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Visual Characteristics and Driving Risks in Split and Confluence Sections of
Entrance and Exit Ramps at Adjacent Urban Underground Roadways
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[ Abstract] In order to further analyze the visual characteristics and risk conditions of drivers at the confluence sections of entrance
ramps at adjacent urban underground roadways, data collected from real-vehicle experiments were used. A linear fitting model was con-
structed and the pupil area growth rate was calculated to investigate the patterns of pupil area changes. The K-medoids clustering meth-
od was employed to classify the regions of interest in drivers’ gaze patterns, and the characteristics of drivers’ gaze behavior were ana-
lyzed. A game theory-extension cloud evaluation model was constructed to evaluate the driving risks at the confluence sections of en-
trance ramps at adjacent urban underground roadways. The results show that the pupil area increases linearly in the entrance section
and decreases linearly in the exit section. The overall load follows the order of adjacent entrance confluence section > adjacent en-
trance split section > adjacent exit split section > adjacent exit confluence section. Additionally, drivers face certain driving risks due
to various factors at the confluence sections of entrance ramps at adjacent urban underground roadways. Based on the evaluation and ac-
tual survey, the risk factors for each section were analyzed, and optimization and improvement suggestions were proposed.

[ Keywords ] urban underground roadway entrance and exit sections; split confluence sections; driving risks; visual load; game the-

ory-based cloud evaluation model
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Table 1 Stopping sight distance at various design speeds
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Fig. 1 Confluence sections of entrance ramps at

adjacent urban underground roadways
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Fig. 2 Split sections of exit ramps at adjacent

urban underground roadways
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Table 2 Results of one-way analysis of
variance of road section

%323 F P gy
S1 11.668 72 5.329 x10° 1 AR
2 7.500 43 4.039 x10~° ITE ¥ NGl
J1 7.411 58 5.205x107° LT ¥ NEil
Q1 3.396 16 8.007 x10~* LT ¥ NEil

®3 BRREAERKENUSEISY

Table 3 Driver pupil area linear fitting model parameters
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Fig. 5 Linear fitting of the mean pupil area of each segment
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Fig. 9 Mean fixation duration and fixation frequency change chart
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Fig. 10 Operational risk evaluation index system
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Table 5 Risk level index evaluation standard cloud
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Fig. 11  Normal correlation degree cloud diagram of each evaluation index
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Table 6 The weight value of the index layer and the membership degree of each index in S1 section
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R R 8RR g (7 % V2 Ve WE RE RE

A C, 0.242 0.8309 0.3129 0.000 8 0.000 0 0.064 0.092 0.072

(0.284) C2 0.000 0 0.1159 0.962 8 0.1657 0.000 1 0.232 0.165 0.212

B A0S 3 17 s 38 B 4 Cs 0.246 3 0.952 2 0.124 5 0.000 0 0.000 0 0.274 0.086 0.220
A g B B 3 1 (0.390) Cy 0.0137 0.8514 0.203 0 0.000 2 0.000 0 0.204 0.089 0.170
mﬁﬁﬂzfﬂ’ E% Cs 0.000 0 0.000 0 0.0130 0.8412 0.210 8 0.139 0.103 0.129
(0.179) Ce 0.000 0 0.099 5 0.973 3 0.034 6 0.000 0 0.022 0.187 0.070

780 C, 0.930 8 0.024 8 0.007 9 0.000 0 0.000 0 0.036 0.172 0.076

(0.128) Cg 0.641 7 0.368 0 0.000 8 0.000 0 0.000 0 0.029 0.106 0.051
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Table 7 Risk level evaluation results of each section

BB 1% I %% 4 V% Vg MAX AU S 5
s 0.040 2 0.166 0 0.101 1 0.029 9 0.004 9 0.166 0 A
s2 0.072 0 0.034 8 0.120 4 0.054 4 0.020 9 0.120 4 Mk
it 0.067 4 0.142 0 0.071 6 0.024 5 0.0230 0.142 0 %
01 0.089 0 0.085 0 0.073 6 0.034 6 0.0326 0.089 0 I %%

