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Abstract

The objective of this project, titled "[Traffic manage,” is to develop a comprehensive Traffic
Management System for Mbale, designed to optimize traffic flow, improve road safety, and
manage traffic signals more efficiently. The project addresses the growing challenges of traffic
congestion and road safety in urban areas by leveraging modern technologies and data-driven
approaches.

The system is composed of several key modules, including Pedestrian Management, and road
incidents. These modules are integrated to provide decision-making tools for traffic management
authorities. The user interface is designed to be intuitive, offering dashboards and forms for
managing traffic data, while the communication interface ensures seamless interaction with other
systems and external data sources.

This report documents the design, implementation, and testing phases of the Traffic Management
System, highlighting the methodologies used, challenges faced, and the solutions developed to
address these challenges. The project results demonstrate significant improvements in traffic
flow management and provide a scalable solution that can be adapted to other urban
environments.

This Traffic Management System represents a step forward in the modernization of urban traffic
control, contributing to safer and more efficient road usage in Mbale and potentially other similar
cities.
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INTRODUCTION

Chapter one of this project present the background information to the study highlighting the
problem statement, objectives, purpose, scope and significance to the study.

BACKGROUND

A traffic management system (TMS) is a collection of technologies and practices that aid in the
monitoring and control of traffic flow on roads, highways, and other transportation networks. The
primary purpose of a Traffic management system is to increase safety, reduce congestion, and optimize
infrastructure utilisation. Sensors, cameras, traffic signals, communication systems, and data analysis
tools are typical hardware and software components of a Traffic management system. These elements
collaborate to gather real-time traffic data, assess it, and send feedback to traffic controllers, drivers, and
other stakeholders. One of the most important advantages of a Traffic management system is its capacity

Uganda, like many developing countries, faces significant challenges in managing urban traffic. Rapid
urbanization, population growth, and an increase in vehicle ownership have resulted in severe traffic
congestion in major cities such as Kampala, mukono. This congestion leads to long travel times,
increased fuel consumption, and higher levels of air pollution. The current infrastructure and traffic
management practices are inadequate to cope with the growing demand, exacerbating the problem.

Traffic Management Systems ( are crucial for optimizing traffic flow and enhancing road safety. These
systems employ technology to monitor, control, and manage traffic, and include components such as
traffic signal control, incident detection, and real-time information dissemination to road users. Effective
Traffic management system can significantly reduce traffic congestion, improve safety, and enhance the
overall efficiency of the transportation network. According to Smith and Johnson (2020), integrating
Traffic management system into urban planning can provide sustainable solutions to traffic-related issues.

In Uganda, the need for a robust Traffic management system is critical. Kampala, the capital city,
experiences daily traffic jams that affect economic productivity and quality of life. The absence of an
integrated traffic management approach has led to chaotic road conditions, frequent accidents, and
frustration among road users. Implementing a comprehensive Traffic management system could
transform the urban transportation landscape, making it more efficient, safer, and environmentally
friendly.

This report delves into the development, implementation, and impact assessment of comprehensive traffic
management systems in urban areas, with a focus on key components such as:

1. Data Collection and Analysis: Examining methods for gathering real-time traffic data, including
GPS tracking, video surveillance, and vehicle-to-infrastructure communication, and analyzing this data to
gain insights into traffic patterns and congestion hotspots.

2. Intelligent Traffic Control: Exploring the use of artificial intelligence and machine learning
algorithms to develop adaptive traffic control systems that dynamically adjust signal timings, lane
configurations, and speed limits based on current traffic conditions.



3. Multi-Modal Integration: Assessing strategies for integrating various modes of transportation,
including public transit, cycling, and ride-sharing services, into the traffic management framework to
promote seamless intermodal connectivity and reduce reliance on private vehicles.

4, Public Awareness and Engagement: Highlighting the importance of public outreach campaigns
and educational initiatives to raise awareness about alternative transportation options, encourage
behavioral changes, and foster a culture of sustainable mobility.

5. Environmental Impact: Evaluating the environmental benefits of optimized traffic management
systems, such as reduced fuel consumption, lower greenhouse gas emissions, and improved air quality,
and their contribution to achieving broader sustainability goals.

By examining case studies from cities at the forefront of traffic management innovation and drawing
insights from academic research and industry best practices, this report aims to provide policymakers,
urban planners, and transportation authorities with actionable recommendations for designing and
implementing effective traffic management strategies that enhance the livability and sustainability of
urban environments.

Problem statement

Currently, Uganda's major urban centers, particularly Kampala, suffer from severe traffic congestion due
to inadequate traffic management systems. The rapid urbanization and increase in vehicle numbers have
outpaced the existing infrastructure, resulting in prolonged travel times, elevated fuel consumption, and
significant air pollution. The lack of a coordinated system to manage traffic flow and respond to incidents
exacerbates these issues, leading to a deteriorating quality of life and economic inefficiencies. Therefore,
there is an urgent need for a comprehensive Traffic Management System to address these challenges and
improve the efficiency of urban transportation in Uganda.

OBJECTIVES
Main Objectives

The main objective of this system is to provide convenience to the management team by
Developing a digital system to make processes regarding Traffic Management easier.

Specific Objectives
1. To study the current traffic management practices and identify the requirements for an

effective Traffic Management System in Uganda.

2. To design a Traffic Management System using the identified requirements.

3. To implement the designed Traffic Management System using various technologies like
sensors, cameras, and software applications.

4. To test and validate the Traffic Management System to ensure it meets user requirements and
effectively manages traffic.



PURPOSE

The purpose of Traffic Management System is to improve transport operations and transport
services profitability, reduce traffic jams and fatalities, provide sufficient driving training,
maintain road infrastructure, and maintain traffic law enforcement

Scope

The designed and developed Traffic Management System will be implemented in Mbale to manage
traffic flow and enhance road safety. The system will include traffic signal control, incident detection,
and real-time information dissemination components. While the initial implementation will focus on
Mbale, the system can be scaled and adapted for use in other urban areas in Uganda facing similar
traffic management challenges.

SIGNIFICANCE OF THE PROJECT
The implementation of a Traffic Management System offers several advantages:

- It reduces traffic congestion by optimizing traffic flow and managing incidents effectively.

- The system enhances road safety by monitoring traffic conditions and providing timely information to
road users.

- It improves the efficiency of the transportation network, leading to reduced travel times and fuel
consumption.
-transportation infrastruct The system provides valuable data for urban planning and decisionure.
-making processes related to

The Traffic Management System will contribute to creating a safer, more efficient, and sustainable urban

transportation environment in Uganda, improving the quality of life for its residents and supporting

economic growth.

CHAPTER TWO

Literature Review



Introduction

Chapter One presented the background information to the study, highlighting the objectives, scope, and significance
of the study. This chapter is about the literature review of traffic management systems. It specifies what a traffic
management system is, what it needs, and how it works for its enhancement.

Traffic Management System

According to the Federal Highway Administration (FHWA, 2020), a Traffic Management System (TMS) is an
integrated system that utilizes communication, information, and control technologies to improve the movement of
traffic, enhance safety, and reduce congestion. The Traffic Management Systems includes various tools and
techniques for monitoring and controlling traffic flow on roadways.

Key components of Traffic Management System include:
- Traffic Sensors: Devices that collect data on vehicle count, speed, and flow.

- Cameras: Used for monitoring traffic conditions and detecting incidents.
- Traffic Signals: Automated and manually controlled signals to manage vehicle movement at intersections.
- Control Centers: Centralized hubs where data is analyzed, and decisions are made regarding traffic control.

- Communication Networks: Infrastructure that ensures real-time data transmission between components and the
control center.

These components work together to provide a comprehensive approach to traffic management, ensuring that traffic
flows smoothly, incidents are quickly addressed, and data is used for future planning and improvements.

Types of Traffic Management Systems

Intelligent Transportation Systems (ITS)

According to the U.S. Department of Transportation (2020), Intelligent Transportation Systems apply advanced
information and communication technologies to transportation in order to improve traffic management, enhance
safety, and provide real-time information to users.), Intelligent Transportation Systems encompasses a wide range of
applications, including traffic signal control systems, vehicle detection systems, and traveler information systems.
Automated Traffic Management Systems (ATMS)

Automated Traffic Management Systems (ATMS) utilize automation and artificial intelligence to manage traffic in
real-time. According to Yang and Zhang (2019), Automated Traffic Management Systems integrates various
technologies such as sensors, cameras, and data analytics to monitor and control traffic flow, reduce congestion, and
enhance safety. These systems are capable of adjusting traffic signals and rerouting traffic based on real-time data.



Urban Traffic Control Systems (UTC)

Urban Traffic Control Systems (UTC) focus on optimizing traffic signals and managing traffic flow in urban areas.
According to Hunt et al. (1982), Urban Traffic Control systems use traffic signal control technologies to reduce
congestion and improve traffic flow in cities. These systems can adapt to changing traffic conditions and provide
coordinated control of traffic signals across multiple intersections.

Incident Management Systems (IMS)

Incident Management Systems (IMS) are designed to detect and respond to traffic incidents quickly and efficiently.
According to FHWA (2020), IMS uses sensors, cameras, and communication networks to identify incidents such as
accidents or road blockages and dispatch appropriate response teams. These systems aim to minimize the impact of
incidents on traffic flow and enhance overall safety.

Adaptive Traffic Control Systems (ATCS)

Adaptive Traffic Control Systems dynamically adjust traffic signal timings based on real-time traffic conditions.
According to Stevanovic et al. (2008), Incident Management Systems uses advanced algorithms and sensor data to
optimize traffic flow, reduce congestion, and improve travel times. These systems are highly adaptable and can
respond to changing traffic patterns in real-time.

