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Effect of VMS Frontal Distance of
Eight-lane Freeway on Driving Behavior

JING Difei, SONG Cancan, GUO Zhongyin

(Key Laboratory of Road and Traffic Engineering of the Ministry
of Education, Tongji University, Shanghai 201804, China)

Abstract: Based on the driving simulation experiment,
four variable message sign (VMS) frontal distances of 3.0
km, 2.5 km, 1.5 km, and 0.7 km were set, and the
steering wheel, speed and position data of 32 drivers were
collected during the process of changing lane and leaving
freeway after the recognition of VMS with four frontal
distances. Then,

the steering behavior, lane changing

behavior, and deceleration behavior during the lane
changing process were analyzed. It is shown that the VMS
recognition procedure can be classified as the multi-
tasking driving behavior, because drivers have to

complete VMS recognition, route diversion decision,
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deceleration and lane changing in a short time; if the VMS
frontal distance is not long enough, drivers should turn
the steering wheel quickly and sharply so as to change
lanes continuously and urgently; to successfully enter the
deceleration lane, some drivers reduce speed during the
lane changing process, which increases the traffic risk;
when the VMS frontal distance is too long, the short-term
memory effect on VMS increases the driving load of

drivers.

Key words: traffic engineering; variable message sign

(VMS) frontal distance; driving simulation; driving

behavior; optimal setting
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SRR 25 AL S 56 7 A S A2 AL
() LS, R Bl 2 O 5 PP A SE IR IR BE L S
SRR R I | I RN B AR PR RE Y LS
LS 43 10 43, 4308 R 3R W 4 S il L S
PEAG 25 a3 1 o, 3R %72 BB S0 56 2 1R
R LA S PRAg i s 22 T
1.2 Zp=

W E R Lt & R O AR TR,
B R R 120 km-h g Rrh AR 3N E
37 AE, Y A R A B R 90 km-h ! [ 3 B
60 km-h™', BB AR G G —8. i
AINSEE G B B K B ST AR I BE 45 4 A 6 ke, 4%



W5 5 1

FRUAR 45 /AT o A B T AR £ A

NIRRT 733

*1
Tab.1 Reality

simulation experiment

BRENSIHEIETHER

evaluation results of driving

AF YA Ji 2%
IR IREE 8.93 1.09
S 9.65 0.82
TR IRA 8.16 1.16
JiIpEE T 8.44 1.37
Ty #% 8.79 0.72
A M RE 8.97 1.24

Z 5 W B ST SS AT B (A BT AR SE ST )
(JTG/T D21—2014) " i & T H38 37 A BB 4T
NMLICARPRIEDR . Y 2K 217, 9 km, FsoR
EERWE 2R

R TR ] GEIR /N IE X bR A A B RS
DNTTE R ] T -3 R T TR SR XL ) N A2, 40
FEHE 3. 75 m, A AR E 3. 00 m, KT AT S KU 3
FiR

B2 FsrEE
Fig. 2 Simulated freeway

300 75

3 EREHEHTE (B4 cm)

Fig. 3 Cross section of road(unit: cm)

Y sSiibra i On & s it r i e,
T A7 A H AR VMS, VMS 34 L8 ] 28 37 4%
TR B, Yol A A 1Y) SRR T i R[] )
B, B R ] H AR . VMS BRI RS
600 cm X500 em, F i 60 cm, VMS T 311 25 1t 550
cm. RIS E K VMS R WA 4 7R

B4 BHEHIXEGS

Fig. 4 Scenario of driving simulation experiment

FETRIARSCHE, % R R F SR R R MR
3.0.2.5.1.5.0. 7km 4 F VMS B BB . Ak
I KT SIEI0 H B 2T 8500, 25 A S B VMIS IR TR X
HHIE] (RS R 7 S BRGNS 05 BANIR], 45
A ECIE 5 19 VIS i B AR 37 8 4N 5 R

1.3 ZWEWR

ST N TFRZEE B 51 32 A, B e 2: 1, P
PIRAERS AT G 2020 AFBE R RS 30 ASE) HEFE ™
JITA SR B B8 1S5 ) B 135 R, IR
B C12 IR a2 i 3 (R F-I4E 14 34. 2 % (BpifiEs
12.1%), FHB 8. O4E (bR 7. 24F)
1.4 XIRE

