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Agenda

= Meet the MathWorks Team

« MathWorks offerings for teams
« Simulation Challenge

= New Products

= Questions
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Support for Teams

Additional Resources

Collapse all

A MathWorks®  products ~ Solutions

v Videos
() Introduction to Automated Driving Toolbox (37:07)

Student Home =~ MATLAB Student ~  Examples = S

() Big Data and Machine Learning for Automotive Engineers (48:26)
SAE AutoDrive Challenge

SAE International (SAE) and General Motors (GN
Challenge™, a student competition focusing on a
a three-year competition, started in 2017, to deve
autonomous driving passenger vehicle. The techr
navigate an urban driving course in an automatec
SAE Standard (J3016) level 4 definition by year tl

() Model-Based Development and Testing of Embedded Systems Using CAN (43:59)
() Data-Driven Control (3 Videos)
» Mechatronics with MATLAB and Simulink

() Mechatronics with MATLAB and Simulink, Part 1: Accuracy, Speed, and Power Consumption (10:53)

Complimentary Racing Lounge Blog Join the User Community on MATLAB Central
MathWorks provides comj . - - . - -
competition. If your team i Learn more about best practices and teamwork for student competitions. Submit files or ask questions about this competition.

competition and needs so'
request form

Read blog posts View existing questions on MATLAB Answers

View existing material on MathWorks Support

k a question on MATLAE Answers

Tag your submission with saeautodrive

Request software

o

Video Tuterials for Your Team

Interactive Online Tutorials

9‘ Learn by doing! Our 2-hour online courses provide a
hands-on learning environment where you will interact
with a web-based version of MATLAB and receive instant
and contextual feedback

Launch MATLAB Onramp Launch Deep Learning Onramp

The Winner's Circle Connect with Us

% See how students are winning competitions worldwide with MATLAB and H

Request access to video tutorials (12 Videos) Simulink.

Explore student projects n MATLAE and Simulink Racing Lounge

Contact us about this competition

AutoDrive Webpage 5
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November Workshop

« MathWorks Workshop (SAE International HQ; Warrendale, PA)

= Dates: Nov. 14-15, 2019
= Agenda is being finalized and registration will open up next week
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Simulation Challenge

« Last year’s challenge was great!
— 18t customers to see sensors for Unreal engine
— Highlights
= U Toronto: Best integration between real-world car
development and simulation challenge

= Michigan Tech: Best use of lidar sensor, IPCV and
ROS for object detection

= Texas A+M: IPCV and deep learning using MW tools

= We decided to make the challenge more open
this year
— Points (50 available) will be awarded

— How has your team applied the core concepts using
MathWorks’ tools to help achieve the overall
competition objectives?
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MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

Synthesize data to test open loop perception algorithm 10

Synthesize data to test closed loop controls algorithm 10
Generate code from controls algorithm 10
Innovate 15
Reflect S

1
2
3
4
5



4\ MathWorks

MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

1 Synthesize datato test open loop perception algorithm 10
a. What algorithm did you test and why did you choose it? (i.e. object
detection, drivable path, localization, sensor fusion)
b. How did you synthesize scenario data? (i.e. Unreal Engine, Driving Scenario
Designer, sensor models, customizations)

c. How did you assess correctness of the algorithm? (i.e. specify truth, assess
metrics, automate testing)

2  Synthesize data to test closed loop controls algorithm 10
3  Generate code from controls algorithm 10
4  |Innovate 15
5 Reflect 5
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How can | design with virtual driving scenarios?

Scenes Cuboid

Testing Controls, sensor fusion, planning

Authoring Driving Scenario Designer App
Programmatic API (drivingScenario)

Sensing Probabilistic radar (detection list)
Probabilistic vision (detection list)
Probabilistic lane (detection list)

10



How can | design with virtual driving scenarios?

Scenes

Testing
Authoring

Sensing

Cuboid

(L E-Contric Ve TS oo

Controls, sensor fusion, planning

Driving Scenario Designer App
Programmatic API (drivingScenario)

Probabilistic radar (detection list)
Probabilistic vision (detection list)
Probabilistic lane (detection list)

3D Simulation (Unreal Engine)

Controls, sensor fusion, planning, perception
Unreal Engine Editor

Probabilistic radar (detection list)
Monocular camera (image, labels, depth)
Fisheye camera (image)

Lidar (point cloud)

‘ MathWorks:

11
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Graphically author driving scenarios

Driving Scenario Designer
= Create roads and lane markings
= Add actors and trajectories

= Specify actor size and radar
cross-section (RCS)

= Explore pre-built scenarios
= Import OpenDRIVE roads

Automated Driving Toolbox™

R2018a

4\ Driving Scenario Designer - PFACC_05_Curve_CutinOut.mat - Scenario Canvas

DESIGNER R s el 'Ng'

