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RIEFHE (Deep Learning for Automated Driving )

FEFEEIL—LT—Y
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— DAG (Directed Acyclic Graph) Network

— Semantic Segmentation (SegNet, FCN)

— LSTM (Long Short-Term Memory Networks)

— HWRELLAY—DEE
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— AlexNet

— VGG-16 Network, VGG-19 Network

— GoogLeNet

— ResNet-50
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ZEHRHBTALX: Ground Truth Labeler App

4\ Ground Truth Labeler - gtlCustomizations

| Default Layout P'xlgonthm: &l % d)
| Select Algorithm v .
4 Show ROI Labels

7 Show Scene Labels (&) Configure Automation

Automate  View Label Export
Summary  Labels ¥

VIEW | AUTOMATE LABELING | SUMMARY  EXPORT

4l

HWBDIT7AILEAABEE:

groundTruthDataSource
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SESSION
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] |_

Scene Label Definition

EE] Define New Scene Label

Current Frame Add Label
Time Interval Remove Label q
| { ]
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Before you can label a scene, begin by defining @ E B @ @
a Scene Label. Start Time Current End Time Max Time

Zoom
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(R : oY —T—20EAH)

>> video

>> load ('

= VideoReader ('01 city cZs fcw

FCWDemoMonoCameraSensor.mat',

10s.mp4d")

'sensor')

T H(

B{&-L—4 —) T —A -G INSGA—BDFEAH

>> load ('
>> load ('

SensorConfigurationData.mat',

01 city c2s fcw 10s sensor.mat',

'vision', 'lane'

'sensorParams')

'radar

")

LIDARD S8 T — 2D FHIAH

>> load ('

01 city c2s fcw 10s Lidar.mat',

'LidarPointCloud

")

4\ MathWorks
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%% Specify time to inspect
currentTime = 6.55;

video.CurrentTime = currentTime;

$% Extract video frame

frame = wvideo.readFrame;

%% Plot 1mage coordinates
axl = axes(...

"Position', [0.02 O 0.55 17);
im = imshow (frame, ...

"Parent',axl);

4\ MathWorks

E{REZENDRT
(FEERILERRER) -

imshow %
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%% Plot in vehicle coordinates

ax?2 = axes (...

'"Position', [0.6 0.12 0.4 0.85]);

bep = birdsEyePlot(...
'Parent',ax2, ...
'X1limits', [0 45], ...
'Ylimits', [-10 107);

legend('off'");

EE~ND7TOYE:
birdsEyePlot
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% Create coverage area plotter

covPlot = coverageAreaPlotter (bep,...
'blue',
'blue');

'FaceColor',
'EdgeColor’,

%% Update coverage area plotter

plotCoverageArea (covPlot,

[sensorParams(l) .X ... % Position x
sensorParams (1) .Y], ... $ Position y
sensorParams (1) .Range, ...
sensorParams (1) .YawAngle, ...
sensorParams (1) .FoV (1)) % Field of view

DRIRE (KEE)

4\ MathWorks

coverageAreaPlotter

o —DREEEDIR T
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Famim o D A fRAE (FRENE])

%% Create detection plotter

detPlot = detectionPlotter (bep,
'MarkerEdgeColor', 'blue', ...

'"Markexr','™");

4\ MathWorks

45

40 r

%% Update detection plotter

n = round (currentTime/0.05) ;
numDets = vision (n) .numObjects;
pos = zeros (numDets, 3) ;
vel = zeros (numDets, 3) ;
labels = repmat({''},numbDets, 1) ;
for k = 1l:numDets
pos(k,:) = vision(n) .object (k) .position;
vel(k,:) = vision(n) .object (k) .velocity;
labels{k} = num2str(...
vision (n) .object (k) .classification);
end

plotDetection (detPlot,pos,vel, labels);

EZEEERDTITOVE:
detectionPlotter

‘,.

