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How can you use MATLAB and Simulink to develop
automated driving algorithms?

Perception Control

Planning
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Examples of how you can use MATLAB and Simulink to develop
automated driving algorithms
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How can you use MATLAB and Simulink to develop
perception algorithms?

/ Deep learning

Perception
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Detection drivable space using semantic segmentation
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Learn more about developing deep learning perception algorithms

with these examples

Automate Ground Truth
Labeling for Semantic
Segmentation

Add semantic segmentation
automation algorithm to

Ground Truth Labeler App
Automated Driving
System Toolbox™

——R2018a

R2017b

Semantic Segmentation
Using Deep Learning

Train free space
detection network using
deep learning

Computer Vision

System Toolbox™

R2018a

— Tree

RRRRRR

Code Generation for
Semantic Segmentation
Network

Generate CUDA® code to
execute directed acyclic graph
network on an NVIDIA GPU

GPU Coder™



LIDAR Point Cloud Segmentation

4 Figu

ud Player

File Edit View Inset Tools Desktop Window Help
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Learn about developing
lidar perception algorithms with these examples

R2018a R2018a R2018a

Display Point Clouds from Align Two Point Clouds Using Cluster Organized Lidar

Velodyne PCAP File NDT Algorithm ' Point Cloud
Read Velodyne files = Register point clouds with « Segment lidar point cloud
velodyneFileReader Normal Distributions Transform segmentLidarData

Automated Driving

System Toolbox™ pcreglsterndt Automated Driving

Computer Vision System Toolbox™ System Toolbox™
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How can you use MATLAB and Simulink to develop
perception algorithms?

Perception

/ Sensor fusion




Automated Driving System Toolbox introduced:

Multi-object tracker to develop sensor fusion algorithms

R201/a

Multi-Object Tracker

Tracking
Filter

Detections Track
Manager

Assigns detections to tracks - Predicts and updates state of track

Creates new tracks + Supports linear, extended, and
Updates existing tracks unscented Kalman filters
Removes old tracks

Videos and Webinars

4\ MathWorks

Some 1q tions from aut ted driving engineers

X3

L

Introduction to Automated
Driving System Toolbox
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How can | test my sensor fusion algorithm with live data?

Radar

~

TG P — BrisEpe P
[CAN] Channel is onfine
STOP.  17CP1P] Connectd fo some (122.188.1.22112) 00———r—7— 7] [ EEmvsoFov
[CAN] Watting for START command from the sender | MRRFoV
101 [CAN] Received START command from the sender 0 Lfs 1 L | ;::;:\;
- Hbe o Prcessectcar |
8F 4 1 v Vsion
g ' -~ —-Lefiane ‘
1 —RightLane
g I 1 O Trads
| (history)
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Test forward collision warning algorithm with live data from
vehicle

Radar

FeW zigaliczijon)

Read
sensor data stream
and video stream

Video frame
TCP/IP Ethernet TCP/IP

FCW algorithm I

BE=—— [T9p = @
- “ b | L
I 1k

Visualization
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Test forward collision warning algorithm with live data from

“surrogate” vehicle

Trainsnities

Lane

ehicle Speed

relWinette™ =

Recorded
messages

Recorded video

CANFIX

TCP/IP

Ethernet

FeW zigaliczaiijor)

Read
sensor data stream
and video stream

Video frame
TCP/IP

FCW algorithm I

¥

A . ‘ Visualization I

‘ MathWorks:
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Send live CAN FD and TCP/IP data

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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Recelve live CAN FD and TCP/IP data

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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Generate C/C++ code for algorithm

4\ MATLAB Coder Report Viewer - C:\MATLABExamples\VNT\codegen\lib\trackingForFCW_kernel\htm\report.mldatx

REPORT = 0

E 5 ) GoTo v x
Back Forvard (4 Find Tracs
Code:
NAVIGATE | TRACE l

v WMATLAB SOURCE

Function List Call Tree

[ % trackingForFCW_kemel.m =

A, trackingForFCW_kernel

fx calculateGroundSpeed
fx fcwmeas - 1
fx fewmeas - 2

fx fewmeasjac - 1

fx fewmeasjac - 2

fx findMostimportantObject
fx findNonClutterRadarObjec
fx initConstantAccelerationFi

