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Some common questions from automated driving engineers

Perception Simulation Integration

ROS CAN

Cross Third
Release Party

Control

How can | How can | How can |
synthesize scenarios discover and design Integrate
to test my designs? in multiple domains? with other environments?
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Some common questions from automated driving engineers

How can |

synthesize scenarios
to test my designs?
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How can | design with virtual driving scenarios?

Scenes Cuboid 3D Simulation

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)
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Simulate controls with perception

Lane-Following Control with i =
Monocular Camera Perception

= Author target vehicle trajectories

= Synthesize monocular camera | sensor
and probabilistic radar sensors

= Model lane following and

Camera

spacing control in Simulink Iy — L
@J’ %] LaneFollowingwithMonoCameraTestgench b \ . - 3 | \
- Model lane boundary and ¥ Metic Time  \
. . e / 3
vehicle detectors in MATLAB indicators / et | 88 series /4 ———
COde g - "——i S :‘, o '-::-i"j -..J' D/ : 5 10 15 20 25 30
@f I R .3 ,.' w_g o W mio_relative_long_distance_truth
Model Predictive Control Toolbox™ - . 1
- oy

Automated Driving Toolbox™ 21y j;dwm E—| | S ——

Vehicle Dynamics Blockset™

Updated R2019
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html
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How can | design with virtual driving scenarios?

Scenes Cuboid 3D Simulation

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)
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Synthesize scenarios to test sensor fusion algorithms

Sensor Fusion Using Synthetic | /" FEEr P'°tT_ .
— Ime = 4.4 (seC
Radar and Vision Data | | s vision
. . 20 - 1 B
- Synthesize road and vehicles i ]
e 15 —
= Add probabilistic vision and
radar detection sensors 1| 10
- Fuse and track detections | tr\\/r %chg:%ﬁ; N “
- Visualize sensor coverage e e s | cove?age areas | 1 i
areas, detections, and tracks ‘ | :
-10 |
- . -15 +
Automated Driving Toolbox™
-20 |
2017 i
10 0 -10
Y (m)
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https://www.mathworks.com/help/driving/examples/sensor-fusion-using-synthetic-radar-and-vision-data.html

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™

MATLAB EXPO 2019
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4\ Driving Scenario Designer - PFACC_05_Curve_CutinOut.mat - Scenario Canvas
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ke i U > @smmes [ &

™ Repeat

o JHd d & | &

New Open Save  Add Add Add Add Goto Step Pause Step Default  Export
v - - Road Actor v Camera Radar Start Back Forward Layout v
FILE SCENARIO SENSORS SIMULATE VEW  EXPORT =

| Roads .! Actors "‘r Scenario Canvas \7 | Ego Centric View |
Road 1 v
Name:
Width (m): W7
Bank Angle (deg): ° 185t
¥ Lanes

180

Number of lanes: (2 2]

Lane Width {(m): 36 175
» Marking 1-Solid 170 1
¥ Road Centers L o £ 165
~ 'ﬁ‘
X (m) y (m) z(m) X 160 -
1 0 500 ’/’_4_..»-
2 49t 155 =
k 150
4 -48
> 2l 145
456 140
2347358 441 135 L 1
) 4 -424 024 -500
1 12 404 5C

o |

»



https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html
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Integrate driving scenario into closed loop simulation

Lane Following Control with e
Sensor Fusion L L LR St kot o X
= Integrate scenario into system T e | = o .
= Design lateral (lane keeping) Bl i o=
and longitudinal (lane spacing) P
model predictive controllers SERR B
= Visualize sensors and tracks
= Generate C/C++ code 1 E
= Test with software in the loop B
(SIL) simulation
Model Predictive Control Toolbox™
Automated Driving Toolbox™ o e 7

Embedded Coder®

2018b
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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®

R2018b
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2] LaneFollowingTestBenchExample - Bird's-Eye Scope