2 OH d @ | & e d W B @ [T ¢
™ Repeat
New Open Save  Add Add Add Add Goto Step Pause Step Default  Export
v - v Road Actor v Camera Radar Start Back Forward Layout v
FILE SCENARIO SENSORS SIMULATE VEW  EXPORT = =
| Roads | Actors ‘r Scenario Canvas 1» | Ego Centric View
Road: 1 v
Name:
Width (m): u.7
Bank Angle (deg): ° 185t
YL
anes 180 -
Number of lanes: (2 2]
Lane Width (m): |36 175
» Marking 1-Solid 170
¥ Road Centers L £ 165
~ .ﬂ
| x(m) y (m) z (m) X 160 | o
1 0 500 = -
2 8782 4987820 155 | \\\\\
: 150 |
4
> 145
,'),
7 140 1
- 135 L 2
= -500
10
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https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html

Synthesize scenarios to test sensor fusion algorithms

4\ MathWorks

Sensor Fusion Using Synthetic ~ |™ " Bird's-Eye Plot

Time = 4.4 (sec)

Radar and Vision Data :
= Synthesize road and vehicles

20 1

e ' 15
= Add probabilistic vision and
- 10 +
radar detection sensors ol
. 1 5t
- Fuse and track detections tr\ﬁ:};lﬁ g:tsesc?cS)r “
. . . { /\
- Visualize sensor coverage Ehasof-anar gK coverage areas | 2

areas, detections, and tracks
10 |

Automated Driving Toolbox™ 15

2017

=20 1

10 0 -10

A yision
® radar
road

13


https://www.mathworks.com/help/driving/examples/sensor-fusion-using-synthetic-radar-and-vision-data.html
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Design multi-object trackers

Multi-Object Tracker

Chase Camera View Passing Vehicle Ego Vehicle

Extended Object Tracking

= Design multi-object tracker _ . S 5 n
- Design extended object trackers T o '
- Evaluate tracking metrics _ ]
= Evaluate error metrics
- Evaluate desktop execution time -
_ False track due to
“ Eor LY multiple clustering 0
. E 0 50 |

Sensor Fusion and x _
Tracking Toolbox™ . _ 1
Automated Driving Toolbox™ “° % | ~ .
Updated 20]9 R e = R

Y (m) Y (m)

14


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html
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Design extended object trackers

Extended-Object Tracker

Ego Vehicle

Extended Object Tracking

= Design multi-object tracker

= Design extended object trackers
= Evaluate tracking metrics

= Evaluate error metrics

= Evaluate desktop execution time

Sensor Fusion and
Tracking Toolbox™
Automated Driving Toolbox™

Updated 2019

Chase Camera View Passing Yehicle

vision

el

X (m)

40

30r

20

10

=20

=30

-40

20 10 0 -10 -20
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https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

Evaluate tracking performance

Extended Object Tracking

= Design multi-object tracker

= Design extended object trackers
= Evaluate tracking metrics

= Evaluate error metrics

= Evaluate desktop execution time

Sensor Fusion and
Tracking Toolbox™
Automated Driving Toolbox™

Updated R20]9b

I Foint Target Tracker
N GG IW-PHD Tracker

35

] Rectangular GM-PHD Tracker |

Mumber of Tracks
M

1 T2
T4
0.5 T7
0
Target Tracks False Tracks Redundant Tracks
Track Type

BN \ulti-object tracker
I GGIW-Probability Hypothesis Density tracker
Extended object (size and orientation) tracker

4\ MathWorks

16


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html

Evaluate error metrics

Extended Object Tracking

Design multi-object tracker
Design extended object trackers
Evaluate tracking metrics
Evaluate error metrics

Evaluate desktop execution time

Sensor Fusion and
Tracking Toolbox™
Automated Driving Toolbox™

Updated 2019

|- Point Target Tracker [N GG IW-PHD Tracker [ JRectangular GM-PHD Tracker

Position Emror Velocity Error
5 T y y y 2 . .
al )l
157+
3| | g
| II _ |
0sr1 H 1
1t ]
L= HN- EN- W= i Ilﬂ |
2 3 4 5 2 3 4 5
Truth ID Truth ID

B \iulti-object tracker
I GGIW-Probability Hypothesis Density tracker
Extended object (size and orientation) tracker

&\ MathWorks

17


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html
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Evaluate OSPA metrics

Extended Object Tracking

Design multi-object tracker
Design extended object trackers
Evaluate tracking metrics
Evaluate error metrics

Evaluate desktop execution time

Sensor Fusion and
Tracking Toolbox™
Automated Driving Toolbox™

Updated 2019

30

26

20

OSPA
o

107F

=== Pgint Target Tracker
GGIW-PHD Tracker
Rectangular GM-PHD Tracker| -

e ol

20 40 60 B0 100 120
Time step (k)

B \iulti-object tracker
I GGIW-Probability Hypothesis Density tracker

Extended object (size and orientation) tracker

18


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html
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Synthesize driving scenarios from recorded data

4\ MATLAB R2019a - X

Scenario Generation from e I W= SRETEEIOK | 2

P EHgagE O C» work » userpath » Examples » R2019a » driving » PlaybackScenarioExample . '1}3‘

