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Key Takeaways

Model-Based Design and Model-Based Systems Engineering enable:

1. Fast development and realization of system and software architecture

and design
2. Early testing to detect errors in designs and their realization

3. Fast and efficient iterations

m—)

Develop high quality products following an
efficient Automotive SPICE® compliant process
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Automotive SPICE® — Reference Model
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. .
SYS.2 System Requirements Analysis —

System Requirements
Analysis

SYS5
System Qualification

Test

SYS.3 SYS.4
System Architectural A\ System Integration/
Design . Integration Test

External
Documents

xls

Import/ Export Specify/ Structure

BS-SH-0001 References

85SH-0005 Terms, Definitions and Abbreviatons approved
B5-5H-0037  Intended Function approved

BS-SH-0041 Techmical requirements

approved

BS-SH-0042 Battery system requirements approved

v [l 4

BS-SH-0123 Performance approved

v @ 411

approved

[ 4.1.1.1 BS-5H-0094 Power

[ 4.1.1.2 85-5H-0095 Driving range approved

[ 4113 85540096 Weight approved

[ 4.1.1.4 BS-5H-0007 Mechanical integrity

approved

Requirements

Managements
Tools
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Organize, Specify and Customize Requirements
with Requirements Toolbox

Organize
ID Summary Category Requirement level Keywords
> E sys_req_Stakeholder C us tO mize
v [5 sys._req_gatterysystem Keywords: |Ce||, System
> E 1 BS-SYS-0001 References Unset Unset
Y E 2 BS-SYS-0005 Terms, Difinitions and Abbreviations Unset Unset P Revision information:
> 3 BS-SYS-0037 Intended Function Unset Unset
§ ¥ Custom Attributes -
v E 4 BS-5Y5-0041 Requirements Unset Unset
. ASIL: B v
E 41 BS-SYS-0042 Design space Cell, Module, System
v [{ 41 BS-SYS5-0053 Integration of sub-components Integration Integration and design space Cell, Module, System Category: lEfE properties ™
v [E 411  BS-SYS-0082 Monitoring circuit Unset Unset Cell, Module, System Complete:
[§ 6.17 BS-SYS-0119 Voltage measurement rate E/E properties Performance Cell, System Correct:
[E 6.18 BS-5YS-0120 Voltage measurement range Unset Unset Engineering Domain: lEjE v
&l 6.19 BS-SYS-0121 Voltage measurement accuracy Unset Unset Feasible:
6.20 BS-SYS5-0122 Temperature meg~* "~~~ b ormbn Unset Unset
“ - - Impact on cost: I $ v
B 621 BS-SYS-0123 Temperature me; O pec |fy SYs-0119 '
& 6.22 BS-SYS-0124 T tul Impact on sc = [ * V
. - emperature meas
pe ¥ Properties
[E 6.23 BS-SYS-0125 Current measurem
Functional  ~ -
[E 6.24 BS-SYS-0126 Current measurems
6.17
[El 6.25 BS-SYS-0127 Current measurem¢
El 4.1.1.1 BS-SYS-0128 Interface to BMS = . |BS' 0119 I
Summary: |Vo|tage measurement rate I
Description Rationale
iy |Arial Vo vB 7 U@ EEEE v &
The monitoring circuit shall be able to measure all single-cell voltages at a rate of at least 10 Hz.
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. .
SYS.2 System Requirements Analysis —

System Requirements
Analysis

SYS5
System Qualification

Test

SYS.3 SYS.4
System Architectural A\ System Integration/
Design . Integration Test

External
Documents

xls

Import/ Export Specify/ Structure

BS-SH-0001 References

85SH-0005 Terms, Definitions and Abbreviatons approved
B5-5H-0037  Intended Function approved

BS-SH-0041 Techmical requirements

approved

BS-SH-0042 Battery system requirements approved

v [l 4

BS-SH-0123 Performance approved

v @ 411

approved

[ 4.1.1.1 BS-5H-0094 Power

[ 4.1.1.2 85-5H-0095 Driving range approved

[ 4113 85540096 Weight approved

[ 4.1.1.4 BS-5H-0007 Mechanical integrity

approved

Requirements

Managements
Tools




SYS.2 System Requirements Analysis

External
Documents

xls

Requirements

Managements
Tools

Import/ Export Specify/ Structure

/[ sy%_req_Staksholder

@1 8S-5H-0001  References

85SH-0005 Terms, Definitions and Abbreviatons approved
approved

=]
=] B5-5H-0037  Intended Function

BS-5H-0041  Techni nents approved

viEs

v @ BS-5H-0042  Battery approved

v [ 411 BS-5H-0123 Perfon approved

[ 4.1.1.1 BS-5H-0094 Power approved

approved

[ 4.1.1.2 85-5H-0095 Driving range

[ 4113 85540096 Weight approved

approved

[ 4.1.1.4 BS-5H-0007 Mechanical integrity

Analyze / Simulate
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SYS.1
Requirements Elicitation

SYs2 D) SYS5

System Requirements \ e System Qualification
Analysis Test

SYS.3 SYS.4

System Architectural = System Integration/
Design Integration Test
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Analyze Logical Requirements with the Requirements Table R2022¢

= Mathematically rigorous e
- Executable through simulation e S
| A= B

= Easier to author and maintain > S !

