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Agenda SETHLevel

Introduction of Simulation Use Case 3 (SUC3)
* Specification

* Implementation
* User stories specific simulation setup for camera and lidar component test
* |IPG and dSPACE tool specific implementation

* Demonstration of results
e Camera component: Model design, metrics and results
* Lidar component: Model design, metrics and results

e Summary and outlook
* Q&A
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Simulation Use Cases (SUCs):
* Analysis example

+ Test examples

Common Demonstration goals:

+ Demonstration of the applicability
and usability of standards (OSI, FMI,
SSP, ...)

» Usage of appropriate architectures
and interfaces

Elaboration of KPIs

* Use of the credible simulation
process and ensurance of traceability

*  Provide project internal feedback and
identify need for further work
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Simulation goals SETHLevel

Introduction of Simulation Use Case 3 (SUC3)

* Goal is to work on camera and lidar in parallel
e Goal is to execute the simulations in dSPACE and IPG tool

dSPACE ARG

Camera Simulation 1 | Simulation 2 Demonstration of results

Lidar Simulation 3 | Simulation 4

* Specifically for each sensor technology
* Application and evaluation of OSI for component testing
* Application and evaluation of OpenDrive and OpenScenario
* Test and verification of SetLevel models for sensor component
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User story — camera component test SET.leve|

Introduction of Simulation Use Case 3 (SUC3)

* As a component developer, | would like to

* test my camera component scenario-based, isolated and without interaction in an overall-system
simulation agreed with the OEM AND

* be able to document the editors, processing steps, tools, artifacts and results necessary for traceability
of the test process in order

* to be able to make statements about the effects of updating optics and imager on the edge detection
of the signal processing function and to compare this with a reference AND

* to comply with the obligation to provide evidence (towards the OEM) and to ensure the reproducibility
of test results.

* For this purpose, the following specific test objective was set:

» the effect of updating the imager and optics is rated with the help of standard comparison metrics such
as MSE (mean-square error), RMS (root-mean-square), PSNR (peak signal-to-noise ratio) and SSIM
(structural similarity index measure) on the quality of the output images of the camera component

* Therefore, the image output of the camera sensor model with included edges must be compared and
assessed with the image output of a reference camera sensor model over the course of the entire
simulation.

* Areal camera could also be used as a reference camera sensor
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User story — lidar component test SETHLevel

Introduction of Simulation Use Case 3 (SUC3)

* As a component developer, | would like to

* test my lidar component scenario-based, isolated and without interaction in an overall-system
simulation agreed with the OEM AND

* be able to document the editors, processing steps, tools, artifacts and results necessary for traceability
of the test process in order

* to be able to make statements about the accuracy of object recognition and tracking based on a
specified metric AND

* to comply with the obligation to provide evidence (towards the OEM) and to ensure the reproducibility
of test results.

* For this purpose, the following specific test objective was set:
* The intersection over union is used to compare the accuracy of the overlap between two bounding
boxes (Ground truth and detected bounding box)
* The key figure derived in this way assesses the detection algorithm and the tracking of the sensor
model over the course of the overall simulation
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Vehicle setup SETHLevel

Specification

Position camera in simulation Position lidar in simulation
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Scenario SETHLevel

Specification

TS2-4/RS2-6
truck, oncoming carriageway, right-
turning driver

Objects:
e EGO: car (E)

« traffic participant:
Car (P1,S), truck (T)
pedestrian (F2)

Behavior control:

« EGO:
course is trajectory based (open loop/no
HAD)

 Environmental traffic:
course is trajectory based

* No parameter variation
=>» Focus on first integration of sensor
models
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User stories specific simulation setup SETHLevel

Implementation

Vendor
Tool: 0si3::SensorView _
- 0si3::Groundtruth 03!3::SensorD_ata _
dSPACE - o0si3::CameraSensorView Camera Sensor osi3::SensorView (0si3::Groundtruth,

(::image_data) osi3::CameraSensorView)
SUT

Optic and Imager

Edge

osi3::SensorData Detection

osi3::SensorView (0si3::Groundtruth,
osi3::CameraSensorView)