HIZR 7 WAL, 2% Wit A0 3k i 3t 3l e A 1 O
Tt B3 A7 A — 5 AU, Herb Q1 D I XU B BE
S1.S2 Sy B AR AU % B, 01 Sy b KU B B, AR 41
2 6, U JZ U 23R AALER Al A, 220 DR 2R 0] Wi 40
Tl 3 B A 205 U B B8 R T R, LUy
N, 2Z )5 3l % 3 MR IR 3R A 552 B 8 F
L ST BemE QB3 Ty o T T BE A SR B, i % B
T LA, G TE A T BOA BT sOHE , 58 A TR
AT, 4o et B — e AR, I BB AU i
S AR Ta] AN HERE AR A3 Y, 25 B 5 7 S8
B Ui TG 32 B I A1 B AR P B, B
I ), AL B ey B b0k, el T B B Sk T
FAIE, G ERR, DR AT — E AR,
ST Y R A, HLAFAE /NS i BB AR AR 4R
B e (B bR A7 AE 0 B 2k AL P51 O, 2k
MAFAE—E KB, Hi ST By SR BE T 45 R T,
ST BeAb T rp KURE DA B R AR O 28 BT 3 1, 3L
S5 1] 11 TR B B 5 TR A 46 25, A 4 S AR
I AR XU , 5 SEBRIA B A RAH T 5

S2 BEO ML AT Sak T b TE Y 1 0L B, A S
PRyEAI R, 82 B i 1 Beaz ) W 3 7 AV DG 3R
S DN R WO AR BE N o Y e et N U B
VERCE I BN o B R BB, A A T PN B A
3 B Uk AN I S, 3 A i 5 R TR T[] B A
/N S TTRRAE T 8 LA RGO T, b b R A B AE 7
s i DR TS5 B, X T S2 Bedsk
JEPETHA, n] DL Bl 1 AT B S0 U S i
L5 TRV 1R A A AR B R PR XU B DAL PR
S5 SEBRIABHE SARRTF A

JU BN ML AT i i I 3l A 0 U B I
B BT BRI 2, (10T B S o T B v A
I8, G R A A S TR e A BT IR, B AR
P&, H R T 3 AR ORI Bt i 2
SRR B AR B AT AR, (I s B 1) i T B g 700
FER VOV ER IR SIS RS S AV B R R I DS TR
IBOME BERE T, 25 Bl B3 25 i o 1 52 2 — 2 R i, [l
I 127 B B A S S T Y 2 R R, A A — R
0o SRR BETI R A 12 B BLET AL A, S Ui
Syt 2R 1 [A] Ry v XURS: K DA HAR 4 g AR
B LA, P 25 0 S S BR WHE BOARAT 5

Q1 Bty mit ARk iy b 18 6t 1A B, i B
S M T T B, BR R AR R R, 37 BH AE N
YEF 808 3 AL 67l PR 22, IR BL T B
THM T W R E R EL T, AR A R,
BT A AT — e e, (R s, &
it S i (1] R 0 /ML T S I T A 0 A B S b
Aol FEONEE ., WEREE RS aE T
AU DA b Fe b 322 Sk | 43 e i 22 31 141 ] B LA
N FREEAR AR BN KBS S5 2 1 9 R 1T 9 1) 58
JEZEBEAN K, T UL % 1% BE SR AL TR RS IR 25, (1
FEATA it 23 1]
3.4 MERUFZR

R 4 X 5 a6 65 B g RS A0 465 2R i 4 Ik
T T 38 B A 23 T v B R A XU TRV R Ry
S PR A 2 G U B TH A TR i HLRR
AR, b i A LA BEAFAE — 8 B T4 AN i 2K
S v B TR 68 S s i s LA 1 R LA i 3 o B T
A e K AmU A I, B AR AR U DL 5838

