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Evolution of automated driving systems

Level 4

HIGHLY AUTOMATED

Level 1 Level 2 Level 3

DRIVER ASSISTANCE PARTLY AUTOMATED  CONDITIONALLY AUTOMATED - No control interfaces for a human driver

- Adaptive Cruise Control - ACC & LKA - Congestion Assistant - Driver partly out of the loop - Robot tax
- Parking Assistant - Park Asist - Highway Driving - City Pilot
- AEB - Auto Parking

Higher levels of automation need higher levels of connectivity

Challenge today Challenge tomorrow

Proof of effectiveness and reliability IT Security and Functional Safety

= Relevant safety gaps in software directly linked to hardware

= 99.999% of all critical situations: Human drivers succeed

—>The self driving algorithm also? , : : :
, _ = Hackers could gain control over essential vehicle functions
= “Autopilot” keeps/changes lanes and brakes automatically

= Al in ASIL rated vehicle functions
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=  Wireless transfer of software updates :
|

Regulatory ,grey” area, Customer = Test driver Homologation by physical and virtual testing ?
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Approach for validation and approval of ADAS and AV

Simulation / Virtual tests

Using simulation in vehicle development and testing

Type Approval Virtual homologation?

Semi-virtual tests / XiL test :
Proving ground tests
bench
=t .-rf P S

Application Driving simulator
System Whole vehicle test g
Subsystem subsystem integration tests Test benches / HiL
Components component integration tests HiL

SW/HW Tests » .
Software integration tests SiL/ MiL
Software unit tests

Software

ElAnaIysis of a huge numbéf of scer}arios,w [/ Test benches / XiL

[ Approval in real driving situations and
environments, system configurations and 4 Driving simulator self driving cars and targets; critical comparison with system specifications
driver characteristics maneuvers are possible ] Real world

VT Abstraction: scenario-(KPIs);-environment,

1 Abstraction: scenario (KPIs), environment At
. 103 scenarios S
108 scenarios -

Subset for approval =~ ———

102 scenarios, S
— —
Scenarios

(exposition, environment, )

Road Users
(driver, pedestrian, ...)

Vehicle
(driving dynamics, ...)
Sensors - —
(radar, lidar, camera, ...) T ——

Effort for coverage of all relevant

scenarios & environments
Uncertainties

& simplifications

Model Database
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Virtual model validation and verification

Sensor model ADAS function Vehicle dynamics model

&&&&& y Surround View . [ T — J
e M Baltry_bis
Ref_vel |4 ref_vel_mis J B Powerta bus
b
desired_momentum_Nm desired_momentum Nm  Batlery bus
[ Vehicle_bus [
5

| vehicle_vel_m's

7 — )
18 rascund/Lira-Shert-Range Rader Autonomous Driving, Dr. Mihai Nica, AVL 2018
= Source: Internal knowledge, internal scenario = Source: ENCAP, ISO standards, int. = Source: ISO Standards, internal knowledge
database knowledge and scenario database = Braking test
— Focus: ACC and AEB = Acceleration test

= Field of view test = Followina test & operational limits (ACC = |SO 4138:2004 - Steady state circular drIVIng
= Unambiguous identification test . FoIIowing test agg?essive (ACC + ,(AEB)) = |SO 3888-2:2002 — Severe lane change
= Harsh weather conditions = Following with speed oscillation (ACC) = |SO 7401:2011 — Lateral transient response
= Corner case scenarios = Cut-in & Cut-out (ACC) test

= Performance on curve — Steering wheel step input

- g“gﬁgg Emergency B"at!ng 8823 — Steering wheel sinus input — one period

. mergency braking _ : i T —

- (NCAP) Emergency braking junction i “f’.t.e.ermg wheel sinus input - continues
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Vehicle dynamics virtual model validation and verification

