#=H 25 p M

5 33 &5 5 Vol. 33 No. 5
2016 4£ 5 H Control Theory & Applications May 2016

DOI: 10.7641/CTA.2016.50339

BCHE 9K 5 A 38 ) . 2 38 B R - 4 )

ZEknm, & R, i
(BT DMV (5 B TR0 (3 BALR S AT, WHT KMl 310023;
WA R REAC R TR A, WL HTM 310023)

THE: RSB RE S HE— PR H], JCEMRYE A8 T R 7B A BB 5 5. s s e kst i 4%
R SR P, AR ST HH — A B X ) A T M L 38 T TRAE S R i 1 A, SR TR A T I B Y, 25 RS EIHERA
TH R 1] DA B BSUAT AR e AR5 SR IR IR, 25 HS — i FH T B T PR VR 6 TS T B R G DAL AR s 7R St Bt 1=, 51
TEHEBN T BT [HAE R BEFRFR A PP HERF 0 AR R0 AT T 38 B2 AR 157 FE Fi b, SR PPAN | BE B il 7 28, SR MR 3
T B DX B0 A T I S S R R S S 4R . (7 SORTE TR B, A5 ) U VR RO L B ) AL 7 SR AR A, AR K AR
PRIEAT RE ).

SEHRIR): ol IREN; SR, IRE AT /5 545

FE 525 U491.5+4 RRFRINED: A

Data-driven traffic-responsive green wave coordinated signal control
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Zhejiang University of Technology, Hangzhou Zhejiang 310023, China;
Zhejiang Intelligent Traffic Engineering Technology Research Center, Hangzhou Zhejiang 310023, China)

Abstract: The traditional green wave coordinated signal control is a open-loop control scheme, which can not adjust
the timing plan according to varieties of the traffic condition. To overcome this shortcoming, this paper proposes a data-
driven traffic-responsive green wave coordinated signal control method. Firstly, for the network needing mixed release
phase plans, considering influences of queue dissipation times and traffic demands, a new bandwidth maximization model
is proposed. Then, based on this model, online time plan evaluation and update schemes are proposed for under-saturation
traffic conditions, where the queue dissipation time index, the phase plan index and the speed index are used to evaluate

whether the current signal time plan is appropriate for the current traffic condition. The simulation study shows that our

method could adapt to varieties of traffic condition and greatly improve the traffic capacity of road network.
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Fig. 1 Stand-up release phase sequence
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Fig. 2 Time-space diagram of the bandwidth maximization model for mixed-release control strategy
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Fig. 5 The control algorithm process
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4 fFEMIF(Simulation research)
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Fig. 7 An actual road-network diagram in Hangzhou
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Fig. 8 The simulation network diagram
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Table 2 Link length

P /m || BXEX  FEE/m
R 620 Ry 588
Ros 670 Ros 580
Rys 590 Rs3g 590
Rs6 710

£3 TAHRRLE

Table 3 The settings of traffic demand ~ 4#/h

IF[aB/s  1~1800 1801~3600 3601~5400 5401~7200

HEZBPEHED 1500 600 600 900
R EHD 700 600 600 1600
TERESIEHED 1600 700 700 800
TEREBABED 800 700 700 1500
Kbk 800 600 600 700
KIsra#EE 800 600 600 700
I EAESED 800 700 700 800
VAT FEED 800 700 700 800
TLHERRIERED 700 600 600 700
TTHEBRRHECT 700 600 600 700

, 5114
[ wozs J’@l%m
T, i
T, RiE3
A

Ko ez i

Fig. 9 Illustration of detectors
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Table 4 The timing plan of the control scheme 1 Lok - v DL }; b
M EATARY JAM 4k AN o8t . :
@ * . * * t *
I XFBAT 80 0 £ 06 -
I XFRBAT 86 0 - 0al §
I3 XFRBAT 80 0 :
L MWEIT 86 0 02r
Is  XEEAT 90 0 W5 35 4 5 & 7 ' 9
Ig ST T 86 0 SRR B

& 5 =% k28 &
Table 5 The timing plan of the control scheme 2

X TR R g ki E
I MFRBAT 90 0
Iy XBAT 90 44
I3 MFRBAT 90 0
Iy MFRBAT 90 46
Is XFRBAT 90 2
Is XIFRAT 90 44

k6 127 k3 b B &
Table 6 The initial timing plan of the control

scheme 3
XA BATHE AR gtk E
I BOBAT 107 0
I HOBAT 107 53
I3 BEBAT 107 0
Iy BOBAT 107 55
I5 BT 107 0
Is BOBAT 107 53

5 B A2 rp 4 1) 7 30 48 b AR 40 L0,
3ANERREI AN 60%. FR3EFE 10, FEAMI FUBLLEY
B, SR VORI 7YV I X Bl R 4kl 7 R, 34N
PMEZRDE — MK E M RE. R LR
PR HEI, 253, 7 VRAN A B BT B ds i o B
LR, AU S R A s TE TR A AR T
AT HCT TR] S AH P A7 0 B DA R e i b, 1 UK
(R T 28 LR TRNERS.