Sy R A AL i R R 2 B B )R
AR A 7 S b 2 B DL BRVERIUAS 20 min J5 iF
FIECSEES . ST AR 602 B D1 By 5250 H 1Y
iy, e S 56 1% o 1 1 23 B2 35 53U 5 min, 5K
B b R, 2 e 5% 2 /N A e PR R A e R
BEIEATHE AR ER H A M, 73 A R VMS $R
HI 7 2SR I 24 A 05 8., 25 0l B AR 4
Bt I B VMIS [ ERAR B el R B A, 25 B D1 3
A R IR AE
1.5 HIETAME

VRIS B LA 58 VMS J5 Bt v 3 ) 2t 7
WFFEFRTT, XA R VMS 1 B 2 2550 61 1 77 1) 4
BRAT R BRIBAT R DA T I TR AT, BT
TR 1) (3 0 4 e A A AT ) D B B
T , AR TE R 1 A5 L 5 RN R R -



734 6] 5% K 2 2 (A 4K BE 2 B

o5 50 %

a 3.0 km

¢ 1.5km

b 2.5km

B 5 AERIBEEENVMSHiE
Fig. 5 VMS layout with different frontal distances

{i}:{i‘y{ﬂyi’<0}
{ih={i|yi =}
2y I TR ) RS R mes sy, REEZ
AR ) B, m R AR AR ) B, m

2 FTEBHFEITASN

0 530 ) 28 A T L s R g 5% A it
PR KRR EE T 1) BEERAE R X S R B LA KO )
RERER BT . AR R R IE S AR P Yy ]
BT B A T 1) B AR A 0 O n) B
FEER 0 J7 [0 SR A5
2.1 AHEEEAEE

J7 1) B 5% R AR 0 Sy 3B 2 B vh oy 1) B A KRS
FA RN SR/ N A7 Y 2508, AT A3 AE 22 Bl 5% 4 T8 I 1)
SOk, 0 S G 0y Bk R IEA . A
VMS i & 12T 0F8IE K an & 6 irs . VMS Hif &
PR 1.5.0. 7 km I}, 9 S44E | B RORR FE K IFAAAE R
Ui (L, 2 W A1 R T 2 Bl B R RO 5 ) 4%
BB S8 M 1 BRAE AT GRS E A s VMS ij R R
93.0.2. 5 km B, 0 I{ECFT B HORE BE A/ )N, R WHICHTT
TR BT 20 51 AT AR T A

KN E 2598 Shapiro- Wilk 1E 24656
RIp=>0. 05, FEA R IER 5310 5 7 22 55 MR 0 R
Pp=>0. 05, FEAR R SR T 2555 . Tr 220 i d SRR W,
VMS Hi & FE X 7 ] 5% 5% £ IR (B 5 ) 2 (p<<
0.001), ZELELI, VMS AT EIHEE N 1.5.0.7

I o
_ | )
— 10+
< gl
ES
6- ’—T—‘
4 r — L
T ]
2L I
0 . .

I
e lTl
0.7 1.5 2:5 3.0

VMSHIE 2] / km

B 6 AREVMSHEIES THiER fERE
Fig. 6 Boxplot of ¢ when changing lanes under
different VMS frontal distances

km B 5 VMS [ & #2547 3. 0.2, 5 km B (%) 41 8] 47
R EME S AN 22 R
2.2 FREERAEER

7 111} 5 £ TR 0 g4 o A T BT IS ] 9 7
] 227 A SO, T A R AR 2 0 D3 4 Y X ) e
JE, 0 St 5y P IEAI G . RIR]) VMS Rij BB 55
T O mME 7R, VMSHIEIEE K 1.5.0.7
ke i, 6 5 {E RIS AR B K, 6 A 6T B B R 28
BT AT BRI T ) A B SE AR I 5 VMS i 2
43.0.2. 5 km i}, 0 S{E AN BORR B #/ )N , K W% AT
BRSO 5 RS R AN Sy M e R A

KHHHZE T 250871, Shapiro—Wilk 1E 245 5
KIp=>0. 05, FEA IER 5340 5 7 22 55 R 06 % R
Pp=>0. 05, FEAR R BRI 2257 . Jr 2200 Wr s R
VMS Fij & I B 6] 7 1) 5577 ol AT 18 35 5 ) (p<
0.001), ZHEILELH, VMS T EIHEE N1.5.0.7
km Ff 5 VMS §ij 8 #5258 3..0.,2. 5 km B (4 41 [R] 47



