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ABSTRACT
The Internet has become a basic necessity in the world today, hence beckoning on the ability of humans to use this
internet to interact with the environment, which is the Internet of Things (IoT) environment on the internet. As a
result of this interaction, the word Smart Agriculture was curled out, which avails man the ability to control
agricultural processes on the farm with the aid of sensor networks through a Local Area Network (LAN) or the
Internet. Farmers in North-Western Nigeria for instance suffer a long dry season throughout the year, so this study
proposes a system that allows them to implement automated irrigation with the aid of Information and
Communication Technology (ICT). This study discusses the IoT and smart agriculture paradigm, smart agricultural
systems and Automated Irrigation Systems in terms of literature reviews, technologies applied in the area of smart
agriculture and designing a novel architecture and process flowchart that uses Arduino technology to perform
automated irrigation in a farm.
Keywords: Internet of Things, Wireless Sensor Networks, Smart Agriculture, Arduino, Radio Frequency
Identification, Automated Irrigation System, Prototype, Smart Farming.
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presented the applications of IoT in industries, and then
analyzed some future challenges and trends too.

I. INTRODUCTION

[1] in their research defined Internet of Things (IoT) as the
networking of physical objects also known as things such that
these objects have sensors, electronics and software embedded
in them to enable them collect and exchange data. They also
hold that IoT allows objects to be sensed and controlled
remotely. A “thing” in the internet of things can be a human
with a heart monitor implant, a farm animal with a biochip
transponder or even an automobile that has an Internet Protocol
(IP) assigned to it as these things can exchange data over a
network [1]. [3] Found that the difficulties facing Chinese
farmers in their countryside were resolved through the
introduction of cloud computing and internet of things in
modernized agriculture. China is a typical agricultural country
with productivity of rice, pork, fruit, fresh water product and
many other foods ranking first in the world. The principle of
cloud computing for IOT according to [3] is depicted in Figure
2.

The IoT paradigm has no particular exclusive definition as
accepted by researchers and the community of users
worldwide. This paradigm is so pervasive that it has even
reached space and even the internet is going into space
through Cisco’s Internet Routing in Space (IRIS) program
in the coming fourth years [17]. The ability of objects to
sense their environments and relay the information to a
database makes them complex and intelligent machines.
IoT has been gaining grounds in industries. A couple of
researches have been going on in different industries that
use IoT technology such as food processing industries,
agriculture, environ monitoring and security surveillance
[9]. The basis on which IoT lies is the Radio Frequency
Identification (RFID), which uses radio frequencies to
detect the presence of objects and Wireless Sensor
Networks (WSN), which uses sensors to perceive the
environment and relay the data gotten back to a base
station for usage or analysis [9]. Figure 1 shows a
framework diagram of IoT. Near Field Communication
(NFC), RFID and Wireless Sensor Actuator Network
(WSAN) are identified as the technologies that will
connect the actual world with the numerical/digital world
[10].

Smart farming is the use of wireless sensor network
technologies to relay agricultural farm parameters (such as soil
moisture content, atmospheric temperature) through the internet
to a base station or database [16]. According to [16], smart
farming is the use of information and communication
technology (ICT) to manage farm activities. They cited IoT as
an enabling technology for implementing smart agriculture. In
[5], a multidisciplinary model for smart agriculture or farming
is proposed that will encompass technologies such as IoT,
sensors, cloud computing, mobile computing and big data
analysis. [16] Proposed a system that is made up of several
modules. Farmers, agro-marketing agencies and agro-vendors
need to be registered to the agro-cloud through the agro-mobile
application or module. Figure 3 buttresses their point for the
multidisciplinary model.

According to [6], the IoT paradigm has been looked at as
a mirage or as something untenable, but due to
advancement in technology, it has come sooner than we
thought. In this 21st century, more machines or computers
have been connected together than humans. A whooping
12.5 billion devices are connected together such that they
can share information and resources [6]. Sensors are
deployed every now and then to perceive the non-living
environment and send the results to a computer thereby
creating a Machine-to-Machine (M2M) communication
channel. Large companies (Siemens, Orange, Microsoft,
Ericsson, Philips etc) have devoted huge sums of money
into the research of micro or embedded systems such as
smart sensors and software. In and [7] explained that
technologies are crucial for the implementation of IoT.
These technologies are Radio Frequency Identification
(RFID), Wireless Sensor Networks, middleware, cloud
computing and IoT application software. [17] provided a
summary of the IoT, its aliases (examples are pervasive
computing, ubiquitous computing, Machine-to-Machine
interaction and so on), its architectures (such as
International
Telecommunication
Union
(ITU)
architecture, IoT forum architecture and European FP7
research project), its technologies (such as RFID, wireless
sensor networks, Wireless Fidelity, Internet Protocol,
Actuators and Zigbee) and their respective usage in dayto-day living. [10] Highlights the issues and solutions
faced by researchers in the IoT research arena. [9]
Reviews researches done under IoT in industries. They