than text requirements I |
- Easier to analyze as requirement

set grows |

1 o 1 ’ ' i w1 A =\!’ B

= Reusable for verification activities e [

Reuse for Downstream Verification

15:50 Formal Requirements 2[S9 10} Requirements-Based Test £ 2|2} Test Case 4

RME B, 0j~8/~F2/0f




Analyze Logical Requirements with the Requirements Table

"i Requirements Table: CordLockReqgTable_ v2/Requirements Table * - Simulink

SIMULATION

MODELING

FORMAT

MathWorks AUTOMOTIVE CONFERENCE 2023

& Cut m=m Stop Time | 10.0 P~
= Comment Row w E Show Columns Q\ é FE Show Report [ ] KL:'
i Copy - ) MNormal »
Add Edit Row = ; Find | Analyze @ Clear Highlights Run
ﬂ Delete Requirement « Table - B@ Fast Restart -
EDIT ROWS COLUMMNS SEARCH ANALYZE SIMULATE Y
‘g = 4 Reguirements Table it
5 ] CordLockReqTable_v?_ L4 Requirements Table bg
ﬁ Requirements = Assumpfions
=
Precondition . Postcondition
g Index Summary EvzeType ChargeStatus = SessionStopMsg PilotStatus ChargePlug Vinlet Duration LockCommand
i 1 Requirement 1: Compatible ChargeStart Locked -
E Lock when evse compatible
a
i 2 Requirement 2 NrmilShutDown Received = 60 Unlocked
Unlock during normal shutdown
3 Requirement 3: EmrgShutDown (X ~=C2) && (X ~=D2) = 60 Unlocked
Unlock during emergency
shutdown static pilot
4 Requirement 4: Plugged == G0 Locked
Lock for unsafe voltage
] Requirement &: MotPlugged Unlocked
Unlock when unplugged
] Requirement &: EmrgShutDown K=C2 || (X ==D2) = 60 Unlocked
Unlock during emergency
shutdown oscialiting pilot
7 Requirement 7: NrmIShutDown MotReceived = 60 Unlocked
Unlock SessionStop not recieved
g Requirement &: MotCharging = 60 Unlocked
Unlock when not charging
8 Requirement 9: MotDecided ChargeStart = 60 Unlocked
Unlock when compatibility not
[T Aaridad
10 Requirement 10: Lock when inlet (-5,250) Locked
[E_EI voltage within range
»
Ready 41% auto{FixedStepDiscrete)




SYS.2 System Requirements Analysis

External
Documents

xls

Requirements

Managements
Tools

Import/ Export Specify/ Structure

/[ sy%_req_Staksholder

@1 8S-5H-0001  References

85SH-0005 Terms, Definitions and Abbreviatons approved
approved

=]
=] B5-5H-0037  Intended Function

BS-5H-0041  Techni nents approved

viEs

v @ BS-5H-0042  Battery approved

v [ 411 BS-5H-0123 Perfon approved

[ 4.1.1.1 BS-5H-0094 Power approved

approved

[ 4.1.1.2 85-5H-0095 Driving range

[ 4113 85540096 Weight approved

approved

[ 4.1.1.4 BS-5H-0007 Mechanical integrity

Analyze / Simulate
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SYS.1
Requirements Elicitation

SYs2 D) SYS5

System Requirements \ e System Qualification
Analysis Test

SYS.3 SYS.4

System Architectural = System Integration/
Design Integration Test




SYS.2 System Requirements Analysis

External
Documents

xls

Import/ Export Specify/ Structure Analyze / Simulate Trace / Check

Requirements

Managements
Tools

85SH-0005 Terms, Definitions and Abbreviatons approved

[ 4.1.1.2 85-5H-0095 Driving range

[ 4.1.1.4 BS-5H-0007 Mechanical integrity
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SYS.2
System Requirements
Analysis

SYS.1
Requirements Elicitation

SYS.3
System Architectural
Design

SYS5
System Qualification
Test

SYS.4
System Integration/
Integration Test

10
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Use Traceability Diagrams and Matrixes to Check for Consistency

and Completeness

Traceability Diagrams

4\ Traceability Diagram - Requirement: BS-SYS-0046 Energ...

DIAGRAM

ﬁ%‘ E ‘5; Upstream Do—«{g iI IZ] & Zoom In £|)

Analyze Show Al 3‘ Downstream @ Horizontal | Vertical || Fit to View (&, Zoom Out | Export

Traceabilities -
ANALYZE IMPACT ANALYSIS LAYOUT NAVIGATE EXPORT
Legend
Data (2,
lv| & Dpaa(2) | BS-8H-0095 Driving range
v sys_dd_Battery_1Pack_1RC.sldd [ )
)
’
% Requirements (3) "4
"
-
/| mmmmm sys_req_Stakeholder.slreqx (1) Refines Pt
- - -
/ BN sys req_BatterySystem.slreqx (2) Piad
- - -
td
4
’!
4 4 I
Overview || BS-SY5-0047 Driving range (9 Design.Ns_Module (# pesign.Np_Module
X :
\
] S
N,
‘\
RN
"-.‘ Refines Related to
.
| | | | \.,__‘ Related
.
~ o
Y
s
)

| =l BS-8YS-0046€ Enerqgy capacity

Visualize Links with Traceability Diagrams

Traceability Matrix |

4 Traceability Matrix

Filter Panel

= Top
¥ Type

Simulink.E
double
struct

v Link

Missing
Links

i Left
v Type

Container
Functiona
Informatic

v Link
Missing
Links

v Change
Tracking

Requirement Set vs Simulink Data Dictionary

9 sys_dd_Battery_1Pack_1RC.sldd

E:] sys_req_BatterySystem [Clear Filter} [Driving range x}

o

as]