& v
f+ nracaccNatactinne

< »

w GENERATED CODE
B trackingEKF.h -
[ trackingForFCW_kemel.c
B trackingForFCW_kemel.h
[ trackingForFCW_kemel_e
B trackingForFCW_kemel_e
[ trackingForFCW_kemel_e
B trackingForFCW_kemel_e
[ trackingForFCW_kemel_ir
B trackingForFCW_kemel_ir
[ trackingForFCW_kemel_rt
@ trackingForFCW_kemel_rt

A trackingForFCW_kemel_te ¥
4 »

4 @

Edit In Package
MATLAB Code v

E0IT SHARE |

= X

trackingForFCW_kernel.c Q
1565 * const struct5_T *laneReports 2
1566 * struct7_T *egolane Ik
1567 * double time
1568 * const double positionSelector[12]
1569 * const double velocitySelector[12]
1570 X emxArray_struct8 T *confirmedTracks
3573 X double *numTracks
ST structle T *mostImportantObject
1573 * Return Type : void /
1574 */ /
1575 void trackingForFCW_kernel(const struct@ T *visionObjects, const struct2_ T
1576 *radarObjects, const struct4d T *inertialMeasurementUnit, const struct5_T Generated
1577 *laneReports, struct7_T “egolane, double time, const double positionSelector .
| 1578 [12], const double velocitySelector[12], emxArray_struct8 T *confirmedTracks, C functlon
1579 double *numTracks, structle T *mostImportantObject) \
1580 {
1581 emxArray_objectDetection *detections; \
1582 emxInit_objectDetection(&detections, 2); \
1583 ’ —
1584 , T B - o >
SUMMARY BUILD LOGS | CODE INSIGHTS (0} ES
s . a
Code generation successful
Generated on:  17-Mar-2018 19:07:16
Build type:  Static Library
Qutput file:  C:\MATLABExamples\VNT\codegen\lib\trackingForFCW_kernelitrackingForFCW_kernel lib
Processor:  Generic->MATLAB Host Computer v
1 »
|

4

4\ MathWorks
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Stream live CAN FD and TCP/IP data into compiled algorithm code

ey

w
0
|

39 =
40
41
42 -

44 -
45

11| Busy

[Timer] Timer is ready ...
[CAN FD] Initializing channel
[CAN FD] Channel is online ..||
[TCP/IP] Waiting for Client C
[TCP/IP] Connected to Client
>>> Now, sending data ...
Press Enter to end

To get started, type one of t
For product information, visi

disp ('Configul

end

% Generate code and n
codegen -config coder
disp('Completed gener

end

4 Forward Collision Warning using SensorFusion by Live Data Stream

START

STOP

178

Video

=2 |nitializing App ...
[CAN ED1 Channel is_anline

Algorithm uses
1's of msec in

software-in-the-loop mode |

Algorithm (sil):  1.808 ms

Bau
Bt
et

Birds-Eye Plot
|

100

Q0 +

7071

40

30

10

30

20

VisionFoV
MRRFoV
LRRFoV
©  Radar
Vv Vision
— — —LeftLane
RightLane
O Tracks
(history)
O Unknown
(history)
mio
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Learn more about developing sensor fusion algorithms

R20l/7a

-~

Forward Collision Warning
Using Sensor Fusion

===R2017a
d NV#\,{

ME X Processing Time and Speed Up Ratio ot Each Swep

.‘ Tere Step
Code Generation for

Tracking and Sensor
Fusion

= Design algorithm with
multi-object tracker and
recorded vehicle data

Automated Driving
System Toolbox™

« Generate C/C++
code from algorithm
which includes a
multi-object tracker
MATLAB Coder™

R2018a

FCW algorithm

Executing a Forward
Collision Warning
Application with Live CAN...