Related Systems

Several related systems complement traffic management systems by providing additional functionality and support.

Intelligent Transportation Systems (ITS)

According to the Federal Highway Administration (2021), Intelligent Transportation Systems enhances the
efficiency of transportation systems through the use of advanced communication and information technologies.
These systems improve traffic management, reduce congestion, and enhance safety. Intelligent Transportation
Systems integrates various components, such as traffic signal control, incident management, and traveler
information, to provide a comprehensive solution for managing traffic. The overall process can be grouped as i.
Traffic Management

ii. Public Transportation Management

iii. Traveler Information Systems iv.

Incident Management

v. Environmental Monitoring

This submodule supports and manages the following functions:



Traffic Management: Intelligent Transportation Systems enables dynamic control of traffic signals,
ramp meters, and lane management systems. It uses real-time data from sensors and cameras to optimize
traffic flow, reduce congestion, and improve travel times. Functions include adaptive signal control,
congestion pricing, and automated traffic enforcement.

Public Transportation Management: Intelligent Transportation Systems enhances the efficiency and
reliability of public transportation systems through automated scheduling, real-time vehicle tracking, and
electronic fare collection. It supports functions like fleet management, priority signal control for buses,
and integration with other transportation modes.

Traveler Information Systems: These systems provide real-time information to travelers about traffic
conditions, public transportation schedules, and route options. Information is disseminated through
various channels such as dynamic message signs, mobile apps, websites, and social media.

Incident Management: Intelligent Transportation Systems facilitates quick detection and response to
traffic incidents, such as accidents or road closures. It integrates with emergency services to manage
incident scenes, reroute traffic, and restore normal conditions as quickly as possible. Functions include
incident detection, response coordination, and after-action reporting.

Environmental Monitoring: Intelligent Transportation Systems includes monitoring and managing
environmental impacts of transportation systems. It measures air quality, noise levels, and energy
consumption, and supports initiatives like emissions reduction and green transportation.

Functions include environmental data collection, analysis, and reporting.

The above functions are crucial for effective transportation management, offering benefits such as:

i. Improved traffic flow and reduced congestion through adaptive traffic
control.

ii. Enhanced public transportation reliability and efficiency. iii. Real-

time information dissemination to support informed travel decisions.

iv. Quick and effective incident management, reducing the impact of traffic disruptions.

v. Monitoring and mitigating the environmental impacts of transportation systems.

These functions help in preparing annual plans, estimating budgets, and managing different transportation
schemes effectively. They aid in maintaining comprehensive records of traffic and environmental data,
support inventory management for public transportation, and generate decisionmaking reports such as
traffic flow summaries, incident reports, and environmental impact assessments.

Benefits/Strengths of intelligent Transportation Systems
According to Smith (2022), the benefits or strengths of Intelligent Transportation Systems (ITS) are:

1. Enhanced Traffic Management: Improved ability to monitor and manage traffic flows, leading to
reduced congestion and improved traffic efficiency.



2. Increased Safety: Enhanced detection and prevention of accidents through real-time monitoring
and automatic alerts.

3. Environmental Benefits: Reduction in vehicle emissions due to optimized traffic flow and
reduced idle times.

4, Operational Efficiency: Increased access to information on traffic patterns and infrastructure
performance.
5. Cost Savings: Lower operational and maintenance costs due to predictive maintenance and better

resource allocation.

Weaknesses/Problems of ITS
According to Smith (2022), the weaknesses or problems of Intelligent Transportation Systems (ITS) are:

1. High Initial Costs: Significant investment required for initial setup and deployment.

2. Complex Implementation: Challenges in integrating new technologies with existing infrastructure.

3. Data Privacy Concerns: Potential issues related to the collection and use of personal data.

4. Interoperability Issues:Difficulty in ensuring compatibility between different systems and technologies.

5. Dependence on Technology: Increased reliance on technology which can be problematic in case of
system failures or cyber-attacks.

Conclusion

Intelligent Transportation Systems (ITS) integrate advanced communication and information
technologies to enhance traffic management, reduce congestion, and improve safety. They provide a
comprehensive solution by dynamically managing traffic signals, public transportation, traveler
information, incidents, and environmental impacts. The benefits of ITS include improved traffic flow,
increased safety, environmental benefits, operational efficiency, and cost savings. However, they face
challenges such as high initial costs, complex implementation, data privacy concerns, interoperability
issues, and reliance on technology.

Automated Traffic Management Systems (ATMS)
As described by McQueen and McQueen (1999), Automated Traffic Management Systems employ automation to

monitor and manage traffic in real-time. These systems can adjust traffic signals, reroute traffic, and provide
realtime information to drivers. Automated Traffic Management Systems rely on a network of sensors and cameras

to collect data, which is then analyzed using sophisticated algorithms to make real-time adjustments to traffic control



measures. These systems are used in cities like New York and London to monitor, control, and optimize traffic
through automation and real-time data analysis. The overall process can be grouped as: I. Traffic Monitoring ii.

Traffic Control iii. Incident Detection and Management iv. Traffic Information Dissemination

v. System Analysis and Reporting
This submodule supports and manages the following functions:

Traffic Monitoring: This involves the use of automated sensors, cameras, and other detection devices to
continuously monitor traffic conditions. The system collects data on traffic volume, speed, and congestion,
providing a real-time overview of road conditions.

Traffic Control: Automated control mechanisms such as adaptive traffic signals, ramp meters, and lane control
systems are used to manage traffic flow. The system can adjust signal timings and lane assignments in real-time to
reduce congestion and improve traffic efficiency.

Incident Detection and Management: Automated Traffic Management Systems can automatically detect traffic
incidents such as accidents, breakdowns, or obstructions. The system facilitates rapid response by notifying relevant
authorities and redirecting traffic to minimize disruption. It maintains records of incidents and their management for
analysis.

Traffic Information Dissemination: Real-time traffic information is shared with road users via dynamic message
signs, mobile applications, and websites. This includes updates on current traffic conditions, incidents, and
suggested alternate routes to avoid congestion.

System Analysis and Reporting: The system compiles and analyzes traffic data to generate reports and support
decision-making. This includes historical data analysis, performance metrics, and predictive modeling to forecast
future traffic trends and plan improvements.

The above will meet the traffic management functions of urban areas, providing the following benefits:
i. Enhanced monitoring and control of traffic flow, leading to reduced congestion and improved travel times.

ii. Improved incident detection and management, ensuring quick response and minimizing disruption. iii.
Real-time dissemination of traffic information to road users, helping them make informed travel decisions.

iv. Comprehensive data analysis and reporting to support traffic planning and policy-making.

These functions aid in the preparation of annual traffic management plans, estimation of necessary budgets, and
effective management of different traffic control schemes. They help maintain comprehensive records of traffic
incidents and system performance, support inventory management for traffic control devices, and generate decision-
making reports such as traffic flow summaries, incident reports, and system performance evaluations.

Benefits/Strengths of Automated Traffic Management Systems
According to Johnson (2010), the benefits or strengths of Automated Traffic Management Systems are:



1. Improved Traffic Flow: Enhanced ability to monitor and control traffic, reducing congestion and improving
travel times.

2. Enhanced Safety: Automated detection and management of traffic incidents reduce the likelihood and severity of
accidents.

3. Environmental Benefits: Reduced vehicle emissions through optimized traffic signals and reduced idling times.

4. Access to Real-Time Information: Increased availability of real-time traffic data for better decision-making and
planning.

5. Cost Efficiency: Lower operational and maintenance costs through automated monitoring and management of
traffic infrastructure.

Weaknesses/Problems of Automated Traffic Management Systems (ATMS)
According to Johnson (2010), the weaknesses or problems of Automated Traffic Management Systems (ATMS) are:

1. High Initial Costs: Significant upfront investment required for the deployment of advanced technologies and
infrastructure.

2. Integration Challenges: Difficulty in integrating new automated systems with existing traffic management
infrastructure.

3. Data Privacy Concerns: Potential risks associated with the collection and use of personal data from drivers and
pedestrians.

4. Interoperability Issues: Problems ensuring that different systems and technologies work seamlessly together.

5. Reliance on Technology: Increased dependency on technology, making systems vulnerable to failures or
cyberattacks.

Conclusion

Automated Traffic Management Systems (ATMS) utilize automation to monitor and manage traffic in real-time,
optimizing traffic flow and reducing congestion through adaptive traffic signals, incident detection, and real-time
information dissemination. These systems offer benefits like enhanced traffic flow, improved safety, environmental
benefits, access to real-time information, and cost efficiency. However, they also encounter weaknesses such as high
initial costs, integration challenges, data privacy concerns, interoperability issues, and dependence on technology.

Urban Traffic Control Systems (UTC)

According to Gartner (2014), Urban Traffic Control systems optimize traffic signals in urban areas to reduce
congestion and improve traffic flow. These systems use data from sensors and cameras to adjust signal timings

dynamically. UTC systems are particularly effective in densely populated urban areas where traffic congestion is a



significant issue. By optimizing traffic signals, Urban Traffic Control systems can reduce delays and improve
overall traffic efficiency. They are employed in cities such as New York and Tokyo to monitor, control, and
optimize urban traffic through real-time data and automation. The overall process can be grouped as: I. Traffic
Signal Control ii. Traffic Flow Optimization iii. Incident Detection and Management iv. Traffic Information

Dissemination

v. System Analysis and Reporting
This submodule supports and manages the following functions:

Traffic Signal Control: Urban Traffic Control systems dynamically control traffic signals to manage the flow of
vehicles. It adjusts signal timings based on real-time data from sensors and cameras to optimize traffic flow and
reduce congestion.

Traffic Flow Optimization: The system uses data analytics and predictive modeling to improve traffic movement
and reduce delays. It can implement measures such as adaptive signal control, green waves, and priority lanes for
public transport.

