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ABSTRACT 

One of the most recent traffic data published on Islamabad’s Main Margalla Road claimed an 

Average Annual Daily Traffic (AADT) of more than 60,000 on both the North-Bound, and the 

South-Bound direction (Sulaiman, 2022). The data, compiled by a private firm, called Zeeruk 

International, as part of a project by Capital Development Authority (CDA), cited several factors 

for the growing traffic congestion on major urban arterial. One such urban arterial was Main 

Margalla Road.  

This project aims to understand, analyze, and propose a solution to the growing problem of traffic 

congestion for Islamabad’s Main Margalla Road. The project is in line with the Sustainable 

Development Goal (SDG) 9 and 11. An understanding of the problem is developed by gathering 

all the relevant information about the Site’s traffic data. Once the data collection process has been 

completed, the analysis phase involves modelling the current traffic conditions on a multi-modal 

traffic modelling simulation software PTV VISSIM and deriving traffic parameters such as Delays, 

Queue Length, Emissions, and Fuel Consumption data. Using the split phase optimization 

technique for all the seven intersections of the Main Margalla Road, a new traffic model is 

developed. The resulting parameters are compared to see the possible differences.  

The findings of this proposal will be presented to the relevant transportation planning authorities 

in the city, with the aim of developing a more robust traffic management system for the city.  
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CHAPTER 1 

INTRODUCTION 

1.1. General 

A country’s transportation can give a basic idea about its economy. An efficient transportation 

system ensures safe travel, passengers’ comfort, and reduces travel costs which influences trade 

routes (Afrin & Yodo, 2020). The rapidly growing population of Pakistan makes its roads 

vulnerable to untimely congestions and delays. The most common solution for this issue, which is 

still implemented in Pakistan, is to add more lanes to the sides. This factually worsens the condition 

in the long run (Cervero, 2020). It not only encourages new drivers to use the road but also creates 

bottlenecks at certain points like merging lanes or intersections. This effect is called induced 

demand. The escalated growth in traffic, adverse execution of traffic laws and the decline towards 

urban cities has resulted in substandard traffic flow on one of the important highways of Islamabad, 

The Main Margalla Road (Frantzeskakis, 2022). This major arterial, connecting Constitution 

Avenue and E-11 Sector, facilitates multiple important sectors. Apart from sectors, this road 

facilitates traffic for multiple important points such as Jinnah Park, Air and Bahria University and 

Faisal Mosque.  

Researchers have highlighted several reasons as to why there is a rise in traffic congestion and 

delays in Islamabad. Its Modernist, grid-based urban design is one reason (Faiz, 2023), but more 

so, spiraling rise of urbanization, high growth rate of population, and vehicle registration 

(Frantzeskakis, 2022), and other factors contribute to it. In the case of Main Margalla Road, the 

issue is further aggravated due to the expansion of Main Margalla Road (Dawn, 2024), connecting 

it with Sector D-12, thus increasing the traffic load on it.  

1.2. Background 

Islamabad’s Main Margalla Road is one of the major arterials driving the city’s mobility. It starts 

at one end from F-11 and ends at Constitution Avenue. The road is used by residents of all the E 

and F Sectors, Islamabad’s commercial hubs, residents of the military and navy settlements on 

Margalla, and then two major universities called the Bahria University, and Air University. Not 



only that, but it is also connected with other major arterials, such as the Kashmir/Srinagar Highway, 

Islamabad Expressway, Faisal Avenue, Constitution Avenue, and 9th Avenue.  

The increased traffic volume, poor enforcement of traffic laws, and the trend towards urbanization 

have resulted in substandard traffic flow on one of Islamabad's key highways, the Main Margalla 

Road (Afrin & Yodo, 2020). 

Upon inspecting this road, advanced traffic mitigation techniques have been recommended. One 

such technique is the Intelligent Transportation System (ITS), which operates using an Advanced 

Traffic Control and Management System (ATMS). ATMS is a suite of technologies that collect and 

analyze data to improve traffic flow, safety, and efficiency on roads. 

1.3. Problem Statement 

The rapid population sprawl has become a major cause for most of the problems over past few 

years. The trend towards smart cities, suburban development and the location of important areas 

encourages people to own a private vehicle (Faiz, 2023). Due to the existing regular rectangular 

urban pattern of Islamabad, there are limited route options, probable congestion at intersections 

lacking signals and encouragement on personal cars. The bureaucratic hub of Pakistan, Islamabad 

faces heavy traffic and congestions during the peak hours. The negligence of such growth rates in 

planning and designing phase of pavement results in imbalance between demand and capacity of 

the road. The traffic congestion causes delays and extended idle time. This results in large 

emissions of harmful gases which comprise of NOXs, VOCs and CO (Shah & Zeeshan, 2019). 

Furthermore, the extreme noise pollution resulting from running engines and continuous honking 

can cause frustration and psychological meltdown. 

1.4. Study Scope 

The scope of the study involves the complete site of Islamabad Main Margalla Road. There are a 

total of 7 Intersections in it. Each Intersection connects the road with another major arterial. The 

geometric design, signal timings, delays, and other parameters are a part of the study scope for this 

project. A detailed overview of all the intersections is provided. This is useful as the optimization 

is carried out on Signalized Intersections.  

 

 



1.4.1. Pir Sohawa Intersection 

It is a pair of intersections; a three-legged one, connecting 7th 

Avenue with Main Margalla Road and a four legged one, 

connecting Pir Sohawa and Justice Abdul Rasheed Road. The 

intersection holds significant  value as it inhabits multiple 

embassies, a zoo and provides access to a scenic spot, Daman-

e-Koh.  

