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Abstract: Most fresh water is used in agriculture. There has been a constant interest in presenting
systems and solutions that rationalize water resources in agriculture without reducing productivity. In
contrast, the solutions must improve production while utilizing less water. On the other hand, The
Internet of Things is a prominent recent technology that provides various solutions in many disciplines,
including agriculture and irrigation. This paper proposes an Internet-of-Things-based architecture for
smart irrigation by developing a prototype with a controller unit, water pumps, and sensors. These
systems monitor the soil's irrigation needs and determine the right amount based on sensor data. As
these values are delivered through cloud computing to a user's mobile app, irrigation may be monitored
and controlled from multiple angles. This comprises manual irrigation mode and automatic irrigation
mode and determines the right amount of irrigation based on sensor relationships.
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1. Introduction

Agriculture is the main source of food and, at the same time, the largest consumer of fresh water,
consuming up to 70% of all water resources [1]. Where this high percentage of water consumption
explains the reason for the increasing interest by researchers in the possibility of reducing the use of
irrigation water [2]. Several concepts emerged around this, including "sustainable irrigation,” one of the
main concerns for preserving water resources through wise policies in rationalizing water consumption
[3]. Contrarily, inefficient irrigation practices have several detrimental effects, the biggest among them
water waste and a decrease in the quality of the crops that are produced, particularly when irrigation is
irregular [8] and does not take into account the demands of each plant or crop separately. Mostly, there
is more than one type of plant in the fields and each type requires a different amount of water [9]. In
many cases, farmers pump more water than is required (excessive irrigation), which leads to lower
production as well as the waste of water and energy [10].

On the other hand, the use of Internet of Things technology has grown significantly in recent
years, and as a result, there have been more and more devices connected to the Internet as a result of the
need to collect data from these devices for various Internet of Things applications [4]. It is estimated
that the number of connected devices will reach 25.1 billion by 2025 [5]. In the field of irrigation, 10T
offers various applications to monitor crop growth and support irrigation decisions [6], making it a
logical choice for smart water management applications. Currently, despite the spread of 0T, there are
still some challenges that prevent the widespread use of 10T for precision irrigation, such as the need to

42


https://dergipark.org.tr/mejs
https://orcid.org/0000-0002-4238-5012
https://orcid.org/0000-0002-4238-5012
https://orcid.org/0000-0003-1010-9563
https://orcid.org/0000-0002-3923-7430
https://orcid.org/0000-0003-0384-4148

Middle East Journal of Science (2023) 9(1): 42-56 https://doi.org/10.51477/mejs.1142136

develop software for loT-based smart applications, and the need to automate irrigation processes using
dedicated platforms which is not yet fully automated [7], and so on.

In this study, a proposal for a smart irrigation system based on the Internet of Things was
presented, through which the appropriate amount of irrigation can be controlled, as well as the
appropriate irrigation time, considering the weather conditions of the crop and soil.

Although there are many studies or proposed systems in this field, however, there are problems
in representing these proposed systems, most notably: (1) Adopting fixed boundary values at which the
irrigation decision is taken, which cannot be changed easily or at any time according to the supervisor
of the irrigation process. (2) The amount of irrigation is fixed for all crops/plants without taking into
account the existence of a difference in the amount of water required for each, (3) The amount of
irrigation is fixed - non-dynamic - for a single crop/plant without taking into account the difference in
other factors affecting the soil, such as (soil temperature, air humidity, air temperature) and their impact
on determining the appropriate amount based on those variable values. Accordingly, this study attempts
to overcome these problems by proposing a new irrigation architecture based on the Internet of Things,
as well as some other additional features that increase the efficiency of irrigation management.

2. Material and Methods
The techniques used to represent the proposed system are briefly discussed in this section.

2.1. Hardware

Most loT-based systems are made up of three fundamental parts: a controller, a sensor, and an
actuator, in addition to a middle layer to enable the control unit to connect to the Internet to send the
data gathered as well as instructions that are required.

