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Overview

Transition to Software Defined Vehicle

= Providing new services and continuously
updating vehicle performance through OTA
(Over-The-Air)

= Equipped with high-load technology utilizing
the cloud

= Providing various connectivity services

https://www.hyundai.co.kr/search/searchDetail?searchContents=sdv
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Overview

VPC(Vehicle Platform Controller)

= Domain Centralized Architecture

= Reduction of SW development complexity
through vehicle-level function integration

= Expanding Model-Based Development

https://www.hyundai.co.kr/story/CONT0000000000094656
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Overview

Major changes for VPC

= Integration of vehicle controllers
= AUTOSAR platform
= [Feature based software architecture

= VPC LINK
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Overview

Major changes for VPC

= Integration of vehicle controllers VPC Tool-chain

MATLAB R2023a i Architecture .
g P Integration Test

*eea
i

— Converting naming convention
| | A -
— Converting block properties S -
*slx, *.sldd, *.slreq * a2l, *.hex, *.obj
BED ¢
R2023a I I



Overview

Major changes for VPC

AUTOSAR platform

Microcontroller (HCU)
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Overview

Major changes for VPC

= [eature based software architecture

— Classification of application software by feature
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— Software composition grouping

Domains are classified by functional purpose. l
Hierarchy

Domain is divided into layers as control target.
Domain(SW Composition)

Layer(SW Composition)

SW Component
Runnable
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Overview

Major changes for VPC

= VPCLINK-MBD

— Shorten SW development time L
my (48 4%
. 2y Architecture Update >
— Seamless SW development environment o suid ,
N;, ' Help >
Implementation >
— Functions i
- = H £ MOdEI Tree Architecture Implementation
Architecture Update - " ke 1T odeine) ] N
B ] i I
. K] BE®
Model Library & Template e =, BEe i
SR 5') : _@_l ’ ] Manual/Auto Build Static Analysis
Code gen. & Build g iy g =
- - =3 T E
- - 4 %\7‘ IHEX_CaL|
Test (Static & Dynamic) - ip |
Requirement Update Model Template CAL data management Dynamic Testing
J s i [ P R R e J
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Development of Application Software

Update MATLAB R2011b to R2023a

+

Scripts (.m)
4 4
R2011b(.mdl) R2011b(.mdl)
+ Third party toolbox [ Target Link ]

Data Dictionary ‘\ N
|

MAT-file(.mat)

Pl
e
B
Model Library

.« e

—)
R2023a(.slx) R2023a(.slx)
+ Simulink
Data Dictionary
—_— i

Simulink Data Dictionary
(.sldd)
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Development of Application Software

Update MATLAB R2011b to R2023a

= Change Simulink blocks
Gain block (Target Link) Gain block (Embedded Coder)

UU‘DU'" Gain H Logging & Autoscaling H nn:umentannnl Gain
Element-wise gain (y = K.+u) or matrix gain (y = K+u or y = uxK).
Main Signal Attributes Parameter Attributes
Gain:
—Production code opti
Description: 1
Variable: T T ThtD TN / - -
. o I ] Acaress: Multiplication: | Elemant-wise(K.*u) v
Type 16 E m Lo corents Main = Signal Attributes | Paramgter Attributes
Scaling, I~ B - . : -
e @ Sl Qutput minimum: Output maximum:
LSB: 2 0 Max: 32767 na. [ saturate |[] | : |[]
Offset: 0 Min: -32768 na. Saturate | y |
Qutput data type: | Inherit: Inherit via internal rule e I >
Output Gﬂ‘"‘ LDggmg&Autnstallngl Dm:umamaunn‘ / I
/ [ Lock output data type setting against changes by the fixed-point tools
—Gain
IGaln. 1 I/mmnce ES Scalar Integer rounding mode: |Floor -
Use value of Data Dictionary variable
; [] saturate on integer overflow I
[~Production code options Main  Signal Attributes ~ Parameter Attributes
varase: | B Parameter minimum: Parameter maximum:
Class: gefaut: e | [] | | (]
- Uniform elements
o Parameter data type: | Inherit: Inherit from 'Gain’ ~ >>
2
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Development of Application Software