 

 

 

 

 

1.4.2. Air University Intersection 

This is a pair of intersections; a three-legged one, connecting 

9th Avenue with Main Margalla Road and a four-legged 

service road connecting with Main Margalla Road. Two 

important universities occupy this intersection: Air University 

and Bahria University. Huge traffic is observed due to the 

presence of such important buildings. 

 

 

 

 

 

Figure 1-1: Pir Sohawa Intersection – 

Satellite View 

Figure 1-2: Air University Intersection – 

Satellite View 



1.4.3. F-8 Intersection 

It is a three-legged intersection with an early exit and entry 

ramp for the 4th direction. This intersection faces heavy traffic 

coming from F-8 Markaz. The Naval Hospital and Bahria 

College also contribute to high traffic volumes. 

 

 

 

 

 

1.4.4. Faisal Avenue Intersection 

It’s a four-legged intersection connecting two major arterials. An 

enormous amount of traffic is observed here due to the important 

buildings it houses. Unlike the Centaurus Mall intersection, this 

intersection lacks a flyover despite lying on the same road. This is 

a likely cause of traffic congestion at this intersection.  

 

 

 

 

 

1.4.5. Aurangzeb Intersection 

Residing right beside the Faisal Avenue Intersection, is another 

four-legged intersection. This intersection faces the heavy traffic 

coming from Faisal Mosque and several other important buildings 

including a few embassies. 

Figure 1-3: F8 Intersection – Satellite View 

Figure 1-4: Faisal Avenue 

Intersection – Satellite View 

Figure 1-5: Aurangzeb Intersection – 

Satellite View 



1.4.6. Siachen Road Intersection 

This is a four-legged intersection which sits on the west side of Pir 

Sohawa Intersection. Due to this reason, it experiences higher 

traffic. Other than Model College for Boys or the Embassy of 

Nepal there aren’t any such important buildings in this area that 

would add on to the already high traffic volumes. 

 

 

 

 

 

1.4.7. Kohsar Road 

This is a three-legged intersection which connects the F-7 Markaz 

to Main Margalla Road. Apart from that, a school is also located 

at the intersection. This is the likely cause of high peak hour 

volumes. 

 

 

 

 

 

Before performing optimization and signal coordination, a field survey was performed. It gave 

physical values like travel time, travel distance, cycle length among all signals. There was no 

automated signal anywhere on this road. The signal coordination technique can be applied for 

distances within a mile for major roads and highways. In the case of Main Margalla Road, the 

distances among the signals lie under this threshold so signal coordination technique can be 

applied. 

 

Figure 1-6: Siachen Road Intersection 

– Satellite View 

Figure 1-7: Kohsar Road Intersection – 

Satellite View 



Travel Nodes 
Travel Distance 

(meters) 

Air Uni to F-8 1100 

F-8 to Faisal Avenue 800 

Faisal Avenue to 

Aurangzeb 
80 

Aurangzeb to Kohsar 950 

Kohsar to Siachen 400 

Siachen to Pir Sohawa 550 

 

1.5. Project Objectives 

The key objectives of our project are to: 

 Collect data on the existing traffic parameters of the Main Margalla Road using standard 

data collection methods. It involves collecting parameters such as delays, distances, queue 

lengths, etc. 

 Analyze current traffic demand on Main Margalla Road, Islamabad by using Highway 

Capacity Manual (HCM). 

 Mitigate the traffic congestion on Main Margalla Road, Islamabad using ATMS techniques, 

split phasing, and signal coordination on PTV VISSIM. 

 Design and propose optimized travel time and environmentally friendly network solution 

by using economic efficiency analysis. 

 Identify other possible solutions to tackle increasing traffic volumes. 

  



 Chapter 2 

LITERATURE REVIEW 

2.1 General 

A thorough literature review was conducted from the beginning of the Final Year Defense Project. 

Initial guidance, and framework for the FYDP were provided by our Instructor, who helped us map 

out important keywords, online resources, access to the library, and a suggestion on the most 

relevant keywords that could help us navigate the complicated project. Our group picked up a 

dozen keywords ranging from “Intelligent Transport System ITS”, to “Traffic Mitigation”, and 

more. During the literature review process, we not only read through important Thesis available at 

SCEE Library, NICE, but also looked through online available thesis compiled by Masters students 

worldwide. A range of opensource websites helped us achieve that. Not only this, as per 

instructions provided to us, our team had to look through a range of similar case studies and 

practical use of our research that is currently being practiced in the world when it comes to 

transportation planning. This was an important step of the literature review as it would test our 

hypothesis for a similar transportation planning framework, with the difference of a site and a 

location. This chapter discusses in detail the relevant Thesis and relevant case studies that we 

discovered during our literature review.  

2.2 Thesis Review 

In this chapter, a comprehensive review of existing theses related to traffic management systems 

and urban congestion mitigation is presented. The aim is to identify research gaps that can inform 

and shape the development of a modern traffic management system tailored for urban arterial 

roads, with a specific focus on the Main Margalla Road case study. By critically analyzing previous 

academic works, this chapter seeks to uncover areas that have been insufficiently explored or 

overlooked, thereby providing a solid foundation for the proposed study and ensuring its 

contribution to the advancement of traffic management strategies. 

2.2.1 Real-Time Traffic Performance Measurement of Signalized Intersections Using 

Connected Vehicle Data: A Simulation-Based Study 



This research explores these challenges through a simulation study of a signalized urban arterial 

corridor in Broward County, Florida. The study includes 17 signalized intersections with varying 

congestion levels and layouts. Simulations were conducted under various scenarios, considering 

facility types, congestion levels, CV market penetration rates (1%-25%), and signal timing plans. 

The research assessed signal performance measures like average delay, queue length, percentage 

of stopped vehicles, and the number of stops. Sensitivity analysis evaluated the reliability of these 

measures under different conditions. 

