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1.5M km of recorded data
3+ years of driving time
12 hours re-simulation
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Voyage Develops Longitudinal Controls o

for Self-Driving Taxis |
Challenge ey - \ h

Develop a controller that enables a self-driving car to maintain
a target velocity and keep a safe distance from obstacles.

' VOYAGE

Solution

Use Simulink® to design a longitudinal model predictive
controller. Tune parameters based on experimental data
imported into MATLAB®. Deploy the controller as an ROS

node using Robotics System Toolbox™. Generate source Voyage’s self-driving car in San Jose, California.
code with Simulink Coder™, and package it as a Docker
container. “We were searching for a prototyping solution that was

fast for development and robust for production. We
decided to go with Simulink for controller development

Results _ and code generation, while using MATLAB to automate
. Devel.opment.spee.d tripled el .

« Simulink algorithms delivered as production software

MATLAB EXPO 2018 4



How can you use MATLAB and Simulink to develop

automated driving algorithms?

MATLAB EXPO 2018

Perception Control

Planning

4\ MathWorks
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Examples of how you can use MATLAB and Simulink to develop
automated driving algorithms

/ Deep learning Sensor models & \
- model predictive control

Road and driver path Lateral deviation

—— teral coviten
450
400/ ,\
350 5 40

Perception

/ Sensor fusion

with live data / Path planning \
— TN RITT
Pes iy
ol / m (n |n , /
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How can you use MATLAB and Simulink to develop
perception algorithms?

/ Deep learning

Perception

MATLAB EXPO 2018 7
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Automated Driving System Toolbox introduced:

Ground Truth Labeling App to label video data

4\ Ground Truth Labeler - gtlCustomizations = O X RZO.I ; a
LABEL k B Ve ‘
#, Zoom In Algorithm: o1 .
B ﬁ & [ Default Layout _ L p
| Select Algorithm v — !
&4 Zoom Out 3 Show ROI Labels
Load Save Import 3 Automate  View Label Export
- v  Labels v ﬂ Pan Show Scene Labels (& Configure Automation Summary  Labels v
FILE \ MODE | VIEW ‘ AUTOMATE LABELING \ SUMMARY \ EXPORT \ Q
| ROI Label Definition | J 01_city_c2s_fcw_10s.mp4 W
EG:' Define new ROI label
» Car i
P Pedestrian ':'
b StopLight i::
b Lane i -
y | | Videos and Webinars
| Scene Label Definition ‘ Some common questions from automated driving engineers
ED] Define New Scene Label
Current Frame Add Label
Time Interval Remove Label q [T
{1 r . ct objects in
[ 10:45 [
00.00000 09.00000 10.20000 10.20000
Before you can label a scene, begin by defining [E] E [EI [E] IE] Zoom N
a Scene Label. Start Time Current End Time Max Time | ntrOd uction to Automated
Driving System Toolbox

MATLAB EXPO 2018 8



Automate labeling lanes with Ground Truth Labeler

4\ Ground Truth Labeler

e Y I, v s S0

m & ZoomIn [ pefautt Layout @ Lg
Zoom Out : = R i | i h
= S G StowrRollabes ooy un automation algorithm
<7 Pan Show Scene Labels Run automatiorr«
WMODE | VIEW SETTINGS RUN =
| ROI Label Definition \ [ caltech_cordoval.avi | Auto Lane Detection \
L = Scene Labels Load a MonoCamera configuration object from the
% [:Sunny workspace using the settings panel
v [__ICloudy
» laneMarker I -
Specify additional parameters in the settings panel
b |
> | 2
Run the algorithm
Manually inspect and medify results if needed
| Scene Label Definition |
EHB
||
Current Frame Add Label
Time Interval Remove Label
> o
4 |

L
01.30000 01.30000
Start Time Current

0247726

08.33334

Zoom Out Time Interval

End Time Max Time

MATLAB EXPO 2018
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Automated Driving System Toolbox introduced examples to:

Accelerate the process of Ground Truth Labeling

R2017a

b streetlights i
2 \ses b | Scene Label Definttion
' — ;

N [mons Semusnee 1G] Detine New Scone Labed r
) Custom Reader .

