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Some common questions from automated driving engineers
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Some common questions from automated driving engineers

How can |

synthesize scenarios
to test my designs?
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Synthesize scenarios to test sensor fusion algorithms

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

Radar and Vision Data
= Synthesize road and vehicles
= Add probabilistic vision and
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https://www.mathworks.com/help/driving/examples/sensor-fusion-using-synthetic-radar-and-vision-data.html
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Graphically author driving scenarios

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

Driving Scenario Designer —— e e e e

- Create roads and lane markings |% & = & & = & d W B @ [T &
ctor L L e B e e
- Add actors and trajectories - e e 3
= Specify actor size and radar ST e [ Ego Centric View
cross-section (RCS)

Width {m): 14.7
= Explore pre-built scenarios Bank Ange (49 -
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https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html

4\ MathWorks'

Integrate driving scenarios into Simulink simulations

Test Open-Loop ADAS
Algorithm Using Driving

Scenario
= Edit driving scenario
= Integrate into Simulink o 30 [ﬂ
Width (m):
= Add sensor models Bank Angle (deg)| s I
= Visualize results
= Pace simulation e
Y (m)
Radar
Automated Driving Toolbox™ P S | Oeectons [
LeftTurmnScenario o Obm
BoundeL::: Vision Detections
Ganersior
Scenario Reader Line [Sensor Index: 2] Lica
" | Boundaries Detections|



https://www.mathworks.com/help/driving/ug/test-open-loop-adas-algorithm-using-driving-scenario.html
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Integrate driving scenario into closed loop simulation

4 Dwwing Scenanio Designer - LFACC_d_Curve_CutinOnnt - Scenano Canvas

Lane Following Control with
Sensor Fusion

= Integrate scenario into system a -m—~ —— ST e .
= Design lateral (lane keeping) - e
and longitudinal (lane spacing) Sl
model predictive controllers it [
= Visualize sensors and tracks
= Generate C/C++ code : =
= Test with software in the loop
(SIL) simulation
Model Predictive Control Toolbox™
Automated Driving Toolbox™ e .

Embedded Coder®

R2018b



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

Lane Following Control with

[# LaneFcllovang TestBenchEample - Burd's-Eye Scop = =] b |
Sensor Fusion L Gee @ oW
= Integrate scenario into system e L o - /
= Design Ie_ltera}l (lane keeping) et R
and longitudinal (lane spacing) S | B\
model predictive controllers i |l
= Visualize sensors and tracks — : \ "
sene £ ! w
- Generate C/C++ code '.l |\
- Test with software in the loop - 1 ]1]
(SIL) simulation F o2 | 3 | l‘
Model Predictive Control Toolbox™ '
Automated Driving Toolbox™ | B
Embedded Coder® 1 S v e o o
R2018b



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

A MathWorks:
4

Automate testing against driving scenarios

Testing a Lane Following

Controller with Simulink Test

Author high level requirements
Synthesize driving scenarios
Specify assessment criteria
Run interactive simulation
Automate regression testing
Review verification status

Simulink Test™
Automated Driving Toolbox™
Model Predictive Control Toolbox™

- ':‘1:) h : e
N o

4\ Test Manager = O X

& cut \ g X

v o Hd 2 b o x Wm = A Bl a @
New Open Save i Delete | Run [0 Debug Parallel =000 visualze oo Expx Help

4 Y he {jj Paste 2 he - n Modet

RUN RESULTS ENVIRONMENT RESOURCES )
Results and Artifacts ‘ || ACC_ISO_TargetDiscriminationT... « [\ Stat Page . =

,,,,,,,,,, _ - — Requirements link

» =1 LaneFollowingTestScenarios + REQUIR ENTS Y,

rv Scenarnios -

ariold #1: ACC_ISO_TargetDiscriminationTest nglestRequ
ACC_ISO_TargetDiscriminationTest

SCer
(2] ACC_ISO_ : D
ACC_ISO_AutoRetargetTest
v SYSTEM NDER TEST
ACC_ISO_CurveTest Slmu“nk MOdel
ACC_StopnGo _
= Model | LaneFollowingTestBenchExample y
LFACC_DoubleCurve_DecelTarget
» TEST HARNESS
» f

LFACC_DoubleCurve_AutoRetarget
LFACC_DoubleCurve_StopnGo
LFACC_Curve_CutinOut
LFACC_Curve_CutinOut_TooClose

Scenarios -

Vv

» Runs after the model loads and the model PostloadFcn callback

scenariold = 1; I 4
helperLFSetyup; 1 1

Define scenario ID
L and data initialization

Name 2| ACC_ISO_TargetDiscn

Type Simulation Test

Model LaneFollowingTestBenchEx

Simulation Mode Normal

Location C:\02_ADST\2018b\Demos

Enabled v

Hierarchy LaneFollowingTestScenario v CLEANUP L/ PlOt the reSLlltS
Tags » Runs after simulations and all model callbac

plotLFResults(sltest_simout.logsout);

-
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https://www.mathworks.com/help/sltest/examples/testing-a-lane-following-controller.html
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Synthesize driving scenarios from recorded data

Scenario Generation from
Recorded Vehicle Data

- Visualize video )
This exampie shows how 1o automatcally generate B3]

- Import OpenDRIVE roads sleswalyizicpiyes b

= Import GPS Helper Functions

= Import object lists s

fNie and converls into a structure.