%55 TR, A 2 /N e S S T A b AR I R AT Dy 5 735
ler 605 TT 45 T REAIEA T 5 A A, (0545 25 1 05
) BRAG . B FRS AR  T 5 H
PRI it PR BRSSO HHE , B S 4
< ol . SR B T 50 0 125 5 G043 A £ o)
= o4t = - SR b A2 B B B e S B A . A
A = === PR IE AR

07 15 25 %0 P18 o d1~d8 /NI MR AT H . 1T 8 BTG,
VVSHERE flm 4 Daubechies 7 Bt/ 22168 5 0 KO e 47 4

B 7 AEVMSHEES THER fERE

Fig. 7 Boxplot of 6§ when changing lanes under
different VMS frontal distances

TERENE 2 N AR R B2 5
2.3 FERITHRAREE

JRIREARIER B G S A S Bk E . I,
K Daubechies 7 By /N X 5 7] £ 5% 455 51745
fif SEAL A BN 7 2RI A1, SR H A A pREIOT
A7 B AR 40 A5 B Dy 3235 X D) 3R 5 % B R AU S
(AR b AT Ry SR A2 7 SR AR o i 5 1 138

4 VMS i B PR AN R, B0k B Tl K DA,
o 2
& WWWWMMWWWWMWW
% _, . )
4 000 4100 4200
Jiins]
2
_2 1 ]
4000 4100 4200
ig=s
2
—2 1 J
4000 4100 4200
iR=s
e
_2 1 )
4000 4100 4200
Liigss
o
3 of
_2 1 J
4000 4100 4200
iR=s
D=
3 of
_2 n )
4000 4100 4200
is=)
2 =
S o
_2 1 ]
4000 4100 4200
Lig=)
2
o
_2 1 ]
4000 4100 4200
iR=s
(o]
el
- ), . ) =
4 000 4100 4200
W5

B8 dl~d8/INEFEEsTRTEE

Fig. 8 Comparison of d1~d8 wavelet denoise effect



736 [l o K 2 2 MCH 9K BE 2% O

% 50 %

AFIHTE I E T AR EE 9 iR, VMSHTE
FEES R 0. 7 ke B}, A PR AITES BORE R ELAT AR i (L,
FINIZATE I B T2 0 SR U VMS | B R
B4 3.0.2.5.1. 5 km i} A YEFEAKIR], VMS Fij &
B0 3.0 km B 2 BRI, v] BB T 25 38 5%
VMS FEAERINICAC ™ PR AR B RE B T 0 25 58
FOCAL I — 8 R BRI T R

010
0.08+ °
= 006
=0.04r
0.02} T _
=== S
0.7 1.5 25 3.0
VMSHIE R / km

B9 REVMSHIEES FHRER h EHFE
Fig.9 Boxplot of 2 when changing lanes under
different VMS frontal distances

B 1) / s

A S T OB/ m
BE s h L .

a 3.0 km

RS P RMIEEES / m

¢ 1.5km

KA ZE 2253081, Shapiro-Wilk 1E 25465 565
KB p=0. 05, FEAH IEZS 404 5 )7 25 55 MR K 56 % B0
Pp=>0. 05, FEAR R SR T 2555, Jr 2200 Hrd SRR
VMS Hij e B X 28 3 671 fif A .3 520l (p<<0. 001) ,
A BB R B [ YA 2 57

3 HBEITHDN

VMS 15 EAV B P E T 25 3 5% 3 119 25 [B] 7S
Rl , 038 ) e e R 8 2 S 2 B B A 42
4>, R VMS 35 B A0 O 3R 25 34 B3 HLAT REAS I
2 AR
3.1 #HuEXEMH

AR VMS HiFE R 2 25 B 5% 1) B 3 1
WE 10 s B 10 HRaeg h T2k, Lk N TR
4R R4k . VMSRIE 4 3.0.2.5.1. 5 km
49 L 2 LA A v AR B 5 VIMLS i 8 B 5
Sk 0.7 ke B0 B S5 e, 26 B I T 25 0
DT Rkt

B /s
B 0 2 4 6 8
b i
iy
=
Ed
H
BN
b
Ip
B’
H

b 2.5km

W] /s
g p) 4 6 8
b '
=
% 81
% EE2
lﬁv ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
ﬁz}r -12t

d 0.7 km

B 10 A[EVMS R &S T RRBENIT
Fig. 10 Single lane changing trajectory under different VMS frontal distances

