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The motivation for this review paper came from the developing countries where the economy is mostly dependent on agriculture
and climate conditions. Based on current conditions and historical records, proﬁtability in production farming depends on
making a right and timely operational decision. Precision farming is a systematic program designed to maximize the productivity
of agriculture by carefully tailoring the soil and crop management to meet the speciﬁc requirements in each ﬁeld while preserving
environmental quality. This review paper highlights the development of an automated irrigation system with portable wireless
sensor networks and decision support methods to remotely measure the environmental parameters in an agriculture ﬁeld. Radio
satellite, mobile phones, sensors, internet-based communication, and microcontroller capture the ecological parameters such as
soil moisture, temperature, humidity, and light intensity. The knowledge gained from the sensors is transferred directly to the
cloud server by using IoT technology. Users from anywhere in the world can display them through an internet-enabled device.
Development of sensor-based application in modern agriculture makes it cost-eﬀective and potentially productive and increases
the eﬃciency through precision agriculture farming. Diﬀerent limitations have been reported in the previously reviewed
publications like the shortage of power in the ﬁeld that can be solved by using a solar panel that recharges the battery at the same
time using electricity. Bluetooth application in the agriculture sector is mainly improved by design system optimization. Problems
related to transmission and radio range frequency can be solved by using a power class upgraded antenna.

1. Introduction
Human civilization around the globe is preparing for a
population explosion to hit a total of 10 billion inhabitants by
2050 (United Nations, 2017). It has been estimated that global
food production must increase by least 70% over the coming
years to keep pace with this growth [1–3]. Over the years,
agricultural methods have not improved much, and farmers
still use conventional strategies based on expectations of the
crop’s nutritional needs. Delivering the same nutrient input
across the entire farm is no longer the best choice, as this leads
to heavy fertilizer and pesticide usage, unnecessary water
consumption, environmental degradation, and high

operating costs [4, 5]. Extensive irrigation consumes approximately 70% of global water [6]. The industrial and
domestic sectors account for 13% and 20%, respectively, although this variation in percentage is considerable variation
across countries. According to the Act 1947, it deﬁnes agriculture, including livestock’s breeding, dairy farming,
horticulture, seed growing, and fruit growing [7]. Agriculture
aims to utilize maximum land and increase the proﬁt. The
agricultural sector needs to adopt smarter methods of
farming. Innovative techniques in agriculture, such as precision farming techniques, help with these concerns. Precision
farming is a farm management method that uses information
technology to eﬃciently distribute resources and ensure that
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the crops and soil receive the exact nutrients needed at the
perfect time for enhanced health and productivity [8]. In
recent years, the researchers have tried to develop automated
control irrigation systems for irrigation management by using
cloud computing and IoT technology; IoT can be characterized as a network of independent objects that link and
share data remotely over the Internet [9, 10]. The gap between
supply and demand is rising and sets new challenges adding
pressure on the agriculture supply chain [11]. Traditionally
available techniques for irrigation are drip irrigation, ditch
irrigation, sprinkler systems, and terraced systems. The
standard irrigation practices are classiﬁed by demand increase
for productivity, shortage of water, and poor performance for
agriculture practice. These problems are solved by using
automated irrigation systems.
1.1. Need for Automatic Irrigation
(i) Saving energy and resources for utilizing in a precise
way.
(ii) Easily installation of the system on the ﬁeld.
(iii) To apply the right amount of water at the right time
for the sake of farmer’s easiness to control farm
irrigation and nursery.
(iv) Valves are used in automated irrigation systems to
turn on/oﬀ the motor.
(v) Pump or motor can be easily operated with a sensorbased controller and no need for any labor to
manage or monitor irrigation systems. Crop eﬃciency includes improvement in the reduction of the
overwatering from the saturated soil and avoiding
the wrong time of irrigation to save more water.
A signiﬁcant part of freshwater is consumed in the
agricultural sector due to the unavailability of cost-eﬀective
irrigation systems [12–14]. Fortunately, previous implementations of agricultural monitoring systems for irrigation
practices were riddled with problems that prevented the
progress of this sector. Previously, farm surveillance systems
comprised of a wired data collection system in which a data
transmission linked the sensor units with monitoring stations [13, 15, 16]. Rainfall and evapotranspiration is an
important factor which inﬂuences the moisture of the soil in
climatology and geography soil wetness measured by the
proportion of monthly (or annual) evaporation and precipitation. Soil moisture daily can also be calculated by the
ratio of daily evaporation and precipitation in the above
perspective from the routine weather reports precipitation is
directly accessible, and evaporation is derived from other
metrological essentials [17]. Heterogeneous systems are used
to gather information at a higher level; smart algorithms can
be organized for evaluating scientiﬁc knowledge to provide
an enhanced understanding of the ongoing processes
[18, 19]. For sensors-based irrigation, diﬀerent terminologies are used, i.e., Precision Farming, Variable Rate Technology (VRT), Smart Agriculture, Global Positioning
Service (GPS), and Site-Speciﬁc Crop Management. [20].
Nowadays, sensors can be used in the domain of human life