188 function [egoData] = helperGetEgoData(egoFil
189 ®Read the ego vehicle data from text file

Y (m)

N 118 file1D ~ fopen(egoFile);
Automated Driving Toolbox™ U] coment - Semtacen(IIaRD, B 36 X5
12 filelds « ("lat’,'lon","Tine');
13 egoData « cell2struct{content, fields,2);
14 fclose(filelD);
a 115 #nd l
helperGetNonEgoData X (m}

This function reads the processed lidar data from a
text fle and converts into a structure, The =

| b b b by e
. »

11


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

How can | design with virtual scenarios?

Scenes Driving Scenarios (cuboid)

® @

;

RO
R

Testing Controls
Controls + sensor fusion

Authoring Driving Scenario Designer App
drivingScenario programmatic API

Sensing Probabilistic radar detections
Probabilistic vision detections
Probabilistic lane detections

4\ MathWorks:
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How can | design with virtual scenarios?

Scenes

Testing
Authoring

Sensing

Driving Scenarios (cuboid) 3D Simulation (Unreal Engine)

CHC R

i}
Controls Controls
Controls + sensor fusion Controls + vision
Driving Scenario Designer App Unreal Editor

drivingScenario programmatic API

Probabilistic radar detections Ideal camera (viewer)
Probabilistic vision detections
Probabilistic lane detections

13



Simulate controls and perception systems

Vodal Butars

e e — S—
imrnﬂmﬁﬁmwoll [fﬁ’t—'ﬁfl m |
| Test Benen {Zenpe |
e |
P r————
I - B e @)
1 3 . & . 4\
s ok R =" =
=4 ; .
B 1. — kel
‘Aﬂl“  — b.
- L)

| ane Following Control with
Sensor Fusion
Model Predictive Control Toolbox™

Automated Driving Toolbox™
Embedded Coder®

R2018b

nrocerties

RN TR
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Visual Perception Using

L ane-Following Control with

Monocular Camera

Automated Driving Toolbox™

R2017a

Monocular Camera Perception

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

R2018b

4\ MathWorks:
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https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html
https://www.mathworks.com/help/driving/examples/visual-perception-using-monocular-camera.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-monocular-camera-perception.html

Simulate lane controls with vision based perception

Lane-Following Control with
Monocular Camera Perception

= Integrate Simulink controller
— Lane follower

— Spacing control

= Integrate MATLAB perception
— Lane boundary detector
— Vehicle detector

= Synthesize ideal camera image
from Unreal Engine

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

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

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Design trackers

Multi-Object Tracker

_ Association &
Detections Track

Management

Tracking
Filter

Fromvarious sensors at
variousupdaterates

= Multi-object tracker = Linear, extended, and
unscented Kalman filters

Automated Driving Toolbox™

R201/a .



Design trackers

Multi-Object Tracker

_ Association &
Detections Track

Management

Tracking
Filter

Fromvarious sensors at
variousupdaterates

= 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™

R2019a

c‘\ MathWorks:
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Design multi-object trackers

Multi-Object Tracker

(ase Camera Vaw Pasying Vehcle Ege Vehicle

Extended Object Tracking

= Design multi-object tracker

= Design extended object trackers
= Evaluate tracking metrics

= Evaluate error metrics

= Evaluate desktop execution time

A vson ® cade EEEEBe [ track (histoey) A veion ® racer EEEMare (1 track ihistory) |

. \\._‘/ ; 25 —
15 o ll’

-20 }i, 15 |
257 10+

- l 5t
g sl %4\ False track due to | I

- \_ 8/ | imperfect clustering
Sensor Fusion and 4 \1 N
Tracking Toolbox™ o | N
Automated Driving Toolbox™ s ) @
. U X P ‘ .
Updated R20] Qa 15 10 ] 0 5 -10 -15 i 15 10 5 0 5 10 15

19


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

Extended-Object Tracker

Orase Caunws Vian Passing Vehch Ega Vaucle

Extended Object Tracking
= Design multi-object tracker /f-\._‘v - - -
- Design extended object trackers | . # B | |

A vsion @ radar B ano ] track (hls&.‘.(y]i A v=ion ® rmda B tare 0 track -.’h;mry'/.

