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Study on dynamic traffic control for reversible lanes
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(1. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou Guangdong 510640, China;
2. Jiangsu Province Collaborative Innovation Center of Modern Urban Traffic Technologies, Nanjing Jiangsu 210096, China)

Abstract: This paper proposes a dynamic traffic control method for reversible lanes according to the traffic flow state
of both directions of the road to ease the problems of traffic demand imbalance of both side of road section, which is called
tide traffic problems. Saturation degree is used to analyze the traffic state of road section that has reversible lanes. Five
traffic situations are proposed and optimization model of each traffic situation is developed. Enumeration method is used
to solve the proposed optimization models. Finally, a case study using micro-simulation shows that the proposed dynamic
traffic control method of reversible lanes can reduce the average delay and improve the traffic efficiency of road sections
that contain reversible lanes.
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2 FEEATHT MBI ERBA (Dynamic co-
ntrol model of lane driving direction)
2.1 FEAE B (Basic assumptions)

ASCHR AT AR 238 AT Bk 7 ) AT 7%, &
BV [ ) R TE 2 DA ST B BT S kT AT
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2) AIAREE R B R AT A iR
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3) AFEEAT N ARHLENZER L.

2.2 2% (Control logic)
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Fig. 1 Flow chart
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ANJ5 A 95 T2, J7 T A3 RS S o Ko,
7 12 (3 % AN FH Seo s St NIEHESCIE H H
iSRRI IR FE, 251 = 0.6, Sy NI
ACIEASE LT SR IE L A AN EE Il FHE, 452 = 0.9,
FESEBR ML AR, AT DAARE 52 B A D0 1 4.5, A1 S
{E; F'(Neo), F'(Nex) 73 MR IR AR T7 RAHATH 7
ZR )5 TE s B BUE VAT IR AR (), F(Ney )N,
FoHTT BB RS AT SR, R AM
TR RMACZEAH (s), I e e A AT T R
AN, D AR He T8 R MALTE B AP0 1 AT Bl

WE — MR FABUE,; T RIA 77 E AT RS
(B (8); Trnin /977 Z2 U148 1) f T ) [ (R B (), B %220
KT FRE VUIRAS TEH 15 LT 2R i w2 43 6 B
()PS50 4 T RIS 8] 5 Num Ay g W B Y T8 8% PR AN 7 1)
1) ZE T8 B B R, EH T 0 ) A B X 72
O D) S 2 7 AR BOR T, A B S AR i, WX
FENum < 2.

2.3 #EHI#EAE (Control model)
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Fig. 2 Relationship between average speed and

traffic saturation
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Fig. 3 Classification of road traffic state
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@ # (81 < Seo < S2 H O < Sy < So) B 2E
(S1 < Swo < S2 HO < Sep < S2), MKl At HL2:

min F(Ne) =
L L L L
Qe'(@—vfo)ﬂLQw'(@—v*O)

Qe + Qw ’
(2)

Ne € {1727"' a(N_ 1)}a
Qe

Se = AT
s.t. CNe 3)
g __ Qe

Y C(N = N.)’
0 < Se7 SW < 527
KA LA AR 4238 P B B (m); CONTE B AT e
F1(peush); N A AZ 2258 B B AR 0B B 8 N o7 [H]2
PIZEEEL, WI(N — No) N7 1 ZEIEEL Sy, Sesr
FFEHAT HF 5 257 1) 1 R [ 2 Fr) 3 B AT
Qw» Qo7 A N5 1) LA 7 [ 2 1R S By 6 0 A2 38 ¥t 5
(pcu/h).

® #0 < Se < SoHSwo = So, Ko Juthin3:

min F(N,) =
L L L L
Qe (U(Se) T T <U(SW) ") @
Qe + Qw 7
(Ne S {1727 7(N_ 1)}7
Qe
Se e
s.t. CNe (5)
g Qe
Y CO(N - N’
L0 < Se < Ss.
@ #0< Sy < SoHSe > So, Xllor N4
min F(N,) =
L L L L
Qe'(@—;oH'Qw'(m—vfo) ©
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Ne S {1727 a(N_ 1)}’
Qe
Se = AT
s.t. CNe )
g __ Qe
Y CO(N - N’
0< Sy < 5s.
® #Se0 > S2 H.Syo > Sa, Ko NIHHLS:
. . . DC DW
min F(N,) = min (—CNe, - C(N—Ne))’
(8)
st.No € {1,2,--- (N — 1)}, 9)

