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Agenda

= “Software Defined Vehicle” context: HPC, SOA, Top-Down development
- Proof of Concept: Connecting Models to Android Inter-Process Communication
- Demo: Climate Control example running on an Android Virtual Machine

= Conclusion and next steps
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Context: Renault overall vision for Electric Electronic Platform

- Centralized EE Architecture NEW CENTRALIZED
ELECTRIC ELECTRONIC PLATFORM

= Service Oriented

: TUATORS | ETHERNET | HIGH COCKPIT
ArChIteCture (SyStem + SW) | NETWORK PERFORMANCE | DOMAIN

COMPUTER CONTROLLER

- Scalable and Upgradable

Platform

SENSORS
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Context: Renault upstream project "FACE”
(Future Architecture for Automotive Computing Environment)

= Adaptive AUTOSAR running on High

Top-Down development flow from Software

Architecture to Implementation (Body, ADAS,

and Chassis domains)

Performance Computer

Service Oriented Architecture

(Request/Response methods, events)

MathWorks AUTOMOTIVE CONFERENCE 2023

Software o
Architecture L

UML
A
SWC +
Interfaces

Renault
Software ARXML Gen Tool

Component
Description L-T-'Ii
< /) l Adaptive

AUTOSAR
ARXML
Simulink
ARXML Import
+ Modeling 4\ MathWorks
+ Code Gen

AUTOSAR

4
Confidential C



MathWorks AUTOMOTIVE CONFERENCE 2023

Context: Renault SDV Project preparation o P
Architecture L
N UML
: : : SWC +
= Renault strategic collaboration with Interfaces
Renault
Google: Android Automotive OS replaces Software ARXML Gen Tool

Component I;li
Description

Adaptive AUTOSAR
_— </> Adaptive
- New Interface Definition Language: - e AUTOSAR
Simulink
Android IDL (used for IPC generation) ARXML Impor & MathWorks:
+ Code Gen

=  Service Oriented Architecture maintained

Embedded Coder C++

(Request/Response methods => RPC, \ A'DLb””g N
events => RPC + Callbacks)

RPC: Remote Procedure Call
IPC: Inter-Process Communication

android
Application
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Introduction to Android AIDL binders with a simple example

= Inter-Process Communication / Remote Procedure Call using AIDL Binder :

- MATLAB Simulink modeling

Embedded Coder C++ code generation: UML Class Diagram representation
= AIDL definition and C++ Binder generation

C++ Glue code (application main program)
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Introduction to Android AIDL binders with a simple example

L sweClient - Simulink — O it o sweServer - Simulink — O *
SIMULATION MODELING FORMAT SIMULATION MODELING FORMAT
T3 Open ~ ]| Stop Time | 100 -~ - [ Open ~ ]| Stop Time | 10.0 - -
T BN e ) 3 WD = E - (BN e o S @D =
New ave Library Normal Step Run Step Data New ave Library Normal Step Run Step Data
- Iﬁ Print - Browser o@ Fast Restart Back - - Forward Inspector - ﬁ Print - Browser B Fast Restart Back « - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. Y FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. a
sweClient = swcServer s
Py T Client side 7| & [y Server side ”
@& 1) @ ServiceExample . doSomething
E3 step g ServiceExamplgMoSomething_Server
= =
y
Step)
Simulink Function
[~y
D . \ ‘ caller ‘ D T
Function Caller — ) -
doS ng()
ServiceExample_doSomething
ServiceExample
swcClient_triggered_sys &
— function
[T 1
Function Element D
& ServiceExample . doSomething .) —| LH g S
: sys_ServiceExample_doSomethin
» » ys_ ple_ s
Model Data Editor (™) | Model Data Editor ® x
Inports/Outports Signals Data Stores States Parameters Inports/Qutports Signals Data Stores States Parameters
Design v = (@ Filter contents [Dmign v |2 | @ Filter contents
Source # Signal Name Data Type Max Dimensions Complexity Sample Time Unit Resolve Source # Signal Name Data Type Max Dimensions Complexity Sample Time Unit Resolve
O step 1 Inherit: auto  [] | -1 auto 0.025 inherit  [] @ SenviceBExample.doSomething nj 0] -1 =2 -1 inherit
& ServiceBxample.doSomething 2 Inherit: aute [ 0 -1 auto -1 inherit . . .
¢ A simple interface example with
.. 0ne method (no argument)
Ready 146% FixedStepDiscrete Ready \Eb/ FixedStepDiscrete
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Introduction to Android AIDL binders with a simple example

package SimpleServiceBxample | ClassDiagram ])