X ML S T M R I B O A U B, T A
WA T R G5 6 AC 53 L H LU0 T 2 m LA
LTI S AT A B A A T kA P AL A
B AZ I A SE AR I 4 ) I 3R G A 0 A e T
WA Y 2 4 e X T ML A0 38k T b R 3 % 11 4
T B A BT DA B 51 G B AR AR ., v DAAETR
N BT LD 175 SR 2 DA R 40 I T 45 A R, 2 A
Uy, TR B 45 6 3 Tl i T b 35 SR R b =G
1388 B &5 X7 6 3 55 A8 AL iR A7 08 B, 98 /)N BH 35 7
Xof 22 Bt 53 A B 3 P S R ) e i O 2 gk B g
031 0 R T Ol i A B Y B = - N W I o 3
B, BN AR R B D36 A 1 I A S 3R, AR
UFZ25 36 53 B8 46 1 6 A7 350 7 [, B 50 B AR I kE
B2 B G I B AR G S 20 PR E R IR 5 & 2
T, EE TN AR 3k T MR A B A B
AT DL o 1 el A, DA T B A 4 A R
R, SBAEG B I,

4 Hig

DA I8 385 17 1 3 B 8 A 10 25 O B B A 1K
BTG, o3 ) WA B R T g O M T FRaE S T
P BB T A T S AR, 7 O 2 i B A v

ML . www. stae. com. cn



B
8270

A 5 T OB

Science Technology and Engineering

2025,25(19)

T4 RS Y S il AR 2 AR 4538 .

(1) AT B A i L i AR At Bk PR 1 KR 9,
BT B A B T ek e e X T A BT I i L AR
b AR A A B > MEAB A O 43I B > W 4R 1
Ay BE > BRSO A B, T M R T A TR
A1 5 7365 Tt o it ) P e /D O Rl . 3 s I 2Rl
FIATIRBE RS LAARIE A 115 2067 B LA FEr 22

(2) A& BB 5 T 78 0 6 it s B 2 3 D3 g o
A1 Ay BH S 380, 25 Bl 3 R R ) v AR SR B
s A2 B

(3) FTF RS- ¥ = P A A 52 1 T 45 %
U TS , A 45 5 2 I AR 5 T R 38 it A 1
O3 T B AR AR A — 2 KU, o Q1 B Ik
JRURSE 6B, ST 01 B A AR RS, 6 Bt , S2 B Sk b XU
BB, 55 BRIE A BUARSF A, T B R B — i R il
PRBER BN AC 3 % 4 45 B VE A 5 SR 5 X i 2
BT EGEIRAL TR

2 % X #

(1] A S BB, 7t T 3 B TR B e ) 211—
2015 [S]. bt HEEF TSR, 2015,

Ministry of Housing and Urban-Rural Development. Code for design
of urban underground road engineering: CJJ 211—2015 [S]. Bei-
jing: China Architecture & Building Press, 2015.

[2] Galal K A, Whiteley-Lagace L. FWD/HWD void detection beneath
concrete pavements or overlaid concrete pavements[ R]. Calgary,
AB: SWIFT, 2010.

(3] Wesd, armifd, XVZ5. 2k A oy b 3 B o A 1T [T
BEOE ST [J]. MR = H 5 TR 2, 2015, 11 (6):
1383-1389.

You Kesi, Yu Mingjian, Liu Yi. On and off-ramps design for urban

underground road with multi-entrances and exits[ J]. Chinese Jour-

nal of Underground Space and Engineering, 2015, 11 (6):
1383-1389.

[4] A&Efh. BEEEZSMABITHRARIIFID]. M KX
2. 2018.

Diao Zhiwei. Research on safety optimization design technology of
tunnel ramp [ D]. Nanjing: Southeast University, 2018.

(5] BRRGA, ROALSC. R B AL GE BRS04 IS 4 TR AE LB 23
Brl]. IR AR |, 2013(7) : 1031-1039.
Chen Yuren, Zheng Shiwen. Mechanism analysis of vehicles operat-
ing characteristic affected by visual environment of underground road
[J]. Journal of Tongji University ( Natural Science), 2013 (7):
1031-1039.

(6] #Rert. MR A MA@ P BBV [D]. Ma: M
TR, 2016.

Xu Xiaodan. Research on traffic flow congestion at the entrance and
exit of urban tunnels [ D ]. Nanjing: Nanjing Forestry University,
2016.

(7] FE&E. WLl R 0 % B2 3 3 i M B AR W oT [
PR EIRZCE A, 2017.