25 B B A B TR 2 I | =
1 BRI BRI ISR U 1E V) pR B A R T R A
WG BHIEYT R b2 D SR WG ) B
SC TR e 2R R A AT LB AU S o XU IE D) R
HOAIN T B

x(z)—atanh( ¢ (z— T"))—F&

T. 2
e (0) IS TR 2RI BE RS mis A IHTE], 55

T, H B ARAT B 38 I 18], s, VMS B BB M 3.0,
2.5.1.5.0. 7 km i 53 A HCE-#{H 4. 39 4. 22.3. 27,
1.70 s Fi1 6 2 54 18 B0 S 2¢ i K ) 457 2 AH DG 1)
B0 o M RAFIE S M SR | ¢ [ 3 A i
TR a

SR PR T D0 pR A5 2 A AR X B 48t 1 3 42
G e ZEURY) P MR ZE (Bruse) RS
JE RN 2 s . MR 2 ATHL FERT B R



%5 5 ] T 265 /7 0 A T A6 12 A T M A X B T OB 737
0.7.1.5 km A}, |z |8k, F#HIZ VMS BB S EET | |8/, FHiZ VMS 5 B I 4752 0 B R,

SR 0T AT, 2 8 B3 e T IR 2SIk LA B HORE
JE AT A e T E R O 2. 5.3, 0 km I

00 G SR T AR BE S5 S E B G A, B

ESIERINOY

F 2 BRBEHITHIEEEER
Tab. 2 Regression results of single lane changing trajectory fitting

I:Jifﬁﬁﬁ%‘/km [A] Bjﬂ"% R’ ﬂRMSE
266 1.70
0.7 =1.738 tanh( ) 6.190 0.6614 0.993 6
3.280 3.2 _
1.5 =1.949 tanh( 397 (t - 6.030 0.722 6 0. 860 5
2.361 4.2 i}
2.5 =2.346 tanh( 122 (z‘ - 5.809 0.777 8 0.662 5
4.3
3.0 —2.635tanh| — t— —6.201 0.862 9 0.559 1

3.2 ?ﬁé‘ﬁi%ﬂ?ﬁ'ﬁ

SRAN AT N SRS LB R 25 3 7
J EIW e 2 B A AEB RN A A T B Bl
P& 11 25 50 R AE AR VMS BB IE 2SR et - 7
Ao HHIEITTAPAL, VMS A B 2 0 5 i, o R
TEMEAFAE R RIFE BE AR . VIS Rl B 25 5 M 46
TR BEAR G, BIY VIVIS i B 2 R8T, FLE
FIPTREMER . 4 VMS R EREE R 2. 5.3. 0 km if, B

JEARTE B AR R = T 90 %0, A5 A i AN 2 TR K
MVMS B EEEE A 0. 7 ke B, 2800 5 4 S 4
T Y R 5 T S e 2 MR AR T el Y AR 3K S

T VMS BB G AT G S BURE A 2
P,
o BRI 1

o EEEA MR 4 I
100 R ]
x 80r ]
60
2
R 401
& 201
O 1 1 1
0.7 15 25 3.0

VMSHT B 5 / km
B 11 AR[EVMSEEEE FTHIRETTAS T

Fig. 11 Lane changing behavior under different
VMS frontal distances

4 BIRITAS
4.1 BiERFELSEE

VIMS B i ol 2 B 57 A e 50 13 [ B 48
Fr ol A2 B DR, {ELIML I8 AY PRI AR T 2R AR,

A A ok A 3 A AR R 0 PR 1 Sk AT
‘%O S PR B 0 53 BB A 40 A i IS il 4

AENE T L 22 0 B3 (4 38 3 P ok 4 A e PR R e 2
lﬂjﬁﬁ&ﬁéﬂ’)?k PRI 225 il 3 i 408 A 0ok 4 T A
4 T [ 2 PRI A 4 0 I 1 R o 2 T R
R e S . R S R 4 T AR e R R A T
/\*ﬁ