R £ 6—8, BRIAE X I 21 5 RARAT A 5
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Fig. 10 The index of control scheme 3 in simulation
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Table 7 The timing plan of control scheme 3
updated for the first time

XA AT R e
I SREAT 86 0
Iy MIBAT 86 43
I3 MEAT 86 2
Iy XIRTBAT 86 43
Is XIRBAT 86 0
Is MFBAT 86 44

% 8 EHIFEIH 2R RATOGEA 7 &
Table 8 The timing plan of control scheme 3
updated for the second time

TXE AT N daEhiE
I BOMAT 108 0
I BOBAT 108 54
I3 BOBAT 108 0
Iy AT 108 55
Is HOBAT 108 4
Is HOBAT 108 52

ROJT BB 4 BILES RO 7 R, Bt %
17 34 SE A . T LA, R34 i Uy e,
T R T R I B R bR 2T B, B
7R L2 T SR 1B K, T3 R A 43y
R LS 5 5 0 4 Y P 38 X
2 TAVERTIBE 2R, (/> 8 M T 1754 B 90 £ 5 52
(K, T T V2 Rl I V3 % FE ) 7 A
S8 SUITHHI . P 77 234 %N B R4
TR, R B sl I SR i —
FFEGE I R G, B B 7y
45 24 4 5 5 B 0 10 24 B, T 2 7
3T HE B BN 1] 230 AT Bk 33 A
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Table 9 Average delay of the control scheme under
different stage

B HUAEL EHURE2 RS
1~1800 159.6 90.8 84.5
1801~3600 1185 65.5 60.3
3601~5400 1219 70.7 63.1
5401~7200 1504 94.2 82.9
P45 137.6 80.3 72.7

5 45 (Conclusions)

B0t A8 S 3% O A 1 A S R A S 7 SR, AR S
Jeth i — PR A AT B KSR i I Y, 7EIB SR XU A
S T B R A TR, SHE B I PN %52 X [ S B 5
R, AR XA LIARYE B BT 1) LA 4P A 5SS i i
R R B0 AT AR AR R B A |, 51 a3 HEBA
H BT TRV AH AT BEFEAS « AH P AR AT BE R AR AT B
FHFFEEFE bR, SERS VRO SERT R &, S8 1 4
IR 51y A2 388 1] I 2 38 B R ), SR B AS SR P TR 4
WAt 7 — Mg ) SERPE R T,

AR ST TR AT SR SR i R A B R
T OXFRIBAT A O AT X PR ARG 751, A% S E
AN BT 7 3, AR A R SO R Y
BRAE AT NI B =2 A SRI6 A5 21,
8 T EATAE— € BRBR T, NP 777 s
& LSRR A R L 9 8 S e BRAE b Ab, dnfar Xt
ARSCEEEAT Gk UIE FH TR AN S I i I,
PRV,

& 3k (References):

[1] LITTLE J D C. The synchronization of traffic signals by mixed-
integer linear programming [J]. Operations Research, 1966, 14(4):
568 —594.

[2] GARTNER N H, ASSMANN S F, LASAGA F, et al. MULTIBAND —
a variable-bandwidth arterial progression scheme [J]. Transportation
Research Record, 1990, 1287: 212 — 222.

[3] LAICHOUR H, MAOUCHE S, MANDIAU R. Traffic control assis-
tance in connection nodes: multi-agent applications in urban trans-
port systems [C] //Intelligent Data Acquisition and Advanced Com-
puting Systems: Technology and Applications. Foros, Ukraine: IEEE,
2001: 133 - 137.

[4] ADLER J L, BLUE V J. A cooperative multi-agent transportation
management and route guidance system [J]. Transportation Research
Part C: Emerging Technologies, 2002, 10(5): 433 — 454.

[5] FRANCE J, GHORBANI A. A multiagent system for optimizing ur-
ban traffic [C] //Proceedings of the IEEE/WIC International Confer-
ence on Intelligent Agent Technology. Beijing: IEEE Computer Soci-
ety, 2003: 411 — 414.

[6] CHEN Ningning, HE Zhaocheng, YU Zhi. Revised MAXBAND
model considered variable queue clearance time [J]. Journal of
Wuhan University of Technology (Transportation Science & Engi-
neering), 2009, 33(5): 843 — 847.

(B 7 7, T J6 B, &R 3. 25 18 3l 24 20 AT HE BA W Bl 1a) B ok
MAXBANDAEAY [J]. ECICEE TORS£244: S PHAE TRERR, 2009,
33(5): 843 -847.)

[71 ZHANG Liang. Methods for arterial coordinated control of signal
intersection under dissymmetry flow [D]. Wuhan: Wuhan University
of Technology, 2009.

(IR, ARG 53 X T Ll 7wt 72 (D). B )
DU TR, 2009.)

[8] LU Kai, XU Jianmin, LI Yishun. Algebraic method of arterial road
coordinate control for bidirectional green wave under signal design
mode of one-phase-one-approach [J]. China Journal of Highway and
Transport, 2010, 23(3): 95 - 101.