Andr:oid world

« Glue c:ode » world

|
: : | _
Client side ; Server side
ServiceEriampleT O
oper'd.r}cns
+doSomething() | ] — — |
l |
| I
| I
SlmUIlnk World l sweServerServiceExampleT
: +d{:SlJrr|eIhing;(?ja{ansrIE
|
swcClient |
-ServiceBrample - Sewai;:r:al:g;;'pleT I swcSe.rver
i _ operations _ | B Eamathing() cperations
+sw cClient( ServiceExample_arg : ServiceExamplaT ) | +get_ServiceBxample( ServiceExample : ServiceBExampleT )
]
|
|

Interface O Class
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Introduction to Android AIDL binders with a simple example

MathWorks AUTOMOTIVE CONFERENCE 2023

package SimpleServiceBxample | ClassDiagram ])

|ServiceExam ple

operations

+doSomething()
+rormBinder{ SpAlBinder )

ServiceExampleT O

operafions

+doSomething()

swcServer ServiceExampleT

+doSomething()

operalons

swcClient

atfributes

-ServiceBxample : ServiceBxampleT

operations

+5w cClient{ ServiceExample arg : ServiceEx<ampleT )

swcClientServiceExampleT

BnServiceExample

o)

operafions
+doSomething()
+asBinder()

swcServer
+doSomething() operations
+get_ServiceBExample( ServiceBxample : ServiceBxampleT )
™
I
I T|use
I

implServiceExample

operations operations
+doSomething() +doSomething()
Interface O Class
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Introduction to Android AIDL binders with a simple example
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package SimpleServiceExample [ [#) ClassDiagram ])

|1SemviceExamiple.aic]

package com.r=nault.example;

|ServiceExample

Bn ServiceExample

O

operations interface ISer-viceExample {
+doSomething() <

+rormBinder{ SpAlBinder )

!
J

void doSomething(}; > :ggacr:&g:?]ilng(}

C++ Binder gengration from AIDL
Client side ! Server side
ServiceExampleT L
:;?!ﬁ.:-"—:
| _— = = = = = = = = = = = —  _p +doSomething() | = — — —
| | |
| 1 |
| | |
| | swcServer ServiceExampleT
: | : +doSurT'ething{T.:- T
Service finding I | !

AIBinder* serviceBinder;

Android servic Service interface implementation

std: :shared ptr<implService std::shared ptr<aidl::com::renault::example::IServiceExample> myServiceExample

- . - AT ) binder_ status t status;
serviceBinder = AService — -

; cClientServi ampleT : e {
myServiceExample =

Binder implementation

. jd doSomething()
swcServer swcServer 0Obj;

¢ implServiceExample : aidL:: rrrenault::

swcClientServiceExampleT ::ndk: : ScopedAStatus « mething() {

srzE ceExample() .doSomething();

+doSomethin () T ServiceExample_arg;

{1 ServiceExample arg };

= ptr;

Interface Class
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Climate Control Proof Of Concept

= A control loop (25ms) driving a compressor (cold air)

= A compressor and an evaporator as plant model

- An HMI to activate the climate control and to select the temperature setpoint

= A Service Oriented Architecture using a Request/Response method and Events

= Console output every 250ms for the demo
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Climate Control PoC

ColdSourceTempNeed

swcCompCommand model

swcCompControl model

ON/OFF: bool l_ /

WH_FrontCaoldSoufc)

TEMPERATURE: float

[40°C ; 60°C)

'u'H_anlCnIdSnuruIT

Meed

mpMesd

Tt
+H
2imSec

J{ / ]

WH_FrontColdSourceTemphead

VH_ValveCumentSetPID
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EvaporatorTemperature

Cor
CompValveCurrent

-t

ACTUATOR:

1 1

fpat [0

—<

/

1A]

| VH_FrontCaoldSourceTemp

Comp_ColdSourcaTemp_Control

SENSOR: float [-5;+45°C]

Chmp_\alve Command

dauble

Plant_RefrigerantLoop ICE_\1_0

Evaporator_Sensor

Monitoring

EvaporatorTemperature Sl
e Bt flide basse pression
Etat gazeux basse pression
© Compresseur © Filtre déshydrateur
@ Embrayage du compresseur O Evaporateur
© Condenseur @ Pulseur
B O Groupe moto-ventiateur © Détendeur
swcRefrigerantLoop model —
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Climate Control PoC Software Architecture (UML Diagram)

ckage vAL][ [ POC Clim J ZUSES
packag [ J {I request to zet the comp valve

«SW Component Instances

| fsén — — — — — — — CompControl |
receives On foff button | |
| |
receives evaporator sgnsor temperature zllses
lreceives cold source temperature
zl5e=

g1

a sV Ctﬁ-u nentxs

3]

w SV Cmnnentn

e_____________.

