
The Nelson Mandela AFrican Institution of Science and Technology

NM-AIST Repository https://dspace.mm-aist.ac.tz

Computational and Communication Science Engineering Masters Theses and Dissertations [CoCSE]

2023-08

Development of a remote road traffic

accidents tracking and reporting system

for Kayoola buses

Maniranzi, Mireille

NM-AIST

https://dspace.nm-aist.ac.tz/handle/20.500.12479/2555

Provided with love  from The Nelson Mandela African Institution of Science and Technology



 
 

DEVELOPMENT OF A REMOTE ROAD TRAFFIC ACCIDENTS 

TRACKING AND REPORTING SYSTEM FOR KAYOOLA BUSES 

  

 

 

 

 

 

 

Mireille Maniranzi 

 

 

 

 

 

A Project Report Submitted in Partial Fulfilment of the Requirements for the Degree of 

Master of Science in Embedded and Mobile Systems of the Nelson Mandela African 

Institution of Science and Technology  

 

 

 

 

Arusha, Tanzania 

 

 

 

 

 

August, 2023 



  

i 
 

ABSTRACT 

Motor vehicles continue to improve in safety each year, resulting in a decline in fatality rates. 

However, car crashes remain a significant concern for the automotive industry as the goal is to 

eliminate accidents altogether. Unfortunately, effective strategies for managing road traffic 

accidents are not frequently implemented by transport companies. The use of digital or paper 

forms for manual accident reporting leads to the loss or inaccurate and untimely reporting of 

valuable information regarding these accidents. To address this issue, this project proposed to 

develop a remote road traffic accidents tracking and reporting system catered to the transport 

industry. By integrating various components such as a gyroscope for tilt detection, a load cell 

for impact force measurement, a web application serving as a centralized reporting platform, a 

GSM module enabling SMS alerts, an SD card for report backup, and an Arduino Nano 33 IoT 

for overall system control, a comprehensive solution has been achieved. This system enables 

real-time accident detection, and immediate transmission of alerts. Ultimately, the project 

endeavors to enhance the safety and efficiency of the transport industry by delivering a reliable 

and highly effective road traffic accidents tracking and reporting system for informed decision 

making.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Problem 

Kiira Motors Corporation (KMC) is a government-owned company founded with the aim of 

propelling the automotive industry in Uganda and fostering job and wealth creation (KMC, 

2021). Presently, KMC boasts a diverse product portfolio, including the Kayoola Diesel Coach, 

a long-distance mass mobility bus; the Kayoola EVS, a fully electric bus well-suited for urban 

mass mobility; the Kiira EV, Africa's pioneering electric vehicle; and the Kiira EV Smack, 

Africa's maiden electric hybrid car. In terms of immediate marketing objectives, KMC is 

primarily targeting government customers, particularly city authorities and other governmental 

institutions, for the aforementioned products. 

Kiira Motors Corporation (KMC) and other vehicle manufacturers worldwide are making 

significant investments in safety systems, incorporating a wide array of technologies and 

conducting rigorous car crash tests. Modern vehicles are equipped with advanced driver 

assistance systems (ADAS) to enhance safety on the roads. These include the anti-lock braking 

system (ABS), automatic emergency braking (AEB), lane departure warning (LDW), blind-

spot detection (BSD), and adaptive cruise control (ACC) (Shaout et al., 2011). The primary 

purpose of these systems is to minimize the occurrence of road traffic accidents by taking 

corrective actions when drivers fail to respond promptly. For example, if a forward collision is 

imminent, the AEB system automatically engages the brakes when the driver does not react in 

time. 

In spite of the significant advancements in vehicle technology aimed at reducing accidents, 

unfortunately, accidents continue to occur on a daily basis. Recent reports from the Uganda 

Police Force demonstrate that from 28 February 2022 to 6 March 2022, a total of 414 accidents 

took place. Shockingly, within just one week, between 2 July and 9 July, a staggering 328 

accidents were reported (Force, 2022).  

