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A Survey of Architecture and Key Technologies of Intelligent

Connected Vehicle-road-cloud Cooperation System

DING Fei*? ZHANG Nan' LI Sheng-Bo® BIAN You-Gang' TONG En’ LI Ke-Qiang®

Abstract With the development of electrification, intelligence, networking, and sharing in the automotive industry,
all major countries have laid out the intelligent connected vehicle as a national strategy. The technological develop-
ment of cellular vehicle-to-everything (C-V2X), edge computing networks, and high-precision positioning systems
provide strong support for the comprehensive integration of the vehicle to vehicle, vehicle to the road, vehicle to
pedestrian, and vehicle to cloud. Vehicles, roads, and cloud platforms are integrated with the C-V2X network, in-
formation exchange between the in-vehicle, road, and cloud with the out-vehicle, roadside, and different clouds will
be accelerated, and the vehicle-road-cloud coordinated fusion perception, group decision, and collaborative control
will also be established. Firstly, the architecture and key technologies of the intelligent connected vehicle-road-cloud
cooperation system are combed, and its evolution characteristics and development constraints are summarized.
Then, the architecture design and working principle of the new vehicle-road-cloud cooperation system, intelligent
connected C-V2X communication system, the cloud control system, and vehicle-road-cloud cooperation test system
are described. Besides, from the three aspects of C-V2X networking, fusion positioning, and test evaluation, the
V2X network and fusion positioning-based technical evolution and research progress of vehicle-road-cloud coopera-
tion system are introduced, and the simulation platform, real vehicle test, and evaluation index of intelligent net-
working scenario are also proposed. Finally, the development trends of the intelligent connected vehicle-road-cloud
cooperation system in the aspects of collaborative networking and control, interoperability, edge intelligent service,
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and security technology are discussed.
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Fig.6  C-V2X protocol stack and transmission control
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Table 2  The relationship between car networking technology and standards
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Table 3  Example of MEC and C-V2X integration scenarios
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Fig.7 Networking architecture of MEC and
C-V2X integration testbed
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Table 4 Technical comparison of existing typical fusion positioning solutions

AR fo thr 3 B
GPS 5 IMU il & s {7 GPS & IMU 7.2 m (RMSE) A KGR 5T HMEZE
R ERWSIE  aps o vy & i, s i SRS 0 K
T RS0 R 5 £ . 25T 0. , . o
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5 A GNSS B RE Rk L
Table 5  Positioning accuracy in different GNSS modes

GNSS GPS + GLO + GAL + BDS GPS + GLO + GAL GPS + GAL GPS + GLO GPS + BDS GPS
A7 I S [A) 1.5 m CEP 1.5 m CEP 1.5 m CEP 1.5 m CEP 1.5 m CEP 1.5 m CEP
KT B SRR RS 1.0 m CEP 1.0 m CEP 1.0 m CEP 1.0 m CEP 1.0 m CEP 1.0 m CEP
RTK 0.01 m + 0.0Im + 0.0lm + 0.0Im + 0.0Im + 0.0lm +
1 ppm CEP 1ppm CEP 1 ppm CEP 1 ppm CEP 1 ppm CEP 1 ppm CEP
DN .01l m .01 m .0l m .01 m .01 m .01 m
AL B RTK lop(z)m RJ5rO 10p2)m RJ5FO lop(i)m RJ5rO 10p0pm RJ5FO lop(i)m RJSFO lopopm RJE:O
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Table 7 LTE-V2X communication performance requirements in typical scenarios*?
S HROEE (m)  ABHEE (km/h)  REAHXHEE (km/h)  BOKREE (ms) RIS (%) BEREHETTEE (%)
EFiE 200 50 100 100 90 99
WL T o T A 320 160 280 100 80 96
SRR R 320 280 280 100 80 96
JERLEE /3T 150 50 100 100 90 99
T A g 50 50 100 100 95 —
Rl /il X 50 30 30 100 90 99
il 45 iy 20 80 160 20 95 —
* 8  NR-V2X SRR H 755 7 R bl
Table 8  Scenario diagram of cooperative networking and control*
N3RS WS (ms) Hllid 2 (Mbit/s) EHE (m) BETREE (%)
AT B 10 ~ 25 0.012 ~ 65 80 ~ 350 99.990
iz 3~100 10 ~ 53 360 ~ 700 99.999
LR R 3~ 100 10 ~ 1000 50 ~ 1000 99.999
IR 5 FAT 25, FAT 1 JEBR 99.999
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Fig.8 NR-V2X typical application scenario demand index
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