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ABSTRACT 

 

Traffic congestion is manifested by delay and the importance of delay is evident due to 

impact on the loss of time, frustration and discomfort of drivers, in addition to the direct 

impact on fuel consumption and on-road networks during idleness and inactivity. This 

study is based on the evaluation of traffic congestion and formulates low-cost congestion 

solutions based on the coordination of traffic signals for five intersections in the city of 

Nicosia. The data of the study were collected using a video camera during the morning and 

evening peak hours for five intersections. The results show that the delay was reduced to 

51 % in the morning and 52 % in the evening. Moreover, there was a significant 

improvement in low carbon dioxide emissions (CO2) by 88% in the morning and 64% in 

the evening responding to the reduction of fuel consumption. Thus, through the re-

coordination of traffic signals (cycle time), the level of service the intersections was 

improved which reflected positively on travel speed and reducing the fuel consumption. 

 

Keywords: SIDRA Intersection; Traffic lights; Congestion; Delay; Travel Speed; Carbon 

Dioxide Emissions. 
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ÖZET 

 

Trafik tıkanıklığı gecikmeyle kendini gösterir ve gecikme, sürücülerin boşta kalma ve 

hareketsizlik sırasındaki yakıt tüketimi ve yol ağları üzerindeki doğrudan etkisinin yanı 

sıra, zaman kaybı, hayal kırıklığı ve rahatsızlık üzerindeki etkisi nedeniyle de belirgindir. 

Bu çalışma, trafik sıkışıklığının değerlendirilmesine dayanmaktadır ve Lefkoşa kentinde 

beş kavşak için trafik sinyallerinin koordinasyonuna dayanan düşük maliyetli sıkışıklık 

çözümlerini formüle etmektedir. Çalışmanın verileri, sabah ve akşam en yoğun saatlerde 

beş kavşak için bir video kamera kullanılarak toplanmıştır. Sonuçlar, gecikmenin 

sabahları% 51'e, akşamları ise% 52'ye düştüğünü göstermektedir. Ayrıca, düşük karbon 

dioksit emisyonlarında (CO2) sabahları% 88, akşamları ise% 64 oranında yakıt tüketiminin 

azalmasına yanıt olarak önemli bir iyileşme oldu. Böylece, trafik sinyallerinin yeniden 

koordinasyonu yoluyla (çevrim süresi), seyahat hızına pozitif yansıyan ve yakıt tüketimini 

azaltan hizmet seviyesi kavşaklarda iyileştirildi. 

 

Anahtar Kelimeler:  SIDRA Kavşağı; Trafik ışıkları; Tıkanıklık; Gecikme; Seyahat hızı; 

Karbondioksit Emisyonları. 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

TABLE OF CONTENTS 

 

ACKNOWLEDGMENTS ……………………….………………………..……….…..    v 

ABSTRACT ...…………………………………….……………………........................    v 

ÖZET ....…………………………………………….…………………..........................    iv 

TABLE OF CONTENTS ….………………………...…………………………………   v 

LIST OF TABLES …………………………………….……………………….............  vv 

LIST OF FIGURES ………………………………….…………………….…………..   ix 

LIST OF ABBREVIATIONS …………………………………………………..….....    xi 

 

CHAPTER 1: INTRODUCTION 

1.1 Background …………………………………………………………………………    1  

1.2 Research Problem ……….……………………………………………………….....     2 

1.3 The Aims and Scope of Research …………………………………………………..     2   

1.4 The Motivation and Importance of the Thesis …………………………..….............     3  

1.5 Limitations of Study …………………………………………………………………   3 

 

CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction ………….……………………………………………………………..     4 

2.2 SIDRA 8 INTERSECTION Software ……………………………………………...     4                                                                                                             

2.3 Brief History of Traffic Signals …………………………………………………….     6                                                                

      2.3.1 Principles of traffic signal control …………………………………………….    6 

      2.3.2 Advantages and Disadvantages of Traffic Signal Coordination ……………...    7 

                A. Some of the Advantages of Traffic Signal Coordination …..……………..    7 

                B. Some of the Disadvantages of Traffic Signal Coordination ………………    8 

2.4 Movements and phases ……………………………………………………………...    8  

2.5 Cycle time …………………………………………………………………………...    9 

      2.5.1 Effective green time …………………………………………………………..     9 

2.6 Level of Service……………………………………………………….……….…...    10 

      2.6.1 Speed and Travel Time.……………………………………….…………...…    13 

      2.6.2 Delay.……………………………………………………………………….....   13 



vi 
 

      2.6.3 Capacity……………………………………………………………………….    15 

2.7 Fuel Consumption………………………………………………………………….     16 

2.8 Operating Cost………………………………...……………………………………    16 

2.9 Established Previous Studies ……………………………………………………....    16    

 

CHAPTER 3: METHODOLOGY 

3.1 Introduction ………………………………………………………………………..    18 

3.2 Study Area …………………………………………………………………………    18 

3.3 Data Collection …………………………………………………………………….    20 

      3.3.1 Area Selection………………………………………………………………..     20 

      3.3.2 Time Determination …………………………………………………………     21 

      3.3.3 Intersection Visitation ……………………………………………………….    22 

      3.3.4 Data Extraction from Video …………………………………………………    25 

3.4 Data Digitization …………………………………………………………………..    26 

      3.4.1 Data Adjustment and Calibration………………………………….................    26 

      3.4.2 Excel Program...…………………………………………………….……......    27 

3.5 SIDRA INTERSECTION 8 Data Input…...…………………………………....….    32 

      3.5.1 Intersection Definition ……………………………………………………….   32 

      3.5.2 Lane Geometry………………………………………………………………..   33 

      3.5.3 Volumes………………………………………………………………………   34 

      3.5.4 Phasing and Timing…………………………………………………………..   35 

 

CHAPTER 4: RESULTS 

4.1 Introduction ………………………………………………………………….……..    37 

4.2 Evaluation of The Current Situation of Traffic Flow at Intersections …….……….    37 

4.3 Suggestions for Optimization the of Study Area ……….……………….…..……..    38 

         4.3.1 Addition Cycle Time of Signal…………………………...……….………..    39 

                  A. Optimum Cycle Time …………………………………………………...   39 

                  B. Optimized Cycle Time…………………………………………………...   41 

         4.3.2 Increase Lane Width……………………………….……..………….……...   43 

         4.3.3 Determine the path of heavy vehicles ...………..…………………………...   43 

4.4 Table of Traffic Performance………………..……………………………………...   44 



vii 
 

4.5 Summaries Comparison of Result……….…………………………………...……..   45 

4.5.1 Delay …………………………………...………………..……………………….    45 

4.5.2 Travel speed………………………………………………………………………    48 

4.5.3 CO2 Emission…...………………………………………………………………...    49 

 

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion ………………………………………………………………………….    52 

5.2 Recommendations for Future Work……………………………………………...…    52 

 

REFERENCES ………………………………………………………………………..    53 

 

APPENDIX 

Appendix 1………………...……………………………………………………………    57 

Appendix 2………...……………………………………………………………..……..    60 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

LIST OF TABLES 

 

Table 2.1: The length of the yellow change interval ………………………………......     7 

Table 2.2: LOS criterion for signalized intersection ……………………………….....     11 

Table 2.3: Free flow speed and capacity for Multilane highway …………………......     16 

Table 3.1: A Passenger Car Equivalents ……………………………………………. .     26 

Table 3.2: Data for Yenikent intersection..…………………………………………....     27 

Table 3.3: Data for Gocmenkoy intersection …….…………………………………...     29 

Table 3.4: Data for fazıl küçük bulvarı with Kemal Aksay Caddes intersection……...     29 

Table 3.5: Data for Honda intersection ……….………………………………………     30 

Table 3.6: Data for the Hamitkoy intersection………………………………………...     31 

Table 4.1: Summary of SIDRA intersection 8 results of all nodes before optimization in 

                   morning…………..………………………………………………………….     38  

Table 4.2: Summary of SIDRA intersection 8 results of all nodes before optimization in 

                   evening…………..…………………………………………………………..     38  

Table 4.3: Optimum cycle time determination: Yenikent intersection...…………..….     41 

Table 4.4: Optimum cycle time determination: Gocmenkoy intersection …...……….     41 

Table 4.5: Optimum cycle time determination: intersection fazıl küçük bulvarı with 

                   Kemal Aksay Caddes ………………...……….………………...………...     41   

Table 4.6: Optimum cycle time determination: Honda intersection...………………...     41 

Table 4.7: Optimum cycle time determination: Hamitkoy intersection  ……………...     41 

Table 4.8: Time value for Yenikent intersection………………………………………    41 

Table 4.9: Time value for Gocmenkoy intersection…………………………………...    41 

Table 4.10: Time value for intersection fazıl küçük bulvarı with Kemal Aksay Caddes.  41 

Table 4.11: Time value for Honda intersection………………………………………..    41 

Table 4.12: Time value for Hamitkoy intersection……………………………………    42 

Table 4.13: Comparison of the level of service in the morning before and after    

                     optimization………....……………………………………………………..    44  

Table 4.14: Comparison of the level of service in the evening before and after    

                    optimization………….……………………………………………………..    45  

 



ix 
 

LIST OF FIGURES 

 