@

Q

¥

2

o

©

o

|

2 N £ - o & =] E

2 S E i 35 = z E© = =
5 g 2ie 5 EE B 2T g 8 . &
- g 8 4 3 5 2 gal2 5
S ¢ 5 6 = E 2 5 ® ® ® @ O
o z o 0 m o = z m o o m (7]
>0 f f f f f ( f f f f f
M .M ® ® ® ® ® ®.® ®.®
) )

M

Bl [
sys_req_BatterySystem
R ) \j Source & Ns Module
El E gs.syso041 Requirements = Destination | & BS-SYS-0046 Energy capacity
& Link & link #1 (Relate)

1=l BS-SYS-0045 Energy density -

=l BS-SYS-0046 Energy capacity «

[ Bs-5Y5-0047 Driving range

b

-

Track Requiement Links with a Traceability Matrix

11
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https://kr.mathworks.com/help/slrequirements/ug/visualize-links-with-a-traceability-diagram.html

SYS.2 System Requirements Analysis
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SYS.1
Requirements Elicitation

SYS:2

System Requirements
Analysis

SYS.3
System Architectural
Design

SYS5
System Qualification
Test

SYS.4
System Integration/
Integration Test

( Output )
Work Products
p \ System
External requirements
Documents

.doc xls
= Import/ Export Specify/ Structure Analyze / Simulate Trace / Check Interfaces
e R Traceability

BS-SH-0041 Techmical requirements approved

BS-SH-0042 Battery system requirements. approved

v [l 4

approved

v [ 411 BS-SH-0123 Performance

[ 4.1.1.1 BS-5H-0094 Power approved

[ 4.1.1.2 85-5H-0095 Driving range approved

[ 4113 85540096 Weight approved

[ 4.1.1.4 BS-5H-0007 Mechanical integrity approved

Requirements
Managements
Tools 1=
Verification
criteria

12



SYS.3 System Architectural Design

External
Documents

xls

Design/ View Specify/ Allocate

Requirements
Managements
Tools
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SYS.1
Requirements Elicitation

SYS5
System Qualification

SYS.2
System Requirements

Analysis Test

SYS.3 SYS.4
System Architectural A\ System Integration/
Design . Integration Test

13



Develop Architectural Design Models with System Composer

MathWorks AUTOMOTIVE CONFERENCE 2023

J"' Simulink Start Page

1 Open... | |

| Architecture m

Recent
> My Templates

3 SampeDefinelF.six
" v AUTOSAR Blockset
"i SampleDecomposition.six
P4 SampleArchitecture.six —
3 SpeedController.six
®4 OFP_Physical_Arch.slx
P4 OFP_Logical Arch.six
Software Architecture
#4 OFP_Functional_Arch.six

’ﬁ EvPowertrainController_2M... v System Composer

(5] Architectureprj | [ =

3] LG_NWS.prj

[5] ASSP_HSP.prj =
Architecture Model

(& RIU.pr

3= LG.prj -

[51 BDAprj . -

Learn More

Software Architecture Model

+ System Architecture

Enable the specificationand analysis of architectures for
model-based systems engineering and software architecture
modeling

Behaviors can be captured in sequence diagram, state
charts, or Simulink models

 Software Architecture

More compatible to Simulink model such as export-function,
rate-based, or JMAAB models
Simulate and generate code from the architecture model

as well as having features of System Composer to analyze
architecture

>> systemcomposer

+ AUTOSARASW Architecture (+ AUTOSAR Blockset)

From the architecture model, adding and connecting
AUTOSAR compositions and components, orimport a
compositionfrom ARXML files

Export compositionand component ARXML descriptions
and generate componentcode (+ Embedded Coder)

14
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Develop Architectural Design Models with System Composer

Stakeholder
Needs

!

Functional
Requirements

l

System
Requirements

~ N == ==
=

\ 4

Hardware
Requirements

-
-
= o
= o
| e =
== —) = .
= o
. I o =
-t - (,,. =
! ¥ 1 mesemertancn Peyscaeven.
...... - L o
j L il L1
! = —t. -
W o | N [
S 34 M i g 1 !
T e ;
i1l i V‘q s O
i

*3 Quadcopterfunction * - Simwink prereiesse use.
Fe [ [ F = R S W) =
W — P o = e e -
= 71
!‘ | %

F

- :

