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Development of E/E Automotive Systems
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Automotive SPICE® Process Reference Model

0 Process ID
©
Supporting Process Group System Engineering Process Group (SYS) Validation Process Wt Process O —
(sup) Group (VAL) | Group (MAN) < @ Process name
SYS.1 bt '8
SUP.1 Requirements Elicitation VAL.1 MAN.3 % E
Quality Assurance Validation Project Management Q Process purpose
SYS.2 (&)
S : SYS.5 o
ystem Requirements 52| o hat
Analysis System Verification MAN.5 o Process outcomes
SuUP.8 Risk Management
Configuration SYS.3 SYS.4 N
Management System Architectural System Integration and
Design Integration Verification MAN.6
Measurement
SsuP9 Software Engineering Process Group (SWE) Hardware Engineering Process Group (HWE) S
Problem Resolution Process Improvement n
adiiesment Softwa res‘ls\elzilfi.rements SWE.6 HWE.1 HWE.4 Process\Group (PIM) 2 .
Analysis Software Verification HW Requirements Verification against PIM.3 8 Base Practices
SUP.10 Analysis HW Requirements Process lmp- vement o
Change Request SWE.2 SWE.5 . £
Management Software Architectural Software Component Verification HWE.2 HWE.3 > )
Design and Integration Verification ) Verification against Reuse Process ISQUD 1)
HWiBesen HW Design (REU) %
Sup.11 SWE.3 _ SWE.4 REU.2 =
Mac*&'ﬁ 222.'3;1% Data Szf;;’%rsnocec‘; ';ffugt?;'f” Software Unit Verification Managemer';te Sigroducts r =
[l
S
(¢}
Machine Learning Engineering Process Group (MLE) Acquisition Process Supply Process Group o
Group (ACQ) %
MLE.1 MLE2 MLE.3 MLE.4 ACQ.4 SPL.2 o Output information
Machine Learning Machine Learning Machine Learning Machine Learning : < o i
Requirements Analysis Architecture Training Model Testing SUpplieEMenitoring Erocuc Relsdse E items
Primary Lifecycle Processes | | Organizational Lifecycle Processes | I Supporting Lifecycle Processes




Today’s Agenda
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System Engineering Process Group (SYS)

SYS. 1
Requirements Elicitation
S 2 SYS.5
System Requirements L
- System Verification
Analysis
SYS. 3 SYS. 4
System Architectural System Integration and
Design Integration Verification

Software Engineering Process Group (SWE)

Software Requirements

SWE. 1

Analysis

SWE. 2
Software Architectural
Design

SWE. 6

Software Verification

SWE. 5

and Integration Verification

Software Component Verification

SWE. 3
Software Detailed Design
and Unit Construction

SWE. 4
Software Unit Verification
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For E/E Automotive Systems Development...

Many automotive standards for production

Enhance efficiency
through MBD

ASPICE AUTOSAR

1SO26262




< ) MathWorkse Products  Solutions Learn ¥  Company v

Help Center ~MATLAB &R Q

Electrification

Overview Electrification Topics ¥ Al for Electrification Customer Stories

MATLAB and Simulink for Battery
Systems

Design battery packs and develop battery management systems

Free trial

Demo application: -

https://www.mathworks.com/solutions/electrification/battery-systems.htmi

Current profile

Current SOC if

ilBMS

PackCurrent
SOC| =
ellVoltage
RO
SOC Estimator

Monitoring
Voltage, current, temperature

State Estimation
SOC, SOH, SOE, SOP

Cell Balancing
Passive, active

Power Management
CC-CV, fast charging

Thermal Management
Heating and cooling control

Protection
Prevent overcharging, overdischarging, overcurrent, overtemperature

Communications
Communicate with external devices or systems


https://www.mathworks.com/solutions/electrification/battery-systems.html
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Requirements Management

System Engineering Process Group (SYS)

SYS. 1
Requirements Elicitation

S 2 SYS.5
System Requirements L
- System Verification
Analysis
SYS. 3 SYS. 4
System Architectural System Integration and
Design Integration Verification

Software Engineering Process Group (SWE)

S SWE. 6
Software Requirements N
: Software Verification
Analysis
SWE. 2 SWE. 5
Software Architectural Software Component Verification
Design and Integration Verification

SWE. 3
Software Detailed Design
and Unit Construction

SWE. 4
Software Unit Verification
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Why Traceability Matters for ASPICE

« Completeness and Consistency are the top challenges

— Completeness: all required functionality is defined

— Consistency: requirements do not conflict

= Ensure application is complete, fully tested, and

1S § § 8
111l

meets customer requirements

= Understand the impact of requirement changes

to implementation and test
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Connect the Requirements Toolbox with External Sources and Tools

=] a
Requirements. Test & Quality

Management
\CR :
Hilﬁ-— m

= 4 “m- Q| B

~ | Search = Traceability Traceablhty

h il Profile Editor Add __ | Add ’
< Requirement v (%] | Link v @& ||R Links Matrix Diagram Das. 3rd_party
. PROFILE REQUIREMENTS LINKS VIEW EDIT ANALYSIS
} 9] s Plug-Ins
A 4
@ 5.13 BS-SYS-0046 Energy capacity
Import-Export @ 514 BS-5YS5-0047 Driving range nioc W
& B 5.15 BS-5YS-0048 Efficiency Custom ID: [BS-5Y5-0005 ‘
RO un d t r | p S = :13 z:z:zzz:z froduct e Summary: |Terms, Difinitions and Abbreviations '
B S. - ntrechangeability of sub-components
@ 5.18 BS-SYS-0051 Production quality AP e
% @ 5.19 BS-5YS-0052 Reliability by [Ana vju vjB 7 UM EES = Y| 1B
B 5.20 BS-SYS-0054 Recyclability
{ 5.21 BS-SYS-0055 Second life usage
"2 BS-SYS-0056 Functional safety
BS-SYS-0057 Electrical insulation of components
‘quF BS-5YS-0058 High voltage safety
T 0059 Safety
Crash performance
-4 nrevention for traffic use
Keywords:

Custom Solutions
supported by
MathWorks Consulting Services
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Organize, Specify and Customize Requirements
Requirements Toolbox

Organize |
ID Summary Category Requirement level Keywords
> B sys_req_Stakeholder Cu sto m | ze
v 5 sys_req_Batterysystem Keywords: |Ce||, System
>E 1 BS-SYS-0001 References Unset Unset
> E 2 BS-5YS-0005 Terms, Difinitions and Abbreviations Unset Unset P Revision information:
> E 3 BS-SYS5-0037 Intended Function Unset Unset N
¥ Custom Attributes -
v 5 4 BS-SYS-0041 Requirements Unset Unset
_ ASIL: B v
E 41 BS-SYS-0042 Design space Cell, Module, System
v B 41 BS-SYS-0053 Integration of sub-components Integration Integration and design space Cell, Module, System Category: lEfE properties il
v B 411  BS-5Y5-0082 Monitoring circuit Unset Unset Cell, Module, System Complete:
[E 6.17 BS-SYS-0119 Voltage measurement rate E/E properties Performance Cell, System Correct:
[E 6.18 BS-SYS-0120 Voltage measurement range Unset Unset Engineering Domain: lEjE ~
& 6.19 BS-5Y5-0121 Voltage measurement accuracy Unset Unset Eeasible:
6.20 BS-S5Y5-0122 Temperature meg~:=~=~~=*+ =~ Unset Unset
s - . Impact on cost: | $ w
B 621 BS-SYS-0123 Temperature me: O peci fy SYS-0119
Impact on schedule: | + v
& 6.22 BS-SYS5-0124 Temperature meas
¥ Properties
E 6.23 BS-SYS-0125 Current measurem
Type: Functional v -
El 6.24 BS-SYS-0126 Current measurems
6.17
& 6.25 BS-5YS-0127 Current measurem
F 0
& 4.1.1.1 BS-5YS5-0128 Interface to BMS L |BS-SYS- 19 ‘

Summary: |Voltage measurement rate ]

Description Rationale
W [Arial vjo v/B 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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Functional Safety Requirements from Concept Phase

) - ii Potential Vehicle Level Hazard i Comment ii Status
—— Hazard and Operability (HAZOP) :
It d f' 't' 1 ; : . None PROPOSED v
e m e Inl |On electrical energy from both
on-board and off-board
J chargers 1.
é
2 |F1-1 Excessive acceptance of energy Cell Overheating (Thermal Event)/Cell PROPOSED  ~
) Venting
{? T = T T T
HAZO P / HA RA 3 Ir2 iiCustom ID  |iiFunction | . i sntrollability HC |HASIL
-1 HVBS-HARA-1 |Accepts and Ce Hazard An aIySIS & RISk Assessment (HARA) s situation is normally |C2  |B
¢ stores electrical {Tht.'ll\lal Lverniy LEI alu pack yalaye £. vellLie 1s Uil uiarye evelLinay cuntrollable with hd
S/ 4 F1-3 energy from temperatures that would | and un-attended 3. People are extend beyond external measures (fire
charger result in a thermal event |in the house 4. Probability of the car into the alarms), as people will be
) 2. With External this scenario > 10% of living area of alerted to the event.
¢ Measures operating time the house 2.
) Severe and life-
Safet Oal S 5 F1-4 threatening
y g injuries (survival
. . & probable) are
determinations ——— e alern
' 2 |HVBS-HARA-2 Cell Overheating 1. Effect will be higher | 1. Vehicle is home in the E4 ~ |1.Thermal S2 ¥ |This situation cannotbe |C3  |C
el (Thermal Event) cell and pack garage 2. Vehicle is on charge event may controlled by the v
Ve temperatures that would | and un-attended 3. People are extend beyond majority of the people
re result in a thermal event |in the house 4. Probability of the car into the involved, as they may
é 2. Without External this scenario > 10% of living area of not be alert to the event
. Measures operating time the house 2.
Fu nCtlonal Sa.fety 7/ F2-1 Severe and life-
. threatening
requirements (FSR) é leciainta
— 1€ = - L
-
a HVBS_ SafetyGoals Safety Goals
9 =l HvVB>-5afG-00... Prevent thermal runaway
= |

Technical safety
requirements (TSR)

HVBS-SafG-00... Prevent unintended loss of high-voltage p...

Prevent all electric shocks

1

2
= 3 HVBS-SafG-00...
| 4 HVBS-SafG-00...