Incident Detection and Management: Urban Traffic Control systems detect incidents such as accidents,
roadworks, or vehicle breakdowns through automated systems. It facilitates rapid response by alerting relevant
authorities and redirecting traffic to minimize disruptions.

Traffic Information Dissemination: Real-time traffic information is shared with road users via dynamic message
signs, mobile apps, and websites. Updates include current traffic conditions, incidents, and recommended alternate
routes to avoid congestion.

System Analysis and Reporting: The system compiles and analyzes traffic data to generate reports and support
decision-making. This includes historical traffic analysis, performance metrics, and predictive modeling to forecast
future traffic conditions and plan improvements.

The above will meet the traffic control functions of urban areas, offering benefits such as:

I. Improved traffic signal control, leading to smoother traffic flow and reduced congestion.

ii. Enhanced optimization of traffic flow through real-time adjustments and predictive analytics.

iii. Efficient incident detection and management, ensuring quick response and minimizing
disruption. iv. Real-time dissemination of traffic information to road users, aiding in informed travel

decisions.

v. Comprehensive data analysis and reporting to support traffic planning and policy-making.

These functions aid in the preparation of annual traffic management plans, estimation of necessary budgets, and
effective management of different traffic control schemes. They help maintain comprehensive records of traffic



incidents and system performance, support inventory management for traffic control devices, and generate decision-
making reports such as traffic flow summaries, incident reports, and system performance evaluations

Benefits/Strengths of Urban Traffic Control Systems
According to Smith (2010), the benefits or strengths of Urban Traffic Control Systems are:

1. Enhanced Traffic Management: Increased ability to monitor and control traffic flow in urban areas, reducing
congestion and improving efficiency.

2. Improved Safety: Enhanced capabilities to detect and prevent traffic incidents, leading to reduced accidents and
safer streets.

3. Environmental Benefits: Reduced emissions and fuel consumption through optimized traffic signals and smoother
traffic flow.

4. Real-Time Information: Access to up-to-date traffic data, enabling better planning and management decisions.

5. Cost Efficiency: Lower operational costs through the use of automated systems and more efficient use of
infrastructure.

Weaknesses/Problems of Urban Traffic Control Systems
According to Smith (2010), the weaknesses or problems of Urban Traffic Control Systems are:

1. Inadequate Planning: Insufficient planning can lead to ineffective implementation and suboptimal performance.

2. Poor Communication: Lack of coordination and communication between different stakeholders, including
government agencies and technology providers.

3. Resource Constraints: Shortages of necessary resources and management capacity to support and maintain the
systems.

4. Design Changes: Frequent changes in system design without consensus, leading to confusion and inefficiencies.

5. Unnecessary Expenditures: Occurrence of unnecessary or spurious expenditures due to mismanagement or lack of
oversight.

Conclusion

Urban Traffic Control Systems (UTC) optimize traffic signals in urban areas to reduce congestion and improve

traffic efficiency. They use real-time data to dynamically adjust signal timings, enhancing traffic flow and reducing

delays. The benefits of UTC include improved traffic management, safety, environmental benefits, real-time

information access, and cost efficiency. The weaknesses involve inadequate planning, poor communication, resource

constraints, design changes, and unnecessary expenditures.

Incident Management Systems (IMS)



As noted by the National Transportation Operations Coalition (2016), Incident Management Systems are designed to
detect and respond to traffic incidents quickly to minimize their impact on traffic flow. These systems coordinate the
response of emergency services and traffic managers to clear incidents efficiently. Incident Management Systems
use a combination of sensors, cameras, and communication networks to detect incidents and deploy response teams
promptly. These systems are used in sectors such as transportation, healthcare, and emergency services to enhance
operational efficiency and safety. The overall process can be grouped as: I. Incident Detection ii. Response

Coordination iii. Incident Resolution iv. Communication and Information Dissemination

v. Reporting and Analysis
This submodule supports and manages the following functions:

Incident Detection: Incident Management Systems utilizes various sensors, monitoring tools, and real-time data
analysis to detect incidents as they occur. This includes identifying traffic accidents, equipment failures, security
breaches, and other unexpected events that require immediate attention.

Response Coordination: Once an incident is detected, Incident Management Systems coordinates the response by
notifying relevant authorities and deploying necessary resources. This includes communication with emergency
services, traffic management teams, or technical support units to ensure a swift and effective response.

Incident Resolution: Incident Management Systems tracks the progress of incident resolution activities, ensuring
that all necessary steps are taken to resolve the issue. This includes logging actions taken, managing workflows, and
verifying that the incident is fully resolved before closing the case.

Communication and Information Dissemination: Incident Management Systems ensures timely and accurate
communication of incident details to all stakeholders. This includes updates to management, notifications to the
public via social media or other channels, and coordination with external agencies as needed.

Reporting and Analysis: The system compiles data on incidents, responses, and outcomes to generate
comprehensive reports. This includes analyzing trends, identifying areas for improvement, and supporting decision-
making processes with actionable insights.

The above will meet the incident management needs of various sectors, providing benefits such as:

i. Enhanced detection and rapid response to incidents, minimizing downtime and damage.
ii. Coordinated and efficient resolution of incidents, ensuring that appropriate actions are taken swiftly.

iii. Improved communication and information dissemination, keeping all stakeholders informed. iv.

Comprehensive reporting and analysis, supporting continuous improvement and strategic planning.

These functions aid in the preparation of annual incident management plans, estimation of necessary budgets, and
effective management of different incident scenarios. They help maintain detailed records of incidents and
responses, support resource management for incident response, and generate decision-making reports such as
incident summaries, response time analysis, and performance evaluations.



Benefits/Strengths of Incident Management Systems (IMS)
According to Davis (2005), the benefits or strengths of Incident Management Systems (IMS) are:

1. Centralized Control: Increased ability to undertake centralized control and monitoring of incidents, leading to
faster and more coordinated responses.

2. Enhanced Information Access: Improved access to information on incident status and response activities.

3. Fraud Prevention: Internal controls to prevent and detect potential and actual fraud in incident reporting and
response.

4. Real-Time Data: Access to real-time information on the incident's scope and impact, aiding in decision-making.

5. Cost Analysis: Provides a clear understanding of the actual costs associated with different types of incidents and
response activities.

Weaknesses/Problems of Incident Management Systems (IMS)
According to Davis (2005), the weaknesses or problems of Incident Management Systems (IMS) are:

1. Inadequate Planning: Poor planning can lead to inefficient incident management and response.

2. Communication Gaps: Lack of effective communication between incident responders, management, and other
stakeholders.

3. Resource Shortages: Insufficient management capacity and resources to effectively handle incidents.

4. Design Changes: Frequent changes in system design without full agreement can cause confusion and
inefficiencies.

5. Unnecessary Expenditures: Occurrence of unnecessary and spurious expenditures due to mismanagement or lack
of oversight.

Conclusion:

Incident Management Systems (IMS) detect and respond to traffic incidents quickly to minimize their impact on
traffic flow. They coordinate the response of emergency services and traffic managers to clear incidents efficiently.
The benefits of IMS include enhanced detection and rapid response, coordinated incident resolution, improved
communication, and comprehensive reporting. The weaknesses include inadequate planning, communication gaps,
resource shortages, design changes, and unnecessary expenditures.

Adaptive Traffic Control Systems (ATCS)
According to Stevanovic et al. (2013), Adaptive Traffic Control Systems adjust traffic signal timings based on

realtime traffic conditions to optimize traffic flow. These systems use algorithms to analyze traffic data and make



adjustments to reduce delays and improve overall efficiency. Adaptive Traffic Control Systems are particularly
effective in dealing with varying traffic patterns, as they can adapt to changes in real-time, providing a more
responsive approach to traffic management. The overall process can be grouped as: I. Traffic Data Collection ii.

Signal Timing Optimization iii. Traffic Flow Monitoring iv. Incident Management

v. System Analysis and Reporting
This submodule supports and manages the following functions:

Traffic Data Collection: Adaptive Traffic Control Systems utilizes sensors, cameras, and other detection devices to
continuously collect data on traffic volume, speed, and occupancy at intersections. This real-time data serves as the
foundation for adaptive signal control.

Signal Timing Optimization: The system dynamically adjusts traffic signal timings based on real-time data to
optimize traffic flow. This includes the use of algorithms that consider current traffic conditions to reduce delays and
improve overall efficiency.

Traffic Flow Monitoring: Continuous monitoring of traffic conditions allows the system to respond to changes and
unexpected conditions, such as heavy traffic or accidents. This ensures that traffic signals are always optimized to
current conditions.

Incident Management: Adaptive Traffic Control Systems detects and responds to traffic incidents by adjusting
signal timings to facilitate the movement of emergency vehicles and redirect traffic away from affected areas. The
system also communicates with incident response teams to provide real-time updates.

System Analysis and Reporting: The system compiles and analyzes traffic data to generate comprehensive reports.
This includes performance metrics, trend analysis, and predictive modeling to support decision-making and
longterm planning.

The above will meet the adaptive traffic control needs of urban areas, providing benefits such as: I.

Enhanced traffic flow optimization, leading to reduced congestion and improved travel times.

ii. Real-time adjustment of signal timings to respond to changing traffic conditions. iii.
Efficient incident management, ensuring quick response and minimal disruption. iv.

Continuous monitoring and real-time updates, keeping traffic moving smoothly.

v. Comprehensive data analysis and reporting, supporting strategic planning and policy-making.

These functions aid in the preparation of annual traffic management plans, estimation of necessary budgets, and
effective management of traffic control strategies. They help maintain detailed records of traffic conditions and
system performance, support resource allocation for traffic management, and generate decision-making reports such
as traffic flow summaries, incident response analyses, and system performance evaluations.