Figure 2.1: SIDRA INTERSECTION 8 Software ……………………………………..    6 

Figure 2.2: Allowed lens arrangements ………………………………………………..     7 

Figure 2.3: Vehicle movement at an intersection……………………………………....     8 

Figure 2.4: LOS, speed and flow/capacity …………………………………………....     11 

Figure 2.5:  Level Of service LOS …………………………………………………....     12 

Figure 2.6: The factors affecting the level of service (LOS)…………………..……...     13 

Figure 3.1: The methodology of research …………………………………………….     18 

Figure 3.2: Northern and southern part of Cyprus ……………………………………     19 

Figure 3.3: Northern Cyprus ………………………………………………………….     19 

Figure 3.4: Data collection steps ………………………………………………….…..     20 

Figure 3.5: The locations of the 5 interactions ……………………………………….      21 

Figure 3.6: The reasons behind morning timing choosing …………………………...      21 

Figure 3.7: The reasons behind evening timing choosing …………………………....      22 

Figure 3.8: The numbers of the interactions ………………………………………….     22 

Figure 3.9: Yenikent intersection……………………………………………………...     23 

Figure 3.10: Gocmenkoy intersection …………………………………………………    23 

Figure 3.11: Dr. fazıl küçük bulvarı with Kemal Aksay Caddesi……………………..     24 

Figure 3.12: Honda intersection ……………………………………………………....     24 

Figure 3.13: Hamitköy intersection…………………………………………………....     25 

Figure 3.14: The layout of Yenikent intersection ………………………...…………..     26 

Figure 3.15: The layout of Gocmenkoy intersection …….…….……...……………...     28 

Figure 3.16: The layout of intersection fazıl küçük bulvarı with Kemal Aksay Caddes     29             

Figure 3.17: The layout of Honda intersection ………...……………………………..     30 

Figure 3.18: The layout of Hamitkoy intersection……...……………………………..     31 

Figure 3.19: Intersection Definition …..…….…………………………………….…..     32 

Figure 3.20: Lane Configuration...………………….…………………….….………..     33 

Figure 3.21: Lane Disciplines ……………………...………………………...………..    34 

Figure 3.22: Definition of Volumes.……………………..…………..………..….…….   35 

Figure 3.23: Sequence Editor ………………………………………...………...............   36 

Figure 3.24: Phase and Sequence Data…………………………………………………   36 



x 
 

Figure 4.1: The movement of heavy vehicle…………………………………………..    43 

Figure 4.2: The delay before and after the optimization for morning peak hours …….    45 

Figure 4.3: The delay before and after the optimization for the evening peak hours….    47 

Figure 4.4: Travel speed value before and after the optimization for the morning peak                                    

                    hours …………..……………………………………………...…………....   48  

Figure 4.5: Travel speed value before and after the optimization for the evening peak                                    

                    hours …………..……………………………………………...…………....   49  

Figure 4.6: Comparison between CO2 emission before and after the optimization for the                     

                    morning peak hours…………………………………………...…………....   50  

Figure 4.7: Comparison between CO2 emission before and after the optimization for the                     

                    evening peak hours…………………………………………...……………    51  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

LIST OF ABBREVIATIONS 

 

FUC:        Fuel Consumption,  

OPC:       Operation Cost,  

LOS:        Level of Service,  

C0:           The optimal cycle length,       

L:             The Total Lost Time,   

Y:             The Sum of The Critical Flow Ratio of All Phases,     

Gi
:          Actual Green Time, 

g
i

:           Effective Green Time, 

Y i
:           Yellow and All-Red Time, 

Tl:            Lost Time Per Phase, 

HCM:      Highway Capacity Manual,  

C:             Signal Cycle, 

g:              Effective Green Signal Time, 

q:              Traffic Arrival Flow Rate, 

S:              Departure Flow Rate from Queue During Green, 

Q:             Expected Overflow Queue from Previous Cycles, 

PCU:        Passenger Car Unit,  

PCE:        Passenger Car Equivalent, 

LCV:        Light commercial vehicle, 

T:             Straight, 

R:             Right, 

L:              Left. 

  



1 
 

CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

The world is witnessing rapid growth, and rapid economic development which is the cause 

of considerable traffic congestion. Traffic engineers forced to find solutions to improve 

network operations solutions. In cities experiencing rapid growth, such as Nicosia / 

Turkish Republic of Northern Cyprus, where 48% of the area of Northern Cyprus is 

residential, it has been noted that traffic congestion on road networks was happening 

during peak hours in the morning and evening. This is due to the increase in the number of 

private cars that occupy different parts of the street, start at different speeds and move at 

different speeds. Poor coordination of traffic signals causes delays and congestion for 

citizens and the emissions associated with traffic cause environmental and health problems.  

Nicosia has clear evidence of these problems at intersections and in traffic. It is worth 

mentioning that the capital of Cyprus, Nicosia, contains many prestigious universities. 

Therefore, it receives students from many countries. Traffic networks can be complicated, 

serving a variety of modes of public and private vehicles, so setting up timing plans for 

traffic signals is a difficult task for the traffic analyst. 

Many traffic studies have focused on estimating delays and queues caused by the adoption 

of the signal control strategy at individual and sequences of intersections. There are many 

factors involved in determining the level of service intersections, and the important one is 

traffic delays, and queues that have an impact on the estimation of fuel consumption and 

emissions. Therefore, achieving the minimum delay is the first goal for traffic engineers. 

Traffic lights systems are complex system with random and dynamic events which makes 

it difficult to control, analyze and optimize. The normal function of traffic lights is more 

than a simple control, thus coordination is required to ensure that traffic and pedestrians 

move as smoothly and safely as possible.  

However, by using the data from each intersection of the five that were collected in 

Nicosia city, the numbers of vehicles have been collected for 15 minutes, during rush hour
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in the morning and evening.  Finally, the delay data was well analyzed and adjusted by 

SIDRA INTERSECTION 8 software is used to find the appropriate green time for traffic 

signals, to get some idea of how to solve the delay and congestion problem. 

1.2 Problem Statement   

In recent years, traffic lights systems have needed to address many of the problems, which 

extend across a wide range of technical, political and social boundaries. With progress in 

urbanization and increased traffic congestion comes the high demand for the operation of 

road systems with maximum efficiency. As a result, poor coordination of traffic signal 

time with the increase of traffic volume (number of vehicles) at intersections in urban 

areas, will result in delay, long queues and longer travel time, especially in the morning 

and evening during rush hours. These are times when the population of the city and its 

visitors during working hours are more than the number of residents during the rest of the 

day (non-working hours). This leads to increase delay, operation cost (OPC) of vehicles, 

fuel consumption (FUC), and CO2 emissions. Two other possible problems are the 

decrease in the travel speed and Level of service (LOS). 

1.3 The Aim and the Scope of Research 

The main aim of this study is to evaluate the traffic light operating systems of five 

intersections in the city of Nicosia using SIDRA INTERSECTION 8 software and the 

following objectives were designed and implemented to achieve the main aim: 

1-To evaluate the current situation of Traffic flow at the study area using SIDRA 

INTERSECTOIN 8 software, 

2- To find out the effective green time for each direction, 

3- To investigate the performance of a road network of the selected study area, after the 

calculation of appropriate green time using SIDRA INTERSECTION 8 software, 

4-To formulate economic solutions to the existing traffic control system, by re-

coordinating the traffic signals time according to the traffic volume at selected 

intersections. 
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1.4 The Motivation and The Importance of the Thesis 

The importance of the thesis is in solving the problem of traffic congestion at intersections 

using a SIDRA INTERSECTION 8 software in Nicosia city, that provides simulation and 

analysis of the timing of the traffic signals in solving the problem of traffic congestion, 

instead of opening new streets or reorganizing old streets that would need more time and 

money. This study also investigates the methods for designing and evaluating signals. 

Specifically, we will depend on the results of SIDRA 8 software and evaluate it to select 

the best solution for our study. 

1.5 Limitations of Study  

This study is limited to traffic junctions in Nicosia city. Data collected in 2018 during 

April in the morning and evening during rush hours. Traffic forecast analysis is limited to 

population growth factors. The solutions are limited of choosing the proper green time for 

traffic signals, Therefore, these may need to increase or decrease according to traffic 

capacity. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction  

Many cities around the world have faced different degrees of traffic congestion and that 

has led to different solutions.  This will be discussed in this chapter, as well as discussing 

the history of traffic signals and the advantages and disadvantages of traffic signal 

coordination. The software used in the analysis of intersections was the SIDRA 

INTERSECTION 8. More information about input data and its features will be included. 

Analyzing the performance of an intersection is one of the most important things in traffic 

design. Accordingly, the delays in the intersection are directed to estimate the total delay or 

stopped delay. 

2.2 SIDRA 8 INTERSECTION Software 

SIDRA (Signalized Intersection Design and Research Aid) is a software package 

developed by the Australian Road Research Board as a means of assisting the capacity, 

timing, and analysis of the performance of signal intersections. It also provides a flexible 

structure that allows for multilevel analysis, from very simple intersection conditions to 

very complex ones (Transportation Research Board, 2000). 

