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[ Abstract] This study provided a review of classification methods and quantitative evaluation of driving behavior, which
firstly expounded the meaning and representation methods of driving behavior, and divided the driving behavior classification
methods into three categories: statistics based classification method, machine learning based classification method, and the
hybrid (combination, integration) classification method. Different driving behavior classification methods were summarized from
the aspects of representative algorithms, advantages and limitations. Secondly, the quantitative evaluation research of driving
behavior was systematically described from multiple dimensions. Finally, the application status and prospect of driving behavior
classification and quantitative evaluation results in many fields were introduced.

Key words: Traffic engineering, Driving behavior classification and evaluation, Intelligent and
connected vehicle, Transportation safety, Energy saving and emission reduction, Comfort
(SIARE] skarn, dkis, 482488, % BTl 43207 Ik SO A IPAL SRR ). PR R, 2024(5): 1-14.

ZHANG L C, ZHANG T, CAI X R, et al. Review of Classification Methods and Quantitative Evaluation of Driving Behavior
[J]. Automobile Technology, 2024(5): 1-14.

TSI A BRI B RIS Qe — R R, K
GEi R Bl R , 2023 4 Hp [ % 5SS 4R3ET
NECH 1.38 NP [RIIN 36 i ol 2 RE IR AR B i A T

=

E[l]

UEAFR , B FENA A Tl A PR & i , 42 RS

i

PRA TR AW ISR BB, N 2014 4F 2023
A TR ENR GEARAT N 154 /23 hn3) 3.36 4245 , 1K
118.2%™ PR GEAE 28 NAVT AR T35 417 e A 1) Ay ) Bt i 32 1l

b, BEAFTEAE KR A AL TR R, B B T A P
e 2023 A5 H E #% sh IR A A BAR R ) R, 2022 4F
4 [E HL 80 47 DU 35 G ) HE R R 1 466.2x10° t, H:

LA « [ERE S AT H (2018YFB0105104) ; F 5 HARRHF#ELA 0 H (51278058 ) ; “ - BB 58 BEACH R4
L1 A A A ST H (B14043 ) 5 e s R AR IR 55 91 L 5% 4 B¢ 8351 H (CHD300102240503

CHD300102242502) ,

EAEVEE R (1966—) , 15, #0557, T 2418, RG] 0 4256 ) 58 8 B A R R
EDIRS H B AR RS HERB R BRI AL AR 55 xmzhao@chd.edu.cn.

20244 25



SRALI, A5 B AT R 0y 0Tk AP £

H, — &Kk (CO) R &A1 (HC) (A& L (NO,)
FVEURE P (PM) HE 43 1) R 743.0x10° £,191.2%x10% ¢,
526.7x10 t F1 5.3x10* to VX452 5 Y W) R iy & %
TUHk A , CO L HC . NO, . PM HE i i 4 3 90%" . b 28
fife b3 IR, A OGS — BB T IE B R BE A
B EMASHNMRA B AN EZEERETER
W7 TH RS, O IO T AN LS . BRI aX L
HHTF B O & AU, AR B8 B R 1
AW R 2 B AT A A A DAl R A D 3 n) R 4G
T L

29 BN I P 2SI R G AE AL PR
AR E R NS - RGN RN
SRS R R | L2 AT Sy Y M A P S 2 4 KT
WFIE RN, 2 3 5 A i S B0 28l FH 80%~
90% , it B ATl FHH AL T AN B 86.5% ", J34h, BBty
Skt AR REREAHE A s, A 0 OR A
B2 BT R HEAT AR, AT VR AR AR R AR 25% /42
A, [ B AT A5 e HE TS R ek

X2 B AT S ST, O KR I I AC TE A M R
SEBIHRZONE . ASCNE AT R KA
FEVPAR AN J7 T HEATERR - 1 5 B TR B B Ay
F I WA N TT ST F I ik
LS 2T 1 3 205 ik RGN (G D) 72807k
SRS IR B AT VEAN K 4y, 2R G Hb A5 RN A FE R
R B TR () R N o o i 28 i i
I A AN Y RS B AT R S A VPR I ST AT R ST

4
2 BIMTHENFIRIE

21 BIPITAHENY

YT RIR T Bl 5L AN AT 7R Bk S A LA
B\, BN 0 BRI S) d BRh  2R A R
TR AR NI R S E N sS BI AN RS NS 3T Pu ey
Bian HERN IS AT 0 AT e B B A ] 4
A AT P BT ER Z (R AERTE 310G R 14 il AT 4
W PR 2R OCR BT T Lo A
P R AN B R E P ES 43 o 2 B SRR 2 Bl 51 AR
SR PR B AR B4 05 B A T o0 A I, ik PR G
P25 Bk T s R A o O e OB I ) B G AR
B A A BB AR T DX 4 N AR i
F AT AU B0 DRSS APPSR, DL Y
PRV FG RN R B AR R Bl B A A B A )
B R RAT AR . ARE S 3 MRS IR], 25 50T R

— 2 —

SRR REA S Bl KR LR P . 2 Bl B AR A AT
T o A P2 Bl BT A RS AR Y BE T, DR ARl T
20 B B S BRI RR UK. Bl
W R ARG , R R A i~ 163k
2 P XU, A 2 e o S8 14 AR L A ) B (R 52 3
SRR O] R

BT

B ETY
|

___________________________________

DR -

Sy

]

]

]

]

]

]

]

]

| i

| 7 AR ~ T
| o~ s T
] ]

. :

]

|

i YR
|

| :

i E’E r Z?]

! ;

]

]

]

#

K1 A-%-EHBR ARG S 5T

AN AR AN IR A IF S 11 2 AT N 2, o] LLKE
S BRAT o R RO P R 5 W B AT =
FWEIER M B0 22 4 BT AL, GRS R 2
BT R AEAT S B PR R HE R e BIL R A AT 5, O
SEE B BEAT A RATAE AR R 0 2 B AT O BEAT IR A
S HEZRBIETT UCR AT D AR SR T TR SR 1 A A , LA
DI PO BT N EEAT AR TR T S
B 5% EAT Y BB A X 52 T AR G AR R AR
1B A BRSO T o BB BRI O B v 1
AT AR 58 3 I ) KUK R R R SR
(LS
22 BERITARMEAZE

2 T B3 0 e R £ L T AR R AR T 3 3
ASEEF B, A 2 R . Hoh B BO R SR
SARBR 5 5 B BOR AR B RHH K S e 5 =B BU2
Fhat s S5

IR FE R WA AT AR AR, S A 5 R
WA B BEAYRFAEAR I T BT AR bR . Horh S —
W BORBUH TR A2 B SRR 19 4 a4 705 S 50
B ST A 25 0 53008 2% Aol 5 L A DA R 2 JBE AR S R
TR 5 5% — I Bt WA Sl A A0 22 o sl ek, B
AT HARSR

——————— e B

nOoE R



AL, 5

BRI R KTy R 2

| S AT S5 Y |

I
v

I I
v

y

Y

AL L
B H RS
RYNE=TE N

ETON
w75 [

22 N
HTEE

_ ,

W ] L]
: fE e
e

BB = B Be—

B =

e —

K2 B R F B

3 BRITANETE

ETHitHsEm s 75:2*5

BTG MR IER 326 e AT Ry oS5
T, ﬁiﬁ/\iﬁk@%@ﬂﬂb\ 1) 225 Bt XA 4T
GCo Horb, otk B K HOW A28 2 A A — L A AR
FVF 22 JLADFR T T O A Rl R, A0 45 A 25 @ AL L BUR
UK OREG A T TR Uh 55 o Wt 2 B30 DI i
FE S W N AN A BE X AT 4028 lan , 42y
BRI N GBI A BEOR s SO 3, B
B REARBOAN L, WFFE N 53 AT RS KA (Y B 2
G5 RS H I R RGBT R L . Paleti
S NI I PR WG R T R ok e OGS B, HA T
AL I AUER 4 S T 4 A TE AT TN AT R B A
b NAT B | 2200 A 300 42 1 U 2 T U5 AR I Al
PAEWESE RS 05 AR CR A o) St s 3
[EAFEIEARC R o

UTAEA AT —SE2 2 B B WS T3 Ik |

i B (Jerk ) 55 % ) 225 B 280 00 G R MR A T
HERAT RIS AT TSR . Eboli 55 A™id
ok Xof o R R T 8 S A (PR A i AT O
P RV 2 R R AN S, A SR 15 R P Uy

