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3GPP -
5G-NR -
ACC -
ADAS -
AEB -
Al -

AV -
BLE -
BPSK -
BSD -
C-V2X -
CCH -
CRC -
CSMA/CA -
DS -
DSRC -
eMBB -
ECU -
EDCA -
FCW -
FHSS -
FoV -
IMU -
IoT -
LDW -
LiDAR -
LKA -
LoS -
LTE -
MAC -
MEC -
MEMS -
ML -
mMTC -
NFC -
OBU -
OTA -

3rd Generation Partnership Project
Fifth Generation-New Radio
Adaptive Cruise Control

Advance Driver Assistance Systems
Automatic Emergency Braking
Artificial Intelligence
Autonomous Vehicle

Bluetooth Low Energy

Binary Phase Shift Keying

Blind Spot Detection

Cellular Vehicle To Everything
Control Channel

Cyclic Redundancy Check

Carrier-Sense Multiple Access with Collision Avoidance

Direct Sequences

Dedicated Short-Range Communication
enhanced Mobile BroadBand
electronic control unit

Enhanced Distributed Channel Access
Forward Collision Warning
Frequency Hopping Spread Spectrum
Field of View

Inertial Measurement Unit

Internet of Things

Lane Departure Warning

Light Detection and Ranging

Lane Keep Assist

Line of Sight

Long-Term Evolution

Media Access Control

Multi-access Edge Computing
Micro-ElectroMechanical System
Machine Learning

massive Machine Type Communication
Near Field Communication

On Board Unit

Over the air
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OQPSK -
QoS -
RADAR -
RSU -
SAE -
SCH -
SPS -
TA -

TH -
TSR -
uRLLC -
UWB -
VI -
V2N -
V2P -
V2V -
V2X -
VANET -
VPL -
VTMs -
Wi-Fi -

Orthogonal Quadrature Phase Shift Keying
Quality of Service

Radio-Detection and Ranging

Road Side Unit

Society of Automotive Engineers
Service Channels

Software Provisioning Server
Trusted Authority

Time Hopping

Traffic Sign Recognition
ultra-Reliable Low Latency Communication
Ultra-Wide Band

Vehicle to Infrastructure

Vehicle to Network

Vehicle to Pedestrian

Vehicle to Vehicle

Vehicle to Everything

Vehicular Ad-hoc Network

Vehicle Positioning and Localization
Vehicle Telematics Modules
Wireless Fidelity
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D2PY ,N2X201N NN PIAND NN YN TIND - WINY YNRN TAD DY DMWY DINMINON

YR NN 97 VY DNWINNN YT DAPN 923NN 157 .[1] 2590 YNNI VIV MOINN
YT 99 NADNN N2AD NN DIRNP 02097 HY DIYONN .Y PN NNOY- Y2591 INUYD
LDTPYN 02591 INVNI YN DIIAPNI D209 INYD DNOY OVINDIN YTINN NN DXANWUN
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[1] 12)0) OO0 200N 297 -1 IPN

MMIVIND 2577 Y200

LDMP DOYINY INTD 0790, MNDNA NYHON MY NADNN DN NN : 0NIw»rn .1

N HHID 259N NIV DX PAND YT DIWINN MMM YN TINdD : NN MWD .2
.DYINN 2575951 9379307 , D208y

N2 MTN2 Mo ,GPS MmyNnNa 2590 5Y 2100 D10 NYap - mS»OYPY .3
.DIYONONNN

MLYNN NYAPI N2X20N MM YT DY NPNI NMVIVONR NN - MLVHNN NYAPY ON .4
.DONIIM PV, MPNN D

SV 1152 NINNN ,INNN DY NOIOW YT 5Y N1 MVLONN I NIPAMIIWN .5
209

", g Economy
Cars = -
. ’ Mostly mechanical, human driven economy
Anti-lock braking system 4 2
Traditional banking

Smart Economy

IT enabled

Human decision driven

Semi digitally integrated technology
e.g. HFT, Algo trading

Smart Cars
Adaptive cruise control

(4m

)

=

Autonomous Economy
Autonomolls.Cars (((( )))) “IT is now in the driver seat”; IT driven

e N Deep and broad platform connectivity and openness
Artificial intelligence 5 z 7 i
Platform’s continues observation and adaptability
Platform’s able to monitor and evaluate it own learning

«
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91 2590 DY NN TONN HY MANWH NN NAY NVTHN DMNVIN NMINT W12 2590
-YMNMVIAN VNI D) NV ITY DINI NN MNN TV ,TMNVIX NPT MNINN .OTRN

NN MYV MYAN DXYIID] NNINND 21T ,0°¥7101 NNIXRNND HNNANA Y»1ON

,5-0 2 NI MNMLIN MNT . SAE 2590 073010 TR 7Y 1T 270 MIMINVIN MN)
IMI) INNA NMAIN NN 5-1,(OTRN DY NINDND NINI) NN NN NNIN NN 0 NN IWND

What does the
human in the
driver’s seat
have to do?