SIDRA's program is characterized by its strong analysis of signalized intersections and 

roundabouts. It also works to improve cycle lengths of traffic signals, phase sequences and 

splits. SIDRA has a wide range of graphic displays of intersection geometry, including the 

number of lanes and their design (Transportation Research Board, 2000). 

SIDRA can be used to analyze the intersections lane-by-lane, and to identify lane flow 

calculations, common lanes and lane blockage, capacities of lanes, identify performance 

measures, and variable cycle lengths of traffic signals. Based on the profiles of the length 

of the cycle and the changing parameters defined by the user to allow the improvement of 

the signal by setting the best cycle length and sequence developed. This includes reducing 

delays, vehicle emissions, fuel consumption, operating costs, and improved traffic flow. 
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This includes reducing delays, vehicle emissions, fuel consumption, operating costs, and 

improved traffic flow (Transportation Research Board, 2000).  

SIDRA INTERSECTION 8 software provides significant improvements to the user 

interface, including improved visual representation and accurate output reports as well as 

more graphical displays of Layout, Volumes, Phase Sequence and Movement, compared to 

the first version of SIDRA, which had limited options, we find intersections in SIDRA 8 

more realistic.  

The SIDRA INTERSECTION 8 software is for use as an aid in the design and evaluation 

of individual intersections and networks of intersections. It can be used to analyze 

signalized intersections, unsignalized and signalized roundabouts, two-way stop sign and 

give-way / yield sign control. Signal timing calculations for single intersections and 

network timings including signal offsets for signal coordination are carried out. It uses a 

unique method to determine the timing of the signal for some intersections operating under 

a single signal controller (common control groups) (Transportation Research Board, 2000). 

SIDRA INTERSECTION 8 is an analytical assessment of the movement used for lane-by-

lane and vehicle path (drive-cycle) models associated with an approximate way to provide 

estimates of capacity and performance statistics (delay, queue length, stop rate, etc.). All 

data and models of input and output are based on Origin-Destination movements. This 

improves handling of movements at intersections with diagonal legs and U-turns 

(Transportation Research Board, 2000). 

Considerable improvements have been made to the network model and include optimum 

cycle time for networks and new options for phase time and improved processing for 

uncoordinated and unconnected Sites for signal timing calculations, as well as 

improvements to the iterative method used for the capacity of the site and the results of the 

analysis of time (Transportation Research Board, 2000). 
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Figure 2.1: SIDRA INTERSECTION 8 Software 

2.3 Brief History of Traffic Signals  

Traffic lights are a form of traffic control signal by using colored lights displayed to the 

traffic stream, which has the right of way. The installation of the first traffic lights was on 

Bridge Street, London in December 1868. It consisted of a semaphore arm on top of a 6.7 

meters post with green and red gas lamps. When the arm of the signal was extended, that 

meant stopping. When lowered, this intended caution. While at night, the red gas lamp was 

used in the stop position and the green gas lamp in the caution position. 

But there were disadvantages to the signal; firstly, it frightened the horses and secondly 

caused the death of two police officers, due to the explosion of a gas lamp when they were 

trying to light it. 

Police officers manually operated the next important step in 1918, when three-color light 

signals were installed at many intersections in New York City. The signals were quickly 

operated by an electro-mechanically fixed-time control device, to determine the green 

period for each traffic movement (Roads and Traffic Authority of NSW, 2010). 

2.3.1 Principles of traffic signal control 

Traffic streams in an intersection are separated by traffic signal control through allocating 

different time intervals for conflicting traffic movements. For each movement, the signals 

are given cyclically in the following order (Luttinen & Nevala, 2002). 

1. Red 

2. Red + yellow 

3. Green 

4. Yellow                                                                                                                                                              
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Green signal represents “go,” and red indicates “stop.” A green interval is followed by a 

yellow change interval indicating that a vehicle must stop if it can be done safely. The 

length of the yellow change interval depends on the speed limit according to Table 2.1. A 

red+yellow signal indicates that the green signal will be given shortly. The length of the 

red+yellow interval is 1.0–1.5 seconds  (Luttinen & Nevala, 2002). 

Table 2.1: The length of the yellow change interval  (Luttinen & Nevala, 2002) 

Speed limit 

(km/h) 

Yellow 

(s) 

70 5 

60 4 

40-50 3 

 

A signal head has typically three lenses (red, yellow and green). It is, however, possible to 

use four or five-lens arrangements according to Figure 2.2. 

 

Figure 2.2: Allowed lens arrangements (Kehittämiskeskus, 1996) 

2.3.2 Advantages and Disadvantages of Traffic Signal Coordination 

Signal coordination has a beneficial improvement for the community. In many cases the 

quality of life and mobility in the region have been improved by using signal coordination 

techniques successfully (Nesheli et al., 2009). 

A. Some of the Advantages of Traffic Signal Coordination                                                          

Traffic signal coordination has some advantages as following:                                                                

1. Reduces stops.                                                                                                                                                            

2. It reduces vehicle accidents in the region.                                                                                                                               

3. It reduces power and fuel consumption.                                                                                                                

4. Improves mobility and access across the region.                                                                                                              
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5. Can control the travel speeds.                                                                                                                                         

6. It provides environmental benefits due to lower vehicle emissions, such as CO2. 

B. Some of the Disadvantages of Traffic Signal Coordination                                        

There are some disadvantages, apart from the features specific to one system or another. 

The disadvantages of the coordination system are as follows: 

1. Traffic speeds will increase and may lead to accidents.                                                             

2. The additional movement may be attracted through the corridor. This will lead to an 

increase in maintenance and equipment costs based on the type of hardware and software 

used.                                                                                                                                                           

3. Needs qualified staff for maintenance and monitoring of daily operations. 

2.4 Movements and Phases:  

Every possible path of traffic flow is called a movement. The permissible movements at a 

typical four ways intersection can accommodate three movements, as shown in Figure 2.3:                                                                                                                                               

1. vehicles turn to the left,                                                                                                                                                       

2. vehicles travel straight through,                                                                                                                             

3. vehicles turn to the right. 

 

Figure 2.3: Vehicle movement at an intersection (Roads and Traffic Authority of NSW, 

2010) 

A phase consists of a set of conflicting or some non-conflicting movements. The choice of 

phasing design of the specified intersection depends on the flow of vehicular and 
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pedestrian traffic. General guidelines are as follows (Roads and Traffic Authority of NSW, 

2010):  

1. The number of phases should be as few as possible to increase utilization of time.                               

2. Must allow as large a compatible movement as possible at each phase.                                      

3. It is best that the phase consists of non-conflicting movements.                                                                                  

4. It should allow for each movement to operate as many phases as possible.    

2.5 Cycle time 

The amount of time from when a movement is first given the right of way, until that 

movement receives the signal again, is called the cycle length.  It is calculated using the 

equation below.  During the past decades, several studies have been conducted that address 

traffic signal cycle length. The most well-known and typical traffic signal cycle length 

models are the Transport Research and Road Laboratory TRRL model and the Australian 

Road Research Board ARRB model (Wu et al., 2015). 

The TRRL model (Webster et al., 1966) has been widely used. In developing the TRRL 

formula for the optimal minimum delay cycle length, it was assumed that the effective 

green times of the phases were in the range of their respective flow ratio values. The TRRL 

formula given by Equation 2.1 

Y

L
c






1

55.1
0

                                                                                                  (2.1)  

  Where: 

c0
: The optimal cycle length (in seconds),                                                                                                   

L:   The total lost time (in seconds),                                                                                                            

Y:   The sum of the critical flow ratio of all phases.     

2.5.1 Effective Green Time 

When the driver approaches the intersection, and the signal is red, speed is gradually 

reduced until stopping at either the stop line at the end of a queue.  When the signal turns 

green, speed is increased until reaching the required or maximum possible speed. 

The Red+Yellow signal indicates that the green phase is about to begin. The drivers of the 

first vehicles become alert and prepare to start moving. As the green begins the first 
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vehicle starts to accelerate. The Red+Yellow signal helps the first driver to anticipate the 

starting green interval (Luttinen & Nevala, 2002). 

The discharge process of the vehicles in the queue is controlled by the reaction times and 

desired acceleration rates of drivers as well as the acceleration rates of the vehicles ahead. 

At the beginning of the green interval, the discharge rate at the stopped lane starts to 

increase. As the queuing vehicles have reached a constant speed at the stop line, the 

discharge rate has reached its maximum, called the saturation flow rate. On average, the 

discharge headways reach a constant level of slightly below two seconds after the fourth 

vehicle. The saturation flow rate may vary from cycle to cycle, but an average value can be 

used for given conditions (Luttinen & Nevala, 2002). 

It is usually assumed (Clayton 1941, Webster 1958) that when time is lost after startup, the 

saturation flow rate remains constant until the beginning of the yellow change interval.                                                                                                                                           

The effective green time at Equation 2.2 

g
i

 = tlYG ii
                                                                                           (2.2) 

Where: 

Gi
: Actual green time (sec) 

g
i

: Effective green time (sec) 

Y i
: Yellow and all-red time (sec) 

Tl:  Lost time per phase (sec) 

2.6 Level of Service 

LOS is regarded as the regular delay of the public vehicle and total movements through the 

intersection. Vehicle delay is the process of measuring many intangible aspects such as 

loss of travel time, frustration and driver inconvenience (Albrka et al., 2014). 

