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& SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE SE SE SE
LEVELO J LEVEL1 J LEVEL 2 J LEVEL3 J LEVEL4 J LEVEL5

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
Whhat ‘1°Ts :29 you are not steering “the driver's seat”
uman in the
driver’s seat s o
have to do? You must constantly supervise these support features; When the feature These automated driving features
J requests, will not require you to take

you must steer, brake or accelerate as needed to
over driving

maintain safety

you must drive

These are driver support features These are automated driving features

These features These features These features These features can drive the vehicle This feature

are limited provide provide under limited conditions and will can drive the

to providing steering steering not operate unless all required vehicle under

w?:;t%‘:e‘shsig warnings and OR brake/ AND brake/ conditions are met all conditions
o momentary acceleration acceleration

assistance support to support to
the driver the driver

+automatic +lane centering +lane centering + traffic jam «local driverless @ +same as
emergency chauffeur taxi level 4,
braking OR AND « pedals/ but feature
Example «blind:spot +adaptive cruise Wl +adaptive cruise "le s can drive
Features G 3P0 control control at the Sieenng everywhere

wheel may or
may not be
+lane departure

warning Installed

inall
conditions

Ny same time

For a more complete description, please download a free copy of SAE J3016: https://www.sae, 201806/
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4, [‘17‘1I3ﬂ: https://www.sae.org/news/2019/01/sae-updates-j3016-automated-driving-graphic]
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[¥131: https://www.quora.com/What-is-the-most-important-component-of-a-self-driving-car]
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Passive Sensor Aiflaildlugusudsnlusia 1Fun
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DAL

- IMU Wumuee sl inamianarmansuaseueundnluls
- Camera Wuguwgesisudeyandneiunuyud nanfesudeyailunindwudeiun
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2. Active Sensor fig WULRsTIaNNTUaRURYY I UTBNAIUDINAINFLDNLA Active Sensor

wiazrdaliANUAANYARINUY NA1IAD A1U1T0AS1NAIUUIRENeYaRsRanlUdrnouny

T0g wazdounduitnunfdISud I uveaeulwes M9l Active Sensor udagtinaziininy

WANFNAUAINUTELANVDING U LazdgeuiivanUaoueanin fiae19 Active Sensor 7ilew

TolueueuAdnlulf town

- LIDAR haulpenisuaseiamaseantuiiiansiaduing

q

- RADAR vhnulpensudesmduingeaniiivensiaduing

- IR Camera vulagnsuassuasduriisaeenluieasyiouiuinglunainanshu

- Ultrasonic viamulaenisuaesaduidsseaniiiiensiaduing

LIDAR *
Light Detection And Ranging

GNSS

Global Navigation Satellite System

IMU

|ner!|al MEBSUYEI’T\EI’\I Unll

CAMERA

PASSIVE SENSORS | ACTIVE SENSORS *

o
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IR Camera ¥

Infrared Cameras

Long Range RADAR *
Radio Detection And Ranging

Short & Medium
Range RADAR *

ULTRASONIC *
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[ f1un (E‘U‘%ﬁ&l): https://www.wired.com/2017/03/autox-slaps-50-webcams-car-make-drive/ ]
[ 137 (E‘UGU’N): https://www.independent.co.uk/tech/self-driving-car-crash-racial-bias-black-people-study-

a8810031.html ]

JUN 2-3 nsldanundesuuenusuddnlula

[ Aun: https://www.kdnuggets.com/2022/07/bounding-box-deep-learning-future-video-annotation.html ]
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https://www.wired.com/2017/03/autox-slaps-50-webcams-car-make-drive/
https://www.independent.co.uk/tech/self-driving-car-crash-racial-bias-black-people-study-a8810031.html
https://www.independent.co.uk/tech/self-driving-car-crash-racial-bias-black-people-study-a8810031.html
https://www.kdnuggets.com/2022/07/bounding-box-deep-learning-future-video-annotation.html
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1¢ Insnsi Camera Calibration agl@¥umsnfiinesiddny 3 nau léun
1. Intrinsic Properties 1{u Parameter fisnaudioqnautfvesaudfinnssoguuiindas vil
wihiiuuas 3D Point Tulana3e iu 20 Point Tunm
2. Extrinsic Properties 18w Parameter fivsusnsiunisaindsaviaudisuiusumiadneds

3. Distortion Coefficients 1Tu Parameter AUUaNA98N¥ULNISUATEIYBININ

U7l 2-4 nsfadenmesnmannaud (jUdhe) warmsudnistndennnaud (GUun)
[ 9111 LearnOpenCV ]

gll‘ﬁl 2-5 n15%11 Camera Calibration

[ un: https://www.researchgate.net/figure/Calibrated-output-image-of-the-Raspberry-Pi-Camera-using-
OpenCV_fig3 340252770 ]


https://www.researchgate.net/figure/Calibrated-output-image-of-the-Raspberry-Pi-Camera-using-OpenCV_fig3_340252770
https://www.researchgate.net/figure/Calibrated-output-image-of-the-Raspberry-Pi-Camera-using-OpenCV_fig3_340252770

u fx O cf [m m2 m3 X

Y

s|v| =10 fy cy| [t ™2 ™13 t; 7
] O 0 1 T3] T3 T33 t3 .I

Extrinsic properties
(Camera Rotation
and translation)

2D Image Intrinsic properties
Coordinates (Optical Centre, scaling)

3D World
Coordinates

Distortion coef ficients = (ky, ka p; ps k3
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vosimguiadeatu nmainndosusiazin arliimumisnmvesingiuandraiiu LLasmWLMEhﬁ?u%Qﬂ
lvatradunmedelvaifidenit Depth Map lnenmnain Depth Map axfidnwazilunindunas
wardayalu Pixel 3wUansA1AUIvRTinglunMINNSBIUsaLF? %asﬁagaiu Depth Map @13138
ildnnameanudnvesinglulanasale

Observed point

P

Disparity

T €T To
Y1 H B H Depth
. Epipolar line H .
LRt CEEEEE CEERERECEEE T | EEEEPPTTEPPEERY TR .- D
Focal Imagf_-d point Imag?d point Focal
length P D2 length
f f
Captured image Captured image :
Ii(z,y) Iy(z.y)
I Baseline i -
Camera 1 B Camera 2

gﬂﬁ 2-7 watA Stereo Camera
[911: https://www.mdpi.com/1424-8220/22/23/9050 ]
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E‘Uﬁ 2-8 Stereo Image NWmALA Stereo Camera

2.2 lam$ (Light Detection And Ranging: LiDAR)

wulwed LIDAR Wuwuwesilduaslunisnsiaduing Tng LDAR Afesldlugusudsnlusiily
#aqu e 3D LIDAR Bsmeludimumefussnmilaziiuvasiiiinuas Tnsuasazgnisluliagiiouu
nszanfiannsaviu 360 samilagsey Jsenunsauiuspeiiieuasislunnnsenufuingiiiaugs
uaneerulel Welawesazieunduinaninguingwuwes iwesazgnagieunduluisiiuuas iile
Uswanaua uaziansaningfinsaduldnely sl nasuusyssan LDAR ldsuanadenlutlagdu
fio nssuunmudunuty (Layen) flannsonsadurugsosinglél 19y LIDAR 16 1du Ao LIDAR 7
annsavdesuannly 16 @iluwuaunuds Tas LIDAR #iflsiuau Layer 1nn agiisianumnandn Lidar 74
U Layer Uow

U 2-9 iguwes LIDAR
[7un: Velodyne]



Tilting mirror

Optical rotary
encoder

Servo motor

dptical rotary
encoder
Laser source

Receiver

sU#t 2-10 nalnnsvieuues LIDAR
[7: https://www.glsun.com/article-p180-types-of-lidar-technical-architecture.html ]

Laser Sensor positions in VLP-16 scanner head
JUN 2-11 nsUdpeuasosauees LIDAR

[ﬁm: International Conference on Methods & Models in Automation & Robotics 2017 ]

fiail Foyailléfuain LIDAR Tasdaulvgjusznauludie 3 a1 fail ssazvna (Range, 1) yiuna7n
(Azimuth, @) wagyaLeg (Elevation, B) Wnendumssmuasumisvoad manglufitaidda (Polar
Coordinates) sdndusiodldnsduimmunguisiinadd (Trigonometry) LﬁaLLUmﬁﬁLmﬂﬁmqmﬂ
fiffadst (Polar Coordinates) T dusundsvesingluiiinesideu (Cartesian Coordinate) Fadu
fifaflanansafiuyuddues uazannsavhandlaldheniiidadsta (Polar Coordinate)

Target

\

1
a VAzimuth M |
; ST

AN

Lidar &

xB
JUN 2-12 Toyanlasuannisuees LIDAR
[P https://www.researchgate.net/figure/LiDAR-range-and-bearing-measurements-with-body-

frame_fig2 354125102 ]
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https://www.researchgate.net/figure/LiDAR-range-and-bearing-measurements-with-body-frame_fig2_354125102

5U# 2-13 Point cloud #ilé3umnisuiees LIDAR
[ #1311 NVIDIA ]

2.3 1513 (Radio Detection and Ranging: RADAR)
wue$ Radar Sudnmsinuadieadsiuisuiges LIDAR uwiflruusnsnsiluseasBondal

1. Radar ldpduAnglunsmsiaduing

2. Radar Tdusaienanmelunisudesdyarailviladeyaauiii

3. Radar siuenUssinmanusyegynaiingaduingld Tag Long Range Radar aansonsaaduing
Ieluszezlng usasilyaaes (Field Of View) wau Tuvadi Short Range Radar a513aa3798y
Togloluszeylng uwsagilyuwe (Field Of View) n1andn

4. Yoyaildsuain Radar aiiuArII LTINS TEINeTnquAs A IsuLeed LaAN91NTl LIDAR
anunsadnanly Tnsrnudaduivsszninsinguazisuesidunaanusngnisalfonnass
(Doppler Effect) Fsdmalvinauingfagvioundumnainingianuiiasunvasianiaden

MeNUdegoanlUnniiguges

Second-Generation Long-Range Radar Third-Generation Long-Range Radar

Radar Dome - Radar Dome-

Printed Circuit
Board for
Processing and
Power Supply

Body with
Separate -
Connector

Body .

Printed
Circuit Board

- Printed Circuit
Board for
Processing and
Powaer Supply

+ Die-Cast
Backplane

- Plastic Backplane
with Connector

JUN 2-14 839AUsENoUTRUYULET Radar
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2.4 danslaiin (Ultrasonic)

|wuwed Ultrasonic Slimnuadneadsiu Radar ust Ultrasonic azudesadudsaiielilunisnsiadu
g osnnisarudwesndudssiudniausmesriuuas wasaduing Jedenalssesnidy
mMInsTduingues Ultrasonic tufidnsann uenamiunisasfeunduvesndudedlianninssy
Frumisldutiuou wwseylfifiseirtagdszesisannisueasiiila ldannsassyldintagduey
Frudne iedumnanwueesusiilug venandaneuiiidveneumesSansilatindanals
mnufivessnsudiinadonuutiudvesszozneinsniuldveweumeisansiluln dawaliinig
finds Ultrasonic siagfndslusiuuannuusneud ielinsounquueuiunnisnsaduuessnsud
fravun uazmslinusugessansleinlutiagiu Wenlurnedsosuddarudwiiny

Parking..

==

JUN 2-15 nsldauveawuiyes Radar

2.5 Mm3Tudayadniwuiwas (Sensor Fusion)

dlesan wuwesurazviafinuandd uardnvuznsldnuiuandaiueenly madenlfivuees
Fnzan FadudssndusemsWamneusunsnludd Tnedadefimsinnsanlunsidenwuyes
dwsuldaulugueunsnluld@ Ao i%UUﬁﬁ]%ﬁ?%@iﬂaf\]’mL%UL"UEJﬂUI%J\‘i’m NS FIUVDIEIUY
PUADRIUNR LaztodnnanuIuUsEaa
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Electronic Mirror

Replacement
360° 4

Surround View  Blind Spot
Detection

Lane Keeping Cross Traffic Rear Co!llsion
Assist Alert =+ . Warning

: : 360°
Ag,'.ﬁ'm Podo ﬁrlln Detection Surround View
se )

Park Assist

Traffic Sign
Recognition

Blind Spot
Exterior Camera Suvroien%‘,wew DQ!QCQE”I
I interior Camera Electronic Mirror

Replacement
LIDAR

Short/Medium Range Radar
I Long Range Radar

JUT 2-16 Msvihnusiuiuveaguwesvaeilalug 1R dnlula

[‘ﬁm: https://www.telematicswire.net/autonomous-vehicle-mahindra-and-mahindra/]

Wwuweswrassin ganiven waztoldaunnaienuly Lﬁ'aﬁﬁmmLﬁaﬂLszful,szja%ﬁéfmmﬂ%’mumu
Podesng 9 udr eanuieueesildnuivannatesin Finsiwuesiviwiafuuiusesiiana
Sy Azaansavawedeideveaiusasiuld Megradu MsvieusIniusEring 15ans (Radar) Wu
wumesnEdediniTosnsduuntssinning minmaduveuesing uaznsnmduiduiaunuy
uazndes fanunsavnedediiavensons (Radan) Hu avanmnsnssuuiluldinuuugeidutedidn
18 usoghalsinu szdosfinisiamunsanesuiienisldnusiufuseninaeumesian i 399z
wsdeyalaegngneies warilusyansam
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Sensor fusion will provide redundancy for autonomous functions.

Sensor function ratings

. Good @Far @ Poor

Ultra- Radar + Lidar + Radar +
lidar camera camera

)
2
=%
]
]
c
o
o
]
@
o
2
o

Camera

Object detection

Object classification
Distance estimation
Object-edge precision

Lane tracking

Range of visibility
Functionality in bad weather

Functionality in poor lighting

Cost

Production readiness

Radar and camera most likely combination in next 5-8 years, although solid-state lidar and camera' will be

dominant in the long term when proven and integrated into mass-production designs

"Comparison with other technologies not yet possible due to low maturity of technology.