Benefits/Strengths of Adaptive Traffic Control Systems (ATCS)
According to Lee (2012), the benefits or strengths of Adaptive Traffic Control Systems (ATCS) are:

1. Enhanced Traffic Flow: Increased ability to monitor and adjust traffic signals in real-time, leading to
smoother traffic flow and reduced congestion.

2. Improved Efficiency: Access to real-time data on traffic patterns allows for more efficient management of
traffic lights and intersections.

3. Safety Improvements: Reduced likelihood of accidents due to more predictable and responsive traffic
signal changes.

4. Environmental Benefits: Decreased vehicle emissions and fuel consumption as a result of optimized traffic
flow and reduced idle times.

5. LCost Savings: Lower operational and maintenance costs through the use of advanced technology and more
efficient resource allocation.

Weaknesses/Problems of Adaptive Traffic Control Systems (ATCS)
According to Lee (2012), the weaknesses or problems of Adaptive Traffic Control Systems (ATCS) are:

1. Inadequate Planning: Insufficient planning can result in suboptimal system performance and integration issues.

2. Communication Issues: Poor communication between system developers, local authorities, and other stakeholders
can hinder effective implementation.

3. Resource Limitations: Shortages of technical expertise and financial resources necessary to maintain and upgrade
the system.

4. System Changes: Changes in system design or specifications without full consensus can lead to confusion and
inefficiencies.

5. Unexpected Costs: Occurrence of unnecessary and spurious expenditures due to mismanagement or unforeseen
technical challenges.

Conclusion

Adaptive Traffic Control Systems (ATCS) adjust traffic signal timings based on real-time traffic conditions to
optimize traffic flow. They are particularly effective in dealing with varying traffic patterns and improving overall
traffic efficiency. The benefits of ATCS include reduced delays, improved traffic flow, responsiveness to real-time
changes, and enhanced efficiency. However, they face challenges such as high implementation costs, complexity in
algorithm development, data privacy concerns, and the need for continuous data collection and analysis.

Smart Traffic Signal Systems



According to Smith (2022), Smart Traffic Signal Systems handle various functional and management aspects related
to optimizing traffic signal operations using real-time data. These systems are employed in cities like New York and
Singapore to improve traffic flow and reduce congestion. The overall process can be grouped as: i. Traffic Data

Collection ii. Signal Timing Optimization iii. Traffic Flow Monitoring iv. Incident Management

v. System Analysis and Reporting
This submodule supports and manages the following functions:

Traffic Data Collection: Smart Traffic Signal Systems utilizes sensors, cameras, and connected vehicle data to
collect real-time traffic information, including vehicle counts, speeds, and occupancy rates at intersections. This data
is essential for adaptive signal control.

Signal Timing Optimization: The system adjusts traffic signal timings dynamically based on real-time traffic data.
Advanced algorithms optimize signal phases to minimize delays and maximize traffic flow efficiency.

Traffic Flow Monitoring: Continuous monitoring of traffic conditions allows the system to detect and respond to
traffic fluctuations and unexpected incidents. This ensures that traffic signals are always optimized for current
conditions.

Incident Management: Smart Traffic Signal Systems detects traffic incidents and adapts signal timings to facilitate
the movement of emergency vehicles and manage traffic diversions. It also provides real-time updates to traffic
management centers and emergency responders.

System Analysis and Reporting: The system compiles and analyzes traffic data to generate detailed reports. This
includes performance metrics, trend analysis, and predictive modeling to support decision-making and long-term
planning.

The above will meet the smart traffic signal needs of urban areas, providing benefits such as:

i. Enhanced traffic flow optimization, leading to reduced congestion and improved
travel times.

ii. Real-time adjustment of signal timings to respond to changing traffic
conditions. iii. Efficient incident management, ensuring quick response and minimal
disruption. iv. Continuous monitoring and real-time updates, keeping traffic moving

smoothly.

v. Comprehensive data analysis and reporting, supporting strategic planning and policy-making.
These functions aid in the preparation of annual traffic management plans, estimation of necessary budgets, and

effective management of traffic control strategies. They help maintain detailed records of traffic conditions and
system performance, support resource allocation for traffic management, and generate decision-making reports such
as traffic flow summaries, incident response analyses, and system performance evaluations.



Benefits/Strengths of Smart Traffic Signal Systems
According to Patel (2018), the benefits or strengths of Smart Traffic Signal Systems are:

1. Optimized Traffic Flow: Enhanced ability to adjust signal timings based on real-time traffic conditions,
reducing congestion and improving travel times.

2. Improved Safety: Reduced likelihood of accidents through adaptive signal control that responds to
changing traffic patterns and pedestrian movements.

3. Environmental Benefits: Decreased vehicle emissions and fuel consumption due to smoother traffic flow
and reduced idling times.

4. Data-Driven Decision Making: Access to real-time and historical traffic data for better planning and
management of transportation infrastructure.

5. Cost Efficiency: Lower operational costs by optimizing signal timings and reducing maintenance needs
through predictive analytics.

Weaknesses/Problems of Smart Traffic Signal Systems
According to Patel (2018), the weaknesses or problems of Smart Traffic Signal Systems are:

1. Initial Costs: High upfront investment required for installation and deployment of smart traffic signal
infrastructure.
2. Integration Challenges: Difficulty in integrating new technologies with existing traffic management

systems and infrastructure.

3. Data Privacy Concerns: Issues related to the collection, storage, and use of personal data from vehicles and
pedestrians.

4. Technical Complexity: Complexity in managing and maintaining advanced systems, requiring skilled
personnel and resources.

5. Public Acceptance: Potential resistance or concerns from the public regarding changes in traffic patterns
and signal control strategies.

Conclusion

Smart Traffic Signal Systems enhance urban traffic flow and reduce congestion by using real-time data to optimize
signal operations. They improve safety, reduce emissions, and enable data-driven decision-making. However, they
face challenges such as high initial costs, integration difficulties, data privacy concerns, technical complexity, and
public acceptance issues.

Highway Management Systems

According to Johnson (2022), Highway Management Systems handle various functional and management aspects

related to the maintenance and operation of highways. These systems are employed in regions like California and



Texas to enhance highway safety and efficiency. The overall process can be grouped as: i. Traffic Management ii.

Road Maintenance iii. Incident Response iv. Asset Management

v. Data Analysis and Reporting
This submodule supports and manages the following functions:

Traffic Management: Highway Management Systems monitors and controls traffic flow on highways using
sensors, cameras, and variable message signs. It optimizes traffic signals, manages lane usage, and provides real-
time traffic information to drivers.

Road Maintenance: The system schedules and tracks regular maintenance activities such as pothole repairs,
resurfacing, and winter services. It ensures that highways are kept in good condition, reducing the risk of accidents
and prolonging road life.

Incident Response: Highway Management Systems detects incidents like accidents, breakdowns, and debris on the
road. It coordinates with emergency services, provides real-time updates to drivers, and adjusts traffic management
strategies to minimize disruption.

Asset Management: The system maintains an inventory of highway assets such as signs, barriers, and lighting. It
tracks the condition, location, and maintenance history of these assets to ensure they are in optimal condition and
replaced as needed.

Data Analysis and Reporting: Highway Management Systems collects and analyzes data on traffic patterns, road
conditions, and incidents. It generates reports and insights that help in planning and decision-making, supporting
long-term highway management strategies.

The above will meet the management needs of highway authorities, providing benefits such as:
i. Enhanced traffic flow and reduced congestion on highways.

ii. Effective scheduling and tracking of road maintenance activities. iii. Efficient incident
detection and response, ensuring quick clearance and minimal disruption. iv. Comprehensive

asset management, ensuring the optimal condition of highway infrastructure.

v. Data-driven insights and reporting to support strategic planning and policy-making.

These functions aid in the preparation of annual highway management plans, estimation of necessary budgets, and
effective management of traffic control strategies. They help maintain detailed records of traffic conditions, road
maintenance activities, and system performance, support resource allocation for highway management, and generate
decision-making reports such as traffic flow summaries, maintenance activity reports, incident response analyses,
and asset condition assessments.



Benefits/Strengths of Highway Management Systems
According to Khan (2019), the benefits or strengths of Highway Management Systems are:

1. Centralized Control: Enhanced ability to centrally monitor and manage highway operations, including
traffic flow, incidents, and maintenance activities.

2. Improved Operational Efficiency: Increased access to real-time information on traffic conditions and
infrastructure performance, leading to better decision-making and resource allocation.

3. Enhanced Safety: Improved incident management capabilities and faster response times to accidents and
emergencies on highways.

4. Cost Savings: Reduced operational costs through optimized maintenance schedules, efficient resource
utilization, and reduced incident-related delays.

5. Environmental Benefits: Decreased fuel consumption and emissions due to smoother traffic flow and
reduced congestion.

Weaknesses/Problems of Highway Management Systems
According to Khan (2019), the weaknesses or problems of Highway Management Systems are:

1. Complex Implementation: Difficulty in integrating diverse technologies and systems across different
highway segments and jurisdictions.

2. Data Integration Challenges: Issues related to the integration and synchronization of data from various
sensors, cameras, and control systems.

3. Resource Constraints: Shortages of funding, skilled personnel, and technical resources necessary for
effective system deployment and operation.

4, Public Perception and Acceptance: Potential resistance or concerns from the public regarding privacy
issues and changes in highway operations.

5. Maintenance and Upkeep: High maintenance costs and ongoing updates required to keep the system
functioning optimally and up-to-date with technological advancements.

Conclusion

Highway Management Systems improve highway safety and efficiency through centralized control of traffic,
maintenance, and incident response. They provide benefits such as enhanced traffic flow, effective maintenance,
efficient incident management, and data-driven planning. Challenges include complex implementation, data
integration issues, resource constraints, public perception concerns, and high maintenance costs.

