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Motivation TRy

* The ongoing transformation in industry from a document-
based systems engineering to a model-based systems
engineering approach reveals a need for new methods of
verifying and validating systems

» Traditional methods of testing the actual system are getting
more and more expensive

* A model-based environment could significantly reduce
testing and, most importantly, verification and validation
processes costs

— allows testing on the system model by applying various
techniques, such as simulation, analysis, review, mock-ups, etc.
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Purpose Wy

* Our paper proposes an approach to perform verification and
validation of a system using system models developed with
Systems Modeling Language (SysML) and in accordance with the
MagicGrid (formerly known as MBSE Grid) framework.

* The approach covers system testing activities beginning with
verification of the lowest modeled system elements against system
requirements and finishing with validation of the system as a whole,
against stakeholder needs.

« Athorough case study on the vehicle model is presented to prove
the usefulness of the proposed approach in the overall lifecycle of
the system engineering.
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Domain

Problem

Solution

Implementa-

Black Box

White Box

tion

Stakeholder

System Requirements

Subsystem
Requirements

Component
Requirements

Implementation
Requirements

System Context Use Cases

Conceptual Subsystems Functional Analysis

System Structure System Behavior

Subsystem Structure Subsystem Behavior

Component Structure Component Behavior
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Conceptual and
Functional Failure Mode

Measures of

Effectiveness (MoEs) & Effects Analysis
(FMEA)
Conceptual Subsystems
MoEs for Subsystems EMEA
System Safety &
System Parameters Reliability (S&R)
Subsystem Parameters Subsystem S&R
Component Parameters Component S&R
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MagicGrid Extensions for V&V

MagicGrid for MBSE

OpsCon &
Stakeholder
Requirements

System
Validation

System
Verification

Subsystems
Arch. & Design

Subsystems
Verification

Components
Design

Components
Verification

Implementation
Domain

Implementation

V model of SE
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Typical Model to Perform Verification 4

«block» «testCase»
Level N Model Analysis Level NModel Test Case
va/qes_ + ______ I
e «satisfy» | «verify» | [ sd [ B} Level N Model Test Case ] J
level N Model‘ tester : : oo H gRecio &
level N Model : Level N Model tester : Tester
«block» «block» | | : :
Level N Model Tester L L |
State 1
t o \ : '
stm [ [ Level N Model ] J L - i Sl |
| I~ |
? I [ State 2 ] i
[ State 1 ] —— ' 2: Signal 2 ‘
«requirement» :< :
Signal 1 Level N Requirement | 1
| |
Signal 2 Id = "SR-N" : |
[ State 2 ] Text = "The system / | !
subsystem / component : .
shall do smth. "

www.incose.org/symp2022 8



Typical Model for Validation

«requirements
Stakeholder Need
Id = "SN-N"
R
«refinex ebiocks
/ T Level N Model
Main Dashboard o | @ (ev‘es stm [State Machine] Level N Model[ G4 Level N Model 1)

Signal1_J

Signal 2

\’e@ents\ [ 3391 ]

| signal 1
represénts J Signal 2

[sutoz]
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Case Study — System of Interest ey

* For the case study example traditional ICE car was
selected,;

* |n case study example it was decided to showcase

the proposed approach by integrating system
architecture elements from bottom to top;

* Due to scope assiociated with modern car systems
only small subset of system in the case study
example were used
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System of Interest Architecture

bdd [Package] Structure[ Structure_HighLevel ] )

Composition Levels
block»
Level |
C0Leve Vehicle
[ 1st Level
[J 2nd Level R f
DTSy, 3U3y, vis
D 3th Level «block» «block» «block»
[ 4th Level PowerTrain Suspension Interior
' ] 7 [ X} ’
Dag n-rci \/eQ e |4 cnae ~oc | e |
A\ L\ b2
«block» «block» «block» «block» «block» «block» «block»
Power Source Drivetrain Vehicle Speed Sensor|| Wheel Steering Wheel | Electronic Lever Module | Instrument Cluster
v ve
||
|
ECU VS GBS TCU DF ™G, SFS 4 cS AXS
«block» «block» «block» «block» «block» «block» «block» «block» «block» «block»
Engine Control Module || Engine Gearbox || Tranmission Controler || Differential || Selector Drum || Transmission Motor |[Shift Fork | Clutch | Half Shaft
Y
ESS PS

PCS CMH
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System to be integrated

Tiptronic, Steptronic);

while shifting of gears are done with electric motors

The selected transmission system is semi-automatic type (e.qg.

Semi-automatic transmission is based on manual transmission

™S

«block»
Transmission Motor

Composition Levels
] 0 Level
[] 1st Level
[] 2nd Level D“.b'otc -
[ 3th Level "
[ 4th Level
Teu |
«block»
Tranmission Controler «blocks
values
DFS AXS gearPos:?n : String SFS |4 c:l:,t_‘,:h SDS GBS
ablocks «block e e «blocks PCS : Clutch Plate ablocks «block
Differential Half Shaft thPos - Integer Shift Fork e g=tector Drum o
tranM : Boolean values
clutchP : Boolean clutchPosition : Boolean

RPM : Integer
currentGearPossition : String

values
tranM : Boolean
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Behaviors an

d Requirements

Composition Levels
] 0 Level

[ 1st Level

[] 2nd Level

[] 3th Level

[ 4th Level

?