Stream CAN FD data to
prototype algorithm on
your laptop

Vehicle Network Toolbox™

4\ MathWorks
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How can you use MATLAB and Simulink to develop
control algorithms?

Sensor models & \
model predictive control

Road and driver path

350[ s 0
300, L L
e e
250 L"\
200
50| ® 0 s 2 2 ) = ©
time (sac)
Stesring angle
100
50
0 g ]
200 150 100 50 0 -50
s o s 2 2 ) = ©
Y (m) time (sac)
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Automated Driving System Toolbox introduced:
Synthesizing scenarios to test sensor fusion algorithms

Top View

Chase Camera View

Vehicle passes
through detector
coverage areas

D/

Bird's-Eye Plot

Time = 4.4 (sec)

20 |

1571

10

15

=20 |

A vyision
® radar
road

10

Y (m)

-10

R2017a

|
|

4\ MathWorks

Videos and Webinars

Play scenario with sensor models

......

Introduction to Automated
Driving System Toolbox

20



Create highway double curve with drivingScenario
Road anld driver pgth

Driver
waypoints
simulate
distraction at
curvature
changes

200

1450

1400

1350

1300

1250

1200

1150

1100

150

X (m)

4\ MathWorks

Driver distracted at curvature change
1140

1120

1100

160

140

20

-20
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Simulate distracted driver

- Figure 1: LKATestBenchExample/Bird's-Eye Plot
Wr® N0 H

X (m)

/\

N

Safe Lateral Distance

Distracted driver

departs lane

Model Buttons

Edit Setup
Script

Actors P Actors
Lane Detections » Lane Boundaries Btr%?c-’:iye
Lane Markings P Lane Markings
rad) e
ar Steering Angle | ( Bird's-Eye Plot
(mi's)
Longitudinal Velocity
(m/s)
10{10}
Lane Sensor
Vehicle and Environment
| View diagnostics 149% T=5200 5] 14%

auto(ode45)

4\ MathWorks
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Simulate lane keep assist at distraction events

- Figure 1: LKATestBenchExample/Bird's-Eye Plot
Wr® N0 H

X (m)

Joemat

N
|
User Controls

Safe Lateral Distance

Lane keeping
engaged

Model Buttons

1
; s / | 7: : . :
o&(@ 15 . Edit Setup
L ¥ 5 Script
0 2

Info

Actors
Lane Detections

Lane Markings

ar Steering Angle

~ (rad)

(m/s)

Longitudinal Velocity
(mis)

10{10}

Lane Sensor

Vehicle and Environment

A 4

Actors

.. Bird's-Eye
Lane Boundaries Plot

Lane Markings

View diagnostics

149%

Bird's-Eye Plot

T=7.900 | EPITY

auto(ode45

4\ MathWorks
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Compare distracted and assisted results

Road anld driver P?th Driver asssisted at curvature change
1450 - 1140
= Detect lane departure
and maintain lane ‘ 1400 |10
during distraction : 1350
1300 ; 1100
1250 s
X 80 X
1200
1150 i 160
1100
140
150
| 0 : 20
200 100 0 20 0 -20

Y (m) Y (m)

24
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Explore lane following results

Road and driver path Driver asssisted at curvature change
= Vehicle stays within 1450 ' 1140
lane boundaries - 1400
1120
1350
1300 - 1100
1250 £ =
< 80
1200
1150 - 41 60
1100
140
150
0 ' 20
200 100 0 20 0 -20
Y (m) Y (m)

25
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Graphically edit scenarios with Driving Scenario Designer

4 Driving Scenario Designer - untitled™ - Scenario Canvas

DESIGNER

7 Roads Actors | Scenario Canvas | Ego Centric View

1 ~

A
o
@D
e

200 T T
Width (m): 6
Bank Angle (deg): 0 180 +

P Lanes

- 160
¥ Road Centers S_E

x(m) y(m) z(m) 140 F

W
o
o 0o 0 oo

6 991030779
7 11312..19.80..
| 8 [1734.27.24..
9 206.9..47.74..
10 2367..73.22...
| 11 [2666..98.70...
| 12 [3000..119.1...
13 [3362..1342...
|14 3744.1433..
|15 4135..1484...
| 16 4285..1464...
17 4435..1464...

