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ABSTRACT

The collection, management and dissemination of road traffic accident (RTA) related events has
posed a serious problem to Nigerian road safety officers and all stakeholders alike. This is especially
true because of the absence of a central repository from which all accident related information can
be stored and managed. Where available, these information are available in paper based form and
this poses a bottleneck in updating the available information. In this study, a Web based Road Traffic
Accident Monitoring System (RTAMS) was developed for Nigerian.

The Road Traffic Accident Monitoring System (RTAMS) was developed using Adobe Dreamweaver
and Notepad++ as the Integrated Development Environments, HTML, CSS and JavaScript were used
for the frontend, PHP was used as the scripting language, and MySQL served as the database server.
Most of the languages and tools used were open source which ensured that the application would
be robust, reusable, cheap and highly scalable.

The result of the developed system shows that road safety officers, users, policy makers and all
other stakeholders can be able to register, login, submit reports and run queries on information that
has been previously entered into the system such as the accidents that occurred on a particular
route or the accident in which an identified victim was involved. Policy makers can run these queries
in order to take appropriate steps in minimizing road traffic accident occurrences.

In conclusion, this system will help create a paperless alternative to the present method of RTA
information and thus make information dissemination quicker and also improve first aid response to
accident occurrences.
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1 Introduction

Road traffic Accidents (RTA) is one of the major causes of mortality and morbidity around the world
and it has been discovered that low and middle income countries are the most affected (Krug et al,
2000). The World Health Organization estimates that more than 3,000 people are killed every day in
road traffic accidents globally, with at least 30,000 others injured or disabled. This adds up to over 1
million people killed and between 20 — 50 million injured or crippled in road traffic accidents each
year (Krug et al, 2000). The increased rate of fatal road accidents worldwide has been attributed to
increased motorization and explosion (WHO, 1984, Atubi, 2010); statistics indicate that over 90
percent of traffic accident situations in Nigeria can be attributed to driver errors (Aworemi et al,
2009).
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Motor vehicle crashes have also been discovered to be the leading cause of death in adolescents and
young adults (Taket, 1986) and of the estimated 856,000 road deaths occurring annually worldwide,
74% are in developing countries (World Bank, 1990). While the proportion and absolute number of
traffic fatalities have reduced by more than 20% in industrialized nations, a number of developing
countries have experienced dramatic increases (Ross et al, 1991, Akinyemi, 2009). Nigeria and Kenya
for instance have experienced a fivefold increase in traffic related fatalities over a period of 30 years
of observation. Also it has been discovered that Asian and African countries, with relatively low
vehicle densities, are experiencing substantially higher fatality rates per 10,000 vehicles than the
industrialized European and North American Nations (WHO, 1984; Atubi, 2010).

The global costs of road traffic injuries are enormous, one report estimates the global costs of road
crashes is about $518 billion annually in US Dollars, and ranges in percentage of GNP (Gross National
Product) from 0.3% in Vietnam to almost 5% of GNP in the USA and Malawi (Jacobs et al, 2000). In
another report it is stated that traffic crashes impact the economy of developing countries at an
estimated cost of 1 — 2 % of a country’s GNP per annum, as a result of mortality, morbidity, and
property — related costs (WHO, 1989; Akinyemi, 2009).

Causes of motor vehicle crashes involve the interaction of multiple factors that include people,
vehicles and the road environment. Human error is estimated to account for between 64% and 95%
of all causes of traffic crashes in developing countries (Haddon, 1980; TRL, 1990, Atubi, 2010). A
large number of old vehicles often carry more passengers than they are designed to carry and a lot
of them lack safety belts and helmets; apart from these factors, poor road design and maintenance
is a factor that contributes to the high rate of crashes in developing countries.

The major causes of road traffic accidents could be classified under three broad subheadings:
vehicle-related factors, human-related factors, and environment related factors (Gungul, 2012).
Vehicle — related factors include vehicle design, the vehicle body, the brake system, the vehicle
tyres, the vehicle lights and the engine. Every vehicle is designed for a specific maximum load in all
areas so it is no surprise that when it is subjected to stress above the provisions of the design
specifications, accelerated wear and tear set into the vehicles (Gungul, 2012). The brake subsystem,
working jointly with the accelerator synchronizes the speed of vehicles; any malfunctioning of the
brake sub-system is to be taken as a potential source of accident. Also, when tyres are overinflated,
thoroughly worn out or when there is failed indicator lights or non-existent headlights, accidents
could occur. The sudden failure of the engine sub-system (which may be considered as the “brain” of
the vehicle), if mismanaged could cause an accident even if an experience driver is at the helm
(Gungul, 2012).

