INTRODUCTION TO

-~ atlFORUING UEHICLE

[ECHMDLOGY

Haml Sjafle

CRC Press

Taylor & Francis Group

A CHAPMAN & HALL BOOK




Introduction to
Self-Driving Vehicle
Technology

NI @ D RIS L33 NG r'.\lﬂ

°JIIHN1!|n ViEN
202 0=

1 ,
[~ 9T

k] ‘_o‘. {
L J

Hanky Sjafrie

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business

A CHAPMAN & HALL BOOK




\
Contents

“

Preface . % << s SHTUL FUO M basnd ol IR xiii
Axthor ... .. UL (BT on belsdentiosiient  B1E XV
Acknowledgment ;i 'vis o wabdd s Basad meibiatbonits Bir xvii
1y Introduction couci sl aie. R o it e e 1
1.1 Brief history of SDV technology . .............. 2
125 -Whatisan SPV? = o= - Do oy et e ol 3
1.3 What benefits does SDV technology offer? . .. ... ... -

1.4 Why do we need another book about
AUIONOIMGES CAFAY == 4 = S aomp 8 s o s ' e 5
15 Whomisthisbookaimedat? ... . . . . . iei im oo 6
6 : Howaisthisbobk sttuchured e . . . . . v i imm s 6
B At D T T T T A T e 7
References & - e s . o = s s maihae 9
2 Hardware: == — @ e e BB Ty 1 by o e vie e 11
21 SensorS Ty R e L 11
IS I L T R R A U 13
21 20 TUDES OF SERSURREE . SRR L TR AR 14
e A T e R 15
T L T e e A e e 17
Bl TR NHC SENSOLS . ~ » . C v . s e e e 21
I T I B R LT . s, . 24
2125 Global Navigation Satellite Systems . . . 27




W

viii W Contents

2.2

2.3

2.4
20

21.2.6 Inertial Measurement Units . . |

5127 Odometrysensors . ....... .
Computingplatform................,,..::
2.1 R KeY considerations . . . .. ... o000
222 Examples of computing platforms . . ... .~

ActuatorInterface v v v i v oo
2.3.1 Components of an actuator I teTiace AN .

2.3.2 Enabling drive-by-wiresystems . . . ... .
In-vehiclenetworks . .. ... ... . Lo T
SETATIRTRY o e S R R

TR e 5 a0 B 0 6 9 Eo 0 o TR S SRR

G LTI 56 0 0 o0 O G OO SRR SRR R S

3.1

3.2

3.3

3.4

I OCAHZATONIIIEEE e .t vs e v e e i e e
31.1 LocalizationbasedonGNSS . . .... .. ... .
3.1.2 Localization based on wheel odometry . . . . . .
SV focalizationbased ONINS, .« o o v v v o v v i Y0
3.14 Localization with external references . . ... . . .
3.1.5 Localizationbasedonlidar . . . . .. ... ... ..
3.1.6 Localization based oncameras . . . . ... ... ..
3.1.7 Localization based on multi-sensor data fusion . .
VI P B e e v e
BN Occupaney gridimapsici. L s L. VS L L R
Sk THEA s e v o O Sl AR R
S IR el At On A T PO R . e
B IO tyDESTORMAPSIRIER . = 0 0 UL UL L oS
O T A N L e are o s s o ¢ s n o si%
B FHTETING A pproach R e s . L L s

BN I AT I tera e v, O, LR R

B2 P AvHCIC I TR ., L. . e s
SSI2ER Optimizationfapproachisss s, . . ... . e

3.32.1 Graph-basedSLAM ............

3322 Bundleadjustment.............
S Dt d et O O R i o o - o5 ¢ o [+ o S o
B4 B FeatUTe EXITACHONMEIMREE L oo 0 o o 0 P s

