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Precision agriculture is now essential in today’s world, especially for countries with limited water resources, fertile land, and
enormous population. Smart irrigation systems can help countries efficiently utilize fresh water and use the excess water for barren
lands. Smart water management platform (SWAMP) is an IoT-based smart irrigation project designed for efficient freshwater
utilization in agriculture.+e primary aim of SWAMP is to auto manage water reserves, distribution, and consumption of various
levels, avoid over-irrigation and under-irrigation problems, and auto manage time to maximize production. +is research
proposed an energy-efficient water management platform (EEWMP), an improved version of SWAMP. EEWMP is an IoT-based
smart irrigation system that uses field-deployed sensors, sinks, fusion centres, and open-source clouds. Both models’ performance
is evaluated in energy consumption, network stability period, packet sent to destination, and packet delivery ratio. +e ex-
perimental results show that EEWMP consumes 30% less energy and increases network stability twice than SWAMP. EEWMP can
be used in different irrigation models such as drip irrigation, sprinkler irrigation, surface irrigation, and lateral move irrigation
with subtle alterations. Moreover, it can also be used in small farms of third-world countries with their existing communication
infrastructures such as 2G or 3G.

1. Introduction

Water is an essential need for living things, and agriculture is
the largest consumer of fresh water in the world with 70%
consumption [1]. According to the researchers, the pop-
ulation growth has estimated to meet 10 billion in the
twenty-first century. +is rapid growth of population may
create many demands and challenges for freshwater [2, 3].
+erefore, smart water management systems are essential to
meet future demands of fresh water and food security. +e
irrigation system plays an essential role in crop yield as over-
irrigation and under-irrigation may significantly affect
productivity and result in power and water wastage [4].
Precision irrigation, on the other hand, is an intelligent
method that can be used to avoid the wastage of power and
water while increasing productivity.

Internet of +ings (IoT) is a system of physical objects
(appliances with software and sensors, data centres, and
machines) whose purpose is to collect and exchange data
with each other over the Internet [5]. IoT’s primary purpose
is to increase machine-to-machine communication and take
optimal decisions according to the situations but with less
human interaction [6]. +e invention and involvement of
IoT revolutionized different processes are involved in many
domains such as home security, equipment manufacturing,
health monitoring, automated transportation, and especially
agriculture [7]. In modern agriculture, the IoT is efficiently
utilized in many subdomains such as precision farming [8],
smart crop monitoring [9], soil quality [10], smart irrigation
systems [11, 12], and many others.

For precision agriculture, a smart irrigation system is an
essential requisite. +e smart irrigation decision support
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system (SIDSS) is a novel technique that uses field
deployed sensors to detect soil characteristics, weather
and climate conditions, and crop conditions for irrigation
[13]. In this regard, Kamienski et al. proposed an IoT-
based smart water management platform (SWAMP) in-
telligent irrigation system [1, 14]. SWAMP is one of the
best available IoT-based irrigation systems that use
SPARQL-based [15] semantic reasoning features and
open-source cloud-based IoT platform FIWARE [16, 17].
+e SWAMP architecture comprises five different layers,
including the device communication layer, acquisition
security management layer, data management layer, water
(irrigation) distribution layer, and water application
services layer. In SWAMP, water management is further
divided into three phases, i.e., reserve water, distribution,
and consumption. Initially, SWAMP was implemented in
Brazil and Europe at pilot project and produced prom-
ising results.

SWAMP is a big project and a combination of different
technologies such as sensors, semantic computing, cloud
services, communication protocols, drones, IoT, and many
others [1, 14]. However, many inherited issues are not
addressed, whichmay affect the SWAMP project’s efficiency.
One of the main issues in the SWAMP project is related to
sensors’ energy consumptions as they send continuous/re-
dundant reports. An energy-aware, efficient sensor com-
munication model will increase the sensors’ lifetime and
reduce the project’s cost.

+is research aims to improve the SWAMP system’s
performance by proposing energy-efficient utilization
techniques for different sensors (soil moisture, temperature,
and water level measuring sensors). +erefore, in this re-
search, we proposed an energy-efficient water management
platform (EEWMP) with reduced redundant data strategies.
+e experimental results show that EEWMP consumes 30%
less energy and increases network stability twice than
SWAMP. Similarly, due to increased network stability time,
the destination’s packets were 1.5 times more in EEWMP
than SWAMP.

In Section 2, we introduce the SWAMP project briefly. In
Section 3, we present a review of the latest literature on
intelligent irrigation systems. In Sections 4 and 5, we discuss
our proposed EEWMP model with its components and
working. +e methodology is discussed in Section 6. While
in Sections 7 and 8, we discussed the results and conclusions
with future work, respectively.

