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Dynamic lane setting for short connecting section of expressway off-ramp

TIAN Ziying, CAO Qianxia, LONG Kejun

(School of Transportation, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: [Purposes] The paper aims to address traffic congestion in the short-distance connecting
section between an urban expressway off-ramp and a ground signalized intersection. [ Methods] A
dynamic lane setting method for short connecting sections of off-ramps was proposed. Considering the
traffic characteristics of the short connecting section of the off-ramp, dynamic lane design was
conducted. A dynamic lane function allocation model was constructed with the objectives of
minimizing the total flow ratio of traffic flow in the short connecting section of the off-ramp and
minimizing the sum of the absolute values of flow ratio differences, and with the number of lanes, lane
positions, signal phases, queue lengths, and other factors as constraints. Considering both the
operation time and operation benefits of the dynamic lane allocation scheme, an adaptive conversion
method using pre-signals was studied for the dynamic lane allocation scheme. A case simulation
analysis was conducted with the Xiangfu Road Elevated Expressway off-ramp connecting to the ground
intersection of Xiangfu Road and Shaoshan Road as the research object. [Findings] After dynamic
lanes are set in the short connecting section of the off-ramp, the average vehicle speed increases by
40.8%, and the average vehicle delay and average number of vehicle lane changes decrease by 21.4%

and 12.6%, respectively. [Conclusions] Setting dynamic lanes can effectively improve the traffic
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efficiency of the short connecting section of the off-ramp and reduce traffic flow weaving in this

section.

Key words: traffic engineering; urban expressway; off-ramp; connecting section; dynamic lane
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Fig. 1 Channelization design

&A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home 123



5 T 2 %42 %

x i@ #
TR < J =1L
—» 1=4 /A
AR w=l/
e i
\5’ k¥n,. N o=3
Lo L, Oy
| L | i=3
T

L, B D HEBN SR X, RIS G K L, o0 il D X K
5Ly, i i OV O AR B B s L, il E R DTG A 5,
TR SEG R D RS o i E D RN 0 = 1,2,3
I3 NN ZE R A HA T A B

B2 A4kt

Fig. 2 Parameter design

N PRUE DA BE S AR HLTE X 22 il , Bh A5 7 1H
AR ERIHE AN

L) = 1, = L) (1)
V(A -1
L(L:un) — £ ( c ) (2)
Vfﬁ

(D)~ (2) 2 Vi Vo 7351 0 A Al i A A 1) B A
[ T8 5 b R T8 B8 B ) Ry AR R KRB
1.12 %l & %%t

SRy AR BBCSIZ 84 R 3 A 4 T HE DA A5 R DX Y 42
TH i R ARSI 285 W R SR o A ARG T 45
1 AT BT T XS, SRR 6 B4 Tt it B2 408l L AR 3
S RE /T BB AT A s TR A2 L F 15 4
LR A AT B ATRS I 25 2, Wa 0 2 2% 425 9 A HE
BT, Ry sl A8 48 43 e 7 28 1A 33 Ny e 4 S e

SCHFo R A B AL B AN 3 R
B[

ERTUERE - Jm@L
B w1 i [
@ A
Hi R i - %;%
) [

B3 4w Ak
Fig. 3 Detector layout
1.2 HEFEIBES BT
12,1 BAR&HE S
Uit LG AT DLSE A S PR sl i 5 4B gk g
Z I RYPEECOC R T I S A AR L R U
P 1T I R 76T 4 BEAS (] ok J5RIAS [R] 3 1] =378 e 1F
AT A 4R, RS 6 A T A T L .
JRR (3)

y‘"’ j+1
(Ewﬁ%
“
Ay U qli) 43 B ¢ I BE i HE T R o VAL D AR
HHAISSIE I, = 1, 2 3 W 3RO Bk | 1 E

R TF 6 3 5 ) g o B5F BE 0 B 1T 0 WAL 1) p 2SR 42 3
B,p=1,2,34 0 FKnR M8 L4 E . WA H
5 RN B 208 s, N o TR T 19 2 26 T AR A
Wi

