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Table 1 Distance between tunnel and interchange under different research methods
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Table 2 Overview of short distance sections
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Table 3 Simulation strategies considering different conditions

e K L/m FREIHEE o/ ZEE(Q/N)/ KMELWG]  HrsgcissE BB _—
TOmn®E ADKE (kmehh) (veh +h™' +In") H/% He s P/ % N/
50, 100, 20, 50,
1 300, 600, 100, 80 600 10 10 2
1 000 150, 200
80, 90, 100,
2 300 100 600 10 10 2
110, 120
H
200, 400, 600, "
3 300 100 80 10 10 2 bl
800, 1 000 e
0,10, 20, H
4 300 100 80 600 10 2
30, 40
0,5, 10,
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20, 30
6 300 100 80 600 10 10 2,3, 4
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Table 4 Speed calibration process

(VA=
(DA B A G3Ts} HEEEE WEE WOEE BN EAH
WOo S HEID Fa 2 EHEID FLE
SEOEEEE/ (km - h™')  90.2/81.3  81.9/78.2 70.6/63.6  58.9/52.3  53.5/45.4 86.9/83.6
E NS EVI\VIN
C FEEEEE/(km-h')  88.9/82.9 85.4/79.6 72.8/62.1 60.1/50.5  55.9/43.2 84.3/80.6
BB WA
THXTIR 22/ % 1.44/1.97  4.27/1.79 3.12/2.36  2.04/3.44  4.49/4.85 2.99/3.59
ST/ (km - h™')  85.6/78.9  84.9/80.3  78.4/75.3  81.3/81.2  72.3/66.9 90.2/82.6
A VY4
P FEHEE/(km - h™')  83.9/76.2 83.7/77.9 75.6/73.2 80.6/80.6  70.9/65.1 88.4/83.9
L AT
AT R/ % 1.99/3.42  1.41/2.99 3.57/2.79 0.86/0.74  1.94/2.69 2.00/1.57

1743



Vol.23  No.6 %2 & 5 xn B F K

523 %55 6 1

B4 BERIZEHRENIM

Fig.4 Influence of various factors on traffic conflict rate
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BB, AR SCIR 55 b R AT R K4,
AN 55 n AR ZETERCN iR I SR g, A8 3
255 S, RFMIR 2T J5 ALy S, i 2 B 2= 1 J5 il
ASCETEIMmZE T fL B R 6 HhEf 6 SRR B
25 V-7 F 5 n, 3R jSVRIER G A B, 55 T8 K
PEOR 1, ARSI R 45 n, HURZET B AR SCR
IR zs3), g 45 F 0% j 9IRS,

R A T YL e LR Y W

1) B,

25 PRIZR T HE I % B S 3 i 5 28 77 A 52 i) 1) i 555

x5 BRRSTEHREMEXESHT

Table 5 Correlation analysis between various factors and traffic conflict rate

(A= B K FLREIHEE A3 KAL) e 1] 22 38w U A1) LA KSR )
B -0.908 2 0.986 4 0.797 7 -0.794 1 0.947 6 0.061 0
A BB ~0.743 0 0.729 8 0.954 7 0.988 1 0.968 2 -0.933 3
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Table 6 Orthogonal design

R K TR SGEE(Q/N)/ RBSEWHI H eSS it ] P/ N

45 L/m V/(km-h™") (veh-h™' +In7") % % =
1 50(20) 80 350 10 5 1
2 50(20) 90 500 20 10 2
3 50(20) 100 750 25 15 3
4 50(20) 110 1 000 30 20 4
5 50(20) 120 1250 40 30 5
6 100(50) 80 500 25 20 5
7 100(50) 90 750 30 30 1
100(50) 100 1 000 40 5 2
9 100(50) 110 1250 10 10 3
10 100(50) 120 350 20 15 4
11 300(100) 80 750 40 10 4
12 300(100) 90 1 000 10 15 5
13 300(100) 100 1250 20 20 1
14 300(100) 110 350 25 30 2
15 300(100) 120 500 30 5 3
16 600(150) 80 1 000 20 30 3
17 600(150) 90 1250 25 5 4
18 600(150) 100 350 30 10 5
19 600(150) 110 500 40 15 1
20 600(150) 120 750 10 20 2
21 1 000(200) 80 1250 30 15 2
22 1 000(200) 90 350 40 20 3
23 1 000(200) 100 500 10 30 4
24 1 000(200) 110 750 20 5 5
25 1 000(200) 120 1 000 25 10 1