due to its modern technology and small size. Due to the
consequence of this technology, numerous problems associated with sensor networking are in research. Low memory,
energy constraint, and data security are some of the signiﬁcant issues of sensor networks in which diﬀerent researchers in the world are trying to solve these issues [21, 22].
This review is proposed to support aggressive water management for agricultural land. It aims to explain the diﬀerent
modern and sensor-based irrigation management techniques and track environmental parameters in the ﬁeld of
agriculture and provide warnings and information on
current conditions to ﬁeld managers while saving data for
future reference in a database, which includes information
collecting using remote sensor collection, wireless sensor
network, target controlling, and data management scheme
as shown in Figure 1. This review paper is based on sensorbased irrigation systems and modern technologies in the
previous works; this study will be helpful to new researchers
in this ﬁeld to get more knowledge and provide more up to
date and ﬁll the gap through this review study.

2. Related Work
An automatic sprinkler is a new irrigation technique of
modern agriculture, but until now, it is not entirely accepted
among the farmers. Mostly, it is practiced by the researchers
for performing the experimental studies. Wireless sensor
network (WSN) is conceived as a new concept in agricultural
applies, which encouraged many scholars to accomplish
research in this zone. Recent developments in wireless
sensor network (WSN) technologies have enabled wired
sensor systems to solve speciﬁc problems [23–26]. Recent
developments in wireless sensor network (WSN) technologies have enabled wired sensor systems to solve particular
problems [27–29]. This segment is mainly focusing on how
diﬀerent researchers used WSN systems to support agricultural practices and irrigation. Abbas et al. have developed
a smart sensor-based system for parks and gardens that
make use of diﬀerent modern sensors. In this system, the
latest soil moisture sensors are used to sense the ﬁeld
moisture as well as diﬀerent soil characteristics such as water
holding capacity [30]. The main aim of this system is to
calculate the time that is taken by the sensors to get activated
and distinguished the irrigation zone. ZigBee is used to make
a connection between sensor nodes and wireless-based
stations. This system has four signiﬁcant portions, i.e.,
control unit, water controller, security systems, and mobile
messaging unit [31]. The primary function of the water
controller is to identify the level of water in the ﬁeld and to
represent the microcontroller. Output functions of water
sensors are to switch the microcontrollers and automatically
turn on or turn oﬀ the pump mechanism. If the farm is
submerged, then the controller is automatically turned on
the pump that takes out additional water from the ﬁeld.
Security systems and password protection were used to
control unit and pumps from unauthorized access. Water is
being applied through proper network systems that involve
pipes, pumps, valves, and sprinklers. Irrigation sprinklers
can also be used for industrial, commercial, residential, and
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Figure 1: Wireless sensor network layout for the automated irrigation system.

agricultural purposes. Moreover, several studies considered
sensor-based irrigation is a modern-day irrigation activity
that is practiced in a large area under entire controlledconditions, as it could eliminate the external environmental
factors compared with the traditional irrigation activities. The
GSM sensor-based irrigation control system with a gun
sprinkler was declared in [32–34] with rain gun systems
operated with the automatic microcontroller for crops requiring a more signiﬁcant amount of water in the ﬁeld. Cell
phone applications play a fundamental part in the multiple
needs of humans. GPRS feature in the mobile phone application is used for irrigation control systems, but these systems
are not economical and cover less range of agricultural land.
The methods used GSM feature and the android app for
sending a message to farmers and notify them about overirrigation and under irrigation that causes losses, leaching the
nutrient content of soil [35, 36]. Satellite communication
schemes are widely used or prefer where topography difference is signiﬁcant, and cell phone service is not reachable
[37, 38]. Radio systems with certiﬁed power (e.g., 5–10 W)
with modems are also a good option but aﬀected by topographic hindrance. For radiofrequency, repeater stations may
become too costly when there is communication over a
signiﬁcant distance and diﬀerent topography. The central
aspect of this technology is to develop decision support
systems based on ﬁeld-speciﬁc information that exploits the
chemical or applied water concentration [39]. Lamb et al.
developed a system which is operated by photovoltaic irrigation to enhance water depletion by using temperature
sensors and moisture sensors [40].
2.1. Soil Evaporation Model [41, 42]. For proper irrigation
management, prediction of soil moisture plays a vital role.
The Penmen method was considered to get the possible
accurate results with a minimum error related with living
grass reference crop. It was observed that the pan method
would give us acceptable accuracy dependent on the position
of the land. The FAO Penman–Monteith method to measure
ET0 is shown in the following equations:

ET0 �
Δ�

0.408Δ(Rn − G) + c(900/(T + 273))μ2 (ex − eα)
,
Δ + c(1 + 0.34μ2)
4098[(0.6108)exp(17.27T/(T + 273))]
,
(T + 273.3)2

CP
−3
0 (P) � 0.665 ×(10) ,
e
P � 101.3

293 − 0.0065z 5.62
 ,
293

E0(T) � (0.6108)exp

17.27T
,
T + 273.3
(1)

where ET0 � reference evapotranspiration (mm day−1),
G � heat ﬂux density of soil [MJ m−2·day−1], μ2 � wind speed
at height of 2 m [ms−1], T �daily mean air temperature at
3 m height [°C], Rn � crop surface net radiation [MJ
M−2 day −1], ea � actual vapor pressure [kPa], es � saturated
vapor pressure [kPa], es-ea � deﬁcit saturation vapors
pressure [kPa], P � atmospheric pressure [kPa], Δ � curve of
slope vapor pressure [kPa °C−1], c � psychrometric constant
[kPa °C−1], z � elevation above sea level [m], e0 (T) � saturation vapor pressure at the air temperature T [kPa],
CP � speciﬁc heat at constant pressure, 1.013 10–3 [MJ
kg−10C−1], λ � latent heat of vaporization, 2.45[MJ kg−1],
€ � ration molecular weight of water vapor/day air � 0.622.
The soil moisture estimation is mainly depending upon
the evapotranspiration. The other most frequently used
method based on extraterrestrial radioactivity and temperature to evaluate ET0 [43]:
ET0 � 0.0023Ra

����������
Tmax + Tmin
+ 17.8 Tmax + Tmin ,
2

(2)

where ET0 � reference evapotranspiration (mm/day), Tmax
and Tmin � max. temperature and min. temperature (°C),
Ra � extraterrestrial radiation (MJm−2 day−1).
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Ritchie purposed another method for the estimation of
ET0 [44] based on solar radiation and temperature. It is
expressed as
ET0 � 13.87 × 103Rs 0.6Tmax + 0.4Tmin + 29,

(3)

where ET0 � reference evapotranspiration (mm/day); Tmax
and Tmin � maximum and minimum temperature (°C); and
Rs � solar radiation (MJm−2 day−1).
When
5 < Tmax ≤ 35° C,
°

Tmax > 35 C,
5°

Tmax < C,

α � 1.1,
α � 1.1 + 0.05 Tmax − 35,

(4)

α � 0.01EXP0.18 Tmax − 5.

An evapotranspiration measurement method was
established on neurofuzzy (NF) inference and originated
that the NF model (depended on relative humidity, solar
radioactivity, and air temperature) shows better precision
over the combination of air temperature, wind speed, and
solar radiation [45]. Soil moisture has been predicted from
the weather forecast sensors placed at the farm. The soil
moisture evaporation depends on air relative humidity, air
temperature, radiation, and temperature of the soil [46]. A
sensor-based and IoTconstructed architecture (Figure 2) has
been developed for collecting, processing, and transmitting
the diﬀerent physical parameters (air temperature, air relative humidity, soil moisture soil temperature, and radiation) of the farmland related to weather forecast information
for making eﬃcient irrigation.
The system comprises two main components, i.e.,
Wireless Information Unit (WIU) and Wireless Sensor Unit
(WSU). The sensor units have diﬀerent types of sensors to
sense the soil temperature and soil moisture, and the main
microcontroller received sensed data and optimized it.
ZigBee is used to send data to WIU. Such WSN networks
also added a small transmission spectrum and high network
costs [47–49]. Data acquisition structures are developed to
be used in environmental compliance along with greenhouses or food factories and lack of solidity to be used
outside for prolonged periods. Vishwakarma and
Choudhary developed another option for irrigation systems
operated with SMS facilities, and farmers received a text to
mobile phones. This system incessantly observes the irrigation pump and electric motor and aware the farmers by
sending an SMS to the mobile telephone representing the
accessibility of power supply to the motor. The farmer selects to
turn oﬀ and on the electric motor by sending an SMS to the
sensor-based systems that are installed on the ﬁeld, and networks can act according to the programming command as
received in SMS; the farmers are also able to set the timer
according to their need to turn oﬀ the motor automatically [50].