- L—

detectionPlotter [&.[E{&t>H
'— - LIDARED#HED 7Oy IEHT

-10
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HRo7Ovk (BEERE)

%% Bounding box positions in image coordinates

imBoxes
for k =

1f vision(n) .object (k) .classification == 5
vehPosLR = wvision(n) .object (k) .position(l:2)"';
imPosLR = vehicleToImage (sensor, vehPosLR);
boxHeight = 1.4 * 1333 / vehPosLR(1l);

boxWidth = 1.8 * 1333 / vehPosLR(1l);
imBoxes (k, :)=[imPosLR (1) - boxWidth/2,
imPosLR(2) - boxHeight,
boxWidth, boxHeight];
end
end

4\ MathWorks

= zeros (numDets, 4) ;

1 :numDets

Yoy

45
B [l BEAR DN S R EEAR
~NDEH:
vehicleToImage |
e
E
<20t
15

%% Draw bounding boxes on image frame
frame = insertObjectAnnotation (frame,
labels, ...
'"Color','yellow', 'LineWidth', 2);
im.CData =

'Rectangle', imBoxes,

frame;

ERARVIZROTOYE:

insertObjectAnnotation
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%% Create lane detection plotter

lanePlot = laneBoundaryPlotter (bep,
'"Color', '"black');

%% Update lane detection plotter

1b = parabolicLaneBoundary (...
lane(n) .left.curvature, ...
lane (n) .left.headingAngle, ...
lane(n) .left.offset]);

rb = parabolicLaneBoundary (...
lane (n) .right.curvature, ...
lane (n) .right.headingAngle, ...
lane (n) .right.offset]);

plotLaneBoundary (lanePlot, [lb rb])

N

4\ MathWorks

XEHRESHE~TOvE:

laneBoundaryPlotter

0 -10
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%% Draw in image coordinates

frame = insertLaneBoundary (frame,
sensor, (1:100), 'Color', 'green',
'Linewidth',7);

im.CData = frame;

[lb rb],

4\ MathWorks

/IZ ERZEEREATOYE:

insertlLaneBoundary

X (m)
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faR D AR (RENE)

%% Create radar detection plotter

radarPlot = detectionPlotter (bep,
'MarkerEdgeColor', 'red', ...

'Marker','o");

%% Update radar detection plotter

numDets = radar (n) .numObjects;
pos = zeros (numDets, 3) ;
vel = zeros (numDets, 3);
for k = 1l:numDets
pos (k,:) = radar (n) .object (k) .position;
vel (k,:) = radar (n) .object (k) .velocity;
end

plotDetection (radarPlot,pos,vel);

4\ MathWorks

B {RBAEAER RIS

L—5 —RBHER0TAvE:

detectionPlotter
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LIDARDT—2 (BRI RAE) D7Avk (SEE)

$% Create lidar detection plotter

detectionPlotter (bep,

'Marker','.', ...

lidarPlot =

'MarkerSize',1.5, ...
'"MarkerEdgeColor', [0 0.7 0]); % Green

$% Update lidar detection plotter

n = round(video.CurrentTime/0.1);

pos =
LidarPointCloud (n) .ptCloud.Location(:,1:2);

plotDetection(lidarPlot, pos);

4\ MathWorks
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40 r

35

L—F —EREER ERFRIC
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detectionPlotter
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 EMAT IO DORSyEL T BEDH

‘ mutliObjectTracker

BHAITOONRD NS YH—

cSvET
24)L5

oy O ER

4\ MathWorks

tracker = multiObjectTracker (...
'FilterInitializationFcn', @initcaekf, ... % AIIUITLILEIADOEE/N\NVEFIL
'AssignmentThreshold’, 35, ZNYHTIZEAT S, EFRIELI-EEEERE
'ConfirmationParameters', [2 3] ARHEZED., RERE(ICKSHIBRSEE GEIP2ERHBHE)
'"NumCoastingUpdates', 5); ERHTSYF T TH5RRIL—LE(ZDREIR)

o© o\©

o\°
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Object list

Target 1
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Location: [x y]
Velocity
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Lane markers
Marker 1
Curve model: A,
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Marker 2
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$% Create a new scenario