As regards Human-related factors, studies have clearly shown that the single most important
contributing factor to road traffic accidents in Nigeria is the attitude of the driver to driving code and
etiquette (Aworemi et al, 2009). Human-related issues include fatigue and sleepiness, faulty
preparation, ignorance of highway codes or traffic orders, driving under the influence of drugs
and/or alcohol, and inexperience.

Environmental factors contribute greatly to the rate of road accidents in Nigeria today and some of
the well —known factors are fog, sunrays, mist and rain. Injuries especially road traffic injuries (RTIs)
are linked to the environmental factors, also a significant number of vehicular accidents can be
traced to the condition of the road. Recent studies have shown that the road is another major factor
in road accidents in Nigeria (Asolor et al, 2008). Deficiencies of Nigerian roads are due largely to
inadequate road design specification and maintenance (Akinyemi, 2009). Other significant factors
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include the frequency of potholes on the roads, the indiscriminate location of police check points
and the reluctance of the appropriate authorities to continually improve on the condition of the
roads.

Engineering interventions are believed to be the most effective interventions for road traffic
accidents (Peden et al, 2004). Improvement in road design, visibility, speed changes, are some such
interventions, though their implementations requires information on areas with higher
concentration of RTAs.

The aim of this paper is to develop a web-based road traffic accident monitoring system to replace
the existing paper — based one. This monitoring system can be used by road safety officers to
respond quickly to road accidents, to survey and record such occurrences, for other road traffic
stakeholders to view records and for decision making bodies to make policies to reduce road traffic
accidents.

2 Road Traffic Accidents in Nigeria

Statistics indicate that over 90 percent of traffic accident situations in Nigeria can be attributed to
driver errors (Aworemi et al, 2009). Road accidents appear to occur regularly at some flash points
such as where there are sharp bends, potholes and at bad sections of the highways. At such points
over speeding drivers usually find it difficult to control their vehicles, which then result to fatal traffic
accidents, especially at night (Atubi, 2009).

Cases of fatal road traffic accidents are reported almost daily on the major highways in Lagos State.
Various categories of vehicular traffic are also involved in these fatal road traffic accidents in the
state. Research in this area have focused on cases of road traffic accidents, collation of road traffic
accident statistics and impact assessment of road safety campaign (Becker, 1996; Gozias et al, 1997
and Odero et al, 2003).

At the local level research in this area are concentrated on the effects of land use and human factors
on road traffic accidents (Onokala, 1995). Motor vehicle crashes are the leading cause of death in
adolescents and young adults (Taket 1986; Atubi and Onokala, 2009) and of the estimated 856,000
road deaths occurring annually worldwide, 74% are in developing countries (Atubi, 2000). Dramatic
increases in the proportion and absolute number of traffic facilities have been witnessed in a
number of developing countries, while they decreased by more than 20% in industrialised nations
(Ross et al, 1991). In Nigeria (Oluwasanmi, 1993; Atubi, 2009b, 2009e and 2010c), a fivefold increase
in traffic related fatalities was observed over the last 30 years.

African and Asian countries, with relatively low vehicle densities, are experiencing substantially
higher fatality rates per 10,000 vehicles than the industrialised European and North American States
(WHO, 1984; Atubi and Onokala, 2009).

In Nigeria, road traffic accident situation over the last three decades has been particularly disturbing.
In 1976, there were 53,897 road traffic accidents resulting in 7,717 deaths. Although in 1981, the
magnitude reduced to 5,114 accidents, but the fatality increased to 10,236 which mean that there
was an average of 96 accidents and 28 deaths for everyday of that year (Ogunsanya, 1991; Atubi,
2000). The situation in subsequent years has not been any better. The number of people killed in
road accidents between 1990 and 2005 rose from 28,253, and the fatality rate remains consistently
high (Atubi, 2009).
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International comparison indicates that the chance of a vehicle killing someone in Nigeria is 47 times
higher than in Britain (Atubi, 2009. The proportion of fatalities to injuries reported is also very high.
For example, while Czech Republic has only one death in 175 accidents, France, one death in 175,
South Africa, one death in 47 accidents, Nigeria has one death in 2.65 accidents (Atubi, 2010).

