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Abstract: Artificial Intelligence of Things(AloT), as a deep integration of artificial intelligence and
IoT technologies, has rapidly emerged as an important development direction for the new generation of
information technology. To fully explore the potential of AloT technology, this paper focuses on the
application and development of AloT technology in the field of intelligent connected vehicles. It delves
into the integrated system architecture of AloT and intelligent connected vehicles, systematically reviews
the latest technological applications of AloT in this field, and provides strategic recommendations for
leveraging AloT technology to promote the advancement and development of intelligent connected
vehicle technology.
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Fig.1 Integrated architecture of AloT and intelligent connected vehicle integration system
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lidar millimeter wave radar ultrasonic radar
- N / N
mechanical liDAR, 30~300 GHz 40 kHz
hybrid solid-state iDAR, 1~10 mm 48 kHz
flash solid-state liIDAR 58 kHz
R % p S %
N , . ™
high precision, wide bandwidth,short wavelength,| | 15y cost and easy to implement,
high resolution, narrow beam and hgm short range detection scenarios,
strong anti-interference ability, weighit, strong reso} ution, vulnerable to environmental
. ) strong penetration
sensitive to light weather factors
N N\ N

MEMS inertial sensor

(airbags, TPMS tire pressure sensors, etc.)
O MEMS pressure sensor

(automotive engine system, fuel system, etc.)
Il MEMS gas sensor

(automobile exhaust measurement, etc.)

[ intelligent car mounted camera

Fig.2 Classification and distribution positions of mainstream onboard sensors
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Tablel Three types of in-vehicle wireless communication technologies

references  communication technology characteristics advantages disadvantages
10~30 m, early development, large investment,
1] DSRC ISM5.8 GHz,915 MHz,2.45 GHz, ure technol .
mature technology, small coverage,
500 kbps/250 kbps, & ¢
3DS,RSA encryption exclusive bandwidth  not applicable in high—speed scenarios
security time delay<20 ms, wide channel, L .
— time delay>100 ms, . oor real-time performance,
[10] LTE-V2X flonsecure fime deray= T mS wide coverage, poor e performant
500 Mbps/1 Gbps, . o insufficient market validation
280 km/h high reliability
4.6 Mbps/12 Mbps, low latency, interference sienal
mterrerence signal,
. time delay interaction 250 s, high reliability, . ] g
[16] near link L. high equipment cost,
support access for 256 users, fine synchronization, lex techol
L . . . complex technolo,
mutual authentication,cooperation algorithm high concurrency P &y

EAR BB AE R, AR M2 0 T0R AR R R B B G 2 =6, SRR S8 00 1 H B A7 R0 o3 B TR 3R
FI AT 45 38 JC 26 38 15 £ R (Vehicle to X, V2X)£%@ﬁ?Fﬁﬁﬁﬁ%ﬁ%ﬁﬂ?(Dedlcated Short Range Communication,
DSRC) I T #4855 38 15 £ A 9 C—V2X(Cellular-V2X)., DSRC Ji¢ 2 P 3 T IEEE 802.11p 1 1609.x, E. A & J& 4 9% ,
{HH {5 B e LGE B AT 3 3 5 . C-V2X A 3 2 T 4G T AY 42 B ) G 463 15 £ R (Long Term Evolution
V2X, LTE-V2X)FIHET 5G #2819 BN JC 238 5 R (5G NR V2X), LTE-V2X{5i %8, #a) , Atk
2E0010, 5G NR VX f& i nl fE ey, MRS, BPEAL, E2 A m, 2 M s, A XhriE TR g B,
M, “RINT G AR B R MNP E LR, CRINT LRl A RS 7% 718031 (Server Load Balancer,
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Unit, CPU). Kl JE &b P #% (Graphics Processing Unit, GPU). P35 1 4 #2 '] % 1 (Field Programmable Gate Array,
FPGA) LA 2 £ 42 i ., % (Application Specific Integrated Circuit, ASIC)Z%, ‘& {14k [m] 372 45 25 %2 fig M B 15 26 1 /s &k iz
BN T Y RE Y LB, FEAR IR (NVIDIA) 3 4% /K (Intel) F1 57 3 (Qualcomm) 45 B 4 5 sk 43 4y it 22 2 4% AL B 7=
W, R #) DRIVE Xavier. DRIVE Orin, MobileyeQ4 . Snapdragon 8155 %58 fg W BKyR 42 & S H, Wk 2 frow,
J A E R G TR KRR ST, RERS AL ERA R RN . PRSI 55 . AN, NVIDIA M4 50 £ X 42
#omE A, el TR A2EAE RS DRIVE OS, AMUBE— 5T TR EYERE, 60k TR EIT RS R Z 2k
AR E Pk