are followed by an interpretation, identiﬁcation, and mapping of diﬀerent agricultural resources and various water
data that are connected with forest, water bodies, villages,
roads, crop area, soil, and land types. Throughout the agricultural ﬁeld, optical or visual RS is one of the most often
exploited in remote sensing. This uses various bands, i.e.,
NIR and SWIR sensors, to collect images from Earth surfaces
by reﬂecting features from the surface of the target area [51].
Thermal sensors are often used to measure surface temperature and have detected rapid response variables to track
crop health and crop stress [52, 53]. Thermal remote sensing
is a process of monitoring radiation emitted from the surface
of the object and transmits it to temperature without creating any contact with the object. All surface objects emit
radiation above the temperature of °K or 273°C [54]. The
absorption intensity of each object depends on the temperature; the higher the temperature, the greater the intensity of the radiation. Thermal remote sensing provides us
with substantial temperature and energy transfer from the
earth’s surface, which is essential to assume the processes
and responses of the landscape [55, 56]. For many agriculture application series of airborne thermal sensors, the
satellite uses directly or indirectly, as shown in Table 1.
These remote sensing and agrometrological station data
are very useful to improve the actual crop yield estimation
and involve in the development of crop growth and yield
models. Soil moisture conditions also play a vital role in both
rainfed and irrigated conditions. Thus, monitoring the
moisture of the soil condition status using remote sensing
data would be very impressive and useful to judge the actual
crop condition in advance and provide valuable suggestions
to farmers for their pesticide application, water-saving irrigation, and postponding fertilizer.
3.1. Why Sensors in Sprinkler Irrigation. Sensors are used in
sprinkler irrigation to get information about real-time
physical and environmental characteristics, and they are also
employed to acquire feedback and have regulators over the
current situation. The sensors accumulated information to
identify the current object, people, location, and conditions
known as context [57, 58].
The agriculture sector carries numerous requirements
through sensors that are as follows:
(i)
(ii)
(iii)
(iv)

Monitoring of distributed land
Collecting soil, crop, and weather information
Multiple crops in a signal piece of land
Fertilizer and water requirement of diﬀerent irregular lands
(v) Protective solution rather than the sensitive solution

3. Remote Sensing in Modern Irrigation

Diﬀerent sensors that are mainly used to collect the data
for agricultural-related practices and acquisition for soil,
plant, and weather are discussed in Tables 2–4.

Remote sensing is the latest technique for collecting data
through diﬀerent satellite sensor technologies. This technique involves very close examination of vast land set images
and photos that are captured by aerial photographs which

3.2. Use of Sensors in Modern Irrigation. Application of
sensor is attractive in every ﬁeld of life due to the novelty of
this technology and size reduction; the ability of the sensor is
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Figure 2: The architecture of the proposed system.

Table 1: Satellite and airborne thermal infrared sensors attached to platforms.
Sensor satellite
MODIS
AATSR/
ENVISAT
ASTER
CBERS/Landsat
ABI/GOES-R
AVHRR
Airborne
Atlas
TIMS
∗

Wavelength (μm)

Waveband
(thermal)

Spatial resolution
(m)

Temporal resolution
(days)

Reference

3.66–4.55 :
8.4–14.80

20–25, 29–35

10000

1

NASA (2016B)

11.0–12.0

6-7

1000

1

8.125–11.65
14.4–12.5
10.1–13.6
3.5–3.93,
10.50–12.5

10–14
4
13–16

90
80
2000

16
26
Hourly

Llewellyn-Jones et al.
(2001)
NASA (2016a)
CBERS (2016)
GOES-R (2016)

3

1100

0.5

NOAA (2016)

8.32–12.02
8.2–12.2

10–15
6

10
50

—
—

Lo et al. (1997)
Kealy and Hook (1993)

∗

Human operated.

to measure the physical characteristics and change them in
to signal for an observer. Through speciﬁc irrigation management techniques, producers can maximize their yield by
saving a large amount of water. Site-speciﬁc irrigation
control systems are facing many challenges nowadays in

terms of designing software, uniﬁed combination of sensors,
data interface, and communication protocol [59]. Solar
panels and electric power are a signiﬁcant consideration.
Many researchers are trying to address the diﬀerent issues
related to irrigation control and interfacing sensors by using
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Table 2: Sensors used for irrigation control systems in farming domains (soil sensors).

