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An Early-warning Model for Rear-end Accident
Occurring in Highway Tunnel Group
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China; 2. Merchants Chongqing Communications Research & Design
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Abstract: Considering the close relationship between rear-
end accident and the vehicle’ s travelling state in highway
tunnel group, this paper takes braking distance, travelling
speed and the type of vehicle as characteristic parameters for
forewarning the rear-end accidents occurring in highway
tunnel group. Then, on the basis of artificial immune
mechanism,an early-warning model is proposed to identify and
determine the tendency caused by vehicle’s abnormal state,
and some important early-warning information is given as the
levels of accidents. Finally, Xihan highway tunnel group is
studied as a simulation example to verify the accuracy and
utility of the early-warning model. It is expected that the

findings from the study can provide a significant theoretical
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basis for the safety operation management in highway tunnel

group.

Key words: highway tunnel group; early-warning of rear-end

accident; artificial immune; improved negative algorithm

e 5] o L B B T AP X By T gl AR R
[ PR SR 1 2 [ P S SO A7 B B 35 DA L
L AR BB RS 2 B B 5k AR S o 8 75 Bl A IX
By U AR AR R P R g Y S A
it 1k SR T — B PR A R BB GE . 2E 3 TR0 b
PEDL R 2 % B T A DX BERE AR 58 38 2 BB /R
Forb B e 52 0m RO O DL L o R OO LRk
BT 22. 4% . A SCER X R S BOT I T 5T
PETE A I PUE AT 5T b T — D LUB AL
S SR B AR 1) DATE R Sl S S e o H
M PE B R A .

1 RNEBERXEEAMEREMER

S OB R LA T 5 AE B S E AR
1 SIAEIN H A S . MR IR T 3k B A ] ] P
SN B AT R PR 22 80 A SR B vk 2
AR JE LSRR M AL PSS X H OAE
A 14 B SIS (i P RE FLX 2

A ) A R 53 T 5 B 5 1 A T) L
T (D) R BB K 3 8 T B PO TR
R HAFTROT TOSEE . TR E D (2)
RO Hh T R R A A v R R T A B 5
B (AT S0 A B AN R % B Rk AT
AT ORI 5 (3) F RIS I 5 R A7 A B fELAR 2
PO PRI ME | R 5 iy L AT RS AR P 0 PO P 0 2 4 ik

FATH . PEERACHE # BRI H (2008 - 318 — 740 — 014) , E Z R S HR15 H (2009BAG13A02)
B—E#: GEH 1983 B Ak, FEUFR I iz LA, E-mail : yifujun@cqjky. com



11

Ty & S O\ R TE T 2 R A T T A A 1635

A R T R AMEGURIN B F 73 [ A A R o AR SRS
NI A A G0 TR 5 5 Sk e AT 1 etk ol A
A B o 3 R S T S RS T S U MR R (2
X [ R T S S R REAL TIUE B AR B K e
L1 EBEXBEEMERESN

O3 B BR TE ARG FE S 2R - A A R E AT Bl
T B TR BV R BRI N 2002
HT TR A R R ) B0 B S AN 8 BT S TR
@ SRR UF N SERE T SuR e sl B S
BRI 57 B S 15 1 7 B0 B8 el H B ) 30
PEBS A S OIS R ST T A I 5 AR IR 5
AR S AR5 Zead FAb BT B R IE S R
P AR B 2R 48 F R sl i 2 e th BLE
S F ARG 12 WG R4 18 R 58 1 = i 19
FEE N FEHE AR SRR R G ARG Z W 25 R B A )
SR IBORH 7 A A8 PR It RS OB AR 5 N LA &
GE P R BT — 7 LR A — 25 5 BRI B
BV IUN AR
1.2 EBEXBEHMERESHT

AR 2 5 50 T S S DR M 80 5 1
T AT B A D D) o AR S e B A o) S e
Fr sk B2 | 42 A Dy i e A il S U AR 2
it 1 S R R AR 2 W) (9 e /N A S L AR
FATARE s 1750 2258 R T2 e B A A 200 SR A B 1
Bl Vo LR E AT Vo 10 BT AR s 2
PR RE 20 g RIU BEA E Lo RN A 4
L W FErb il Shif e 4 O 1 B0 Sl 2 L A7
R e TR AR LA Sy il B R 5 5E 2 i AR
PREILER 1. (il FRA AT R » Sl AR AE 2 i bp R 2
TAEAELLIE 25) .