BIRD'S-EYE SCOPE

) &k Add Group @

Find i
Signals
SIGNALS |sETTINGS |
~ Ground Truth
Road Boundaries
Lane Markings
- Actors
Actor 1 (ego vehicle)
Actor 2
Actor 3
Actor 4
Actor 5
~ Sensor Coverage
- Vision
1 Vision Detecfion Generator:1
~ Radar
2 Radar Detection Generator
~ Detections
- Vision
Vigion Detection Generator: 1
Vision Detection Generator:2
~ Radar
Radar Detection Generator
- Tracks
* Group1
mio_track
Lane Following Controller:3
Other Applicable Signals

{ii] Delete Group | Seftings | Stepping 3
0O

SIMULATE |
Road Boundaries O Tracks

|

Longitudinal Distance (m)

60

driver_sef_velocity W ego_velocity

/

M relative_distance

s

aa

Lateral Distance (m)

M steering_angle

21
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Synthesize driving scenarios from recorded data

Scenario Generation from

Recorded Vehicle Data

Visualize video

Import OpenDRIVE roads
Import GPS

Import object lists

Automated Driving Toolbox™

2019
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4\ MATLAB R2019a

LIVE EDITOR

_J PlaybackScenarioExample.mix * ¢

INSERT

9

ISummary

This example shows how to automatically generate
a virtual driving scenario from vehicle data
recorded using the GPS and lidar sensors.

<

1M1k | Busy

Helper Functions
helperGetEgoData

This function reads the ego vehicle data from a text
file and converts into a structure.

108 function [egoData] = helperGetEgoData(egoFil
109 %Read the ego vehicle data from text file
110 fileID = fopen(egoFile);
111 content = textscan(fileID, '%f %f %f');
112 fields = {'lat’,'lon’, 'Time'};
113 egoData = cell2struct(content,fields,2);
114 fclose(fileID);
115 end

helperGetNonEgoData

This function reads the processed lidar data from a

text file and converts into a structure. The

+ I >

Command Window
v - -

120 \‘ '.\
115 R =N
' B
105 - /(‘ e ;\
E ool o
P
| A
T
v EEERE '\\\\\\\
il mlll‘l\\\\\\\\\'

270

280

200 300

X (m)

script
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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

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)
12
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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™

R2012h.

13


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

.4 Leveli HwStrght (Persistent)

mport [B) Save All & %& Content » Environment » Props » StopSign » Mesh » '

Vehicle Dynamics Blockset™

R2019b

MATLAB EXPO 2019
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https://www.mathworks.com/help/vdynblks/ug/support-package-for-customizing-scenes.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 semantic segmentation

Automated Driving Toolbox™

2019
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https://www.mathworks.com/help/driving/ug/visualize-depth-semantic-segmentation-3d-simulation.html
https://www.mathworks.com/help/driving/ug/visualize-depth-semantic-segmentation-3d-simulation.html
https://www.mathworks.com/help/driving/ug/visualize-depth-semantic-segmentation-3d-simulation.html

Synthesize fisheye camera sensor data

Simulate a Simple Driving Scenario p— : f o

File Tools View Simulation Help

and Sensor in 3D Environment LEDEO: C—
= Explore camera model (Scaramuzza)

= Configure distortion center, image size and
mapping coefficients

= Visualize results

)
RGB:640x640 | T=0.500

Automated Driving Toolbox™

TR TR

4\ MathWorks
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https://www.mathworks.com/help/driving/ug/simulate-a-simple-driving-scenario-and-sensor-in-3d-environment.html
https://www.mathworks.com/help/driving/ug/simulate-a-simple-driving-scenario-and-sensor-in-3d-environment.html
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Calibrate monocular camera model

Single Camera Calibrator App R JRO—

= Prepare the Pattern, Camera, and 5 = et [ [
Images | SRR

= Add Images and Select Camera Model ;

- Calibrate

1234567829101
Images

= Evaluate Calibration Results

Pattern-centnic | Camera-centric

Computer Vision Toolbox™

R2013b

MATLAB EXPO 2019
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https://www.mathworks.com/help/vision/ug/single-camera-calibrator-app.html
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Communicate with the 3D simulation environment

Send and Receive Double-Lane = ... =~ ,I
Change Scene Data : S LS. s
- Simulation 3D Message Set . :

