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4\ Test Manager

» [=1 LaneFollowingTestScenarios

Simulation Mode
Location
Enabled
Hierarchy

Tags

rv Scenarios -
| ACC_ISO_TargetDiscriminationTest
| ACC_ISO_AutoRetargetTest
| ACC_ISO_CurveTest
£| ACC_StopnGo
£| LFACC_DoubleCurve_DecelTarget
£| LFACC_DoubleCurve_AutoRetarget
£| LFACC_DoubleCurve_StopnGo
| LFACC_Curve_CutinOut
¢| LFACC_Curve_CutinOut_TooClose
\ S
BRI R
== R
Name ACC_ISO_TargetDiscn
Type Simulation Test
Model LaneFollowingTestBenchEx

Normal
C:\02_ADST\2018b\Demos
v

LaneFollowingTestScenario

il

Parallel

v CLEANUF

» Runs after the model loads and the model PostLoadFcn callback

| scenariold = 1;

-
Y
Re Visualize ~obiont E Preferences Help
v in Mode! >3
RESULTS ENVIRONMENT RESOURCES )
|-| ACC_ISO_TargetDiscriminationT... » [\ Start Page == *%‘E?%
m
v REQ J
scenariold #1: ACC_ISO_TargetDiscriminationTest (LaneFollowingTestRequirements#1)
N\
LYERN -
-~ l
WMIREY
Model: | LaneFollowingTestBenchExample J
» TEST HARNESS
» SIM
» PRI

. e

helperLFSetup;

P

» Runs after simulations and all model callback

1 plotLFResults(sltest_simout.logsout);
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Helper Functions 1201 . B
{ N N
helperGetEgoData 15} [ ,V\/ 4
This function reads the ego vehicle data from a text L | EA <
oo file and converts into a structure. /,"\/‘ <8 LN 2
— %E H 105 KN e N
y \ ¢
" j A1§ JLRY |:| E *’T §IJ X ( 7N %Eiﬁ 1e8 function [egoData] = helperGetEgoData(egoFil g 100 « /\/\ \‘\\\ 4
109 %Read the ego vehicle data from text file > \\'\ \\/< \0\ \ \\ < ",//'\,v’
110 fileID = fopen(egoFile); 9|11 ] \\ AN \ \\ '<"
111 content = textscan(filelID, '%f %f %f'); vilk \\ _\ \ \\ /
112 fields = {'lat’, 'lon’, 'Time'}; 90 \\\\\\\\‘\ ’ \ \\ \
113 egoData = cell2struct(content,fields,2); o i 1 \\
114 fclose(filelID); \ \\
115 end . 80lllH \\\ W
270 280 310 320
helperGetNonEgoData X (m)
This function reads the processed lidar data from a
text file and converts into a structure. The
i e o R
Command Window ®
< ] >
m. Busy script
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LIVE EDITOR INSERT VIEW Ep iy = i pel

A% Eal B ||| » ¢ » work » userpath » Examples » R2019a » driving » PlaybackScenarioExample v R
[ L e = B Live Editor - PlaybackScenarioExample.mix * (@ X

L cseeictunplens” XE T Simulate synthesized scenario
ISummary 5
This example shows how to automatically generate [Z]

a virtual driving scenario from vehicle data
recorded using the GPS and lidar sensors.
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|4 helperMonoSensor.m |+ |

40
41 classdef helperMonoSensor < handle
42
43
44
45 —
46
47
48 —
49
50
51 —

Visual Perception Using

Lane-Following Control with
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25|
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Q
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2 48k
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a
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05
D L
Target Tracks False Tracks Redundant Tracks

Track Type

BN \ulti-object tracker
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Track Vehicles Using Lidar:
From Point Cloud to Track List