AN, KZREAEEPRHAT T UNI-T R L3 90 A 3 2 3 i = R, Sl E B ALE R “IER 57, 8k
A THEBS R PEIAR “H FL” T 20194F &m0, i E HAR RPN T 6 C 76 25 S se sin 1, 8
TR A RT3 2006 R it U RN B R GE B H 4 1R AT 50 kU, APT 4% 1P Y I SE BRI R 30%. H
A, PEC WAL CTTJEE A A4 25 (RISC-V Instruction Set Architecture)” BEHE, AHIGHE F . 84 . BHLE A =40k
A ATE ARG HT, K Iy % A RE IR 4 TH O30, 48 5 A el

%2 NVIDIA . Intel ,Qualcomm 4 #t5 -1 g 25 b MR 7 FH 47U,

Table2 Performance parameters and typical application areas of NVIDIA, Intel,Qualcomm automotive chips

references manufactures chip performance typical application areas
30 TOPS,
[20] DRIVE 30 W, real time image diagnosis, the average accuracy of lane departure
Xavier 8—core CPU, lane detection based on CNN/LSTM warning is 96.36%
512—core Volta GPU
NVIDIA
254 TOPS,
21] DRIVE 7 nm, real time vehicle detection, real time detection of target vehicles
Orin high speed peripheral interface,  advanced autonomous driving(L2~L5) (400 feet)
high memory bandwidth 205 GB/s
visual processing, . o .
2.5 TOPS, . . bidirectional CAN, obtaining vehicle
. pedestrian detection, )
[22] Intel MobileyeQ4 3w, . yaw rate, speed, lane width, and lane
lane keeping, . .
28 nm . . marking width, etc
adaptive cruise control
8 TOPS,
7 nm, lane positioning, Lo .
Snapdragon o high image processing performance,
[23] Qualcomm 8—core CPU, data transmission, . o
8155 o L high data transmission speed
Supports 4 G LTE, Wi-Fi, and car multimedia
Bluetooth