Each road traffic accident incurs not only a financial burden but also inflicts tremendous pain, 

suffering, and grief on the families of the victims (DeLeon et al., 2005). According to the World 

Health Organization (WHO), over one million individuals lose their lives every year due to 
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road accidents worldwide, with a staggering 90% of these fatalities occurring in middle and 

low-income countries (WHO, 2021). 

Road traffic accidents profoundly impact the wellbeing of drivers, passengers, vehicles, and 

the overall business. To enhance health and safety operations and foster accountability within 

the organization, it is crucial to be aware of the most common accident types and continually 

track reported accidents. Reporting these accidents is the initial step towards resolving 

problems and preventing their recurrence. Furthermore, it undeniably serves as the most 

effective method to engage all staff members in cultivating a safety-oriented culture, 

facilitating the exchange of best practices, and learning from past mistakes. 

The process of reporting accidents typically involves gathering evidence from physical sources, 

effectively documenting the information, and analyzing it to identify areas for improvement. 

Traditionally, accident reports have been recorded on paper or through digital forms. However, 

this approach has limitations, such as accidents going unreported or being delayed, biased, or 

incomplete due to the time lag between the occurrence and reporting (Insurance Regulatory 

Authority of Uganda, 2020).  

As a result, the accident management process becomes inefficient and time consuming. In 

addition to addressing these challenges, KMC aims to enhance the passenger experience by 

deploying the Kayoola EVs Passenger Experience System (KPES). This system focuses on 

providing passengers with security, convenience, and safety, while also ensuring seamless 

management for bus owners and operators. To support these objectives, there is a need for an 

accident reporting platform that is user-friendly, offers customizable workflows, and can be 

easily integrated with other fleet management systems. 

The proposed system is designed to efficiently detect and report the most common types of car 

accidents: side-impact, rear-end collision, head-on collision, and vehicle rollover. When an 

accident occurs, an automatic accident report is generated and sent to the web platform. 

Additionally, a notification SMS containing details such as location, weather, vehicle speed, 

and time of the accident is sent to a predefined number. The driver also has the option to add a 

narrative description of what happened to the report. 

To ensure data integrity, records of the accidents are stored locally on an SD memory card. 

This system offers several features such as: 
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(i) Access to comprehensive information about the events and factors contributing to the 

accident occurrence, providing relatively undisturbed data for analysis and review. 

(ii) Accurate reconciliation of physical evidence with the driver's description, enabling a 

better understanding of the accident. 

(iii) Visualization of the collected data through a centralized system, facilitating 

comprehensive analysis and evaluation of accident-related information. 

(iv) Establishing connections between factual data and potential risks, thereby enabling the 

implementation of effective strategies for reducing road traffic accidents. 

Overall, this system aims to streamline the detection and reporting process of car accidents, 

while also providing valuable insights for improving road safety. 

1.2 Statement of the Problem 

Despite the acknowledged importance of accurate data and evidence, the current accident 

reporting process is woefully inadequate. One glaring issue is the use of paper or digital forms 

for reporting road accidents, which results in a staggering 60% and 85% of accidents going 

unreported, as highlighted by several studies (Bai et al., 2017; Djebarni, 2000; Kamaluddin et 

al., 2018; Koushki & Balghunaim, 1991). Moreover, the process is plagued by incomplete and 

delayed reports, posing significant challenges to effective accident management, as recognized 

by Insurance Regulatory Authority of Uganda (2020). Lastly, it is crucial to acknowledge that 

manual reporting fails to accurately capture certain factors that contribute to road accidents, as 

noted by Edwards (1999) and Hermans et al. (2006). 

Currently, Kayoola accident reporting is done manually. Failure to record all the information 

relating to the accident soon after the accident results in important information being lost or 

not 100% accurate. Additionally, record keeping and information sharing based on a paper 

form are inefficient. 

Consequently, risk modeling and analysis based on underreporting and/or inaccurate reports 

results in biased conclusions and leads to misguided accidents management policies and 

strategies which results in accidents occurring under the same condition, with the exact root 

causes, without noticing the repetitive patterns. The proposed low-cost, effective, and efficient 
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system can contribute to the elimination of this challenge, allowing users to timely access 

information. 