% VMS 175 5 3 H 75 38 114 25 Bl 53 7 el o 4
SRR RS TR AN PR 12 B o D 4 AT FR
il A 90 kmeh ' 48 VMS Fif B 2 H B
2500 BOR A RE B A B . R E M 0.7 km
FisF, ol 2 1 R e A I (8 v ELAAE R AL, 35
Y500 B LL 110 ke h 'L F B R A4S g A B 4
H AR @Eﬁﬁ‘éﬁ%ﬁsiﬂﬁﬁﬁ@k ey iR
B OR BRI 4 B F 6728 3 A Ay fof R R oo I &
57.4 km-h~ ,JJE.E%?om h U I PR R
B 1.5 ke B, 2502 B D 3k 3 B GEE EOK 5 1 R
B0 3.0.2. 5 km B, a0 418 5 A AT A PR
HEER H B O RN N F N m AR , R W%
VMS Hij &R 2T 25 9 53 ] A58 B .

KRR T 225307 Shapiro-Wilk 1E 4G50 &
W p=0. 05, FEACHIEZS /34 5 2255 PR 40 & 8 p=>
0. 05, FEAI AT 2255 . 225 T4 R, VMS
TR P X il 4 T A R ZE U I 2 (p<<0. 001) .
ZHE A, VMS BT S E 4 3. 0.2, 5 km Af 41 8]
AFEAE 2 5 LA R A B = 5
4.2 RESBEBEITAGEESR

AFPVMS T & BB T4 s T o) B
K13 s, MK 13RI, 47 VMS BB 146
T I R P AN [ AR R ) Dok o



738 [l o K 2 2 MCH 9K BE 2% O

—_—
o o N
S o O

EREIES.

N B
S o O
T T

T A TE RS O / (km-h )

(=]

0.7 1.5 25 3.0
VMSHI B / km
E 12 AEVMSHERE FREFELRFEELE
Fig. 12 Boxplot of the speed at the starting point of

deceleration lane under different VMS

frontal distances

3.0

VMSHIEIEE / km

E P THeTE
WA HHE
077 =R

K2+100 K2+600 K3+100 K3+600 W7l
o T
=2
E 13 7R[E VMS B E IS THRIE ORRIT AR E
Fig. 13 Heat map of lane changing and deceleration

behavior under different VMS frontal

distances

225 30 53 DA A AN 2 T g o il 4 T 1) 3 R R
AT 3R G . VMS 1 B E54 3. 0.2, 5 km B ()
3B kAT AR, AT 3 YRkl 1 A A AR
#E 120 km+h ' Ph B #5038 [ BRAEAE 3 kmeh ! /N
WU, 52 B 3 YR A 1 5 7 e S M 4 1 ek 2 PR
90 km-h™" DA, 25 3 53 A7 75 1t 9 s [) 320 4 7 46 1 5 0k
M T L S el 2 AT R SRR T B . VMS
HIEFE SR 1.5 ke B, 253 53 1 B 25 34 7R
B0 225 ek 5% SR ECT Sl it A8 AT 2 S 1 ) o 452 g ) 8
HEATHRIE , PAE T4 3 AR P el i (A 2 8 km+h
AT R R IEIG N T 25 B FR A M BE AN 4, B 2175 A
AEIE R, AEHR IR 2 T A s B B )5 7E 100 km -
h DLk, ek BB 2K . VMS T &R 0.7
km I A5 A J T R B, 2R BHE R 20 s e A
oK, 280 BN R IGE ML S ARTE | il S E R
AT Ay DSBS ek B e B
ZE A 4 A 115 kmeh !, s R E AN
TR AT 4

5 H£hiE

LTI, WF5E T /G A B
ANTA] VMVIS Tl 8 R 20 5 o] 45547 B AT R |
AT A, 25T, VMS 1 B HE 2502 3
TN RERW ., YAl A R, B TES
{14 5 T 5 T oK, 25 Bl D AR AR Dl R b 3l 1)
B RBGESRARIE | 240 14T R LU PR il 5
fR) o SR ORI s A3 2 T8 308 43225 B B A 4 1)
FEEAT I8 1 [ B SR B Sl R il A I 42, %A 7>
KM YG N7 725 B A X B8 AR 17 £, A0 2 15 e A8 38 5+
[/ QR VA ST SRS U I N 3 = U B
VMS FEFER AL , 102 H B — 5 S v b ] S s
TR