2.1.1 Controller

It is usually used to automatically control devices and equipment [11]. The controller in 10T
applications is like the brain, processing inputs from sensors or other sources and producing outputs
from one of the actuators. In this study, the “Raspberry Pi 3 Model B” is employed as a controller. The
Raspberry Pi Foundation, in collaboration with Broadcom, has produced a line of miniature single-board
computers (SBCs). Initially, the Raspberry Pi project aimed to promote basic computer science
education in schools and impoverished countries. Its low cost, versatility, and open design make it
popular in many fields, including weather monitoring [12][13].

2.1.2 Sensors

Sensors are essential in automating any application since they collect data and process it [11].
- Soil Moisture Sensor

A “Capacitive Soil Moisture v2.0” sensor is used to measure the soil's moisture level. This
capacitive sensor has excellent responsiveness to local soil moisture changes and provides an effective
correlation between gravimetric water content and output voltage [14][15].
- Soil temperature sensor

To measure the soil temperature, a sensor of the type DS18B20 is used. It is a digital temperature
sensor, used in many applications and difficult environments. The startup resolution is 12 bits, where
there is a resolution of 9, 10, 11, or 12 bits, which means the temperature sensor can accurately measure
temperatures of 0.25°C, 0.125 °C, and even 0.0625°C [16][17].
- Air temperature and humidity sensor

A sensor of type DHT11 is used to monitor and measure the temperature and humidity of the
surrounding environment of a field or crop [17]. The DHT11 is a popular temperature and humidity
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sensor that features a dedicated (NTC) for measuring temperature as well as an 8-bit microprocessor for
outputting the values of temperature and humidity as serial data [18][19].

2.1.3 Actuators

On the Internet of Things, actuators use data received by sensors and processed by software to
control or take action in the system [20].
- Water pump

A water pump is used for the purpose of irrigating the crop or field when the threshold limit is
reached.

2.2. Software

Itis typical for Internet of Things applications to be represented by a group of software programs.
The following software packages are being utilized in this research.

2.2.1 Raspberry Pi Requirements

- Raspberry Pi OS

It is the ideal operating system for Raspberry Pi devices, and it is regularly upgraded with an
emphasis on reliability and performance; Also, it includes over 35,000 packages [21]. It's worth noting
that it's based on the Debian (Linux distribution) and is likewise a free system [22].
- Python

Python is a high-level programming language that combines power and clarity [23]. Due to this,
it was included in the Raspberry Pi OS operating system since Python is a powerful tool that is easy to
learn and use [24]. Version 3.7 is used in this research.
- TinyDB

TinyDB is a document-oriented, lightweight database; it’s written entirely in Python and does not
require any external resources.

2.2.2 Cloud hosting

Cloud hosting makes software and websites available via cloud resources [25] with minimal start-
up costs, resource elasticity, and scale savings [26]. Firebase, a cloud hosting service from Google, is
used in this research.

- Firebase real-time database

It's a No-SQL, cloud-based database that syncs data in real-time across all clients [27][28].
- Firebase authentication

Most applications require user authentication to function properly; a user's identity may allow
apps to securely store user data in the cloud and give a consistent, personalized experience across all the
user's devices; Firebase Authentication is tightly linked with the rest of the Firebase platform [29][30].

2.2.3 Mobile application

Flutter is used to build a mobile application that is used by the end-user to manage the irrigation
process.
- Flutter

The Flutter framework from Google allows developers to create natively built, cross-platform
mobile apps with a single codebase [31][27]. As a result, the platform-independent emulator can run
simultaneously on both Android and iOS devices.
- Dart

It is the programming language that is employed to construct applications for Flutter. It was
initially created and is now maintained by Google as a JavaScript replacement. Additionally, it adopts a
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syntax that is comparable to the Java programming language in an effort to attract Java programmers
[32].

3. Results

In this section, the proposed three-layer system architecture, how each layer is implemented, and
finally, what the proposed system will look like will be presented as the results of this study.

3.1. System Architecture

The architecture of the proposed smart irrigation system in this study can be described as
consisting of three layers: The Internet of Things (10T) layer, the cloud layer, and the application layer,
as shown in Figure 1.