McKinsey&Company

U 2-17 PrwiansnsavesLie fusaz il
TnedoyafilssuanumesuazUssinnazgninuiiunssuiunssadeyaanieuees (Sensor
Fusion) Fafunszuiumssiunudeyavesaumesuiazuszian ievilvinszuiunmsnsiaduingd
auusiugnnty Tasedeaauivesisuesusazeinaifioanynseuveasuesnvionis lng
N3¥UIUNNT Sensor Fusion Lilensaaduinganansautseentiiu 2 Ussiam 16iun Early Fusion uag
Late Fusion
1. Early Fusion 1unszuiunnssudeyaiiu (Raw Data) veawuiwesidnsnedu neuflaziing
n3EUILNIRTITUTRg WU msthdeRaniwuwes LIDAR fianinsansiaduszegisvesinglé
agausiug lunisuUasdeyanuszezring uazay (Project) asuuamildannndes Tuvesd
ndesazasaduing uazidonulnadiauls (Region Of Interest) antiudsihdeyaszersindly
'U%Lamﬁuuaif\gLﬁuﬂﬁagamaﬁmqﬁmmﬂéﬂﬁﬁaLLamﬂugﬂﬁ 2-18

Early Fusion

3D POINT CLOUD o
Point Cloud 2D Projection 2D ROI Matching

2D IMAGE

° 2D Object Detection
gﬂﬁ 2-18 N13v11 Early Fusion
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2. Late Fusion Lunszuaunssndeyaingiinaduldveusasmumesitrfediu sndetis
WU Uayadn LIDAR uar ndes gnleuidng Classification Machine Learmning Model Faazld
foyatngiinmadulfveasueesusorsiaoonin MniuSsiinsufuduoyainginsadu
161ae75 Late Fusion FathAsilssumnudesluiiagtiuilesainnsfamn Machine Learning
Model Tutlagtudsnalyiisumesusiazuszian i Machine Learning Model fianansatianld
numsaduingleogsarain wazilnnuutugngs duandlugud 2-19

Late Fusion

3D POINT CLOUD o 3D Obstacle Detection

D Projection

B

L~ N

E‘U‘ﬁ' 2-19 N1591N Late Fusion

BNi88719MIYH Late Fusion S¢vinandos waw LIDAR Huaglésudoyaun 2 g uandluguil 2-20
ile léteya Boundary Box vesingiinsraduldtiueuimesusazvdiauds nsvuIunIs Late Fusion
avthdaya Boundary Box nfimnsansaufuiimansiaaeuinglasfsaonsugeidugniouniiousy
viselal Inefinsvuaunsiilendszendld 235 fle Intersection Over Union (1oU) wae Kalman Filter

JUN 2-20 Yayaiildannndes (@e) uway Toyanilaan LIDAR (¥31)

P59 2-1 MIUAAAIUBYATIATUIINNGDY L LIDAR

Camera Detection Result Data Format | LiDAR Detection Result Data Format
Boundary Box X, Y, w, h X,Y,2L,wrh
Confident Score conf conf
Class Confident Score clsl conf, cls2 conf, ... clsl conf, cls2_conf, ...

Intersection over Union (loU) ifun1sewiamegiuuanusivlavesdoyansaesuseinn diunns
° X 4 a v YY) . Y & A &
ATUIUNUN Boundary Box Ngaununu (Intersection) 1135038 NUNTINVDS Boundary Box V9@
naes (Union) 38n31A1 loU Tagan loU agliddnlng 1 Wenavean1snsinduingiinuaaieaieiu
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Matinsguuns Fusion medstasiiveids Inevnan loU aldsndnndmunld deyaingazligninly
f1seusie Tunenduiu mnen loU AladAmnnIAinualideafiansanfnseuIunIsauILm
srgyvinavesingaanaivansaumiey

Area of Overlap

loU = =
Area of Union

Poor Good Excellent

g‘d‘ﬁ 2-21 NMSAUIAKUY Intersection over Union

Kalman Filter Tuynangud] fie in3esilelunisuszanaun State 9ndoyaitinls (Observation) uay
State fiHusneIsEUY il Kalman Filter anansathanuUszendldiunsrsdeyaiiinldaneuses
2 Usmalsl Tnewaiildazidurfignuiuliivanzan (Optimized) nanafe mnldfan Kalman Fitter Tt
\uszeziatuiu Jeyaiiaiain Kalman Filter aziudoyaiigniesiian Tag Kalman Filter 98]
nszvIuMslumaU TR

1. uasdeyavessuoiviaosssavlvegluzuuuuifieat

2. ﬁwmmmﬂ'ﬁmmLﬁ?iaﬁ’uiwdwﬁagaﬁﬂaawﬁm (Kalman Gain) 91nALARNALARBUYBINAGHS

filsnnyndeyaneunth

3. fumadwsildainns Fusion (Estimation)

4. ﬁmammwmmmm‘ﬁammmaé’wé (Estimate Uncertainty)

5. yiddie 1 - 4 Bnadalaglddoyadaluildunnisures
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Predicted state Optimal state Measurement
estimate estimate

U 2-22 nqwfin19vin Kalman Filter

NNNsEUIUNTRTINTUTRY vl usudsalusiinsuisihumiwesing i natlanaimis us
ognalsfinm Teyasunnd wazmmsadudnyadeyaddydmiveueudslui@ ielymsuds
ngAnssuvosinguinzeia Fatunszuaunisinniuing (Object Tracking Fedianusudulunns
finsaniringiinsaduldluudazdrsnanduingietunield S1ingfingaaduliduingieadu
Fayadunisvasinglunaiang g avanunsaidrudwialudeyaninuiuazanusels oy
N32UUN1T Object Tracking lutlagduiiniswauniueg1euinefin1std Machine Learing die
AnmuingiiuduuredalsAfingzuaunis Intersection over Union Wag Kalman Filter 711414
N3¥UIUNTS Sensor Fusion §aaalasuauiien wasiunUssyndldiunszuiunis Object Tracking
o¢) Tnemsdeudoyandeyaeumedieiintu Wudeyaiilianmsnudeyaaineuses (Sensor
Fusion) Tuasnsiuuny

gﬂﬁ 2-23 N3 Object Tracking

N1SUIUNITAATIIEVBY Perception Process UadenueuAdnluds Ao nsvuIunIsneInsaliums
&/ . . g & [J v o P
28330 (Object Prediction) lnenszurunsiilunszuiunsiueidunianisindeuinluouianves
Tnns1a3ule edeyarina1IuIfiasanILKRLNSIATBUTIveIE UBUASALUTR nszuIunIsll
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annsasuiunistilae nmshdegasumia A wazas #iléan Object Tracking 1AW
ruanmInsadamans leviduninisiedeuiivesinglusuian wiogslsffiosanteyadils
PNLUEDIUNTF Y r18d3UNIU (Noise) dqmalﬁ%gaﬁléfma Object Tracking Huilnansznuaas
deyeyrausuniutzduageie nsyuIUNIs Object Prediction JainAuinilagAvuntainne 3 au fe
fngianausudadunsil (Fixed Linear Velocity) fngfinanuiadeyunsd (Fixed Angular Velocity)
wagIngilmnnisensil (Fixed Acceleration) sntugiimunenathdoyaiildainiis 3 dosiaunsuriu
s Kalman Filter iflevnidunsmisiadeuivesinglusuemdusugarinelé

;J‘Uﬁ 2-24 n15%1 Object Prediction
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INNTEVIUMIAN 9 Ananuludeiu ansoagunssuiunsiioademuaunsatun1ssus

[

Y

YDIULUARDALUNR 1A 9Tl

1.
2.

wuigesuiazviavimininsaduinglaesoueseusuddalul
Foyarviilinnidusesusazvinazgniloudignssuumsiinneideya (Pre-Processoing)
dievlvidoyavensuweiutaraiadmuminzaniionilusuiunsdoluludunouns
M3193U Mg

Foyairunszurumengideyavesumeiusarain awgnioutingnizuiunimsadu
g (Detection) AidfiunsusnfumumnuisnzaivessuresuLiaz i
Foyaiiléainnszuiunisnsraduing (Detection) 9zgndaringnszuiunissaudeyasin
W3 (Sensor Fusion) lelsfumisiigndesvesingiignasiaduls
fundsvesingazgndeudngnszuiunisnisinaiuing (Object Tracking) Lilofuanmn
ANILST UaTAILTY Vasinguaasile

AIUVUY AALEY waTAIALeeeTRg dvgnasludinseutunisanine nszuIuNIIeINTel
suiswesing (Object Prediction) iefummiumislusunanuesinqusiazaiin

Raw data

Pre-

Camera — Detection

Processing

Pre-

. Detection
Processing

Sensor
Fusion

Tracking Prediction

Pre-

. Detection
Processing

Pre-

Ultrasonic Detection

Processing

gﬂﬁ 2-25 AMNFINTYINUVBY Perception
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unil 3 AENNNTATUNITIEYAIMIALY (Localization)

Auanansalun1sseysdiunia (Localization) Ae nszurumsiivinlieusudsnlufAnsiuis
dumiatlagtuvesiiesdauteyadifydmivnsnunuiduniavesszuududsnlul@ Tne
n33UIUN1S Localization anunsauuseantendu 2 Uszian laun GNSS Localization A9 nszuiuns
TLUMUMLIAI85EUUINNNAIEANILTIEN uazVisual Localizationfa nsyuiumsszysuwmviilagende
foyanneuseiiRakioguUsnnToUTEuR
3.1 NITTYUAMUIAYTZUUAI BN (GNSS Localization)

GNSS Localization #38n358UUN1558UALMIIAI8TzUUATLTBudiTes LunssuIunissey
sumisifenldanily enfisunsssyiumidnsdwitefefldnssuunmsssyiumisUssanild
asmliﬁmumiixqﬁwLmﬂqéhs%%ﬁﬁﬂ’nmt,ﬂué’ﬂﬁ@?w uazvniienns wieguassauuasdnyaai
dunnsruunufisatihses favdsasomuusluivesssuussysumidld vetmndesnisliszuy
GNSS Localization fiauusiugunniudslussiumuiiuns szruusrymmiasndudelasudya o
uhlvananniiniaiiu (Base Station) iilesasaunaInAdouvaINITTEYRuLdld udagrdlshd
msassaniimaiuidodite Wesmnuiazanansonszredyyaudleifauusgildngly
$afl 50 Alawwmsiintu

JUN 3-1 msszysumisiag GNSS

fv o a gj 1 (Y va Yo Y o 1 U

gunsalfudayayias GNSS finnsegenueuisnlulid aglasuderulunisseydumis s atagdu
TugUiuuves azfign aosdyn wasdafiyn wisgnslsinny nszUszananasumislugueudsnlulf
v gy ° & = 1 P Y 19 a Yo . .
dnlivmhevesnssvymuniaduans dedansaldnuliandeyanlaniuunain GNSS Localization
loviuit S1dudesiinsulamiiennasign adyn uazdagn Widuwiuwndmiviedu wes lay
nisluszuuiiiandedld Ao Universal Transverse Mercator (UTM)

UTM Coordinate Systern tunszuiunisuuadan azfgn aesdgn uazdanyn Widuniiewns
lnedigariuila (Origin) ag#iaziyn wazaodgai (0,0) 5vuu UTM Coordinate System aguuaiiuii
vaslanlumsne uazinupduniswesgadnvemsusastandussezraseninganiila 39019
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wlaAashign uazasadgmiu UTM Coordinate System vilalasnisiuSeuiisusiumilanlasuain
GNSS ey #1519U99 UTM Coordinate System

UTM Zone Numbers
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Peter H. Dana 97/94

5U#l 3-2 UTM System

N3¥UIUNT Dead Reckoning iudnnszuiunisfitrsuniveteinnainuesnisssyiumisie
GNSS Localization lngafedayanumninsudaduy amusnuday wasauswessosus Inedeya
AUANUSATLEY ANILEUTI wazauswassaeud azgniundwanludunilagiuves
S08UA AANEAAINUNITUIUNTS Object Prediction mmfuszw%ﬁﬁagas‘f%mﬁqﬁléfmﬂ GNSS
Localization wazdilsarnnsfunsnsaniu (Fusion) K1u Kalman Filter lilevnduvmisilusiugwes
soeudsnluda o Jagdu

GNSS receiver MU
Pseudo range H GNSS doppler Angular rate H Velocity

! v

‘ Position ‘ ‘ Velocity

Yaw rate

Heading / Sideslip angle
Estimation
‘ Trajectory Estimation ‘

]

v
Position Estimation

gﬂﬁ 3-3 N3¥UIUNTT Dead Reckoning
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3.2 NTITUUAUMIIAIBIRWRRS (Visual Localization)

Visual Localization L‘ﬂuﬂizmumiizqﬁ'}meimamﬁa%’auﬂaa’mLsszszia%ﬁaw??aang%nmiaU
sopus Tnsweumesildsuamudienldlunssuiunsil Ao LIDAR iosnn LIDAR uewse$illitoya
Fumisvesingdimsiusasudluniownsls uasteyaildFuandauusiugngs desaliiumied
I#Suannssuaunsifiautusigedoduiy wiogrlsfinunssunidndufeodetoyadids
nanfe Teyaunuiininuazidengs (HD Map) ieiludeyasnsdedmiunstirdeyaiildsuain
wuwenTouiisuiudeyadneds uazussilumiumisessasudsalusiRvunsuiiamazBongs
(HD Map) Wisuiaioufiuinilusasudfiendedoyaainnisueafiuanuiisng 4 sousasa wagiiun
Wisuiflsuiuusuifieglueamsssin aanudisng o fueaiiu og a Usadle vesusud Fadwils

annsafinIsadayas LT udINAuIlITBsEn N Nitouiule

IIIIIIIII@!IIIIQ

Map Landmark (m)

@ Lidar Measurement (n)

JUN 3-5 uNufiauagtdengs (HD Map)
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Simultaneous Localization and Mapping (SLAM) tfunszuaunisdaday Tunisadiawnudianaig
aziduagsdmiunmsldanilussun Visual Localization veseusudsnlui@ Buduainmansesdnuas
ddy vidoTlmosvasanimuandeniildarnisumes o1fitu whsuymvesin niuihdeyafiaesin
f57 Q1 LW 9 e we s uEUASILLR o ATt 7 Wlensuiuniesafi
Waguly a nawing o uda SLAM Sanediin azihdenaiiu vie RAW data veseuwesiingraduldn
asafuunuiinnuasengs Tnedradshumisestoyafivandoyamumis a nardurose e
SelusfAnlananlineunth

fiadl nszvaunsaiisunuiicuasBengediag SLAM Sane3fiu iunssuiunisfiendeaniug
yauadinmansiuge Sdudsfifud fimuneuouinlugd enlduimsgussnounisifiens
Fenmaysnumsdse wazaiausud lumsaausuiimnuazdengs Ahanldaeuluseudsnlua
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Uil 4 ANUEINITALUNITIUNLLEUNY (Path Planning)

AUAINNTAIUNTINUNULE LN (Path Planning) Uesenusuaonlul® aansauvsesnlmdu 2
N3EUIUNTTERY Ao Global Planning ABATEUIUAITINMHULAUNIINITAUNILAETINYDIU UL UR
Saluilf ua Local Planning Fadunsyuiunisnununisedeufiveseusuisaludffiefuiieny
annandeluusnuTe v usUASRLULR

© 2018 Realtime Robotics, Inc.

=

U

€N

4-1 Path Planning

Local path candidates (green)
l Selected path (purple)

4.1 N3TUAUNTIUHUEUNIINSAUNNGIAESINVDIIUBUABALULR (Global Planning)

Global Planning A ASEUIUAITINUKHULEUN WU uAUNITIMNLLEUN1e Ty Navigation
Application ﬁﬁ@éﬁgqagiuiwiﬁwﬁﬁaﬁa niesnouiluilagiiu feg1a9u Google Map Fa1du
n3EUILMIMILNULEUSl TN Bud FosnnsiaziAun1aainan A lUdsan B agdasitu
w@unglatng Tne dane37nladlunis Global Planning @1unsanuseanlasn 2 Uszian laun Free
Space Planning k&g Graph Planning

4.1.1 MIINUNUEUNISUUNUTIN (Free Space Planning)
. [ 1 N o & & va
Free Space Planning 1Junszuiumsinausudunislszianusniigninunldluguguadnluila
Wawnlaeeans1asdlunmingds MIT Ussineansowing Inedanesiiugniaunduunly

[
a

Yz Ao Rapid Random Tree (RRT) lagdanasfiuiidunszurunisneueudsnludf azdu
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Gumdluszaznadu 1 TusndefuaudunisfiazanutsaimaeusuddaluiRlugsgagongld
Iﬂ&JLaumqau 9 avaﬂai'mﬂuummﬂmimu'smamﬂmiuﬂmﬂaaumaamuaumam’lum‘tmvavL';m
nils Mainszuaunmsidsddoids Wesmnmsahadumadunszuaunisuovde slfdumedign
asstuluudarainglimiloutu unsifnunsdlidudunss sasnnaamnedssesmslng uas

(%

[N]
 a

Huneugniieugudsnludfedeuiilanii nseuiunistagldnatlunsAumiduniaunuiiunig
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100 | <
a0 b
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|
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2% 0 20 20 80 ) 100 120

5Ufi 4-3 391 Free Space Planning

Y

YUNBUNITNNNUYDY Rapid Random Tree (RRT)

1.
2.

