationale
File Edit Display Analysis Report Help . Go[wve 7 0 A =11
& O- g (S ¥ Properties i If the Cancel switch is pressed, the value of
regDrv should be set to reqMode. Cancel.
View: |Requirements ~ Type: Functional % v i u t o r
~ : Dashboard
Index D ¥ Summary Index S . o TR s
v 5 BMS_Requirements Custom ID: 3 BMS Ar?hltecture and module spécmt:fauons
v kg Import1 BMS_Requirements References to BMS_Requirem| ~Summary:  BMS Architecture and module specifications
o . .
\5’1‘ 1 1 Overview Overview Description Ratighdle
viE 2 2 BMS Interfaces BMS Interfaces s
vE 21 2.1 BMS Inputs BMS Inputs Lt Al
ET 7 By | 2.1.1 Cell_Voltages Cell_Voltages
EI‘ 2.1.2 2.1.2 Cell_Temperatures Cell_Temperatures
'EJ” 213 2.1.3 Pack_Current Pack_Current o Coton ]
. et W
& 214 2.1.4 Pack_Voltage Pack_Voltage
B 245 2.1.5Vout Chgr Vout_Chgr
3
& 216 2.1.6 Vout_Invir Vout_Invir a = = - 5
E’;‘ 217 2.1.7 StateRequest StateRequest L L ! {#31 : Increment mode Bl
> B 22 2.2 BMS Outputs BMS Qutputs 7
viE 3 3 BMS Architecture and module specific... BMS Architecture and module I ra c IMPLEMENTS
v @" 31 3.1 BMS - Main State Machine BMS - Main State Machine 5 . g
>E 311 3.1.1 BMS Main State Machine: Interfac... BMS Main State Machine: Intg [ ¢ v
- o . ) =
E‘» 312 3.1.2 BMS Main State Mach!ne. BMS St... BMS Ma?n State Machine: BM: } I opMode.Increment 3
E 313 3.1.3 BMS Main State Machine: Chargin... BMS Main State Machine: Cha ~ Keywords:
ET 314 3.1.4 BMS Main State Machine: Relay C... BMS Main State Machine: Rel " Revision inf tion:
E 345  3.15BMS Main State Machine: Relay I... BMS Main State Machine: Rel £V TRt 0
»E 316 3.6 BMS Main State Machine: Fault M... BMS Main State Machine: Fau ~ SID: 2%
> B 3.2 3.2 BMS — Current Limit Calculation BMS — Current Limit Calculati Revision: 1
? @: 3.3 3.3 BMS - SOC Estimation BMS - SOC Estimation Updated on: 24-Oct-2019 15:39:06
E 34 3.4 BMS - Balancing Logic BMS - Balancing Logic Created by:
. 5 Created on:  24-Oct-2019 15:39:20 v Issue: Destination Changed.
Stored: Revision: 15 Ma nage
Actual: Revision: 18

Clear Issue

MathWorks
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Import and Export with External Tools

External
)
Requirements ‘e DF
Requirements Interchange | Format
4 Requirements Editor o X
Import
L ; © € = Properties
¢ Requi | Tvpe: Functional

Index: 11
b Custom ID: |22 |
~E 1 Summary: [Zero to sty ]

p 11 #2 ZeoWskty | Descripion  Rationale
Update ) |Anial vio B 7 U MR EEES =~ -
The time to reach 60 MPH for the WOT drive cycle shall be less than 20 seconds.