Update MATLAB R2011b to R2023a

= Extract data dictionary to mat-file

R
Data Dictianary Mardgati | _ObiK.\E‘Dimm Piopedty Vabii Lkt N
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-
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L
Pad
Ed
£
e o
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- ~sﬂdxn(ok&wwm t . t
i i D Ob
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e
8.2 St g hY
[ Cument Fropere:
Blveeros et s DataType
5 Do o
Dlum Frpens 5 » Bt e ’
s s Class
e joren
i T e W EOE 5
e Parzireg D Marager men benzion spciication KM fk [ V
P T B s i et T = alue MAT-file ( at)
Description
0 [ EEPFERLYT
« ¥ Parameter - LT CEAA
<30
Mame = =N
) nale lay LU = E0;
J .m \» 5 Ea_05 = 0
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Development of Application Software

Update MATLAB R2011b to R2023a Ty
_ - i
= Create Simulink Data Dictionary -
SWC (.slx) Parameters
! g

> / Configuration

.’_
Linking file S~ L

gl ia

MAT-file(.mat)

salh 2000

Sender / Receiver

User defined
Interface

Simulink Data Dictionary DataTypes

(.sldd)




Development of Application Software

Update MATLAB R2011b to R2023a

Apply VPC model library

Mask

HIMC Iodeling Pattern / (mask)

FParameters

Output type © |Int16 v]

Output LSB [ex. 2"-3] :

B 0.125 |3
| Q1< | | Cancel | | Help | Apply

Code Browser [~ Parameters & Dialog Code Constraints

Search
Z‘ DAHUW mask initialization code to modify the subsystem’s content

Initialization & Callbacks
Initialization 1
2
~ Parameters ET
[=] out_type |
[ out_lsb fi| s
6
7
8

% Initialization code section
function initialization()

end
% Parameter callback section

% Callback for out_type

function out_type_callback()
_ChgParam;

end

% Callback for out_lsh
function out_lsb_callback()

_ChgParam;
end|

Icon

MathWorks AUTOMOTIVE CONFERENCE 2024
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Development of Application Software

AUTOSAR Blockset

= Sender/Receiver Ports The Number of signals = ny, , No, M, Moy s K+ Koy
: ASW
— The more RTE calls there are, the higher the
CPU load Software Software Software
component component component
— To reduce the number of RTE calls, the In/Out 0 m, .
signals between SWCs are create as
structures
nout mout kout
RTE

14
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Development of Application Software

AUTOSAR Blockset

Properties of input port.

=  Sender/Receiver Ports

Select a bus, signal, or message from the input port. If the input port receives a bus, select an element of the bus or the
top-level bus.

AUTOSAR Simulink Port name: [Rp SWC BtoA Port number: | 5 Set color ~

Sender / Receiver ports In/Out Bus element [Fiter.

Port Port Name : SWC B to A v Rp_ SWCﬂBtOA (dt Bus: sRI. SWC_BtoA dims: 1) /,:2_:
Name : SWCBto A v SWC_BtoA (dt- Bus: Simulink.Bus nomnvirtual ...) 2
) . . \ . . an - TI P .
( Datatype : SImU“nk.BUS) >, S|gna|]_ (dt: Nm_SFIX16_EN3, dims: [1], Fixed, N'm, ) gz

Signalz (dt: Nm_int16, dims: [1], Fixed, N*m, real ..) >

Data Element

TE 10mas()

o .
Rp_SWC_BtoA. SWC_BtoA

Rp_SWC_CtoA. SWC_CtoAS ™
SWC A

Rp_SWC_DtoA. SWC_DtoA® ™

L )\ J
Y T

Port Element

15



Development of Application Software

AUTOSAR Blockset

= Sender/Receiver Ports

AUTOSAR

Simulink

Sender / Receiver ports

In/Out Bus element

Port

Port Name : SWC Bto A

Data Element

Name : SWCBto A
( Datatype : Simulink.Bus )

MathWorks AUTOMOTIVE CONFERENCE 2024

A 4

i

-

—
£z
s,

AllEBEE®M =

Help
MATLAB Variable
WPC_Simulink Parameter
Simulink LockupTakble
Sirulink Breakpaint
Sirnulink Signal
Sirnulink NumericType
Sirmulink AliasType

Simulink Bus

Cirnulink ©Annarticn Roe

Ctrl+M
Ctrl+P

Ctrl+5

Simulink.Bus:

Launch Type Editor

Design Cods Generation

Bus slements

am DataType  Complexity = Dimensions | Min | Ma DimensionshMode | Unit

P.. boclean real 1 0 0 Fixed void

P.. Nm_int16  real 1 0 ] Fixed M*rm

/[ P.. boclean real 1 0 0 Fixed void

Signal

16
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Development of Application Software

AUTOSAR Blockset

,,,,,,,,,

Rl — " Output
sighals - o - signals
fo——i. ' -
1 o i 1 -

e 1.
- -
= ]
—t = -
-

-

_________________
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Development of Application Software

AUTOSAR Blockset

= AUTOSAR Dictionary

[ AuTOSAR Dictionary: I

~ [B autosar

v ] AtomicComponents

~ 0O
[®] ReceiverPorts
[22o]
(4] senderports SR

[#] senderReceiverPorts

[ ModsReceiverPorts ™
[ ModeSenderPorts B8 SRy
ClientPorts B gRI
(8] serverports 8 SR|
[B] mMvReceiverPorts B SR)
[l nvsenderPorts -
[ NvSenderReceiverPorts .
[B] ParameterreceiverPorts

B8 gRI

TriggerReceiverPorts

[Z] Runnables
B Ry
g Parameters
s
wa M-S Interfaces B SR
wa C-S Interfaces E-E gR|
‘wa NV Interfaces EHE SR|
‘wa Parameter Interfaces o8 SR
‘wa Trigger Interfaces B4 R
it CompuMethods B4 SRl
[& swaddrMethods
@ *nL options s
B8 gRI
B4 SR
B8 gRI
B8 gRI
B4 SR
B8 gRI
B4 SR
B8 gRI

false
false

false

false

false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false

INan

~i v SWC_BtoA

Propertie

input port:

MathWorks AUTOMOTIVE CONFERENCE 2024

Select a bus, signal, or message from the input port. If the input port receives a bus, select an element of the bus or the

top-level bus.

Port name: | Rp. SWC_BtoA

Port number. | 5

Set color «

| Filter..

v Rp_ SWC_BtoA (dt: Bus: SRI_  SWC_BtoA

(di Bus: Simulink.Bus
Signall

Signal2 (dt: Nm_int16, dims: [1], Fixed, N*m, real __)

dims: 1) @

nonvirtual ...)

{dt: Nm_SFIX16_EN3, dims: [1], Fixed, N*m, ..

2

2
2

o
Rp_SWC_BtoA. SWC_BtoA ]
Rp_SWC_CtoA. SWC_CtoAS ™

Rp_SWC_DtoA. SWC_DtoA®—*

SWC_A

18
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Development of Application Software

AUTOSAR Blockset

Code Mappings — Component Interface [

Functions Inports Qutports Parameters Data Stores Signals/States Data Transfers Function Callers
ERE"4 Filter contents
v & Ap
] Code M appi ngS - ImplicitReceive ~ |Rp_E ~ [E ~
v & Rp
- ImplicitReceive ~ [Rp_h ~ (M ~
AUTOSAR Dictionary: v & Rp
- ImplicitReceive ~ |Rp_L ~ L ~

v [B auTosar

Ceode Mappings — Compenent Interface

® @

v |[] AtomicComponents

Functicns Inports Cutports Parameters Data Stores Signals/States Data Transfers Function Callers
v B« Filte
- Mame symbol canBelm
E ReceiverPorts ’ Sotrce " 2 Eleme
RE 10ms  RE 10ms false

(4] senderPorts A re, = - v e Pp

- Ini i ImplicitSend ~ |Pp_A “|A
[® senderRecsiverPorts K RE_ _Init RE. _lnit  false ] |mp|c| en | P. ]
lE 4 v e Pp

ModeReceiverPorts
™ [ implicitsend v |Pra v[a

[=] ModeSenderPorts v)e Pp
ClientPorts . |ImplicitSend v|Pp_A V|A

(O] serverPorts

[B] NvRecsiverPorts

[4] NvsSenderPorts
MvSenderReceiverPorts

Code Mappings — Component Interface

Functions Inperts Cutperts Parameters Data Steres Signals/States Data Transfers Functicn Callers