«block»

Tranmission Controler

Parking

«requirement»

Driving Mode Changes for
Clutch

d="1.2"

Text = "Clutch shall be
connected when drive mode
is changed "

verify

entry / currentGearPossition = "P”
Rewerse / Check Rewersing
exit / Initiate Gear Changs

Neutral Idling

Reversing

entry / currentGearPossition = "R’
Park / Check Parking
exit / nitiate Gear Changs

Neutral

entry / Neutral
Rewerse / Check Rewersing
R Automatic / Check Driving

h Manual / Check DCriving

exit / Initiste Gear Change

»

MD

AD

| ‘

Upsﬁiq(

Upsﬁih\l{

Upshiﬁ\l/

Manual Driving

FirstM

entry / currentGearPossition = "D1”
exit / Initiate Gear Change

SecondM

’I‘Down shift

entry / currentGearPossition = "D2°

exit / Initiate Gear Change
’[\Dow

ThirdM

FourthM

entry / currentGearPossition = "D¢”
exit/ Initiate Gear Change

FifthM

entry / currentGearPossition = "D§”

exit / Initiate Gear Change

Neutral

when ((RPM>=2500 3& speed ==10
&& (thPos >0 && thPos~<=25)) ||
(RPM>=2500 && (speed == 0.43
“thPos)) || (RPM3-2500 && speed
==38 8& (thPos >90 & thPos<=100)))

when ((RPM>=2500 &8 speed ==30
&& (thPos >0 &8 thPos==35)) |
(RPM>=2500 &&(s peed==0.
56°thPos+15)) || (RPM>=2500 &&
speed ==85 && [hPos >80 44

entry / currentGearPossition = "D3” thPos<2100)))

exit / Initiate Gear Change

e y when ((RPM>=2800 &3 speed
Upshlﬁ\[/ ’[bownshlt ==50 && (thPos >0/3& thPos<=15))

(RPM>=2500 8& (speed==0.
75"thPos + 31)) || (RPM>-2500 &&
speed ==100 88 (thPos >80 8&
thPos<=100)))

’l‘DownsHﬁ when ((RPM>=2500 84 speed =-60

&& (thPos >0 thPos<=25)) I
(RPM>=2600 &3 (speed==0.
92*thPos+37)) || (RPM>=2500 &&
speed ==120 (thPos >80 3&
thPos<3100)))

Automatic Driving

?

FirstA

exit / Initiate Gear Change

entry / currentGearPossition = "D1”

when (RPM<1200
\L T &Tp..d <20 8%
#Pos <50)
SecondA
entry / currentGearPossition = "D2"
exit / Initiate Gear Changs
- hen (RPM<1200
\L T && speed <40 8&
\ #Pos <50)

ThirdA

exit / Initiate Gear Change

entry / currentGearPossition = "D3"

v

i |

FourthA

entry / curentGearPossition = "D4”
exit / Initiate Gear Changs

 (RPM=1200
peed <65 4&
thPos <50)

i) 1 s

FifthA

entry / currentGearPossition = "D3”
exit / Initiate Gear Change

(RPM<1200
peed <80 4&
thPos <50)

«block»

Clutch

Off

Clutch Request

Connected
{500 ms}
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Verification Setup sy

* Model setup for verification

«testCase» B
Lowest Level Test Case -;
|¢verify»
Composition Levels «requirement» |
] 0 Level «blocks Driving Mode Changes for | |
[] 1t Level Lowest Composition Level Test Case Conductor Clutch
[]2nd Level testResult - VerdictKind e Id="1.2"
[] 3th Level Text = "Clutch shall be E -
[ 4th Level a7 ‘““"I connected when drive '
i mode is changed " '
Drivetrain Tester |
Laki <block» |«satisty>
Lowest Composition Level '
DFS AXS TCU SFS |4 cs | sDS GBS ™S i ase Conductor :
ablocks ablocks «blocks ablocks «blocks «blocks «blocks «blocks ey 4 -
Differential Half Shaft Tranmission Controler Shift Fork Clutch Selector Drum Gearbox Transmission Motor
tester 1)
«block» «block»
Tester Drivetrain
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System L2 Test Case Description

sd [Test Case] Low est Level Test Case [ Low est Level Test Case ])

Model test case with Sequence diagram

«block» "
Lowest Composition Level Test Case Conductor
Configurations - |
) g tester : Tester |
as instance dT : Drivetrain
11 1 fus<
specification —
p testResult : VerdictKind
# A Name testResult
1 =1 lowest Level Test Case at 2021.10.14 16.30 fail
2 =! lowest Level Test Case at 2021.10.15 11.19 fail
3 =] lowest Level Test Case at 2021.10.21 13.03 fail
4 =l lowest Level Test Cases at 2021.10.21 13.23 pass
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tester :
Tester

dT.TCU :
Tranmission

Controler

1: setRPM()