s = drivingScenario ('SampleTime', 0.05);

o\°

s BENDEE
[

4\ MathWorks

road (s, 0 0; ... S RIREEAEL [x,v] (m)
45 07, ... s MRIGEEAZE2 [x,y] (m)
5) ; s EME (m)

road (s, [35 20; ... . S .
o I O AR EIBE IR
5) ; road

o\°
o\°
~
v

pl = uipanel ('Position',[0.5 0 0.5 11]);

al = axes('Parent',pl);

plot (s, 'Parent',al, ...
'Centerline', 'on', 'Waypoints', 'on')

al.XLim = [0 45];

al.YLim = [-6 207];

145
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35

130
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X (m)

120

115

110

20 15 10 5 0 -5
Y (m)
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%% Create a new scenario

s = drivingScenario;

o\°

> BEDEE
[

road (s, 0O 0 O0; ... % Centers [x,vy,z]
25 0 3; .
50 0 0]);

%% TN
plot (s, 'Centerline', 'on', '"Waypoints', 'on")
view (30, 24);

(m)

Z (m)

X (m) 50

ZEERETER T HCLT.
3R TTiEES 4 AT RE

4\ MathWorks

Y (m)
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s = drivingScenario;

o

% Highways

road(s, [-300 -8 0; 300 -8 0], 15); % north
road(s, [-300 8 0; 300 8 0], 15); % south
road(s, [-8 -300 8; -8 300 8], 15); % east
road(s, [ 8 -300 8; 8 300 8], 15); % west

Q

% Inner ramps
rampNE = [0 -18 0; 20 -18 O0; 120 -120 4; 18
817

rampNWw = [ 1 -1 1] .* rampNE(end:-1:1,:);
rampSW = [-1 -1 1] .* rampNE;
rampSE = [ 1 -1 1] .* rampSW(end:-1:1,:);

innerRamps = [rampNE (l:end-1, :)
rampNW (1l:end-1, :)
rampSW(l:end-1, :)
rampSE];

road (s, innerRamps, 5.4);

Q

% Outer ramps

-20

roadCenters = [13.5 -300 8; 15 -260 8; 125 -125 4;

0; 300 -13.5 01>

road(s, [ 1 1 1] .* roadCenters, 5.4);
road(s, [ 1 -1 1] .* roadCenters, 5.4);
road(s, [-1 -1 1] .* roadCenters, 5.4);
road(s, [-1 1 1] .* roadCenters, 5.4);

8; 18

260 -15

0

3R FTiEES T RE

4\ MathWorks
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%% Add ego vehicle
egoCar = vehicle(s);
waypoints = [ 2 -1.25;... % [x v] (m)
28 -1.25; ...
30 -1.25;...
36.25 4; ...
36.25 6; ...
36.25 14];
speed = 13.89; % (m/s) = 50 km/hr
path (egoCar, waypoints, speed);

4\ MathWorks

BREHOPOLA, EROAE - BERH L

REX. ANTEEELLIE. waypointZ EIZRY ML TR E (waypointfEl Z E & 455T)

BEO#NH - AE—FDEE:

path

145

140

35

130

125

120

115

110

X (m)
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%% Add ego vehicle
egoCar = vehicle(s);
-1.25;... %
28 -=1.25;...
30 -1.25;...
36.25 4; ...
36.25 ;...
36.25 1471;
13.89; % (m/s) =
path (egoCar, waypoints,

waypoints = [ 2 [x y] (m)

speed = 50 km/hr

speed) ;

$% Play scenario
while advance (s)

pause (s.SampleTime) ;

end

4\ MathWorks

T A—3Y

[

BEO#NH - AE—FDEE:
path

10 é
Y (m)

