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1. INTRODUCTION

The electricity sector in our present life is our lifeblood and the secret of its permanence. In some
places, the agricultural sector is suffering from continuous interruptions of electricity, especially in daylight
hours when farmers carry out irrigation operations on farms, causing a shortage of water to process the fields,
especially for farmers who live a distance from their farms [1-2].

Our goal in this research is to help these farmers by designing and manufacturing a remote-control
system that runs and shuts down irrigation pumps through the use of modern technology called LoRa
communication [3].

LoRa (Long Range) represents the physical layer or the wireless modulation used to build peak-
range communication connexion. It is built on “chirp spread spectrum modulation” and has similar small
energy features to FSK modulation. “Chirp spread spectrum” was applied in army and galaxy communication
years ago for more widespread communication distance strength against interfering. LoRa is the primary
cheap application for marketable usage [4-7]. The benefit of LoRa is its extended distance ability. It has a
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more economical connection than any other uniform communication technique. The general specification of
LoRa technology can be summarised as: “Single Operating Voltage: 2.1V to 3.6V (3.3V typical),
Temperature Range: -40°C to +85°C, Low-Power Consumption, Programmable RF Communication Bit Rate
up to 300 kbps with FSK Modulation, 10937 bps with LoRa Technology Modulation, Integrated MCU,
EUI-64 Node Identity Serial EEPROM, Radio Transceiver with Analogue Front End, Matching Circuitry,
14 GPIOs for Control and Status, Shared with 13 Analog Inputs, Low-Power Long Range Transceiver
Operating in the 433 MHz and 868 MHz Frequency Bands, High Receiver Sensitivity: Down to -146 dB,
up to 15 km Coverage at Suburban and up to 5 km Coverage in an Urban Area” [8-11].

The “RF LoRa physical layer” works as a method for modulation of the “spread spectrum”.
The LoRa modulation pattern works as “wide-band linear frequency modulated pulses”. The amount of
frequency growth or reduction in the above period is worked to encrypt the information being spread, i.e. a
method of “chirp modulation”. This method of modulation supports LoRa structures to demodulate
information that are 20dB lower than the ground noise once the demodulation is joined with “forward error
correction FEC”. It can be said that the connection economical for a LoRa structure should deliver an
enhancement of further than 25dB after it is related to a traditional FSK scheme [12-14].

A variation of bandwidths exists such as: “7.8 kHz; 10.4 kHz; 15.6 kHz; 20.8 kHz; 31.2 kHz; 41.7
kHz; 62.5 kHz; 125 kHz; 250 kHz; and 500 kHz”. The essential bandwidth is designated providing
information necessities in addition to connection situations. The amount of power taken inside “LoRa RF
physical layer” is changeable. The power amount taken by LoRa is related to the data rate required and the
circumstances of the connection. A procedure calculates the essential power amount. The spread power is
usually reduced slightly from the extreme required to provide rapid communications. Within that technique
the battery-operated lifetime is raised. The usage of the “chirp spread spectrum” technique allows
communications through miscellaneous information that is never affected by other signals [15-16].

2. IRRIGATION SYSTEM BASED ON LoRa COMMUNICATION

In our paper, a system was designed and implemented to monitor and control the running and
switching on and off of irrigation pumps for farmers living in areas a distance from their land. The device is
designed and manufactured using the latest technology in modern communications (LoRa Technology).
The advantages of this technology is its small size, cheap price, and its ability to control devices remotely up
to 10 km without the use of towers for communication and other additional costs. This device operates on a
battery that works for more than five years and consumes a low level of power by these devices.
LoRa technology devices have a range from 1 km to more than 10 km. The 2.8 km range was used in
our paper. As shown in Figure 1, the types of applications that use LoRa technology
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Figure 1. The types of applications that use LoRa technology

The smart device, which is manufactured as in Figure 2, consists of two main circuits: the first piece
(control circuit) connects at the input of the electric power of the pump and its location in the farms.
The second piece (monitoring circuit) is often found in homes or in places of control. We can consider that
the two circuits are for sending and receiving at the same time.

The first circuit (control circuit) consists of these main parts: a LoRa ESP32, for the purpose of
sending and receiving data, a special circuit to monitor the electrical voltage in the network, and finally a
special circuit to control the running of and for turning off the electric pump.
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The second circuit consists of the LoRa device (the same type of device located in the first circuit),
two keys for the purpose of running and switching off the electrical pump, and a small LCD screen to
monitor the system. Another feature of the device is that it can be monitored and controlled by the use of a
special program designed for this purpose. It is installed on smart phones that run on an Android system;
it can be connected to the second circuit via Bluetooth and has a range of more than 10 metres. The device
was operated and tested and proved to be very efficient in terms of sending and receiving data between the
two main parts.

3. SPECIFICATION OF THE SYSTEM
In this section, we will explain the main parts of the manufacturing intelligent system that controls
and monitors the irrigation pumps. As shown in Figure 2, the system is divided into the following parts:

Figure 2. The control system for irrigation pumps

3.1. The Control Circuit

The control circuit is the main circuit of the intelligent device designed in this paper, which connects
directly to the input of the power supply designated for the operation of the irrigation pump. This can be
divided into three sections linked to each other and constitute a total so-called control circuit:
a) Transmitter and Receiver circuit

The transmitter and receiver circuit shown in Figure 3 is the main circuit or main part of the
control circuit, which consists of LoRa ESP32 wireless technology (the latest type of long-range wireless
communication) with transmission and delivery ranges of more than 10 km. Table 1 represents the main and
most important characteristics of the technology used in this paper.

