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ABSTRACT

Accidents continue to claim many lives due to human errors
that can be avoided by application of technology. Application
of intelligent transport systems (ITS) in the Transport industry
has gained momentum and some government funded projects
have been rolled out in countries like United States, United
Kingdom, and Canada among others. However, ITS projects
can be very costly and unattainable to developing countries if
the right approach is not followed. Perhaps, this explains the
reason why many developing countries are yet to embrace the
use of ITS despite reporting among the highest road accidents.
This paper presents a review on ITS and solutions they can
offer in reducing road accidents in developing countries with
a focus of Kenya. This study assesses the impact of intelligent
transportation  systems in alleviating road accidents.
Motivation behind this research is to identify ways in which
application of ICT can be applied through affordable and
effective ways to help the government and other transport
stakeholders in getting a solution to the problem that are
affecting the society. A review of intelligent transport systems
shows that if they can be effectively applied, accidents can be
greatly reduced.
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1. INTRODUCTION

Road accidents continue to claim lives in Kenya daily [28].
These accidents have been exerting pressure on the economy
in terms of hospital cost as well as insurance companies that
are collapsing due to endless claims every time. Families
continue to bear the brunt of these accidents due to lost
incomes of the bread winner as well as the society due to loss
of production. Based on the National transport and Safety
Authority of Kenya (NTSA), there has been an increase of
road accidents over the past years. Rise in accidents can be
attributed due to the rise in numbers of vehicles in Kenya over
the last decade [2]. An accident can be as a result of many
factors, but in most cases, the transport industry stakeholders
blame the poor state of Kenyan roads as the leading cause of
accidents [22].

According to Kenyan police statistics, cases of accidents due
to overtaking accounts to 44% of all accidents recorded by the
year 2017[30]. During overtaking, most drivers, who are
involved in road accidents overtake regardless of whether
there is any oncoming vehicle or not. Most roads accidents
occur as a result of the driver not knowing whether there is
any oncoming vehicle or not. In such a situation, challenge is
brought by the vehicle following from behind which in most
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cases is caught unaware by the overtaking driver trying to
come to her lane after sensing danger.

From the recent findings, Road traffic injuries in Kenya are a
many bearing in mind the state of the neglected public health
sector which presents a challenge that requires concerted
efforts for effective and sustainable prevention.

With so many accidents occurring every day, the government
of Kenya through the respective ministry has been at the
forefront employing measures to reduce these accidents.
Through the ministry of transport (MOT) an action plan has
been prepared whereby measures such as launching of
campaign to create awareness [20]. Safety on the road has
always been an issue, but today due to the continuously
growing number of vehicles, the number of accidents also
increases and the need for better safety systems becomes
essential [9].

With all these efforts accidents continue to be reported on our
major highways and roads which has not gone unnoticed by
researchers who are undertaking research works on how
technology can play a role in minimizing the number of
accidents. The use of intelligent transport systems (ITS) has
been proposed as a potential remedy to this challenge. This
technology is aimed at increasing safety, improve the
transportation infrastructures, and provide critical safety
information to road users ([18].

GPS systems have been proposed due to their ability to
accurately identify the vehicle location and this can used in
creating collision avoidance systems [31]. However, GPS
systems have not gone without showing some undesired
problems such as not always being available or not being
robust enough for some applications [8].

This type of system was developed by Colorado School of
mine [3]. This system was installed with GPS and wireless
network and 3D technology to help the driver avoid rolling
over the edges of dumpsites which were causing many
accidents. This system could track the vehicle in respect to the
edges of dumpsite as well as to warn the driver of the close
proximity or collision. However wireless networks would be
very expensive as would involve erecting communication
device on everywhere on the road.

Inter vehicle communication has generated a lot of interest to
researchers on its role in design of Intelligent Transport
systems. Vehicular Ad hoc Network (VANET) enables
vehicles to communicate with one another as they move on
the road[32].

Many researchers have contributed to this idea but very little
has been done on addressing the challenge that comes with
VANET. The challenge of vehicle of very few vehicles on the
road affects the network reliability.
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2. ROAD ACCIDENTS

Road accidents in Kenya are one of the major causes of deaths
in the country. Road traffic injuries (RTIs) are one of the
leading causes of death and disability worldwide [21]. The
increase in road accidents can be attributed by sharp increase
in the number of registered motor vehicles over the past two
decades—from 1.4 motor vehicles per 100 people in 1985 to
2.7 motor vehicles per 100 people in 2007 [23],[5].
According to World Bank report, more than one million
people die in road crashes per year. 85% of these deaths occur
in developing countries and it is predicted that the number of
road accidents will continue to rise unless something is done.

