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Ozet. Bu aragtirma, sinyalize kavsaklarda ara¢ davranis: ve gecikmesi tizerine bir ¢aligmay:
anlatmaktadir. Amag, gozlenen trafik hareketlerinden geligtirilen simiilasyon modeline
dayali bir regresyon modeli gelistirmektir. Geligtirilen simiilasyon modelinin ¢ok ¢esitli
uygulamalar: vardir. Bunlari, bu arastirma kapsaminda 6rneklemek icin, sinyalize kavgak-
larda arag gecikmesini en aza indiren optimum dongii zamani tahmini i¢in regresyon modeli
geligtirilmigtir. Gelistirilen regresyon modeli dolayl olarak, halen Bagdat’ta kullanilan
stirlis pratigi 6érneklemlerine dayanmaktadir.

Arag gecikmesi igin gelistirilen modelin ciktilarini dogrulamak ve ayarlamak icin
OSCADY/3 yazilim paketi kullanilmigtir. Gozlenen sonuglar bu makalede sunulmaktadir.
Kiyaslama, tiretilen ve tahmin edilen sonuglarin uyumlu oldugunu gostermektedir. Son
olarak, tahmin edilen model, varolan bir kavsaktaki trafik performansini, buradan gozle-
nen verilerin simiile edilmesiyle, degerlendirmek igin kullanilmaktadir. Go6zlenen sonuclara
dayanarak, bu 6zel islevdeki arac gecikmesini azaltacak onerilerde bulunulmaktadir.®

Anahtar Kelimeler. Trafik davranisi, optimum doéngli zamani, simiilasyon modeli,
gecikme.

Abstract. This research describes a study of vehicle behavior and delay at signalized
intersections. The objective was to develop a regression model based on simulation model
developed from observed traffic behavior. The developed simulation model has reasonably
wide range of applications. To illustrate that within the scope of this research a regression
model for the prediction of optimum cycle times, which minimizes vehicle delay at signal-
ized intersection, was developed. The developed regression model is implicitly based on
the sampled driving practice currently used in Baghdad.
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The OSCADY/3 software package was used to verify and calibrate the developed model
outputs of vehicle delay. The obtained results are presented in this paper. The comparison
suggested the existence of harmony between the produced and predicted results. Finally
the predicted model is used to evaluate the traffic performance at an existing intersection
by simulating its observed data. Based on the obtained results, suggestions were made to
reduce vehicle delay at this particular function.

Keywords. Traffic behavior, optimum cycle time, simulation model, delay.

1. Introduction

Delay that individual vehicles may experience at a signalized intersection is usually
subject to large variation because of the randomness of traffic arrivals and interrup-
tion caused by traffic signal controls. On the other hand such variation may have
important implications for the planning, design, and analysis of signal controls [1].
Predicting the optimum cycle time will minimize delay and will result in an efficient

performance of the signalized intersections.

The main objective of this paper is to develop a general regression model for the
prediction of optimum cycle time at signalized intersections depending on the appli-

cation of a simulation model developed for vehicle behavior at signalized intersection.

The information presented here is divided into two parts. In the first part, the simu-
lation model is applied to typical situations by assuming typical four-arm signalized
intersections with different geometries, flow, and cycle times. The main objective of
this part was to develop a general regression model for the prediction of optimum
cycle time at signalized intersections. The optimum cycle time calculated by the
predicted model is then compared with that calculated by OSCADY /3 program. In
the second part a congested signalized intersection in an urban area at Baghdad
City was selected as a case study. Alternatives for improving its performance were

suggested based on the developed simulation model results.

2. Development of the Optimum Cycle Time Regression

Equation

This section describes the steps, assumptions, and procedure that is followed for
the application of the developed simulation model to the calculation of the cycle
time. This cycle time minimizes vehicle delay at signalized intersections. To achieve

this purpose, three typical intersections with different geometries were assumed and
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examined by simulation of vehicle delay for a range of signal timing under various
flow conditions. Vehicle behavior and movement were simulated on the basis of the

following assumptions:

1. Vehicles arrive at the intersection approaches at random with negative expo-
nential distribution of vehicle inter-arrival times.