) Architecture -

e |
.
™ 2 Logical

Architecture

%z Physical
J‘ Architecture E—' WHERE

Toe Oemensions | unds Comsie
o
VarableSieptuto

Ready

an

15




Develop Architectural Design Models with System Composer

’i sys_arch_Battery_Functional/HighVoltagePowerSystem - Simulink

SIMULATION DEBUG MODELING

REQUIREMENTS x

1 = '] "
lhal 4] Lefh 2 Impert | 5% Highlight Links @ % (:
Save Al Requirements New ™ open | (5] Layout ~ Check  Traceability Tr=-e=n/t | Share
- Editor Requirement Set Consistency  Matrix Diag v
FILE EDIT REQUIREMENT SET VISUALIZE ANALYZE SHARE s
=] U HighvoltagePowerSystam &= | Property Inspector ® x
@ Component
— Architecture Info
@ 0 i
; ‘ v Main
e Name
E Y Y W IN T 0
|Recelve waergy freem AC pawer & |frevide pawer ch_ Stereotype
D 032 e B D oaCrOomrwgs : e o sozagn & RTpr— Bl > SW ‘Sekx( e
e % | > Parameters | Select N
Rocalve Eaery #om DC pow s 29 b
e i Procesararenn 3T £ l
@ - £ e o D)
e B v 205 - B b s ‘,
e b senrpemes e e !
Marirbanery pecad ‘1) i
- RO Pratect b ormrand vter vekil] |
okt ot £y ) P benretan e 0 I — s nni -t ‘e
(=) > 5
Mecits batery coie 5] s g YT |
O i : S bt s bty Pl . - “»l
e e e LI 0 J
[Esvann con mgacatirs 5L J
-— | " e Seateg oo 3 @ b Ll
) | ettt —
@ e
» | &h g
> s um|
Requirements - sys_arch_Battery_Functional ® x
view: [Requeemens ~| |3 3 [ & [soctview S
Index D summary (o)
> B 45 BS-5Y5-0088 Thermal management
> &l 46 85-5Y5-0089 User Interface
& 4.7 BS-SYS-0090 Cell batancing
&l 48 B5SYS-0091 Controlling contactor switching
&l 49 85-5Y5-0092 High Current Protacton
& 410 8S5-SYS-0075 Detection of short circuit
=4 RS SYS-ONTH Shisrdoun an patantial nhusical damana b2
Ready 52% VanableStepAuto

MathWorks AUTOMOTIVE CONFERENCE 2023
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SYS.3 System Architectural Design

External
Documents

xls

Design/ View Specify/ Allocate

Requirements
Managements
Tools

MathWorks AUTOMOTIVE CONFERENCE 2023

SYS.1
Requirements Elicitation

SYS.2 SYS.5
System Requirements \ el System Qualification
Analysis Test

SYs3 D SYsa
System Architectural A\ System Integration/
Design Integration Test

17
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SYS
Requireme

SYS.3 System Architectural Design — .

Analysis Test

SYs3 D SYsa
System Architectural A\ System Integration/
Design Integration Test

f External )
Documents
.doc xls
= Design/ View Specify/ Allocate

H ﬁ I) [ Centinuous
Ssve Delete || Anaiyze | 5 VOuments ~
v || Precider

£ MODE ANALYSIS
AcquisitionCost

Ih_Ballery_Physical
itagePowerSystem
ryDisonnectUnit
ryManagementSystem

rDistributionUnit (PDU)

Requirements

Managements
Tools

18
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Analyze Architectural Design Models
Example

Properties applied to:
. 4 N
Vehicle

Vehicle Components Score

19
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Analyze Architectural Design Models with Stereotypes
Define Stereotypes & Profiles using the Profile Editor

E] System Composer Profile Edlitor

(5] System Composer Profile Editor ® PrOfI IeS Saved a.S

Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show more... S e p ar at e artifacts
Profile “:E‘. New Proﬁle‘ EOpen Save ‘v Stereotype Import into
Profile Browser Stereotype Properties . . .
Filter profiles: \<all> '\ Name: \ApplicationSoftware ‘ b C an I m po rt p rOfI IeS I nto
Applies to: |Component " | O 1con | gl h H d I

v [5] AUTOSAR - arC |teCtU re mO e S

0O ASW C Base stereotype: |<noth|ng> '\

g BSW [] Abstract stereotype

RTE

EI Runnable Description: ‘ ‘ I / C I f
v [ FunctionalArchitecture » Default Stereotypes for Composition y C 0 n O O r p ro p e r“ty 0 r

ﬁ Hardware g

O sl v d b | ty

E Software @ rea a I I
v3 LogicalArchitecture Property name Type Name Unit Default

| ApplicationSoftware 11D string “|n/a n/a

O BasicSoftware

O safetyFunction 2 Name string “In/a n/a
v E] PhysicalArchitecture 3 Period string ~In/a n/a -

P — 0 Custom Properties

5 FTTI uint16 ¥In/a 0
6 Task uint16 ¥ |n/a 0
E Fen. Contral 7 ROM size uint32 TIn/a 0
2 Fen_Sensing 8 RAM_size uint32 ~In/a 0

{E Hardware_Electrical
O Hardware_Electronic
é Hardware_Hydraulic
é Hardware_Mechanical
€2 Hardware Sensor

[_] show inherited properties (read-only)

Saved profile: 'LogicalArchitecture'

20



Analyze Architectural Design Models with Stereotypes
Apply Stereotype to Architecture

System Of Interests

MotorCurrent

InverterMCU

D dF &

Battery

(< Batte rySensing

Explore

Open In New Tab
Open In New Window
Cut

Copy

Paste

Save As Architecture Model...

Create Software Architecture Model...

Link to Model...

Add Variant Choice

Apply Stereotype

Create Spotlight From Component
Format

Requirements

Test Harness

Properties...