— Send data to Unreal Engine

— Traffic light color

5
£
)
al3
&
1

= Simulation 3D Message Get

-
o

8
— Retrieve data from Unreal Engine 6
— Number of cones hit = n R —
Fi mon il s [ 0| il | | o 0|
§ 0 \ g [RearRight Rell -> [: : 3] e B
8 . iy
= [Frontt.eft Yaw
4 |FrontRight Yaw
. : 6 | S B
Vehicle Dynamics Blockset™ . ™ : Hile
10

o
o
o

MATLAB EXPO 2019
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Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

MATLAB EXPO 2019
19



Design trackers

Multi-Object Tracker

_ Association &
Detections Track

Management

Tracking
Filter

From various sensors at
various update rates

= Multi-object tracker = Linear, extended, and

= Global Nearest Neighbor (GNN) tracker unscented Kalman filters
= Joint Probabilistic Data Association (JPDA) tracker = Particle, Gaussian-sum,
= Track-Oriented Multi-Hypothesis Tracker (TOMHT) and Interacting Multiple
= Probability Hypothesis Density (PHD) tracker Model (IMM) filters

Automated Driving Toolbox™
Sensor Fusion and Tracking Toolbox™

R2@I|@&PD 2019

4\ MathWorks
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Design multi-object trackers

Multi-Object Tracker

Extended Object Tracking
- Design multi-object tracker _ ‘ b BN
- Design extended object trackers B [ [T ] T 1Y
- Evaluate tracking metrics . g
- Evaluate error metrics X T
= Evaluate desktop execution time :
— g False track due to

“ ol | e multiple clustering I
Sensor Fusion and < B
Tracking Toolbox™ ol | | 1
Automated Driving Toolbox™ “ a5 ]
Updated 20]9 4 = R w0 W w

Y (m) Y (m)

MATLAB EXPO 2019
21


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

Design extended object trackers

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

MATLAB EXPO 2019
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Extended-Object Tracker

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

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

MATLAB EXPO 2019
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30

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

20 1

OSPA
o

0rF

| /\m—: _
e

0 20 40 60 80 100 120
Time step (k)

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

23


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

Design tracker for lidar point cloud data

Track Vehicles Using Lidar:

From Point Cloud to Track List

= Design 3-D bounding box
detector

= Design tracker (target state and
measurement models)

=  Generate C/C++ code for
detector and tracker

Sensor Fusion and Tracking
Toolbox™

Computer Vision Toolbox™

2019

MATLAB EXPO 2019
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4\ MATLAB R2019a

HOME PLOTS APPS FIGURE

< Hal @

Figures - Figure 1
Figure 1

Lidar Preprocessing and Tracking

1
S 5. T8
( 7 = "i‘v_‘x - 1_90

ey

Visuaze
detections and
tracks

» C: » work » userpath » Examples

VIEW

= X

pel & Signin

» R201%a » driving_fusion_vision » TrackVehiclesUsinglLidarExample »

Raw point cloud
Obstacles

|Bounding box detections [

1Bounding box tracks

Ego Vehicle Display

Segmented ground
Vision field of view X

1

N
|
{

o
®a x

24


https://www.mathworks.com/help/vision/ug/track-vehicles-using-lidar.html

Generate C/C++ code for lidar detector and tracker

Track Vehicles Using Lidar:
From Point Cloud to Track List

= Design 3-D bounding box
detector

= Design tracker (target state
and measurement models)

= Generate C/C++ code for
detector and tracker

Sensor Fusion and Tracking
Toolbox™

Computer Vision Toolbox™

R2019a

MATLAB EXPO 2019
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4\ MATLAB Coder Report Viewer - C:\work\userpath\Examples\R2019a\driving_fusion_vision\TrackVehiclesUsingLidarExample\codegen\lib\mexLidarTracker\htm\report.mldatx

v MATLAB SOURCE
Function List Call Tree

[ #) mexLidarTracker.m
fx mexLidarTracker

= 9 HelperBoundingBoxDetector.r
fx HelperBoundingBoxDetect
fx assembleDetections
Jfx cropPointCloud
fx getBoundingBoxes
fx removeGroundPlane
fx steplmpl

0 helperCalcDetectability.m

£ halnar™alrNotactahilihe
4

¥ GENERATED CODE
[E Es Source Files

£ Ass:gnmentCostCalculalorl

| mexLidarTracker.m [10-17]===> mexLidarTrack{ v | ‘ﬁ;“

W mexLidarTrackerm |

5
6
7 if isempty(detectorModel) || isempty(tracker) || isempty(dete
8
9

% A bounding box detector model.