‘qu"F Unlock "

Requirements Interchange

' Edit/Supplement

Managements Export
1ools R2019a

MathWorks
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Import External Requirements

BMS_Requirements.docx - 0] PCOIl A

oMo g 4@ J27  omel o2 mE  EX  ¥E  ¥I|  WEER E3% O ofE TYs ashlltar s38 Co=
&D Calibi LighttHlS =18 = 21 217 am- | Zh 48 E-EERE S = 52l Y sugaest spugasst |1 ZPLH 1.1 71 100 s f;’i;‘;‘ ng
%q??":g Bt 2t -mx, X F-L-A-HO E=E=E=EIE S - JEBE LAY A= e 2 A3 . [}‘m. %70%
sEpe . e .. sz AEf2 o my a4 ~
BATTERY MANAGEMENT SYSTEM (BMS) REQUIREMENT .
"Copyright 2018 - 2019 The MathWorks, Inc.".
-1 OVERVIEW.
This document describes a requirement specification for Battery Management System (BMS). The BMS
system pr?vides functionalities to control the battery pack model. .
Ve HoIX ol g B oo B mo2sdody BEH B - ——+ 170%

MathWorks
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HEV P2 Test Requirement

MathWorks

AUTOMOTIVE CONFERENCE 2018

M Requirements Edlitor
File Edit Display Analysis Report Help

BIOE =

View: Requirements ~

Index ID  Summary
v SystemRequirements
vE!1 #1  Performance

#2  Zero to sixty
#3  Passing time

Rt
=
(=)

Differential Gear ratio
#4  Fuel Economy

#5  Average fuel economy
#6  Battery SOC Min/Max
#7  Battery SOC Delta

#9  Drive schedule accuracy

~ Properties

Filepath:
Revision:
Created by:
Created on:

Modified by:
Modified on:

Description:

=]

C:\Doc_Dat\Mateial\MAC\2019_KR\powertrainblockset_sil

4
mmcbroom
04-Jan-2019 01:27:25
hhong

28-Oct-2019 08:46:17

sckset_simulinktest s

pi

» Custom Attribute Registries

4\ MathWorks:
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% Requirements Editor
File Edit Display Analysis Report Help

& O d & LIS
View: Requirements ~
Index ID  Summary
i systemﬂeqmrements b il R
viE1 #1 _ Performance
E 1.1 #2  Zero to sixty
E 1.2 #3  Passing time
E 1.3 #10 Differential Gear ratio
v g2 #4  Fuel Economy
E 2.1 #5  Average fuel econom
E 2.2 #6  Battery SOC Min/Max
& 2.3 #7  Battery SOC Delta
E 24 #9  Drive schedule accuracy

¥ Properties

Filepath:

New
-

C:\Doc_Dat\Mateial\MAC\2019_KR\powertrainblockset_simulinktest_example-master\powertrainblockset_simulinktest_example-master\...

TESTS

- — : -
o E S T DU RIM =2 B = smwe
3 Copy
Open Save Delete  Run Siop Debug Parallel Report Visualize Hohlght - Export Prefel
- - |[f Paste = - = in Model
FILE | EDIT ‘ RUN [ RESULTS ENVIR(

Results and Artifacts

[ify startPage x

Filter tests by name or tags, e.g. tags: test

w

=] HEVP2

|1Z] FTP75
=] HWFET
(=] US06
PROPERTY VALUE
Name [ Fuel Economy
Location C:\class\powertrainblockset_simulinkte...

Hierarchy

Getting S
Test Suite

"
| | Performance
RECENT FILES

=] wOT

HEVP2

v | | Fuel Economy

HEVP2 » Fuel Economy.




&4 Requirements Editor —= X
File Edit Display Analysis Report Help

]§E| §||E L@@ J‘ LI2i| @ @ ¥ Properties
View: Requirements ~ | Type: 'Functional Al
Index: 11
Index ID Summary Custom ID: |2
V SMEMREQUiremEHtS Summary: | Zero to sixty
AT Som—
viail #1 Performance [ | [Arial Vo VB £ U B EEEE| - &
& L1 #2  Zero to sixty The time to reach 60 MPH for the WOT drive cycle shall be
& 1.2 #3  Passing time less than 20 seconds.
E 1.3 #10 Differential Gear ratio
v iE 2 #4  Fuel Economy
B 21 #5  Average fuel economy
& 2.2 #6  Battery SOC Min/Max
& 23 #7  Battery SOC Delta
E 24 #9  Drive schedule accuracy
Keywords:
P Revision information:
¥ Links
» Comments




