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Abstract: Road networks are the means of transportisparing
and movement of goods and services from place tacelin
society. Road networks are also channels of commatian in
some parts of the world. Consequently, access to gomatl
networks enhances the quality of life and work of pde living in
society. But the poor nature of design and developinef road
networks coupled with natural disasters such as heasinfall
has brought about many unwanted potholes and scralon the
roads which are very dangerous to commuters and othead
users as well as vehicles that utilise the roads.dddition, the
lack of a proper road maintenance system has resdlin an ever
increasing number of potholes which endanger effiote
transportation and road safety. Meanwhile road maémance
works has largely depended on manual detection aegarting.
The advent of computers, information technologiesgtwork and
communication technologies and sensors have brougbhbut a
new phenomenon known as “internet of things” also fu
“internet of everything” (I0T//IoE). The global netwrk of things
is the connection of the physical objects to virtuabjects in the
world. This enables physical world objects to beigissed unique
internet protocol addresses with the purpose of shgrand
exchanging data and information. The paper condudsstudy
into the use of internet of things to detect andoet potholes on
roads. The paper assembles an open hardware equipnae
sensor to experiment the detection and reporting mdtholes
using loT/IoE enabled devices. The paper presentede t
architectural design and system to detect, reportdamanage
potholes and other road obstacles using IoT. Theppa also
presented some prospects and challenges in the emphtation
of internet of things (IoT).
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l. INTRODUCTION
The fast advancements in information

communication technologies have brought better
efficient ways of undertaking work and living in csety.

andhese devices to collect vital
arehvironment and also to undertake context procgssin

Internet of things allows sensors with networking
capabilities to be embedded in everyday objectenable
them communicate and share information with othgeats
in the physical and virtual worlds (Al-Fugaha et &015;
Zanella et al., 2014). Potholes and speed ramparamng
the most common obstacles on most road networkssérh
road obstacles and disruptions in the surface tiondof
roads are among the causative factors of road emusd
carnages and fatalities. This paper examines thsppcts
and challenges of internet of things (loT) in déteg
reporting and management of potholes and othemolest
on our road networks.

1.1.Problem Statement

Potholes are very harmful road surface conditiohat t
prevent a safe, secure and reliable transportatind
movement of people, goods and services. Road surfac
obstacles such as potholes affect the safety amdocbof
most road users and commuters (Zoysa et al., 2@54).
road networks hamper the smooth movement of gonds a
services and contribute to the poor growth and ldgveent

of the economy whiles good road networks provideess

to markets and enable fast and smooth transpartaifo
goods and services from producers to consumerdy Ear
detection and maintenance of potholes helps toteraa
conducive and reliable road network that facilsaténe
smooth movement of people, goods and services (Medn
al., 2011; Yu & Yu, 2006).

Il LITERATURE REVIEW

The advent and emergence of sensor networks hdseena
information aboute th
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Also Kulkarni et al. (2014) studied the use of maeh
learning on android to detect and report potho@ther
studies have used RFID, sensors and cameras tct deie
report potholes (Sudarshan et al.,, 2009; Youngtae
Seungki, 2015). Further research works have algdiesd
pothole detection and management
potholes.

Figure 1: Potholes and Road Obstacles

2.1. Challenges of Internet of Things

Some key challenges of internet of things (loT)ntifeed
during the study are as follows;

Connectivity Issues Network connectivity and
integration of devices into various networks for
communication is a challenge to internet of things. Send True (1)
Heterogeneity of network technologies and low to database
communication speed and bandwidth is a challenge tp

internet of things (IoT).

Power IssuesPower is one of the challenges of internet

of things. Most 10T enabled devices and systemsabpe
wirelessly and are fitted with batteries that fastvery few
hours.

Context ProcessingAnother challenge of internet of
things is that; some 10T enabled devices are urtabiietect
and process complex environments.

Security IssuesSecurity is another great challenge of

internet of things which seeks to interconnect weld of

objects to the virtual world thereby allowing alinés of

objects to communicate and share information.
Standards, Policies and Regulationdhe lack of

standards and policies hampers the fast development

the physical environment. An alarm system and &tlig
emitting diode (LED) were interfaced with the Ardai
microcontroller to give signals of the detectionpaitholes
&nd bad road surface conditions. The study useijja |
dependent resistor (LDR) controller to sense, deteu

using simulatedport potholes and other road obstacles. Potrasidsbad

road surface conditions detected were sent viabacsilber
identification module (SIM) card for onwards trarnission
to the server for processing.
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internet of things. Rules and regulations are neetie Figure 2: Algorithm for Pothole Detection and Repoting
enhance the development of 10T devices and systetds The figure 2 shows the algorithm of pothole detettand

their implementations.