10 detectorModel = HelperBoundingBoxDetector(. ..
11 "XLimits',[-SO 5 et % min
12 ‘YLimits',[-5 51,.-. % min
13 ‘ZLimits',[-2 5],--. % min
14 ‘SegmentationMinDistance’,1.6,... % min
15 ‘MinDetectionsPerCluster‘,1,... % min
16 ‘MeasurementNoise’,eye(6),... % mea
A7 "GroundMaxDistance’,0.3)} % max
18

.| 19 assignmentGate = [10 100]; % Assignment threshold;
20 confThreshold = [7 1€]; % Confirmation threshold for h
21 delThreshold = [8 18]; % Deletion threshold for ht‘.’?&o A
22 K = 1p-G- % Falce-alarm rate ner unif ua

4

% PErsisLEnL UETECTUTTIOUEL UMgtKer URTECTEDIETIaUKSIpUuT CurTenn

SUMMARY | AL

T

@ Code generation successful

Generated on:  24-Mar-2019 14:59:22
Build type:  Static Library
Toolchain:  Microsoft Visual C++ 2017 v15.0 | nmake (64-bit Windows)

Build Configuration: ~ Faster Builds

4

356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

374 « I

/1 % measurement noise in detectior4

// ‘mexLidarTracker:10' detectorModel =
// 'mexLidarTracker:11’

// 'mexLidarTracker:12'

// 'mexLidarTracker:13'

// ‘mexLidarTracker:14’

// ‘mexLidarTracker:15’

// 'mexLidarTracker:16°

// 'mexLidarTracker:17'
detectorModell.GroundReferenceVector[p

ldetectorModel|.GroundReferenceVector[R2
detectortodel .GroundMaxAngularDistance|
detectorModel .MaxZDistanceCluster| = 3.0}

I =€
detectorModel|.GroundReferenceVector[n] =/ ¢
=

. =t

detectorModel.MinZDistanceCluster| =||-3.0;

detectorModel .EgoVehicleRadius| = 3.0}
detectorModel.isInitialized| = @}

v';‘

]

25


https://www.mathworks.com/help/vision/ug/track-vehicles-using-lidar.html
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Build a map from recorded 3-D lidar scans

Build a Map from S : . . .

% Create a map builder object

Lidar Data mapBuilder = helperLidarMapBuilder('DownsamplePercent', downsamplePercent);
- Load and visualize data

- Build a Map Accumulated

— Combine aligned scan

— Process point cloud
— Create Map builder object
— Use GPS as ground truth

= Use IMU Orientation to

y appear locally consistent, it might have developed significant drift over the entire sequence.

Improve Built Map

p. First convert the geodetic GPS readings (expressed as latitude, longitude, and altitude) to a local
the sequence. This conversion is computed using two transformations:

the geodetic2enu function from Mapping Toolbox™. The GPS reading from the start of the trajectory is
Automated Dr|V| ng TOOIbOXTM ' . e . . the GRS sensor' at the start of the tra;ectory ' _ . '
2. Rotate the ENU coordinates so that the local coordinate system is aligned with the first lidar sensor coordinates. Since the exact mounting configuration of the lidar and GPS on the vehicle are not known,

Mappl ng TOOIbOXTM they are estimated.

Mi l.‘LZQ;l% 2J19

26


https://www.mathworks.com/help/driving/examples/build-a-map-from-lidar-data.html
https://www.mathworks.com/help/driving/examples/build-a-map-from-lidar-data.html
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Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

MATLAB EXPO 2019
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Design highway automated lane change maneuver

Lane Change for Highway Driving

4\ MathWorks

[Lane Change Test Bench |}

= 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

MATLAB EXPO 2019

!

X (m)

40

20 -

20

40 -

20

1
10

Y (m)

!
-10

-20
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https://www.mathworks.com/help/nav/ug/lane-change-for-highway-driving.html
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How can | get reference path ?