ﬁuﬁammuumuﬁm 190

AU Node ‘VﬂﬂaﬂU‘\]ﬂVlﬁﬁJﬁJ’mVlaﬂ yinsa¥radulyszninageiidy uay Node Litoifu
Aen198198 9000 EUN19T39 9nTurinnsads Node Tusuuduus lusyy mm‘aummmsa
wasuildly 1 wirean waz Node fiadrslmlazdosldonuonidunis maamaﬂmmqau
Iul,muﬁ

(% ]
a o 1 a o

‘VI']‘U']GZJE] 1 ey ZIUQUﬂi”W\? Node V]ﬁ‘i']\ﬂﬁ/illE]EJM’N‘\]’]ﬂﬁ]ﬂﬁU?!ﬂGﬂﬂ’)’ﬁ% RRVATI bl
L‘U?Jll Node VILUUT\]WL’iQJG]u“U@QLEﬁU‘Uu L“U’]ﬂ‘UQﬂﬁ‘Uﬁﬂ
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gﬂﬁ 4-4 FupauUnn5¥N9UVeY Rapid Random Tree (RRT)

4.1.2 Msnuudumdasadedeyaluguuuunsiu (Graph Planning)
Graph Planning lunsnsunudunialagerdedeyaauuiiiuliluguiuuaes Graph Structure

1a8 Graph Structure azUsznausedoya 2 Uszinm leun Node Bsuansisiumisuesqadmuesauy
viEouansingg way Edge Fanansdanuuiidonudazuend gty tnely Node uway Edge 919U559
Foyadu q wadnld 017ty Aasigean fiemnanistud uazszesmadudiu Wedeyavesauugn
Farulilusuuuunes Graph §aun9zaunsaiin Graph Search Algorithm 3nUszendldifiann
dumsld Tnedanesiiuiifenldun A* staiin1sld Graph Search Algorithm vngnueussaludf oy
s udumaiiagyioumudusiennnin Free Space Planning Wosndumsazgniausuandeya
auufigndnviliaaamihudn

-25-



gﬂﬁ 4-5 71591 Graph Planning

A* (A-stan) L udanesfiunsneusudunisitldlunsdunidunsiduiiaalunsl Tasviinis
finsanszezmaliiumilundy wasmsuszanaszesaivasludadiene dunsdulnen Cost
ENAIREINYY NITINUNUNNSAUNIINGA A lUgagn E e Cost ﬁ@mﬁu 9 (H) wag A1 Cost 5ewing
W (G) Fauandluguil 4-6

JUT 4-6 #01UMT0ITNA0INTIUNUNITIAUNIIAIEY A%
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Funeulumaviiuves A* Sanesiulunsdisiesg

1. Wlosnngn A WugaEudy Teflen Cost widu H vi3e 10 e
2. 7130 B Wdunnsiiilen Cost toeiignfie 2 A lU B e 11 (7+4) wig
3. fign C 1dumMsiiilen Cost Yosflande 91 B U C fio 7 (5+2) e
4

I ]

. 7190 D idumneiidlan Cost Ueeiianda 90 B U D Ao 14 (9+5) niag

=) =

5. V19 E wdunienidien Cost Waenigafio 910 C WU E a3 (0+3) wiae

9
=

Aty @un1afida Cost Woedign Ao wdun1ain AU BlU Cuas TU E Tnedian Cost sauudu
3+7+11+10 = 31 U

JUN 4-7 MINAUNUNTIAUNGIY A*

AT 4-1 MITIERINITATUINAITIIURUNITIAUN Y A

Node G H F = G+H Previous Node
A (Start) 0 10 10 None
B 4 7 11 A
C 2 5 7 B
D 5 9 14 B
E (End) 3 0 3 C

dlonszuaumsneRudunesiiunisudnase deyadunisazgnulasiidudeya Waypoints
~ ] ] ° Y] . 2 Y a o ¢ v = PN ~ =
Werudedemsthluldau Ing Waypoint fie 9na19deWisaauddaaadauiinng wWslilufisganing
@agnsgnsies Waypoint anansaussydeyania 9 Adulusenismunusoeus 17wy fuvimesge
AVIIEIVRITOBUA 04 AT TiFn19N13TVT wawAdansgan s
3.
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JU 4-8 Uang Waypoints 21NMI3HHUEUN 1M ALY e UA SR LULR

4.2 NSTUAUMIIUNUMSIADUTIvaseuBudsaludAfaudafuannuandauluudinusavenuy
BuAanludf (Local Planning)

N38UIUN15 Local Planning aglddumis oy JagUuvessasudainnisii Localization waz
Waypoints 910115911 Global Planning LLasﬁﬁﬂﬁﬂﬂLLNULﬁuVlN%umGLmJ' 1At Jun19919uHLY
Funsluszazyands doandumisdagtuvessasus nedunidniinusuiuasfionsands
annuInaeulag ey Imsmﬁaﬁﬁa;ﬂamﬂizwLsejuLezjaii'ﬁﬁmé?qagjiaUmuauﬁﬁmiuﬂa DITLTYU NS
maLLmuLﬁumaﬁm%’ULﬂﬁﬂ%@ﬁ%ﬁﬂﬂﬁ@Lmsaauﬁﬁaamagumuﬁu 1nnszuUIUNT Local Planning
#fieulda1u fia Free Space Planning wag Lane Sampling

4.2.1 MIINUNULEUNIUUNUTIN (Free Space Planning)
Free Space Planning @435U Local Planning #imMuAd18AdsAyu N1 Free Space Planning

d1m3u Global Planning usiazfmuavauuANIsiAGiaunvassasus (Boundary) egluusiaailndifes
FOOUAWIIUL LNBNISUAUNANEINAUINTD19UIINGTU LASUIIFUNINITAUN

1L, L] L [ SL ] sl
gﬂﬁ 4-9 MIINLHUNITAUNLUY Free Space

Planning

NT2UUNTT Free Space Planning U94n52UUNTT Local Planning 32uan#1991n Free Space
Planning 984 Global Planning lag Free Space Planning 984n52U21N13 Local Planning azande A
Planning Tun1571aunudun s sieli A* Planning Tu Global Planning dnaglunszuiun1s Graph
Planning wiag19l5Aa Tudiuves Local Planning 93gndniiu Free Space Planning Lile4ann
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nsvuIuNsaiateya Graph Structure umsadsanfiuiiteuinsalfifssiufeueudsnlus
Tneuds Graph Structure ms1dluiiuiilndifosfusse waziiszozinanin q fu dewalfosueus
Solulfaddestalunisiadeuditosniinisiauaunuy Global Planning waagnslsd n15919uny
Local Planning Aenseuiun1s A* inAdn1snineing tazailun1sa1uinun 91aliunziunis
Tnulusosudfisienisdgs

U7 4-10 N15a379 Graph Structure UUWUTINg

4.2.2 mMsunudunilagedunisdiasaau (Lane Sampling)

N32UIUNTT Lane Sampling Humsadretemeaasesiintuan suiui Waypoints 7170
As¥UIUMS Global Planning Tnedeamsasiasfiadrstuunlnidu asinnsiuamelddne (Cost)
nzaufierlfeueudsaluiRndeuiinudomanasiuiseld Tnenmsanaldaneaulngas
913001970 3 Fade ldun n3vanedesnnasiagingdu sregrinavesdesaasiuingdu uas
sveviean Waypoints s1dn vl Jadeihluanaldans annsausursasuldmunnumanzenly
anmnisasasludagiud edomisasasdesgnatisuasiuinailditondnasooueud
SnluiRazidenindouiinudemnsasasdosiifl anldanes fianilonaunandsinvnuas fsnny
Global Waypoints o

E‘U‘ﬁ' 4-11 A% Lane Sampling
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$1981971591 Lane Sampling Tugufl 4-12 uanansiiunisveseusudsalusia @ien) idds
indouiiegluiaud winsaduldiiiing @uas) egdumi Jaihmsduadunisesnin 3 s
oA 1@une A @umng B uag iduna C lu 3 wade laun
1. S593maeeeTasiuingdu
2. 338111997n Waypoints %80
3. NNFPBNUBNYBINVIEAN
fiail viadealddeiiunundusesdunssumainsauisesnlfidu 2 Ussiam 1 Alddean
svoga uazATlTIeFansang nande Aldiieainszeginarestesnsasiuingdu uasszeyiing
971 Waypoints #dn 1unsaiwiuatldainainssezmineluniismns uaegslsnadesslunis
FuaAldieresis 2 Ussam frnuwansaiueg
Tunsdlvesszogisvesonsasiuingdu fszepviwesdesnsasiuingduiiatosuaniitves
masstuiamnndesdiasnianiseu snnitesnnad sseziisvesesasasiutagduidiunn
ogalsfid vhszernslumunaniudlidies Wesusuddaluifidendemefifaldaedes
flgn o19identessesitisvessinwesdensiestuingdulies nanlii Aldisasiidnvasly
mMaulannifuiusyeginuestesasasiuingdu
Tuyenduiiuszesineann Waypoints 980 ddeunnuansiieusudsmlusifuunltuiasndoud
WINBENINEUNINEIBANNTT Fo993191571 852829119910 Waypoints ndnties na1ilén aldane
vzilanwazlunsilaiunsaiuszezIeaIn Waypoints wan
lunsdlvasniseenuendeamnaniIeuiaiiouAldieludmssngaans nande Alddeegly
anwrYRIRLTInTINEAans 919 19 viselily Inemntemnasasesnaindesmnamdn anldangly
mnetagiiandu 1 waglunendudu smndesmaasasegludomnadn alddelumnaiasian
Ju o
ol mMsinuAldeveemmanastesuanseglunei -2 wazfinssuiunsiuu
1. U A
- flsveminaenuestesasasiuingdudu 0 vl Cost voaduma A manlails (1/0)
- 5%8¥Y9IN Waypoints Bandainiu 0
- hifinnseenuentaaniwidn (0)
2. Ld#unn9 B
- flsveminaenvestesasasiuiagdudu 1.78 viili Cost voadumis B 10u 1/1.78
- SEYERNRIN Waypoints ManIANUIAY 2.5
- lufinsesnuanyaamandn (0)
3. Ldunna C
- fiszogisanvestesasasiuingdudu 5.74 vidli Cost veadums C 1Hu 1/5.74
- 93HERININ Waypoints #andALinAu 6.53
- dnsesnuenyasmaman (1)
MMIAINTENT 3 Eums wu s B dadlesdian fedususudsaluifandeniiunis
AUAUN B
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AN 4-2 ANTNNITANINATITTI8 (Cost) Vad Lane Sampling

U7l 4-12 fhegramsi Lane Sampling

srovvnaesaIRIiUIngay melald 1/1.78 1/5.74
3281990 Waypoints ¥ian 0 2.5 6.53
N130NUBNYBINNUAN 0 0 1
3 wialailel 3.11 77

V91 ENIUNTEUIUNT NN UEUN1INIIALETY Wunilnsulasdlngjinazegluguuuuves
Waypoints fsfinaniluneunti dwzgndwieludssuuniuausasud iemadensnlusentsdey

guAdnludRliaunsainiouniany Waypoints nausuldegnsgndes wagdasnse



unil 5 Auamnsalun1saluAusa (Control)

ANNAINTALUNITAIUANTA (Control) A NTEUIUNITAIUTAEUAILAGEUTIANY Waypoints 71la
I1NANTLUIUNIT Path Planning Faanansauvseenidudinssuiunisgesde Waypoints Following iLa¥
Actuator Control

5.1 nwmugﬂﬁmusuﬁé’ﬂuﬁaLﬂﬁauﬁﬂqu Waypoints (Waypoints Following)

Waypoints Following 1unssusunisddgfiagitlieueudsmudfiannsaniouiinnudunisd
Musully 1ty suuidmmng ez Wethludsnueueudslutiludusoly Tay
Waypoints Following Algorithm filde1uldazain wazldsearufendmiveueud saludadid
AuLE Ao Pure Pursuit Tnedudnnsvieuduansly fe shnsaunfyevanesserdu (Goal
Position) Tiuneuesuddnluifi TasUnfudrasimusliaavanssssdustinsaneueudslusifdy
Arasil ntudumAesmanden Safianulds ®) fiilisasudludagavanessesdu woy
idouiiseanuiaviiuaausfidaiveglu Waypoint filndsasusiunniign (Nearest Point) a
uanslugufl 5-1 fenszurumssananagldnadnsoonundy

1. vel cmd Ae Auafidaiiueglu Waypoint #lndsasnniign
2. str_cmd fp psmmandsiiduanniaiaulfwenisiedounsasudandurdstagdy
lumemnesvezdy

Geometric Relationship Curve  Goal Position

\ |

Actual Path of Vehicle

E - : ) ‘—En'ortracking
“ITOT cglcylate ~ 5 i

Nearest Posion

Defined Path

E‘U‘ﬁ 5-1 Waypoint Following

NTEUIUNITAIUINTDY Pure Pursuit tiiamsasiannulas (R) aannanluneunin iWunssuiunis
ANIUMBAUIALALNE I bASATANUTAY (R) Mszey Look ahead distance (L) lnesasiaulAsanuigg

MlAanauns

-32-



dx = |gx — px]|

dy = |gy — pyl ,
L
r=dy+d=+d?*+dx?=——
2 xdy
y L2
fratuaglaI r =
2xdy

TgAMMIEmeTiNe 9 anansamlanaandlugui 5-2

A
X B Goal point (gx, gy)
2
4,
,b L
7/ N
’ : .
U4 R
/ . =
d 3 AF
/ . S
/ - “
U4 o %
/’ : -
/ : dx ._‘
4 » .
/ : .
/) . . -
g L: Look ahead : x
g distance :
Current Position(px, py) v %
C H ——fit
< > < .
dy y
d

JUA 5-2 M3AMIMLUY Pure Pursuit

A v vy o Y Ay % N s A v 2 o & % a

dielasaiiaulAsideinsud lunsalsasudinfounaniennuiiin 0swn1sideiveddevsiian
WiiuaernsEnIuduRINTeafnNatde fudusatinnulas daaliaunsomeaiosmnisiells
NAUNT

—_ L ~ P 1Y
S =tan"1 (=) e L fe seorsrude (Wheelbase)
T 9

(%
v o

TneAAmdsnu57 (vel cmd) wasAdseemniaungds (str_cmd) aggnasludaduneu nsaivay
Anseaulusneus (Actuator Control) sialy

5.2 nM3auAuAInszdulusasud (Actuator Control)
msmuAufmnsgiulusneud (Actuator Control) aunsauwdseaniaiiunisauau 2 sedu fe N3
< 4 s .
AUANAILET 1ne Speed Controller uagnsaunugUnsalniglusagud (By-Wire system) 3 szUU
lAWA S¥UU Drive-by-wire S¥UU Brake-by-wire Wag S¥UU Steer-by-wire
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5.2.1 msmuANAIIST (Speed Controller)

n3PUANAING] (Speed Controller) ilugunsaiildlunsaunuduiss uasiusnuessaenud 1ng
AunnurnsmuANgunsalang  3nANIEIswes vel_cmd wazanudalutiagiuvessosudneuiiaz
A1 Fdaauss thr cmd) wazedausn (brk_cmd) Lﬁamuamzwmuamﬁmiﬁaaé’fgggwmmq
Iyl (Drive-wire) uag seuUmUANUINAIEd Al Brake-by-wire) fauanslusuil 5-3