The findings demonstrate CV data's potential, even at low market penetration rates, for estimating 

crucial traffic performance measures and detecting non-recurrent congestion. These insights are 

directly relevant to the development of a modern traffic management system for the Main Margalla 

Road case study, offering a foundation for improving urban arterial traffic management and 

reducing congestion. 

2.2.2 Effect of Signal Coordination on the Traffic Operation of Urban Corridor 

This study aimed to address the persistent issues faced by road users along a 14 km corridor from 

Golra intersection on N5 to GHQ intersection, focusing on traffic congestion, delays, and 

environmental impacts from vehicle emissions and noise. Using on-field data collected through 

manual counts, signal timing, and link lengths, the analysis was conducted with SYNCHRO 

software to determine Level of Service (LOS), Intersection Capacity Utilization (ICU), travel 

delays, and volume-to-capacity ratios. The study considered both current and projected future 

scenarios, assessing improvements such as lane expansions, signal coordination, and grade 

separation at feasible intersections. The results highlighted potential reductions in emissions, fuel 

consumption, and bottlenecks, ultimately suggesting that these measures could enhance traffic 

flow and user experience. 

The findings were directly relevant to the development of a modern traffic management system 

for the Main Margalla Road, providing a framework for mitigating congestion and improving 

overall traffic conditions on urban arterial roads. 

2.2.3 Traffic Flow Optimization of an Urban Arterial 

This research leverages big data and technology to estimate travel time, mobility costs, and their 

impact on individual savings in Islamabad. Data was collected from BYKEA, Google, and a survey 



conducted in Islamabad, and the city was divided into multiple zones for analysis. The study found 

the average travel time in Islamabad to be 35 minutes, increasing to 37 minutes during peak hours. 

Mobility costs averaged 22.5% of an individual's income, with 12.5% in monetary terms and 10% 

in time-related costs. Ride-hailing emerged as the most expensive mode of transport, followed by 

car, public transport, and motorcycle. The study also identified major mobility patterns in the city 

and provided recommendations for further research. 

These findings are relevant to the development of a modern traffic management system for Main 

Margalla Road, offering insights into travel time, cost efficiency, and mobility patterns that can 

inform strategies to mitigate traffic congestion on urban arterial roads. 

2.2.4 Analysis of Islamabad Signal Free Corridor as a Congestion Mitigation Solution 

This was a Masters thesis written by students of NUST with the aim of studying Islamabad 

Expressway and the traffic analysis and changes observed due to the signal free corridor created 

in Islamabad Expressway from Faisal Avenue till T Chowk, Rawat. The project was relevant as it 

helped us gauged the possibility of considering and simulating a signal free geometric design in 

the Margalla Road and running the comparison results with the existing conditions.  

The major deviation between our project and the one being discussed is that the sites are different. 

Ours being Main Margalla Road while the thesis focused on Islamabad Expressway. This also 

creates limitation for the design renovation and rework due to lack of adequate space near the 

margalla road to expand it.  

2.2.5 Effects of Signal Optimization vs Signal Free Corridor in a Network (Chairing Cross 

to Katchery Chowk) 

This was the most relevant thesis to our project, as there is a direct comparison between signal free 

corridor and signal optimized corridors. The content helped us draft our framework, methodology, 

data collection procedure, data analysis and comparison tools, and more.  

2.3 International Use Cases 

The chapter is dedicated to some of the most renowned international use-cases where a similar 

technology was employed for transportation modelling, mapping, management, and more. 



2.3.1 Implementation of Real-Time Traffic Management System by Hungarian Public 

Roads Utilizing PTV Optima Software 

Hungarian Public Roads (Magyar Közút), a preeminent state enterprise in Hungary, manages and 

maintains an extensive network of approximately 31,000 kilometers of national public roads. A 

critical challenge encountered by the organization pertains to the necessity for consistent and error-

free real-time data regarding current and imminent traffic situations. Such data is imperative for 

providing operators with a comprehensive overview of traffic conditions, predicting incidents, and 

enabling timely and appropriate responses (Attila, 2023). 

In response to this challenge, Hungarian Public Roads implemented PTV Optima, a sophisticated 

real-time traffic management software. The selection of PTV Optima was predicated on its 

advanced functionalities, which include traffic forecasting, decision support for traffic 

management, and Key Performance Indicator (KPI) calculations. 

A paramount consideration during the implementation phase was the assurance of error-free and 

reliable data integration into PTV Optima. To address this, Főmterv, an engineering consultancy 

engaged by Hungarian Public Roads, undertook the task of updating an existing traffic model using 

historical data sourced from Inrix, processed within the PTV Visum software environment. This 

updated model was subsequently transformed into a dynamic simulation traffic forecast model 

tailored for PTV Optima, encompassing approximately 9,000 kilometers of the high-level road 

network. 

Furthermore, PTV Group developed customized Application Programming Interfaces (APIs) that 

facilitated the integration of Hungarian Public Roads' proprietary real-time data. This was 

augmented by real-time speed data provided by Inrix. The synthesis of these real-time data sources 

with the foundational traffic model ensures the execution of highly accurate traffic forecast 

calculations. 

Currently, Hungarian Public Roads receives comprehensive real-time information concerning 

incidents across its entire road network. Additionally, PTV Optima is employed to rigorously test 

various traffic management strategies, thereby facilitating the implementation of the most effective 

measures. By leveraging real-time data from multiple sources, PTV Optima empowers the 

organization to evaluate the reliability of different strategies, thereby optimizing traffic 

management and enhancing operational efficiency. 



 

2.3.2 Utilization of multi-modal traffic simulation software in real-time for Traffic 

Management by ITS Vienna Region 

A precise forecast of the anticipated traffic situation is critical for enhancing mobility management, 

ultimately benefiting all street users (Fiby, 2022). Accordingly, PTV Optima software has been 

integrated into the traffic control center of the ITS Vienna Region. 

