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Abstract

Abstract

The promotion and development of intelligent transportation, as well as
continuous innovation and application of computer and communication
technologies, has enabled the processing, storage, transmission, and exchange of
vehicle information, thereby driving the development of the Internet of Vehicles
(loV) projects. In China, the development space of the loV projects is broad and
the investment scale is relatively large. Therefore, it is necessary to carry out risk
management for the loV projects. The loV projects is a complex system
engineering that involves multiple areas, and there are many problems in the
implementation process. Vehicle failures are one potential risk factor. Effective
warning and management of vehicle faults is a pressing issue that needs to be
addressed in the loV projects. By reducing the probability of vehicle failures
through fault early warning, the investment risk and losses of the project can be
reduced, and the smooth implementation and success of the project can be ensured.
This article aims to explore the application of machine learning-based fault early
warning methods in risk management of loV projects, and to achieve the goal of
risk management in loV projects by analyzing and mining useful data, extracting
the features of faults, selecting appropriate machine learning algorithms, and
establishing corresponding prediction models.

The main contents of this study are as follows:

(1) Starting from the project risk management theory, current research on
fault early warning, research on risk management of loV projects, and the
application of machine learning models in risk management, this study selects
more than 70 features to construct a vehicle failure prediction model and uses the
chi-square test method to verify the significant correlation between these features
and prediction model construction. The experimental results further indicate that
the selection of these features has certain reference significance for the research
and practice of vehicle failure warning.
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(2) Using various machine learning algorithms to construct vehicle failure
prediction models, including stacked ensemble learning, decision trees, support
vector machines, logistic regression, extremely randomized trees, random forests,
adaptive boosting, and gradient boosting decision trees. Meanwhile, the prediction
time is advanced from 1 minute to 10 minutes, and multiple evaluation indicators
are used to evaluate the performance of these models. The experimental results
show that the integrated model has better prediction performance than other single
models, especially the stacking model shows the best performance. In addition, the
results show that the closer the predicted time is to the occurrence of the failure,
the higher the accuracy of the model prediction.

(3) Further verifying the cost-benefit of the fault prediction model constructed
in this study in practice, the latest production data of a well-known Chinese auto
enterprise's loV projects is used for empirical analysis. The empirical results show
that the fault prediction model constructed in this study has good prediction
performance and accuracy, and can effectively predict and warn vehicle failures.
In addition, through cost-benefit analysis of the applied prediction model, the
advantages and feasibility of the machine learning-based fault early warning
methods in fault risk control of loV projects are verified, which provides
decision-makers with strong technical support and information reference and helps
improve the efficiency and accuracy of fault risk control in auto enterprises.

Based on the above research content, this article mainly contributes in three
aspects:

(1) This article conducts in-depth research on risk management in the loV
projects from the perspective of fault risk management. Despite some research
results in project risk management during the rapid development of the loV
projects, research on fault risk management is still relatively scarce. This study
implements a vehicle engine water temperature fault early warning to help car
owners detect engine water temperature anomalies in a timely manner and take
corresponding measures to reduce the fault risk of the oV projects effectively.

(2) This article adopts machine learning methods for risk management in the
loV projects. Although machine learning methods have been widely applied in
various fields of risk management, their application in the risk management of the
loV projects is still relatively limited. This study uses machine learning methods to

2
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establish a vehicle fault prediction model applicable to commercial diesel engines,
providing new ideas and methods for risk management in the IoV projects.

(3) This article provides modeling references for subsequent research related
to the loV projects. The vehicle fault early warning methods proposed in this
article uses machine learning algorithms to construct a vehicle fault prediction
model by analyzing and mining the characteristics of vehicle operation data,
effectively predicting the occurrence of vehicle failures. This innovative idea and
method not only demonstrate the applicability of machine learning but also make
new valuable contributions to the selection of machine learning models and the
selection of features.

