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BACKGROUND

* In order to achieve scalability and robustness, tests of self-driving vehicle systems need to be largely
performed virtually

* Reliable virtual tests require validated models on sensors, vehicles and environment where the systems
are to operate;

----------------------------------------
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GOALS / WORK PACKAGES

* WP1: Analyze the state-of-the-art (SOTA),

* WP2: Identify prioritized research questions,

related to validation of models used in virtual
tests of autonomous vehicle systems

* WP3: Perform a feasibility study with
demonstration of a model validation approach

* WP4: Formulate a draft project proposal for

future studies
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WP1 — SOTAANALYSIS

*Focus:

— Interaction between environmental models and
sensor models / vehicle models

— Methods to obtain measures of the correlation with
the physical equivalents.

e Qutcome:

— Review of 87 research publications between
2001-2022, from 15+ research centers, groups and
universities;

- Lidar/Radar/Camera modeling: 60%

+ Vehicle modeling: 15%

« Model verification techniques: 20%

« Miscellaneous: 5%
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WP1 — SOTAANALYSIS

On a high level, the autonomous vehicle shall perform the tasks sense, plan and act;

* Sense: sensors provide information about the environment, in which the vehicle moves, to
the planning unit

* Plan: based on sensor inputs, the planning unit calculates the action of the vehicle

 Act: considering the result of the planning unit, the ego- vehicle moves in the environment
accordingly.

There are well-developed virtual models for the latter two tasks: plan and act.

Models and model validation methodologies for the sense task are relatively immature
(e.g.: Schlager et al. 2020; Dona and Ciuffo 2022; Magozi et al. 2022).

hiager, B., Muckenhuber, 3., Schmidt, S., Holzer, H., Rott, R.. Maier, F. M., et al. (2020), State-of-the-art sensor models
for virtual testing of ad riving functions. SAE International Joumnal of

Connected and Aufo

Dond, R., & Ciuffo, B. {2022). Virtual testing of Automated Driving Systems. A survey on Validation Methods. IEEE Access.

Mageosi, Z. F., Wellershaus, C., Tihanyi, V. R., Luley, P., & Eichberger, A. (2022). Evaluation Methodology for Physical
Radar Perception Sensor Models Based on On-Road Measurements for the Testing and Validation of Automated
Volvo Autonomous Solutions Driving. Energies, 15(7), 2545.
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WP1 — SOTAANALYSIS

The targeted sensor model fidelity may be grouped by three levels (Schlager et al. 2020):
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WP1 — SOTAANALYSIS

Suggested fidelity levels at different
stages of the development process:

Customer Validation instruction & Acceptance
requirements a Verification test
Logical V:nﬁca!ion instruction > et
architecture e Verification
Machoicol Verification instruction 2 Integration
architecture ¥ Verification bast
System V‘eriﬁcation instruction = System
design - Verification .
it Verification instruction Component
design etfcation test

Legend: Implementation
Low-fidelity sensor models
Medium-fidelity sensor models
High-fidelity sensor models

(Source: Schlager et al., 2020)
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A variety of papers addressing sensor modeling
and model validation techniques:

Radar

Lidar

Camera

Low
fidelity

Hanke et al. (2015)
Muckenhuber et al. (2019)
Stolz and Nestlinger (2018)

Medium
fidelity

Bernsteiner et al. (2015)

Buhren and Yang (2006, 2007a,
2007b, 2007c, 2007d.,)

Cao (2015, 2017),

Danielsson (2010)

Hammarsirand et al. (2012¢, 2012b)
Hirsenkorn et al. (2015)

Mesow (2006)

Schuler (2007)

Schuler et al. (2008)

Wheeler et al. (2017)

Hirsenkom et al. (2015)
Li et al. (2016, 2020)

Hirsenkom et al. (2015)

High
fidelity

Hirsenkom et al. (2017)
Mgaier et al. (2018)
Holder et al. (2019)
Peinecke et cl. (2008)

Bechtold and Hofle (2016)

Brown, Blevins, and Schoit {20190, 2019b)

Doria (20194, 2019b)
Fang et al. (2020),
Goodin et al. (2009)
Gschwandtner (2013)
Gschwandtner et al. (2011)
Hanke et al. (2017)

OBrien and Fouche (2005)
Peinecke et al. (2008),
Rossmann et al. (2012).