[Lane Change Test Bench |}

= Generates an optimal collision-free

lodel Buttons

trajectory for lane change
= Lane following controller using MPC
A0 IE\LO to r%et
A/ - Crelce
re eriﬁ;’ce
o g | T — pDa% :

nnnnnnnnnnnnnnnnnnnn
[ = -J | | > T ]
Navigation Toolbox™ 4T ]
Model Predictive Control Toolbox™ 6f | | | | |
Automated Driving Toolbox™ 0 5 10 15 20 25

'QQ:IBQ 20 2018

29



Read road and speed attributes from HERE HD Live Map data

4\ MathWorks

Use HERE HD Live Map Data
to Verify Lane Configurations

= Load camera and GPS data e 37,23,02‘\_
= Retrieve speed limit

= Retrieve lane configurations
= Visualize composite data

Ol

Red lines
represent road
links

Automated Driving Toolbox™ 1 | 8 -

R2019a

98

Esri, HERE, Garmin USGS,
Intermap, METI,
INCREMENT P, NRCAN,
Mapmyindia,
Esri (Japan, China (Hong

Kong), Thailand),
®0penStreetMap, GIS WUser

Esri, HERE, Garmin USGS, Intermap,
METI, =

37°22'58"N

MATLAB EXPO 2019
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https://www.mathworks.com/help/driving/examples/use-here-hd-live-map-data-to-verify-lane-configurations.html
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Design path planner and controller

. . P4 AutomatedParkingValet * - Simulink S X
Automated Parking Valet with e e e e e e 1 D
Simulink m;:m e N eusan® T
® |[PalAutomatedParkingValet ¥ -
= Integrate path planner = TR TR
- Design lateral controller (based |- ”
on vehicle kinematics) - N —
: - = N I
: E)Pelggyn longitudinal controller =@ H .| == S
. Slm_ulate close_d loop with Lol omllr] |
vehicle dynamics - o 0 @ ow e ow @ on e Wj}m
Jmumﬁ
Automated Driving Toolbox™ oo
]
R2018b 5 :
Ready T6% auto{odeds)

MATLAB EXPO 2019
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https://www.mathworks.com/help/driving/examples/automated-parking-valet-in-simulink.html

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

MATLAB EXPO 2019
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(=]

186
187
188
189
196
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
286
207

// model step function
void step@();

// 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]);

32


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

Integrate with ROS

Generate standalone

ROS node

-
& Configuration Parameters: RobotController/Configuration (Active)

% Commeonl ly Used Parameters = All Parameters |

‘ Selecty Hardware board:l[Rmot Operating System (ROS) w7 Il 9
Solver

Data Import/Export Code Generation system target file: ert.tlc

Device vendor: [Genenc '] Device type:

i
plementation 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®

R2019b

MATLAB EXPO 2019

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 )

uuuuuuuu

eeeeeeee

Directions

nnnnnnnn

SSSSSSSS

uuuuuuuu

Automated Parking Valet
with ROS in Simulink
ROS Toolbox™

Embedded Coder®

R2019b

PPPPPP

IsNew —»—]

(AN
Paa
Msg o
goal <daia>

Automated Parking Valet with
ROS 2 in Simulink

ROS Toolbox™
Embedded Coder®

R2019b

33


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
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Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

MATLAB EXPO 2019
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Develop automatic emergency braking application

Automatic Emergency Braking

&\ MathWorks

(AEB) with Sensor Fusion

= Specify driving scenario

= Design AEB logic

= Integrate sensor fusion

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

= Test with software in the loop
(SIL) simulation

Automated Driving Toolbox™
Stateflow®
Embedded Coder®

R2018b

MATLAB EXPO 2019

T | O
File Edit View Display Diagram Simulation Analysis Code Tools Help /\\5
i * simStopTime Normal v b
AEBTestBenchExample
[ E‘AEBTestBenchExample » . d
@
€34 [AEB Control Using Sensor Fusion J
— Vision ==
Test Bench AEBWithSensorFusionMdIRef
hrottl
= - Throttle Uil P Throttle
> Vision (m/'s*) Radar
(== Model Button
Brak brake
] Click The Button Before LEIKS; Prediction Time
Running The Model
> Radar Tracks ﬁ ego_velocity
Longitudinal Velocity =
(m's)
Dashboard Panel Displ mish| 52
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Design lateral and longitudinal Model Predictive Controllers