2. SWAMP Project

SWAMP is a collaborative project developed for intelligent
irrigation and efficient freshwater utilization in agriculture
[1, 14]. +e primary aim of SWAMP is to auto manage water
reserves, distribution, and consumption of various levels,
avoid over-irrigation and under-irrigation problems, and
auto manage time to maximize production. +e proposed
SWAMP architecture is divided into five layers where each
layer is dedicated to a specific responsibility, and each layer
communicates with other layers using RDF [18], NGSI, or
NGSI-LD [19] protocols.

+e first layer of SWAMP architecture is called the
device and communication layer, where different types of
sensors are deployed in the field to acquire various types of
information such as moisture and temperature. +e infor-
mation is collected from sensors using drones. +e second
layer is called data acquisition, security, and management
layer, responsible for data acquisition and management. +e
third layer is called a data management layer responsible for
data storage, processing, and distribution. +is layer also
uses semantic computing engines to process the data for the
next layer. +e fourth layer is called the water irrigation and
distribution model layer, in which different types of tradi-
tional agriculture irrigation models are used to estimate the
water need. +e last layer of the SWAMPmodel is called the
water application services layer, where the water is irrigated
according to the need based on the data collected previously.

3. Literature Review

Channe et al. proposed an IoT-based multidisciplinary
model for precision agriculture [20]. +ey proposed various
applications of their model such as online agriculture data
analysis, agricultural cloud, agribusiness, soil and weather
analysis and predictions, and mobile app for farmers,
vendors, and government representatives. +ey aimed to
improve the crop production process with updated infor-
mation about fertilizer utilization, soil analysis, and future
need predations. In 2017, FIGARO (Flexible and precIse
irriGation plAtform to improve faRm scale water prO-
ductivity) project was started. +e FIGARO project is a
decision support system proposed to manage freshwater
irrigation and improve production. +ey used different
sensors, software, and cloud and involved field experts for
optimal decisions [21]. Popovic et al. presented a case study
on IoT-based precision agriculture platforms that use dif-
ferent sensors, IoT protocols, and analytic tools for ecology
monitoring and precision agriculture [22]. Similarly,
Kamilaris et al. proposed a SWAMP [1, 14] like a theoretical
framework for IoT-enabled smart farming that facilitates
farmers by providing accurate information based on se-
mantic reasoning and real-time stream processing for de-
cision-making [23].

Jaiganesh et al. proposed an IoT-based elegant farming
model that uses mobile devices, information processing
systems, and cloud services. +ey also proposed an agri-
culture cloud (Agro Cloud) module to collect, process, and
store the data [24]. Li et al. proposed an IoT-based green-
house management system that uses various android ap-
plications, sensors, communication protocols, and different
hardware. +eir proposed system offers general control
functions such as temperature, humidity, and light adjust-
ment functions. Furthermore, the system also offers various
monitoring functions and weather forecasting functions
[25]. Kiani and Seyyedabbasi proposed a sensor and IoT-
based small farm monitoring system that monitors the
temperature, humidity, and soil moisture to efficiently
schedule the irrigation, harvesting, and cultivation plan [26].
Nurellari and Srivastava implemented an energy-efficient
agriculture field monitoring system using IoT-enabled
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wireless sensors network. +e system provides moisture,
salinity, and soil temperature information to the farmers
[27].

Karpagam et al. [28] proposed the IoT-enabled intelli-
gent irrigation system for efficient water management and
distribution. +eir system monitors the water level in the
field and supplies the water according to the need auto-
matically with minimal human effort. Similarly, Gupta et al.
[29] proposed an IoT-based intelligent irrigation system
with a flood prevention system. +ey proposed a water level
analysis system using well-maintained databases that mea-
sure the amount of rainfall and humidity level and predict
future threats.

4. Energy-Efficient Water Management
Platform (EEWMP)

+e proposed energy-efficient water management platform
(EEWMP) model is comprised of various sensors, compu-
tational devices, and services. +e architecture of the pro-
posed EEWMP is illustrated in Figure 1. +e details of the
proposed EEWMP system and architecture are discussed as
follows.

4.1. Field Sensors. +e sensor is a hardware device which is
capable of collecting sensory information, processing it, and
sending it to the base station using various communication
technologies. In this research, we used three types of field
sensors in the field, including soil moisture sensor, tem-
perature sensor, and water level sensor, to collect the field
data. +is data of soil moisture, temperature, and the water
level are then used in decision-making regarding irrigation.
For experimentation, we used generic sensors available in
Matlab.