145

140

35

130

125

120

115

110

X (m)
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X RIBELGITHEDIEE

$% Add Target vehicle
targetVehicle = wvehicle(s);
path (targetvehicle, ... 145
(44 1; -4 1],... % Waypoints (m) | 40
[5 ; 141); % Speeds (m/s) | .
SHiT7&E (actor) DK=L
ENERZ tE TE e 17
$% Add child pedestrian actor . {95
child = actor (s, 'Length',0.24, ... ‘ 'EUE
'width',0.45, ...
'Height',1.7, ... f 119
Fosition’ (40 =5 01, AAEONBEEEDEE N | ("
'"Yaw',180) ; (7]”52) /._ ls
path (child, ... | &
[30 15; 40 15],... % Waypoints (m) Er/j 5 0 5 °
1.39); % Speed (m/s) = 5 km/hr Y (m)
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o\°

% Add chase view (left)

p2 = uilpanel ('Position', [0 O 0.5 17]);

a2z = axes('Parent',p2); ~45
chasePlot (egoCar, ... gﬁﬁ‘:ﬁﬁéj—é 8 I— {40
'iarintif e fRRZEN: '——H 35
'Centerline’', 'on', ...
'ViewHeight', 3.5, ... % (m) ‘\ ST ® 130
'ViewLocation', [-8 01); % [x y] (m) \\\\\\\\\\\v/////,/’///::=' 125 =
120 ;
115
110
i 15
0

20 15 10 5 0 -5

Y (m)
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o\°

% Add chase view (left)

p2 = uilpanel ('Position', [0 O 0.5 17]);

a2 = axes ('Parent',p2);

chasePlot (egoCar, ...
'"Parent',az2, ...
'Centerline', 'on', ...
'ViewHeight', 3.5, ...

'ViewLocation', [-8 0]);

$% Play scenario
restart (s)
while advance (s)

pause (s.SampleTime) ;

end

o\°

o\°

HlISERT S
HEZEm:
chasePlot

20 15 10 5 0 -5
Y (m)

145

{40

35

130

125

120

115

110

4\ MathWorks

X (m)
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Longitudinal Position {m)

B
=1
T

&
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=1
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Lateral Position (m)
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|
Y —ETIL:L—EF— HhAS

HASETILOTA/F1— (visionDetectonGenerator)

| Sensor Index:

1 |

| Updatelnterval:

0. 1000 ]

SensorlLocat ion:
Height:

Yaw:

Pitch:

Roll:

[1.9000 0]
1.1000

y

1

0

Intrinsics:

FieldOfYiew:
MaxRange :

MaxSpeed:

Maxa | lowedOcc lusion:
MinObject ImageSize:

DetectionProbability:
FalsePositivesPer Image:

Bound ingBoxAccuracy:
ProcessNoiselntensity:

HasNoise:
MaxMNumDetect ionsSource:

DetectionCoordinates:

ActorProfiles:

o9 DIDES

HITE R

oY OEMEZELERXY)
BANXDOEMNL-DES
HWEEZERIZHTIHATSOAE

[1X1 cameralntrinsics]

[43.6028 33.3985]

150
50
0.5000
[15 15]

0.9000
0.1000

al

true
"Auto’
"Ego Cartesian’

[1X1 struct]

L—4AEFILOTA/INT1—
(radarDetectonGenerator)

HEA M -EARDFOV( )(intrinsich>BEIFHE)

4\ MathWorks

Sensor Index:

] |

| UpdateInterval

0.1000 |

SensorlLocation:
Height:

Yau:

Pitch:

Roll:

[3.4000 0]
0.2000

0

0

0

FieldOfYiew:
MaxRange:
RangeRatel imits:

DetectionProbability:
FalseAlarmRate:
ReferenceRange:

ReferenceRCS:

AzimuthResolution:
RangeResolution:
RangeRateResolution:

AzimuthBiasFraction:
RangeBiasFraction:
RangeRateBiasFraction:

Hask levation:
HasRangeRate:

HasNoise:
HasFalsedlarms:
MaxNumDetect ionsSource:
DetectionCoordinates:

ActorProfiles:

[20 5]
150
[-100 100]

0.9000
1.0000e-06
100

0

4
2.5000
0.5000

0.1000
0.0500
0.0500

false

true

true

true

"Auto’

