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Abstract For fixed time traffic signal control, the well-known Webster’s formula is widely used to

estimate the minimum delay optimal cycle length. However, this formula overestimates the cycle

length for high degrees of saturation. In this paper, we propose two regression formulas for estimat-

ing the minimum delay optimal cycle length based on a time-dependent delay formula as used in the

Canadian Capacity Guide and the Highway Capacity Manual (HCM). For this purpose, we

develop a search algorithm to determine the minimum delay optimal cycle length required for

the regression analysis. Numerical results show that the proposed formulas give a better estimation

for the optimal cycle length at high intersection flow ratios compared to Webster’s formula.
� 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Traffic signal control is one of the most efficient methods to
reduce the impact of traffic congestion. For an isolated inter-
section with fixed time signal control the cycle length is prede-

termined and fixed for all cycle in this intersection. The cycle
length is selected to optimize the intersection performance.
One of the most commonly used performance measures is

the delay due to its direct relation to what drivers experience
while attempting to cross an intersection [1,2].

A stochastic delay model was developed by Webster in pur-

pose of estimating the overall vehicle delay [3]. Based on this
model, Webster provided an estimate [4] of the optimal cycle
length that minimizes the overall vehicle delay. A main conse-

quence of Webster’s delay model is that the estimated delays

tend to infinity as the degree of saturation approaches one
(the arrival flow rate approaches capacity) which is not true
in the practical situation [4]. Hence, Webster’s formula overes-

timates the optimal cycle length for highly-saturated
intersections.

In order to enhance the performance of the stochastic delay

model, time-dependent delay models were developed. As the
degree of saturation approaches one, the delay computed from
a time-dependent delay model becomes tangent to the deter-
ministic over-saturation delay model [4]. These time-

dependent models are widely used in capacity guides as in
the Canadian Capacity Guide [5] and the Highway Capacity
Manual (HCM) [6] to improve the estimate of the overall vehi-

cles delay. However, a parallel line of improvement is missing
which is estimating the minimum delay optimal cycle length
based on the time-dependent delay models. To the best of

our knowledge, such estimate has not appeared in the litera-
ture yet.
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In [7], Al-Kubaisi aimed at developing a general regression
model for the prediction of the optimal cycle length at signal-
ized intersections depending on a simulation model. The data

obtained from the simulation experiments are used in a linear
regression analysis to achieve a model for the prediction of
cycle length that minimizes overall vehicle delay. The optimal

cycle length calculated by the regression model is compared to
that calculated using the OSCADY/3 software. In [8], Cheng
et al. used the HCS software [9] to conduct experiments for

a typical four-phase intersection over wide range of traffic vol-
umes and lost times. The results were used to generate an equa-
tion that modifies the original Webster’s minimum delay cycle
length equation.

In this paper, two regression formulas are developed to
improve the calculation of the optimal cycle length compared
to Webster’s formula. In order to generate the data required

for this regression process, a search algorithm is developed
to locate the optimal cycle length based on a time-dependent
delay model. Numerical results show that the proposed formu-

las give a better estimation for optimal cycle length at high
intersection flow ratios compared to Webster’s formula.

The rest of this paper is organized as follows. Section 2 pre-

sents the used time-dependent delay model. The search algo-
rithm and the regression formulas are presented in Sections 3
and 4 respectively. Numerical results are shown in Section 5.
Finally, concluding remarks are given in Section 6.

2. Time-dependent delay formula

Calculation of overall delay for each vehicle in this paper is

based on a time-dependent delay formula as used in the Cana-
dian Capacity Guide [5] and the Highway Capacity Manual
(HCM) [6] with vehicular traffic flows expressed as the number

of passenger car unit (pcu) per unit time.
The basic equation for estimating the average overall delay

is

d ¼ kfd1 þ d2; ð1Þ
where

d: average overall delay (sec/pcu),
kf : progression adjustment factor (kf ¼ 1 for isolated inter-

section [5]),

d1: average overall uniform delay =
C 1�ge

Cð Þ2
2 1�minðX ;1Þ ge

Cð Þ,

d2: average overflow delay = 15te ðX�1Þþ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðX�1Þ2þ240X

c te

qh i
,

C: cycle length (sec),
ge: effective green time (sec),

X: degree of saturation,
c: capacity (pcu/h),
te: evaluation time (min).

3. Search algorithm

An algorithm has been developed to find the optimal cycle
length that minimizes the average delay by investigating an
interval of cycle length [Cmin;Cmax]. Cmin is defined [10] as the

duration of time just long enough to allow all the traffic which
arrives in one cycle to pass through the intersection in the same
cycle. In this case, the intersection will be served at exactly

capacity condition (degree of saturation = 1). Minimum cycle
length could be expressed as [10]

Cmin ¼ L

1� Y
;

where

Cmin: minimum cycle length (sec),
L: total intersection lost time (sec),

Y: intersection flow ratio (sum of the critical lanes flow
ratios).

Cmax is the maximum cycle length which depends on prac-

tical limits. Long cycles involve long red intervals for some
movements and, as a consequence, long delays for vehicles.
A cycle length of 120 sec is usually considered as a practical

upper limit [5], while 140 or 160 sec is used under exceptional
conditions.

For each discrete value in this interval, we determine the

total average delay for all vehicles in this intersection. Then,
Copt could be determined as the cycle length which provides

the lowest total average delay. It is well known (see Fig. 3) that
increasing the cycle length C, decreases the total average delay
till C reaches Copt, then total average delay starts to increase.

Figure 1 A two-phase, four-approach intersection.

2510 A.Y. Zakariya, S.I. Rabia



Download English Version:

https://daneshyari.com/en/article/7211285

Download Persian Version:

https://daneshyari.com/article/7211285

Daneshyari.com

https://daneshyari.com/en/article/7211285
https://daneshyari.com/article/7211285
https://daneshyari.com