Keywords: Machine Learning; Fault Early Warning; Internet of Vehicles Projects;
Risk Management
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TR, B AAE i Fe XS i BT T T SRR B = o AT TSI G
BRI A5 T, ] DA B 2 5 JG B R IR ALK IR S0, SR U B 4
JEREAT AL EE,  MTT AT 2850 PR 2 B IR T ) o XL TG o

S RSO TR ML & 5 2 5ok AT e T H KU 8. AR
e TR DA K B R SR 2 1 T2 A, (HR R R I H
DRSS BT, N IR AT IR . AT TE R LS 2 S A L IE A T
e FH S 25 0 R S LAtk S A A, D ZR IR T KRS AR 4 1T Y
BERFITTVE

SE=, RSO A e TN AR R AT LA Jim R AR B I T H A S TSR it
RTINS RS . RSO H 10 22 Al B U 5 2R P B a2 S B
i 3 M AN R AR AT B KRR, A R AR s (R A X B
PERY BB ATTEAU I T HLES A ST A& F I, X AL SIS AR 1 3k % AN
RFAE (A3 HRSEAL 138 (1 4 {EL Dk

11



FFHLas 7 > B PR TV T3 VA 2R I T ARG 7 B v 8 P 0

2 B HEAE S XSk

A S NIIH RSB B A B R, 0k XU PR IR E S SRR ATV
BEATVRARRIR, Dy )E SR AR BRI H XS B BT Fe S gt 1 BB AR . RS, 4
B BT AR I H T8 SORTHE FH AR & BRI 7 598, DA R &2y ) ia 2T H
IS BT XS PR AT (T FURE R HEAT 1 IRANALR S, BN AT AT
J7 SRR ST SN SO . AR EAR SCEE NN AT FE R 24 |, A SOR S TAL
v > (AR T 5 A A IR D 3T X B v X S A D 7 T, gk
DR W] L FH LA 57 > SRR B i R IR R 0 I R 7 B (1 B8R A HE A 17

2.1 MBRKEERER

2.1.1 MERKEEREX

RS A2 Fig — PN (SR B, PTREXE S S AREIH = 4R R T
BT . 0 T SIS S EH BN S, TS S AN i 1k =k
EAPENR GREMSE, 2017)

TG0 H PR B 5 B R e 5 AR AR AT O 7 SR AR B 2 R AR Ak
RARINEDNEIH o 7ETH AR B, XU 2 SN KU AR T H
PR o BN H R 2250 —AN B AN IH H bR A2 IE T B G B RS o 1T %
RIS PR D)2 o HEAN T H AN 58 M RE I, T A5 S0 H 45 5 09 1 TR 67
TR S X ] TEVR A BT E XURG H BEAA T RV, XU P 2R 50RO 2 11
I [ Ak 5T A ANEA AE o 3K 72 PR 9 AO6E 2 W T i () DA AR 52 21 & b 2% A 1 PR
i, JCVEUERR I RS K R A . TEARFIITE R B, TH 2B B bR R
ARk, DRI B e s, AT BRIV XU, HRe AU AR AN TR 1 B 22 e K
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AR SO T 4 2 ZE I T H A g SN I RS, B AR e XU o G SR
REA RO FEAR R i e R A AR R, IR 4 VR SR H S T2 W] 5 R O T
FRZEAT I H B AR, X4 S BCEBM I H 1R

DA, RZH0E HOGHE T RER A B R AE AR A1 R, i in 2
FHERH I R 5E UG % T R IARSE . 100 H AR5 A A 3. SRR A
HSCAE . AR, BITE AATROR BN, AR08 XU (o 1R 3 A Bt R B 2
FETH 125 U g e ORI T« 3% B B ke 5 A0 5 S S T A7 FE AN S
P SO AR S RS B, ARl ae e T B ARE, WU B A
EE TR TV T, Bl TR B rT B8 H LR I RSB L (35 [ 10
HE#2, 2018)