Prevent cell venting




Elicit and Elaborate Requirements through Bi-directional Links

Stakeholder Requirements

System Requirements

Software Requirements

Test Requirements

|5 Requirements Editor

REQUIREMENTS

£ OF s & @ v-a- L
New Open = @ Add Add Show Show @ LE': ~ | Search = ANALYSIS | SHARE
Requirement Set Requirement Link v & Requirements + Links - -
FILE PROFILE REQUIREMENTS LINKS VIEW EDIT
Index ID Summar ®
1% Stakeholder req. e pestioton Wt
> =7 Too e es T L dction Requirements |#)  MS Shell DIg 2 v10 vB I O @B EEE=EE ~ || (&
= 18 HVBS-StH0052  Product variants i - . .
s B 19 HVBS-StH0053  Design Constraints The BMS shall implement different algorithms to estimate current SOC
= 20 HVBS-5tH0055  Transport requirements
v~ %a| HVBS_ SystemR...
E 1 é”s*rme””' :nce Documents
B2 Huy_, e 9Ju‘_ wrusoaly
v B3 HVBS-SYS-0003 Intended Function
E 31 HVBS-SYS-0004 Purpose
E 32  HVBS-SYS-0005 Intended Use kaywords:
E 33 HVBS-5YS-0006 Objectives » Revision information:
> B4 HVBS-SYS-0007 Functional Requirements
; —
> E5 HVBS-SYS-0025 Performance Requirement Links
=6 HVBS-SYS-0057 Integration Requirements B ¢ Implemented by:
= 7 HVBS-SYS-0058 Technical Safety Requirem: .
v |5 HVBS Technica.. Blsw to architecture
v |E 1 HVBS-TSR-0001 Different algorithms to es' I = Refines:
Ch TéR 7777 77"mb Counting Methoc El HVBS-FSR-0065 Validate SOC estimation from FSR
(= oYY oo . _...nFilter Methods A a
; o . + Related to:
5 2 HVBS-TSR-0004 Driver interface alert desig )
B3 HVBS-TSR-0005 Driver interface alert desig = HVBS-5YS-0058 Technical Safety Requirements to sys req.
E 4 HVBS-TSR-0006 Temperature sensors and 1 ' 4= satisfied by:
- S HVBS-TSR-0007  Cell balancing hardware d: E HVBS-SSR-0001 The BMS Software shall implement two desparat  to SSR i
E 6 HVBS-TSR-0008 Cell isolation mechanisms @
= 7 HVBS-TSR-0009 Safe mode operational pa
E s HVBS-TSR-0010 High-precision voltage me
=l a HVRE.TESR-NN11 harna rantral laaic and ¢ »
|

MathWorks AUTOMOTIVE CONFERENCE 2024
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Use Traceability Diagrams and Matrixes to Check for Consistency
and Completeness

Traceability Diagrams | Traceability Matrix |

4 Traceability Matrix

JTraceabl\ity Diagram - Requirement: BS-SYS-0046 Energ.. -

) ]
ﬁuﬂ.‘ [El | & Upstream n._.{g &) @, Zoom In “ Filter Panel Requirement Set vs Simulink Data Dictionary +
Analyze Show All 3{ Downstream | Horizontal | Vertical | Fitto View () Zoom Out | Export -
Traceabilities - 9 Top ¥ sys dd Battery 1Pack 1RC.sldd
ANALYZE IMPACT ANALYSIS LAYOUT NAVIGATE EXPORT
* Legend v Type E] sys req BatterySystem [Clear FiIterJ [Driving range x]
] @ Data @) ] B-8H-0085 Driving range Simulink £
[v] sys_dd_Battery 1Pack 1RC.sldd | &~ :
o double =
v [% Requirements (3) ¢ el
. -~ struct &
[v| = sys req_Stakeholder.slreqx (1) Refines PPt e Link E
- v I
[/ wmmmm sys_req_BatterySystem.sireqx (2) ~ i il %
_ g
e
'/ M\ssmg i 2 @ -
‘ b h Links g%g EE%E%E% -
¥ Overview BS-SYS-0047 Driving range 1@ Design.Ns_Module @ Design.Np_Module ﬁ] Left a 8 = g O‘ o o § = b3 nEJ > |-l-|‘
[y I o E| g 2 2] 8 E| £ o @ L D o]
z E| | ] =
— . v Type 2 3 § 2 56 5 32 & & 8 8 3
> f f f f f f f f f f f
S = M M ™ ™ ™ ® ® ® ® ® ™ M
DT Refines Related to Container | )
| | Rt N Relgted Functiona m
~
IS to Informatic S b} sys_req_BatterySystem
5 ) yerea s ] Source & Ns Module
— | R v Link Bl B Bs-svs-0041 Requirements & Destination | [E BS-SYS-0046 Energy capacity
|51 Bs-8Y8.0046 Eneray capacity . E] Link & link #1 (Relate)
Missing =l BS-SYS-0045 Energy density - 4
Links :
=l BS-SYS-0046 Energy capacity <
v Change _
Tracking . =l BS-8YS-0047 Driving range
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Requirements Traceabllity Report

. . . - @ Web Browser - Requirements Report for db_DriverSwRequest - ] ®
- Provides overview of model objects linked  cooges i sms
Wlth re q u I re m e n tS Chapter 3. System - db_DriverSwRequest i
EREGT G o o o )
— Traceability to high level requirements '
— Required for A-SPICE, CMMI, DO-178B, DO-254, N "
IEC 61508, 1SO 26262 etc. =t
El
— Helps find objects with incorrect, incomplete, >
ambiguous or missing requirements
Show in Simulink
Table 3.1. Objects in db_DriverSwRequest that have Requirement Links
Linked Object Requirements Data
[Enumerated Constant 1. "CC-REQ-7 Cancel Switch Detection” DOORS _crs_req_func_spec.slreqx, at "8"
[Enumerated Constant] 1. "CC-REQ-9 Enable Switch Detection” DOORS _crs_re q_func_spec.slreqx, at "10'
[Enumerated Constant2 1. "CC-REQ-8 Set Switch Detection” DOORS_crs_req_func_spec.slreqx, at "9"
ISwitch 1. "CC-REQ-3 Avoid repeating commands” DOORS _ers_req_func_spec slreqx, at "4"
[Swiatchl 1. "CC-REQ-4 Long Switch recognition” DOORS _crs_req_func_spec slreqx, at 5"
|Switch3 1. "CC-REQ-10 Resume Switch Detection” DOORS _crs_req_func_spec.slreqx, at 11" e

13



Architecture Design

MathWorks AUTOMOTIVE CONFERENCE 2024

System Engineering Process Group (SYS)

SYS. 1
Requirements Elicitation
S 2 SYS.5
System Requirements L
- System Verification
Analysis
SYS. 3 SYS. 4
System Architectural System Integration and
Design Integration Verification

Software Engineering Process Group (SWE)

Software Requirements

SWE. 1

Analysis

SWE. 2
Software Architectural
Design

SWE. 6

Software Verification

SWE. 5

and Integration Verification

Software Component Verification

SWE. 3
Software Detailed Design
and Unit Construction

SWE. 4
Software Unit Verification

14
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Develop Architectural Design Models with System Composer

= — ltem definition
|

Item (High Voltage Batﬂ System) : ‘

External Charger

Charging

<

% Requirements Editor - m} * .
REQUIREMENTS = @ I aeqUIrel I lel ItS
L] = Elsve ~ .. - @
Lar L IR o = ) | 6 = & = “ &
New Open =2 PSS Add - e A Show  Show Search  Tracesbilty Tracesbility Export
Reguirement Set Lgg Close Requirement v Demot quirement | Link v Requirements Links IE' Matrix Diagram = *
FILE REQUIREMENTS LINKS VIEW EDIT ANALYSIS SHARE =
HighVoltagePowerSystem -
— _ : Functional
corms Raceive Law Volkage Enegy™| Jr——-
v E SystemRequirements - Dive e O e
v E 1 Functif, »Ow wou e PG Famuie I
B 11 SY5-0f 5 E] 53]
v E:2 Logica [ —— - e '
E 21 SYS-0 [
HighVoltatePowerSystem .
- | Logical
[rva—
B 23 SYS-0f eceive Eaargy From Charger™ = g
[repe—
v B3 Physicjya ME_Eoargyielb— {0 AC_Erengln =
. ey [RUY, S, -
g 31 svso L .o .
B 32 SYS-0 oy B @ mteriequent ) '
S Corworer v 1
B 33 5YS-0 HighVoltagePowerSystem
E 34 Envir P -
- el s g hysica
E . i 03 = % y D¢ o Coniro B
B 38 sys-off OmU=0=0 > asus o
P BatieryMontoringUiait
Pack sensors
O i PackOute () OnBoardCharger (]
s | Satoy Pack, ot Sensors and satncing Citdh e
. b e cn wo O tink PackCunenreasuremenz )
| e o - ) O P Gurmmmiesorin
< P [ T A, pER——
O Pack Unoitagetdeasuremert ()
] H
) o o g rommmnmron O
= T —
N {0 PachCureniMeasursment2 O O Re nke O O Lnkr “Tractioninverier
o O PackCurenteasurement1 f OnBoarGharger
. O Pactvotagshisasrement O Oat AcComprassor () . ]
Digitallsolator I 1O Linkvoltagetessuremant PTC_Heater CI) oot )
wsoy Ouso e prcrerss O) i ee G amnas )
ow wosi Ouos O e
| 1 Bs_Can_H O s _can i
Om sekC) Dok
= l s Oes 815 _CAN L O oS AN L
! WO
WO BMS_LIN O —isus_UN
[oeu
L je




Ensure Consistency with Tool Support for Bidirectional Traceability

Requirements « Architecture

8 H sys_req_BatterySystem

&) & Bs.5v5-0001 References

BE BS-SYS-0005 Terms, Difinitions and Abbreviations

Of=] BS-8YS-0037 Intended Function

El & Bs-5v5-0041 Requirements
& Bs-5Y5-0043 Design space

©] = BS-SYS-0053 Integration of sub-components

& Bs-sys-0064 Expenses
&l BS-5Y5-0066 Cost effective design
&l Bs-5Y5-0067 Lifetime

E Bs-sys-0068 Operating limits

=] ﬂ sys_arch_Battery_Physical

= D Battery System

=] D Battery Module

=] D Cell Stack

= G Battery Cell

0!l of £ _
HE1R1R1
£l 81 8| &
IR IR
000D
d 4 4 4
d 4 4 4
d 4 4 4

=] D Battery Managen

D BMS Slave

4 4 4+ 4+ 4+ 4
4 4 4 4+ 4 2

D BMS Master

D Tray, Housing (S

(SR SN SR N 1

D System Cover

D Sealing

4

4+

4 4 4

B pressure Safety

LI

D Structural Parts

4+
4 4+ 4 &

D Service-Disconnect

Architecture < Architecture
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c
]
_ 2
2 =] S =]
S, 2l= |8 |E |5 |2 |8
z s |B|E§|% 2 8|32
s s |E |6 |5 |28 |& (B
© -1 S o O 5] o S |®@
@ o (= |2 B [2 |68 |8 |8
= =S - B =S - B =
5|5 € ¢ | § E =&
T HEBERER RERL B
% o @ |d |G |@a O |0 |c
o OO0 DO |00 D0D|0
~ [©] sys_arch_Battery_Functional
~ [T BatterySystem
~ [®] Communicate Information over CAN Y
~ [ Monitor battery cells
~ [ Measure cell voltages 4
- DND convert cell temperatures £
~ [} A/D convert cell voltages Y
- DMeasure cell temperatures ES

