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Bio : Sakthivel Manikandan Sundharam

True! Bit longer name - Shortly “Sakthi”

Software Architect — Powertrain Electrification & Electronics

15+ Years of Automotive Embedded System Experience

Ph.D. in Timing Aware Model-Based Design to Automotive
Embedded Systems, University of Luxembourg, Luxembourg

Masters in Embedded Systems, College of Engineering Chennai, India

Work revolves around software architectural topics incorporating
timing, memory, and safety constraints of automotive software.
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Delphi Technologies - Powertrain Electrification Product Portfolio

Low cost, high density, rugged with various levels of integration available

| | High Voltage
| Inverter w/ DC/DC 48V Inverter 48V DC/DC 9 Ao g

Single Inverter (CIDD) for BSG Converter 3-in-1
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Battery Pack
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3 (Hybrid Control Unit)

On-board Battery

Hybrid Control Chargers

Software
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Delphi Technologies Inverter — The Next Generation

Inverter with
conventional
Power Module

-

Conventional

Many, many wire-bonds

4

Efficiency Improvement (MPG)

Gravimetric power density
(kVA/KQ)

16.1 20.6

25% higher

Volume (L)

10.7 7.6
30% smaller

14.5 8.4
40% lighter

Delphi Technologies
Inverter

with viper

Delphi Inverter next generation

Next gen Viper enables extra
high voltage 800V bus
inverters

Flexibility to move from Si to
SiC power switch to enable
higher efficiency & lower cost

Advanced capacitor enables
up to 70% reduction in
component volume & weight
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HV Inverter - System View
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Pitfalls in Legacy Approach and Best Practices Evaluated

Requirements
+ Specification

I

| c) Y

I‘ High-level system (a)
architecture

Produces
document
(massive)

Descriptive SysML
architecture models at
high abstraction level
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design in SysML b)

‘ MATLAB
SIMULINK

Fine grained prescriptive
design models (skeletons)

Target specific Simulink Code
(Manually written or
automatic generation)

(a) Dearth of tool support for fine-grained modeling
of AUTOSAR-based architecture design

(b) Lack of support for proof-of-concept study of
what-if scenarios, performance analysis

(c)Gaps in requirements traceability

(1)

fa
‘ MATLAB
SIMULINK

Requirements
Specification

h

High-level system architecture
design using System Composer and
AUTOSAR toolboxes

h
Target specific Simulink Code
(Manually written or
automatic generation)

(a) AUTOSAR and Simulink System Composer

(a)
(b)

toolboxes for AUTOSAR-based systems engineering

(b)Proof-of-concept studies, performance and

viewpoint analysis of various stakeholders

(c)Bidirectional traceability

(2)
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Static Software Architecture Tooling Twins

«block»
Inverter_Motor_Temp_Control

j Outlet_temp_st

:}Dutlet_temp

:}Inlet_temp

:} Inlet_temp_st

:] BSW_StmState

L
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[
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:] InvMot_templ
] InvMot_statusl
:] InvMot_vidl

:] InvMot_sel_rawl
:] InvMot_rawl

j InvMot_rin_filtl

:] HwaAb_EmcMtrTemp

Legacy SysML

swet il

= Coolant_Temp_Acquisition =

Qutlel_temp_status B

-

- Outial_temp >

Inlet_temp >

Inlet_temp_status B -

DIN_KL15 [+ —@AIN_KL15

@ Properties of output port: DIN_KL13 > |

Attributes of 'DIN_KL15.KI15 Swtich’

Create a bus or assign a signal at the output port.