Determination and identification of

S : : Correlation of results and approval of
Parametrization of simulation models

simulation

parameters

. . . Name ™ Valve DataType  Dimensions Cc ] 1x1 struct with 29 fields 60
= Static physical tests -
£ xe 52451.00657928319
£ kewhiad 138031.6120778669 1 Mass 1181 50
— ' - £ noyt 6 £ StaticNormalFrontLoad Ix1 struct
' i ] Pedal_positions [0.10.40.509] |-£] StaticNormaiRearL.oad Ix1 struct 45
.. £ psta 1325 E WheeiBase 30750 =~ 40
HH Rair -1 FrontAxlePositionfromCG 15150 =
(] sus <1x1 struct> 1 RearAxlePositionfromCG 15040 E s
£l Trans <1t struct> H HeightCG 01340 =
std 29315 1 FrontalArea 21100 g 0
£ Upshift_Speeds  [12.9375 26.4375 39.9375 51.18749999. DragCoeficient 03300 2
3 <1xd struct> NumberOfWheelsPerAxle 2 H 10
0.0046 £l Thread 11 struct 3 2
b 1 PitchMomentinertia 1.9227e+03 s
e T oliMomentinertia 4323333 15
[0 0.074658565183422 0010903053 Ve oaataitis 2066 o
000000000000000;01.268
g 11 SteeringRatio 18 5
000000000000000;00.001 -
[352.135682858603 352.135682858603. AcWidth 13220 2 —
[0000000000000000;00.000. SprungMass 100iex03 0 s
[0000000000000000;03.062 InitiallongPosition 9 0 10 =l
[0000000000000000;03.808 InitialLatPosition 31250 H
000806000000005.6000 H InitialVertPosition 00111 e o
i  tmiviatDAl At n H

[0.325022776267175
[3-03-02-0.100.

rempalos 0050 | 5 — Simulation
[-0.523598775598299 N
eion | |peadoien ! Measured
+ [y
< 0 10 20 30 40 50 60
- Time [s]
25 E
® i
Simulation
Measured
5
% - : o 10 0 n an 50 [s] 7 a0 an
5 0 5 10 15 20 % x posmon [m]
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Components for scenario-based testing, TUV SUD Czech test
environment

Test track near Prague . OXTSRT.Base S «  ABD SR15 Orbit driving robot *  ABD moving platform, ver.2018

Qgﬂd.MmﬁhOVO AR *  Track-Fi Power Mesh (radio) Y DR gl)a(l-DrSSSthz(r)O:tltll\J/ F
junction ABD control station and nets *  OXTSRT-3003 IMU get, rev.

Highway lanes « Full ABD Synchro software «  Track-Fi Power Mesh (radio) . Ezfo(r)unclzi\ gpproved target for
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Using Simulation for approval of ADAS and AV

Motivation for simulation (virtual methods)

- Vehicle variant complexity - Huge testing parameter space :
- Increasing active systems - Not reasonably coverable by physical testing |:> ::"ghhf[ rele\t/agt dfc?r'ADAS e
- System complexity - Limitation of physical testing ST ElLtiemiElst Qg
o 1 complexity Representative environment models
river A .
Tt B @ oCIget=Toli[o]g | It percepts the right things fellelat oI ‘
vehicle T effon

\\\%/7
validated interpretation models O

It figures out the correct situation

3:; interpretation

é physical (real) tests

'-g Q s el ! takes the right decisions validated function models
©

o

A : validated driver (controller) model
6 It acts the right way virtual (simulation) tests

vehicle

validated vehicle models

It executes what is supposed to do

>
coverage/scalability
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Test Platform Architecture for Virtual validation and approval of AV

The most efficient validation and homologation will be done by those who will use the best combination of different test environments.
Dr. Tobias Diisler, Department Manager Advanced Solution Lab., AVL, March 2019

Co-simulation between Matlab/Simulink and Pro-SiVIC. Utilizing automation and time domain simulation of
Matlab/Simulink with high fidelity sensor models and virtual environment representation of Pro-SiVIC

Test automation

Behavior models
of KPIs
for characterization

Observation measurement
KPI’s evaluation

é\ Scenario data Base (Test
§ c% catalogue + KPI for AD Test case generation
= function)
S
£ Vehicle model HAD functions
L
©
o
»
)

