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Real-Time Prototyping and Testing for ADAS:
Lane Keeping and Following Assist Systems
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The Things You Will Learn

Virtual Vehicle Controls

®
= b Ia\

» @

How do | perform How can | rapidly

real-time virtual vehicle prototype and test
simulation? controls?

Camera
Perception

How do | test
perception and
controls?
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Fast-Track from Desktop to Real-Time Simulation and Testing

Create, deploy, monitor and
instrument real-time applications

AB B>XIPPO 4@\ MathWorks



Outline

Part 1
: How do | perform
Virtual = . . .
Vehicle - real-tlmg thgal vehicle
simulation?
Part 2
Controls + {a\ . éa How can | rapidly
Virtual Vehicle \ prototype and test
adie controls?
Part 3
Perception How do | test
+ Controls + perception and

controls?

Virtual Vehicle
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Real-Time Virtual Vehicle Simulation

Part 1
- How do | perform
Virtual o ’ . )
Sirmulation QGS real-time virtual vehicle

simulation?

&\ MathWorks



Need for Virtual Vehicle Simulation & Testing

= Prototypes are expensive

= Logistics and safety

= Early validation

= Development accelerator

= Synthetize edge scenarios

= Test handoff, platooning

- Repeatability, reproducibility
= Qualified miles

&\ MathWorks 6
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Virtual Vehicle Simulation
= ___ b »
I d = Info TrgCmd Info!
Utilities Vel Drivetrain 3
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icle Dynamics ~ Vehicle Scenario Builder 2|Engspd & EngTrq B 3 EngSpd '\f\_/} EngTrq pr
L
« Common challenges
L
Mapped CI Engine Mapped SI Engine

— Solutions are expensive and cumbersome
— Poor Simulink integration
— Solutions geared towards experts

= Strengths of MathWorks solution:
— Extensively supported
— Open, customization possible
— Integrated, flexible and well connected
— Fast, ready for Hardware-in-the-Loop deployment

Svaivods




Virtual Vehicle: Desktop Simulation

Example: Double-Lane Change Maneuver

Ride & Handling

> Eﬁ P
Predictive Driver ™
o6
- &
Controllers

« Vehicle Dynamics Blockset™

Chassis Controls ADAS / AD

B >IPO @\ MathWorks:


https://www.mathworks.com/help/vdynblks/ug/double-lane-change-maneuver.html

Virtual Vehicle: From Desktop to Real-Time Simulation
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Driver Commands
Predictive Driver
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Visualization

Passenger Vehicle

Controllers
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\ To Host From Target )

Real-Time Application — Virtual Vehicle

Speedgoat
target computer running
Simulink Real-Time

Host-target link

! Host Application

Host PC running
game engine

A 4

Controllers & Vehicle ﬁﬁ

(Vehicle dynamics and
Driver g driver control data)

Scenario
Generation & Rendering
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Virtual Vehicle: From Desktop to Real-Time Simulation

SIMULATION DESKTOP REAL-TIME
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Real-Time Driver-in-the-Loop (DIL) Simulator

@
/10
Virtual Scenario
Vehicle HIL Generation & Rendering
J

Webinar: Building Real-Time DIL Simulators

LR

Success story: Tonqji University

Prescan Visual
Field Display

EPS & ADAS
Control Strategy

"The Speedgoat system works well with many of the tools in MATLAB. Itis avery
efficient way to construct the test platform so that we can concentrate on the
development of the ADAS algorithm."

Professor Hui Chen, Tongji University

&\ MathWorks 11


https://www.speedgoat.com/user-stories/speedgoat-user-stories/tongji-university
https://ch.mathworks.com/videos/building-real-time-driver-in-the-loop-simulators-1542313377351.html

Part 2: Real-Time Prototype and Test Lane Keeping Controller

Part 2
Controls + I\ éa How can | rapidly
/ a . S prototype and test
- € controls?

