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Continuous Development, Continuous Testing

MIL / SIL
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Challenges faced by ADAS testing
2 fe 2 Tl A T e B Pk Ak

Automated Driving (SAE Level 3+) sensors
1 11 x camera

6 x radar

M 1 x lidar

" Scene coverage and corner cases S
ImeEEEEMcorner cases o 1xcs

= very high system complexity (i.e. o
30+ sensors) | RFEEH (S1EREST)
= Realtime and computational load

SERTPERT B o,

O How to perform scenario-based testing ? -> Scene Coverage
WHAHEAT 2 T3 2 e ? > R

O How toensure simulation accuracy? -> Especially for Vehicle & Sensor model

AT RAEDT HAGEE ? -> JEHE B0 & (R IRRAR e %

O How to build AV HIL Test bench? -> Realtime and communications
AT S R A HILMR S 482 -> sERF M RTES
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Collaboration between Ansys and IPG Automotive




VIPG

IPG Automotive is market

World &
Scenario

HeadlLamp

‘Ansys

Camera . .
leader in simulation solutions Trac ysics-based o, Ansys is market leader in
consisting of software as well imulation engineering simulation of
as hardware components for physical phenomena.
virtual vehicle development. e Tc':""a' | \

eadiile Ansys & T FEY) R AT AT T

IPG Automotive & L =4I &

sk BT — A 7 LA R 7 22 Vehicle Radar
KT 5 % B Dynamics  sensors  (ESESR R

IS

IPG and ANSYS have started a partnership in August 2021.
IPGHIANSYS R 7E2021558 A Fih A 1E

IPG and Ansys have developed an interface between Carmaker and AVXcelerate, respectively .
IPGHIAnsysH & 7 CarMaker & AVXcelerateB:{i 8 0
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MIL/SIL: Software Solution
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Scenario-Based Testing Strategy

BT T R R

+ Partner

Simulation :
HE Unit tests

HyTillizt

+ Partner

System tests

Rtz

Proving ground

R

}0}}O R }S0D

Integration tests

E=Rklizt

Virtualization & scalability
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Off-road

Transportation

Platooning Trucks Off-highway



Scenario-Based Testing Process

\

T 4 BRI

VIRTO

Simulation data management & data warehouse

Standards & Laws | brifiiZ:H: TEHIEEE & R OE

« |SO/SAE. UN/ECE Road : Sensor
« NCAP. i-VISTA
« PEGCASUS Maneuver Vehicle
: open & = X 4™ :
OEM & Tirel: Traffic closed & \&’P Driver
- Safe oriented | %4> loop A
| ﬁba&ﬁ' MIL/SIL tests M’ « =

« Function Req | ThfEFE K

Synthetic Data

Real Road |ZfriE %
« Record data | S KHHE
« Accident data | =R

Mis. | ﬁ\:ﬁﬂ

« Custom scene | HE XI5
« Simulationtool | TEAAH

Road tests

9

PG 2 Wy FUTUR R Q1PG



Generating Scenarios

Random scenarios | fEtlZ & Scenario variations | Rzt Edge cases | #kfR L
= Road API = Scenario Editor | #5tdmia oy = HD Scenarios & partners | i
: S : FREs CEVEAKEED
= Swarm traffic | FEHLE fe <2 = Key-/NamedValues (via 855 CaiiEnie
, CarMaker Python API) = Scenario Editor

= Key-/NamedValues (via

CarMaker Python API) 7‘: Movie NX Python API = Custom asset import | HE X

: LR FA

= Movie NX Python API LR
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Demo: Variation of Parking HD Scenarios

EXPLORER X @ SuburbanStreet_90°Ruckwarts_short.py X

A

ADASNAV_EXPO_REV04 DataDrivenDevelopment > @
> bin from pathlib import

SuburbanStreet_90°Rickwarts_short.py > & main_test

> Data

Vv DataDrivenDevelopm... s 00

s ; cmapi
—pycache_ t random

® Entering_ParkingGar... import testutils

® Entering_ParkingGar...

> Entering_ParkingGar... from cmapi import Project, Application, AppType,
Entering_ParkingGar...

@ Entering_ParkingGar...

. . testrun_path="Suburbanstreet_90°Riickwdrts_short"
# SanFrancisco_Drivin... a

» SanFrancisco_Drivin...

