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Traffic signal control for arterial intersections based on
flow control of window-advertisement

GUO Hai-feng
(College of Information Engineering, Zhejiang University of Technology, Hangzhou Zhejiang 310023, China)

Abstract: The traffic in arterial intersections is usually over-saturated; and gridlock occurs very frequently in rush
hours. In order to improve the efficiency of traffic flow control and prevent the arterial system from traffic jam, we propose
a method for analyzing the available bandwidth to supervise states of the arterial traffic signal control system. On this
basis, we promoted by the idea of window flow control in TCP/IP, present a scheme of traffic signal control for arterial
intersections to reduce traffic congestion. Simulation demonstrates that the downstream intersections are continuously
providing their effective capacity to the upstream intersections through the flow window; by this information and the
current traffic demand, the upstream intersections assign green time to each traffic stream accordingly.
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1 5|3 (Introduction)
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Fig. 1 INlustration of theoretic bandwidth in time-space
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Fig. 2 Illustration of actual bandwidth in time-space
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2.1 TSI A (Private green time)
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2.4 BBCA R & (Available storage of a link)

i#% B 2045 H (available storage of a link, ASL)/&
TR BT AT AN RK B a8 O ) s K 2440
B MIFNGAE R, A A AT BB S 2R AT
B )R AT %, I8 52 B ZE 4047 138 07 1) Ui i B AT 3%
P2, an 5l s BeAE A AR 22, L
ARAKRR D, Gee gk B R A8 X444
W, BEI B3 A8 YR 1% 7 [ 45 T (1 2k k] B )
W2, FER LT N AE 2, = H 5 Ag X
(RIS 2 . DRI B3 A8 AR 25 T e — 7 I 24T
B IRV, RN 1% 78 70 2% J8 Ui i B AT 27 o, A 4l
P B AT A B BT AR AR, MR R 25 T 1)
XTI TR), DA 78 43R FHAZ S (R I 0 0 Y.

2.5 & O E#EH(Control based on window flow)
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Fig. 3 Illustration of lanes
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N(n,L,t) = Q(n, L,t) + QN(n, L,t). (1)

YK TETE B R AT S KT AT AU, Ly T A6 % 25
TF A5 BEAT KT IN, Lo 2k 2K 000 2IA I 250, 24
it + LIRERKT S5 RIS, Lo R W 2 KT 39 18] 313 1) 420
BHQA(n, Lt + 1), LAl S kT 9 18] & FF (1) 44
BAHQD(n, Lt + 1), SLI AN I 25 2 18] 1 96 4%
LR
Qn,L,t+1) =
N(n,L,t)+QA(n,L,t+1)—QD(n, L,t+1). (2)

1 EIRIEACA S, (TS i 48 R R A A
AT I T3 2T (AL

2) LA I A5 2T R HE A A

ZETE R IR DA 4 40 A 0 vk S5 B A2 Sl 3 A [+,
WaR Q). XA 5, o Be R R
T AR DI ELAT I 2250, [A) N 3R A 20 4 (R 4=
5, DT S IE2 B HEBN A B k. LA
SE2 M) HE BN A AP AN B 25 B 2 1) 2R R, 7 e



12 4

SR T RS T B PR )k 1689

(g LY A1) ) 1T 338 3oF Iy 0 Lo 552 B 0 £ 0008 T 44 5.
T BT ZE T2 S 6 IR ST 45 o, T 232 L g B 1
)

N(n,T,t) =

Q(n,T,t)+ QN (n,T,t) x (1—Pl), Q)

Forp Pl SRR SR IT G5 R 2t + LIRERIT THIGIN Rt
BB T E b AR DA BT & 1 o) L
t Q(na La t)
QT @
Mt + LRSI S5 RIN, ZRiE2 BTV R, I
R EINER N LD

Qn,T,t+1) =

Q(n,T.t) + (QN(n, T,t) + QA(n, T, t + 1)) X
(1= Pir) = QD(n, T,t + 1), (5)
N(n,R,t) = Q(n,R,t) + QN(n, R, ). 6)

32 EBCH AR KR T A (Method for com-
puting available storage of a link)
B BAT RO R T ERE L 2 (T PTs:
ASL(i) = SL(i) — NQ(7), @)

b SL(i) o ik Bty 75 8, 415 s BralFat 2= s e
BEZ AN (1 55 K505 N Q(0) 72 Fi =4 21 B |
IR

N L(7) 1(4)
SL(i) =n X V1 SV +m X IV iSy (8)

b L) AR B B S, 1(3) 4 T A B,
LV R PR, SV MR ZE LM EE, noh R 3R
AT ZEIEEL, ok B o R TE R

% Ba b (P ZE 350 VR o AR, — a2 B
T 1) TR 5 P 4 B 288, s — 508 0 A2 A N ] ) i
P BT IE A I B ) A AR ek 22 AN B A SR vl I
B R E T S R o iy ] N S B (2 e N
G A
3.3 &A= S J7EMethod of window adver-

tisement)

AT 5 A8 SRR G ) 4 S ) ) g A e £ 4,
S U T R B A AR &, Y R A X )
A I SR IR, TS SO ) HER 26— AN H R
OB L DR U {T ke Temains ASL(9) }
HpTi .. € {Red, Green, Yellow}, 73 5l & 7~ 4
WIS A8 X 4 07 ) A 20 4T, &% X7 A0 3 AT
T ain 2 718 J — KT £8 (1) ) 4% I 1], ASL(2) 20 >4 i
B AU