Thr_Cmd Vehicle
Throttle

Controller

Vehicle

Brake
Controller

Vehicle
Steering

Controller
e e ——————————— |

JUN 5-3 msmuRuimnszAulusaeus (Actuator Control)

Vel_Cmd Speed

Controller

Brk_Cmd

Y

Str_Cmd

A4

By-Wire System AD ivw‘wmuﬂmmimmummaﬂﬂsmmq i mawaaummaammmmﬂﬂﬁw 2013]

ﬂiu‘U’JUﬂ'ﬁﬁ@ﬁ'ﬁLL‘UU CAN Protocol “ZNﬂ’iofU’]Llﬂ'ﬁﬁE]?ﬂ3‘1/1191i‘Uﬂ’J']ﬂJUEJlJﬂ']‘IﬁiUﬂ'ﬁﬁ@ﬁ'ﬁiu‘WJ’N

gunsalsng q melusasudt Tnegunsalfiierdestunsindeuiivessnsuiuszneulude 3 szuu il

5.2.2 szuumuauAusswednanunslilill Orive-by-wire)

a Jagtu sovuddlnglaiumnldmussiihunususads Toe Ausslaiagnsiadudiuns

Yosfusilaggunsalinediannseiind fie Potentiometer Fulusadiuniuusuala lnedyaiams

I fidsoanu1ain Potentiometer agidudyaaeuiaeniiusanuliuustunssiudumisves

(% | ! A Y A IS Y ! a r-g v PN o U 1
AULIN NANIAB LLi\WI‘L!iWW’]"\]%QQLN@@JﬂWiLMEJEJ‘Uﬂ‘ULiﬁLWM‘UU@QLL&@QELMEUVI 5-4 1a8 NSEFIIUAULTS

50—

45—

40—

36—

SIGNAL (volts)
= = NN
o h o o o

| 1T 1T 1

o
Ea
I

UNDER TRAVEL
|— PERMISSIBLE

PERMISSIBLE

OVER TRAVEL

sneuRsRlulR anansavilalnensdsdyanaeundeniiianvinAusuilse S suA LT

30 40
THROTTLE SHAFT ROTATION in DEGREES

JUN 5-4 syuumuaNAUsssgdyaam1alii (Drive-by-wire)

50 60

70

80 90

100
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5.2.3 szuumuauuIndudganangnii (Brake-by-wire)

Tuilaqtu Sunltufiagld Hydraulic drive unit Weadraussuthifuusnaglussutiusn wnui
msluemesnadiusnlagnss dudussuuiiieenuuudmiumsldanuduszuuusnilolin Tng
$¥UU Hydraulic drive unit asgndanusig ECU filsfutoyanismBeulusniunain Potentiometer 7
Andagfiutiuusn ileTnsumisesnisimBeuiusn Tasn1svhanumes Potentiometer gasuuiusn
T Sidnwamsiouiu Potentiometer ¥8358UU Drive-by-wire

Brake pedal Service valve (Wr cylinder Hydraulic control
y unit

B —der—om

Pedal ) Iﬁf
simulator&

Motor control

Brake
signal

sinal

Electric control unit

unit
\'chl.clc state é A Hydraulic pressure signal
signal e
'
Mechanical Hydraulic i
— . > § ==& Electric signal
connection connection

JUT 5-5 sguumuauusnaedaanmsbnin (Brake-by-wire)

5.2.4 spuumuUANIBNgumsdyy Ui (Steer-by-wire)

UV Steer-by-wire WaIL191n52 UL Electric Power Steering Fuugunsalyizadiusuie?
g Ul Tngluseuu Steer-by-wire 9xUsenaunig Controller 2 i WiTMINAIAIUANNINEEY
L DT1ABIUTINIUVBINITANLRYINIEGY kazAIUANLILEEINARINLUA I Controller uAnzAIY
- Y A 1w = - =i & Y vy
doansiunu CAN Livedsdayanainisidenlufl Controller NAuANMTIAEIVRIRELN

V9l N5rUIUNSEY Electric Power Steering Tidadumisundelugeeamndesnisgwamundndud
wApdlasutayazunuunsadady Ity CAN 31NUIRUIMBIANIBNAEINANEIDIMNINNGY
(str_crnd) Wuendaaugu 16 fiszuu Electric Power Steering fiasmslsiagnsgnsios

1.Steering wheel

—

2.Angle sensor

\
T

3.Road sense motor

/S,Slcc ring wheel controller

™

[ ]
4.Road sense motor Controller
current sensor: CAN bus—==

&Stccritw

Controller

6.Steering gear controller
7.Steering motor
current sensor

"-._____.
~—_  9.Angle sensor
10.Worm gear

11.Rack and pinion
steering gear

JUN 5-6 sruumuaNndemedygamalii (Steer-by-wire)
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Ui 1 unin

gusuddudiudrAguesnisiung uarnsvudsudinusedriuveast mamuimaluladenu
pudldUBsunlaniitinvemyvdesnanniudisuinismaneusudedusn Turimaiedudiiiiu
1 prusudldimstauwarUsuusanaluladednsdeiiles ieluduanuvaeade anuazanaus
wazUszdnBammsldadutagiu ineglugaiimaluladfdvia uaztlyyruseivgliduniiumm
Ay lun IR IUEUA ﬁﬂ,ﬁlﬁmmiﬂﬁ"j’aﬂ%gﬂmﬂmqmsqmamﬂssmmuwﬁ prusuAanslul
Lildfewarmiiidunmuglunmsidumaidy widensadeuserulanadva waslaswada
fugnusingg vihlvinaidumaiienudaonfouazasaanaunsannd iy
eugudatelmifdntrggelvaifiiendn CASE Fsge3191n Connected Autonomous Shared
uae Electric Inefiusazdfiaumunefiaziendanalulad uazuusldufimdaimunveseusudly
ouAn il
1. Connected (n3i3ausia) enueusiianunsadeusetussuuiaiotnesneg vilfauisodeas
fugueusidug Tnssaieiugiu wasdduTinuan vl viogunsaidu 4 msideusioiitag
diseUaonde Usednsnm uazanuazainauglunislday
2. Autonomous (§alusii) srusudiianmnsaduiadeusienuedaglifeinisnisaiuguain
U wmaluladdusznoudienislfifuines ndes wazilyy uszhuviifioussiiiu
anmwnaeutazdndulalunaidusingy
3. Shared (M15l497ufw) wurdafidunsTdorusudsaudu Wy U3nssasInAUNIA (ride-
sharing) LazU3NsIansTeYdY Sehsansiuusueusuuauuandunsdnsnennsedis
fiussAvBamuntuy
a. Electric (i) srueudildndenuladiiununslddondaloada fwisanuafiviay
nansznUdedsIndon uonnidmelfnnigeinuistusasdalddiefianadusses
Jhe!

The future of mobility and automotive industry in a "C.A.S.E’
centred eco-system

C A S
Connected Autonomous Shared mobility

- Internet based
personal and social
connectivity to be
enabled in the car

- Innovation in high

speed conn: ity
such as 5G offers
platforms for new
applications of
connectivity

= L1landL2

autonomous driving
technology has
resulted in radically
improved safety

- Advanced sensor

suite and machine
learning powered AT
is expected to
accelerate advent of
fully autonomous
driving

= Access to various

shared forms of
mobility has begun
to play a crucial role
in consumer
spending

- Combined with

autonomy, shared
vehicles are poised
to disrupt rental car
industry

- Scale and innovation

basad cost reduction
of raw materials is
enabling EVs to
achieve cost parity
with ICE vehicles

= Environmental

regulations across
the globe are
expected to further
catalyze EV
transformation

U7 1-1 unAniBeseususiasiels (CASE)

[ﬁm: https://www.linkedin.com/pulse/case-connected-autonomous-shared-electrified-

mobility-stefano-aversa ]


https://www.linkedin.com/pulse/case-connected-autonomous-shared-electrified-mobility-stefano-aversa
https://www.linkedin.com/pulse/case-connected-autonomous-shared-electrified-mobility-stefano-aversa
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U7l 1-2 anntinenssumsidensiosugudlyiii
[#111: Sensors | Free Full-Text | Vulnerable Road Users and Connected Autonomous Vehicles

Interaction: A Survey (mdpi.com) ]
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Sensors Interface : : Control and actuator
Comers ! Data fusion Planning - * [Pathitracking
LIDAR scanner 1 | L o a
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+ Mission planning

+ Object detection
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JUN 1-3 amsravesteyatuanUnenssunisieusssugudlnii
[7u1: Connected autonomous vehicle system architecture overview, reproduced... |

Download Scientific Diagram (researchgate.net) |

nsiBeusadeyasnnanimuwindenniouen uardeyavesieusuietoenludinnguen o1i
nsdstoyansaludinu (V2P - Vehicle to Pedestrian) n1sdsdoyaainsaludasadndunils
(V2V- Vehicle to Vehicle) nsdsdogannsalugslassadrsiiugiu (vV2I- Vehicle to Infrastructure)
way dedoyaarnsnlududaida (V2N - Vehicle to Network) nsdstayawmaniigniansiuiuis
V2X 1 aiuﬂaﬁlﬁuﬁmiﬁﬂLauaLLmﬁm%"aqmﬂIuIaﬁ C-V2X (Cellular vehicle-to-everything) @+
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Juwmalulagdild LTE ¥relisueudaiuisodearsisaedveusudaudu dwuanddugun 1-4
lassadanugusanses wazauduauuld walulad C-vax JunguadAglunistuimdeusiueus
gnludlf wsizeueuddesdioyafeaduiumis Ay wasnsfinesduy ludunIetiouas

guUATOUTY Tuiuenfediy susudazdessuilloyaiinsatiuwazeueuAduy deunguiy

Vehicle-to-infrastructure
3D HD live map updates

sﬂw 1-4 LwﬂIuIasJ cvax
[f117: What is C-V2X (Cellular Vehicle to Everything)? - everything RF]
wenNNsAeasmeuensueudliiiugs Sududesiinununisdoasseninsesdusenay
melugmeudlninge eawnerseudlninuseneuluieduees wazssuulnihfiddgywane
Usslan "?ﬁLLGias‘U’i%Lﬂﬂﬁ@ﬂﬂ’li%ﬁﬁ@ﬂvaﬁLLGmGiNﬁIu sheauEiuane1eiu MIaumun1sdeusde
aeluszuueugudliihmuanumnzavesazgunsaliadudsiiddunn Tnetagtuldssuud
Fni1 CAN BUS Gainmsduundsanudilumssudstoyatiy q fuanduud 1-5 waesuil 1-6

Intra-Vehche Networking T T e

CAN - most spread network in the car, some limitations
(1 Mbps, non-deterministic under high load >60%)

e o
- MOST - designed for multimedia using |

optical fiber (up to 150 Mb/s)

Ethemet - mainly used for
diagnostics, high potential for more

[Brake- by- Wi System |
FlexRay - high performance (10 Mbps), deterministic, and secure network r"- \ N
(mainly used in X-by-wire, ADAS, and high performance applications) | F i \
L
Source: Renesas =E-F =ET

U7 1-5 M3ideusiegunsalsy CAN BUS dmiusususiluii

[ﬁuﬂ: CAN bus and alternatives (navixy.com)]
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Dashboard
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diagnostic
cal

Body CAN
Medium Speed
subnetwork

Chassis CAN
High Speed
subnetwork

CAN Node ®

Comfort CAN
Medium Speed
subnetwork

Powertrain CAN

High Speed
subnetwork

Evoque Controller Area Network (CAN) Bus

(Mlustration of some of the key ECUs communicating with each other)

Gateway transfer
messages between CAN
subnetworks

CAN Bus where messages gets
® rransmitted and ECUs (Electronic Control
Unit) can listen, capture or send
messages to other ECUs on the network

JUN 1-6 nwsaumsidensiaszuunsluveseueun i

[ https://www.earth2.digital/blog/what-is-vehicle-can-bus-ecu-evoque-adam-ali.html ]


https://www.earth2.digital/blog/what-is-vehicle-can-bus-ecu-evoque-adam-ali.html

unil 2 aa1UneNIIUNITITDUADETUEUA LWAN

naideuriovaseusudsnluliftubuanain szuufieusufsalud@ (Autonomous Vehicles
System) NA19AD N135UYANIUTLLIANE LAZIINITINNUNUIINTGULERSAN 9 SoURITa LUgnIs
Jousefuanmuandensnsdu (v2x) 1wu msideusedeyaainsaludagunsal (V2D - Vehicle to
Device) N1sdedayaansaludenu (V2P - Vehicle to Pedestrian) nsdstayaainsaludasadndu
nila (V2v- Vehicle to Vehicle) n13dadoyaarnsnludalaseadraiugiu (V2- Vehicle to
Infrastructure) waz dsloyavinsalududniisa (V2N - Vehicle to Network) wagludassuuvuds

932382 (Intelligent Transportation System)
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[Vimw: (PDF) Cybersecurity and Forensics in Connected Autonomous Vehicles: A Review of the

State-of-the-Art (researchgate.net) ]

2.1 STUUBUBUADALULRA (Autonomous Vehicles Systems)
srUUIIIUsUssnludRtuUTznaulumMessuudAy laun

1. Perception (M33u3) viwmhifuianmianaeuseusisasud lagldiguwesang o wu LIDAR
Camera RADAR Infrared Sensors Wag Ultrasonic Sensors ‘ﬁayjamm‘dumai‘méﬂﬁ%gﬂ

PUNLATIZBAL TIUN UMD ES 19N NLAL D UAFIVDIAN N INADUTOUFITOEUR

2. Localization (M332yd1unis) imthdssysduvislagduvessasud lagld GPS uag IMU
(Inertial Measurement Unit) Tayasiunisiazgninluldlunismunuduniaazatuay

SnYUR

3. Planning (N15319ukw) Y vtk uldunsivasadeuaziivssdnsain laglddayaain

32UV Perception Uag Localization Toyaunuil Wagng)asas

4. Control (M3AuAY) mninruAusosudilAd ouliaudun1siewnuly tnslduownes

Actuators #1149



UBNINTEUUNAN 4 SrUuudn Seflszuudosdu q Snvaneszuuiitisadesduszuveusud
Salufi WusEUUEANITSEUL (System Management) ¥utidisanissyuuieounldvinauedng
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DIRECT VEHICLE COMMUNICATION
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[‘ﬁlm How V2X technology can transform your driving experience - iWave Systems]
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[ﬁm: https://newhavendisplay.com/blog/ serial-vs-parallel-
communication/#:~:text=In%20a%2 Onutshell%62C%20serial%20and,sam
€%20time%200ver%20multiple%20c hannels.]