L OMS @ Current Frame Add Label .

(o] ] ()1 {[34]] ]
O Tmemterval  Remove Label

SESSION
A1 Sessi

T SN i S S

LOAD DEFINE SET  LABEL
Video, Image Sequence,  ROIls and Scene Label Definitions Interval and Controls ~ Rectangles & Line
or Custom Reader

Define Ground Truth Data for
Video or Image Sequences

» Label detections with
Ground Truth Labeler App

MATLAB EXPO 2018

.....

Automate Ground Truth
Labeling of Lane
Boundaries

4\ MathWorks'

driving.connector.Connector class

Connect Lidar Display to
Ground Truth Labeler

= Add your own automation
algorithm to Ground Truth
Labeler App

« Extend connectivity of
Ground Truth Labeler App
to visualize lidar data

10
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Specify attributes and sublabels in Ground Truth Labeler App

. e 4\ Ground Truth Labeler = R O] 8 a
_I ROl Lakel Definition 1 R 2
: 0 5 & 5] S | Deee - S0 N ERES
q} Label Sublabel Attribute S ol S ZPMOR @ Show ROLabess ) Skt ABOrEnm
ve Import |Label  Automate  View Label  Export
- bR 5" pan | 4 Show Scene Labels O Configu Labels ¥
FILE MODE | VIEW ; AUTOMATE LABELING | summary | ExPORT | . =
. pmy RO Label Definition | vippedtracking.mp4 | | Attributes and Sublabels |
F w{:hﬂ I : -: q} Label % Sublabel Eﬁ Attribute Aftributes
1 Attributes for cyclist:
» cyclist 1! :
. 14 bikeType bicycle v
b i =
h hlﬂ'}l"ﬂlE I . » bicycle | B .
» vehicle i action inMotion
. F=a
b vehicle i
-
|
e e - el .
| Scene Label Definition |

5 Defne new scene abe Attributes and Sublabels |

Current Frame Add Label

Attributes
Attributes for cyclist:

Time Interval Remove Label

To label a scene, you must first define a

bikeType

bicycle W
action inMation v
—c
00.00000 04.65873 58.69995 58.69995 @ E B @ ‘E‘ Zoom in Time Interval
Start Time Current it End Time Max Time

MATLAB EXPO 2018 11
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Automate labeling pixels with Ground Truth Labeler

4\ Ground Truth Labeler

e 5 v
i3 & Zoomin Default Layout o D
(=4, Zoom Out Show ROl Labels

1] Pan [ Show Scene Labels

WODE | VIEW SETTINGS RUN CLOSE AUtomate plxel

| ROILabel Definition | | caltech_cordovalavi | |abe|ing n |

== o

Settings Ru Stop UndoRun Accept Cancel

»

ay to automate

N UGG e s ~aiomationAlgorithm
3 automatically creates pixel level annotations for
> I e road and sky.
» | e
Review and Modify: Review automated labels
» l o over the interval using playback controls.

Modify/delete/add ROls that were not
satisfactorily automated at this stage. If the results
are satisfactory, click Accept to accept the
automated labels.

Accept/Cancel: If results of automation are
satisfactory, click Accept to accept all automated
labels and return to manual labeling. If results of
. automation are not satisfactory, click Cancel to
return to manual labeling without saving
automated labels.

| Scene Label Definition [

En.'J
s

Current Frame Add Label

Time Interval Remove Label

£ !
01.33334 01.33334 0247726 0833334 M E NN Zoom Out Time Interval
Start Time Current End Time Max Time
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Learn more about developing deep learning perception algorithms
with these examples

R2017b —___R2018a

RZQJSG

o

i ) Automate Ground Truth SRR I el
Semantic Segmentation

> . Semantic Segmentation
Labeling for Semantic 9

Using Deep Learning Segmentation Network
: : . ®
network using deep learning automation algorithm to Ground Truth NVIDIA GP{J grap
Computer Vision System Toolbox™ Labeler App