EREBCNTE R0 U R AT B AR e, 50 R R R
et HAME, &R TR IH WEEE 2R B, AT 4
B A TN S Y 5 B v 2 I D 0 e T PR AR R, BRI R A 1
Aze, DAHIR R IR I FR RO AT R B

PR, 7RI H R R 7R O AR R AR, B TR AR
FNKE, A ReA R A B XS o« A SCRTRIE A 1) 2 05 e e T S T DA B R
IR IIX — H xR

2.1.2 MERKERRE

I RS B H AR AE 5 e T RS R (B 520, PR f
RS FRIBERAT (B0 S, AT e 0 H s K mT R PE CGREITH & B 2,
2018) .

DRI 7 P 2% T R R XU L R KU . R R XU 2T s R X
Sr IR S RS R AR B A, LI 2-1 P, BEANB BOE AN F
W GREBUHEE R, 2018) .

(1) Rl AR 2

N Y SEREIE MRS E BE S, ST B E e SRS, FRO A
DS B o 2SR ) A P AL A RS B B AR I VA AT SEH
P, DA 35T E RS0 28 2R AL AR 56 05 52
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SR R

St A S Xof

tht 15 R

E 2-1 TE R EERRE

(2) AR

TR U2 £ KURS B BRI 98 T, DR T AR T XU
RS, IR RS R . XA AR IE R B R A AT R B (S
S, LA I H A AR IR AR AR . ek, IX R RS BN
livaeRTaviii s

(3) JFRME

BEAT VR IXUES 0 AT IS 5 75 AT B L B XURS: AT AT BE PR e R 20 A,
LU 2 XU RO SN R FEREAT HE P, I pRog MR XU i ZE AT RE— P e B
I e AT RE A EE H S ST iy MRS A, R HACSRAE RS B AL . A
FLETHH rf, A REIE T B AT E R AR M, DL A 52 XRS5 (1 2 ) AL
SRATREREAT BAL T, DASE S 315 IS I 52 INLXoh JXURS: PR 2 R SR, T8 A
BER.

(4) FI AR R 3ef

T PRI S 2 5 il I o AR T 1 KRS AT B 5T XS R 24 5 9%
XF ELE VA 31 HE R B XU 1) 2 IR oS SHEME R S0 e it D9 AR N B8 e 78 207 ) KU
RAFEE SLMTTEN

(5) S it KUz 2 Xof
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DA EEAN T B AT A ARz, R PR B 4 ) R 3 4 A RS
T2, A A CAR I A XURS i 58 WX SRS AT S XS 8t Ak, I R N
SE AN KBS SR ST DTAE N DA DR S I S It XSG N2 0 475 it o

(6) B K

A% RS A BT 5 T R R — T AR e A, BR
B L 22 1) R P XURSE NS TR AT 1 D0, MU OBz, IR PP Ail R BT X
IS X 5 il ) AT AP o AR LI, N HE RS2 BE A SR DA S ELHT DA T X

o
2.1.3 MERKERSZE

TEGUH F R R, AN Bl i XU R 32 AN R], BRI R A AN )
P 1] BB SR S [ ) PR 5 B v o — S0 Y R 00 5 B V358 Sk i R ¥
LA BRI BOISE A TR UL ML 8s 2 3] ik,

(1) KX IE

TERATIUE & HERT, U H2 B 20— 3R R0 H XU IR B
B I BT VR 2 — U Sk AR o IX R 72 SRR A F 1A B A H
B, BRI R A AR RS i PRAIREE R I R A B TR

S AR T Az D E MR E BT . FELF (20200 XF W ZRR)
TGy A O T AT RS RN, R Sk X R IE AT SWOT 43T iR 5
HTiEE . 1. WEMRGMESEIURRE, 3L 13 MRE . 250 (202D)
EEXT DW B i A R U 28 B HET G I H AT KU B T, 8
T M AR, I RO (R TR A IR ANA I, I H AR R AR
RS T 7 AT RS . BRI (2021) &XAE H I H AT
TR BRI, E BB B, A T S BRI IRA T TS B
HSE. . AAS. B8Rk o 25y i KU .