Wang Lu. Study on driving suitability technology of tunnel exit sec-

D]. &

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

tion in mountainous city [ D]. Chongqing: Chongqing Jiaotong Uni-
versity, 2017.
TRAST. T G OB AT R A BT SR M (D] B
A IRER, 2022.
Zhang Mengru. Operation characteristics analysis and safety evalua-
tion of urban underground roads [ D]. Nanjing: Southeast Universi-
ty, 2022.
Gunduz G, Yaman C, Peker A U, et al. Prediction of risk genera-
ted by different driving patterns and their conflict redistribution[ J ].
IEEE Transactions on Intelligent Vehicles, 2017, 3(1) . 71-80.
Gkoumas K, Santo C D, Bontempi F. Risk analysis for severe
traffic accidents in long road tunnels[ J]. International Journal of
Forensic Engineering, 2016, 3(1/2) : 106.
FEAR, B, KR, & A RRKRRGE KR ER S
BRENBITMGTTE[T]. BURERE AR, 2019, 56 (S2):
3643.
Wang Zhijie, Wang Rulei, Shu Yongxi, et al. Study on operation-
al safety risk assessment of expressway extra-long tunnels and tun-
nel groups [J]. Modern Tunnel Technology, 2019, 56(S2) : 36-
43.
Zhang C, Wang B, Yang S X, et al. The driving risk analysis and
evaluation in rightward zone of expressway reconstruction and ex-
tension engineering[ J]. Journal of Advanced Transportation, 2020
(7). 1-13.
B, me TR, XBRERI, S5, T R2mT R AN R A AT E X
B PP )], ABKACHEABHL, 2020, 37(3) : 123-129.
Qiu Lei, Chi Gandu, Deng Zhigang, et al. An expressway driving
risk assessment model based on influence coefficient[ J]. Journal
of Highway and Transportation Research and Development, 2020,
37(3) . 123-129.
Xian Q, Feng Y, Zhang J L, et al. Study on the safety speed of
vehicle turning with considering the driving safety evaluation[ J].
Journal of Automobile Engineering, 2021, 236(12) ; 2544-2556.
FAR, RG], R, . ZET UG DEMATEL-ISM 2 i1
T ERANLEAAT AT B PR T B [0 ]. ) G R 2 244l
(HARERR) , 2024, 42(1) ; 28-38.
Wang Cui, Song Yongchao, Wu Linjian, et al. Driving risk as-
sessment method under road congestion conditions based on im-
proved DEMATEL-ISM model [ J]. Journal of Guangxi Normal
University ( Natural Science Edition) , 2024, 42(1) . 28-38.
UERL Sl TR (M), B dbat. ARZCE R
#t, 2000.
Li Zuomin. Traffic engineering [ M ].
People’s Traffic Press, 2000.
Bossi L L, Ward N J, Parkes A M, et al. The effect of vision en-

hancement systems on driver peripheral visual performance[ M ]//

2nd Edition . Beijing :

Ergonomics and Safety of Intelligent Driver Interfaces. Boca
Raton; CRC Press, 2020 239-260.

G iy = MR 2 K B S B 77h il B DN A SR S DN E L (5
PERFFE(D]. EPC. BRASHE K, 2023.

Xiang Tianjun. Study on driver’s psychophysiological and opera-
tional characteristics in the scene of overtaking and meeting on
mountain highways[ D]. Chongqing: Chongqing Jiaotong Universi-
ty, 2023.

Guo TY, Pan S, Shao F, et al. Characteristics of drivers’ fixation

behavior in urban tunnels[ J]. Journal of Southeast University,

ML . www. stae. com. cn



2025,25(19)

JEVR A5 < WL AT SR T T S B A 11 0 R B R B A T A XU

8271

[20]

[21]

[22]

(23]

[24]

[25]

2021, 37(3) : 325-331.

AR, M, AR, bR AR B S Bl )5 i 2 g 5 A
SREE M [J]. B RS TR, 2022, 22 (30):
13515-13520.

