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Signal cycle model for minimum delay at
oversaturated isolated intersection
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Abstract: The existing signal timing methods for isolated intersection are mainly suitable for low saturation traffic state.
Taking oversaturated traffic state as the research object, we develop a mathematical model between the signal cycle and the
delay by analyzing the arrival-departure rule of vehicles at signalized intersection entrance with the deterministic theory.
Then, the signal cycle formula at isolated intersection is deduced for minimal delay. Taking a four-phase intersection
for example, we plot the changing curves between the signal cycle and delay; and the optimal signal cycles are found
respectively for the three oversaturated traffic conditions that have different flow ratios. Finally, the delay under each
traffic flow ratios was obtained by using VISSIM micro-simulation software. The simulated result shows that the delay
from theoretical calculation coincides well with that of simulation under different flow ratios, validating the accuracy and
rationality of the model. This provides a theoretical basis for solving signal timing problem at oversaturated intersection.
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Ïd,�©ò|^½ênØïáá�L�Ú�¹
e�?��òØ�.,�â&Ò±Ï�òØ�m�m
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2 ������������ýýýòòòØØØ���...(Vehicle delay model
at intersection)
L�Ú�ÏG�é?��òØ�K�¢Sþò�

�òY�?��¢3üè�ý�Ü��,¿���
u�ÚÝm©±Y�u1���.Ïd,3ïÄL�Ú
�ÏG�e�òØ�.�,��ïÄ�mãAlÐ©
üè�ýê�"¿ÑyL�ÚG����m©,��
±Y�¢3üè�ý����.�{zí�L�ÚG
�e����òØ�.,3db�:

1) L�ÚG�e��ý��Çq1���ÚG�

e��ý��Çq2±9?��Ï1UåQ3ïÄ�m

ãS½ØC.

2) å©���Ð©üè�ýê�0.

3) �Ñ���m�É�c���m�K�.

©ÛL�ÚG�e���?����ýòØ�¹,
Xã1¤«. 3ã1¥: ?uL�ÚG��&Ò±Ïê
�n1,?u��ÚG��&Ò±Ïê�n2;���«
��Ncn1�&Ò±ÏS���ý�òØ�¹,��
�«��Ncn1�&Ò±Ï(å�¢3�è�Ñ�

òØ�¹,m��«��N�n2�&Ò±ÏS���

ý�òØ�¹.

ã 1 L�Ú���?���ýòØ©Û
Fig. 1 Analysis of vehicle delay at oversaturated

intersection approach

|^ã/¥�ã�¡È��U\5,�òòØ�
my©dÄOòØ��L�ÚòØ�üÜ©|¤. Ù
¥,ÄOòØ�ò�N�ÚÝ�1��Ï&Òé��
�ý�)��~òØ,éAã1¥��OCB±e�ò

Øn�/;L�ÚòØ�K�N�ÑÏ1Uå�@Ü
©���ý¤�)�N\òØ,éAã1¥�òØn
�/4OAB[16].

d = dE + dS =
1
2
tR +

1
2
dSMAX =

1
2
tR +

1
2

NSMAX

Q
=

1
2
tR +

1
2

(q1 −Q)n1C

Q
=

1
2
tR +

1
2

(q1 −Q)T1

Q
, (1)

ª¥: d�o�²þòØ�m; dE�ÄO²þòØ�

m; dS�L�Ú²þòØ�m; tR�ù��m; dSMAX

���¢3�è��òØ�m; NSMAX���¢3�

è�ýê; T1�L�Ú±Y�m,�un1C.