. GPU Coder™
Automated Driving System Toolbox™

Robotics and Autonomous Systems

Robotics and Autonomous Systems

15:30  Deploying Deep Neural Networks to
Embedded GPUs and CPUs
Rishu Gupta, Ph.D, MathWorks
14

14:30 Demystifying Deep Learning
Dr. Amod Anandkumar, MathWorks

MATLAB EXPO 2018




Free Space Detection Using Semantic Segmentation

4\ MathWorks

MATLAB EXPO 2018

15



How can you use MATLAB and Simulink to develop
perception algorithms?

Perception

/ Sensor fusion
with live data

MATLAB EXPO 2018

&\ MathWorks
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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

MATLAB EXPO 2018

Videos and Webinars

4\ MathWorks

Some 1q tions from aut ted driving engineers

X3

L

Introduction to Automated
Driving System Toolbox

17
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Automated Driving System Toolbox introduced examples to:
Develop sensor fusion algorithms with recorded data

R201/a ,. m.,,,.a..R2017a
P L LT W

g W X Proces g Tome and Soeed Up Rateo ot Each Step

X o | o
Forward Collision Warning Code Generation for
Using Sensor Fusion Tracking and Sensor
Fusion
= Design « Generate C/C++
multi-object tracker code from algorithm
based on logged which includes a
vehicle data multi-object tracker

MATLAB EXPO 2018 18
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How can | test my sensor fusion algorithm with live data?

Radar

TG PP SrdsEpe
[CAN] Channel is onfine
[TCPIIP] Connected to server (192.168.1.22112) 100———————— 7 (VsoFov

[CAN] Watting for START command from the sender

[CAN] Received START command from the sender I LRRFoV

Y(m)

L~

MATLAB EXPO 2018 19
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Test forward collision warning algorithm with live data from
vehicle

Radar

FeW zigaliczijon)

Read
sensor data stream
and video stream

veneespeed

Video frame
TCP/IP Ethernet TCP/IP

FCW algorithm I

— i
== T = *
- 4 o = -

1 W =

i J =

f bl W | LS

Visualization

MATLAB EXPO 2018 20
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Test forward collision warning algorithm with live data from
“surrogate” vehicle

Trznsitie =eW zgalicziion

Recorded
messages

Read
sensor data stream
and video stream

Lane
ehicle Speed
relWinette™ =

Video frame

Recorded video TCP/IP. Ethernet TCP/IP

FCW algorithm I

A ¢ ‘ Visualization I

- / —

MATLAB EXPO 2018 21



Send live CAN FD and TCP/IP data

' 4 MATLAB Comman

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

[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

Video
received over
TCP/IP

Toolbox CAN FD functions, Instrumen
System Toolbox capabilities are used

In this part of the example, run start
to actively decode and execute the fu

startReceiver('interpreted’)

"4 Forward Collision Warning using Sensorfusice by Live Data St

>>> Iniahzing App
START {CAN FDj Channel is onkne

Il ] Busy

4| Forward Collision Warning using SensorFusion by Live Data Stream

START

STOP

Video

114

> Initializing App ... mM&gipm

[CAN FD] Channel is online ...

[TCP/IP] Trying to connected to localhost (127.0.0.1:2112)

[TCP/IP] Connected to localhost (127.0.0.1:2112) 100 ; .

>> Press START to receive data from server .. | ! l !
>> Now, receiving |
90 - : i
| H (=]
4 L 18
Detections | ) !
. : _}] o
. received over y
Algorithm (interpret¢ F 5 0 i
CAN FD S
60 - o © [el ¢ -1
|
= 4 :
-g, 50 | 2 4
x |
o |
|
40 | -
Heaa! B0
(+] $ af oy
30 o) | T e
: o
20 i o i
e
18 8
10 N Rt -
{ NG
0 | | L I |
30 20 10 0 -10 -20
Y (m)