Various road safety strategies and counter measures have been used at different stages of network
development. This method of seeking to prevent road accident mainly involves conscious planning,
design and operations of roads. One of the most important factors in this method is the systematic
identification and treatment of hazardous locations.

International comparison indicates that the chance of a vehicle killing someone in Nigeria is 47 times
higher than in Britain. The proportion of fatalities to injuries reported is also very high. For example,
while Czech Republic has only one death in 197 accidents, France one death in 175, South Africa, one
death in 47 accidents, Nigeria has one death in 2.65 accidents (Atubi, 2010).

Road traffic accidents’ statistics in Nigeria reveal a serious and growing problem with absolute
fatality rate and casualty Figureure rising rapidly. In majority of developing countries, accident
occurrence and related deaths are relative to either population or number of vehicles. Ironically, in
Nigeria, studies have indicate that better facilities in terms of good quality and standardized roads
have been accompanied by increasing number of accidents (Onakomaiya, 1988; Gbadamosi, 2002).
This is totally contrary to the trends in countries were even the level of sophisticated road network
and volume of vehicular traffic are much higher (Atubi, 2010).

In an effort to check this alarming trend, the Nigerian Federal Government inaugurated the Federal
Road Safety Commission (FRSC) in 1988. The commission’s functions include among others, the
regular patrol of the highways with the aim of checking reckless driving.

3 Related Literature

Injuries are a major cause of mortality worldwide, causing more than five million deaths each year
(Holder et al., 2001). As in many other areas of public health, major differences exist in countries’
capacities for injury surveillance, generally corresponding to their overall economic development.

The Dutch Injury Surveillance System provides a basis for priority-setting in injury control in the
Netherlands, for obtaining information on the direct medical costs of injury, and for identifying
research priorities (Mulder et al., 2002).

Various states in the United States have their road traffic accident injury surveillance systems, a
notable one among these is The State-wide Integrated Traffic Records System (SWITRS) used by the
Department of Transport, California. SWITRS is a centralized accumulation of data for fatal and injury
motor vehicle traffic accidents. In addition, a large proportion of the reported property damage only
accidents are also processed into SWITRS. The reports are generated by over 500 city police
departments, sheriff’s offices and other local jurisdictions.

In Australia, the National Injury Surveillance Unit of the Australian Institute of Health and Welfare
uses mortality statistics and hospital discharge data to produce reports on major causes of injury
morbidity and mortality (Steenkamp, 2001), and the National Injury Surveillance Unit has worked in
conjunction with injury surveillance and prevention practitioners in Australia to develop a set of
national data standards for injury surveillance. In addition, Australia developed the National
Coroners Information System, an Internet-based data storage and retrieval system for coroner cases.
A state-based system, the Victorian Injury Surveillance and Applied Research System, accesses data
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from death certificates, coroner records, hospital admissions, and emergency department visits to
conduct state-wide surveillance of injury mortality and morbidity (Watson & Ozanne-Smith, 2000).

In New Zealand, the Injury Prevention Research Unit was established in 1990 (Chalmers & Langley,
1999). The Injury Prevention Research Unit uses data files on deaths and public hospital discharges
from the National Minimum Data Set compiled by the New Zealand Health Information Service to
publish fact sheets and results of descriptive and evaluative studies on priority injury prevention
issues (Dow et al, 2001; Langley & Smeijers, 1997; Smith & Langley, 1998). The Injury Prevention
Research Unit also maintains the National Injury Query System, an Internet-accessible, menu-driven
source of information on injury mortality and morbidity statistics (National Injury Query System,
2000).

In The Global Burden of Disease, Murray and Lopez noted that “still very little is reliably known
about causes of death in much of the developing world” (Murray & Lopez, 1996). Although injury
mortality and morbidity have been identified as major problems in some underdeveloped countries
(Graitcer, 1992), injury surveillance is problematic because of the dearth of resources for public
health activities in general. The World Health Organization and the CDC have recently developed a
manual to help design, establish, and maintain injury surveillance systems, aimed in particular at
persons working in settings with severe constraints on the capacity to keep records or assemble data
into statistics (Holder et al., 2001).