|
|
|
|
|
|
|
b o

|
|
|
|
|
|
|
|
|
|
¥ v
[ ]

I
SW T t Inst | mn
! pmponent nstance «5W Component Instances | Eﬁ:‘:l SV Components
FrontCold SourceButton EvaporatorSensor SW T — " «5VW Component Instances
® omponents
| | | « W Component Instances CompValveActuator
| | FrontCold SourceTemp /
v v 4
wAlF_Interfaces :AIF_Int_erface» O wAlIF_Interfaces O «AIF_Interfaces C
: wServer Service Interfaces ; A
wServer Service Interfaces EvaporatorSensorSvePr eServer Service Interfaces eServer Service Interfaces
FrontCold SourceButton SvcProv po - FrontColdSrouceTempSvcProv CompValve SvcProv
{wersionhiajor = "0, {versionhsior = 0" {wersionhlajor = "0, fwersionhajor = "0,
wersionhMinor = "1} versionMinar = ..1..}' vers ionhinor = "1 vers ionhinor = ™"}

«AIF_Broadcasts  #F

FrontCold SourceBut «AIF_Broadcasts P FrontColdSourc
tonEvent EvaporatorSensorEvent eTempEvent
I10OnValueChange)} {Cydolic_timing = "20 ms"} ICydlic_timing ="20
ainbures SLLNLUres ITE"}
—hIJﬂZEII'I_StEtIJS : Boolean -evaporator_sensor_value ; Float atinbuies
-Temperature : Float

«AIF_Broadcasts #F

operations

wAF_Methodsz+setCompValveCommand{ command

. Float, out ret : Boolean )
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Climate Control PoC Software Architecture (UML Diagram)

FIDL extraction

ov.aid CompWalveSwcProv.fidl

TUSES
set the comp valve

- T T

package '.fAL[PDCCIim]J CompViahvesvd

package CompValveSvcProv

AIDL translation

ICompVahveSvcProv.aidl o
PEe

package com.renault.climbox; @description :

. = :|::|:}

interface ICompValveSvcProv {
boolean setCompValveCommand(float command); interface CompValveSvcProv {

version { major ® minor 1 }

3]

a sV C-:E-u nentxs
«SW Component Instances

FrontCold SourceButton

|
|
|
|
|
¥ v

«3WW Components
«SW Component Instances

I
I
I
I
I
I
I
A |
« =W Compon| |
I
| CompValveActuator
I
W

«5SW Component |

@descripti :
EvaporatorSs gdescription

T

%

@experimental: asil-lewvel : ASIL QM

> >

zAIF_Interfaces 4 uSer'.r“e?IEEIrI'-I}i method setCompValveCommand { «AIF_Interfaces [ 4]
aServer Service Interfaces E t ] in aServer Service Interfaces
FrontCold SourceButton SvcProv ey 1 CompValve SvcProv
Twersionhajpor = "0, Twersionhajor = 07,
wersionhdinor = "1"} @description : versionhdinor = "1")
operations
. wAIF_Methodz+setCompValveCommand{ command : Float, out ret : Boolean )
Float command

«AIF_Broadcasts  #F

FrontCold SourceBut
tonEvent

I10OnValueChange)}

@description :

-butto n_st-iEIIu -5:; Boolean

3 }

Boolean ret
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Climate Control PoC Simulink models

P, POC_Sweet500 - Simulink

DEBUG MODELING FORMAT

MathWorks AUTOMOTIVE CONFERENCE 2023

O, Find - — T Stop Time )
@ |- ® & &l 2] ) @
Model | = Compare Mods!| Data Model Schedule - Model Insert Atomic Variant Subsystem Referenced Insert Marmal - ] Run
Advisor v | 1{{ Environment ~ Editor Explorer Editor Settings v Subsystem Subsystem Subsystem Reference Model Chart @ Fast Restart -
EVALUATE & MANAGE DESIGN SETUP COMPONENT SIMULATE
Model Browser =S @ % |ga POC_Sweet500 =
~ [Pa| poc_sweetsoo @ |[Pa]POC_Sweet500 » -
3 @ swcCompCommand (swcCompCommand)
b @ swcCompControl [swcCompControl)
b swcCompControl_triggered_sys IEI f
> Enabled Subsystem
PI_Corrector =
hd @ swiRefrigerentLoop (sweRefrigerantLoop)
svcCompValveSvcProv_setCompValveCommand_sys
hd swcRefrigerantLoop_triggered_sys
> nabled Subsystem O
> lant_RefrigerantLoop_ICE_V1_0
swcRefrigerantLoop N 4 swcCompControl
svcCompValveSvecProv step
P step
single
svcEvaporatorSensorSvcProv_evaporator_sensor_value svcCompValveSvcProv p—
5 A
swcRefrigerentLoop
[
- svcEvaporatorSensorSvcProy_evaporator_sensor_value
single
>
scFroetColdSroce v Temparature
swcCompCommand mggarsd_zys
boolean o
svcFrontColdSourceButtonSvcProv_button_status ] svcFrontCol _button_status
baolean
Referenced Files @ x
@ sweCompCommand.slx
@ swcCompContral slx
@ sweRefrigerantLoop.slx single
i
.svcFrontColdSourceTempSvcProv_Temperature " svcFrontColdSrouceTempSveProv_Temperature
single
[T A
o ot AN Z]
ZEhe Close « ||[f0 sweCompCommand swoCempControl
Ready View 3 warnings 139% FixedStepDiscrete Confldentlal C