Help

Ctrl+X
Ctrl+C
Ctrl+V

»

2
g
3
s
5
B
= |
/)
Inverter ﬁ
PhaseVoltage [ —
L DutyCycles [
b MotorSensing <1 ——
1 v r .\.é, J
= =7
£ g
5 =1
S S
2 3
3 g
a

|

PhysicalArchitecture.Fcn_Actuation
PhysicalArchitecture.Fcn_Control
Physical Architecture.Fcn_Sensing
PhysicalArchitecture.Hardware_Electrical

> . . .
. PhysicalArchitecture.Hardware_Electronic

»

PhysicalArchitecture.Hardware_Hydraulic
PhysicalArchitecture.Hardware_Mechanical
Physical Architecture.Hardware_Sensor
PhysicalArchitecture.Comm_LIN

PhysicalArchitecture.Comm_SPI

EV_Motor

&

b PhaseVoltage

< MotorSensing

DriveTorgue |>'_ —@Driveline

« Multiple stereotypes

can be applied to a
component

MathWorks AUTOMOTIVE CONFERENCE 2023
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Analyze Architectural Design Models with System Composer

@ 2% G B % || B O O B ® B & & o 1@

& Compare | Normal ~

Madel Interface  Import base Import Y| profile Apply Compone..  Reference  Variant 7 || sequence | Architecture  Analysis  Allocation | Update Run
advisor ~ {if Environment Editor viorkspace  MAT-file Editor ~ Stereotypes Compone... Compone... Diagram Views v  Model ~ Editor v | Model ~ @ Fast Restart
MANAGE DESIGN xan ) : - & £ SIMULATE a
,g <« w Al HighVoiagePowersystam | l:gj Instantiate Architecture Model B i %
Ele Description Componant
g x % Create an Instance model from this architecture model by flattening out all referenced models and thelr components. Such an ©) RT3
O 3 Instance model may be used for system-level analysls expressed as MATLAB functions. = -
§ S 2 | Step 1: Select Stereolypes Step 2: Configure Analysis v Main
T - Name HighVeltagePawes System
E D Select the stereotypes to make Function Seonis g <
:.ég - avallable on the Instance model. Analysis function: o v CapitalCost (sedoct =
A Isys_arch_cost_ana]ysis ] =) AcquisitionCost 0
& [ D v [ Cost Function arguments (comma-separated): Tolegrabonciost ol
v CapitalCost Ii nstance| I :::tp;zr;&m 2
‘ = C>
@ L . ' N  OperationalCost 2 is(i { ~
o mu:m“ Sy = Tol:a:'co':t alCos >> sys_arch_cost_analysis(instance) « OperationalCost (Seloct 5
|4 EnergyCost 0
= v [ F_unctionalSafety Model Iteration ‘ MaintenanceCost 0
& 1A _General Tteration Order: |Pre-order ¥ TotalOpCost 0
o A v [ HardwareSoftwarelnterfa... . v TotalCost [Sedect v
O = [ Bus_Information Instance Model Properties TotaiCost 0
e !m ; HW._Signal Name: Isys;rch_Batt‘ery_Physical > Parameters fsmg v
 PowerSupply [Z] Normalize Units
‘ e v || profile
oL 2
wasi 5 __ Stereotype :
| v [ SystemFunctions
| h [ Electrical
—an .
€8 > _ HW v
O @t 2 | £ Strict Mode
Don't see your profile? |Profile Editor ... 23 Cancel \ K Instantiate ‘
;
o |
i i
- % :
i
» |

Ready 60% VanableStepAuto 2 2
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SYS
Requireme

SYS.3 System Architectural Design — .

Analysis Test

SYs3 D SYsa
System Architectural A\ System Integration/
Design Integration Test

f External )
Documents
.doc xls
= Design/ View Specify/ Allocate

H ﬁ I) [ Centinuous
Ssve Delete || Anaiyze | 5 VOuments ~
v || Precider

£ MODE ANALYSIS
AcquisitionCost

Ih_Ballery_Physical
itagePowerSystem
ryDisonnectUnit
ryManagementSystem

rDistributionUnit (PDU)

Requirements

Managements
Tools
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SYS
Requireme

SYS.5
System Requirements \ el System Qualification
Analysis Test

SYS.3 System Architectural Design

SYS.3 SYS.4
System Architectural

Design

System Integration/
Integration Test

f External )
Documents
.doc xls
= Design/ View Specify/ Allocate Trace / Check

H @ l) [ Centinuous
Ssve Delete || Anaiyze | 5 VOuments ~
v || Precider

£ MODE ANALYSIS
AcquisitionCost

~ ["JEE System

Ih_Ballery_Physical
itagePowerSystem
ryDisonnectUnit = [ switch-fuse-box
ryManagementSystem [ relay / switch bax

+ [ HV System

= fuse box

rDistributionUnit (PDU) S5 [™ power cable /busbar

Requirements

Managements
Tools
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Ensure Consistency with Tool Support for Bidirectional Traceabillity

Requirements « Architecture

S M sys_req_BatterySystem

&) & Bs-5Y5-0001 References

OS] BS-SYS-0005 Terms, Difinitions and Abbreviations

) & Bs-5Y5-0037 Intended Function

8@ BS-SYS-0041 Requirements
& BS-5Ys-0043 Design space

[#] @ Bs-5Y5-0053 Integration of sub-components

&l Bs-5Y5-0084 Expenses
& BS-5YS-0066 Cost effective design
El Bs-5Y5-0067 Lifetime
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Describe Dynamic Behavior from Architecture Custom View

- Create a custom subset of components from architecture models by filtering model elements
based on criteria such as stereotypes, properties, and requirement links
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= Detailed design from architecture
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if (((uint32 T)State Machine DW.
State Machine DW.temporalCount
State Machine DW.temporalCo

