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Abstract—It is widely known that water resources are
decreasing around the world. Rapid urbanization, population
growth, industries and the expansion of agriculture are
increasing demand for freshwater. In most countries, including
Algeria, irrigation is the largest consumer of water, with about
70% of all freshwater withdrawals being used for irrigation.
Therefore, it can be said that solving the problem of water
scarcity is based on the adjustment of irrigation. The aim of this
paper is to shed light on the irrigation systems, how they can be
applied, and what are their benefits. With the adoption of solar
energy to feed the system; this energy source is strongly available
in arid zones.
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I.  INTRODUCTION

Irrigation is strongly linked to food security. This sector is
largely affected by water crisis. Algeria, like all African
countries, is largely affected by the scarcity of water. In order
to emerge from this crisis, further efforts should be made to
develop the irrigation process. The integration of new
technological developments such as wireless sensor networks
and the Internet of Things are among the most important
solutions to this crisis. Besides, solar power can be used to
resolve energy constraints problem of WSN implementation.

In this paper an intelligent irrigation management system
will be proposed.

The rest of the paper is organized as follows. Section 2
presents a literature review of smart irrigation system
implementation. Then we will deal with irrigation strategies in
section 3, followed by smart irrigation technologies in section
4. Intelligent irrigation management system architecture will
be discussed in section 5; next we have results and discussion
in section 6 before conclusion in section 7.

Il. RELATED WORKS

Following the critical and urgent nature of water resource
problem, several studies have been proposed.

In [1] authors have found an important theory, which is
“the optimal irrigation time exists when the rate of water loss
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is equal to the uniform inflow rate equivalent to the maximum
infiltration requirement”.

Sutar, S. et al. [2] developed an environment for drip
irrigated agriculture and fertilizer tank control using WSN
technologies and Ant Colony Algorithm to make the
aggregation energy efficient.

Li-Ming, Z. et al. [3] proposed an auto water-saving
irrigation based on wireless sensors networks and multi-source
information fusion technology based on entropy.

A Microcontroller based controlled remote irrigation
system for the agricultural plantation was developed by
Kumbhar, S.R. and Ghatule, A.P.. [4]

To prove the importance of using WSN in the irrigation
field, a comparison between automated drip irrigation system
and non-automated drip irrigation system was done by Soorya,
E.etal.. [5]

For the same purpose, Gao, L. et al. [6] combined wireless
sensor network with fuzzy control system in an intelligent
water-saving irrigation system to realize a remote on-line
monitoring and controlling.

Mohammad, F.S. et al. [7] implemented an intelligent
irrigation system under a drip irrigation system for the
irrigation of tomato crops.

Tiny OS system was used in [8] for simple and cost
effective smart irrigation system.

Another design of a low-cost remote monitoring system
for agricultural ecosystems was implemented and validated by
Kumar, J.P. et al. [9]

In [10], Shahidian, S. et al. validated a smart irrigation
controller in a lettuce crop grown in a greenhouse using EC-5
Echo sensors.

In [11], a smart phone application was developed to
quickly view soil moisture deficit, weather measurements, and
the ability to input applied irrigation amounts into an online
evapotranspiration-based irrigation scheduling tool.

To minimize power consumption and resolve the problem
of energy constraint of wireless sensor network devices, solar
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energy was used to feed irrigation management system in [12]
and [13]. This energy resource was also used in [14] to power
a soil moisture detector.

I1l. IRRIGATION METHODS

Irrigation takes many forms [15]. According to the way of
transporting water and its application to the soil, we have:
surface irrigation, drip irrigation and sprinkler irrigation.

There are many factors which must be taken into account
in the choice of an irrigation method [16]. Table 1 below,

represents comparison between different irrigation
strategies.

TABLE I. COMPARISON OF DIFFERENT IRRIGATION STRATEGIES
Surface Drip Sprinkler
irrigation irrigation irrigation
The rice fields, .
the pastures line crops . !