VisionFoV

MRRFoV

LRRFoV
©  Radar
v Vision
— — —LeftLane
RightLane
O  Tracks

(history)
O Unknown
(history)
"  mio

MATLAB EXPO 2018
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Recelve live CAN FD and TCP/IP data

' 4 MATLAB Comman

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

[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

Video
received over
TCP/IP

Toolbox CAN FD functions, Instrumen
System Toolbox capabilities are used

In this part of the example, run start
to actively decode and execute the fu

startReceiver('interpreted’)

"4 Forward Collision Warning using Sensorfusice by Live Data St

>>> Iniahzing App

START {CAN FD] Channel is onine

Il ] Busy

4| Forward Collision Warning using SensorFusion by Live Data Stream

== |nitializing App ..

START  [cAN FD] Channel is online ...
[TCP/IP] Trying to connected to localhost (127.0.0.1:2112)
STOP [TCP/IP] Connected to localhost (127.0.0.1:2112)
>> Press START to receive data from server ..
>> Now, receiving
114
Video

Detections
received over
CAN FD

Algorithm (interpret¢

Birds-& Plot

X (m)

100

40

o @

o

il 10 gt 1~ S AR IS B

.N_____—_U‘E?_
]

]

(o]

30

VisionFoV

MRRFoV

LRRFoV
©  Radar
v Vision
— — —LeftLane
RightLane
O  Tracks

(history)
O Unknown
(history)
"  mio

MATLAB EXPO 2018
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Generate C/C++ code for algorithm

4\ MATLAB Coder Report Viewer - CAMATLABExamples\VNT\codegen\lib\trackingForFCW_kernel\htm/\report.mldatx

REPORT = 0

<::' “ fGoTo~ ‘ B
Back Forva ({ Find Trate Edit In
Code | MATLAB
NAVIGATE ’T'RA'C'E" =0IT =1
v MATLAB SOURCE ‘ trackingForFCW_kernel.c -
Function List Call Tree 1565 * const struct5 T *laneReports 5
= &) trackingForFCW_kemel.m | 1566 struct7_T *egolane I})
i\ trackingForFCW_kernel 1567 ' double time —
Vi 1568 * const double positionSelector[12]
& falciatsSmundSpead 1569 * const double velocitySelector[12]
fx fewmeas - 1 1578 * emxArray_struct8 T *confirmedTracks
fx fewmeas - 2 AS7L: i* double *numTracks
Jfx fcwmeasjac - 1 3572 E structl® T *mostImportantObject ;
fx fewmeasjac - 2 1573 : Return Type : void /
P oot ﬁ;: void trackingForFCW_kernel(const struct@ T *visionObjects, const struct2 T i
Jx findNonClutterRadarObjec 1576 *radarObjects, const structd T 'iner‘tiEIMeasur‘ementUnit, const str‘uctSZT Generated
JSx initConstantAccelerationFi | 1577 *laneReports, struct7 T ‘egolane, double time, const double positionSelector .
- £ nracaccNatactione .| 1578 [12], const double velocitySelector[12], emxArray_struct8 T *confirmedTracks, C funCtlon
- 1579  double *numTracks, structli@ T *mostImportantObject) X
w GENERATED CCDE 1580 { e
B trackingEKF.h | 1581  emxArray_objectDetection *detections;
[ trackingForFCW_kemel.c 1582  emxInit_objectDetection(&detections, 2);
B trackingForFCW_kemel.h 1583 . " R v
[ trackingForFCW_kemel_e :}E_gﬁ e : X i
B trackingForFCW_kemel e | SUMMARY Al MESSAGES G CODE INSIGHTS (0 VARIABLES
[ trackingForFCW_kemel_e R
» wackingrorrcw_kemel e | & Code generation successful
[ trackingForFCW_kemel_ir
: . Generated on:  17-Mar-2018 19:07:16
B trackingForFCW_kemel_ir i =
[ trackingForFCW_kemel_rt Dl ypes itk Ulvany . . 3 :
: Qutput file:  C:\MATLABExamples\VNT\codegen\lib\trackingForFCW_kernelitrackingForFCW_kernel lib
B trackingf o CW-kemel P :  Generic->MATLAB Host Computer v
[ trackingForFCW_kemel_te ¥ : TOERRE: P .
4 »
14 i