Port name: | DIN_KL'Iﬁ_ Port number: 5 Data Type

Dimensions:

BEISEIE

¥ DIN KL15 (dt boclean, real, [ 0, 1= 1) Unit:

KIS Swtich| (dt: boolean, real

Complexity:
Minirmum:

Maximum:

Interface definition and Data Dictionary

MLSL'’s

Dims Mode:
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AUTOSAR Blockset + System Composer

iIc

Inviio! termpi B
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Hwab EmcMirTempTestiSal B

HwhAb EmcMirTampTesiEn

InviMol_tarmp2 >

kMot _siatus2
&3
& nviat_vidZ >
-
W rvhiol raw2
o

:Il'ﬁZJl_SL-l_ld'-:'z B

L]
lgghiot_rin_Rit2 >
L
dmiiot
L]
ot stetus:
=

Invbdot_vid3 B
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Publishing Architecture Modeling onto Requirements Database

2 B % ] ® =
Interface Import base Import Manage Apply Compone... Reference Variant = Architecture  Analysis Model
- Editor workspace MAT-file - Stereotypes Compone... Compone... Views W = . .
approach provides a lean way to publish the
= m———T design to requirements database.
emperature_Control W
swct =y swcz2 . . . .
S o poi' <otk T > Also for existing requirements, it provides an
Polarion b | publish Block/(subisystem M pefout 0] ptl on to link them
Palaron " Link Block/{Sub)system with Existing tem ¥ Requirements in E-Library
Push/refresh Polarion attributes to Simulink Testcases in Drive Pilot
ExpioiE Open Linked Workltem (2)... UserStory in <create yourself project>
Apply Stereotype 3 Refresh Published Diagrami(s) I
3 Undo Move Ctri+Z Inlet_temp B
an't Redo Ctri+Y
ST T Description
Select All Ctri+A b
Remove Highlighting Ctrl+Shift+H | DIN_KL15 D | —@JAIN_KL15 Temperature_Control

Fit to Content

Update Diagram
Requirements at This Level

Madel Configuration Parame RO|e

@ Hyperlinks

swc1 =)

< Coolant Te uigition >
URL LTemp_Acq

[y v

Model Properties

external reference

http://localhost:31415/matlab/feval/rn

@ Attachm

Title

Matlab Model

M temp stah

ents

RN

Outlet tem
File Name
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Requirements to Architecture Linking

Temperamre_(:{:ntmi 4

@®

0 =
5'-?"'»"= _ fjbﬁ . https://reqdemo.polarion.com/polarion/

Ele!

& https://regdemo.polarion.com/polarion/

Motor_Temp =
!Qg https://regdemo.polarion.com/polarion/

InvMot_templ b=

__tgll.ll.lst_bamp_s 1] ; . .
. wuesst = Tracking of requirements back

= InvMot_vidl b

s - | - and forth between modeling and

P outiet_temp_st Inviol_sal_rawl >

e feQuUirements database to verify

@ EcE e ER

Inlet_temp >
Invhod_rin_fil1 > f If' I I f 1
ultiliment ot requirements
Hwab_EmcMirTempTestSal >
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Requirement links - Temperature_Control
View: | Links & n @ @
v |”i| Temperature_Control.simx Changed source: 0/9 Changed destination: 0/9
c:" Polarion: IC-509 Temperature_Control Implements https:/ freqdemo. polarion.com/polarion/
‘;5 Polarion: IC-510 S5WC1 Implements https:/ freqdemo.polarion.comypolarion/
‘,'-7 Polarion: IC-512 Temperature_Control Implements https:/ freqdemo.pelarion.com/polarion/
5-? Polarion: IC-513 Out Bus Elementl Implements https:/ /reqdemo.pelarion.com/polarion/
‘:3 Polarion: IC-514 SWC3 Implements https:/freqdemo. polarion.com/polarion/
é’ Polarion: IC-515 SWC1 Implements https:/ freqdemo. polarion.com/polarion/ - .
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Bi-directional Traceability - Forward

15 allocated to

LAINV-47779 - Regs - SW Architecture

@ Hyperlinks

Role URL

external reference http

L=
jiraprod.delphidrive.com:30280/t g

external reference http:

@ Attachments

Title

Matlab Model em.png [direct link]

O =

Requirements to
Architecture
Traceability
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host:31415/matlab/feval /rmickhjnavigate?arguments=[%