T VMS A B2 —Fh 2T 55 B 30470, 2
i 53 5 78 S TR] N 52 B VMS BIA | BR AR D3R | 44
Vol A R I 7 A 7 R G B 1 B B 5
80230 I LA R S8R e A ik G, 1 2 s 51
AT TR IR b B SR S D A 4
TGRS 2 U7 Sy 5 [R5 FE 28 3 53 %) VMIS B 0
1, G REA L S D83 2 B 07 Ay, kg2 3 D A
S PRAR R HIE A5 1 . A5 A HENE S A R
ShrBE YA, iR R m A B 1 VMS 44
B B Y5 B A 2 500~3 000 m, A28 3 514 76 2
(AR B EAT PR AT, R A T R e HL i RS
IES A F T i A B B Ak

ARSI ZE AN 7 2 3838 T 5 R A 4 Ff VM R
R ER A O A EES A1 B k- S B LR e 4 Gy |
S AR IRl A LA 2 5 AR O BRRRIEFR B, X
VMS A% 4 i B FE I S s R IF 5

1EE Tk A -
Il AR SR B, SRS, Bm A BT R SCRS
ARl $5 B SRS RSB E R
SRED  SRAUEBT I SO B E R

S Ak

(1] e, 2= SR . N Sy BR300 308 T 38 B3 1 il 0 19 52 1) B %o 3¢
[T ]2 B ASGEBHE (RHEEANR) , 2017, 13(2) : 238,
HAO Yi, LI Wengang. The influence of human factors on the
capacity of urban roads and countermeasures [J]. Highway
Traffic Technology (Applied Technology Edition) , 2017, 13
(2):238.

(2] Boik, A RTEE, 4255 | 5L\ 22 i 2 B A B e I B B3
RELT]. [RBERAp 24 (A AR 7R , 2015, 43(4) : 555.



W5 5 1

FRUIAR 25 /N AT R A B T A 1 b T e o 2 A T 4 )

739

[10]

[11]

[12]

RUAN Xin, ZHOU Kepan, ZHOU Junyong. Vehicle flow
characteristics and load effect of an eight-lane highway [J].
Journal of Tongji University (Natural Science), 2015, 43
(4):555.

VLA . VMS S0 T 225 B B3 AR ML A £ R R Al SR T
FE[D]. HAT: AR R, 2017.

JIANG Xiaowei. Research on driver’s route choice mechanism
in VMS and information release strategy [D]. Nanjing:
Southeast University, 2017.

PG, SRS, WA e AT H R R R T AT AR
G R EHELT ] ARtz R4 40, 2012, 38(10) : 1352,
LU Xiaoshan, HUANG Haijun, SHANG Huayan. Locating
variable message signs under ATIS environment[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2012, 38
(10):1352.

LLAI C J. Effects of color scheme and message lines of variable
message signs on driver performance [J]. Accident Analysis &.
Prevention, 2010,42(4): 1003.

ABBAS M M, MCCOY P T. Optimizing variable message
sign locations on freeways using genetic algorithms [C]//
Transportation Research Board 78th  Annual
Washington DC: Transportation Research Board, 1999:1-21.
CHIU Y, HUYNH N, MAHMASSANI H S. Determining

optimal locations for variable message signs under stochastic

Meeting.

incident scenarios [ C]//Transportation Research Board 80th
Annual Meeting. Washington DC: Transportation Research
Board, 2001:1-28.

ZE/Nsi . AR AE B AR AR (VMS) etk [T (D . Jbat: Jb st
IR, 2008.

LI Xiaoqgiang. Research on the optimal variable message signs
(VMS) location problem [D]. Beijing: Beijing Jiaotong
University, 2008.

FERAE, S E AT TR TS B ) i ] A2 5 5
bzttt oA 7). v 2 %74, 2018, 31(4) : 130.

WANG Jianjun, JIN Shuxin, REN Yuyue. Analysis of
variable information sign location based on potential bottleneck
recognition [J].
2018,31(4):130.
RS, U, WA, A LT AR B ) e A B L
DA XU AR [T ], i) B o 24l C AR R L 2019, 47
(10) :1446.

ZHANG Lanfang, WANG Shuli, CHEN Cheng, ez al. Lane-

change risk model of freeway off-ramp areas based on

China Journal of Highway and Transport,

naturalistic driving data [J]. Journal of Tongji University
(Natural Science), 2019,47(10):1446.

TR INSLIZE WRAE PR, A R R D 2 1 A i 1
ZYLBE AN T]. LA, 2006(4) :56.

