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NI Simulation

« Mature 4% generation product

» Bestin class support organization for Unreal
Engine advanced development

» Create world accurate High-Fidelity scenarios
in hours with Real-to-Virtual solution

« Market leader in Real-Time High-Fidelity
Emulation of LIDAR, Radar, Camera,
RPM, Ultrasonics, GPS, and IMU sensor

» Create any perception test case in minutes

Likelihood of occupancy
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monoDrive Real Time Open Simulation Platform
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High Fidelity Physics-Based Sensor Models
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monoDrive LED Lighting Solution

{
“Lumens”: 4000,

“Headlight_Cone_Angle™: 50, 4 » ; ‘ e : —
Temperature: 10000 _ S S Q\ Q\ - Q‘

}
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Golden Yellow Pure White  Alpine White Bright White  Ice Blue

{
“Lumens”: 5000,

“‘Headlight_Cone_Angle”: 75,
W Temperature: 8000
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{
“Lumens”: 6000,

“‘Headlight_Cone_Angle”: 65,
Temperature: 4300
}
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The Future in Motion
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R&D Engineering Manager
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Intelligent Automotive Lighting Solutions

Q i - P

LIGHT 4+ ELECTRONICS + SOFTWARE = INTELLIGENT LIGHT _ _
From a technical perspective

intelligent lighting is:
 merged with electronics and software

 connected to a vehicle’s board
system

making it adaptive and Intelligent.
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Why to Use a Virtual Environment

Vehicle Calibration Improve Testing

 Increase efficiency » Scenario based testing

 Start tuning before the vehicle is available » Cover corner cases that are risk or difficultto be validate on the vehicle
« Eliminate dependencies of external factors * Reduce number of bug fix releases

Requiremernts Walidatson Tes

Design if——i. |ritegration Tedt
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Irmplementation =l—- Unit Test

Development of New Features New Customers
* Implementideas on SIL + Asvirtual vehicle demo, to show features to new customersin an
: . agile, visual manner
» Validate concepts and feasibility before
having a prototype * During technical reviews, as value added on the development process
: S SR, ala
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Why We Chose monoDrive

We did areview of several tools available in the market,the mainreasons why we
chose monoDrive are:

Availability of the lighting API to simulate Pixel LED headlamps

The virtual sensors that are provided with the tool

The existence of different clients to connect with our automation setup (LabVIEW and Python)

The scalability of the setup to support more complex simulations in the future
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How We Integrated monoDrive In Our Toolchain

* We use “adaptation blocks” to communicate between monoDrive and the DUT, these blocks configure the
monoDrive sensors, lighting AP, and the mapping of the information to the DUT.

+ The Output Adaptation Blocks receives the JSON command from the monoDrive sensor, process the
information for the specific projectand stream the information through the corresponding channel.

* The Input Adaptation Block captures the information from the DUT and mapped this information using the
Lighting API to send it to monoDrive

JSON - CAN/LIN/DI/DO/ ...
-<

monoDrive
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Camera Adaptation Block

DUT
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CameraType?

monoDrive Camera Sensor Parent Class
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COLOR
‘ (CameraTypel

<~ ----------------------- >
v

ChildClass 1

Information is processed as
Rectangular Coordinates

ChildClass 2
Information is processed as
Polar Coordinates

Adaptation Blocks

We chose the LabVIEW object-
oriented programming design for
the adaptation blocks, this allowed
us to define the main application in
a generic way and add child classes
as required to support new projects

or different interfaces.
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Input/Output Adaptation

[ carneraTypet.huel seFromiirtuslErironmment =
File Edit View Project Operate Tools Window Help |
$ Cn @|D
CameraTypel in
JSON : CAN/LIN/DI/DO/ ...
i Camerafnnotation o