VB LR ) 52 3 U O B
7 by B . AR Th T I T A A B
FTRCAR LA K 1 407 3 A7 42 B 4, AR Sk J 767 42 B
T R e LA/ IN B 3 I e L 2 0 e o
Fidre /N 3 EAR TR, i /0 40 30 2 0 v o 11 %
R 2, 1 P 8 45 4 18 T BB 4 B iR/ ik H
bro HbreRE] HARFR IR R

min(Y,, + AM, ) (4)
Hrr,
Yr,i_le +Y[2 +Yz% zii%(]l,"'
j=lo=1
LS <00 o | *
2 z z‘yu}w—yt.jzu + 2 2 ‘%,aw‘%,m
=1l pr=1 w=1ap=1
(5)
M, =Sm, (6)
k=1

R(5)~(6) Y, Y, Y, A5 0 e BB i 0k 11 A
VI8 6 A 4 B © M 6 U B Ot o L L [R]—R TR
[F) 30 1) 25 30 1) 9 e b 25 (L %) 4 % =2 DA % ] —
Tt ) AN [ R Y 4 90 10 9 2 L 2 1 ) 48 X 2 5
v BRI s o BI R AR M, Dy o B
LTS B B Bl 24 2238 D) B G #5 B 2 FN s A Ry 584y
/NEIIERL, FTEC0.000 15m, , R — kA8 B F DA
il 2238 kB DD RERE A, 1R, 0 R FE 4
122 #RFAHFRR

1) JF FAETERA R,

XA D REHEA T A O B s L H
T ) AR TEROV AR AR X (7) s, BT HoAth
REFIE AR 20 ) N (8) ~ (9) iR :

>l =n, (7)
p=low=1

j+1

Znﬂﬂl? 1 (8)
=i

0<nl? <1 (9)

2) HHHEEEAR.
R PR BB AT |, A U 1] B A RO R T
55 2Z 0 LR A TR AR

3
= > nlf (10)
p=1

124 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 34 HER,F g ER SAEEEE

n[[wgn(i:)) (11)

K (10)~ (1) Hr e, A o B BE i FE 1T o W 1) 0 242 38
B nle) R i T 1T @ JE TR0 I 4 H T AT L

3) EEAH,

Sy 2 I3 RV B R O R3S 4, L L 23
Z IR REAATE A AL A2 0E

Pa=1

Voo = Puieny = 1 (12)
K p, , e I BE G HE T & 4230 1) 4B 2

4) {55 23R

SR UEAE B2 28 X 2838 e 4, FE [ —HL T
AR A G o AN [ A A X A (] 17 3h 25 42
LT AR T LR VAR, T A3,
W1,

=

1 BFEmEFE
Table 1 Signal phase scheme

=) EREZ IS KER

1 X B PUARAE (2 PR AP AR )

2 | s gt | L=

. AL —
(ZERG ORI AL FEHEARAL) =1 =
4 TR =3
Oy = Oy ey = =@, =3 (13)
k,os—k ,>0
Vk o=1,,n—ng; k s=n,+1,---,n,(14)
®, 4~ 0, 5. <0 (15)

K3)~(15)H 0, , N e BB 1 Tk 4236 1Y 2238 it
[ 3k, o8 e P BE P o W0 T 0 F 5

K (13) ~ (1) 535 ES AT E 12892
F S I E S AN TS 3 4L,

5) HEBAK B2

S5 IR AR SO R R A2 A5 5 A 2 )
TEIE T RHE BN o ARG Ui 1 I G T RO M
BIA LI, ] LUK I B A R BN S S A R
HEBNZY o 23 Ry AR JURRE B0 - O H F T 4B B0
KT 2, FEim 4B Y L A8 . bk i i )
[T 5 IO JSEL 4 At 3 1) I3 2 ey, 5
TE 23 5 R ) I3 & FH 4 T 4 5 HE BA e 7
Ho @ H O MIE BN KT 2, F i 4 F
LA EAVE R 4208 o byt G %l 6 2 4 BE 4 [
R TR I A A AR T R K HE A B2