| |
- Evaluate tracking metrics e —— | |
- Evaluate error metrics o Smitie o
- Evaluate desktop execution time | . \ ol \3 * I
Nl e € | | E , |

20! / \I"\. ﬁ' /'/
Sensor Fusion and : | ['Y* 2 |

Tracking Toolbox™ f.\\ N 1 |

.. ' L1\ 65 :
Automated Driving Toolbox™ S ZRR | . . |
Updated \ 20] 9 .ao‘U ‘N l E, 1 sz o 15 10 5 Y?m) 5 10 35 = 15 10 5 Y?m) 5 10 15
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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 R2019a

[ multiObjectTracker
[ trackerPHD
[ ] Prototype

25T

15

Number of Tracks

T11

05

Target Tracks False Tracks Redundant Tracks
Track Type

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

4\ MathWorks:
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https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html
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Evaluate error metrics

Extended Object Tracking

= Design multi-object tracker W oo e e

- Design extended object trackers : T, 14 R

- Evaluate tracking metrics 3':_ | |

= Evaluate error metrics 229 - ) U_;_ I

- Evaluate desktop execution time £ : B os| -
| | o |

Sensor Fusion and - II= IID _ ) m | I_ I-U

Tracking Toolbox™ ] Toth ID ”' 2 TrathiD )

Automated Driving Toolbox™

Updated 2019

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

22


https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html
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Compare relative execution times of object trackers

50

multiObjectTracker

Extended Object Tracking aewesp-in |
= Design multi-object tracker _ L
= Design extended object trackers
= Evaluate tracking performance

= Evaluate error metrics

= Evaluate desktop execution time
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wn o wn o
L T T
[ L

[’u‘ racker

N
o
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Lonuiti ObjeetTracker

-h
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T

Sensor Fusion and
Tracking Toolbox™

Automated Driving Toolbox™ MM\MMWJ
Updated 20] 9 % 2 p 60 ” 100 120

Time step (k)

-
o
T

W

BN \iulti-object tracker
B Probability Hypothesis Density tracker
Extended object (size and orientation) tracker
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https://www.mathworks.com/help/fusion/examples/extended-object-tracking.html
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Design detector 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 R2019

Nl ‘\3} @'l

. Ca-mu- s HepertoundinglionDe., » Sue
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Il Find Fies .
Rkttt A G @
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RS ¥ SRRCT
St B | » C work
tiehe Noveg
" TeackVehicledt hinglidaiExample.m
av
48 methods (Access protecte
49 function [bboxbets,obstacly
50 : rop point cloud
510 [pcSurvived, survivadln
52 * Remove ground plane -
53 = [pcObstacles, obstaclell
54 £ Form cluster and ge
detBBoxed = getBoundin
96 AssembliqerRBoxes: 6x10 sing
57 —% bboxnens
58 — end lolumns 1 throug
58 end
60 end 8921 22.
L 3.914 -3
Command Window ). 7299 U.
K>> pcshow (pcObstacles) 2.8747 2
s 1.7510 1.73%1
S 1.083¢ 0.
1. | 2 ussges of “bbarDets” found

X-Center

Z-Center

‘,"‘D‘ . J

£ P
4340 0wt wacsen Cat Sisch

3 - Fuin B Cursar Cetugeng

Y-Center

Length
Width
Height

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

4\ MathWorks:

Visualize
detections and
tracks

25


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

4\ MathWorks'

¥ MATLAE SOURCE

Function Ust Cal Tism

=) ) maxLidarTrackerm -
fx mexLidar Tracker

= @) HelperBoundingBoxDetactor 'I
fx HolperBoundingBoxDetect
Jfx assembleDatactions
Sfx cropPointCloud
Jx geeBoundingBoxes
Sx ramoveGroundPlana
Sx steplmpd

= ) helparCalcDatectabilty. m

£ hednar sheNatartahilin,
« CEOSEA RS, »

w poraisioie UETECTUrMODES CHacher UELer Co0Te1rachs 11U U

if isempty(detectorModel) || isempty(tracker) || isempty(dete

% A bounding box detector model.
detectortiodel - HelperfoundingBoxbetector(. . .|

....-”.
ﬁgm-nm NN
SRR

v GENERATED CODE

™ B Source Flles -
N AaslmmCosaCmMo«.
++ HalperBoundngBoxDatect
LY 1 ¥ )
oo Dbpsct Trach oy v
(] ‘.