GAN Hongcheng, SUN Lijun, CHEN Jianyang, et al. Design
and application of a new type of urban freeway network traffic
guidance system[J ]. Shanghai Highways,2006(4) : 56.

P N R AN ] [ 52 b B AG SR 8 ) . T B S T R A
FIFRLL : GB5768—2009[S]. Jbnt: iEprifk ikt 2009.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

General Administration of Quality Supervision, Inspection and
Quarantine of the People’ s Republic of China. Road traffic
signs and markings: GB5768—2009 [S]. Beijing: China
Standards Press, 2009.

rhie R A [ ] 5 B M B R B 28 ) . R A B LED
AR BARER : GB/T 23828—2009[S]. dbt: *h EIbRIE L AT
1, 2009.

General Administration of Quality Supervision, Inspection and
Quarantine of the People’ s Republic of China. Light-emitting
diode changeable message signs of expressway : GB/T 23828—
2009 [S]. Beijing: China Standards Press, 2009.

AR, 8 o X, 2% P B T SR 1 4R k7 g v AR A L
WA S IR LT] RG24l CH AR B2 R , 2019, 47(8)
1148.

YIXIE Bowen, TANG Keshuang,

optimization of urban variable message sign based on amount of

LI Keping. Location

information[J]. Journal of Tongji University (Natural Science) ,
2019,47(8):1148.

PN BSOS BN R ST A e P 7
B V] AU R 24R , 2012, 36(6) : 112.

ZHU Guangyu, LIN Haotian, WEI Jing, ez a/. Study on the
national standardization of variable message signs utilized in
urban road [J]. Journal of Beijing Jiaotong University, 2012, 36
(6):112.

R RS BT R 2 A 2 VMS BERERIR K FL LT ).
Sl ARG TSR EL, 2016,16(6) :54.

GAO He, ZHANG Bo. VMS location model and simulation
based on the one-way traffic organization [J]. Journal of
Transportation Engineering and  Information
Technology, 2016,16(6):54.

FSFE B B T B Y 22 A R B T
ER BT RBCE AT ], 3SR, 2015(3) 1 162.
WANG Haocheng, ZHAO Yi, ZHAO Yan. Research on

setting positions of directional signs in front of multi-lane

Systems

expressway  exits based on driving simulation [J].
Transportation Science &. Technology,2015(3):162.

SR . BT DT AR 0\ i A AR
EIFFE[D ] 7% 2R, 2017.

ZHANG Yunjiao. Study on the safe exit distance of eight-lane
expressway based on drivers’ behavioral characteristics [D].
Xi’an: Chang’an University, 2017.
WADE M G, HAMMOND C.
evaluating driver performance in simulation and the real world
[R].
1998.

BELLA F. Validation of a driving simulator for work zone

Simulation validation:

Saint Paul: Minnesota Department of Transportation,

design [J]. Transportation Research Record: Journal of the
Transportation Research Board, 2005, 1937(1): 136.
MCAVOY D S, SCHATTLER K L., DATTA T K. Driving
simulator validation for nighttime construction work zone
devices [J]. Transportation Research Record: Journal of the
Transportation Research Board, 2007, 2015(1): 55.



740 [l o K 2 2 MCH 9K BE 2% O %5 50 %

[22] i, U8, oKEE, 45 SRS R R S0 Ty kI DFE [T ], 2014.

PR T R4, 2010,32(1) . 74. [32] ZAZRac il #UR . 2020 4F 4T ik e AL sh 42 3 32877
MAO Zhe, YAN Xinping, ZHANG Hui, et al. Research of B RE TR 423K 492 J7 % [EB/OL . [2021-01-18]. https://
validation between driving simulator and car test[J]. Journal of www. mps. gov. cn/n2254098/n4904352/c7647179/content.
Wuhan University of Technology, 2010,32(1):74. html. 2021-01-07/ 2021-01-18.

[23] BGefe, A, oplR, 4 Q2 IS bR A B X A 7oA Y Traffic Administration Bureau of the Ministry of Public
ﬁ;ﬂ[‘rﬂﬁﬁjLU] N A ERNY,2014,31(9) :101. Security of the People’s Republic of China. 33.28 million newly
7ZHAO Xiaohua, GUAN Wei, HUANG Lihua, e al. registered motor vehicles nationwide and 4.92 million new
Research on influence of warning sign position in sharp curve on energy vehicles in 2020 [EB/OL]. [2021-01-18]. https://
driving behavior [J]. Journal of Highway and Transportation www. mps. gov. cn/n2254098/n4904352/c7647179/content.
Research and Development, 2014,31(9) : 101. html. 2021-01-07/ 2021-01-18.