B ¥ €

[B] ParameterRecsiverPorts
TriggerReceiverPorts  /% Scurce

[ runnables : e Exported Function:TE_AuxSt_10ms RE_AuxSt_10ms
EHE Ry fx Initialize RE_AuxSt_Init

19



Development of Application Software

AUTOSAR Blockset

= Automation script for AUTOSAR Interface

i

Parameters

t "

3 '
ty
Linking file 3

?4 &

Sender / Receiver
Interface

Slad

Change data dictionary

T
— 9

User defined
DataTypes

Shared Parameters

Script

1. Update Sender / Receiver ports
|

MathWorks AUTOMOTIVE CONFERENCE 2024

SWC
2. Update AUTOSAR Dictionary

AUTOSAR Dictionary
Configure AUTOSAR Dictionary

3. Update Code Mappings

. Individual Element Code Mappings
Configure code for individual model elements.

20
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Development of Application Software

VPC LINK - MBD

= Creating a Simulink Project for linking VPC LINK

@ vecUNK-MBD VI114 — O
Iy 4% 4%
%08 =05

I Ad
ZemE £3

IVNOT IN USE

%:T.HEV'

Maodel

E] Swc prj

orj |

VLM-Param Z7|
VM-V E T
SE 27

2Z HOOE
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Verification of Application Software

Verification Process

Code generation

MathWorks AUTOMOTIVE CONFERENCE 2024

A

Vehicle

- SIL
‘ Code generation (Back-To-Back testing)
Updating MATLAB version
R2011b & Changing architecture
RTE Build > HIL
BSW
AUTOSAR migration
\ 4
R2023a
Code generation R SIL
| (Virtual)
S S S
w w w > MIL
c c C Simulate model
RTE >
Build HIL
BSW

A

Vehicle
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Verification of Application Software

Model In the Loop (MIL)

= CAN Input signal

Test|Harness

R, -~ PREAIC] Model (SWC) v
1 oo g - :
Signal Editor =
Raw Ekpected Talerance =
= | Unpagk
S — = :;_: \
=
Pack
S|
=
-
_ = i |
[ ——— Unpack — Network
Pack — CAN DBC Vehicle Network Toolbox ~ Description DBC (8byte)

Comparing results

23
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Verification of Application Software

Model In the Loop (MIL)

= CAN Output signal

@]
FaomIT FromiT _
[==q Vehicle Network Toolb
- enicle Networ 00IDoX
(H o b e
- Configuration
LY, el
f LT
m:l‘ 1
[ = i T
| Geiall  Fromb
[ h e Q@d Transmit
=, (S By v
B Lo > .
Gaot! 3 ¥rram)
[h et , 1
1 . D
[ = H R =
L =
D. convest Gama Frow
i
=1 e
1 i —
. oY )
S P o *@ﬂg L

Pack — CAN DBC
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Verification of Application Software

Hardware in the Loop (HIL)

( HIL Operating PC

e Vehicle Plant Model

HEl  Gax 22
EE‘I ol 7U LY "o .
=Zoe =Zaygl =aiE =aiik Vehicle Speed
=p= ool [=R=]

oo
MCcuU 2 & BMS & EMS 22 HCA/MCA Gear step
=] ol
J Engine Cluich I l L 1 LI
=
=~ ) nind s ™
Measure &
Calibration HW APS
BPS
| S W= (N
Results
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Summary & Future plans

Summary

= Project goal is development of Vehicle Platform Controller(VPC)

= Updated MATLAB from 2011b to 2023a to use the tool-chain for
VPC development.

= Using AUTOSAR Blockset for applying AUTOSAR platform to ASW

= Test harness and Vehicle network toolbox are used to verify CAN
Interface

=  Perform VPC SW verification using HILS

26
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Summary & Future plans

Future plans

<

aster)

‘e

HCU(

= Vehicle Test using y-cable

Y-cable

— Drive the vehicle using HCU controller as the master
controller

Vehicle @\)

— Use the VPC controller as a slave to perform only
calculations within the controller

— ASW verification by comparing the output of
controllers connected to Master and Slave

= Applying Simulink Requirement Toolbox and - I e N B F S
Simulink Test using VPC LINK - MBD ' == i
BE®
@ ! Static Analysis

Model Update Model LIB

Requirement Update Model Template Dynamic Testing

27
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Thank you
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