2. A range of mean lost time for each signal phasing of (1, 1.5, 2, 2.5 seconds)
was assumed for each flow variation.

3. Saturation flow was calculated for each approach by the simulation model on
the basis of the predictive equations developed by Kimber, McDonald, and
Hounsell for road intersections controlled by signals [2].

4. Vehicle movement types are straight through only.
The assumed simulated intersections are described below.
2.1. 4-Arm signalized intersection with one lane of traffic flow. The geo-

metric layout and the stage diagram used in this simulation experiment are shown

in Figure 1. The traffic composition was assumed to be 100% passenger cars.

I/

— |

i o

Stage -1 Stage -2

F1GURE 1. Geometric layout and stage diagram of the 4-arm simu-
lated intersection.

The simulation experiment was made by starting with an input vehicle flow of 100
pcu per approach. The minimum possible lost time was input, together with other
necessary input parameters. A minimum cycle time of 22 seconds composed of 7
seconds green, 3 seconds yellow and one second all red was selected. This selection

is based on safety requirements for minimum green and yellow [3].
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The vehicle delay which corresponds to 22 second cycle time was simulated. The
simulation time was 5 hours. The saturation flow which corresponds to this sim-
ulation condition was also obtained from the simulation model. The cycle time is
increased in 5 seconds intervals and the calculations described as above are repeated.
The objective is to obtain a database showing the listed below information for each

value of vehicle flow.

1. Cycle time.
2. Vehicle delay.
3. Vehicle lost times.

4. Vehicle saturation flow.

Typical results are presented in Table 1. The variable X computes from the degree of

saturation (Y) which is computed for each approach as X = (total lost time)/(1-Y").

TABLE 1. 4-Arms simulated intersection with one-lane traffic flow.

Flow | Lost time 1 sec. | Lost time 1.5 sec. | Lost time 2 sec. | Lost time 2.5 sec.
Vph | Co|Sflow| X |[Co|Sflow| X |Co|Sflow| X |Co|S.flow| X

100 | 22 | 1766 |3.18 | 22 | 1528 | 4.52 | 22 | 1766 |5.30 | 22 | 1766 | 6.36
200 | 22| 1700 |[3.40| 22| 1680 | 4.54 | 24 | 1650 |5.69 | 28 | 1645 | 6.83
300 | 22 | 1640 |3.67| 22| 1648 | 4.89 | 32 | 1688 [6.08 | 34 | 1623 | 7.36
400 | 30 | 1624 |3.98| 30 | 1640 | 5.29 | 35| 1650 |6.60 | 40 | 1650 | 7.92
500 | 40 | 1645 |4.31]40 | 1650 | 5.74 | 45| 1673 | 7.13| 45 | 1662 | 8.58
600 | 45 | 1750 | 4.56 | 45 | 1680 | 6.22 | 50 | 1698 | 7.73 | 55 | 1645 | 12.6
700 | 50 | 1605 [9.42| 50 | 1565 | 10.5 | 50 | 1238 |11.5| 60 | 1566 | 12.3

Following that, the cycle time which resulted in the minimum vehicle delay was
selected together with other necessary information for later regression analysis. The
variation of cycle time with the increase in vehicle demand flow is presented graph-

ically in Figure 2.

2.2. 4-Arm signalized intersection with two lanes of traffic flow. The pur-
pose of this application is to examine the optimum cycle time by simulating a range
of signal phasing with demand flow variations for a 4-arm intersection with two lanes
for each approach.
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FI1GURE 2. Model application at four arms signalized intersection

with one lane approaches.
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The traffic composition was assumed to be 96% passenger cars and 4% heavy vehi-

cles. The geometric layout and signal-stage diagrams for the simulated intersection
are shown in Figure 3. The variation of cycle time with the increase in vehicle
demand flow is presented graphically in Figure 4. The method of analysis used is

similar to that described for 4-arm signalized intersection with one lane of traffic

flow. The typical results obtained are presented in Table 2.
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FiGURE 3. Layout and stage diagram of the 4-arm simulated intersection.

TABLE 2. 4-Arm simulated intersection, two lanes.

