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4\ Ground Truth Labeler - gtlCustomizations
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Scene Label Definition

ED] Define New Scene Label
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Add Label
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Before you can label a scene, begin by defining

a Scene Label.
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Specify additional parameters in the settings panel

Run the algorithm

Manually inspect and medify results if needed
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Semantic Segmentation Using Deep Learning

This example shows how to train a semantic segmentation network using deep learning.

A semantic segmentation network classifies every pixel in an image, resulting in an image that
is segmented by class. Applications for semantic segmentation include road segmentation for
autonomous driving and cancer cell segmentation for medical diagnosis. To learn more, see
Semantic Segmentation Basics.

To illustrate the training procedure, this example trains SegNet [1], one type of convolutional
neural network (CNN) designed for semantic image segmentation. Other types networks for
semantic segmentation include fu onvolutional network N) and U-Net, The fraining
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This example also uses:
Neural Network Toolbox

vgg16

Open Script

,‘ procedure shown here c{ 4\ Add-On Explorer

Semantic Segmentation This examplg uses the. g
= - street-level views obtaing
Using Deep Learning

Learn more about

R KXy S 4= Setup 4 Ratings
ERRELINST | 0. Ve ook goolbox Model for /0 .
x h’ 5\ I M r% Toolbox™ Model for VG /G G - 1 version 17.2.0.0 by MathWorks Neural Network Toolbox Team

vggl6(); RETRAINED MODE Pretrained VGG-16 network model for image classification m
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o

I = readimage (1mds,
I = histeqgq(I);
imshow (I)

% Create datastore for 1mages
imds = imageDatastore (1mgDir) ;
1) 7

imageDatastore

1k H gy

AT

K

=R
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% Load pixel labels

classes = ["Sky"; "Building";...
"Pole"; "Road"; "Pavement"; "Tree";
"SignSymbol"; "Fence"; "Car"; ...

"Pedestrian"; "Bicyclist"];
pxds

labelDir,classes, labelIDs) ;

= pixelLabelDatastore (...

[e)

% Display labeled 1mage

C = readimage (pxds, 1);

cmap = camvidColorMap;

B = labeloverlay(I,C, 'ColorMap'

imshow (B)

,CMap) ;

A5

4\ MathWorks

Bicyclist
Pedestrian
Car

Fence
SignSymbol
Tree
Pavement
Road

Pole
Building

Sky

pixelLabelDatastore

R R R SR

AllY

HHIRES

11



AL EIRERERNS

o

% Visualilize label count by class

tbl = countEachLabel (pxds)

frequency = tbl.PixelCount / .
sum (tbl.PixelCount) ;

bar (1:numel (classes), frequency)
xticks (1l:numel (classes))
xticklabels (tbl.Name)
xtickangle (45)

yvlabel ('Frequency')
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ST BRI 4%

Complete Layer Graph

s Create SegNet architecture il

lgraph = segnetLayers(...

' ' 80
1mageSize, numClasses, ...

'Vggl6'),’ 60

40
% Display network structure
20 -

plot (lgraph)

O

title('Complete Layer Graph')%s

[e)

% Display last layers
plot (lgraph); ylim ([0 9.5])
title('Last 9 Layers Graph')

wil

E EI‘J W g% }2=I__T .p’}@fi TR
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o

$ Create weighted layer

pxLayer = pixelClassificationLayer(...

'"Name', 'weightedLabels', 'ClassNames',tbl.Name, ...

'ClassWeights',classWeights)

o

s Replace layer

lgraph = removelayers (lgraph, 'pixellLabels');
lgraph = addLayers (lgraph, pxLayer);

lgraph = connectlayers (lgraph, ...