HEBA SRy DR E , F R 160 )& FH 42 18 42 i e R HE
BAA B2 R fET H B B o (H 232007 ) ) i 5 JH 3
A7 T AR 1) 5 FH 423 2 (A1 20 1) i % P
I8 B HE A B N HEBN SR IX K . O A
HER1E RSP 'O/ NS S = i = T 5 A R B
BA A A E /0 T DA T 452 A 2 30 I e
JE o £8 ERTR, HEBMR LSRN -

t, iw

Lvd 2 q(J) C(mux) L
Zid 5, Liw _ Hia (n' im_n(Z) )
2 e

Vnl">2, 8 =1
(16)

e 1, o A HEBR AT EE (5 25 423k B R 22 223k i R
B9 5 C AT S T B RIS 5, 8 o I Be Y IR
(™ Ay b3 e 1 T S R ol oy i AR, R
TEw M ERZEFSHAR, 1L HE, 08
Ae(1,2,k=1),A,e(1,2,+,n, = k),
1.3 BEEEHEARBEMER
1.3.1  FI8r &4

I PN S =R W X S S LR ORAYE Seypin)
[ AT 2 AR s O T I T RS R
FEVR , 5 S/ NB AT — A /N T 10 mint7 . It
Hh, 24 53 PR A AR A5 B RS I BB 3 A 42 1A 4 e
J7 IR, T3 AT AT S e 4k
132 EFH4z5 A

FERE M B A 2B 4y B 7 B0, B AR ARl B AR AE
R V2 8 RV [ e A o D RS 23 W 4R D g w1 R
Wi 18 70 5 % FH 4238 S ), 5 9% 4238 & A= D e
e, WFER — B Be i D Be 1 RT RE Rl B A e &
HIE A A AR TE S EAT R AT i
BHATL H 18 WA EAT & 408 s A 7 L
KI8T B sl A A A 40, 45 8
FfmT BEE

&A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home 125



= F+

if

#_

5 T # %42 %

NIB B IR R, W e = AT D fE
P i a8 L. B 4B B D EAN IR
U955 2 22 18 i o (9 I T IR AN ), RIS 5 1A
PR @ AT A, % ) i)
RS Z A E B XN . @ ST
6] Jf 4 N, 7 b — N B e A 1) 4 T AN 52 AL 24
R WU LTS TR 1) B S i = Ol XN B . O
Y HEAT UL ) B Ay, 7 b — I B R i 4 A2 A
BLAVR, U 5 kT 5GP I 8] 3 B Bt e, 24 25 47
FEAR RIS B, 7E i BO i T — B BT R
PEAT R A 1) R I AL R BT 42 Be A A AT [ 3 1)
e (b — I BEFIR — If B A% 238 07 1) AR (7)) Y 4
NSRS SN VNN RS T3 SN (H NN 8 R
I, BICAIZOAL ) B AR e T . 2 BRIk, 42
g = R AR AT

2

l(lr{ax) V
Ty =ty + =5+
2t, iw 0 V 2(1
2
l(z,"}f) < Z’ W,y F O (/,E"L‘k)w =1 (17)

KT To i P8 0 B BE i 3 T o U ] 0037 25 B
Fos 100 Sy 2 4 SR E O o P ) A2 TE AT T RE
ek A B AR 5 VY S e i EF T o
L 1] ) T S4B 5 0, R RS SR G T ] —
B3 s 5 VoA A0 o 1 2 ST 1 s e PR 5 00,
TR, RAEGE kR B SR LA,
0 A,

FEAR I fo R HE A B2 38 F2 45 5 S/ AT IR I
IO it A2 d5e /INER KT IR I 2 o TR R F

T,.= G (18)
Kb G Ry i w I A7 T B/ N IT IS

2 LB

2.1 HOMEEESFELTXOBRIRK

SRy 5 Y I T R 1 4 B gl AN R A
A 8, AR SCRAA VD T TR 3% v A PRk % 1 1 [
T S AR 4 b TR 9RO % - 5 1L 8% A S I S R FE A

126

TR 434, DR A Ry an P 4 T 7 o 3%38 ST e i)
HB T I T T B B L AN 130 mo ey 0 ] AC 3
R BRSO B AT A A
A SCHIEE T 20234 12 A 19 H 17:30—18: 30 f1 %
2& S 22 3 Y IR AT 38 3 PRGBS AR BT 28 S
T A o U /N 52 3 et (36 2) S A5 AR SR T K < B
b EAT47 s AL AR 42 s RV HAT40 s IR PU AL
45 5,