1.3 Rationale of the Study 

The rationale behind a project that detects and reports accidents through a web application for 

accident management is to improve overall safety and response efficiency. Here are a few key 

reasons for implementing such a system: 

(i) Real-time accident notification: The web application can be designed to detect 

accidents through various means such as user reports, sensors, or data integration from 

external sources. By instantly notifying relevant authorities about accidents, emergency 

services can be dispatched promptly, potentially reducing response times and saving 

lives. 

(ii) Effective resource allocation: Accurate reporting of accidents allows emergency 

response teams to prioritize their resources and respond accordingly. By identifying the 

severity and location of accidents through the web application, emergency services can 

deploy the appropriate personnel and equipment required for each accident. 

(iii) Traffic management: Accidents can significantly impact traffic flow and cause 

congestion. With a web application that detects and reports accidents, traffic 

management authorities can proactively respond by rerouting traffic or providing real-

time information to drivers, minimizing traffic disruptions and facilitating smooth 

transportation. 

(iv) Data analysis and prevention strategies: The accumulation of accident data through the 

web application can enable in-depth analysis to identify patterns, high-risk areas, or 

common causes of accidents. With this information, authorities can develop targeted 

prevention strategies, implement safety measures, and educate drivers to reduce the 

occurrence of accidents in the future.  

Overall, the aim of a web application for accident management is to enhance safety, expedite 

emergency responses, optimize resource allocation, and prevent accidents through the effective 

use of technology and data analysis. Furthermore, as the automotive industry moves toward 
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Connected Autonomous Shared Electric (CASE) Vehicle Technology, the collected data can 

be used for research purposes.  

1.4 Objectives of the Study 

1.4.1 General Objective 

To develop a remote road traffic accidents tracking and reporting system for Kayoola buses 

based on a centralized system web platform. 

1.4.2 Specific Objectives 

The study aimed to achieve the following specific objectives: 

(i) To specify the requirements for the remote road traffic accidents tracking and reporting 

system on Kayoola buses. 

(ii) To develop a remote road traffic accidents tracking and reporting system for Kayoola 

buses. 

(iii) To validate the developed system. 

1.5 Research Questions 

(i) What are the minimum system requirements the system shall meet? 

(ii) What are the embedded and software techniques and tools to develop a vehicle road 

traffic accidents tracking and reporting system? 

(iii) How effective is the developed system? 

1.6  Significance of the Study 

Accurate data and evidence play a crucial role in accident reporting within a web application 

for accident management. Firstly, the inclusion of accurate data ensures that the reported 

accidents are genuine and reliable. By leveraging advanced technologies such as IoT and real-

time data tracking, the system collects precise information about the accident, including the 

time, location, and severity. This eliminates the possibility of false reporting or misinformation, 

which is vital for maintaining the credibility of the system and the trust of stakeholders. 
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Moreover, the availability of accurate data enhances overall road safety and emergency 

response. Swift identification and immediate reporting of accidents through the web 

application enable relevant stakeholders, including emergency services, to respond quickly and 

effectively. By having access to real-time data, responders can accurately assess the situation 

and allocate appropriate resources promptly. This proactive approach significantly reduces 

response times, especially in critical situations where every minute counts. As a result, injured 

individuals can receive prompt medical attention, and the risk of further accidents or 

complications can be minimized. 

Furthermore, the centralized management of accident data offers valuable insights and analysis 

opportunities. By analyzing the data collected from various accidents, authorities can identify 

patterns and accident-prone areas. This information enables them to implement targeted 

measures, such as better traffic management or infrastructure improvements, to prevent future 

accidents. Accurate data also contributes to improved decision-making regarding road safety 

policies and regulations. By relying on evidence-based information, authorities can make 

informed choices that have the potential to reduce the occurrence of accidents. 

1.7 Delineation of the Study 

The study focused on the needs of KMC and thus, the data and user requirements considered 

were only those that were deemed to meet the organizational goals of KMC, complete the set 

time limits, as well as avoid conflict in the deliverables. Due to copyright considerations and 

time constraints, other bus manufacturing organizations and bus transportation companies were 

not physically engaged.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Accident Reporting Process in General 

Proper documentation is key for an efficient company fleet and having usable data for reference 

and prevention of further automobile accidents in a fleet (Fleetio, 2022). 