'softmax', 'weightedLabels');

% Display network structure
plot (lgraph); ylim ([0 9.5])

title ('Replaced Layers Graph')

Complete Layer Graph

W R "o,

4\ MathWorks
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[net,

info] =

trainNetwork (datasource,

lgraph,

options) ;

I Training Progress (21-Aug-2017 11:58:36)

100 [—

ACCUTAGY (7o)

40

20 |~

10—

Training Progress (21-Aug-2017 11:58:36)

100

2000

4000

6000
Iteration

10000

12000

Results
Validation accuracy:

Training finished:

Training Time
Start time:
Elapsed time:

Training Cycle
Epoch:

teration:

lterations per epoch:

Maximum iterations:
Validation
Frequency:

Patience:

Other Information

Hardware resource:

Learning rate schedule:

Learning rate:

Learn more

HiA

Reached final iteration

21-Aug-2017 11:58:35
1141 min 20 sec

120 0f 120
12600 of 12600
105

12600

({1
NiA

Single GPU
Constant
0.01
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1ou = jaccard (actual, ...
expected) ;

table (classes, iou)

ans =
11x2 table

classes iou
"Sky" 0.92659
"Building" 0.7987
"Pole" 0.16978
"Road" 0.95177
"Pavement" 0.41877
"Tree" 0.43401
"SignSymbol" 0.32509
"Fence" 0.492
"Car" 0.068756
"Pedestrian" 0
"Bicyclist" 0

Actual

Difference

EE 11x2 table

1
classes

"Sky”
'Euilding"
"Pale”
“Road”

L I A T

Expected

"Paverment”

[=1V

0.9266
0.7987
0.1698
0.9518
04188
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0.3

HERBHEKPHRES

MR EIFELSR

D.25 |

Frequency
=]
. o
Ln hJ

o
=

005}

AT RIBEHMITA BEAN, REGXRE., BE—HFHRIEGREFNTE

Accuracy IoU MeanBF5core

Sky 8.93544 8.89279 ©8.88239

Building 8.79978 8.75543 8.59861

Pole 8.73166 8.18361 8.51426

Road 8.93644 8.98663 8.7886

Pavement 8.98624 8.72932 8.78585

Tree e.86587 8.73654 8.67897

SignSymbol 8.7611E @.35339 @.44175%

Fence 8.83258 8.49648 8.58265

Car 8.98961 a.75263 8.64837

%ﬁ_ggbq\pqﬁ$'€ﬁ¥A§& & & & | 6& P?desttian 8.83751 ﬂ.??d?ﬁ 8.46796
® &« & q§% Bicyclist 8.84156 8.5472 @.46933

Q° Qﬁ‘ Qé}
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Code Generation for

Automate Ground Truth

Labeling for Semantic Semantic Segmen_tation Semantic Segmentation
Segmentation Using Deep Learning Network

RIEX S E B - WEKIRE F S ML - 4k CUDA® K75

2| Ground Truth Labeler T & AI{TIE =S B)46 T R FH £ NVIDIA GPU L£iZ1T DAG
Automated Driving Computer Vision X 2%
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AR LRI/ EEE, sINZBfriRERsy (Multi-object tracker)
R201/a

Multi-Object Tracker

Tracking
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Videos and Webinars
Some 1q tions from aut ted driving engineers R
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FCW algorithm I

- e S %
4. il =
il - =
. i

Visualization

23



&\ MathWorks

BT X ARG T fEandas

Executing a Forward
Collision Warning

Application with Live CAN...

&4 CAN FD B
FEEIC A fix ERERAY
D7

Vehicle Network Toolbox™

& % LR RIR IR R R S B

W R

-—

_y ,_.:*PQ\CNAN4
Vector CAN R E Birg&=
VN1610 (M 5E/FIE/NMU)
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i#B3T CAN FD F1 TCP/IP &% SR #iE

4 MATLAB Command Windo 4. Forward Collision Warning using SensorFusion by Live Data Stream = O X
e Birds-Eye Plot
> |nitializing App ...
To get started, type one of §  START  |[CaN FD] Channel s online . VisionFov
Ercprodde EanEorRaton;, Wiss [TCP/IP] Trying to connected to localhost (127.0.0.1:2112) MRRF oV
[Timer] Timer is ready ... STOP ELCS/IP] Cscu{xxg_:rtfd to IopalZo?tg27,0,0,1:2112) 100 : . I r r . LRRFoV
[CAN FD] Initializing channel - 'ess 2 ’e‘:e"’e S Ul acver o i ©  Radar
[CAN FD] Channel is online .. 114 > Now. recemng data . l v Vision
[TCP/1P] Connected to Client | o i | ey
>>> Now, sending data ... Video . I B E O .’::::;ane
i H
Press Enter to end Detec‘hons 2 | g (history)
. ) al o O Unknown
- received over . y (histoy)
Algorithm (interpret¢ CAN FD JF 5 i E "  mio
o gl
60 Lo {2 |
|
£ i i
- 60} | 4
x |
- o |
Video i
40 - 1
. Heaa! Blo
received over o TR
TCP/IP CEE ’ T ]
| (+]
|
20 I 0 1
J o o
Toolbox CAN FD functions, Instrumer I E o
System Toolbox capabilities are used 10 O R ]
| | ]=]
In this part of the example, run start |
to actively decode and execute the fu 0 I I 1 ! I
startReceiver('interpreted’) 8 = H ; 0 =49, =
[ Y (m)
& Forward Collition Warning using Sensarfusice by Live Data S
START :(;;J: ‘::ﬂl‘)al'gnngnﬁs onkne
i-| Busy
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1Hid CAN FD #1 TCP/IP Bt SCRT##E