How Traffic Management Systems Work

Traffic management systems work through a cycle of data collection, analysis, and action:



1. Data Collection: Sensors and cameras collect real-time data on traffic conditions. This data includes vehicle
counts, speeds, and flow patterns.

2. Data Transmission: Collected data is transmitted to a central control center via communication networks.

3. Data Analysis: Advanced algorithms analyze the data to detect patterns, predict congestion, and identify incidents.
This analysis helps traffic managers understand current traffic conditions and anticipate future issues.

4. Decision Making: Based on the analysis, traffic managers decide on the necessary actions, such as adjusting
traffic signal or dispatching response teams. These decisions aim to optimize traffic flow and reduce congestion.

5. Implementation: Actions are implemented through automated systems or manual interventions. For example,

traffic signals may be adjusted automatically, or traffic management personnel may be dispatched to manage
incidents.

Benefits of Traffic Management Systems
According to Zhang et al. (2020), Traffic Management Systems offer several benefits, including:

- Reduced Congestion: By optimizing traffic flow and reducing bottlenecks, Traffic management systems can
significantly decrease traffic congestion.

- Enhanced Safety: Traffic Management Systems improve safety by reducing the likelihood of accidents and
facilitating quick responses to incidents.

- Environmental Benefits: Improved traffic flow results in lower vehicle emissions and reduced fuel consumption.

- Economic Savings: By reducing travel times and improving efficiency, Traffic Management Systems contribute to
economic savings for both individuals and businesses.

- Better Infrastructure Planning: Traffic Management Systems provide valuable data for urban planners and
policymakers to make informed decisions about infrastructure development and maintenance.

Challenges of Traffic Management Systems

According to FHWA (2020), implementing and maintaining Traffic Management Systems pose several challenges,
including:

- High Costs: The implementation and maintenance of Traffic Management Systems require significant
financial investment.

- Complexity: Traffic Management Systems involve complex technologies and require specialized
knowledge for operation and maintenance.



- Data Privacy: The collection and use of data for Traffic Management Systems raise concerns about privacy

and data security.

- Reliance on Technology: Traffic Management Systems are heavily reliant on technology, and any failures
or malfunctions can lead to significant disruptions.

Table of Comparison of Related Systems
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Conclusion

This chapter reviewed the literature on Traffic Management Systems, exploring their definitions, types, benefits,
challenges, and related systems. Traffic management system play a crucial role in modern urban planning and
transportation management by integrating various technologies to monitor, control, and optimize traffic flow.
Understanding the strengths and weaknesses of different Traffic management system is essential for selecting the
appropriate solutions to address specific traffic management needs and ensuring sustainable urban development.

CHAPTER THREE



3.0 Introduction

This chapter focuses on the patterns of research, approaches to data collection, techniques for analysis, and tools
used for designing and implementing the Traffic Management System. The methodology aligns with the specific
objectives of the proposed Traffic Management System.

3.1 System Study and Analysis
In this project, fact-finding techniques were used to determine system and user requirements as well as system inputs
and outputs. This greatly determined what the system was expected to do. The techniques included:

3.2 Data Collection Techniques
3.2.1 Interview

Interviews are forums for talking to people and they may be structured, unstructured, or semi-structured. The
researchers conducted interviews with stakeholders such as traffic authorities, law enforcement officials, and system
users to identify and specify functional and non-functional requirements. The interviews were both semiguided and
unguided and included both closed and open-ended questions to obtain data about the current traffic management
system, its problems, strengths, information flow, and processing.

3.2.2 Observation

The researchers observed activities such as traffic monitoring, control room operations, and the handling of traffic
violations. They used pen and paper to note down observations regarding the current traffic management system,
including its efficiency, bottlenecks, and areas of congestion.

3.2.3 Reviewing Existing Documents

Researchers conducted a literature review and checked various websites, government reports, and traffic
management studies to gather necessary information. This provided insights into current traffic management
practices and helped identify areas for improvement.

3.2.4 Questionnaires

Questionnaires were used to gather information from users of the traffic management system, including traffic
wardens and drivers. The feedback helped identify problems related to traffic management, such as areas with high
congestion and common traffic violations. This understanding was crucial in designing a system that addresses
efficiency and effectiveness in traffic management. The questionnaire used is attached to appendix II.

3.3 Data Analysis Methods

The researchers used data analysis software, including Microsoft Excel, to record and analyze data from
observations. This included noting the time spent by vehicles in congested areas, the frequency of traffic violations,
and the level of congestion. The data was further explained graphically using bar graphs.

3.4 System Analysis and Design

The analysis and design of the system involved identifying the inputs, processes that transform the inputs into
outputs, and system constraints. Data flow diagrams and entity relationship diagrams were used to demonstrate data
transfer processes and relationships among system entities.

3.4.1 System Analysis



Systems analysis involves identifying and summarizing data to extract useful information and develop conclusions.
Requirements were determined, including:

Functional:

Monitoring traffic flow in real-time.

Detecting and reporting traffic violations.

Managing traffic signals dynamically based on traffic conditions.
Non-functional:

System reliability and uptime.

Performance and response time.

Scalability to accommodate future growth.

3.4.2 System Design

i. Process Modeling: This was achieved using Data Flow Diagrams to show processes and external entities in
the system. The end product was a detailed description of processes involved (process models). Information for
building the Data Flow Diagram was obtained from the Data Dictionary.

ii. Data Modeling: This was achieved using Entity-Relationship Diagrams to show data requirements and
model. This yielded the structure of relations in the relational schema (database).

iii. System Architecture: A three-tier architecture was designed, consisting of the presentation layer, the
application layer, and the data layer. This architecture ensures modularity and scalability of the system.

3.5 System Implementation

This phase involved the physical realization of the database and application design. Implementation included both
the database and application programs, achieved using the Data Definition Language (DDL) of the selected
Database Management System (DBMS).

3.5.1 Implementation Tools
In the implementation stage, the following tools were used:

WAMP/Apache Server: To host the application.
MySQL.: As the database management system.
PHP: For server-side scripting.

HTML/CSS: For designing the front-end interface.

Windows Operating System: As the development environment.



3.5.1.1 WampServer:

WampServer is a free server bundle that uses Apache server. It includes Apache, MySQL, and PHP. Apache is a
popular web server used to host web pages. We installed Apache on our system as a web server, with pages stored in
the system’s special folder accessible on the network via the machine’s IP address.

3.5.1.2 PHP:

Hypertext Preprocessor is an open-source server-side programming language extensively used for web scripts. It is
designed specifically for integration with HTML and is used in content management systems and other web
applications.

3.5.1.3 MySQL.:

MySQL is an open-source Relational Database Management System (RDBMS) that uses Structured Query
Language (SQL), the most popular language for adding, accessing, and processing data in a database. MySQL is
noted for its speed, reliability, and flexibility.

3.5.1.4 HTML:

HTML, referring to Hypertext Markup Language, is the predominant markup language for web pages. It provides a
means to describe the structure of text-based information in a document and includes interactive forms, embedded
images, and other objects.

3.6 System Testing and Validation
3.6.1 Testing

Testing is the process of executing application programs to find errors and observe if they behave as expected. Faults
were corrected and the process repeated until the system was proven to work according to users’ specifications and
performance requirements. This was achieved by:

Testing system performance, efficiency, disk space, and throughput to ensure proper functioning.
Checking compatibility with different operating systems like Windows XP, Linux, and Windows 7.

Testing for security issues such as resistance to remote attacks and authentication procedures.

3.6.2 Validation

Validation ensured that the system meets the intended purpose and needs of system users. Validation checked
whether the Traffic Management System meets the identified user, functional, and non-functional requirements. This
was done by providing the system to end-user representatives who verified that it meets the intended requirements.

3.6.3 Conclusion

In summary, this chapter described the methodologies used for the different patterns of research, approaches to data
collection, techniques for analysis, and tools used for designing and implementing the Traffic Management System.
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Chapter Four: System Study, Analysis, and Design
INTRODUCTION

This chapter focuses on the study of the existing traffic management system in Mbale, analysis
of the requirements for the new system, and the design of the new system. It includes the
workflow of the existing system, user requirements, system requirements, and design models
such as DFD and ERD.

4.1 Study of the Existing System in Mbale
4.1.1 Workflow of Traffic Management in Mbale



The current traffic management system in Mbale includes monitoring traffic flow, managing lane
usage, and controlling pedestrian crossing signals. However, it faces several inefficiencies such
as traffic congestion, delayed responses to traffic changes, and ineffective pedestrian signals.

4.1.1.1 Workflow for the Financial Management Processes

(Figure 4.1: Flow Chart of Existing Traffic Management System in Mbale)
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4.1.2 Strengths of the Existing System

« Monitoring Traffic Flow: The system can record traffic data.
«  Security Mechanisms: Prevents unauthorized access.

- Data Storage and Retrieval: Stores and retrieves information about traffic patterns.
- Scalability: The system can be expanded to include more areas or functionalities as needed.

- Real-Time Monitoring: The system allows for real-time tracking and management, enabling
quick responses to traffic incidents.

4.1.3 Weaknesses of the Existing System

« Lack of Real-Time Adjustments: Inability to respond promptly to traffic changes.
« Congestion Issues: Especially during peak hours.

- Maintenance Demands: Regular maintenance and updates are necessary to keep the system
operational, requiring ongoing resources.

- Data Privacy Concerns: Handling sensitive data, such as vehicle tracking, raises privacy and
security concerns.

