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Abstract 

Development of guidelines to coordinate traffic signals for non-similar 

intersection clusters 

Despite the mega scale projects focusing on the long term benefits, proper traffic management 
initiatives should be introduced and implemented to reduce the unnecessary delays on roads 
resulting in road user frustration. Traffic signal coordination has been identified as one of the 
most sustainable solutions, if properly utilized. When it comes to traffic signal coordination, 
various techniques are available for coordinating similar type intersections. However, when 
non-similar intersection clusters are encountered, no proper guidelines have been developed 
for coordination. 

The research sets out the preliminary requirements essential to be established for the progress 
of traffic signal coordination. As the first step, selection of an appropriate micro simulation 
model to support analysis and a procedure to identify and calibrate important input parameters 
are established. Second, guideline for signal phasing and timing design for individua l 
intersections with fixed time signal timing is proposed. The guidelines are produced for 
intersections considering geometrical arrangements, traffic signal phasing and timing. Third, 
guidelines for real time traffic signal designs are produced where the guidelines address the 
extension of green split for different traffic situations. 

Finally, the criteria for selecting intersections that should be clustered for traffic signal 
coordination is established. When clustering, importance of relying on travel time than 
distance is discussed when developing clustering guidelines. Further, seven basic categories 
of non-similar intersections based on the intersection geometry and priority directions for 
green platoon are identified. Based on the analysis, two matrixes are developed for peak period 
and off-peak period to be utilized by traffic and transportation engineers when non-similar 
intersections are encountered for traffic signal coordination. The developed guidelines are 
successfully verified using two case studies, for a selected Baseline road intersection cluster 
for fixed time traffic signal coordination and Kadawata intersection cluster for real time traffic 
signal coordination. 

Keywords: traffic signals, traffic signal coordination, non-similar intersections 

 

  



iii 
 

Acknowledgement 

This work would not have been possible without the support, guidance and continuous 

encouragement of many. First of all, I would like to thank my supervisor Prof. Saman 

Bandara, for his extensive professional and personal guidance provided throughout the 

course of this study both in research as well as in life in general. 

I am very much grateful to the academic staff of Transportation Engineering Group 

and Department of Civil Engineering, University of Moratuwa for providing me 

continuous guidance, support and encouragement. I would also like to extend my 

sincere thanks to my colleagues in the Transportation Engineering Group for helping 

me out in various occasions. 

Nobody would have been more important to me to complete this study than my family 

members. I would like to remind my parents, my role models, who continuous ly 

nurture me to where I am now, with love and moral values, and my brother whose 

guidance and love has always inspired me to whatever I pursue. Most importantly I 

would like to thank my loving and supportive wife, for providing me the unending 

inspiration. 

Finally, let me thank all those who have supported me in numerous ways to make this 

research work a success. 

 

  



iv 
 

Table of Contents 

 

Declaration of Candidate and Supervisor...................................................................... i 

Abstract ........................................................................................................................ ii 

Acknowledgement........................................................................................................iii 

Table of Contents ........................................................................................................ iv 

List of Figures ............................................................................................................. ix 

List of Tables............................................................................................................... xi 

CHAPTER 1 : INTRODUCTION ............................................................................... 1 

1.1. Traffic Signal Definitions and Uses .................................................................. 1 

1.2. Research Gap Identification .............................................................................. 1 

1.2.1. Traffic Congestion ...................................................................................... 1 

1.2.2. Different Types of Traffic Signals .............................................................. 2 

1.2.3. No proper mechanism for travel time savings valuations........................... 2 

1.2.4. Unavailability of guidelines for traffic signal designs and signa l 

coordination .......................................................................................................... 3 

1.2.5. Non-existence of guidelines for intersection clustering in coordination .... 5 

1.2.6. Data Requirements for software systems.................................................... 5 

1.3. Objectives and Sub Objectives of the Research ................................................ 6 

1.3.1. Objective ..................................................................................................... 6 

1.3.2. Sub objectives ............................................................................................. 6 

1.4. Chapter Breakdown and summary .................................................................... 6 

CHAPTER 2 : LITERATURE REVIEW .................................................................... 9 

2.1. Introduction ....................................................................................................... 9 