4 MATLAB Command Windo 4. Forward Collision Warning using SensorFusion by Live Data Stream = O X
e Birds-Eye Plot
> |nitializing App ...
To get started, type one of §  START  |[CaN FD] Channel s online . VisionFov
Ercprodde EanEorRaton;, Wiss [TCP/IP] Trying to connected to localhost (127.0.0.1:2112) MRRF oV
[Timer] Timer is ready ... STOP ELCS/IP] Cscu{xxg_:rtfd to IopalZo?tg27,0,0,1:2112) 100 : . I r r . LRRFoV
[CAN FD] Initializing channel - 'ess 2 ’e‘:e"’e S Ul acver o i ©  Radar
[CAN FD] Channel is online .. 114 > Now. recemng data . l v Vision
[TCP/1P] Connected to Client | o i | ey
>>> Now, sending data ... Video . I B E O .’::::;ane
i H
Press Enter to end Detec‘hons 2 | g (history)
. ) al o O Unknown
- received over . y (histoy)
Algorithm (interpret¢ CAN FD JF 5 i E "  mio
o gl
60 Lo {2 |
|
£ i i
- 60} | 4
x |
- o |
Video i
40 - 1
. Heaa! Blo
received over o TR
TCP/IP CEE ’ T ]
| (+]
|
20 I 0 1
J o o
Toolbox CAN FD functions, Instrumer I E o
System Toolbox capabilities are used 10 O R ]
| | ]=]
In this part of the example, run start |
to actively decode and execute the fu 0 I I 1 ! I
startReceiver('interpreted’) 8 = H ; 0 =49, =
[ Y (m)
& Forward Collition Warning using Sensarfusice by Live Data S
START :(;;J: ‘::ﬂl‘)al'gnngnﬁs onkne
i-| Busy
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4\ MATLAB Coder Report Viewer - C:\MATLABExamples\VNT\codegen\lib\trackingForFCW_kernel\htm\report.mldatx — X

REPORT =e e

4 &

<:3 = o GoTo v
Back Forvaid (L Find Tracs Edit In Package
MATLAB Codev
= NAVIGATE — "VTRACVVE“ E0IT ‘ SHARE )
¥ MATLAB SOURCE \ trackingForFCW_kernel.c Q
Function List Call Tree 1565 * const struct5 T *laneReports 2
= #&) trackingForFCW_kemelm .| 1566 * struct7 T *egolane I}
i\ trackingForFCW_kernel 1567 * double time .
Ve 1568 * const double positionSelector[12]
B salgidiaCrauidSaend 1569 * const double velocitySelector[12]
fx fewmeas -~ 1 157¢ * emxArray struct8 T *confirmedTracks
fx fewmeas - 2 A7 ¥ double *numTracks
fx fewmeasjac - 1 3572 ¥ structle T *mostImportantObject
fx fowmeasjac - 2 1573 " Return Type : void
. IndMostinporinictiea 1:;: VOI]{.d trackingForFCW_kernel(const struct®@ T *visionObjects, const struct2 T
e findNonCluierRadarObjec 1576 *radarObjects, const structd T 'iner‘tiglMeasurementUnit, const str‘uctSZT Generated
fx initConstantAccelerationFi .| 1577  *laneReports, struct7_T ‘egolane, double time, const double positionSelector .
) £ nrocaccNatactione g 1578 [12], const double velocitySelector[12], emxArray struct8 T *confirmedTracks, C functlon
1579 double *numTracks, structle T *mostImportantObject)
w GENERATED CODE 1580 { —
B trackingEKF.h ~| 1581  emxArray_objectDetection *detections;
[ trackingForFCW_kemel.c 1582 emxInit_objectDetection(&detections, 2);
B trackingForFCW_kemel.h 1583 ) I . ) . . v
[ trackingForFCW_kemel_e 1??‘_1 i B o
B trackingForFCW_kemel e | SUMMARY ALL MESSAGES (1 BUILD LOGS CODE INSIGHTS VARIABLES
[ trackingForFCW_kemel_e o
» wackingForrcw_kemel = | & Code generation successful
[ trackingForFCW_kemel_ir
. . Generated on:  17-Mar-2018 19:07:16
B trackingForFCW_kemel_ir . =
[ trackingForFCW_kemel_rt ‘ Duldd type: S ey : . 3 :
: Qutput file:  C:\MATLABExamples\VNT\codegen\lib\trackingForFCW_kernelitrackingForFCW_kernel lib
@ trackingForFCW_kemel_rt ‘ ) .
B trackingForFCW_kemel_te | Processor:  Generic->MATLAB Host Computer y v
4 »
14 | -

