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ABSTRACT

Saudi Arabia is one of the countries that suffer from the scarcity of water resources in the world. Due to the misuse
of water resources, some sectors of our country face the danger of droughts. One such is agriculture. Plants require
enough water resources to grow healthy and be fecund. Most previous researchers have focused on how to water plants
depending on the time without checking whether the plants need watering or not. With the evolution of information
technology, the Internet of Things (IoT) is one new technology, which can assist our country to reduce the overall impact
of wrong water management in the agricultural sector. In this research, we focused on developing a smart irrigation
control system (SICS) that only waters the plants when they need it, and can determine the exact amount of water con-
sumed after each irrigation process. This system aims to help the homeowner by facilitating the process of watering the

garden without involving any manpower.
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Home gardens play an important role and contribute
significantly to giving an aesthetic and cultural appear-
ance to the home. Studies have proven that just look-
ing at plants will improve heart activity, muscle tension,
blood pressure, and electrical brain activity. In addition,
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through colors and textures, a homeowner can feel calm,
happy and satisfied (Siswazah, 2012). Furthermore,
plants have evolved to be a form of treatment for the
soul and body (Siswazah, 2012). One of the most impor-
tant benefits of the home garden is increasing income,
if it is exploited in a perfect and correct way. It gives
homeowners immediate access to fresh fruit and vegeta-
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bles, therefore, they do not need to visit a grocery store
or farmers market to buy them. Water and irrigation are
vital factors for preserving the home garden’s success.
Currently, water availability and irrigation management
are challenges in the agricultural sector, especially in
the Kingdom of Saudi Arabia. Saudi Arabia is located
in one of the driest and hottest regions in the world.
Furthermore, Saudi Arabia lacks permanent rivers and
surface water. In addition, it suffers from climatologi-
cal conditions, which are not environmentally ideal
for agriculture (Roy € Ansari, 2014). Thus, to schedule
irrigation properly, a homeowner must be aware of the
environmental demands for surface water, which causes
watering losses and consumes a lot of time and effort
when processed manually.

Irrigation has been defined as “replenishment of soil
water storage in plant root zone through methods other
than natural precipitation” (Baig, et al., 2012). It began
almost simultaneously in Egypt and Mesopotamia using
the Nile river and Tigris and Euphrates rivers (Alkolibi,
2002). Irrigation is important in maintaining the land-
scape and reducing the effect of inadequate rainfall
(Buechley €t Hill, 2010). There are two kinds of irriga-
tion: manual and automatic. Manual irrigation refers
to a system that has the ability to water plants with
human intervention and without technical equipment.
Automatic irrigation is defined as a system that has the
ability to water plants without human intervention and
with technical equipments, (Li, et al., 2015 Javed 2016.,
Chandak et al., 2017).

Irrigation has been an important factor in agriculture
since old times, where people used flooding rivers and
tides to irrigate the plants. With the rapid growth of the
population and the evolution of culture, these resources
are no longer sufficient to meet the needs of human
communities. Thus, they started to develop other irriga-
tion methods that are based on enhanced techniques.
With the evolution of information technology, the Inter-
net of Things (IoT) is found in every industry with a
variety of applications, one such is irrigation.

The IoT is defined as a technology that is used to
connect things or objects with each other and allows
the objects to collect and exchange data. The things or
objects can be instruments, Radio-Frequency Identifica-
tion (RFID) tags, cars, homes, sensors, and various arti-
ficial intelligence tools (Javed, 2016; Melorose, et al.,
2015). The Internet of Things semantically means, “A
worldwide network of interconnected objects uniquely
addressable, based on standard communication proto-
cols” (Melorose, et al., 2015). Many people think that
the term “Internet of Things” refers to a new technology,
however, the concept of IoT was developed from M2M
communication (machine-to-machine communication),
which was first used in telecommunications in 1999 by

Kevin Ashton (Javed, 2016; Yao, et al., 2010). Currently,
the IoT is widely used in various fields from remote
health management, alarm systems, transportation sys-
tems, and home automation, to smart cities and indus-
trial IoT (Javed, 2016). One of the most important fields
that utilize the IoT is agriculture, where it is used to con-
nect objects with each other to water crops remotely in
order to save time and effort (Yao, et al., 2010).