Sensor

✓

✓

Dielectric/
permittivity
✓

✓

✓

✓

—

—

✓
✓
—
—
—
✓

✓
✓
—
—

—
✓
—
—
—
—

✓
✓
✓
✓—
—

—
✓
—
—
—
—

Temperature Moisture

Hydra probe II soil sensor
MP406 soil moisture
sensor
EC sensor (EC25)
Pogo portable soil sensor
ECRN-100 high-REC rain
ECRN-50 low-REC rain
Tipping bucket rain gage
107-L temperature sensor

—

Rain
water
✓

Conductivity

Reference

✓

http://www.stevenswater.com
http://www.ictinternational.com.
au
http://www.stevenswater.com
http://www.stevenswater.com
http://www.decagon.com
http://www.decagon.com
http://www.stevenswater.com
http://www.campbellsci.com

Table 3: Sensors used for irrigation control systems in farming domains (leaf/plant).
Sensor
Photosynthesis Moisture Hydrogen Temperature Wetness CO2
Reference
237 leaf wetness
—
✓
—
✓
✓
—
http://www.campbellsci.com
SenseH2 hydrogen
—
—
✓
—
—
http://www.ntmsensors.com
YSI 6025 chlorophyll
—
—
—
—
—
http://www.ysi.com
TT4 multisensor thermocouple
—
✓
—
✓
—
— http://www.ictinternational.com
TPS-2 portable photosynthesis
✓
✓
—
✓
✓
✓
http://www.ppsystems.com
Cl-340 handheld
✓
✓
✓
✓
✓
✓
http://www.solfranc.com
LW100 leaf wetness
—
✓
—
✓
✓
—
http://www.globalws.com
Leaf wetness sensor
—
—
—
—
—
http://www.decagon.com
Field scout (CM1000TM)
✓
—
—
—
—
—
http://www.specmeters.com
LT-2M (LTS)
—
—
—
✓
—
—
http://www.solfranc.com

™

Table 4: Sensors used for irrigation control systems in farming domains (weather).

✓
✓

Wind
speed
✓
✓

Wind
direction
✓
✓

✓

—

SHT75 (heat and temp. sensor)

✓

SHT71
XFAM-115KPASR
Cl-340 handheld photosynthesis

✓
✓
✓

Sensor
Met station one
CM-100 compact weather sensor
HMP4SC (Visalia’s HUMICAP Hchip)

Temperature

Humidity Atmospheric

Reference

✓
✓

✓
✓

http://www.stevenswater.com
http://www.stevenswater.com

—

✓

✓

http://www.campbellsci.com

—

—

✓

✓

—
—
—

—

✓
✓
✓

✓
✓
—

numerous approaches. Shen et al. developed a GSM-SMS
remote autonomous control system for the greenhouse [60],
which depends on PC-based dataset and linked with the base
station at the same time. The component of the based station
is an actuator, GSM module, sensors, and microcontroller.
The GSM module plays a vital role in the base station to send
and receive messages from central stations. Various techniques can be used to calculate the soil moisture (in the
gravimetric and volumetric forms), which are further
classiﬁed into modern and classical procedures for both
laboratory and in situ measurements. The conventional
techniques to calculate the moisture in soil include tensiometers methods, thermogravimetric, gypsum block, and
calcium carbide neutron scattering [61]. While for modern
techniques, diﬀerent latest dielectric technologies and infrared moisture balance such as heat ﬂux moisture sensors,

—

http://www.sensirion.com/
humidity
http://www.sensirion.com
http://www.pewatron.com
http://www.decagon.com

time domain reﬂectometry (TDR), capacitance and optical
method, frequency domain reﬂectometry (FDR), and
microelectromechanical systems are used [62, 63]. Radio
transmission wireless systems were used to transfer soil
moisture data from data loggers to an essential data logging
site where decisions are made and physically improved [64].
Figure 3 describes the practical approaches of the wireless
sensor network mounted on the ﬁeld. In this framework,
farmers can obtain information in real-time (soil moisture
and crop growth) through SMS facility or some android
application for their area to get better management practices
and crop yield. By utilizing this information, farmers can get
updates about the farmland and nursery and could be opined
about when and how much water is needed for irrigation
practices. Automatic irrigation systems or nursery irrigation
systems permit farmers to give or supply the right time of
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water with the right amount. This system also allows the
farm manager to maintain the moisture level concerning
time. Some studies proved that if we apply the water at the
right time and right amount, the productions can be increased up to 25% to 30% [65, 66].