Longitudinal Control

Adaptive Cruise Control
with Sensor Fusion
Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R201/7b

III_II LMD NI U 2019

Lateral Control

LKAReNd!

zzzzz

Lane Keeping Assist with
Lane Detection

Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R2018a

Longitudinal + Lateral

Lane Following Control with
Sensor Fusion and Lane
Detection

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

R2018 Uf
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Design reinforcement learning agents for controls

DDPG Agent

File Teools View Simulation
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Train Deep Deterministic
Policy Gradient (DDPG) Agent
for Adaptive Cruise Control

Reinforcement Learning Toolbox™

2019

MATLAB EXPO 2019
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Train DDPG Agent for Path

Following Control

Reinforcement Learning Toolbox™

2019

Imitate MPC Controller for Lane

Keep Assist using a Neural

Network

Reinforcement Learning Toolbox™
Model Predictive Control Toolbox™

2019
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Some common questions from automated driving engineers

Simulation Integration

ROS CAN
ezl Vo

Cross Third
Release Party

How can |
Integrate
with other environments?

MATLAB EXPO 2019
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Integrate with ROS 1.0 and ROS 2.0

Replay logged

ROS data

L1073 Time Series Plot:lodom Properties
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Work with rosbaqg Logfiles

ROS Toolbox™

R2019b

MATLAB EXPO 2019

Connect to live

ROS Node
 Subscriber
ROS Node
 Subscriber

ROS data

ROS Node [
| Topic: [example
-m Message Type: std_msgs/String

Exchange Data with ROS
Publishers and Subscribers

ROS Toolbox™

R2019b
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Generate standalone

ROS node

pu
(& Configuration Parameters: RobotController/Configuration (Active)

“* Commeonl ly Used Parameters = All Parameters |

e Selectz Hardware board:l[ﬂnbot Operating System (ROS) - ll 9
Solver

Data Import/Export Code Generation system target file: ert.tlc

I» Optimization - .
Diag Device vendor: [Genenc '] Device type:

b nostics
plementation Device details
imulation Tar
eneration

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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Call C++, Python, and OpenCV from MATLAB

Call C++

Iliti: IIHIEEI

Import C++ Library
Functionality into MATLAB

MATLAB®

R2019a

MATLAB EXPO 2019

Call Python

tw = ...
Py . textwrap.TextWrapper (...
pyargs (...
'initial indent', 'S ', ...
'subsequent indent', 'S ', ...

'width', 1int32(30)))

Call Python from MATLAB
MATLAB®

R2014a
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Call OpenCV &
OpenCV GPU

cv: :Rect

cv::KgyP01nt N
Cv::S1lze

cv: :Mat

cv::Ptr

Install and Use Computer
Vision Toolbox OpenCV
Interface

Computer Vision System Toolbox™
OpenCV In'ei’A A7 A1 -t Package
Updated R2018b
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Connect to third party tools

f

M

MODELICA

\

o

C++

4\ MathWorks

5
-

/
\

-
-~

J
\

kﬂ/

T e

152 Interfaces to 3" Party
Modeling and Simulation Tools

(as of March 2019)

MATLAB EXPO 2019

MathWorks

o

Partner

41



4\ MathWorks

Some common questions from automated driving engineers

Perception Simulation Integration

Planning

Cross Third
Release Party

Synthesize scenarios Discover and design Integrate
to test my designs in multiple domains with other environments

Control

MATLAB EXPO 2019
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MathWorks can help you customize MATLAB and Simulink for
your automated driving application

Autoliv labels ground

truth lidar data

2018 MathWorks Automotive
Conference

SAE Paper 2018-01-0043
MATLAB EXPO 2019

| . a o= I

Voyage develops MPC  Tata Motors Autonomous

controller and Vehicle develops trajectory
Integrates with ROS planner and motion control
2018 MathWorks Automotive = 2018 MATLAB Expo
Conference
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