BT RAL TR AR A B WA Z B 7R 2=
A2, Langari . Won!™ "3 13 78 48 =& 1 1T A8 FH A
o 0 T B ) A v 2 T R4 0 3R 22 LR 5 3
BT RIERT 32 WER FE T 100% , TUIEA R 25 55 53 XL
R, AR AE 50%~100% 2 [6], W TA A 725 3 B3 XUAS 1F

L AR/NT 50% , WITA 25 58 53 WUAR VR i, 49K, AT
R TR R A AT R A . Bi4n, Viieger,
Kim  Kim 55 A28 7 300 18 3 o it 2 35 A o 19
(o AR, B T BT B AN, I R g T

BT 5328 . YIRS SR I ST RN A A
R IR b, 56T Jerk AORRUEZE FNIH 2 LK 25 5
AT M43 Y& § 25 3 (Calm Driving) | 1F % %5 3 (Normal

]

31

Driving) .2 3 (Aggressive Driving) 5%, Wang™4

AR GPS AU 3 600x10° s Ul (117 51 370 K47

T X IO A AR R ), 331 B I B R Jerk, 445 8 1Y
20244F 5

ANEE R 5 Bl SRR o R R LB S RN
TE AT N A RALSR bR PR AR E Bl FUE SO
R S Jerk BYSIEINARRAS 1 ROBRIE2Z 72030 N Y
FRR o ML 37T R (Typical Driving Practices ) , 544k
B AP AN ERSE B 34T (Volatile)

LA, ) TSR f (R 2 X0 25 B A T Ay ik
Fror2 , B3 Frzn o DI B o i i - P& b R 409
II RN I E R T/ MEL /N T {E A P A 33 A X
AN DA Y R B W B AT S (Calm) 5 TR IR
@RI FAN R E R T /DT B {E+ bR 2= 1 B
A HRE A XA I 3RS — ) 25 3 AT O (Nor-
mal ) ; VK (0 B 7327 INd BE KT “ S fE + b 227 (R B
A L X R I R 2 384T (Aggressive) .

B R N S TONc
ST pRE2E
i/ ME~> (A

0 20 40 60 80

FEE km - h!
3 s R 5 R 53 A

FIH] Jerk BOSEABRIEZE DEA T 2 3047 7328, &
475 LA Jerk  1E R ] FR AR 43RO Jerk KT H/N
(BN T B A I AT S8R R, 3 DB 1 s 3R s B
Ve 2 B AT 2 (Calm) 5 R IR (T 73 27 Jerk RT3
(B /INT IR IEZE ™ (0 BT AT JRE A, XA XU )
N — M AT R (Normal ) 5 K 63587 27 Jerk KT
“YIE PR ZE Y P R A 2 AR AN S 0 g
ﬁfﬂﬂ(Aggressive)

Mohsen™ 544 R 22 8 5 280 I G Pl SR F
B % 22 U200 A8 S R BT 37 IS U E
NGEVERE R, WFST R B Sl A S8 S 11 ARl AR A
MIEFR . WIFEERM], SR s P = Metn 5 5
Bl R R B TEAROCPE , HEEG 2 E 2. R A
B, T2 0T Rl S AR 42 427 B (Basic Safety

-3

100 120 140



SRALI, A5 B AT R 0y 0Tk AP £

Messages , BSM ) 4 B2 1 i3 B2 5040 o518 A 4 L A A DG
P Ry, X SERE S T D P (E I A AR
R 22 B A B Z 81, W] Sk — 2D 5258 28 2 A 4
S bR

BT 2E > bR

- Y-S +bRifE2E
- f/ME->H

Jerk/m-s™

0 . ZIO. 4:0 6I0 86 lOIO 12‘0 14;-()
M em bt
K4 Jerk SHUESME

25 b, DR A 2 B AT S 0 S8 2 4 R 2 T
LT e EFIEVER MR, S TR R S 3T 726
T7 ik T Bl R P 22 Ge T X 2 B T o A3
PR AT 028 0 M B A T o 32 e 5 A5 s R
Jerk € 1 RAL , Refil G 1) 25 B AT g 732 IR A i
JE IIEBE TN Jerk S FALAS f (RO GE T AL, it
2 BRI AL T 2 4 REAE AT I M e AT 5T B 5 SR
HPE NEE | Jerk SR 5 ) AH OC Y 22 | BEALAZ
i, PR Sl Yt X S AT O SR A ELA ]
bR R AR S ) RBERLYE . SR, SR TR
Rtk BB AT R o RTT IR R B T DUEEE I | Jerk
N BRI AT A A A R BELIERRE , F HA 25
HIBERLE B A TR AL, 2200 1IN IA) PR3] b a2 R O
B ARREIR G 75 22 R T A2 304 LB B
Ip s AR . 1R 5 E 2 B AT T AL R i 2 {3
PR B 25 B AT 2 73 SR R A U IR 75 i R 1) A
T s A
32 ETHRFEINSETE

iEEpN:1 6/l DEAMEREIE O G HIDE Sy I T2
TEICER AT DSRS0 s, 45 G T4t AL
PRI AR ABLER 7~ C 20 A T REFTEL
PaBbr R 0 E W7 1) 2 — , HLas o7~ ORI K J
DRSS LIRDY NG {0k €/ R g TRRRE S &P Pl
PR ARG HEA T B0, )32 T 2, AR
P2 AR 55 AN, n] ASE AL A% o > 505 0 R or 2K
(Classification) . [1] 5 (Regression) . 2 2& (Clustering) —
Jeo ML =~ o B 23 R MR R RE R B 3 Ay
N o3 S N AN B BT RIPR, AR TR X P
T3 XS 2 B4 T R o JEWR AT 4, AR SR

—4-

321 Rk

BT LG 2 03 KA S AT R o R R K
TS B2 IR S AT AR S B B ERAE , JF 4R
Hi ARFIE S 30T R Z R BRA SC R . Horp
AT pLas 7 S B kA - A (Decision Tree,
DT)& L FMZE U 87 (Native Bayesian Classifier, NBC)
B 3 FErm L (Support Vector Machine , SVM) 5.7 |
K #7148 (K—Nearest Neighbor, K-NN) &y | 125 X 4% 5k
%

TESEPRE s Bt R, S Bk BT b 2 3 %
J5 11 AR B T0, 45— Fh 2 04T AT 25 H AR AR,
TR BT R 3 AR R , T B A 3 R
R DI E BT 200 PRI, N5 P R 4
WU Je A W ARRE AR 2 BT R 2 R
REAS ST L s Al 2 B AT O 3 AL . A R T A I
PR , FFH ExtmTrees 53505472 3047 Ry 43 A FRAIE
e, 3L X HE S R ALAR 22 2] 70 25k (DT NBC K-
NN P2 FI%% SVM), 153 H BT SVM 20 ear A9 2 B AT
OISR ) 53 FEPEREFRAL , I A UKL T HEDL AL (Particle
Swarm Optimization, PSO) B iR AL B (Genetic Al-
gorithm, GA) X RIS HOM AL o Silva %5 A58 13 4=
DL AR A B , 1 N T4 28 19 2% (Artificial
Neural Networks, ANN) .SVM . K—-NN S5 4/ #5227 > 57045
RURS - IR A BEE RS B WU HE T 7026 1
HERRY], SVMAR R E 2 A7 0 43207 T Ik RE dre -, 1
A< 1k 96% , (H i THR AR HEA R B0, WA I8
ST RSN R R 52 . i Pk
TR ( Usage Based Insurance, UBI ) N i %A 1 5
HICRAE , SR FHAR G N 22 d SLAR PR AG 0 4R B0 SRR IE
i PSO i Ak BP #2825 11 7 =X 7 2 BTy
3R, Brombacher 55 ™5 T ANN B35 4 Aar il £
B 2 1) R 1] 25 B 5544 43 R Defensive il Sporty I K
0 ARG FA 3 I 5 A B XU 43 28 B TR 48
PR N 2 BR T OL T B TS
I JE 6% 0 S, B0 B DY A TR Al S 3 ZE P Y
PRI PR 2 g7 SO 1200 SRR R B RE S b B Y
i

230 GUTEIE B b RAT O S A R A R OG,
B, R IT ST BT X 2 AT 22 Ax TRl AT 1 AR Y
WFE , Lattanzi 55 A58 5o J AL G IO 1 & shpLAe
R SR IO E e ) B AR R S AR )
SERCE IR 3 SRR, SR FH SCHF 1) B LR 45t
28 0 48 P T 53 28 07 R X 3 22 e IR 2 A 1Y 2 Bl A