The purpose of this work is to develop a cost-effec-
tive Smart Irrigation Control System (SICS) to manage
and organize water consumption, improving the effec-
tiveness of soil protection by monitoring soil moisture.

The remainder of this paper is organized as follows. In
Section 2, we present an overview of the previous works
related to solving the problem of irrigation systems.
Section 3 describes the proposed methodology. Section
4 discusses how SICS was implemented. Section 5 pro-
vides a detailed description of the proposed approach
and experimental results. Finally, Section 6 concludes
this paper and discusses potential future work.

RELATED WORK

A review of the literature shows that many studies have
been conducted in the field of irrigation systems. Those
studies were conducted using different approaches in
order to provide more efficient and appropriate solutions
to the irrigation problem. These approaches are: data Min-
ing and multidisciplinary. The taxonomy below shows the
classification we will follow in our review of the literature.

A. Data Mining Approach

The authors in (Yao, et al., 2010: Chen €& Yue, 2011) aimed
to apply the data mining algorithm Fuzzy Neural Net-
work (FNN) to the irrigation system to determine the exact
quantity of water required by different crops. FNN consists
of fuzzy logic, which is used to provide thinking based on
fuzzy rules for the neural network, and a neural network,
which is used to provide a connection structure and learn-

Singh,5.et al
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FIGURE 1. Taxonomy of Irrigation System
Approaches

540

SMART IRRIGATION CONTROL SYSTEM USING INTERNET OF THINGS

Bioscience BioTECHNOLOGY RESEARCH COMMUNICATIONS



ing capability for fuzzy logic. The irrigation system works
as follows: first, the system collects information about
water and transmits this to a processing unit through the
sensors. This information is then divided into ‘hunger’
and ‘thirst rate’ and transmitted to the fuzzy controller.
The neural network performs self-learning on the results
and specifies the water needs of the crops. The system has
achieved high levels of success in determining the exact
water needs of crops.

Chandak and Student (2017), have designed and
developed a smart farming system based on data min-
ing clustering techniques. The motive behind this study
was to provide a better solution for growers to achieve
high productivity. The data was gained from various
resources such as satellite information, the internet, and
soil testing reports. A clustering algorithm was used to
partition the dataset into homogeneous groups based on
similarities and dissimilarities, and decisions are based
on awareness of weather changes. The use of this system
was found to be effective at increasing the productivity
of fields. Another study by (Suzuki, et al., 2013) focused
on how to help novice users irrigate plants correctly. The
authors proposed an agricultural cloud support system
based on support vector machine (SVM), whereby data
was collected for a week using different sensors: tem-
perature, humidity, soil moisture, and sensing time. The
data gained from the sensors was collected for six days
for training phase and one day for testing phase. Then,
SVM was applied for decision-making.

B. Multidisciplinary Approach

Lad.et al (2014) designed automated embedded systems
and distributed them to different farms before develop-
ing a Controller Area Network (CAN) to connect these
systems in order to improve the productivity of each
crop. This system achieved a high level of success for
establishing communication between data in distributed
nodes. Singh, et al., (2016) proposed a system that can
be used to monitor greenhouses in India. The system
depends on wireless sensor network, which is used to
transfer, control and monitor greenhouses. It used Yuk-
tix 10T and CDAU (central data acquisition unit) to
observe the internal conditions of greenhouses locally
and remotely. Yuktix cloud was used, via a web- and
android-based application, to store data and use it for
deep analysis, such as statistics regarding the mean tem-
perature and humidity throughout the year. This system
showed the ability to monitor the greenhouse remotely
with some limitations that require improvements.
Kabilan & Senthamil Selvi, (2016) developed an irri-
gation system that is based on IoT techniques. First,
a database was created with attributes acquired from
images of the plant and the soil, including training sam-
ples related to moisture content, plant leaf condition,
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soil type, temperature, humidity level and the amount
of water flow required. Second, Fisher’s linear discrimi-
nant analysis (LDA) was used to retrieve the soil images
and color of the plants, which can accurately determine
the water requirements. A classification algorithm called
transductive support vector machine (TSVM) was then
applied for classification and quantification. Finally,
with this system, the necessary irrigation level of the
plants can be specified, and the water supply can be
automatically regulated with less cost.