&4 Requirements Editor —= X
File Edit Display Analysis Report Help

BOw REEeEa EHe ~ Properties
View: Requirements ~| Type: Functional  +
. Index ID  Summary Icr:i:m ID: |1::23
v iE1 #1  Performance & |[ara Vo VB 7 umEs=E=s @&
CRR! £2 Zeoin sty The time to accelerate from 40 to 60 MPH in the WOT drive
= 1.2 #3  Passing time cycle shall be less than 5 seconds.
= 1.3 #10 Differential Gear ratio
v E?2 #4  Fuel Economy
E 21 #5  Average fuel economy
& 2.2 #6  Battery SOC Min/Max
E 23 #7  Battery SOC Delta
E 24 #9  Drive schedule accuracy
Keywords:

P Revision information:

¥ Links

» Comments




&4 Requirements Editor
File Edit Display Analysis Report Help

BROW zEE 4w e ~ Properties
View: Requirements ~| Type: Functional  +|
Index ID Summary ::r:ite:m ID: |1§310
. 5y5temnequ|rement5 5“:::::;“0 nDEﬁe::iiea”am
v [E 1 #1 Performance b [ara Vo VB r U B|EEEE]
" 1.1 12 Zeminsdy Two types of variants should be applled
= 1.2 #3 Passing time
E 1.3 #10 Differential Gear ratio - Variant1 : 3.0
v E 2 #4  Fuel Economy = Val'iant2 : 332
E 21 #5  Average fuel economy
E 2.2 #6  Battery SOC Min/Max
&= 2.3 #7 Battery SOC Delta
E 24 #9  Drive schedule accuracy
Keywords:
P Revision information:
¥ Links
» Comments




&4 Requirements Editor
File Edit Display Analysis Report Help

BOE EEE f[eEa Ee
View: Requirements |
. Index ID  Summary
v B 1 #1  Performance
B 11 #2  Zero to sixty
& 1.2 #3  Passing time
E 1.3 #10 Differential Gear ratio
viE?2 #4  Fuel Economy
E 21 #5  Average fuel economy
& 2.2 #6  Battery SOC Min/Max
E 23 #7  Battery SOC Delta
E 24 #9  Drive schedule accuracy

¥ Properties
Type: 'Functional r
Index: 2

Custom ID: \ #4

Summary: | Fuel Economy

Description Rationale
[ | [Arial v[o v/B 7 U W

| -

(&g

The following requirements shall be met for the FT
US06 and HWFET drive profiles.

75,

Keywords:

P Revision information:

¥ Links

» Comments




&4 Requirements Editor —=
File Edit Display Analysis Report Help

]§E| §||E L@@ J‘ LI2i| @ @ ¥ Properties
View: Requirements ~ | Type: 'Functional Al
Index: 21
Index ID Summary Custom ID: | #5
. 5y5temnequ|rement5 e e | erage fuel economy
e ——
vEI1 #1  Performance B |[Arai Vo VB 7 UM ESEE=SE -
& 11 #2  Zero to sixty The average fuel economy at the end of the drive proflle
B 1.2 #3  Passing time shall be 32 MPG.
& 13 #10 Differential Gear ratio
v E?2 #4  Fuel Economy
E 21 #5  Average fuel economy
& 2.2 #6  Battery SOC Min/Max
E 23 #7  Battery SOC Delta
& 2.4 #9  Drive schedule accuracy
Keywords:

P Revision information:

¥ Links

» Comments




&4 Requirements Editor
File Edit Display Analysis Report Help

BOE EEE f[eEa Ee
View: Requirements ~|
Index ID Summary
vEI1 #1  Performance
E 11 #2  Zero to sixty
B 1.2 #3  Passing time
E 1.3 #10 Differential Gear ratio
v [F 2 #4  Fuel Economy
E 21 #5  Average fuel economy
E 2.2 #6  Battery SOC Min/Max
&= 2.3 #7 Battery SOC Delta
E 24 #9  Drive schedule accuracy

¥ Properties
Type: 'Functional -
Index: 22

Custom ID: |:‘!6

Summary:  Battery SOC Min/Max

Description Rationale

[ [Arial

vjo ~v/B 7 U NH

The battery state of charge shall be greater than 20%
less than 90% for the entire drive cycle.