"OE L R



SRALI, A5 B AT R 0y 0Tk AP £

L EEREIR PR A A 0T B R R T 90% .
Niu 85 A P9EZXR G 2 30 A TR ST, 25 3 51
58 B BB BUDFRIRAS Al e 4 B GH
IEE R RAE 6 N HERE K, A3 b TR A g
AR R IR R R OR KRR 15
R R DG R HIBLAS S IR R
LB RPET R I SERELE R D R 0TSl
PRARANE BLUAT R R AZBH  BERLAETE TF AT
FLIE O PP AN 04T ) . Yuksel 25 NPT 4415 )
AT SRR | FEIRIBE | TSR L SEIRAT e A
B 25 B A7 R AT 43 B, Il ik ANN L SVM  K-NN . NBC
I K—star B850 WAL 2% 2] 43 A ST 7 254
PEAFIRIENT H AT , Horb K—star BB AR 0 28000 R
Sk, T LR B RGBT .

g5 b TR 2] S AR I B AT R oy SR AE
Ko AR AR B P20 5 S AT AR DG Y E 2R,
IR A RRIE 52 3T R BN Z B e R, 5
BTG REE R 43 2807 A L B BT s R 1) A 2 2
REJT, AT DAL SRR A S e fitin 4R TR S 5t N
T RETEIER K07k Bl TRk ET
W2 2] Iy 1 AR e SRR A 28 5 1B OF k47
Y5, T 75 FLIR M R IR A HEA T 4328 AR AN T
SESRAHIEOLT U A B BE A T AL BRRAR
RK.
322 RKHWE

[, AR 2903 R A Tl RIS DL a e > ik
SEIRE AT R Ay PR 2 B0 T O RRIE S
LAY R 52— 2 B AR 7 B i 1Y 3 AR TR 2 . K-
means S5 AE N B 24 LT R0 O RIS | L
TERE R 2 8 0 B %iE IS SR K-means Bk
X BT R REIE S RO T RIS S R EUR B AT
FE o NFE DRI ) B B R Y — L T R (R i
W IR B2 H 0 B B E K—means 58055, 086 2 1, pieatk
B AL B8 K-means BEBINMERE , AR ER D, 78
FLSRR AR 1 IRSEREIL o B TG A X 2 3ty
J v B AT R ARS8 R B AT R A R AR A A
BRAY RRUE M =2, Hoh fa R R 8 1 18.35% , 2 R
Lt 25.65% , e fath: 7 L 56%.  FRFE™IHEE T K-means++5-
X AT RS EGHA T RIS M AT 5 R
— PR R R 2 e AL B Ly
15.8%, — M AV 00 4 | HU R 36.4% , AR {2 0 2 | e
9 47.8%.

AN A F R B R R G R AR S 7

20244F 55

AT IS T E R SR . R R
NI K bt Hi R R A 3 i sl Sl , DSR2 A 7
KA EERFE AN R R 2 52 A TR 0GR il A
MARGRIX G B IAT H AT /3I5 . IMIEEN 58
SUNES IR 2 RE G vt QS PARDI N EN I A K= S e S i R
FROESHHEA TR, 1 LA A R TR 1 1A A
RIAEIR, N FH R G RSB s B A MR IE S AR
ATy G ) 2 B AT O WA BT R R gk
P L e S = N1 SANEE oW ST ESSNE S
filt, SR T P40 A B 25 B B PR 1 A2
JRUAS BRI, S22 0 5% 28 A 7 ol A i A A
PR LRI PR TN RRAE , SR RO C ¥ R
(5 ST T 2 3 G A T A 2 1 o0 A 4 )

SRTUM RIS IEAR, 5T 25 8 0 R I ik HHE
TP AR R A 2 AL, 3z 1 25 1Al £ B Ad
FE, DBSCAN & rpr iy BRI 2% HIR7ILF 4247
SRE AR A3 HT L 38 5 DBSCAN 5435 25 I 3 Yt Al
B A 3 S X I WA R R SO R R T X
a3 NG LR F o AR 28 by e P ) SR A TR
DBSCAN BEA83 5, A A Ak PR 5 i) 858

g5 L ST AL R S R A T RN
BT R RES BRI 4 —25 M 510 5 AN TR
. 5B, HON M 2], AN B A
R R EAARYREAE Z A R A 143208, T UKL R
SIARIC I RBERRA, I I F b i s HoA oy e T
eSSl

UL T3 22 30 T I BILES 2 2 Oy i A
B 1 TR,

F:1 HEEZBRITADENVNRFZIEEZREMRS

PR gy e e R
TR %5 5 22 W 15

VSRR BT AL |2 I L 5
L1 Tidié
i X % R
S s [ LT [8,22,25 (Z/“:HA;JJ # JB 3 A AL B INRE
grag | FATPROLT R SRR ok b e

NG
ARG | SZREAR R
PRERPHZE > SRR, |, U1, T R
NGy 3% VTR R | FEAIR
JERR R PR AE ] KAERYESE AT fiE
K-means™™ |5 SC B, 0] fiff B | S 8RB RATR

o ke 2 BT K
ik LA AREIRHL 32 B A A B

WUFEEAR 69 SR 0] R, AN 3 Ak 4 8
L, 5RO | AR ROE SRR
PUT R (B

-5-

DBSCAN"




SRALI, A5 B AT R 0y 0Tk AP £

33 BEX(AEG ER)FETZE

A Frik R G 7 AR AR A S R E S L AR
2 I A SR R B a2 ) 7k 2 G i 42
LI RAT R R RIRG T B L
AR R > T iR I A

Wl 2 R A AT S AT R o SR I
LKA« 5 T SRR 0 B AT N R AT Wl R SR 2
A AN R A o R BVE M 4 e A% o FBAE NS5 Al
o T o Wi e IO 55 2 Bl DR SO | S
B S EPATEER 285 48 K-means KL
IHZRIF A INPRAS , e i BP #h 2 IS H e 00 26288, o
REERRN Iy I 42 24 VB RIS Sak . K
R IAT ZEH I Bl 38 ) K-means++ 502X 25 B0 A 7
FHATHIIR RS BB A S AT 3 UE I AL B
ARG R =2 ARG SRS AE R HT 4 Bl TR 7326
LS AT A BT R o2 o ARG FE R R PPN 4
e 43 JEHE R B2 foe i 9 7 Ol SYMUBEEE K SVML
K-means++25 GV B AT R 53K T55

AN, Ersal % A\ PEET42 0] 3 (Radial Basis Function,
RBF) i 28 M 28 % 25 B A7 S A T 1A, IR 455 SVMIE A
— PSR FH % 22 002 Bk 53 73 D AT 20 SR R G TT Mk
Eren 58 APl HI GE T L% S AR OR8N , R 3l
A0 ] #E 2% (Dynamic Time Warping, DTW ) 1 U1 i35 43
KIEX S T BB R B2 24T WAL 24T R, Jfnt
5 HAB T LR, R %07 AR AR S B
AT7 HRATARGF RO R RS o AT 383275 51 0 25 3
WS FIE B RE , Sl A [/ 1 7 S 26 . FRGRAT:
SETE 3o SR R T B IR ] SR SRR U R AR R R A
BRI K—means S35 X2 5\ 125 B JXURS 10647 20-#r L >R
FRIEAE >0 %25 30N )5 B REVEA T 70 Hr , 1 25 B A
A5 0y 6 2 AR G rh AR RS
BEA AL G A AL ORSF AR, NG SN A AR
BRI AR rh AR UMY (4 430 2 B B, R AR E SR DR
TR 328 U R 1 T B3 2k N B AT B AR -3 I R TR T B 5
A B E R AR Y O M DTS AR , SR AN iAo pf
2245 (LSTM=NN) S B C 25 B 23 2R

IR (A AR I3 2T7 1% AT DUBH R, 2R 1L
JURN 5 O A AR O 7 557 B B s 20 2k
B W W T 3 2 AT O BT 5 T 1 S e
w2 iR,
34 DETEXESH

AT NS TS IAT AR K, BT R Bty
HIFRTT RN R 3 S R B AT S o RS

-6 -

FRAETEI 732807 1k I3 R R F AT I 4, sk
3R,
K2 BERITASKNEEGHEREMRS

SR fet b

Sk
5 H N HE T BE
SVAKS AR, AT

means++**
1=

GRS v

A LR, 732

BERATRENE R M T | s sotogtio) s e
e VAL, SOk LA 5

K-means+2& X A 2 1 BRI e

P

e e | BT AR
RBFesvaes | PIPRE IR o pep sy
Fi 34

DTW+Dlnf
g | M8

T AL B RA | AR A SR
HACRAE

£3 BT HHEHL AT
SR ADIIT e | gy

bR |
: (1) & &2
R B[ | e
JIE S (A) gy | 131 | g
Jerk(J) VA g | 1210
5 B UL I 1)
(T.)
R VAL (N,) VA,
ATBIR(T,) N T,