Su et al. (2019)

Wang (2015)

Wang et al. (2012)

Woods (2019a, 2019b)

Carlson et al. (2019q,
2019b)

Goodin et al. (2009)

Schneider and Saad
(2018)
Wittpahl et al. (2018)

2022-09-08




WP1 — SOTAANALYSIS

Pros and cons of different fidelity levels:
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Low fidelity Medium fidelity High fidelity
O;.:erfmng Geometrical aspects Physacol_ gspecfs, detection Ren;ienng (rasterization, ray
principles probabilities fracing, etc.)
Input Object lists Object lists 3D scene (meshs)
Ovutput Obiject lists Obiject lists or raw data Raw data
Trade-off between
Low computational power computational power and -
Fros needed realistic output, a lot of effects MCTEIRaETS Guip
can be considered
Cons High abstraction level, no Lots of training data may be High computational power
realistic output required needed
V-model : 2 . Specification phases in the F:omponent §peC|ﬁcc1hon,
h First specification phases SR ard ieeralion Blases implementation and
OGRS 9 P integration phases
What point(s) or shape What point(s) or shape represents Wiia: Sirie dejechon
. : ! : { : threshold2 Which effects,
Design represents objects and which | objects and which need to be in material properfies, and
question need to be in the line of sight the line of sight for detection¢ g S0
for detection? What effects are considered? \clzvoesstig:rrgg: e
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WP1 — SOTAANALYSIS

CONCLUSIONS:

* There are well-developed virtual models for the plan and act tasks

* Models and model validation methodologies for the sense task are relatively immature
» Several papers are addressing initiatives to close the sense gap

REMAINING GAPS:

1. No generally accepted evaluation criteria to validate a virtual sensor model, nor unified testing
procedure

2. Knowledge lacking on how to evaluate the value (benefit vs. cost) of a selected modeling approach to
the stakeholders of the simulation output
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WP2 — RESEARCH QUESTIONS

Three high level research questions were identified:
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WP2 — RESEARCH QUESTIONS

Rain model Snow model Dirt model
Wesaktx Not & Not Euly ot Euly
implem. jmplem. PR e, Jplem
R —— (S ———vily 4 ——)
VALUE DRIVERS

Computational | 20,
: 18% % |
fime and cost L -
Example: ; :

Longitudinal | | |

control

Lateral Control

Object
Detection 2022-09-08
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WP2 — RESEARCH QUESTIONS

CAPABILITY A (e.g., SNOW MODEL)

Examples:
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WP2 — RESEARCH QUESTIONS

*What is the state of the art/available models?
*What is the Gap analysis for future studies?

il 3 Fog?
Road friction/ice?

Soft roads?

Examples:
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WP3 — FEASIBILITY STUDY

Concept tool to visualize the value of a selected modeling setup for simulation of autonomous vehicles
Goal:

 How valuable is a model component
(e.g., a snow model) based on the
specific scope with the simulations?

— Balances the value to estimated cost
(computational power, internal
resources) required

— Guides to model components to
be prioritized and/or exploited in the
simulation setup

Volvo Autonomous Solutions
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WP3 — FEASIBILITY STUDY

Inputs:

« Site features: Characteristics of the

operational design domain

* Value drivers: phenomena that are
important to be evaluated by the
simulation

* Model components: Selection of
modeling capabilities and
granularities to be evaluated
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SITE FEATURES MODEL

Cruise speed on the site

Loading capacity of the trucks

Average yearly temperature (site
Average yearly precipitation (site
Gradeability (site)

Road curvatures (site)

Banking (track)

Smoothness (track)

,_
o
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MODEL ADD-ON ABSOLUTE VALUE SCORE

LATERAL TRAJECTORY FOLLOWING PERFORMANCES

36.00%)|

LONGITUDINAL TRAJECTORY FOLLOWING PERFORMANCES [ 35.50%1‘ 12.01%

FULL SYSTEM PERFORMANCE

OBJECT DETECTION PERFORMANCE

REACTIVITY /COLLISIONS

NOISE (BOUNCING)

FADING

TEXTURE CHANGE

Number of particles

Farticle size

Size of particle emitter

Height (particie emitter,

Falling velocity

Velocity (horizontal piar

ENABLED

O ENABLED
O ENABLED
O ENABLED

O ENABLED

)

| 15.65%)

0.00%

RAIN MODEL O ENABLED

REACTIVITY/COLLISIONS [ ENABLED
NOISE [BOUNCING) [CJ ENABLED
e [C1ENABLED
TEXTURE CHANGE OJ ENABLED
Number of particies 11000 2000
Particle size 5 o
Size of particle emitter 150 Jwo
Height (particle emitter,

Faliing velocity

Velocity (horizontal piar
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WP3 — FEASIBILITY STUDY

Setup:

. Qualitative rather than quantitative evaluation;

— Which new model components (and level of granularity) give most added value to the simulation setup, not stating
an absolute number on how much added value

TOTAL VALUE OF MODEL ADD-ON TOTAL VALUE BASELINE CONFIGURATION DELTA VALUE FROM BASELINE

« Modeling knowledge is indicated with a maturity index (1-5);

— The level of existing knowledge of the relation between a model component and the its ability to address

a particular part of the value drivers
CAPABILITY A (e.g., SNOW MODEL)

— How much can you trust your value adding results

— Where are the important knowledge gaps
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WP4 — PROJECT PROPOSAL

Status

* Draft project proposal addressing:
— research questions identified in WP2

— concept tool demonstrated in WP3

* Will now reach out for partner interests for future collaborations

» Contact: stefan.thorn@volvo.com
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