ITS Vienna Region serves as the competence center for intelligent transport systems (ITS) across 

the three Austrian states in and around Vienna. The organization is responsible for collecting and 

processing digital traffic data to develop services aimed at improving traffic efficiency, safety, and 

sustainability. 

Analysis of Current and Future Traffic Situations 

To acquire real-time traffic information, ITS Vienna Region employs PTV Optima, PTV's 

sophisticated traffic management tool. This software amalgamates reliable offline traffic modeling 

with real-time data and advanced algorithms, considering responses to unplanned traffic delays 

and known disturbances such as accidents and construction sites. 

Utilizing data from PTV Optima, ITS Vienna Region calculates and visualizes both current and 

future traffic situations. These results, updated every five minutes, benefit all connected systems 

of ITS Vienna Region, including the national journey planner AnachB. 

Hans Fiby, Head of ITS Vienna Region, asserts, “We have been working with PTV products to 

evaluate traffic levels in Vienna for many years now. In 2014, we decided to replace the previous 

'PTV Traffic Platform' with PTV Optima to enhance our services. High-quality information about 

the traffic situation forms the basis for well-grounded decisions in the operational headquarters. 

Up-to-date and comprehensive data is crucial for traffic management and control. This is why ITS 

Vienna Region relies on PTV Optima.” 

Offline Data Provision and Model Integration 

For offline data provision, PTV Optima utilizes a classical traffic demand model developed with 

PTV Visum software. This model incorporates all types of road users and their interactions, 

covering an area of 2,700 square kilometers, divided into 1,096 zones, and encompassing nearly 

150,000 streets and 50,000 traffic arteries. 



Single Source Solution Approach 

To ensure the quality and reliability of its services, ITS Vienna Region adheres to a single source 

solution provided by PTV. This comprehensive approach includes long-term data storage, the 

offline model, and the data fusion and forecast engine. 

The forecasts generated by PTV Optima also support the Austrian national route planner, based on 

PTV HyperPath, enabling drivers to plan their routes and avoid existing or anticipated traffic 

congestion. Additionally, the software’s ability to compare various scenarios enhances the 

decision-making process for traffic operators, further optimizing traffic management and 

operational efficiency. 

2.4 Local Use Cases 

2.4.1 Pak-USAID Karachi Metropolitan ITS Project 

The PAK-USAID Karachi Metropolitan ITS Project was a collaborative initiative between the 

University of Mississippi (UM), USA, and Nadirshaw Eduljee Dinshaw (NED), Pakistan. The 

primary goal of this project was to enhance traffic flow, reduce vehicular emissions, mitigate road 

accidents, and lower public health costs through the implementation of Intelligent Transportation 

Systems (ITS) video surveillance. The project successfully integrated modern geo-spatial 

technologies and scientific models to improve traffic flow and air quality. By combining traffic 

flow parameters with real-time traffic data, the project established an efficient Traffic Management 

System (TMS). 

Moreover, the project involved the creation of a geo-referenced road network database using 

Geographic Information Systems (GIS), providing a robust framework for traffic management. 

Contributions to the city government focused on road safety and traffic engineering issues, aiming 

to optimize traffic flow management through ITS. A significant achievement of the project was the 

development of an indigenous vehicle-mounted traffic data collection system and video traffic data 

extraction software, which facilitated comprehensive and accurate traffic monitoring and analysis. 

2.4.2 Urban Traffic Control System Implementation by RDA for Murree Road 

The Rawalpindi Development Authority (RDA) has initiated an Urban Traffic Control (UTC) 

System on Murree Road with the objective of enhancing the traffic signal system. This project 

involves the installation of 16 SCATS-compatible UTC controllers along Murree Road, extending 



from Marrir Hassan Chowk to Faizabad, with each traffic controller having an expected 

operational lifespan of ten years. The total projected cost for the execution of this initiative is 36 

million PKR. 

The traffic management system will be centrally controlled, incorporating the installation of loop 

detectors and surveillance cameras at key intersections to facilitate real-time data collection. A 

dedicated room within the RDA office will serve as the centralized control center for traffic 

monitoring and management. Additionally, physical improvements to certain intersections are 

included in the project scope. This initiative is anticipated to reduce traffic congestion by 30-40%. 

Future includes expanding the system to integrate more major roads within the city for enhanced 

centralized control and security purposes. 

2.4.3 Islamabad Shelves Traffic Signal Automation Project 

The Capital Development Authority (CDA) of Islamabad initiated a project aimed at automating 

traffic signals to optimize signal phasing and timing using sensors, thereby reducing delays for 

commuters at intersections. This project was designed to enhance traffic flow by dynamically 

adjusting traffic signal timings based on real-time traffic conditions. 

The primary objective of the automated traffic signal system was to enable adaptive signal phasing 

and timing. This system was designed to allocate longer green phases to approaches with heavy 

traffic while shortening or skipping phases for approaches with minimal or no traffic. Additionally, 

the system could modify the traffic signal control strategy according to the time of day and day of 

the week, ensuring optimal traffic management under varying conditions. To facilitate 

comprehensive traffic monitoring across the city, video cameras and pavement-embedded sensors 

were to be installed. Furthermore, the system included a provision to turn off traffic lights late at 

night in areas with light traffic, conserving energy and reducing unnecessary delays. 

2.5 Intelligent Transportation System 

2.5.1 Introduction 

Intelligent Transportation System (ITS) technology represents a significant advancement in 

modern transportation management, encompassing a wide range of applications that utilize 

communication, control, and information technologies to improve the efficiency, safety, and 

sustainability of transportation networks (Klugl & Bazzan, 2022). ITS integrates various systems 



such as traffic management, public transportation, and emergency response through advanced data 

collection and processing capabilities. This integration facilitates real-time monitoring and control 

of transportation systems, enabling dynamic responses to traffic conditions and improving overall 

traffic flow. 