Some of the authors of like, Jain, et al., (2016) have
described the development of a smart wireless sensor
network with two parts, a transmitter and receiver, for
monitoring agricultural and environmental conditions.
The transmitter consists of various sensors placed in the
farm to transmit data to the receiver, which is a com-
puter user. Soil moisture sensors are used to measure the
quantity of moisture in the soil. In this multidisciplinary
study, different approaches are combined to enhance
the irrigation system such as network, cloud computing,
data mining and IoT. In this approach, improvements are
added to irrigation systems. These improvements include
transmitting data to the microcontroller. The values are
transmitted to the receiver via RF protocol and the results
determine the soil’s need of water. The system improves
upon the traditional method of agricultural irrigation
by monitoring the crops in a wireless manner. Zhang,
et al., (2017) designed and implemented a smart water-
saving irrigation system based on the IoT and big data.
The system used [oT technologies to monitor and collect
data related to crop growth. This was uploaded to and
processed by the Shandong Agricultural University big
data central target database to establish a crop growth
model based on big data for determining the timely and
prosperous irrigation of crops.

C. Discussion of Related Work

We have summarized different approaches for irrigation
system developments from 2010-2017. The data mining
approach employs the different data mining techniques
and algorithms used in irrigation development, such as
fuzzy logic and neural networks, clustering, and SVMs
(Yao, et al., 2010: Chen €& Yue, 2011:Chandak and Stu-
dent 2017: Suzuki, et al., 2013). Data mining techniques
help irrigation systems by improving water utilization,
increasing the productivity of fields, providing accurate
results, and assisting with decision-making. Fuzzy logic
and neural network techniques were the most widely
used since they provide accurate results, as shown in
(Yao, et al., 2010: Chen & Yue, 2011). They accurately
determine water requirements, work without the need for
human intervention, monitor crops locally and remotely,
improve the productivity and quality of the crops, and
make decisions efficiently.
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The most widely used method in the multidiscipli-
nary approach is the wireless sensor network, since it
improves productivity and quality of crops by transfer-
ring data among devices efficiently and accurately as
shown in (Kabilan € Senthamil Selvi, 2016: Jain, et al.,
2016). It is followed by data mining approach, which
determines the water requirements more accurately as
shown in (Kabilan & Senthamil Selvi, 2016: Zhang, et
al., 2017) and then cloud computing is used to help
monitor greenhouses as shown in (Singh, et al., 2016).

In conclusion, from this review of the literature, it
can be seen that despite the good results obtained using
the data mining approach, it still has considerable draw-
backs, such as complex methodologies, computational
intensity, time-consuming, and a costly process of col-
lecting training data. Although the multidisciplinary
approach can produce impressive results, it is com-
plicated to implement, time-consuming and requires
considerable effort, such as big data pre-processes that
extract useful information to establish a model. It also
evinces a high level of jitter and noise, through using a
wireless sensor network at long distance.

The best choice for our work is the IoT. We will use
an Arduino Uno microprocessor for our research since it
has powerful, easy to use features, a low cost, and can
be adapted to any environment. From our review of the
literature, we noticed that most of the existing irrigation
systems water plants according to a specific predefined
time without checking whether the plants need watering
or not. In this research, SICS will not be triggered unless
the plants need watering. Moreover, most of the previ-
ous studies are only prototypes and have been done in
India. Our research will be a real application and applied
in particular in Saudi Arabia.

METHODOLOGY

1. Hardware and Software System Components

In this section, we will describe the basic hardware com-
ponents and software required for developing SICS.