What do these
features do?

Example
Features

ANN9D NPHIMLIN 2977 YW NN

SAE SAE SAE SAE SAE SAE
LEVELO"J LEVELT" § LEVEL 2" LEVEL 3" §J LEVEL 4" LEVEL 5"

support features You are not driving when these automated driving
ff the pedals and features are engaged - even if you are seated in
“the driver’s seat”

When the feature These automated driving features
requests, will not require you to take

you must drive over driving

These are automated driving features

These features can drive the vehicle This feature
under limited conditions and will can drive the
not operate unless all required vehicle under
conditions are met all conditions

the driver

»lane centering +lane centering « traffic jam +local driverless [l *same as

chauffeur taxi level 4,

but feature

«blind spot *adaptive cruise W *adaptive cruise I can drive
Al .jpu' control control at the steering everywhere
warning e g wheel may or .

same time ) t be in all

+lane departure magaﬂid conditions

warning S

0OR
+ pedals/

[3]7PPIOIN 110979 -3 IPN
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.GM 5¥ 1P 9990 NODL DV YVMVIND

IR, DYV DININA NNNIN MNOWN YD NN YNID 5157 2997 : (MN2) NMVIN) 3 NI -
ST DY NYIAP MDONDN NOY ,Upan GUND PYY VOYNWYND 1O1 NPNY 29N AN

NOD ™M2>201 2172 NPTIN MNPWN DD NX YN 510> 25999 - (DNIN NINMVIN) 4 DDA -

VP PNN I D ,DMNDN DININ OWNIN AN WITTY NWY PYTY NXIN TN, TIYNIN MIAIYNN
YD) DM NOD NV NYDI IN

MIAIYNN 99 RO ONIN D32 NN NMNOWN DI NN YIS D157 2997 : 0NMIVIN) 5 NI -
NN NPNT XD PYTYIT NI AN XD TIYDNR

Driver Feet off Hands off Mind off Passenger
No assistance :  Assistance Partially : Highly i Fully Autonomous

automated : automated : automated

Transfer of responsibility

Machine

Source: SAE International, 2016
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DN YN ,259N DY DX20NN DY) D29 (Sensors) DIW1N MYNNNI DI NN 0N 2590
NDN 71922 TN DIHYINNN YTNRN .NADN DY DINN) DXIADINY NININ YD

VTN NN - MYNRYN YHNY DNIN DXTIYNI DIYHNN MM NN 01PN 12V (Perception)
MLZNN YN NDXANN PIYAN VY91 DYwNRNYN (Decision & Planning) mvonim on p1vaa
979001 NN 2P 2590Y NV (Control) NIPAN PIYIA .DXNDDNI NHNNINN PNIDND)

.[4] 2599 NVYOWVY NP MTIPO NI NDNN PIvaN VYIS NYAPNNY

Sensors
Camera Lidar
> Perception
Radar Ultrasonic
Control
Brake Engine
N4
Speed Acceleration | [S Decision & Planning
Steering wheel

SPIIVIN 227 NIV SV D22193 IV NIT -5 1PN
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Radar-non o
LiDAR -9xTY ©
Ultrasonic- 0»9p 00w»N 0o
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.PYY 92 - microcontroller Apa-1pI **
I IANPY VO/VOP PPN, TADA NINIP PNIDT,PTI NI, NIDY NN 5N