* Simulation
commands
» Vehicle state

I
—

» Sensor data

Environment simulation
road / traffic / ambient _,

Ground truth £
data '

LIDAR

RADAR

* Material :
» Geometry '
« Lightning &=

Physics based
sensor models

Camera
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Managing cooperation in global team
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Managing cooperation in global team - solution

4 Project - Simulation_Toolchain — O X

Requirements: _
 Easy way of data sharing rod &2 QAR @ S € B " gume Bsmmoue

New Open Share Dependency Search Custom Run References Git Refresh Commit * y Branches ‘Stashes
hd hd = Analyzer Tasks ¥ Checks™ Startup Shutdown = Details @Pull

 Unified simulation environment
» Repeatable simulation execution
« Change management

» File back-up system

Project Integrity Checks

All project definition files are under source control.

All files in the project are under source control.

All files under source control are in the project.

All project folders exist.

All project files exist on the file system.

All project folders on the MATLAB search path are on the project path.

Solution:
» Using Matlab Projects with integrated Git

All projects in sub-folders are referenced by this project.
Check for project files with unsaved changes.
All derived files in the project are up-to-date.

L O O S S S A % LN

There are no slprj or sfprj folders in the project.
New SLX files are added to the project and that the original MDL files are not currently in the project.

TUV SUD Czech s.r.o | Framework for Virtual and Physical Testing of ADS June 25, 2020
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Using Apps to speed up workflow - motivation

Sharing work through code, when there is a big
space for parameter variation and wide range of
different user settings is ineffective.

 Every user needs to be familiar with code

« User needs to know what to change and where
» Potential to break the code

1
2
3
4
5
&
7
g
5
0
a1
2
3
4
5
&
A

[-]%% This is a very complex program

path = 'C:\Program files\ ...';
paraml = 0.7; % DONT TOUCH THIS!!!

tempVariable spd = 90/3.6; % EDIT this value
speedTS5V = 70/3.6; % EDIT this only if you
% are sure what you are doing!

KPIsToUSE = {'TTC', 'MaxSpeed', 'MeanSpeed'};
- % For full list of KEPIs see file: EPISFULL.txt

%% Initial conditions & initialization
o

(=}

% code

% code

% code
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Using Apps to speed up workflow - example

euro-ncap-as W uirgwe - o x
essment-pro pen
ocol-vru-vi0

02pdf

NCAP Scenario

NCAP Scenario Template | AEB_C2C_CCRm mat v

Scenario Parameters

VUT Speed [km/h] |65 v | GVT Speed [km/h] |20 v |
Collision overlap / Offset [%] | -0.5 v | Lightning conditions | Day v |
Initial Distance /A v GVT Deceleration [mis*2] A v
Test Vehicle
Test Vehicle (VUT) | Citroen_DS4 v
Make  Citroen Length [m]  4.275
Model | DS4 Width [m] | 1.81
Sensors 1 Height [m]  1.523
Pro-SIVIC  C:\Usersikacia-vl | Preview vehicle boundary box |

Scenario Generation
Single Scenario Set of Scenarios ‘

Options

Script Name  Citroen_DS4_AEB_C2C_CCRm_EGO65_VUT20_Offset-0.5_L (o)

Use Default Script Name Generate Simulink Model
Aulcmaucal\y Save Script
[ Generate in Demo Mode | @) |

lllustrative application front-end




Pro-SIVIC as a source of
synthetic sensor data

Virtual representation of environment
High-fidelity sensor models

« Radar

« Lidar

« Camera

 QOther commonly used sensors
* Lightning conditions

Weather management system

®
Virtual Testing

TUV SUD Czech s.r.o | Framework for Virtual and Physical Testing of ADS June 25,2020
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Using simulation data in Simulink

= Basic data transfer functionality provided by precompiled mex functions
= Specific functionality reached by combining basic blocks intro masked specific-purpose subsystems