= X

4

MATLAB EXPO 2018

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

MATLAE Command Windo 4| Forward Collision arning using SensorFusion by Live Data Stream =
l 4 Forward Collision W. Sensorf by Live Data S 1 O X
et Birds-Eye Plot
>
10 get started, type orie of (L K [cpjplmFaLl)I]z 2?33’22’5 is online i ™
For product information, visi : ) VisionFoV
[TCP/IP] Trying to connected to localhost (127.0.0.1:2112) MRRFoV
[Timer] Timer is ready ... STOP [TCP/IP] Connected to localhost (127.0.0.1:2112) 100 T T T T T LRRFoV
[CAN FD] Initializing channel == Press START to receive data from server ... [ 6 Radar
[CAN FD] Channel is online .. >> Now._ receiving ' v Vision
[TCP/IP] Waiting for Client C 106 o 90 | ! . me
[TCP/IP] Connected to Client Iile Riskitl ans
>>> Now, sending data ... Video I o T'g
Press Enter to end E I i Ichs
80 g o (h;slory)
o d 0O  Unknown
. . A (history)
Algorithm (sil): 8.392 ms 70 F < 3 - ® mio
C ® | [
: 7|
60 | 7
l o
£ |
= 50} ) ! d
< 8 i
|
|

1

30

|
|
| f
20 | a3
o [ o
8= disp(’ :2x:r::fig'] | &
39 = er L | S i
ead 10 ] B
40 5]
41 % Generate code and n :
42 — codegen -config coder 0 L L E : L
43 — disp ('Completed gener{ [P 30 20 10 0 -10 -20 -30
44 - end Y (m)
45
<
| ~‘ Busy

MATLAB EXPO 2018 25
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Learn about developing sensor fusion algorithms with live
data using this example

F (

2018

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

Stream CAN FD data to
prototype algorithms on

your laptop

Vehicle Network Toolbox™

MATLAB EXPO 2018

. Receiver
Transmitter

Ethernet
v //
\/ Video strea

-—

T

N

N (e ‘-‘-_- :
Vector CAN Interface Object Lists

VN1610 (vision/radar/imu)

26
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How can you use MATLAB and Simulink to develop
control algorithms?

Sensor models & \
model predictive control

Road and driver path

30 s w0
- Relativeyow angl
=]
250 L"\
200
wo 5w s »  m  w  w  w
e 100
Staering angle
100
50
0 | e si00g angle
200 150 100 S0 0 -50
s w s »  m  m  m®  w
Y (m) time (sec)
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Automated Driving System Toolbox introduced examples to:
Synthesize detections to test sensor fusion algorithms

igitudinal Position R2O.| 7a gitudinal Position R2O.| 7a J ”.:‘ R2O.| 7a
4. ' ) P _‘-t.' ! 10 ! ‘ 4
i £ g gza | ‘ . i :
. : é’do é’m E l ! l:’:'
'-__._ 3 ) AT 70 ‘ //. e dmd : |
.E ’ 1 ‘ ’ 25-3 ? ! Erroor-:. E ’ ’ ‘ ’ mﬁ ) ’ Errcor .‘ . _
4 ¥ | . .
Sensor Fusion Using
Model Radar Sensor Model Vision Sensor Synthetic Radar and Vision
Detections Detections Data
= Synthesize radar - Synthesize vision = Synthesize scenario
detections with detections with to test
probabilistic impairments probabilistic impairments multi-object tracker

MATLAB EXPO 2018 28
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Automated Driving System Toolbox introduced:
Radar and vision detections for closed loop simulation

— 20" 7/, multiObjectTracker radarDetectionGenerator birdsEyePlot
| J visionDetectionGenerator