34.1.1 Histogram of oriented gradients . . . . .

3.4.12  Scale-invariant feature transform . . . . .

34.13 Maximally stable extremal regions . . . -
5312 B ClaSS A OT I i . 10 o v o o v o

34.2.1 Support vector machine . . ... ... .-




Contents W ix

3422 Randomforest . .............. 86
3423  Artificial neural network . . .. ... .. 87

3.5 Multi-sensordata fusion .......... . . .| 88
3.9.1 iClassificationsssemmwaliistiin neiliailed . 000, . . 88

3.5.2. % Techniques o it o BOR, . 1558, ... ... 92

3.5.2.1 Probabilistic appredch $.008. .. <. % 92

3.5.2.2 Evidential apptedch . £5.52..... .. 94

3523 Otherapproaches. . .. .......... 97

3.6 ASummary. semineatemh bebon bl L £ 88 oL . 97
References v . em i e e e L el L i v s TR 99
4 o ATC It CtUTe e e . o o o T 107
4.1 Functional architecture . .. ... ..... ... .. .... 107
4] L e Ce ) o e e 108

2N S VIV | VR R e o e e 109

41.2.1 Route Planning = e T 109

4.1.2.2 Behavioral planning . = T e o 110

4123 Motion Planning e e e 112

45 SEREVehicle controll c it . L 116

4:1.3.1 5 ‘Tane keeping . = 0 e e 117

4132 Adaptive cruisecontrol . ......... 118

4.1.3.35 8 Tane changing ", . . . 1 e 119

4.2 gRoystemtarchitecturest oty 7 50 ST S 120
42 tardwarellayer © . ... L E R 121

422 s Middleware layer ... . . #hesas veelondaed worlt 121

4238 Applicationlayer. . ... . .. sse bsariaanl <L 122

4.3 SDV middleware examples ». oo L vrdid L bk . . 122
4.3.1 Robotoperatingsystem . ... ............ 122

4.3.2 Automotive data and time-triggered framework . 124

4.3.3 Automotive open system architecture . . . . . . . . 126

4.4 SSummaryisesmesaistaresiosoird. D080 L oL o 130
Referen cen i I e it s dbnisbondinrls o & € €8s o & o o s s 133
5 P Ut R A O R e e s s L s v 7S via s sedgais o o 135
O, I PreDATA IO G L o ooy s vy sie sy s vs ved e 136
ST ESHGUSIERVOUL VERICIE '« & vov © $ v vies o oimin o s 136

SN ARV OITCIGIBEVOII IS < D1t v v v % v nis o vmeas o e 136

5.1.3 Sensor selection and calibration . ... ... .. .. 137

v DA A L S 138

D2 ISR OBEIISOURCRICALCOMITOL '« \ v o v 5 5o v «a'h s o« 139




x B Contents

5211 OSCCcontrollers ....... .
5212 X-by-wiresystems . ..... © 149
5213 CBCCsofhvare........._‘.:"lﬂ
522 Installing middleware and device drivers , = 141
RS MEEREA ek st ool 143
5222 #Sensordfiverscionl L {00, 13
5223 CANdrver <............. 4
523 Implementing thesoftware . . . . . ... . . b
5231 Hand-coded development. .. . -
5232 Model-based development . .. .« %
524 Map buildingand localization . . .. ... ..
525 Readingvehicledata ............. 149
526 Sendingvehiclecommands.......... 150
527 Recording and visualization ........ . 151
5271 Recording and playing backdata . . . _ 151
5272 Visualization using the RViztool . . | _ _ 13
53 Teshng .............................. 152
clo b LR O e B T 153
532 Integrationtesting . ................. . 153
ST ESPSEEDNEBSHARE L Vi v s v s e 154
el T O e 156
UL ST TS e S 157
A e e e o S R e S S R U 159
6 Othertechnologyaspects ...... .. i, 161
G4 FURCHONN Saletp R ORREL aeis g 0 L L L 161
6.1.1 Why is functional safety important? . . . . ... .. 162
612 IO 2662 NS SO R o T L L 162
6121 Safetymanagement ............ 164
6.122 Engineering processes and requirements 165
6123 Automotive safety integrity level . . . . . 166
6124 Productdevelopment ........... 167
6.1235 Production and the safety lifecycle . . . . 167
6126 Supportingprocesses ........... 168
Sl T O G A G 168
62" Cybersecuriiyh ' RIS & 0 . . L L. 169
6.2.1 Why is cybersecurity important?. . . . . ... ... 169
6.2.2 Automotive cybersecurity standards ... ... .. 170
623 SecureSDVengn . . . . .. . . . ... oe 172