TE 385 PBUE N BB H 55 BRI 1] A B K S A3

IR MR A JBE L 1) 538 o e 9] P 523 i
Q KRB LB H FLBGT I V, HA R E 5
SRR A R, I L0 S0 g R
M 8 25 e T A PR R, R Y v R R B
M) 5 725 s N3 B IR 1 5 AR 4 2 T e S R B
SRR RGBSR s WA, % ) 5838
LB PR R RS TR A Q, FEEUR Y
A7 FLACIE H A T RS A L N T 1] 2 3 Y A A
BEOR T R e] s, 25 R M B e )
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Table 7 Significance test results
S F o
i uEE Bl BENE
2 FiE 3 Fl 4 %38 2 HiE 3 FiE 4 %38
L 4 0.462 1 1.514 0 6.516 5 15.6290 16.6682 15.549 8 nE
1% 4 0.093 9 0.414 4 2.069 0 3.176 1 4.5621  4.9370 nE
0 4 0.168 6 0.705 7 3.482 8 57012  7.7691  8.3107 BE
B
H 4 0.152 1 0.543 5 2.4417 5.1455 5.9837  5.8265 3
P 4 0.230 4 0.886 9 3.3920 7.7919  9.7645  8.0939 T
R 4 0.029 6 0. 090 8 0.419 1 B
L 4 25.681 9 53.272 1 95.9940 17.0591 13.1989 18.1257 E
1% 4 6.015 4 13.744 4 22.7048  3.9957  3.4054  4.2872 BE
An 0 4 13.085 6 29.411 6 63.453 8 8.692 1 7.2871 11.9814 e
i35 H 4 8.4550 18.5340  40.9405  5.6162  4.5920  7.7304 e
P 4 13. 604 3 27.8410  55.7964  9.0366  6.8980  10.5355 %
iR2E 4 1.505 5 4.036 1 5.296 0 WE

B P Fo oy (4, 4) =15.98,Fy 05(4, 4) =6.39,F, (4, 4) =4.11,F 55 (4, 4) =2.06;38 7 H F RF I TGRS, A 1% F 197K

AR IR BEE

PR SR A B L A8 B Q% ) 2238 1 Eb A7)

P RAVE W) B FL T Vv, BN R 4 EE
SRR AR —RE . WIE RO, L 1) 223 i L
B P B R AR T aC & Q, RERF NN T
T 438 b f0 %% 1) AR 30 LA ol 0 1 e B SR L4
TCA LR Xt ph € SR A0 5 i 2 B AT 17 o 5 A I 34
PEA F 26 S LR 28 iE g A b 3, B b iR |
Bk i I BT A BR AR KR B L S 25 28 3 A A
TN, WK L ORI W H) H FF 2k
TIERRE VX A8 3 v 37 A i ) 5 55 M D) 3 A
Hiom—sk,

4 TEXRRNEREGE

4.1 TEXKREERRE

A Z R Al BRGE S L A )
PR B AW rh R R S R E L LRI
JE v Agl R Q KRBV L) H 5 1) 5258 & ] P
B A TEE N AAAE—E AL R R UL £
TCARLRAMERBOE 2, K L TR BOREL + R R« —
I + F8BR B F BRI + R+ IR
Z 73 P S ABATS 3.1 WRNR
ASAR A F X 2% pR B AU R AR A 23 B &l
4 1stOpt H 9 “ Levenberg-Marquargt (LM ) + 4= a1