Keywords:

P Revision information:

¥ Links

» Comments




&4 Requirements Editor —= X
File Edit Display Analysis Report Help

[ﬁ;ﬁ|ﬂ LﬂlLE_’J JGL'QI @ @ ¥ Properties
View: Regquirements - Type: 'Functional i
Index: 2.3
Index ID Summary Custom ID: |7
VEE SystemRequirements 3 Summary: | Battery SOC Delta
v E 1 #1  Performance W [Aa o VB 7 UM EEFEE &
B 1.1 #2  Zero to sixty The absolute value of the difference between the battery
E 1.2 #3  Passing time state of charge at the start of the drive profile and the end of
B 1.3 #10 Differential Gear ratio the drive cycle shall be less than 1%.
vE?2 #4  Fuel Economy
E 2.1 #5  Average fuel economy
E 2.2 #6  Battery SOC Min/Max
E 23 #7 Battery SOC Delta
E 24 #9  Drive schedule accuracy
Keywords:

P Revision information:

¥ Links

» Comments




&4 Requirements Editor —=
File Edit Display Analysis Report Help

BOW REE:[&Ew e ~ Properties
View: Requirements ~| Type: Functional  ~
. Index ID  Summary xzm ID: \2::49
v iE1 #1  Performance & |[ara o VB 7 umEsssElf -
& 11 BASHDSHY The actual vehicle speed shall be no more than 2 mph
E 1.2 #3  Passing time greater than the scheduled vehicle speed within 1 second of
E 13 #10 Differential Gear ratio the given time.
v E?2 #4  Fuel Economy
E 21 #5  Average fuel economy
& 2.2 #6  Battery SOC Min/Max
E 23 #7  Battery SOC Delta
E 24 #9  Drive schedule accuracy
Keywords:

P Revision information:

¥ Links

» Comments
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Test Case Templates

% Simulation Testing
Input ’ﬂ Oulpu} 1/ Assessment Criteria

+» Baseline Testing : Regression Test

Input Output
4 \/ Assessment Criteria

Y

File —b‘ Expected Outputs |

“ Equivalence Testing

Input._ Output
S e
\/ Assessment Criteria

Input ﬁ Output
— T

MathWorks
AUTOMOTIUE CONFERENCE 20189

+» Temporal Assessment

4\ MathWorks:

 Assess.. w Atany point of time ...

seiay With no delay

Logical Assessments

— Bounds check

qu]
Check min/max bounds for signals and

ﬁ whenever is true

R2019a

. becomes true
becomes true and stays true for at least
becomes true and stays true for at most

becomes true and stays true for between

1 Custom
"

Check if a custom expression holds true for
Temporal Assessments

| Trigger-response

all ime steps

Check for a signal response once a tngger has bee

27



Simulink Test Configuration
4\Tes-tr Er\:aT.:ger - X

FoEf T ORI = D Lo )

iy Copy
New Open Save Delste  Run Siop Debug Parallel Report Visualize Highlght o+ Export  Preferences Help
- - - = Paste - - > in Medel =
EiLE EDIT ‘ RUN RESULTS EN\HRDNMENT_RESDURCES"
SISl Results and Artifacts | ™ Performance x mStam Page x =] WOT
IF\EterEests by name or tags, e.g. tags: test 7 Erabied
nable
S woT
« [T Performance HEVP2 » Performance » WOT
[5] wot Simulation Test
¥ | ] Fuel Economy Select releases for simulation: | Current Traceab|t
[E] FTP7S5 Create Test Case from External File y
| HWFET . M d | d H
» TAGS odel an arness

i) [

B usos b DESCRIPTION Simulation Iteration with Parameter Change
» REQUIREMENTS™®

e - Simulation Input : Excel/Mat

» PARAMETER OVERRIDES Measurement

» CALLBACKS

PROPERTY VALUE » INPUTS
Name E] wOoT
: : » SIMULATION OUTPUTS*
Type Simulation Test . .
Model HevP2ReferenceAppli... » CONFIGURATION SETTINGS OVERRIDES Crlte”a CheCk