Climate Control PoC Simulink models

P, POC_Sweet500 - Simulink

MathWorks AUTOMOTIVE CONFERENCE 2023

SIMULATION DEBUG MODELING FORMAT
@ |1 - ® ) = P rra—=
Model | L Compare Model Data Model schedue | "] podel Insert Target selection

Advisor v | 1{{ Environment ~ Editor Explorer Editor Settings v ubsystem 5

EVALUATE & MANAGE DESIGN CIUF .

i £ = o System target file:  |erttlc Browse. ..
Model Browser = @ L= POC_Sweet500 \ L |
¥ © [alPOC Sweet500 b u Description:

3 @ swcCompCommand (swcCompCommand) .

b @ swcCompControl [swcCompControl)
b swcCompControl_triggered_sys IEI _f‘ Language | St
> [Pa| Enabled Subsystem
Pa] cP1_Corrector = Language standard: |(C++11 (I150) | -
hd @ swiRefrigerentLoop (sweRefrigerantLoop)
svcCompValveSvcProv_setCompValveCommand_sys —_— it
hd swcRefrigerantLoop_triggered_sys
> [Pa| Enabled Subsystem O
> E Plant_RefrigerantLoop_ICE_V1_0
swcRefrigerantLoop 4 swcCompControl
svcCompValveSvecProv step
P step '
single
svcEvaporatorSensorSvcProv_evaporator_sensor_value g svcCompValveSvcProv .
p _evap( _ ] P p
= A
swcRefrigerentLoop
- svcEvapq@tqgﬁg‘nmgl?rgx*ﬂgpcralorfsensorﬁvaIue
single
»|
svcFrontColdSreus |
sweCompCommand wf rggarsd_surs
boolean ——
svcFrontColdSourceButtonSvcProv_button_status | svcFrontColdSourceButtonSvcProv_button_status
boolean
Referenced Files = @ X
@ sweCompCommand.slx
@ swcCompContral slx
@ sweRefrigerantLoop.slx J
single y
.svcFrontColdSourceTempSvcProv_Temperature g " svcFrontColdSrouceTempSveProv_Temperature
single
A
o ot AN Z]
swcCompControl
Save Close « | [f swcCompCommand P

Ready

< B

View 3 warnings

139%
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Demo!

= Running on Google Cloud Workstation
= Launching Android Cuttlefish VM (Android Open-Source Platform: AOSP)
= Launching Android debug environment (adb)

= Launching 3 applications (Software Components), communicating together:

— swcCompCommand
— swcCompControl

— swcRefrigerantLoop

A7
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=1 Workstations — Cloud Workstatic X = Android VM - Code 0SS for Clor X =+

c 0O & 80-workstation-remy.cluster-ka5fx5ebdvbzuxtptgptigzjod.cloudworkstations.dev/ 7 aut

@® Google 1 Google Cloud Cons.. (&

Android_ VM X

userfiworkstation-remy:

Workstations — Clo...

rs

TERMINAL

userfiworkstation-remy:

$ [l

SAM - Services Acc...

[My open issues] Is... 4y eBody - Gitlab

userfiworkstation-remy:

SDV eBody Solutio...

s ]

+v m
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5DV Solution Home... m opengrok_sdv_caros

[ adb

userfiworkstation-remy:

$ [

userfiworkstation-remy:

5[]

B N
r (3] sweCompCommand
} 2] compcontrol
L [3] RefrigerantLoop
bash

Layout: French [}
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Conclusion

- MATLAB Simulink i1s able to model SWC In Service-Oriented Architecture

« Embedded Coder C++ code generation is easy to connect to an object-oriented

RPC inter-process communication like Android offers with AIDL Binders

= Next technical steps to complete the demonstration:

— Write a MATLAB script to import AIDLs interfaces in System Composer to create SWC model

— Automate main program (glue code) generation from AIDLs
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Thank you for your attention!

Any Questions?
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