) Actors
3 Detections DRadar
i etection . .
Ohgl‘gt{lzt Confirmed > ) Actors Generator Detections > Y Vision
Trafsker Tracks [Sensor Index: 2] Y Rad
3 Prediction 298 Bird's-Eye
Time . Plot
Radar Detection Generator J Tracks
Multi-Object Tracker Y MIO
Vision
i . Road
) Actors ggrtﬁ;?g?gr Detections [ ) Roads
[Sensor Index: 1] Bird's-Eye Plot

Vision Detection Generator

MATLAB EXPO 2018 29
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Voyage Develops Longitudinal Controls g
for Self-Driving Taxis - VOYAGE

Challenge ol 7oA \ f s
Develop a controller that enables a self-driving car to maintain o
a target velocity and keep a safe distance from obstacles.

Solution

Use Simulink® to design a longitudinal model predictive
controller. Tune parameters based on experimental data
imported into MATLAB®. Deploy the controller as an ROS
node using Robotics System Toolbox™. Generate source
code with Simulink Coder™, and package it as a Docker Voyage’s self-driving car in San Jose, California.
container.

Results
« Development speed tripled

. E_asy !ntegratlgn with open-source SOftWé_lfe and code generation, while using MATLAB to automate
» Simulink algorithms delivered as production software jeyejopment tasks.”

“We were searching for a prototyping solution that was
fast for development and robust for production. We
decided to go with Simulink for controller development

] ] - Alan Mond, Voyage
Technical Article ES

MATLAB EXPO 2018 30
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Simulate closed loop system with radar/vision detections,
sensor fusion, and model-predictive control

R2017b

3 Adaptive Cruise Control with Sensor Fusion ) Actors
mo
%ACCTestBenchExample - Simulink — O X ) VISiOﬂ
Flle Edit View Display Diagram Simulation Analysis Code Tools Help
Pl ~ 9 - ] v v 0@ o 1> v |34 Normal @ - v Radar )
) re.f MPC mv D ACCTestBenchExample = % \J @ = ) Blrd'S- Eye
& || ACCTestBenchExample P - ) Tracks P|0t
C} [Adaptive Cruise Control Using Sensor Fusion Test Bench |
) md Click The Button Below ) Mlo
- N - | i 3 Roads
Model Predictive Control I | e J
- mEi - D Bird's-Eye Plot
‘ Radar Prediction Time b MO
Script veloeity [ Roads
Prediction Time Tracks S o SRR
) DEtECtionS Longitudinal Velocity
OMUIt' Conﬁ rmed E— MIO Track
bject Tracks P ( i
P d.ct. Tracker IE ACC with Sensor Fusion Ra d a r VI-SIOn
rediclion \ Detection . Detection :
X Time JActors o= Detections P Y Actors s cnior Detections
[Sensor Index: 2] | [Sensor Index: 1]
Multi-Object Tracker

MATLAB EXPO 2018

Radar Detection Generator

Vision Detection Generator
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Synthesize detections to test sensor fusion and
model-predictive controller

‘4] Figure 1: ACCTestBenchExample/Bird's-Eye Plot = O X N =
(OR HOMENENGAIE |
Notmal
<00 ®  Vision Detecti i &
| | ® RadarDetecti 7
-\ o _ Insor Fusion Test Bench |
\erv Yy 28
" Radar coverage area
Aclors Actor.
Vision | @ » Vision
II",' i;’; Rader ® » Radar Bird's-Eye
€ '." / i oy ™| Acceleration Roads MTracks O
< ,.' / Prediction Time » MIO
| / L dinal Velocity eéo_ iy # Roads
l\\' | | Curvature Bird's-Eye Plot
60 \ V
| " lSIon Coverage area Vehicle and Environment
[
40t l “x l
ol ’V [
‘ V_— \
of g h
| B E o vehicle
50 \\J
Y(m)
1 101% T1=9.200* Paused auto(ode3
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4] Figure 1: ACCTestBenchExample/Bir...