K R — )2 N T I H B e A TR, HE TR
B AR AN DAL o LT BT SR AL 0 H 0T DU Sk i AR 04T 350 H AR
B AR, Sk RERIE S5 SOE R MEETER), AR TR EE . 1R
Il AL, 2538 ST RS TR I, (BT 9 35 D mT 2 52 1) Ath
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T AL 5 2 A A T T VA A AR I 0 R L e A

NIRFEM, 3K ] B2 5200 21 S i KUV IR 25k . BRI, 7R A3 S i Uk
I, FRERBIILRRE, IREh A HAth TR AN AR R S B T 4 HRURS A 1 X
lyg=s

(2) BRIFLEIE

TR E RIS, R—MERB WA, H3EE2EA R
T 1946 FAIAESEAT . ZITVEIBILEE 44 R 1 (1 77 2O B BT IR EAE R =
W, DA R 2453 58] — B4 iR

HAl, f/RIEECERONTE R EE Tz N —F 5. WARAT
A FH A R SRV AN 2 U AT A AR TR T, PP B KU I T B XU R 4
il 52 L T SERAT B Ok A R R AR AR R IR R, DAARER [E AT B 1l
(FWERsE, 2021) o ARG T IRX H pi = H R R, KRS
IRFEVERATRR TS, I H IR R Bt ks, MRt TR, #E R
FAEATEH FABEL, FHRA TR B 19 SRR HE R, X—F
V3R] A T A T A PP SRR B AER XU B T H T 2R (1L, 2022)

FRIEIE R — P iz B T R R PRI B 9, & A TR
FRWIE o AR IFAAE— MM, HEER— KIS R, 1
AR BRI A R AL, FEURSER ST R AR B BB, HEZ KW
B RAF R AR . B, 0T RSB R A s B BN B S0
TUH, W LA AR F AR SRR AT R o (R T XU B SR A e B
N2 IE W] RE 5 A8 F 5 9 R 4 AN 52 2% 1) XU BTV

(3) EkoHiE

JEUA T (AHP) S —Fh S i, e ilid b w5 10) B4 At A E
HEN ., T REEREIR, WS R IRZ AR RAT E HEAE =0T, A G LR
EVFN R

ER S BT e T B X 3 F R g iz R, AT B I E R O A
FERBERIZR, 7 W AR oL in) @, 32 mn KU BRI . Zheng 55 (2012) 2T /2
AR EENL TS ZA BRI Z A AT B 3 10 22 2 PPN HEZE R PPAl G R B
FTHTAER S, HMESEG e, 2eSRMmEsy, BA TS
PEANG R, Zhong 5 (2019) EtxEl A =miH , FH)Z X3k 22
M= T, HFmAHE T TOP10 K1, IX L5 P 3 (18 5 75 Bh ol H 22 3
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POE AR R AZ G, AR E B B AT o BT R, B T T H B R
MR hE. M (2022) FHAEHSUE TR EPC SR ELIH H #) R E 2,
KB R TEAT AT ERIVEAL, s e e EPC R G H o XU
DRI 2 AN R, T /5 T DA Aot P b S e AR ), SR A A
TARR LIS % . XIBH (2022) XVAZE ke Al ERP STt il H g KU R 2%
KB RWTERAT 8T, 150 224 KUK 6B 1A 22 G0 XU 7= A= 1R 5 il
R, e AR Bk R G0 AR = AR s /s TR RZTH, HZEEALN
R DA 20,958 000 e ot XK 30 S PRSI 4% 222 4 IR R ST it 355 SR PP A XU
X T 5T 45 A BT T B VU XU TR 35 5 X e S it X 42 i 4
i, EIES AT SR H SR A 2 A4S