28



BT CAN FD F1 TCP/IP 454 ScBt#:

B, HEITHRIFE

=]

HIFCHS

[ @ MATLAB C

4 Forward Collision Warning using SensorFusion by Live Data Stream

L

- ] X
ETRTI Birds-Eye Plot
=2 |nitializing App ... A
To get started, type one of t START . :
For product information, visi [GARLEDL Channel is-anline | VisionFoV
i MRRF oV
[Timer] Timer is ready ... STOP Algonthm uses 100 : ! l ! ! LRRFoV
[CAN FD] Initializing channel ' . © Radar
[CAN FD] Channel is online ..|| 1 S Of mesecC In | & s
[TCP/IP] Waiting for Client C 178 . 00 F o l| - PLOS
[TCP/IP] Connected to Client ~iN- ol ;
[TEF/AL] Gometred o Client i software-in-the-loop mode | | x —Rontn
Press Enter to end - [ | i racks
S - 80 | (history)
| O Unknown
: ; | (history)
Algorithm (sil):  1.808 ms 70 F e . e
J ’;' o (N
it 8 3,
|
t:{,",/ 60 [ [ ° .
(4 |
. g —_ |
ﬁ -y E g L] o .
X o |
Q
= h. |
Gar 2 ‘ L | g
2 .A'. l' ) 40 ] I [?
\ ] o
|
\ Y 30 | 4
i |
|
L Pedesinan i
20 54
SS _3 S
38 - | disp('Configu by, | | U
39 - end 10| & .
40 I
41 $ Generate code and n I ‘
42 - codegen -config coder 0 - : Ly 7 :
43 - disp('Completed gener 30 20 10 0 -10 -20 -30
44 - end Y (m)
45
<
11| Busy
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Forward Collision Warning
Using Sensor Fusion

== 201/a

e Nvd\,,\; _

ME X Processing Time and Speed Up Ratio ot Each Swep

.‘ Tere Step
Code Generation for

Tracking and Sensor
Fusion

R2018a

T‘ ( FCW algorithm

Executing a Forward
Collision Warning
Application with Live CAN...
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Vehicle Network Toolbox™
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BB A% T Ef§ Automated Driving System Toolbox

ATz, Wil eREmMEEE
R2017a

Top View Bird's-Eye Plot
Time = 4.4 (sec)

# ' l ' A vision Ik

20+ 1 ® radar
road

.l i 15t

Vehicle passes f

: through detector 2 I . |
Chase Camera View . . .
coverage areas Videos and Webinars
-5+ ; .

Play scenario with sensor models
sl | AP Tk
. » ROt L Vs
10 0 -10 Introduction to Automated
Y (m) '

Driving System Toolbox
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R2017b