HESAL

(2) ¥ it 725
o R
12

(1) fa B #4
L R e

framaEon | M 5l
BORGES B | VeV 4171 (2)—fg
(1) NooNeo | ET| (8] | Witk A fik

PR EBB(N,) | NoTon | LR | [22]~ | B

ks (N, | T Ty [R5 | [28] | (3) Wk AR
ZoRE B (N,) | RoRa | 6075 | [30] |2 B fRAF AR
LA YR(N,) | Re Ny [31] | & 5P A

B2 R (N,) | SR, Fe e ALt
AARERE(N,) | APos AR E BT —
e | L o
(1,) o
Pl R (T,) o i
JAAA T 8] (7,) g
80~120 km/h 17 £ 1 o e s
4 (R SERT
AT 120 ko 75 | VSR
B (R | O R = 3 W
SHEERRE(N) | | (A PP A
manmsUE A (s) | oV g ge| P3| AR A
o s AP, oo | 138 | 4R PR ST A
RAPUEEER) | 0 ) 4 prrpl
5 S5 A | Ly EZ AT SN LJ:
BRI | | FOnk A
wahm s | erpl i
(R) Eﬁfﬂéﬁé#&
B () o
T E (P,) o
KB (L) g e

ST G 732750k F2 B DL AP B i

Hl Jerk VR0 70 I AR , Foop 245 i 40 1o B, AN

Kig . He LR 2T 90 207 0l W e U 2 i 2 3

FT R E S RO BB A T R AT 0028 W A RN
nOoE R



SRALI, A5 B AT R 0y 0Tk AP £

9, AEVFZ NI T RER BB I RACR . RS
A AR B3I LT ARG Z R0k e,
RV R L Z O B0 7 RIS R, Hr R a8 R
KGR, I HAEREE st B AR W 9 70 SN 2
RARIIFIICE o bik =i JET7 ikl 5 T R A
B, K Z 18] I PR S G R IR R 5 IE I A5 I
ML 1R 25 B3 20 3 S B S AU AL BB 5 AR 0T
W E RN AR

4 BRITAHSWITME

AT PF SRR B RS 2 4 TR AE AR
TG . AT IO as R AEAE ks 2 g
GUBRAE I B A T A AR S BT AT R AL, Rt
X B B B BT R HEAT R T R R L AR
TRIE 2 BT PO Y H B, e et 2 PRk AL
MBAE R S BT AL AT A 2
4.1 ZEHITFH

HI TSN S BT N R R AR 2 2% , A RE L —
TEPRARPEN L2 e, I DL R, XA 34T Ay itk
TR AL PPN AR T 2 A2 IR 2|
HIFE bR , K e 2R R PR, i Hh T ek
DML . ESEPRP R BT Z R W L ST
Wk B T R B S BT O Y 6 S A
WAEHR , B TR RN R R 5 5P Ok L AR
JE A A BR324 5 o S PR A AR, g
TR AP, Rk AR R R — R A -

S=wk, +w,k, +w,k,+ - +wk, (1)
s (1<i<n) A RPN A8 B 00 07 9 i AL (B s wi(1<
1<n) A5 Z XN A5 TR FR AL , B 03 LA J il i
Ro

WROBEP SN 12 4 AT B AT R ERE AR
HELE BRI 57 S B R L IR bR, R
P A WAGE T A TR AR , JF DU 2 3015y
PEOMERL, SEL TR BT N AP o S5 OR R AR R
230 AR5 BEAR A 7E 85~100 43 2Z [, — M #0225 5 5
4P MR A1 65~85 40 2 ), TTRCAEK T2 0 B 8445
BASTMTE65 5 LAT o

A Y F R T U s B AT A, B T2 W o
¥ (Analytic Hierarchy Process, AHP) M 4T o3 T
BEb P 3T R R A T BEE P AT R R
JERGIATRERY 3 ik G A ) B T PPN R R AL
L, A R T PR A R F IR R e Bors Bt
PEZBEAT AR 930 5 A EF G, SRR 5 A G A AF R

20244F 5

W sids o EIRJURPFAN RS ol DU PPN 48 B
A (H A RECGE R

BRILZ b, — s sg g i P RO 255 PEH) , B
THROBIECE R —SEBORIRY ELL R FE bR E B, DA
BEHEATER RO . VRIR ISR NIE T AHP R 25 5
PEH I, A TR AR VPR AR A I b S B I A
BAZEE VP 285 A B T B0 0 B B AT g e e P A T
AT XBABILGH L AR TREN A R,
3 SR N PSP SRR R, BB AR A A
SIBENE L B TR R . WFTER I, IR S5
LA RS B TN S B e s SRR .
RBTFE BTN 45 R LI AR5 S0 OB S R 0,
TXCFPPEAS T 35 G A T 025 B 53 1) 2 A 7 oR R
BATER G

AT R 5 SR ) 22 1] Y S5 R B 2 gaER I
VS R AR M 2 Bl KU A R -, AT A A PP A
AN BT O 1422 AR HAT S iR B3 1
P!, SR 2 e XSG A A TR . Wang S5 N 3 1
— BT Y 7 VA B A FRE S P A 2 B KUB: , R T K-
means J7 2R 5 3RS 73 0w b AR =AU, IR AT
CART 7653 M 1 2 B XUR AR DG PR 21, S B0 125 3 D XL
BTl o Xie S ANRE Tl 285 DL A7 0 265 A0 20 A1 s A%
SR T A A T B PR AR AN AN R S8 i 5 R Y
BEAWAT Dy R N ] T A AR 8 G b S Bl A T o A
IFo Zho SR T — RS IR BERS L
A DU ST R 8 A0 BFT T GPS Z BRI 25 5 AR
BAT oAy A A B XSG A A R AR 2 ] G AR, 5
BT XA A RPN . VP2 A X B AT
PEFT I3, LAGR RAFAEAT D 22 VPP 48 b, ARl el
PGS 25 B AT Sy S A A ORI 3 KU 25 20, S B 25 Bk B
PSS A N N Rl TR e S T S
REANEY I3 S 25 5 H] T FRlOX B PG, R B T2
BA 7 PEARAREAY , AT LUGA BB R

BR 1AL TR PP S B AT A A
BIA TR X WA TR B A A VA < R AT AR T
I NAT RIS IR AR S AT M R AT R i A AR
ghba It R FH AR AR [ 2 1 %8 (Model View Controller,
MVC)ZEAGHE R 753 ANAT it TR, N E s % 4
A B N2 B AT Y E B BT IR B T RS AR
FR 5 5% 5 Bl R 5 N7 L A A T Bl L i S PSR 42
BEXIAS BB AT Sy, >R FHXURS: J32 4 2 AN I 937 26 15
TR REBAT AR AES O L, T A4
FEHEZ 08 B R LE ), A5 BAS RS B0 AT O AR

-7



SRALI, A5 B AT R 0y 0Tk AP £

1, %7 LB 25 5 PPN ZE AR A RO R B BT 01
bR

25 1, N2 GV A X 25 3007 N EA TVTAR 8 ik 32
B FE T IPAG BRI T2 9 A TS R iR
ANTR] F 52 1 DR 28 R NF 7 (18 AS [ A B o) Sl ol — A8
Y, DR R SRR 2 A T O & A 5 S R A g
FT R BB TRE A B PR3 6 7R S [) 28 3l 7
N7 P25 A, O Ao 1T ARCHE AN [ 28 SRS R o7 ) 2 4
FHNBUATE X FRTE B, AT DL E Wb AL 25 5 5
BT AR et PR PEAL 7 AR T LU b b
72 B BB TR e AR RE R S A R
BAEH
42 ZFHEIEM

PEN=T B RGP AR — A BER AR A B R0 AT Ny
A RS, 85 ) 42 b e 28] ZE B R BRI AR RS ey
HEML, B A2 BEME RS . RN L2
PRSI T T )12 RIS