Between 3000 and 13 000 Kenyans lose their lives in road
traffic crashes every year(WHO) A lot of attention has been
put curving road accidents resulting from fatigue, un
roadworthy vehicles , drunkenness, but very little is being
made on accidents resulting from poor overtaking.

Predicted road Fatalities
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Fig 2:Source: World Bank [33]

3. THEORETICAL CONCEPTION OF

ROAD TRANSPORT AND SAFETY

According to [14], the efficiency and safety of road transport
depends on the strength of its supportive functional pillars,
which in turn depend on the strength of their institutional
foundations. Road transport remains an important sector of
the economy which interconnects all sectors of the economy
[14].The strength of each of the institutional foundations also
depends on the extent to which they embrace stakeholder
involvement and participation in their activities
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Fig 3: Source: [14] Structural-Functional linkages in
Kenya's Road Transport Sector

4. METHODOLOGY

The standard systematic literature review method was
employed to collect data, appraise, select and synthesize the
literature. Data was collected using a manual search from the
IEEE, ACM and google scholar. The former two were
considered to be the leading technology based journals
whereas the latter was used to integrate any other high impact
journal articles which may have been published outside the
two. The keywords identified in this review were “intelligent
transport” and “review”. These were further refined using the
time of publication, journal impact factor and inclusion of the
keyword “developing nation” and finally “Kenya”.

5. ANALYSIS

On google scholar, the total results returned were 28,100.
These were further refined based on the time of publication
giving the results presented in Figure 4.1 which indicated an
exponential growth of interest in ITS over the last two
decades. With a mean of 1109 articles per year, it is clear that
the area of ITS has seen more activity in the last one decade
and is likely to see growing interests as indicated by the
number of articles (450) in the first one and half months of the
year 2019. Similarly, refinement was enhanced using the
keywords “Kenya” resulting into 512 articles which were
further reduced to 328 to comprise only those which were
published between 2013 and 2019. In assessing the use of ITS
in accidents, the keyword “accident” was included in the
Kenyan perspective, the search resulted to 101 articles which
were all acquired and their relevance assessed
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Fig 4: Exponential growth in number of publications on
ITS over the last two decades

All these results were consolidated as reflected in the Venn
diagram illustrated in figure 4.

Google Scholar

Fig 5:Venn Diagram showing distribution of Journal
Articles from google scholar, IEEE and ACM

Based on these fetched articles, the impact of ITS in
alleviating road accidents was then assessed based on main
leading causes of accidents in developing countries as detailed
in the following subsections.

6. CAUSES OF ROAD ACCIDENTS

The principal contributing factors of road accidents are human
errors, adverse, road environment, dangerous overtaking,
reckless driving, carelessness of road users, failure to obey
mandatory traffic regulations. Most of these causes are as a
result of human error[24].

6.1 Human Errors

According to [25], the research shows that human error
accounts to over 75% of all road crashes that are recorded.
[24] Defines human error as a “generic term to encompass all
those occasions in which a planned sequence of mental or
physical activities fails to achieve its intended outcome, and
when these failures cannot be attributed to the intervention of
some chance agency”. Drivers in most cases make judgment
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error due to unavailable information to help them make
informed choices.

In his books titled “Why Human Error Causes Accidents”,[4],
argues that everyone makes mistakes and Human errors are
part of our everyday experience. He further defines human
error as ‘someone making a mistake’. He continues to say that
human error to occur within an action, the action must be
accompanied by an intention to achieve a desired result or
outcome. In most cases driver aim is to overtake a vehicle
regardless of the situation ahead. Overtaking is an action that
many drivers error and therefore there is a need to help at this
task.

Miscellaneous

errors Recognition

errors

Classification

Performance
errors

Decision errors

Fig 6: Types of human error that can result in accident
Source: [24]

[4]analysis the task and human capability where he says that
one way of making the judgment is to assess whether the
external environment or stimulus to action seems conducive to
reasonable performance, given the capabilities of the person

undertaking the task.

4

Task demand  Human Capability

Fig 7: The balance between human capability and task
demand: Source: [4]
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Most drivers make judgments on the bases of luck which in
most cases becomes very costly. The task of knowing what
lies ahead is enormous and beyond human capability.

Driver behavior plays a significant role in the occurrence of
lane change collisions [4]. Traffic accident statistics or safe
driving, a driver is in the center of the safety analysis, driver
response delay together with other factors restricts the driving
path of a vehicle [19] . The life of the persons in a vehicle
depends on the driver’s reaction to sudden events, such as the
appearance of a traffic jam end [9]. The driver will always
experience a deficit in the expectations if the subjectively
perceived information does not correspond to the full picture
of the driving environment [10]. According to [18] human
causes of lane change collisions can be classified into two
major categories:

e Recognition errors, including inattention, external
distraction, and improper lookout.

e  Decision errors, including false assumption,
improper maneuver, and improper driving
technique.