F(UGO) " AT AR bk S (i ) AL, LA
2 R ] R B

T W7 kB AR TR e R AL e R AR Y
(] SRR SR FH 0% {1 o D) ( Akdlke Information
Criterion,AIC)ﬂéﬁﬂj%u: u#i‘%(&l) JUE TR
FEAE(K) FFR 2T T M (E) Rkt g X6
T REHEATIEMY 3T LL ALC £ 1 ( C, ) S/ s i 51
P, [ S A SR BCE Jr il R? . N H AT 2

JZ I T2 % A3 A T AR U A B 0 45 S A
A
_ E\. 6n(K+1)
€, =3nin( )+ SRS (6)

1R 8 WL, X T E i B ) [l U e I 0 B
= ,3 PG X B85 00 B B, Horp < SR B0k
B+ WRBC HA IR R fem, 8 0.896, i — 25
W ¢ f F, kB C 5/, 451,613, F 1 K, 0
17 016. 462, WOz &I LA B X5 T A H
FEBEAY RIS F P A g =, () BE AT LAAR 3« k2
X+ FREREC AU G AL, PRIk, Bl S 5.
A /N B A T 42 U BE 5 7 R0 3y

fon = 0.0843exp[ 17. 5852L7* %% —0.0021V +0.0007Q +
0.0190H — 1.0082exp ( —0.1032P + 1.3288) -
0.9982exp (—0.0360N +0.7744) —9.7563 ]
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R* = 0.896 (7) 1 f < 0.0360
f. = 3.2284exp[0.0001L> — 0. 0401L + 0. 0012V + ro = 110.4912(0.1313 - f) 0.0360 < f < 0. 1313
0.0007Q - 0.0028H - 0.0129P* + 0. 6337P — 0 f=0.1313
0.0277exp(0. 2150N + 14.7886) - 6.3186] + 0 S < 0.0360
0. 0244 - 10.4912(f - 0.0360)  0.0360 < f < 0. 1313
R = 0.855 (8) 133. 6889(0. 4875 — ) 0.1313 < f < 0.4875
A £ FLF S S S A LD/ 0 f=0.4875
BB 38 3 0 58 R M E, U0/ (veh + km) ;24 ¢ 0 f<0.1313
ﬁEL{ﬁﬁ/J\EE%j‘JOHﬂ‘,jii{*%[ﬁg*%ﬁj(j( r = 2.8074(f - 0.1313) 0.1313 < f < 0.4875
ij][] %ﬁ‘ﬁ:ﬁfﬁ%?ﬂ‘f%ﬂ Vil K BERE R O IR 5.0942(0. 6838 — f) 0.4875 < f < 0. 6838
T MLV SR b B T 45 T 4 B e 0 f=0.6838
KA 0 f < 0.4875
4.2 FERBITEMHAEE " = 5.0942(f - 0.4875) 0.4875 < f < 0.6838
Sy — R4 R \vﬂ:fn#ﬁ AR K P 6.1843(0.8485 — ) 0.6838 < f < (.8485
BB VL) (K-means clustering algorithm ) X% 8 5 ! f=0.8485
A1/ B S 2 AT i (R ©)
SYT i BRI SPSS B PESTBL BN 9 B, ! J < 01786
HUR O o T 1, [V IR K 1 B B rp = 411.0261(1.1532 —f) 0.1786 < f < 1.1532
Fy S I S T A LT B B, 8 B 7 T 20 0 f= 1158
Ryt (% 6) 3T — K415 F o A O % 0 f<0.1786
B RIS SOIR KRR B = o0 S0 T80 0TS0 = /< 11932
Hﬁfﬁﬂi@—ﬁ,fﬁ/\DE%EQE’JY%EEKE:@/J\?HJ' % 1.2621(2.3243 - f) 1.1532 < f < 2.3243
B, 342 2 T R 11 £ 2 7 A 1 B 0 J = 23243
RT3, S R, TN 5 1190 2 4 ° fe
E”’“iﬁ%)\jﬁéﬂ%,%ﬁ/\[ﬂ%&%ﬁéiﬁ?ﬂlﬁ,j& " = 0.8539(f - 1.1532) 1.1532 < f < 2.3243
A I 6 (a) () I SPBE AT, i 1 AT ;'523434;{ < a8