2 GUAN [ 728 B R[] 428 35 XA 7R AR R
FE b e B R 2 U, SCRR[48]~SCHR[S01HE 7~ 1A [A]
BT RRNMFER O R o d el SR T R B AL
E A0 AL ORI AR S B 1k R GRS Y
EREAILAR BERE s e | 2 4 ) A5 LAY 110 28 B 7
NETERESE , 5Bt T AR BB T R A IMAR 52
Wi o Y3 AT T IR T LR R 2 T XU = T AR AR S
Jf TR AT O AR LR, A b TR R 2R AL
AT MR R . AR BL IR b R 2R E LT
HERAT AR S B T A TN S TR A VA . R
BICEE T SR I B DA R A R A T A TR
FEAR A THAE AR | 38 2k 3153 TR A A A7 FsF (1] P 2230
FERTIMAFE(A Z FIE B 34T 2 e MR 51743 . Chen
SENPORIFSE T 2500 A TR R RHIE AR I 5 B R, B2
T —Fp ST I A A R AT PR, e,
SEF AR RS TEE , A0 TR Tk R A g AR
FREET B S IMAFEZ DG R B T 9 SOMFERY 25
B (LG ORI | SURBBGEE A ) 2R L A
— S S N A B R AR Sy [ AR B AR RS D A
AR, SR FH A2 o BT R 22 ek ImT 0 ST 25 0 % A
AT R PEMN AR AR A HL AT R
(96.72%) , E—B ek T g AR A WA iR . BR
JrPAL BT R AR IS AT g SRRl DAROULJZE THTGT
BE T2 AT Ay (3R T T B IR AR AR AR ST T AT .
ST B fr o Ik K T B RS e S S i T
6 il 55 Y FEAH G 119 25 B S5 1) A A B AT Sl DA A

— 8 —

AL, Ivanco 25 N3 o) i HEL AR B (19 7 %, A AT 1L
IHEE Jerk S5E05 5 HOMUEE B, , € SCH S (Rip-
ple Aggressive, RA) N Jerk {5 58 B AR J8 2 8 45
S O R AR A & PR PN e AR, T T
LA92 1 US06 P i A 13 T B8 Bl A 5 m WG A1
TR, ARAEL R A [+ 0 Sl A B A T B sl , il s e
Ro BFFERI, Y RAKRT 081, 317 EAEM , 24
RA/NTF 0.8 If B4l . Zhang 2553 T Jerk B2 BT
Gy RIS, I T AR Jerk JER0 25 304 70 (BRI 28
DEt, FETTEE ST T —Fh a5 58U s BE I Jerk 170 FE
RIRY  SZ R e A T J7 TR BAT e B PERE , wT T
SIS 5 U RE S B . R MATLAB H Y
Simulink B P, SR AN 6] (9 PF 435300 1T 1 7 b 24
TLBCAR R BT AY , g R A i R0 3 1 7 A
VENEER . S , RIS BT A BRI AR B
i o MEAM, —EATRUR TS OLT , U T A
K-, B RE DR B 4240 T3k T 5 RE IRAIL 45 | SRR IS AN A
ERYRETRHFE

1151
—o— IKIEMY LA92
—a— IZIE R US06

A AR/
s 35 =
o n =)

o
in

9.0

0 011 O.I2 0j3 0i4 OI.S 0‘.6 OI.7 0‘.8 0I.9 ;.0
iz eiinea

KI5 Bl ke M i e £

YT N RGN HE br 22 LUIARE M ITAN 45
b, B F IR R HEGE bR . WL, HMES AL T Rty
NG HERCZ 18]I 2, HETCA BE &, 22 B CO. \NO.
HIHCHER N VA HER s, FU IR T Bk e 1
SN R A9 1 A PR R AR, i R 2R
FVENAT I F A RS S B TR AR, 5 B, N T
LA FSHECR N IEAT G

5 b, WRERE MBI F HE , X AN [R) 25 B0 A5 14
ZUEVEIEATIEAY : REFEZ LA AL JIHERE  Jerk 45 7
WSROI AR , H R FEAE RS A R BEA T 5
il s HERCZ AHERC R 7 A bR , A 235 A pR B0 A
SEYHTI
4.3 HAHEITEMN

B2 2 A (BRI SN R U0 2 B AT S Y
TR, BVRRE B0 AR TR IS 5 2 B PO AT 1 A
"o A



SRALI, A5 B AT R 0y 0Tk AP £

NP T IR bR T L RSB U Wi
L FIWT ARAE 2 TR T B AP IS P PR
1A TG B R B IGURS I D AR AR, A A AR ST
BREYFTH GEIHEIR Z AR AR, SE R 1 25 3 51
TEELPEAGI , B A R A A I S R S T
BEARBHE o Lin 58 AT A SR B IFFE P
R B AT SRR, 43T LR I BE B 2 28008
AR SRR 5 A SRS 95 A A I HZ 2 4k
PEAIEL  EHEAE 99 1 437 IHZ S R A METTAS B2k,
VLG A S BF f J7 vk, X A % 45 i (Adaptive
Cruise Control, ACC) RGEHEAT 1 MIAFPEAL

A E WA X S BT AT LR B DA
ERESFENNZE Hbp (24 GMAE ZEd i) 248
KT AEBRVEE A B A ERE AU AR DG T R R4 4%
A B REAE 43 ) 2R FH 2 T SO M 8L A (Generalized
Additive Model , GAM) FIE T AT 73 i 5 I S0 A
BRI T 24 AT P R R S T T A
B E AT AT . REITTNIRVE NG AT %
A TR (2T RE S BRI S YRR X S AT N
BEATERE VP L3 7 A ML A7 55 B2 BRRAE ,
14 R A 2 B AT PN 845 , 456 T 4R )2 o0 B
TR RROE S TAGE T 2 AR PR R, JF il K @
FIACAL BRECR 281 L B 25 G PP A A T 2 Ay
REFEVPIAAL, SE T 2 3 U B AT Y A PTA
YL JE 2277 A 25 50T R AT 255 PR S AR AT
FET7 1], A BT S A T A 2 B T DR
LA AT T AT R TERE o

SRSRUN KSR b - 2 A k=1 LS ]
IR ARZ W B BT N T A R G A BORBE
o PG, LI 4 B8 PREE A 2 A, LA 4 2
T EPIE GEATRCRAE N BAR A 2 YR B B T o Al
B T 5 G — S AT S ST AR e R 12 T
A — AR AN £

5 BRITASEFEREW TN RIRK

25 LRI B0 A T Sy i A PTA fe B R — A
FHE B LA R4 77 2O 2 30 A3 3h 28 28 10 2 3k
A, HGE A BB BT SR Bl BE , AT 5%
DB 0 2 B o] A5 TR B e A Y RE B HE R H
1o Toledo 55 AL T A 4404 10 i A S B AN [] 25 Bl
GURIAT BB 2 T B SR R B RO E L
B — BN ) A 1 22 A S e SRR AR B PR
BT R 19 5 ] DA 22 4 il s 20 8% , BARHH AE i

20244F S5

Ik /D 3%~10% , Xof 25 Bt JXUA SCE 1) 25 B 53 AR B O
W BRRCUR R S5 iR s R 1 )
0 O AR BT O WD PG KB IS Al 6
PR % 5 i 4R e e P s | LURS 3h i
APP A ] FH P R ATPEAG 45 2R S A SR IE R,
P AR BT IR, B P B T S B EOR
T R A B I ARBEF-SF TN 7 s i
RS- 6 T8I0 Fe b T AR A AT B
B e B AR T FE A, s Hh 2 B AT O Bl 1y
REMCHRRY B T

=l B
<>

| = —] I‘

- (»)@

ol

Ko AR5 D REr 42

25 Bl By 2R U 22 ol A S S A ) L35, T LA
i 725 30 5% A 00 0 Ak PR P o R A 3 IR T Y
{RB R AT R Bl B30 TR G fH | TR 4R ey 25
A2 P ERNETIE N, BRICLASE , feA 7 4t R, 3 T DIAR
e SRS AR DL , D25 B AR AL I B i B 30T %
Dai S5 T — AN X5 2 BRI R 5, AT
CIRER RN E ISy <€/ bR Al B2l bR R RS R Rk
YR CHEAT LR, XTI S B T A A TG R TV . %
ARG ETHL(Android G1) 1 X AS ] (1925 34 7 Sy ik
PR, 43 2 T H R AREIREE o Jamson S8 N H —
PR A BT B AR 58, A S5 S i A A 22 D 1k
P TR s 3 S AL U5 i i S22 3 3 B 3
A MM AR BE , AR 32 g 3 S B e AT
o T3Ah, WudE NI BESEE R T8 BET-HL APP X
FEAR AR A AR IOR , P AR 4.5% , foe i A 13% o
IRSCERE S R RE T LA 2 5 AR W2 7 X
X B 53 AT SRR , X s T A AR R A S
e AR REHERR A B AR (E i T Al MR A 2,
2R e b2 BRI N R A Z S B B R ST