The term often associated with capacity and confusion is the volume of service. When 

power gives a quantitative measure of traffic, the level of service or LOS tries to provide a 

qualitative measure. Service size is the maximum number of vehicles, passengers or 
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similar, which can be accommodated by a road network or system under certain conditions 

at a certain level of service (Capacity and Level of Service, 2017). 

For a given road or facility, the capacity can be fixed. But the actual flow rate will be 

variable for different days and different times on the same day. The objective of LOS is to 

link the quality of the traffic service to a specific traffic rate. 

The Highway Capacity Manual (HCM), developed by the Transportation Research Council 

of America, provides guidance for traffic design worldwide.  In the HCM, LOS has been 

divided into six levels from A to F (Capacity and Level of Service, 2017) as shown in 

Table 2.2 and Figure 2.4-2.5 Where the level of service is acceptable to the level C but 

after that the levels of service D, E, and F are not acceptable, therefore it needs to work to 

improve the levels of service. 

Table 2.2: LOS criteria for signalized intersection (Highway Capacity Manual, 2000) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: LOS, speed and flow/capacity (Capacity and Level of Service, 2017) 

 
LOS 

Average delay 

 (sec/veh) 

General description 

(Signalized intersection) 

A 0 - 10 Free flow 

B 10 - 20 Slight delays 

C 20 - 35 Acceptable delays 

D 35 - 55 Tolerable delays 

E 55 - 80 Intolerable delays 

F 80 + Jammed 
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                         Level A in LOS                                        Level B in LOS 

 

 

                          Level C in LOS                                      Level D in LOS 

 

 

     Level E in LOS                                       Level F in LOS  

 

Figure 2.5:  Level Of service LOS (Kandiboina, 2010) 
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The factors affecting the level of service (LOS) can be listed as follows Figure 2.6: 

 

Figure 2.6: The factors affecting the level of service (LOS) 

2.6.1 Speed and Travel Time 

The delay experienced by the driver of the vehicle consists of factors related to traffic, 

control, congestion, and geometrics. Total delay is the difference between the actual travel 

time and travel time of reference which may result during the basic conditions, in the 

absence of congestion or control or traffic engineering or delay (Nesheli et al., 2009). 

The most critical factors in determining LOS are speed and travel time, where speed is the 

amount of time spent in travel, total travel time is very important for motorists and the 

length of the trip can cause fatigue and consequently, accidents on the road. 

Vehicle speed values on the road network are necessary to estimate traffic delays. As the 

speed of traffic and non-recurring flight stations provide more comfort for drivers, which 

are reflected positively on their behavior on the roads. 

2.6.2 Delay 

Delay is the additional travel time experienced by a driver, pedestrian or passenger. Delay 

of vehicles is one of the most important parameters used by transportation professionals in 

evaluating the performance of a signalized intersection. This is due directly to the loss of 

time that a vehicle experiences while crossing an intersection. 

Delay at a signalized intersection is computed as the difference in the departure time and 

the arrival time of a vehicle. The total delay time can be classified into deceleration delay, 

acceleration delay and stopped delay. The deceleration delay is the loss of time that the 

vehicle takes in slowing down to reach to a stoppage. The stopped delay is the delay that 
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the vehicle spends at the intersection while it is standing in a queue waiting for the traffic 

signal to turn green. (Gupta, 2009). 

While most of the delays at intersections are caused directly by the operation of the traffic 

signal and randomness in vehicle arrivals, a part of the total delay due to the time required 

by the drivers of individual cars to interact with changes in the presentation of the signal at 

the beginning of the green interval, to mechanical constraints, and to individual driver 

behavior. The amount of traffic delay at the most common intersection is divided into the 

following forms (McShane et al., 1998): 

• The stopped delay is the time when the vehicle is stopped while waiting to pass an 

intersection. 

• The delayed approach includes the lost time and stop delay at a time when a vehicle 

decelerates from the normal speed to stop and accelerates from the stop to the normal 

speed. 

• Travel delays time is the difference between the time for the vehicle to pass the 

intersection at the speed required by the driver and the actual time for the vehicle to pass 

the traffic intersection. 

• Delays in the queue are the total time for a vehicle to join an intersection queue to 

discharge the intersection across the curb line or stop line. 

The expected delay at fixed-time signals was first developed by (Beckman et al., 1956) 

with the assumption of the binomial arrival process and deterministic service regarding 

Equation 2.3  






















2

1

)/1(

0 gc

qsqc

gc
d

Q

                                                                                     (2.3) 

 Where, 

c: signal cycle, 

g: effective green signal time, 

q: traffic arrival flow rate, 
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S: departure flow rate from the queue during green, 

Q: expected overflow queue from previous cycles. 

2.6.3 Capacity 

The capacity represents the maximum hourly rate at which vehicles or people are 

reasonably expected to pass a single point or section of a corridor or road over a given 

period under traffic conditions, the traffic itself, and prevailing conditions of observation. 

The capacity reaches its maximum during peak hours. 

Unit: Vehicles per hour (VP/h) 

          Passenger cars per hour (pc / h) 

Level of service and capacity are the two parameters that explain the current movement of 

any part of the highway, where the general characteristics of highways are (Kandiboina, 

2010): 

1. Some lanes: four or six.                                                                                                     

2. Published speed limits 60 km / h to 90 km / h.                                                                                     

3. Traffic volume up to 100,000 units / day (usually between 15,000 - 40,000 in / day).  

Capacity depends on: 

1. Engineering design of the road, such as the number and width of lanes.                                                   

2. Traffic conditions: the ratio of switching moments, installation, etc.                                                           

3. Control conditions: signals, intersections etc.                                                                                          

4. Environmental conditions. 

And often capacity determined by field observations or estimated under control conditions 

and as per Highway Capacity Manual 2010, the capacities of multilane highway to Free 

flow speeds are as shown in Table 2.3 
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Table 2.3: Free flow speed and capacity for Multilane highway (HCM, 2010) 

Types of facility 
Free flow Speed 

(kmph) 

Capacity 

(pcphpl) 

Multilane 100 2200 

Multilane 90 2100 

Multilane 80 2000 

Multilane 70 1900 

 

2.7 Fuel Consumption 

Both traffic speed and the stopping or starting of vehicles will directly affect fuel 

consumption. Increased congestion will lead to more interruptions and slower speed and 

thus increase the operation of vehicle engines and fuel consumption. 

2.8 Operating Cost 

Operating cost refers to the vehicle's direct vehicle operating cost which varies with 

vehicle usage, including fuel, tires, and maintenance. Factors affecting the OPC of vehicles 

are: travel time, the speed of traffic and delays at intersections (Albrka et al., 2014). 

2.9 Established Previous Studies 

Many cities in the world face traffic congestion, but with different degrees of intensity.  

Tokyo, for example, faces congestion in the form of a public transport system; London and 

Kuala Lumpur in the form of high use of private vehicles. The share of private vehicle 

model in Kuala Lumpur between 1985 and 2003 increased from 66 percent to 84 percent 

(Hossain, 2006). Also, Cyprus in the form of high private vehicle use, where the private 

car is the dominant mode in Nicosia constituting about 90% of the daily trips (Ministry of 

Communications and Works, North Cyprus, 2010). 

Two studies conducted in different countries will discussed, Malaysia and Cyprus. The 

both have been facing congestion in form of high private vehicle use.  

In Malaysia, especially in the city of in Shah Alam used 7F software (TRANSYT-7F) to 

evaluate the performance of road junction networks found that the reasons behalf traffic 
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congestion is that the timing setting (cycle time) of the intersection is normally developed 

without proper calculations, but it is generally assigned based on experience. But the 

method used was not economical as the provide cost in added lanes the most of to 

intersections (Albrka at al., 2014). 

And the other one in the city of Kuala Lumpur, Malaysia used SIDRA 4.0 Software to 

evaluate the Performance of Traffic Flow at Intersections and Roundabouts. The concluded 

with that Improvement of traffic signal coordination and timing is one of the most 

important strategies for increasing travel speed and reducing delays and fuel consumption 

in urban areas. But the cycle time that they used depended on assumption (Irtema at el., 

2015). 

While the study conducted in Northern Cyprus, especially in the city of Nicosia used 

SIDRA 5.0 Software to evaluate the Performance of Traffic Flow at Intersections in 

Nicosia, North Cyprus. They concluded with “The cycle time at the intersections is 

normally established with unappropriated calculations of traffic volume or it was not 

updated with the increase in the number of vehicles. But the cycle time that they used 

depended on assumption and the adding lanes are not economically (Ali at el., 2018).  
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CHAPTER 3 

METHODOLOGY 

 

3.1 Introduction 

This chapter describes the proposed improvements to the analysis and study of the 

signalized intersections using SIDRA INTERSECTION 8 software and the overall 

research approach that will be used to accomplish these improvements. Figure 3.1 shows 

the flowchart for an overview of the study. The objective of this research is to improve the 

level of transport planning techniques to evaluate the coordination of the traffic signal 

system on congestion. Specifically, this study aimed to analyze the flow of traffic at the 

site of the study area to find the proper green time of the signal. The scope of the study 

includes the movement of the survey implementation such as flow volume calculation and 

saturated flow rate which has been classified at rush hour. 