Standards Bluetooth BLE ZigBee UWB
Specifications IEEE 802.15.1 IEEE 802.15.1 IEEE 802.15.4 IEEE 802.15.3
Frequency 2.402-2.481 2.402-2.481 868/902-968 MHz, 2.4 GHz 3.1-10.6 GHz
Bandwidth 1 2 0.3/0.6 MHz, 2 MHz 500 MHz-7.5 GHz
Rate 1-3 Mbps 1 Mbps 20-250 kbps 480 Mbps
Range 10 m 50 m 75-100 m 75 m
Latency (msec) 100 6 30 0.1
Modulation GFSK GFSK BPSK,0-QPSK BPSK-QPSK
Data Protection 16-bit CRC 24-bit CRC 16-bit CRC 32-bit CRC
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Parameters Wi-Fi DSRC
Specifications IEEE 802.11a IEEE 802.11p
Width in channel 20 10
Signalling OFDM OFDM
Data Rate (Mbps) upto 54 upto 27
Modulation type upto 64QAM upto 64QAM
Symbol duration (micro sec.) 4 8
Guard Time (micro sec.) 0.8 1.6
FFT Size 64 64
FFT period (micro sec.) 3.2 6.4
Preamble duration (micro sec.) 16 32
Sub carrier spacing (MHz) 0.3125 0.15625
Frequency spectrum (GHz) 5 59
Latency (msec) 50 100
Range (m) 100 300
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1IN DMPY DINIRY HANND NPNY NWY NDXIN .MYTN NPNWYNI NI NYPYN N8N
.5G TPNWN HY NPRAN N9 MMYPN TNV MNM) NMOY .LWAN NINY TY 10T NP»Y

MP 1) NPYOYNNIND DIRNNDT VNNOY AWNNND DMOVINT DINN) PNNN PYIN : DT **
NNYPN MNYA TIT VITOPND YD TPV DOVHYN DTN TN (PINY IN DDIAD NADV

v
Parameters C-V2x 5G-NR V2X
Subcarrier spacing (kHz) 15 up to 240
Carrier aggregation Up to 32 up to 16
Channel Bandwidth (MHz) 20 400
Latency (msec) <10 <1
Reliability 95-99% 99.9-99.999%,
Channel Coding Turbo LDPC, Polar
Network Slicing No YES
Waveform SC-FDMA OFDM
Control and data multiplexing FDM TDM
Modulation 16 or 64QAM 256 QAM
Communication Type Broadcast Broadcast, multicast and unicast
Re-transmission Blind PSFCH
Security and privacy Basic Advanced
Positioning accuracy (m) >1 0.1
Frequency Spectrum 800/1800 MHz 700 MHz/3.6 and 26 GHz
Range 100 m to =5 Km 50 m to =5 Km

[11] TIIN DNV DNYPN NP0 DNNYT -4 71930
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DN 712792 NITN ONNI MDY TN NN 1PN AN NN MOVONN NOAP IWINND
.DOM AN VINOPWN DR DY»N 7o) ,070N

: DD
YTIN Ppan nxonn - Wi-Fi, 5G-NR ,C-V2X ,DSRC ,Bluetooth - nmwipn n»nvnov Yo
, D21V ,NIMIN MYOITI DMV DN .DPHNMVIN 137 19 HY IINNPNRN NN

PN IVON MINANN TN .FPVINX MY DINIMININ ,NIYIANA 2IDVY NMVIVON

7921 ,AVs-2 NNVLINDY N, NPHNX NNYPN NN Y TI MDY PN NPNYNOV NDOWD
.DNOY DYIYINN DIYINXANT MNPV NN I1OVD

48



MMNMYPHN IRNYN

DIMIN TONY N1 ,INP2 19NN MIYN NN 08N Wi-Fi -y DSRC : v oy -
TN TIND TIR) NPIVN PIT PADN D) 5G .MNPYAY DPVXIP DIVIYH NIY DIPYNITNY
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DR NPIIZO MNYIN NN, AN ININ MDD NXR Dpaon C-V2X :nod -
C-V2X .01 1Ny DmIY»a THIN 1N M2 DN 2MI DX WD 5G: 09aM7 -
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NP MM
-1 C-V2X .0”mpn D™ MINA NP0 1N 091 Y95 7971 01 DSRC- Wi-Fi:mbdy -
JPNVN NYI2 VIV APY N MM DMy 0910 5G
NN NANND 000 C-V2XA 5G :nyo T -
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loT ITS-G5/DSRC ~ GPS/GNSS  Cellular WiFi  Bluetooth

g 9 % Rz 3

Multiple Wireless Modules

4 4

Telemetry Infotainment
ECALL v2X and
OTA Navigation

Application Space
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Anlerra

Embedded
Modem

Infolanment
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[8] 9200 3599 -17 IPN