The additional hardware Components that have been
used with Arduino are the following:

a. Half Breadboard

A breadboard is a widely used tool for designing and
testing circuit as shown in Figure 2. In our study, the

FIGURE 2. Half Breadboard

breadboard is used to connect the ground (GND) pin
from Arduino to its row

b. Soil Moisture Sensor

The Soil Moisture Sensor (SMS) is connected to Arduino
UNO to measures soil moisture content. As shown in
Figure 3, SMS consists of two probes via which current
will move into the soil, and then reads the resistance of
the soil. This will help reading the current moisture level
in the soil.

FIGURE 3. Soil Moisture Sensor

c. Relay

Relay, as shown in Figure 4, is used to control the water
pump.

FIGURE 4. Relay

d. Submersible pump

Figure 5 shows the Pump, which used to transmit water
into soil.

FIGURE 5. Submersible Pump

e. Jumper cables

Figure 6 shows the cables used to connect Arduino with
sensors and relay.

f. Data logger shield

The data logger shield. as shown in Figure 7, is used with
Arduino Uno for logging sensor data into Secure Digital
card(SD).
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FIGURE 7. Data Logger
Shield

g. GSM SIM80OL

The GSM SIMB8O0OL, as shown in Figure 8, is used with
Arduino for sending text messages to homeowner’s
mobile phone.

FIGURE 8. GSM SIM800L

h. Water Flow Sensor

The water flow sensor, as shown in Figure 9, is used to
measure the flow of water during the irrigation process.
It consists of a plastic valve body, a water rotor, and a
hall-effect sensor. Also, the water flow sensor has differ-
ent measurements (water pressure (MPa) and flow rate
(L/m)). In our study, we are concerned with the flow rate
(L/m) measure.

FIGURE 9. Water Flow
Sensor
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The block diagram in Figure 10 shows how the sys-
tem’s components are connected. The Arduino is con-
nected to the soil sensor through soil moisture sensor
pins in a way that the VCC, GND, and AO of the sensor
are attached to 5V, GND, and pin AO of Arduino respec-
tively. The relay has three low voltage pins (-, +, and S)
.These pins are connected to Arduino in order to operate
or stop the pump according to the moisture value. The
pump is connected with relay to pass water to the soil
.Also we have used water flow sensor wires to connect
them to the pump and Arduino (VCC to VCC, GND to
GND, and pulse to D2) to measure the amount of water
consumption during irrigation. GSM SIM80OL pins are
connected to Arduino for sending text messages to the
homeowner informing him/her about the irrigation time
and the amount of water consumption during irrigation.
Where data logger is used to log data (soil sensor’s read-
ings) to the text file for future use.

FIGURE 10. Block Diagram of the Hardware Compo-
nents of the Proposed System (SICS)

Arduino software IDE is used as our experimental
platform since it uses a simplified version of C++, which
makes it easier to learn and program.

2. System Design

In this part, we will walk through the key steps required
to develop SICS.

Step1: Connect the soil sensor to Arduino via bread-
board to monitor the Soil moisture continuously.

Step 2: Connect the GSM SIM8O0OL to Arduino to send
text messages to the homeowner.

Step 3: Connect the data logger shield to Arduino via
breadboard to log the sensor’s data in the SD card.

Step 4: Connect the relay to Arduino via breadboard
and the pump to the relay to control the water.

Step 5: Connect the pump to the water flow sensor to
measure water flow.

Step 6: Connect the buttery to Arduino to increase
power supply.
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Step 7: Connect Arduino to the PC to use the Arduino
interface.

Step 8: Download Arduino software from Arduino’s
official site to write the code.

Step 9: Write the code to implement the system.

3. Algorithm of SICS

Step 1: Initialize SD.