3.1 Controller Area Network Bus (CAN Bus)
svuumsieanstuiiugiunielusnsud (Basic Communication) iuudiym wazdnnisidos
madlessie gunsalnglusaoud Tasuvadu 2 szuundn fe
1. MsiBeusrsuuuaynsy (Serial Communication) sisulasnisdsdeyatiazdn uagls
Wi 14w (Uan) wag 1idu (av) ddemfe Mdarglley wazUsendadunu willdeldey
pruilunsdadeyatn wanzdwiugunsainlifesnsainiigs wu Wuwes
2. MmatdexsioluUBY (Parallel Communication) ¥haulasnisdsdeyanatedamieudu s
aelvimaneidu ddeide Tanuiilunsdsieyags manzdmivgunsalfifeanisaianiag
WU STUUAUANLATEIEUA uazliteide Ao nisldmelivanedurinlidunugs
CAN Bus (Controller Area Network bus) fi9aisuduluiilosasudiuiindesaiuaudidnnsednd
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37019U8IUSEN Bosch Mercedes-Benz Intel Lazun1ineidunig ¢ luwesuidlasiniuiauissuy
"Controller Area Network” (CAN) J1a #9311 CAN Bus ﬂ'mﬂL“f]ummgmmi%"amwé’ﬂluiﬂEJusﬁ
astel fidnelfszuulihdvssans o dnlinun ewldesnaiisedndam Wuanmiiluns
defoyn wawifiosaaiuszuudaniowing q Mifusnntulusneus

-11-



U7 3-2 590U CAN Bus Tusagus
[711: What Is Can Bus (Controller Area Network) | Dewesoft]

Ingszuy CAN Bus (Controller Area Network) W3iguiailouiduiianfidstayaseninagunsaling 9
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[#11: CAN Bus Networking | hazeltontechnologies]
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3.2 N5898151UsEUU CAN Bus
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dedoyaniudrduaiudiAy laedeninu wseiisundn sy azgndsludagunsalyndinngly
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g‘d‘ﬁ 3-4 1935 1UVDITEUU CAN Bus
[7u1: What Is Can Bus (Controller Area Network) | Dewesoft ]
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InuantavualuinIetieazgnaslasiug (Synchronize) ielvaunsasudeyanseuiu walllesain

Y
v =

foyadidslsififoyainan (Clock data) feifuszuu CAN Bus Felailavdauuudslaslug (Synchronize)
v FatUTTUU EtherCAT
CAN Frame Gsfioidufionruiignasluszuu CAN Bus anunsautseonidu 4 Ussian Téun
1. wisudoya (Data frames) imihitdstoyaludlvuasunilmionarslnun
2. wisuvedeya (Remote frames) vinihivedoyaanlmundy
3. wlsunanstoRianatn (Error frames) Yimihiisesudenianans
4. wsuuansnialeneslvan (Overload frames) vimthitsenuaagloneslvan
lagAlnueivesdondnuluszuy CAN fa0a3Unuy Ao WUUNINSFIU (Standard CAN data
message) Wasluuvs1y (Extended CAN data message) e‘ﬁaﬂmmmwmﬁﬁ’ﬁﬁg AD TOAINULUU
WM351U (Standard CAN data message) IxdvuIndanNd1iusEUfINU (Arbitration field) 11 Un
Fearanusodstoninuld 2048 demnu fsainderinunuuvens (Extended CAN data message)
sxflvurndonnudifuszysanu (Arbitration field) 29 99 AN INTaANUUVLINTIY
(Standard CAN data message) 18 On vinlsannsadsdoniulauinia 537 a1udeninu lnsunay
fomnutuaziiziiuy uazanumneiunnisiulufuandusud 3-5

reserved bit
standard CAN data field end of frame  inter frame space
start of frame identifier length

N

| E|!

R

11 - bit

T(D

identifier [g|g 0| DLC 0 to 8 Bytes of Data CRC | ACK ? g

nmow

| | 1
arbitration field data field crc  acknowledge
field fleld

Standard CAN data message

substitute remote request, recesive
IDE signal extended CAN identifier

|

S : S| : R E|l
11 - bit 18 - bit "
(o} identifier R|D identifier T|r1|rO| DLC 0 to 8 Bytes of Data CRC | ACK |O|F
F R|E R F|S
arbitration field data field crc  acknowledge
field L

Extended CAN data message

E‘Uﬁ 3-5 Yoanuluszuu CAN BUUHIATZTU LLasLUUVENY
[711: What Is Can Bus (Controller Area Network) | Dewesoft ]
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FIELD BITS DESCRIPTION

SOF 1 The single dominant Start Of Frame. This bit marks the start of a message. It synchronizes the nodes after an idle period.

Identifier 11 The CAN 11-bit identifier data field sets the message priority. Lower values mean higher priorities.

RTR 1 Remote Transmission Request. This bit is dominant when information is requested by another node. All nodes will receive the request, but the
identifier determines the desired node.

IDE 1 The Identifier Extension bit indicates that a standard CAN identifier (not an extended cne) is being transmitted.

RO 1 Reserved for future use.

DLC 4 The Data Length Code contains the number of bytes in the transmission.

Data '24_ The actual data being transmitted.

CRC 16 The 16-bit (15 bits plus delimiter) cyclic redundancy check (CRC) contains the checksum (number of bits transmitted) of the preceding
application data for transmitting error detection.

When a node successfully receives a message, is ACKnowledges it by overwriting this overwrites this bit with a dominant bit. On the other hand,

ACK 2 if a node finds an error in a message, it allows this bit to remain recessive and ignores the message. ACK slot and ACK delimiter are each one bit
long.
EOF 7 End Of Frame is a 7-bit field that denotes the end of every CAN frame (message).

nter Frame Space (IFS) is the time that the controller needs to move a frame (message) into position in the buffer area. Note that IFS contains a
IFS 3+ minimum of three consecutive recessive (1) bits. After three recessive bits have passed, when a dominant bit is detected, it becomes the SOF bit
of the next frame.

SUN 3-6 SULUU LazAununevesdennulussuu CAN

Y Y

[7i11: What Is Can Bus (Controller Area Network) | Dewesoft |
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=

Joanud15uszysianu (Arbitration field) Wuderuiiszyusavdmsuiudumivungdadaning
lunsaudindinisdsteanuniouiuainuaieluun nueiddeaud1sussydny (Arbitration field)
o a ) aa o W o w . . a YY) Aoy o
weegnazilulnuaiilidnduanudidny (Priority) geafiga lunienduiu Inueniiveainudiiusey
iy (Arbitration field) uniignazidulnuaiiaduauddy (Priority) anige

3.3 wnsguuaslusiapaaiiiaanu CAN

wnsg1u wazluslaroauy CAN duiinnudndunsiz uiin CAN axdulusinnoaiioaniuuun

A 4 A vy ' & | v = | = |aas a ¢ A v
98197 uazelioln ui CAN Wuiigessuumsdstannuiiesegiaiien Wiisnmsinmed wiaidila
toyanglutennuideeaniiiay faduuidmateuiadainunnsgiu wazluslanealiiudunyinenu
melunzauu CAN Wisiiuilsidunisvianuiinnniu Wslaaeaiunidndiigalaun

3.3.1 41551 1ISO 11898

Tunggiu I1SO 11898 fin1sivuaUsznnuas CAN Livaeussinn lagussinnmanuas CAN 4

Tlugnamnssueueus taun
1. LOW Speed CAN Midw§uszuu Fault-Tolerant Systern namfe seuufianunsaviausely
IFudaziindefinnain wiedumailuuisdinvesszuy waldlusyuuiilidesnisdnsnissy
wngs lagdnsinisaneleudeyagegalu LOW Speed CAN Ao 125 kbps Favhlinnsiduane
funuanit CAN ananags wuldluszuunismvay uazuanswavuunaniila nszan
T Wudu

2. HIGH Speed CAN 1l miunisdeanssenineszuugesidfny F90een1s8nsinisdlinngs

o
]

A

wazALiugIvestayage Wy ssuuiusndesdunisdulaa ssuuatuauiadesaIn
diannseind geaudisde wazniieauauesoteud ausilunisaieloudayaves High
Speed CAN agllugaa 1 kbit 19 1 Mbit sig3und
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3. CAN FD (Flexible data rate CAN) 1utao$udigaues CAN Feilnnsdnsinisdsdoyad
Hameju Toyaradernuuniu uarnsdsteyadeamimiigatunn anuendoyaluudas
UYaA1veI CAN 1191551 (Low Speed uaz High Speed) #a 8 lud usilu CAN FD (B
59 6 lud Gaifisdu 800% wenani é’mwmsdﬁa;&aqaqmé’aLﬁﬁ%ﬁiﬁmmm 1 Mbps
i 8 Mbps

CAN FD (Flexible Data Rate CAN) iluszuufianunsaldausauiuluslnreanisdeans CAN 2.0
18 wawdssossuluslameafiamdu SAE J1939 71 CAN Ififlunssruteyauiiiy Tnefugiuuds CAN
FD hunsvenesnnsgiu CAN @amufiszyly 1SO 11898-1 waganunsavinausanfiuszuy CAN @
ey el

CAN FD LHufmdndyfidaelviminsaiuaudidnnsednd (ECUs) anunsausullasusniinisds
foya wazidenvurndemnulilvgdunietiosadldnuaudesnsluiatats Jaqtu CAN FD gn
tharlflusneudaussougas wiilosnnusganinmues ECU Wiutuuasunuvasnnuas CAN FD
anas Jaduifisadesvesnandl CAN FD azgldolusasudunuyndy

SOF Arbitration  Control Data field CRC ACK EOF IMF
field field (payload) field field
1 12 0or 32 8or9 Ooro4 28 or 33 2 7 3
bit bit bit bit bit bit | bit | bit
MSB LSB

5U71 3-7 Feyalu CAN Bus
[711: What Is Can Bus (Controller Area Network) | Dewesoft ]

3.3.2 4193514 SAE J1939

11MI§IU SAE J1939 LﬂummgmﬁﬁwmﬁmﬁaﬁmumgﬂLLUUmiﬁamiﬁm%'mﬂﬂ%muiu
sousTnuwalug wazsoanwadluanigensnt Jagsuiignlélnednanedosusitisaialan Tay
Husnesgruiidununssuunsdeansiild sUuuuneniea mues CAN dailflsiduiifiussloviiany
dmsusausIVnUaivig

SAE-J1939 on CAN

r 125 kbit/s r
B”dge (150 11992) B"dge
] 250 kbit/s | | 250 kbit/s :
r 1 r 1
m Trailer Bus Tractor Bus m

Brakes Brake:

‘gﬂﬁ 3-8 SAE-J1939 on CAN
[711: What Is Can Bus (Controller Area Network) | Dewesoft ]
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3.3.3 CANopen
CANopen tHulUsinasaszauganlddmiunisviiuvesnisaauauuuuileds (Embedded

control applications) lesann CANopen Qﬂﬁwmﬁﬁuuu CAN s8UU DAQ (Data Acquisition) e
\n3esdufindeya (data loggers) flaunsnsunaztiuiindoyaain CAN Aaunsaididedeyaan
CANopen iy Tng CANopen gnashstuiiiolvinisufdusiussewinsgunsallussuuniununis
ideuliintuldietu Inensdeassiu CANopen aunsalideasinussuuauaussiugs vie
Farnvasgunsaifiatiuayuld Tas CAN Bus sunuuiilslaiuayunshauuuut snduidiaunae
aaﬂLLUUizwmuquwﬂ«%’ffs (Embedded control applications) fisosfunsvhauiienuLes
CANopen gninnislagosdnsu1u1g1ido CAN in Automation - CiA Bsld3unisiosaiuly
UseimagesuiTlud a.a. 1992 CA Wunguild/dndnszrisUssmailiiuanamnailsdmiu CAN
CANopen 5835UMsaumansduiisdinain CAN Bus o
1. gULLUUﬂwsﬁaaﬁﬁugwuﬁﬂszﬂauﬁm
- Master/Slave - Inefilvuandadu "master” wazlnuaduq 18u "slaves’
- Client/Server - Ad18/U Master/Slave wailnuanilsirnidiiiudsniiesaos
UIMIINNIINITIOE uazdwoyavatinansie 4 aelussuy
- Producer/Consumer - 1Junnsdeansiidmunlilnansimiiidsdoyalasians
wazillvanditmusliiiminfisudeyatlaeanis
2. Wslnpoanisieansitugiu
- SDOs @msumsivunailyun
- PDOs dmsunsdadeyanuuisealng
3. mM3danislusinggunsal
4. wauynsuing (Object dictionary) Fafunisimundiumsgiudmiudoyaildlunisseen
gunInleng 9 Tussuu
5. anuzvesauUnnl nunmawmedannsadeuvieTidnaniusvesgUnsalluaiots
6. wiuteyadidnnseind (Electronic data sheets - EDS) Faiduguuuulndunsgiudmsu
WauUNINIng g1uleANNazaInlunssnangunsalluseuula
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interface
et
Master/Slave Data types Application Software -
Client/Server } Communication objects } Device Profiles E
3 Consumer/Producer Application objects Device Functionality [
-Zn Functions E
< Network Management ‘ 4 < @
v Synchronization Electronic Datasheet ﬁ
Emergency Device Configuration File S
Timestamp [
Heartbeat
PDO
SDO

U7 3-9 uuaAn uazAILEINTATDS CANopen
[¥117 : What Is Can Bus (Controller Area Network) | Dewesoft ]

3.4 ansdeanslugUuuudy 9

gugudlutlagiu lalldflszuu CAN Wissegafen widsllugadu o ivaelunisdearsanelusa
Faumnsatumudnuagnmslinu wararmannsavedugatiy 4 Inslugaiinulsveslugmamnss
GIUBUA LAl

3.4.1 MOST (Media-Oriented Systems Transport)

Tugailagiiu ssuvansaummilusosudldfunstauvidauanunsodiunniu annsTdo
Ing AM/FM wuuiiunfignldeuannit 50 U ldsumsimunlaiunsasesugunsaliiuiindeya
Aeuen 817 wiU wku CD wazulaslasn Tudlaqtu fuslnadesnts mianduilewnaingunsal

\Aoudl wayinganiiey (SIRIUS/XM® Tugfinnawmilesiaini) esanaenndesiudoansaumaid
AuslarAudulunsmseinusediuneuensoeus
Media-Oriented Systemns Transport (MOST) Ldusnasgiuvesdanlfideuseszvutuliisuaz
arsaumalusnoud gniaulagniulssuiide MOST Cooperation daiduninusauiiovenan
saoust Tnefidnsinsdsteyai 25 50 uaz 150 Mo/s Jagtiu MOST galdlunndviesasudmlan u
uazannsnieusielfigeaniis 64 gunsal Fstaeligunsaling 9 awnsadese visesdnnsideusiold
ag19d1ang Jagiu MOST dnsimunaegiuliviateseau loun
1. MOST25 fisnsndsdoyageanil 23 MB 93339 S1AnliAUszanal 10 kB/s annn1sdwwosya
dwduy 4 fiddyvedusinnea
2. MOST50 §i8ns1nsdsdoyaunnnin MOST25 nilawihduseUszana 46 MB
3. MOST150 #8n5n1sdetayauinni’ MOST50 2 widivseuszunad 138 MB uazseeiuns
Fourerugunsaldu 9 seaeuau (Etheret Cable)
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E‘U‘ﬁ 3-10 Media-Oriented Systems Transport

3.4.2 Automotive Ethernet

Automotive Ethernet Usznaulusheszuuesationelusasusfiiounasie Ethernet wie @e
wau lag Automotive Ethernet dlaifiinasgiuiusedlaenss unognalsii Judnsneusiunssededs
5ﬁmm§’1u Ethernet Vi'UVL‘LJ 817 OPEN Alliance Broad R-Reach %58 IEEE 802.3bw-2015 (100Base-
T1)