JZUR T — P R Giik 7 (RS2 HLT R (1 B A B I SR s
(BAEAE I F5 B, BT E R A o R R s Bk, 24
R USRS, TR N M

(4) BERIZEE VR I

BN 55 VPN — ol B 2R (0 PRV B4 o e VPN I 7, K
PEIEC B ATIZ L, 28 ERVT AN Fia b 2 [RIAH EL S A RSB 2 P R 2%
NRFRMLET RN S . ZHERAEREN .. KRErERSs, &H
TR BN AER 1 e o 3 IS P SR AR 52 22 P IR B o 2 1) SR A B
X GRAAT LRGN, T UL Hb A e DA A0 1 ]

T H A I SR SRR T ISR, RN B B A M AL B
SEVERI R 2, 35 B8 BB E AT S 1 00 T80 e 3, S T H IR 2l %6 Zheng
(2013) 47 B AERHLE AL B ) TARIUH U, (T 2 2RI L5 & VP
B, DA R @ we it H o7 SR bR A0 AT . Gao &% (2013) X}
v ] 8 A0 T 320 170 XU v R, 33t 2R 0 O S FH BRI 22 A D0, WORUE:
DR R (I S OB . & PPN 2 S5 7 AT VP AL, X XU RE% 7 2 1
FISEMEEAT T 4007 W TUAS AR, BOMIZR G UV AR AR A 1R 7 2 11k %
ERABE AT, B LGRS H R RXERMERS T, m TP R
Rk SEMERUERE. YroRElEE (2022) &FFED BRI E 4> L
PSRRI R R 3R XU S5 R B XU S5 R, A T SR IR BT i A 25
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T AL 5 2 A A T T VA A AR I 0 R L e A

PPOEREAT B Rl A VR0, DR RS R0 L A A ] XU
ORI H 8 B PR AT 2R S

BB R 5 VPN ] LUK E PR TR AR e A s PPy, (B AE NI K&
5 H RS R R, AT RS IR /Ny pFRRE TR, PRAG S R AS BB D 1]
A, IRRRON CEBRIILR Al RS EPA R

(5) Hlas=2 Tk

PLEsA 21— MR, BIPR T —SERMG TR A, T ENL RG]
PAFEBCA N SAE2 MO0 N ATAE S5, Sl A KR DD Sl 00 H 28
i, IS m i AL R GE W A R e It . Biltn, HLEs o2 STl A B
= EREEE, SRALERA B AR SS (Wei, 2021) , Hlass: =) dn] DLE
TR EMEREE, BRI ANG T S SR

FURT, Blas s > SRR H KOS B0 A 32 0, —ARR K RHIWTIT
JITRZ o Af FIALAS 57 ST RO T S0 H SR AR, I 2 T2 W Kt it
A7 RS A ANTIE - 2Pl AR ER DU A Kt S BRI A @Ik
WULAR, ARIHLAS 5 > BP0 F RSN 3 T B ik 51, A T XU B 5
I B [ A XURSE R 3R, By 7 T A8 B A 2 SR AN ok SR A #ERA 1 (Gondia, 2020) .
X ] b A 5 B R 2R I ) EE R T KU B AT 0 i, R BL a4 2107
%, BARLAEAI T ZORFG AT FRER DU e SRR A (i
RAR . BERMBEHLARM) « Z20ZEEIH. ZIu@E R, IREEME
R E Ry AR B/ RS 2 AR, 2B TR TS R AR A
T A AR AN AR R, AR SRS, AR
MR BE IR E ) R G KRS TR BRI 1 U5k, BT S S 0 (AT
RS (KL, 2021) o FEFHLES A IREE MR IUH , St 17—
e B B PRI SRR (A B A R B RETE R, AR E T 2/
Z AN e A 30T A RV RT S OB T B T s 2 R A5 23 AT B
BT LI E KU B B SRALR i BB AN T (86, 2008) o X TR
PR AE AN BEAT SO A TR Al N, (A mDE . SCRFRENL, 28
MM LL & K-means RAREHLEF 72 I, 2%, R T MRS HiA,
GG T WE SRR EE MR A 0%, HRAT RE LIRS T BB bE K,
NI FEAR SR ROE L) 1A (i, 2022) o SHEFEA R 7E BB AE 5200 H H,
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2 HRELRR S SCHRER IR