— 9 —

R
pER

—




AL, 5

BT Ny ST 1 AL 25k

A ARK A K 251

B7 BT A

B RO S5 R BE AL AR I FH 125 34 7 R B 1) R
£, 5 Z A UBT 2 [ A5 2 138 A & & |, Myers 45
NHIER T 25004 5 30 IR 55 S 28 B A AT Ry S 5 i 75 4 IR
W6 R I B 6 B K1, PROGRESSIVE 23 &) 38 3 3 #7
50x10° km (1925 3047 G , IR 6 T DR 5 SRS, 25
BT A HE AR I P . Paefgen 25 A5 1 X MAR B
N FVIRAFAY 1 600 FH A=A B Bl B A T A8E R T
BB ES TS 5 XES ) 5TRk . Tselentis %6 A
BETFHAEAT SR BT 28 00T 1 2 B R XU . 3L
A UBIW ST # FF IR S O e B T 347 UBL S
E G R Vot TETEE ISl ORI U €1 ok T Re VAL
S G FORR Z IR o ARHE S G0A 7oA 4 FSAT AU
DR AR | ANTR) 25 3 XU S 0 1) P AT AR [ 1) 42 3%
RRE I T R BT R R R 2 1 25 5, LhSURh
F P UCEZ AT Bl AR, IR R,
UBT 2 —F A A AT A9 5 125, X 5038 4 4 <8 Sl 11 3
T YL HE A R T TE

6 HRIE

ARSC BT T G AR 2 B A T S 5 U 2 B A5y
RIBARACMBIIE R . B Ok B AT 0 I TT kA
BTG 22Tk FET PR T i 07 IR
RAN(HE O ETTE = RIS A RIS T
Doy RREREE WL BRBRE SR AT T R G
o R, WLk A E ETE TEAE 2R
AR RACPAS BT AT T RGN 4

AT BT REE T D HE A R
AR BHRAZ I S8 SR B S S RHITE , A J
W2 BT B AR R R E S 2. th T2 50
T3 RR ERAT e e MR SRR B IE 1S TT
T 6 E 2RO, ROk, 25 B AT Dy 0 28 K A AL T T
RITTERE RS2 256

ME BT A ITTEMIE AT R T
) Fd i ALas o I Ik SR G AT A TS BT
325 HEG, BTG RAE R 32 A B A o 532

- 10 -

WFFE R (BRI T IERE A R, i T AL
v 2 5 IR B B AT N oy AR E BT R AL T
THIRAE R 3 2RT7 1% . HAE TR Ok i1
BOAT NP2 R RBAR R M LB U . BEE LG
BRI A, Faas R A 22 > ALY 5 RE TR
REAS T 4y T Il AR, B 3 R HE L Ak IR
A O 0 T EFE TR (I 5, AT LA
KAMEL, R LRI I, B 7 2R R
MR SEAR IS
ME BT A i A PPAL N JEE , RS B AT g i
AT T AT LIRS AL 75T, AT oA
AL I3 X B AT R AR DG IE IR A A TR A 15 1
TEA RIS e 18 R 77 1% , Al AR %35
TIABIFA R AR . AR REFMA T T, T R
2GR R IEAT AT DAREAR G4 REAE | 1T 4
SIE A AR fr . AEORISAR AT, fCHE 2 3 XA
12BN R AR KK R . TESSEIEALTT T, %
RNt G P GG R G T AN E e i b I
DTS o
ME BRI AR A, B R REMBE AR 1A
Wik Ji , SE B4 TR0 G- RE LR L S IR AL R EERE A
WrBE T, AR X BE IR 4 14 25 B 7 o T S e
TR U AL -5 R R 1 7 TSI, L R N
P PRI (RIS B A TGRSR T, %R AR I A
1 ER i) ﬁﬁiﬁﬁt 0
TE BB T AW SR TT T, 2R 2 Eﬁﬁﬁﬁ’ﬁﬁ
FEHINEE T LA A i s 3R sl o B i F
BT N-H -G R T S %ﬁﬁﬁ’]ﬁkl
PR LI 28 S A U A BIEFT , k= X2 30 7 D1 L
PR Ry 2 AL I RE RITR ASZ R , iRk IR RS A7 1 ik —
AIFFHHRE
& £ X W
(1] A BRI 23 228 2 4 B ). 4= [ ML 3 4 OR A 1
ik 435 ALK BRI 52340 N B REIRIAE IR AT B L
2000 J3 F[EB/OL]. Jbxt: e N EIEA [ b ok A ROEUR.
(2024~ 01- 11) [2024~ 05— 07]. https://www.mps.gov.cn/
n2254314/n6409334/¢9384907/content.html.
Traffic Management Bureau of the Ministry of Public Security
of the People’ s Republic of China. The Total Number of
Motor Vehicles in China Has Reached 435 Million, with 523
Million Drivers and Over 20 Million New Energy Vehicles
[EB/OL]. Beijing: The State Council The People’s Republic
of China. (2024-01-11)[2024-05-07]. https://www.mps.gov.
¢n/n2254314/n6409334/¢9384907/content.html.

nOoE R



SRALI, A5 B AT R 0y 0Tk AP £

[2] EZGe iR, A N RILRIE 2023 4 H RE T Ftt ok

JEGTTFAMRINL AR H 2, 2024-03-01(10).
National ~Bureau of Statistics of China. Statistical
Communique of the People’s Republic of China on the 2023
National Economic and Social Development[N]. People’ s
Daily, 2024-03-01(10).

[3] Hr AR N RAE A E AR IS EREE AR, o [ B S IR B2 A8 B AR

(2023 4F)[J]. FREEAR-Y, 2024, 52(2): 48-62.
Ministry of Ecology and Environment the People’s Republic
of China. China Mobile Source Environmental Management
Annual Report in 2023[]]. Environmental Protection, 2024,
52(2): 48-62.

[4] BRAL 5. LT RISFIOCIHALIN 6425 3047y 234 S AL (D).
Bl RUIB TR, 2021.

LIAO J Y. Analysis and Research of Driving Behavior Based
on Clustering and Association Rules[D]. Kunming: Kunming
University of Technology, 2021.

[5] A=, e, 1055 B, 45, 30T X RN e RIS

e Wy HE TR 5 W ST R IR (D] 2 s S T R, 2003(1):
155-158.
LI S W, JIANG B, CHU X M, et al. A Review of Driving
Behavior Influence on Fuel Consumption and Exhaust
Emission of Vehicle[J]. Journal of Highway and
Transportation Research and Development, 2003(1): 155-
158.

(6] SR k. e 725 B 67 R AR P 1) 72 B AT S N D7 Rk T
[D]. &4 MK, 2014,

JI B K. Research on Driving Behavior Prediction Method
Based on Driver’ s Visual Characteristics|D]. Changchun:
Jilin University, 2014.

(7] AL ST R ] R R 2 3k 5347 A S0 BT 5D
IR PAZRIE TR, 2017.

LI S S. Research on Driver Behavior Analysis Based on
Hidden Markov Model[D]. Harbin: Harbin Engineering
University, 2017.

[8] SILVA I, EUGENIO N J. A Systematic Methodology to
Evaluate Prediction Models for Driving Style Classification
[J]. Sensors, 2020, 20(6): 1692.

(9] WAt K4S, ALJR, S5, BT AT AR IC)/ T
AU P Oh 2 W 28 R oy 2 b B SR P h s R 25
B 323 2017 4F 55 — 4 — i 2SR R 5 0 AR 208
SCAR. e GERALR ) g EE, 2017: 127-130.

YANG S, DU Y, DU C, et al. A Review of Research Methods
on Driving Behavior[C]// Network Application Branch of
China Computer Users Association. Proceedings of the 21st
Annual Conference on New Network Technologies and
Applications in 2017 by the Network Application Branch of
China Computer Users Association. Xiong’ an: Editorial
Board of Computer Science, 2017: 127-130.

20244F  H5 51

[10] J™=HiF, KN, S, 45 T8 P& S0 25 B AT A i 50 i e
JOLRER)). 2 B 544, 2013, 31(1): 45-51.

YAN X P, ZHANG H, WU C Z, et al. Research Progress
and Prospect of Road Traffic Driving Behavior[J]. Journal
of Transport Information and Safety, 2013, 31(1): 45-51.

[11] MILES D E, JOHNSON G L. Aggressive Driving Behaviors:
Are there Psychological and Attitudinal Predictors?[]].
Transportation Research Part F: Psychology and Behaviour,
2003, 6(2): 47-161.