4.2 Data Analysis Results

The data was collected through interviews, observations, and reviews of existing documents. The
major challenges identified in Mbale’s traffic management system include time wastage due to
congestion, lack of real-time traffic adjustments, and ineffective pedestrian crossing signals.

4.2.1 Tabular Representation of Challenges
( Table 1: Challenges of the Current Traffic Management System in Mbale)

Number of Respondents (out

Challenges of 5) Percentage of Respondents
Time Wastage 2 40%
Level of Congestion 5 100%
Ineffective Signals 3 60%
Failure traffic lights 5 100%

4.2.2 Graphical Representation of Challenges

(Figure 4.2: Graph of Challenges in the Current Traffic Management System in Mbale)
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4.2.3 User Requirements

Efficient Traffic Signal Management
Real-Time Traffic Updates
User-Friendly Interface

User Authentication

4.2.4 Functional Requirements

Generate Traffic Pattern Reports Weekly

Store and Retrieve Traffic Data

Enable Real-Time Traffic Monitoring

Update Traffic Status Promptly

Allow Traffic Officers to Input and Update Data

4.2.5 Non-Functional Requirements

24/7 System Accessibility
User Authentication via Username and Password

Fast User Request Processing
System Flexibility and Easy Upgradability

Reliable Performance

traffic light failure



4.2.6 System Requirements

4.2.6.1 Hardware Requirements

(Insert Table 2: Hardware Requirements for the Traffic Management System in Mbale)

Hardware Component
Processor

Processor Speed

RAM

Disk Space

Servers

Network Switches/Routers

Variable Message Signs (VMS)

GPS Tracking Devices

4.2.6.2 Software Requirements

System Requirement
Intel Core i5 or above

2.5 GHz or above

8 GB or above

1 TB or above

High-performance multi-core

Servers

Gigabit Ethernet

Digital display boards

High-precision GPS modules

Justification

Core i5 provides sufficient
processing power for real-time
traffic data analysis and control.
Ensures smooth operation and
quick response times for traffic
management tasks.

Adeguate memory for handling
multiple simultaneous processes
and data analysis.

Large storage capacity for
storing traffic data, logs, and
video footage

Handles large volumes of data
and supports complex traffic
management algorithms..

Provides high-speed data

transfer between system

components.

Provides real-time traffic
information and directions to

drivers.

Accurate vehicle tracking and
location monitoring.

(Table 3: Software Requirements for the Traffic Management System in Mbale)

Software Component

System Requirement

Justification



Operating System

Database Management
System

Programming Languages

Web Server

GIS Software

Traffic Management
Software

Network Monitoring Tools

Windows Server 2019 or
Linux (Ubuntu)

MySQL or PostgreSQL

PHP, JavaScript, Python

Apache or Nginx

QGIS or ArcGIS

Custom or Off-the-shelf
solutions

Nagios or Zabbix

Backup Software Acronis Backup or Veeam

Provides a stable and secure
environment for hosting
traffic management
applications.

Robust and scalable
databases for storing and
managing traffic data
efficiently.

Enables the development of
web applications, APIs, and
data processing scripts.

Facilitates the hosting of
web-based traffic
management dashboards
and services.

Provides tools for mapping
and analyzing geographical
data related to traffic and
roads.

Manages traffic signals,
road signs, and data from
various sensors in real-time.

Monitors the health and
performance of networked

devices and communication

links.

Ensures regular backups of
traffic data and system
configurations to prevent data
loss.

Protects the system from and
the central management
system.



Security Software

Simulation Software

Remote Access Software

Data Analytics Tools

Communication Protocols

4.3 System Design

Firewall (e.g., pfSense),
Antivirus

VISSIM or Synchro

SSH, RDP (Remote Desktop
Protocol)

R, Python (with Pandas and
Matplotlib)

MQTT, HTTP/HTTPS

unauthorized access and
malware attacks.

Allows for the simulation
and analysis of traffic flows
and signal timing to
optimize traffic
management.

Provides remote access for
system administrators to
manage and troubleshoot the
system.

Facilitates the analysis of
traffic data to generate
insights and reports.

Enables reliable
communication between

traffic sensors, controllers,

The design phase includes process modeling using Data Flow Diagrams (DFD) and data
modeling using Entity Relationship Diagrams (ERD).

4.3.1 Architectural Design for the System

The architectural design of the Traffic Management System in Mbale includes subsystems for
Data Collection, Data Processing, Data Storage, and Data Display.

(Figure 4.3: Architectural Design for the Traffic Management System in Mbale)

4.3.2 Process Modeling
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Process modeling illustrates how information flows within the Traffic Management System from
data entry to various data stores.

Description of Key Symbols:

- Entity: Real-life object interacting with the system.
- Data Store: Repository where processed data is stored.

data within the system.
- Process: Series of activities or actions to achieve a task.

4.3.3 Data Flow Diagrams (DFD)

Data Flow: Movement of

DFDs are essential for illustrating how data flows in the system using symbols for processes,
data stores, data flows, and external entities.
4.3.3.1 Context Level DFD

(Figure 4.4: Context Diagram for the Traffic Management System in Mbale)




In the context diagram, users log into the system, and once authenticated, they can request
resources and receive feedback. Administrators log in and query data, receiving immediate
feedback.
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Zero Level Data Flow Diagram (0 Level DFD) Of Traffic Controller System:

This is the Zero Level DFD of Traffic Controller System, where we have elaborated the high
level process of Traffic. It's a basic overview of the whole Traffic Controller System or process
being analyzed or modeled

High Level Entities and process flow of Traffic Controller System:
Managing all the Traffic flow

Managing all the Routes guidance

Managing all the sensors

Managing all the Traffic flow

Managing all the Traffic Light

Managing all the Traffic incidents, managing all the Traffic lane managing all the Traffic
cameras

Managing all the Traffic signals
Managing all the Traffic events, managing all the Traffic pedestrian crossing signal

Managing all the Traffic road network, managing all the Traffic signs

Managing all the Traffic signs
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Description of Process

Level 1 DFD: (Table 4: Description of Processes)

Process

Authentication Process

User Registration Process

Customer Registration Process

Process 1: Monitor Traffic

Process 2: Manage Traffic Signals

Process 3: Incident Management

Process 4: Traffic Flow Management

Process 5: Lane Management

Process 6: Routing Guidance

Process 7: Road Network Management

Process 8: Traffic Signs Management

Process 9: Traffic Cameras Management

Process 10: Traffic Signals Management

Process 11: Traffic Events Management

Process 12: Pedestrian Crossing Signals
Management

Description

Verification of username and passwords of users

Capture all user details

Captures all customer details

Gathers real-time data from sensors and cameras.

Controls traffic signals based on real-time data
and rules.

Identifies and manages traffic incidents.

Manages and optimizes traffic flow across
various roads and intersections.

Manages lane configurations and adjustments
based on traffic needs.

Provides routing information to drivers based on
traffic conditions.

Manages and maintains the road network
infrastructure.

Manages the placement and status of traffic
signs.

Manages traffic cameras and their data.

Manages traffic signals and their operational
status.

Manages traffic-related events and their
coordination.

Manages pedestrian crossing signals and their
timing.



Description of Data Stores: (Table 5: Description of Data Stores)

Data Store Description
User Data  Stores usernames and passwords
Traffic Data Store  Stores traffic monitoring details

Stores records of reported incidents and their
Incident Reports
statuses

Stores collected traffic data from sensors and
Traffic Data
cameras

Signal Data Store ~ Stores pedestrian signal data

Description of External Entities:
(Table 6: Description of External Entities)

Entity Description

Devices that gather real-time data on traffic
Traffic Sensors conditions.

Cameras used to monitor traffic and provide
Traffic Cameras video feeds.

Central hub responsible for monitoring,
Traffic Control Center controlling, and managing traffic operations.

Signals used to control vehicle and pedestrian
Traffic Lights traffic at intersections.

General public, including drivers and pedestrians,
Public who interact with the system.

Infrastructure of roads, lanes, and intersections
Road Network managed by the system.



Signage used to guide and inform road users
Traffic Signs about traffic rules and directions.

Information about the movement and density of
Traffic Flow Data vehicles on the road network.

Reports submitted by the public or detected by
Incident Reports the system about traffic incidents.

Directions and guidance provided to drivers
Routing Information based on real-time traffic data.

Requests for maintenance of road infrastructure
Maintenance Requests and traffic control devices.

Records of system operations and activities
Log Data generated by all processes.

Signals specifically designed for pedestrian
Pedestrian Crossing Signals crossings.

Information about planned or unplanned events
Event Reports that may affect traffic.

Logs that capture the activities and changes
System Logs within the traffic management system.

4.3.4 Data Modeling Using Entity Relationship Diagram (ERD)

Data modeling involves creating a data model for the database. It represents data objects, their
relationships, and rules.