The importance of ITS technology lies in its ability to address numerous challenges associated 

with urban transportation, including traffic congestion, accidents, and environmental impact 

(Qureshi & Abdullah, 2013). By leveraging technologies such as sensors, cameras, and 

communication networks, ITS provides accurate and timely information to traffic managers, 

commuters, and other stakeholders. This information is crucial for optimizing traffic signal 

timings, managing public transportation schedules, and coordinating emergency responses. 

Consequently, ITS contributes to reduced travel times, lower vehicle emissions, and enhanced road 

safety, ultimately improving the quality of life for urban populations. 

Furthermore, the implementation of ITS technology supports long-term strategic goals related to 

urban planning and development. It enables more efficient use of existing infrastructure, delaying 

the need for costly expansions and upgrades (Guevara & Cheein, 2020). Additionally, ITS 

facilitates the collection of vast amounts of data, which can be analyzed to identify trends and 

inform future transportation policies. This data-driven approach ensures that transportation 

systems are resilient and adaptable to changing conditions, fostering sustainable urban growth 

(Yilmaz & Haydari, 2020). As cities continue to expand and face increasing transportation 

demands, the adoption of ITS technology becomes indispensable for maintaining efficient, safe, 

and sustainable transportation networks. 

2.5.2 Traffic Management 

Intelligent Transportation System (ITS) technology encompasses a broad spectrum of applications 

that enhance the efficiency, safety, and sustainability of transportation networks. One prominent 

use case is in traffic management, where ITS technologies such as adaptive traffic signal control 

systems, real-time traffic monitoring, and predictive analytics are employed to optimize traffic 

flow and reduce congestion. These systems utilize data from various sensors, cameras, and GPS 

devices to adjust signal timings dynamically based on current traffic conditions. By reducing stop-

and-go traffic, these systems not only improve travel times but also decrease fuel consumption and 

vehicular emissions, contributing to a cleaner environment. 



Public Transportation 

In the realm of public transportation, ITS technologies are pivotal in improving service reliability 

and passenger satisfaction. Advanced systems such as Automatic Vehicle Location (AVL) and 

Passenger Information Systems (PIS) provide real-time updates on bus and train locations, arrival 

times, and service disruptions. These systems enhance the operational efficiency of public transit 

agencies by facilitating better route planning, scheduling, and fleet management. For passengers, 

access to real-time information reduces waiting times and enhances the overall travel experience, 

encouraging greater use of public transport and reducing the reliance on private vehicles. 

Road Safety 

ITS technology also plays a crucial role in enhancing road safety. Applications such as collision 

avoidance systems, intelligent speed adaptation, and automated incident detection are instrumental 

in preventing accidents and mitigating their impacts (Sharma, Singh, & Gehlot, 2022). These 

technologies use data from in-vehicle sensors and roadside equipment to monitor driving behavior, 

road conditions, and potential hazards. For instance, collision avoidance systems can warn drivers 

of imminent collisions and even take corrective actions to prevent accidents. Similarly, intelligent 

speed adaptation ensures that vehicles adhere to speed limits, thereby reducing the likelihood of 

speed-related accidents. 

Freight and Logistics 

Freight and logistics industries significantly benefit from ITS technologies as well. Fleet 

management systems that incorporate GPS tracking, route optimization, and telematics improve 

the efficiency of freight operations by providing real-time visibility into vehicle locations, 

conditions, and performance. These systems enable logistics companies to optimize delivery 

routes, reduce fuel consumption, and ensure timely deliveries (Kadlubek & Grabowska, 2021). 

Additionally, ITS technologies facilitate better asset management by monitoring vehicle health and 

scheduling preventive maintenance, thereby reducing downtime and extending the lifespan of 

transportation assets. 

Toll Roads and Parking Facilities 

Furthermore, ITS applications extend to the management of toll roads and parking facilities. 

Electronic toll collection systems streamline toll payments by allowing vehicles to pass through 



toll booths without stopping, thus reducing traffic congestion and improving the efficiency of toll 

road operations. Smart parking solutions, which include real-time parking availability information 

and automated payment systems, enhance the user experience and optimize the use of parking 

spaces. These systems reduce the time drivers spend searching for parking, thereby decreasing 

traffic congestion and emissions in urban areas. 

2.5.3 Conclusion 

In conclusion, the practical industry applications of ITS technology are vast and varied, addressing 

critical needs in traffic management, public transportation, road safety, freight logistics, and 

infrastructure management. By leveraging advanced data collection, processing, and 

communication technologies, ITS provides innovative solutions that enhance the efficiency, safety, 

and sustainability of transportation systems. As urban populations continue to grow and 

transportation demands increase, the deployment of ITS technologies will be essential in creating 

resilient, adaptable, and sustainable transportation networks for the future. 

 

 

  



Chapter 3                   

  

OPTIMIZING TRAFFIC FLOW ON MARGALLA ROAD, ISLAMABAD  

General  

In this chapter, we will discuss the optimization process implemented for seven intersections along 

Margalla Road in Islamabad, stretching from the D12 roundabout to the Pir Sohawa Intersection. 

While the LOS for most of the time is quite satisfactory, the situation gets worse as the peak hours 

approach (Ahsan, Zaidi, & Khattak, 2023) There are long queues, resulting in increased delay 

times, which eventually not only increases fuel consumption but also has a hazardous impact on 

the environment due to the increased emission of NOX, VOX, and CO as the vehicles at the 

intersection waiting for their turn.  

