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Abstract: Highway transaction data were utilized to select 10 indicators representing user-specific
characteristics and the spatiotemporal features of travel, forming the basis for constructing a user
characteristic model. To classify highway user characteristics, the K-means, fuzzy C-means, and self-
organizing map algorithms were applied to ETC data from a specific road segment. The results indicate
that, compared to K-means and fuzzy C-means, the SOM model performs better in classifying user
travel patterns and supports the reasonable classification of highway users into six categories. Based on
these classification results, a personalized differential tolling strategy is proposed, and its feasibility is
validated through numerical simulation.

Key words: ETC data; clustering algorithm; travel mode analysis; differentiated charges

£ XL

« WFEEHEE: 2024-12-19 XABH: 2025-02-21 MEE% B : 2025-04-08
ELTH: EREALAUEITRI(2023YFB4302600); [ER HRBI2:5E4: (52472366,52072290)
Wb E S & 1T (2024BAB05 1) o

EEEN: BREB(19824E4:), W BFRAE: FAREMIKACHE; E-mail: 333167@whut.edu.cn ZR20240357




130 iRz (HARHERR H3E30)

964 4

AT A A A B R P AT R
[vi] i 30 Ao 2 S PR, RE SR T3S &R
G BB AT RCR G 45,2021 ) o ShASE M & 3
Bl A Ry A ] v A B P s A T B (Yao
etal.,2021) . LAFE Y BIFFE K Z A A B (5K =6 o
85,2023), HARYE A FRE s P BRI T 25
] 3SR Sk . O TER IR AL R AR RE I 3R
U A B, 3 S B S R A7 b AT R PR
It HICE SR AT L R B, BRI T X
WATEER RN . GPS BB . FAHLEE |
ICREESE A RER B RAL, BB H T
AT E BT R o SRR TR AS 0 0 30/ HOoR 4
it R REAE T B B, AESEBR N A AE — e BR
(F A, 2024) .

ETC R4 REARWHETT, 564 E &
OIS 2, SRS SR AR B A R A% 0] I s (22
FHAE, 2021) . M5 ETC A v )iz i H T ik
P MATRE S AT (48, 2023), BEECHHIE A
(ERWAE, 2022), L4552 REIHR (AR
S, 2022), AL E S AR R (B e,
2023), ACiHIZ AT S ECEIN A Gl B4R, 2024) .
SR 27 BT B4 A AR 45, Bl R & A ]
REAFTE B R S W AE 0L . A, MR E ST 783 1)
AT HLL BRI AL, TCEE XTI ATE AT R AT N
A T AT

Z R EAR A A T R S P OE AR
BT NMERE . Qian et al. (2018) # HH — Fh JE T 424
17 R FRAE B o U 28 2 P g4 i o MRS B A
(2023) 45 HY 36 T 4% 3z AU R AF AR 19 5% 238 15
B SF UMY . B A 55 (2019 ) 1 B K-means 3
7R I A A B F R ) . Yun et
al. (2023 ) HE 37 BRI WK & 1) 43 S B R, B
Xl o IR 55 $2 TH TR . Zong et al. (2022) #E 57
F T SOM [ 14y R AR, SRy Al il o A B
) E SR . Cao et al. (2023) 3% 43,35 14 40 K-
B . BB C- ¥ (E A1 g 4 20w §F (SOM, self
organizing maps ) £ B ZE R A A AT LA IR X R
FAEAIIEAT LB PEMY o B F 5% A o A v i
K R EFE AR N o — . BBAb, B2 XA [R5
e AT T PRI B R G LA

HHT, B0 o2 i AT 08 B 5T AR X 5 2
(Chen et al., 2021), ETC R4 #4E T + &m0 %5
B AT AT R, X O A AT B A R AR A
FE 5B P AT AR AL AT RE (3R I AF, 2023) . N AAT
RZ AR . BATHEEZME RN,

e T AT PSR R 2 25 St L ax sk MR
TIE Ry 2 S A M 2 O 9 1) 22 25 2 T LAk (Ding et
al.,2021) o M, 7R SCHEETASRRRAE R A7 B 25
FRAESETEICT 10 4> 46 brob e i o 2 16 FH P R e A
A, G A A RAEE Y, BRI
P a2 JREE X BAT R R RAAE R F P iR, 2
T 2ZE AT RS, BT S ] S A
O3AR L IR R IE B HROR
1 AT B s Al
1.1 BEAKAPYSERE