EEILER 2 S R B, R B 24 BT 52 3 1) & P s el PR 3R HEAT T 45
BRI, X SRR AT A AR AT T VR, O NETEATF S G
TETF J TR AE DRI H B B 1 XU B BT A5 27 S BB AN T H Sodk il (il
s, 2022)

AL, WLER S ST HRTE AV H SR, AT AR Bh AR R . TF4RHT
RIS SRIR, RO, BRSO . Bl I SR A% L Bk 7, {3
1R G0 R A FRRARIE V5 ok B A FISRIE B, & R A
SRR . MLARF IO IX — AT T H AR, a5 A s 4
AT R, P LAEE P SRS I AR

TEARSCRTUH,  BTE T8 LS 2% o) S Ae) 2R b TOOASE Y, DA e
AR ZE IR I H Hp g e i 2B U, A AR SE I AR X T H 1 H Ao X — 1524 119
VR T ORBE 2R I5E I 2R G2 1) 22 4 dg A7 A van P o e BE A R A B 3L

2.2 HEMEMRIRK

W WHER R TR E T T 2R EH B B2 Wi I T 19
GURE 20 AW, R T ANTHFR, DARME N EERE. BT%
P EERTRT B, X P T R AT DA R A

M 20 HEYIIA—E R 70 FA, FEEERRABARED, HIE2
WOZ T 51N o X AN BRI W5 12 B 2 A T 5 R I S 2 AN B 2%, il
PWEN AT LLAMRIBARAL . 7T RS . IX e 4 1) H LA A i g
AR B A 0 R

b 80 AFAGE L T L ER BRI, WA IR A, &4
PN TR 2 T O G200 2 MR ME RSB K I B 15 BARBETR oR . WLas % S 4
ARIEXABHERIZ T AE . HLES 3 I AR I T EHBEOR . B b B R 5%
BT G A I — R BRSSO R A AT P A
HRAN AT, T8 I H AR AL AR % ] SR AT S T A2 W (£ B %, 20165
FAFE, 20200 o ML ST BORAML BRI RIESE =2 Wi KRR BE, (Rl iL Be
5 KRG RS W 8], 5249 N TR

19



FFHLas 7 > B PR TV T3 VA 2R I T ARG 7 B v 8 P 0

HHET, Ml 8Os ey ma 2N, e REEdE N
FEA, A I R A Y SR A IR A S W TR 5 2 T (Rezamand 25, 2020;
PZRIE, 2022; ¥EHHEE, 2022) . 2 HLas 52 ) WU T A S 70 0L R 3%
2-1 Fios o

| 2-1 HBRFSIYEMEEXHAR

=3 AR TR TR
Bangalore 2 [ s SR T,
(2015) i ALHEFE (ANND oot s o
=y Y 255
BRI (2018)  ARERENL  Suk BN j;g%ﬂmﬂ“ﬁﬁ
— o 4 3 M B 2 R
NS (2019)  WEEREE B AN

APEEAR PRI ARSI R )
A EHLSE KRR

it 1A GEZ - U
Chen %5 (20200 FIUIIRSE ot ey 0 T e SR

ZAEM (2021) BRERBIG A ORISR R EAL HER A Ik 97.67%

A FR%E (20200 FEAREETE

Zhang 5 (2021)  #RFHHLMERE T REAE I 1) e T ) R
. - - YREHEN(ESVYM) . HET MRS
faray =R

Wang S (202D 'TT Eﬁﬁ&l‘? X%%’é%& jﬂu*uéﬁf)ﬁ

. S b 3 - & v A P AL AR 1)