H: Dy, D338 77 171 LRI ) 2 4 T HE BN 249
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2.4 FERISKf#E(Model solving)
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Fig. 4 Flow chart of enumeration method for lane assignment

3 Z=#5Hr(Case study)
3.1 1{i H ¥ 8 % & (Simulation environment set-
ting)

T N PAT AR 0 T S A AR =R s B s
BN BEE AT RUR, ASCRHPTVA RO
A VISSIM e He IR I 0 % B AT A8 ZE 3 A 19 Al
ANFIZEAE N 2RI AT R R AT VP

1) JEEHFIE.

TE HE R VG 1) S 10 i B v B8 T AR AT B 7 Tn) R
J7 A AR A PG 77 [0, 7 A28 P4 18] 2R 7 1), Al AR 4=
T8 % B N 1200 m, 2508 B8 B 24 0M3.75 m, ] AR
B 1 BME ST TR B % RIS 24 100 m.

2) ATIHPHFIE.

T8 B 2R AT B 3 B2 420 1 920~40 km/h,
I B PR 33 940 km/h, FRL )3 1T BE /11250 veh/h. R
4] P 7 AL N Qs PH IR T TR N Q. THE B
K7 Apew/h. W AR R0 LS 4> Bk T B g it R
FH22H17: 003218: 0011218 B X [H] A3 £ H 7 2
42 ) A AN B A s A XN AT |, Bk
LR,
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Table 1 Flow rate in both directions

t 17: 00 17: 05 17: 10 17: 15 17: 20 17: 25 17: 30 17: 35 17: 40 17: 45 17: 50 17: 55 18: 00
w14 Qw 1428 1514 1602 1825 1923 2104 2346 2554 2691 2818 2952 3174 3245
) Qe 1545 1568 1637 1652 1725 1748 1782 1728 1754 1649 1756 1774 1806
0 Qw 1400 1514 1705 1984 1985 2150 2500 2815 3191 3018 2952 3174 3245
B Qe 1550 1500 1535 1432 1235 1175 1000 980 990 900 965 982 928
3.2 BRI (Model application) 1652 x (5?20)_ 111201(1 11825 ( Vl(zgo)_ 1112(1(1 )
R 10 B AN 7 1] B LT FE S0, S F T IEE 155 < 1'652+1825 = —,
BIBATIRG, BRI 2R, LLEB 14H17: 1501058 (N, € {1,2.3.4)
PR PR BOS @IS AT IR AR AT A ok, ¢ 1650
ISR TAHLT: 15/ A8 R DL 8 T 175 2, T 240 ¢ = 190N,
e
S1 =06, S5=09, L=1200m, vop=40km/h = St 1825
11.11 m/s, C =1250 pcw/h, Qy = 1825 pcu/h, Q. Sw = 1250 x (5 — Ne)’
= 1652 pcw/h, N = 5ARNIE G2, O 1 & G il 0<Se, Sy <0.9.

ZipE T H S 80E ST R IR, e AMZ /D
KFEHI 7 RO R B = A W P I R, A
R AMEE 25 s.

min F(Ne) =
L L L L
Qe' (U(Se) - FO)+QW' (’U(TW) - 170)
Qe+ Quw a

iz FIMCES R S, FAARSE AN R

AN N, = 25 T G R SE RV
PRI F (Ne2) = 131.94 s; [R5 Go IR HI5E
VAP HEFR N F (Neo) = 160.24 s.