Virtual Vehicle

¢/ Past, Future N
Sefpoint __ =
~
,"—' P /‘
_________________________ 8 | baseline real-time target machine speedgoat | B
Constraints ot
_________________________ W - - @
— Future Con ction Y
e——— CE— P § 1§ - -, -
e el e o Wil e g -
k k1 k42 ... L
—’
: ; Sample Time
Control horizon, m [fime steps] P
Prediction horizon, p [time steps]
. J
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Expediting Development by Frontloading Virtual Vehicle HIL

Ag| le aEALAND wnry,,{
o %y

X

s “,

Evaluale Mo

Desktop
Simulation

Rapid Control Hardware-in-the-
Prototyping ‘ Loop

Toae

generation

Validation

Rapid Control Prototyping

Development computer

MATLAB, Simulink, MATLAB
Coder, Simulink coder and
Simulink Real-Time

Target computer

Ethernet

Multi-core CPU running Simulink
Real-Time kernel, FPGAs, 1/0 and
protocol interfaces

Frontloading HIL

Hardware-in-the-Loop

Development computer

MATLAB, Simulink, MATLAB
Coder, Simulink coder and
Simulink Real-Time

Target computer

[enJWU“J

Ethernet

Multi-core CPU running Simulink
Real-Time kernel, FPGAs, 1/0 and

protocol interfaces

Physical system

1/0

Hardware under test with sensor
and actuator interfaces

Controller(s)

' "
4
1/0

Hardware under test with sensor
and actuator interfaces

4@\ MathWorks
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Lane Keeping Control with Model Predictive Control

Simulate controls with perception

Example: Lane-Following Control with Monocular Camera Perception
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+ Model Predictive Control Toolbox™
« Simulink Control Design™
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html?s_tid=srchtitle
https://www.mathworks.com/help/releases/R2020a/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Lane Keeping Control Real-Time Test Bench

i

LFMonoC raFeftidl
—
‘Send UDP
. — et e

e e ot T

D angh cfrera o wrwerd fecng
Langn
L B Vel
.

;f%
i i
f
£

ERTS CIJ—

wa , \ 'ﬁ- Vinion Deta caor
/S =g

i - -

Pack SwrinCmad Pe P

£
g
B

L

i
i
£
i
5
i
&
§

Control Algorthm

Unpack Sloering

g
h

¥ [sue vasceny

Veride Dyramics

Real-Time Application - Controls Real-Time Application - Virtual Vehicle

CAN
Speedgoat RCP l <«— Vehicle dynamics

m Steering control —»

Vehicle dynamics —
<«— Raw camera lens image
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USB/ HDMI
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- Perception J Camera r
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Lane Keeping Control Real-Time Testbench

Lane Keeping Control Real-Time Test Bench
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Customer Success Story: TUM / Roborace

speedgoat

Code Integration Workflow - HIL

I gi "iiii’

Vehicle & Environment Simulation

Trajectories,
real-time UDP

Speedgoat Mobile
Sensor Fusion

Speedgoat Performance

lcan |
i i Vehicle Dynamics

NVIDIA DRIVE PX2
Perception & Planning

Control & Rest Bus Simulation
x § ; !
R R = J Vehicle Position, Motion |
State, real-time UDP

GPU Server

Camera & LIDAR-Data, UDP . . o
Rendering, Visualization

& Sensor Simulation

MathWorks Automotive Conference 2019, Stuttgart 24

speedgoat

TUTI

HiL @ TUM

“The seamless integrated workflow provided by Speedgoat and Simulink Real-Time ™ really helped us to minimize
the time we had to invest building this HIL simulator and maximized the time we could spend developing the functionalities

of our algorithms.”

Thomas Herrmann, TUM RoboraceTeam

3 EXIPO

MathW orks Automotive
Conference 2019

&\ MathWorks
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https://mathworks.sharepoint.com/sites/SimulinkReal-TimeSpeedgoatContentDevelopment/Shared%20Documents/General/MATLAB%20Expo%202020/A%20Real-Time%20Simulation%20Environment%20for%20Autonomous%20Vehicles%20in%20Highly%20Dynamic%20Driving%20Scenarios
https://mathworks.sharepoint.com/sites/SimulinkReal-TimeSpeedgoatContentDevelopment/Shared%20Documents/General/MATLAB%20Expo%202020/A%20Real-Time%20Simulation%20Environment%20for%20Autonomous%20Vehicles%20in%20Highly%20Dynamic%20Driving%20Scenarios