18 4585..1464..

19 4735.1464..

Graphically edit
scenario

P ——Y Sl
1

——

20

100 80 60 40 20 0 20 40 60 -80

OO0 O0CcCO0OO0OO0COO0OOCOOCOCODOOCODOOOOO
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Export MATLAB code to generate scenarios

4\ Driving Scenario Designer - untitled* - Scenario Canvas

DESIGNER

wld He ® 7=
i

wodl B @ T

R

New Opn Swe A4 A4 A A Golo Sop R s T s
S, 3 Actor v C 1
2 __=: = 2 n — Export MATLAB Function
Roads Actors | Scenario Canvas | B Generate MATLAB function for
1: (ego car) S . your driving scenario and sensors
Name: Sel As Ego Car 200 F - - Export Ser =
Class: Car ™
> Actor Properties 180 .
P Radar Cross Section
» Trajectory cu: & 160 F 4
140 4
120 B
£ 100 z
x
80 r .
60 [ B
40 3
20 7
100 80 60 -20 -40 -60 -80

Export to
MATLAB code

N

4\ MathWorks
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Explore what is required to follow high curvature paths

Wre®NKOE

- Figure 1: LKATestBenchExample/Bird's-Eye Plot

100

X (m)

= O X — a
Normail
User Controls " Model Buttons
1
v
T -
a Q) 0 =a
p O Script
7 < Info
Safe Lateral Distance
=
Actors P Actors
Lane Detections P Lane Boundaries Birc:;?‘;tE ) o
| (rad) Lane Markings P Lane Markings
Stearina Anale. (rad\ Bird' s-Ey e Plot
Follows curvy lanes at slower
speed with wider field of view
N 1
-20 -30 \
\ ger
i View diagnostics 149% 1=7.300 | BT auto(odeds)

4\ MathWorks
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Learn about synthesizing sensor detections to develop
control algorithms with these examples

R2017b

[Adaptive Cruise Control Using Sensor Fusion Test Banch |

|
Y

|
|
[
i
i
!

Lonpmses ey
80 Track
] Curmtore (1R
‘ AEE ot Sonod Fustanes
"

Adaptive Cruise Control
with Sensor Fusion

Simulate and

generate C++ for
model-predictive control and
sensor fusion algorithms

R2018a

i

§I !i

Lane Keeping Assist with
Lane Detection

Simulate and
generate C++ for
model-predictive control
with lane detections

R2018a

Generate Synthetic Detections from
an Interactive Driving Scenario

Edit roads, cuboid actors,
and sensors with

Driving Scenario Designer App
drivingScenarioDesigner

29



Sensor Fusion and Tracking Toolbox

4\ MathWorks

30



Extending the Automated Driving Workflow

= Localization for pose, orientation, and position
= Tracker and fusion algorithm development
= Metrics — accuracy and track assignment

4\ MathWorks

31



In this part:

= Scope
= Overview
= Applications

AMathWorks* Products Solutions Academia Support Community Events

Sensor Fusion and Tracking Toolbox  eweropucr

§ Tral softvare  §, Contact sales

Sensor Fusion and Tracking Toolbox

Design and simulate multisensor tracking and navigation

systems

§ Download a free trial

Self-awareness

Situational awareness

Sensor Modeling and Hardware Connectivity

Radar, Camera, Sonar, IMU, GPS, etc

Signal and Image
Processing

Sensor Fusion
and Tracking

Control

-_—es e e e . =

4\ MathWorks
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Overview: Sensor Fusion and

o

racking Toolbox

IMU

Tracker: MHT. Model: IMM

& [[Isea
®  Detections
P -17.5 L] Tracks
, 360 Degree Azimuth with Elevation Raster 1> {history)
<10 E 8¢
_ — S g0 T1 T2
33— — iz " -185
i 2 gs- g 19
E 4 i, g
- 2 195
N 0 ‘;g-S
- ~ g i 20
5 —~— - 5 3 -205
0 - 0 . f o
4 5 &-201 3 i
~ 10 10 Ew 1 3 7 8 1
Y (m) X (m) ; ; Time 8 S