3.3. Wireless Signal Communication in Irrigation Systems.
Various designs and architectures were proposed for plugand-play technology to measure the soil moisture and develop the sprinkler valve controller for site-speciﬁc irrigation
automation and management through distributed sensor
network. Wall et al. stated that data arrangement and control
management are the most eﬀective techniques to manage all
the data using low-cost microcontrollers. However, it is
challenging to set the sensing stations on the ﬁeld to connect
base stations with wires because of station maintenance,
labor cost, and considerable distance, especially more than
10 m. Wires systems are not very much feasible because
cables are damaged by farm equipment and animals. That is
why wireless networks develop grate intentions nowadays
and avoid many of these problems and provide easy replacement of broadcast stations. Diﬀerent wireless technologies are often used in much sensor-based research work,
i.e., Wi-Fi, Bluetooth, and ZigBee [68]. A detailed assessment of diﬀerent sensor-based technology is discussed in
Table 5. ZigBee wireless sensors are the low-cost and lowerpower-consumption technology that is mostly used to develop the wireless sensor network over diﬀerent techniques.
It was established in May 2003, and ISM (industrial scientiﬁc
and medical) bands are used to operate, i.e., 2.4 GHz,
globally.
For integrating sensors and actuators, there are some
control standards for RS485 (current based) and RS232
(voltage base) wireless protocol that have been widely applied and well documented in some industrial application.
Bluetooth and ZigBee (IEEE 802.11 standards) are designed

for radio frequency of cell phone applications that require
insuﬃcient data, proper network security, and long battery
life [69]. Kim et al. stated that ZigBee is a low-cost wireless
networking system with advanced features; they provide
high reliability due to its direct-sequence (DS/SS) and mesh
networking systems. ZigBee technology is cheaper and reliable than Bluetooth, and it can also be used to ensure the
integrity and to avoid interference. ZigBee not only requires
deﬁcient power than Bluetooth but can also transmit effectively over less distance (e.g., 30 m). Advanced wireless
transmitters are accessible that are operated with Bluetooth
and communicate up to 1 km. Mostly in the agriculture
sector, these types of wireless technologies are connected to
control and sense the ﬁeld condition [70, 71].

4. Description of the Data Acquisition
System for the Specific Field
A total of three sensors, including a air temperature and
humidity sensor, a light intensity sensor, and a soil moisture
sensor, were used for the assessment of any particular area to
capture four environmental parameters, namely, temperature, humidity, surrounding light intensity, and soil moisture content. The data collection method provides the
opportunity to assess the ecological conditions in the agricultural sector accurately. Also, the system’s versatility
allows additional monitors, including a pH sensor, to estimate plant nutrients, a UV sensor to determine ultraviolet
light intensity, greenhouse gases and pressure sensor to track
the ambient air composition, a rain sensor is used to detect
rainy weather, and a water level sensors used to identify
ﬂood in the region, and these are included in the system
according to client requirement. The module was used to
read the surrounding environment captured by the sensors
and process the data, and wireless communication transmits
the data to the cloud server over the network system. Vital
information from all agricultural ﬁelds was gathered and
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Table 5: Communication technologies in modern irrigation.

Parameters
Data rate power consumption
Range of frequency band
Security
Cost modulation

Bluetooth
1 Mbps medium
2.5 GHz (35–3500 ft)
64 or 128 bits
Low FHSS

ZigBee
250 kbps low
2.4 GHz (30–1.6 m)
128 bits
Low DSSS, CA/CSMA

processed on the cloud server, as shown in Figure 4. The
irrigation surveillance system established for this assessment
is cost-eﬀective and highly interactive and can be easily
adapted to any agricultural ﬁeld using the plug-and-play
technique. This system is also operated by solar energy,
rendering individual data acquisition units entirely wireless
and portable, thus eliminating the need for cabling for power
supply and data transmission, leading to reduce installation,
maintenance, and relocation costs.