A

Stage -1

—(-

Stage -2

Flow | Lost time 1 sec. | Lost time 1.5 sec. | Lost time 2 sec. | Lost time 2.5 sec.
Vph |Co|Sflow| X |Co|Sflow| X |[Co|Sflow| X |[Co|Sflow| X

100 | 22| 2099 |3.15| 22 | 2004 | 4.21 | 22| 2004 |5.25| 24 | 2099 | 6.18
200 | 22 | 1866 [3.36 |22 | 1866 | 4.48 | 24 | 1866 |5.60 | 29 | 2046 | 6.65
300 | 22| 1800 |3.60| 24 | 1800 | 4.80 |28 | 1800 |6.00 |31 | 1775 | 7.22
400 | 30 | 1748 |3.89| 30 | 1733 | 5.20 |32 | 1733 |6.47 |32 | 1733 | 7.8

500 | 30 | 1719 [4.23 |30 | 1734 | 5.62 |32 | 1734 |7.05| 35| 1729 | 8.44
600 | 28 | 1711 [4.62| 30| 1711 | 6.16 | 38 | 1711 |7.72| 38 | 1711 | 9.24
700 | 30 | 1714 [5.07| 32 | 1700 | 6.80 | 38 | 1700 |8.52| 40 | 1724 | 10.1
800 | 26 | 1698 |5.67| 30| 1703 | 7.54 |38 | 1703 |9.42 |40 | 1705 | 11.3
900 | 32 | 1696 |6.39| 38 | 1696 | 852 |42 | 1696 |10.6 | 44 | 1705 | 12.7
1000 | 34 | 1699 |7.29| 42| 1724 | 952 |46 | 1724 |11.9 |44 | 1731 | 14.2
1100 | 37 | 1722 |8.30| 42 | 1719 | 11.1 |52 | 1719 |13.8 |55 | 1728 | 16.5
1200 | 42 | 1738 [9.69| 45| 1739 | 12.9 [ 65 | 1739 |16.0| 65 | 1745 | 19.2
1300 | 45| 1753 | 11.6| 52 | 1756 | 15.4 | 75 | 1756 |18.9| 75 | 1840 | 20.4
1400 | 60 | 1730 | 15.7| 68 | 1797 | 18.1 [ 80 | 1797 |22.4| 80 | 1880 | 23.5
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F1GURE 4. Model application at signalized intersection, two lane approaches.

2.3. 4-Arm signalized intersection with three lanes of traffic flow. The
objective of this simulation experiments is the determination of optimum cycle times

of a 4-arm signalized intersection with three lanes of traffic flow. The used geometric
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layout and stage diagram are presented in Figure 5. The traffic composition was
assumed as 98% passenger cars and 2% heavy vehicles. The method of analysis
used is similar to that described for the 4-arm signalized intersection with one lane
of traffic flow. The typical results obtained are presented in Table 3. The variation
of cycle time with the increase in vehicle demand flow is presented graphically in

Figures 6.

FIGURE 5. Geometric layout and stage diagram of the 4-arm simu-
lated intersection.

TABLE 3. Data for 4-arm simulated intersection with three lanes.

Flow | Lost time 1 sec. | Lost time 1.5 sec. | Lost time 2 sec. | Lost time 2.5 sec.
Vph | Co [Sflow| X |[Co|Sflow| X |Co|Sflow| X |[Co|Sfow| X