Figure 3.1: The flowchart of the study 

3.2 Study Area 

A northern and southern part as shown in Figure 3.2. Northen Cyprus is divided into five 

regions, namely: Nicosia (Lefkosa), Famagusta (Gazimagusa), Kyrenia (Girne),  Iskele and 

Guzelyurt as shown in Figure 3.3. 

Nicosia is the capital city of Cyprus. It is the only divided capital city in the world. It has 

northern and southern part. This study conducted in the northern part of Nicosia also 

known as Lefkosa. 
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Figure 3.2: Northern and southern part of Cyprus (Hasmens, 2014) 

 

Figure 3.3: Northern Cyprus (Hasmens, 2014) 

The population in North Cyprus was 292,129 in 2012 and increased to 335.455 in 2016; 

the increment was nearly 15%. Then the number of international students was 46134 in 

(2012-2013) then increased to 80.874 in (2016-2017) with increment around 75 %. 

North Nicosia (Lefkosa) has a total population of 94824, where around one-third of the 

population live in the northern part according to the latest census which was performed in 

2017 (Statistics and Research Department Nicosia, 2017).  

In Northern Cyprus, the number of vehicles registered in Nicosia was up 4.5 % in 2015 

compared to 2013 over 175.982 vehicles, then in 2017 the number of registered vehicles 

increase nearly 66% compared with 2015, including registered vehicles around 182.709 
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and non-registered vehicles approximately 109.665 according to the state planning 

organization (Statistics and Research Department Nicosia, 2017). 

3.3 Data Collection 

This chapter contains data collection steps as shown in Figure 3.4, in this chapter we 

collect all the needed data for the INPUT stage in SIDRA INTERSECTION 8. 

The research selected Nicosia city as the study area. After choosing the area we divided it 

into five important intersections. 

 

 Figure 3.4: Data collection steps 

3.3.1 Area Selection 

This study is based on solving the problem of congestion. Therefore, the next step after 

selecting Nicosia as the study area in the search, is to identify the intersections to be 

processed at five important intersections as shown in Figure 3.5. 
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Figure 3.5: The locations of the 5 interactions (Google earth, 2018) 

3.3.2 Time Determination 

Two times were selected in this study the morning and evening peak hours, where the 

population of the city and its visitors during the working hours are more than the numbers 

of residents during the rest of the day (non-working hours). 

In the morning from 08:00 to 09:00 am, as in Figure 3.6: 

 

Figure 3.6: The reasons behind the choice of morning hours 

(08:00 to 09:00 Am)  

moving of students to  

their schools and university 

 
moving  workers to 

their work in both 

private and government 

sector 
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And the evening is from 04:30 to 5:30 pm as in Figure 3.7:

 

Figure 3.7: The reasons behind the choice of evening hours 

In Nicosia the weekend is on Saturday and Sunday, so we ignored these days and chose the 

working days in order to have the maximum volume of vehicles at all intersections. 

3.3.3 Selection of Intersections 

Five intersections were selected in Nicosia after visiting the city. The first step will be to 

give every intersection a name and use it as a mark to the intersection everywhere in the 

project, such as intersection number one, two, etc. as shown in Figure 3.8 while the 

intersections in the study area are shown in Figures 3.9 up to 3.13.  

 

Figure 3.8: The numbers of the interactions (Google Earth, 2018) 

 

 

( 04:30 to 05:30 
Pm) 

Return of 
students to their 

homes 

Return of 
workers to their 

homes 

5 
4 

3 
1 

2 
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Figure 3.9: Yenikent intersection (Google Earth, 2018) 

 

 

 

Figure 3.10: Göçmenköy intersection (Google Earth, 2018) 
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Figure 3.11: Dr. Fazıl Küçük Bulvarı with Kemal Aksay Caddesi (Google Earth, 2018) 

 

 

Figure 3.12: Honda intersection (Google Earth, 2018) 
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Figure 3.13: Hamitköy intersection (Google Earth, 2018) 

 

3.3.4 Data Extraction from Video 

Later the data was collected using a video camera for each morning and evening during 

rush hour. Therefore, the data was extracted by counting the number of vehicles manually.  

3.4 Data Digitization 

3.4.1 Data Adjustment and calibration 

There are some spreadsheet options available for smoothing traffic volumes or balancing 

them, so the link outputs from one link equal the inputs at the downstream links. The 

spreadsheets can also be used to apply classification factors to convert vehicle numbers to 

PCU’s (Morgan and Veysey, 2013). Traffic is composed of various types of vehicles, 

where different vehicle kinds occupy different spaces on the street and move at different 

speeds, the range and relative composition of which can vary from location to location. 

SIDRA Traffic modeling software utilizes a common unit to represent public traffic, 

known as the Passenger Car Unit (PCU). Therefore, the collection will be adjusted 

according to the Passenger car unit (PCU). Passenger Car Equivalent (PCE) or Passenger 

Car Unit (PCU) is a metric used in Transportation Engineering, to assess traffic-flow rate 

on a highway. Where the numbers of vehicles according to the kind will be multiplied with 
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the equivalent (Highway Capacity Manual, 2000), as shown in Table 3.1. A Passenger Car 

Equivalent is essentially the impact that a mode of transport has on traffic variables such as 

(headway, speed, density) compared to a single car. Moreover, Excel program was used to 

arrange the data taken from the videos from the videos as listed in Tables 3.2- 3.6, while 

the Figures 3.14-3.19 show the direction of traffic flow at intersections. 

Table 3.1: A Passenger Car Equivalents (Highway Capacity Manual, 2000) 

Vehicle Passenger car unit (PCU) 

Motorcycle 0.5 

Bicycle 0.2 

Light commercial vehicle 

(LCV) 

 

2.2 

Bus, Truck 3.5 - 4 

Car 1.0 

 

 

Figure 3.14: The layout of Yenikent intersection 
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Table 3.2: Data for Yenikent intersection 

Time Morning Evening 

Roads Phase Car Van Motor 

Bus  

& 

Truck 

Total Car 
 

Van 
Motor 

Bus 

& 

Truck 

 

Total 

 

Q1 

33 

Sec 

T 4 3 0 0 11 0 0 0 0 0 

L 95 16 1 15 192 82 9 1 24 199 

R 87 10 1 15 170 56 3 2 6 88 

Q2 

10 

Sec 

T 9 0 0 0 13 30 2 0 0 35 

L 36 7 1 2 61 66 6 4 1 86 

R 35 3 1 1 47 49 3 3 3 70 

Q3 

25 

Sec 

T 7 0 0 2 15 5 0 0 2 13 

L 70 14 0 32 230 101 11 1 15 187 

R 29 3 0 2 44 66 7 1 0 83 

Q4 

15 

Sec 

T 7 0 0 0 7 8 1 0 0 11 

L 62 1 6 0 68 51 6 2 3 78 

R 8 0 1 4 25 22 1 1 1 29 

T: Straight, 

R: Right, 

L: Left. 
 

The value 11 in the column of total represents the total of vehicles on street Q1 which 

come from straight after multiplied the number of vehicles according to the kind with the 

equivalent. 
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Figure 3.15: The layout of Göçmenköy intersection  

Table 3.3: Data for Göçmenköy intersection 

Time Morning Evening 

Roads Phase Car Van Motor 

Bus 

 & 

Truck 

Total Car Van Motor 

Bus 

& 

Truck 

 

Total 

 

Q1 

33 

Sec 

T 123 16 2 2 168 18 7 1 0 35 

L 146 18 0 9 223 96 11 23 4 215 

R 105 7 1 5 142 107 4 9 0 152 

Q2 

10 

Sec 

T 15 1 1 0 18 25 1 0 0 28 

L 73 4 2 2 91 30 1 1 1 39 

R 48 6 0 4 78 57 2 3 3 77 

Q3 

33 

Sec 

T 46 6 2 0 61 39 4 0 2 56 

L 81 11 1 7 135 212 11 3 12 286 

R 129 12 0 11 200 17 2 0 3 34 

Q4 

15 

Sec 

T 40 11 0 6 89 49 6 3 6 88 

L 48 14 2 4 97 72 12 1 1 103 

R 36 10 0 5 79 51 8 0 3 81 
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Figure 3.16: The layout of intersection Fazıl Küçük Bulvarı with Kemal Aksay Caddesi 

Table 3.4: Data for Fazıl Küçük Bulvarı with Kemal Aksay Caddesi intersection 

Time Morning Evening 

Roads Phase Car Van Motor 

Bus 

& 

Truck 

Total Car Van Motor 

Bus 

& 

Truck 

 

Total 

 

Q1 

30 

Sec 

T 1 0 0 0 1 4 2 0 0 9 

L 231 23 4 17 352 188 29 2 24 349 

R 93 9 3 3 127 46 5 0 0 54 

Q2 

25 

Sec 

T 59 13 5 0 91 57 12 4 1 90 

L 0 0 0 0 0 0 0 0 0 0 

R 73 5 2 1 89 65 11 1 4 106 

Q3 

40 

Sec 

T 0 0 0 0 0 0 0 0 0 0 

L 154 19 3 7 226 237 23 4 14 346 

R 77 11 1 0 102 23 5 0 4 50 

Q4 

15 

Sec 

T 11 2 0 2 24 29 7 0 2 53 

L 3 1 0 0 6 0 0 0 0 0 

R 4 2 0 0 9 22 12 1 2 57 
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Figure 3.17: The layout of Honda intersection 

