A
k

AN

TATA ELXSI

S.m
=
A\
D.I
< u»n
0
O O
Em
n <
=
D.A
=
O
Y
5
ew
v O
(o .
——
O oz

MathWorks Automotive Conference 2023

10 October 2023




Tata Elxsi Business Overview

Global Engineering
Centre

12,286 17.1%

Strong YoY Growth
Designers + Q1FY’'24

30+ Engineers 33
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Business
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Innovation

Cities
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* Industrial
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Agenda

* Introduction

* Technical overview

* Typical automotive camera system overview

* Real time testing of camera systems

* Methods of simulating CAN messages

* RCP testing of ACC-AEB algorithm in real time platform

e Advantages of MathWorks solutions, Future works
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* Advanceddriver assistance systems (ADAS) is the foundation of next
generation automobiles,aimed at improving safety and comfort of
the driver
* Diverse developmentand validation methods are adopted to make
sure that the ADAS systems behave as intended
* Real time embedded systems housing the ADAS applicationsneed to
: be tested in a real time environmentto bring in the aspect of timing
| nt O] d U Ct 1ION and safety criticality
e Virtual simulation solutionsfrom MathWorks are used to enable
ADAS validation
* Presentation will cover how rapid control prototyping (RCP) testing
can be implemented on a real time platform like dSPACE SCALEXIO
* Presentationwill also cover simulation of camera for ADAS testing '
* Vehicle network simulation using controller area network (CAN) is
also covered in the presentation ,

o




The scope of the presentation is the simulation-emulation of
camera for the validation of AD/ADAS features:

* Camera injection using frame generator

e Camera over the air emulation

Technical

. Vehicle network simulation like CAN using hardware
overview

RCP testing of adaptive cruise control-Autonomous emergency
braking (ACC-AEB) control algorithm in a real time platform - dSPACE
SCALEXIO. Scenario creation, sensor simulation, vehicle dynamics
are created using MathWorks solutions.

TATA ELXSI



How camera based ADAS works in vehicle?
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Over the air camera simulation: Lab based setup

CAN
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Demo: Over the air camera simulation setup

%
|

=

TATA ELXSI



Vehicle to lab — Camera injection

A typical camera system architecture in vehicle
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Proposed demo: Camera injection in lab for ADAS validation

PC1 PC2
Video Video
generation USB LVDS visualisation
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Camera ECU
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Frame generator and frame grabber

PC1
PC2

Frame grabber Frame generator

Frame generator
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Relevance of CAN communication in vehicle

Engine Audio

control unit systems ADAS ECU

A
|
1
|
|

I
Vehicle speed
_————d

Brake :
Infotainment
control
module s
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ECUs are interconnected via controllerarea
network or CAN bus

‘(

No complex dedicated wiring

l

Robust towards electrical disturbances and
interferences
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Three ways of simulating CAN message using MathWorks provided solutions:

1. CAN simulation within Simulink:

Where is it used? - Scenario where CAN signals need to be exchanged between subsystems developed in Simulink at
software level

CAN virtual
CAN Transmitter virtua CAN Receiver
channel
———————— «_-_-_-_-_-_-_-_-_-_-_-_ o Em EE == o wy
I CAN pack ! ' CAN unpack !
Y S ——— | e e P e S e R B et B e o
\ J
|
Simulink
model
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1. CAN simulation within Simulink:

5
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2. Physical CAN simulation between PCs:

Where is it used ? — Different teams are developingdifferent control algorithms in different machines which need to
communicate with each other over CAN.

USB USB

y
v

CAN Tx CAN Rx
hardware hardware
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2. Physical CAN simulation between PCs:
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3. Verifying CAN communication using external tool:

Where is it used ? — Verifying the CAN message communication usingan external CAN hardware

VECTOR >

USB USB

A
v

CAN Tx CAN Rx
hardware hardware

TATA ELXSI
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3. Verifying CAN communication using external tool:
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ACC-AEB in vehicle

Other vehicle ECUs

Braking, steering,
acceleration

CAN

Real time Acceleration Relative distance and

embedded system and braking relative velocity
running ACC-AEB
control algorithm

e ADAS ECU

Sensor fusion

Control algorithm
(Tracking and
planning)
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Simulink model architecture of ACC-AEB system