6.2 Overtaking

Overtaking is the second highest cause of road accidents [18].
Driver might decide to overtake a vehicle due to a number of
reasons. A very slow vehicle might make the driver want to
overtake if the driver is in hurry and the road ahead is clear.
Another reason that may make the driver want to overtake is
when there is a stationery vehicle on the road. Overtaking
involves lane change. Lane change takes place when a vehicle
moves from an originating lane to a destination lane[18].

i

-----------q’-ﬂ"--;"plih-----l

10 /0 \d

Fig: Source: [18] overtaking in opposing traffic .

6.3 Driving Environment

Driving environment is another major cause of road accidents.
For the driver to drive a vehicle well, he needs accurate
information about the driving environment in addition to well-
founded training, experience and the ability to perform routine
functions [10]. The surrounding determines the environment.
Driving environment is based on the position, movement and
type of the other vehicles on the road, and on the other hand
on the route and the nature of the road, on traffic regulations,
weather, visibility [10].

6.4 Role Intelligent Transportation in

alleviating road accidents
With Technology today, modern vehicles are being equipped
with equipment that assist driver on the road and make the
driving safe and comfortable. The Intelligent Transportation
Systems (ITS) is designed to maximize mobility of the
vehicle, safety of the occupants and road users [11].
Literature has shown that many accidents are as a result of
human error. ITS help in situation that cause collisions due to
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error, poor communications, signaling difficulties and
environmental conditions such as visibility [15]. ITS main
aim is to broaden the range of driver perception his or her
field of vision.

ITS make use of technologies such as Global Positioning
System (GPS), wireless ad-hoc network. In most cases,
sensors are used for sensing the state and mapping the
environment surrounding the vehicle, among them[12].
Today, ITS are being applied to support the driver in
controlling his/her vehicle in a better way (Advanced Driver
Assistance Systems (ADAS), systems that support the
traveller in finding an optimal mode and route, (Advance
Traveller Information Systems (ATIS) and systems that are
concerned with a more efficient organization of traffic flows
throughout the existing road infrastructure network
(Advanced Traffic Management Systems (ATMS)[13].

The emergent of ITS has brought about intelligent vehicles
which are enhanced with perception, reasoning, and actuating
devices that enabling the automation of driving tasks like
safe lane following, avoiding obstacles as well as overtaking
slower traffic avoiding dangerous situations[1]. An intelligent
vehicle is able to assess the driving scenario and react in case
of danger would allow up to 90% of traffic accidents that are
caused by human errors to be eliminated, saving human lives
[1]. Most vehicles today are coming with embedded
computing systems which are increasingly making them safer
as well as more reliable, comfortable, and enjoyable to drive
[26].

An intelligent assistant is a concept derived from artificial
intelligence that identifies a kind of systems whose role is to
assist the user in decision-making processes. This type of
systems emphasizes that the operator is the final responsible
of decisions, so the system is not designed to substitute the
operator but, on the contrary, its goal is to provide services for
assistance such as: information filtering and interpretation to
identify significant data, what if analysis, justification of
conclusions [2].

6.5 Non-autonomous Systems
Non-autonomous Systems are systems that prevent accidents
with the help of an inside vehicle warn system and only
announce the danger to the driver. These systems are based on
one-way permanent beacon messages [9].

When a vehicle makes a prediction of a collision, it warns the
driver visually, auditory, and or haptic. If the system expects
that the driver still has enough time to avoid a crash, it will
not attempt to control the vehicle [9]. The control of the
vehicle remains purely driver responsibility. This type of
systems wills only advice the driver on the dangers on the
road. These systems rely on the roadside infrastructure and
on-board sensors to inform the driver about the environment.
If a collision is imminent, the driver is warned to take
appropriate action. It provides assistance to the driver
primarily to avoid rear-end collisions with other vehicles [9].

The ITS will enable the driver get to deal with environmental
situations. While overtaking ITS will play a major role in
advising the driver to make appropriate decision. All these are
towards controlling the vehicle and the final decision making
rest with the human driver.
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7. CONCLUSION

Intelligent transport system has role to play in reducing road
accidents all over the world. From the literature, we can
conclusively say that intelligent transport systems if adopted
by the Kenyan Government can greatly reduce the road
accidents which have continued to rob the society the working
class as well as the bread winners .Therefore, it is recommend
that the ministry concerned to take up the challenge and
embrace this technology since all other methods have not
been successful so far.
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