Table 3.5: Data for Honda intersection 

Time Morning Evening 

Roads Phase Car Van Motor 

Bus 

 & 

Truck 

Total Car Van Motor 

Bus 

& 

Truck 

 

Total 

 

Q1 

30 

Sec 

T 0 0 0 0 0 0 0 0 0 0 

L 47 6 0 4 77 60 12 4 1 93 

R 80 13 3 17 179 128 3 3 7 165 

Q2 

30 

Sec 

T 0 0 0 0 0 0 0 0 0 0 

L 171 17 1 28 321 170 6 1 8 216 

R 64 16 0 9 136 109 0 1 1 114 

Q3 

50 

Sec 

T 195 19 3 15 299 153 8 4 6 197 

L 80 10 2 3 121 28 12 1 2 61 

R 0 0 0 0 0 0 0 0 0 0 
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Figure 3.18: The layout of Hamitköy intersection 

Table 3.6: Data for the Hamitköy intersection 

Time Morning Evening 

Roads Phase Car Van Motor 

Bus 

& 

Truck 

Total Car Van Motor 

Bus 

& 

Truck 

 

Total 

 

Q1 

30 

Sec 

T 138 3 3 3 159 198 3 6 7 236 

L 25 0 2 0 26 21 0 3 1 27 

R 89 3 1 3 109 101 5 1 3 127 

Q2 

30 

Sec 

T 59 0 2 3 72 40 1 0 1 47 

L 26 0 2 0 29 68 1 0 1 75 

R 80 2 6 2 96 64 1 0 1 71 

Q3 

45 

Sec 

T 259 0 2 3 272 232 0 2 3 245 

L 40 1 6 3 58 89 3 1 3 109 

R 29 0 2 0 30 59 0 2 0 60 

Q4 

20 

Sec 

T 31 0 3 2 41 45 1 6 3 63 

L 32 0 3 2 42 36 1 6 3 54 

R 55 0 2 0 56 78 2 6 2 94 
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3.5 SIDRA INTERSECTION 8 Data Input  

3.5.1 Intersection Definition  

The first step in data input is intersection information; at this step, the type of the 

intersection will be defined. The geometric design of intersection such as four legs or three 

legs, the name of junctions of the intersection as shown in Figure 3.19. 

 

 

Figure 3.19: Intersection Definition  
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3.5.2 Lane Geometry  

The second step in data input is lane geometry, the lane geometry dialog divided into Lane 

Configuration and Disciplines as shown in Figures 3.20, in this step the configuration data 

will be defined such as short lane or full-length lane. Also, the type of lane, if normal, slip 

(high angel or low angel) as well as the width and length of the lane. And Figure 3.21 

outlines the permitted movements on the road.  

 

 

Figure 3.20: Lane Configuration 
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Figure 3.21: Lane Disciplines 

3.5.3 Volumes 

The data of the number of vehicles being converted into passenger car unit (PCU) shall be 

entered for each direction of lanes within a fixed time.  60 minutes was selected as the peak 

flow period for definition of the volume of vehicles, as shown in Figure 3.22. 

 



35 
 

 

Figure 3.22: Definition of Volumes  

 

3.5.4 Phasing and Timing 

The motion at the intersection was divided into phases in the form of A, B, C and D which 

helped to determine the optimal time for each direction after classification as shown in 

Figure 3.23, phase and sequence data included the cycle time, which were represented by 

the total time of the green light for all phases A,B,C and D as well as containing yellow 

and all red times, given in time units of seconds, as in Figure 3.24.  
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Figure 3.23: Sequence Editor 

 

Figure 3.24: Phase and Sequence Data
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Introduction 

This chapter explains and discusses the results obtained using the software SIDRA 

INTERSECTION 8. Analysis of the total data representing the number of vehicles and the 

timing of traffic signals for each peak period in the morning and evening, aims to 

understand the traffic flow at peak periods. 

Traffic signals can be seen in cities all over the world. They have many advantages in 

solving problems of traffic congestion, saving human lives and avoiding vehicle accidents. 

The main aim of installing traffic lights is to prevent accidents and coordinate the 

movement of vehicles and humans. Governments should install traffic signals and 

detectors in large quantities to avoid accidents and optimize the safe movement of 

automobiles and humans. The mean aim of optimal traffic control is to improve the 

movement system and reduce delays. Stops and delays are not only annoying and costly to 

drivers and passengers, but they also increased air contamination such as increasing CO2 

emissions and energy use. 

4.2 Evaluation of The Current Situation of Traffic Flow at Intersections   

After the data input and running process, the summary of results regarding the delay, travel 

time, CO2 emission for all intersections during rush hour of all nodes are listed in Tables 

4.1 and 4.2. while the complete outputs of SIDRA INTERSECTION 8 are listed in 

Appendix 2. In the morning period it is noted that the delays at intersections 1 and 2 were 

more than delays at intersections 3, 4 and 5; while in the evening the delay value is close 

for some nodes and mostly greater at intersections 1, 2, 3 and 5, but at intersection 4 there 

is the lowest value among the intersections. 
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Table 4.1: Summary of “SIDRA intersection 8” results of all nodes (before optimization) in the 

morning 

Intersection 

no. 

Delay 

(sec ) 

Travel time  

(km / h ) 

CO2     

(kg/h) 
LOS 

1 957.3 3.6 3593.7 F 

2 12920.1 2.7 6993.2 F 

3 670.9 5 3835.7 F 

4 170.9 15.7 1502.8 F 

5 693.7 4.8 3077.7 F 

 

Table 4.2:  Summary of “SIDRA intersection 8” results of all nodes (before optimization) in the 

evening 

Intersection 

no. 

Delay 

(sec ) 

Travel time  

(km / h ) 

CO2     

(kg/h) 
LOS 

1 1597.1 2.2 5221.6 F 

2 1145.4 3 5554.5 F 

3 1158.7 3 6782 F 

4 119 20.3 969.7 F 

5 804.4 4.2 4254.4 F 

 

4.3 Suggestions for Optimization the of Study Area  

Roadway improvements focus on safety and congestion “Hotspots” at Intersections and 

improving the safety and efficiency of the region’s critical intersections.  This is achieved 

by making simple geometric improvements and improving traffic signals. These 

intersection projects are a higher priority than the expansion of road sections and other 

capacity expansion projects as they do not cost the government and thus are an economical 

solution.                                   

Typical eligible Intersection proposals are: 

1. Addition Cycle Time of signal.                                                                                                           

2. Increase Lane Width.                                                                                                                  

3. Determining the path of heavy vehicles. 
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4.3.1 Addition Cycle Time of Signal 

A. Optimum Cycle Time 

The amount of time from when a movement first is given the right of way until that 

movement receives the signal again, is called cycle length.  It is calculated using the 

equation 4.1 below.  During the past decades, several studies have been conducted that 

address traffic signal cycle length. The most well-known and typical traffic signal cycle 

length models are the Transport Research and Road Laboratory (TRRL) model and the 

Australian Road Research Board (ARRB) model (Wu et al., 2015). The TRRL model 

(Webster et al., 1966) has been widely used. In developing the TRRL formula for the 

optimal minimum delay cycle length, it was assumed that the effective green times of the 

phases were in the range of their respective flow ratio values. The TRRL formula given by 

Equation 4.1 

Y

L
c






1

55.1
0

                                                                                                     (4.1) 

  Where: 

Co:  The optimal cycle length (sec),                                                                                          

L:   The total lost time (sec),                                                                                                            

Y:    The sum of the critical flow ratio of all phases.                                                                                  

Lost time= 4sec in one cycle                    Lost time for all L= sec1644                                 

All red= 1 sec in one cycle                       All red= sec441                                                      

Amber= 3sec                                            Amber= sec1243   

    
      
   

= 
        

      
 =53.7 = 55 sec                     

      
   

 
    = 

    

    
    =23.9 =25 sec    

After the calculation of the optimum cycle time, the number should increase to the nearest 

multiple of 5. Therefore, 53.7 will be changed to 55 sec as well as CQ1 to 25 sec as shown 

in Tables 4.1-4.7. 

The optimum cycle time of Yenikent intersection in the morning: 

    
      
   

= 
        

      
 =53.7 = 55 sec                     

      
   

 
    = 

    

    
    =23.9 =25 sec    

      
   

 
    = 

    

    
    = 10 sec 
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    = 

    

    
    = 20 sec 

      
   

 
    = 

    

    
    = 10 sec 

For the evening: 

    
      
   

 =
        

      
 = 55 sec 

       
   

 
    = 

    

    
    = 20 sec 

      
   

 
    = 

   

    
    = 15 sec 

      
   

 
    = 

    

    
    = 20 sec 

      
   

 
    = 

    

    
    = 10 sec 

All calculations of the optimum cycle time of the other intersections can be found in 

appendix 1. 