R e CO rd e d Ve h I C I e D ata Current Folder BT B Live Editor - PlaybackScenarioExamplemix * @ X

_J PlaybackScenarioExample.mlx * ¢

. . . O ~
= Visualize video [Summary
This example shows how to automatically generate =
a virtual driving scenario from vehicle data
= I m p 0 rt O pe n D R IV E rO ad S recorded using the GPS and lidar sensors.
. Import GPS Helper Functions 120(
. . helperGetEgoData 15
- Import object lists
file and converts into a structure.
105
108 function [egoData] = helperGetEgoData(egoFil = | G
109 %Read the ego vehicle data from text file ; 20 \ \ e

n7i ileID = fopen(egoFile); \\\\ XD
Automated Driving Toolbox™ 12| content - SoxtscanFLIOID, XF 3 XF'); "
112 fields = {'lat’,'lon’, Time'}; 90 \\ )\ \\\\\\ :

113 egoData = cell2struct(content,fields,2); i i

114 fclose(fileID); 85 i \\\ {

115 end . 80”7‘\“\\\ .
270 280 290

helperGetNonEgoData

This function reads the processed lidar data from a
text file and converts into a structure. The

AR At O T PEYRRK. ot VENPREL (- CP B e IR ey R 17 ( 0

4 »

Command Window ®

v -

< >

lll!‘| Busy script

19



https://www.mathworks.com/help/driving/examples/scenario-generation-from-recorded-vehicle-data.html

4\ MathWorks

How can | design with virtual driving scenarios?

Scenes 3D Simulation (Unreal Engine)

Testing Controls, sensor fusion, planning, perception
Authoring Unreal Engine Editor
Sensing Probabilistic radar (detection list)

Monocular camera (image, labels, depth)
Fisheye camera (image)
Lidar (point cloud)
20
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Select from prebuilt 3D simulation scenes

3D Simulation for Automated Driving
Straight road
Curved road
Parking lot
Double lane change
Open surface
US city block
US highway
Virtual Mcity

Automated Driving Toolbox™

R2019b

21


https://www.mathworks.com/help/driving/ug/3d-simulation-for-automated-driving.html
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Customize 3D simulation scenes

Support Package for Customizing Scenes
= Install Unreal Engine
= Set up environment and open Unreal Editor

= Configure configuration Block for Unreal Editor
co-simulation

= Use Unreal Editor to customize scenes
= Create an Unreal Engine project executable file

ew~ X Import [@) SaveAll & %= Content » Environment » ops » StopSign » Mes|

Vehicle Dynamics Blockset™

2019k

22


https://www.mathworks.com/help/vdynblks/ug/support-package-for-customizing-scenes.html
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Model sensors in 3D simulation environment

3D Simulation for Automated Driving
=  Monocular camera

= Fisheye camera

= Lidar

= Probabilistic radar

Automated Driving Toolbox™

2019



https://www.mathworks.com/help/driving/ug/3d-simulation-for-automated-driving.html
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Synthesize monocular camera sensor data

Visualize Depth and Semantic
Segmentation Data in 3D
Environment
Synthesize RGB image
Synthesize depth map
Synthesize sematic segmentation

Automated Driving Toolbox™

2019
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Calibrate monocular camera model

Single Camera Calibrator App e S - m—T]
= Prepare the Pattern, Camera, and ' " Do — HI Drag t selet outers
|mageS | + Reprojected points 08}

= Add Images and Select Camera Model
= Calibrate

= Evaluate Calibration Results

123456789101

Images

Pattern-centnc | Camera-centric

Computer Vision Toolbox™

R2013b

25


https://www.mathworks.com/help/vision/ug/single-camera-calibrator-app.html
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Synthesize fisheye camera sensor data

Simulate a Simple Driving Scenario p— - ;- -

and Sensor in 3D Environment (X LICET ] [—
= Explore camera model (Scaramuzza)

[ORNONR=]
= Configure distortion center, image size and
mapping coefficients

= Visualize results

|RGB:840x640 | T=0.500

Automated Driving Toolbox™

R2019b 2



Synthesize lidar sensor data

Simulate Lidar Sensor

Perception Algorithm

Record and visualize

Develop algorithm

Build a 3D map

Use algorithm within
simulation environment

Automated Driving Toolbox™

2019

&\ MathWorks'

TR
BT

refPosesX

refPosesY }

refPosesT

point cloud

Build Map from Lidar

Record and visualize

28




Synthesize radar sensor data

4\ MathWorks

Simulate Radar Sensors in 3D
Environment

= Extract the center locations

= Use center location for road
creation using driving scenario

= Define multiple moving vehicles |
= Export trajectories from app

= Configure multiple probabilistic
radar models

= Calculate confirmed track

Automated Driving Toolbox™

2019

w Tracks

SIGNALS

AAAAAA

(m)

Longitudinal Distance

29


https://www.mathworks.com/help/driving/examples/simulate-radar-sensors-in-3d-environment.html
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Communicate with the 3D simulation environment