2: Reverse(pr="R")

L
1

| dT.CS : Clutch |

[ Parking }

Off

—
\___

3: Neutral(pr="null")

1
1
1
T
1
1

Connected

{100 ms}

{500 ms}

Reversing

1
1
1
1
1
1
L

Off

4. Automatic(pr="N")!

Connected

{100 ms}

{500 ms}

Idlilng )

Off

Connected

Automatic Driving )

{100 ms}

{500 ms}




System L1+L0 Verified Requirements

System L1 veri

fied Requirements ] J

«requirements

ld="4.1.1.1"

—_——12
——34
125

%] ~ =y
g & 8

VEHICLE SPEED, KM/H

N
5]

Text = "Automatic gear change shall be completed according to the gear
change pattern displayed in the image below:

----- 2-1 ——123 ce 0032
cedee 43 et 4.5 eepee5d

40 60 80 100
THROTLE POSSITION, %

«requirements

Id="4.1.1.2"

Text = "Automatic gear upshift shall be completed when engine speed is
higher than 2500 revolutions per minute "

fied requirements System LO verified requirements

bdd [Package] Highest Level Test Case[ L0 Verified Reguirements ] )

«requirement»
Drive Mode Selection

I d = “6"

Text = "Driving mode change with the lever
module shall result in the same change for
the drivetrain system"

www.incose.org/symp2022

16



System L1 + LO Architecture

Systems that are used for L1, LO integration

LO

L1

«block»
Vehicle

CS : Clutch

=4

—
/ e \ o ” l
i ¢bloc.:<-; . I «:'OCF» ablocky
owerirain n rlOl' Suspension
PSS DTS STWS ICS[ VSS WHS |4
«block» «block» «block» «block» «block» «block» «block»
Power Source Drivetrain Steering Wheel |[Electronic Lever Module fjinstrument Cluster Vehicle Speed Sensor Wheel
parts parts values values values
S : Engine AXS : Half Shaft [2] gearNo : String gear : String gearNo : String
CU : Engine Control Module JJGBS : Gearbox speed : Integer
TCU : Tranmission Controler Warning : String
DFS : Differential
SDS : Selector Drum
TMS : Transmission Motor
SFS : Shift Fork [4]
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System L1+L0 Verification Setup Wy

System L1 verification setup System LO verification setup

sd [Test Case] Level Test Case [ iate Level Test Case ] )
sd [Test Case] Highest Level Test Case | Highest Level Test Case ] J
tester : | pT.DTS.TCU :
Tester Tranmission
C I driver : vehicle.IS.GSS vehicle.DTS.DTS.
Tester : Electronic TCU : Tranmission
T Lever Module Controler
1
H v 1: setRPM1() H
T
| i 2: setParkSpeed() !
' ' 1
H 1
- e
'
- .
2: Neutral(pr="null") 1 3: Reverse(pr="null")_;
1 O REVEORRT T
i

{500 ms}

{500 ms}

Reversing

3: Automatic(pr="N"

f

A Ny U PRSP DU DU . A

4: Neutral(pr="null")
—_—

{500 ms}

{500 ms}

Ef

4: setRPM1()

5: setThi()

5 Automalic(pr="nu||"2 H

Driving Auto Mode i

6: setSpeed1()

ﬁ(soo ms}

500 H
S ! (EEEicrree)
'
' f
T 7: setRPM2() ! -m
I 8: setTh2() ’ I -
L 6: Neutral(pr="null") _1 !
i ——
1 1 1
! {500 ms} [ DN E
' {500 ms}

|

'
1
i

7: Manual(pr="null") _}
_—

Driving Manual Mode i

10: setRPM3()
11: setTh3()

12: setSpeed3()

${500 ms}

{500 ms}

M I Driving i

13: setRPM4()
14: setThd()

e e e e e e e e mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmme =Yoo

15: setSpeed4()

e Y | N e
JEUSPRPSPIPPIRIOIUPIPITI.. AFVEVIPIVIIVIPIPIN. AUPIPIPIPIIUUPIPITE. AUNUUIIVIVEPRUp U E U U U U PRI
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 For LO we used GUI to validate instrument cluster

Instrument Dashboard [o[® == Electronic Selector Lever Module = \E@ «requirement»
Gear Change
with Level
Module
Reverse i =7
Text = "Gear

change with

5
Neutral

ECO PRO Lever Modqle
shall result in
Automatic the gear
K change
A > visualization in
/100 km ChangeUp instrument

cluster

km/h

9667km  9:34 Warning

ChangeDown




Conclusions ey

* Proposed approach shows clearly defined steps
how systems described with model based
approaches can verified and validated,;

* Proposed approach is alligned with MagicGrid
method;

* Test case generation should be automatic as
process of defining test cases manualy
potentialy could be very tedious and laborous.

www.incose.org/symp2022 20



szﬂd Annual INCOSE

international symposium

"l . .. l d .
e’ Detroit, MI, USA
v June 25 - 30, 2022

Wwww.incose.org/symp2022