_ em

Controller

Sensor Unit 3—

(| ===

Application Layer

Figure 1. The architecture of the proposed smart irrigation system

3.2. System Implementation
This section describes the implementation of each layer of the proposed system.

3.2.1 loT layer

The implementation of the 10T layer can be divided into two stages:

I. Hardware implementation stage:
To start the implementation of this stage, a "Pi T-Cobbler Breakout" is used to extend 40 GP1O

pins on the "Raspberry Pi Model B" to the breadboard for the purposes of protecting those pins installed
on the Raspberry Pi as well as facilitating their handling, that the items (sensors/components) of each
node are connected to the GPIO pins.

I1. Software implementation stage:
First, "Raspberry OS" is installed on "Raspberry Pi 3 Model B," and then "Visual Studio Code"

is installed to start building a "Python 3.7" irrigation management application. Since it's good
programming practice to divide enormous code into smaller files for better code management and
maintenance, the irrigation control application has been broken into Python modules [33].

The flowchart for this stage can be seen in Figure 2.
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Figure 2. Flowchart of smart irrigation application in “IoT layer.”

3.2.2 Cloud layer

Firebase can be used in a mobile app's "application layer” and "loT layer.” These instances enable
real-time access to data so updates to the database reach users' devices in real-time. After this instance
is generated, it's added to the irrigation management app's "10T layer" and the mobile app's model. The
"application layer" is not directly connected to the cloud layer; instead, the authorized user's e-mail
address and password are verified by the verification service before the program is allowed to access
the database data.

3.2.3 Application layer

“Android Studio” is used as an (IDE) to create a mobile application that allows the end-user
control to the “nodes” of the “IoT layer” across the cloud layer.

3.3. System Demonstration

In this section, each layer of the loT-based smart irrigation system architecture will be
demonstrated after its implementation as follows. The proposed system prototype can be demonstrated
in Figure. 3.
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Figure 3. Prototype of the proposed system
3.3.1 1oT layer:

It is shown in Figure 3, the hardware stage in the 10T layer, where the sensors unit (SU) and water
pumps were delivered to each node separately so that the decision to irrigate each node is made based
on the desired mode (auto/manual) as well as on the sensor values and the appropriate amount of
irrigation for each node. On the other hand, the software stage in the 10T layer of the smart irrigation
management application when the irrigation mode is automatically selected is demonstrated in Figure
4. A

In contrast, it is shown in Figure 4. B, the flag state changes after receiving orders such as Pump
On/Off or update data.

(A) (B)

Figure 4. Smart irrigation management application (loT layer) (A) Auto irrigation mode.
(B) Manual irrigation mode.

3.3.2 Cloud layer:

Figure 5 illustrates how the Firebase real-time database would look after the “Cloud layer” is
implemented and connected to the IoT layer and application layer. In addition, if the database data of
this layer is updated by the “ToT layer” or the “application layer,” these changes will be indicated by
highlighting the changed value.
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Figure 5. Firebase real-time database

3.3.3 Application layer:

This layer reflects the actual testing of the proposed system's outputs and their conformity to the
objective for which it was built, and it can be clarified using the screens below:
- Login Screen:

In this screen, registration data is transferred to Firebase's authentication service in the cloud layer.
If the user is authorized to enter, it can access the application or the data stored in the cloud database,
which can be used to control and preview 10T data.
- Main Screen:

This screen shows after passing the input; from here, the user can select the relevant screen from
among the five possible screens: the dashboard screen, the sensors screen, the actuators screen, the
settings screen, and the logs screen (Figure 6. A, 6. B, 7).

= LOGIN
EG
. E-mal
smart@smart.com
Password
/
E-r ( o]
Login
Create an account
Sign Up
Have an account? Login
< O O < (@] O

Figure 6. Login screen (A) Sign up. (B) Login.
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DASHBOARD

Figure 7. Main screen

- Dashboard Screen:

This screen displays the soil moisture sensor, soil temperature sensor, ambient temperature and
humidity sensor, and water pump status for each node (field/plant) (Figure 8. A). In automated irrigation
mode, this page is separated into two areas, one for each node, with the option to see the update time
and date (Figure 8. B).