Step 2: Initialize (pumpRelayPin =0, sensor Pin=0,
sensor Value=0, pump Status = 0, watering Delay=1000,
sensor Pin W=2

Step 3: Read from the soil moisture sensor the mois-
ture level

Step 4: Watered= False

Step 5: While soil moisture level < threshold value

Step 6: Start water pump to water the plant

Step 7: Watered=True

Step 8: Read from the soil moisture sensor the mois-
ture level

Step 9: EndWhile

Step 10: If Watered

Step 11: Notify the homeowner

Step 12: Read from water flow sensor the amount of
water passed in millilitres and save in data log

Step 13: Watered= False

Step 14: EndIf

Step 15: End

The system begins by checking the soil moisture level
using the soil sensor. According to the level of the soil
moisture, the system valve will turn ON or OFF automat-
ically. Basically, the required level of the soil moisture
of the planet will act as the threshold in our experiment.
If the soil moisture is below the threshold value, then
the water pump will start and a notification message
will be sent to the homeowner. The threshold value is
set according to the soil moisture level required for the
plant. After reaching the required threshold value, the
irrigation system will stop automatically.

SYSTEM IMPLEMENTATION

SICS was developed in two phases: the system hardware
development phase and the system software develop-
ment phase.

A. System Hardware Development

Figure 11 illustrates how we connected Arduino to all
other hardware components in the system.

B. System Software Development Phase

First, we have included the libraries for the SD card and
Real-Time-Clock (RTC). Then we defined multiple vari-
ables for reading and writing from/to Arduino pins.

FIGURE 11. Interfacing Arduino with all
Hardware Components of the System

1. Soil Moisture Sensor Function

We take moisture readings from the soil via the soil sen-
sor. Then, we map the output values from 0-100, since
the moisture is measured in percentage. For instance, the
soil moisture percentage that is required for the cactus
plant is 90% (Jain, et al., 2016). The readings taken from
the cactus dry soil were less than 90%, and in wet soil the
readings were more than 90%. We compare the moisture
reading with 90% and, based on the comparison result,
the relay water pump will turn ON or OFF. Finally, the
pump state will be printed on the serial monitor.

2. Water Flow Sensor Function

We use the water flow sensor to calculate the water
consumption after completing the irrigation process. In
order to determine how many milliliters of water passed
through the sensor in a one-second interval, we divided
the water flow rate by 60 and then multiply it by 1000.

C. Experimental results and Discussion

In order to conduct experiments and test SICS perfor-
mance; we developed a mini garden of certain plants as
shown in Figure 11.

1. Experiment 1

This experiment was conducted on two plants; rose and
cactus. The season when the experiments were conducted
was Spring and the temperature was around 33 °C.

Table 1 illustrates the results of the experiment.
According to a previous study (Jain, et al., 2016), the
required soil moisture level for the rose plant is 40%
and for the cactus plant is 90%. The observations in our
experiment showed that the rose plant was watered daily
and it required 1-4 liters per week, while the cactus plant
was watered twice a week and required 2-3 liters per
week. In addition, we noticed that the period of time that
the irrigation system requires to pump sufficient water
to the soil of the rose plant was 1-2 minutes whereas
for the cactus plant it was five minutes. The state of
both plants was good. By good we mean that the plant
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Table 1. Results of Testing Water Consumption of the Cactus and the Rose Plants
Moisture level . . .
OISTUre 1Vl | Execution time | Water Consumption
(%) . Plant state
Days (Minutes) (ML)
Rose | Cactus | Rose Cactus | Rose Cactus Rose | Cactus
1 567
2 934 1000
3 1332
4 40% 90% 1-4 5 1852 good good
5 2445
2203
6 2932
7 3545
Table 2. Results of Testing Water Consumption in Multiple Ranges
. NN Watering Water Total of Water
Moisture level | Irrigation . - . .
ranges Scheduling Execution Time | Consumption | Consumption Plant status
(Minutes) (ml) (two days)
48+-6 =8
8*500 = 4000 ml
35-40 6h 2m 500 4000=1000 = 4 Good
Litters
Rose Plant 48+11 =4
4*1000= 4000 ml
30-40 11h 4m 1000 4000=1000 = 4 Good
Litters
48+17 =2
2*2000 = 4000 ml
25-40 17h 7m 2000 4000=1000 = 4 Good
Litters

looks alive, hydrated and in a healthy manner without
any deficiencies. We assessed the overall health status of
the plant through observing the plant growth when the
experiment was conducted for a period of five weeks.
This experiment shows that the rose plant consumes
more water than the cactus plant.