23 BHRIRREBHER

AToT 51 SRR L A SN M E AR IEZL DT Rk U AT 3 R 78 5 B W IR 4 U R 2 BB vl 0k . =k F
58 & A1 5 Bh ¥ JE 2% 3] (Deep Learning, DL). Wi B 2% >J (Supervised Learning, SL). &k fk 2% > (Reinforcement
Learning, RL)SE5GHE AISE L, 78 H 372 Bl AR AR P 08 H AR G0 W OISR 8 e, 7EBR AR MR . P dse ) kit . H
FRUUN o G TE A A L R A I A G B N R U R B B, WNER 3 T . fE A S B B R Yy AR, Intel |
NVIDIA 434t T Intel Go [ 3h%5 34 fift & J5 58 F NVIDIA Drive PX2 FF (sl AL 857 &, ol A i U4 7 A
A S HT, IR BREXT AL A W AR B9 s E AT VB A BT AR BRI RS HE T A Bh 28 3 W £ (Autonomous Driving
Network, ADN)®', 4 & =i 5 68 . W46 5 B8 M WMo F e 3 2484, H HTC B4 Vodafone F7 i B U JG £k W 2% H 2)
U RE X . Waymo ., Uber ., i H 45 Ak € 47 250 A 2 4625 B 20 I 38 % 00 5l R0 i 40005 R Bk, A e
L2~L4 441,
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Table3 Application of Al algorithms in the field of intelligent connected vehicles
references Al algorithm application
[21] YOLOv4 vehicle detection,
[23] Convolutional Neural Network(CNN) LLNet lane positioning,
[26] DL Softmax vehicle steering angle prediction
[27] LE-net night driving light image enhancement,
[28] Recurrent Neural Network(RNN) MPC vehicle lateral control and lane keeping,
[29] GNN-RNN trajectory prediction
30 GRIT target iti
301 Decision Tree(DT) . arge r c?ognl 1011‘
[31] SL LSS analysis road deviation warning
[32] . data—based SVM steering actuator fault diagnosis
Support Vector Machine(SVM) . . ) . A
[33] DCNN-SVM diagnosis of composite faults in bearings and rotors
[34] Q-learnin DQ-GAT automatic driving such as giving way,merging,etc
— 1
[35] g QGD-RRT autonomous driving route simulation
[36] RL Long Short—Term Memory Deep Q-Network(LSTM-DQN) CARLA simulator vehicle control and safety distance maintenance
[37] Deep Q-Network(DQN) Dueling DQN end to end autonomous <-irivling architecture
[38] ETDQN reduce communication loss
39 MA-PPO timization of traffi t at ds
[39] DRL Proximal Policy Optimization(PPO) | ophmuzation of trallic management at crosstoads
[40] PPO-RNN improve driving training efficiency and control performance
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Ir A R T B =TT SRR S AR | BRI, RS F L JETSON NANO 4% | Bk Hi bk
FIATBH, ATRCH £ 2 HARKL I, 5E T YOLOvS BEAT % FRUBI 22 W 25 Il 5, TR JBE 2% > HE JE 16 4% Pytorch, Jf-fii
Jl DeepSORT £ H b if £ 1915 7K S il i A0 6 oF A S0k 20 AT TR E B0 . SR 8 £ H AR IR ic % . [, IZ R RAKSE—
Mg R E L, A S AL SR RCE ], VR RN [ AT 0O e 2 A Y B D AN, AR A iE
AT, ALOT £ AR BE 8 1 o B AR I 4% X0 3uk 7 4% 1 B 000 A 42 00 B B PRUAR AT IR A 20T o 3 T 3 S8 Ml 0 A 45
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users driver pedestrian  passenger  traffic police  logistics practitioners
real time traffic information,
smart transportation Toute pl_anmng, ; traffic signal control
navigation services,
parking information system
traffic signal optimization,
traffic management traff}c congestion management,
traffic accident response,
emergency situation handling traffic monitoring
applications system
public transport route optimization,
vehicle scheduling,
management L :
real-time information
o . timization of & ati i emergency
logistics transportation optimization of transportation routes, samenEnbsyiam
t transport fleet management,
anagemeny real time cargo tracking
T aES data center storing, processing, and analyzing traffic data,
cloud computing platform intelligent analysis of computing resource data storage
communication internet mobile Internet  satellite communication
sensing devices radar camera  vehicle detector  meteorological station

Fig.3 Architecture of intelligent transportation system based on AloT
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XTI BE EREIR A ol , 77l F IXJ2 A SR Al & J i) B B A, AR A SRR — Rl B T AT R
10 T 20 R Bl X ke %%, LA B X s R N 245 8 4 8 (Common Information Model, CIM) Jhy B 6l Jig J88 , | F 4 Bk
R & R4 A L BB X HF Wi-Fi, 2/3/4/5G. NB-IoT. LK M % % # 86/ J7 & Fl HTTP . MQTT .,
CoAP . ZigBee 55 [ £ f& iy A2 4 U1, 38 i N T8 g vh A FF & 56 T ALHOAR B9 903 43 B . Ot 2% 5 447 U3 (Optical
Character Recognition, OCR)ZHT YT 52 JH ABET | ¥ 7l Bl I HEAT IR — oA 5 000 = 4 T BLAE 3%
WA, TERA . TR A b, e B R B RN EZM . XIFEFESE T —F T AloT 19224 4 7 I
HVG, RGN BORE . AL RETUE | HHEIE S CHE R . Bl X Bk R AT 2 AR i s Bk &
i B A WIS AT A, 0 DR AR LS AT s AL H R BT CrackFormerNet 529 , 1] [0] 42 4> A2 77 S i 37 s Rl
S M S B B A T, A BRWGORR . R E B o 8 4 T AR AT Sl O I it R Stanford CoreNLP . Apache
OpenNLP 45 JF 5 T 5L # 1] ] 2 42 A5 7= B R R A R IR, RS i AR & 2 2B

3 AloTHEESEMNEKRETENALZEEINL

AT, AToT 74 G I K 7 4= A el 1) 10 FHT B AR BIE T AT Ak k2 20 i B, (B HCAE B v 500010 1) 1 8l 225 Tl 3 e B o A
REFEWHT1 o JMRAES) AloT 58 BEMBOR SRR & A&, TR ILr % & . — R AloT 164 fig
P HR 34 o U AR HEAL AR R o B BE BRI A R R PE R, d1a 2 BBl . A Zh S Bl I RE . B4 RE A
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4 HERIE
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