- RIT3-DIBIERNEE
- ®WITBRIRERES
- HmC/IC++R AL
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HOME PLOTS APPS EDITOR PUBLISH VEW B4 @3Bl I Search Documentation
Find Files 2 Insert 5| = 3, Insert Stat = =] : | Step I
EIE J E i?cm - gem- Comment ;Ej f" Q ‘E ﬁhW/o:mv = = 2 G L’“"—‘st:" :ut Funcion Col Stacke
New Open Save L3 £ B ‘/"; Insert Insert System Breakpoints Continue Step L Step HelperBoundingBoxDe... ¥ Quit
v v v  Print “Fnd v Indent » | Property v Method v . Analyze Block v b4 > {1 | Run to Cursor Debugging
FILE | Navicate | EDIT | SYSTEM OBJECT BREAKPOINTS DEBUG =
=N eS| E ﬁ » C: » work » userpath » Examples » R2019a » driving_fusion_vision » TrackVehiclesUsinglidarExample » v P
;1 [ TrackVehiclesUsinglidarExample.m < ‘ HelperBoundingBoxDetector.m 3 ‘ + | \?iéure1 777\
47
~
48 % methods (Access = protected)
49 = function [bboxDets,obstacl:
50 $ Crop point cloud
51 @ [pcSurvived, survivedIn«
52 % Remove ground plane —
53— [pcObstacles, obstacleIl —
54 % Form clusters and ge
55 = detBBoxeg = getBoundinc
56 % AssemblijetBBoxes: 6x10 single matrix =
57 —% L)boxDets
2= end Columns 1 through 4 X-Center
) [ e Y-Center
60 -end = = 2 14148
i 12.8921 22.6758 46.8280 21.1414 Z-Center
| S -3.9148 -3.7233 =3, 5872 0.0260 Len th
Command Window 0.7299 0.6966 -0.6705 0.7558 - g
K>> pcshow (pcObstacles) 2.8747 2.6390 0.0816 22517 W|dth
fx &> 1.7510 1.7391 0.8562 1.6446 Height
< 1.0838 0.5916 0.0068 0.5503
""'~\ 2 usages of "bboxDets" found | HelperBoundingBoxDetector / steplmpl Ln 57 Col 13

24
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4\ MATLAB R2019a

HOME PLOTS VIEW

fH EHQGHA » C: » work »
Figures - Figure 1

es » R2019a » driving_fusion_vision » TrackVehiclesUsingLidarExample »

Figure 1
Lidar Preprocessing and Tracking Ego Vehicle Display
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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

= D helperCalcDetectability. m

# halnar aleNaotactahilihe
4

v GENERATED CODE
[E Es Source Files -
£ Ass:gnmentCostCaIculalor.

4\ MATLAB Coder Report Viewer - C:\work\userpath\Examples\R2019a\driving_fusion_vision\TrackVehiclesUsingLidarE:

1 d

\ib\
9

| Code

LidarTracker\htm[\report.midatx

W mexLidarTrackerm |

| mexLidarTracker.m [10-17]w=p mexudarTrack{ v | \4@ \..

% PErsisLEnL UETECTUTTIOUEL UMgtKer URTECTEDIETIaUKSIpUuT CurTenn

5

6

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

8

9 % A bounding box detector model.
1e detectorModel = HelperBoundingBoxDetector(. ..
11 "XLimits',[-SG 7L e % min
12 RAG i 32 S s % 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 10]; % Deletion threshold for h‘i_.f
22 Ke = 1p-G- % Falce-alarm rate ner uni® wa -
<+ ——— »

SUMMARY

@ 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] =
detectorModel|.GroundReferenceVector[ii] =
ldetectorModel|.GroundReferenceVector[R2] =
detectorModel . GroundMaxAngularDistance| =
detectorModel .MaxZDistanceCluster| =| 3.0}

detectorModel.MinZDistanceCluster| =||-3.0;

detectorModel .EgoVehicleRadius| = 3.0}
detectorModel.isInitialized| H o}

14
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4\ Ground Truth Labeler - myLabelingSession

Get Started with the Ground
Truth Labeler

"/ — Ak oD col WARY” | = —_— e RO
[ | %E ﬁ; *E *,T ﬁ ROI Label Definitio 05_highway_lanechange_25s.mp4 1 _\ Attributes and Sublabels \
5[5 H : —

. % ‘Eﬁ Q% 1;1—.{ f‘a’: Label Sublabel  Attribute " /‘L " J |l Sedan
o e < Labels are associated with a group | (7™ ]
. BERE b Sedan b : | . —
EN N B,ake,_,gm 1 I PaintColor EI"L i
s - ni
" iﬁ 5.*1;11A : 1:uchakenght | [ }
. tlis S =
- BIETARE — — L

BrakeLight : 0

. /IJ\\ 7]” 1;-5 )% |‘$ - |

Automated Driving Toolbox™ =
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Get Started with the Ground
Truth Labeler
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Attributes and Sublabels
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Get Started with the Ground
Truth Labeler _, |
. %Eﬁﬁ&ﬁ‘i z: “La | “Subabel  Attriute ‘ 4 L EatioMarking

. 1%% 1;_5 fa"'_ b TrafficSign

LaneType Empty U

v Road
Ve Empty
[ iﬁ =XV *TA > Asphalt ie LaneColor Uniniarked
» LaneMarking --- w
si DoubleSolid
" ﬁIJ L*T QH. Dashed
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- NIRERM Add polyline label