- D Equalize cell temperature

L

Requirements Editor

Allocation Editor

16
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Software Architectural Design Models with System Composer

v o

Functional
mmm Architecture

= |ogical
mmm Architecture

« AUTOSAR development with MBD

Export ARXML

% Import/Update ARXML

Top-Down

3-Party
AUTOSAR
Authoring Tool

Bottom-Up

Import/Update ARXML —an

Software
Architecture

e

)

=  Physical
Architecture

|

Systom © AUTOSAR Blockset Coder
Tﬁouhd' e - _ B ode
pmng [ _—g = )
— =)
11 .I:bu

AUTOSAR ASW Composition

& lEMUDala

SOCEstimatienComp
< ArBatteryManagementControier_asw_arch_sae! >

MuDatal— P BMUData

(b BMS_Siate
|

SOC Este)



https://kr.mathworks.com/solutions/automotive/standards/autosar.html

Analyze System Architecture with Autogenerated Custom Views

[ Sensor Components

ThrottleControlComposition

~ Methods
JisController_run_Sms()
JoTPS_Primary_read_Sms()
/1 TPS_Secondary_read_Sms{)

ThrottlePositionMonitor

1+ Methods

J501[0.005)()

ThrottlePositionSensor

S —
~ Methods

MathWorks AUTOMOTIVE CONFERENCE 2024

Camera Module

Onboa]

Ports
« Control
«— Image

«— Power

— Video
«BasicComponent»

Cost: double (3) =0

Mass: double (g) =0

o=

— ModuleConnection

IMU

Ports
«— IMUConnection
— IMUData
— IMUPower
«BasicComponent»
Cost: double ($) =0
Mass: double (g) = 10
«ElectricalComponent»

Component Architecture

Hierarchy

«ElectricalComponent»
Capacity: double (mAh) =0
PowerDraw: double (W) = 0

Capacity: double (mAh) =0
PowerDraw: double (W) = 10
«HW_Implementation»

(1 TP_Menitor_D1 ﬁ‘reaG75ms"
1-AP;_Senso-r_r:a]d_10ms() DO E
i hctator ms0 AccelerationPedalPositionSensor Doo
" e rom Component
Diagram Hierarchy
B Electrical View DIAGRAM
OnboardProcessor =Ed

MuDat

MU o«

MUCamection

Taamatry

Cammands

FRECantel

RRCanIS

» IMUData LECanil
| -
CPUCannacson [

SPUPor

ModueCorraction

Fomer

& Fomar
UPeY y Eam—

© Imagn iden

G

«HW _Implementation»

'PhysicalDevice'

HW_Implementation: hwimplementation =

HW_Implementation: hwimplementation =
'PhysicalDevice"

Cost: double ($) =0

Mass: double (g) = 25
«ElectricalComponent»

Capacity: double (mAh) =0

PowerDraw: double (W) = 25
«HW_Implementation»

HW_Implementation: hwimplementation =
'PhysicalDevice'

[ ] }
Camera PowerSwitch
Ports Ports
— Image « Control
«— Power «— InBus
— Video — Power
«BasicComponent» «BasicGomponent»

Cost: double ($) =0

Mass: double (g) =2
«ElectricalComponent»

Capacity: double (mAh) =0

PowerDraw: double (W) =2
«HW_Implementation»

HW_Implementation: hwimplementation =
'PhysicalDevice'

Ports
— CPU
— CPUH
— Comrl
— IMUD
— LFCo
— LRCd
— Modu
— RFCdq
— RRC
— Telem
«BasicCo
Cost: do
Mass: di
«Electrical
Capacity
PowerD
«HW_Imp|

HW_Img
'Physical
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Describe Dynamic Behavior using Sequence Diagram

= Describe system behavior as interactions between components through message exchanges

N Create lifelines to represent components,
| | T SequenceDiagram add messages between lifelines and

— : s use message labels to describe
interactions.

Describe client-server interactions, and
gates connecting to root architecture
ports.

Simulate, and validate sequence
diagrams to verify the system design.

https://www.mathworks.com/help/systemcomposer/ug/simulate-sequence-diagrams.html 19
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Describe System Behavior using Activity Diagrams

MathWorks AUTOMOTIVE CONFERENCE 2024

R2024a

- Validate (via simulation) system behaviors defined as a controlled flow of actions

#4 ad_confirmSafeOperatingArea * - Simulink — (] X

MODELING FORMAT

SIMULATION

=" [ Open  ~ 1] ] 54 Stop Time | 10.0 [ @D

EREE & = o[ G © m @
Project = New ave Library Log [ora Step Run Step Data Seg “““““ Bird's-Eye

- v 3 Print ~ Browser Events U@ Fast Restart Back « - Forward Inspector View Scope
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
Tools ¥

ad_confirmSafeOperatingArea =
® Déad,confirmSafeOperatingArea 13 v
Q ad_confirmSafeOperatingArea
5|
[= ;
Monitor Cell ‘ 8 Check Against S
- Voltages ) TIXOItﬁg?d LTJ
O i resholds
= - 7

o @

g ! ( h Take aging factors

° eck Agains into account

> ‘emperature
]
® 1- -2
ithinLimi TisWithinLimits] [isNOTWithinLimits]
= ~
~

= C'j - Temperature Check Voltage

0 Plausability Plausability

J 5
"[ 2 [isNOTPlausible]
; (]
[isPlausible] I 369

- 2~ 1

| [isNOTPlausible] [isPlausible] [ |

»
Ready 72% VariableStepAuto

https://www.mathworks.com/help/systemcomposer/ug/author-activity-diagram-for-mobile-robot-example.html

Flexibly model processes with
« Serial, parallel, iterative actions
« Dynamic decisions
» Hierarchies (or sub-processes)
» Custom logic (via MATLAB functions)

Token (objects being processed)
» Support all Simulink data types

Support simulation features
« SDI
« Event animation
» Debugger (value label, breakpoint,
step back etc.)
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System / SW Failure Mode and Effects Analysis (FMEA)

MathWorks AUTOMOTIVE CONFERENCE 2024

- FMEA s to support hazard identification and prevention for the ASIL level

FMEA_spreadsheet_example =

failure mode requires corrective action

it Failure Mode i Effect i Severity : Potential Failure Cause i Failure Probability ;i Detection Method i Detection Rating Verified i RPN
1 Mixing vessel is empty | Cutlet pumps run dry, ] Vessel inlet pump is blocked. 1 Inlet flowrate sensor goes |3 I : 24
causes wear out or to zero and [
catatrophically failure. pump rpm goes to zero. 12
2 |Mixing vessel is empty |Cutlet pumps run dry, ] Flow rate senscr from inlet pump |3 Inlet flowrate sensor /5/ I 200
causes wear out or reads Tngoorectly. mistmatches with inlet 1
catatrophically failure. pumg rpm. 10
3 |Mixing vessel is empty |Cutlet pumps run dry, & e v e —— ! O 196
causes wear out or — 0 0 I
catatrophically failure. RPN = Severity x Occurrence x Detection i
4 |Mixing vessel level is | Chemical added 3 Vessel sensors are faulty and 3 Inlet pump controller 7 LI
unsteady incorractly. need to be replaced. measures rate of change in [ :
Preduct quality is mixing vessel from vessel [
compromised. volume sensor input. 1
5 | Mixing vessel Chemical added 5 Vessel outlet pump is blocked. 2 Cutlet flowrate sensor goes j Unable to
overflows incorrectly, to zero. Downstream O I calculate
Product quality is eguipment also measures I
compromised. zero flow. O !
& |Mixing vessel Chemical added Faulty outlet pump flowrate Wessel volume mesurement |9 : Unable to
owerflows incorrectly. sensor. 3ensor is stuck and max drifts [ j calculate
Product is partially lost o output. 0 1
7 |Mixing vessal Chemical added 5 Vessel agitator speed set too high~ o : 10
overflows incorrectly. speed. ° ( I Tala ) I
Do sy o RPN (Risk Priority Number) is used to |,
prioritize high-risk issues
* RPN threshold determines which
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R2024b

The “System Composer Report Generator App” offers fast

automated

Systemn Composer Report Generator App

File Help File Help

reports with basic customization

File Help

Models Configuration Ordering I Models

Configuration

Ordering

Models Configuration Qrdering

Model(s) Selection Panel

Define Report Contents

Define Ordering

Browse

RobotFunctionalArchitecture.six
[[] scMobileRobotHardware Architeciure. sk
scMobileRobotLogicalArchitecture.sb
|:| scMobileRobotLogicalArchitecture_Initiz
[ ActuatorSet six Cr\Usersidiad

- |§| RobotFunctionalArchitecture_ -~

Composifion Section
Views Section
Sequence Diagrams Sect
Interfaces Ssction

[] Profiles Section
Requirsments Section
[] Connectors Section
Dictionaries Section
Allocations Secfion
Functions Section
Stereotypes Section

- scMobileRobotlogicalArchite:

Composifion Section
Views Section

Select which

Select artifacts
to report on

parts of each

artifact to include

RobotFunctionalArchitecture_skx\Composition Section
RobetFunctionaltrchitecture_skk\Wiews Secfion
RobotFunctional&rchitecture_skx\Sequence Diagrams Section
scMobileRobotLegicalArchitecture_six\Profiles Section
RobotFunctionalArchitecture_skiinterfaces Section
RobotFunctionalArchitecture_skx\Dictionaries Section
RobotFunctionalArchitecture_skd\Allocations Seclion
RobetFunctional&rchitecture_sk\Functions Section
RobotFunctionalArchitecture_slx\Stereotypes Section
scMobileRobotLegicalArchitecture_skx\Composition Section

scMobileRobotlogicalArchitecture_sbd\Views Section
scMobileRobotLogicalArchitecture_sb\Sequence Diagrams Section
scMobileRobotLogicalArchitecture_six\Interfaces Section
scMobileRobotLogicalArchitecture_six\Reguirements Seclion
scMobileRobotLegicalArchitecture_skx\Connectors Seclion
scMobilzRoboti g :

s Order the
selected sections
In the report

Generate!

scMobileRobot

Ao

Generate Report
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Software Detalled Design and Unit Construction

System Engineering Process Group (SYS)

SYS. 1
Requirements Elicitation

S 2 SYS.5
System Requirements L
- System Verification
Analysis
SYS. 3 SYS. 4
System Architectural System Integration and
Design Integration Verification

Software Engineering Process Group (SWE)

S SWE. 6
Software Requirements N
: Software Verification
Analysis
SWE. 2 SWE. 5
Software Architectural Software Component Verification
Design and Integration Verification

SWE. 3
Software Detailed Design
and Unit Construction

SWE. 4
Software Unit Verification
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ArBatteryManagem entController_asw_arch_variant1 P

"a] Create Simulink Model — O X

AUTOSAR ASW Composition

Create a Simulink model for this software component,
and link the component to the created model.