O, AR, 2SR, O OB U 2R IR TE XU 2 B
FEHBRE (7). T E 2SR, 2010, 23(3): 95 - 101.)

[91 FENG Yuanjing, SHAN Min, LE Haocheng, et al. Subarea dynamic
division algorithm based on green wave coordinated control [J]. Con-
trol Theory & Applications, 2014, 31(8): 1034 — 1046.

(M, BB AR B, S, SR R Sl i1 X 3ha R oy 5% ().
PRI SR H, 2014, 31(8): 1034 - 1046.)

[10] LU Kai, XU Jianmin, CHEN Siyi, et al. A general model of bidirec-
tional green wave for coordinate control of arterial road and its op-
timization solution [J]. Control Theory & Applications, 2011, 28(4):
551 -555.

O, RER IR, WRABRE, S5, 0 A TE A £k P A R R FLAR
PSRAR (7], f2H0BLE S5 RH, 2011, 28(4): 551 - 555.)

[11] DENG Mingjun, QU Shiru, QIN Ming. Arterial Road intersecion co-
ordinate control optimization under multi-phase combined [J]. Jour-
nal of Wuhan University of Technology (Transportation Science &
Engineering), 2014, 38(3): 607 — 610.

OBHTE, A2, 280, dHET84T TR XA W sieL 1.
PG TR 2R Gl LA S TR, 2014, 38(3): 607 - 610.)

[12] ZHANG Xiaoning, DENG Jingyuan. Study on setting of signal phase
of intersection in method of each phase for an entrance [J]. Journal
of Highway and Transportation Research and Development, 2010,
27(8): 87 —90.

(TRANT, MBEHE. 28 X B LBAT IHE A AL B BRI AL [J]. A%
SCEEHYE, 2010, 27(8): 87 - 90.)

[13] JILina, SONG Qinghua. Bidirectional green wave coordinate control
for arterial road under asymmetric signal mode [J]. Journal of High-
way and TransportationResearch and Development, 2011, 28(10): 96
- 101.

CERGR, . AEXFRIBAT 77 20T BT X 1 S U ] (D).
ABAERHY, 2011, 28(10): 96— 101.)

[14] ZHANG Liang, ZHANG Cunbao. Intersection signal phase design
method under dissymmetry flow [J]. Journal of Transport Informa-
tion and Safety, 2009, 27(2): 77 — 80.

(K5, IRAETR. BN “+7 FREX OGS AL BT T7IERT
T (1], 2085 E 5% 4z, 2009, 27(2): 77 - 80.)



598 7om oo 5 MM $33%
[15] LILin, XU Jianmin, LU Kai. An improved algebraic method of green nal of Wuhan University of Technology (Transportation Science &

[16]

[17]

[18]

[19]

wave based on one-phase-one-approach [J]. Journal of Transport In-

formation and Safety, 2009, (3): 64 — 67.

(MR, AR, o B, st VBT 1) et 2 O 7). 28 f=
B4, 2009, (3): 64 - 67.)

GARTNER N H, STAMATIADIS C. Arterial-based control of traffic
flow in urban grid networks [J]. Mathematical and Computer Mod-
elling, 2002, 35(5): 657 — 671.

GUO Haifeng. Method of monitoring condition for arterial traffic sig-
nal control system [J]. Journal of Wuhan University of Technology
(Transportation Science & Engineering), 2011, 35(2): 333 — 336.
(FhitEEE. SRR RGBTSR EEIE (7] s T
REAAR GRS TARR), 2011, 35(2): 333 - 336.)

GUO Haifeng. Traffic signal control for arterial intersections based
on flow control of window-advertisement [J]. Control Theory & Ap-
plications, 2010, 27(12): 1686 — 1692.

(R, W DR BB TRk (7], Fhl e 58
H, 2010, 27(12): 1686 — 1692.)

LI Hongqgiang, LU Huapu, LIU Qiang. Researchon transition algo-
rithms for timing plans of arterial time in-day traffic control [J]. Jour-

[20]

Engineering), 2008, 32(5): 779 — 781.

(R, [P, XI5t o8 17 22 I8 24 2 I BRCI Oy SRid I AT
FE (3], BB LR IR 5 TRERR), 2008, 32(5): 779 —
781.)

LU Kai, Xu Jianmin, ZHENG Shujian, et al. Optimization algorithm
of coordinated control scheme transition of traffic signal [J]. Journal
of Traffic and Transportation Engineering, 2012, 12(6): 97 — 103.

O o, O ], S0 4, 45, S AR 5 W 4 ) O S8 ok v A Ak 5
2 (1), SISk TARAAR, 2012, 12(6): 97 - 103.)

e A

AEdE

L

He X

55k (1984-), 5, BRI, W+, BF 5075 1 RS 5 45l &
i, E-mail: yqli@zjut.edu.cn;

2= R (1990-), B, BB, BT AR S R
JBASE, E-mail: zjsy_1k@163.com;

LIEF  (1976-), 55, B, WL, WHF 7 m R Zg il s Sl &

Ak, E-mail: fyjing@zjut.edu.cn.