Fig. 4 Current layout of short-distance connecting

intersection at off-ramp

R2 HBIXowEER

Table 2 Traffic demand for connecting intersection

o/ Cii-h)
P

ek HAT ikt

| 7ign 584 1208 286
[Fzpug| 569 1120 788
| 1270 1220 302
PUECT-H T 185 320 370
P 11 - T T 363 618 244

22 HAOMEEEGHERHEEERE

A 2o b T I T R A 4 B g A 4 A i A
T, Ao FIIHRT i 2R DR et 10 I 3 T 22 B IR
BOHAE R, NP 5 TR MRS RO E L3R 3.

Gy S
:%%5:%:::::'E’T;K:?F/%?g:::::::::::::::::g
= K TR %
—1 = %5 m :

130 m
B5 ATaHAEdeEbaEgmmis s

Fig. 5 Optimized layout of short connecting section based on

dynamic lanes

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 33

HER,F R bR EhERd A EEEE

E R SRR PR R = e
Table 3 Case study related parameters

RIS/ ) | PR | S Ez;ff
1 i

BB | KT |
K| HAT | A WL i 42 /m

1421 1500 1175 7 30 325

ASCH) F SUMO-Python B4 — R IF £ A T%E
B EL AT o ARG BN BRI T R MRS A
Rl BN 3 600 s, HoH 0 ~ 210 s 45 HHEA,
(B, AT AR G 2558, fie R B A 50 km/ho 43 5144
S TR JT 265 e 2 DR 36 I L 747 42 b o AL RS B -5
Ly % 32 ST SR 6% D) R T 2 B i Bl A R E R
% D) X VR % T i AR T 1 A 3 o | 2 0
PER VBN A

A I R A B S S g
SERe A 1z B b AR i Dy sl v 0 /N 28 TR Y
/NI (630 ) 1 6 B 4 Fi I AS il i A SIS
BB TIRE Sy PO AL rp 3 O A R R4S 2 B B 1
(211 ~ 840 ) B ZEBE BT S o I FHAZI 254
MR B 1 FBE2(1 026 ~ 1655 s) (FEE3(1 851 ~
2480 s) Bt 4(2 481 ~3 110 s) 44> mf Bz B
M), WA 4o 25 I B R 1Y 4238 43 e O 6 4n
6 AR

R4 MEEEFEGEER

Table 4 Traffic demand for each time interval of connecting

section
it/
i B P HE FT -1 1 I 3 PO E 1T - T
e I H e I H
- 33 57 66 63 108 42
1 45 68 21 17 22 35
2 40 96 22 18 30 25
3 45 93 25 20 46 43
4 41 61 21 18 54 30
TR )
— a
—»
—»
—»
— >
— 2
,,,,,,,,,,,,,,, . 2
T
. 3¥m 95 m | w

(a) BFBE1(211 ~840s)

THURE e J

L 35m 95 m
= -

(b) BFBE2(1026~1655s)
IR i )

A

» 35mV} 95 m } W

(¢) WFB3(1851~2480s) HfEt4(2481~31105s)
R i )

. 35m | 95 m | w

(d) AfB5(3335~3810)
El6 #irg&MBEHSEHESTRT R
Fig. 6 Dynamic lane allocation scheme for each time interval

of connecting section

M 6 AT LLE A T b — B B B B 2 i B
VAL B 5 BB A 42l 40 e 7 8 B AR TR M
BB 4 MBS T T AR . K, fR 480 3
AN JE I R A A R N 3205 5 5 S T R BC
AN 7 B s (R C ol i BE 4~ BE 5 3 38 It 301 £