2532 XINMY INA OITINN P2 NPNYPN IR NIYIRNDT MVININRD PNDNOV

Vehicle Technology External to the Vehicle
Module

V2X DSRC Vehicle/Infrastructure
TCU 2G/3G/AG Telematics Services
Infotainment Bluetooth/Wi-Fi Smartphone/Home

[8] I IVPN NPNINIV -18 IPN

TYPHRN NNV NP OVINOR NNYPN W NI (DSRC) 98P MLS 7YY NNWpPpn - -
.57 vIvhH
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MNYI1 DMV

JODIPN MOVINON NNYPN NNV : Wi-Fi -
.90 NNRXIYHOHYA ;25970 TINA TPNHNI NNYPN ANV MNP P77 9) : Bluetooth -

12) NN YA 2590 TINA 119 NNwpn (NFC) N2y p nTw nwpn :NFC - -
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,TNZIO0 MO, WIY NNV ,DDMPN NMMNMYPNN IND DY RNV 01D 1PN |5 NHYava
DY MINDNTY NIV NN ,WIIYY 0IRNN V2X NNYpn s7In dMNoN NdNX

Communication Range Technology Model Purpose Example
Type
Short Range 10 meters | Bluetooth, BLE, V2V, Localized communication for close- - "Pedestrian Detected: Slow Down"
ZigBee, UWB V2P proximity tasks. - "Maintain Distance"
Medium Range | 300-500 DSRC, Wi-Fi V2V, Safety-critical communication and traffic - "Red Light Ahead"
meters V2I efficiency in medium-range scenarios. - "Emergency Brake Signal"
Long Range Up to 5G-NR, C-V2X Vv2X Broad communication for cloud updates, - "Traffic Congestion Detected:
several km traffic management, and remote Route Change"
monitoring. - "Firmware Update Available"

INNYPN 2010 INNIWYT -5 71530
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MNP MIIYN

M0 NNTPNN YPO NIIWN

- Advanced Driver Assistance Systems mNTpnN 3M2 ¥YPO MW NN NPOI N PoNa
MNXVIAN MNON Y NN NNMVANT 2151 NMYYNIL NAIWN NN XN ADAS [13] ADAS
T NNN NDY NPIVIND

NDA0 NN VIV YT MINN NPNINOVY KH7I1D ,MNONN ,07YI1NT MYNNYN DN NDIYND
NMMYNIA XNY YOOI NMIRN NYINI YPD ,NPININIVI NNOD MINY 00N NNID 257D
AUNRND DML DY NYIVNN NN NN D) THI) NV N

Y PPN, TNNY NN IN DPMNVIN 257 90 NXIPY Y191 TYN 170 ADAS movn
MOIWNN NPNINIOVN NN .INDND TPNMMVIN NNNID THPNNDN THIT NN P2 W) NN
JOIMLIN 259 92T DY INDA NPV NN D YON

SNINMP YPO MOIWNY MNINT

Adaptive Cruise Control (ACC) m20aT8 VPV NP2 -
YNND DRNNA IMNN NN NIYNY,1IAOY 257NN DINAP PNINY MPNN DY IV
DM NNIVAD NPNIN NN TNV N9 ,OIT 19INT VNNY IN NINND TNSN IN NN MY
ANy

Lane Departure Warning (LDW) 210 m»0o namN- -
D257 OX DM MPNIN ,2PNI MND MM YT NNDNN NYONI MYNNYNT MIIYNH
NN THPON NNYNPHD N IPNPNY . MNNL WHNWND X520 DY 21NN NRYD 2>NNN
MANYIN NYT MNDN YT DY NN MNNNND MYIDNI

Lane Keep Assist (LKA) 21 5y nvnvd ypo -
251N DY NNV NY»ON 1 NOIWN L(LDW) 25mmn 700 nY9NIN DY MID1DN nann
19992 INYY 29NV NVIAND YTD MYP NNN MNXNN DIV 19N Nyxan XN (LKA)
MNXVAN NN YD NI INK MYV MANDINY NIPON NYIN TIN IOV 1IN
DN MY ToNm

Automating Emergency Braking (AEB) 0y71n 1252 5w msmoN.— -
,DYINN 257595 DY NPININIVIH NMWINND NMID YTD DNIYINI MVHNYNT MOIYN
95990 NOIWNN TN JOIND DIV MOYYND N XN DN .DNADN DMINY IN DX 20N
MYNNNN NYIWN NN WD IN YN YD DMHIIN NN MVMVIN