AIHZEAN 0 ~0. 12 R/ (veh « km) (A HEE By i
RAENO0~0.8 K/ (veh - km) , BIRA LB IAT
BT R,

Zih RO 2R IR BB IE 1 sR O 2K,
T4 335 % T8 5 L3 A TT /DN B (6 B A T 1 2 SR A
B SH & PR AR, IR X il = (9) #1(10) |, 43 A 1A
mE s i,

®8 ARZTIELMESR

x99 INEREEREREITERKKE
Table 9 Driving risk level of short distance sections
K /(veh - km)

(A= e WRE WRRE HMXER Bk
HOEEBE 0.0360 0.1313  0.4875 0.6838 0.8485
AMBEE: 0.178 6 1.1532  2.3243  3.4874 5.0372

HEARMS T

Table 8 Optimal regression analysis of different multivariate nonlinear functions

VAR PRATE HERWE 3n K E C, R F
TEEUREL + T RAL 20 75 13 0.114 -451.613 0.896 17 016. 462
H T BB ZIRZEWR + R EREL 23 75 12 0.154 —432.203 0.8% 12 595.397
TRECREL + FERAL + —IRZ Wi 18 75 13 0.142  -435.101 0.895 13 638. 071
FEEREL + T RAL 17 75 14 25.433  -42.972 0.853 1 473. 094
T PR B TR EI + TEEREL 27 75 13 24.015 -50.411 0.855 1 564. 128
FEECREL + TR + “IRZ T 25 75 13 25.464 -46.017 0.853 1 471. 572
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0 f<2.3243
0.8598(f - 2.3243) 2.3243 < [ < 3.4874
0.6452(5.0372 — f) 3.4874 < f < 5.0372
1 f=5.0372

(10)

5 KBS R A

HENEAT AR R B 5 B ST R S | R
AT, B B PG & 4 X AL T2 78 B By MS 5

B5 /MNEEEEAREREERHE
Fig.5 Membership function diagram of conflict
rate of short distance sections

B HS | YX e g A S L A /NS R
Be, HrP i BB 7 b, AT BB 3 Ah, ARG
FEIA 80 km/h WU DY 4258, A2 18 5 HOEE 43 9ok
H 2018—2019 4£ 2016—2019 4F  2013—2020 4,
Hodr MS | YX R A L X B e, HS R A
SRR X L, W I A5 R R T e
ARG E B R R (B 5 ) X 58 38 oh o S 4
WRTEFT 9, 5 DL A% /NG B % B A1 34 22 38 S5 8k
YR DU B 235 SR 0 o HE R A, DA TG 36 0 79 300 A 50
BRI A Hr 4 SR W2 10,

SRS S A /)N R B 0 £ 7
B B IAL T2 4 B /KT S A7 1 AL BEAL
TR ; BB 1.4 KBS S o0 e 4 &
A T R AR 2 8o i o 2 /] 2.4 51, B
TEM 25 AR /INR 22 |, 3 S B T A58 [m] )5 0145 st
KL Bl N KA R &R Hof % B
BREARY TR 25 5 5 AR S8 SOOI AR — 3
R 2 9 XU SR A ek, 45 HBARS 5y
BEa] 1, HS & s e 1 B A 23Sl i 1 768 veh/h, H
e sciEa ba ok, H A 4358 29 m .5
m, KIEVZE AR 31. 5% | 44 T8 AR B 7K, 45
AVER T AR BT 4 KB S Pk B fE ks, S
AR AE S B TR B R = A R 2547 0 nT FE #2523
FEL PN, B E 245 SR 2 B A AR W 1k R4

e o] IR s T B R M
L, S B 2.9 MSEBRIE LA T AT, % 538
T 2020 FFE17 A2 H R, R b B s AR X W
JEAE R A W W\RL S G A Bl A D5 R A
T[] v B R G R 91 SR B ELH R 11 I3
Wi B B R O S R E R AR AT