4.2. In-Field Sink. +e sink node’s primary duty in wireless
sensor network (WSN) is to collect the data from the sensors
deployed in the vicinity using various strategies and con-
serve the nodes’ energy by reducing communication traffic.
In the EEEMP model, an in-field sink node is deployed to
gather the whole field’s data and send it to the outer sink. For
experimentation, we used generic sensors available in
Matlab.

4.3. Outer Sink and Fusion Centre. +e outer sink node is
used to collect the in-field sinks’ data and then provide it to
the embedded fusion centre. Fusion centre is a computa-
tional device precisely programmed for sharing information
with the intellectual ability to remove redundant and empty
data. +e fusion centre’s primary purpose is to reduce the
communication traffic and conserve the energy consumed in
various communication and computational tasks.

4.4. IoT Service Cloud. An IoT (Internet of +ings) service
cloud is an online service provided by different companies
for different IoT-based services such as storage, processing,
built-in and custom-built application to manage the data,

and device management. Moreover, these clouds can also be
accessible with desktops and handheld devices to get noti-
fications and control devices. Several open-source and free
IoT services are available such as FIWARE [30], Amazon,
Microsoft, and Google’s Cloud IoT [31]. In this research, the
open-source cloud is used to reduce the cost. +e provider
cloud is used for registration/identification having a data-
base used to save user data when the network is offline due to
some reasons. +e registration section is used to register the
new client/end-user; identification is used to identify the
end-user either the user has registered or not. All these
devices of the provider cloud are connected to IoT
connectivity.

4.5. Valves Controller. Valves controller is essential hard-
ware used to control all the water values in the vicinity.
Valves controller is IoT-enabled hardware connected with
the IoT cloud to send the on/off signals to the small water
channel valves according to the algorithm or user command.

4.6. Valve. Each farm is connected with the water canal
through small water channels. Each small channel has an
IoT-enabled valve used to control the water flow in the field
when irrigation is needed. Each valve is connected with the
valves controller.

4.7. User Connectivity. +e user connectivity module is
another important module of the whole proposed system.
+e user connectivity module is responsible for sending the
notifications to the users regarding the farms’ events and
taking instructions from the users in response.+e users can
send and receive the information and commands using
emails or cell phone applications.

5. Working of EEWMP

In the proposed energy-efficient water management plat-
form (EEWMP) model, we introduced an in-field sink node
whose duty is to collect the data from the sensors deployed in
the field and thus save their energy. Moreover, the fusion
centre can also reduce the communication traffic and can
effectively conserve energy. In this section, we discuss the
working of the EEWMP with the threshold value of different
employed sensors.

Initially, all sensors are deployed in the 100-meter area
with 10 meters distance and 10 to 15 cm depth with plant
roots. One in-field sink node is deployed for each field to
gather data from the deployed field sensors and send it to the
outer sink. +e outer sink node is embedded with fusion
centre, responsible for filtering out the redundant and empty
data and sending the clean data to the IoTservice cloud. +e
IoT service cloud provides a device registration/identifica-
tion process and application to manage and process the
collected data. +is application is also responsible for
sending notifications to control the channel valves to auto
start or stop the water if the irrigation is needed based on the
collected data.
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+e threshold values of soil moisture for optimal field
capacity are between 10% and 60%. When soil moisture is
greater than 10%, the valves release water to the field until
the moisture level reaches 60%. +e sensors will keep on the
soil moisture level to the IoT cloud for further processing
(Algorithm 1).

In the case of temperature sensors, there are three
threshold values for three different temperature ranges. If
the temperature is less than 15°C, the water valve is pro-
grammed to release 3mm to 4mm water. If the temperature
is between 15°C to 25°C, the water valve is programmed to
release 5mm to 6mm water. Moreover, if the temperature is
more than 25°C, the water valve is programmed to release
7mm to 8mm water (Algorithm 2).

+e threshold of the water level sensor is based on two
values: water level and tension test. Tension tests are used to
check the soil moisture. If the water level is greater than or
equal to 50% and the tension test value is greater than or
equal to 20 cb (Centibar), the measure to expel additional
water is taken. When the water level is less than or equal to
40% and the tension test value is less than or equal to 50 cb,
the valves are instructed to release water in the field
(Algorithm 3).