AUTOSAR_Multi_Core

UTOSAR_Multi_Core.shxs
CompositionF5_L 7b1_RLGSub

F5 L2d 5SMSub X

i_Core b [ SafetyCore1_Application # [F]FS_L2 ASILD P []F5_L2d_SSMSub b

F5_L2d_CurQual_Ib[
FS_L2d_CurQual_laf-
FS_L2d_CurCual_lc[
FS_INVTR_ACT SC2[h
FS_3PS_OVERRIDEZ[
FS_L2d_HvdcQual_Faultk

FS_L2d_HwvdcQual_Hvdcl

FS_INVTR_ACT_SC_SELZI»

FS_INVTR_MTR_DISZI)
FS_L2d_RLGOual_Fault]y-
FS_L2d_PwmQual_Fault]h-
FS_L2d_Sandbox_Resetf}
F5_L2d_Sandbox_Faultp
FS_L2d_PwrSupQual_Faultf
ual_Pwm_R_Edg_Count_#_Hilly

L2d_PwmQual_Pwm_Sts_A_Hil

FS_L2d_SSMSub2 oo

» FS_L2d_CurQual_lb
FS_L2d_SSM_Safe_State_Detection_F\W @

» FS_L2d CurQual_la
» FS_L2d CurQual_le
FS_L2d_SSM_MTR_DIS @
> FS_INVTR_AGT_SC
> FS_3P5S_OVERRIDE

» FS_L2d_HvdcQual_Fault FS_L2d_SSM_ACT_SG »

> FS_L2d_HvdcQu

» FS_L2d_RLGQual

FS_L2d_SSM_ACT SC_SEL b

FS_L2d_SSM_3PS_OVERRICE P
> FS_INVTR_ACT_SC_SEL

» FS_INVTR_MTR_DIS

> FS_L2d_RLGQual_Fault FS L2d_TqQual_Faull_conf

» FS_L2d_PwmQual_Fault
» FS L2d Sand - it -

F8 1al_Fault_canf #
* FS_L2d_Sand &

M FS_L2d PwrSupQual Fault

FS_L2d_PosCual_Fault_conf B

» FS_L2d_PwmQual_Pwn Zount_A_Hi

» FS_L2d_PwmQual_Pwn i

IFS_L2d_SSM_Safe_State_Detec

fFS_L2d_TqQual Fault conf

fIFS_L2d_HvdcCual_Fault_conf

fIFS_L2d_PosQual_Fault_conf
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Bi-directional Traceability - Backward

4 Linked Work ltems — >

L AUTOSAR_Multi_Core CompasitionFS_L2b1_RLGSub F5 L2d_SSMSub X

Linked Work ltems

[ AUTOSAR _Multi_Core W [7%]SafetyCorel Application B [F5 L2 ASILD » [F]FS_L2d SSMSub P

FS_L2d_CurQual b
FS_L2d_CurCual_lafle
F5_L2d_CurQual_|cf
FS_INVTR_ACT_SCz
F5_3P5_OVERRIDEZ
FS_L2d_HvdcQual_Faultfie
FS L2d HwdcQual Hvdc
F5_L2d_RLGQual_Omegallke
FS_L2d_CurQual_ldcli)
FS_L2d TqQual TqPos|h
FS_INVTR_ACT_SC_SELZJp
FS_INVTR_MTR_DISz[
F5_L2d RLGCual Faultfl
FS_L2d_PwmQual Faultl

F5_L2d_Sandbax_Resstfs

FS L2d Sandbox_Fault

11

FS_L2d_SSMSub2

» FS_L2d_CurQual_lb
F F5_L2d CurQual la
» FS_L2d CurQual_le

P FS_INWVTR ACT SC

ID Title
AINV-55960  Planning - SW Architecture - Safe State Manager

Architectureto
Requirements
Traceability

FS_L2d S5M_Safe Stale_Detection_FW W HFS_L2d_SSM_Safe_State_Detection_FW

Polarion b Publish Block/(Sub)System 4
» Link Block/(Sub)System with Existing Item *

