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Tata Elxsi Overview
CORE SERVICES

ENGINEERING SERVICES COMPANY
that helps develop and sustain
differentiated products and solutions
through innovation and by focused 12,000+ 353%
technology management.

Engineering

Engineers and YoY Growth
Designers FY’22
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32+ 33
Years in

duct Engineering & S Cities

e inception Worldwide

Transportation Media & Communication Healthcare
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680

PASSENGER & COMMERCIAL BROADCAST & MEDIA MEDICAL DEVICES

* Passenger Experience * Product Design
* Connected & Alijtonomous * Systems Engineering
* Shared & Electric * Regulatory Compliance

OFF HIGHWAY

* Product Design & Ul
* System Software & Hardware
* Connected & Autonomous

RAIL

* Industrial
* Service design
* Rolling Stock and systems

e OTT Streaming
¢ RDK, Android TV, CPE
* QoE, QoS, Customer Experience .

PHARMACEUTICALS

* Safety
* Packaging & Labelling
* Pharmacovigilance

COMMUNICATIONS

* 5G, SDWAN
* Network Transformation
* Digital Transformation

-:i:- Established Global HQ
1989 Bangalore
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Introduction

Autonomous driving (AD) and advanced driver assistance systems (ADAS)
will see widespread adoption

Design, development, and validation of complex AD ADAS algorithms are
critical: Vehicle occupants’ safety

Model based design using MathWorks solutions can ease the process

The left shifting using virtual validation: early bugs, cost efficient, early
time to market

MathWorks solutions for design, development, simulation, and virtual
validation: Systematic, efficient, intuitive

CHALLENGES:
* Co-simulation of multiple tools '
* Non- user friendly nature of simulation tools
* Design to development to validation is complex when did
from scratch /
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Overview

Level 2 Highway driving |

NZ

Scenario creation Sensor modelling Control algorithm development

\ 4 \ 4

Verification Validation

* Driving scenario designer app « RoadRunner®

* In-built scenarios
Y
* Bird’s-eye scope e Unreal® Engine editor * Variant scenarios
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Technical

overview

The scope is to develop a level 2 highway driving control algorithm (LDW, ACC, AEB)

Vehicle dynamics, sensor modelling, scenario creation, environment modelling, closed-
loop integration and validation are to be carried out

Control algorithm is developed by Tata Elxsi by utilising the Simulink blocks

A pseudo logic for the control algorithm is designed and frozen first

It is then implemented using MathWorks® solutions such as RoadRunner® and Simulink

Control algorithm is then verified using the Simulink test manager
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Control logic

»| L= .
information
A 4
Camera < Scenario

J e

ane edges
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Left lane data

Left lane offset (LLO)

Safe Lateral
offset (SLO)

if
LLO<=SLO

RLO=SLO

Lane departure

warning is ON

Right lane data

Right lane offset (RLO)

Vehicle dynamics

h 4

.|  Ego vehicle

h A

Ego vehicle

V2V: Vehicle-to-vehicle communication

BSM: Basic safety message
D_rel: Relative distance
ACC_D_safe: Safe distance for ACC

V_lead: Lead vehicle velocity
V_ego: Ego velocity

XY_ego: Ego vehicle position
XY_lead: Lead vehicle position

V2v

Communication

h

Data packets
(BSM)

Position of

traffic vehicles

T

XY ego-XY lead

position
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Model structure

Queue

Scenario Vehicle to :
-»| Actorinfo
reader world
A
N Ego pose
information
Multiple object Process BSM
tracker
Vehicle : :
' e Control algorithm Egoinfo |e
dynamics
i isation: Multiple object
y:suallsatlon. P J =l Camerasensor
Bird’s-eye scope tracker

Scene origin
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Scenario creation

Using Driving scenario designer app to add vehicles and trajectories for them, on a created road network

o |
Design Get More Install Package
App  Apps  App  App

FILE

@ untitied shcautosave

& IntersectionMovementAssist
& IntersectionMovementAssistT
& IntersectionMovementAssistT
& IntersectionMovementAssist]
(= IntersectionMovementAssist |
& BSMsignals shxc

& ACC_AEB v2visixc

# T TestScenarios

% TestBench

# T TestAnalysis

t Ipr)

t IntersectionMovementAs
t Algorithm

X ACC+LKA+AEB Contre
Details

Select a file to view d

Search
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Curve Fitter Optimization PID Tuner System
Identification
MATLAB
e &) <
Class Diagram Code Data Cleaner Profiler
Viewer Compatibility
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Classification Deep Network Deep Network Experiment
Learner Designer Quantizer Manager

MATH, STATISTICS AND OPTIMIZATION

o
4 e
Curve Fitter Distribution
Fitter

*

Optimization PDE Modeler

CONTROL SYSTEM DESIGN AND ANALYSIS

Control System
Desagner

Diagnostic

Fuzzy Logic
Designer

Control System

Tuner Feature Designer

ROBOTICS AND AUTONOMOUS SYSTEMS

& I

Flight Log Inverse
Analyzer Kinematics Des..