}
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State Machine DW.is MainState
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Develop Software Units — Code Generation

’i Stateflow (chart) State_Machine/BMS_StateMachine * - Simulink

STATE CHART

) s -
ﬂ @ & Automatic v D Code for component [’i"-‘] ‘*_:1 % Open Report  ~ ‘.g 4
Embedded | Quick | C/C++Code @ Settings ~ Code lState_Machine | Generate | View 8% Remove Highlighting | Verify | Share
Code-C + Start Advisor ¥ Interface ~ Code » Code Code ~ ¥
QUTPUT ASSISTANCE PREPARE GENERATE CODE RESULTS VERIFY SHARE a
« 4  BMS_StateMachine Zz | Code ® %
(O] E)Sme_Mkhine » EE‘,BMS_SnteMthe g e State_Machine.c v Q Search
Q Highlighting u <51>:472 17117 & > 3
g DEL_State_Machine_T *const State_Machine_M = &State_Machine_M_;
* mModel step function */
O void state_Machine_step(veid)
o = {
i * Chart:
“a Inport:
* Inport:
D * Inport:
(D] * Inport:
c * Block requirements for '
& T * 1. BS-BMC-SW-2-1-3 Implement
o g b 4
‘ .:""9 fﬂlmdby . 45 = if (State_machine_Dw.is_active_c2_state_machine == eu) {
m angsﬁg'ast; Enum SRy BMBSM_SIaSI‘s“: a A Close Bl\{.sn_guslal: E e 47 State_Machine_Dw.is_active_c2_State_Machine = 1U; —
4 L Stale_Enum.BMS, Deiving: 3 LStala_Enum.BiAS_Swndby; Siate_Eeuin BMS_ 18 State_Machine_Dw.is_c2_State Machine - State Machine_IN_Standby; —
G
)l * Outport: '<Root>/BMS
® - st e s 51 State_Machine_Y.BMs_State = SMS_Standby;
O] 3 } else { :
53 = switch (State_Machine_DW.is_c2_state_Machine) {
& 54 case State_Machine_IN_Charging:
=B s Fau FaultPresent 55 = if (State_Machine_u.FaultPresent) {
56 State_Machine_Dw.is_c2_State_Machine = State_Machine_IN_Fault;
! g
:::‘u /* Outport: '<Root>/BMS_State' */
BMS_State = BMS_State Enum BMS_Fault; 59 State_Machine_v.BMS_State = BMS_Fault;
60 } else if ((State_Machine_u.Staterequest != Charging) ||
61 = (State_Machine_u.ChrgCntctstate != Close)) {
62 state_Machine_Dw.is_c2_State_Machine = State_Machine_IN_Standby;
/* outpc Root
65 State_Machine_v.BMS_State = BMS_Standby;
}
break;
69 case State_Machine_IN_Driving:
70 = if (state_machine_u.FaultPresent) {
n State_Machine_Dw.is_c2_State_machine = State_Machine_IN_Fault;
(@
/* tutne teRnnt /BMS Stata' */
@ @ c: sideLabs_workspac _webinar\bms-sys-swe\work\code\State_Machine_ert_rtw\State_Machine.c Ln 15 Col 1
» | Property Inspector Code
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Output Work Products using MATLAB/Simulink Report Generator

e ot b SicPeped

System_Level_DC_Motor_REQ
System Design Description

Will Campbell

o Smalak

L1 Objoces i dh_DriverSor Recqust tht have Regievn

s Pepamrerts et e Do

pter 3. System - db_DriverSwRequest

o

Requiremts Dars
ST

Q.7 Conee St Do Do

25~ | pre = Presencacion(*popuiac
2
2 % Add the Tirst slide to the o Title S1ide layout
2 sl1des creat
2
»
-
2
» - s
2
s-
-
n
»
3 W Add the second a11de o the presentation based on Titie and Content layoot
$0 - | slide = add(pre, * cens
-
«
“
“
“
. s
o
«
©
© % 200 the third s1ide
B aaagpre,
= 118
s
s - inte
ortsep. e iz

Polynomial Degree Changes Extrapolation

Cubic emmsctaion

Side ot

As the degree increases, the extrapolation
becomes even more erratic

v SRSl e T - ]

wox 63

PowerPoint® API

Report Progiam

et 49 Pechagss

Report and DOM APIs

etk Wb View - Gre X am - O X
€ C | @ Hels/CrorkimyWebVien! webrien hmibsiebien:|

View All
| 53 HevipsReferenceApplication » -lal]

@

The Moo, Inc

Web View

Report Explorer - Report - sdd_custom_simresults.rpt

Fle Edit View Tools Help

Report Options
Report File Location

CH\MATLAB\sldemo_autotrans_SDDO.ntml

Directory: | Custom:

T | |CAMATLAB

Chapter 2. Subsystems
2.1. Engine
@

Figure 2.1. Engine
11T

Table 2.1. slrgex_sf_car/Engine/Ti Properties

DS Ed s 2BX 0 M
Name
M Report Generator
(&3 - Fixed-Point Designer
v 4§ Report - sdd_custom_simresults.rpt @
@ Eval - sdd_custom_data = struct’moos a Phwed Pofn Block Loxy
8 e page - sidemo_autotrans Fixed Point Logging C
5 43 Chapter - Block Summary 8 Fixed Point Property ”
> @ Chapter - Model Version 8 Fixed Point Summary
> 488 Chapter - Root System [ - Form-Based Reportin
> 4 Chapter - Subsystems B DOCX Page Layout
> & Chapter - System Design Variables @ PoF Page Layeut
> <8 Chapter - Requirements Traceabi. @ paoe Footer
> W Crapter - system Mode! Configur,
T Page Header
> 4 Chapter - Glossary @
> {8 Chapter - Simulation Resuits Subferm,
> 8 Crapter - About this Report @ Tempiate Hole
E2 - Formatting -
T Amay-Based Table
® o
B cose
B HTHLText
< > < >

Property Value
Type Block
Biock Type inport
Port number 1

Port dimensions (-1 for inherited)

1

Sample time (1 for inherited)

1

Data ype.