FEEL)
ML EAT 47 s
IR [Was 425
RV EAT 305 —
TRV Aok 30 m
55 104 s ——
. C=185s |
I~ g
(a) #4301 1(841 ~ 1025 s)
FdLEAT 47 s ]

AL —— 42 s |
JRVG A T (g
plipa R

Wi s 1535 —
L C=195s N
[ >

(b) 55 2(1 656 ~ 1 850 )

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 127



X @ HA ¥ 5 o & a2k

AL EAT ey SR/ (mes!)
FALZCEE e—— s 130 - 17.000
KU EAT e o 35S — 14.875
KA me——— 3655w W 10 |
TGS e 0drsmmm— 12.750
|I= C=224s _} £ 10.625
() HH A 3(3 111 ~3334 5) i 8.500
T BB ARRANG E LSRN W 6375
Fig. 7 Timing of main signal and pre-signal for each . ;?22
transition cycle of connecting section N e bt AL 0.000
N ST . N — N N 02. 235 44 655
7 SUBHBL , BT S iR 8 3 5 2 3 s 1 e
W R G EfRPRE R W 5. RS Al AEH 1
I 3 et 77 2 B 1 B A 423 ] AR R v o 1T I (e) MHBC2(BURTTHR)
TR B A A T RO . 3 X G )
P A0 5% 16 45 0 T 21.49% , 7 35 1 4 OB 5 B 17000
DT 12.6% , VY S T 40.8%. IS
12.750
K5 HBEKAA GG LE R 10.625
Table S Comparison of results before and after optimization 8.500
of connecting section 6.375
Ji | EEERs | AIEE (mes™) | AR SHGE RO 4230
K% | 16954 0.98 0.95 ‘ 3‘(1)(2)3
ez | 13330 138 0.83 L025 1235 1445 1655 '
Sk T L A A I B s
K7 BRI BT 2% T BB B
SRR LI A S T 10 B D
L BIR T SR AC AL 28 F A 1 B 2R i) 2 i R )
AL E 8 TR . IEI 8 AT LIE Hh, i B Bl A 7E 30 - grg/(ml.;-:)go
EEDIE A 104 12.750
M/ (m-s") E7 10.625
n 17.000 aﬂi 8.500
14.875 = 6.375
12.750 4.250
10.625 : 2.125
8.500 0 - 0.000
6.375 1 850 2 060 2270 2 480
4250 15} 8] /s
2.125
o AR 0.000 (e) BFBE3(HUR T Z)
210 420 630 840
Fifal/s - »
(a) BBt LOHLR T 58) 130 - : LE/(‘"{%SO
HE/(mes™!
130 e 1;.0)00 104 14.875
14.875 12.750
104 12’750 £ 10.625
' il 8.500
£ F10.625 = 6375
i 8.500 ’
& 6.375 4.250
4’250 2.125
' 0 = v 0.000
2.125 1850 2060 2270 2480
0 _ ] 0.000 f5f 18] /s
210 420 630 840
) /s
(b) NEE (AT %) (f) BB 3(Hfk )48

128 &A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home



% 34 HER,F g ER SAEEEE

B/ (mes™)

0 d

2480 2690 2900 3110
A /s

17.000
14.875
12.750
10.625
8.500
6.375
4.250
2.125
0.000
(g) W BL4(BLARTTH)

P/ (m-s")
i a]/s

17.000
14.875
12.750
10.625
8.500
6.375
4.250
2.125
0.000
(h) BB 4(HRILTT5E)

B/ (mes™)

17.000
14.875
12.750
10.625
8.500
6.375
4.250
2.125
0.000

M/ (mes™)
17.000

14.875
12.750
10.625
8.500
6.375
4.250
2.125
0.000

0 4
2480 2 690 2900 3110

3335 3430 3525 3620 3715 3810
HiF [ /s

(i) BBES(HARTT5E)