SLAM Map
Builder

@
UAV Scenario
Designer

Wireless Signal Analyzer Instrument SimBioiogy

Waveform Gen Control Model Builder

& & & o

Neural Net Neural Net Neural Net Neural Net Time

Clustering Fitting Pattern Recog Senes

.

Model Reducer

8

Linear System MPC Designer Neuro-Fuzzy

Analyzer Designer

Details

&

SimBiology
Model Analyzer

e
Regression
Leamer

PID Tuner

MATLAB Coder

Resnforcement

Learning Desig..

8"
System

Identification

Application

Compiler
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Camera sensor modelling and LDW control algorithm development

DESIGNER

o O EH &
|}
New Open Save Import
v v I .
FILE

Roads

Actors
1: Car (ego vehicle)
Name: Car
Class: Car

3D Display Type: Sedan
P Actor Properties

P Radar Cross Section

> Trajectory

=
Add  Add Add
Road Actor ¥

SCENARIO

v.

Set As Ego Vehicle

v, D

Camera  Radar Lidar

@ e A o= . : . <
=8 r T B B> b O O W ¢
Add Add Add Add Display Goto Step Run  Step [ Repeat Default 3D Export
INS  Ultrasonic v Start Back Forward Layout Display ¥ >
i SENSORS PROPERTIES SIMULATE VIEW EXPORT
Scenario Canvas
250
200
®
150 |
= )
X
100 |
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Camera sensor modelling and LDW control algorithm development
 The model detects the lane boundaries and objects by utilizing a camera sensor and aids in the LDW functionality.

Actors
(Vehicle Coord.)

Scenario for ACC and AEB

Ego Vehicle Pose
(World Coord.)

_pa

Scenario Reader

Vision

Lane Detection Lane

g Boundarle? Generator ]Detedinns

Sensor Index: 1

n
/

pil80 single

o I <LaneH

cundaries>

e
/

Lane Departure Warning - HMI

<Curvature=> Curvature
P pi180 single
<CurvatureDerivative> M CurvatureDerivative
> P pi180 single > >
<HeadingAngle> M HeadingAngle Left i <LateralOffset> b
-‘J single
<LateralOffset> g LateralOffset
-‘J single
<Strength= 9 Strength
0.85
SLO :g :
» pii180 sinale Lane Departure warnin:
<Curvature> M Curvature Y ¢
—u
» pil180 single
<CurvatureDerivative> M CurvatureDerivative
inan sinale <LateralDffsat>
L L 1 L
<HeadingAngle= P 9 HeadingAngle Right =

<LateralOffset>

N single

» single |

LateralOffset

=Strength>

» single
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V2V modelling

al e e M uT v B

| SIMULATION DEBUG MODELING FORMAT APPS
[ Open ~ 18] 52 Stop Time - - ] i T
= [e| % d @ a [ == \%
New E Save ¥ Library Log v [Norma\ b ] Step Run Step Data Sequence Logic Bird's-Eye M
v = Print ~ Browser Events u@ Fast Restart Back + o Eorward Inspector Viewer Analyzer Scope
FILE LIERARY PREPARE SIMULATE REVIEW RESULTS
o =] bsmmsgs »  Display BSM B g
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g =
5 0 "3}
! a :
g
E3J
=t
. Actors »! Actors
_ (Vehicle Coord.)
(]
] Scenario for ACC VehicleToWorld  actors » actors ‘,OFSMD »| Actors Info
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Ego Vehicle Pose | g ol = ienicle BSM (BSM] »| bsm 4\ detections
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—M Scene Origin
V2V Transmitter
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g V2V Receiver Display BSM
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»
Ready View diagnostics 123% auto(VariableStepDiscrete) |
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Control algorithm development for AEB & ACC

ACC and AEB control algorithm makes use of the BSM message from V2V communication

Controller

| ;’

Lt 50 | >

Relative distance Satanoed >

10
L e B
Time gap l—v :
2 . >
Ego Velocity 1 X g —
0

@D > \

Lead velocity < >0 ..1
20 &= —| acceleration
1.5 —p
—"
\ threshold —0
5
braking constant
15— 5 < >0
brake
Minimum threshold for braking 0 ——>»- 0
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Vehicle dynamics modelling

convert

Steering angle

>
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>
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Closed loop integration