Simulation Mode [Model Settings] » ITERATIONS® MC DC Cond ition
) -

Location C:\class\powertrainblo...
» LOGICAL AND TEMPORAL ASSESSMENTS"

Enabled v
Hierarchy HEVP2 » Performance... » CUSTOM CRITERIA®
TEES » COVERAGE SETTINGS"

MathWorks
AUTOMOTIUE CONFERENCE 20189
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Dynamic Test 1 - Performance

= Requirement

— The time to reach 60 MPH for the¢

|

u

bpd

— The time to accelerate ffom 40 tc
— Two types of variants ghould be

= Configuration

4\ MathWorks

— TestTemplate {5 0w yGoammencres 3
p \— 7 Jéisessmen & E"a,l ~ CUSTOM CRITERIA®
-

MathWorks
AUTOMOTIUE CONFERENCE 20189

-~

—————

2

Controllers
S.
Help
v function customCriteria(test)
» Perform custom criteria analysis on test results
1 otTest.customCriteria(test);



4\ MathWorks

Dynamic Test 1 - Performance

= Requirement
— The time to reach |60 MPH |for the WOT drive cycle shall be less than 20 seconds.
— The time to accelerate|from 40 to 60 MPH|in the WOT drive cycle shall be less than 5 seconds.
—| Two types of variants should be applied. (Variant1 : 3.0 / Variant1 : 3.32)

= Configuration
— Test Template It 5] OUBLL  psssmen i

~ PARAMETER OVERRIDES

— Test Measurement
= Actual Speed » || Parameler Set 2

— Parameter Variant Control
- Parameter Override

”»

o Add v (* Refresh A Export [J Delete

MathWorks
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4\ MathWorks

e 'nput Eomplit VA tomena 2564 E111 that actual sp

vIindex = find(vs.Data>»50,1);

v CUSTOM CRITERIA*

¥| function customCriteria(test)

» Perform custom criteria analysis on test results

iwc:-tTes.t.<:ustc:m(:r*:'Lt-.=_t|*ir=|(test};

vindex = find(vs.Data>40,1);
if isempty(vIndex)

v40Time = Inf;

elas
v40Time = ve.Time (vIndex) ;
end
Requirment 2

-;Re.:quinement;:;- Passing Time

test.verifylLessThan ({v60Time-v40Time,

0 MPH in the WOT drive cycle sha

[ drive cycle shall be less than 20
0T

i ) seconds
0 60 MAX TIME, sprintf('0-60 test\n'));

,__

m
1}
1

.WOT 40 60 MAX TIME,

wotTest

MathWorks
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Dynamic Test for HevP2Reference Application

4\ Test Manager - X

o E S T UK =2 B8 = smea @)
1 Copy

New Open Save Delete  Run Siop Debug Parallel Reporl Visualize Hignhghi .~ Export  Preferences Help
- - v | [[Paste  ~ - 2 in Model i

_ F0LE

LEELCETEE ) Results and Artifacts 5l WoT x  [iff StartPage x

Filter tests by name or tags, e.g. tags: test

EDIT 1 RUN - RESULTS ENVIRONMENT | RESOURCES | x,

+| Enabled
» =] HEVP2" WOT
[ 7] Performance HEVP2 » Performance » WOT
=] woT lation Test