Recommended (alfalfa, clover) (vegetables, line crops, field
crops arboricixlture ' fruits), crops and tree
(citrus, banana), a(borlculture, crops
vine
cereals.

. . perfectly adapts
Approprlate Sll_ty and clay Cl_ay and sandy to most types of
soil type soils soils soil

The pumping
Pu_mp,_ unit the pumping
Irrigation - -
control unit unit
networks, - .
. Main and main and
Equipment sprinklers, seconda approach
P Water cannons, i eIinegy ?pelines
Self-propelled Pip PIp
b Ramps the ramps
sprinklers, - h inkl
drippers Drippers or the sprinklers.
distributors.
Workforce Large workforce Workforce Workforce
economy economy
low cost of low cost of High cost of
Cost energy and energy and energy and
investment investment investment

IV. SMART IRRIGATION TECHNOLOGIES

Traditional irrigation strategies are not satisfactory for
dealing with the shortage of irrigation water, this sector must
benefit from modern technological advances. In this section
the two main technologies that have rationalized the field of
irrigation will be presented: wireless sensor networks and the
Internet of Things.

A. Wireless Sensor Networks (WSN)

Several technologies can be integrated in the field of
irrigation such as sensor networks that constitute a set of
sensor nodes dispersed in a geographical area to monitor a
phenomenon. Each sensor node is composed of a: processing
unit, detection unit, energy unit and transmission unit. In the
field of irrigation several varieties of sensors can be used:

e Soil moisture (10SH, EC-5, ...)
e Humidity (SHT75, HS220, ...)
e Airtemperature (TDR-3A, ...)
e Soil temperature (200ss , ...)
e Light intensity (On9558, ...)
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e Carbon dioxide (GMW120, ...)

e Precipitation (Rain Bird RSD-CEx, ...)

e Wind speed and direction (CM-100 compact, ...)
e .. etc.

B. Internet of Things (1oT)

The Internet of Things is also a technology that has
rationalized several areas and not just the irrigation field. This
diversity of application areas involves the diversity of objects
connected to this network (sensor, drone, smartphone, etc.).

The number of these objects may exceed 50 billion in
2020. With the advent of the Internet of Things - the word that
was first used by Kevin Ashton in 1990- the internet is
acquiring a third dimension: in addition to the ability to
connect anytime and anywhere, it is now possible to connect
with any smart object (see Fig. 1).

There are different types of devices connected to the
Internet of things network, or which connect other objects to
the Internet such as: identification objects (bar codes, RFID
markers,), sensors, drones, UAV (Unmanned Aerial Vehicle),
smartphones and tablets (see Fig. 2.).

A
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Fig. 1. 10T, A New Dimension [17].
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C. Integration of WSN in an 1oT Network

The determination of plants water needs is based on
climatic parameters such as temperature, humidity, wind
speed, etc. These parameters are detectable by specific sensors
that are part of a WSN. These components are the basis for the
development of any irrigation management system.

In an intelligent irrigation system, WSNs can be integrated
into an 10T network, where the sensors will be hosts of the
internet and not just data collection tools.

As it is mentioned in [18], this integration is feasible by 02
approaches:

1) Proxy integration: In this approach the base station is
the only node connected to the internet, it acts as a proxy that
represents an interface between the internet and the sensor
nodes associated with it.

2) Integration by adaptation of the TCP / IP standard: In
this integration architecture, the sensor network is fully open
on the internet and the sensor nodes become real hosts of the
Internet, addressable, and having the same concessions as an
ordinary host. The projection of the TCP / IP standard as it is
on the sensor networks is almost impossible, which
necessitates adapting IP-based communication standards, and
even developing new mechanisms that are inspired by them,
and which would be alerted to the constraints of sensor
networks in the new generation of the Internet (the Internet of
Things).