100 | 22 | 2099 | 3.15| 22 | 2004 | 4.21 | 22 | 2100 |5.25| 22 | 2035 | 6.31
200 | 22 | 1866 [3.36 | 22 | 1866 | 4.48 | 24 | 1866 | 5.6 | 26 | 1866 | 6.72
300 | 22 | 1878 | 3.57 |22 | 1858 | 4.77 | 25 | 1846 [5.97| 28 | 1865 | 7.15
400 | 24 | 1828 | 3.84 | 25| 1828 | 5.12 | 28 | 1828 [ 6.40 | 30 | 1828 | 7.68
500 | 24 | 1815 [4.14 |26 | 1815 | 5.52 | 32 | 1815 |6.90| 33 | 1815 | 8.28
600 | 26 | 1800 |4.50 | 28 | 1812 | 5.98 | 30 | 1814 | 7.47 | 33 | 1812 | 8.97
700 | 27| 1793 [4.92 |30 | 1793 | 6.56 | 35 | 1786 [8.22| 35 | 1774 | 9.91
800 | 28 | 1775 | 5.46 | 30 | 1775 | 7.28 | 35 | 1763 |9.15| 42 | 1779 | 10.9
900 | 30 | 1765 |6.12 | 35 | 1765 | 8.16 | 42 | 1765 |[10.2| 45 | 1770 | 12.2
1000 | 35 | 1763 | 6.93 | 42 | 1761 | 9.25 | 45 | 1757 |11.6 | 48 | 1759 | 13.9
1100 | 42 | 1758 | 8.01 |42 | 1766 | 10.6 | 46 | 1762 | 13.3 | 57 | 1760 | 16.0
1200 | 45 | 1779 [ 9.21 | 48 | 1785 | 12.2 | 56 | 1782 | 15.3 | 66 | 1780 | 18.4
1300 | 45 | 1781 | 11.1 |50 | 1781 | 14.8 | 62 | 1774 | 18.7| 76 | 1803 | 21.5
1400 | 58 | 1820 |[13.0 | 64 | 1711 | 176 | 76 | 1806 |22.2| 80 | 1880 | 23.5
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FIGURE 6. Model application at four arms intersection, three lane approaches.

3. Determination of Optimum Cycle Time

The data obtained from the simulation experiments made in the previous section
are analyzed statistically using linear regression technique. The objective was de-
velopment of a statistical model for the prediction of cycle times which minimizes

vehicle delay.
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The general from of the adopted model for linear regression analysis was as below
Cycle time = aX + b
where

a = coefficient of X
b = constant, and

X = the independent variable.

Furthermore, the independent variable was assumed to be a function of the total
lost time per cycle and the average degree of saturation of the intersection. Speaking
mathematically, the general form of the X-equation is as below
L
Ty
where L is the total lost time per cycle in seconds (L = nl+ R) and Y is the average
degree of saturation of an intersection (Y = ¢/s). Here, n is the number of phases,
[ is the average lost time per phase (excluding any all-red periods), R is the time
during each cycle when all signals display red, ¢ is the vehicle demand flow for an

approach Vph, s is the saturation flow for an approach.

Following this mathematical transformation the linear regression technique was ap-

plied and the resulting equation is as described below
C, =297 X + 12.87,

thus 0 70L
Cy = ——+12.87
1-Y +

is the developed regression model. Here C, is the optimum cycle time.

The determination coefficient (R?) for this model is 0.88. This value suggests that
the obtained regression model explain about 88% of the observed scatter in the sim-
ulated data. The remaining 12% unexplained scatter was attributed to the random
nature of other variables, for example vehicle arrival flow distribution. On the basis
of the above analysis result, it may be reasonable to use the developed linear re-
gression model for the prediction of optimum cycle time. Figure 7 shows the scatter
plot and the developed regression model for the relationship between the optimum

cycle time and the X parameter.
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FIGURE 7. Relationship between the optimum cycle time and X pa-
rameter value.

The OSCADY /3 program was adopted to calibrate the regression model outputs. To
achieve this purpose, cross signalized intersection was selected. The geometric layout
and signal stage diagram is represented in Figure 8. The following assumptions were

considered for this test:

e vehicle movement type is straight through only,

e flow varied from 100 to 1400 Vph,

e saturation flow was 1940 Vph according to Kimber, Macdonald and Hounsell
equation for prediction the saturation flow,

e lost time for each phase is 1.5 seconds,

e traffic composition is 98% passenger cars, and 2% are heavy vehicles.