3.1 Optimization Process  

One of the major reasons for the rising traffic congestion in urban arterials is that signals are not 

well coordinated. The majority of the time, as the first few vehicles from the previous intersection 

reach the next intersection, they get a red signal. This situation, known as lack of signal 

coordination, leads to queue formation that spills back onto the previous intersection, creating a 

domino effect that disrupts traffic flow throughout the entire corridor.  

To overcome this challenge, we implemented two primary traffic signal optimization techniques:  

signal coordination and split phasing.  

3.1.1 Signal Coordination  

Signal coordination aims to synchronize traffic signals across multiple intersections, creating a 

"green wave" for approaching vehicles. This ensures vehicles traveling at a specific speed receive 

a green light at each intersection, minimizing stops and delays. Implementing signal coordination 

requires collecting various data points, including:  

  



• Road and Lane Lengths: Knowing the physical dimensions of the road and lanes 

is essential for calculating travel times between intersections.  

• Speed Limits: Posted speed limits along the road segment are factored into travel 

time calculations.  

• Traffic Volume Data: Understanding traffic volume patterns, including peak 

hours and dominant traffic directions, is crucial for optimizing signal timings.  

3.2 Data Collection for Signal Coordination   

A comprehensive data collection framework was developed to produce accurate data free of 

anomalies and inconsistencies. The data collection process aimed to collect the following 

information: 

 Traffic Volume 

 Travel Time 

 AADT/Traffic Demand 

 Future Traffic forecasting till 2030 

 Geometric Design 

 Peak Hours 

3.2.1 Data Collection Methodology 

The flow chart below highlights how the data was collected. The specific details on collection 

methods is described afterwards. 
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Our project members employed the use of every available resource and equipment to collect data. 

Video Recording Cameras, Stopwatches for measuring counts, and Pen and Paper technique for 

maintaining record. 

The data was collected normally close to morning and evening peak hours, i.e. 8 am to 11 am 

during the morning hours on business days, while 4 pm to 7 pm for evening peak hours for 

business days as well as the weekends. 

One limitation encountered during the process was the fact that Main Margalla Road itself is a 

very lengthy road, with security considerations, and seven different intersections all working 

simultaneously. Thus, it would’ve been impractical and impossible to measure all of the seven 

intersections at one time. A better approach to counter the situation was to measure the 

intersections one by one, but also compare the results with the online available data on traffic 

counts for the road, as well as data available at the University. The past data was adjusted for 

yearly growth at 4% which portrayed an accurate picture for verifying our results.  

A critical parameter for signal coordination is the travel time it takes a vehicle to reach an 

intersection from the previous one as it turns green. This travel time can be efficiently calculated 

using the following formula:  

Travel Time (seconds) = Distance (meters) / Speed (meters per second) 

Google Earth perhaps is the most convenient software, that can be used efficiently to calculate the 

distance between any two places. Opening the Google Earth software, searching for the location, 

and using the polygon feature, draw a line between two points. Then using the earth scale, you 

can calculate the distance between the locations.  

3.3 F8 Markaz Intersection - A Coordinated Approach  

The F8 Markaz Intersection is a three-legged junction on Margalla Road, providing access to 

Kohistan Road and the F8 Markaz. Due to its simple geometry, a more sophisticated optimization 

strategy called split phasing (discussed later) would be less effective here. Therefore, signal 

coordination was the primary method employed.  



 Traffic on Margalla Road typically flows at a speed of 65 km/hr., which translates to 

approximately 18.06 meters per second (m/s). To determine the travel time for vehicles 

approaching the Air University and Faisal Avenue intersections, we measured the distances using 

Google Earth and applied the travel time formula.  

 For instance, if the distance between the Air University Intersection and F8 Markaz Intersection 

is 2,050 meters, the travel time would be:  

Travel Time = 2,050 meters / 18.06 m/s = 113.5 seconds  

This calculation is repeated for all approaches to the intersection, allowing us to determine the 

optimal green time allocation for each direction during the signal cycle. While calculating travel 

times, a safety buffer is typically added to account for variations in vehicle speeds and driver 

behavior. 

 

 

Figure 3-1: F8 Markaz Intersection - Eastbound 

  

For the eastbound, the distance for the approaching vehicle to travel from Air University to the 

F8 Intersection is 2.05 km. Using the time formula, we figured out that the time required by a 65 

km/hr. vehicle to reach the intersection from the East Bound will be 113 seconds.   



 

Figure 3-2: F8 Markaz Intersection - Westbound 

 

Similarly, the time required for the westbound vehicles to approach the Faisal Avenue intersection 

to the F8 Markaz will be 86 seconds.   

3.4 Time-Based Cycle Length for Signal Coordination  

The cycle Length for the F8 Markaz Intersection before optimization was 99 seconds, which is 

kept the same after the signal coordination, as otherwise, even the reduction in the queue length 

wouldn’t been enough to reduce the delay times. Using the PTV VISSIM Version where we 

plotted 1 km from each side of the intersection, here are the signal timings before and after the 

optimization:  



 

Figure 3-3: F8 Markaz Intersection - Uncoordinated 

 

 

Figure 3-4: F8 Markaz Intersection - Coordinated 

  

  

 



3.5 Split-Phasing Technique to Mitigate Congestion  

To increase the efficiency of a road network, signal coordination alone cannot serve the purpose. 

Therefore, the second optimization method that can be adopted alongside signal coordination is a 

split-phasing method (Dogar, Khattak, Jamal, & Gohar, 2021). Currently, most intersections in 

Pakistan, including those on Margalla Road, utilize fixed three-phase or four-phase signal 

systems.   

These systems allocate a predetermined amount of green time to each direction during a cycle, 

regardless of actual traffic volumes. This approach has limitations:  

• Inefficient Green Time Allocation: Lanes with low traffic volume receive the same green 

time as those with high volume, leading to unnecessary waiting for low-volume lanes.  