Send and Receive Double-Lane | .. = [I
Change Scene Data

= Simulation 3D Message Set
— Send data to Unreal Engine
— Traffic light color a

ada

5
£
al i
1

-
o

= Simulation 3D Message Get

8
— Retrieve data from Unreal Engine 6
. 4
— Number of cones hit T, - | ——
g | s . | o o] o | of of
50 K ko > [153] e
5 ey
x [Frontt.eft Yaw
. . 6 | int WriteMsg 22;
Vehicle Dynamics Blockset™ . - - Hile
10 |

: ! O] 9 5 0 5 10 Visw diagnostics 150% T-6422e-04

30
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How can | design with virtual driving scenarios?

Scenes Cuboid 3D Simulation (Unreal Engine)

Ego-Ceninc View Scorana Carem

Testing Controls, sensor fusion, planning Controls, sensor fusion, planning, perception

Authoring Driving Scenario Designer App Unreal Engine Editor
Programmatic API (drivingScenario)

Sensing Probabilistic radar (detection list) Probabilistic radar (detection list)
Probabilistic vision (detection list) Monocular camera (image, labels, depth)
Probabilistic lane (detection list) Fisheye camera (image)

Lidar (point cloud)
31
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MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

1 Synthesize data to test open loop perception algorithm 10
2 Synthesize datato test closed loop controls algorithm 10

a. What algorithm did you test and why did you chose it? (i.e. lateral controls,
longitudinal controls, decision logic, planning)

b. How did you synthesize scenarios? (i.e. Unreal Engine, Driving Scenario
Designer, sensors, vehicle dynamics, customizations)

c. How did you assess correctness of the algorithm? (i.e. specify expected
behavior, assess metrics, automated testing)

3  Generate code from controls algorithm 10
4  |Innovate 15
5 Reflect 5

32
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Integrate driving scenario into closed loop simulation

Lane Following Control with
Sensor Fusion
= Integrate scenario into system

= Design lateral (lane keeping)
and longitudinal (lane spacing)
model predictive controllers

= Visualize sensors and tracks
= Generate C/C++ code

= Test with software in the loop
(SIL) simulation

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Embedded Coder®

22018b

4 Driving Scenario Designer - LFACC_04_Curve_CutInOut - Scenario Canvas - X
e  ______________________________________ @GEEEon
Ol Ha @2 2 B @= [T &
New Open Save Add Add  Add Add Gofo Step  Run sep R petat Export
v, bt > Road Actorv Camera Radar Start Back Forward Layout v
FILE SCENARIO SENSORS SIMULATE VIEW EXPORT -
| Roads | Actors { Scenario Canvas 1 | Ego-Centric View
1: egoCar (ego vehicle) v -
Name: egoCar Set'As Ego Vehicle ‘,‘ =]
Class: Car v
» Actor Properties
» Radar Cross Section
» Trajectory np & 300
250
E I
0% e =
200 .
=N
150
-350 -400 -450 -500 -550
@ | i ™o

33


https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Design lateral and longitudinal controls

Lane Following Control with
Sensor Fusion
= Integrate scenario into system

= Design lateral (lane keeping)
and longitudinal (lane spacing)
model predictive controllers

= Visualize sensors and tracks
= Generate C/C++ code

= Test with software in the loop
(SIL) simulation

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Embedded Coder®

22018b

4\ MathWorks

1] LaneFollowingTestBenchExarple - Bird's-Eye Scope

BIRD'S-EYE SCOPE

) £k add Group @

Find i Delete Group | Seflings | Stepping Pa
Signals Options
SIGNALS |sETTINGS | SIMULATE |

¥ Ground Truth Road Boundaries O Tracks

|

Road Boundaries
Lane Markings
v Actors
Actor 1 (ego vehicle)
Actor 2
Actor 3
Actor 4
Actor 5
= Sensor Coverage
- Vision
1 Vision Detection Generator 1
~ Radar
2 Radar Detection Generator
~ Detections
- Vision
Vigion Detection Generator:1
Vision Detection Generator:2

Longitudinal Distance (m)

~ Radar
Radar Detection Generator
~ Tracks
« Groupi
mio_track
Lane Following Controller:3
Other Applicable Signals

Lateral Distance (m)

5]

40

driver_set_velocity W ego_velocity

71

M relative_distance

21

e

1] 3 ] a

21

0.05

M steering_angle

21

34


https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Visualize sensor detections and tracks

Lane Following Control with
Sensor Fusion
= Integrate scenario into system

= Design lateral (lane keeping)
and longitudinal (lane spacing)
model predictive controllers

= Visualize sensors and tracks
= Generate C/C++ code

= Test with software in the loop
(SIL) simulation

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Embedded Coder®

4\ MathWorks

@] LaneFollowingTestBenchExample - Bird's-Eye Scope - [m]

v Ground Truth

v Sensor Coverage

¥ Detections

v Tracks

SIMULATE |
——Road Boundaries [_|Vision Coverage [ _|Radar Coverage
@ Vision Detections @ Radar Detections ——Lane Detections O O Tracks

|
SIGNALS |SETTINGS |

Road Boundaries

b

Lane Markings

~ Actors ’ 1 ¥ — ]

