$£60% FES5H/N2023FE3IA/HMAERBFFEHE

iyt Bl B FFIHRE

ARG T A Y5 M 42 e 211 dm B ol e
BA KRBT TRE B ARY RARY A5

Xl e o R D < Ko &w/JHm%%
7%M$%ﬁﬁ@ﬁﬂ%&ﬁiﬁ%%g,&wuwnmm%

FE  FEE R AP E M R, 8N 4 R ZE AR IR A B8 AT e R 0 (5 B AL % D ) R A ER A N
T A BE ) R o 3k XA R R VA ZE B L RD 3 R M AR A R 1Y A SR B R B SR A AT, BT T R N
Al SRR TR E AR SO 5 X6 4% 496 2 28 19X 265 (7% IO 28 SR A R 3 0 9 S T JBE , DA B T 44 i 4 8 0 4% e 1 G B
FE T 2 A 2 AR VR R e AR B T B S ST, ' R i A R R TR I 4 T e T ) o B A T 4 Xl
21 2R 53 BT RO SRR G ET A5 i 4 AR B A7 M BCR RN 5o 00T 5% 1 e ) DR AIE , U T 4 2O £ A i R i 2 e — 2B 5T
KR OLEEE,; BRk; HOLER; Tk BREMBKAE; FRM%

FESEXS TNII3.7 XERFRERS A DOI: 10.3788/LOP220669

Development Trend of In-Vehicle Networks and Research Progress of
In-Vehicle Optical Fiber Transmission

Sheng Weijie', Chen Jinyun', Wang Yasi', Sun Lin"*, Cai Yi"*,
. 1,2 . . 1,2%
Shen Gangxiang ~, Liu Ning
'1 School of Electronic and Information Engineering, Soochow University, Suzhou 215006, Jiangsu, China;

*Key Laboratory of Suzhou Advanced Optical Communication Network Technologies,
Suzhou 215006, Jiangsu, China

Abstract With the development of intelligent and connected vehicles, in-vehicle networks, as information sharing
platforms between sensors, processors, and actuators in automobiles, are gradually moving in the direction of simplified
architecture and higher bandwidth. In this paper, the bandwidth demand trend of in-vehicle network is analyzed through
the introduction of the principle and bandwidth demand of several major new in-vehicle sensors on intelligent and connected
vehicles. At the same time, based on the review of the network architecture and topologies of traditional in-vehicle
networks, as well as the current progress of in-vehicle networks, we point out the bandwidth bottleneck faced by the in-
vehicle networks under the trend of automotive intelligence, and optical fiber transmission is the development direction of
future in-vehicle networks. Finally, through the analysis of the requirements of in-vehicle networks for optical fiber and the
investigation of the latest research progress of plastic optical fiber transmission technology, the article shows that the in-
vehicle optical fiber transmission is worthy of further research urgently.
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Table 1 Existing car cameras installation schemes

Brand Vehicl del Resolution (highest ~ Camera  Circular camera Other camera
ran ehicle mode
pixel of cameras) number number number
<P P7(XPILOT 3.0)"" 2 million 14 4 10 (high sensing camera)
en
¢ P5(XPILOT 3.4)"" 2 million 13 3 10 (high sensing camera)
NIO ET7" 8 million 11 4 7
ES8 2 million 5 4 1
TESLA Autopilot 2. 01 1. 2 million 8 2 3 (front facing camera) +3 (rear camera)
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Table 2 LiDAR numbers and relative data for different car vendors

Field angle / Angular resolution /

Model LiDAR brand and quantit . o . ) Remark
ey [()X()] [()X()]
MARVEL R7" A Luninar-Iris rotary scanning LiDAR" 120X 26 0.05>0.05 640 line equivalent
ARCFOX o S HI'™ 3 LiDARs of Huawei 96 line'”” 120X 25 0.25X0. 26 Point cloud 96 line
o Ultra long distance high precision LiDAR i )
NIO ET7~ 120X 25 0.06X0.06 300 line equivalent

with 1 innovusion-Falcon'*
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Table 3 LiDAR transmission speed of main stream

manufacturers

Data bandwidth /

Product name

(Mbes™)
RS-Ruby (64) (Robosense) " 29.72
RS-Ruby (128) (Robosense) 47.55
Alpha Prima (VLS-128) (Velodyne)"" 47.55

(note: above data are based on the dual echo mode, bandwidth

of the single echo mode is halved)
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Table 4 Millimeter wave radar solutions for some car vendors

Model Millimeter wave radar

Audi A8
Mercedes-Benz S'

Bavarian Motor Work Pro""

Equipped with 5 millimeter wave radars (1 LRR+4 MRR)
Equipped with 6 millimeter wave radars (1 LRR+1 MRR-+4 SRR)
Equipped with 5 millimeter wave radars (4 SRR +1 LRR)

(note: LRR means long range millimeter wave radar, MRR means medium range millimeter wave radar, and SRR means short range

millimeter wave radar)

#5 ARG EREHIESH

Table 5 Millimeter wave radar specifications of different car vendors

Radar frequency

Millimeter Wave Radar Angle /(°) Distance /m Transmission
band /GHz
Continental ARS 404-21 long Azimuth: —9.0-4+9.0 1X CAN -high
o (32 76-77 . 0.20-170 .
range millimeter wave radar Elevation: 0-18 speed 500 kb-s
. . - . Azimuth: —10-+10 )
Delphi ESR millimeter wave radar ™ 7.7X10 ) 1-175 CAN
Elevation:0-14
Continental ARS 408-21 ultra 26-77 Azimuth: —9.0-+9.0  0.20-1200 1 X CAN-high speed

long range millimeter wave radar'™!

Elevation: 0-14 (long distance) 500 kbs™"

oK P Tk, HORAR S R 10 Mb/s, 53X RE YA 5 A1
FE ARG Sk AL B SR #RAR /N .
2.4 EREBRE

DR R R T N E N VAR R ToN v B 52
— MEIRES T B AL i SE N SR K. BEE R e M X
R HE— 2P R AL RS Bl G LR R 3, 2R 40 22 (] of
i o 22 A SRS 0 B0H 2 AT P I Ak B DA R v T % 0 R
JE XD B8 B AR I I 6 BT R o AR IR AR LA T
PRI b R G2 52 Je vk D) B TR 1k, FE AN [ 3R 58 T /T LA
P v PRGBS 22 a0 4R 45 F4 AR v] DL
R[] 125 ] G 4 0 3 R

F6 AL RIS AR BT B X L

Table 6 Comparison of sensors in different situations

Factor Camera LIDAR Radar Fusion
Range - - N NG
Resolution N - X NG
Distance accuracy - NG NG N/
Color perception NG X X NG
Lane detection NG X X N
Obstacle edge detection NG N X NG
Weather condition X - NG NG
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Fig. 1 Evolution of sensor fusion. (a) Transmission after data processing; (b) transmission before data processing""”’
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Fig. 2 Existing in-vehicle network architecture and its evolution. (a) Gateway architecture; (b) domain architecture;

(¢) zone architecture™!
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Fig. 3 Traditional in-vehicle network bus. (a) CAN bus; (b) FlexRay bus
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