4 R T T H J7 i (Method for computing
available bandwidth)

BT PP R GV A% R R G B R,
BIVER XS AN [ (1 A JE IR DL, F55 1) 2% 4 e 6 2 25 b i 4
RS HT 5. N sn A T2 % R 4 &
PRI, ASSCER TR R 98 AT B A VR IR R AR
BT DL =2 7 T 2 bl 3 42 1 3R e A 5 391 0 Ik 1) )
B8, AEREAS P J A5 RN, 8 23 A7 SR KT I 1) 5 J (R 28
SR, JRE T HBAE 10 (AR AT, T2 b iR 5
A GURIAT RO FEAR T I BIE I, W] 23 T
2 iR R Rk, I B AT A8 1 0 Bt K KA X A
B 1% RGN B I A . ST IR i A8 SR R I
M) b AT SO R Ak B i R v, T bR
RG] LAY 7 SE AT A SR Y K Bl I P 1y
1%

A SEIL AR Ty g, R v A R0 S8 VR A
% (algorithm of searching available bandwidth, ASAB),
LSBT C AT T2 B il 42 R S8 b HOAT 280 96 k4T
ST

AILASABHIL MBI 6 AFAE: 1) 225 T4t
MAZ X AR AN, N > 2;2) Z 5P EER
S AL I 5 LR i AH AR AT I TR ) i B K, g
R 20 A S A S VRS T A A 2> HEBA S 1Y 3)
T A AP TN #8845 5 AL RE % S5 I SR 2k A A ) 4
T AT R R A A I A A 4) R
HLIRAT AS AB I I 18] 1] g 55 =4 i 12 W P2 1) R 4
(¥ 1A ).

IR 73 BTl 50, D T 3RA5AT 20 98, T AIE A
AE SR A AT 2R T I TR, AT s 9 K S A SK
X 9):

ABW = min{G,,;,(7)}, )

Soolr: ABW T2 U RIS M 58, Gy (i)
FNE AR NG LTI R, 2528 X O AT
I 1) Ay el 2 (10) VAR 75 21

GPub(i) = G(Z) - Gpriv(i)7 (10)

Foro G(i) M e 0 A8 T 7 T B T I 1],
Goriv (1) N 55988 S B RAAT S AT I ). %48 CH Y
AAAT ZR )T I E) ) i 20 THAA 2

Gpiiv(i) = N(n,0,7) X h, arn

Horb: N(n, 0,4) 088 XEiF25J7 1 43 4T 2 4R It %1
155 2R 2R AT R HE N A=A g, LS LA (DA A
(3), hA MR 4= 3K I .

ASABEVEM VAL W T

D) 3R 240015 5 A X Ei T2 7 18 kT



1690 oW s N M

07 %

G »i),i=1,2,---,N;

2) WEIAT ST 2e Ty [ 204 I ] 2 15 45 K, 0
FE WA m)3), FIgksinil, i = 1,2, , N

3) VA X i T 2R 7 A SR AT S UR I 24 A 2k
AR HEBA BN (0, 0,4),i = 1,2,--+ | N;

4) THEAR X Hil R T B Gy (2),1 =
1,2,---,N;

5) THEAZ X Ol A7 ST NG (1),0 =
1,2,---,N;

6) FHE N A X 5N LR AT I A
min{ G, (2) }, BIF 20 58 ABW.

7) AT TS S AR R R G AL
i 98, I min{Gou, (1)} BT IE IAE X i 14018
i}, Blpunish(i) = punish(i) + 1;

8) WIRABW/INT BIMES, WY1 T A5 5 Up i
PR, i max{punish (¢) } T J& 128 S 15 0
PR, AR A5 5 A AT .

5 & DU E TR 07 ik
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6 1143 HT(Simulation analysis)
6.1 FRU5 & ¥t (Simulation scheme)
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Fig. 4 Illustration of arterial intersections
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Fig. 5 Illustration of available bandwidth for

fixed-time control
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Table 1 Comparison of queue length for two schemes

SFEIFFAK S /m B B B /m

T sl wmr nml ke
REEO 47 41 197 178
! fiipcigm| 43 33 186 123
[Fapeidn 33 44 91 88
Jeitn 29 27 87 91
RN 37 31 177 153
) eI 39 29 133 116
[Fapcia ! 14 28 67 80
B g 21 23 78 88
ARt 49 40 220 177
3 [lipEid 51 39 240 188
[Epeidn! 17 23 78 89
b ey 19 21 86 103

A2 At IR AR A ARG A
Table 2 Delay and capacity of intersections for
two schemes

SPRIERSs il 4R veh
LXH ‘ ‘ ‘
ESEVIE Y EE S I )

Ao 312 25.9

| ﬁf—im 38.9 358 103 6819
MEko 203 21.1

db#n 271 27.9

Ko 346 33.9

) @@3 37.5 343 17 6850
MO 213 20.1

dedEm 23.1 25.9

KHEO 416 38.1

-

3 Ju%&u 40.3 365 00 7018
MO 25.1 24.5

e 196 21.1

7 45 (Conclusions)

ARILAHT THIFIS DL, T4 ek ph i R 4%
PR R AR ZE 0 S DKL, AR 0 LA T i A S A W
SR B 1) SI I A8 30 s A, B8 T — R ey
B VP VR TR SR R R G IS TR K
P R AT S I A, I S TCP/IP TS i 4%
il AR, W vk TR O R R 2 s A

FEBITTE, SEOUR T T G B A0 U A T AT 2%
. AL IR Ko b S RAR W, T i 1 I T o Y
753, AT SO AT B i B AT SIS IR R B
(1A 0 o, AT 8 A SR 5 MU 24 1 10 A2 T
i SR B A 8O R A G B AU T I
(], SELf b By 1k T2 P JE.

FESE B N, SRR I TS T E )
RV RZEAAAE, Wi v ik HE 2 B R E R 22 (152 0
FEARTE — 0 A B AT Ak, S T2 <At
B ARV, ey 3 58 405 1) B HEAT B A R AL, B

e B DRI,
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