» | ] Fuel Economy Select releases for simulation: | Current w

Create Test Case from External File
» TAGS

» DESCRIPTION

» REQUIREMENTS"®

» SYSTEM UNDER TEST*

» PARAMETER OVERRIDES®

» CALLBACKS

» INPUTS

» SIMULATION OUTPUTS*

— : » CONFIGURATION SETTINGS OVERRIDES
Name |E] woTt A

Type Simulation Test EITERATIONSE
Model HevP2ReferenceApplication » LOGICAL AND TEMPORAL ASSESSMENTS @
Simulation Mod Model Settings]
e £ (Made! setings| » CUSTOM CRITERIA®
Location C:\class\powertrainblockset. ..
Enabled v » COVERAGE SETTINGS"
Hierarchy HEVP2 » Performance » W...
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Temporal Assessment R2019a

= LOGICAL AND TEMPORAL ASSESSMENTS®

ASSESSMENT RECHEREMENTS

# Assessmenti » At any point of time ... ‘fero to sixty (SystemRequirements#)

¥ Al any point of time, il actaual_speed>0 becomes true and slays true for at
least 10.6 seconds then, starting from end of min-time, with no delay,

actaual_speed >

R |
deloy: W TRIGGER ] T :E
el [y gt false fesesssrsnssssssend B nad bidennad e
. I—.= min-tme
B At trigger-min-time
Husiliss=== -
RESFOMSE

false

MathWorks
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Temporal Requirement Change

% Requirements Editor
File Edit Display Analysis Report Help

BOaEl EEE[seEw el
View: |Requirements ~.
Index ID  Summary
W | v SystemRequirements
w i 1 #1 Performance
E i1 #2 Zero to shity
B 1.2 #3  Passing time
e 1.3 #10 Differential Gear ratio
il #4  Fuel Economy
B 2.1 #5  Average fuel economy
e 2.2 6 Battery SOC Min/Max
& 23 #7  Battery 50C Delta
= 24 #9  Drive schedule accuracy

¥ Properties
Type: ii’unﬁiona[ T
Index: 11

Custom ID: [#2

Summary: ‘Zerc to sixty

Description

[y | [Arial

Rationale

v ~v/B 7 U W

| - ]

The time to reach 60 MPH for the WOT drive cycle
less than 20 seconds.

shall be

Keywords:

P Revision information:
¥ Links

= 4= Verified by:
HEVP2:7?

» Comments

MathWorks
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Temporal Requirement Change

& Requirements Editor = X
File Edit Display Analysis Report Help

The time to reach 60 MPH for the WOT drive cycle shall be
less than 10.6 seconds.

= 4= Verified by:
HEVP2:7?

» Comments

MathWorks
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Test Assessments: Formalize and execute requirements R2019a

Zero to Sixt When <condition 1> is true, :
y Then <condition 2> must be true for some time Simple concept

The speed shall at least

reach 60MPH after 10.6 sec £
(ley = x| 2 x3)7 A Opge, ) (2 — 221 2 x3) — Ope,)xy
passes

Hard to formalize

MTL logic

MathWorks
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TESTS

I_u.J - LEE]J 4 Cut il [/ w %‘K HHUH = @ AL Import a @
New Open Save L@ P::: Delete Run Siop Debug Parallel  Report Visualize H'g:“‘"ﬂljl Export Preferences Help
Temporal Assessment

- -
RESULTS ENVIRONMENT RESOURCES

Ll

FILE EDIT RUN
Results and Artifacts | Performance m Start Page =] WeT

[Filter tests by name;2=*==

>At any point of time, if tv>0 becomes true and stays true for at

~ =] HEVP2*
~oreeman Jogst 10.6 seconds then, starting from end of min-time, W|th no delay,
5] wot e
o ree, @ctual_speed > 60 must be true 2
= i sSsessmen TaITH & o 1R ‘I'RIGG:EIL: --------------- '
ol e 4 o « Al any point of time .. Il _____________ T AN
| usos - | becomes true ar At tiggae il
e renssmmnrsenssnssnsssnssnsnnnnsnsansnsnssnsnne
b= RESPONSE
10.6 b
end of