&1 NBBEFBREIBRHMGMLAGIRE
Tab.1 Initialized judgment standard of highway tunnel

group rear-end collision traffic accident

BRACEFMER B WSER L AT V S S

eI Sk i L<Ls V<V, las L
IR =® L<Ls V=V> Ve  laly

— i R L<L, V<V  laslyslsslx
LARAS Lo L=L;

2 REBERERXBERMESRE

2.1 ANIGEBEMEEARERE
1986 4=, Farmer % 6 28 (4 4 SR 3L F %8

W25 AR GBI TR AR T e RS A,
U T e R 505 HA N TR BET A IR R TR T
N LA R GRS A OB B R T 3B
RAGHEF L IUE RAAN— DA AT R
PSR 1B e A =R O BB L] 5 18 F 2
REAAMRL I » B4 70 5 e PR A iy TV TR 1Y
FAT . TR S S RIE R A B A
TRV PO 3 B — RN 4% B e S X S R S
FIVH 4 5 AT AICR AN L S5 T R

RSN A 5 PRI X 2 B % G A P 5 il
OO PUE R R EAT 1 Rt o A o P A 0 i B
B IR T RN A B A ] B T X
AR 22 RS MR FHE 22 2R A B U A I AR . ot
REAR AR BAE LUR P2 R

AR LR AR AR R AT 2R AR S L i
A5 A RS E] S ASAH T BC A BT A Rl 2 5 5 R il
R 24 A AN BRI P A s ] LR AR AR A A
[B] A RF AL » SR R R I e SR 45 R 5 S U [l 1
F AR SRR S S M AR 54 LA E A
A UM DL 5 A9 G N i RE A I 3L A R AR 2 8], O 1
THBRIBE SO O A ARG 45 5 45 25 S i A
725 [ G J5C A RGN s 2L REASE I — o B A g 2, R
Xt — T T PR 5 LA B » R B A P AR 00 8 5
O 5 AT — b E—Fh PA_E A5 A A5E U AN DL JC 19
R . i G D C A D08 0B AR D 2R 5 R =
(R'\,R'y..R' D HH R =(i=1,2,, )N
G L o SR A 23 (8] AR DR BC 1T -5 AT
Ak A O A 245 ) A DG T P A D0 54

AR 2 3 g /)N AR B R R 0 A AG
it » E K 73 K 45 F A S A I 8 1) DG E s (B A
30 5 » Jof WE PE IR AR PRI 00 e 2 A 7 g A A S5 % D i
L i 11 G0 45 R AT AR e 0 2o % B B A 4
A7 S R A & Dl G TN 48 A0 L 110 B A P ) I B v
T RGN B HAMRE SRR AR IR GE T7 . M
T BT I AR 2% R” = (R" . R, .-+, R",).
2.2 BETYUHBEEEREENMERE

(O IN ae INZR B Be - 2@ Y reye > 7 AR
SRS AN E N D) iRl SE

AR 158 O I RE B B R S IS R 4
ERZSEIIE SRR S EASPSRER LN 52w AN SRS SN
L E SRS A= W M, K M= (M, M,
M) AR 3 A AN [ 2 1) T A AR A (4R 5
M, AR IS R G e S oo, B H s M,
IR TUE RGN S O, B o s M U3k



1636 7 9% 2 2 A B B2 KD

439 %

P R G — b B o e

PR 2 BEAL ™ AR A A S R W1 AR L
R=0.4E5 R - PEIRAAS A FLES |
A AT Kl D I » (S AGHI #3565 AN BEAGLIN A A = 1]
FUREA AR AR B A2 [A] A 5 AE . K DT i i B AL A
AR — R U R AT L i b P
VD e s I 45

AR 3 NR7 A I 4 R O 5 M4
DA_E o 285458 30 D8 T BE ARG I A 4 k25 1] ) sz 00
i s TR B 5 5 A SO A s () A DS P S RE A I —
ol P AR 2 S — iR S5 A o 25 LA B Y
A 5 5 U 55 AT A — o sl — 7o LA 10y 2 BE AR AN DL
TP RS 0 42 K500 » DT 7 A U R DI 5 4 R i
FEVCTCE DX R EAT R, T8 B A I 5% 46 &
(R'\WR'5\ Ry A3 X N T s i, AN
HopbAE L VT L.