;;ublabels Add
attributes to
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- BIERESH
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Get Started with the Ground

Truth Labeler
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- BIETFARRE
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LABEL PIXELS

ROI Label Definition

| [ Scene Label Definition |

ﬁ Define new scene label

) cur 1Fame{ AddLabel |

| Time Interval WBLM

Road
> Straight ] Create scene label
» Offramp | groups
» Roundabout [ |
» Weather

00.00000 00.00000 25.00000
Start Time Current End Time

(i3

Zoom In Time Intery

[ Asphalt

Attributes and Sublabels

No attributes defined for ‘Asphalt

J [—

Pixel labels cannot contain sublabels.
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e Seftings Run  Stop UndoRun Accept Cancel

[l Vehicle

Attributes

B CLOSE /i -
| Attributes and Sublabels Vehicle Detectiq

Distance 538878 |

Review
proposed

Sublabels
No sublabels are defined for 'Vehicle'.

attributes
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Object Detection Using Segment 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™
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Use HERE HD Live Map Data
to Verify Lane Configurations

HANRENSCGPSHIRE
- EEUERRIRIE
- EHEERE
- ALEBEEIE
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37°23'oz‘\-

98

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

Red lines
represent road
links

Esri, HERE, Garmin USGS,
Intermap, METI,
INCREMENT P, NRCAN,
Mapmyindia,
Esri (Japan, China (Hong
Kong), Thailand),
®0penStreetMap, GIS WUser
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- AIYMLEBESEIE represent lane
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- EEUERRIRIE

- EHEERE
AIARALLE & B
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, » C » work » userpath » Examples » R2019a » driving » UseHEREHDLiveMapDataToVerifyLaneConfigurationsExample

_EDIT _|BREAKPOINTS | RUN =

z Figures - HERE HD Live Map Example

FHPHGE

Current Folder | Workspace WE
|- | UseHEREHDLiveMapDataToVerify
286 e
287 %% Visu
288 $ The m
289 $ lane |
290 % coord
291 . dink |
292 % confidi=
293 %

294 % The

295 % |<mat
296 % Helpe
297 $ a rec
298 $ HD Li-
288 = hdlmUT :
300

301 % Synch
302 = synchro:
2{iRi= videoRe v

< >
""“ Busy

ive Map Example
| HERE HD Live Map Exampl

Link
Lane Group

20m
50 ft

-19)
® x
|?
'E'u
'u

|

Esri, HERE, Garmin USGS, Intermap, METI,
INCREMENT P, NRCAN, Mapmylndia,
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FIGURE

Current Folder

| Workspace

_[ ParkingValetExample.m .‘»I] +]

721
722
T23=
T8 =
25| =
726
727
28|
129 —
730
731 —®
732
733
734
74
736
737
738
739
740
741 —
] <

g |

% Get current pose and velocity of t
= getVehiclePose (vehicl
= getvVehicleVelocity (ve

currentPose
currentvel
-end

% Show vehicle simulation figure
closeFigures;

showFigure (vehicleSim) ;

keyboard % Pause in debugger

%

$ An alternative way to park the vehicle
% spot. When the vehicle needs to back t
% needs to use the Reeds-Shepp connectic
$ path. The Reeds-Shepp connection allow
$ planning.

% Specify a parking pose corresponding t
parkPose = [49 47 -90]1;

v
>

"“-1 Waiting for input

, » C: » work » userpath » Examples » R2019a » driving » ParkingValetExample
Hz Editor - ParkingValetExamplem ® X |

Search Documentation

B Figures - Automated Valet Parking
¢ | Automated Valet Parking 3¢

[ X
Pel &  Signin
- p

45

40

35

30

20

15

10

o
L

L I L It 5 |

T y T u y T
10 20 30 40 50 60

X

70

Command Window

x>

<> ®
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- vh'%'_l = & £ IJ '@"E' File Edit View Inset Tools Desktop Window Help
iy - = 5| =

Simulink F—— AEEEELEEIRE:E

® |[PalAutomatedParkingValet ¥ -

- BEMKSR (RRTEZE) .

. EifEESNEEHE (BTE  |. ]
HEFHIStanley &%) - — o || .| |[n

- SEWNFEBESFHITHI .