Wibree
1 mbps low
2.5 GHz up to 10 ft
128 bits
Low FHSS

WIFI
13–56 high
2.5 GHz (100–150 ft)
128 bits
High CCK/DSSS, OFDM

Sensors

Microcontroller

IoT platform

User

4.1. On-Site and Functionality Analysis. The sprinkler irrigation system was designed for wheat crop for an area of 1
acre. The total area was divided into four plots, each part
consisting of a rain gun. The device has been tested to ensure
that environmental data can be collected via sensors; the
information can be transmitted to the IoT platform through
an online website. The machine has been running for a few
minutes to get several data entries. Sprinkler ﬁeld has been
divided into four plots, and soil moisture sensors have been
mounted in each location. This test was conducted to ensure
that the device can perform as required under real-world
daily usage conditions. The prototype and layout of the data
acquisition unit were switched on and staked into the
ground of the research ﬁeld, as shown in Figure 5. All four
plots were atomized by connecting them through Wi-Fi
networking. An on-site website was developed, which gives
the current soil moisture readings of all the sensors installed
in the ﬁeld and save the recorded data. Sensor stand, board
circuits, and continuous electric supply were managed using
an uninterruptible power supply.
The system was able to capture broadcast and environmental data as designed successfully. The light intensity
sensors were also closed as the water was poured into the soil
to simulate a change in environmental conditions. The
computer was able to detect these changes without any
problems, as shown in Figure 6. All tested ﬁelds were atomized once again by connecting them through a Wi-Fi
network. An on-site website was also devolved, which gives
the current soil moisture readings of all the sensors installed
in the ﬁeld and saves the recorded data. An account on Thing
Speak was also made to make graphs of the recorded data.
Sensor stand, board circuits, and continuous electric supply
were managed using an uninterruptible power supply.
Moreover, one point of contention during the prototype test
was the wireless connectivity range. As this test was carried
out by linking a prototype signal processing unit to a Wi-Fi
network established by a Wi-Fi hotspot from a cell phone,
the device would lose its connection and stop transmitting
information to the IoT platform if it moved approximately
5 m apart from the user. This problem could be overcome by

Figure 4: Block diagram of the agriculture monitoring system.

installing wireless access points (WAPs) throughout the ﬁeld
via the wireless local area network (WLAN) since this is the
primary form of wireless connectivity for the full-scale
implementation of the device. One WAP implementation
will provide an enhanced wireless network range of up to
0.5 km. This system facilitated to improve the labor eﬃciency, water productivity, and water use eﬃciency in cereal
crops (i.e., wheat and maize) and saved water about 44% in
the case of a sprinkler irrigation system. It was also concluded that 20 feet border treatment was better treatment
than other treatments as agronomic results were better for
this treatment, and cutoﬀ distance must be between 60 and
70 percent of total length. Based on wireless sensor network
systems, diﬀerent opportunities must have been created for
existing application areas that require real and remote
sensing data for observing consequences. However, these
tools have possessed many problems that must be solved for
a long-time variability of the proposed system. Diﬀerent
issues like more energy are required for operating sensors
nodes, development issues containing communication, deployment, and protocols. The problems in wireless networks
were discussed in the previous work [22, 72] and have been
addressed to a solution [73, 74]. There are some possibilities
that strong wind also creates some problem in the sensor so
there should be robust ﬁtting around the sensors to support
the nodes. The advantages and disadvantages of (WSN) in
sensor-based irrigation are discussed in Table 6.
4.2. Advantages of Automated Sprinkler Irrigation. The
primary objective of automated sprinkler irrigation is to
supply a minimum amount of irrigation water throughout
the ﬁelds. Sensor-based irrigation has a signiﬁcant potentiation to save water and increase economic eﬃciencies. The
main advantage of this system is to reduce the input cost or
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(a)
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Figure 5: On-site test for automated irrigation: (a) layout sketch; (b) solenoid valves, GSM module, and moisture sensor; (c) installed
moisture sensor.

Figure 6: On-site analysis data on IoT platform.
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Table 6: Advantages and disadvantages of wireless sensor network.

Advantages
Disadvantages
Provides dynamic navigation and easy to move and replace stations
Energy consumption for autonomous
Allows farmers to maximize their productivity during conservation of water
Limited computing power
Network data are used to manage the sensors and microcontrollers are available in less amount
Small memory and data security
The eﬀectiveness of the sensor depends on the control coordination and instrumentation data
Interference by vegetation