In Asia, some countries have begun or are beginning to establish national systems for road injury
surveillance. In other countries without such systems, surveys and studies have used existing data
sets to describe and quantify data on important injury issues including road traffic injuries. Thailand
initiated a provincial injury surveillance system in 1993, with reporting from five large hospitals
located in Bangkok and four regions of the country. The data have been useful in documenting the
large proportion of injuries from transport accidents and the large proportion of deaths occurring
prior to hospitalization. The latter may indicate a need for improved prehospital transport and care.
Hospital-based sentinel surveillance is being considered for a larger national injury surveillance
system for the country (Santikarn, 1999).

While acknowledging this important limitation, a study in Uganda demonstrated the feasibility of a
hospital-based system using a minimum data set and a simple standard index of injury severity
(Kobusingye and Lett, 2000). The Caribbean Epidemiology Center of the World Health Organization is
working with several member countries to develop emergency department-based injury
surveillance. Recognizing the limited resources (money, personnel, etc.) available, the designers
have emphasized simplicity, but they acknowledge that “even if the system is simple and flexible,
sustainability will be difficult to achieve” (Ezenkwele & Holder, 2001).

Other monitoring systems include the National Injury Mortality Surveillance System in South Africa,
Transport Canada’s National Collision Database (Canada), WreckWatch (White et al., 2008), OnStar
(General Motors) and BMW’s Automatic Crash Notification System.

BMW’s Automatic Crash Notification System or GM’s OnStar, notify emergency responders
immediately by utilizing built-in cellular radios and detect car accidents with in-vehicle sensors, such
as accelerometers and airbag deployment monitors. Sensors attached to the vehicle use a built-in
cellular radio to communicate with a monitoring centre that is responsible for dispatching
emergency responders in the event of an emergency.
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WreckWatch, a project undertaken through the collaboration of Virginia Tech and the University of
Vanderbilt uses smartphones to measure the forces experienced by a vehicle and its occupants to
provide a portable “black box” data recorder, accident detection system, and automatic emergency
notification mechanism. (White et al., 2008).

4 Methodology

In order to develop the system, variables needed to develop a road traffic accident monitoring
system were identified and reequired data were collected. The data were collected from the Osun
State Sector Command of the Federal Road Safety Commission (FRSC) situated along the Gbongan-
Osogbo expressway, Osogbo. The data collected includes information about the route, date of
accident, description of the vehicle(s) involved, the cause of the accident, environment, collision
type, nature of injury sustained by the affected road users, hospitals referred to, and health status.

In order to develop the prototype, an accident monitoring database would be developed using
MySQL. In the process of developing the road traffic accident database, different tables, files,
records and fields will be created. As a result, different road traffic accident factors such as the
route, the date of the accident, description of the vehicle(s) involved, the cause of the accident,
environment, collision type, nature of injury, hospitals referred, and health status will be stored in
the database.

WampServer will be used to write MySQL queries for populating the database. The prototype will be
implemented using Adobe Dreamweaver; Apache will be used as the web server to provide the basic
functionality of the monitoring system. PHP will be used as a scripting language to program the
server-side manipulation of the knowledge in the database. The model will be validated using data
collected from the Federal Road Safety Commission (FRSC) office.

4.1 Use Case Scenario for the Road Traffic Accident Monitoring System

Use case scenarios were used to describe the interaction between users and the monitoring system.
These use case scenarios were used to present the system requirements of the road traffic accident
monitoring system that would make use of the developed data model. Using the scenarios afforded
the opportunity to obtain the realistic description of the workflow of the system, which was to
explicitly describe the intentions and actions of the users as in Jacobson (1992). The system
requirements were presented with the use case scenarios to show how the road traffic accidents
monitoring system would work in practice. The use case scenarios of the developed road traffic
accident monitoring system are presented in Tables 1, and 2.

In the data insertion section of the developed road traffic accident monitoring system, road safety
officers would be able to input the road accident information pertaining to a particular route into
the system. Information such as route, collision type, crash severity, date, cause, distance from
nearest hospital, and casualty/survivor count would be typed into the road traffic accident
monitoring system.