1
3
T
f
[
El

= SRR N N EEEN. e R
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Embedded Coder™
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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]);
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Adaptive Cruise Control
with Sensor Fusion
Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®
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Lane Keeping Assist with
Lane Detection

Automated Driving Toolbox™

Model Predictive Control
Toolbox™

Embedded Coder®

R2018a

Lane Following Control with
Sensor Fusion and Lane
Detection

Automated Driving Toolbox™
Model Predictive Control Toolbox™
Embedded Coder®
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witERGEmMEeE L
175,5—*5%?%%
H B CIC++{X 15
BAEFEIR (SIL) A

Automated Driving Toolbox™
Stateflow®
Embedded Coder®
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Display Diag Simulation Analysis Code Tools Help
AEBTestBenchExample
C] E‘AEBTestBenchExample 4 v
{
£1 [AEB Control Using Sensor Fusion J
Vision ==
5 Test Bench AEBWithSensorFusionMdIRef
hrottl
k4 Throttle il P Throttle
»{ Vision (m/s?) Radar
(== Model Button
Brak brake
O Click The Button Before ke Prediction Time
Running The Model
»{ Radar Tracks E ego_velocity
Longitudinal Velocity ms) =
Brake
Dashboard Panel Display MIO Track b= meTrack ms®)
Curvature
Prediction Time
— AEBStatus el Vehicle and Environment
FCwW
FCWacti
- _ FGWactivate | — e, —
Longitudinal Velocity P Tracks
AEB SpoCadiop \ — MIO Index
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MIO Track
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Train Deep Deterministic Policy
Gradient (DDPG) Agent for
Adaptive Cruise Control

- BIEIMEENO

- fil]Eagent

- JlZagent

- {AEIIZAIagent

Reinforcement Learning Toolbox™
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4\ Reinforcement Learning Episode Manager

Episode Reward

500

—&— EpisodeReward
—*— AverageReward
— - — EpisodeQ0

-1000

-
o
=
]

[2%)
=1
i
=

-2500

Episode Reward for MACCMdI with riDDPGAgent

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

Episode Information
Episode Number 189
Episode Reward -7&7726
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

gt nonnna nonns

4\ MathWorks

itve Cruise Control (ACC)

-3000 H
Lead C:
-3500 H
o
o= _— ¢
A= O
-4000 I I I I IE} potiton
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&
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L1073 Time Series Plot:/lodom Properties
1 T T T T T T T T

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

“* Commeonl ly Used Parameters = All Parameters |

Hardware board:l[ﬂobot Operating System (ROS) - ll 9
Code Generation system target file: ert.tlc

| Topic: [example

ROS Node
N N | | Subscriber
ol ROS Node .
m ‘ = Device vendor: [Generic

ization
‘ ™ ] Device type:
plementation a Device details

Hardware board settings

Message Type: std_msgs/String

05 ROS Node
Al ] _ Subscriber

-1.51

fodom Properties

Operating system options

Base rate task priority: 40

Target Hardware Resources

205 205.1 205.2 2053 2054 2055 2056 2057 2058 2059 206
Time (seconds)

Work with rosbaqg Logfiles Exchange Data with ROS Generate a Standalone ROS
Robotics System Toolbox™ Publishers and Subscribers Node from Simulink
Robotics System Toolbox™ Robotics System Toolbox™

Updated R2018a Simulink Coder™
R2016Db 25016h
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Import C++ Library
Functionality into MATLAB

MATLAB®
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Y HHPython

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

'width', int32(30)))

Call Python from MATLAB
MATLAB®

R2014a

4\ MathWorks

AAOpenCV &
OpenCV GPU

cv::Rect

cv::K§yP01nt N
Cv::S1ize

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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typedef struct {

double coeff;
D —P CoastSetSwIN  CoastSetSwOUT |~
double 1nit;

fault T fault;
> } params_T; —P| AccelResSwIN  AccelResSwOUT |-

' C Function Caller

RejectDoublePress

N src mean_filter dst

C Caller “Bowe oo coot goule
. -p_aizr:fs;_T _Inlt dOUble ANALYZED MODEL D SION ONDITIO MCDC
—init —fault  Enum: fault_T I RejectDoublePress.c  100%mmm 100 %, mu—1 (0% m—
— fault
Bring Custom Image Filter Import Structure and Custom C Code Verification
Algorithms as Reusable Enumerated Types with Simulink Test
Blocks in Simulink Simulink® Simulink Test™

Simulink® E)

Simulink Coverage™
R2017b 20l/a 2019
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- BEEtE, B, FRESEME, BEAX, &
R BIR S EF

Model Predictive Control Toolbox

(43 25: Automated Driving Applications)
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