6. Methodology

In this research, the proposed EEWMPmodel’s performance
is evaluated and compared with the SWAMP model. Both
the systems are implemented and simulated in theMATLAB
2019a tool. We considered 100 nodes scenario deployed in
400× 400 meters field and sink nodes at 200× 200 meters for
experimentation. +e details of the nodes energies for dif-
ferent tasks and points are given in Table 1. Both models’
performance is evaluated using energy consumption, net-
work stability period, packet sent to destination, and packet
delivery ratio.

7. Results and Discussion

In this research, we proposed an IoT-based smart and en-
ergy-efficient irrigation system, EEWMP. +e proposed
EEWMP system’s performance is compared with the
SWAMP model using simulation conducted in a MATLAB
environment. +e models’ performance is evaluated in
energy consumption, network stability period, packet sent to
destination, and packet delivery ratio. In this section, we
discuss the results of the experiments.

With the introduction of sink nodes in the proposed
EEWMP model, the network energy consumption is ef-
fectively reduced compared with the SWAMPmodel. Due to
the efficient utilization of the nodes’ energy, the proposed
EEWMP model’s network lifetime also increased compared
with the SWAMP model. According to the results, after 250
seconds, both EEWMP and SWAMP networks utilized 8%
energy. However, at 500 seconds, SWAMP utilized 35%
energy whereas EEWMP utilized 30% energy, which is 5%
less than SWAMP. Similarly, at 750 seconds, SWAMP
utilized 69% energy, whereas EEWMP utilized 50% energy.
At 1100 seconds, the SWAMP network is entirely exhausted,
whereas EEWMP has more than 30% energy left at the same
time. EEWMP network is completely exhausted at
2200 seconds, which is twice that of SWAMP. +e energy
consumption of the whole network in both models is il-
lustrated in Table 2 and Figure 2.

Similarly, in network stability, the EEWMPmodel nodes
are more stable than those in the SWAMPmodel.+e results
show that after 250 seconds, the number of alive nodes in the
SWAMP model was 92, whereas the number of alive nodes
in the EEWMP model was 93. Similarly, at 500 seconds, the
number of alive nodes was 65 and 70 in SWAMP and
EEWMP models. At 1000 seconds, the number of alive
nodes in SWAMP was nine, but at the same time, the
number of alive nodes in EEWMP was 36. Table 3 illustrates

Valve
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and outer sinkIn-field sink In-field sink

Sensors
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User

Internet IoT service cloud

Device
Registration and

identification
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Water channel

Water canal

Valves controller Water channel

Valve

Figure 1: Architecture of proposed energy-efficient water management platform (EEWMP).
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the number of alive nodes at different times in both models.
+e network stability period of both models is plotted in
Figure 3.

In terms of the packet sent to the destination and packet
delivery ratio, the EEWMP was more efficient and active

than the SWAMP. According to the results (illustrated in
Table 4), after 250 seconds, the total number of packets sent
in the EEWMP scenario was 4900, whereas the total number
of packets sent in the SWAMP scenario was 2500. +e
SWAMP model nodes were exhausted at 1100 seconds, and

Set time period P
Initialize:

Monitor soil moisture SM (periodically P)
If SM< 10%

Open water valve for period P
GOTO Initialize

If SM> 60%

Close water valve
GOTO Initialize

ALGORITHM 1: Algorithm for soil moisture.

Set time period P
Initialize:

Monitor temperature temp (periodically P)
If Temp< 15°C

Step 1: monitor water level WL ()

If WL< 4mm

Open water valve for period P
GOTO Step 1

If WL> 4mm

Close water valve
GOTO Initialize

If Temp≥ 15°C and Temp< 25°C

Step 2: monitor water level WL ()

If WL< 6mm

Open water valve for period P
GOTO Step 2

If WL> 6mm

Close water valve
GOTO Initialize

If Temp> 25°C

Step 3: monitor water level WL ()

If WL< 8mm

Open water valve for period P
GOTO Step 3

If WL> 8mm

Close water valve
GOTO Initialize

ALGORITHM 2: Algorithm for soil temperature.
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at the end of the simulation (2500 seconds), the EEWMP
model nodes sent 11500 more packets than the SWAMP
model. Figure 4 shows the packets sent to the destination in
both models.

Similarly, the packet delivery ratio in the EEWMPmodel
was found much better than the SWAMP model due to the
in-field sinks and fusion centre. In the initial stages of the
simulation, the packet delivery ratio of SWAMP was slightly
better than EEWMP; however, after 750 seconds, the packet
delivery ratio of the EEWMP became better. +e packet
delivery ratio of both the models is illustrated in Table 5 and
plotted in Figure 5.