AR 4K R i R 5 R H R A 3k B 45
(EL A IR 2 U 1B I R B BE 5 75 U o 8 e 300 20 3R
2 YRS

(2) G 25 A 0 B BE « 220 Y R B Be g = ~J » 3K
37— B H T A 254 RIS L e A
A ARSI B B

AR L SGEC N g s Ry WML R =
05 BB BV 23 VCFCIRAEL B 0 LG 45 1) A 1
g ) ¢ 5 S5 B AGHIN o 1) A i AL T S 0 e 1) 35
5 BE v RIS E] £

IR 2 U B AL TR 280 UL B KA A
RFIE S 2 I AR B A 3 28 46 T AR 3 1 — 3 1
LS

PR 3R PRGBS IS R a8 4R Ry HEATIE
PiC o DT JE DU A 4R 2 SR IR B 2 2 9K 65 5 AN DR L
MFE 2R 4 BEATALBE.

AR A PURE B S RGN B 4 RO IL
Be 7 D HE S U A AR S B B AP R 65 7 AN IR
MFEREHR 2 HEATAb 3.

g BIL | Tpca sk dln)ne o saill o Py il
FUSRH S UNSR AT DUDRE IH RS0 45 A 53 5 S D ol st 00
o D E 3 114 5 R 7 8 BTSSR
5 P {EL U)K JICEAA N gt A S A2 A T 4

PR 6 FIBTE IR PGS (] €4, 2B B
IREG AL WNEL 2K 2 AT

AR T AW A AR T ST A AR AR
e LS UPH I A5 R R B 5 ey A B B A
(7 P65 SO ML A 100 45 ) DG TR 1 5 0 O 7 e 2 30 20

IR 2 RS PHAT

(3) K287 5 B BE - o3 4 0 9 B g Y1 2, T
75 B ARG ) g1 R 4 A ARG T 2+ PR T DS JC R 0
BEL A o o8 SRS D 45 v A7 A K o B 45, BRI T A 0 Ak
2R, R 45 A S B A2 H 0 kR e AT AR
AbFR.

IR 1 E AR S5 o, VERC SIE B S5
G max » VETC B{E N FRZEL 0 in

AR 22 0 A /N A B DU R A T A
25 Hp 3 S B O T — AR T B L K S S 8K
O max ~ T min X0} 10 AL JICEAGL U 48 HE A T 3E— 25 1 i 4, 7 A
PRI RS R~ Roin s HeHH R B8 BB 7 H
P2 DG P S5 {265 /2 0 A D 25 4 s R 2878 T 5 ™
Hf H IS ECI AR A 25 AR

IR 3 XA R AT 7 S R
HEAT AR

IR A KA S AR RIS A D A
S HEAT A 5 Ve FR AL B, 7 30 2o 75 A 30k 43 Ak B 1 ARG
FBABI AR A RY(R" . R, R,
&8 I T 25 1 AR S el AR

DA 2 X6 7 A T 1) S 2 A Y 4 A o R Y
W BRI IG5 0 00 AR T 28 R (R, R,
R") FAFAG I 5 B i R 4 9 RS AE 2 B B 4 D
(Dy s Dy Dy) s W AT 2 U B0 » WA &
USRS HARHROE (1 TR X R A, IR TR
.G A RS MR\ D =& Z A It
BRI 1 iR, R &R S BEHLM™ A 1 5 %
KBRS A, M o BN B8 2L R S 6 Bk T 58
W ARG A 48], My M, My 43 5 3% i
RGEAFER AR, D Ry I RRTE TG B2
T T R G A RRAE S 1) S BB s [ i i
K248 R’ Zad 201 R I R AE ik L 2 A
TR 4 Rl SR R g R”(R", R,
R"y) BRI VE Be S B , - 59 (R"1, R, R"5) IL
BC P BAREE A9 E X (D1 Dy, Ds) s D HA AR
D e 3] (14 45080 BB A N 2 2 B s 45 v A B8

1 MHABEHEZPEEEGZEMLEXR

Fig.1 Matching relations among the collections in

the improved negative algorithm
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Fig.2 Simulation output results (speed limited to 80 km+« h™!)
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Fig.3 Simulation output results (speed limited to 60 km+ h™!)
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Tab.4 Results of early-warning parameters and accident distributions (sunny conditions)
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Fig.4 Simulation output results (speed limited to 60 km+ h™!)
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Tab.5 Results of early-warning parameters and accident distributions (rainy conditions)
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Tab.6 Results of early-warning parameters and accident distributions (snow conditions)
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