Fz10 /MNEEREITEREDHT

Table 10 Traffic risk analysis of short distance sections

NS U K
(=4 %5 L/m Q/(veh-h™') H/% P/ % /(W - veh™ ~km™") o
@ 7R Q f ffg& (@ ca! )
MS &= 1 81 688 6.90 18.30 0.102 0 B4 2.00
HS ik 2 29 1768 31.50 18.26 1.045 4 fa B 7.25
3 1325 1216 34.00 10. 61 0.009 5 LA 0. 60
B
4 440 1216 34. 00 21.05 0.056 2 L4 2.40
i35
YXE®E 5 493 1216 34.00 5.10 0.008 3 ey 1.20
6 385 1216 34. 00 24.34 0.0717 LA 1.80
7122 1216 34. 00 25.65 0.042 9 LA 1.60
MS 7 33 688 6.90 15.34 0.887 0 WA 1. 00
A .
HSE# 9 5 1768 31.50 16. 40 6.1453 & 1 3.50
B
YX &3 10 152 1216 34.00 29. 52 0.210 5 L 0.75
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Expert Systems with

Driving risk evaluation method on the
short distance section between the
tunnel and interchange on freeways

ZHANG Chi', WANG Bo', YANG Kun®*, HUANG Chunfu'?

ZHANG Hong'*, WANG Han'

> ’

(1 School of Highway, Chang an University, Xi an 710064,
China; 2 Shenzhen Transportation Design & Research Institute
Co., Lid., Shenzhen 518003, Guangdong China; 3 Guangxi
Communications Design Group Co., Ltd., Nanning 530029,
China; 4 Transportation Institute, Inner Mongolia University,

Hohhot 010021 , China)

Abstract: To evaluate the driving risk of short-distance sections
between the tunnel and interchange, this paper proposes a
driving risk prediction model based on traffic flow simulation.
Firstly, based on clarifying the length of the short distance
section, this paper qualitatively analyzes its driving risk and
selects its key risk factors from the perspective of non-traffic flow
and traffic flow. Secondly, it collected the video data of short
distance sections through field investigation, extracted the
vehicle position and operating speed in the video by MATLAB to
calibrate the traffic simulation model, and took the traffic conflict
rate as the risk evaluation index. Thirdly, The risk factors and
risk evaluation index are quantified by single factor tests to reveal
the risk causes of short distance sections. On this basis,

considering the interaction of various factors, the strong
correlation risk influencing factors are determined by the
orthogonal test. And the driving risk measurement equation is
constructed by multiple nonlinear regression analyses based on
IstOpt, and through the K-means -clustering algorithm, the
driving risk classification criteria are divided into five grades.
Finally, the driving risk prediction model is verified by some
mountain freeway short distance sections. The results show that
the clear distance length, mainline design speed, traffic volume,
vehicle type proportion, steering proportion, and lane numbers
have a significant impact on the driving risk of entrance and exit
sections. The combination of exponential function and power
function has a better fitting degree for the exit section and R* =
0.896, and the combination of quadratic polynomial and
exponential function has a better fitting degree for the entrance
section and R* = 0. 855. The evaluation results of the model are
consistent with the trend of the actual number of accidents, and
it can be applied to the driving risk assessment of short-distance
sections on mountainous freeways.

VISSIM

simulation; short distance section; interchange;

Key words: safety engineering; risk prediction;

driving risk
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