W11 Ethernet axiitoflusuninuds wazauiouiilan usn1sld Ethernet lusasudiinig
WANA9INASIYIIY Ethernet nMauensneud 819 Iﬁé’fﬂ’lﬂuﬁa&gmﬁa wiodtinau eswn msld
sdlusasuddesmumsdegamgdiiuandannlueias venaniu nmsldnulusosuddsdsnuas

JaduN@99N15191997001 519Ul UD1AT 9171 NNTAUAZLITION N1TTUNIUIINARDULLLNEN LAy
N3IUNIUAINAREWINY FeeadaaliiUymaunisdeansia 13lsfny Uayvimanifidagniamn
lngAnyineu IEEE 802.3 way 802.1 Tiulunegnanwiineudninas Broadcom NGRS a7
~ | a v Py Y] Y] Y '

%911 BroadR-Reach fiaunsndsdayalalnatia 40 was lngendenisiauiaiedleyadosonann
Unshielded Twisted-Pair sagn1stiiuatadaaiunissuniunieusnbituans denalimkulluunisuie
Uymmsdstayasiu Ethernet Tusagudanadlalusuan
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100 Mbps symmetrical operation using standard Ethernet PHY components

100 Mbps TX « 100Mbps 100 Mbps TX
TR ¢ TR
MAC PHY PHY MAC
100 Mbps RX 100 Mbps 100 Mbps RX
— — —
Standard IEEE 802.3 ~ Full Duplex 100 Mbps Standard IEEE 802.3
100 Mbps MAC interface single pair operation achieved 100 Mbps MAC interface |

Only change is to wire-side, MAC-side remains the same
JUN 3-11 ununiiveenslden 100 Mbps uuasng

1195514 BroadR-Reach gnrindugualag OPEN (One-Pair Ether-Net) Featfuayunsun
Automotive Ethernet anldaulusaeus Ineusnidu
1. Ethernet AVB (Audio Video Bridging) u1% 3§14 IEEE AVB1.0 mamqm‘%mmisﬁﬁ’mwu
ndesuazdeiafdiife uarlunnsgIunnssIu IEEE AVB2.0 saitfunisuszgndldlunis
AIUANY TNV
2. Ethernet TSN (Time-Sensitive Networking) tusinnsgiu IEEE 802.1 penuuuLielfanunse
dstemuiifianuseulmsenanld nande deyafiviosnisdearsnniluasiariidiua
Tag 11Asg U Ethernet TSN 1fuannsgiunszuiumsdansteyavdsansiunisdeansaiu
Automotive Ethernet ud3 $ildannsguvedlusinrealunisdedeya
3.4.3 Single Edge Nibble Transmission (SENT)
3%UU Single Edge Nibble Transmission (SENT) Jussuuiieanwuuniiienaununisdeasuuy
CAN Bus Imaﬁmmgm%’mawmmam SAE J2716 (Single Edge Nibble Transmission) Imasw‘uﬁ
Juluslareatideteyalufieniafion ieliiduesddoyaludminenunuls ddefde seuu
SENT fesmsannuiilunisdeasein
Yoyatignaslag SENT azgaiinsiasie Pulse Code Modulation (PCM) Tuguuuy 4-bit 138
38091 "nibbles” uazgnaruasdygranfivsduiier (uvaziteyaves CAN Bus gndsiiu
aeduan 2 W) aszuuiesnsaneiiios 3 du Tou aedyana @aensg wavanslndes
Tngdanuildwng SENT sinluunn 32 90 (8 nibbles) Usznaughe:
1. Yoyadaaavuin 24 n (6 nibbles)
2. MInTIasuTeranaIn CRC vunad Un (1 nibble)
3. doyaanuzuun 4 Un (1 nibble)
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4 ty t 4 e 4

Y

Voltage

Calibration Header Data Data Crc4

Time

JUN 3-12 nsdsdygyrnuuuy Pulse Code Modulation (PCM)

3.4.4 FlexRAY
FlexRAY \Juluslapaanlddmsussuuauauiunamasieiueus 917 szuumuauwvads

(Chassis Control) gnsiamuntuludl a.a. 2005 1y FlexRAY Consortium @4a319310 551U MUA

¥

AovanURves FlexRAY Tuthfienriu lakAunsgiu 1ISO 17458-1 fiv 17458-5
FlexRAY 1uguuuunisdeansiidsdoyalaasdia 10 Mb/s 1anninausigegauesnisdidoya

A8 HIGH Speed CAN i1 10 111 uana1nil FlexRAY fssasiuanilnenssunatsguiuu o1 Bus
Sar waz Hybrid Aauanslugun 3-13 lag Msdadayariu FlexRAY aunsanseyilakiuaedayayio

1 9139 2 & wonanil falinseenuuullidmiusuniud dwalvasdyuialisiiudedians
Jestunmissumuneuenliluane dewalvinisldssuunsdeasuuuiliinunu wagdmning
Network topologies
Multi-drop Star Mixed
NODE 1 NODE 2 NODE 3 NODE 2 NODE 3 NODE 1 NODE 2 NODE 3
| | A 1]
‘ ’ NODE 1 ‘ }
| AN |
NODE 4 NODE 5 NODE 4 NODE 5 NODE 4 NODE 5
v N
NODE 6 NODE 7

U 3-13 gUnuunsTdaumes FlexRAY

3.4.5 Local Interconnect Network Bus (LIN Bus)
LIN Bus tJudnuilsszuvdeansiignimunuinaunu CAN Bus Inefidafsmuduyuiisanndt us

ag19lsAfn LIN Bus fifedndnaudnuiugunsaifianuisadounsidnszuule lag LIN Bus 5095U
gunIal Master 1 6 uaz gunsal Slave 15 1 Iag szuunsdeaskuu LIN Bus iunisdeansiuy
maded tae gunsal Slave Tu LIN Bus agvimitihnsudyaaaingunsal Master wintiu 1ag LIN Bus

{11955 WNATOUARY AD UIMIFIU SO 9141
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Wesandedndnsuaunsal wazausilunisdsdyanas LIN Bus dnldsumnufioutinun
Uszendldiugunsalussiny wawesuuindn uwasnaeaniuauwiiiy 019 nssanlnih aunsaldes
' < & @ v
aine doausen waziunzlalii (Jusu

aenlananiudiesiy nsdeansnigluguguduenain CAN Bus Alasuadnuiley ainis
doansBnvanguszian NesnkuuNienauny CAN Bus Meausunuuein1snan sauluteniny
wangauiunslidanulugunsaindanuvainuaieannulueueudaislnl Ine nsdeanslugduuy

#19 q annsaSeuiisuiuladaandluguin 3-14

Speed
Data size
Cabling

Topology

Where Used

Error
Detection

Redundancy
Determinism

Cost

LIN
10-20 kbps
8B
single wire
Bus

Sensars,
Actuators

(lights, mirrors,

atc)
2-bit CRC
N/A
N/A

£

SUM
Y

CAN

1 Mbps
88
UTP*

Bus

Backbone, Body,
Chassis,
Powertrain

15-bit CRC
N/A
N/A

i

CAN FD
8 Mbps
24 B
ute

Bus / passive star
Body, Powertrain,

Distributed
Control, Chassis

17 or 21-hit CRC
N/A
N/A

338

FLEXRAY
10 Mbps
2548
uTtp

Bus / Star / Mixed
High-performance

powertrain, Backbone,
Drive-by-wire, Chassis

24-bit CRC

Yes
Yes

358

A high-level comparison of vehicle buses

MOST

150 Mbps (shared)

3708

UTP or fiber optic
Ring

Information &

Entertainment
Systems

CRC
Yes
Yes

1%

ETHERNET

100 Mbps (per node)
1500 B

ut

Star / Tree / Ring
Diagnostics, ECU
Programming,

Information &
Entertainment

32-bit CRC
N/A
Not inherent

35

3-14 Wivuisuauanse waznsunluldnuvesszuusiigg
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unil 4 Bumasiinasswaulasdu (Internet of Things)

Internet of Things (IoT) AeszuuvesgUnsaifilieusaiuiudumesids es1usw uavds

ToyauuulFaneanduwesuasaunsalingg fidlasdesendus wazwmaluladdug Welvauise
uanudsuteyatugunsal uazszuudu 4 dndumedidald aunsadilinisiengideya uazns
dnauladueshetu dwald fuslanaunsoldtoyadenan sldlunmswanigsia anduyu
UFuUgsnszuiumsvihag wagmsveegsialugaenulml q senslideyauuubealveifidedels

loT (Internet of Things) tag CAN bus (Controller Area Network bus) Hunaluladildly

msdeansszrinegunsaling 4 sgdlsinudinnuwanaisiidAgludiusig q dsil
1. ANYULYDITLUY

loT WuszuuvesgUnsalfidenserusinudumesidn ilesiusn uardstoyauvuliane
sgunsadlu loT sfhazdinmslfiduies uazgunsalindevielanedundn Tuvaed

CAN bus tJuszuuinIedreildlusosud uazszuulssau iiensdoansseniing
poufmesniegunsainunuiidaddlusaviegunsalang
. msdems

loT 14¥1Uslnmeanisdeansfivainans 1wy Wi-Fi Bluetooth Zisbee LoRa %3e Cellular
ilensidensiogunsalfudumesiin

CAN bus 1#1Uslnnoan1sdeans CAN (Controller Area Network) LUufiiaw Lilan1s
doasluszuusnoud viogunsallsaanu
. Gateway

Gateway i gUnsaiflvivtAiuvasdeyasening loT uag CAN bus Feiiniiiideans
seriaesszvuiiflianasadeudetuldlnenss Tne Gateway annsnudasdoyaszuing
TUsTnreaes IoT 11U MQTT HTTP CoAP wazlusinmaaves CAN bus Lilel#doyaanunsa
deriuld fedu Gateway Wudruddaiitnelinisdearssening loT uag CAN bus 1July
ogflUszAnSainnazidedeld lnednisuvasdeyaliidriuguuvuvesusiazssuuegis
gnAedlariuszaviam

4.1 aadnenssuvad loT

A15YIN9UVDY loT JTuspounan 4 el

1. Sensors and Devices (Wuiwes wargunsal) gnindaluimguiedsnasineg emurudeya
iy uwesaamginnutu uas naedoulv sy

. Data Processing (MsUsvananadeya) deyafisrusimmnaniduwes wazgunsalazgndaly
faszuuUszinana Wioleseh wasuuasdeyalsdusuuuuiidlase

3. Connectivity (n1513eusio) deyafignuszaanaudravgndsludsgunsalviessuudifesnis
ruteI1sNsITonsenne 9 19U Wi-Fi Bluetooth mi3elA3etieivagans

. User Interface Buinasinadmnsugld) fldarusairtiadayanazaivaugunsaliiunia
Sumesimadildaie 1wy weundinduuuauninlnu neaiiu viegunsaimuaudy o 7
deuariu loT iy
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Sensors/Devices

Collecting data

Data Processing

Making data useful

Connectivity

Sending data to cloud

User Interface

Delivering information to user

SENSORS/ACTUATORS SENSORS/ACTUATORS EDGE IT DATA CENTRE / CLOUD
(wired, wireless) DATA ACQUISITION SYSTEMS (analytics, pre-processing) (analytics, management,
(data aggregation, A/D, archive)

measurement, control)

5UT -1 msdsrveaduiwesing 9 luss Cloud
4.2 msdedns

msfomstuaziintuléiiled Node Ruust 2 Node Fuly nanafie iuiwes wie Node fusn
vihnsfuteyann uazddluds Gateway uazazdeadl Node Sndmilafildlunissruandilaiuan Tne
msfomstuutsoondu 2 Ussim éu msfeasuuuldans Wy meveuns uagmsdearsuuuld
a8 (Wireless) U RF (Radio Frequency) waz IR (Infrared)

mMsdeansuuulianouuy IR (nfrared) Ao Msdeanslanemeuasdurisn desldlunns
ﬁ@ﬁ’liﬁﬁ@ﬂmiﬁﬂ‘ﬁ@yjmﬁﬂ 7 1wu e drunisdeasuuulfanenuy RF (Radio Frequency) fie N3
deanslianefennuding Jamunefnnsdstoyaliaslneldaduudimanlniiidaudlugas
Aauing nsdearsuszianiindenldlunisadiaaietisliatsidu Wi Bluetooth 1a3ate
wagan$ wazwaluladlaedug nrsdearsieanudingrisligunsalannsadearsiulalu
syogmeiisnnimsdeasmeuadunssn uaghidndudesdinsueaiiussninedauazsiiu

Sumesidn wWisuiadouniotieaualug (WAN) isessuiadediaviosdu (LAN) Tngld
sumesiinluslanea (TCP/IP) viwthilldunwiainafideusegunsalsng q vuaIedns gunsal
a9 Ifeansideusetudumesiindniudeasessu TCP/P lnefl Gateway Wisuailoulszy
\FousioinTetneviosiiu (LAN) lihiudumesidn ivithilwadeyasenineluslaneaiiunnsisiu e
Tgunsaluunetneviesfiuainsademsiugunsaivudumesidnls

-24-



4.3 yavasluslaneailédmiunisiossszwinegunsal IoT (IoT Protocol Stack)
loT protocol stack Ao ynvesluslaaoailidmiunisdearssenitagunsal loT uaziadetie
Usznoudevansdu LmawuuwmmuwmauiumiaamisuamaiusﬂLL‘UULQW% Tnetundnves loT
protocol stack Usznause
1. Application Layer suiliieadosiuneundiadu loT Tnense Wslnneaiidenld dud coap
MQTT XMPP gy AMQP
2. Transport Layer fufisufinvounisvudsdeyaszninsgunsal 1oT Tuslnaoafifesld léun
UDP wag TCP
3. Intemnet Layer fuiisufinsounisimundunadogasevitneiotns Wilnaoaiitould
A IPV6 IPva wag IPSec
4. Network Layer fuiifufisseunsideustogunsnl loT diuiaierns Wslareadifeuld éun
IEEE 802.15.4 MAC IEEE 802.15.4 PHY/Physical Radio Ethernet wag Wi-Fi
WonINTUNdnIMEiuda loT protocol stack é’aawiwﬁﬂ%’juﬁm 19U Presentation Layer 1Ju
szuviiummaumiamﬂLL‘U‘UGU@;J@ Session Layer {udufiSufinveunisdanisnsifeuseszning
gunsal IoT way Data Link Layer L‘Uusuuuiuwmaumimuaumﬁmmﬁa
madentustapeadianzaud miu loT protocol stack %uagjﬁ’uﬂﬁwmaﬂazma Wy Uszian
y939Un3al IoT Msldsmves loT 1fleaain loT v1swlindesnns bandwidth g lusaizia3etng loT
vaaiereiinsidenseiidede

IoT Stack Web Stack
TCP/IP Model IoT Applications and Device Web Applications
Management
Data Format Binary, JSON, CBOR HTML, XML, JSON
Application  CoAP, MQTT, XMPP,AMQP HTTP, DHCP, DNS, TLS/SSL
Layer
Transport Layer UDP, DTLS TCP, UCP
" Internet Layer  IPv6/IP Routing and IPv6, IPv4, IPSec

6LoWPAN
Network Layer IEEE 802.15.4 MAC, IEEE = Ethernet (IEEE 802.3), DSL, ISDN,
802.15.4 PHY/ Physical Radio Wireless LAN (IEEE 802.11), Wi-Fi