HZHIW: F(Ny) — F(Ne2) = 28.30s > AM,
HIA 77 RGOFFEEAF AT > 5 min, #5015 2 5415,
i BB T G 2 N = 2, BIPE [ AR 47 305 1712
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Z M BEAT FT AR AEE (K7 ) D), A5 SC AR RE I 2

ARIAE A TEEEPIANT7 Al i — MR R T-55
T-0.8 H ) Jo AN 2> 52 Ma A8 380 77 [ (1) 250384 T, 78
I AR N P AR AR TE R AT — IR U, BARR %)
N1T: 30, WLEE3.

k2 A FEATHT @ HEALE R

Table 2 Optimization results of driving direction under the condition of dynamic traffic control

t 17: 00 17: 05 17: 10 17: 15 17: 20 17: 25 17: 30 17: 35 17: 40 17: 45 17: 50 17: 55 18: 00

= S11 057 061 064 049 0.51
1 S12 041 0.42 044 0.66 0.69
el Nw 2 2 2 3 3 3

Ne 3 3 3 2 2 2

0.56
0.70 0.71

0.63 068 0.72 0.75 0.79 0.85 0.87
0.69 0.70 0.66 0.70 0.71 0.72
3 3 3 3 3 3 3
2 2 2 2 2 2 2

= S11 056 0.61 068 0.53 0.53 057 0.67 0.56 064 060 0.59 0.63 0.65
2 Si2 041 040 041 057 049 047 040 078 0.79 0.72 0.77 0.79 0.74
% Ny 2 2 2 3 3 3 3 4 4 4 4 4 4

Ne 3 3 3 2 2 2

2 1 1 1 1 1 1

E1

S FRANAERIFAF T ITI AN, j = 1802,

K3 RIS FEATR T @ FEBLE 4
Table 3 Lane configuration results of driving direction under the condition of timing traffic control

t 17: 00 17: 05 17: 10 17: 15 17: 20 17: 25 17: 30 17: 35 17: 40 17: 45 17: 50 17: 55 18: 00

0.63 068 0.72 075 0.79 0.85 0.87
0.71 069 0.70 0.66 0.70 0.71 0.72
3 3 3 3 3 3 3
2 2 2 2 2 2 2

= S21 0.57 0.61 064 073 0.77 0.84
1 So2 041 042 044 044 046 047
% Nw 2 2 2 2 2 2
Ne 3 3 3 3 3 3
5 S21 056 0.61 0.68 079 0.79 0.86
2 So2 041 040 041 038 0.33 0.31
el Nw 2 2 2 2 2 2

Ne 3 3 3 3 3 3

0.67 075 085 080 0.79 0.85 0.87
0.40 039 040 0.36 039 039 0.37
3 3 3 3 3 3 3
2 2 2 2 2 2 2

E2

3.3 fHEEH M1 (Simulation result analysis)

T8 A AT, S I A RN B A i A 2
(10 A A% 25 T8 It B ) R34 T AR i 3R 4 S RS Pl s
MEE VL 2 25 R LE AT N, FE 1AM, 72
AR T I T AR AR T8 AT Bk 7 [ 3 AT LIR )48k,
Iy 2135 72 17: 30, ShaASEHIB AN v A2 458
AT )43 ABEAT T VR IR U148, 275140 ) D146
I 2 2&17: 15, 524 () U1 e i %1 5217 158117
35. Bl T AL 2R3 B B E R R TR AW 2, 7
PR AR T I 2R3 3 A R 3 AN W 0 AH B
TE I HRE R, eSS AR N AR 18 g S
B U SN 2838 AT AR ZETE AT BETT 1R I AR 224 P 2 4
5 [P 1 TN AR 08 DRI ik, o3 37 i B ] AR
ZEE, AT AL e i f AR S RE 0 3R 45 B 4T

Soj FRBA A FH7 1 FHOMRIE, j = 152,

FIRR, B P RE R LA B R S .
k4 MR FETH T AT ATG O F T

Table 4 Comparison of the lane number before

and after

ik ot T ZESER JT 2R YT %)
8 SRR 3 2 17: 30
1
W EhAsERE ; 3 17: 15
et 2 3 17: 30
g 3 2
2 N 2 3 17: 15
gy BTSN 3 2

4 1 17: 35
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Fig. 5 Comparison of the average delay per vehicle
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Table 5 Average delay optimization of road vehicles

2H ) 12 2
FEVRPUACEE /% 21.24 41.47

BRI, A8 SCRIT R HA (1) AT AR 228 AT B 7 ) 1) 466
HI BN AT I A XS BT e s =, R8>
TSR B R, AR T E R IEATROE,
BRI SEPRE LRIt 230 as
4 258 (Conclusions)
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