2.2. History and development of traffic signals ....................................................... 9 

2.3. Fixed time traffic signals and traffic signal optimization................................ 14 



v 
 

2.3.1. Fixed time Traffic Signals ........................................................................ 14 

2.3.2. Traffic signal optimization........................................................................ 15 

2.3.3. Non-motorised transportation share.......................................................... 16 

2.4. Real time traffic and traffic signals ................................................................. 16 

2.5. Traffic signal coordination .............................................................................. 18 

2.5.1. Need for traffic signal coordination .......................................................... 18 

2.5.2. History and the Need for clustering of intersections ................................ 19 

2.5.3. Development of an index for clustering.................................................... 20 

2.5.4. Existing widely used methods for clustering ............................................ 21 

2.5.5. Safety and clustering ................................................................................. 22 

2.5.6. Methods and Techniques for traffic signal coordination .......................... 23 

2.5.7. Maximize bandwidth ................................................................................ 24 

2.5.8. Minimization of delay ............................................................................... 24 

2.5.9. Offset optimization ................................................................................... 24 

2.6. Benefits of traffic signal coordination ............................................................. 25 

2.6.1. Positive sides of Traffic Signal Coordination ........................................... 25 

2.6.2. Negative impacts....................................................................................... 29 

2.7. New initiatives in traffic signals and traffic management ............................... 31 

2.7.1. Speed limit reductions............................................................................... 31 

2.7.2. Separate right turn phase........................................................................... 31 

2.7.3. Intersection control using cooperative vehicles ........................................ 32 

2.7.4. Separate midblock opening for U-turns .................................................... 34 

2.7.5. Right Turn Waiting areas .......................................................................... 37 

2.8. Travel time savings valuations ........................................................................ 37 

2.8.1. Value of time for Sri Lanka ...................................................................... 39 

2.8.2. Methods used to calculate the value of times ........................................... 39 



vi 
 

2.9. Modern Technology involvement ................................................................... 43 

2.9.1. Intelligent Transportation Systems ........................................................... 44 

2.9.2. Agent Technology..................................................................................... 44 

2.9.3. Distributed approach ................................................................................. 45 

2.9.4. Other methods ........................................................................................... 45 

2.10. Traffic Engineering Software Usage ............................................................. 46 

2.10.1. Usage of microscopic simulation software ............................................. 46 

2.10.2. Parameter Identifications ........................................................................ 46 

2.10.3. Objective functions and calibration measures ........................................ 47 

2.10.4. Validation Process .................................................................................. 49 

2.10.5. Sample parameters used for other countries ........................................... 49 

CHAPTER 3 : METHODS, ANALYSIS AND RESULTS ...................................... 51 

3.1. Calibration of the VISSIM traffic micro simulation software ......................... 53 

3.1.1. Calibration................................................................................................. 54 

3.1.2. Validation.................................................................................................. 62 

3.2. Verification of the calibrated software for practical applications  ................... 67 

3.2.1. Data Collection ......................................................................................... 68 

3.2.2. Analysis..................................................................................................... 70 

3.2.3. Results ....................................................................................................... 78 

3.3. Quantification of travel time savings and updating the Value of Time for 

evaluation of transportation projects ...................................................................... 80 

3.4. Development of guidelines for Individual intersections for fixed time systems

 ................................................................................................................................ 81 

3.4.1. Guidelines on phasing arrangement based on geometric details  .............. 81 

3.4.2. Guidelines considering the traffic signal timing ....................................... 92 

3.5. Development of guidelines for individual intersections for real time systems95 



vii 
 

3.5.1. Procedure .................................................................................................. 95 

3.5.2. Analysis and Results ................................................................................. 98 

3.6. Identification of the signal coordination potential for intersections .............. 103 

3.6.1. Test Model for Clustering Index Development ...................................... 104 

3.6.2. Varying the Vehicle Flow ....................................................................... 105 

3.6.3. Varying the travel time ........................................................................... 106 

3.6.4. Analysis Procedure ................................................................................. 106 

3.6.5. Analysis & Results.................................................................................. 107 

3.7. Development of Guidelines for traffic signal coordination for non-similar 

intersections .......................................................................................................... 109 

3.7.1. Identification of the sub categories of intersections ............................... 109 

3.7.2. Calculation of cycle time for the considered intersections  ..................... 112 

3.7.3. Optimizing the offsets of timing between intersections ......................... 112 

3.7.4. Developing Two Matrixes (7x7) with the coordination sub categories .. 113 

3.7.5. Matrix – For Peak Periods ...................................................................... 113 

3.7.6. Matrix – For Non-Peak Periods .............................................................. 114 

CHAPTER 4 : CASE STUDY APPLICATIONS AND VERIFICATIONS........... 115 

4.1. Case Study 1: Base Line Road Selected Intersection Cluster  ....................... 115 

4.1.1. Existing Condition .................................................................................. 116 

4.1.2. Traffic signal coordinated condition ....................................................... 127 

4.1.3. Reference to the Matrix developed ......................................................... 131 

4.2. Case Study 2: Kadawata Expressway Entrance Intersection Cluster  ............ 133 

4.2.1. Development of the Intersection cluster ................................................. 133 

4.2.2. Reference to the off-peak Matrix developed........................................... 148 

CHAPTER 5 : DISCUSSION .................................................................................. 149 

5.1. Calibration of the VISSIM traffic micro simulation software ....................... 150 



viii 
 

5.2. Verification of the calibrated software for practical applications  ................. 151 

5.3. Quantification of travel time savings and updating the Value of Time for 

evaluation of transportation projects .................................................................... 152 