'XLimits®, [-50 75],..- X min
'Yuimits',[-5 5),.-. X min
[Zuimits®,[-2 S), ... % min
;Q] I'SagmantationMinDistance’,1.6,... % min
15 'MinDetectionsPerCiunter” 1,... X min
,ﬁ 'Moasuremontoise ', eye{d), ... X ma
47 IGroundMaxdistance’,0.3) % max
38
19 assignmentGate « (10 108]; X Assignment threshold;
8 conflThreshold - [7 18]; X Confirmation threshold for h
i delThreshold - [8 18]; X Deletion threshold for hj

22 ¥r = 10.5" ¥ Falen-alarm rata por pnf

@ Code generation successful
Genurated on:  24-Mar- 2019 14 54:22
Baolld type:  Static Library
Toolchain:  Micresoft Visual C++ 2017 v15 0 | nmeake (64-bit Windows)
Build Configuration:  Faster Bullds

8 meed idar Trackerm | | MBI TIACKRT M [10-17jemeb mexLidarTracks « |

4 MATLAB Coder Report Viewer - Chworkuserpeth) Examples\R2019%\drvng_tusmion_vision\ TrackVehiclesUsingLidsrExamplel codegen’ ibmexlidar Tracker\ hemi\ repod. midsts

"
/"
1
I
/!
1
"
/[
1

oc

[

X measurement nolse In detection =
‘mextidarTrocker:18' detectorModel - i
‘mexiidariracker:11'
‘mexiidarTracker:1a’
‘mexLidarTracker;13'
‘mexLidarTracker:14"
‘mexiidarTracker:18*
‘mexiidariracker:16"

'mexl idarTracker:17’
detectorModellGroundReferencavactorBl] = |
detectorModel. GroundReferencevectorfll] « |
detectorModel . GroundReferencevectorR] = |
ol .GroundMaxAngularfistance = !
detec torMode] . MaxzZDistanceCluster = 3.8;
detectorModel . MinZDistanceCluster = -3.8;
detectorMode] . EgovehicleRadius | 3.95
detectorbodel .isInitialized = 8]

?INAV’ e c!_r:(?z(a;

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

Create region of interest labels and groups

Get Started with the Ground

4\ MathWorks:

Truth Labeler

= Label rectangles

= Label lane markings
= Label pixels

= Label scenes

= Create label groups
= Create sublabels

= Add label attributes

Automated Driving Toolbox™

Updated IS 2019

4\ Ground Truth Labeler - rriyLabelingSesson

» Beakelight
» SpornUtiityVehicss
» Brakelight

» Unknown
» TrafcSign
» Road

Scene Label Definition

ERIEE B 3m = W -
seslle=slocs onal oasilacn] soe
Pl R R RTT
satfloas [tas see sns aes re

| 05 highway_lamechange 25smpd |

Labels are associated with a group |
. [p—

G f
C3

o

00.00008 09.05000 25.00000 2 00050 (il Toe] o LM o Zvave & Tonw biiory
Shart Ties Curred Esd Term Max Tirm

 Mtributes and Soblabels

I Sedan

Afrbutes

PanCoior Ermgty
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

4\ MathWorks:

Create sublabels and add attributes

4 Ground Truth Labeler - myLabelingSesson

Get Started with the Ground

Truth Labeler
= Label rectangles

= Label lane markings e~ 8 BrakeLight
- Label pixels S = o w3
e | Emgy
- Label scenes > -£2
> Buakelight il
» SportUtiityVehicie | 8% —
- Create label groups s = — i
= Create sublabels e b oy P;dd at;'ril;t;tle F
. e s tosubla
= Add label attributes |
Automated Driving Toolbox™
" Scene Label Defintion. WtThe  Corvet X =4

Updated R2019a

ROt Labsel Defintion [ Attributes and Sublabels

28


https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

4\ MathWorks:

Create polyline labels and add attributes

Get Started with the Ground e
- Label rectangles T M =
- Label lane markings I?-"W e N pe—
- Label pixels e ey 3]
- Label scenes e Lo S |
= Create label groups h:,w
- Create sublabels | ' e "'/ﬁ“"
= Add label attributes Add polyline label " attributes to
' label I
Automated Driving Toolbox™ T ’
e —
Updated IS 2019 Teimasier T BN 4 |

29


https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Create pixel labels

Get Started with the Ground

4\ MathWorks:

Truth Labeler

= Label rectangles

= Label lane markings
= Label pixels

= Label scenes

= Create label groups
= Create sublabels

= Add label attributes

Automated Driving Toolbox™

Updated R2019a

OO%  TAYEN  TmReD
ROt Label Defition |

Attributes and Sublabels |

i .