Zhao %5 (2021)  Hfs T B ren R ALK o T R e

B PRAERZ E S 2 AERE RS, F1 2

73t (Kernel PCA)JEH ¥ 1 0.99, ROC

FIPLES2E T SRR RIS T
(GBDT) %% 0.998

W& T SN BOR AR AL B SR AN A, HLaR 2 I R 2R R
JRZHINHL, e O AR RIS W R B EZ . AR, SR T LA A
SRV HR 2 o DX VA0 5 T B I RIE e Uk =, JC R AE A2 I H
T, AR I ALES 52 2 SRR TUE A MR M 00, 2 DN ARHER 4 & 5Ehs
Yy 55 BEAT WAL AT 73 BT R 1) R o e 28 S L 2 ) SRV ) S A I ) g o 00 A
R, RS FC ) H AN SO e

X555 (2022) Fil = R E LT

2.3 FEXMI B R EERHS

FAT, ARG RIS S B IR AL AR I H P 5282 5 K 5% X280
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2 HRELRR S SCHRER IR

PSRRI E. TRIFEVE. BRSPS E PPN IEE . A,
BEEHLES S I BORRIR I, ORI I 7038 T a8 LA 2% 21 5 idokatk 4T
T RSB ERE T, A RS B B R ARt (Sharma 45, 2021;
Siddiqui 5, 2021) . {HJZ, FEZEBRMIITHE XESE BT, X T8 LA 5% 2
TIE R T ARG B o BRI, R 2R T AL A8 5 ST FETE B i KUK
B HE R AN AR 1 5 T AT AN

BT B AP EHEAR M BRI E BT RO 2 A 425 1) SR T X
K, R FIBILE A PNV XS HEAT B i, e, A8 XU 8 = 4
Fiy &8 SR i RV KT SRS, iz 00 R XU 5 R AL T B S (RS
2012) o EFRFRZAEQIHTE R IE A R AR B, B ORI TS 1 KU R
PRGN T BRI H R, SRR A XU PR A A VAN AR A il 4
EREAT R RUA S SR P IR 5 e R RV R SRV v AT s e RS 23 AT, il
RS EERS XU RIEE R ek 6 R XU [ B S %o SR M iR AT XU BT, %o
1B B RS AT XURSE i g, AR U3 A b, BRH TS A AT E AR XU
R, HRTES GBI, 2016) . N T HIFEHE G A MZEBMIH
P, SR 2 B AR B 7, ELAE A R  BT iy Sk KRR XU T 51
Ak, DA R R . B BERIE AT P B R AT AT R, IR
T M43 Hri%: (Analytic Network Process) A & T H XU 1 5 E,  FF45
BB LA TR I E KT 2R A VP58, 83k T 0 H RS 256 1 45
R, wJa, WHHREEHATHET AN RS G RS AR A BT3RS
TSN, REETEMIZH, N G AR IR H R EE IR AL T H %
HIFR SRR S IE S G I, 2017) o WFFEHRH —Fh e T Hodk i) FMEA (2%
B GMHT) FIZERRNITE R R R, AR R s stk 47
LUH AR R, e T ARG H KR R br AR, PR R R
FEAE) IR e PERR ], B0 ZE BRI H BIRR AL A8 BRI 2R A VR 0 I H
AT RS VEAT, R A L AR RS B S, 2 2O ZE I I 00 X 5 F 4
LT H BB E (BET, 2019) o EFX BA IREATFI EBNITLH T R4
VERIRBS 7307, 456 A R EA R T R IUH R, ARt H &0
FER AT RE LA & S, o, SRSk R, &R VEM TAEL M
SRR TR, I E KT T St RS A, BEE, RS 2R 5
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T AL 5 2 A A T T VA A AR I 0 R L e A