• Increased Red-Light Running: Drivers frustrated by long waits at red lights might resort 

to red-light running, creating safety hazards.  

• Exacerbated Congestion: Inefficient green time allocation can contribute to longer 

queues and delays, especially during peak hours.  

Split phasing addresses these limitations by dynamically allocating green time based on traffic 

demand. This method involves dividing the signal cycle into multiple phases, each allowing 

specific traffic movements that do not conflict with each other to proceed simultaneously.   

3.6 Split-Phasing Technique for Air – University Intersection  

The Air University Intersection presents a unique challenge due to its high traffic volume and the 

use of two separate signal programs: a three-phase system and a four-phase system. While signal 

coordination, as implemented at the F8 Markaz Intersection, can be applied here, significant 

congestion mitigation requires a more sophisticated approach – split phasing. 



 

Figure 3-5: Split Phasing Design of 9th Avenue Intersection 

These two signals work individually, as three-phased and four-phased signal systems. While, the 

coordination of these signals will be the same as that of the F8 Markaz intersection, as mentioned 

earlier, however to bring significant improvement in LOS, we need to change the phasing into 

split phasing, so we can provide more time to the thru traffic of eastbound and westbound which 

are heavier as compare to the remaining movements including the north and southbound.   

 

 

 

 

 

 

 



In the Splits phasing method, the total cycle time of the two signal programs is kept the same 

which is 117 seconds. However, by allowing the non-conflicting movements together, a better 

way is proposed to mitigate congestion and bring efficiency. Here is the phasing system proposed 

for the Air University intersection, for a smooth and better flow of traffic:  

 

Figure 3-6: Improved Design for Split Phasing Optimization 

  



Chapter 4 

OPTIMIZED VISSIM ANALYSIS OF MARGALLA ROAD, ISLAMABAD 

General 

In this chapter, we present the results of the optimization strategies applied to Margalla Road, 

Islamabad. The primary focus is on the outcomes of signal coordination and split phasing 

implemented at seven major intersections along the route, from the D12 roundabout to Pir Sohawa. 

Using Vissim simulation software, we evaluated the performance of these strategies by comparing 

traffic conditions before and after optimization. 

4.1. Introduction 

The optimization of traffic flow on Margalla Road was essential to alleviate congestion and 

improve overall efficiency. The selected strategies, signal coordination and split phasing, were 

tailored to address the unique traffic dynamics and challenges posed by each intersection along the 

corridor. This chapter details the methodology used for evaluating the effectiveness of these 

strategies, followed by a comprehensive analysis of the simulation results. 

4.2. Methodology 

To assess the impact of the optimization strategies, a detailed simulation model of Margalla Road 

was developed using PTV Vissim. The model incorporated existing traffic data, including vehicle 

counts, signal timings, and intersection layouts. Two scenarios were simulated: 

1. Pre-Optimization Scenario: This scenario represented the baseline conditions before 

any optimization was applied. It included the existing traffic signal timings and 

intersection configurations. 

2. Post-Optimization Scenario: In this scenario, signal coordination and split phasing were 

implemented as per the optimization strategies designed in Chapter 3. The objective was 

to improve traffic flow and reduce delays at the major intersections. 



The key performance indicators (KPIs) used to evaluate the effectiveness of the optimization 

included average travel time, queue lengths, and intersection delays. Data was collected for both 

scenarios during peak and off-peak hours to ensure a comprehensive analysis. 

  



4.3. Analysis Results 

The results from the Vissim simulations are presented in the following sections. For each 

intersection, we compare the traffic performance before and after optimization, highlighting the 

improvements achieved through the implemented strategies. 

4.3.1. Air University Intersection Analysis 

 

Figure 4-1: Air University Intersection - Unoptimized 

 

Figure 4-2: Air University Intersection – Optimized 

  



4.3.2. F8-Markaz Intersection Analysis 

 

Figure 4-3: F8 Markaz Intersection - Unoptimized 

 

Figure 4-4: F8 Markaz Intersection – Optimized 

  



4.3.3. Faisal Mosque Intersection Analysis 

 

 

Faisal Mosque Intersection – Unoptimized 

 

Fig 4.6 Faisal Mosque Intersection – Optimized 

  



4.3.4. Aurangzeb Road Intersection Analysis 

 

Fig 4.7 Aurangzeb Road Intersection - Unoptimized 

 

 

Fig 4.8 Aurangzeb Intersection – Optimized 

  



4.3.5. Siachen Road Intersection Analysis 

 

Fig 4.9 Siachen Road Intersection - Unoptimized 

 

 

Fig 4.10 Siachen Road Intersection – Optimized 

  



4.3.6. Pir Sohawa Intersection Analysis 

 

Fig 4.11 Pir Sohawa Intersection – Unoptimized 

 

 

Fig 4.12 Pir Sohawa Intersection - Optimized 

  



Chapter 5 

ANALYSIS AND RESULTS 

General 

This chapter presents a detailed analysis of the outcomes achieved through the optimization 

strategies implemented on Margalla Road, Islamabad. By evaluating key performance indicators 

such as queue length, delay time, emissions, and fuel consumption, we quantify the benefits of 

signal coordination and split phasing across the major intersections.  

5.1. Introduction 

The effectiveness of the optimization strategies was assessed using a comprehensive set of 

performance metrics derived from Vissim simulations. The improvements were measured in terms 

of reductions in queue length, delay time, emissions (CO, NOX, VOC), and fuel consumption. 

This chapter provides a thorough analysis of these results, demonstrating the impact of our project 

on traffic efficiency and environmental sustainability. 