F'usl_lﬁrefresh Polarion attnbutes to Simulink

Documentation

Polanon 3 .
> FS_:!IM"E Open Linked Workitem (1)...
Explore & @3 polarionprodi.delphidrive.com/polarion/#/project,
-~ - O @ | O polarionp P /polarion/#/project/
- - Open
» FS_LZd_HvdcGual_Hvdc Open In New Tab P Edie TF v
» FS L2d RLGOual O Open In New Window 1 ) .
_L2d RLGQual Omega “AINV-55960 - Planning - SW Architecture - Safe State Manager
» FS_L2d_CurQual_ldc (B ol S, i T (O AINV-47779 +
b FS_L2d_TqQual_ToPos 4 cut crl-
B : I—
& Coy Ctrl4 : [ -01-
P FS_INVTR_ACT_SC_SEL % copy Type: (L)Work Package Il B CO K EU01-14) s | @k In Progress
- - Paste Ctrl4
* FS_INVTR_MTR_DIS Delete Del
t3 - .
b FS_L2d_RLGQual_Fault Eormat # Description
¥ F5_L2d_PwmQual_Fault I
F5_L2d_SSMSub2
B FS_L2d Sand it Signals & Ports O
* FS_L2d_Sand ¢ Requirements Component O

< FS_L2d_SSM_Fault_Debounging >
b IFS_L2d_CurQual_lb

FS_L2d_TgQual_Faultip—» FS_L2d_TgQual_Fault

= | FS_L2d_GCurQual_la F5_L2d_TqQual_Fault_conf » —4@F5S—t2d; TqQual_Fault_conf

b= IFS_L2d_CurQual_lc FS_L2d_HvdcQual Faultl—» FS_L2d_HvdcQual Bault
BRNHvdcQual_Fault_conf B —4@F5—L2d HvdeQual Fault—aenf
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Architecture to Requirements — Seamless Approach

W SafetyCorel_Application | HirEd
Vs b TR _Sm_E FS_LZ In_P_L_Phase_de_currant_chzetl— B FS L2 In P L Phase de_current ofiset Ll =n= ST -
FS_L2b1_CurCual_|dc W Compo
» F5 L2 In VREF4
L Tl —{b Fs L Tet * F5.L2 In CS 5 Froper
[
& RL: 1] L
P FS L2 In_15W L * Mair
A Na
Polarion L Publish Block/(Sub)System 4
b 4F: RLE_Casi_P Explore Link BIDckg’(Sub}sttem with Existing Item ¥
Push/refresh Polarion attributes to Simulink
Ca Undo Create Port Ctrl+Z Open Linked Workitem (1)...
F5_L2 ASILB2 Can't Redo Ctri+Y - -
b IFE L2 In RLG Cos1 N . - oo Refresh Published Diagrami(s)
Ctrlsv
S L2 In_Hvde_Ts3@—{® F5_L2 In_Hvdc_T: . Paste = E
FS_L2 in_lale—{® F5 L2 select all Ctri+A )
b F: L 1
FS_L2 In_lt 3 2 IR . i
Leln el e Remowe Highlighting Ctrl+Shift+H
Ha
F8_L2 In lcB—(¥ FS_L2 I Fit to Content
Ha
e _’L FS L2 In_P_L Phase_a_cure & Update Diagram Ctrl+D L,
FS L2 In P_L_Phase . - Ho_Cout_A_H
Requirements at This Level L o
FS L2 in_P_L_Phase Ba_Ti
F§ :
L o I & 12 In RLGSin2 NB—{b FS 12 1n ALG Sir2 & Model Configuration Parameters Ctrl+E \
[E] Model Properties
s12 RLG » B F2 L2 In_RLG_C ] I ¥
Help
Fg I * L2 In RLG C P
e
b 4IFs » F5_L2_In_RLG Sin2 e s ®Fs L
5.L2 ar_Tsz—{ P FS_L2 In_Cur_Ts2 ®FS5 L
FS L2 RLGOual Faul ® .
FS_L2 I » F5_L2 In_RLG_Te2 §re
—_— G Sind M * Fs
& IFS L2 In RLG Sin2 N F& L2 In_HvdeZB—{® F2 L2 In Huée2 FS L1262 HydeQual Hvdes B -
2_HurdcOlu -
== B Fs L nm ¥
£ >
irement links - AUTOSAR_Multi_Core P x
Links - = e

| AUTOSAR_Multi_Core.slmx
¢ Polarion: AINV-58075
¢ Polarion: AINV-58341
¢ Polarion: AINV-59475