The regression model was used to calculate the optimum cycle time which corre-
sponds to each level of vehicle flow. The same intersection parameters were used
as an input data for OSCADY/3 program [4]. The produced optimum cycle time
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F1GURE 8. Geometric layout and stage diagram of 4-arm intersection
used for model calibration.

values were then compared with that predicted by the regression model. Compar-
ison of results is presented in Figure 9. The produced optimum cycle time for the
regression model and that predicted by OSCADY/3 was plotted against the flow

variation as shown in Figure 10.
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FIGURE 9. Comparison of regression model and OSCADY /3 outputs.
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F1cURE 10. Effect of vehicle flow variation on optimum cycle time.

Figures 9 and 10 indicate reasonable agreement between the results produced by the
OSCADY /3 program and with that predicted by the regression model under such

working conditions.

4. Case Study

The objective of this part of simulation model application was to show the model
capability to improve an existing signal controlled junction performance. The se-
lected intersection is located in Ellwia District at Baghdad City. The cycle time of
this intersection is long, in addition to that the distribution of effective green on
approaches is not consistent with the degree of saturation for the approaches. This
results in excessive vehicle delay at some approaches. The intersection geometric

layout and existing signal stage timing diagram are presented in Figure 11.

Data of the intersection in its present state was collected using video camera tech-
nique, during the evening period from 6:30 to 7:30 pm. This period is one of the
peak hours of the intersection. The EVENT computer program was used to abstract
the data, while data processing was made with the aid of other computer programs

developed for this purpose. To evaluate the present intersection performance, it was
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F1GURE 11. Geometric layout and stage diagram of the case study intersection.

essential to calculate its average delay. The observed delay for each approach and

other essential information were found as presented in Table 4.

TABLE 4. Observed data for the case study intersection.

Approach S. bound | W. bound | N. bound E. bound
Effective green, sec. 25 26 24 13
Flow, Vph 650 800 840 400
Observed delay, s 35.6 36.8 53.11 48.76

Whole intersection average delay = 43.56 sec./veh. Existing cycle time = 112 sec.

5. Assumptions for Solution and Alternative Using Model

Application

Any traffic system has three components, the geometry, stage diagram, and the
vehicle behavior. The changes or improvements for an intersection should be made
on one or more of the above components. The prospect for geometric development

at the examined intersection is limited because it is surrounded by buildings.

Alternatively, it was decided to focus on the possible improvement in stage diagram

and signal timings. This objective was made in a number of steps. In the first step
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the intersection operation was examined using different sets of cycle time lengths
and green splits. The intergreen periods adopted were 6 seconds for each phase.

The resulting delay values were presented graphically in Figure 12.
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F1GURE 12. Variation of cycle time versus simulated delay.

In the second step the optimum cycle time was selected. The selection was based on
the data presented in Figure 6. The optimum cycle was 72.5 second. This value is
substantially lower than that currently in use which is 112 seconds. Other simulation

results were reported in Table 5.

TABLE 5. Simulating data after intersection improvements.

Approach S. bound | W. bound | N. bound E. bound
Effective green, sec. 9.5 15.5 15.5 8
Simulated delay, sec. | 31.24 25.04 25.25 29.65
Average delay for the intersection = 28.0 sec./veh., Obtained Co = 72.5 sec.

Comparison between results in Tables 4 and 5 indicates the difference between the
existing intersection performance and the possible performance when the proposed
timings are employed. The proposed modifications result in decreases in the aver-
age delay for the intersection by about 40%. From this case study, the prediction
model capability to support the best solutions for the signalized intersection can be

concluded.

As the change in the signal timing resulted in an acceptable intersection delay, the
researcher considered the decrease in the delay value (40%) is adequate and decided
that the phasing diagram remains constant and no need to propose a new phasing

diagram during this stage.
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6. Conclusion and Recommendations

For the same traffic volumes, the obtained optimum cycle time values increased with

the increase in the values of the total lost time in the intersection.

The optimum cycle time increased with the increase in traffic volume for a signalized
intersection in case of considering no changes in other parameters such as the total

lost time.

The developed regression model for the prediction of optimum cycle times can be
used to obtain cycle times, which reduce vehicle delay. However, it is recommended

to use it within the range of the simulated conditions.

It is recommended to examine the simulation model to predict a regression model
representing wide range of simulated conditions to enable the model for wide ap-
plication to play a main role for solving the traffic congestion in the signalized

intersections.
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