The typical accident reporting process is mainly done by feeling digital or paper form. A 

thorough accident report form is recommended. The accident report form acts as a guide for 

gathering vital information concerning the accident. The report helps in the management of the 

accident situation and further investigation. The report form mainly contains the driver's name 

and contact information, vehicle or property ownership information, any witnesses and police 

report specifics, a space for a detailed description of the accident, any injuries and property 

damage, and a diagram area for the driver to depict  the crash occurred (International, 2022).  

It is also important for drivers to know the actions to be taken right after the accident. For 

example, call the emergency, do not confess culpability to anyone on the site, and do not leave 

the scene of an accident unless cleared by authorities. The drivers shall also know the person 

to contact at the company because fleet operations have different departments or personnel 

dealing with specific issues. Inquiries about an accident can be directed to the individual in 

charge (International, 2022). 

2.2 The Adoption and use of ICT and Related Systems for Accident Reporting 

Various software applications have been developed to facilitate reporting and record-keeping 

accidents.  

GoAudits is a mobile application to facilitate accident reporting. It allows the user to record 

and document evidence immediately after the accident. When an accident occurs, the user can 

take a photo, describe what occurred, and guarantee that the appropriate individuals are 

informed. This helps in getting authentic information while involved individuals and witnesses 

are still around (GoAudits, 2022). 
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When an accident occurs, those data are transmitted to the center so that the first aid box can 

be deployed to a particular location. However, the data collected may be interpreted wrongly 

due to the position of the phone, whether it is facing up, down or sidewise. This significantly 

make the accuracy of data collected. 

2.4 Research Gap 

The research gap in accident detection and reporting systems lies in the integration of remote 

monitoring capabilities and web-based applications for fleet management. While there are 

existing systems that detect accidents and report them to rescue units, the focus has primarily 

been on the immediate response. However, there is a need for a comprehensive system that can 

not only detect accidents remotely but also manage the reporting process effectively. Such a 

system would enable fleet managers to track and monitor accidents in real-time, ensuring 

timely and efficient response. By developing a web application-based accident management 

system, fleet managers can streamline reporting procedures, enhance communication with 

rescue units, and improve overall fleet safety and efficiency. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Area and Scope of the Study 

This study was carried out at Kiira Motors Corporation in Uganda. The prototyping exercises 

target Kayoola buses, one of the buses manufactured by this company. 

3.2 Methods 

The qualitative research method through interviews and observation was adopted to gather 

requirements. Semi-structured interviews were conducted with key personnel of Kiira Motors 

Corporation. The goal was to get an overview of the company, business processes in general, 

and vehicle accident investigation in particular. Discussion with the manager in charge of 

powertrain and Electrical-Electronic Systems and observations at the production 

manufacturing site of KMC were done as well to acquire as many details as possible about the 

products of the company and especially the Kayoola bus. By reading the product specification 

document, the target vehicle was understood in dept. Key information was recorded by taking 

notes and pictures. Furthermore, documented analyses such as published manuscripts from 

reputable journals were reviewed to find the contribution of the existing systems and limitations 

to developing this system. 

3.3 Sampling Techniques 

Key participants and materials to be reviewed were selected based on their potential to provide 

detailed insights about the challenges faced by the company when using the manual approach 

for accident reporting.  

3.4 Data Collection Methods 

In order to identify development methodologies and technologies, data for this project was 

gathered through review of document, observation of processes, desktop research, and 

benchmarking of industry-standard techniques. Documented tools were used to obtain better 

insight into the challenges faced when manually managing accident reports and the limitations 

of existing systems. Internet search through search websites, online books, and scientific papers 
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published in peer-review journals and conferences was used to review the gaps in the existing 

systems.  