6231 Securehardware . .. .. .......«> 172




Contents B xi

w

6.23.2 Securesoftware . ... ....... .. .. 174

6.233  Secure in-vehicle network
communication . . ... ... ....... 176
6.234  Secure external communication . . . . . . 181
0.4 cChallenges . AV it iy ioi ' oponty 0 il L1, 184
6.3 Vehicle-to-everything communication . .. .. .. 185
63.1 WhyisV2Ximportant? . ......... .. .... 185
.32 i VaxX standards sk ot L aa b L 186
0,3:3 VA USe CasS \ « « .« . o leminii, BT 188
6.33.1 Road work WATTING ..o SAREEEE. 188
6.3.3.2  Road hazard and accident warning ... 189
6333  Traffic light phase event . . . . .. .. .. 190
634 V2Vusecases ................. . . . 190

6.3.4.1  Intersection movement assist warning . . 191

6.342  Wrong way driver WAaInINg =30 80t 191

6.34.3  Do-not-pass WAITUNG 5 e G e S i 192

6.0:9 VAP use CaSE i ity ores T IR L e e e 193
6.3.5.1  Vulnerable road user WArTing. Josvonil . 193

6:3.6 58 Challenges 'y o el ol 208 REU S S 194

64 Backendsystems .................. ... .. 194
6.4.1  Why are back-end systems important? . ... ... 195

642  Back-end system functions . . ... ... ... ... 195
64.2.1  Software over-the-air update . . . . . . . 195

6422  High-definitionmaps . ... ... ... . 196

6.423  Fleet management . ... ....... .. 197
CRISERERAllenges ik« |\ 5 1w oS W e 197
GOTRSUMINAFTRIIMIARE L | o L dd vl vay v e e 198
U TCTT T 0G0 0 00 st s A 201
7 Applications and outlook . .. .......... ... .. .. .. 207
7.1 SDV technology applications . .. ........ . . . 208
7.1.1  Transportationusecases . ............ . 208
7.1.1.1  Private passengercars . .. ...... .. 208
ehlREePublicshuttles . .., ... .. 209

71183 Lastmiledelivery ............. 210

GaLhlds Road'freight . . . .......... ... . 211

712 Non-transportation use cases . . . . ... ... . .. 212
7121 Driverless tractors . ............ 213

7.122  Emergency-response robots . . . . . . . . 214

7,123 Securityrobots . ... ........... 215




xii W _Contents \

72 Trends in SDV development ateategy® - LLL o 00
o 1 ol tonaryttmemmvosc. . [ 200, G i
C S 2 & Revolutimar ). < - . - - - ]
S etk tocnativdmmsbaniamnd « 5.2, S
73 Trends in deep learning for §DVs sagriler) . ROa
73.1 Applying deep jearning for SDVs . sluiduvs i
73.1.1 Semantic abstraction learning N
7312 End-to-end learning . . ......
ol i ceal i s 1< . A
7.4 | SUMINAEY Rk i e ARSI DE.
Referencest: & Ba et anmmdapeyias ooz sl = £.6.5 0 v
Final WOIdS o s = s vy aaia s epsfs © S 0% 0




Preface

Self-driving vehicles, or SDVs, are a hot topic currently. However, SDVs
are based on complex technology, and it can be frustrating trying to get
hold of information on exactly how they work. This book sets out to teach
you the core concepts that make SDVs possible. It is aimed at people
who want to get their teeth into self-driving vehicle technology, provid-
ing genuine technical insights where other books just skim the surface.

If you are a software developer or professional engineer who is eager
to pursue a career in this exciting field and wants to learn more about the
basics of SDV algorithms, then this book will be a good starting point.
Likewise, if you are an academic researcher who is keen to apply your
expertise in SDVs and wants to know what it takes to build an SDV pro-
totype, then this book should answer your questions. But this book is
also suitable for all technology enthusiasts and journalists who want a
clear and readable overview of the technologies that make SDVs possible.
It covers all the bases, tackling everything from sensors and perception
to functional safety and cybersecurity. It also passes on some practical
know-how and discusses concrete SDV applications along with a discus-
sion of where this technology is heading.

Sadly, there is a distinct reluctance to divulge technical details in this
emerging industry. SDV companies are unwilling to share details of their
systems or the data they collect while testing their vehicles. This data is
regarded as a valuable commodity in the race to teach cars to drive them-
selves. Hopefully, this book will go some way to redress this imbalance
in information sharing.
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