"Ego Cartesian’

[1x1 struct] 76
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%% Create vision detection generator

sensor = visionDetectionGenerator(...
'"SensorLocation', [0.75*egoCar.Wheelbase 0],
'"Height', 1.1,

'"Pitch', 1,

'"Intrinsics', cameralntrinsics(...
800, ... % Focal length
[320 24071, ... % Principal poilnt
(480 640], ... % Image size

'RadialDistortion', [0 0],
'"TangentialDistortion', [0 0]),
'UpdatelInterval', s.SampleTime,
'BoundingBoxAccuracy', 5,
'"MaxRange', 150,
"ActorProfiles', actorProfiles(s));

4\ MathWorks

L— A —DNETILDEEZEDNSS :

radarDetectionGenerator
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%% Add sensor birds eye plot (top left)
p3 = uipanel ('Position', [0 0.5 0.5 0.5]);
a3 = axes('Parent',p3);
bep = birdsEyePlot ('Parent’',a3, ...
'Xlimits', [0 2071, ...
'Y1limits', [-10 1071);
legend (a3, '"off'");
% Create plotters
covPlot = coverageAreaPlotter (bep, ...
'FaceColor', "blue', ...
'EdgeColor', 'blue');
plotCoverageArea (covPlot, ...

sensor.SensorLocation, sensor.MaxRange, ...

sensor.Yaw, sensor.FieldOfView (1))

detPlot = detectionPlotter (bep, ...
'MarkerEdgeColor', 'blue', ...

'Marker','?");

truthPlot = outlinePlotter (bep); 7745 —FMA

%éL

4\ MathWorks

Y (m)

-10

o —HIDRR:
birdsEyePlot

- T ¥

129

X (m)

120

B

110

0 16 10§ 0 -5
Y (m)
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oY —FTILERKICOZAL—I Ty

restart(s)
while advance (s) 20
% Get detections in ego vehicle coordinates S
det = sensor (targetPoses (egoCar), ... 12 .
s.SimulationTime) ; E 10 i |
% Update plotters 2 ‘-—.‘\\ 35
if isempty (det) 2 x
® 130
clearData (detPlot) 0 ?
else % Unpack measurements to position/velocity i Y?m) i 125 £
pos = cellfun(@(d)d.Measurement (1:2), ... P
det, 'UniformOutput', false); -
vel = cellfun (@ (d)d.Measurement (4:5), ... 115
det, 'UniformOutput', false); {10
plotDetection (detPlot, ...
cell2mat (pos') ', cell2mat (vel')'); lI 1
end L . ) . Jo
[, v, 1, w, oo, c] = targetOutlines (egoCar); 20 15 10Y 5. 0 =5
plotOutline (truthPlot,p,v,1,w, ... )
'OriginOffset', oo, 'Color', c);
end
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%% Add ego vehicle

BN E SR EHFE R D AIRIE)

4\ MathWorks

egoCar = vehicle (s);
egoCar. Position = [2 -1.25 0]; % fHAGIE

$% Play scenario
for advance (s)
S BALRTYTTEIZ0. smATHE
egoCar.Position = egoCar.Position + [0.5 0 0];

pause (s.SampleTime) ;

end

. 45

1 40

‘35

130

-251—\

X (m

120

115

110

20 15 10 5 0
Y (m)
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4| Scope

S E)ESRFIEHEER DO AIMRIE: Simulink TFE
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50

¥l scenarioAutoStop * - Simulink

J74W(F) #RE(E) Y-LFTR(V) 1BHER(D) JOvIEE(R) 3ab—334(S) #(A) I-R(C) Y=IKT) AILT(H)
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Automated Driving System Toolbox Examples

Reference Applications

Visual Perception Using
Monocular Camera

Construct a monocular camera
sensor simulation capable of lane
boundary and vehicle detections.
The sensor will report these

Open S

'S

Forward Collision Warning
Using Sensor Fusion

Perform forward collision warning
by fusing data from vision and radar
sensors to track objects in front of
the vehicle.