25.00000 25 000%0

[ e o) 01 i3
San Tes Currel

© Asphalt
Arbutes
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Create scene labels and groups

4\ MathWorks'

Get Started with the Ground
Truth Labeler

4\ Ground Truth Labeler - myLabelingSesson

- Label rectangles
= Label lane markings e

= Label pixels
= Label scenes
= Create label groups

= Create sublabels
= Add label attributes

Automated Driving Toolbox™

Updated R2019a

&

00.00000 09.05000 25.00000 2% 00030
Start T Curred Esd Trm

][] [m]) D) [
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https://www.mathworks.com/help/driving/ug/get-started-with-the-ground-truth-labeler.html

Import custom automation algorithms

Automate Attributes of Labeled

Objects
= Import automation algorithm into
Ground Truth Labeling app

= Detect vehicles from monocular
camera

= Estimate distance to detected
vehicles

= Run automation algorithm and
interactively validate labels

Automated Driving Toolbox™

R2018b

4\ MathWorks:

J 05_highway_lanechange_25s.mpd ]

e lm—j

Attributes and Sublabels

! Vehicle

Attributes

Distance

Sublabels

53.8878

Review
proposed
attributes

No sublabels are defined for Vehicle”

| Vehicle Detectiq

32


https://www.mathworks.com/help/driving/examples/automate-ground-truth-labeling-for-semantic-segmentation.html

4 A MathWorks:

Add custom visualizations for multi-sensor data

. . 4 @ Figure 1: Point Cloud Player - o
Connect Lidar Dlsplay to e T O] - o ver e Toos Deisp vinen e
i G | = ; S Q08 nE
Ground Truth Labeler L5 = _-g«,. Do e l

l.'

- Sync external tool to each frame | o0 Tooaee
change :

= Control external tool through
playback controls

Analyze data with
synchronized
external tool

Automated Driving Toolbox™

33



Interoperate with neural network frameworks

(PyTOI‘Ch> Keras-

( Caffe? K ' Tensirflow

( MXNet )‘_’ ONNX <_><|\/|ATLAB)
/ |R2018b {

(Core I\/IL)
( CNTK ) () Catte

Open Neural Network Exchange

R2017b

R201/a

4\ MathWorks:
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4\ MathWorks:

Design camera, lidar, and radar perception algorithms

Detect vehicle with Detect ground with Detect pedestrian with
camera lidar radar

Object Detection Using Segament Ground Points Introduction to Micro-Doppler
YOLO v2 Deep Learning from Organized Lidar Data Effects
Computer Vision Toolbox™ Computer Vision Toolbox™ Phased Array System Toolbox™

Deep Learning Toolbox™

R2019a R2018b R2019a

35


https://www.mathworks.com/help/vision/ug/train-an-object-detector-using-you-only-look-once.html
https://www.mathworks.com/help/vision/ref/segmentgroundfromlidardata.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks
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Read road and speed attributes from HERE HD Live Map data

Use HERE HD Live Map Data
to Verify Lane Confiqurations

= Load camera and GPS data
Retrieve speed limit

= Retrieve lane configurations
Visualize composite data

Automated Driving Toolbox™

R2019a

4\ MathWorks:

Ol

S

Esti, HERE, Garmin USGS, Intermap,
ME'n' -

— — —Boundaries

Nodes
Links

2m

37°22'68"N

5 ft

Esri, HERE, Garmin USGS,

Intermap, METI,
INCREMENT P, NRCAN,

Mapmyindia,

Esri (Japan, China (
Kong), Thailand), T
©O0penStreetMap, GIS User
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https://www.mathworks.com/help/driving/examples/use-here-hd-live-map-data-to-verify-lane-configurations.html

Visualize HERE HD Live Map recorded data

4\ MathWorks:

& MATLAB R2D19s

i g T o) Oreres g vt

Use HERE HD Live Map Data
to Verify Lane Confiqurations

= Load camera and GPS data

Q“ﬂa b Co» owork » oy
_ o RPN Waigocy LRV (J) Fgores - NRE HD Live Map Exmple
- Retrleve Speed Ilmlt éé:*wwsm‘mmpn.-m:;t | HERE HD Live Map Examnple
. . . 7 % Visu
- Retrieve lane configurations o
. . . 289 % lane
= Visualize composﬂe data 290 % coord
291 $ link
292 % confi
293 %
Automated Driving Toolbox™ el T
296 4 Helpe
R2019a
298 L HD Li
299 — hdlmUx
300
301 4 Synch
302 — synchro
303 - videoRe o

<
m. M’

iR
@ x
Lk I ";
Lare Group | &%
=
]
&
g
|
4
Ed
i i
Esri, MERE. Ganmin USGS. Imoag, VET),
MOREMENT P. NRCAN. Maprmyinda
21 m Putl {2agan, Ching (Mong Mang
%0 A Tredlang),
COpenStrmeiiiag Gi5 Laver Coeren
Timeastamp Speed Limit
22:11:25 35
Lane Types and Boundanss

[sergt

Ln 287 Col 1
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https://www.mathworks.com/help/driving/examples/use-here-hd-live-map-data-to-verify-lane-configurations.html

Design path planner

Automated Parking Valet
= Create cost map of environment

= Inflate cost map for collision
checking

= Specify goal poses

= Plan path using rapidly exploring
random tree (RRT*)

Automated Driving Toolbox™

‘\:} 2
R2018¢c

A MathWorks:
4

& MATLAB R2019 - (=4 .
Yearch Documentatior ISl & Signlr

DO s P | » G work » userpath » Exemples » R2019s » drang » ParlongValetExample -« 0
Current Fullde Waotkypace A Edtor - PurkingValetExaenplem & X - ed Valet Packing C
;_;;;Td;b-mkr}_rl Automated Valet Parking

I o T L

721 i

722 % Get current pose and velocity of t

723 — currentPose = getvVehiclePose{vehic] 50 — R - .