Type Model Reference: Export-Function v

CurrentPowerLimitsCalc

&0

BMUDatal—{» BMUData

CurrentLimits

| 2
MinMaxCells p{

Specify model name: “urrentPowerLimitsCalc  Browse...

BMUData From Simulink template:

Default

StateRequest

ArBatteryManag ementController_asw_arch_variant1 » E CurrentPowerlimitsCalc (CurrentPowerLimitsCalc)

MathWorks AUTOMOTIVE CONFERENCE 2024

Software Detailed Design Seamlessly from Software Architecture

C I

Model AUTOSAR Software Components

Place your Software Component implementation here.

For details and examples on how to model internal behavior, see:

BMUData . Cell_Voltages .—E
BMUData . Cell_Temperatures .—DE
BMUData . Pack_Voltage .—»E
BMUData . Pack_Current .—E
BMUData . Vout_Chgr .—DE
BMUData . Vout_Invtr Q—E

@lArBaneryManagemechmrol\e(_asw_arch_varianﬂ » CurremPowerLimusCaI: (ArCurrPowerLimCalc) »

AUTOSAR ASW Component

»@ MinMaxCells . MinCellVolt

»@ MinMaxCells . MaxCellVolt

»@ MinMaxCells . MinCellTemp

CurrentLimits . DischargeCurrentLimi

@ MinMaxCells . MaxCellTemp

MinMaxCells . MaxCellVolt CalcMinMax

MinMaxCells . MinCellTemp

$9id 34

MinMaxCells . MaxCellTemp

CurrentLimits . ChargeCurrentLimit y
MinCellVolt P MinCellVolt
BMUData . Cell_Vollages @—————»|Call_Voltages: - - J ‘ -
Cell_Voltageq J1 . MaxCellVolt P MacCellVolt .
O—— = MinCellTemp L P MinCellTemp
MinMaxCells . MinCellVolt BMUData . Cell_Temperatures @@—————] Cell_Temperalures
Cell_Tempergtures >
MaxCellTemp MaxCellTemp

DischargeCurrentLimit

ChargeCurrentLimit

@ CurreniLimits . DischargeCurrentLimit

——>»@ CurrentLimits . ChargeCurrentLimit

CalcLimits
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Software Detailed Design

"i ArBalancinglLogic - Simulink

SIMULATION DEBUG MODELING FORMAT APPS REQUIREMENTS * STATE CHART ? S c @R 0 (v]

= i
e S o | B ghigni s | @ HE = AUTOSAR ASW Component
Save Al Requirements New 9 open | ] Layout ~ Check Traceability Share
- Editor Requirement Set Consistency Matrix v
FILE EDIT REQUIREMENT SET VISUALIZE ANALYZE SHARE a
Tools ~
ArBalancingLogic = | Property Inspector ® x
® ArBaIancingLogic 14 v Balancing
] Properties Info
Q =
@ Runnable a) sl o
E3 BMS_State . BMS_State @———»{ BMS_State
=t
BMUData . Cell_Voltages @———® CellVoltages
(=]
] BalCmd [——») BalCmd . BalCmd
MinMaxCells . MaxCellVolt @ MaxCellVolt t
Document link
) . i ¥ Links
(i MinMaxCells . MinCellVolt @—————®{ MinCellVolt
s \_ J = = Implements:
Balancing 5l HVBS-SSR-0005 The software shall develop cell bale
» | &
(] |
Requirements - ArBalancinglogic ® x P
View: Requirements |h} ﬁ = @—' Filter View ~ Search . .
. - ~— | Link to software requirement
Index ) Summary
~ M HVBS_SoftwareSafetyRequirements I
v E1 HVBS-SSR SW Safety Requirements
> B 11 HVBS-SSR-0001 The BMS Software shall implement two desparate algorithms t...
- LUBSS0R0004 Loecoftwae chall implement continllcoic i manage fhecogl
I-E\ 1.3 HVBS-SSR-0005 The software shall develop cell balancing algorithms for charg...
Ready 152% FixedStepDiscrete
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Code Generation Software Detailed Design

"i ArBalancinglLogic - Simulink = (u] X
SIMULATION DEBUG MODELING FORMAT APPS LI  ROOT INPORT S oc @ @@ (v}
{—---~
) (22 1 —
@ g/ @ @ D Code far : = 1 = % Open Report = q:
AUTOSAR Quick C/C++ Code Settings Code ‘ArBalancingLogic |i Generate 1 View % Remove Highlighting Share
A Start Advisor = - Interface ~ | Code » || Code -
QUTPUT | ASSISTANCE PREPARE GENERATE CODE Ve RESULTS SHARE a
Tools ~
ArBalancingLogic = | Code ® x
. . -
® ArBaIancmgLoglc ’ & ArBalancingLagic.c (2) v Q Search
@ ~ “lighting: [0 <Root>/Bus Element In3 1724 > X
- PPLARLLY_UEF.UCLLELELIVULL =
il Rte_IRead_ArBalancinglogic_Step_MinMaxCells_MaxCellVolt() -
€2 Model « Code traceability IRead_ inglogic_Step_ Mt e 0
Rte_TRead_ArBalancinglogic_Step MinMaxCells MinCellVolt();
=
= } else {
89 tmpIRead = Rte_IRead ArBalancinglogic_Step_BMUData_Cell Voltages();
\ 90 [= if ((uint32)rtARID DEF.is_cl ArBalancinglogic == IN_BalancingOFF) {
* During 'BalancingOFF': ' (463" *
BMS_State.BMS_Siate@—.lBMS_Stale /% During "Balancing oliaeat _
[] /¥ '¢<S1>:464:1"' sf_internal predicateOutput = flgEnBalancing && ... */
/* '<S1>:464:2' BMS_State == BMSState.BMS_Standby && ... */ _-
/¥ '¢S1>:464:3" after(BalOffWlait,sec) && ... */
BMUData . Cell_Voltages @—— CellVoltages A deag Dlacal s ovatnaliay
BalCmd b.BaICmd.BaICmd 96 if (((uint32)Rte_IRead_ArBalancinglogic_Step BMS_State BMS_State() ==
97 BlMa_Standby) & S1n rtARLID_DEF. TemporalCounter_1 = 20,
MinMaxCells . MaxCellVolt @ MaxCellVolt 08 = (PtARID_DEF .DeltaCellVolt > 0.91F)) {
/* Transition: '<S1>:464' */
100 rtARID_DEF.is_c1 ArBalancinglogic = IN_BalancingON;
MinMaxCells . MinCellVolt @———— MinCellVolt
\\ J /* Entry 'BalancingON': '<S1>:414' */
Balancing /* "<51>:414:3" DeltaCellVolt = MaxCellVolt - MinCellVolt; */
104 DeltaCellVolt tmp =
105 Rte_IRead_ArBalancinglLogic_Step_MinMaxCells MinCellVolt();
@ 106 rtARID_DEF.DeltaCellVolt =
107 Rte_IRead_ArBalancinglogic_Step MinMaxCells MaxCellVolt() -
B] .AndIso\src\ArBalancinglogic autosar rtw\ArBalancinglogic.c Ln 98 Col 3
» 3 Iim| Property Inspector Code

Code Mappings - Component Interface
Ready

126%

FixedStepDiscrete
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Detailed Design Description form Software Unit

* Report Explorer

#] Report Explorer - Report - SDD_custom?.rpt

File Edt View Took Hep

|OESE s x s 788

EESEEE] 65 & & (

fEEEsEE 8 oS & &

* Report APIs

« Import API functions

import slreportgen.report.*
import slreportgen.finder.*
import mireportgen.report.*

- Add a title page

tp = TitlePage;

tp.Title = upper(get_param(model,'Name’));
tp.Subtitle = 'System Design Description’;
tp.Author = 'MathWorks';

tp.Image = Diagram(model); append(rpt.tp);

- Add a chapter for subsystems

ch = Chapter("Title","Subsystems");
sysdiagFinder = SystemDiagramFinder(model);
sysdiagFinder.IncludeRoot = false; append(rpt.ch);

Report Options.
Regort e Location
Cisers\sesnryu|OneDitve - Ma. ionLegacyExamplelold_sf_car.odf  View.
Divectory:  Custon: hisshont egacyangie
Flerame:  Custom: o o
1 report ey ext, ncrement t prevent overwritog
Regort Output Type and Tempistes
e format: Direet POF (rom templte) Dedoult POF Terplote
Geresation Optons
1B Viow roport after generation
Auto v beore generation
180 Comple model o report on complled Information
vt this sring fter geresation: G sdd_custom_dta;
Repoct descrigtion

i & document thal desceibes the design of by & Simulink

modd.

crs_controller.pdf

Table of Contents
Chapter 1. Model Version
+ Chapter 2. Root System
~ Interface
Input Signals

Output Signals

ution Order
» Chapter 3. Subsystems

Chapter 4. System Design
Variabl

> Chapter 5. Requirements

Chapter 6. System Model

Configuration
Chapter 7. Glossary

Chapter 8. About this Report

/ 268 — 9% 4 (o))

MathWorks AUTOMOTIVE CONFERENCE 2024

4
h

Chapter 2. Root System

Figure 2.1, crs_controller

enbl

enct

enel

Chapter 2. Subsystems
Z.1. Engine

Figure 2.1. Engine
Z.L1Ti

Table 2.1. sirgex_sf car/Engine/Ti Properties

Property Value

Type Block

Block Type Inport

Paort number 1

Port dimensions (-1 for inherited) -1

Sample time (-1 for inherited) -1

Data type Inherit: auto
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Software Unit Verification

System Engineering Process Group (SYS)

SYS. 1
Requirements Elicitation

S 2 SYS.5
System Requirements L
- System Verification
Analysis
SYS. 3 SYS. 4
System Architectural System Integration and
Design Integration Verification

Software Engineering Process Group (SWE)

S SWE. 6
Software Requirements N
: Software Verification
Analysis
SWE. 2 SWE. 5
Software Architectural Software Component Verification
Design and Integration Verification

SWE. 3
Software Detailed Design
and Unit Construction

SWE. 4
Software Unit Verification
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Perform Static Verification of Software Units

@ Web Browser - Model Advisor Report for ‘State_Machine/BMS_StateMachine’ - O x
o Model Advisor - State_Machine - o x | Model Advisor Report for ‘State_Machine/BMS_StateMachine' ¢ | + | BmBadl~
MODEL ADVISCR @ o 3| 5 | @ | Location: filey//C:/insideLabs_Workspace/aspice_webinar/bms-sy ache/slpri/model State_Machine/8/report_1170.htmI “
- i = GIISUR 1UT 1UGL HPUL PUI LS Willl 153111y PIUpst 16D "
1 b & Filter checks
(f;;; iy Report Identify Input ports in the top-level of the Simulink or Architecture models without fully defined sample times, data
UK E SHaRE = @ passed types, or port dimensions.
Check for root Input ports with missing range definitions @2 B Failed
Ssarch G =) | CheckD: mattorks hism hist_0025 § A Wi Passed _ o _ o _ )
21 i Dsplay el meric amd comalendy repor o | 140025 Dosion minmax spocifcaionofinput itetac z aming There are no Input ports in the top-level of the Simulink or Architecture models with missing or inherited sample
71 @ Crack s unconnecte hjects Idanily roo el I prs of Sk ot Archi + tonscus s o masinun vakies g B ot Run times, data types, or port dimensions.
= 2 (3 Hon-incry Syshams Summary 3 B Justified
- [ (@ Simulink W
7] @ Chack usags of Abs blocks s AM— © incomplete A Check for root Input ports with missing range definitions
|7 @ Check usage of remainder and recipe .