Actor 1 (ego vehicle)
Actor 2
Actor 3
Actor 4
Actor 5

~ Vision

1 Vision Detection Generator: 1
~ Radar

2 Radar Detection Generator

~ Vision
Vision Detection Generator:1
Vision Detection Generator:2

Longitudinal Distance (m)

~ Radar
Radar Detection Generator

~ Group1
mio_track
Lane Following Controller:3

Other Applicable Signals

Lateral Distance (m)

driver_set_velocity ® ego_velocity
215
210 /
205
20.0
2 4 [ 5 20 2:
W relative_distance
* Uk‘r’
80
40
0 2 4 (- 6 20 2
W Steering Angle:1
0.05
0
0 2 1 6 8 20 22
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html
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Automate testing against driving scenarios

4\ Test Manager = a X
TESTS

TP URIM = B = g & @
E Help

Testing a Lane Following

Delete Run ¢ Debug Parallel  S=po0 Visualize Preferences

Highlight
- - v In Mode!

. . .
Controller with Simulink Test :
Results and Artifacts ] |- ACC_ISO_TargetDiscriminationT... m Start Page
- - | Filter tests by name or tags, e g. tags: test » DESCRIF N =
= Author high level ment '
u or I eve re u I re e n S » [=] LaneFollowingTestScenarios v kel
- Scenarios scenariold #1: ACC_ISO_TargetDiscriminationTest (LaneFollowingTestRequirements#1)

= Synthesize driving scenarios e

£| ACC_ISO_AutoRetargetTest

[ SpeC|fy assessment Crlterla [E] ACC_ISO_CurveTest

£| ACC_StopnGo
= —Siop Model: | LaneFollowingTestBenchExample %R aC
£| LFACC_DoubleCurve_DecelTarget

= Run interactive simulation

£| LFACC_DoubleCurve_StopnGo

- Automate regression testing e e s L
= Review verification status

File Edit Display Analysis Report Help

o <] = g 9 é s I ’ &

View: Reauirements a Search

Slmu“nk TeStTM :de'. LaneFoliowingTestRequirem... o e
Automated Driving Toolbox™

rified

=

. ACC_ISO_TargetDiscriminatio...

Name [£] ACC_ISO_TargetDiscn ] 2 scenariold ... ACC_ISO_AutoRetargetTest | —)
. . ™ Type Sansion Tost i 3 scenariold ACC_ISO_CurveTest 3
Model Predictive Control Toolbox : dn A S
Simulation Mode Normal } @ scenanoic ACC_StopnGo -
Location C:\02_ADST\2018b\Demos |5 scenariold ... LFACC_DoubleCurveDecelTa.. (D
Ereed 4 | 6 scenariold ... LFACC_DoubleCurve_AutoRe... (D
Hierarchy LaneFollowingTestScenario ok L - 4 x
Tags ) 7 scenariold .. LFACC_DoubleCurveStopnGo (D
Lj\ ‘ Lo ] 8 scenariold ... LFACC_Curve_CutinOut ==
1_ By ‘g;” ;9 scenariold ... LFACC_Curve CutinOut_Too., -

36


https://www.mathworks.com/help/sltest/ug/testing-a-lane-following-controller-with-simulink-test.html

4\ MathWorks

Synthesize scenarios to test your design

Lane Following Control with
Sensor Fusion

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Embedded Coder®

Straight Road Scene

T D
' =]

Simulal

Design of Lane Marker

Detector in 3D Simulation
Environment

Automated Driving Toolbox™

2019

Lane Following with Mono Camera Detector

Test Bench

LFMomCameraRetd

Lane-Following Control with

Monocular Camera Perception

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Vehicle Dynamics Blockset™

UpdatedR2019

37


https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html
https://www.mathworks.com/help/driving/examples/design-of-lane-marker-detector-in-3d-simulation-environment.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

&\ MathWorks

Simulate controls with perception

Lane-Following Control with
Monocular Camera Perception
= Author target vehicle trajectories

= Synthesize monocular camera
and probabilistic radar sensors

= Model lane following and
spacing control in Simulink

Camera
sensor

o | -

link
MODILING FORMAT APPS ® s
\

Lanef

\ - [Eep———
- Model lane boundary and J — Tinl | \
vehicle detectors in MATLAB 3 indicators series f ~_—~_—
code - m R S e 4 L / P
Model Predictive Control Toolbox™ . e —— e~
Automated Driving Toolbox™ . — ‘ | m

View diagnostics 51% T=23.800 [NEEN auto{ode45)
—

| |E

Vehicle Dynamics Blockset™
Updated R2019

38


https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Visualize logged simulation detection and camera data

Lane-Following Control with
Monocular Camera Perception
= Author target vehicle trajectories