This study is centered on proposing a model using wireless
sensor networks, Arduino and Ethernet shield to relay
information to the owner of a farm through the internet and also
induce a form of moisture for the soil, depending on the
temperature of the environment of the farm and its humidity.
This model is a means to implementing the recent Internet of
Things (IoT) paradigm.
1.1 Aim and Objectives
This paper aims to enhance the ability of new or rookie
researchers coming into the area of Wireless Sensor Network
(WSN) and Automated Irrigation Systems (AIS) to have a
body of knowledge that is recent on which they can base
further researches.
The objectives of this paper are:
i. To discuss IoT and Smart Agriculture.
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ii.
iii.

To discuss studies done in the area of smart
agriculture.
Proposing a novel Architecture and
Flowchart that uses Arduino technology to
implement smart agriculture.

An irrigation management system was proposed in [13]. The
irrigation management system is for container grown crops. The
irrigation schedule of the crops is planned based on the readings
submitted by sensor nodes placed at different locations of the
farm. The irrigation system tries to identify parts of the farm
that are deficient in water content and informs the farm owner
about it via an alarm unit or a text message over the LAN. There
are two basic units of the project, namely hardware and
software units. The hardware consists of a wasp-mote
agriculture sensor boards. Wasp-mote boards are customized for
agricultural experiments. They can accommodate up to 14
different sensors on them at the same time and can switch
between different operational modes. A wasp-mote board is
presented in Figure 4. These sensor boards are linked to a
gateway, a wasp-mote gateway which communicates wirelessly
with sensor nodes through a USB port on a computer. A waspmote gateway is presented in Figure 5.

1.2 Problem Statement
Nigeria in the last decade has placed a lot of emphasis on
agriculture as a source of foreign exchange and
employment for its teaming citizens. So there is a high
need to boost the agricultural sector. But with all these
plans the northern part of the country has a limited rainy
season especially as it relates to the availability of water
for the crops. Hence there needs to be a way growing
crops throughout the year so as to increase the amount of
crop produce for both exportation and reduction of
hunger. [24] Highlighted the rise in temperature and
cessation of rains in some parts of north-western Nigeria
such as Kaduna, Katsina and Kano, which resulted to the
global abnormally of climate alteration. They showed the
onset and cessations of rains based on dates in several
parts of Nigeria. So this paper proposes the use of
automated irrigation system to sustain the availability of
water for agriculture in the dry season.

The second unit of the irrigation management system is the
software unit, which has a software that analyses the data sent
through the Universal Serial Bus (USB) port of the computer to
see if there is any vulnerable condition. It checks the soil
moisture readings alongside the temperature and humidity in
deficient locations and triggers an alarm if the soil moisture is
below the threshold value. Also an activation message is also
sent to the owner of the farm over the Local Area Network
(LAN) from the computer. The design of the irrigation system
and a block diagram of the Irrigation Management System
(IMS) for container crops are presented in Figure 6 and 7
respectively.

II. STUDIES OF RELATED WORK IN SMART
AGRICULTURE
In [7] an automated irrigation system is designed using
WSUs (wireless sensor unit) and WIU (wireless
information unit) based on microcontroller, Zigbee and
GPRS technologies. This system was proposed as a result
of the problem faced by agriculture in India. The problem
is that the government provides free electricity to farmers
who want to practice automated irrigation such that they
use the power supplied to them to run the motors of their
water pumps, but some farmers instead divert the power
and use to power household electronics such as TVs, fans,
radios etc. Therefore, the aim of [7] is to design a low cost
automated irrigation system that used a wireless sensor
network and GPRS module. The proposed system
recognizes whether the free electricity provided by the
government has been on the farm or diverted into other
means, and if it has, then the power supply is shut off by a
tripping circuit. The automated irrigation system is made
up of Wireless Sensor Unit (WSU) and Wireless
Information Unit (WIU) that allow the transfer of soil
moisture level data and temperature data through a zigbee
protocol. The GPRS module transmits the data to a
webpage through a mobile network. The communication
between the sensor nodes and the data receiver is through
the zigbee protocol.