Qi Chunhua, Lu Shan, Li Hangtian. Analysis of the influence of
sign information and driving time on drivers visual characteristics
[J]. Science Technology and Engineering, 2022, 22 (30):
13515-13520.

e N RSLAN R AR, e AN RSLRIE R BRI & @ik,
COtTiT 38 e S A BVF AR IR R ) (2002 4F ) 45 S TTT B
MAEPRIAANR[ )], ERSSE T EE, 2002(6) : 45-46.

Ministry of Public Security of the People’s Republic of China,
Ministry of Housing and Urban-Rural Development, People’s Re-
public of China. List of various urban road traffic management
evaluation index system (2002) [ J]. Road Traffic Management
2002(6) : 4546.

WA, KA, B, & FET I AU BB E k0 O
REEEAERA (], FBF R 240 ( A ABHAMD , 2009, 37
(6): 777-780.

Pan Xiaodong, Song Yongchao, Yang Zhen, et al. Visual environ-
ment improving scope at entrance and exit of highway tunnel based
on visual load[ J]. Journal of Tongji University( Natural Science) ,
2009, 37(6) . 777-780.

FifoR. R R I T B R e ST AT D]
FK: FRACH R, 2024,

Bai Jingrong. Research on driving load and behavior perception
characteristics under complex scene switching [ D ]. Chongging:
Chongqing Jiaotong University, 2024.

BT, a0, B, & T IINEH G AL S Y ookiAl
BRI T 3 S 23 AR G PR [ D). BRER R 5 TR, 2024,
24(10) ; 43594367.

Wei Shengyu, Liang Wenbiao, Zhai Yue, et al. Risk evaluation
of urban road transportation system based on cloud matter element
model of game theory combination[J]. Science Technology and
Engineering, 2024, 24(10) . 4359-4367.

SRR, A E, . S AEMSG ST 2
AT A ()] B gR S TR, 2022, 22 (23):
10255-10261.

[27]

[29]

[31]

Zhang Jiawei, Zheng Yuehan, Li Mingbao. Analysis of safe driv-
ing behavior based on combination weighting and fuzzy comprehen-
sive evaluation[ J]. Science Technology and Engineering, 2022,
22(23): 10255-10261.

TR, B, 85T, . FETREE R PR A A R R AR
WEFE[1]. TR, 2024, 24(1) : 55460, 74.

Wang Ruishuang, Bai Han, Zhao Liang, et al. Vehicle following
model based on tunnel illumination factor[ J].
ing, 2024, 24 (1) . 55-60, 74.

XM, IR, FEEF, & A TR G RA-R 60
0 RE PR ) B 2 K R AT [ 0], BRI 23R (T2
ML), 2023, 56(7) ; 799-806.

Liu Qiaomei, Wen Haiyan, Li Aichun, et al. Risk assessment of

Traffic Engineer-

tunnel water inrush based on game theory combinatorial weighting-
unascertained measure theory[ J]. Engineering Journal of Wuhan
University, 2023, 56(7) : 799-806.

SER, HATe. RELATHHSHIIIM]. RN FES
KRR, 2016.

Jing Guoxun, Shi Shiliang. System safety evaluation and prediction
[M]. Xuzhou: China University of Mining and Technology Press,
2016.

UL, 2Rz, KA, 55, BT T3 SRR A R R T O
DB BEIERBEATAN [ J]. K L ARFFIER, 2022, 42(3) : 157-
165, 397.

Huang Qi, Mu Fengyun, Zhang Yongchuan, et al. Risk assess-
ment of highway flood disaster in central Chongqing city based on
Bulletin of Soil and Water Conserva-
tion, 2022, 42(3): 157-165, 397.

Baghdadi N, EI H M, Zribi M
cloud model at C-band for winter crop fields and grasslands[ J].
Remote Sensing, 2017, 9(9) : 969.

Foal, MRS, ok, S TR Al A -oH T R R A
BRI SR )], 90 RFS 5T %, 2023, 43
(8): 84-90.

Jiang Yingli, Cui Jie, Zhang Lanfeng, et al. Evaluation method

extension cloud model[ J ].

et al. Calibration of the water

’

and application of rock mass quality based on weight fusion-im-
proved extension cloud model[ J].

ment, 2023, 43(8) : 84-90.

Mining Research and Develop-

ML . www. stae. com. cn