= Synthesize monocular camera
and probabilistic radar sensors

= Model lane following and
spacing control in Simulink

= Model lane boundary and
vehicle detectors in MATLAB
code

Model Predictive Control Toolbox™
Automated Driving Toolbox™
Vehicle Dynamics Blockset™

Updated R2(019

4\ MathWorks

& Lane Following Plot

Eile Edit View |nsert Jools Desktop Window Help

Nede @ 0B RE

scenario_LFACC_03_Curve_StopnGo
Front Facing Camera

\

\

Birds-Eye Plot (1.2 sec)

(history)
O most important object
left lane boundary
—— right lane boundary

10

0
Y (m)

-10 -20 -30

E =)
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Design highway automated

lane change maneuver

4\ MathWorks

Lane Change for Highway Driving
= Find most important objects

= Generate optimal trajectory for
collision-free lane change

= Extract path from trajectory

= Follow path with Model Predictive
Control (MPC)

Navigation Toolbox™
Model Predictive Control Toolbox™
Automated Driving Toolbox™

2019

[Lane Change Test Bench |

:::::

|
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https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html

&\ MathWorks'

MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

1 Synthesize data to test open loop perception algorithm 10
2  Synthesize data to test closed loop controls algorithm 10
3 Generate code from controls algorithm 10

a. What algorithm did you choose to generate code and why did you
chose it? (i.e. lateral controls, longitudinal controls, decision logic, planning)

b. Did you run software in the loop (SIL) simulation and what insight did
you gain? (i.e. equivalent numeric results, measured execution time, code coverage)

c. Did you integrate and assess the generated code running in your

vehicle and what insight did you gain? (i.e. C++, ROS node, assessment of
functionality compared with simulation)

4 Innovate 15
5 Reflect 5
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Generate C/C++ code for path planner and controller

Code Generation for Path
Planning and Vehicle Control

= Simulate system

= Configure for code generation

- Generate C/C++ code

= Test using Software-In-the-Loop

=  Measure execution time of
generated code

Automated Driving Toolbox™
Embedded Coder

2019

&\ MathWorks

// model step function

void stepd(); Step0 = 50 msec rate
Step1 = 100 msec rate

// model step function
void stepl();

// model terminate function
void terminate();

// Constructor
AutomatedParkingValetModelClass();

// Destructor
~AutomatedParkingValetModelClass();

// Root inport: '<Root>/Costmap’ set method
void setCostmap(costmapBus localArgInput);

// Root inport: '<Root>/GoalPose’ set method
void setGoalPose(real_T localArgInput[3]);

Methods to access
inputs and outputs
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https://www.mathworks.com/help/driving/examples/code-generation-for-path-planning-and-vehicle-control.html

Measure execution time of generated code

Code Generation for Path
Planning and Vehicle Control

= Simulate system

= Configure for code generation

- Generate C/C++ code

= Test using Software-In-the-Loop

=  Measure execution time of
generated code

Automated Driving Toolbox™
Embedded Coder

2019

Vehicle Velocity

Simulation Time (sec)
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4\ MathWorks
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https://www.mathworks.com/help/driving/examples/code-generation-for-path-planning-and-vehicle-control.html

4\ MathWorks

Evaluate generated code with software-in-the-loop (SIL) simulation

Test Scenario

Algorithm
model

Generate
C/C++

Algorithm
code

(scenes, sensors,
actors, metrics)

« Test numerical equivalence
« Measure code coverage
« Measure execution time
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Evaluate generated code with software-in-the-loop (SIL) simulation

Test Measure Profile

numerical equivalence code coverage code execution time

2. Profiled Sections of Code
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(SIL: Top) s Secti -
SiCoufterBus ection Maximum Average
input output »(1 By 3 - =
ned i == Q Llnk to mOdeI element Execution Time Execution Time
inns inns
CounterA _’@ y /% HAteh: 'e /) gt . - )
34 /* Switch: '<Root>/Switch' Incorporates: [+]1 rtwdemo sil topmodel initialize 80 80
35 * Logic: '<Root>/And’
rtwdemo_sil_counter 3 * RelationalOperator: '<Root>/upper GE input' +1 rtwdemo_sil topmodel step [0.10] 358 129
input -@ 37 * Switch: 'sRoot>/ limit'
aun o
ut2 & o o ' S
er Output for Normal Simulation 39 if ((*rtu_upper >= rtb_input) && rtb_inputGElower) { Distribution for CounterTypeA
P *@ ‘rty_output = rtb_input; 045
60 ‘ ‘ 41 } else if (rtb_inputGElower) {
sof” |xpimit" */
a0 B ~|per; 0
o 20 Decisions analyzed: . k E =
er Output for Model Block SIL {Model Reference) Simulatio 2
rtb_inputGElower 50%| [wer; Tooltip with code 1
B0 4 {23}
50/\ e \ false 55| *1 coverage results :
A 4 N
I/ t>/Switch' */ T
o0 - ol true 0/5 Eseann E .
Difference Between Normal and SIL : '<Root>/Previous Output' */
TOCalUW->PTEvI oUsSUUTPUL_DSTATE = *rty output;
52}
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Software-in-the-Loop Simulation