12

Changed source: 0/3
SafetyCorel_Application
BSWCore(_Application
AUTOSAR_Multi_Core

Implements
Implements

Implements

Changed destination: 0/3
http://polarionprod1.delphidrive.com/polarion/

http://polarionprod1.delphidrive.com/polarion/

http://polarionprod1.delphidrive.com/polarion/

 Whenever model
updated due to maturity of
the project, refresh option
updates the same model
onto requirements
database

* Reversely, requirement
attributes changed on the
requirements database can
easily be pushed back to
SW architecture
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13

arxml Import from BSW Tools (f.e Vector BSW-stack Tools)

=] SWrchitecture
Ml vector b2 ©® |[FJswhrchitecture b
[ File Edit View Options Window Help
@
= > : AUTESAR
DEEHR DA X 0O @ A @ 100%~ -
— BT R T ———— -
ECU Projects £ F BEE N PR R N B s A R
|28 ALB - N — B Component o
3 Software Design % ; E CrashManager
v Data Mapping
@ End-to-End Pr | Export to XML x v
PiPL_Crash_AD_Active EE AUTOSAR Importer App —
File:
[| . PPL_Crash_React_st = Select ARXML
Library —
AUTOSAR version: PiCrashMgr_Trigger_SafState Bl What to consider
2 ; = I o .
Bus_l?lagnosh i B Crach Select AUTOSAR software descrlpl\cm to |mp0rt Import an AUTOSAR software description
B BusDiag_Mgr A ARXML file to create a Simulink model.
B ComWrapper | [ Export user-defined attributes . ) &
&[5 Control_Boa Arxml Files: | "CrashManager.arxml” "DataTypes.arx | Browse |
& Coolant_Ten| [] Create data types/constants for signals if required —
CrashManage : SWArchitecture |
Dem_AppMgr [ swarchitecture b
Dem_Like

diagnosis_infr:
diagnosis_infr
ElectricMachir|

| (D [0 1 B ElE

[[] Create UUID on export
Export AUTOSAR package (platform types,...)

AUTESAR

Component
< CrashManager_1 >

PpCrashMgr_Trigger_SafeState b
» Com_HV_Stable

PpPL_Crash_AD_Active #
» DELOutlf_AB_Deaktivierung_HV

: Crash_React_st p
» loHwAb_KL15_t :
PpPL_Crash_st

» MotCtrl_Control_Mode_R
P_L_Actvdcha_main_command_S »
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Generation of SW Architecture Documents

T AUTOSAR_Multi Core.pdd - Adobe Acrobat Reader DC
e Edit View \Window Help

Home Tools AUTOSAR_Multi Co.. =

4\ MATLAB R20196

HOME

[—3 & o O [ Find Files & 83t it Eed8EQ @O ' oam R MO =« - R BAT © 24

Sae $ Open Vanable ¥ B

New New Dpen (2l compare  Import
Scnpt Live Script = » Data Workspace @(IearWorkspace' D Bookmarks X
ALE VARIABLE () elphi NV54431
<s» @A » C: ¥ Users » pj9ziw » MY21 » 09_Tools Working » SystemComposer_ML! u E- w E{EI{I‘ olo gies N
Current Folder ® | (& Editor - C\Users\pjgzjw\MY21\09_Tools W @ ] ) Issue 1.0
Name | Extensionm ¢ | loHwAb_BSW swe.anc [ chapter 1. Model Version
2 1 anmls 2 {'RELEASED', 'REQUEST
# | documentation 3 [o 1], = m Chapter 2. Baot System
® FS_Arch 4 'pefaultValue', 'REL n R Sd'll?d'ulmg
@ PTSSFTLS_Simulink 5 'StorageType', 'uint il
_; S:].'Ard‘ € 'Rte_T [l 2.2 Description _
% 1 Work old ! . = | Software Architecture Document
- b 8 'AddC]lassNameToEnumN H [.] Chapter 3. Subsystems
o wsclient .