Figure 3. The LoRa communication system (LoRa ESP32)

Table 1. The Main Characteristics of LoRa Wireless Communications Technology (LoRa ESP32)

Parameter Value
Frequency 240 MHZ
Type of micro-Processor ~ “Tensilica LX6 Dual Core”
Major Chip “ESP32”
Chip of LoRa “SX1276”
Communication Distance Up to 2.8KM
Computing Capacity Up to 600DMIPS
Operating Voltage 3.3-7V
Operating Temperature -40 to -90°C
USB Adapter Chip CP2102
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b) The Voltage Monitoring Circuit

The second part of the control circuit is the monitoring circuit as shown in Figure 3. this device
indicates if the current in the primary board can run irrigation motor or the current is cut. The main voltage,
which is 230 V to 5 V, is converted by high-value resistance and there is an electrical circuit between the
current of the main board and the controller circuit located within the LoRa technology. Figure 4(a) shows
the final link of this circuit. Figure 4(b) exhibits a diagram of the electronic circuit.
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Figure 4. Voltage mesurring circuit: (a) singular phase circuit and (b) the circuit diagram of the measuring
circuit

c) The ON-OFF Control Circuit

The third part of the control circuit is responsible for the running of and the turning off of the pump
based on guidance received from the benefits of the “running and turning off system”. This circuit is
illustrated in Figure 5, which consists of a 230-volt voltage control switch that connects with the existing
controller with LoRa technology via the transistor for running and shutting down the system.
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Figure 5. The control circuit: (a) ON-OFF control circuit and (b) a diagram of the control circuit

3.2. The Control Circuit

This second main part, which was developed close to the user, was in the house or in place of
monitoring. This part consists of the same parts mentioned in paragraph 4.1.A. (LoRa ESP32), in addition to
being programmed to enable the user to control the system via the smart device after the interception between
the smart device and Bluetooth technology; a special program is prepared for this purpose.

The programs used in this research are divided into two parts. The first one is the program of
controllers for LoRa transmission and receiving technologies, based on the open-source programs that are
available on Android. Figure 6 shows the flow chart of the transmitter circuit and the receiving circuit.

The second program, the remote-control program, was designed for this purpose using the program
(MIT app inventor 2), an open-source program supported by Google. Figure 7 shows the main interface of
the program “MIT app inventor 2”, with all its features to design and implement programs for Android
smart devices.

A smart monitoring and controlling for agricultural pumps using LoRa IOT technology (Aktham Hasan Ali)



290 a

ISSN: 2502-4752

Connect to LoRa
Technology

Turn ONJOFF
Water Pump

‘ B2 MIT

!
S o0 INVINTOR

Signi 3l From
LoRa

Send Data

@

OUT-A=}

OUT-C=0

My Projects

Run Application

Connect to
‘ ? Bluetooth

Turn ONfOFF | | Reed Data

Water Pump

PhB- and P]'IC }
from LoRa

(PhA,

View PhA Data
View PhB Data

View PhC Data

(b)

Figure 6. The flowchart of the full system: (a) the transmitter flowchart and (b) the receiving flowchart
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4. THE COMPREHENSIVE FINAL SYSTEM

Figure 7. The main interface of the program (MIT app inventor 2)

This part is divided into two main areas: the hardware and the software control program. Figure 8(a)
illustrates the final designed circuit that connects to the water pump. It consists of the most important and
latest part, which is the LoRa ESP32 wireless technology, plus a three-phase voltage control circuit with a
circuit to run and turn off the electrical pump. Figure 8(b) shows the second class of the LoRa ESP32
wireless technology, which is either in the farmhouse or other beneficiary, or in a place designated for control

and monitoring purposes.
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Figure 9 explains the final program, which is designed and implemented for the purpose of
controlling. This program is installed on smart devices and through which the control of the agricultural
pump through the smart phones is conducted. This process is done with the device that operates on the
Android system after communicating with the second circuit (LoRa ESP32) via Bluetooth technology t more
than 10 metres away from the second piece in the house or in the control and monitoring area. Figure 9(a)
shows that the smart device is not connected via Bluetooth with the second control piece. Figure 9(b) shows
the smart device connection with the second piece, but there is no electrical power in the field or farm.
Figure 9(c) shows that the phone is connected with some capacity but the agricultural pump has not yet been
operated; finally, Figure 9(d) shows that the pump works with the electric power of the three phases.

(b)

Figure 8. The practical system: (a) the operation circuit at the pump and (b) the practical circuit in the

control centre or the house
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Figure 9. The final program for monitoring and controlling (a) before the Bluetooth connection
(b) After Bluetooth connection but no electrical power (c) After the Bluetooth connection and the
power is present but the pump does not work and (d) After the Bluetooth connection and the electrical
power is present and the pump is working

5. CONCLUUSION

In this paper, a smart system was designed and implemented to monitor and operate
agricultural pumps on farms using a smart and modern technique, namely LoRa technology (LoRa
ESP32), the latest technology in wireless communications. This technique is used to transmit long-
distance signals without additional fees or the use of towers. The battery life is long because of the low
consumption of electricity. The system can be controlled by Bluetooth technology using a special
program installed on smart devices running on the Android system. The circuit (the manufacturing
system) proved its efficiency in the work when it is applied practically inside the university laboratory.
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