[19] In their experiment of using a wireless sensor network for
an automated green house, developed sensor nodes that collect
data from the environment and activates the actuators based on
the algorithm programmed into a microcontroller. A gateway
node accepts the readings sent from the sensor and analyses that
information through the zigbee protocol and from there
transmits the data to a web application for the end user. Figure 8
presents a depiction of the block diagram for the proposed
system.
[2] In their study used wireless sensor networks to monitor and
control agricultural parameters in a rural area. The aim of their
study was measuring the temperature, humidity of a farm
environment and trying to control the supply of water based on
the moisture content of the soil. They sampled the parameters in
closed environment and in an open (garden) environment. The
test and results in Figure 9 and 10 respectively present that of
the test conducted in a closed room, while Figure 11 and 12
respectively portray the results of the test in the open
environment. The blue lines indicate the open environment
while the pink indicates the prototype. Tests were carried out to
determine the reliability and accuracy of the sensors used. From
the figures presented it is obvious there was not any significant

3

P-ISSN 2006-1781
Francisca Ogwueleka and Gwazah Bonett (2020), A Preliminary Prototype for Smart Agriculture using Sensor Networks

Vol. 13, No. 1, March 2020, pp. 1 - 28

© 2020 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

change or difference in the results churned out by the
sensors for both closed and open environment. Therefore,
[2] concluded there is no significant change in a
controlled environment or open environment.

node involved a soil-moisture probe, a temperature probe, a
microcontroller for data acquisition, and a radio transceiver; the
sensor measurements are transmitted to a microcontroller-based
receiver.

[3] proposed an architecture for Chinese farmers such that
cloud computing, IoT (Internet of Things) and RFID
technologies can be used in smart agriculture. He also
proposed an architecture that will see the use or creation
of an agricultural information cloud that is also a subset of
the internet cloud. A perfect addition of all these
technologies can encourage fast growth of agricultural
modernization. Figure 13 presents the architecture for the
agricultural information cloud and Figure 14 the control
architecture for smart agriculture.

The automated irrigation system hereby reported, consisted of
two components (Figure 16), wireless sensor units (WSUs) and
a wireless information unit (WIU), linked by radio transceivers
that allowed the transfer of soil moisture and temperature data,
implementing a WSN that uses ZigBee technology. The WIU
has also a GPRS module to transmit the data to a web server via
the public mobile network. The information can be remotely
monitored online through a graphical application through
Internet access devices.
The components that make up a WSU are displayed in Figure
17. A WSU is comprised of a RF transceiver, sensors, a
microcontroller, and power sources. These components are
powered by rechargeable AA 2000-mAh Ni-MH Cycle Energy
batteries (SONY, Australia).

[14] In their study measured different parameters such as
temperature, humidity, light and water level of soil
moisture. A Global System Module (GSM) technique was
used as a means of communication between two greenhouse models placed at a distance of 100 meters. The
farmer can easily monitor the agricultural parameters
through GSM technology or Short Message Service
(SMS) sent to their Liquid Crystal Display (LCD). Zigbee
technology is used to connect the two green-house models
together. Wireless Sensor Networks record each
parameter and send the data to an end user on an LCD via
SMS or GSM module. The five parameters are measured
one after the other and displayed on a LCD. For an end
user residing from the farm field to access the readings of
the sensors, he just needs to give a miss call to the SIM
number installed in the GSM. Figure 15 presents a block
diagram of the circuit module. The diagram has all the
sub-modules and the different microcontrollers connected
to the mega-module.

The working algorithm for the WSU is such that it acquires the
correct real time and date for the RTCC (Real Time
Clock/Calendar), and if the requested date and time is correct,
then the voltage regulator is powered which powers up the
sensors (soil moisture, temperature). The sensors gather the data
and transmit them to the WIU after which the voltage regulator
is disabled in sleep mode. The sensors remain in sleep mode
until another date and time are sent to trigger a new cycle all
afresh based on the synchronization of the timer to gather and
send another data to the WIU. Figure 18 is the algorithm on
which the WSU works.
The soil moisture and temperature data from each WSU are
received, identified, recorded, and analyzed in the WIU. The
WIU consists of a master microcontroller PIC24FJ64GB004, an
XBee radio modem, a GPRS module MTSMC-G2-SP
(MultiTech Systems, Mounds View, MN), an RS-232 interface
MAX3235E (Maxim Integrated, San Jose, CA), two electronic
relays, two 12 V dc 1100 GPH Livewell pumps (RuleIndustries, Gloucester, MA) for driving the water of the tanks,
and a deep cycle 12 V at 100-Ah rechargeable battery L24M/DC-140 (LTH, Mexico), which is recharged by a solar
panel KC130TM of 12 V at 130 W (Kyocera, Scottsdale, AZ)
through a PWM charge controller SCI-120 (Syscom, Mexico).
Figure 19 shows the components of a WIU and its working
principle algorithm.