3 ���ZZZ&&&ÒÒÒ±±±ÏÏÏúúúªªª (Optimal signal cycle
expression)
�âª(1),�±�����¤k'��6�²þ

òØ�md̄�

d̄ =

m∑
i=1

[Qi(n1 + n2)Cdi]

m∑
i=1

[Qi(n1 + n2)C]
, (2)

ª¥: di�1i�'��6�²þòØ�m; Qi�1i

�'��6¤3?���Ï1Uå.
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éáª(1)–(2)��:

d̄ =

m∑
i=1

(diQi)

m∑
i=1

Qi

=

0.5
m∑

i=1

Qi

m∑
i=1

[tRiQi + (q1i −Qi)T1] =

0.5
m∑

i=1

(Siλi)

m∑
i=1

[(C − Cλi)Siλi + (q1i − Siλi)T1],

(3)

ª¥: tRi
�1i�'��6¤��ù��m; q1i�1i

�'��6�L�Ú��Ç; Si�1i�'��6¤

3?����Ú6þ; λi�1i�'��6¤¼��É

&'; m�'��6�o�ê.

b���'��6�É&'Uì��ÚÝ�K?

1©�,d�É&'��Ï6þ'¤�':

λi =
C − L

C

yi

Y
, (4)

ª¥: L�'��6�o���m; yi�1i�'��

6�6þ'; Y�'��6�o6þ'.

éáª(3)–(4)��:

d̄ = 0.5C − 0.5

m∑
i=1

(q1iyi)

Y
m∑

i=1

q1i

(C − L) +

0.5(
Y C

C − L
− 1)T1. (5)

ª(5)�Ñ
���¤k'��6²þòØ�m�±
Ï���L�ª,ò²þòØ�md̄é&Ò±ÏC¦1
��ê,Xª(6)¤«:

dd̄

dC
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0.5
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i=1

(q1iyi)

Y
m∑
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− 0.5T1Y L
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. (6)

�¦¤k'��6²þòØ�m��,-
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q1i

Y
m∑

i=1

q1i −
m∑

i=1

(q1iyi)
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q1i
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i=1
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(q1iyi)
(��).
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(yiq1i)]
,

Ï�Y > 1 > 0, T1 > L > 0, 0 < yi < 1,
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i=1
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m∑

i=1

(yiq1i),

T1Y
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i=1
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(yiq1i)
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d2d̄
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=

Y LT1
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4 ���~~~©©©ÛÛÛ������ýýý���yyy(Numerical example
analysis and simulated verification)

4.1 ���~~~���OOO���©©©ÛÛÛ(Design and analysis of nume-
rical example)
®�,�&Ò���æ^o� ?�üÕ�1�

ª,z�� þ±�1�6��'��6. b½z�
'��6����m�4 s,?���Ú6þS�

1800 pcu/h,L�ÚG�±Y�mT1�900 s,z�'
��6�6þ'yi�Ó.Á�éXeL1¤«�3«Ø
Ó6þ'�/({¡�/1, 2, 3),©OO�Ù�Z&Ò
±Ï���òØ�m.

L 1 ØÓ6þ'�/e�®�êâ
Table 1 Known data in different flow ratios

�/ q1i/(pcu·h−1)
4P

i=1
q1i/(pcu·h−1) yi Y

1 450 1800 0.250 1.0
2 495 1980 0.275 1.1
3 540 2160 0.300 1.2

�âª(5)�O�ÑØÓ6þ'�/e'��6²
þòØ�m�&Ò±Ï�m�'Xª,XL2¤«.

L 2 ØÓ6þ'�/eòØ�m�
&Ò±Ï�'Xª

Table 2 Expressions between delay and cycle
in different flow ratios

�/ òØ�±Ï'Xª

1 d1 = 0.375C + (450C)/(C − 16)− 448

2 d2 = 0.375C + (495C)/(C − 16)− 448

3 d3 = 0.375C + (540C)/(C − 16)− 448

�âL2¥ØÓ6þ'�/e'��6²þòØ
�m�&Ò±Ï�'Xª,���²þòØ�&Ò±
Ï�Cz�ã,Xã2¤«.

ã 2 ²þòØ�&Ò±Ï'X

Fig. 2 Relationship of average delay and signal cycle

dã2�±wÑ,�X&Ò±Ï�ÅìO�,²þ
òØ�m�Czª³´k×�~�,��úO�.Ï
d�±íä,�&Ò±Ï�,�ê��,²þòØ�
mU
�����,d��&Ò±Ï��=��Z&
Ò±Ï��.