0
3335 3430 3525 3620 3715 3810
15 [] /s

() W B (AL %)
8 EHBEAAA G SR AR 5 E
Fig. 8 Heat map of vehicle speeds in different time periods

before and after optimization of short connecting section

3 it

oAy 5 A F ST DR Y 1 I3 R AT 4 B
TR AZHL, B I DB T AT AR AR S T —
ol B T 0 25 A T I R AR A L B
WHLTE

i gt 2 B T I A Bk A TE A
b T 6 ) 2 LA T A B 3L 6 I AR T B AT 00
A 5 B0, AT 5E B0 25 2 38 1 B TE A 4 38 2 RE o Bl R
B, LAEAR i/ A7 A H 7 I R A 2% B i)
A IE I HCTT S o SR AT 2 3R B i Kbl ,
5 A 4 JA 0 A AR R B S B PR R i 3
SAIEIRERENS A B e, 51 E AL 4E
SrHC T R AR L, Sh A 4RIE 3 Bl T S REA R T4 4
SR AR R G P R S R I ], G A G T AR
ARDL , Ui W7 25 (8] 52 R AR 3T R et 1 I A
b T 5 28 U DX I 8l 25 A T BT B Y
R

£ % ik (References) :

(1] e AR A B R & st e . i PRt i it

FRE: CJI 129—2009[S]. At B g 50 Tl i ji
#t, 2009.
Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Specification for design
of urban expressway: CJJ 129—2009 [S]. Beijing:
China Architecture & Building Press, 2009.

(2] R BT HUFE S 0 P % ) H B A 4 52 XL H 52
HWHLUNEID ] K HHoR:, 2022,

WU Changjian. The traffic flow organization method of
intersection with an upstream off-ramp based on pre-
signals[ D ]. Changchun: Jilin University, 2022.

(3] Biocfs, R, FFvsC, 45 . P i O i i B

AR 5 A T [T, BT RS2 M (T2 0D
2022, 56(2): 379-387. DOI:10.3785/j.issn.1008-973X.
2022.02.019.
CHEN Yongheng, WU Changjian, BAI Qiaowen, et al.
Traffic characteristics and safety analysis of expressway
off-ramp junction [J]. Journal of Zhejiang University
(Engineering Science) , 2022, 56(2) : 379-387. DOI:
10.3785/j.issn.1008-973X.2022.02.019.

(4] Ry, (BN, &, 5. BT HUE S g o
TE A e A2 O R AR AR TR LT ] v A e,
2023, 36 (10) : 269-280. DOI: 10.19721/j. cnki. 1001-
7372.2023.10.021.

WU Changjian, REN Gang, CAO Qi, et al. An optimal

control method of intersection with an upstream freeway

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 129



U 5 T # %42%
off-ramp using pre-signals [J]. China Journal of 7.006.
Highway and Transport, 2023, 36(10): 269-280. DOI: ZHAO Jing, FU lJingyan, YANG Xiaoguang.
10.19721/j.cnki.1001-7372.2023.10.021. Optimization model of dynamic lane assignment for

[5]  FRIRIE . b Pk i S5 14 2 X e 36l [ D ). vy isolated signalized intersections [J]. Journal of Tongji
. KR, 2023. University (Natural Science), 2013, 41(7): 996-1001.
ZHENG Yuanyuan. Coordinated control of urban DOI:10.3969/j.issn.0253-374x.2013.07.006.
expressway and intersection [D]. Xi'an: Chang'an [13] ®0r, TR, RaGA . £ FarAR 4208 0 38 X0 28
University, 2023. GIRPEACBCE [V ]. 20l 5 B 5% 4, 2018, 36(6): 81-

[6] PANG M B, YANG M Q. Coordinated control of urban 89. DOI:10.3963/j.issn.1674-4861.2018.06.011.
expressway integrating adjacent signalized intersections ZENG Xin, XU Jianjun, WU Zhizhou. An optimization
based on pinning synchronization of complex networks of space and time resource for intersections using
[J]. Transportation Research (Part C: Emerging variable lanes [J]. Journal of Transport Information and
Technologies) , 2020, 116: 102645. DOI: 10.1016/j. trc. Safety, 2018, 36(6) : 81-89. DOI: 10.3963/j.issn.1674-
2020.102645. 4861.2018.06.011.