V. ARCHITECTURE OF INTELLIGENT IRRIGATION
MANAGEMENT SYSTEM

Generally, an intelligent irrigation system takes place in
three levels (see Fig. 5):

A. Data Collection Level

Different Sensors can be used to collect environmental
data. In this level, We have also the possibility to use solar
energy powered sensors or solar powered sensor board such as
"Waspmote" which can support 14 different sensors [19] (see
Fig. 3).

The gateway transmits the data collected by the sensor
nodes to the controller to decide an irrigation action. For
example, if the sensed temperature or humidity is below
predefined thresholds, then activate the irrigation system. In
this regard, Zigbee 802.15.4 communication model is used. It
is the most suitable communication protocol for this type of
application. It allows the transmission of small amount of data
(environmental data) over long distances and with the minimal
possible power consumption.

The user or manager of the irrigation system can control
the irrigation process through smart phone, computer, or
tablet.
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Fig. 3. Solar Powered Sensors.
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B. Control Level

In this level, the microcontroller compares the sensed data
with predefined threshold values. If the microcontroller finds
that the sensed values are below a predefined threshold values
then the auto irrigation system will be activated, otherwise the
system stays inactive until the comparison gives the opposite
result (see Fig. 4).

The choice of threshold values depends on many factors
such as climatic conditions, soil texture, plant types, and
irrigation method.

Start

A 4
Check sensed parameters (SP)

Yes

Switch on the irrigation
| system Stop

Fig. 4. Flowchart of the Microcontroller.

C. Solar Powered Water Pumping Level

To pump water from the source to the storage tank, solar
panels must be mounted near the pump; a regulator is used to
charge a set of batteries to feed the pump at the source in order
to pump the water into the storage tank.

In this step, Different devices are necessary: Source,
pump, photovoltaic panels, motor pump-set,
mounting structures and tracking system, controller
(regulator), inverter (to change the direct current from the
solar panels into alternating current for the pump), and water
distribution system.
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Fig. 5. Intelligent Irrigation Management System Architecture.

V1. ARCHITECTURE OF INTELLIGENT IRRIGATION
MANAGEMENT SYSTEM

The use of proper method of irrigation and its control is
very important to reduce water consumption. Automation of
irrigation system by monitoring soil moistures and other crop
parameters using wireless sensor networks and the Internet of
Things is one of the most promising applications that can
provide optimal water use efficiency.

Implementation of smart systems in the irrigation field is
based on the use of a combination of sensors such as
temperature, wind speed and humidity.

Wireless communication and real time information
provided by these systems play an important role in estimating
the amount of water needed to meet the crop requirements,
especially when it became part of the Internet of Things (loT).

In this research axis, every day there are new technological
developments, so it is difficult to develop a unified system
adapted to all situations, but that does not prevent the
establishment of some basic rules for the construction of a
typical system:
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e The system must be sensitive to climate change

e The system must be able to adapt with any type of
plant and be effective during the different stages of
growth.

e The system must be reliable with any irrigation
strategy.

e The communication interface between the network and
the end user should be as simple as possible.

VII.CONCLUSION

Reduce water consumption through the use of intelligent
technologies such as wireless sensor networks and the Internet
of Things is one of the most promising applications to
automate the irrigation process.

In this proposal, the Internet of Things technology is
integrated as a communication tool, in addition to the use of
solar energy not only to pump water from the source to the
storage tank as it is already known, but also to feed the system
and deal with the problem of energy constraints of sensor
networks.

Since the system is a combination of three technologies
(sensor networks, the Internet of Things and solar energy),
therefore, it will benefit from the advantages of each
technology, to mention but a few:

e The use of real time information to adjust irrigation
strategies for any condition.

e Easy installation.

e Minimize labor and time needed to control the
irrigation process

e The system guarantees higher productivity with
efficient use of water.

e Automation of the irrigation control process by using
the detected environmental parameters

e The sun is a stable and reliable source of energy. Fuel
supply, transportation or rising operating costs are no
longer a concern.

e Solar energy is a source of clean and inexhaustible
energy.
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