Ready

TATA ELXSI

SIMULATION DEBUG MODELING FORMAT APPS Lo T > SR ) v)
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Validation of AEB & ACC

w o Es T 5 b P

Co
New Open Save qh 24 Delete Test Spec | Run Run with
v - v & - Report v  Stepper
FILE EDIT RUN

N (o
o "“ 8 A = & Import o @
Parallel Visualize Model Testing = Preferences Help
v Dashboard v
RESULTS ENVIRONMENT | RESOURCES

TESTS

bl

Results and Artifacts

|F|Iter tests by name or tags, e.g. tags: test
~ 51 IMA_Test
v [33 New Test Suite 1
[5] New Test Case 1

PROPERTY VALUE

Name [5] New Test Case 1
Type Baseline Test

Model

Simulation Mode [Model Settings]
C:\Users\cvada\OneDrnive\D
Enabled v

IMA_Test » New Test Suite

Location

Hierarchy
Tags Type comma or space separa

i startPage x

[5] New TestCase1 x

New Test Case 1

IMA_Test » New Test Suite 1 » New Test Case 1

Baseline Test
Create Test Case from External File
» TAGS
» DESCRIPTION
» REQUIREMENTS
v SYSTEM UNDER TEST

Model
» TEST HARNESS

» SIMULATION SETTINGS AND RELEASE OVERRIDES

» PARAMETER OVERRIDES

» CALLBACKS

» INPUTS

» SIMULATION OUTPUTS

» CONFIGURATION SETTINGS OVERRIDES

v BASELINE CRITERIA

Include baseline data in test result
SIGNAL NAME ABS TOL REL TOL

Click "Add" button to add an existing baseline file or click "Capture" to record a new baseline.

LEADING TOL

A EBRAC

LAGGING TOL

v | Enabled

TATA ELXSI
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Environment modelling
* Scene and scenario creation using RoadRunner®

) SOTIFscn.rrscene | SCENESS | MathWorks RoadRunner R2022a
File Edit View Tools Assets Window Help

rHosaem~SBEFrTHREGG S M=+ LlHHMNENEASsRA Ll v2e2uod BEHL 2SS 0l0s3

Attributes

Selected Roads' Total Length 0.00

2D Editor | Profile Library Browser
- I Assets -----’-?T--
N e N =
Il Assemblies \ /‘ /) | 2 2\ \ \ /\ /i
B Behaviors Cou... Fre Freew. Hi Highw... MainSt... MainSt... MainSt... MainSt.. One.. Ramp
» I Buildings 7 -
> [ Damage \ :/ :
» [l Extrusions Res. Reside. Simple
» I Markings
» Il Materials
I Posts
» [ Props
I Rail
B RoadStyles
I Signs
I Stencils

0Q |Library Browser| Output Attributes Metadata
Road Plan Tool | Riaht-click to create new road points. Select a road to adiust attributes or draa existina control points. MathWorks

TATA ELXSI
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Interoperability of Matlab with 3D simulation tools

e Creation and implementation of simulation using Driving scenario designer app, Simulink and Unreal Engine

) SOTIFscn.rrscene | HP | MathWorks RoadRunner R2022a
BN Edit View Tools Assets Window Help
New Scene Ctri+N
Open Scene... Ciri+0
Save Scene Ctri+S
Save Scene As... Ctrl+Shift+S Attributes
Recent Scenes
Change Project... Selected Roads' Total Length 0.00
Save Project
Import...
Export...

Exit

2D Editor | Extrusion Output
l' > WARNING:
o > WARNING:
> WARNING:
. > WARNING:
~ | > WARNING: ——--- End of Report
| | > Saving OpenDRIVE file 'C:/Users/PREDATOR/Desktop/SCN/SCN.xodr'
VARNING: Scene is not geolocated. GeoJSON lat/long coordinates
> Exported 'C:/Users/PREDATOR/Desktop/SCN/SCN.rrdata.xml'

