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Simulation is the Only Practical Solution: Waymo Case
Study

Simulation is the only
practical way to
validate autonomous
vehicles over millions
of driving scenarios
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4 Million , B 2.5 Billion
Road Miles = Simulated Miles

Driven in NINE Years Driven in ONE Year

Reference: Waymo Safety Report: On the Road to Fully Self-Driving (2017)
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AV Simulation Environment: ANSYS Offering with OPTIS & Partners
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Data Workflow

PHYSICAL INPUTS
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Spectral Material Scanner
to virtualize the world



Data Workflow
PHYSICAL INPUTS 3D MODEL
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Simulations Can Utilize Real As Well As Virtual Data

Real Data Virtual Data
Sensor inputs recorded by real Virtual vehicles driving
AVs driving on real roads in virtual worlds

Example: Simulation Replaying Real Sensor Data i Example: Fully Virtual Simulation

Real Camera Image Virtual Camera Image
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Data Workflow

PHYSICAL INPUTS

3D MODEL SIMULATION RESULTS
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Sensor simulation




Solutions for Radar System
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1- Component / Detailed simulation 2- In-car installation 3- In-driving scenario — MIL/SIL/HIL

Radar detailed design Facia implementation Early evaluation on driving situation

Performance analysis Test & Validation




Solution for Camera Simulation
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Solutions for LiDAR System

designprocess (D OPTIS ¥  Engineering integration of LIDAR
o - > ering ) " A

into headlamp OPTIS - L m ¢ N J C OPTIS
= I e
— Front Camera ; s
> v \ = Left & Right
Sy , Rear LiDAR
I 100mm , - . - 0 1 "
_r:. 32.¢ viev 4 ™ I l ' ront Li I
LCA3 3D Flash Emitter Find best compromise between styling & performance Dynamically assess sensor perception while iterating through varying scenarios
1- Component / Detailed simulation 2- In-car installation 3- In-driving scenario — MIL/SIL/HIL
LiDAR detailed design Lamps implementation Early evaluation on driving situation
Performance analysis Test & Validation
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Case Study - Measured materials

Simulate LiDAR performance taking into account the IR reflectivity of car

White Car Paint - Returned Amplitude Black Car Paint - Returned Amplitude Black IR Car Paint - Returned Amplitude

Log [amplitude]

White Car Paint - Returned Amplitude with Threshold Black Car Paint - Returned Amplitude with Threshold Black IR Car Paint - Returned Amplitude with Threshold
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Thermal effect on LiDAR
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Flash LiDAR - Thermal study

Structural Deformation T, pioni= 20°>  60°
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Transceiver beam pattern

Tambient= 20° T =60°

ambient™

Spot of light leakage migrates toward the
center

Light leak o ANSYS
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Receiver qualification

ambient™
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Fog Simulation
Camera & Lidar signal degradation

Time Of Flight Signal
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ADAS feature specification

BLIND SPOT Dynamic virtual testing of ADAS scenarios e OPTIS
Front Camera , -
= ]
i N =l
Rearview Mirror Vision /

Forward
Vision

Left & Right .
Rear LiDAR

Side Mirror Vision -‘g W .

Front LiDAR -

BLINESEOT Dynamically assess sensor perception while iterating through varying scenarios
Specify ADAS functions based on sensors Model based simulation with VRX using
Define sensor and software raytracing and physical based sensor
requirements
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VRXPERIENCE Sensors
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VRXPERIENCE Sensors

Massively distributed closed-loop simulation on HPC
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Sensor Simulation solution for AD & ADAS

SPEOS

Optical Sensor Test VRX - AD

* Light & Optical sensors camera & Liar  DRTa 0l RAAL ARATp L 0e IO 1
» Vision performance validation  Real-time physics based engine
» Open Loop simulation e MIL/SIL/HIL Closed Loop simulation
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Thank you for your attention
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