Code Coverage for Models in View and Compare Code

Embedded

Coder® Software-in-the-Loop (SIL) Mode Execution Times
Embedded Coder® Embedded Coder®
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https://www.mathworks.com/help/slcoverage/ug/coverage-for-models-in-sil-mode.html
https://www.mathworks.com/help/ecoder/software-in-the-loop-sil-simulation.html
https://www.mathworks.com/help/ecoder/ug/view-and-compare-code-execution-times.html

Deploy to ROS node

Generate standalone
ROS node

& Configuration Parameters: RobotController/Canfiguration (Active)

* Common ly Used Parameters | = All Parameters |
Select: Hardware board:l[Rnbot Operating System (ROS) - ]l 9
Solver
Data Import/Export Code Generation system target file: ert.tic

Device vendor: [Genenc 'l Device type:

plemnentation 0 Device details
i

Hardware board settings

Operating system options

Base rate task priority: 40

Target Hardware Resources

Generate a Standalone
ROS Node from Simulink
ROS Toolbox™

Embedded Coder®

2019k

Generate ROS

nodes for parking valet

[Automated Parking Valet: ROS node for Path Planner }

4\ MathWorks

Generate ROS 2.0

nodes for parking valet

[Automated Parking Valet: ROS 2 node for Path Planner }

aaaaaaaa

uuuuuuuu

uuuuuuuu

uuuuuuuu

Automated Parking Valet
with ROS in Simulink

ROS Toolbox™
Embedded Coder®

2019k

PPPPPP

PPPPPP

Stop simulation when vehicle is parked

IsNew —»—]

danee )
freachgne Meg II <data 4’.

Automated Parking Valet with
ROS 2 in Simulink

ROS Toolbox™
Embedded Coder®

2019k
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https://www.mathworks.com/help/ros/ug/automated-valet-using-ros-simulink.html
https://www.mathworks.com/help/ros/ug/generate-a-standalone-ros-node-from-simulink.html
https://www.mathworks.com/help/ros/ug/automated-valet-using-ros2-simulink.html

4\ MathWorks

MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

Synthesize data to test open loop perception algorithm 10

Synthesize data to test closed loop controls algorithm 10
Generate code from controls algorithm 10

1
2
3
4

Innovate 15
a. What did you do with MathWorks tools that differentiates you from

other teams? (i.e. Analyze recorded ROS/CAN data, label recorded data, train deep
learning network, build a custom App, share work through projects with revision control)

b. What insight did you gain while doing this?

5 Reflect 5
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Connect to CAN and CAN-FD data

Vendor
CAN platform support

Connect to live data
Read logged data Vector

PEAK-System

MathWorks® virtual channels

Vehicle Network Toolbox™

Updated R20]9b

Kvaser

National Instruments®

File Format

BLF
CDF

MDF

Windows®

" NENEQES

Windows

4\ MathWorks

Linux®

v

v
v

Linux
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https://www.mathworks.com/help/matlab/matlab_prog/explore-an-example-project.html

Integrate with ROS 1.0 and ROS 2.0

Replay logged

ROS data

102 Time Series Plot:/odom Properties
1 T T T T T T T T
050 ]
W or
a
£
[
a
E 0.5H
£
[=}
he]
=]
Ar
50

205 2051 2052 2053 2054 2055 2056 2057 2058 2059 206
Time (seconds)

Work with rosbaq Lodgfiles

ROS Toolbox™

R2019b

Connect to live

ROS data

ROS Node
 Subscriber
ROS Node
_ Subscriber |

Topic: [example
Message Type: std_msgs/String

ROS Node
MG \

Exchange Data with ROS
Publishers and Subscribers

ROS Toolbox™

R2019b

4\ MathWorks

Generate standalone

ROS node

pu
@ Configuration Parameters: RobotController/Configuration (Active)

* Commonl| ly Used Parameters = All Parameters |
Select; Hardware bcard:lanbat Operating System (ROS) - ]l 9
Solver
Data Import/Export Code Generation system target file: ert.tlc

Device vendor: [Genenc v] Device type:

I
plementation a Device details

Hardware board settings

Operating system options

Base rate task priority: 40

Target Hardware Resources

Generate a Standalone ROS 2
Node from Simulink

ROS Toolbox™
Simulink Coder™

R2019b
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https://www.mathworks.com/help/ros/ug/exchange-data-with-ros-publishers-and-subscribers.html
https://www.mathworks.com/help/ros/ug/work-with-rosbag-logfiles.html
https://www.mathworks.com/help/ros/ug/generate-a-standalone-ros2-node-from-simulink.html

4\ MathWorks

Read point cloud from Velodyne log file

198

« Read point cloud data from Velodyne packet capture (PCAP) file

= The reader supports the following Velodyne LIDAR models:
— VLP-16, Puck LITE, Puck Hi-Res, VLP-32C, HDL-32E, and HDL-64E