@ SanFrancisco_Drivin... SIMULATION RUNS= 2

# SuburbanStreet_90°... script_dir_win = os.path.dirname(os.path.abspath(_ file ))
SuburbanStreet 90°... script_dir = os.path.join(script _dir_win.replace("\\", "/"))

. os.chdir('./")

project_dir = os.getcwd()

project_dir = os.path.join(project_dir.replace("\\", "/"))

print (project_dir)

include Traffic_template Path = project dir + "/Data/Traffic/Template/1 Vehicles/Non_truck/"

lib Traffic Vehicles = os.listdir(Traffic_template Path)

Movie Obstacles_Path = project_dir + "/Data/Traffic/Template/2 Obstacles/"

Obstacles = os.listdir(Obstacles_Path)

SuburbanStreet_Par...
@ testutils.py

doc

MovieNX

Plugins :
Vehicle s1 =[14.0,17.0]

Sl vehicle t1 =[7.6,2.5]

SimOutput vehicle Anglel = [-70.0,90.0]

src_cmd4s| Vehicle s2 =[17.0, 20.0]
Vvehicle _t2 =[-3.5,-7.5]
Vehicle Angle2 = [-70.0,90.0]
Vehicle _s3 =[24.0, 28.0]

EM TP 3 CON TERMINAL  POR BJpython ++v [0 W

»> OUTLINE PS C:\CM Projects\sob\ADASnAV_EXPO rev@4a> Movie NX #@: ApoConnection: Disconnecting...

> TIMELINE
®OAO0 ®@Wo Ln60,Col 5 Spaces:8 UTF-8 LF {§ Python 3.11.864-bit [}

. 11:37AM
ARDE X Oy




Vehicel Models: Open integration platform

B TFRNOERT &

Target Definition

,,,,,,,,,,,,,,,,,,,,,,,,

.

— Q ,\}
N =

Validation

Vehicle test

@ Vehicle

Model-in-the-Lo

| )@ Sub-system

FOR -
\V‘ <& Results

em-in-the-Loop

Test bed

Software-in-the-Li are-in-the-Loop

HIL test

. @ Component
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Vehicle Dynamics Attribute Evaluation

Typical driving maneuvers #7472 5 T Ji,

13

Drivin .
9 Evaluation
Maneuver

Open Loop

Closed Loop

Handling Evaluation of the driving behavior in
Course extreme corning situations

Slalom Evaluation of the driving behavior in
10x18m very fast course directions.

10x36m

Single Lane
Change

Simulation of a evasive maneuver at the
high way

Double
Lane Change1
(FAST)

Simulation of a fast evasive maneuver
with return to the lane (~120km/h; ISO
3888-1 Lane Change)

Double
Lane Change 2
(SLOW)

Simulation of a intensive evasive
(obstacle avoidance) maneuver with
return to the lane (~70km/h; ISO-3888-2
[VDA] Lane Change or ,Elk Test")
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Vehicle model accuracy verification

) Risy ) valis

Sample function and test: Catch-up during virtual vehicle test - slalom

& €
o =4
E 2
= =
= =
= =
& f
8 =
Q
E o
Jud £
) 5
w 2
4 7]
Time [g]
—— Measurement —— HIL Simulation IPGDriver —— HIL Simulation InputFromFile —— Measurement —— HIL Simulation IPGDriver —— HIL Simulation InputFromFile
Lateral Acceleration vs. Time e p I |: G Steering Wheel Torque vs. Time
SiLValidation Phase lll - Comparison Slalom 10x18m StrByAng e | ao ‘. v J AureMaTy v w SiL Validation Phase Il - Comparison Slalom 10x18m StrByAng
g g 4 ‘
e e Vehicts Body | Bodies | Engine Mount | Suspensions | Steering | Tires | Brake | Powerrain | Asrogmamics | Sensors | | »
&."'m Steering Column | Intermediate Shaft | Torsion Bar | Steering Rack | Misc | o o) Al P e g Z
Inetia of upper column [kgm?] 0.026 Yo Moup e « 5.2 e General Power Assistance Options
| | \‘n” ‘*ﬁ Q:I: % g/\ N Inertia of lower column [kgm*] 0001 < anened, | | Powsr Assistance 8! EPS 1o Rack
slalom A s viisen =3 o s rals T8 Sl Phmon
‘{) A} II b= | J \_L Pm;w“ Friction torque gradient [Nmirad] 70000 - e | oo soae
Friction torque min/max [Nmj] 02| 02 Motor torque constant [NmvAl 03
o 0.06 Ratio slectrical motor to e rod [ 25
e e —" Ratio recirculating ball system (mrad) 00016
Damping torque min/max [Nm} 01 Friction torque min = 0.2 Nm.

Boost &/ 20 Look-Up Tadle

—

Friction

3000
—— Elemont
e 00 42 2000
LS 0.0 41 1510
ﬁ} _Steeting Cotumn | 00 39 1000
s 0.0 35 510 =)
(;(;:’\* Amplification |- 10
S ’ﬂ‘ ¥ Extensive model electrical power steering
%_» Torsion Bar Electrical motor =
powered by i 4! somaredhy Inertia (k] 000015
— - e P Steering Rack Viscous friction coefficient [Nms)] 002
A ‘ 2 Current controtier
g Proportional gain | 50
Integral gain [ 01 4]
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Sensor Models - Purpose-driven Fidelity

Use cases
e "