Table 4.3: Optimum cycle time determination: Yenikent intersection 

Green 

Time 

Sec 

 

phase 

 

Saturated  

flow  

pcu/h 

Actual 

flow 

Am 
Y=a/v 

Co 

Am 

Actual 

flow 

Pm 

Y=a/v 
Co 

Pm 

33 Q1 1850 373 0.20 25 287 0.15 20 

10 Q2 1850 121 0.06 10 191 0.1 15 

25 Q3 1850 289 0.15 20 283 0.15 20 

15 Q4 1850 100 0.05 10 118 0.06 10 

 0.46  0.46  

 

Table 4.4: optimum cycle time determination: Göçmenköy intersection 

Green 

Time 

Sec 

 

phase 

 

Saturated  

flow  

pcu/h 

Actual 

flow 

Am 
Y=a/v 

Co 

Am 

Actual 

flow 

Pm 

Y=a/v 
Co 

Pm 

33 Q1 1850 535 0.289 45 402 0.217 30 

10 Q2 1850 187 0.101 20 144 0.077 15 

33 Q3 1850 396 0.21 35 376 0.203 30 

15 Q4 1850 265 0.143 25 272 0.147 20 

 0.74  0.64 0.743 
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Table 4.5: optimum cycle time determination: intersection Fazıl Küçük Bulvarı with 

Kemal Aksay Caddesi 

Green 

Time 

Sec 
phase 

Saturated  

flow  

pcu/h 

Actual 

flow 

Am 
Y=a/v 

Co 

Am 

Actual 

flow 

Pm 

Y=a/v 
Co 

Pm 

30 Q1 1850 480 0.26 35 412 0.22 30 

25 Q2 1850 180 0.09 15 196 0.11 15 

40 Q3 1850 328 0.18 25 396 0.21 30 

15 Q4 1850 39 0.02 10 110 0.06 10 

 0.55  0.6  

 

Table 4.6: optimum cycle time determination: Honda intersection 

Green 

Time   

Sec 
phase 

Saturated  

flow  

pcu/h 

Actual 

flow 

Am 
Y=a/v 

Co 

Am 

Actual 

flow 

Pm 

Y=a/v 
Co 

Pm 

30 Q1 1850 256 0.14 15 258 0.14 15 

30 Q2 1850 457 0.25 30 330 0.18 20 

50 Q3 1850 420 0.23 25 258 0.14 15 

 0.62  0.46  

 

Table 4.7: optimum cycle time determination: Hamitköy intersection 

Green 

Time   

Sec 

phase 

 

 

Saturated  

flow  

pcu/h 

Actual 

flow 

Am 
Y=a/v 

Co 

Am 

Actual 

flow 

Pm 

Y=a/v 
Co 

Pm 

30 Q1 1850 294 0.16 20 390 0.21 30 

15 Q2 1850 197 0.11 20 193 0.1 20 

45 Q3 1850 360 0.2 25 414 0.22 30 

20 Q4 1850 139 0.07 10 211 0.11 15 

 0.54  0.64  

 

B. Optimized Cycle Time 

The addition of cycle time includes an increase or decrease in the duration of green light 

and reduction of the duration of all red times at intersections. The maximum time cycle of 

150 seconds was used to great advantages. The level of service of some intersections has 

changed for the better after increasing the cycle length as well as great improvements in 

travel speed, low delay and CO2 emissions for all intersections. This way is the best 

economic method to solve this problem. The time value for all intersections as shown in 

Tables 4.8-4.12 
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Table 4.8: Time value for Yenikent intersection 

Phase 

Field 

Cycle 

Time 

Optimum  

Cycle Time 

Co Am 

Optimized  

Cycle Time 

Co Am 

Optimum  

Cycle Time 

Co Pm 

Optimized  

Cycle Time 

Co Pm 

Q1 33 25 57 20 45 

Q2 10 10 24 15 31 

Q3 25 20 44 20 45 

Q4 15 10 25 10 29 

 

Table 4.9: Time value for Göçmenköy intersection 

Phase 

Field 

Cycle 

Time 

Optimum  

Cycle Time 

Co Am 

Optimized  

Cycle Time 

Co Am 

Optimum  

Cycle Time 

Co Pm 

Optimized  

Cycle Time 

Co Pm 

Q1 33 45 57 30 45 

Q2 10 20 24 15 31 

Q3 33 35 44 30 45 

Q4 15 25 25 20 29 

 

Table 4.10: Time value for intersection Fazıl Küçük Bulvarı with Kemal Aksay Caddesi 

Phase 

Field 

Cycle 

Time 

Optimum  

Cycle Time 

Co Am 

Optimized  

Cycle Time 

Co Am 

Optimum  

Cycle Time 

Co Pm 

Optimized  

Cycle Time 

Co Pm 

Q1 30 35 57 30 41 

Q2 25 15 24 15 27 

Q3 40 25 44 30 60 

Q4 15 10 25 10 22 

 

Table 4.11: Time value for Honda intersection 

Phase 

Field 

Cycle 

Time 

Optimum  

Cycle Time 

Co Am 

Optimized  

Cycle Time 

Co Am 

Optimum  

Cycle Time 

Co Pm 

Optimized  

Cycle Time 

Co Pm 

Q1 30 15 30 15 31 

Q2 30 30 30 20 56 

Q3 50 25 50 15 44 
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Table 4.12: Time value for Hamitköy intersection 

Phase 

Field 

Cycle 

Time 

Optimum  

Cycle Time 

Co Am 

Optimized  

Cycle Time 

Co Am 

Optimum  

Cycle Time 

Co Pm 

Optimized  

Cycle Time 

Co Pm 

Q1 30 20 48 30 55 

Q2 15 20 22 20 21 

Q3 45 25 55 30 48 

Q4 20 10 25 15 26 

 

4.3.2 Increase Lane Width 

Increased lane width to intersection numbers 1, 2, 3, 4 and 5 from all sides has changed the 

performance index for the better. The lane was 3.1m, widened to 4 m. 

4.3.3 Determining the Path of Heavy Vehicles 

The presence of a large number of heavy vehicles at Honda intersection in the morning, 

made the level of service bad.  The solution was to change the path of heavy vehicles that 

come from the west and turning directly to the south and change this movement from the 

West and continue its way back from the east and turning to south. This movement 

improves the level of service so much, and the solution was needed in the morning only. 

As shown in Figure 4.1 the movement changed from A to B. 

 

Figure 4.1: The movement of heavy vehicle 
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4.4 Table of Traffic Performance 

A significant improvement in the level of service was observed regarding reduction in 

delays and improving travel speed as well as reducing Co2 emission after adjusting and 

determining the optimal value of the green light in the traffic signal through using SIDRA 

intersection 8.  Table 4.13 and 4.14 show us the results in the level of service and delay at 

the intersections before and after optimization; some intersections did not change LOS, but 

the value of delay change improved after optimization. 

Table 4.13:  comparison of the level of service in the morning before and after 

optimization 

No. 

Intersection 
Proposal 

Level 

service 

before 

optimizati

on 

Delay 

(sec) 

Field 

Cycle 

time 

Level 

service 

after 

optimizat

ion 

Delay(sec) 

Optimum 

Cycle time 

Delay(sec) 

Optimized 

Cycle time 

1 

Add cycle 

time 

 Add lane 

width 

F 957.3 F 894.4 473.2 

2 

Add cycle 

time  

Add lane 

width 

F 1292.1 F 639.3 598.8 

3 

Add cycle 

time 

 Add lane 

width 

F 670.9 F 554.6 466.8 

4 

Determin

e heavy 

path 

Add lane 

width 

F 170.9 F, C 164.2 23.5 

5 

Add cycle 

time 

 Add lane 

width 

F 693.7 F 514.3 340.9 
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Table 4.14: comparison of level of service in the evening before and after optimization 

No. 

Intersection 
Proposal 

Level 

service 

before 

optimizati

on 

Delay 

(sec) 

Field 

Cycle 

time 

Level 

service 

after 

optimizat

ion 

Delay(sec) 

Optimum 

Cycle time 

Delay(sec) 

Optimize

d 

Cycle 

time 

1 

Add cycle 

time  

Add lane 

width 

F 1597.1 F 952.4 615.5 

2 

Add cycle 

time 

 Add lane 

width 

F 1145.4 F 699.5 589.8 

3 

Add cycle 

time 

 Add lane 

width 

F 1158.7 F 1218 800.6 

4 

Add cycle 

time 

 Add lane 

width 

F 119 D 39.5 38.7 

5 

Add cycle 

time  

Add lane 

width 

F 804.4 F 632 438 

 

4.5 SUMMARIES OF THE COMPARISON OF RESULTS 

Comparison graphs show some effectiveness measurement value before and after 

optimization in the morning and evening during peak hours for all intersections. 