Scenarios and Sensors Simulation

e

T2

A4007m i Pm/ T
@50 kmhr| H.358 deg A4061m = Y/s TrackID AssignedTruthID Totallength
4 4 (§25 kmhr H95¢
_ A:3270m+=2mis :
3 8 kmhr H.358 deg
g3 §° 2 Nall 1
. 3 Mall 1 q
4 8 55
44 3 5 7 56
e 6 Mal 2 .
— = o .
0 L : | I
.20.\0\/’/,—’0’/ 20 ~ .
20 -20

Visualization and Metrics

Y(km)

Code Generation

33
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L ocalization
= \WWorkflows

= IMU and GPS Sensor Models
. . . . -1 4
= Orientation estimation (6-DOF, 9-DOF, 10-DOF) 5
. . o 0
= Pose estimation (IMU+GPS, IMU+Visual Odometry) <
14
2 Jl
2 2

y (East) 2 2 x (North)

34
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Localization Algorithm Development Workflow R20]8b

Trajectory IMU

Generation Simulation
Orientation

Streaming Data - AHRS estimate Vlsuagzatlon

from HW IMU Fusion :
Metrics

Recorded IMU
Data —

Position + Velocity
+ Orientation
Trajectory IMU IMU estimate

Generation Simulation + Visualization
GPS &

Trajectory GPS Fusion Metrics
Generation Simulation EKF

35
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Estimate Orientation, Position and Velocity of Ground Vehicles R2018b
IMU + GPS Fusion

Non-holonomic Motion Orientation - Ground Truth
Constraint

Position (meters)

y (East) 2 2 x (North)

Orientation - Estimated

36
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Estimate Position of Ground Vehicle without GPS R20]8b

Vehicle Position

700
== == Ground Truth
600 - Visual Odometry (VO)
VO estimate off
500 by a scale factor
400 \ — )
E 300t =
x N\
f
200 I«- _____ -
[
100 :
[
0 i ]
start
-100 : : ' ' ' ' .
600 500 400 300 200 100 0 100
Y (m)

X (m)

Vehicle Position

700 r
== == Ground Truth
600 + IMU Pose Estimate
500
400 r
- -
300 < )
II
200 S S N— - ™
: |
|
100 . |
IMU dead reckoning
ok drift
start
-100 ' L : . ! ' |
600 500 400 300 200 100 0 -100
Y (m)

37
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Estimate Position of Ground Vehicle without GPS R20]8b
IMU + Camera Fusion
Fuse: o i
Accelerometer
Gyroscope
Camera (Visual Odometry)
Unconstrained Motion f\ ,’ (-
] l Qe X }’
| il B
! ﬁ, Laso 5
o ' ‘/ " [ 100 \ B
£ 100 - / ,
N : .f { 50
L _J,’EﬂT“—— L / o
I O

38



Multi-Target Tracking

4\ MathWorks

39
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Tracking Algorithm Development Workflow R2018b
———
Recorded
Sensor Data objectDetection
( . . )
- ~N Tracking Algorithms
Scenario Definition and Sensor Simulation . Visualization
Shy &
INS Sensor Metrics
Simulation
\.
Radar. IR. & ] A rich library of tracking algorithms
— Sonar Sensor A . .
Simulation Lo, = R S
\ J ‘ : | fﬁ:""‘*~A___‘ .. ::E: -39
f \ ' track 2 ) ,D/ observations 395
o o P ittt e AT RE—
0 05 1 X::k?“) 2 25 3
Filters Data Association Trackers
- Alpha Beta filter « 2D assignment = GNN
Kalman filters . S-D assignment =  MHT (track-oriented)
— Linear, EKF, UKF, CKF, MSCEKF . K-best assignmemt = Trackers components
Particle filter — History and score logic
Multiple models - 6.