In addition, the data query section of the road traffic accident monitoring system would allow users
to perform various functions. One of such functions is that it allows viewing, editing, and deleting
past accident records of the selected route.
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Table 1: Data Insertion Use Case

Use Case Name

Data Insertion

Description
Actors
Pre-conditions
Scenario

Scenario to illustrate data insertion for road traffic accident monitoring
User, Database Administrator
Click on hyperlink of a state followed by the desired route

1. System checks user identification

. If user is valid, system displays menu for entering
accident details
. If user is not valid, the system prompts for user

registration
2.  User enters the details of the accident including the route,
collision type, crash severity, date, cause, casualty/survivor
count, and distance to the nearest hospital
3. Administrator inspects, modifies, views or deletes inserted
entry

Table 2: Query Use Case for Road Traffic officers

Use Case Name

Data Query

Description
Actors
Pre-conditions
Scenario

Scenario to illustrate data query for road traffic accident monitoring

User, Database Administrator

Click on hyperlink of a state followed by the desired route

1 System checks user identification
e If user is valid, system displays menu for entering accident

details

e If useris not valid, the system prompts for user registration

2 User can view, modify, or delete entries captured for accidents on a
selected route.

3 User can generate monthly and annual reports of reported accident
occurrences
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In the design of this system, there is need for a system architecture. In the developed road traffic
accident monitoring system, there is need to make the design of the system easy, flexible and
portable as much as possible. This was needful in order to allow users to easily make use of internet
enabled mobile phones, tablets and other mobile devices, laptops, and desktop computers with web
browsers to access the developed system.

The client-server system architecture was used and it is the thin client-server architecture. The road
traffic monitoring system has two components namely: The server side and the client side. In the
client approach almost all the work is done on demand at the server end and the client’s task is to
display data and information on the screen. In the thin client-server architecture, the web browser is
the client.

The architecture was used because with it users will not be required to install any software on their
systems. This is because a standard web browser often comes bundled with most operating systems
and almost all current internet enable mobile phones and high end smartphones.

Clients would also not be required to have very powerful computer systems or mobile devices;
however, the servers will require computer systems with higher conFigureuration for optimal
performance. This is important as it would be regularly subjected to heavy computing tasks. There
will be HTTP server and database server. Figure 1 depicts the road traffic accident monitoring system
architecture.
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Based on the developed system, road safety officers can make use of even mobile devices to log in
to add, modify, delete or view data in the developed road traffic accident monitoring system.

4.2 The System Architecture

In the design of the system, the use of a system architecture is highly important. The design was
made to be as flexible, portable and easy to use as possible. This will make it possible for users with
internet-enabled mobile phones or smartphone as well as users of desktop and laptop computers to
access the system.

In the Road Traffic Accident Monitoring System (RTAMS), the thin client-server architecture was
used. The thin client-server architecture makes us of the Web browser as the client. This
architecture makes it possible to use any internet-enabled device with a Web browser to access the
system; this is in order to ensure that the system is easily available and yet cheap to implement. In
this architecture, most of the processing duties is assigned to the server; the client’s duty is to
display the processed data and information on the screen, which in this case is the Web browser.

This RTAMS system supports a database, business logic and user interface as the major areas of
design. The User Machine is the device used to access the pages and forms used for the web
application, e.g. phones and personal computers etc. The Web Server is the program which allows
the application to run and behave as though it is hosted on the internet, e.g. WAMP server, XAMPP,
Apache etc. The Back-End is the web server and the database management system (DBMS) that
holds and manages the data pool used by the application. The PHP Script controls the exchange of
data between the front-end and the application back-end.

The road safety officer on the road, upon having an accident alert, immediately relays road traffic
accident related information to the officer in the office so that immediate action could be taken.
Also, the Road users play a very important role as they also submit accident reports by submitting
reports on the RTAMS website.

Finally, based on the information available in the system, the policy makers, who usually are
government officials can make rules and regulations that affect road users and all other
stakeholders.

Warld
Wade

Figure 3: The System Architecture
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5 Prototype Implementation

The user interface allows the user to navigate the system and also facilitate interact with the
database. The system is simple and user friendly through the use of Windows Interface Menu
(WIMP), and pointing devices which is very important in computer graphics design and architecture.
Hence, the road tracking information system was designed to accommodate users with varying skills
and competence in the area of computer usage. So with the employment of WIMP paradigm and the
use of pointing devices and graphical icon that represents the specific task that the user may want to
perform, makes the system easy and convenient for all. A well designed and simple user interface
provides user with a better understanding of the system.