Blind Spot Detection (BSD) nmvy nnpy »niny - -
AN 292 YINI MIXID D17 1IN XNV 2571 YN DY NP0 NYNIN 13 NOIYN
D>2>N) NVONA Y»ON NI .IDON MNPYN MTIPIA DINNNI DXINN 137 9 TWUND
AN2520 DX NN NN DX 19U NNV NI
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Forward Collision Warning (FCW) n71p mwinn namn- -

2597 Y PNINM MPNNRN INK MIAPW 009510 MNDNND DY NP 1T MIIYN
NVPIIN NMINTR MYYNNRI NPIYIN NMIVIIND DY 37N 292 MYINNDI , 029910

DMINDD YIAD I NP

Level Name

Tecimologies

Traffic Sign Recognition (TSR) oy nn »nivy - -

,D>11790 MM NNID T MHNN MNNPT NMNDNIV MNINNI NWNNYN 1N NIV
55595 DIyah DMNX MNIND YT NPNYNY IR NPIITN NITNIX DN NYINNDI

YNNN

SNV IHMVIN NN MOV NNT
02 (MYMVLIN RID) 0 NI DNNL,NMVIN DY M WY PN (SAE) 2590 TR OPOTINN
TPNNIVIND NNT DY INP NN NPMNVIN NDT DD 1Y N8N 6 1YV (INRIND ININVIN) 5
9202 92017 GONA NN NNIND 2592 DI TN MK NPNINIOVY MNDNTY 25771 POV
NXINT NPNONIVN DY NPPN NOYIND WIND ¥TD NN DI DI1T2IY DIPNX DNYNN ND NN
DYNMVIX 257795 DY MNP DRI NNVN TNINOVIND MNI NMIAND YWY DI NN NYIVN

.nI Yo

Sensors

0
1

N

Driver Only
Assisted

Partial Automation

Conditional Automation

High Automation
Full Automation

Active Cruise Control (ACC)

Lane Departure Warning System

(LDWS)

Lane Keep Assist (LKA)
Park Assist (PA)

Automatic Emergency Braking

(AEB)
Driver Monitoring (DM)

Traffic Jam Assist (TJA)

Dead Reckoning (DR)
Sensor Fusion
Automatic Pilot (AP)

Ultrasonic Sensor

Long Range Radar (LRR)
Camera

All Sensors from Level — 1
Short Range Radar (SRR)

All Sensors from Level — 2
LIDAR

Long Distance Camera
Stereo Camera

Thermal Camera

All Sensors from Level—3

All Sensors from Level—3

[9] TPPIIVIN 71007 295 O9DINVIN D357 DIPNIVI0 I -6 7930

.7 1920 ,00Y DIYON YINIWI MOIYNY NINT

Classification in this paper

ADAS functions

Camera  LiDAR  Radar

Ultrasonic

Traffic Sign Detection

Road Detection System

Moving Object Detection

Traffic Sign Recognition
Lane Departure Warmning

Lane Centering

Lane Keeping Assistance
Adaptive Cruise Control
Intersection Assistance

Collision Avoidance
Parking Assistance

Pedestrian Detection

Cross Traffic Alert

Emergency Braking System
Blind Spot Detection
Rear Collision Warning

R N
NN

SNENENES

v': This sensor is usually applied for the forward ADAS function.