> Plugins for this export can be downloaded here

Output | Library Browser Attributes | Metadata
Road Plan Tool | Right-click to create new road points. Select a road to adijust attributes or drag existing control points.
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Validation using automotive camera ECU

o

i
v by

TATA ELXSI



1ISO SOTIF

Step No. Elements of flow chart AEB
5 Functional and system Function utilises radar to calculate TTC. Comparing TTC with the
specification stopping time for FCW, PB and FB, AEB is activated accordingly
Hazard identification and Traffic situation: Driving on urban road
risk evaluation Potential hazard: Unwanted breaking leads to rear-end collision
6
; No. Hazard is not under the control of the driver. Hazard controlling
2
Risk of harm acceptable? depends on driver of the following vehicle. (S>0 and C>0)
|dentification and . . Lo
. , . Objects maybe present on road which can give rise to radar echo
evaluation of triggering - . .
leading to interpretation as an obstacle.
7 events
Identified triggering events No. Severity of rear-end collision should be reduced (E>0
acceptable? ' y ) (E>0)
Functional modification to . . .
8 reduce SOTIF risk Improve object detection by adding camera.
Functional and svstem Function utilises radar to calculate TTC. Comparing TTC with the
5 s ecificatio: stopping time for FCW, PB and FB, AEB is activated accordingly.
P Additional specification: Camera added for better object detection
Hazard identification and Traffic situation: Driving on urban road
risk evaluation Potential hazard: Unwanted breaking leads to rear-end collision
6
. Yes. The controllability and severity levels are analysed and found to
?
Risk of harm acceptable? be at an acceptable risk level. (S0 and CO0)
|dentification and . . Lo
. . . Objects maybe present on road which can give rise to radar echo
evaluation of triggering : . ,
leading to interpretation as an obstacle.
7 events
Identified triggering events . e
acceptable? Yes. Exposure level identified is close to target value of EO.
9 Definition of verification | Definition of test cases for evaluating the AEB function in known and

and validation strategy

unknown unsafe scenarios based on Clause 9, Table 4.

TATA ELXSI
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1ISO SOTIF

Step No.

Elements of flow chart

AEB

10

Validation of SOTIF

Known and relevant scenarios (object on road and sudden oncoming
of vehicle from another track in front of EV) are covered and system
behaves as expected

Known scenarios are
sufficiently covered?
System and components
behave as expected?

All known relevant scenarios are covered and system behaves as
expected leading to acceptable residual risk in Area 2

1

Validation of SOTIF

Long term vehicle level testing on selected scenarios can be carried
out. Endurance run for AEB functionality that is relevant to target
market can be taken for validation.

System and components
do not cause unreasonable
risk in real-life scenarios?

Complies with GAMAB priniciple. Acceptable residual risk in Area 3

12

Methodology and criteria
for SOTIF realease

Verification and validation target values obtained as per
demonstartions shown.

Acceptable residual risk?

Yes

TATA ELXSI
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1ISO SOTIF

* Functional specification of AEB

TATA ELXSI



1ISO SOTIF

* Potential hazard identified

TATA ELXSI



1ISO SOTIF

* Functional modification made — camera added

TATA ELXSI



1ISO SOTIF

e Verification and validation of AEB

TATA ELXSI



Conclusion
and
Future works

To develop level 2 highway driving algorithm — Scenario
developed, sensor modelled, and control algorithm
developed

All 3 are integrated together and tested using 2
methods

e 2D testing
* 3D testing

Validation is done using test manager using various
scenarios and corresponding reports with needed
graphs are obtained

Validation using automotive camera ECU implemented

For TE — Validating and improving the autonomous
driving experience

For future works

* Extending this to a real-time closed-loop HIL
validation environment

* Performing real recorded videos to virtual scenario
conversion automatically



* User-friendly platform: With the convenient and clear-
cut interface along with thorough documentation helps
users to easily work with MATLAB for various
applications

* Toolboxes: Numerous application specific toolboxes are

provided by MATLAB which aids users in executing their
. ... Ad Va nta ge S Of applications efficiently
cecoe * Simulink: Control models can be easily developed using
* ‘H IVl at ’] WO r kS function-specific Simulink blocks

i © O O * Effortless integration with other software tools such as

SO ‘ J t | O n S RoadRunner and Unreal® Engine

e Support: Technical support & online forums for
rectifying errors

* Reference examples: Ready availability of reference
examples for easy reference




THANK YOU

TATA ELXSI

FIND OUT MORE

www.tataelxsi.com
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Confidentiality Notice

This document and all information contained herein is the sole property of Tata Elxsi Ltd.
No intellectual property rights are granted by the delivery of this document or the disclosure of its content.
This document shall not be reproduced or disclosed to a third party without the express written consent of Tata Elxsi Ltd.
This document and its content shall not be used for any purpose other than that for which it is supplied.


https://www.tataelxsi.com/
https://www.facebook.com/ElxsiTata/
https://www.instagram.com/tataelxsi_worldwide/
https://twitter.com/tataelxsi
https://in.linkedin.com/company/tataelxsi
https://www.youtube.com/channel/UCHr9K9n0INe57n39WJOUeiQ
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