TR KR HEAT T2 7), T FAT 70 45 R bk SR B AR R AR, 2Rk,
K E R A RIS AT S HE R, B A8 RO 25 S PR V2000 T H B e
AR EAT VAL (EKIR, 20200 o N 1 WFIE 2R B0 S5 A 0t 2 I 25 gk XU
BRI, B MR TR IR S B SR RS, HN A TS
) RS B, 1% 2R Gl B A5 R B SO B B KR PPl U RE I, R AE T
B A I 0.2 B ARIC 2 AR Fy 22 4, 24 H IRV i 7= A i ISR B 24
FI475h, Ak, 24 VTC (Vehicle-to-Cloud) ANt 0.5 iF, Bifd HiAth 234 1F
W, epr s (Bylykbashi 25, 2021) .

HT, TR I E XU E BT DA BN 2, SR RS
J7ik CHnSk i RERE . 7B irid . ToRaEs . BEMIZR G IPNESE) LA
RN I I7E. A, 0T EE T TR D, Bl S OTVEAE
BRI E Hh (R SRS R R B AR — PR .

24 MBFIENRERPHONRRAR

WUAR 5 SIE R — P s R IR, TE AU 2 T ) 2 IR
TERBS B, BLAS 2 o I S AT LB i U PPA RIS BE, 38 mT DAAR ey
JRVIS: Fo0M e HE A 1, O HLRT DU IS B 34 D7 2R R e XU B 2R R 2%
(Rimal %5, 2022) . Bk, Joit iR 4 Aead & H AR A 0 )R B B, A%
2 ST AT DL B ZE 2P G TR AR X XU, AT ARGV E 5 R R A

TETVATUS, T B B B R AR A8 VR R PR T S8, BF SR
T 2RI 5, FERENTRAE R, Ik B8 e A B AT
I, BART S, W T 2 EK G GMANYERL, SRR ENLE I (SVR)
MG Z P 2% (CNND) =FHLES 7 SJBAY, %) 2006~2020 FHE RIRS
B PR BET TG, SEIREE IR, WL I TR AR A AR R AR
IR0 A RS, R A 3 [ R AR A 10 B XU 5 BRAR AL T Bh s, Rk
bt A B = AL 5 ST BRI B2 T, L2855 21 7 V2 2 R AR =k 1 1l
ORI B AR R, R R AR I (R4 B R R SR AL s AT 0 (1 S F
O35, 2022) o ANRER WA 20U B EPC B H @3 — B H S
AP (L PR DRSS A A 22 R XRG4 S, F 7SR ) N ASR % J R e /s —
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2 HRELRR S SCHRER IR

e S FE [ BAVVEA B A OB Fh EPC 0 H KR PP, R A 2
BEI R % 5 28 XIGAIE (7 VER S HOAT AL, SR 2 2B fr 44 ekt
Wk AE 2R 1) FLS-SVM A8 2258 SEEG50IE, FLS-SVM B L AL i ) LS-SVM
A H A RAITERE, BAAMRS MR AHNME, &P om0 Rl EPC
TG0 E B RS PP R A P4 1A Sk A (b, 2018) .

TEG AR, AT X b= AT M Ak T A3 BUBLISOR AT R, T
S m LS AR OCEE, I R BE N R I AT B A AL AT, IR
PEAZ IR AR (R S AT T 20 b, AR 55 AR RE . A R AR TRAL 22
PR R . REARTIG . 45 M DAYV, S TR AT R (1 5 A
EMEEEHT; WG RER, FTESL I BEIARMEE A8 08 v 17U H A
b AR R XU B Al (2%, 2022) o TR FUARAT KUK A B b
JRBE RN M Rl R YT I, R TR IR B (0. [RDA). Te B R,
SEERTIN) DAV A B a2 ST R B, AR R R e B A L s R
WhE T HLEs 5 S) Rk 2 AR FE (Priszny& 55, 2022)

TEBRITAIIE, T TRl AR R X, 38 PR 5 S O vEnt T 4R
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