Relative distance and relative velocity

Sensor fusion
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Simulink model for ACC-AEB scenario simulation

Ego Vehicle
(World Coord.)
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Simulink model for ACC-AEB sensor fusion
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Simulink model for ACC-AEB control algorithm
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Lead velocity
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Simulink model for ACC-AEB vehicle dynamics
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RCP testing of ACC-AEB algorithm in real time platform

Lab setup for testing
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RCP testing of ACC-AEB algorithm in real time platform

Host machine Simulink model
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RCP testing of ACC-AEB algorithm in real time platform

Bird’s-eye scope view
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RCP testing of ACC-AEB algorithm in real time platform

Data exchange methodology

MATLAB

Scenario
simulation,
vehicle
dynamics,
sensor fusion

Real time

Relative distance stamped data

and
Ego velocity

-

> Python
UDP L Sycript }_. Control Desk

< <
Acceleration

and
braking

|

Host PC
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Control
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RCP testing of ACC-AEB algorithm in real time platform

dSPACE Control Desk environment

™ I I v ControlDesk Project: Project 002 Experiment: Experiment_001 = =

File Home Layouting Signal Editor XIL API EESPort Automation Platforms View ApplTools XiLMapper
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RCP testing of ACC-AEB algorithm in real time platform
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RCP testing of ACC-AEB algorithm in real time platform - Logging

ControlDesk Project: ADAS_CA_2017_CD Experiment: CA_2017 - [Layout1”]

Layouting  Signal Edtor XL APIEESPort  Automation  PlaMorms  View  App(Tools XILMapper
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’ - s @ Refresh Values
LI v apsi

@ Start Triggered

0p Time
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RCP testing of ACC-AEB algorithm in real time platform — Logging @ sample time of .1 s

A B C | D
22 displayidentifier

23 |path Model Root/Acc _|Mode| Root/Braking
24 flags 2 2
25 min -1.797693135e+30:i-1.797693135e+308
26 max 1.797693135e+308 1.797693135e+308

27 minWeak -1.797693135e+30i-1.797693135e+308
28 maxWeak 1.797693135e+3081.797693135e+308

29 trace_valu 0 -2 1.5
30 | 0.100001 -2 1.5
31| 0.200003 -2 1.5
32 0.300004 -2 1.5
33 | 0.400005 -2 1.5
34 | 0.500007 -2 1.5
35| 0.600008 -2 1.5
36 | 0.700009 -2 1.5
37 0.80001 -2 1.5
38 0.900012 -2 1.5
39 1.000013 -2 1.5
40 1.100014 -2 1.5
41 1.200016 -2 1.5
42 | 1.300017 -2 1.5
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RCP testing of ACC-AEB algorithm in real time platform@ sample time of .001 s

Braking parameter time-plot

© ... Name Value Raster Platform Unit Downsampl. ..
- .. M bBrakingin1 15 Periodic Tazk 1 |~ | Platform Automatic

TATA ELXSI

33



Advantages of
MathWorks

solutions

Convenient and user friendly interface makes MATLAB
solutions easy to work with

Control algorithms developed in Simulink can be
extended to RCP/HIL setup using the same Simulink
framework and tools

MATLAB solutions such as Simulink is supported by
most HIL vendor platforms such as dSPACE, NI, OPAL-RT,

etc.

RoadRunner visuals offer high fidelity scenarios leading
to efficient testing for camera based systems

* The entire testing process can be automated using Test

Manager

With FMI support, integration with 3 party tools, like
Canoe, is much easier

Future works:

2D Simulink app designer created scenarios can be
replaced with RoadRunner, UnrealEngine based 3D
scenarios for more realistic view

Vehicle dynamics section can also be runin the RTPC



THANK YOU

TATA ELXSI

FIND OUT MORE

www.tataelxsi.com
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Confidentiality Notice

This document and all information contained hereinis the sole property of Tata Elxsi Ltd.
No intellectual property rights are granted by the delivery of this document or the disclosure ofits content.
This documentshallnotbe reproduced or disclosed to a third party without the express written consent of Tata Elxsi Ltd.
This documentandits content shall not be used forany purpose otherthan that for whichitis supplied.
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