724 — currentvel = getVehicleVelocity (ve il | I |l|I| I | | I Ill | L

725 — end

126 o

727 % Show vehicle simulation figure 35 2

728 — closeFigures;

729 — showFigure (vehicleSim) ; -~ |

730 > 25

731 —% keyboard % Pause in debuggsr =

732

733 +% Ly

7134 % An alternative way to park the vehicle 10

735 % spot. When the vehicle needs to back t .

136 % needs to use the Reeds-Shepp connectic ! | | |.| l.l |.| | | | |

737 % path. The Reeds-Shepp connsction allow e ' ' - ' '

] : 0 10 20 30 < 50 & 7

738 % planning. X

138

740 % Specify a parking pose corresponding t

741 — parkPose = [49 47 -90]; ) Command Window ®
< : > Jx x> o
111~ | Waiting for input
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https://www.mathworks.com/help/driving/examples/automated-parking-valet.html

4\ MathWorks:

Design path planner and controller

. . B4 AutomatedPartingVaiet * - Sirulink - )
Automated Parking Valet with A3 Ll
Simulink S e T DI . »
& |[" atomatecParngVaiet b -~
= Integrate path planner % I B A
. o 1 Imil Ilkllllll
= Design lateral controller (based = o s
on vehicle kinematics) - . 50| —
. . . £l -
= Design longitudinal controller = 4 . eI = e
(PID) Horman o : | - ot L e
- Simulate closed loop with | | L ] =[]
vehicle dynamics i R e -
i L “ —
%vﬁ —r
Automated Driving Toolbox™ o
-
R2018b ; ;
Ready 6% auto(odeds:
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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

R2019a

4\ MathWorks:

pes.h

186
187
188
189
198
191
192
193
194
195
196
197
198
199
200
2081
282
283
284
285
286
287

// model step function
void stepeé();

// 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 localArglInput[3]);
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https://www.mathworks.com/help/driving/examples/code-generation-for-path-planning-and-vehicle-control.html

Some common questions from automated driving engineers

How can |
discover and design
In multiple domains?

4\ MathWorks

44



Longitudinal Control

4\ MathWorks:

Design lateral and longitudinal Model Predictive Controllers

Asmrive Unsre Covrel bwrg Secaw Favion Tewt Bevch
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ol byl
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[ P l 'A i

arEE 'III II
Ay
s it
- '.\
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|
|1
8
iy
i
|
{1);
1

Adaptive Cruise Control
with Sensor Fusion

Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R201/b

Lateral Control

[Cane Wasping Asuisi Tosi Bench § o Vst hrtnes
[Edi%be )
. sa:, g ', @ |
_'",} J — b
T}
R e ‘ l‘\
S g e S \
P \ \
\
\ |
—1— \ \
\ \ “
| w
‘4 \ H
\ | \ | /
\ | /
"-,“ | /
\
\ | “’
| "«“ "." |
‘ b\ o

Lane Keeping Assist with
Lane Detection

Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R2018a

Longitudinal + Lateral

Larm Foliowing with Spacing Control
Tost Boncr

i
i
=)

Lane Following Control with
Sensor Fusion and Lane
Detection

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

R2018b
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https://www.mathworks.com/help/mpc/ug/adaptive-cruise-control-with-sensor-fusion.html
https://www.mathworks.com/help/mpc/ug/lane-keeping-assist-with-lane-detection.html
https://www.mathworks.com/help/mpc/ug/lane-following-control-with-sensor-fusion-and-lane-detection.html

Develop automatic emergency braking application

Automatic Emergency Braking

4\ 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

"a

AEBTestBenchExample
& " AEBTestBenchExampie »

k4 [AEB Control Using Sensor Fusion
= Test Bench
g

) Model Button

Cick The Buston Sedore
Runrsng The Model

Dashboard Panel Display
FCW

AEB
egoCar Velocity (mis)

egoCar acceleration (g)

Ready

" AEBWithSensorFusionMdiRef
(hrottie
Throttle
b \ViS20N
Brake e
—=%|Radar Tracks |- @]
MIO Track il bl
»{ Prediction Time
AEBStatys| g o
FCWactivate [EE >
¥ Longitudinal Velooty
egoCarStop SRCENYD 5. 3
»iCurvaiure coliision| {570 |
2

AEB with Sensor Fusion

Throttle
ve®)

Vision

Radar

Prediction Time

Longaudingl Yelooly

'. — Brake
°)