[ @ Chack usags of sauare root apsratin

[P - Navigation Identify root-level Input ports of Simulink or Architecture models with missing or erroneous minimum or maximum
oe e and b Report  Resuh Details values.
Modeling Standards for =
Identify root-level Input of Simulink or Architecture madels with missing us minimus dmum vaks
fntify rootlevel Input ports.of Simulink or Architeciure models wih missing or eroneous minimum or maximum vakies. 150 26262
[2) @ Check usage of I blacks and If Acior 1 High-Integrity Systems The following Input ports and Simulink signal objects have missing or erroneous range definitions:
[] @ Check usage of Swilch Case Diocks i The following Input ports and Simulink signal objects have missing or srmoneous range definitions .
[ @ Chack usage of conditionaly execute . M CnictState 1.1 Simulink

« State_Machine/ChrgCntctState

[ © Chackusage N « State Machine/FaultPresent

71 @ Chock rsational conparsons on loa

1.2 Stateflow

Recommended Action 1.3 MATLAB » State Machine/InvirCnictState
[#] @ Chack usage of Reelational Operator | Model cantains Inport blacks or Simulink signal ot} ith inharited data types. -
|7 @ Check usaga of Logical Operator bio For Inport biocks or Simuink Signal objects, select a builln, enum, Simulink Bus, Simulink NumericTypa or Simulink AliasType data type, and then specify the minimum and maximum 1.4 Configuration R
[ © Chack usaos of btwise operations values. 15 Naming Recommended Action 7 7
|7 @ Check for biocks not recommanded £ ) Model contains Inport blocks or Simulink signal objects with inherited data types.
2] @ Cracicfor nconsistent vector miein 1.6 Requirements For Inport blocks or Simulink Signal objects, select a built-in, enum, Simulink Bus, Simulink NumericType or
) @ Check data types for biocks with inde 1.7 Code Simulink AliasType data type, and then specify the minimum and maximum values.
[#] @ cCneck usage of vanant biocks 2 Bua Reports -

[) @ Check usage of lookup tatie biacks
) @ checkusage o Signal Rauaing biock

) @ Check forroot Inpust ports with missin View @ Check for root Output por

e Analysis in Model Advisor B e ncnary MOOE] AdVisOr Reports

StateRequest
SlateRequest
StateRequest

ChrgCntctState
ChrgCntctState

ChrgCntctState
Report Result Details
Status ailing Element Description Recommended Action C‘"‘“’T‘ — InvirCoictState
I CntctStat
A State_Machine/ChrgCnicState dentify root-level Input ports of Simulink or Archite... | Model contains Inport blocks or Simulink sign... e
iy State_Machine/FaultPresent |dentify root-level Input ports of Simulink or Archite... | Model contains Inport blocks or Simulink sign...
3 A State_Machine/InvirCntctState Identify root-level Input ports of Simulink or Archite... | Model contains Inport blocks or Simulink sign. .

baolaan
FaultPresant

FaultPrasant
FaultPresent
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Perform Static Verification of Software Units

bﬁ sldvdemo_design_error_detection/Controller - Simulink

= Find design errors

SIMULATION MODELING DESIGN VERIFIER 3
&l @ Analyze [) ° I t fl
. . sldvdemo_design_error_detection n e g e r Ove r OW
Design Error Error Detection Detect REVIEW RESULTS
Detection ~ Settings ~ Target Model Check Compatibility { Design Errors ~ - .
oD prepaRE AnaLYZE z e Dead Log IC
< 4r  Controller
* msldvdemo_design_error_detecticn » P& Controller P hd ° - = = b
Division by zero
@
n - A t-of-bound
e rray out-or-nounds
<enable>
= NOT boolean AND boolean Active Control . .
8 * R lat
= Setermine 7The ange violations
boolean
= OR control is active
<brake>
D Active last step  poolean z
ufix16_En8
<Actual_speed>
- enerate counter exampie 1o
Inals T booleany
N ufix16_En8 Target speed o\ 8fix16_Eng L fsBHe Entd ] o re rO d u Ce e rro r
+ error throt
» - | P
Pl Cgntroller
- sfix16_En13 &b
throt
P Results: sldvdemo_desi detecti O X
esults: sldvdemo_design_error_detection -
-design.. - bﬁ Results: sldvdemo_désign_error_detection O X
- [&
- [&
Back to summary
Back to summary
sldvdemo_design_error_detection/Controller/Sum1
sldvdemo_design_error_detection/Controller/PI Controller/Kp

Integer overflow Objectives

Overflow Error - needs simulation - View test case | Justify

Derived Ranges:
Outport 1:[-128..127.99609375]

diagnostics

Integer overflow Objectives
Overflow Valid
Derived Ranges:

Outport 1:[-2.56005859375..2.559814453125]
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Automation of Software Unit Testing using Simulink Test

ﬂl’est Case

p
Assessments

= -
==

Data file (baseline)

Sumon oeauc woomme omwar s, e
//ir] tSS [r— -
F)l] s [ St Machne Homess1 ¥ -

: -

q ) .

1 -

- — — (5] L
ChgCniciState ChrgCrtctState

ChrgCntctStaten

.

’_
J
BE UE® e

Standby State_Machine

=
InvirCnictState InvtrCntctState

Data file (input) e

BMS_State
BI

gggggggg

cenario

Eﬁ/" Signal 1 Eﬁ StateRequest - E

) — ||| e S O 1
Signal Editor : Inpat /
3

Test Harness 4 Test Assessment

A4

Temporal Assessment

Fe—

Stateflow

~—

and more!

BME_SiaiaMach

v function customCriteria
» Perform custom criterj
1 test.verifyThat(

MATLAB Code

Main Model |

\_______ and more!

/ 31
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Track Verifications from Requirements

| | Requirements Editor TESTS

Cut = ~ q ('
REQUIREMENTS o &0 H é . |} 5 B b 1] = A & Import o &
Ty — e 5 Eﬁ New Open Save Y Delete TestSpec = Run  Run with Parallel Visualize Model Testing ~ Preferences Help
| 3 \ l m R - - - - Report ~  Stepper A Dashboard -
Import :
| New Open & 5] h-g’ Profile Editar Add Add FILE EDIT RUN — RESULTS ENVIRONMENT | RESOURCES
Requirement Set Requirement ~ Link ~ @ || Requirements LESEICTEE g Results and Artifacts [ startPage  x  [5] Throttle override  x
| FILE PROFILE REQUIREMENTS LINKS [Filter tests by name or tags, e.g. tags: test
~ [=] cc_ControlMode_Tests - Throttle override
=~ ’
Index D Summary = Eontrol Mode Unit Tests cc_ControlMode Tests » Control Mode Unit Tests » Throttle override
g 25 #7 Cancel Switch D o L,E] Enable cruise control Simulation Tast
— § . |=| Enable cruise control blocked
=l 2.6 #8 Set Switch Detection - :
= [E] Activate cruise control Create Test Case from External File
= 2.7 #9 Enable Switch Detection =
[=] Activate cruise control blocked » TAGS
El 2.8 #10 Reset Switch Detection < .
=| Throttle override » DESCRIPTION
E 29 #11 Increment Switch Detection = P i
' : _: Disable Enabled by pressing CRUISE . REQUIREMENTS*
v Es3 #81 Cruise control mode =| Disable Enabled by gear not DRIVE R )
. = Transition to ACTIVE (from THROTTLE OVERRIDE
Eh 31 #82 Output cruise control mode =| Disable Enabled by key not ON
> E 32 #83 Enabling cruise control [Z] Disable Active by pressing CRUISE Transiton to THROTTLE OVERRIDE (from ACTIVE) + O
e ’ Adq ~
> E 33 #89 Disabling cruise control =| Disable Active by gear not DRIVE Open Link Editor
> &l 3.4 #93 Activating cruise control | DR ERe ) Ly e @ T SYSTEM UNDER TEST Link to Selection in MATLAB
> B 35 #08 Deactivating cruise control _z Disable Throttle Override by pressing CRUISE Y Ay
- . K =| Disable Throttle Override by gear not DRIVE Model: | cc_ControlMade
v E 36 #115 Pausing cruise control - Link to Selection in Word
----- =| Disable Throttle Override by key not ON *
Bl 361 #120 Transiton to THROTTLE_OVERRIDE (from ACTT = . vai = V=S (ARRIESS] LinkfoSelectionin Fxcel |
=| Disable precedence over activation
= L R S T . Link to Selected Requirement
v E 37 i ) ) |Z| Disable precedence over deactivation Harness: | cc_ControlMode_Harness_SM ‘ " : -I
El 371 elect a requirement to link with a test case =t =
> E 3.8 #110 Target speed calculation

2. Link the selected requirement in the test case

¥ Links

= ¢« Implemented by:
T throtfle_pressed
= ¢ Related to:
e Design.cc_throttle_override_max_pc
= = Related to:
& Adjusting target speed with accelerator pedal
= ¢ Verified by:
[= Throttle override @
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Test Software Units — Interactive Analysis of Results