[7] YANG X F, CHENG Y, CHANG G L. Integration of [14] F&, D% T EBEEMWAE N 0486
adaptive signal control and freeway off-ramp priority DA BT[], AT R 2s 24 ( A ARBLH# D) , 2020, 48
control for commuting corridors [J]. Transportation (1): 42-50.

Research (Part C: Emerging Technologies) , 2018, 86: NIE Lei, MA Wanjing. A novel model for optimization
328-345. DOI:10.1016/j.trc.2017.11.019. of lane allocation at isolated intersection [J]. Journal of

(8]  whIHF . 4RI PR PRt i 111 I3 5 15 se )L Tongji University (Natural Science), 2020, 48(1): 42-

PR PEHITT D L MRS - /R Tl R, 2021, 50.
HAN Yingxuan. Research on the joint control method of [15] 246, 4. R TARENE X 4B e E 54
expressway off-ramp and adjacent intersection in a PEPEACRERL[T ], [6] 5 K2z 2a 4 C A SR BR2A /R , 2020,
connected vehicle environment [D]. Harbin: Harbin 48(5): 683-693. DOI:10.11908/j.issn.0253-374x.19365.
Institute of Technology, 2021. NIE Lei, MA Wanjing. A lane-based optimization model

(9] ZEZESZ Ikl D % O M 5 e 32 S Y I a4 for lane function and signal phase at intersection [J].
# [D]. P & : & B K 2, 2016. DOI: 10.7666/d. Journal of Tongji University (Natural Science) , 2020,
Y3140613. 48(5): 683-693. DOI:10.11908/j.issn.0253-374x.19365.
LI Rongbiao. The coordination control of urban [16] EEHUE. B R84 B U [F] PREE TS S 3 25 P A% 438 B 5
expressway exit ramp and joint intersection [D]. [D]. 5L R R, 2021.

Nanjing: Southeast University, 2016. DOI: 10.7666/d. MAO Lina. Research on real-time dynamic reversible
Y3140613. lane in intelligent vehicle infrastructure cooperative

[10] sk, BeG . ok f s 10 A ad i A se X EHE S system[D]. Nanjing: Southeast University, 2021.
orsll] ZZdis R TRSFEE, 2018, 18(6): [17] Ehbk. T 3h A 4200 i 28 S H 28 SR AL 77 ik (D .
164-171. DOI:10.16097/j.cnki.1009-6744.2018.06.023. K&K HMORE, 2020
ZHANG Nan, YANG Xiaoguang. Optimize signal MA Lin. Space-time resource optimization method of
timings for oversaturated intersections connected with intersections based on dynamic lane grouping [D].
urban freeway off-ramp [J]. Journal of Transportation Changchun: Jilin University, 2020.

Systems Engineering and Information Technology, L18] #i/=, Bzl , VFfh, &5 . FF 390 m) ] 28 2238 sh 254
2018, 18 (6) : 164-171. DOI: 10.16097/j. cnki. 1009- s XA 54 [T]. a5 T/, 2022, 38
6744.2018.06.023. (4) : 116-123. DOI: 10.16544/j. cnki. cnd3-1494/u.2022.

[11] ZHAOJ, LIUY. Integrated signal optimization and non- 04.006.
traditional lane assignment for urban freeway off-ramp ZHAO Chen, CHEN Liangsheng, XU Qian, et al.
congestion mitigation[J]. Transportation Research (Part Intersection signal optimization based on dynamic
C: Emerging Technologies) , 2016, 73: 219-238. DOI: control of reverse variable lanes[J]. Journal of Transport
10.1016/j.trc.2016.11.003. Science and Engineering, 2022, 38(4): 116-123. DOI:

[12] &, £, Bt 55 EhzE LA sh&EiET) 10.16544/j.cnki.cn43-1494/u.2022.04.006.
REALAL 7 [ ). IR BF K22 i C A SRR L) 5 2013,

41(7): 996-1001. DOI:10.3969/j.issn.0253-374x.2013.0 (BEHmE AR KX BEEMN)

130 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