5.4. Development of guidelines for Individual intersections for fixed time systems

 .............................................................................................................................. 152 

5.5. Development of guidelines for Individual intersections for real time systems.

 .............................................................................................................................. 153 

5.6. Identification of the traffic signal coordination potential for intersections  ... 154 

5.7. Development of guidelines for traffic signal coordination............................ 155 

CHAPTER 6 : CONCLUSIONS AND RECOMMENDATIONS .......................... 157 

6.1. Establishing preliminary requirements .......................................................... 157 

6.2. Guidelines for fixed time traffic signal systems ............................................ 158 

6.3. Guidelines for real time traffic signal systems .............................................. 158 

6.4. Guidelines for intersection clustering in traffic signal coordination ............. 158 

6.5. Guidelines for traffic signal coordination for non-similar intersections ....... 159 

6.6. Further Research Areas ................................................................................. 159 

REFERENCES......................................................................................................... 160 

APPENDIX A: DESCRIPTION OF INTERSECTIONS USED FOR MODEL 

CALIBRATION ....................................................................................................... 177 

APPENDIX B: QUANTIFICATION OF TRAVEL TIME SAVINGS AND 

UPDATING THE VALUE OF TIME FOR EVALUATION OF 

TRANSPORTATION PROJECTS .......................................................................... 182 

 

  



ix 
 

List of Figures 

Figure 2-1: Traffic Congestion ....................................................................................... 10 

Figure 2-2: Photograph of one of the first traffic signals installed ..................................... 11 

Figure 2-3: Colours of the Spectrum............................................................................... 14 

Figure 2-4: Impact from reduced speed........................................................................... 28 

Figure 2-5: Pre-Signal ................................................................................................... 32 

Figure 2-6: Isolated Intersection with cooperative vehicles .............................................. 33 

Figure 2-7: Negotiation of Right of Way between cooperative vehicles ............................ 33 

Figure 2-8: Conventional Mid-block opening without right turn lanes .............................. 34 

Figure 2-9: Conventional mid-block opening with right turn lanes  ................................... 35 

Figure 2-10: Conventional mid-block opening with right turn lanes and loons ................... 35 

Figure 2-11: Directional mid-block opening without right turn lanes  ................................ 35 

Figure 2-12: Directional mid-block opening with right turn lanes ..................................... 35 

Figure 2-13: Directional mid-block opening with right turn lanes and loons  ...................... 35 

Figure 3-1: Flow at Katubedda Junction (Veh/Hour) ....................................................... 56 

Figure 3-2: Flow at Kesbewa Intersection ....................................................................... 63 

Figure 3-3: Modelling Kesbewa Intersection................................................................... 63 

Figure 3-4: Orugodawatta Junction ................................................................................ 67 

Figure 3-5: General arrangement of the intersection ........................................................ 69 

Figure 3-6: Phasing arrangement.................................................................................... 69 

Figure 3-7: Orugodawatta Junction with separate opening  ............................................... 73 

Figure 3-8: Developing the network in VISSIM  .............................................................. 74 

Figure 3-9: Simulating using VISSIM  ............................................................................ 74 

Figure 3-10: Simulation and Separate U-turn .................................................................. 76 

Figure 3-11: Graphical Interpretation of Simulation Results ............................................. 87 

Figure 3-12: Phasing Arrangement – Phase 1 .................................................................. 89 

Figure 3-13: Phasing Arrangement – Phase 2 .................................................................. 89 

Figure 3-14: Cycle time for 4 phase intersections ............................................................ 93 

Figure 3-15: Cycle time for 3 phase intersections ............................................................ 94 

Figure 3-16: Calibration of VISSIM software ................................................................. 96 

Figure 3-17: Theoretical Delay (Scenario 1)  ................................................................... 98 

Figure 3-18: Theoretical Delay (Scenario 2)  ................................................................... 99 



x 
 

Figure 3-19: Simulations Delay (Scenario 1)..................................................................100 

Figure 3-20: Simulation Delay (Scenario 2)  ...................................................................100 

Figure 3-21: Snap shot of simulation .............................................................................105 

Figure 3-22: Intersection Types for Traffic Signal Coordination......................................110 

Figure 4-1: Baseline Road Intersection Cluster...............................................................115 

Figure 4-2: Existing Condition of the Baseline Road ......................................................116 

Figure 4-3: Phasing – AAT Junction .............................................................................119 

Figure 4-4: Phasing - Kirimandala Mawatha Junction.....................................................120 

Figure 4-5: Phasing - Narahenpita Junction....................................................................122 

Figure 4-6: Phasing - Apollo Junction ...........................................................................123 

Figure 4-7: Phasing - Park Road Junction ......................................................................124 