4\ Test Manager - x

DATA INSPECTOR

E =

Legend Highlight
- in Model
VIEWS MEASURE & TRACE ANALYSIS TOOLS a
Results and Artifacts Requirement-based Testing (B2B) = m Start Page x @ Test_Scenarios Visualize x Comparison  x
Filter results by name or tags, e.g. tags: test T *
NAME STATUS -
b Ll Verny Statements 2 o . W BMS_State (Sim Qutput 1(State_Machine_Harness2 : normal))
: ; . F _ -
b Sim Output 1(State_Machine B BMS_State (Sim Output 2(State_Machine_Harness2 : software inefh Test Manager
SMS_Fault | -
» Pl Sim Output 2(State_Machine DATA INSPECTOR
- 0 -
» [£] Charging © . IE‘ @ K
. riving -
~ [£] ChargingToFault [ - Subplots | Legend Highlight
Equivalence Criteria Result @ - .' ede]
VIEWS IMEASURE & TRACE ANALYSIS TOOLS
BMS_Charg...
) BMS_State ° —=n=E and Artifacts Requirement-based Testing (B2B) »  [H} StartPage x  [5] Test_Scenarios  x Comparison Visualize
v [l Verify Statements 1 < [Filter results by name o tags, e.g. tags: test T 'Y
v L=l Verify Statements 2 (] EMS_Stand. e T —_
- [ Sim Output 1(State_Machine o 1 2 3 H lest_Sequences/. /C... @ - e Fau\l—. ChrgCnictState M FaultPresent m BMS_State
Test_Sequences/../C... @ -
ChrgCntctState Tolerance W Difference —>eq BMS_Driving
InvirCntrtState v e it || BMS_Charg... {
4 »
1.0 { Test_Sequences/../C L] BMS,_Stand.. | |
= v = v Test Sequences/./C... @ © U 2 3 4 5 ] T 8 9
PROPERTY VALUE
Name BMS_State " 29 Test_Sequences/../Ini... @ . B Test_Sequences/.../Init-verify(BMS_State ~= BMS_State_Enum.BMS_Charging)
Status o s Test_Sequences/../C @
Absolute Tolerance 0 Test_Sequences/. (C... @ Fass 4
Relative Tolerance 0.00% 051 Test_Sequences!../Ini... @ Untested |
Leading Tolerance 0 Test_Sequences/../C @ 0 1 H 3 4 5 [ 2
Lagging Tolerance 0 1.0 Test_Sequences/ /C... @ m Test_Sequences/._./CheckForChargingState:verify(BMS_State == BMS_State_Enum.BMS_Charging)
Dinnl Dnth Ctntn hlanhina Linenannsdl e 0 1 2 2 4 Test Senuences! fni.. & T Fail 3
" »
5 Pass -
-
Test Results L _
Verify Statements 2 p T 7 7 p p : 7
Status L]
M Test_Sequences/.../CheckForFauliState:verify(EMS_State == BMS_State_Enum BMS_Fault)
Fail 7
Fass
Untested 4

o
m
-]
@
o
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Test Software Units — Structural Coverage

Simulink

Stateflow

[*aState_Machine ¥ 53 BMS_StateMachine

AND

v

RE Driving && ...
ontact.Close]

previous_output 1

SRE.Driving || ...
Contact.Close]

Generated Code

3]

T

‘Standby
BMS_State = ...
BMS_State_ Enum.BMS_Standby; 1

[StateRequest ==SRE.Charging...
&& ChrgCntctState == Contact.Close]

[
[StateRequest ~=SRE.Charging...
|| ChrgCnictState ~= Contact.Close]|

Full coverage.

[FaultPresent]

I |dentify testing gaps
. Missing requirements
* Unintended Functionality

Coverage Reports

Code @ x Coverage Details
State_Machine.c ' v Q Search Summarv
Highlighting 0 <root=631 0 x
i 55 Fty_ems_state = eus_standby; File Contents/Complexity Test1
) b Decision Condition MCDC Statement Function
} 1. State_Machinec 13 100% 1002 100% 100% 1002
1 break; 2 ... State_Machine 12 100% 100% 100% 100% 100%
| & ca;e State_machine_In_priving: 3 ... State Machine initialize 1 -- - - 100% oo 100% ———
5 ¢ .
8 E i (*rtu_rsultpresant) i .
I 64 -'séaééjacnjne,w.1s;c§,s — . § Detalls
| & X" BUS_state = EBMS_FaU .., 1 [ <Roct>EMS_StateMachine
| : ! :ZL:U cout; : v 1. File state_Machine.c
| s cSout = ({*rtu_StateRequest I= Driving) || (®rtu_InwirCntctState I=
| 'Sf . i ch’iése::; v Function: State_Mschine (line 29)
| ’; 7§_M;cr|ir|e_Du.1s_c2_state_“-|achme B state_ State Mochine initialize (line M)
| = #Fty_BMS_State = BMS_Standby; i
}} ) i Metric Coverage
} Cyclomatic Complexity 13

1 ”';“k‘ r Decision 100% (28/28) decision outcomes

Simulink Coverage Condition 100% (16/16) condition outcomes

Degision: 100% Condition: 100% MC/DC: 100% MCDC 100% (8/8) conditions reversed the outcome

Statement 100% Function 100% Statement 100% (42/42) covered statements
C:\insideLabs_Workspace\aspice_webinar\bms_sys_swe\uorkicodetslpri\ert\State_Machine\State_Machine.c Ln 68 Col 55 Function 100% (2/2) covered functions

Symbols  Property Inspector ~ Coverage Details ~ Code  Coverage Details
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Reporting Test Results
Generate Test Results Reports

- Generate test results reports

A\ Test Manager

HQ:" @

iy = & inpor
Parallelj Report Wisualize @ Export
RUN RESULTS

oy

Model Testing
Dashboard

Create Test Result Report

o

Preferences

ENVIRONMENT

Save Delete
FILE

Filter results by name or tags, e.g. tags: test [FRR 4
e = [soae

~ Results: 2023-Sep-01 16:43:31 49

+ [ Unit Tests for crs_controller 40

‘

PROPERTY VALUE

Name Results: 2023-Sep-01 16:..
Status 49

Start Time 09/01/2023 16:43:32

End Time 09/01/2023 16:43:58

Results: 2023-Sep-01 16:43:31
~ SUMMARY

» [\ startPage

Name
Outcome
Start Time
End Time
Type

~AGGREGATED COVERAGE RESULTS

Result:
‘0

09/01/2
09/01/2
Result §

Create a coverage report from coverage results to justify or exclude missing coverag

ANALYZED MODEL
[%a) crs_controller A 48

REPORT COM... DECISION

|1 Scope caverage results to linked requirements
[]Exclude inactive variants

~ COVERAGE FILTERS

NAME

There are no coverage filter files applied.

T9% —

Title Page Information

Title: Test Result Report |

Author: ‘ MathWorks

v Include MATLAB version

-

+| Test requirements
MATLAB figures
v Error and log messages

Include in Report

Resullts for:

v Simulation metadata
+ Coverage results
v Plots of criteria and assessments
Plots for simulation output and baseline

QOutput Options
File Format: PDF -
File Name: ‘C:\O17MW7W0rks\Worksh0p\R(% ]

Customization

Template File: ‘Se/ecf template path (optional) ‘ [~ ]

Report Class: ‘ Type custom report class name ‘

|

https://kr.mathworks.com/help/sltest/ug/generate-test-results-reports.html
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Control Mode Unit Tests
Test Result Information
Result Type: Test Suite Result
Parent: None
Start Time: 2023-07-31 16:36:32
End Time: 2023-07-31 16:37:59

Outcome:

Test Suite Information

Name:

Aggregated Coverage Results

\Analyzed Model

Total: 29, Passed: 29

Control Mode Unit Tests

Sim Mod!

achine

[*&] cc_ControlMode/Control Mode StateM armal

[0

100%  [100%  96% (100%

Back to Report Summary
Enable cruise control

Test Result Information
Result Type:

Paraent-

Test Cast
Contral1

Test Case Requirements

Description:  Transition to ENABLED
Document: cc_SoftwareReqs.slreqx
Description:  Transition to ENABLED
condition

Document: cc_SoftwareReqs.slreqx
Description:  Transition to ENABLED
Document: cc_SoftwareReqs slreqx
Description:  Transition to ENABLED
Document: cc_SoftwareReqs.slreqz
Verify Result

@ ModeEquality/step_1:verify(op_mode== op_mode_expecteq

[] ModeEquality/step_1:verify(op_mode== op_mode_expectec

g|

g =

n

s Fail

-8 al

g

5 Pass

£

@ Untested |-

2

“ ‘
g 0 1
2

w

=

b

g

Back to Report SummaryBack to Signal Summary

Simulation

System Under Test Information

Model:

Harness:

Harness Owner:
Release:
Simulation Mode:

cc_ControlMode
cc_ControlMode_Harness_SM
cc_ControlMode/Control_Mode_StateMachine
Current

normal
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Fault Injection Testing

= Ad-hoc Fault Modeling in Traditional MBD « Fault Modeling using Simulink Fault Analyzer

P InputA — P InputA
Add a fault on the signal
= % - L'. an
» InputB NominalValue - P InputD Bout ——P InputB NominalValue InputD Bout
FaultAdapter
» InputC — ¥ InputC

Component A Component B Component A Component B

Add Fault X

Add a fault to a model element and specify the fault properties. To manage the fault,

access the fault properties by clicking on the fault badge in the model or by opening the
Fault Table pane.
Fault —p | fault S —
Basic Properties Description
S e | e CtO r FaultSelector Model element: FaultModeling/Component A/Outport/1 ~
Fault name: NominalValue_fault

v

Select a fault
behavior or,
design a
custom fault

Fault library: mwfaultlib ~  Fault behavior:

1 0 Fault information saved here... Help
( - } \ Fault information directory: MIATLAB\Examples\R2024a\sldv\TestConditionBlockExample
Stuck-at-Ground v
Custom fault behavior...

: 8 Add fault behavior Help
1 Out
[Faulty_Value_1] =
Add fault behavior to: New fault model... Absolute Value
Fau Ity Val u eS Fault model directory: Current working directory Add Noise

Gain

h 4
0

* 2 Name: FaultModeling_FaultModel Negate Value
[Faulty_Value_2] - | g = gtflfjiit-abtgnstant
Trigger : Always On B
EBTRLE e Stuck-at-Ground

Inject fault behavior throughout the simulation.