3.5 Selection of Key Parameters 

 Analysis of Paper Based Accident Reporting  

The analysis is based on the understanding of the current method used for reporting accidents, 

identified challenges and limitations. Data analysis plays a crucial role in the understanding 

and improvement of accident reporting methods. To gain insights into how accident 

management is carried out at Kiira Motors Corporation, the manager of powertrain and 

electrical-electronic systems was interviewed. Additionally, related articles were studied and 

KMC's approach to this issue was observed. The accident management process for operators 

was also reviewed, following a standardized approach. This process involves reporting the 

accident to the police, including capturing pictures of the scene before clearance and providing 

a narrative report with details of the parties involved. Furthermore, an insurance company 

requires a form to be filled out, gathering essential information about the vehicle, driver, and 

event circumstances. With a better understanding of these traditional methods, a proposal was 

made to develop a remote road traffic accident tracking and reporting system specifically for 

Kayoola buses. 

 Selection of Key Parameters to Report 

The data present in accident reports are variable and complex. Accident reports were reviewed 

to come up with key data about an accident. Reviewed documents are the Uganda Police Force 

accident report, the Insurance Regulatory Authority of Uganda, and the accident claim form 

for SWICO (Statewide Insurance Company) Uganda. The analysis of these documents revealed 

that they all have in common many key pieces of information that must be captured. They also 

provide a guideline on how one should behave when involved in a traffic accident. That 

includes: 

(i) Making a note of the circumstances leading up to the accident 

(ii) Gathering as much information as possible without which should include: 

(a) Weather conditions 

(b) Road conditions  
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 Non-functional Requirements 

The non-Functional requirements mean the attribute that show the system qualities. The system 

is judged based on how responsive, usable, secure, portable it is as well as other non-functional 

specification critical to the success of the system's mission. This section defines the non-

functional requirements of the remote road traffic accidents tracking and reporting system for 

Kayoola buses. 

Table 2:     Non-functional requirements 

Sub-System Requirements Description 

Entire system (i) The system shall be able to minimize packet loss and 
power consumption and reduce delays in sending 
data. 

(ii) The system shall perform in windows and Linux 
environments. 

(iii) The system shall be compatible with different 
browsers 

(iv) The system shall be maintained at a low cost 

Hardware (i) The hardware shall support fast computation at high 
precision to have a low response time to sensor 
output changes. 

(ii) It shall be capable of handling inputs from multiple 
sensors 

(iii) It shall be packaged in a way to suit its deployment 
in the automobile environment. 

(iv) It shall be safe for the user with all electrical 
connections properly insulated and terminated 

3.7 System Development Approach 

 Software Development Methodology 

The development of this system adopted the Extreme Programming (XP), a framework built 

around the agile methodology. The extreme programming (XP) provide an iterative and 

evolutional methodology with a focus on process adaptability, satisfaction of customer, and 

timeliness, with a foundation in the normal software development lifecycle. Figure 1 shows the 

stages of the system development life cycle with XP. 
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Figure 1:     Illustration of Extreme Programming framework 

Extreme programming (XP) was selected because it allows incremental and evolutionary 

system development, as well as user participation over the process of system development, 

resulting in excellent level fulfillment of user requirement. This approach incorporates all 

benefits of other approaches, and each benefits remedy to the shortcomings of the others. Other 

methods, such as waterfall and spiral, were not adopted since they enable little flexibility and 

customer involvement. 

 System Architectural Design 

This part describes the system architectural design modeled in the first stages of the 

development process and encompasses the main components of a system and their 

communications. The architecture is represented using a blend of both formal and informal 

models. Informal architectural models comprise simple block diagrams showing entities and 

relationships to aid easy communication with system stakeholders and project planning. 

General architectural design also aids in system analysis and avails reusable models for future 

related systems. Formal models express system entities and their relationships in industry-

standard syntax and semantics for technical purposes. An abstract conceptual model of the 

system is presented in Fig. 2 and Fig. 4 is an activity model summarizing the stages of the 

proposed system, and Fig. 3 is a block diagram. This section also shows the hardware design, 

Web application and hardware communication process, and the description of the hardware 

and software components. 
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 Context Diagram 

The design presents the various system hardware components, their connectivity, and the 

communication connections they exhibit with other remote platforms. The system is intended 

to operate in a client-server scenario, using a web-based platform based on the 3W (World 

Wide Web) protocol. Information is exchanged between sub-systems over the Internet. The 

microcontroller uses the collected data from sensors as input and actuate reporting process 

when an accident is detected. The whole process is presented in Fig. 2. 
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Figure 2:     Context diagram 
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As shown in Fig. 3, the system is made of three sub-systems, namely the sensing unit, the 

processing and control unit, and the report and analysis unit. 