�âL1¥�®�êâ±9ª(5)(7)�±��ØÓ
6þ'�/e��Z&Ò±Ï�éA��òØ�m,
XL3¤«.

L 3 ØÓ6þ'�/e�Z&Ò±Ï���òØ
Table 3 Optimal signal cycle and minimum delay

in different flow ratios

�/ Copt/s dmin/s

1 155 112
2 161 162
3 168 212

5: dminL«�Z&Ò±Ï��e�²þòØ�m

4.2 ���ýýý���yyy(Simulation verification)
��y�©�.�{�O(5,3d|^VISSIM

�ý^�éþã�~?1�*�ý©Û.

1) ���AÛ^�.

����AÛ^�Xã3¤«,ÀHÜ�����
�?��þ�3^��(��!�1!m=),Ñ��þ
�3^��,z^���°Ýþ�3.5m.

ã 3 ���AÛ^�

Fig. 3 Geometry conditions of intersection

2) �Ï6þ.

L�Ú�ãT1S��Ï6þq1���Ú�ãT2S

��Ï6þq2��XL4¤«.

3) &Ò���Y.

(Ü����AÛ^���Ï6þ,&Ò���
Yæ^o� üÕ�1�ª(P1, P2, P3, P4©OL«
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À?�ü�!H?�ü�!Ü?�ü�!�?�ü�).
äN� �S��Xã4¤«.

L 4 �Ï6þ
Table 4 Traffic volume and simulation parameters

�/ q1/(pcu·h−1) q2/(pcu·h−1)

1 450 270
2 495 297
3 540 324

ã 4 &Ò� �S��

Fig. 4 Design of signal phases and sequences

éuØÓ���&Ò±Ï,z�'��6�É�
�m�Uì��ÚÝ�K?1©�,=

tGi ≈ tEGi = (C − L) · yi

Y
.

4) �ýëê��.

3�ýc,I�éVISSIM��ý�¸?1�'�
�.�â���AÛ«¿ã3���ý´�,�âL4
�ã4é�Ï6ëê�&Ò��ëê?1��.�

�[ã1¥1�ý���Ê���T�ù�é���
/,�±ÏLVISSIM&Ò��¥�/ £0ëê?1
��;�
ÿþ�ýòØ�m,L3���?���
�1§�muÿ«ã?1êâæ8. 3�ý¥,�

;��g�ý�5��Å5,3dæ^ØÓ��Å«
f?1õg�ý¢�,À�²þ����ý(J.

5) �ý(J.

�â����AÛ^�!Ñ\6þ±9&Ò��

�Y,|^VISSIM�ý^��òØµdõU,�±�
�3|6þ'eØÓ&Ò±Ï��ýòØ�m. ©O
é'3|6þ'e��ýòØ��nØòØ�,Xã5
¤«.

dã5�±wÑ,�X&Ò±Ï�ÅìO�,²þ
òØ�m¥k~��O��ª³,Ïd7½�3��
�`&Ò±Ï¦�²þòØ�m��[16]. Ó���,
�ýòØ�nØòØ�&Ò±Ï�Cz5Æ���.

5 (((���(Conclusions)
�©�éL�Ú�ÏG�,ïÄ
���'��

6òØ�&Ò±Ï�m��'X,í�
Äu'�
�6oòØ����Z&Ò±Ïúª,�á�L�Ú
G�e����&Ò��Jø
�'nØ�â.

ã 5 ØÓ6þ'e��ýòØ��nØòØ�é'
Fig. 5 Comparison between simulation delay and theoretical

delay under different flow ratios

�©JÑ����{Ì�·^u���L�ÚG

�±Y�m�á������må����¹. �L
�ÚG�±Y�m���,�©�{O����&Ò
±Ïò �,�U¬�Ñf¨
�1<�=F4�;
������må�á�,�©�{O����&
Ò±Ï�UÃ{��üèÄ6y��Ñy. Ïd,é
uL�Ú�ÏG�e&Ò`zù�;.�õ8I�

�¯K,I�ò�©�{�Ù¦�{?1?�Ú�K
Ü.
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