2. Experiment 2

This experiment was conducted on the rose plant and
lasted for two days to measure water consumption under

COMPARISON OF WATER
CONSUMPTION

H WaLer CONSamprion without sensor B Walef CONSUMpuon with sensor
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FIGURE 12. Graphical Representation of Water
Consumption with and Without Sensor on Mint
Plant

multiple sensor’s reading (as ranges) in order to deter-
mine the optimal range that saves water and plant. As
mentioned earlier, the required soil moisture level for
the rose plant is 40% (Jain, et al., 2016), therefore, when
the soil moisture is under 40%, the water pump will start
pumping water to irrigate the soil. The ranges that we
tested were as follow: 35-40, 30-40, and 25-40. Table
3 demonstrates the results of the experiment. It was
observed that in range 35-40, the time interval between
two consecutive irrigation processes was six hours and
the maximum amount of water consumed during irri-
gation was 0.5 liters. In range 30-40, the time inter-
val between two successive irrigation processes was 11
hours and the maximum amount of water consumed

FIGURE 13. Dry and Wet Soil
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FIGURE 14. Time Series of the Water Consumption before and after Plant Watering

during irrigation was 1 liter. Range 25-40 shows that
the time interval between two irrigation processes was
17 hours and the maximum amount of water consumed
during irrigation was 2 liters. Although the time interval
between two consecutive irrigation processes was dif-
ferent in the tested ranges (6h,11h, and 17h), the water
consumption of each irrigation process was different
(500ml,1000ml, 2000ml respectively). However, there is
no difference between the ranges in terms of the total
amount of consumed water and plant status as shown in
Figure 12. Therefore, none of the ranges was better than
the others as all ranges eventually consumed the same
amount of water (4000 ml) and the status of the plant
was good in all cases.

3. Experiment 3

For the sake of comparison and to clarify the impact of
using SICS, our approach was compared to the auto-
mated irrigation approach, which relies on the irrigation
timer. In order to perform the comparison, we collected
the readings of water consumption (in millimeters)
for each system for five days on mint plant. It can be
observed from Figure 12 that the automated system con-
sumes more water. This means that SICS provides the
appropriate amount of water by monitoring the level of
the soil moisture. As such, there is no wasted water.

SYSTEM EVALUATION

A. Functional Testing

The aim of this testing is to assess the system behavior
by evaluating the functionality of SICS and determin-
ing whether it is working (functioning) as expected or
not. From the conducted experiments, we can say that
SICS was able to sense the soil moisture, start watering
the plant when needed, send a notification to the home-

owner, log the sensor data in the text file, determine the
water consumption, and stop pumping water when the
required soil moisture level is reached.

To assess system reliability, SICS was tested in two
different soil conditions (dry and wet) as shown in Fig-
ure 13. We observed that only in the case of dry soil the
pump operates and the irrigation system starts watering
since the soil sensor can determine if soil needs water-
ing. Figure 14 shows the time series of the irrigation
process before and after the system starts watering

CONCLUSION AND FUTURE WORK

The aim of our study was to design and develop a smart
irrigation control system, which will further enhance the
irrigation system in the KSA by optimizing water utili-
zation, reducing the manpower, and providing an ideal
environment for plants. SICS was successfully designed
and tested. After conducting several experimental tests,
we noticed that the system provides good results as
expected, in terms of conserving the plants and watering
them only when necessary by monitoring the amount of
moisture in the soil. In addition, the system succeeded in
quantifying the amount of water consumption through
the irrigation process. As a result of our monitoring,
we noticed that the plant maintained its balance in a
desired, systematic and healthy manner without any
deficiencies. For the future work, we plan to extend our
experiments to include large areas of gardens with dif-
ferent plants. In addition, we would like to investigate
and examine the behavior of the soil moisture sensor
under salinity and fertilizer conditions. We also plan to
use the readings collected from the soil moisture sensor
as a reference for further development of new methods
for the irrigation system, such as constructing a clas-
sification model for predicting soil status (dry or wet).
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