« = actauval_speed

e Velocity Actual {mph)

with no deiay

PROPERTY VALUE
Name [£] wot * e must be true R e P Ve clkaouele Tersend
1
Type Simulation Test . HCIUHLEPE i st
Model HevP2ReferenceAppli...
Simulation Mode [Model Settings]
Location C:\class\powertrainblo...
Enabled v
Hierarchy HEVPZ » Performance... o Add Symbol
Tags

AUITUMUILIVE LUNFEHENLE 2ULY 3/



Temporal Assessment

Q Assessment]

» Atany paint of time, if actaual_speed>0 becomes true and stays true for at least 10.6 seconds then, starting from end of min-time, with no defay, actaual_speed > 60 must be true

Expected Behavior

TRIGGER
Taine
(L s00 0o 150 wne
106
A eriggor-min-time:
RESPONSE
faise
nur 1wt 1ar "e 10e e
|
) 3 1
maE | QQqQ e

» Assessment1: At any paint in
time, if (actaual_speed > 0)

becomes true and stays true for at
least 10.6 seconds then, starting
from end of min-time (after 10.6
seconds has elapsed), with no
delay, (actaual_speed > 60) must be
frue

MathWorks

Emor1of1 - |
}
TRIGGER
tane
04 500 100 150 0o
P 16
AL Erigges-min-tim)
trus
RESPONSE
0.1 nwr 107 ws 108 1ws

Explanat

Assessment 'Assessment1’ falled when triggered at 0.1 5.
« Trigger condltion '{actaual_speed > 0) istrue at 0.1 s
« Expected response condition to be true at 10.7 s

« » 1T actaual_speed

Explanation

s l.e. at "end of min-time' of trigger.

4\ MathWorks:

R2019a

« Expected 'with no delay, (actaual_speed > G0) must be true' to be true at 10.7 s, actual value is false.

Fail

Pass

Untested

U"M'Bﬁ Untested }

40
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Dynamic Test for HevP2Reference Application

4\ Test Manager - X

o E S T UK =2 B8 = smea @)
1 Copy

New Open Save Delete  Run Siop Debug Parallel Reporl Visualize Hignhghi .~ Export  Preferences Help
- - v | [[Paste  ~ - 2 in Model i

_ F0LE

LEELCETEE ) Results and Artifacts 5l WoT x  [iff StartPage x

Filter tests by name or tags, e.g. tags: test

EDIT 1 RUN - RESULTS ENVIRONMENT | RESOURCES | x,

+| Enabled
» =] HEVP2" WOT
[ 7] Performance HEVP2 » Performance » WOT
=] woT lation Test

» | ] Fuel Economy Select releases for simulation: | Current w

Create Test Case from External File
» TAGS

» DESCRIPTION

» REQUIREMENTS"®

» SYSTEM UNDER TEST*

» PARAMETER OVERRIDES®

» CALLBACKS

» INPUTS

» SIMULATION OUTPUTS*

— : » CONFIGURATION SETTINGS OVERRIDES
Name |E] woTt A

Type Simulation Test EITERATIONSE
Model HevP2ReferenceApplication » LOGICAL AND TEMPORAL ASSESSMENTS @
Simulation Mod Model Settings]
e £ (Made! setings| » CUSTOM CRITERIA®
Location C:\class\powertrainblockset. ..
Enabled v » COVERAGE SETTINGS"
Hierarchy HEVP2 » Performance » W...

MathWorks
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Dynamic Test 1 - Fuel Economy

Requirement
—1 The average fuel economy at the end of the drive profile shall be 32 MPG.
—= The battery state of charge shall be greater than 20% and less than 90% for the entire drive cycle

! The absolute value of the difference between the battery state of charge at the start of the drive
. proflle and the end of the drive cycle shall be less than 1%.