[l METHODOLOGY

reporting. The car engine is ignited on start @ighé car is
in motion, the 10T sensors and camera are activdfea
pothole or road surface obstacle is detected,eavalue of 1

This paper used an open hardware device and atypeto IS Sent to the server otherwise if no pothole iected then
vehicle to build an 10T enabled device to detegport and @ null or false value of 0 is sent to the server.

manage potholes and road surface obstacles. Thee pspd
an Arduino microcontroller board to build an intetrae and
context aware system which can sense and contjettslin
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Figure 3: Experimental Setup
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Figure 4: Experimental Framework

The figure 4 shows the experimental framework ahple
detection and reporting using 10T enabled deviddé® car
fitted with sensors moves along a road network. ddreis
setup to identify potholes and road obstacleshéf ¢ar is
fitted with camera, it is configured to take theaige of
pothole location and send pothole detection infaionato
the server. The car also stores pothole deteatifammation
locally and alerts the users whiles it approaches same
location another time. Similarly, the server storé®
pothole information, location and image in a dasabar
pothole management system. The server sends tbhetedp

ISSN: 2319-6378, Volume-5 Issue-1, November 2017

pothole information to road authorities for invgstion and
maintenance. The status of repair and maintenancksvis
stored in the pothole management system and felkdigat
to the road users and commuters.

\A EXPERIMENT RESULTS

Pothole Detection Status

m Detection 0 No Detection

Figure 5: Results

The result from figure 5 shows pothole detecticatust of

the car. If a pothole is detected, the car reparisie value

of 1 and if no potholes are detected the car sanaigll or
false value of 0 to the server. It can be seen filmarresults
that some sections of the road are smooth withotligbes

or road surface obstacles. Also from the resultswas
observed that some portions of the road had isblate
potholes whiles other sections had multiple pothalethe
same place which hampers a safe transportation and
movement on the road network.

V. CONCLUSION

Computers for that matter information and commuiica
technologies has increasingly contributed to thelityuof

life and work of many individuals and organisatiofi$is

has provided convenience, comfort and several other
benefits to people across the world. The convemyesic
network and communication technologies and senased
networks has given rise to a new phenomenon called
internet of things (1oT). The global network of igs has
enabled objects in the physical and virtual world t
communicate and share information. Radio Frequency
Identification (RFID), sensors and emergent netwark
communication technologies are seen as a drivingefo
behind 10T enabled devices with capabilities ofsseg and
processing their contextual and environmental do.
The emergent of internet of things (loT) has gseatl
contributed to the bringing together of the virtuahd
physical world. This enable objects in the physieatld to
have unique internet protocol addresses to betattentify

and interact with other objects in the virtual wbising
various technologies and systems. The study coaduah
experiment by assembling an Arduino microcontrdtieard

and sensors.
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To detect and report potholes and other road cgirfa Mr. Kofi Adu-Manu Sarpong is a lecturer at the Department of
obstacles. If a pothole or road obstacle is dededetrue Computer Science, Valley View University. He is remtly pursu?ng a
. . . postgraduate research program at the Departmefoofputer Science,
value of 1 is sent to the server and if no potildetected a yniversity of Ghana, Legon.
false value of 0 is sent to the server. Duringstugly, it was
observed that potholes remain a key challenge tetmo
motorists and road users. Potholes and road surface
obstacles hamper a safe, secure, reliable and c@mie
transportation and movement of goods, servicespaagple
across the world.
Additionally, it was observed during the stutigt using
lIoT to detect, report and manage potholes and atbesx
surface obstacles gives a real time detection, aomgation
and sharing of relevant information about the cthods of
road networks. Additionally as internet of things i
becoming a reality in society, using this techna@egvould
provide a fast and reliable source of information foad
authorities. The study further recommends the natiggn of
smart cameras for the detection and reporting dlfigles
and the use of geographic position system and gepbgr
information systems in order to track and monitmditions
of road networks.
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