5.1 The Homepage

This part of the user interface holds all the navigations of the application. This index page contains
links to help existing users of the Road Traffic Accident Monitoring System (RTAMS) to log in and
new users to register. There are also news relating to road safety and accident prevention on the
homepage. On the homepage, the user is able to submit accident report, new users are able to
register and returning users are able to login.

5.2 The Registration Page

On the Report page, the intended user of the system is required to provide his/her username,
password, Full name, phone number and email address. Upon entering these details, the data will be
sent into the database. All fields are required for successful registration and if one field is left empty,
a prompt will come up.

Welcome!

This is the Road

Traffic Accident
Management System (RTAMS) Website

i 0 L sl
e Mew Visit Rat Mambe o Eeport Incident

: : e Visitors - sturning Members - eport Inei
Rageraer Log= Sagart

Figure 4: The RTAMS Homepage

REGISTER

Enter Your Details Below...

Manuel
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Figure 5: The Register Page

LOGIN

Enter Your Details Below.

Manuel

Figure 6: The RTAMS Login Page

ADMIN DASHBOARD
Reports Profile
- -
P
= [ |
e [ |

Figure 7: Admin Dashboard

5.3 The Login Page

When the user of the system encounters the login page, he will be required to enter his username
and his password to be able to log into the system. For a login attempt to be successful, the
username and password combination input by the user must correspond to values that are available
in the database.

5.4 The Admin Dashboard Page

On the Admin Dashboard Page, the user has the ability to submit a report, query the database, view
profile, go to the homepage or logout.

5.5 “Report Accident” Page

The report page allows the user to interact with the site administrator by reporting the current state
of victims and property involved in an accident as he travels along a particular route. This report is
therefore sent to the incidence table of the data base, where it is checked and validated by the
administrator and then updated into the various fields of the data base for appropriate report
generation.

The road’s users are allowed to also report the accident occurrences on a particular road at any
point in time. The road user can also make reports even if he does not have an account. The user
clicks on the “Chat with Officer” link on the homepage and starts a chat with an office; he will be
required to enter his name, his phone number, e-mail address and the description of the accident.
This information is sent to the database where it will be validated by the administrator and finally
updated. Below are screenshots of the Road Traffic Accident Monitoring System (RTAMS).
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Figure 8: The Report Submission Page

Submit Report RN Gy About Us

DATABASE QUERY

Search the RTAMS Database...

Ife-Osogbo
High

MNames
Run Query

Copyright © 2014

Figure 9: The Database Query Page

5.6 The Database Query Page

The user of the system has the ability to query the system based on three variables — The route (lfe-
Osogbo, Osogbo-llesa or llesa-Ife route), severity (High, medium, or low) and Names (which would
be entered in the textfield).

5.7 The Individual Report Page

This page gives information about individual accident reports based on location (Nearest town,
distance from nearest town, type of road, road surface condition, weather condition, light
condition), vehicle information (vehicle type, number plate, vehicle condition, and vehicle colour),
Accident Details (Date of Occurrence, Vehicle count, Total Victim count, uninjured victim count,
injured victim count and dead victim count). Also, details about identification documents that were
found at the accident scene are also entered on this page and finally, details that pertain to first aid
(nearest town, nearest hospitals, and types of injuries) will also be entered on this page.

5.8 Contact Page

On the contact page, any user with complaints or information can use this page to send message to
the system administrator or to road safety officers. The sender is required to enter his name, email
address, the subject of the message and the message body.
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Figure 10: The Accident Report Page

Submit Report Run Query

Contact Information

Send us a message... Mailing Address

Name: RTAMS Headquarters
i treet, T . Lagos

Email:

Subject:

Our Location

Message:

Figure 11: Contact Page

6 Conclusion
This paper focuses on the monitoring of road traffic accident occurrences in order to derive useful
data such as the severity of the accident, the types of vehicles and victims involved in the accidents,
the type of injuries sustained (in order to facilitate adequate first aid preparations), the condition of

the road, the weather condition, the light condition and any form of identification detail gotten from
the accident scene.

This paper shows an effective way of monitoring road traffic accident information which is a semi-
automatic monitoring system in that it requires human interactions in the area of data and
observation collection and updating of the database.
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