L o o o e o e o o o e e e e e e e e e e e e S SO S S e s e s
sssssssssssssssssssssssssssssssssssssssssss

Conf|gurat|on B e ereetoa
— Test Template Input |- ‘ Output ~__-========<_ -
— Test Measureme i J = (\:;J"‘-SSEEEmentCriteri’a,)

1 r
= Target Speed { File ,' lExpectedOutputs_

- Actual Speed - %
. SOC HH

= MPG
MathWorks
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4\ Test Manager — X

TESTS

PR = e

g s . )
LAl  function customCrite

ria(test)
g fuelEconomy = test.sltest simout.logsout.get(l).Values.Data;
Fi soc = test.sltest simout.logscut.geti(Z).Values.Data; ry

[Fiterte . Requirement :.Average fuel economy :

~3 | test.verifyGreaterThan (fuelEconomy (end), 32,| 'Fuel Eccnomy'):
* Requirement ::SOC:Min/Max: /1=
soc min = min(soc);
test.verifyGreaterThan{socc min, 20, |"Min of SOC']D; Printed at the Test Report
as Test Case Title
Soc max = max(soc);
test.verifylLessThan{soc max, 90, |'Max of SOC'|);
. Requirement :-SOC-delta
FROPER! test.verifylLessThan(abs(soc{end)-soc(l)), mpgTest.SOC DELTA, [ Stat f Charge Delta'j];
Name
Type Baseline Test 5 -
) 1 mpgTest.customCriteria(test);
Model HevP2ReferenceAppli... 5
Simulation Mode [Model Settings]
Location C:\class\powertrainblo. ..
Enabled v
Hierarchy HEVP2 » Fuel Econo...
Tags 3 O Spac




Dynamic Test for HevP2Reference Application

X

4 Test Manager
TESTS

- =] | & Cut ﬁ - @ = "
woE g o & Qi = Lo B @
New Open Save Delete Run Siop Debug Parallel  Report Visualize [onlght o+ Export Preferences Help
- - - ‘14 Paste - - o in Modet S
| : | -
L | || T — _ RESULTS  |ENVIRONMENT RESOURGES) =
LS Cgl Results and Artifacts EIFTPTS x FuelEconomy x  [5] HWFET x [ Comparison x
Filter tests by name or tags, e.g. tags: test | =
= FTP75 +| Enabled
« =] HEVP2*
[ ] Performance HEVP2 » Fuel Economy » FTP75
|E] woT Baseline Test
| Fuel Economy Select releases for simulation:
5] FTP7S Create Test Case from External File
IR EWEET » TAGS
il uste » DESCRIPTION
+ REQUIREMENTS"
Average fuel economyﬁ{éysrerrmquwrementsﬁs) =
Battery SOC Delta (SystemRequirements#7)
Drive schedule accuracy (SystemRequirements#9) >
&= Add ~ Delete
— ~SYSTEM UNDER TEST"
Name [E| FTPT7S5 - Model: | HevP2ReferenceApplication Yy RC
Type Baseline Test
Model HevP2ReferenceApplication » TEST HARNESS
Simulation Mode [Model Settings] » SIMULATION SETTINGS OVERRIDES
Location C:\class\powertrainblockset. ..
Enabled 7 » PARAMETER OVERRIDES
Hierarchy HEVP2 » Fuel Economy » ... » CALLBACKS*
-

MathWorks
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Key Takeaway

= Verification and Validation Process for Powertrain System

= Flexible and Automatic Verification and Validation

= Various Range of Applications e .

File Edit Display Analysis Report Help

o\ Test Manager i) in} H =& 4B @ €  Properties
View: Requirements ¥ Search Type: Functional  +
Index Summary Index: 131
% SystemLevelRequirements Custom 1D: ‘GDNC—I
v % electricUAVRegs Summary: ‘WaypomtTraVErsa?
" Rationale
Jpru@ =s=s==
s
‘‘‘‘‘‘‘‘‘‘ 1 — & il follow a given set of waypoints by t
C = 1 3 a ground control station in triads of
f ’ — ESE \gitude, and height.
e Open Throttle (WOT) (40 seconds)
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
2 =

MathWorks i .
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Thank you!
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