Curvature

Vehicle and Environment

| MID Indas

MIO Track

107%

autolode3)
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https://www.mathworks.com/help/driving/examples/autonomous-emergency-braking-with-sensor-fusion.html

Train reinforcement learning networks for ADAS controllers

A MathWorks:
4

Training Progress ( 07-Jan-2019 12:19:41 )

Episode Information

Episode Number 189
Episode Reward -T87726
Episode Steps 600
Episode Q0 -39.4411

Total Number of Steps 111086

Average Results
Average Reward -252 5519
Average Steps 600
Window Length for Averaging 5

Training Options

Hardware Resources for Actor and Critic CPU CPU

oonns

Dcdoc & ok

=E oonnna

Train Deep Deterministic Policy |~
. Episode Reward for lACCMdI with rIDDPGAgent
Gradient (DDPG) Agent for o — g
Adaptive Cruise Control om0
- Create environment interface [
= Create agent
= Train agent . ]|[
- Simulate trained agent :1[
e H'
Reinforcement Learning Toolbox™ Bl
F A — | . i
4000, 2 " 50 8I SR | ]
S

a7


https://www.mathworks.com/help/reinforcement-learning/ug/train-ddpg-agent-for-adaptive-cruise-control.html

4\ MathWorks

Some common questions from automated driving engineers

Simulation Integration

ROS CAN
Q

Cross Third
Release Party

How can |
Integrate
with other environments?
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4\ MathWorks:

Connect to live Generate standalone
ROS data ROS node

e
i Conty P FeborControlies Contig (Actives
|

Integrate with ROS

Replay logged
ROS data

Time Series Plot:/odom Properties

w Commonty Used Parametess = All Faraeaties

-
Select: -

v Haraware bwd{lmbu Operating System (ROS) '] e
s 0 ROS Node ° Data ImponyExport Cocda Genandtion @ystam tanet M, ettic
_ wblisher | Topic: fexample . [| » Optimization - 3
i m Type: std_msgs/String o Diagrestics Devio: vendor: |Genent = Device type
é &8 - <> Device detals
= F M Refore:
§ ROS Node Stmulstion 1":‘::; Hardmare board settings
: e S———

1 Stvulnk Coverage -
HDL Code Goneration Bame rate Lask priotty: 40

Target Hardwsre Sesouroes

200 20051 2052 20563 2054 2058 200566 2047 2058 2050 206
Titne (seconds)

Work with rosbag Logfiles Exchange Data with ROS Generate a Stanglalone ROS
Robotic System Toolbox™ Publishers and Subscribers Node from Simulink
Robotic System Toolbox™ Robotic System Toolbox™

Simulink Coder™

Updated R2018a R2016Db R2016Db
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https://www.mathworks.com/help/robotics/examples/exchange-data-with-ros-publishers.html
https://www.mathworks.com/help/robotics/examples/work-with-rosbag-logfiles.html
https://www.mathworks.com/help/robotics/examples/generate-a-standalone-ros-node-in-simulink.html

Call C++, Python, and OpenCV from MATLAB

Call C++

Ilitii |IHIiiI

Import C++ Library
Functionality into MATLAB

MATLAB®

R2019a

Call Python

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

'width', 1nt32(30)))

Call Python from MATLAB
MATLAB®

R2014a

4\ MathWorks:

Call OpenCV &
OpenCV GPU
cv::Rect

cv::KeyPoint N
cv::Size
cv::Mat

cv::Ptr

Install and Use Computer Vision

Toolbox OpenCV Interface

Computer Vision System Toolbox™
OpenCV Interface Support Package

Updated R2018b
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https://www.mathworks.com/help/vision/ug/opencv-interface.html
https://www.mathworks.com/help/matlab/matlab_external/what-you-need-to-import-cpp-library-functions-into-matlab.html
https://www.mathworks.com/help/matlab/matlab_external/call-python-from-matlab.html

4\ MathWorks:

Call C code from Simulink

Test and verify C code

Call C code Create buses from C
structs

typedef struct {

double coeff;

—P CoastSetSwIN CoastSetSwOUT |~

double 1inik;
fau lt_T fanlt; RejectDoublePress
)src mean_filter dstD | params 'T; —P| AccelResSwIN  AccelResSwOUT [
' C Function Caller
C Ca"er v |1 Base Workspace —::)aef:;e dDOa:ZLype v AGGREGATED COVERAGE RESULTS
v -TZZ?;—T = init double ALYZED MODE ey IO
- init —fault  Enum: fault_T |NB§1§SLD.O.QDJ§E£§§_( 1002 m— 1 005 w—1 00
— fault
Bring Custom Image Filter Import Structure and Cgstom C .Code Verification
Algorithms as Reusable Enumerated Types with Simulink Test
Blocks in Simulink Simulink® Simulink Test™
Simulink® Simulink Coverage™