@ Block Parameters: Vehicle Dynamics Variant Subsystem x
5 Hoader C— £ Hosder Vehicle Dynamics Settings ~
| ’ “ﬂ‘"ft | ’ ’*’m't Hangle ‘afecimey Targett In this block you can specify which vehicle dynamics model will be
data data vangle mpaci Targerz used in the AV Simulator. First select which dynamics model will be
Jayer et Target3 used and then adjust the settings for the model in the respective
Car Observer GetBeacon LidarConfig Lidardata Radar model tab below.
Select Vehicle Dynamics Model
£ hoador £ hoader £ hoador £ hoader Choose the model:
Sign_Expont_Bus vehicie_export_bus grayscale image data @® Pro-SiVIC dynamics model
O Internal (TUV SUD) dynamics model
Sign_Export Vehicle_Export color camera grayscale camera Compass o
MathWorks dynamics blockset model
5 hoader 5 hoacer CR—— C— Ca—— Control Signal Vehicle Feedback o _ .
| ““’”t | "‘“ﬁt | ““’”t | Dmt | “ﬁ"’t Additional dynamics model settings
Pro-SiVIC Model  Internal Model ~ Mathworks Model
Distance Observer Get Car Description Get Car Environment Get Car Orders Get Event Adjust settings for the Pro-SiVIC dynamics model
Speed Control Mode Steering Control Mode
£ hoader " header £ hoader £ haader £ hoacer Commands Vehicle Info
ot o sota . sora O Throttle, brake pedal O Steering wheel angle
|i @® Torque ® Wheel angles
Get Tracker GPS MU inclinometer Infrastructure - - - —
Vehicle Dynamics Variant Subsystem ( Set speed [] Enable rear steering
F hoader £ header £ header| £ hoader £ header Cruise Control Settings
data dta cata data dara
@® None
INS Man Observer objectObserver ‘Odometer Road Observer O speed Coﬂtrol
O Speed Limiter
£ ] £ 5 £
v
e Far Ardare Zat Fuant cat HIIM ot Tratartan ot Wosthar mat
OK Cancel Help Apply

Pro-SiVIC data transfer Specific-purpose block Typical block mask for user
interaction
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Head start using prebuilt examples

= TUV SUD is not a software developer, but we need a proof of concept for our platform
= Taking and adapting prebuilt algorithm examples allows to quickly assess the functionality of whole platform without having
to spend time coding the algorithms

[Adaptive Cruise Control Using Sensor Fusion Test Bench }

Model Button
Ty -
\\\\\\\\\\\\\\
Before Running The Model
o
- I W
CwWithSensorFusionMdRef Y | =& Al (* ~xNntrntllar N T k===
Usa The Buttons Below
dit The Exampl Aoccleralion o —ViAcmia™ FadelonTmel———— [T S [ = ] i %@
Edit Setup Script Radar / T D — P . _@
¥y
D_...m...
= -

e ¥ I ago_valority
s Curvature
Edit Scenario Prediction Time Tracks
\ Vehicle and Environment
gitudinal Veloci
| Tracks
MIO Track

...........

if trackIDs>0

mioStare = confirmedTracks;

Léad “v‘eh'i:crle detection




ACC behavior simulation
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Simulation results

Comparison of velocities

Comparison of pitch angles

20 1
GST o8 /
18 VUT measured = \ o8 A1\
VUT simulated \ Eo4
16 [ \5 € o2
\ £ o
14 | \ 02
-04
T2t
» s - . . H
Lol /T A . R
=40 ; Z\\ time (5]
g ,/ “‘ lll A X leration over tim
\1
& 8r / / il
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UN Regulation No. 140 - ESC

Annex 4 — Dynamic stability simulation tool
and its validation

,2.3. The simulator shall be deemed to be
validated when its output is comparable to the
practical test results produced by a given
vehicle type during the dynamic maneuvers of
paragraph 9.9. of this Regulation. The
relationship of activation and sequence of the
vehicle stability function in the simulation and
in the practical vehicle test shall be the means
of making the comparison.*
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