Overall, the performance of the EEWMP is found better
compared with the network model of SWAMP in terms of
energy consumption, network stability period, packet sent to
destination, and packet delivery ratio. +e EEWMP model
nodes consume a small amount of energy due to sink nodes
and fusion centre, helping them survive more. Similarly, the
extended lifetime of the node also increases the packet
creation and delivery ratio. Furthermore, the network’s life

Set time period P
Initialize:

Monitor soil moisture SM (periodically P)
Monitor tension test TT()
If SM< 40% and TT> 50 cb (Centibar)

Open water valve for period P
GOTO Initialize

If SM> 40% and TT> 20 cb

Close water valve
GOTO Initialize

ALGORITHM 3: Algorithm for water level and tension test.

Table 1: Simulations parameters.

Parameters Values
Range of network 400× 400m2

Location of sink 200× 200m2

Number of nodes 100
Initial energy deployed to nodes 0.5 joules
Transmission energy per node 50 (nano jule) nJ/bit/m2

Receiver energy per node 50 nJ/bit/m2

Free space energy 10 pico-joule (pJ)
Amplification energy 0.0013 nJ/bit/m2

Data aggregation energy 5 pJ/bit
Maximum no. of rounds 2500

Table 2: Energy consumption of the whole scenario in percentage.

Model
Time (sec)

250 500 750 1000 1250 1500 1750 2000 2250
EEWMP (energy consumption in %) 8% 30% 50% 64% 70% 79% 92% 97% 100%
SWAMP (energy consumption in %) 8% 35% 69% 91% 100% 100% 100% 100% 100%
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Figure 2: Energy consumption.
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Figure 3: Stability period.

Table 3: Stability period.

Model
Time (sec)

250 500 750 1000 1250 1500 1750 2000 2250
EEWMP (alive nodes) 93 70 50 36 30 21 8 3 0
SWAMP (alive nodes) 92 65 31 9 0 0 0 0 0

Table 4: Packets sent to destinations.

Model
Time (sec)

250 500 750 1000 1250 1500 1750 2000 2250
EEWMP 4900 9000 11900 14000 15600 17000 17900 18500 18500
SWAMP 2500 4400 5700 6700 7000 7000 7000 7000 7000
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Figure 4: Packets sent to destinations.

Scientific Programming 7



can be further improved to find the optimized data sending
frequency for nodes.

8. Conclusions and Future Work

+e smart irrigation system is one of the essential needs for
precision agriculture in the current time as we cannot afford
fresh water wastage. IoT-based smart irrigation systems use
field deployed sensors to detect soil characteristics, weather
and climate conditions, and crop conditions for irrigation.
SWAMP is a collaborative project developed for smart ir-
rigation and efficient freshwater utilization in agriculture.
+e primary aim of SWAMP is to auto manage water re-
serves, distribution, and consumption of various levels,
avoid over-irrigation and under-irrigation problems, and
auto manage time to maximize production. +is research
improved the SWAMP network’s performance by intro-
ducing an in-field sink and fusion centre use of open-source
cloud to reduce costs. We called our improved model as
energy-efficient water management platform (EEWMP). In
the proposed EEWMP, the in-field sink node collects the
data from the field’s sensors and sends it to the fusion centre.
+e fusion centre aggregates the data and removes redun-
dant information, thus reducing communication traffic and
energy consumption. +e results show that the performance
of the EEWMP is found better compared with the network
model of SWAMP in terms of energy consumption, network
stability period, packet sent to destination, and packet de-
livery ratio. It was found that EEWMP consumes 30% less

energy and increases network stability time twice as com-
pared with SWAMP. Similarly, due to increased network
stability time, the destination’s packets were 1.5 times more
in EEWMP than SWAMP.

Based on the simulation results, it is safe to conclude that
the introduction of sink nodes and fusion centre enhances
the network performance in terms of data generation and
energy consumption. EEWMP can be used in different ir-
rigation models such as drip irrigation, sprinkler irrigation,
surface irrigation, and lateral move irrigation with subtle
alterations. Moreover, it can also be used in small farms of
third-world countries with their existing communication
infrastructures such as 2G or 3G.

Precision agriculture is now essential in today’s world,
especially for countries with limited water resources, fertile
land, and enormous population. Smart irrigation systems
can help countries efficiently utilize fresh water and use the
excess water for barren lands. In the future, we are interested
in developing smart irrigation models for other irrigation
systems, drip and sprinkler. We are also interested in uti-
lizing other sensors to make smart irrigation models and
algorithms for different soil types such as gravel, silt, loam,
sand, and barren land.
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