[12] PALETI R, ELURU N, BHAT C R. Examining the
Influence of Aggressive Driving Behavior on Driver Injury
Severity in Traffic Crashes[J]. Accident Analysis and
Prevention, 2010, 42(6): 1839-1854.

[13] EBOLI L, MAZZULLA G, PUNGILLO G. Combining Speed
and Acceleration to Define Car Users’ Safe or Unsafe
Driving Behaviour[J]. Transportation Research Part C
Emerging Technologies, 2016, 68: 113-125.

[14] LANGARI R, WON ] S. Intelligent Energy Management
Agent for A Parallel Hybrid Vehicle — Part I: System
Architecture and Design of the Driving Situation
Identification Process[J]. IEEE Transactions on Vehicular
Technology, 2005, 54(3): 925-934.

[15] WON J S, LANGARI R. Intelligent Energy Management
Agent for A Parallel Hybrid Vehicle — Part II: Torque
Distribution, ~ Charge  Sustenance  Strategies, and
Performance Resulis[J]. IEEE Transactions on Vehicular
Technology, 2005, 54(3): 935-953.

[16] VLIGER I D, KEUKELEERE D D, KRETZSCHMAR ] G.
Environmental — Effects of Driving Behaviour and
Congestion Related to Passenger Cars[J]. Atmospheric
Environment, 2000, 34(27): 4649-4655.

[17JHYUNMYUNG K, JUN S O, JAYAKRISHNAN R. Applica-
tion of Activity Chaining Model Incorporating A Time Use
Problem to Network Demand Analysis[J]. Transportation
Research Record, 2006, 1977(1): 214-224.

[18] EVNGCHEOL K, CHOI E. Estimates of Critical Values of
Aggressive  Acceleration from A Viewpoint of Fuel
Consumption and Emissions[C]// Transportation Research
Board.  Transportation =~ Research ~ Board = Meeting.
Washington DC: Transportation Research Board, 2013.

[19] YI L M, MILTON R, KILIARIS L. Driver’ s Style
Classification Using Jerk Analysis[C]/ 2009 IEEE Work-
shop on Computational Intelligence in Vehicles and
Vehicular Systems. New York: 2009: 23-28.

[20] WANG X, KHATTAK A J, LIU J, et al. What is the Level
of Volatility in Instantaneous Driving Decisions?[]].
Transportation Research Part C: Emerging Technologies,
2015, 58: 413-427.

[21] MOHSEN K, RAMIN A, KHATTAK A J. Extracting Useful

- 11 -



SRALI, A5 B AT R 0y 0Tk AP £

Information from Basic Safety Message Data: An Empirical
Study of Driving Volatility Measures and Crash Frequency
at Intersections|J]. Transportation Research Record Journal
of the Transportation Research Board, 2018, 2762(38):
290-301.

[22] 4. SE T2 BT o 2 UBL 2R JEE AL [D]. JEoT:
JEHASE KA, 2017.

GAO Y. UBI Rating Model Based on Driving Behavior
Classification|D]. Beijing: Beijing Jiaotong University,
2017.

(23] #iyK. FE TS RIAT 72600 UBT 426 4 JE A6 70 I

RIEXTHMIILD]. EEM: RRMABET R, 2021.
YANG H F. Research on the Calculation Model and
Development Strategy of UBI Vehicle Insurance Rate
Based on Driving Behavior Classification[D]. Kunming:
Kunming University of Science and Technology, 2021.

[24] BROMBACHER P, MASINO J, FREY M, et al. Driving
Event Detection and Driving Style Classification Using
Artificial Neural Networks[C]/ 2017 IEEE International
Conference on Industrial Technology. New York: IEEE,
2017: 997-1002.

[25] LATTANZI E, FRESCHI V. Machine Learning Techniques

to Identify Unsafe Driving Behavior by Means of

In— Vehicle Sensor Data[J]. Expert Systems with
Applications, 2021, 176.

[26] NIU Y, LI Z M, FAN Y X. Analysis of Truck Drivers’
Unsafe Driving Behaviors Using Four Machine Learning
Methods|J]. International Journal of Industrial Ergonomics,
2021, 86.

[27] YUKSEL A S, ATMACA S. Driver’s Black Box: A System
for Driver Risk Assessment Using Machine Learning and
Fuzzy Logic[]]. Journal of Intelligent Transportation
Systems, 2021, 25(5): 482-500.

(28] BAHE. T i) 42066 19 KRl 1) 25 A S 43 BT [D). 5 FH: S
K2#, 2020.

CHEN H. Driving Behavior Analysis for Car Networking
Big Data[D]. Guiyang: Guizhou University, 2020.

[29] A4 B, 2RI, TS0, SF. BT R E I2

NSE R 25 04T L] IR S8 27 BE o7 4l 2014, 22
(1):19-23.
NIU Z L, LI H B, WANG W F, et al. Study on Risky
Behavior of Commercial Drivers Based on Cluster Analysis
[J]. Journal of Shandong Jiaotong University, 2014, 22(1):
19-23.

[30] FMI1, SRR A, s, 5. T 421K 90 B3l 422 41 14 7 i
LSRR AT R RIEHTTEL)]. S s A G T ARG R
B, 2015, 15(6): 82-87.

SUN C, WU C Z, CHU D F, et al. Driving Speed Behavior

Clustering for Commercial Vehicle Based on Connected

- 12 -

Vehicle Data Mining[J]. Journal of Transportation Systems
Engineering and Information Technology, 2015, 15(6): 82—
87.

[31] 5k, Tk, #fom, 55, 255k BT iy K 43 #r
RV SRIE()]. sl iz TR, 2009, 9(5): 121-126.
ZHANG L, WANG J Q, YANG F R, et al. Factor Analysis
and Fuzzy Clustering of Driver Behavior Patterns|]].
Journal of Traffic and Transportation Engineering, 2009, 9
(5): 121-126.

[32] Flle, k. I FBORZ AR AT W B P Y
N PR S EE TR, 2013, 41(7): 4.

MENG N, HAN D. Application of Cluster Analysis and
Fuzzy Logic in Driving Behavior Identification[J].
Computer and Digital Engineering, 2013, 41(7): 4.

[33] RRAEZA, ARIT, 5K L. 3T 4Rl B2 4 0 25 3k R AT
SAHTLI]. 15 B AAE, 2019(8): 52-55.

ZHENG H J, XIONG X, ZHANG S. Driver Behavior
Analysis Based on Vehicle Network Data Mining[J].
Information & Communications, 2019(8): 52-55.

[34] FRAER. J T3 48 n a3 AT TS D]. HiH: 1L
TR, 2020
ZHANG Y N. Study on Dangerous Driving Behavior Based
on Driving Data[D]. Jinzhou: Liaoning University of
Technology, 2020.

[35] ERSAL T, FULLER H, TSIMHONI O, et al. Model-Based
Analysis and Classification of Driver Distraction under
Secondary Tasks[J]. IEEE Transactions on Intelligent
Transportation Systems, 2010, 11(3): 692-701.

[36] EREN H, MAKINIST S, AKIN E, et al. Estimating Driving
Behavior by A Smartphone[C]// 2012 IEEE Intelligent
Vehicles Symposium. New York: IEEE, 2012: 234-239.

[37] BRBEATE, R0V AR, SRUK. BT 204 T Bl 1 2 38 A7
2T J5 i (0] ESEHLY L 2018, 38(7):1916- 1922+
1928.

CHEN J R, WU Y F, WU B. Driver Behavior Spectrum
Analysis Method Based on Vehicle Driving Data[J]. Journal
of Computer Applications, 2018, 38(7): 1916-1922+1928.

[38] PG, Gk —ZE, FARYE FET AR LB Y 7 O 2 AT
SHRBNTIEL]. T E S B AEAR, 2020, 33(9): 225-235.
SUN J, ZHANG Y H, WANG J H. Detecting Distraction
Behavior of Drivers Using Naturalistic Driving DatalJ].
China Journal of Highway and Transport, 2020, 33(9): 225—
23s.

[39] #0t. H T 2 T B A 1) 25 B DA A T A A A A 5 1

[D]. V% P& AR, 2021.
YANG G. Construction and Application of Driver Behavior
Model Based on Vehicle Driving Data[D]. Xi” an: Xi’ an
Shiyou University, 2021.

[40] ZE L. Bt M2 B0 A T oA PN T EEITFED). PU 24 KR

ST/ S



SRALI, A5 B AT R 0y 0Tk AP £

%%,2011.
LI S H. The Research on Evaluation Method of Aggressive
Driving[D]. Xi” an: Chang’ an University, 2011.