Inherit: auto

Report Explorer

5. Caleulate Fresh Air = | Cylinder 2 Fresh Mass
low

6. Calculate Residual

Best Guess Calibration 3D Plot:

7. a
Calculation
1. Calibration
Requirements in
FEresh Air Mass
Calculation
. Cylinder 1

Best Guess Calibration 3D Table:

8. Trapped Mass

Calculation Name Units|

1. Calibration Table ACDFreshMass2mg
Requirements in Rowlndex ACDECPbp  deg
Trapped Mass Column Index ACDIVCMassbpmg

Calculation
. Cylinder 1 IVC
Volume
Calibration (L.
_ Cylinder 2 IVC

Best Guess Calibration 3D Table:

v .

2321 00584 2044236314
3

Embedded Web View

Fresh Air Mass Calculation |[ View All | Cylinder 2 Fresh
© |« F Fresh Air Mass Calculation » = | @ | Mass
~Main
+ Rowindex  ACDECPhp
) Columnin... ACDIVCMas
Table ACDFreshM:
LookUpMeth Interpolation-
Values
~ Signal Attributes
Outhin i
3 outMax [
e InputSam_.. off
|- OutDataT . Inherit:
Same as
=t first input
LockScale  off
RndMeth  Floor
SaturateQ . off
» Other
»

49



MathWorks AUTOMOTIVE CONFERENCE 2023

Key Takeaways

Model-Based Design and Model-Based Systems Engineering enable:

1.

Fast development and realization of system and software architecture

and design
Early testing to detect errors in designs and their realization

Fast and efficient iterations

‘ Develop high quality products following an
efficient Automotive SPICE® compliant process
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Mapping of A-SPICE® Processes to MathWorks Solution

Requirements Toolbox SYS.1
System Composer Requirements
Stateflow Hicitation

Simulink SYS.2

: SYS.5 ;
Snnsgape Sy_stem System Qualification quu!renwents Toolbox
Requirements Toolbox Requirements Tasi Simulink Test

System Composer Analysis

Process Group

L ———" MATLAB SYs.3 SYS.4 SIS | SIS GO SeEEr

Requirements Toolbox Simulink System Architectural System Integration/ Simscape : Requirements Toolbox

Simulink Report Generator : Stateflow Design Integration Test Slaleones melinkie st
Simulink Real-Time

Systems Engineering

SWE1 SWE.6 Simulink Test
Software Software
Requirements Qualification
Analysis Test

System Composer SWE 2 SWES5 - Simulink
Softw are Software Integration
Autosar Blockset Stateflow Architectural and

Integration Test 'Requirements Toolbox

SWE.4
Softw are Unit
Verification

SW Detailed Design
and Unit
Construction

Software Engineering
Process Group
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Referencde MBD Process for A-SPICE®

|[EC Certification Kit

(@] Certification Artifacts E.. ~ — | X

File Edit Help
+dd@€ &
Artifacts _
> |2 Simulink Coverage N

> |2 Simulink PLC Coder

> |2 Simulink Test

> |2) Requirements Toolbox

v |2 Supporting Artifacts
_\ certkitiec_mbd_aspice.docx
@ certkitiec_mbd_aspice.pdf
_\ certkitiec_mbd_en50128.docx

L\l certkitiec_mbd_en50128.pdf

N

_\ certkitiec_mbd_iec61508.docx
,)L\‘ certkitiec_mbd_iec61508.pdf
_\ certkitiec_mbd_iec62304.docx
_:_1 certkitiec_mbd_iec62304.pdf
_\ certkitiec_mbd_is021434.docx
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'S certkitiec_mbd_iso21434.pdf

_\ certkitiec_mbd_is021448.docx v
< >
PDF Document

IEC Certification Kit

Reference Model-Based Design Process

for Automotive SPICE®

R2022a

3 Software Engineering Process Group

(SWE)

2 System Process Group (SYS)

SWE.1 Software Requirements Analysis

Base Practice Measure

SWE.1.BP1: The Requirements Toolbox can be used to author
Specify and exchange (e.g., through ReqIF) software
=l requirements. You can also link textual system

requirements reguirements to system requirements.
Additionally, software requirements can trace back
to external documents (e.g., DOC, PDF, Excel).
System Composer can be used to define semi-
formal notations (e.g., sequence diagrams and state
charts) to capture software requirements.

SWE.1.BP2: Requirements Toolbox can be used to group and
Structure categorize software requirements to create a
software hierarchy.