Figure 4-8: Modelling the existing condition..................................................................125 

Figure 4-9: Queue Counters Placed ...............................................................................125 

Figure 4-10: Snap shot of the simulation of existing condition  ........................................126 

Figure 4-11: Kadawata Intersection Cluster ...................................................................133 

Figure 4-12:  Intersection 1: towards Kandy Direction....................................................135 

Figure 4-13: Intersection 2: Shramadana Mawatha .........................................................136 

Figure 4-14: Intersection 3: Expressway Exit  .................................................................136 

Figure 4-15: Intersection 4: Expressway Entry ...............................................................137 

Figure 4-16: Intersection 5: Major Road right turns and Minor Road ...............................137 

Figure 4-17: Phasing Arrangement for Intersection 1......................................................139 

Figure 4-18: Phasing Arrangement for Intersection 2......................................................140 

Figure 4-19: Phasing Arrangement for Intersection 3......................................................141 

Figure 4-20: Phasing Arrangement for Intersection 4......................................................141 

Figure 4-21: Phasing Arrangement for Intersection 5......................................................142 

Figure 4-22: Phasing Arrangement for Intersection 6......................................................143 

  



xi 
 

List of Tables 

Table 2-1: Value of Time for Sri Lanka .......................................................................... 39 

Table 2-2: Value of times for work based and non-work based trips (in NZ dollars per hour)

 .................................................................................................................................... 40 

Table 2-3: Gross Domestic Product of Sri Lanka............................................................. 43 

Table 2-4: Calibrated VISSIM Parameter values for different countries  ............................ 50 

Table 3-1: Parameter Range........................................................................................... 55 

Table 3-2: Traffic signal phases and timings  ................................................................... 57 

Table 3-3: Desired speeds for vehicles............................................................................ 58 

Table 3-4: Correlation and Significance Values............................................................... 60 

Table 3-5: Simulated and Observed Queue Length .......................................................... 61 

Table 3-6: Optimum Calibrated Parameters .................................................................... 62 

Table 3-7: VISSIM and Observed Queue Length ............................................................ 64 

Table 3-8: Error Percentages in Validation ..................................................................... 65 

Table 3-9: Summary of Traffic Flow count at Orugodawatta Junction .............................. 70 

Table 3-10: Summary of traffic flow after basic analysis  ................................................. 71 

Table 3-11: Cycle time reduction ................................................................................... 72 

Table 3-12: Sensitivity Analysis  .................................................................................... 72 

Table 3-13: Queue length observed vs Queue length obtained from VISSIM  .................... 75 

Table 3-14: Finding the appropriate separation distance................................................... 75 

Table 3-15: Queue length comparison with and without the opening  ................................ 77 

Table 3-16: Analysis based on VISSIM simulation ......................................................... 78 

Table 3-17: Developed Guideline ................................................................................... 79 

Table 3-18: Option A, Option B & Option C................................................................... 83 

Table 3-19: Developed Scenarios  ................................................................................... 84 

Table 3-20: Results of Theoretical Analysis .................................................................... 85 

Table 3-21: Results of the Simulation Analysis (No right turn lane available) ................... 86 

Table 3-22: Results of simulation for separate left turn situation  ...................................... 91 

Table 3-23: Scenarios developed.................................................................................... 97 

Table 3-24: Results for all the scenarios ........................................................................102 

Table 3-25: 5 Scenarios considered ...............................................................................105 

Table 3-26: Scenario 1: V/C =0.5..................................................................................107 



xii 
 

Table 3-27: Respective Clustering Index Values ............................................................108 

Table 3-28: Matrix for delay values for coordination of non-similar intersection clusters - for 

peak period..................................................................................................................114 

Table 3-29: Matrix for delay values for coordination of non-similar intersection clusters - for 

non-peak period ...........................................................................................................114 

Table 4-1: Description of the intersections – Baseline Road Intersection cluster ...............117 

Table 4-2: Existing traffic signal timings .......................................................................118 

Table 4-3: Results for Existing Condition ......................................................................127 

Table 4-4: Offsets used.................................................................................................128 

Table 4-5: Proposed signal timings................................................................................128 

Table 4-6: Results for coordinated condition ..................................................................129 

Table 4-7: Comparison of mean delays ..........................................................................130 

Table 4-8: Queue Length Comparison ...........................................................................131 

Table 4-9: Delay Results – Baseline Road Intersection Cluster........................................132 

Table 4-10: Description of Intersections – Kadawata Intersection Cluster ........................134 

Table 4-11: Signal Timings for the Intersections  ............................................................144 

Table 4-12: Offsets and Coordinated phases ..................................................................145 

Table 4-13: Criteria for Real time traffic signal coordination ..........................................146 

Table 4-14: Delay Results – Kadawata Interchange Intersection Cluster ..........................148 

  