[5] 129905 D2 1990 -7 71930
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Brand  Country Madel TaE T Tl e TS ADAS Features
3 Fromt Emergency Braking Sysiem
Tesla USA  Model 5 (AUTOPilat) - g ::i:: | Forward-facing Long-range 12 v i:'ni”‘s '*“s;":::f;mN
1 Backward Lane Departure Waming
Blind Spot Deetection
Adaptive Cruise Control
N I 1 Front | Forward-facing Long-range Lane Centering
Ford US4 Bscape {Co-Filot360) - 1 Reverse Camera 2 Short-range s ¢ ¢ 12 v Lane IC:l:angg
Post Collision Braking
Pre-Collision Assist Braking
1 Foirward | Long-ran Lane Detection
Cadillac USA CT6 {SuperCruise) - 4 Surround-View B i}mﬁ-m:z 12 v {with HD map)  Traffic Signal Recognition
1 Driver (monocular&thermal ) b Moving Object Detection
Active Distance Assist
Active Lane Change
. Active Speed Limit Assist
) B 1 Front (stereo) 2 Foomi Mk mode Emergency Stop Assist
Benz Germany 8 Class - 4 Surround. View I Front Long-range 12 o Blind Spot
2 Rear Mulii-purpose Lane K:p:pmg
Traffic Sign Recognition
Active Parking
Active Cruise Control
3 Front Collision Warning
. i . p ET 7N I Long-range Lane Departure Waming
BWM Germany 7 Series(Pro) - T ;ru:???h:n}:l‘:n 4 Short-range 12 v Dynamic Brake Control
Lane Kecping Assistant
Lateral Collision Avoidance
Adaptive Cruise Control
1 Froot 1 Long-range ll:ln.t:)g:lgrmsc Assist
Audi Germany AR o 4 Surround-View 4 Medium-range 12 s Active Lane Assist
R Collision Avoidance Assist
Traffic Sign Recognition
Speed Limit
Distance Aler
Adaptive Cruise Control
X . . 1 Front I Long-range Pilot Assist
Volvo Sweden XCo0 h 4 Surround-View I Medium-range 12 v Lane Kecping Aid
Passing assistance
Rear Collision Warning
Blind Spot Information
Traffic Jam Pilot
3 Fromt | Medium-ran Lane Kecping Assist
NI China ES8 iNIDpilot) - 4 Surround View 4 Short-range ge 12 o Cross Traffic Aleni-Front

1 Diver Monitoring

Traffic Sign Recognition
Advanced Parking

[5] 1INy 02357 1719303 ADAS m29v0) owwrna vy -8 7930
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:(14] S 51m AYOL
2072121 D21 DNHWOIN ,MNJYN : DONIN DXNDNN DNYHN 8 ¥ NT 1071 : DIYUIN
.19 9PN VAN

Your Model S includes the following components that
actively monitor the surrounding area:

\ W 4/ 4.,'}—“

1. A camera is mounted above the rear license plate.

2. Ultrasonic sensors (if equipped) are located in the front
and rear bumpers.

3. A camera is mounted in each door pillar.

4. Two cameras are mounted to the windshield above the
rear view mirror.

5. A camera is mounted to each front fender.

6. Radar (if equipped) is mounted behind the front bumper.
Model S is also equipped with high precision electronically-
assisted braking and steering systems.

[14] 75003 0290 27990 -19 IPN

S PNND TIT N TY MY (4G LTE) n»acoo mnwaa 9pya wnnwn Noovn : HIYpn

NI AYNRD 9N DPNN MM MNOTY N2Y Wi-Fi-2 7mmn 03 X0 .N1rwep mnom v
D»1HN)9 DNPIVIID MYSNNI NYDV YNNIV DY) N3 DY NT OIYPNN NYDLV 1257 ,9012 .920N
22579 DMHVINND NN D) YNHWN 'NMIVIDA ION MNYIa
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VMY 7D N YN TNV NP0V YV 25 wnn Al-5 021N DXDNIN DIYINN : NIIYN NPV
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22997 NN HYMY YT DNYINNN YT DY DMNNN DINN)

1Y OY DT IVPNY ,0N220 NX PANY D915 259 905V NYVIAN DIHYWHIM NNYPN HY 1DOUN
JP5WANN MW MNMVIAN DX HIMYNYN I9VNY NN MW NN MVLINN 5P

57



N2 MO0 NPPO
IWANND DT .TPHMVIX NN IPND NTYPHNI MND TP NHNNOVYS XN CARLA 71090
LDNYINY NNYPN NPNDINOL DY 110U i, MNY MXAD) NN PYININ MNTH DOvnnwnd

:[171 991 CARLA mvoomo

.259)°95 5y N2597Y 0N, GPS- mnban TN AN D510 M0SIDN c DNYINn L1
NYAPY OXNIINOND DMNIIN DXVHP DIPIDN ,N2X2DN DY DN DXADIN NIN DNIYMON
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NHMNN MPNY P RY DIIIN 157595 NN NYPIANNN NNOWNN IR PYND 1T .OTRN
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DOXND YV NIODIN IMIMNVLIND 2577 DV INY NN MPHIN DIPYNI ,079NUN (MOLINNN