[15] developed an automated irrigation system that was
designed to improve water use. The system consisted of a
distributed WSN of soil moisture and temperature placed
at the root nodes of the plants. The information gathered
by the sensors or Wireless Information Unit (WIU) is sent
to a web application via a gateway from where the enduser can read the data gathered and possibly reprogram
the WIU to regulate the moisture content. An algorithm
was developed with threshold values of temperature and
soil moisture that was programmed into a microcontrollerbased gateway to control water quantity. The system was
powered by photovoltaic panels and had a duplex
communication link based on a cellular-Internet interface
that allowed for data inspection and irrigation scheduling
to be programmed through a web page. The automated
system was tested in a sage crop field for 136 days and
water savings of up to 90% was recorded. The aim of the
experiment was to show Automated Irrigation System
(AIS) can be used to conserve water usage. Each sensor

The WIU has a microcontroller that is programmed to download
the date and time from a web server via the http and GPRS
service, and then sends it to the WSU in the algorithm in Figure
20 and returns the values to the irrigation scheduler in the WIU.
The scheduler checks to see if the threshold of water moisture
and temperature is reached and so powers up the automated
irrigation system (AIS) automatically. On the other hand, the
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Automated Irrigation System (AIS) can power up
manually with the aid of a push-button instead of
powering up automatically.

time is gotten from equation (1) in Figure 25 (Equation 25),

where di is the delay time of the ith packet, network delay
is averaged by the number of destinations n. The number
of access points is given by the Equation (2).

[18] Conducted a similar experiment to that of [15]. They
proposed a hardware architecture that will enhance the
development of an Automated Irrigation System (AIS)
based on microcontrollers and wireless communication at
an experimental scale within the rural areas. The objective
of the experiment was to show that AIS can be used to
reduce water consumption. A microcontroller serves as
the gateway which activates the watering of the farm once
the threshold values of soil moisture and temperature is
reached. The communication between the sensors and
gateway is through the Zigbee.

FSPL(db) =20log10(20)+20log10(f)+32.45 ….. (2)
where FSPL stands for Free Space Path Loss, which is the
amount of energy that a given radio wave loses as it travels
through the air away from its source [4]. [11] Concluded their
research by representing the delay times of each topology in a
bar chart shown in Figure 26 which showed that Star topology
emerged as the best topology since it had the lowest delay time
of 45milliseconds (ms) as opposed to Bus-81ms, Grid-71ms and
Ring-98ms.

Figure 21 is the block diagram as proposed system by
[18]. The temperature, soil moisture, humidity and voltage
sensor all gather data parameters from the surrounding
farm and transit these data to the microcontroller. The
microcontroller then interprets this information and sends
them to the GPRS module through Zigbee which allows
the end user to switch on or switch off the water pump.
The controller also displays the information on the LCD
for the end user to see. Everything is controlled by the
microcontroller which runs the algorithm.

In [8] an unmanned irrigation system was proposed using
wireless sensor networks (WSN). They proposed an embedded
system that automatically controls an irrigation system that was
designed to reduce water wastage. The WSN was made up of a
moisture, soil acidity and Temperature sensor. The sensors sent
their data to an 8051 microcontroller. The system proposed
Remote Monitoring and Control systems based on a GSM
(Global Mobile System). GSM network communication took
place between the monitoring center and remote monitoring
station. The central monitoring station performs real time
control, alarm and data processing and also manages database.
They introduced a new system which will have wireless
connection between transmitter and receiver. They introduced a
new design of embedded web server making use of GSM
network technology. A block diagram for the proposed system
is seen in Figure 27.

[12] in their work employed the use of FPGA (FieldProgrammable Gate Array) to set up a sensor network.
FPGAs are specially customized electronic boards which
use programmable logic. [12] Concentrated on the design
of a Wireless Sensor Network to acquire the temperature
from some autonomous nodes. They used FPGA DE2-70
in the application field. Their use of the FPGA DE2-70
was to improve the processing performance of the system
so as to develop powerful embedded processor. They
highlighted the IEEE 802.15.4 Zigbee communication
stack (which are the physical layer, MAC layer and
Zigbee layers) and proposed an architecture for
implementing the WSN in conjunction with the FPGA to
get temperature of the environment. Figure 22 is a
depiction of the communication stack and Figure 23 the
proposed architecture involving the FGPA programmable
board. The interface of their system is shown in Figure 24.

[20] In their survey discussed the different type agricultural
sensors that are smart in which some of them are the optical
sensor which makes use light reflection to measure soil
properties, location sensors which uses GPS to mark the
longitude and latitude of the farm field and electrochemical
sensors which gives the acidity (pH) and nutrients contents of
the soil. The applications that output sensor data were also
discussed which are variable spraying, salinity mapping, weed
mapping and variable rate fertilizer. Precision agriculture has a
couple of smart phone tools which are camera, microphone,
gyroscope, accelerometer and GPS. Smart sensors are employed
in a couple of farming events such as farm field scanning sensor
which analyzes the performance and output of the field for
example PARROT SEQUOIA, pH level monitoring sensor
which the rate of water draining by the soil as well as the acidity
of the soil, climate detection sensor which monitors the climate
as used in Kenya in a program called KILOMA SALAMA and
cow health detection sensors which are tied round the cows’
neck to monitor any unusual sounds and movements of the
animal during ruminating times.