Open Script

Tracking and Sensor Fusion

Forward Collision Warning
Using Sensor Fusion

Perform forward collision warning
by fusing data from vision and radar
sensors to track objects i front of
the vehicle

Open Script

Track Multiple Vehicles
Using a Camera

Detect and track multiple vehicles
with @ monocular camera mounted

inavehicle.

Open Script

Perception with Computer Vision

Visual Perception Using
Monocular Camera

Construct a monocular camera
sensor simulation capable of lane
boundary and vehicle detections.
The sensor will report these

Open Script

Ground Plane and
Obstacle Detection Using
Lidar
Detect the ground plane and find
nearby obstacles in 3-D Lidar data.
This process can facilitate drivable
path planning for vehicle

Open Script

Algorithm Validation and Visualization

Automate Ground Truth
Labeling of Lane
Boundaries

Develop an algorithm for the
automated marking of lane
boundaries in the
groundTruthLabeler app.

en Script

Scenario Generation

Sensor Fusion Using
Synthetic Radar and Vision
Data
Generate a scenario, simulate
sensor detections and use sensor
fusion to track simulated vehicles
The main benefitof using scenario
Open Script

Annotate Video Using
Detections in Vehicle
Coordinates

Configure and use a monoCamera
object to display information
provided in vehicle coordinates on
avideo display.

Open Script

> ;

Driving Scenario Tutorial

Generate ground truth for synthetic
sensor data and tracking
algorithms. it shows how to update
actor poses in open-oop and

Open Script

Sensor Fusion Using
Synthetic Radar and Vit
Data

Generate a scenario, simulate
sensor detections and use sensor
fusion to track simulated vehicles.
The main benefit of using scenario

Track Pedestrians from a
Moving Car

Track pedestrians using a camera
mounted in a moving car.

Open Script

s e

4
Train a Deep Learning
Vehicle Detector

Train a vision-based vehicle
detector using deep learning

Open Script

Visualize Sensor Coverage,
Detections, and Tracks

Configure and use a Bird's-Eye Plot
to display sensor coverage
detections and tracking results
around the ego vehicle.

Open Script

Define Road Layouts

Create a variety of road junctions
with Automated Driving System
Toolbox™. These junctions may be
combined with other junctions to
Open Script

Open Script

Multiple Object Tracking
Tutorial

Perform automatic detection and
motion-based tracking of moving
objects in a video. It simplifies the
example Motion-Based Multiple
Open Script

7y
Evaluate Lane Boundary
Detections Against Ground
Truth Data
Compare ground truth data against
results of a lane boundary detection
algorithm. Itaiso ilustrates how this
comparison can be used fo tune

Open Script

Create Actor and Vehicle
Paths

Create actor and vehicle paths fora
driving scenario using the
Automated Driving System
Toolbox™

Open Script

8 -
Code Generation for
Tracking and Sensor
Fusion
Generate C code fora MATLAB
function that processes data
recorded from a test vehicle and
tracks the objects around it

Open Script

Model Radar Sensor
Detections

Model and simulate the output of an
automotive radar sensor for diferent
driving scenarios. Generating
synthetic radar detections is

Open Script

2 -
Model Vision Sensor
Detections

Model and simulate the output of an
automoive vision sensor for
different driving scenarios
Generating synthetic vision

Open Script

4\ MathWorks
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Automated Driving System Toolbox

vehicle
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Automated Driving System Toolbox DAEA TS a

W»78: Computer Vision System Toolbox
Image Processing Toolbox (Computer Vision System ToolboxD Al & &

[(EBFEN—ADEFEHHKZHERAT HEE]
W,78: Neural Network Toolbox
nR CHELE Parallel Computing Toolbox
Compute Capability3.0LL £ D CUDA GPU

BIEZ#ArWebinar

https://jp.mathworks.com/videos/development-and-verification-platform-for-automated-driving-and-adas-automated-driving-system-toolbox-1498054419919.html|
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https://ip.mathworks.com/company/events/seminars/ipcv-tokyo-2258970.html
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