Automate Testing in Real-time

Example: Testing a Lane Following
Controller with Simulink Test Reuse Desktop Test Cases for Real-Time Testing

4\ Test Manager - o X

11} %] Eror| O @
= 3 vV '* MU 3 &, Import & \2J "ACC_ISO_hrueiDvstriminalmn{.. [l start Page
. [P, Delete Run Debug  Parallel Visualze Preferences Help
Scenarios s Ao P A ACC_ISO_TargetDiscriminationTest
ACC_ISO_TargetDiscriminationT... A start Page Requirements |Ink
+
Simulink Model 150 TargstOscrminaionTest (aneFollowingTeste
-
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ e —
* Automated Driving
™
Toolbox it
H H helperLFSetup; 1 i
« Model Predictive Control Defigelsrgp D
™ and data initialization
Toolbox

« Simulink Control Design™

« Simulink Requirements™ -« ' ——

« Simulink Test™ ‘ | |

 ComputerVision Toolbox™ = e — st Webinar: Test Automation - From Desktop
Z S ummmmm e Simulation to Real-Time

Requirement
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https://www.mathworks.com/help/sltest/ug/testing-a-lane-following-controller-with-simulink-test.html
https://www.mathworks.com/help/sltest/ug/testing-a-lane-following-controller-with-simulink-test.html
https://www.mathworks.com/videos/test-automation-from-desktop-simulation-to-real-time-119500.html

Real-Time Test Bench for a Lane Keeping Assistance System

Part 3

Perception
+ Controls +
Virtual Vehicle

How do | test
perception and
controls?
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Camera )
Perception J Virtual Scenario
—_— Vehicle HIL Generation & Rendering
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Controller
\

Camera
Lens l-
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Modern Vision Applications Often Require FPGA Acceleration

= Lane detectionis a critical
processing stage in ADAS

- Computational expensive
= Acceleration needed,
e.g.,on FPGAs

Concept and Algorithm Prototyping, architecture
Development and chip design

|
Vision HDL r
Toolbox

HDL Coder

20



Bridging the Gap between Exploration and Deployment

Video series: Vision Processing for FPGA Example: Prototype Speedqgoat FPGAwith HDL Workflow Advisor

.. . Model Transformer g
Vision Processing for FPGA S .
HDL Code » Check Model Compatibility

Watch this five-part video series that introduces key P R —— Check Subsystem Compatibility

concepts and the workflow for targeting vision

Properties... Generate HDL for Subsystem
Help

applications to FPGAs for prototyping and production.

Learn more (5 Videos)

HDL Coder Properties

HDL Block Properties

HDL Workflow Advisor

“ ey “
1 ‘ g vab_13_14
— : vata_15_16
1
[77 mu-- Lot

FPGA acceleration of lane marking Resut: (] Hot Run
detection Click Run This Ta

O o ™ o o T

wi6 10334 Al Deta [0:15] = | Crannel 01

Lane Detection

Open Script

B EXIPO &\ MathWorks' 21



https://ch.mathworks.com/videos/series/vision-processing-for-fpga.html
https://www.mathworks.com/help/releases/R2019a/visionhdl/examples/lane-detection.html
https://www.mathworks.com/help/releases/R2019b/xpc/ug/digital-i-o-with-speedgoat-fpga-board.html

Lane Marking Detector
on FPGA
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Lane Keeping Control Real-Time Test Bench
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Demo the Real Thing

Camera

Prototyping

' l Virtual vehicle

HIL

Host PC W
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What You Have Learned

Virtual Vehicle Controls Camera Perception

=5

How do | perform real- How can | rapidly How do | test
time virtual vehicle prototype and test perception and
simulation? controls? controls?
o~ LI ‘T’@i‘

Controller /a \ Vehicle HIL Q Generation & Rendering

Camera Lateral a
Perception = ) Camera controller / \ Camera
Lens l: Lens f

Camera
Lateral 7, virtual @ a Scenario Perception l Virtual Scené 1r|o
Vehicle HIL Generation & Rendermg
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[Call to Action]
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Q&A
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