[41] VFif T, Wi, JR2%at, 55, S F RO ZE G 1T 2 3l

APEPFAHEFE. THRALIN A5 ), 2019, 27(7): 261-
265.
XU Z Q, YAO Y, ZHOU X S, et al. Research on Driving
Safety Evaluation Technology Based on Fuzzy Comprehen-
sive Evaluation[J]. Computer Measurement and Control,
2019, 27(7): 261-265.

[42] R 8. T A28 F LU 1 A RS ) 5 25 34T 0T
AH[D]. )M FER P T K24, 2015.

DENG Z. Vehicle State Recognition and Driving Behavior
Assessment Based on VANET[D]. Guangzhou: South China
University of Technology, 2015.

[43] FESCE, SR, skIE. BT N T LRR)).
N EEASEEHE, 201735 2): 9.

CHU W H, WU C Z, ZHANG H. A Review of Safety
Evaluation of Driving Behaviors[J]. Journal of Highway and
Transportation Research and Development, 2017(S2): 9.

[44] WANG J Q, ZHENG Y, LI X F, et al. Driving Risk Assess-
ment Using Near—Crash Database Through Data Mining of
Tree— Based Model[J]. Accident Analysis and Prevention,
2015, 84: 54-64.

[45] XIE G T, GAO H B, HUANG B, et al. A Driving Behavior
Awareness Model Based on A Dynamic Bayesian Network
and Distributed Genetic Algorithm[]J]. International Journal
of Computational Intelligence Systems, 2018, 11(1): 469.

[46] ZHU X Y, YUAN Y F, HU X B, et al. A Bayesian Network
Model for Contextual Versus Non— Contextual Driving
Behavior Assessment|]J]. Transportation Research Part C,
2017, 81: 172-187.

[47] B, 0T, o B . R T A T BRI 0 T AN R

11 9 S HERTT ()], 323 32 i T AR 2441, 2020, 20(6):
227-235.
LU J, WANG K, JIANG Y M. Real-time Identification
Method of Abnormal Road Driving Behavior Based on
Vehicle Driving Trajectory[J]. Journal of Traffic and
Transportation Engineering, 2020, 20(6): 227-235.

[48] 24, W, FHACIE, 55 AN B A A T o0 X 4 A

YT 6 2 119 52 R 43 T (D], A8 1T RE S5 AR, 2012, 8(4):
14-20.
MENG X K, ZENG C, YANG D B, et al. Analysis of the
Vehicle Fuel Consumption for Different Driving Operation
Behavior[J]. Energy Conservation &  Environmental
Protection in Transportation, 2012, 8(4): 14-20.

[49] TRIERER. Bz A 3l BUA AT N AT S e RE S
FHFFE[D]. b st Jbat T k2%, 2016.

XU X Y. Research on Operating Vehicle Drivers’ Driving
20244F  H5 51

Behavior Economy Evaluation and Performance Improve-
ment[D]. Beijing: Beijing Institute of Technology, 2016.

[50] CHEN C, ZHAO X H, YAO'Y, et al. Driver’s Eco—Driving
Behavior Evaluation Modeling Based on Driving Events|]].
Journal of Advanced Transportation, 2018, 2018: 1-12.

[S1] A/, Sl T ot 2 s 5% A 252 B AT PP A 7 2 WF 52 D
JEaT: LTk R, 2016.

CHEN C. Research on Evaluation Method of Driver’s Eco—
Driving Behavior on Urban Road[D]. Beijing: Beijing
University of Technology, 2016.

[52] LIU Z F, IVANCO A, FILIPI Z. Quantification of Drive
Cycle’ s Rapid Speed Fluctuations Using Fourier Analysis
[J]. SAE International Journal of Alternative Powerltrains,
2015, 4(1): 170-7.

[53] ZHANG L C, PENG K, ZHAO X M, et al. New Fuel
Consumption Model  Considering  Vehicular  Speed,
Acceleration, and  Jerk|J]. Journal of Intelligent
Transportation Systems, 2023, 27(2): 174-186.

[54] 815, LT 2 3047 B4 (B B RS A BIFSE (D). K
A L Tl KA, 2015.

BAO Y. The Research on Eco- Driving Algorithm Model
Based on Driving Behavior[D]. Tianjin: Hebei University of
Technology, 2015.

[55] F . JE T 4 ApHE o ik B BR Gt AR Y 4 A 25 5 304 7 o
MBIFFE[D]. P42 K2R, 2020.

XIAO X. Evaluation of Eco- Driving Behavior Based on
Vehicle Emission Test and Car— Following Model[D].
Xi’an: Chang’ an University, 2020.

[56] BRI, Bz A B B B AT O - B AR

TSR DCPERFSE D). PE %2 K2 R2E, 2015.
ZHAI H P. Study on Relationship Between the Driving
Behaviors and the Single Index of the Driving Suitability
Tests to Professional Drivers[D]. Xi’ an: Chang’ an
University, 2015.

[57] LIU L, ZHANG Q, LIU R, et al. Adaptive Cruise Control
System Evaluation According to Human Driving Behavior
Characteristics|J]. Actuators, 2021, 10(5): 90.

[58] EIEEE, ZR ULAE, bl iy, BT A0k M i 2 e 2 38 5147y
PN ST HLE TAERR, 2020, 49(11): 119-122.
WANG X H, RONG J H, YANG X Q. Research on
Multidimensional Driver Behavior Evaluation Method
Based on Internet of Vehicles|J]. Mechanical & Electrical
Engineering Technology, 2020, 49(11): 119-122.

(591 RENT5. He T F AR E BB A9 25 3047 W FFE D). AL 5

AE TP R, 2020.
YU J F. Research on Driving Behavior Based on Natural
Driving Data[D]. Hefei: Hefei University of Technology,
2020.

[60] A8, stk m, 2= 1. £ BATF T BUAR KR ()], T

— 13 —



SRALI, A5 B AT R 0y 0Tk AP £

ISR, 2019, 32(3):1-12.

FU R, ZHANG Y L, YUAN W. Progress and Prospect in
Eco—Driving[J]. China Journal of Highway and Transport,
2019, 32(3): 1-12.

[61] TOLEDO G, SHIFTAN Y. Can Feedback from In—Vehicle
Data Recorders Improve Driver Behavior and Reduce Fuel
Consumption?[]J]. Transportation Research Part A, 2016,
94: 194-204.

[62] (LB, BIBEAE, SR, 45 JE T B MR S g ny R 52

BEAT 1 RRICHETE T (0], bR Tl K224, 2015, 41
(8): 1212-1218.
WU Y P, ZHAO X H, RONG ], et al. Potential of Eco—
Driving in Reducing Fuel Consumption and Emissions
Based on a Driving Simulator{J]. Journal of Beijing Univer-
sity of Technology, 2015, 41(8): 1212-1218.

[63] DAI J P, TENG J, BAI X L, et al. Mobile Phone Based
Drunk Driving Detection[C]// 2010 4th International
Conference on Pervasive Computing Technologies for
Healthcare. New York: IEEE, 2010: 1-8.

[64] JAMSON A H, HIBBERD D L, MERAT N. Interface
Design Considerations for An In— Vehicle Eco— Driving

Assistance System[]]. Transportation Research Part C,

- 14 -

2015, 58: 642-656.

[65] WU Y P, ZHAO X H, CHEN C, et al. Development and
Application of an Eco—driving Support Platform Based on
Internet + : Case Study in Beijing Taxicabs|]J].
Transportation Research Record, 2017, 2645(1): 57-66.

[66] BLANCHARD R A, MYERS A M, PORTER M M. Corre-
spondence Between Self-Reported and Objective Measures
of Driving Exposure and Patterns in Older Drivers[]J].
Accident Analysis and Prevention, 2010, 42(2): 523-529.

[67] PROGRESSIVE. Linking Driving Behavior to Automobile
Accidents and Insurance Rates: An Analysis of Five Billion
Miles Driven[R]. Washington D C, Progresive: 2012.

[68] PAEFGEN J, STAAKE T, FLEISCH E. Multivariate
Exposure Modeling of Accident Risk: Insights from Pay-
as— You—Drive Insurance Data|]|. Transportation Research
Part A: Policy and Practice, 2014, 61: 27-40.

[69] TSELENTIS D I, YANNIS G, VLAHOGIANNI E I. Innova-
tive Motor Insurance Schemes: A Review of Current
Practices and Emerging Challenges[J]. Accident Analysis
Prevention, 2017, 98: 139-148.

(FifEdmis £ —)
PECRRICE F I 2023 4E5 H 22 H .

nOoE R