DASHBOARD 0)
{7 SECOND PLANT STATUS

Lastupdate ; 30/12/2021 09:23:26

Soil Moisture :

' FIRST PLANT STATUS

Lastupdate:: 30/12/2021 12:41:31

Soil Moisture : .
Soil Temperature :

Soil Temperature :
Air Humidity :

Air Humidity :

Air Temperature :

Air Temperature :

Pump State :

Pump State :

(A) (B)

Figure 8. Dashboard screen (A) The readings of the first plant sensors. (B) The readings of the
second plant sensors
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- Sensor’s screen:

This screen displays an end-user the sensor thresholds and ranges. In automatic irrigation mode,
the minimum soil moisture sensor reading determines irrigation. It shows the lowest soil moisture or
percentage of water in the soil at the point the water pump is operated to irrigate the soil.

The Maximum Soil Moisture (MSM) value influences how much water is needed for soil
irrigation. When this value is reached, the soil irrigation pump is turned off.

Air Humidity * Soil Moisture
o Case No Min Max MSM Input miin value
(% FIRST PLANT SETTINGS R
< 23 50
23 50 40
Soil Moisture *
50 60 35
Soil Temperature * Air Temperature (B)
Case No. Min Max MSM Case No Min Max MSM y
Soil Temperature
17 59 < 27 35
P = <
17 36 48 27 53 40
36 64 52 53 78 45
64 > 60

Air Humidity
Case No. Min Max MSM
o
23 50
(A) (©)

Figure 9. Sensor’s screen (A) Sensor readings. (B) Set the soil moisture value. (C) Set the soil
temperature cases.

To achieve dynamism in the irrigation choice, represented by the marginal value, a value can be
specified for each plant and adjusted at any moment, as illustrated in Figure 9. B, C shows how the
minimum and maximum sensor values can be changed for additional sensors and levels.

- Actuators screen:

Figure 10 shows the irrigation mode screen when each node (field/crop) has its operator (water
pump). This screen can be used to manually regulate and update the sensor readings, water pump status,
and update time/date. In automatic irrigation mode, the on/off button of the water pump is disabled since
the functioning of the pump is controlled automatically.

- Settings Screen:

This screen is important for choosing an irrigation plan. The irrigation plan button toggles
automatic and manual irrigation. You can also choose the time period during which the sensors are
reread to decide if irrigation is needed and how much water to apply. This value can be updated
dynamically at any moment (see Figure 11).
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Figure 10. Actuators screen Figure 11. Settings screen Figure 12. Logs screen

- Logs Screen:

This screen displays "Irrigation Need Check for each (Auto) Node" records. Figure 12 shows that
the database stores SU values for each node (soil moisture sensor, soil temperature, ambient temperature,
and humidity), AU unit or pump status, and the time stamp.

4. Discussion

The literature on smart irrigation using the Internet of Things focuses on answering two main
guestions: When is an irrigation decision made? How do you determine the appropriate amount of
irrigation? Many of the proposed systems have been presented to answer the two previous questions,
but they often fall into one of the following problems: (1) Adopting fixed limit values at which the
irrigation decision is made, which cannot be changed easily or at any time according to the supervisor.
Irrigation process. (2) The amount of irrigation is determined for all crops/plants without taking into
account that there is a difference in the amount of water required for each of them, (3) The amount of
irrigation is fixed - not dynamic - for one crop/plant without taking into account the difference in other
factors affecting the soil such as (soil temperature, air humidity, air temperature) and their influence in
determining the appropriate amount based on those variable values.