Source: LOGANATHAN V, Welcome to the Workshop on IoT & Cloud Computing the Coexistence . Available at
https://slideplayer.com/slide/13103760/ and http://www.ismuniv.com/wp-content/uploads/2015/12/coexistance.ppt

gﬂﬁ 4-2 \W3guwigy loT Stack wag Web Stack
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un?l 5 walulad C-V2X dusveusudasielns

[

V2X figpamnaluladdiAgynan Ao C-V2X way DSRC (Dedicated Short Range Communication)
Tnevisaesillassadsiiugiuiiuandreiu Tnowmelulad DSRC Mszuvdoasliansiigonis "wave'
wagltunnsgrudignivunlily wi-Fi 802.11p luvaed C-vax WWludy LTE Fadulufufianansa
\Fouselassirelnsdmilianels wagldinnsgruignimunlilu 3PP Rel. 14/15 C-V2X 41 2 Tnun
nsdoasfiunnstetuy leun
1. Inunie3ods (Network Mode) sasusuarlassadisiiugiusine deansfusedisaudiil
Iesuougyn Mdmiuueundiaduiidiosnisnmsdeansszeslng
2. upnss (Direct Mode) sasusuarlassadaiiugiudoansiuinuuauanud ITs (5.9GHz) @
\Hudaszaniasetniwagans lidmiuweundiaduidiosnismsioasszezlndviuil lnonns
Ty zdsmuntisauddyaadmsunisTdnuiiunnsat
wiail wiieziiauuanefusening DSRC uag C-V2X fluisauadiendatu Ty aeanalulad
dsunuutonnudmsunmsens wWudeatu (SAE 12735 ua J2945) uazsisaeanaluladld Digital
Signature ieliiulaluauasns LLazmmL%aﬁaiu;:ﬂﬁu‘%misﬁamm

Current Spectrum Allocation of 5.9GHz for ITS only

5.925 GHz
5.850 GHz Proposed CH183
Service
CH175 CH181

5:85023.855 CH172 CH174 CH176 CH178 CH180 CH182 CH184

Reserve Servi Servi
5MHz ervice ervice

Service Control Service Service Service

Detection of Transportation
threats and Systems Management
hazards and Operations

Buffer
against .
UnIicgnFed Crash :ystleicrra\'?‘f’f:\cslency
Wi-Fi Warning PP

interference

* Security/Privacy

Transportation Public
Systems Management Safety and
and Op E

gency
Response
System efficiency a2
applications

Security/Privacy
]

Control
Channel
Requests
for Channel
Availability

JUN 5-1 nsivuadeasdysyiasivenisideuly Direct Mode a9 C-V2X

Current Spectrum Allocation of 5.9GHz for ITS only

Channel
5.850-5.855 5.855-5.865 5.865-5.875 5.875-5.885 5.885-5.895 5.895-5.905 5.905-5915 5.915-5.925

- -.....-

dicated Short Range C

Current
FCC Alocated 1999

BSM V21 CPM MCM CACC VRU

JUN 5-2 nsmvuadeasdyayiasivenisideuly Direct Mode a9 C-V2X
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C-vax finmsdoanssewisnsudiusneus (v2v) sosudiulassadisiiugiu (vV2) wagsneusi
AuAuN (V2P) Tnelilassanandetiewagansiifiegudn uazadannuduiusszmitegunsaling 9
il

1. Device-to-device (V2V, V2I, V2P) @ ﬂwaﬁaawﬂmamqszquﬂmaﬂ Tnglisndugosfion
\Sotedmiunisivuanaildiy fegranisiluldou wu nsfeansseninssasudiu
soous sosudtulassadeiugu uazsosusfunuAug

2. Device-to-cell-tower A® msaamisumwaﬂﬂsmﬂuLma' doyaouwagans dioldnsnenns
wazdmuanansidaulueiorns daduduviweinisdemsseninsasudiulasaaing
fugu wazidudrudfgyvedlegiu end-to-end

3. Device-to-network ¥i3e LHumsioasuuugnunmuzginietneilinadensowagariiuy
Fada Baeliorummurannsndeusetuuimanandld legiuiiudiuniesszuunis
foansuuuasuisdmivenumnvug Sreligldannsadifedoya USns waznsSmansins
Hudumesiinla

\19997n V2X (Vehicle-to-Everything) 1duimaluladigaelieruninusaiuisadeansiu
gumvugdy 4 Tassaiaiugiu fauiudih uaziedernsld teifiunnuUasnde uazussansam
Tumaiiums msfinnsanquandituiiugruiiernuvasndelunisld vax fianmddyegien
Tng AuaRvaniisndudediansun o

1. Packet Error Rate (PER) A® 'é"smﬂﬁLﬁm’J’aﬁmwmmiumsﬁﬁazﬂaiwdwmﬁami AU
vanfemuindoiiovesszuvdeas wndldn PER gavanefsdinnsdedoyaiianatnuin 3
anvdsransenuseauUasadslunisldau vax If nisan PER iudesndu lesuuseiu
1 deyafidsszrineumusiarlnwsainsituguasiimiugnies wasiua

2. Communication Range #® izEJ3qu1‘7ié’1’zy}zyﬂm%qmmimﬁﬁagaiwdwqﬂmaﬂ v2X gt
ogeisyAvBa svrilfimnuddnylunsiussiuiteyafiiedesasannsndsded s
1¢luszoznamanzan nMsuia Communication Range $aglemumivuzanunsauia
anuanden uasmnseinAntuluszeylnaunntu shlidnarlunisnouaussiownnizal
fenuintulaatu

ol i‘]f\msmmmaiwmiaamimmammmmLsaaaa Usznaume 4 Jady lauA

1. Everyone fi® mﬁaamiuu 1 Fesannsadeaslifiunnau

2. Everywhere flo n1sdeansiiy i maqmmmaamﬂmmwﬂamu‘m

3. Different Generation Ao miaamiuu 7 fesannsadeansisfuszuulunnineitu

4. Scalability A nsAoE Y 9 foEN1T0v189NT Ul

nsdeansiiaelddndudosiifivsedidlaegredls udarunsaldsulugunvunas (Hybrid
Communication) ¢ fauandluguil 5-3 Tnemalulad vax ansoudsesnifuassussinnudn leun

1. wealwlaBnsdeansszerlnag (van) weluladmadlddmsunisdeassenitssosusiy
Tassadreiugiu wu aoniigiu dygraliasas thevenns degramalulad van léun
3GPP LTE/SG/Wi-Fi v3e alulafiwaganfuinsgiuilddmiunsdeansinsauunauly
Satellite Ai® mwh‘laﬁmaLﬁwﬁiﬁi’fﬁm%miﬁamﬂuﬁluﬁﬁhjﬁé’ﬁymﬂmmﬁaqm% uaz 5G
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wielulaBiwaganisuaaaiisesiuanuifigs ANege wazmumiae degenisiunld
91U wu Mafudeyaanimnsanas viemssudifounlassainsiiugiu
2. welulaBnisdeansszardu (v2x) waluladwmandlddmiunisiearsseninssnsudiv
saoudlaonss ieseninesnsudiugunsaldu 4 lusverlng wu euduauy dnseu foeis
wialulad v2x laun DSRC (Dedicated Short Range Communication) fia imAlulagunnsgiu
dmiunisdeans vax Aldaud 5.9 GHz welulad 1TS-G5 Ao walulad vax judiaad
fimusesona1n DSRC Lag IEEE 802.11p wialulad Wi-Fi fufilaviiooniuuundimiuns
doans V2X fhegrsmsthanlday wu msudafeunisvu wiensudstiudeyasums
MsApasuu Hybrid V2X wauranunalulad VaN waz V2x dhdhedu dielilduszaniaimns
doansiifian segnamsldan Wy seuumuguenuEalui@ JadussuumuauarundSnluia
wuuUfusa annsniudeyaaninnisesasainlassadisiiugiu uasuiuanusvnssasudly
winzay TnedeRvasnisdeasuuu Hybrid V2X fie
1. ifinenuaendeuuiosauu Tasdeliidudannsaiuifeaniunsaisouslddte
2. anpnuednuuviesauy Ingtiglvsosudanunsainnuniuiulaegdivsednsnm
3. WfwUszAvsnmnisvuds Tastelsneudanunsadunsluiagamnetaremsldisiu

Long Range (V2N) Short Range (V2X) Direct

~Infotainment Pilot Trial
RSU RSU
ssessesses C|°Uda A il —

: - SAE J2735 3GPP Release 14415

V2N ; ol VZIM Vzvsaznusm s102687 V2l 5\;521\3/161/1 (under development)
<A - <A - <( <A - <A - <A -
Operational in the World Operational in USA/GM, Pilot
with most of OEMs Europe/VW and Japan/TOYOTA ; ﬁosgoestilon gon&ol
: £ . * Hal uplex Froblem
3GPP : 3rd Generation Partnership Project % :SEQ;‘doty ofNTmnwﬂ\:neuEn‘gﬁn::n i
Standards Institute + Transmit Collision Problem etc.

gﬂ‘ﬁ 5-3 Hybrid Communication

WM V2X v8e 3GPP Seegludiauiulianasnaasdld lneinadadiannsgiu Va2x vaeadu
faust Release 14 (ffugneu 2015) fla Release 17 (fueneu 2021) Tnsusiazatiutiauenisuiulge
Bntosdmiumsldaumalulad vaxduiiugiu @y nsudaieunissu) viemsldnumelulad
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® Release 14 (ffugngu 2015): Unausmululad 4G LTE-V2X dnsunmistdaumalulag
V2X Suiiugu
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® Release 15 ({unAn 2017): dnauawmululag 4G LTE-eV2X n15usuusesdmiu 4G LTE-
V2Xx

® Release 16 (figu1eu 2018): Unauanululad 56 NR-V2X dwsunistdaumalulad
V2X fiugiu waztug

® Release 17 (fugngu 2021): dnauamululad 56 NR-eV2X nmsufuugedmiu 56 NR-
V2X

nnnnnnnnnnnnnnnn

Sept. 2015 Mar. 2017 June 2018 June 2020 Sept. 2021

- Rel-16 Rel-17

O/
l No Backward Compatibility* — Costly

______________________________________________________________________

1 " 1
1 " 1
- 4G LTE-V2X -+ 4G LTE-eV2X |1 5G NR-V2X —> 5G NR-eV2X |
1 " 1
1 " 1
E Minor Enhancement EE Minor Enhancement E
v v
For basic V2X services For basic and advanced V2X services
(e.g., collision warning) (e.g., collision warning & cooperative automated driving)

Basic Safety Message(BSM) regarding safety = SAE J3161/1

SU# 54 gUnmuanslsflatueansiaun V2X 4es 3GPP V2X
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ELK (Emergency Lane Keeping System)
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LKA (Lane Keeping Assist System)
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LDP (Lane Departure Prevention System)

LCA (Lane Change Assist )
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ICC (Intelligent Cruise Control )
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LIHC (Intelligent High-Beam Control)

FCW (Forward Collision Warning System)
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1. wuwesUsuanee mavhanulussiuiidunsvhousiaiumesesnias (Hardware) uas
wewviwa3ieia (Embedded Software) vesiwulwasuiingiis 4 iesrusiudeyaaninuindu
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unil 2 i:UU‘ti’JEJmaafa' YUY %’um (Advanced Driver Assistance Systems: ADAS)

izUU‘U"JEJmaaﬁsﬁ'U‘?j%UQQ (Advanced Driver Assistance Systems: ADAS) Tagviluazuus
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(Longitudinal Support) Gk iu‘U‘U‘WﬂﬂE]E]ﬂLLUUiﬂLWE]‘U’JEJ'iﬂUTquJuﬁ’N uazAmEIvasasiile
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(Forward Collision Warning) LLaziWUM‘U@um’mL%?E"fﬁ]a%sz (Intelligent Speed Assistance: ISA)
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AIVANTABELEND LN1E SeuU ACC Mlanunsaviinulunnaniunisel 919 VunUUAALALY vielulm
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SU# 2-1 szuumuauaaaSlusiRuuuwdsify (Adaptive Cruise Control: ACC)
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2.1.2 SUUFRUNSYUMUNTN (Forward Collision Warning: FCW)
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3.1 WENMFAUVBITZUUAIUANAMMNTITALUARKUULUSKY (Adaptive Cruise Control: ACC)
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119U58n15 WA U ACC Stop & Go 1avinauRanataluuisaniunisal iy 1iled
guNLEAUMUABUEUNETUTY wagenhlsTudsanysyany
AauURvaTzuUAmIUANAUSITnTUTRLUULUSHY (Adaptive Cruise Control: ACC)

sULuUanee anunsaasUladuanslunisien 3-1

A15199 3-1 A1T9UTIULTBUAINAINITTENIN ACC Base taz ACC Stop and Go

Anueae ACC base ACC Stop and go
ANuSINanInsaldnuls 30-150 N3/, 0-150 N/,
. $nw1AI1UL5 3970 SNYIANLLSILAESEEEUIIINETUNI AU
A991197U LS v
TN AU
JEUUAIUALLAE? EtY Laid]
NINYALILALAANINEIUNINUE , , "
Taismasu 5995V

AUNLN

szuU ACC fitunaulumsvinusanslugun 3-1 dail

1.
2.

ATUTRIAIAINSINRDINTT
JPUUATIRAUTOTIEAUMIN feuwesiegmuntsosud Welinuingiegamumin ssuy

]
a

einwIsEAUANITIYINAUANETUTRYMUA (Cruise Control Mode) ynwuingieginumiin

9 Y

syuvazynulutunaudaly



v

3. S3UURTINTUAISRLIRgTagaunti wndngRiaddunifianusininnd vsewiiu
AUSINATUTRIRLY szuvIrSnwszAuaIEYIiUAT

Mode) miningiiogdnuninfiainusiiinituainusiigiu

Y

;:J%’U%ﬁmum (Cruise Control
% U 1

R
AUSIVRITBUALY saeudiiszasinaiuinginuntauagiu

Cruise Mode)
! Set speed 70 kph ;

ALY szuvazdSullasu
991173 (Fixed Distance

).
Thereisa N
target ahead
Y
target ahead Y
ter than 70 kj
N
target ahead N
ss than 7o k
/ lee?ldlstance / / Cruise control mode /*
cruise mode

JUN 3-1 M991191U38458UU Adaptive Cruise Control

[#isn: Advanced Driver Assistance Systems, Semanticscholar]
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wanaNll sruu ACC Ssanunsaeaniuulianunsavinanulavalssuuuudwuanslugui 3-2 laed
eazden fail

1.

n13AUANAALEIAST (Cruise Control) szuuainwimainsilaglideddfusmie
13N Famnzdmsunstuiuumemansifinisesasiinuuiy

N15TUAINTAAUNUEN (Following Cruise %38 Fixed Distance Cruise Mode) $2UU3%5n®"
SLENINNTOAUNTNLAEERLLTR MNTAAUMENYIAY STUUILARAINULEIAIANY LagyINga
Funtihmely szuvazissrnudanduluauaiinals

- M3aruANA15lulAs (Comer Cruising) sruvazUiumuslinunsauiioidiniglas

Winlin1stulvasniewaysiuiu
A159287UTUTBIN 9N (Slow Lane Assist) SEUUALHTIVABUNITISIVS bUTDINIIT19LAB
wazthelunisasuaursaUsuAUSImNa1UNTSal
nMsreLnaslun1siee (Overtaking Assistance) s5UUAzATIvERUIAlULAUTI99) tazdaelu
A5L5IANUS IS aUINeLANLI LT uLeAuUans e Tun TIa

\ 2 | d, . | S Wy s A
N15159A21U159981999015 (Speed Up Quickly) szuvaiunsatssnniialaegissiaiiie
A0NUNTALDDBIUNY LUU LIDLUAYULAUNS BLYITOAUNT

> Slow lane assist

»  Overtaking assistance »  Speed up quickly
JUN 3-2 n1sldausyuy Adaptive Cruise Control

[Vim: Advanced Driver Assistance Systems, Semanticscholar]
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1992

L]

2014

amzs
&I
22.98

1997 1999 2000
L & 8
N\
w7
2015 2016
15317
15.98 11.03
(—~
rrsem
GA8
25.98
5 A
CS75
19.33

2001 2002

INﬁTI @

Volkswagen

€11D)

2017

iz

suvass

27.28

2003 2010

== Jeep
Gt
&
2018

&

U7t 3-3 Inmsflatinnsldaruszuy Adaptive Cruise Control Tusnesasing 9

[17‘1'm: Advanced Driver Assistance Systems, Semanticscholar]

3.2 NANMINUVBITZUULUINRNANSALULR (Autonomous Emergency Braking: AEB)

JEUULUINNLEUSRLILLR (Autonomous Emergency Braking: AEB) gﬂaammum%ﬁmhaam
ATuTULIaTTUovEn B ssulsduds Wesansanuaniunsaifidanudes ssuuagin
mMaieusfiud warmnlifimsnevaues szuvaziusndnlusiRiitedesiugtfivg lasszuu AEB agn
fardunmsinudoy ndnie wWosnsudiinu ssuu AEB slinsvinnuegnaen Gessuy AEB
anansavhanldiinnasiian 4 nu./a.