Y 12V ,apynn Y 9N D210 MaND N1 MMNVIND 2990 NIIWNY DIY1N DY DMWY

DY D) NONX D»NNT DXINY DY 0NN TITIWNNWN DY VN YTNY PI XD NYIIN MDYN
DY) DINNY

NNOVPLIIIND . TIMNVIN NN HY NOINKPNN NNVPVIIIND NN 18N ,20 PN
.NIDYN DY HOIPNID VD DY OININN DNN THX DOV ,0M9INPSPND DP9 19010 NPHINN
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NONN DOVN DI M NNYDA ,NNRD D NIPAN NIIWNN MTIPIN NN DIWNINN DI
[917D1MVLIND TIdOND 257D DMINY NN ON

RADAR
Data
acquisition

Data
processing

Actuation
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L7771 o, nnban

nY2PN N220N NX NOTINI NVINNN NIADY ,NDINN NAOWN LHPN YVI9 YY DLINNA

SY MNNNNN NN D790 NIPAN NAOY ,9IDAY 1259 MINAD MIXNN DX NNTWY MLHNN
.25 YV NDIYHN NNMINNY NVSNNN N2V

Vehicles
|
f 1
GPS  LiIDAR

[7]TPPIIVIN NIWPD NNVPUIIIN -21 IPN

DNOY MNININ NN XIND MDY, MNY NPXPN MNIPY ¥ OINY ONYMNY |9 "DV
,TNONN M DY DNPNIN I DX, NMVTY .Y AN DT PONND YR YIIYD DMV DYWNINA
NN WNNY TWAN ON TNV . TITAY 1N XOWHOLIYN NN NI 2970 DY PRNNN PONN IN
DOV I DMV DIWMON 2DV RO NNINT TN JWON DY MONNDN T DY P THINIMLIN
DY72PN 11> S DN ROD DXADIN .PYTN NN 19V 12T HY 19D N NN N DOWND
L77RT MNYNN DY NI 02119 DNIYHINN DINNI DDOW ST DY YN MNP OINYD

. AV CV CAV
Performance aspect Human : = =
Radar | Lidar | Camera | DSRC | CV+AV

Object detection Good | Good | Good | Fair n/a | Good
Object classification Good | Poor | Fair | Good n/a | Good
Distance estimation Fair | Good | Good | Fair | Good | Good
Edge detection Good | Poor | Good | Good n/a Good
Lane tracking Good | Poor | Poor | Good n/a Good
Visibility range Good | Good | Fair Fair | Good | Good
Poor weather performance Fair | Good | Fair | Poor | Good | Good
Dark or low illumination performance Poor | Good | Good | Fair n/a Good
:fi\ni:’ll::‘\;'r:: lcruoz:::znicmc with other traffic Poot o o o Good | Good

[7] D»OPIVIN 357 2553 D2IW»N) D21 SV WINI 212 P2 AINNY/T -9 71530
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(A2}

MNDNIVI HPMYNPYN NITTH NXAP DN (AV) DPMNVIN 157 D5 DY NDIAN NMINAN
-297 ©XV2NN DX NIPN RN NTIAY .TNTIN MDWN,MNMIN NX 1YW NNYONIY ,NNIANDN
LDONNN ONY MNIONN MNP MNMVIND NMINT,0NOW MITHNN N ,AVs Sv 0»n)
DISNNM MAINNN NN NYIITH DMIP DNIYONY INTY 107919 ,NINDNN N DNIYIN N1NI
2231 92 T NPTIN NMNKIY ONN JW1N ND DI .TPNMOIN NN TWIRD YT DWITIN
NN 257 NOAN PWND YT IVR NPNNIOL DY NDPW MIA»NNT M2

- Wi-Fi, 5G-NR ,C-V2X ,DSRC ,Bluetooth - nmwpn nyanvnov Sv mnmn 1o by 9m
MPNYMOV .(V2X) 927 D25 259 P2 NPIPRIVIN 1NN DY DOVIPN DI TPIND NN WHITH
M2>202 AVs DY NpHN N9WAD DMIPN AUR ,DMIN) NN MITIX NPNYIP MNMIN 1ON
MNNANNM NDIVN ,NDY DMXADN DIXNNRN MNIMT NN W 7PNDNOV DOV Tiya NV
JPDIMOVIND INANNN TNYD OMOVIIP PP NHY

NN 910 NYNONHT MYAMID YONMN DXIVNINND MNP IPNN ,NNTPNN NMOWYNNIY DD
DYNRYN N2 AVs HY NHNINN NDPWN ,I2T DY INDA . PVITNY DPNMVLIN D257 TITN
YNIN INY DD NN NNV NMNX TIONY ,NNANNN DX NNIYH HNIXIVIA NN 1IN 1DV
.09 ANy
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