In [11] a study to ascertain the effectiveness of WSN in
Precision Agriculture and find solutions to questions of
energy consumption and implementation cost issues was
carried out in which they proposed a way of finding out
from different sensor network topologies, which one
would effectively answer the questions of energy
consumption and implementation cost. They sampled four
(4) different topologies which were Ring, Bus, Star and
Grid topologies in which they calculated the delay time it
took a packet to be delivered at its destination. The delay

In [23], a comparison between traditional farming and smart

5

P-ISSN 2006-1781
Francisca Ogwueleka and Gwazah Bonett (2020), A Preliminary Prototype for Smart Agriculture using Sensor Networks

Vol. 13, No. 1, March 2020, pp. 1 - 28

© 2020 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

study and some recent related studies.

farming is done in which it was discovered that traditional
farming was characterized by high water consumption,
high manpower use and high cost as compared to the
smart farming which addresses the limitations of
traditional farming by reducing water consumption and
manpower via real time monitoring, accurate time
estimation and timely detection of diseases. Also
discussed were the technologies used in smart farming
which comprises of the architecture given by [23]. Figure
28 depicts the smart farming architecture. The challenges
faced by the deployment of wireless sensor networks
(WSN) such as energy consumption, data collection,
transmission range and data security were highlighted.
Figure 29 summarizes the problems of wireless sensor
networks.

III METHODOLOGY
3.1 Analysis of the Existing System
The system developed by [18] and other researchers in the
literature review deployed sensor networks and used
GSM modules to access the information from the sensors
or use it to operate the water pumps in their respective
farms. That system we believe had limitations as the GSM
networks would not perform the needed functions in real
time because of reasons such as latency and network
down time. An algorithm with the threshold values for the
sensors was programmed into the microcontroller to
regulate the water quantity dissipation to the farm. The
system was powered by photovoltaic cells that allowed
for inspection of the data and scheduling of irrigation. The
Automated Irrigation System (AIS) was tested in a crop
field for 136 days. The system was adapted for
geographically water deficient areas. At the end of the
experiment water conservation of up to 90% was
recorded.

In [21] a review of two different intrusion detection
techniques which are the hybrid intrusion detection
architecture for IoT (Internet of Things) and the real-time
intrusion detection in IoT is done. The former intrusion
detection system used map reduce technology to discover
multiple intruders while the latter intrusion detection
system stops attacks such as spoofing, altered
information, sinkhole and selective forwarding. A model
for smart agriculture using IoT which captures real time
data from the farm and accessing the information via SMS
alerts on the phone. A soil moisture and roughness
estimation was performed with the aid of a radarradiometer which is an all-round physics based
technology. Furthermore an architectural framework of
smart water meter reading system, an IoT based
sustainable water management system, IoT enabled water
monitoring system were discussed.

3.2 Limitations of the Existing System
The system proposed by [18] aims to conserve water by
triggering a water pump to wet the farm when a certain
threshold values have been reached. This is achieved
when the sensors send data to the microcontroller. The
microcontroller then sends this information to the owner
of the farm via a General Packet Radio Service (GPRS)
system. The limitation in this system is that it has not
been transmitted over internet or through the use of Local
Area Network (LAN). The experiment was carried out in
Asia with the aid of GSM module by [18] and it has never
been tested in North-Western Nigeria where the climate is
quite different.

In [22], the existing and novel methods of developing
wireless sensor networks (WSN) are highlighted. The use
of Field Programmable Gate Array (FPGA) for
monitoring plants through image processing is advocated.
In Figure 30 the components of a sensor network such as
microcontroller, memory, analog to digital converter and
sensors are shown. WI-FI based wireless sensor networks
use radio waves and its design is based on 802.11b/g/n
and uses WPA2-PSK encryption algorithm. Bluetooth
based WSN employ Bluetooth technology to transmit data
because it was made for low power consumption and so
sensor batteries can last longer. Radio Frequency (RF)
based WSN uses radio frequency links for sensors to
communicate with the gateway. Zigbee based WSN is a
scalable and consumes low power. Zigbee is designed in a
mesh topology form with a frequency of 2.4 GHz.
Furthermore they outlined certain issues in WSN
deployment which are localization, synchronization, data
integrity, data confidentiality and deployment.