(Figure 4.6: Entity Relationship Diagram for the Traffic Management System in Mbale)

ERD DIAGRAM



Y © tafiic road_network

2 road_id : int(11)
& name : varchar(255)
# length : float

u £ traffic traffic_signals ey

2 signal_id : int(11)

Bo oic traffic_events
9 event_id :int(11)
1 type : varchar(100)

1 location : varchar(255)
@ timestamp : timestamp
@ location : varchar(255) & description : text

@ status : varchar(50)
i type : varchar(50)

! 4 lraffic routing_guidance
2 guidance_id : int(11)

@ location : varchar(255)
£ message : text

n © Uaffic incidents
2 incident_id : int(11)
@ location : varchar(255)

Yo vaiic traffic_flow
2 flow_id : int(11)
# sensor_id : int(11)

@ description : text
m timestamp : timestamp

@ timestamp : timestamp status : varchar(50)

# flow_rate : int(11)
¢ location : varchar(255)
¢ status : varchar(50)

ﬂ O traffic traffic_cameras
‘ @ camera_id : int(11)

!o traffic routing_guidance | & location : varchar(255)

@ guidance_id : int(11) @ status : varchar(50)

i location : varchar(255)
& message : text

O lraffic sensors

2 sensor_id : int(11)

@ location : varchar(255)
@ type : varchar(100)

: status : varchar(50)

Entities and Attributes Description: (Table 7: Entities and Attributes)

O traffic traffic_lights
2 light_id : int(11)

@ location : varchar(255)
@ status : varchar(50)

# user_id :int(11)

1@ status : varchar(50)
@ event_name : varchar(255)
@ date : date

n © lraffic pedestrian_crossing_signals
@ crossing_id : int(11)

@ location : varchar(255)

@ status : varchar(50)

] © v=7c lane_management
¢ lane_id : int(11)

@ location : varchar(255)

@ status : varchar(50)

¢ lane_name : varchar(255)

@ lane_status : varchar(50)

ﬂ O raffic system_logs |
g id :int(11)

@ timestamp : timestamp

& log_level : varchar(50)

= message : text



Entity Description Attributes

Devices that gather real-time data Sensor ID, Location, Data Type

Traffic Sensors . i,
on traffic conditions. (speed, volume.), Status

. Cameras used to monitor traffic .
Traffic Cameras . . Camera ID, Location, Status
and provide video feeds.

Central hub responsible for Control Center ID, Location,
Traffic Control Center monitoring, controlling, and Operator Name, Operating
managing traffic operations. Hours

Signals used to control vehicle
Traffic Lights and pedestrian traffic at
intersections.

Traffic Light ID, location,
status

Infrastructure of roads, lanes, and Road ID, Name, Length,

Road Network intersections managed by the Number of Lanes, Surface
system. Type
Signage used to guide and inform Sign ID, Type (Stop, Yield,
Traffic Signs road users about traffic rules and ~ €tc.),
directions. Location, status

Information about the movement Flow Data ID, Road ID,
Traffic Flow Data and density of vehicles on the Timestamp, Vehicle Count,

road network. Average Speed

Reports submitted by the public ~ Report ID, Incident Type,
Incident Reports or detected by the system about  Location, Time, Reported By,
traffic incidents. Severity

Directions and guidance provided
Routing Information to drivers based on real-time Route 1D, Location,
traffic data.

Records of system operations and Log ID, Process ID,

activities generated by all Timestamp,
Log Data processes. Action, Result
Pedestrian Crossing Signals Signals specifically designed for  Crossing Signal ID, Location,
pedestrian crossings. Signal Status,
Information about planned or Event ID, Event Type,
Event Reports unplanned events that may affect Location, stamp Time,

traffic. description.



Logs that capture the activities and
changes within the traffic Id, username, password, role,
System Logs management system. created
4.3.5 Modeling Relationships between Entities

1 Traffic Sensors — Traffic Control Center

« Relationship: The Traffic Control Center receives real-time data from Traffic Sensors.
«  Type: One-to-Many (A single Traffic Control Center manages multiple Traffic Sensors)

2 Traffic Cameras — Traffic Control Center

« Relationship: The Traffic Control Center monitors and manages video feeds from Traffic
Cameras.
« Type: One-to-Many (A single Traffic Control Center manages multiple Traffic Cameras)

3 Traffic Lights — Traffic Control Center

- Relationship: The Traffic Control Center controls and adjusts the signals at Traffic
Lights.
« Type: One-to-Many (A single Traffic Control Center controls multiple Traffic Lights)

4 Public — Incident Reports

« Relationship: Public users can submit Incident Reports to the system.
«  Type: One-to-Many (A single public user can submit multiple Incident Reports)

5 Incident Reports — Traffic Control Center

+ Relationship: The Traffic Control Center receives and processes Incident Reports.

«  Type: Many-to-One (Multiple Incident Reports are processed by a single Traffic Control
Center)

6 Traffic Control Center — Road Network

- Relationship: The Traffic Control Center manages the configuration and adjustments of
the Road Network.
« Type: One-to-Many (A single Traffic Control Center manages multiple Road Networks)
7 Traffic Control Center — Traffic Signs

« Relationship: The Traffic Control Center manages the placement and status of Traffic
Signs.
« Type: One-to-Many (A single Traffic Control Center manages multiple Traffic Signs)



8 Traffic Control Center — Traffic Flow Data

- Relationship: The Traffic Control Center analyzes and manages Traffic Flow Data.

«  Type: One-to-Many (A single Traffic Control Center manages multiple sets of Traffic
Flow Data)

8 Traffic Control Center — Routing Information

« Relationship: The Traffic Control Center provides Routing Information to the Public
based on traffic conditions.

«  Type: One-to-Many (A single Traffic Control Center provides multiple Routing
Information sets to the Public)

9 Traffic Control Center — Maintenance Requests

« Relationship: The Traffic Control Center generates and manages Maintenance Requests
for road infrastructure.

«  Type: One-to-Many (A single Traffic Control Center manages multiple Maintenance
Requests)

10 Pedestrian Crossing Signals — Traffic Control Center
« Relationship: The Traffic Control Center manages the status and timing of Pedestrian

Crossing Signals.

«  Type: One-to-Many (A single Traffic Control Center manages multiple Pedestrian
Crossing Signals)

11 Traffic Control Center — Event Reports
- Relationship: The Traffic Control Center receives Event Reports and coordinates the
response.
« Type: One-to-Many (A single Traffic Control Center coordinates multiple Event Reports)

12 Log Data — System Logs

« Relationship: System Logs store the Log Data generated by various processes.
« Type: One-to-Many (A single System Log can store multiple Log Data entries)



4.4 Database Design

Database design produces a detailed data model containing logical and physical design choices

and storage parameters.

Tables and Fields Description:

(Table 8: User Table)

Attribute Name

username
Password

Role

created at

(Table 9:admin Table)
Attribute Name

Id

Username

Password

Data Type
INT(12)

VARCHAR(255)
VARCHAR(255)

VARCHAR(50)
TIMESTAMP

Data Type

INT(11)

VARCHAR(255)
VARCHAR(255)

(Table 10: Traffic incident

Table)
Attribute Name

incident_id

Data Type

INT(11)

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL, UNIQUE
NOT NULL

NOT NULL
DEFAULT

CURRENT_TIMESTAMP

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL, UNIQUE
NOT NULL

Constraints
PRIMARY KEY,

AUTO_INCREMENT



Location

Description

Timestamp

Status

(Table 11: Traffic light Table)

Attribute Name

light_id

Location

Status

(Table 12: lane Table)

Attribute Name

lane_id

location
Status

lane name

lane status
(Table 12: Signal Table)
Attribute Name

signal_id

location

VARCHAR(255)

TEXT

TIMESTAMP

VARCHAR(50)

Data Type

INT(11)

VARCHAR(255)
VARCHAR(50)

Data Type

INT(11)

VARCHAR(255)
VARCHAR(50)

VARCHAR(255)
VARCHAR(50)

Data Type

INT(11)

VARCHAR(255)

NOT NULL

DEFAULT

CURRENT_TIMESTAMP

NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL
NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL
NOT NULL

NOT NULL
NOT NULL

Constraints

PRIMARY KEY,

AUTO_INCREMENT

NOT NULL



Status VARCHAR(50)

Type VARCHAR(50)
(Table 13: traffic flow Table)

Attribute Name Data Type
flow_id INT(11)
sensor_id INT(11)
timestamp TIMESTAMP
flow_rate INT(11)
location VARCHAR(255)
Status VARCHAR(50)
(Table 14: camera Table)

Attribute Name Data Type
camera_id INT(11)
location VARCHAR(255)
Status VARCHAR(50)

(Table 15: traffic sign Table)

Attribute Name Data Type

NOT NULL
NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

FOREIGN KEY,
REFERENCES
traffic_sensors(sensor_id)

DEFAULT
CURRENT_TIMESTAMP

NOT NULL

NOT NULL
NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL
NOT NULL

Constraints



sign_id INT(11)

location VARCHAR(255)
Type VARCHAR(100)

Status VARCHAR(50)

(Table 16: traffic_routing_guidance Table)

Attribute Name Data Type
guidance_id INT(11)
location VARCHAR(255)

Type VARCHAR(100)

message TEXT

(Table 17: traffic_sensors table)

Attribute Name Data Type

sensor_id INT(11)

location VARCHAR(255)

Type VARCHAR(100)

Status VARCHAR(50)
(Table 18: traffic_event_table)

Attribute Name Data Type
event_id INT(11)
Type VARCHAR(100)
location VARCHAR(255)

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL

NOT NULL
NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL

NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL

NOT NULL
NOT NULL

Constraints

PRIMARY KEY,
AUTO_INCREMENT

NOT NULL

NOT NULL



DEFAULT

Himestamp TIMESTAMP CURRENT_TIMESTAMP
description TEXT

Status VARCHAR(50) NOT NULL

event_name VARCHAR(255) NOT NULL

(Table 18: traffic_pedestrian_crossing_signals_table)

Attribute Name Data Type Constraints
o PRIMARY KEY,
crossing_id INT(11)
AUTO_INCREMENT
location VARCHAR(255) NOT NULL
NOT NULL

Status VARCHAR(50)

4.5 System Interfaces

System interfaces describe interactions with other systems and users. The Traffic Management
System in Mbale includes user interaction and communication with subsystems such as the
Traffic Monitoring and Pedestrian Management Systems.

4.5.1 User Interface

The user interface is designed to be user-friendly, including login screens, dashboards, and forms
for managing traffic data, signals, and incidents. Each interface allows users to interact with
specific entities like traffic signals, traffic flow, incidents, and more.