Unit Delay

https://kr.mathworks.com/products/simulink-fault-analyzer.html 36
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Perform Static Code Verification of Software Units

"i ArBalancinglLogic - Simulink
SIMULATION MODELING FORMAT AUTOSAR
% @ Analyze Code from [> ﬂ MISRA C:2012 Guidelines Summary - Violations by Rule
= — Q .l ] g é t : MIS‘RA C:2012 i “ Summary -Viqlalliani by Rule
Bug Settings |ArBa|ancingLogic E] Run Analysis  Open Earlier Access Remove v o "
Finder ~ - Code Generated as Top Model ~ Analysis Results Results Highlighting o ]
MODE PREPARE ANALYZE REVIEW RESULTS :;‘ 1
10.4 4
ArBalancingLogic E | 15,6 ——— B
04,11 p— ]
@© |[*al ArBalancingLogic » - — i
— 10.1 b
=0 13.2 [ —
oy —] 1
«® o e ]
E ¢ N : Number U’SDDding rule viulaliclnsa " -
= . . .
. ulidelines summary ror a ies
MISRA C:2012 Guidel S f 11 Fil
e ____________________________________________________________ Joa_____|
@ [ \ ‘ode_Prover_| 17
@ File Reporting Access Tools Window Help
BMS_State . BMS_State @ »{BMS_State % & @] > Run Code Prover ~ @ Stop | Q
] 7 RestiDe

Checks & Rules ~ s New =]+ <= <> Showing 300/394 ~

Family: (5) 7 Information 1.7 File 7 Fundion  Status 7 Severity 7 Comment f Restk Raview
= Run-time Check s 2 A || Status Unreviewed v
BMUData . Cell_Voltages @ | CellVoltages Red Check Severity [Unset v
i lllegally dereferenced pointer 1
H Invalid use of standard library 1

Proven failed statement, to be fixed

Proven unreachable, to be fixed or justified, impossible to achieve coverage

Unproven statement, add context or manual review

BalCmd + Non-terminating call

# Non-terminating loop

i Out of bounds array index
S Gray Check

HUnreachable code

MinMaxCells . MaxCellVolt @ » MaxCellVolt

MinMaxCells . MinCellVolt @ MinCellVolt

Balancing
[
» | @ ik of Bounda arey i
Code Mappings - Component Interface
pping po " example.c Close_To_... Unreviewed Unset
Ready View 2 warf example.c Close_To_... Unreviewed  Unset
example.c Pointer_Ari... Unreviewed Unset 37




Software In the Loop (SIL) Testing

,{

Model

Embedded
Coder

ﬁ Test
Vectors

MathWorks AUTOMOTIVE CONFERENCE 2024

Show equivalence, model to code
Assess code execution time
Collect code coverage

Desktop Simulation

(on PC)

|

4

m Results

PC
Compiler

4 Generated
Code

Compare

|

Object Code
Execution (on PC)

4 Object File

|

)

( -

F

Results
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Processor In the Loop (PIL) Testing

,{

Model

Embedded
Coder

W Test
Vectors

MathWorks AUTOMOTIVE CONFERENCE 2024

Verify numerical equivalence
Assess target execution time
Collect on target code coverage

Desktop Simulation

(on PC)

|

4\

m Results

Cross
Compiler

4 Generated
Code

Compare

Object Code1
Execution (on target) Aot

4 Object File

__—

)

( -

F

Results

39
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Automate Test Creation for Equivalence Test
Simulink Test

4\ Test Manager

B oo oo | rtwdemo_sil_block Harness1

B2Btest » New Test Suite 1 » fwdemo sil block Hamess1

d Cut =
{JLJ D & Co ﬂ LT} D Equivalence Test
New | Open Save Py Delete TestSpec Run ) .
= i = B Paste = Report = Select releases for simulation: | Current -
Test File ~ DESCRIPTION®
Create a blank test file

Test generated for the subsystem "rtwdemo_sil_block/Controller’.

Test Suite * SIMULATION 1
Create a container for test cases

TEST CASE TEMPLATES ~ SYSTEM UNDER TEST*

Baseline Test
Compare simulation output to a fixed baseline signal

Model: |rtwdemo_sil_block | R ¥aC

~ TEST HARNESS®

Equivalence Test
Compare output of two simulations

Hamess: |rtwdemu-_sil_block_Harness1 | - | cC R

Simulation Test

+ SIMULATIOMN SETTINGS OVERRIDES*
Perform a simulation with no criteria

. Simulation Mode: | MNormal | h | Override model blocks in SIL/PIL mode to normal mode
Real-Time Test

Perf imulati I-time target - ; ;
Ofin & simIaton on rea-Sme. =ge * SIMULATION 2 Copy seitings from Simulation 1

AUTO CREATE

~ SYSTEM UNDER TEST*
Test File from Model

Create a test file from model

Model: | rtwdemo_sil_block | mhRaAC
Test for Model Component
Create a new baseline or back-to-back test for model component ~ TEST HARNESS*
Test from Spreadsheet Harness: | rtwdemo_sil_block_SILHarness1 | - | (Gl |

Create a new test with data specified in a spreadsheet
+ SIMULATIOM SETTINGS OVERRIDES*

Simulation Mode: | Software-in-the-Loop (SIL) | - | Override model blocks in SIL/PIL mode to normal mode

40



Software Verification
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System Engineering Process Group (SYS)

SYS. 1
Requirements Elicitation
S 2 SYS.5
System Requirements L
- System Verification
Analysis
SYS. 3 SYS. 4
System Architectural System Integration and
Design Integration Verification

Software Engineering Process Group (SWE)

Software Requirements

SWE. 1

Analysis

SWE. 2
Software Architectural
Design

SWE. 6
Software Verification

SWE. 5
Software Component Verification
and Integration Verification

SWE. 3
Software Detailed Design
and Unit Construction

Software Unit Verification

SWE. 4

41



Integrate Software Units

%4 Aratier oageentCortrli 3o ach

1 S

@ @ = " ] =) &<
Classic Modsl X Propady Wtatace Schedie Clsskc o Egot  Shae
Pitioem + * Advace + 11 Impector b e —— o
s ==
[ AuBattury MursagemennCentiober_avw asch saraett ¥

B
«
O auresanr
@

AUTOSAR ASW Composition

ORE QA2

b @BMUDas

‘SOCEstimationComp.
| < ABatteryManagemeniCantrolier_asw_arch_soct >
BMUDaaB— > BMUData

SOC_Est b
» BMS State

CumentPoveinitscale =20
SACHPYweLICSlo >
Currenttimits b

BMUDatal— b BMUData
MinhaxCells b

> iStateRequest

BMUDaa— » BMUData

BMS_State b+

Statefequesti— b StateRequest
Fouts »

§ » Curontimis
CrtctCmd >

» MisMaxCells

. Col Vot @ ot ot 3 il e

S Cot erpmres @ vl

AUTOSAR ASW Component

I e ——
O bcats MeCariot
B

@kt et Ty

@ Cumrt s

P ——

BMUData I

StateRequastlP-

 Actuators

> BMUData

» StateRequest
» SOC_Est

» BMS_State
»> Faults

» CrtctCmd

» CurontLimts

> MinhaCells

BMS inol >

BMS_info b @EMS_info

BMS_Cmd b - @BMS_Crid

8MS_Cral >

MathWorks AUTOMOTIVE CONFERENCE 2024

AUTOSAR ASW composition and the code generation

=] ArBalancinglogic_autosar_rtw

html
stub
tmwinternal

| =] ArBalancinglogic.bat
ArBalancinglogic.c
ArBalancinglogich
ArBalancinglogic.mk
ArBalancinglogic.rsp
ArBalancinglogic_comp.rsp
ArBalancinglogic_component.arxml
ArBalancinglogic_implementation.arxml
ArBalancinglogic_manifest.txt
ArBalancinglogic_private.h
ArBalancinglogic_ref.rsp
ArBalancinglogic_types.h
[ buildInfo.mat
codedeseriptor.dmr
1 codelnfo.mat
17 compilelnfo.mat
rtw_proj.tmw
[ <] setup_msvc.bat
ArBatteryManagementController_asw_arch_variant1
ArBMSOut_autosar_rtw
ArChargeMgmt_autosar_rtw
ArContactorMgmt_autosar_rtw
ArCurrPowerlimCalc_autosar_rtw
ArFaultDetection_autosar_rtw
ArSOCEstimation1_autosar_rtw
ArSOCEstimationSrv_autosar_rtw
ArStateMachine_autosar_rtw
DD _ArBattery_1Pack_1RC
pslink_config
slprj
D .gitkeep
= a ArBatteryManagementController_asw_arch_variant1.zip

FEEHEEHEHEHEHEEBBHB
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Perform Software Integration Test
Simulink Check

AUTOSAR ASW Composition

4\ Test Manager

DATA INSPECTOR

MathWorks AUTOMOTIVE CONFERENCE 2024

=) o Oo@ & &
Legend Highlight Update  Previous Next | Debug
- in Model Baseline ~ Failure Failure
. > -
souEtmcon l) VIEWS MEASURE & TRACE ANALYSIS TOOLS -
S Results 1] Driving_Charging_Rest = i\ StertPage x (-] TC-O1-BMC State-niial % [ Comparison
&
+ b Socpa b Filter results by name or tags, e.g. tags: test "HA 4 N-|lea-B- k| @B
NAME STATUS o
™0 » 5OC Es S &G s ) . . W KnownSOC (Baseline) ® KnownSOC (Sim Output) ™ Tolerance
Sormtbowedimhuints A i + Results: 2022-Sep-16 10:10:44 ie
1 Tt s AbaiybdingemeniConole ot i, Hamess! - Sk et W e | Lo e i ~ Results: 2022-Sep-16 13:58:19 10 20
~ [5] TC-01-BMC State-Initial 19 20 Lt
s o 1] ] = |I] Driving_Charging_Rest o
Loy
] i [ T ~ el Baseline Criteria Resut @ .
oo =
i[= - — ) <BMS_State> -] .
é @ [BalarsamsyMumagemenncontratir, asw, sech varantt Hamass1 b ® KnownSOC o
H : <High' () <Pack_Curent> ] o
o
= O S'EIBRGQI.IESI [=] 200 400 600 800 3200 3400
= HighTempFau » P Sim Output (BatteryManager o Tolerance M Difference
= -
o 4 »
06
PROPERTY VALUE
ArBalChrgrLdPIantMal Name [& Knownsoc = 04
Status o
q Kno Absolute Tolerance 0 02
2 StateRequest Relative Tolerance 1.00%
3 » @a I ‘ArBatteryManagementController_asw_al Leading Tolerance 0 . [001 ]
» [ 0
1 StateRequest Lagging Tolerance o - 200 400 800 800 105 o o 1800 2000 2200 2400 2600 2800 3000 3200 3400
Test_Scenarios | Fpetection_p1
BMS_Cmd
""""" »| ContactorManagement_D1 - BMC |Cmd < BMS_Cmd BMUI Serdors Expected Behavior Actual Result
Sensors
ChargeManagement_D1 true y frus i
TRIGGER TRIGGER
MainStateMachine_D1 false false
BMC_Cmd < Fantviogel Z010.0105 110 115 50100105 10 {15
Composition_SOCEstimations_D1 BMS_Cmd —2 25
At trigger-min-time| At trigger-min-time|
BusManagement_D1 e
RESPONSE RESPONSE
CurrentPowerLimitsCalc_D1 » false false
e BMS Info<> 5130135130135 15120125130 135 ot o J
PassiveCsllBalancing_D1 rry e R " ]
BMUData
" -t a e
selTemparaure) - Muszhcid)
ecomes true and stays irus for at "-'I | } | | ’ | | ‘
lesst 2 seconds then, Saring TOM s apyes
e of min-ime (e 2 secands S S S S S ]
i lapsed), win no r]
pumpCmd must stay trua for at least
2 seconcs
. ~ (absiroomTemperature - o | T T T T T I T I
Reodly INresnoid) becomes Irue and stays Fase l
true for t least 2 secands — \_‘
o 1 4+ s 1w w w w EEEE ]
» GbstiroomTemperatws - Tua
- Test Harness contains a battery model for feedback loop test -l | "
-
B E)
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Test Integrated Software — Hardware-in-the-Loop Testing