— GSF, IMM 40



Difference Between Multitarget Tracker and Kalman Filter

Multitarget Tracker

Track
Detections Association
and
Management

Tracking
Filter

Time
Measurement
Measurement Noise

Time
State

Track ID
- Predicts and updates state of track Age
= Assigns detections to tracks .re (C1S ahd Updates state ot trac Is Confirmed
= Creates new tracks = Linear, extended, and unscented s Coasted
= Updates existing tracks Kalman filters
= Removes old tracks = Particle, Gaussian-sum, IMM filters

State Covariance

4\ MathWorks
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Tracking extended objects
= High resolution sensors (radar, lidar)

= Close-range targets

Chase Camera View

Bird's-Eye Plot

radar [ lane

O] track

(history)

4\ MathWorks

60

40

20

X (m)
°

40

40

Passing Vehicle Ego Vehicle
A yision radar [ lane (history) | A vsion ® radar BMlane [ track (history) |
25 - ~ T
20+ 20 !
A
25 ‘ 15 ‘
30+ 10 \
a5+ 5+
E ol E, ‘ I
= = [
-45 -5
50+ -10
55 - -15 ‘
-60 -20 ‘
= |
65 25 =
15 10 5 0 A0 15 15 10 5 0 5 10 15
Y (m) Y (m)

42
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Point object vs. Extended object

« Point object « Extended object
— Distant object represented as a single point — High resolution sensors generate
— One detection per object per scan multiple detections per object per scan

8

43



Tracking Extended Objects with Point Trackers

Chaze Camers View

N

Bird's-Eye Plat

adar [ lane [J  track

{histery) |

60

40 F

-40

Passing Yehicle Ego Vehicle
& vision ® radar [ lane [0 track [history}l A& vision ® radar W lane [0  track [history}l
65 I 25 T / —]
ol 0l ! No estl_matlon of
occupied space
55 [ / 1 15 ’
g0 | 5 False track due to
imperfect clustering
45 N 7 F
_ L E II
e [ ] i = |
= 10 @ x !
35 [ 5+
30 | -10 |
25 151
ol ! ool | Track ID on fropt of
| ﬁ preceding vehicle
1 1 1 1 1 1 1 K 1 1 1 1 1 I =
15 10 B 0 -5 -10 -15 = 15 10 B 0 -5 \—‘10 -15
Y (m) Y (m)

Point cloud changing with aspect angle -> challenging clustering problem

4\ MathWorks

R2018b
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Tracking Extended Objects: Estimate Position, Velocity, and Shape

Chaze Camera View

o

Bird's-Eye Plot

adar -Iana

[ track

(history) |

Tracker estimates
occupied space

Track ID on rear axle

-
Q \ 1\“‘)
o
Pazsing Vehicle ““' Ego Yehicle
& vision ® radar W lane [ track [his-tclry}| A  vision @ radar 00 lane [ track [his-tclry}|
[l 25 T T T |
55 /] . 15 | ’
50 - I { No false 0r
track
45 [ ] 5+
_ _ |
Ew [? 1 E o}
> = >
a5 5F
=) | 10 - |
25 o
20 ! -20 l
15 1 1 1 I 1 1 1 1 _25 1 1 !
15 10 5 1] -5 =10 -15 15 10 1]
Y (m) Y (m)

No clustering needed, Consistent tracks

of preceding vehicle

4\ MathWorks

R2018b
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Tracking Extended Objects: Estimate Position, Velocity, and Shape

Chase Camera View

-

Bird's-Eye Plot

radar [ lane ] track

(history) |
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Sensor Models Beyond Automated Driving

4\ MathWorks
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Sensor Models Beyond Automated Deriving

RF emitter detected by an ESM sensor

Radar detection with an interfering emitter

Sensor Models
IMU, GPS, RADAR, ESM, and EQVIR

Model various sensors, including: IMU (accelerometer, gyroscope, magnetometer), GPS receivers, radar, sonar,
and channels as separate objects.

AL}

Functions

> GPS

20 -10 0 10 20 > Infrared
Electronic Raster
> INS

>  Radar

> Sonar

. 5 5 o
Y (m) X (m)
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