— VLS-128 support package is available per request
= User can provide device specific calibration XML file

veloReader = velodyneFileReader (fileName,deviceModel, 'CalibrationFile',calibFile) ;
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Stream live Velodyne point cloud data

= You can connect to and stream point clouds from the following Velodyne
LIDAR models:
— HDL-32E sensor
— VLP-32C Ultra Puck sensor S
— VLP-16 Puck sensor canl (e
— VLP-16 Puck Lite sensor

0 Rat,

j Image Acquisition Toolbox Support Package for Velodyne LIiDAR B
- VLP-16 PUCk HI-ReS Sensor \!{ Sﬁa?\?oﬁ:-\?age Acquisition Toolbox Team EIES Hpdated 20Mary

Connect to Velodyne LIDAR sensors and stream point clouds directly into MATLAB for processing and visualization

/—

‘\ Hardware Support

Overview
Image Acquisition Toolbox™ Support Package for Velodyne LIDAR® Sensors enables you to connect to lidar sensars from Requires
MATLAB and acquire point clouds. In MATLAB, you can then process and visualize the point clouds, as well as save the data & Image Acquisition Toolbox

to disk. @ Image Processing Toolbox
This support package is functional for R2019a and beyond. MATLAB Release Compatibility
Created with R2019a
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Interoperate with neural network frameworks

( PyTOI’Ch ) Keras-

( Caffe? )\ | Tenscirflow

( MXNet ><—> ONNX <_P<|\/|ATLAB>
/ |R2018b T

( CNTK ) () Caffe

Open Neural Network Exchange

(Core ML

R2017b

R201/a

4\ MathWorks
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4\ MathWorks

Design vision perception systems

Label recorded data Train deep learning Generate code
networks

Generate C++ Code for Object

Get Started with the Ground Obiect Detection Usina YOLO

Truth Label | : d Detection Using YOLO v2 and
ruth Labeler v2 Deep Learning

Automated Driving Toolbox™ Computer Vision Toolbox™ Intel MKL-DNN

Computer Vision Toolbox™ Deep Learning Toolbox™ Deep Learning Toolbox™

MATLAB Coder

Updated R2019¢x R2019a R201%a
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html
https://www.mathworks.com/help/deeplearning/examples/generate-cpp-code-for-object-detection-using-yolo-v2-and-intel-mkldnn.html
https://www.mathworks.com/help/vision/ug/train-an-object-detector-using-you-only-look-once.html

Organize your work and collaborate with projects

Explore an example project
= View, search, and sort files

= Run frequently used files

= Integrate with source control
= Review changes

= Analyze dependencies

= Commit modified files

MATLAB®

22019

4\ MATLAB R2019b

HOME PLOTS APPS PROJECT PROJECT SHORTCUTS DEPENDENCY ANALYSIS

4 oA
25 Y B %) Edit Times Table App ¢
N 0 2 _j Requirements j Run All Tests
W croanize 2, Play Times Table
Shortcut  Groups

MANAGE DOCUMENTATION LAUNCH POINTS TEST

Project - Times Table App ¥ x
Views A £ 7 Impact View -
I Files
J - i ¥ ¥ Ti
' | Dependency Analysis File Type Dependency Type Tlal‘lb'lle:App
Root:
Analyzed: ..
Products (1)
%) TimesTableRequirements.. ¥ H & timestable.mlapp ¥ Imj timesTableGame.m MATLAB 9..
Labels v .
o] I ' tAnswerlsComectm
=H"lll Classification A
£ .
] lJ‘ @ Artifact IEtCurreleumion.m
(] & Convenience
5 .
[*] @ Derived | ®) ientimestaziam
,ﬂ @ Design
LB
L,j @ None -~
Git ) ) ’ ~ ‘_ editTimesTablem %] openRequirementsDocument

Current branch: master
Branch status: Normal
No remote tracking branch

%) runTheseTestsm

4\ MathWorks
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https://www.mathworks.com/help/matlab/matlab_prog/explore-an-example-project.html

Connect to third party tools

4\ MathWorks

152 Interfaces to 3 Party

Modeling and Simulation Tools
(as of March 2019)

T e 0 )

MathWorks

W

Pariner
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4\ MathWorks

MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

Synthesize data to test open loop perception algorithm 10

Synthesize data to test closed loop controls algorithm 10
Generate code from controls algorithm 10
Innovate 15

Reflect S
a. Would you do something different next time?
b. Is there anything missing from the tools that would have helped you?

1
2
3
4
5
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4\ MathWorks

MathWorks Simulation Challenge

for SAE AutoDrive year 3 competition

1 Synthesize data to test open loop perception algorithm 10
2  Synthesize data to test closed loop controls algorithm 10
3  Generate code from controls algorithm 10
4  |Innovate 15
5 Reflect 5

Additional clarification of tasks and scoring will be
provided at November training
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