B3R A 0 5B R AR
SEESZIME N 8IENKAIES >
Y mo
%ACCTestBenchExample - Simulink - O X ) VISlon
Flle Edit View Display Diagram Simulation Analysis Code Tools Help
%5 Eg-EH-@GOP = [ = Norma @~ &~ JRadar _.
) relf MPC mv D L.:‘;CrestﬂenchExample = Blrd'S_Eye
® |["§|ACCTestBenchExample b - ) Tracks P|0t
@ [Adaptive Cruise Control Using Sensor Fusion Test Bench |
Model Buttons
) md Click The Button Below ‘ ) Mlo
- e | iy r{pcers J Roads
Model Predictive Control = e J
- R - s " Bird's-Eye Plot
Edit Setup Radar b L Mo
Prediction Time Tracks . s SRR
) DEtECtions Longitudinal Velocity
Multi Confirmed AU i
Object Track D ( o
Tracker rac S ACC with Sensor Fusion Radar Vlslon
Prediction Detection . Detection .
Actor Detections
2 Time JActors S0 tor Detections P JActors oo oy Detections b
[Sensor Index: 2] | [Sensor Index: 1]
Multi-Object Tracker

Radar Detection Generator

Vision Detection Generator
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BERERNER, WXERBEME SEETMEHEA

? Figure 1: ACCTestBenchExample/Bird's-Eye Plot = O X _ al 3
(OR HONCNENEVI-F
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200 — 77

®  Vision Detections
.- l ®  Radar Detections .
L\ W 8 nsor Fusion Test Bench |

— Radar coverage area
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ision Vision
adar Radar

i ! i
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Vehicle and Environment

l
r'
( f
|/ h .
| _ ot
f >

~_  Ego vehicle

34



r“l-

1E 3 £ 'J_'u

A ER R e 2 A

)

Actors

Vision
Detection
Generator

Object
Detections

[Sensor Index: 1]

Lane
Boundaries

Lane
Detections

Vision Detection Generator

4\ MathWorks

R2018¢
Block Parameters: Vision Detection Generator l o

Vision Detection Generator

Sensor simulation block used to generate vision detections from simulated actor poses.
Detections are generated at intervals of the sensor's update interval. A statistical model
generates measurement noise, true detections, and false positives. The random numbers
used by the statistical model are controlled by the random number generator settings on
the Measurements tab.

Source code

Parameters Measurements Actor Profiles Camera Intrinsics
Sensor Identification

Unique identifier of sensor: 1

Types of detections generated by sensor:

Lanes and objects v
Objects only
Lanes only

Required interval between lane detection updates (s): Lanes with occlusion

Required interval between sensor updates (s):

Sensor Extrinsics

Sensor's (X,y) position (m): \[ 1.9,0]

Sensor's height (m): \1.1

Pitch angle of sensor mounted on ego vehicle (deg): ‘1

|

|
Yaw angle of sensor mounted on ego vehicle (deg): \0 \ :

|

|

Roll angle of sensor mounted on ego vehicle (deg): ‘0
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Road and driver path Lators daviation .

300 Relative yaw angle

—v--lnbvc' yaw angle
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Perception
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0
CO ntrOI 200 150 100 50 0 -50 e
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time (sec)

ion Warming using Sensorfusion by Live Data Sream

>>> indalizing Agp
[CAN FD] Channel is onlin

[TCPAP] Trying to connects locaihost (1270012
[TCP/IP] Connected to localhost (127.0.0.1:2112)
>>> Press START fo receive data from server

3> Now, fecenming data .

Algorithm (interpreted): 24.366 ms
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Polyspace
Eypedes G Tnc32 s

7 7
int32_t testl(void)
i
7
char *data;
v
data = (char *)malloc(l00*sizeof(char

v
memzet (data, 'A', 100-1});

return(0);

v 7
int32 t teat (void)

Simulink Design Verifier

vdemo_fuelsys_logic/Configuration] =TT T T T T 1

Design Error Detection ensor_Mode

Dead Logic

[speed==0 & press < zero_thresh]/

Integer overflow .
2 Sens_Failure_Counter INC

Division by zero

Check specified intermedizgd_norm J [speed fail
. 0 _

- fail_state[SPEED] = entry: fail_state[SPEED] =

[speed = 0]/
Sens_Failure_Counter DEC

Simulink Verification & Validation

[H] =) Modeling Standards for DO-178B
W = Modelmg Standards for IEC 51503

[@, Modeling Standards for MAAE
4 [J] [@ Maming Conventions
@, Check forincorrect file names
@ Check folder names
[F] A Check subsystem names(
[¥] o Check port block names
Q Check signal labels for incorrect

\ & Check block names for incorrect
[
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Simulink Coverage

Simulink Check

Simulink Test
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