to increase the yield for the same input. With this irrigation
technology, the human intervention must be minimized.
With the automated technology of irrigation, human intervention can be reduced [75, 76]. Some advantages of this
innovation can be discussed as follows.
4.2.1. Water-Saving Technology. Many researchers have
been reported that the intelligence irrigation method is the
ideal possible method of accomplishing signiﬁcant water
saving [77]. Muñoz-Carpena and Dukes stated that sprinkler
irrigation with sensor applications could improved the water
eﬃciency up to 80–90% as against 40–45% in the surface
irrigation method [78]. Blomquist et al. [62] concluded that
16% of water could be saved in this irrigation practice.
4.2.2. System Cost. The irrigation system is developed with
the module design, which helped a lot to reduce the cost. The
wireless sensor node and actuator node were about 30 US
dollars, and the portable controller was around $100. The
total cost to build up a wireless ﬁeld irrigation system
depended on the planting area, and for a case of 5000 m2, it
was approximately $500 in terms of hardware cost.
4.2.3. Proﬁt and Yield. Proper timing of irrigation is stated
to be a critical factor in production while delaying irrigation
can result in losses of between US$ 62/ha and US$ 300/ha.
[79]. El-Kader and El-Basioni conducted an experiment on
[67] potato yield measured in Egypt using sensor-based
network technology. It has been conﬁrmed that yields have
improved, and a loss of 2 billion pounds has been recovered
in a year. Due to these reasons, the quality of water used is
reduced and the distribution of water is not optimized.
Farmers irrigate their ﬁelds based on their traditional information without worrying about soil moisture levels, soil
quality, crop water requirements, and weather forecasting.
4.3. Control Options of Sprinkler Mechanism. During irrigation, the event control system is responsible for regulating
the speed of sprinkler systems multiple times and also moves
the sprinkler position at 360° of the ﬁeld, where the rate will
be changed and decision about more lees or no irrigation
water is taken. This phenomenon would be used where
diﬀerent crops are planted in the same ﬁeld [80, 81]. A series
of the on-oﬀ cycle can be used to accomplish the water depth
application for the individual sprinkler control system
[82, 83]. Adjusting the traveling speed of the center pivot
sprinkler system is the most basic method to measure the
water depth against ﬁeld topographic, soil condition, and
diﬀerent crops. The primary function of center pivot systems

is to irrigate the land from one point in a circle and work on
the diﬀerent topography regions having a range in soil
textures present under a single machine. So that these factors
are the main reasons to use the controller to manage the
water application in the ﬁeld based upon the need. Sitespeciﬁc irrigation and variable rate irrigation are the main
terms that describe the water applications devises in order to
maximize the yield and economical value for irrigation water
applied through diﬀerent moving systems [84, 85]. Chavez
et al. reported that, for better performance of remote irrigation systems, control and monitoring systems are ﬁxed on
two diﬀerent lined moves. A series of in-ﬁeld and onboard
wireless sensor networks are used to verify the precision
irrigation systems with high accuracy. Separate nozzle
regulators were pounded according to sanction maps
[86, 87]. Various manifolds attached with diﬀerent sizes of
sprinkler nozzles should be used for accomplishing and
controlling irrigation water application depth to ﬂuctuate
water and nitrogen application [88, 89]. Usually, open solenoids were attached with systems to allow the insurance to
supply the irrigation water even when control systems failed.
For controlling irrigation water application, a variable ﬂow
sprinkler was developed by King and Kincaid [90] and Liu
et al. [91]. It used the activated pin, which is operated
mechanically to regulate the oriﬁce area of nozzle and
mainly it depends on operating pressure, and the ﬂow rate of
the sprinkler is adjusted within the range of 35% to 100%.
Hydraulic or electric actuators were used to control the pin.
The main problem is that the droplet size distribution and
the wetted pattern are changed with ﬂow rate and create a
uniformity issue with overlapping of the sprinkler pattern
[92, 93]. 2-3 manifolds were used in these systems, which
serve to maintain the depth of water and water application
rate.

5. Summary and Conclusion
The objective of this research work was to highlight the
development of improved agricultural monitoring systems
that address problems of existing plans, including price,
availability, and outdoor accessibility. A simple, low-cost,
sustainable agricultural control system that is extremely
customizable and reliable for outdoor use, self-powered to
reduce the need for long power supply cables, while providing better functionality that helps to reduce the agricultural burden and promotes crop yields and income, has
been developed. In semiarid regions of emerging countries,
small farmers and marginal farmers (who have land b/w 4
and 6 hectares) are facing many problems regarding powered irrigation. Most of the time, they are relying on seasonal
precipitation for their productivity. The data analysis unit
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composed of sensors and integrated circuits may successfully capture the physiological conditions such as temperature, humidity, light density, and soil water content. These
data are vital for ﬁeld managers to manage resources, develop predictive crop growth models, and automate farm
machinery. This contributes to successful agriculture activities, and resource use decreased the operational costs and
workloads and increased the crop productivity. The WSN
system built in this study oﬀers an enhanced monitoring
range. The intelligent sensor-based irrigation system work
has been discussed in this review paper, controlling the
diﬀerent irrigation management practices by sensing different agriculture parameters such as soil moisture, soil pH,
humidity, and temperature. These systems allow farmers to
monitor and control their farmland with user friendly
mobile applications. The sensor-based irrigation protects
water pumps against any harmful damages by controlling
and monitoring water pressure and input voltage. Demands
for sensor-based irrigation increase day by day and have a
substantial future scope. It is time-saving and also removes
the human error by controlling soil moisture levels. The
development of sensor-based applications in agriculture
makes it possible to increase the productivity, eﬃciency, and
proﬁtability through precision agriculture farming.
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