— L
*) add_simulink_lib_path.m = [] Chapter 4. Dictionary

10 — Simulink.defineIntEnumT
ﬁau‘tosar_mc.sldd 11 {'Cx7_Fehler', 'Cx3_a )
“* AUTOSAR_ Multi_Core.pdf 12 [7321 61, @ [ 41 mputs : . HA
& AUTOSAR_Multi_Core.simx i3 ue', 'Cx7 ﬂ 4.2 Output Author Sahhwel Manikandan SUND RAM
= : F utts

"3 AUTOSAR_Multi_Coresix 14 'StorageType', 'uint = P Date 29‘_1;:'“_2020
|4 AUTOSAR_Multi_Core_20.slx 15 'HeaderFile', . = l] 4.3, Locals
acci;malf:ns 3 16 ' AddClassName &wto m ate d S Cri tS Model AUTOSAR_Multi_Core

o ki 17 ﬂ 4.3.1. Variables
Y ::'St'ong'u d.Deb " IBi= Simulink.defineIntEnumT

lot_a_Gool ouncing.shic . oo 1| I
19 'COMM NO COMMUNICAT 2. Cal

J FS_Not_a_Good_Debouncing_msfmexwé4 e :0 1 2; == u 432 Calibratione
ﬂ Import_Autocode_Commands.m -
ﬂl.inkedlr.emsDialog.ﬁg 21 ‘DefaultValue', 'COM ﬂ 4.3.3. Constants

. - 22 i
Eiﬁ:&:i:;e:\sﬂialog.p T R @ [] 4.4, Default Values
(% Multi_core_architecture.slx 24 'AddCclassNameToEnumN
*) open_fp_lib.m 25
%) open_project libm 26~  Simulink.defineIntEnum?
J PolarionContextMenultems.p 27 {'DEFAULT SESSION','
] Polarionfunctions.p a
#) polarionsettingsDialog.fig Command Window
ﬁ PolarionSettingsDialog.p >> run('C:\Users\pj9zjw\MY21

prcgressbarp Document creation started...
%] README htmi Document creation started...
[®] README.txt .
#) sl_customization.p [4] Autocode Helper o *
#) startup.p ] Dedphi Technolagies confidential
#) WorkitemSelectionDial{ | AUTOSAR_Multi_Gore six v AL Aghts reseevedd Ho pact of Lhis proislicition muy b reprodaced B iy muiberial ferm (iuding photiceging or Siering in
#) WorkitemSelectionDialf - rud — e = el i 1

| e wriiten pereiasion of Delphl Tacknobogles”
Please wait . | Perform Autocode |
2 - .
Please select model and desired operation.. Delphi Technologies



Lessons Learnt and Best Practices

AUTOSAR SW Architecture Authoring

* Modeling of AUTOSAR-based system architecture using AUTOSAR blockset together with System composer
toolbox in recent releases of Matlab/Simulink.

* Creating fine-grained AUTOSAR architecture models using Simulink System Composer data dictionary support.

Requirements to SW architecture mapping

* Employing seamless approach to establish bidirectional traceability between modeling environment and the
requirements database. Tracking of requirements back and forth between both the environments to verify
fulfillment of requirements. I\JA\

* To publish requirements and design on to requirements database. Also, the approach updates both
requirements and design whenever adapted for changes due to technical discussions in a more efficient way.

Architectural simulation and SAD

* Import and export of ARXMLs between architectural modeling environment to Basic software (BSW)
configuration and development tool-chain to reduce ambiguity on architectural considerations and

development time.

* Early model-based performance and trade-off analysis of non-functional requirements using custom-defined
profiles (e.g. employing Matlab/Simulink and System Composer toolboxs).
Delphi Technologies
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