3.3 Justification of the New System
The need to design a system of automated irrigation that
will aid Nigerian farmers to achieve what their
counterparts in Asia are using is the major justification of
the proposed system. The new system was designed to use
Wireless Sensor Network such that the sensors from the
farm send their data wirelessly through over a Local Area
Network (LAN) to a Personal Computer (PC) at the farm
station. Depending on the data sent by the sensors the
farm owner sits on his PC and powers or switches off the
water pump. If the sensor data says that the soil on the
farm is dry and the temperature is high then the user can
activate the pump by sending a command from his
computer browser wirelessly through the router to the
pump at the farm site. This added the functionality of
using a computer system to send the same commands that

Table 1 shows a comparative analysis between this
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was used on the GSM module.
The microcontroller displays the project name after which
it reads the parameters and displays them. By default it is
set to LAN but after a button is pressed it is switched to
the GSM mode. So whether in LAN or GSM mode, it
checks whether the soil is wet shown by the decision
symbol in the flowchart. If it is in GSM mode an SMS is
sent to power OFF the pump if the sensor discovers that
the soil is dry through the GSM modem and immediately
the water pumped in turned OFF and if not another SMS
is sent to the GSM modem to power ON the pump and
then the entire process terminates. On the other hand if it
is in LAN mode it displays all parameters (temperature,
humidity) on the browser, the browser also has a link on
which the user can click to power ON or power OFF the
pump depending on the sensor readings returned. This
LAN aspect is made possible through the help of the
Arduino Ethernet shield hardware which has a RJ-45
network cable port.

3.4 Design Description
This study aims to design architecture of an
automated irrigation system that will use wireless
sensor nodes to get information from the
surrounding farm environment. Some of these
sensor nodes that were used in this prototype were
the DHT 11, soil moisture sensor and water level
sensor. The prototype is made up of sensors and a
micro-controller that will control how the sensors
behave and return results.
As explained this architecture uses the wireless
sensors to capture certain environmental parameters
and relay this information to the farm owner or a
user sitting on a console to know what is going on
in the farm. This system relays this information
through the use of a Local Area Network (LAN).

IV.
The automated irrigation system is made up of a
microcontroller and three sensors (water level,
temperature and humidity). These sensors transmit
the data gotten from the farm wirelessly to the
micro-controller that has been programmed in
Micro C language to analyze the data and respond
appropriately. This micro-controller is then
connected to an Ethernet module which in this case
is the Arduino Ethernet shield that interfaces with a
LAN to pass the data of the sensors to the webbrowser. Figure 31 shows the architecture of the
proposed system.

This study proposed the use of Arduino Ethernet Shield as the
novel architecture for triggering ON or OFF water pumps in a
farm. This is because it allows the use of Local Area Network
(LAN) which is an addition on to the former systems as used by
researchers.
The use of Micro C programming language would be ideal for
the programming of the microcontroller. Also the use of
Raspberry Pi hardware can be used to implement smart
agriculture. The use of Arduino can be extended beyond
irrigation to processing of images to control pest and diseases in
the farm. The comparison between the reliability and efficiency
of a Local Area Network and GSM networks needs to be carried
out.

3.5 Process Flowchart
The architecture designed was for an automated
irrigation system triggered by wireless sensors. The
proposed architecture was designed at an
experimental level and the microcontroller is the
core of the entire setup, this is because every signal
on the board must pass through it. The working
principle of the proposed was such that the two
sensors captured the temperature, humidity from the
air and the soil moisture content from the farm. The
sensors send the data to the microcontroller which
then sends the information to the owner of the farm
through a GSM module as used by [18] or sends
them to a router through a Local Area Network to a
computer browser from where the farm owner can
see. A response to power ON or power OFF the
water pump is then sent through the browser to the
router or it can be sent through an SMS to the GSM
module to perform the same activity. Figure 32 is
the process flowchart of the designed system.

CONCLUSION AND RECOMMENDATIONS

REFERENCES
[1]

U. Arthur and D. Usman, “Smart Agriculture in Nigeria
with Iot; A Reality,” American Journal of Engineering
Research. Vol. 7, Issue 1, pp 277-282, 2018.

[2]

S. Awati, S. Patil and S. Awati, “Application of Wireless
Sensor Networks for Agriculture Parameters,” International
Journal of Agriculture Sciences, Vol. 4, Issue 3, pp-213215, 2012.

[3]

T. Fan, “Smart Agriculture Based on Cloud Computing and
IOT,” Journal of Convergence Information Technology.
Vol. 8, Issue 2, pp 1-4, 2013.

[4]

V. Francois, (2019), “Free Space Path Loss Diagrams,”
[Online],
June
15,
2019.
Available:

7

P-ISSN 2006-1781
Francisca Ogwueleka and Gwazah Bonett (2020), A Preliminary Prototype for Smart Agriculture using Sensor Networks

Vol. 13, No. 1, March 2020, pp. 1 - 28

© 2020 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

https://www.semfionetworks.com/blog/free-spacepath-loss-diagrams

Journal of Scientific & Engineering Research, Vol. 7, Issue
1, pp 2-3, 2016.

