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Research on risky driving behavior spectrum of tunnel entrance

and exit based on trajectory data
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Abstract:  To identify the primary types and distribution patterns of risky driving behaviors at the
entrance and exit of the highway tunnel, a risk driving behavior spectrum was constructed based on
trajectory data. Firstly, trajectory data were collected through continuous video surveillance of Liupan
Mountain Tunnel in Ningxia. Vehicle traffic characteristics at tunnel entrance and exit were analyzed and
four categories of risky driving behaviors were selected, including rapid speed change, serpentine driving,

dangerous following, and dangerous lane changing. Then, the measurement of risk method was applied to
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quantify four types of risky driving behaviors, and quartile deviation and criteria importance though
intercriteria correlation (CRITIC) were used to determine the threshold values of risky driving behavior
characteristics and weights, and the characteristic values of drivers” risky driving behavior spectrum were
calculated. Finally, driving behavior scores were compared with characteristic thresholds, and the spatial
distribution of hazard points for typical risky behaviors of dangerous drivers was statistically analyzed. The
results of the study show that high-risk drivers in the entrance/exit sections of the tunnel mainly show the
behaviors of rapid speed change or serpentine driving, in which the rapid speed change behavior has the
most significant effect on the total score of the risky behavioral spectrum of the drivers. Vehicles have large
speed variations at both the inside the tunnel entrance and outside the exit from 0 to 50 meters. Moreover,
larger speed changes are observed at the exit section (0—50 m) compared to the entrance section, and risk
points for rapid speed change behavior of dangerous drivers are also more concentrated in that segment.
The lateral offset values outside the tunnel entrance/exit are larger than those inside the tunnel, and the
risk points for serpentine driving behavior of dangerous drivers are mainly distributed in the range of 0-50
meters outside the tunnel entrance and exit. Risky driving behavior spectrum based on trajectory data can

assess and quantify the risk level of drivers in the tunnel entrance/exit sections, facilitating precise

identification of high-risk drivers.
Keywords: tunnel entrance and exit;

measurement of risk ;

0 3| &

R B RRE I B E A R AR A  E R
WO B R o PEGETT, BRI B B2 58% 11 il kA=
FEHE B, A 23 TR 2 i 53 XU 2 B
FIoh R TR A O R R H, &
ACRETE 101 B Bl 5325 Bl ATy 10 JXUBS: AR B, 0
T ETE B B2 B B 208 3

25 0 51RO BRI AR BRAS A5 AT e HAT RS
TR A3 BT B8 AT 48 bR A2 3 FOIRZS H bR 2
] A AR U JEE |, 45 5 B 38 N AT 42 &2 2 B AT L
4 R IE PR R 2he A €0 0R I AL, I AR
3 MR A 1A [] B 8] RS B 2 Bk 5 A A e 1
fi, B2 AT 578 PP R fE. FENG Zhongxiang
SEH M B A O R BT R A T
JEE 6225 B Y0 BRI B (R AR IE AR AT A
% 8 A T ) s A R, T 1 LD IR A A
H X B s TR 2 30 A7 Ry #8578 1 R JE TR
FASE I R AE DL, PR 55 BT A Lk
Kol , B2 8 LA AR XU $8 B 152 B XURS: 8 AR DT
W OB 3 AT KR B R, ERTARET 3
THBEE UK il T2 3l 5 4 SR a2
BRATA IR IS A B BN R
FEoAi . XU AR AR AR & 0 X 3 5 58 R
FEXTPESR I 4 RAFMES R M 1 G U X a2

risky driving behavior spectrum;

trajectory data; drivers;

distribution of risk points

BUAT R, A RIESE I SN [A) 37 55, T2 3 5 1Y)
O A PRE AR S A s AT B0 o0 B HoAT AR, itk
Ab YR RREHE P B B 5 AT O S
A T O BRI AR B T, AR IR 2 o SRR
S FNZE LA I | i = %o 1 2 6 R T I Bt
SRR 14725 B A Sy e AR DR A B 1 s AR

BT BB MRIE S PR AR R | oA
P PE T g B A e A P O R T 4 I KU 25 B A
R, DAIRUS: JiE i A5 L2 Bl A Sy AR T 53, ) el ik
TECHE 7B g 5 RURS: 25 B AT SR LASD Oy B OE
BORS AL 3 2h T SR (AL BB B S 4
1 FRE#HORXREERITASH
1.1 #HEFRIR

I FH 22 2 0 0 A T 2 B AT S S B 2 A
PRI TN B ™ B ELAE F e
NGSIM ( Next Generation Simulation ) %1378 £ 45
G, SR, ST BRI S st RR IR, TC ML A 52
i Z2 BRI, Ak, PSP A28 PR 5T 5 2 B R A AR
25, e NGSIM Bl it xfi L7 37 5% th A5 24
RN, EESRAR AL L T 5 ) B JC A i
SRR A . A BRI IR B R A B, S
R T B D A DX S A LU BRI R 5 7 1) g B
BOFIH 11 B B AR A HESE X 42, P —E DR H A
DIRE= S 740 ¢t BN S AN WO RT3 € 7RIS S



hoE e B o e

- 90 - China  Safety

Science

H35%
20254F

Journal

B8, BAERAENE A REE 2 0 BORH B4 250 m,
Horr i O B FEIR AN 100 m 3R 150 m, 3 10 B
T4k 150 m AP 100 m,, Z0HE R AR W45 a5 HE 2 11 i
HOASRE 2 b, 2 Ab W XA AR S, LA

IR T LA i, W A A PR 1 B R, bR
K 2 385 m, BRi% 80 km/h, JiHEH 201 veh/h, KA
X LA 29%., b KT 1 SRR B4 SR
9T, S RS SR 1 R B 1 R AT

150 m 100 m 150 m 100 m
e o, Y . Yy ey % @ Yy
r Azl W A e m—) 7 £ 7 1 Wi 4
() HF17 S0 (b) HEAHF R A
B1 HFEPREXNSGREMNSESE

Fig.1 Data collection objects and monitoring point settings
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Table 1 Vehicle trajectory data in tunnel exit and entrance

g | WA | s | Si/m | BER/m | B (ke h ) | BUEA/C) | FR/m
6 09.12.03 2 16.7 3.16 53.2 137. 69 5.27
6 09.12.03 2 17.3 3.20 54. 1 137. 69 5.27
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Fig.2 Schematic diagram of section division

of tunnel entrance and exit
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Fig.4 Lane accelerated speed and drag acceleration variation in different sections
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Table 2 Characteristics of vehicle lateral offset at entrance and exit of tunnel
H 75 M/ em #H O J5 m/em
it HEiE B2 B3 EiE 4
W& IE N W& E 4 W& N W& E 4 B& I N W& 4 W& 3 N W& 4
HiE -25.31 -8.34 29. 16 40.03 3.18 21. 14 -31.12 —-46. 98
SRR -25. 16 -12.55 26. 42 39.47 1.56 17.35 -26.45 -42.76
hrifEZE 23. 64 31.95 28.94 35.95 27.13 34.96 33.26 40. 96
BRME 21. 15 49. 58 84. 56 118.48 87.62 148. 47 11. 17 10. 51
/ME -73.33 -76. 54 -30. 52 -51.63 -60. 92 —-56. 46 -90. 08 -130. 64
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Fig. 5 Distribution of vehicle lane change locations
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Table 3 Risk driving behavior characteristic

parameter threshold
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Fig. 8 Distribution of characteristic values

of risky driving behavior spectrum
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