Camera Sensor

Reference Model

ZDuring Post- @\
processing

runtime

ﬁ
Vendor - B T @) |
Tool: 05|3::_Se“nsorV|zw A !l — 0si3::SensorData Me”'p

- osi3uGroundtruth - 0si3::SensorView (0si3::Groundtruth, (Intersection- |

dSPACE - osi3::LidarSensorView LIDAR Sensor 0si3::MovingObject) Over- Union)
(GRetlection) sut | Model - 0si3::FeatureData —_——— |

_‘ Mmm Ve (osi3::LidarDetectionData)
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dSPACE -

tool specific implementation SETILevel

Implementation

Preparation
Scenario Generation
Scenario Database

Simulation & Interfac I

GPU bas Ra tracing

3rd Party Integration

Traffic Flow Sim. Sensor integration

Driving Simulator Open APIs

)

Scenario Editor & D Vehicle & Environment
Parametrization Models

Sensor Models

OpenDRIVE I

0)

OpenSCENA
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penCRG Hardware-in-the-Loop Software-in-the-Loop Cloud-Computing

x/’j
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ASAM OpenDRIVE®

ASAM OpenSCENARIO®
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- Tool specific implementation

Implementation

SETHLevel

Open Integration and Test Platforms for Virtual Test Driving

CM CarMaker I Y TruckMaker

m MotorcycleMaker

Virtual test driving
Vehicle Ll ST

CLOSED
LOOP
T

Driver raffic

Models for all sensor technologies: ‘
camera, radar, lidar, ultrasonic

Integration platform

Visualization

Scalability Test automation
HPC + Cloud + evaluation

Corbhaner 403 Tost Rogort

Example Scene

Bl 1PGMovie - ‘nb-appl14’ online

Flle View Scene Camera Help

All dels r ing in real-ti
(best in class performance)

CarMaker-Internal Raytracing & Rendering
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Model design for camera componet SETHLevel

Demonstration of results

* First successful implementation of an image-based video sensor models on base
of OSI 3:CameraSensorView Interface

i}::‘:fﬁﬂ;% Image_based_video_detected_edges_model

Blur in the image is modeled as a
convolution with the point spread
function

A 4

abp3 Auue)

Original Image_Data
32bit RGB

Output: edge detection
Simulated: data

« SUT 01 ,Good Lens”
« SUT 02 ,,Bad Lens” (out of focus lens with lots of optical aberrations)
» Parameter: pixel_horizontal, pixel_vertical 1920x1080
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Metrics for camera component SETHLevel

Demonstration of results
MSE error: the smaller, the bigger the similarity
mse = (norm(A(:)-B(:),2).22)/numel(A);
PSNR: smaller, the bigger the similarity
err = mse(A,B);

peaksnr = 10*log10(peakval.*2/err);

https://en.wikipedia.org/wiki/Peak signal-to-noise ratio

SSIM: the bigger, the bigger the similarity
ssim,ssimmap] = ssim(A,B);

https://en. W|k|ped|a org/wiki/Structural similarity

M@IMW
A Time0.92 B _Timell.22 368.9 0.869 — E

A_Time0.92  B_Time2.8 268 23.9 0.91 ﬂ
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https://en.wikipedia.org/wiki/Peak_signal-to-noise_ratio
https://en.wikipedia.org/wiki/Structural_similarity

Video for camera component SETHLevel

Demonstration of results
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Results for camera component SETHLevel
SUT 01 — ,good lens”

Demonstration of results

TimeStamp MSE PSNRValue SSIMerror Eval

reference images

10.77 1107.5 17.688 0.84€98 'OK'

SUT 02 — ,bad lens”

10.77 3110.6 13.202 0.55615 'Fail'

SSIM-Map
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Model design for lidar component SET.level

Demonstration of results

FZD Model Framework for OSI & FMI

Lidar Sensor : . Visualization
Eusion Segmentation Tracking I D

| sensorview > | 232;“ | sensorData >

E.g.: E.g.