For example, the Traffic Management System dashboard allows users to monitor and manage
various entities such as:

« Traffic Users: Users can manage their accounts with attributes like username
(varchar(255)), password (varchar(255)), and role (varchar(50)).

« Traffic Incidents: Users can view and update incident reports with attributes like location
(varchar(255)), description (text), and status (varchar(50)).

« Traffic Signals: Users can control traffic signals with attributes like location
(varchar(255)), status (varchar(50)), and type (varchar(50)).



4.5.2 Communication Interface

The system communicates with other subsystems using protocols like HTTP and TCP/IP,

ensuring seamless integration with other traffic management solutions and external data sources.
For example:

«  The system interfaces with Traffic Cameras using attributes such as camera_id (int(11)),
location (varchar(255)), and status (varchar(50)).

- Traffic Flow data is collected and communicated with attributes like flow_id (int(11)),
sensor_id (int(11)), and flow_rate (int(11)).

+ Routing Guidance is provided based on attributes like guidance_id (int(11)), location
(varchar(255)), and message (text).

4.6 Conclusion

This chapter covered the study of the existing system, data analysis, and the design of the new
Traffic Management System for Mbale. The new system addresses inefficiencies in the existing
system by providing real-time updates, better traffic management, and improved pedestrian
signals. The design includes detailed process and data models, database design, and user and
communication interfaces to ensure the system's effectiveness and usability.

Chapter Five:
System Implementation, Testing, and Validation(INTRODUCTION)

This section describes the implementation of the design models of the Traffic Management
System for Mbale and shows the different results generated by the system. Screenshots of the
system will be displayed to illustrate how the system responds to various commands.

5.1 System Functions

The Traffic Management System provides various functions to different types of users, including
administrators, traffic controllers, and pedestrians. These functions are designed to manage



sensors, traffic flow, traffic light, incidents, lane management, routing guidance, road network,
traffic signs, traffic cameras, traffic signals, traffic events, pedestrian crossing signals, system
logs, in Mbale.

5.1.1 Functions Provided to All Users

The Traffic Management System ensures the security and authentication of users by requiring
usernames and passwords for access to the system services.

Traffic Management System

USER Login
Username

mi

Password

Login

Don't have an account? Sign Up

5.1.2 Functions Provided to the Traffic Controllers

Traffic controllers, once authenticated, can manage sensors, traffic flow, traffic light, incidents,
lane management, routing guidance, road network, traffic signs, traffic cameras, traffic signals,
traffic events, pedestrian crossing signals, system logs. They can also view real-time traffic
conditions and respond to incidents promptly.
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5.1.3 Functions Provided to the Administrators

Administrators have overall control of the system. They can manage user accounts, verify traffic
events, and analyze the entire system's processes. They also have the authority to add, delete, and
update all traffic-related data in the system.

5.1.4 Functions Provided to the Pedestrians

Pedestrians can interact with the system to view crossing signals and receive updates on crossing
times and safe crossing alerts.
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5.3 Sample Screenshots
5.3.1 System Home Page
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The home page allows all users to log into the system to access their respective pages and
perform their tasks.

;;?:/';E TRAFFIC MANAGEMENT SYSTEM Home Dashboard AboutUs ContactUs System Logins Logout po
:
Welcome to traffic management system
RS
- 8

Figure 5.2: System Home Page
5.3.2 Administrator's Login Page

The administrator's login page where the administrator can log into the system to manage user
accounts and system settings.
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Username
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Figure Administrator's Login Page
Administrator's Dashboard



The dashboard for the administrator to manage traffic events, user accounts, and system
configurations.
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Figure: Administrator's Dashboard
5.3.5 Traffic Event Management Page

The interface where traffic controllers can add, update, and monitor traffic events.
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Figure 5.6: Traffic Event Management Page
5.3.6 Pedestrian Signal management Page

The page where traffic controllers manage pedestrian signals and crossing times.
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Figure: Pedestrian Signal Control Page
5.4 System Testing and Validation Results

We carried out system testing with the aim of finding errors in the system. We also performed
system validation to ensure that the system conformed to the defined user needs and
requirements. We presented the system to some of the users in Mbale to get feedback about the
system's performance in relation to their requirements.

5.4.1 System Testing Results

The Traffic Management System was presented to users with the intent of finding errors and
observing if it behaved as expected. The faults were corrected, and the process was repeated until
the system was proven to be working according to users’ specifications and performance
requirements. We also tested the system to see whether it was capturing valid data by inputting
wrong data and observing if the system responded with appropriate error messages. Testing and
validation were done successfully.

5.4.2 Validation Results

The Traffic Management System was presented to different users to get feedback about the
system's performance and whether it met their needs or user requirements. The process involved
checking input and output data of the system to ensure that they are complete and accurate,
especially in the database. Further validation tests were carried out to verify that the system met
the specified user requirements. The users were satisfied with the system and concluded that it
was simple to use, fast in responding to different requests, and met their intended needs.

Table 15: System Validation

Feature Number of Users out of 5 Percentage of Users
Learnability 4 80.0%
User-friendly 3 60.0%
Improves the transaction 3 60.0%
process

Solves the problem of delays

by customers wanting to 4 80.0%
Cross
5.5 Conclusion

In summary, this chapter described the system functions provided to all users, including traffic
controllers, administrators, and pedestrians, and presented various screenshots of the system.



Testing and validation were performed to check for errors and ensure that the system met the
specified user requirements. The results gathered indicated that the system was effective,
userfriendly, and met the intended needs in Mbale.

Chapter Six: Summary, Recommendations, and Conclusion
6.1 Summary

All the stated objectives of the Traffic Management System for Mbale have been successfully
achieved. The system has been designed to automate the manual traffic management processes



currently used. The system manages traffic events, lanes, and pedestrian crossing signals
efficiently, sensor, traffic flow, traffic lights, routing guidance, road network, traffic signs, traffic
cameras, traffic signals, system logs. It provides real-time traffic updates, lane management, and
pedestrian crossing signal control, sensor, traffic flow, traffic lights, routing guidance, road
network, traffic signs, traffic cameras, traffic signals, system logs enhancing the overall traffic
management in Mbale.

For security reasons, each user, including traffic controllers and administrators, is given a
username and password. This is the only way they will be able to log into the system. The
administrator has the overall privileges to manage the entire system.

6.2 Recommendations

There is a need for more research in this field to address any weaknesses in the system. As new
traffic management technologies and methods continue to emerge, it is essential to continuously
update and improve the system. Similar systems should be developed for other regions in
Uganda, especially those still using manual traffic management systems.

Implementing an automated system will make it easier for traffic management authorities and the
public to access and manage traffic-related information efficiently.

6.3 Future Work

The system should be extended to:

1. Provide an inbuilt forum for traffic controllers and other stakeholders to discuss and manage
traffic situations in real time.

2. Integrate advanced traffic prediction algorithms to foresee traffic congestion and suggest
alternative routes.

3. Develop a mobile application to provide real-time traffic updates and alerts to the public.
4. Implement a feedback system for road users to report traffic issues and suggestions.

6.4 Conclusion

The Traffic Management System objectives were achieved. The major strength of this system is
the ability to manage traffic events, lanes, and pedestrian crossings efficiently. This system
allows for real-time traffic updates and control, significantly improving traffic flow and safety in
Mbale.
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Appendices
Appendix I: Interview Schedule Sample Questions
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What is your opinion about the current traffic management system in Mbale?
What is your highest academic qualification attained?

Do you have an efficient traffic management system in your region?

What are the expected roles of the traffic management system in your region?
Does your region set traffic management budgets?

What are some of the difficulties you are facing with your current system?

Is your system user-friendly?

What solutions do you think can work best in enhancing your current system?
Does your system support data and information backups?

. What are your expectations from the new system?
. How do you rate the system performance?

. How do you rate the system reliability?

. How do you rate the system simplicity?

. How do you rate the system security?

Appendix Il: Questionnaires



Dear Respondent, We are final year BIST students from Uganda Christian university (mbale
university college) conducting our final year research on Internet systems focusing on the topic:
Traffic Management System; A case study of Mbale. The research is purely academic, and the
information you provide will be treated with the highest level of confidentiality. Any assistance
you render in answering these questions will be highly appreciated.

Please put a tick (v') in the spaces provided:

1. What is your position in the organization?

o Top
Management
()o

Mid
dle
Management
()o

Oper
ational
Management
0

2. Number of years worked:
o 10 years and
above () o
5-10
years () o
3-5
years () o
0-3
years ()
3. What is your highest education qualification?
o Certificate ()
0
Dipl
oma()o
Degr
ee()o
Mast
ers () oPhD

0
4. Do you have a Traffic Management System?
o No()o
Yes (
)

5. Do you review your Traffic Management System?



o No()o
Yes (
)

6. Does your current system calculate traffic congestion?
o No()o
Yes (
)

7. Do you use your system to manage traffic events and signals?
o No()o
Yes (
)

8. What should the new system provide?
o [Free text
response]
9. How do you rate your system costs?

o Very
expensive ()
(0]
Expe
nsive () o
Chea

p()o Very
cheap ()

10. How user-friendly is your system?

o Good()o
Very
good () o
Very
fair () o
Fair
0

Appendix I11: System Validation Questionnaire

1. Is the new traffic management system easy to learn?

o Yes()
0

No ()
2. Does the new system improve the traffic management processes?

o Agree (
)o

Disagre

e()o



Not
sure ()
3. How would you rate the user-friendliness of the new traffic management system?

o Below
40% ()
0

50% ()
0

60% ()
0

Above
80% ()
4. Does the new system capture all the information required from the users?

o Yes()
(0]

No ()
5. Does the new system solve the problem of traffic congestions and delays?

o Yes()
(0]

No ()
6. Give any other comments:

o [Free
text
respons

e]
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