M3¥aUTDITTUU AEB ﬁuﬁsﬁgumauéfmamiugﬂﬁ 3-q fail
1. luan1zns¥uiuni (Normal Driving) szuu AEB axgnialiiawe uslaifinnsldany
2. vngduTidean’ uarliannsaneuaussdeaniunsalinmiiléviy ssuvaziFuieuse

dyeaufouiyaeil ®ie Forward Collision Warning (FCW)

3. WasruunuisneudeyluszegnnianudeazingUsime seuuagyinisiiou (Reminder)
TARTuZYINIsiusn
4. mngdutlineuauewion1sifien seUU AEB agviNslusndnludifiiieananuulvedns

YU

Comfortable braking point

Normal driving;

Reminder Brake

Distraction h

UM 3-4 MIYINNUTBITTUUUINNIEY

,,,,,,,

[#isn: Advanced Driver Assistance Systems, Semanticscholar]
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3.3 nanmsinuvasszuualuausaliegluay (Lane Keep System: LKA/LDW)
szuumuausalieglulau (Lane Keep System: LKA/LDW) taeliigudlaidndusesdadu
Mandedaeiies uifdulfasfesnielivumendvegiaue ssuuivhoulagléndes ua
e fiiiennaduiduniauuuouy uazartidumandodnieoifielsnogneluaulassalusa
wuuﬁﬁfmuléfmwwLﬁammﬁfmaqaaagjﬁ 60 nu/wu. Ul uazszuvilldsesiumaudsuay
o luglA
ndnnsvhauressruumuausovegluauiudnnisvhan il
(1) nMamsatudunistem ssuuarlindesiifadiuinunssanuihsoviowuesi
Andaugarieg vessnfionaduiduntmomnsuunuy ndpszaunuauudnamt
wazdatayaludisyuulsyaians
(2) m3Usznanatoya Inesutoyaainndes viewuwgesazgnasludmiieyssunana
NaN989sn FaapviimslinseiiumisessallofisuiudunUwoms mnasa
wuisaidszeonuendesilngliiila ssuvasiiouddud
(3) Msouddud szuvavsihnsieuddudlunsdiinsranuitsadideszesnuen
doemna maifeudioraunlusuuuvresdeaiion maduanieuiinasnds vielv
Weuvuuwavthiln Metlilelidudsuiuarusufimnasdlinduinegludesna
(@) mstemuausaliegludewns Tns mnfdudlinevaussienisifion svuuazih
nsieAIuANIaieglutaInslaednludd svuuarldnismiununIsaenIonis
wsnLe) WieuSuiirmssalinduinegludesmsetnsasad

3.4 WANN1SI9IUVDITTULTIENSTUTTUEN1921595195AnTRluiias (Traffic Jam Assist in
Cities: TJA)

szuutenstutluannenisesasaadaludios (Traffic Jam Assist in Cities: TIA) uszuu
ﬁaamwumLﬁ'aﬁdaEJ;ﬁsﬂ"usﬁiumﬁmmiﬁ’umiaiwﬁm% Tnaamgluiuiisleifinnsasasuuiuiy
szuuilagthsanaunaien uazifiuaulaendeliiugivl

Tneszuu TIA azduraudisnuimessaninii 60 Alawasaedalus Faduaudsi
wanzaudmiunstutluanmenisasasindn lagazinsauausalufienismuanuendisg
(Longitudinal Control) waglufimn1emIuw119ve96asa (Lateral Control) Nan2Ae ARNARINUTEUY
ACC uazszuy LKA S0y uaiinnsvhaudiadulne dessuu TIA ldaunsansiadudundaauls
S3UU TA 98198 siunisiusafunt egslsnussuu TIA fdesrdadeanisldauluuinuda
auen Wensasuremafidudenu

s8UU TIA anunsavhendld 5 unuudeuandugud 3-5 eefiseanden dil
1. sailndingiifimnandadiindn (Subject approaches slower target) ilesavedudidnlng
mﬁwﬁﬁﬁmﬁauﬁ'ﬁé’hﬂa'ﬂ’siafu@a;:iﬁi'fu?j 53UV TJA 9zanu5989s0muiiosnensEesing
fivasnde

2. sounlnaingiimdsyeasnnusy (Subject approaches decelerating target) Lilo3n094 3y

Y

dlndsafuntfivzasaii sEUU TIA 9812a0AN5IUIT0NLLATEIN1SaneA LhnIN
dudu

-13-



3. faquudsuresmadianluauiefuiud (Target Cut-in) WeflsafuduivAsuromnatian
travthsavesffiud seuu TIA azfumnuifuiiednunszevinsivaonsoansaduli

4. Ynguidsutesnsesnluanauiiodnfuddud (Target Cut-out) Wesadumiudsugesmis
onlUanamiefuddud szuu TIA asssanuidunduludianuifidel fiiuodng
Uaenny

5. Aanuingiiuntilunsdalaifidunyateanis (Follow target without lane markings) Tu
nsdifilufiduntatomns seuu TIA anansodamusafuniiuasiuasudomenusodunh

a

Subject approaches slower target

@ .

Subject approaches decelerating target

Target Cut-in

Target Cut-out

or

Follow target w/o lane markings

JUA1 3-5 msviheauressyuu TIA

[#isn: Advanced Driver Assistance Systems, Semanticscholar]
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unil 4 qﬂnsm‘iuszumiwmaaﬂj YUY %’uaa (Advances Driver Assistance Systems: ADAS)

izUUﬁidﬂLﬁﬁaﬁ{J’U%%uqa (Advances Driver Assistance Systems: ADAS) Sl manediewiia
Araande wagauazanauislumsdud lullagsusinldgunsaivdnaesiinfinndseglusosus
fnsdminsegluviomatn nanifle ndes uazisans Tne feaesqunsniiideldiuiou uasdeide
Wisufiunnsatuluusaraniunisaivesnislénu fuileliAnusslenigaan gunsaimaiaggn
thinldausiuiu JaFeniinssmdeyawumes (Sensor Fusion)

ndes (Camera) fidelsiuioulumssuineasiden 1omnndesannsatuiinneazidonvos
AW WU FuUUsgeama 1193195 uardsiavnsuuauuldedrsdaiau iliannsaszyingsine 9
WU ALAWYeUITYE wasdaila egslsinundeadidedsuiouuausens wu ndese1aiivse
ansnmanaduaninuasiios viielunainansdiu uazanmernaiinUnG 1 Hu ven wiefius

1591 (Radar) SideliuTeuEesnmshauluynanimennie Tng isesaunsavenlddlunn
an oA TaNfedy vien wagfiue sedsfinruanmsalunmsnsaduingfieglusseylnaldesng
wiud udideldeIousunnuaziBenm wagsniliannsounuerUssinnvesingléogisiaiau

dielildusslonigagnanndofivesisassgunsal seuu ADAS asldnissudeyairuiees
(Sensor Fusion) Bemnefanisihdeyanndes uazisansuniiasest uagUsvananasaniu viild
sguuaInsniuianiunsaiseussoldosautiug e aseuaquistu Tasfiusslend dail

1. ausiugiigaty desnnmsnudeyanmisaesundsaglissuuansadadulaldusiug,

Batu
2. yhawlunnanimwinden ssuvanusainulaansluiainalsiuwaznansdu wazlunn
4n1nenIe

3. N13358Y wazAnmNIng sEuvasasTyLasinnuingae vuauulaegaiiussdnsam

T —a—
Night work Performance _

Good performance

Snow/ Rain Sensitiviry 5 E‘
Temperature Sensitivity 5 _ Average performance
Longitude Detection Accuracy 5

Lateral Detection Accuracy: Pour performance

{ )

Fusion

JUN 4-1 TelalUSeunazUaiduieuveanaes uavlsnns

[f31: Advanced Driver Assistance Systems, Semanticscholar]
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JUN 4-2 Msviudeyaiwulyes (Sensor Fusion)

[ﬁm: Advanced Driver Assistance Systems, Semanticscholar]

ce
2
<'—°e
R

UBUEAIUNA DS LLauLsm%mwﬁmiﬂaﬁmam%udwauiuqmawwﬂismmuautﬁwm8318 Felagdau

%umuwmmmumimuawumulmdQ’wﬁmmauaﬁmamﬂ (Tire 1 Supplier) leun
Bosch tUufnan ndes 15m13 waziimuinsvhausiuiuveindss uazsans

Conti 1Huguan Ndod 13913 waeiuINTYNuTINiuLeIndes uwazisns

d2e
QD

Delphi t{Jugiaun1srinanusiniuuessns uazndesan Mobileye
TRW udiimuinisvihusiuiuveasns waendednin Mobileye
Mobileye LHugndnndos

.U"P‘.U)!\’!—‘tﬂ\

&) BOSCH |a entaly DELPHI g ieEy N2

et RS2 T ThefutureinMotion Mosreye
Y OF &~ S 4

JUN 4-3 Juanudiuddnluszuu ADAS

[1‘71'311: Advanced Driver Assistance Systems, Semanticscholar]

4.1 15a1iA2ud 77 Annzid$na (77GHz Radar)

\sa$Aud 77 Anngidsme (77GHz Radar) Ao wwwesisnnsfinalutovanndunay
lalasian (MMW) Bsfiaauieglugag 30 s 300 GHz 130§ Berdsldfuanudisuanniudmiunis
THauiivarnvane ilesaindvuradn Tindsus uazfinnuwiugrge Tne deuldenluszuud
Foamansraduingluszeydy 1wy lussuutiomderduTdugs (ADAS) mannvanesULuy 099 swuy
AIUANAISITRTuIRLULLUSHY (Adaptive Cruise Control: ACC) syuuiusnanidudnluli
(Autonomous Emergency Braking: AEB) wagszuuns3aduinglugndualenn (Blind Spot
Detection: BSD) szuusaludflugnaivnssy 1w nM3ns333uing n153nsesu wagn1snsiaduay
Tn&iAes uazdagnliifle 1u nammadumsynsnituillasseu wagnsiusiuauay

ssandennud 77 Annsdsne Tunmdauaufnugudedeluil
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1. sgpzmansaduiierlufiamuiung
2. usiugngslufiemsiaann
3. araiugdudisiini deFeudisuiuauusiusivensaslufianisiain
4. Wanansaduundnuazvesingle 919 wuay Auau Inseu wastesnas
Tutlagtugndnudniinansniinnud 77 Anngidsneiiieltlusasud léiun Bosch, Conti, Delphi,
Autoliv, Xingyidao, Sengstek ey Weisheng

SU# 4-4 4.1 15en5Aud 77 Annwldine (77GHz Radar)

[#isn: Advanced Driver Assistance Systems, Semanticscholar]

4.2 ndesniinsa (Front Facing Camera)
navaniinga (Front Facing Camera) A1uusiugin1uuwiidng (Lateral) g9 wadladnaaiug
aukaen (Longitudinal) s ilesanndemsalilaunsafivieazidonsuaudnaule vl
desnndeanihsafinuandilunmsduundnvazvesingld Jsldsuauieunlddugunsallunis
ATI93UINEUUAGIN 9 8191 ULULaY ALANIUY INTEUBUA kardlaIMIRT 1y NaeImntse
gnintdaniluszuu ADAS viangszuu 919 ssuutieatuausaliegluiau (Lane Keeping System:
LKS) syuutusnandugnlugd® (Autonomous Emergency Braking: AEB) Lazszuutaen1studly
d4nNMEN1593133RATALULDY (Traffic Jam Assist in Cities: TJA)
Tutaqtuinasmaniindnndesthsaiieldlusasusd 16uA Mobileye, Bosch, Conti, uay Minieye

Aongmu Technology

gﬂ‘ﬁ 4-5 napeniinsa (Front Facing Camera)

[f31: Advanced Driver Assistance Systems, Semanticscholar]
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UNA 5 A1SNAFIUNISTINNIUUBITZUU ADAS

T Y
Yo Ao

NINAABUTLUUTIEMEDNTUTTUEY (Advances Driver Assistance Systems: ADAS) 10u
Funouddglumssuuseiuanugniosuasanuindeievesszuy Fanuisautsesnnvadey
sanluaesUszinnudnie n1svageuuulfz (Bench Test) waznisnaaauluaninuwindonasa (Site
Functional Test)

5.1 nMsnagauuulfiz (Bench Test)

nMsvageuuulAy (Bench Test) Ao MInAaeus¥UY ADAS Tuanmuwndouiinuauliniely
vesfiRn1s vieanuiinaaeulagiane lnslfiedesile uazgunsainaaeuidransdayny i uas
anmuandeneng q fiszuuardeandalunisldnusss

Tny nsmadeuuLlfy (Bench Test) Hmgusvasdndn el
1. A51980UULUUMIYNNLYBI3TUY ADAS Tansnsavhauldnsdieenuuulivielsl
2. nadeuUNsMBUauBesrUwesldluszuy ADAS Tuanminedendiass
3. 52y wawudlateRanaafienaiiatuluszuy
4. UFuusts uazuiuUssUssavEnmwesszuuneuiiazthlunaseuluanwiindenate

Model and actuator in the loop test Controller ECU in the loop test

U7 5-1 f1881an159i1 Bench Test

5.2 nMsnadauludninuandauase (Site Functional Test)
n1snadauluanImwIndauase (Site Functional Test) Aie n1snadaussuU ADAS Tu

AnINLInAeNaTe WeUssfiuUsyansaim wazanuudeievesszuvlugaiunisainistudd
vannviane Taed¥nquavasdndn fodl

1. Useiunmsvinauuesszuulugniniindelas

2. avnRdeuIsEuvaNsaynnuluanmiindenasalaognslaonsie

3. NAFDUNINBUELDIURITEUUTUAN ML INA DS

1. ysudeyainuluanmiadenads iethluimunszuusiolluswan
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ACC Stop & Go Test

3

U

=
N

AEB Static Test

5-2 MR8 NNISNAZBULUY Site Functional Test
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