[24] CHARLTON S G. The role of attention in horizontal curves: a  [33] A3k, 2, B HEHE . FLT25 B G fn7 9 38 0 b i (5 S BEOF
comparison of advance warning, delineation, and road marking FEHEREAT M C L/ /v A RESSm Mh s, 2L vb [ BESS il 47
treatments [J]. Accidents Analysis & Prevention, 2007, 39 2 CE b AT, 2012:80-88.

(5):873. FU Qiang, WU Chaozhong, LU Nengchao. Analysis on

[25] VEST A, STAMATIADIS N, CLAYTON A. Effect of research process of road traffic information amount based on
warning devices on curve operating speeds [R]. Lexington: driving workload [C]// China Intelligent Transportation
Kentucky Transportation Center, 2005. Association, Proceedings of the 7th China Intelligent

[26] DING H, ZHAO X, RONG J, et al. Experimental research on Transportation Annual Conference. Beijing: [s.n.] , 2012:
the effectiveness of speed reduction markings based on driving 80-88.
simulation: a case study [J]. Accident Analysis &. Prevention, [34] el PN, B8 0e , 55 . T2 580 BURHICAZ R B AR G
2013, 60: 211. PREIBERFELT]. 2 8%, 2011(1):177.

[27] GODLEY S T, TRIGGS T J, FILDE B N. Driving simulator XU Ting, SUN Xiaoduan, HE Yulong, ez al. A study on
validation for speed research [J]. Accident Analysis & speed limit signs appropriate intervals determination based on
Prevention, 2002, 34(5): 589. drivers short-term memory[J ]. Highway, 2011(1):177.

[28] JAMSON S, LAI F, JAMSON H. Driving simulators for ~ [35] PAPADIMITRIOU I, TOMIZUKAT M. Fast lane changing
robust comparisons: a case study evaluating road safety computations using polynomials [C]//American Control
engineering treatments [J]. Accident Analysis &. Prevention, Conference, 2003. Piscataway: IEEE, 2003: 48-53.

2010, 42(3): 961. [36] Ft, SO, B4t . W g KA T A A0 4238 1 22 At

[29] JING D, SONG C, GUO Z, et al. Influence of the median BILT] RIBER A4 (A SRR, 2011,39(4) :529.
opening length on driving behaviors in the crossover work zone : JIANG Rui, GUO Zhongyin, LI Zhennan. Lane-changing
a driving simulation study [J]. Transportation Research, Part safety model for deteriorative weather [J]. Journal of Tongji
F: Traffic Psychology and Behaviour, 2021, 82: 333. University (Natural Science),2011,39(4):529.

(301 FHAE Al , S B0, 45 . i LR P X g AT AR B [37] IR, M B UM IE D) BB /N AR S U A A [ 7],

Bl R 2R A [T]. [R5 Rl (A SRR RRD L 2021, 49 IR (A SRR , 2020, 41(4) :419.
(6):853. PAN Binghong, WANG Ye. Car lane changing trajectory
JING Difei, SONG Cancan, GUO Zhongyin, et al. Layout model based on hyperbolic tangent function [J]. Journal of
elements combination optimization of variable message signs for Jiangsu University (Natural Science Edition),2020,41(4):419.
expressways in high-density road network areas[J]. Journal of  [38] @#%, AP/, SRRl JE+ F AR SR 19 I 15 DX a2 ok
Tongji University (Natural Science ) ,2021,49(6) :853. AEAYHT [T, [RIPR2F 4R (H SRR A , 2017, 45(S1):6.

[31] AR AR E S 2 i . o8 B ST AR S SGB T4l . TTG/ MENG Zhe, ZHU Xichan, MA Zhixiong. Driving

T D21—2014[S]. Jbnt: ARZSE HipA:, 2014

Ministry of Transport of the People’ s Republic of China.
Guidelines for design of highway grade-separated intersections :
JTG/T D21—2014[S]. Beijing: China Communication Press,

characteristics analysis of ramp area based on natural driving
data[J]. Journal of Tongji University (Natural Science), 2017,
45(S1):6.