Recommended
Tool or
Functionality

Requirements
Toolbox

System Composer

Requirements
Toolbox

Work Product
[Artifacts]

System requirements
specification

Interface requirements
specification
[Requirements files,
generated reports from

requirements and
models]

Analysis Report
[Requirements files,
generated reports from
requirements and

SYS.1 Requirements Elicitation

Recommended
Tool or

Base Practice Measure Functionality

SYS.1.BP1: Requirements Toolbox can be used to author and Requirements
Obtain exchange (e.g., through ReqlF) requirements. Toolbox
stakeholder

Requirements can trace back to external documents

System Ci
(e.g., .docx, PDF, or .x1sx). ystem Lomposer

requirements

and requests
System Composer™ can be used to define semi- Stateflow

formal notations (e.g., sequence diagrams and state
charts) to capture stakeholder requirements.

Note: Generated reports are used to aid
communication with relevant parties. Organizations
are expected to use their own communication
record methods.

Establish joint review protocols to align Requirements
expectations (e.g., using checklists). You can use Toolbox

custom attributes in the Requirements Toolbox to
tag requirements; these tags can be used for System Composer

analysis and to review comments.
Stateflow
Using Requirements Toolbox™, you can trace to

comments and reviews in external documents.

To support joint review protocols, you can use the

Requirements Toolbox to establish traceability

between requirements and prototypical and
reliminary architectural designs.

Work Product
[Artifacts]

Customer requirements
[Requirements files,
generated reports from

requirements and
models]

Analysis Report

Customer
Requirements
[Requirements files,
generated reports from
requirements and
models]
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Video Resources: A-SPICE® with Model-Based Design

Automotive SPICE With Model Based Systems Engineering Yo
SYS.3 System architectural design - Overview of model structure

+ The “Compaonent” has its pieces too
+ In ASPICE a component requires a Detailed Design (DD)

*  In this case the model file for one of the “Components™

Automotive SPICE® v3.0 and implementation model

(Shown at lower left)
4\ vt + AUnitis source code implemented from a DD
Reference model Ecu Model MathWorks + In this case it is generated from the Model Reference (MR)
Element Item
EcuSysArchModel_FunctionalView EcuSysArchModel_LogicalView

- Using MR simplifies compliance
+ The DD is the MR file and the Unit the generated code

5¥s.2 SYS.5
Syetem e wp e System Qualification Test
) = g lysis
SD SD — e BEE] | SY5.4
= - Hw System Architectural System Integration and
a e — p— Design | Integration Test
{ SWE.1 7
m m Wi
. H -m u Software Requirements.
Views E - i ‘7’“!!'!‘," - e
e WE.2 B

SWE.6
Software Qualification Test

+ This Unit requires Verification
S o = . static& Testing
Reference model “MO” model ) Model -

; SWE.3 )’ Wi o

s¢ || sc |t ccmoder = S oo il 1 Lo Vertation =
=) Reference. model Simulink behavior decot
= Figure D.3 — Element, Component, Unit, and Item —
= =
@ Doors Detailed Design of “Component” —
) BOSCH Qe VW AG, Dimitri Bermas, MathWaorks Automotive Conference 2016 Model Reference Generated Code- A Unit

Robert Bosch:
System Architectural Design According to Automotive
SPICE Using the MathWorks toolchain

Volkswagen: Kugler Maag:
Software Detailed Design for Model-Based Effective Model-Based Development Strateqgies for
Development ASPICE and Safety Compliance

) MathWorks ) MathWorks

Accelerate A-SPICE® Compliance with Accelerate A-SPICE Compliance with
Model-Based Design - Part 1 Model-Based Design - Part 2

System Engineering Processes

Software Engineering Process Group

Accelerate A-SPICE compliance with
Model-Based Design - Part 1/2
(Systems Engineering Processes)

Accelerate A-SPICE compliance with
Model Based Design - Part 2/2
(Software Engineering Processes)
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https://au.mathworks.com/videos/system-architectural-design-according-to-automotive-spice-using-the-mathworks-toolchain-1622130527527.html
https://au.mathworks.com/videos/system-architectural-design-according-to-automotive-spice-using-the-mathworks-toolchain-1622130527527.html
https://au.mathworks.com/videos/system-architectural-design-according-to-automotive-spice-using-the-mathworks-toolchain-1622130527527.html
https://au.mathworks.com/videos/software-detailed-design-for-model-based-development-obligatory-or-superfluous-123427.html?s_tid=srchtitle_aspice_14
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https://kr.mathworks.com/videos/accelerate-aspice-compliance-with-model-based-design-part-1-1664809522977.html?s_tid=srchtitle_site_search_9_aspice
https://kr.mathworks.com/videos/accelerate-aspice-compliance-with-model-based-design-part-1-1664809522977.html?s_tid=srchtitle_site_search_9_aspice
https://kr.mathworks.com/videos/accelerate-aspice-compliance-with-model-based-design-part-1-1664809522977.html?s_tid=srchtitle_site_search_9_aspice
https://kr.mathworks.com/videos/accelerate-aspice-compliance-with-model-based-design-part-2-1665415665023.html?s_tid=srchtitle_site_search_10_aspice
https://kr.mathworks.com/videos/accelerate-aspice-compliance-with-model-based-design-part-2-1665415665023.html?s_tid=srchtitle_site_search_10_aspice
https://kr.mathworks.com/videos/accelerate-aspice-compliance-with-model-based-design-part-2-1665415665023.html?s_tid=srchtitle_site_search_10_aspice
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