4.5.1 Delay 

Traffic congestion is manifested by three factors delay, travel speed and CO2 emission, the 

most important of which is delay. The importance of delay comes from the fact that time is 

a commodity that is not bought and if it is lost, it will not return. And yet billions of 

seconds are uselessly wasted, and this time is wasted in congestion and traffic signals, so 

the main objective of this study is to reduce the delay as much as possible. Comparison of 
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the delay value in the morning and evening after the optimal time and cycle optimal cycle 

time are shown in Figures 4.2 and 4.3 

 

Figure 4.2:  The delay before and after the optimization for morning peak hours 

As shown in Figure 4.2, the results of the delay were the best after optimized cycle time so 

the results of optimized cycle will adapt in this study. After evaluating the performance of 

intersections and adjusting the optimal green time at all intersections in the morning and 

evening, it was noticed in the morning that the most significant value for the delay was at 

the second intersection in the Göcmenköy area and the evening was at the first intersection 

in the Yenikent area. This is due to a large number of vehicles as it’s a busy area, and after 

optimization, it decreased to half, as the other intersections also decreased. It was observed 

that the average delay in the evening period is greater than the morning, and probably this 

is due to the vehicles going to work at different hours in the morning, but return home all 

at the same time at the rest of the day. 

The reduction in delay after calculation of optimum green time was up to 50% for 

intersection 2 followed by intersection 5, while it was 17% for intersection 3. The lowest 

value of improvement was noted for intersection 4 with 4% followed by intersection 1 with 

7%. These results indicate that the study area traffic signals were not appropriately 

coordinated according to the volume of traffic flow or the adjustment was made a long 

time ago, which means it is not able to work with the current volume of vehicles. 
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Moreover, the improvement after optimized the cycle time of the whole intersection was 

very high at 86% for intersection 4, 53% for intersection 2, 50% for intersection 1, 47% for 

intersection 5 and 30% for intersection 3. This indicates that the suggested cycle time, after 

calculating the optimum cycle time, has a great effect in reducing the delay at intersections. 

The results of the delay in the evening period as shown in Figure 4.3 was similar to the 

morning regarding improvement as the optimized cycle time was better than the current 

and the optimum cycle time.  

 

Figure 4.3: The delay before and after the optimization for the evening peak hours 

In addition, these results were similar to the results obtained from a study conducted in 

Malaysia by Irtema et al., 2015. The study was conducted to evaluate the traffic flow at 

intersections in the morning and evening rush hours using the program SIDRA. 

The percentage of reduction in the morning was about 44% in studies conducted in 

Malaysia while it was 51% in the current study in North Cyprus. For the evening peak 

hours, it was found to be nearly 40% in Malaysia and 52 % in North Cyprus. Based on the 

results it was found that the study in Cyprus is better, regarding overall improvements and 

economic solutions.  
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4.5.2 Travel Speed 

During congestion there is a gradual slowing of the speed of travel, which can cause  

complete closure of the road directions and then gradually start all the vehicles by 

acceleration of speed and improve the flow of traffic, therefore, the speed on the roads is in 

direct correlation with traffic congestion. Comparison between the travel speed value 

before and after optimization in the morning and evening can be seen in Figures 4.4 and 

4.5. 

 

Figure 4.4: Travel speed value before and after the optimization for the morning peak 

hours 

And here significant improvements can be seen in travel speed after Optimized cycle time 

Compared with Optimum cycle time. This study was coordinated through traffic signals, 

and also note from Figure 4.4 and 4.5 that the rate of speed is very slow, but with using 

SIDRA software optimization, a significant improvement in travel speed occurred from 

31.8 km /h to 71.9 km/h in the morning at all intersections especially at the fourth 

intersection in the morning and evening. 
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Figure 4.5: Travel speed value before and after the optimization for the evening peak 

hours 

Also, the study conducted by Irtema et al., 2015, in the morning the total travel speed for 

all intersections in Malaysia improved from 72.5 km/h to 124.9 km/h while in Cyprus 

increased from 31.8 km/h to 71.9 km/h. On the other hand, the percentage of increase of 

travel speed in the evening was about 85% in Malaysia from 53 km /h to 98.2 km /h and 

82% in Cyprus from 32.7 km/h to 59.7 km/h. 

4.5.3 CO2 Emission 

Vehicles can cause environmental degradation. Before driving one meter on the road, 

whether it is operated by gasoline or diesel, the vehicle emits gases that increase the 

emission of CO2. Comparison between CO2 emission value in the morning and evening 

after the optimal time and cycle Optimal cycle time is in Figure 4.6 and 4.7. 
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Figure 4.6: Comparison between CO2 emission before and after the optimization for the 

morning peak hours 

As shown in Figure 4.6 the higher CO2 emission at number two Göçmenköy intersection 

was observed compared to the other intersections and after optimized cycle time was 

reduced by 43%, While at intersection number four, the Honda intersection, after optimum 

cycle time, CO2 emissions increased rather than declined, therefore the results of delay 

were the best after optimized cycle time so the result of optmized cycle time will adapt. 
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Figure 4.7: Comparison between CO2 emission value before and after the optimization for 

the evening peak hours 

As well as the result of CO2 emission value after Optimized cycle time was better than 

Optimum cycle time, therefore it will be used. And here as shown in Figure 4.6 and 4.7 a 

significant improvement through decreasing CO2 emission happens at all intersections. The 

total CO2 emission for all intersections reduced about 88% from 16678.4 kg/h to 14514.4 

kg/h in the morning and 64% from 22782.2 kg/h to 14514.4 kg/h in the evening. 
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CHAPTER 5 

CONCLUSION  

 

5.1 Conclusion 

This study focuses on the study and analysis of SIDRA INTERSECTION 8 at intersections 

and to perform traffic performance before and after the application form flexibility model 

about the identification of goal improving functions, and any one of the numbers of 

different performance indicators that can be used with this method. The survey was 

observed in five signalized intersections that are located in Nicosia city. Also, SIDRA 

INTERSECTION 8 has the additional benefit of a software package, so it is widely used to 

improve the timing of the lanes so the results are more realistic and accurate with what can 

be implemented.  

If the time of the signal is incorrect, small movements may face excessive delays. As a 

result, many drivers turn to alternative roads or residential roads to avoid additional delays. 

The results from studies before and after optimization of the SIDRA INTERSECTION 8 

revealed that the total travel time, total delay, the degree of saturation, CO2 emission were 

decreased significantly. There was also an increase in travel speed on the network road. 

The effectiveness measurement for the whole system was formulated in traffic 

performance tables which detailed information of plan or plan timing in every junction also 

indicated in Signal Timing Tables SIDRA. 

5.2 Recommendations for Future Work 

Through this study and its results, it could be concluded that the green time of intersections 

is not effective at this time, which affects the future capacity of the road in the intersection 

areas, because there are many associated problems, such as increase in the number of 

vehicles. As a result, the following recommendations might be useful: 

1-It could be useful to use other software such as PARAMICS, VISSIM, HCS, and 

TRANSYT-7F for the same case study and compare the results with results of SIDRA. 

2- It is recommended to expand the study area to include more intersections to observe 

other traffic coordination on the network in order to avoid congestion problems.
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3- The number of vehicles is always increasing, so it is better to calculate annually the 

appropriate green time for traffic signals, since this method is the easiest and most 

economical. 

4- It is recommended to change the course and movement of heavy vehicles from 

Göcmenköy to Kücük Kaymaklı or determine the times of heavy vehicles durıng the 

morning. 

5- The final recommendation is to improve and develop public transport to cover larger 

areas of North Cyprus and to encourage the use of public instead of private transport. 
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APPENDIX 1 

 

Optimum Cycle Time: 

After calculating the optimum cycle time, all numbers should increase to the nearest 

multiple of 5. 

The optimum cycle time of Göçmenköy intersection in the morning: 

     
      
   

= 
        

      
 =115 sec                     

      
   

 
    = 

     

    
     =45 sec    

      
   

 
    = 

     

    
     = 20 sec 

      
   

 
    = 

    

    
     = 35 sec 

      
   

 
    = 

     

    
     = 25 sec 

For the evening: 

     
      
   

 =
        

      
 = 55 sec 

       
   

 
    = 

     

    
    = 30 sec 

      
   

 
    = 

     

    
    = 15 sec 

      
   

 
    = 

     

    
    = 20 sec 

      
   

 
    = 

     

    
    = 10 sec 

The optimum cycle time of Fazıl Küçük Bulvarı with Kemal Aksay Caddesi intersection in 

the morning: 
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 = 65 sec                     

      
   

 
    = 

    

    
    = 35 sec    

      
   

 
    = 

    

    
    = 15 sec 

      
   

 
    = 

    

    
    = 25 sec 
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    = 10 sec 

For the evening: 
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 = 75 sec 
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    = 30 sec 

      
   

 
    = 

    

   
    = 15 sec 

      
   

 
    = 

    

   
    = 30 sec 

      
   

 
    = 

    

   
    = 10 sec 

The optimum cycle time of Honda intersection in the morning: 
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    = 30 sec 
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    = 25 sec 

For the evening: 
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 = 45 sec 

       
   

 
    = 

    

    
    = 15 sec 

      
   

 
    = 

    

    
    = 20 sec 

      
   

 
    = 

    

    
    = 15 sec 

The optimum cycle time of Hamitköy intersection in the morning: 
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 = 65 sec                     
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    = 20 sec    

      
   

 
    = 

    

    
    = 20 sec 
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    = 25 sec 

      
   

 
    = 

    

    
    = 10 sec 

For the evening: 
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 = 85 sec 
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    = 30 sec 
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    = 20 sec 
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    = 30 sec 
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    = 15 sec 
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