5.2. Queue Length Reduction 

One of the primary goals of the optimization was to reduce the queue lengths at the intersections, 

thereby minimizing congestion and improving traffic flow. The implementation of signal 

coordination and split phasing led to a noticeable decrease in queue lengths.  

 

Figure 5-1: Queue Length Analysis 



The Vissim simulation results indicate a 12.1% reduction in queue length across the seven major 

intersections. The graph below illustrates the comparison of queue lengths before and after 

optimization. 

 

Figure 5-2: Queue Length Comparison 

  



5.3. Delay Time Reduction 

Reducing the delay time at intersections is crucial for enhancing the overall efficiency of the 

traffic system. By optimizing the signal timings and implementing split phasing, significant 

reductions in delay times were achieved.  

 

Figure 5-3: Delay Time Analysis 

The results show a 20.2% reduction in delay time, highlighting the effectiveness of the 

optimization strategies. The following graph presents the delay time data for both scenarios. 

 

Figure 5-4: Delay Time Comparison 

  



5.4. Reduction in Emissions 

Improving traffic flow not only benefits drivers but also contributes to environmental 

sustainability as per UN SDG 11 by reducing vehicle emissions. The Vissim simulation allowed 

us to estimate the reductions in CO, NOX, and VOC emissions resulting from the optimization. 

5.4.1. CO Emissions 

The optimization led to a 13.1% reduction in CO emissions. The graph below displays the 

comparison of CO emissions before and after optimization. 

 

Figure 5-5: CO Emissions 

5.4.2. NOX Emissions 

The results indicate a 19.1% reduction in NOX emissions, further demonstrating the 

environmental benefits of the optimization. 



 

Figure 5-6: NOX Emissions 

5.4.3. VOC Emissions 

A reduction of 17.5% in VOC emissions was observed, contributing to improved air quality 

along the Margalla Road corridor. 

 

Figure 5-7: VOC Emissions 

  



5.4.4. Fuel Consumption Reduction 

Fuel consumption is a critical indicator of the economic and environmental impact of traffic 

systems. By reducing delays and improving traffic flow, the optimization strategies led to a 

significant decrease in fuel consumption. 

 

Figure 5-8: Fuel Consumption Analysis 

 The Vissim simulation results indicate a 21.9% reduction in fuel consumption. The following 

graph provides a visual comparison of fuel consumption before and after optimization. 

 

Figure 5-9: Fuel Consumption Comparison 

  



5.5. Findings and Results 

The table below summarizes the percentage reductions achieved in key performance indicators 

through the optimization of Margalla Road. 

Metric Reduction (%) 

Queue Length 12.1% 

Delay Time 20.2% 

CO Emissions 13.1% 

NOX Emissions 19.1% 

VOC Emissions 17.5% 

Fuel Consumption 21.9% 

 

The analysis of Level of Service (LOS) data reveals significant shifts pre- and post-optimization. 

Prior to optimization, the most frequent LOS designations were E and F, occurring 10 and 9 times 

respectively, out of a total of 34 LOS calculations. Following optimization efforts, the most 

common LOS categories shifted to A and D, recorded 11 and 7 times respectively, within the same 

dataset of 34 LOS calculations. 

A comparative examination of traffic flow patterns indicates a predominance of westbound traffic 

volume towards F-11, which serves as a crucial connector to the Srinagar Highway, over the 

eastbound traffic flow. Margalla Road, in particular, is intersected by four primary intersections 

that bear the highest traffic loads. These include the intersections at Air and Bahria University, 

which encompass Aurangzeb Road and connect with 9th Avenue; the Faisal Mosque intersection, 

which links Faisal Avenue and Islamabad Expressway; the intersection at 7th Avenue and Pir 

Sohawa, which connects sectors F-6, F-7, and F-8, areas dense with residential, commercial, and 

corporate activities; and the Service Road E intersection, which connects F-9 Park and F-10 

Markaz, extending further towards Margalla Avenue and D-12. 

The projection of traffic volumes on these roads indicates a continuing upward trend, driven by 

ongoing urbanization and development in adjacent regions. This increase is exacerbated by the 

absence of a dedicated bus service like the Metro Bus, which results in a heavy reliance on personal 



vehicles for daily commutes. Margalla Road is situated in an environmentally sensitive zone at the 

foothills of the Margalla Hills and includes significant green spaces such as F-9 Park. 

Consequently, urban planning and traffic management strategies for this area must prioritize the 

reduction of emissions to maintain its environmental integrity. 

5.6 Summary and Recommendations 

The findings of this study reveal a notable increase in Level of Service (LOS) subsequent to the 

implementation of optimization measures on Margalla Road, underscoring its potential for 

enhanced efficiency. The observed decrease in LOS could be attributed to the absence of 

designated bike lanes and pedestrian tracks extending along Margalla Road. The introduction of a 

dedicated bus service holds significant promise in reducing emissions, fuel consumption, and 

alleviating traffic congestion. Moreover, such a service could diminish reliance on private vehicles, 

which typically exhibit higher per capita fuel consumption compared to public transport 

alternatives 

Integrating the gathered data into actuated signal systems offers the prospect of more refined signal 

optimization, particularly during peak office hours from 16:00 to 19:00 daily. Furthermore, 

augmenting the current infrastructure with a real-time traffic monitoring system has the potential 

to mitigate traffic congestion and minimize delays. This approach has been previously 

demonstrated in analogous projects, as referenced in earlier presentations. Leveraging PTV 

VISSIM to integrate real-time data would enable dynamic, on-the-go optimization solutions. 

Given the environmental implications, prioritizing environmental protection measures along Main 

Margalla Road is imperative for relevant authorities. This research highlights the multifaceted 

benefits of optimizing urban road networks, emphasizing the integration of sustainable transport 

solutions and advanced traffic management systems to foster efficient, environmentally 

responsible urban mobility. 
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