 

Figure 3:     Block diagram of the developed system 

(i) Sensing Unit 

This unit comprises Load cell, 6 Axis MEMS (Accelerometer and Gyroscope), and GPS. The 

load cell detects applied and send the corresponding electrical signal. In this project, the load 

cell was selected to detect collision and produce an electric signal equivalent to the impact 

force of that collision. The load cell's electrical signal is relatively tiny and requires specialized 

amplification. The 1046 PhidgetBridge provides electrical output amplification and 

measurement. 

The 6 Axis MEMS contains 3-axis gyroscope and accelerometer. The rotational velocity is 

measured by the gyroscope, i.e., the rate of variation of the position of the angle over time, and 

the accelerometer detects the acceleration of anybody or object in its instantaneous rest frame 

along the X, Y, and Z-axis. In this project, the MEMS was used to detect vehicle rollover. 

Finally, the GPS is an antenna-equipped module that utilizes a satellite-based guidance system 

with a channel of 24 satellites in orbit around the planet to just give velocity, position and 

timing data. This sensor was used in this project to determine the vehicle's position and speed. 

(ii) Control and Processing Unit 

The Arduino Nano 33 IoT was used to control others sensors. It's a microcontroller that works 

at 3.3 V. This microcontroller gets inputs sent by sensors for processing. Arduino Nano 33 IoT 

has a built-in WiFi module to allow communication and the remote units. This module was 

used to provide Internet connectivity for real-time data monitoring on the web application. 
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(iii) Reporting and Analysis Unit  

The reporting and analysis unit consists mainly of the web application, SD Module, and a GSM 

module. Records are kept by updating the database with new reports; a backup copy is stored 

on the SD card as well. The SMS communication method was used to notify the responsible 

person in consists mainly of as of accident. The microcontroller sends a POST request to the 

API asking to send new report to the web Application. The frontend of the web application sent 

a GET to retrieve data from the database to be visualized by the user. 

 Flow Chart Diagram 

The flowchart diagram of the developed system is shown in Fig. 4. The flowchart is described 

as a graphic drawing illustration of the system algorithm; it is used to portray both operation of 

the system and interconnection (Prasad, 2014). Different types of boxes and rows represent the 

activities and the linkage order, respectively. 

 

Figure 4:     Flow chart diagram 
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The summary of the key steps of the system activities from the beginning to the end throughout 

all the stages is shown in Fig. 4. When the system was powered on, it started with the initializing 

the parameters. The load cell sensor utilized to measure the impact force of the collision and 

MEMS was used to monitor the angular position.  

The sensors continuously monitored these two parameters, collision and angular position, while 

the GPS tracked the location and the speed. All the collected data from different sensors was 

sent to the microcontroller for processing and analysis. Thereafter, analysis is done by the 

microcontroller by comparing each output data to the determined threshold value. An impact 

force or angular position greater than the threshold signified collision or rollover, respectively. 

In this case, a report was sent to the web application, a backup report saves on the SD card, and 

a notification SMS was sent to a predefined number.  

An accident report combined the impact force with other related details, namely the position 

i.e., latitude and longitude, the speed, and the weather data. Further data analysis can be done 

through the web application. 

 Web Application and Hardware Communication Process Diagram 

Data communication refers to the transmission of digital or analog data over a network or 

communication channel. It involves the exchange of information between two or more devices 

through wired or wireless connections. The purpose of data communication is to enable the 

sharing, transfer, or retrieval of data between different devices or systems (Owlgen, 2022). This 

can include various types of data, such as text, images, audio, video, or any other form of digital 

information. Data communication systems often involve protocols, standards, and technologies 

that ensure reliable and efficient transmission of data between devices. Figure 5 portrays how 

data is exchanged between different components of this system involved in the process and the 

activity sequence. 

 


































































