* GroundTruth:: . . . . » Object * ROS / rviz * MovingObject
MovingObject / Fusion * sorting * Detection # s .CSV * + StationaryObject
StationaryObject ’ Trar)sfor- Detegtlons » Dimension » .pcd * LidarDetection

* LidarSensorView mation DRI * Pose * etc. * RadarDetection

* RadarSensorView * Velocity * LogicalDetectionData

« (Partial)
Occlusion

) ) Logical T o
Raw signal Detections & . : F } Object list »
Detections i
\ 2 o 13770 — 4

H
v, . N Height} z
, ifgbege s am ! .
wimeg Do, one ; - x
Uy r\/\ TT?"-‘%""'IH_ \a—— » ¥ Length
’\//\r\/—\/\/\/\/\A/J \ A A Width
T T, T T Sy . N \ y
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Model design for lidar component SETHLevel

Demonstration of results

 Lidar phenomenon in focus on object list: Occlusion by other objects

) Reflections from tool

() Detections from model

41 H1] 5 ) ] 1| o112 o |z || Reset. Lafe-Click: Rotate. Middie-Click: Mavo X, Right-Clicki; Move Z Shif: More options.
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Model design for lidar component SETHLevel

Demonstration of results

* Lidar effects to be modeled on detection level to generate realistic occlusion behavior on object
level:
* Beam divergence
* Thresholding on intensity of signal over radial distance (I, on I(7))
* Multi-echo per beam (A-B and C-D)
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Metric for lidar component SETILevel

Demonstration of results

* Intersection over Union (loU):

|ANB|
« IoU(A,B) = 405

« Optimum: 1, minimum: O

A A

ANB AUB

Source: Huch, Sebastian: Entwicklung einer umfassenden Metrik fur die Bewertung einer Lidar-Sensor-Simulation durch Betrachtung
mehrerer aufeinander folgender Verarbeitungsebenen. Master Thesis, Technische Universitat Darmstadt, 2019, p. 47-48
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Video for lidar component SETILevel

Demonstration of results

Fle View Scene Comera Mo File Panels Help

yiteract | D Move Camera [ Select @ Focus Comera == Measure  # 2DPoseEstimate  # DNavGosl @ PublshPomt & = @

Reflections from tool

( ) Detections from model

Session Log 'sim1_20210329_151002./0g"
o 0
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Results for lidar component

Demonstration of results for single frames

Moving car

Object ID: 16000000, timestamp: 7.68, front-view, ! ing object

zdistance inm

Front-view

y distance in m

Object ID: 16000000, timestamp: 7.68, side-view, class: moving object

Side-view

zgistance inm

25 23 235 24 245 25 255 26 265
xdistance in m

Top-view
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Object ID: 16000003, timestamp: 5.68, side-vi

2 distance in m

Object ID: 16000003, timestamp: 5.68, top-

x distance in m

Parking car

7 25 )
y distance inm

: parking car

Truck

Object 1D: 16000001, timestamp: 16.32. front-view, class: truck

‘Object ID: 16000001, timestamp: 16.32, side-view, dass: truck

+ 45 s 55 6 65 7 15 8 85
x distance in m

X distance i m

|

.|

7
y distance in m

A

loU: Intersection over Union, IoU = =2, Optimum: 1, Minimum

Ay

o
y distance inm
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Pedestrian

Object ID: 16000002, timestamp: 13.12, front-view, class: pedestrian

] as 58 [

xdistance inm

Object ID: 16000002, timestamp: 13.12, top-view, class: pedestrian

X distance in m

y distance In m



Results for lidar component

Demonstration of results over time

Intersection over Union (loU)

o ngu loUs over time for object ‘moving object'
Top view
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Minimum: 0
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loUs over time for object ‘parking car’

Top view
Side view
Front view

Top view
Side view
Front view
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Summary SETHLevel

Summary and Outlook

e Achievements:
* Successfully implemented user stories for camera and lidar in two tools
* Successful usage of standards OSI, OpenDrive and OpenScenario
* Enabled automatic processing of metrics for sensor technologies
* Feedback on improvements for OSI implementation and documentation based
on findings
* Findings:
* Lidar specific
* De- and serialization of simulation takes about 50% of simulation time
* Shooting of unnecessary rays is slowing down the simulation (Potential of 10
times higher speed)
* OSl-Logic: rays without reflection are transferred
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Outlook SETHLevel

Summary and Outlook

* Extension of sensor technologies by additional radar user story

* Adjusting sensor and car models based on real sensors and cars in VV Methods
project (an additional project of the PEGASUS family)

* Checking the possibility to use the open-source approach for material description
(OpenMaterial)

» Additional scenarios based on the needs of specific sensor technologies and VV
Methods
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