Wr® RO E

O

X

W
=100 ‘H\*H, I". /
5 "u\\l'o*", f'l‘
8ot I',I"'.\',fl't /
AE L
ML
60 - \| .'|l| |l /
'| Vit
40 ‘.‘ y
'lll'.. ,"‘ /’j
20 ’\U /
),

W driver_set_velocity ™ ego_velocity M ego_velocity

I =

Compare classical and model predictive control algorithms

= = —
| ) T X
5
g h

1 i
L

: MPC is more
/4 aggressive in
.~/ . this example

it \ |
L P
l_ Lt \J
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
M relative_distance W safe distance M relative distance M safe_distance

50

MATLAB EXPO 2018
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Automated Driving Applications with Model Predictive Controls

Automated Driving Applications

4
Adaptive Cruise Control

System Using Model
Predictive Control

Use the block in Simulink® and
demonstrates the control objectives
and constraints of this block

Open Script

MATLAB EXPO 2018

——ee

o

Lane Keeping Assist
System Using Model
Predictive Control

Use the block in Simulink® and
demonstrates the control objectives
and constraints of this block

Open Script

Obstacle Avoidance Using
Adaptive Model Predictive
Control

Make a vehicle (ego car) follow a
reference velocity and avoid
obstacles in the lane using adaptive
MPC. To do so, you update the

Open Script

Adagirrs C e bt Linimg berower § v Ywad e s |

Adaptive Cruise Control
with Sensor Fusion

Implement a sensor fusion based
automotive adaptive cruise
controller for a vehicle traveling on
a curved road using sensor fusion

Open Model

h’-.—-"————-ﬂ'
|
t=r—
i .. <
2
* 4 -
e 1o
| ax
iy
ax
U
== el s PEelDD
- |
® )

Lane Keeping Assist with
Lane Detection

Simulate and generate code for an
automotive lane keeping assist
(LKA) controller

Open Model

34
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Vision Detection Generator models lane detection sensor

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.
3 Actors Object > Source code
Detections =
Vision Parameters = Measurements  Actor Profiles = Camera Intrinsics
Detection Sensor Identification
Generator Unique identifier of sensor: 1
[Sensor Index: 1]
Lane Lane Types of detections generated by sensor: Lanes and objects v
) Boundaries Detections D Required interval between sensor updates (s): I(_)abr]zgtzrﬁgly
Required interval between lane detection updates (s): Lanes with occlusion
Lanesandobjects .
Vision Detection Generator 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

MATLAB EXPO 2018 35



Create highway double curve with drivingScenario

Road and driver path

Driver
waypoints
simulate
distraction at
curvature
changes

MATLAB EXPO 2018

200

1450

1400

1350

1300
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1200

1150

1100

150

X (m)

4\ MathWorks

Driver distracted at curvature change
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Simulate distracted driver

"4 Figure 1: LKATestBenchExample/Bird's-Eye Plot - O X
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Simulate lane keep assist at distraction events

4 Figure 1: LKATestBenchExample/Bird's-Eye Plot
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Compare distracted and assisted results

= Detect lane departure
and maintain lane
during distraction

MATLAB EXPO 2018

Road and driver path
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Driver asssisted at curvature change
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Simulate lane following by increasing minimum safe distance

ey Figure 1: LKATestBenchExample/Bird's-Eye Plot
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Explore lane following results

Road and driver path

= Vehicle stays within 1450

lane boundaries - 1400

1350
1300
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X (m)
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200 100 0
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Driver asssisted at curvature change
T
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Graphically edit scenarios with Driving Scenario Designer

4\ Driving Scenario Designer - untitled* - Scenario Canvas o O X

DESIGNER B 2

(2 > ﬁsw El 74
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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

MATLAB EXPO 2018

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
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Learn about modeling vehicle dynamics to develop control
algorithms with these examples

R2018a

_ —
S
2 -6‘ 5
_
e

ControBers.