C. Hemlata, K. Sukhesh and K. Dipali, [15]
“Multidisciplinary Model for Smart Agriculture using
Internet-of-Things (IoT), Sensors, Cloud-Computing,
Mobile-Computing
&
Big-Data
Analysis,”
International Journal of Computer Technology &
Applications, Vol. 6,Issue 3, pp.374-382, 2015.
[16]

D. Saggam, and B. Kishore, “Automated Irrigation System
using a Wireless Sensor Network and GPRS Module,”
International Journal of Innovative Technologies. Vol. 3,
Issue 7, pp 1307-1317, (2015).

G. Hemant and M. Subhas, “WSN- and IOT-Based
Smart Homes and their Extension to Smart
Buildings,” Sensors Journal, Vol 15(5), pp 1035110354, 2015. DOI:10.3390/s150510350
[17]
L. In, and L. Kyoochun, “Internet of Things (IoT):
Applications, Investments, and Challenges for
Enterprises,” Science Direct. Vol. 58, Issue 4, pp 1-4, [18]
2015, https://doi.org/10.1016/j.bushor.2015.03.008
B. Karthikeyan, M. Karthikeyan, R. Narayanan and
C. Suresh, “A Novel for Unmanned Irrigation Based
on WSN Architecture,” International Journal of
Advanced Research and Innovation (IJARI), Vol. 54, [19]
Issue 15, pp 2787-2805, 2015.
X. Li, H. Wu, and L. Shancang, “Internet of Things in
Industries: A Survey,” IEEE Transactions on
[20]
Industrial Informatics, Vol. 10, Issue 4, pp 1-4, 2013.
A. Luigi, L. Antonio and M. Giacomo, “The Internet
of Things: A Survey,” Computer Networks Journal,
Elsevier B.V,Vol. 3,Issue 1, pp 164-173, 2010 [21]
www.elsevier.com/locate/comnet,
doi:10.1016/
j.comnet.2010.05.010.
G. Pratibha and B. Manisha, “A Novel Approach for
Precision Agriculture Using Wireless
Sensor
[22]
Network,” International Journal of Computer Science
and Mobile Computing, Vol. 4, Issue 6, pp 11581165, 2015.

W. Sjaak, G. Lan, V. Cor, and B. Marc-Jeroen, “Big Data in
Smart Farming – A Review,” Information Technology
Group, Wageningen University, The Netherlands. pp 69–80,
2017.
M. Somayya, R. Ramaswamy, and T. Siddharth, “Internet
of Things (IoT): A Literature Review,” Journal of
Computer and Communications, Vol. 3, pp 164-173, 2015.
A. Sonawane, R. Naveen, and L. Bhagya, “Auto Irrigation
for Monitoring and Controlling of Adverse Conditions in
Agriculture through GPRS,” International Journal of
Research in Advanced Engineering Technologies, Vol. 5,
Issue 2, pp 112-117, 2015.
J. Sri, and A. Shaik, “Smart Wireless Sensor Network for
Automated Greenhouse,” IETE Journal of Research,” Vol.
61 Issue 2, pp 180-185, 2015.
S. Veena, K. Mahesh, M. Rajesh and S. Salmon, “The
Survey on Smart Agriculture using IOT,” International
Journal of Innovative Research in Engineering and
Management (IJIREM), Vol. 5, Issue 2, pp. 63-66, 2018.
S. Veena, S. Poornima and J. V. Remya, ‘A Survey on
Smart Sensors in Precision Agriculture’ International
Journal of Advance Engineering and Research Development,
Vol. 5, Issue 04, pp. 1143-1147, 2018.
G. Deepika and P. Rajapirian, ‘Wireless Sensor Network in
Precision Agriculture: A Survey’, Proceedings of the 2016
International Conference on Emerging Trends in
Engineering Technology and Science (ICETETS), 2016,
IEEExplore Doi: 10.1109/ICETETS.2016.7603070.