{"actors™:[{"2d_bounding_boxes"[{"2d_bounding_baox":[221.0432891845703,
221,8690951171875,261.7379150300625,263. 70526123 046875 ], "name":
"FL_wheel"]["2d_bounding_box"[217. 125373?91 01563,217.96620178222656,
261,738037109375,263. 7031696777344], "name":"FR_wheel™},
{"2d_bounding_box"[216,7308223876033,222.69675231033504,
259,3708801269531,263.15673828125),"name":"Body" L[ "2d_bounding_box":
[221.47706604003906,222.2991 02 7E320313,261.6003444824219,
263,68853759765625],"name":"BL_wheel"}{"2d_bounding_box";
[217.61038208007313,218.44593811035156,261.60002431 640625,
263.6887512207031], " name""BR_wheel"}],"name":
"compact_monoDrive_01_2","oriented_bounding_boxes":[{"center"{"x":
20672.138671875,"y":-1399,932006835 9375,"2":-217.85354614257813],

[VirtuaEnvironmentipp vproj/ My Computer] < >
[B] HeadlompType.hvclass:StreamTolirtualEnvironment.ui [
File Edit View Project Operste Tools ‘Window Help
? @n
HeadlampTypel in "

JSOM string
{"actor_id":™,"lights":[["aray_id":"LF_HighBeamn","
[["led":0,"backlight intensity" tensity":60}{"led"1,

“backlight_intensity":20,"intensity™:60}{ "led":2,
“backlight_intensity":20, "intensity™:601{ "led":3,
“hacklight_intensity"i20,intensity":60}{ "led":4,
'bacl(llght intensity":20,"intensity™:60}{"led"5,

cklight_intensity":20,"intensity":60}{"led":6,
“backlight_intensity":20, "intensity":60],{"led":7,
'biclllght_mtmslly’ Zﬂ”lntens\tf 60},{"led":8,

60}{"led":9,
{"led"10, & —
Tled"11, L
JSON “backlight_intensity":0,"intens 1"led™12, CAN ] LlN I DI l'DOn‘ R
“backliaht intensitv";0."intensi I¥led™13.

WirtualEnviranmentpp vproj/hly Computer| < >
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Vehicle Calibration

A) Performance with default calibration B) Performance after tunning
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Testing Complex Scenarios
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Evaluating the System From Different Perspectives




Night Drive Simulation




l
Conclusions

* It is possible to calibrate the system on the virtual environment: The performance observed on the virtual environment is
representative of the performance observed on the real vehicle.

High beam on the
left SIDE is
observed, and
smilar to the
smmulation

Is hard to assess if
there is high beam
on the right side
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Conclusions

* The use of the virtual environment has a positive impact on efficiency and planning: 40 hours of tuning on a virtual e nvironment
can be done in a week, on a real vehicle will take more than a month

Calibration On Vehicle Calibration On Virtual Environment
Commute time: 1h Commute time: Oh

Vehicle Preparation: 1h Setup Preparation: Oh

Testshall be done at night and with good weather Testcan be done at any time

conditions

Unexpected vehicle failures can delay or even cancelthe  No dependencies of external factors

night drive

The system shall be mature enough to do the validation Testing and calibration can be done in MIL
Vehicle shall be driven to start position each time, Testcan be stop and re-started at any time, there is no
controlled exits shall be respected on the test track safety concerns

Minimum 3 people required on a night drive 1 personcan run even complexscenarios

ni.com (ontinental %




l
Conclusions

« The use of a virtual environment has a great advantage on the evaluation of the system: Issues not found during system test
validation and vehicle validation were caught using the virtual environment

Testing On Vehicle Testing On Virtual Environment

Scenarios are restricted to the availability of Any number of vehicles can be used, and any type
vehicles and infrastructure of setting can be created.

Repeatability is hard to achieve, driving stylesand  With replay mode, the scenario is executed in the
human error is an uncontrollable variable. same way every time.

Regressiontestat a vehicle level is sometimesnot  Regressioncan be executed on each SW release
possible, certain scenarios are executed only once.
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