s
=
@
(=]
=
25
(=)
(]

vRE

Configure and Simulate AUTOSAR Classic Models with Simulink Real-Time

e [ [
Cycler\L—/ cPe
= Surfuid_out

A = uid__in e

= dT >
Pump 4aP >

Cooling Plate
Battery Model

Generated codes

Code Generation

44
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Test Integrated Software

A Test Manager

DATA INSPECTOR

Legend Highlight
v in Model
VIEWS MEASURE & TRACE

Results and Artifacts

‘Filter results by name or tags, e.g. tags: test | [

NAME STATUS
+ Results: 2022-Sep-16 10:10:44 30
~ [5] TC-01-BMC State-Initial 30
+ |1 Driving_Charging_Rest (-]
« [ Sim Output (BatteryManager
» (H soc_cc
SOC_NN
» [} sOC_EKF
» [1] soc_UKF

v flaBalCompl

PROPERTY VALUE

Name

Model

HarnessName
Simulation Mode
Override SIL or PIL Mode

Fatd e L

Sim Output (BatteryM. ..
BatteryManagementContr...

BatteryManagementContr...

normal

false

DAME_Cui_Cadafantanfia

ANALYSIS TOOLS
|=| TC-01-BMC State-Initial  »  [f} StartPage » [ Visualize x
Y
. SOC_NN
0.5
1000 2000 3000 4000 5000 6000 7000
W figBalCompl ™ StateRequest
Driving
Charging
-
Standby
1000 2000 3000 4000 5000 6000 7000
- B KnownSOC
09
0.6
M 1000 2000 3000 4000 5000 6000 7000

Test Authors

Compatible with any CI platform: Jenkins®, GitHub® Actions, GitLab® CI Pipelines...

REVIEW

— Hardware-in-the-Loop Testing

Report Generated bv Test M
Title: M
Author: s
Date: 2§
Test Environd Sy et s s
Platfo o
Matias  of e
Results: 20194
MIL
Heavy ing
2
$ | A—
i
i
3
Back 10 Report SummaryPack to Signal Summary
Simulation
System Under Test Information
Model PMSM_desktopModel
Hamess: PMSM_desktopModel testSeq_Harness
Harmess Owner PMSM desktopModel
Simulation Mode: normal
Override SIL or PIL Mod 0
b3 Set
Start Time o
- ou\P”’- Artifacts, ang ’?e,,
oo Orts
¢ 3
& s, +F
W 7 & S
9 =
m (]
< = =3
fl B s
9 = &
Version
-
Q. Monitor Assess

MathWorks AUTOMOTIVE CONFERENCE 2024
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Continuous Integration Workflow with Model-Based Design

A D D 0 APPS
How do | define & deploy & @ & B & 1 = ©
Get Embedded Coverage Simulink Process Requiremen ts Model Design Desig Variable Scaling Load-Flow
kfl ’) Add-Ons ~ Coder Analyzer Test Advisor Manager Dashboard Verifier Analyzer Analy:
an MBD workflow
Process Advisor: crs_controller ® x « ars_controller  *  CruiseC =
D | @ | Qs | © [Eo oo .
. Tasks 10 | Details @
Prequallfy |Oca”y to (%) Check Modeling Standards V13 19 E3
(2) Detect Design Errors V2 =
reduce build failures 2@ o e L X
&) Cancel button X1 &
() Decrement button hold v &= [ T——
(2) Decrement button short 1 ] e
(©) Enable button VA ﬂ o
R d & d b (© Increment button hold V1 set
’ e p ro u C e e u g © Increment button short v @SEI N - e > @ crsOut. reqDrv
- = (©) Resume button a resume
build failures © seen g S
() TestCase_01 V1 (8 )—»|dec
©) TestCase_02 Ve | dec DriverSwRequest o
©) TestCase 03 1 @ stalus @ crsOut status
. () TestCase_04 V1 brj(:DeP . reOut mode
Integrate Process Into Q corerme o 7 = "
8
w @ Check Goding Standards V! key ) : . targetSp [———w @ crsOut . targetSp
C I P | atfo rm S ) Merge Test Results v 1 €D g
=

~ auto generate pipeline v Graphical Front-End to Model-Based Design Build System
configuration file

v Interactive Workflows

v Rapid lteration

Process Advisor: CI/CD Automation for Simulink Check 46
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Perform Software Integration Test with Polyspace

W Polyspace

DASHBOARD

(" T

Project Run-time
l Overview  Checks

x4+

by
Code Custom
Metrics Rules

- O x[

& > C ) 'V https//gnb-pscenter2-deb8-64:9443/metrics/index.html?a=metrics&p=618u=

=

e
DASHBOARDS

v PROJECTEXPL..Q
+ (3 public

» 3 Examples

» 3 Examples-Trends

» PROJECT DETAILS) |
» SUPPORT REPORD

Project Overview
& [@F] summary
Open Issues

s— Open

5= New

A Assigned To Me
A Unassigned

Run-time Checks

Selectivity

86%

g Trends

Codg

@y Code Metrics

152 3 Sub-project(s)

7 [ Number of Files

0 Number of Lines Without Commen
152 o@ Cyclomatic Complexity

2= Open 32 [#g Coding S

® Red 5
® Orange 22
® Gray 6
® Green 204

Number of open findings over time

o 8 8 8 8

_/\/

V102019

11102018 11012019 1102019
1:50:20 1:50:50 15120

|
4

Code-Prover_misracpp_Example-Trends (Code Prover)

Run-time Checks

Selectivity

86%

® Red 5
@ Orange 22 ® To Do 120
® Gray 6 Done 36
® Green 204

a— Open 32 Coding Standards a— Open 120

Project Overview
=) Summary

Open Issues

a— Open 152
5= New 7
54 Assigned To Me 0

& Unassigned 152

Code-Prover_misracpp_Example-Trends (Code Prover)

E Code Metrics f,? Quality Objectives
3 Number of Sub-Projects 0
(] Number of Files 6 =
Number of Li Without C t 429
umber of LInes vvitnout L.ommen Threshold E}
Og Cyclomatic Complexity 6

Remaining 23




System Verification
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System Engineering Process Group (SYS)

Requirements Elicitation

SYS. 1

SYS. 2
System Requirements
Analysis

SYS. 5
System Verification

SYS. 3
System Architectural
Design

SYS. 4
System Integration and
Integration Verification

Software Engineering Process Group (SWE)

Software Requirements

SWE. 1

Analysis

SWE. 2
Software Architectural
Design

SWE. 6

Software Verification

SWE. 5
Software Component Verification
and Integration Verification

SWE. 3
Software Detailed Design
and Unit Construction

SWE. 4
Software Unit Verification
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Hardware-In-Loop Testing of Battery Management System

Testing BMS with Emulated Battery Cells

= Reduce testing time [ Cell Monitoring Software ]
= Test fault conditions safely < _

upervisory tasks
= Automate testing SOC estimation

Contactor management

1, ! & Isolation monitoring
bauo1 .
TiT"; Batery(1) Fault detection and recovery
i e Thermal management
| > Current & power limits
Conn2
Fe | b0z if (((Jlﬁ 32 T)State Machine DW. temporalCounter i3) < 15U) {
=T. Battery(2) tate | ’IaC’ll"IQ D . temporalCounter i3 = (uint8 T) ((int32 T) ({(ir
CELE Stat Wacqlﬂﬂ DW.temporalCounter i3) + 1)
:{E c:eunc }
| <3 2 if (((uint32 T)S5tate Machine DW.is_active cZ State Machine) == (
v T State Machine DW.is active c2 State Machine = 1U;
v State \’IaC’ll"lﬂ DW.is MainStateMachine = State Machine TIN_Standt

*rty | BMS State = 0;
State Machlne DW.MonitorCurrLimMode = MonitorCurrLimModeType !
tate Machine DV MonltorCellVoltageMode =
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System Qualification Test in HIL
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System Qualification Test in HIL
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Referencde MBD Process for A-SPICE®

4.3.2. SYS.2 System Requirements Analysis

SYS.2 System Requirements Analysis

Output Information Items

Qutcome 1

Outcome 2

Outcome 3

Qutcome 4

Outcome 5

QOutcome 6

17-00 Requirement

x

17-54 Requirement Attribute

15-51 Analysis Results

13-51 Consistency Evidence

13-52 Communication Evidence

Base Practices

BP1: Specify system requirements

BP2: Structure system requirements

BP3: Analyze system requirements

BP4: Analyze the impact on the system context

BP5: Ensure consistency and establish bidirectional traceability

BP6: Communicate agreed system requirements and impact on
the system context
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(SWE)

3 Software Engineering Process Group

SWE.1 Software Requirements Analysis

2 System Process Group (SYS)

,'i certkitiec_mbx

; certkitiec_mbc

PDF Document

Mapping A-SPICE process to
MathWorks products

preliminary architectural designs.

8$YS.1 Requirements Elicitation

Base Practice

SYS.1.BP1:
Obtain
stakeholder
requirements
and requests

SYS.1.BP2:
Understand
stakeholder
expectations

Measure

Requirements Toolbox can be used to author and
exchange (e.g., through ReqlF) requirements.

Requirements can trace back to external documents
(e.g., .docx, PDF, or .x1sx).

System Composer™ can be used to define semi-
formal notations (e.g., sequence diagrams and state
charts) to capture stakeholder requirements.

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

Establish joint review protaocols to align
expectations (e.g., using checklists). You can use
custom attributes in the Requirements Toolbox to
tag requirements; these tags can be used for
analysis and to review comments.

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

Recommended
Tool or
Functionality

Requirements
Toolbox

System Composer

Stateflow

Requirements
Toolbox

System Composer

Stateflow

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]

‘Work Product
el
'em requirements
cification
erface requirements
cification
equirements files,
nerated reports from

nerated reports from
uirements and
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Key Takeaways >4 ‘

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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Reference Workflow for A-SPICE® and ISO 26262

System Level Verification Model Verification Code Verification

Discover design errors at design time

Gain confidence in the generated code
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