S. Rachid and B. Mohsen, “An Intelligent Wireless
Sensor Network Temperature Acquisition System [23] T. Rajasekaran and S. Anandamurugan, ‘Challenges and
with an FPGA,” Scientific Research Academic
Applications of Wireless Sensor Networks in Smart Farming
Publisher (SCIRP), Vol. 6, Issue 1, pp 1-7, 2014.
– A Survey’, IN Advances in Intelligent Systems and
Computing (AISC, Volume 750), 2019, pp. 353-361,
K. Rahim, A. Ihsan, S. Asif, A. Mushtaq and Z.
Springer Nature Singapore Pte Ltd, https://doi.org/10.1007.
Muhammad, “Wireless Sensor Network Based
Irrigation Management System for Container Grown [24] E. Audu, H. Audu, N. Binbol and J. Gana. “Climate Change
Crops in Pakistan,” World Applied Sciences Journal,
and its Implication on Agriculture in Nigeria”. Abuja Journal
Vol. 24 Issue 8, pp 111-1118, 2013.
of Geography and Development, Vol. 3(2), pp 2-3, 2013.
H. Rashid and L. Sahgal, “Smart Green House and
Insect Monitoring Through WSN,” International

8

P-ISSN 2006-1781
Francisca Ogwueleka and Gwazah Bonett (2020), A Preliminary Prototype for Smart Agriculture using Sensor Networks

Vol. 13, No. 1, March 2020, pp. 1 - 28

© 2020 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

Figure 1: Technologies associated with IoT [9]

Figure 2: The principle of cloud computing for IoT [3].
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Figure 3: Proposed architecture for multidisciplinary model for Smart Agriculture [5].

Figure 4: Wasp-mote Agriculture Board [13].
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Figure 5: Wasp-mote Gateway [13].

Figure 6: Temperature Graph for Closed Room [13].

11

P-ISSN 2006-1781
Francisca Ogwueleka and Gwazah Bonett (2020), A Preliminary Prototype for Smart Agriculture using Sensor Networks

Vol. 13, No. 1, March 2020, pp. 1 - 28

© 2020 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

Figure 7: Block diagram of irrigation management system for container crops [13].

Figure 8: Block diagram of system architecture [19].
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Figure 9: Temperature Graph for Closed Room [2]

Figure 10: Humidity Graph for Closed Room [2].

Figure 11: Temperature Graph for Open Environment [2]

Figure 12: Humidity Graph for Open Environment [2]

Note: The blue lines indicate the open environment while the pink indicates the prototype.
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Figure 13: Architecture of agricultural information cloud [3].
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Figure 14: Control architecture of smart agriculture based on cloud computing and IOT [3].

Figure 15: Block diagram of the entire Model [14].
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Figure 16: Configuration of the automated irrigation system [15].

Figure 17: Wireless Sensor Unit [15].
(a) Electronic component PCB. (b) Radio modem ZigBee. (c) Temperature sensor. (d) Moisture sensor. (e)
Rechargeable batteries. (f) Photovoltaic cell. (g) Polyvinyl chloride container
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Figure 18: Flowchart of wireless sensor unit (WSU) for monitoring the soil moisture and temperature
[15].
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Figure 19: Inside view of the WIU [15].
(a) Radio modem ZigBee. (b) GPRS module. (c) SIM card. (d) GPRS PCB antenna. (e) Pumps relays

Figure 20: Flowchart of the master microcontroller in the WIU for the automated irrigation system [15].
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Figure 21: Block Diagram of Irrigation System [18].

Figure 22: Communication Stack [12].
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Figure 23: System Architecture [12].

Figure 24: Temperature Interface [12].
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.. . . . . . . (1)
Figure 25 (Equation 1): Average Network Delay [11].

Figure 26: Delay for all topologies [11].
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Figure 27: Block diagram of the Proposed System [8].

22

P-ISSN 2006-1781
Francisca Ogwueleka and Gwazah Bonett (2020), A Preliminary Prototype for Smart Agriculture using Sensor Networks

Vol. 13, No. 1, March 2020, pp. 1 - 28

© 2020 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

Figure 28: Smart Farming Architecture [23]

Figure 29: Problems of Wireless Sensor Networks [23].
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Figure 30: Sensor Network [22].
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Table 1: Comparison of Related Studies.

Research
[21]

Similarities
Discussed the use of smart agriculture, IoT and
WSN to help farmers in india. Also proposing
a model for smart farming that uses SMS alert
systems to provide real time data for farmers.

[23]

Reviews Smart farming as well as the
applications of WSN in irrigation.

[22]

Different types of WSN are discussed such as
WiFI, Bluetooth, RF and zigbee based wireless
sensor networks.

25

Differences
Discusses an Architecture for smart
water meter reading to reduce water
consumption, while this study this
designed a flowchart on which a water
pump can be powered ON or OFF with
both LAN and GSM modules.
Discusses Smart farming Architecture
that is built on the use of internet and
local storage while this study designs
an Architecture that fuses both GSM
and the use of a LAN (Ethernet shield)
for ease of comparison.
Discusses the use of Field
Programmable Gate Array (FPGA) for
capturing plants using image
processing, while this study focuses
only on sensing non-image parameters
such temperature and humidity.
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Figure 31: Architecture of proposed system with wireless sensors for smart agriculture.
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Figure 32: Proposed Process Flow Chart of the System.
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