“Shekhar et al.” proposed an intelligent system based on the Internet of Things, which uses only
two sensors: one for assessing soil moisture and one for measuring soil temperature. The sensor data is
processed by an intelligent algorithm, which predicts the best irrigation decision, but only two sensors
were used, and the needs of each individual plant were ignored [34]. An irrigation system that uses the
decision tree algorithm has been presented by “Mohammad A. Abbadi et al.,” but although this model
was developed based on soil characteristics and temperatures, the authors themselves say that because
other locations differ from South Jordan Wadi, where the model was developed, the results cannot be
generalized to all locations [35]. In addition, in the study of “Rao et al.,” an intelligent field monitoring
and automation system based on Internet of Things technology has been proposed, which uses two
sensors: soil moisture sensors and soil temperature sensors, with bound values chosen to calibrate the
sensors based on previous months' values, the irrigation water pump is operated and monitored using a
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computer application, However, he neglected to take into account the air temperature and humidity when
determining the appropriate amount of irrigation [36].

In this study, a smart system that considers the dynamic factor in determining the appropriate
amount of irrigation and the appropriate irrigation time, in addition to other advantages, was proposed
to solve the representational issues associated with systems of this type. Practically and for the purpose
of applying the algorithm in determining the appropriate amount for irrigation, the following table shows
4 cases for each sensor and its relationship to the soil moisture sensor. It was previously defined for the
first plant, depending on either the opinion of experts or the data provided by the competent authorities
in agriculture (see Table 1).

Table 1. Settings of the first plant sensors

Sensor Case No. Min Max MSM

Soil Moisture 19 Max(MSM)
Soil Temperature Case 1 <17 17 35
Case 2 17 36 45

Case 3 36 64 55

Case 4 64 >64 65

Air Temperature Case 1 <10 10 40
Case 2 10 26 50

Case 3 26 42 60

Case 4 42 >42 70

Air Humidity Case 1 <25 25 65
Case 2 25 45 55

Case 3 45 65 45

Case 4 65 >65 35

Table 2 displays a full day of sensor readings for the first plant. By selecting the correct MSM
value for each sensor reading within its related case range, then selecting the maximum value among
them, it is possible to determine the proper amount of irrigation to apply when the soil moisture sensor
value reaches the minimum value.

Table 2. Read sensors for a full day of the first plant.

Soil Air

Soil Moisture Temperature  Temperature Air Humidity ~ Pump State Time
26.6 5 32 82 OFF 03:00
24.9 10 7.3 81 OFF 06:00
23.1 19 15.3 77 OFF 09:00
20.7 24 20.6 73 OFF 12:00
18.5 21 19.2 72 ON 15:00
354 16 135 75 OFF 18:00
325 13 10.7 79 OFF 21:00
29.2 9 5.9 81 OFF 00:00

Figure 13 shows the relationship between the moisture sensor and other sensors, as it is noted that
when the reading of the soil moisture sensor reaches a value of 18.5 which is less than the minimum
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value at which irrigating must be performed, the system takes an automatic decision to irrigate, as for
the amount, after determining the reading of each sensor, we have three values, which are (45, 50, 35),
and therefore choose the maximum of which, which is (50).

120
100
80 L —— e °
+
60
40
20
0 L — ® — — @
1 2 3 4 5 6 7 8
==@==S0il Moisture Soil Temperature Air Temperature

Air Humidity =@=—Pump State ==@-=Time Period

Figure 13. The relationship between reading sensors and determining the appropriate amount of
irrigation MSM.

5. Conclusion

The proposed model in this work uses soil moisture, soil temperature, and surrounding
temperature and humidity sensors to make irrigation judgments and decide the optimum quantity of
irrigation. This study offered various contributions, including adopting a dynamic component in
irrigation decision-making, meaning the threshold value is not constant but variable. It may be altered
based on plant kind and requirement. The same is true for the appropriate amount of irrigation, which is
determined by the relationship between soil temperature, air temperature, humidity, and soil moisture.
Based on those values, the value at which soil irrigation will be stopped is chosen, and the watering
mode can be manual or automatic.

In the future, it is planned to add rain and water level sensors, as well as an option to select the
appropriate irrigation plan based on available quantity, such as basic, medium, or full irrigation,
depending on how much water is in the tank and how much is needed. In addition, artificial intelligence
and deep learning will be adopted to make irrigation decisions based on data entered into the system
during training.
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