G5B A URERAE AN G AT 5 2 i T A At i N
FHPVERAERSRL, i 1R . Hobe (D %525,
R A BATRN A 16 FRANFIZE R 4240, 7 N E 4
WEMETUE 4 =28, IFRIEZERANE. #
KA K A Bl 5wt —2 a4, (2) 17
T S5 B . A BEEUIT A A AT R
B[R] 48 /N B AR, TR e W AR A
Wy, HATEHE AR A 2 Fias, AR A AR 4
KR53 AR 0:00-6:00, 6:00-10:00, 10:
00-12:00, 12:00-15:00, 15:00-19:00 F119:00-
24:00F A Bt (3)IMATHE R . 254 Fresr i4n b

<>

N
P PR AT

|
I P E B

BT s P R EAR R

Fig. 1 Characteristics model of highway users
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Fig. 2 Distribution of trip start and end times
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Table 1 Example of raw data fields

FB pAETTE =217 ik
Vehicle ID N AJE 25 ABC123 X 3R
Vehicle type A& 1 Ty
Total fee A NJE 10403 AT
Entry station 75 [H]J@PE AT Eg {5 FH VG 5k I A i 44
Exit station 55 [A]J@ 1 AL /ST I HA 3 44
Entry time  WFEJEME  01-05T07:27:47 Bl A}E]
Exit time FEJE P 01-05T18:57:56  BhiHitfE]
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Table 2 Display of anomalous data

Obumac-I1D Entry station Entry time Exit time Vehicle ID B3l
67H***45 456317A 01-05T07:27:47 01-05T18:57:56 ZF ABC123 1EH
O7H***45 456317A 01-05T18:57:56 01-05T07:27:47 5P ABC123
O7H***45 456317B 01-05T07:27:47 01-05T18:57:56 S ABC123 iﬁ
67****45 456317A 01-05T07:27:47 01-05T18:57:56 ZRXXX123
67H***45 456317A 01-05T07:27:47 01-05T18:57:56 5 ABC123 iR
67**%%45 456317A 01-05T07:27:47 01-05T18:57:56 %[ ABC123 HE
O7H***45 456317A NULL 01-05T18:57:56 P ABC123 g
67*¥¥%45 NULL 01-05T07:27:47 01-05T18:57:56 %5 ABC123 R

3 EEEATHE
Table 3 Complete trip chain
Obumac-ID Passing-1D Entry time Exit time Sequences
42002CF5 44630C 2022-05-01T10:24:49 2022-05-01T10:40:42 1
42002CF5 44630F 2022-05-01T10:24:49 2022-05-01T10:56:05 2
42002CF5 446311 2022-05-01T10:24:49 2022-05-01T10:57:18 3
42002CF5 446312 2022-05-01T10:24:49 2022-05-01T11:00:59 4
42002CF5 446313 2022-05-01T10:24:49 2022-05-01T11:01:53 5
42002CF5 446314 2022-05-01T10:24:49 2022-05-01T11:05:12 6
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Table 4 Evaluation results of different clustering methods

K-means R C-means SOM
SSE 29 671.52 9 280. 66 6472.53
SC 0.36 0.43 0.52
DBI 1.40 0. 82 0.75
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Fig.4 Elbow method clustering
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Table 5 Illustration of user clustering results
AL
21 F502 X513 X514 eI 256
FAB B/ % 19.35 59. 46 91.78 89. 43 65.72 5.34
Bas A LA /% 80. 41 40. 34 8.16 10. 51 34.15 94. 53
ek 1] B 3.74 4. 69 4.78 2.10 1.95 3.57
H 3 P T B 4. 00 5.05 4.92 2.24 2.20 3.33
FFOg ] /s 17 036. 73 5382.02 2291.52 1993. 12 3525.87 39 745.93
FH B9 /km 81.38 62. 68 67. 62 63.62 50. 25 197. 67
U AT /% 22 22 25 30 32 15
JAR AT/ % 20 24 28 25 22 20
AL AT /% 7 4 2 5 9 39
L R/ % 1 60 56 58 62 71
AT 1 7.78 6. 62 7.29 10.29 6.34
FEA K= 417173 140 635 123 301 88 842 99 803 68 237
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