= Reference sensor | Z# &K%

= Basic function test | JAHTh AN . = Perception algorithm

n I I b:n] 1 k 5. N AY
Function test | Jieillis development | BFISEIEIT K

u i - ;‘: :n] 1 AN \ Yoy
Fail-safe test | A = Signal chain test | {5 54 # il

Features =  Output: object list | #ithi: His =  Qutput: raw signal | frt: JFiG(E
The A B = Technology-specific errors | 4§ 5& =
= Output:object list | Fith: HAx F AR 7] i@t =  Technology-specific errors|§§iE
= Ground truth information| 58« Physical phenomenal| #5255} % FA i)
= Easy to parameterize | 5l % = Post processing/ » Detailed physical effects| #4
target selection included | J54t PHRRL
B/ HE H AR i £ = Validated | %iF
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How to Generate Synthetic Data with CarMaker

e F F CarMaker4: & e

Rich environments & scenarios Realistic sensor data Configurable annotations
£ BB R 18 H ) A Hh H] S B AR R

Dataset generator L7542

Data storage

B HE

2 1IPG
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Synthetic Data for Corner Cases



AVXcelerate & CarMaker

Active Headlamp
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Active Headlamp Virtual Validation

BIZEITSEKT

ERRAPIEASG N, BIINRIe] 2 B sl AT B 225, X &
A H AR AT BRIy B2

> FNEE, BRI E R s, SRR

> RIS BRSO R R DX AT

> WM R P T

> BB BRI RS 5. (SCADE)
ATHRAT R RN W E AT IR 2 dE e . (AVxcelerate
Lighting and Sensors)

> QIR R BRe@lity .

> RETNIUERT AT PERE, SCRFE BT 2B B Bt
> ARALET 7 T8 g AR
> W E B A RO, B4, Simulation Architecture

AUZE KT TR RE R

Operational Scenario (Movie)
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arayigr DA Thedpga wen amsys. com
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Ansys

o make the

ontemt

Welcome!
Ansys AVxoelerate Lighting and
nsors Overview
3. Project Management
1.1. Project Modes
3.2, Simulathon Modes
Creating a Standalone
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3.4. Opening a Progect

3.2, Saving a Project
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HIL&VIL: HIL Solution
HIL £
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High Level Autonomous Driving Sensor Configuration
=M BB ERERESEc A

Sensor Distribution

R i

11 x camera

6 x radar

1 x lidar

12 x ultrasonic
1x GPS
1xV2X
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Hardware Platform
HILMEF 5

HIL Front
IETH
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GPU and Sensor Cluster Configuration

Sensor Cluster Configuration

Cluster1
toGPU 1

Sensor 1
Sensor 2
Sensor 3

Radar

. GPU detected

24

(o [V (= g Cluster 3 Cluster 4
to GPU 2 toGPU 3 to GPU 4

Sensor 1 Sensor 1 Sensor 1
Sensor 2 Sensor 2 Sensor 2
Sensor 3 Sensor 3 Sensor 3

Camera Lidar Ultrasonic

A
v Software

GPU Configuration

Device 1/GPU 1 @

Hardware

Device 2/GPU 2

@)
Device 3/GPU 3 @)
@)

Device 4/GPU 4
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Sensor Server

GPU 4
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Outdoor Vehicle-in-the-Loop
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AVXxcelerate Sensor & CarMaker

Camera Sensors
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Camera Sensor Validation

]
AVxcelerate Asset

. Or
Preparation Editor

Lighting System
AcheleFaé Lighting
System REST APls

<0

Driving Simulator ‘

mv

@
= [carmaker]

World Environment

i

cC))

Lo
AVxcelerate Asset
Preparation APls

Sensors Models and Layouts

—

AVxcelerate Sensors
Labs Application

Simulation

CarMaker —
AVX Interface

—liege

L r‘
AVxcelerate Sensors
SimulationAPls

Sendsinstructions J

L Custom Plugins

(SUT)

AVxcelerate

e StandaloneLibrary

AVxcelerate Sensors

or Labs REST APIs

AVxcelerate Sensors
Simulator

I
Generates

v

-

Sensors Qutputs

=

AVxcelerate Sensors Simulator Workflow

Ansys Real-Time Camera simulation

Ansys Real-Time Lidar simulation

Ansys Real-Time Radar simulation
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Front Camera Injection Testing

B E R B RABE AR

Host Computer

= Image Generator
= Sensor Model

\nsys

CarMaker —
AVx Interface

CM APO

IPG CarMaker
Simulation Platform
= Vehicle Dynamics

Image Stream

For Valeo FC

Image Stream[]
[J CameraBackchannel

[0 CameraOutput

= Scenario Editor )
= RBS ,G

AR B

Vehicle Parameters(]

> Workstation with Nvidia GPU

> Trentino Box
> Front Camera

> Option: RTPC

29 IPGE R RE 2 B 117 FL AU A R 7 56
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> CarMaker

» Ansys Avx

> Matlab & Simulink

Valeo Front Camera

= % m——

ENVIRONMENTAL

=

AVx Sensors Modeler




AVxcelerate & CarMaker: Camera Injection Testing

Cosimulation
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¥ contact-cn@ipg-automotive.com
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SOLUTIONS FOR VIRTUAL TEST DRIVING
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