R2017b R2017a R2019a
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https://www.mathworks.com/help/simulink/slref/simulink.importexternalctypes.html
https://www.mathworks.com/help/simulink/slref/bring-custom-image-filter-algorithms-as-reusable-blocks-in-simulink.html
https://www.mathworks.com/help/sltest/examples/custom-c-code-verification-with-simulink-test.html

Connect to third party tools

6T =)

152 Interfaces to 3" Party

Modeling and Simulation Tools
(as of March 2019)

4\ MathWorks:

MathWorks

o

Partner
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Cross-release simulation through code generation

Integrate Generated Code by
Using Cross-Release W orkflow

= Generate code from previous
release (R2010a or later)

= Import generated code as a
block in current release

Tune parameters
Access internal signals

Embedded Coder

R2016a

Previous Release

Current Release

4\ MathWorks:

crossReleaselImport

. —
=
Giota Dota S

Sre
L

[

Copysght 2017 The MaitiWorsa. Inc

—9
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https://www.mathworks.com/help/ecoder/examples/integrate-generated-code-using-cross-release-wWorkflow-ed7ac5629629.html

4\ MathWorks

Some common questions from automated driving engineers

(_'n @)
I I Perception
|
|

Simulation Integration

5 [—

Planning

|
© o o

Cross Third
l I Release Party

Control

A |

Synthesize scenarios Discover and design Integrate
to test my designs in multiple domains with other environments
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A MathWorks:
4

Get started on your own with documented examples

Documentafion Al Examples

Simulation Integration

=  Automated Driving Toolbox

— Labeling, perception, sensor fusion, path
Perception planning, synthetic sensor data

‘ | =  Model Predictive Control Toolbox

| — e i | (Section: Automated Driving Applications)
Planning ) | — Adaptive cruise control, lane keeping, lane
A | following with spacing control

4

=  Simulink Test
(Section: Systematic Testing and Reporting)

— Test lane following controller with sensor
fusion
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https://www.mathworks.com/help/driving/examples.html
https://www.mathworks.com/help/mpc/examples.html?category=automated-driving-applications
https://www.mathworks.com/help/sltest/examples.html?category=test-automation-and-analysis

A MathWorks:
4

Galin tool experience with Training Services

Simulation Integration

Pron |y

L 4

MATLAB and Simulink Training

=  Automated Driving with MATLAB

Deep Learning with MATLAB
Computer Vision with MATLAB
Simulink for System and Algorithm Modeling

Integrating Code with Simulink
Code Generation for AUTOSAR Software

= Verification and Validation of Simulink Models

Polyspace Bug Finder for C/C++ Code
Analysis

= Ask about customizing training courses for

your needs (contact training)

57


https://www.mathworks.com/training-schedule/automated-driving-with-matlab.html
https://www.mathworks.com/training-schedule/deep-learning-with-matlab.html
https://www.mathworks.com/training-schedule/computer-vision-with-matlab.html
https://www.mathworks.com/training-schedule/simulink-for-system-and-algorithm-modeling.html
https://www.mathworks.com/training-schedule/integrating-code-with-simulink.html
https://www.mathworks.com/training-schedule/code-generation-for-autosar-software-components
https://www.mathworks.com/training-schedule/verification-and-validation-of-simulink-models.html
https://www.mathworks.com/training-schedule/polyspace-bug-finder-for-c-c---code-analysis.html
https://www.mathworks.com/services/training/contact-training.html

A MathWorks:
4

Partner on your projects with Consulting Services

Simulation Integration

Pron |y

L 4

MATLAB and Simulink Consulting Services

Image Processing and Computer Vision

MATLAB with Hadoop and Spark

= Tools Integration

ISO 26262 Process Deployment Advisory

Service

Model-Based Design Process Establishment

Model-Based Design Process Assessment
and Maturity Framework

= Ask about extending tools for labeling or

synthesizing sensor data (contact consulting)
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https://www.mathworks.com/services/consulting/proven-solutions/image-processing-and-computer-vision.html
https://www.mathworks.com/services/consulting/proven-solutions/matlab-with-hadoop-and-spark.html
https://www.mathworks.com/services/consulting/proven-solutions/tools-integration.html
https://www.mathworks.com/services/consulting/proven-solutions/iso26262.html
https://www.mathworks.com/services/consulting/proven-solutions/model-based-design-process-establishment.html
https://www.mathworks.com/services/consulting/proven-solutions/mbd.html
https://www.mathworks.com/services/consulting/contact.html

4\ MathWorks:

Get started developing automated driving systems

with MATLAB and Simulink

Simulation Integration

Pron |y

L 4

Discuss your application with me
(mark.corless@mathworks.com) or a
MathWorks field engineer to help you
structure an evaluation

= Understand your goals
« Recommend tasks
=  Answer guestions
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