‘ Copyright 2017 The MatiWWorks, Inc.
L/

Double Lane Change
Reference Application

Simulate vehicle
dynamics for closed
loop design

Vehicle Dynamics Blockset™

MATLAB EXPO 2018
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Scene Interrogation with
Camera and Ray Tracing
Reference Application

Co-simulate with Unreal
Engine and to set actor
positions get camera image

Vehicle Dynamics Blockset™

4\ MathWorks

Controls and Embedded Systems

14:30

Full Vehicle Simulation for

Electrification and Automated Driving

Applications
Prasanna Deshpande, MathWorks
R Vijayalayan, MathWorks
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How can you use MATLAB and Simulink to develop
planning algorithms?

/ Path planning \

50
[T Tl T TT ]

40

" | 1

"

» Ll mm

10

0

10 20 30 40 50 60 70
X
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Robotics System Toolbox introduced:
Connectivity with the ROS ecosystem

Path Following with OF L Rarelel in Simulink

’

® &
@l’

Simulation Rate Control

o 2 e
B ‘ Apply Forces and Torques Path Following with

~ : Obstacle Avoidance in
Connect to a ROS Network in Gazebo Simulink®

= Communicate via ROS = Communication with = Follow path for differential
to integrate with Gazebo to visualize and drive robot with ROS
externally authored ROS simulated system based simulator
components
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We are investing in design and simulation
automobiles

Motion planning:

Plan path to next waypoint (RRT¥)

4u
35
30
> 25
20

15

10

0 10 20 30 40 5

X Rapidly-exploring Random Tree (RRT*) ‘

4\ MathWorks

of path planning for

[Inflated Areas
Planned Path
Desired Goal Pose

'Smoothed Path

R2018a

MATLAB EXPO 2018
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Learn about developing path planning algorithms

with these examples
R2018a

& i M i i n

70

Lo mlll
10 20 30 40 50 B0
X

Automated Parking Valet

Plan path for automobile
given pre-defined map
Automated Driving

System Toolbox™

MATLAB EXPO 2018

UL

Jardir

i, HERE, Garmin USGS, Intermap, METI,

s0m S % < INCREMENT P, NRCAN, Mapmylindia,
T ylvian Way Esri (Japan, China (Hong Kong), Thailand),
s ©OpenStreetMap, GIS User Comm

Animate Sequence of Latitude

and Longitude Coordinates

Plot map tiles using
World Street Map (Esri)

Automated Driving
System Toolbox™

R20]

V2X Sidelink SL-SCH Throughput (%) in EVAS500 fading and AWGN

100 B e o e e S

Z

Throughput (%)

ccccccccc

5 10 5 0 -]
‘ SNR (dB)
-,

Release 14 V2X Sidelink
PSCCH and PSSCH
Throughput

&\ MathWorks

; L8

Simulate V2X

communication to assess

channel throughput
LTE System Toolbox™
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Examples of how you can use MATLAB and Simulink to develop
automated driving algorithms

Sensor models & \
model predictive control

/ Deep learning

a driver path

Perception

/ Sensor fusion
with live data

/ Path planning \

p——
— [T T TT ]
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MathWorks can help you customize MATLAB and Simulink for
your automated driving application

= Web based ground
truth labeling

Consulting project with Caterpillar

2017 MathWorks Automotive
Conference

MATLAB EXPO 2018

= Lidar ground truth

labeling

Joint presentation with Autoliv

2018 MathWorks Automotive
Conference (May 2", Plymouth MI)

Lidar sensor model for

Unreal Engine

Joint paper with Ford
SAE Paper 2017-01-0107

50


https://www.mathworks.com/videos/big-data-data-analytics-and-machine-deep-learning-infrastructure-at-caterpillar-1497292968613.html

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

&\ MathWorks

Road and driver path

Perception

0
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time

4] 10 20

30 50 L

40 £ ¥ o
X

MATLAB EXPO 2018

51



@\ MathWorks

4\ MathWorks

Accelerating the pace of engineering and science

Speaker Detalls Contact MathWorks India
MANOHAR REDDY M Products/Training Enquiry Booth
Email: Manohar.Reddy@mathworks.in Call: 080-6632-6000
LinkedIn: https://www.linkedin.com/in/manoharreddym Email: info@mathworks.in

Your feedback is valued.
Please complete the feedback form provided to you.
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