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Abstract. In this paper, a new smart monitor and control system has been designed for injected
power application to grid from a three-phase photovoltaic inverter (a smart monitor and control
system (SMCS)). The system consists two main units. Firstly, the control system unit: this unit
connects directly to the inverter to measure the output voltage of three-phase photovoltaic
inverter and the control circuit, It can turn the inverter ‘on’ or ‘off” from a long distance.
Secondly, the monitoring unit: this unit is designed to monitor the states of the photovoltaic
inverter system from long distances. It has two monitoring options OLED and a smartphone
monitoring application. LoRa technique (long range) used to send and receive data between
controllers system and monitoring system. LoRa is a new type of wireless communication
technology within the Internet of Things (IoT). The SMCS application has been designed by
using open source software “MIT App Inventor 27”; this application is used to sends and
receives the data from a control unit by using Bluetooth as a wireless communication in order
to monitor and control the whole system. The main advantage of the SMCS that it can monitor
and control three-phase photovoltaic inverters that have been installed in remote and rural
areas.

1. Introduction

Due to the development of Internet of Things (loT) technology and high-speed communication
technologies, wireless communications now provide people with a convenient, high speed and
efficiency, and efficient way in which to control the electrical and electronic devices from long
distances. Wireless communication has been widely used in medicine and industrial production, as
well as in applications used by the public. It is especially useful when transferring data from remote
and dangerous areas [1]-[5].

Several methods are used to monitor and control the three-phase photovoltaic inverter systems with
different types of wireless sensor networks (like Wi-Fi, ZigBee etc.). The most important factors in
wireless communication are the safety and flexibility it offers, having no requirement for technical
staff in the actual field as there are solar panels and inverters that can monitor and control the system
[6]-[10].

In this paper, a new wireless network has been used to monitor and control the injected power to
grid from three-phase photovoltaic inverter tied to grid; this network is called a LoRa network [11,12].
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The main considerations when choosing to use LoRa are that it is designed for long-range
communication and that it requires a low level of power consumption. The aim of this work is to
design a new smart monitoring and controlling system (SMCS) that will be used to monitor and
control the status of a three-phase photovoltaic inverter system tied to grid from long-range areas with
low power consumption. The main part of the full system is the LoRa Kit 32. This kit is a development
board that is cost effective, has a low bit-rate, and a long-range low-power consumption. The main
chip used is the Lexin ESP32 and the Tensilica LX6 dual-core processor.

Figure 1 presents the full SMCS system. This system can be divided into two units. Unit (1)
measures and controls circuits that are directly connected to the photovoltaic inverter system in order
to measure the status of the system. It then sends the data to the main monitor unit using LoRa as a
wireless communication network. Unit (2) is the monitoring and control circuit. This circuit receives
the data from a control circuit using the LoRa network then presents the system’s status on OLED and
sends the same data to the end user, who can then monitor the situation on a smartphone application.

The MIT App Inventor 2 is one of the most important open-source programs provided by Google.
This software has been used to design the application that monitors and controls the whole system.
This application can only be used by Android smartphones and tablets [13].

2. System description

Figure 1 presents the full architecture of the monitoring and control of the output power of the three-
phase photovoltaic inverter (i.e., the SMCS). This system is an interface between the station (the
monitor unit) and the three-phase photovoltaic inverter (the control unit). The full SMCS system
shown in Figure 1 can be divided into two parts (units).

2.1 Control unit: the control unit (or the measuring and control circuit)

This circuit is connected across the inverter in order to check the inverter’s output voltage and to turn
it ‘on” or ‘off’. This circuit uses the LoRa Kit 32 and the LoRa technique to send and receive the data
from the base station unit’s (monitoring circuit).

2.2 Monitoring unit. This unit divided into two parts, as follows.

» The monitoring part (or the monitoring and control circuit). This part is installed in the base
station used for monitoring and control. This unit uses two types of wireless communication
techniques: the LoRa technique (between the control and monitor units) and the Bluetooth
technique (between the monitoring unit and the smartphone application (i.e., the end user)). This
unit can display the data on an OLED screen that is connected directly to the microcontroller unit
(LoRa Kit 32) and smartphone application.

» A new smartphone application. This application is a special progrOam that has been designed for
the purpose of monitoring and controlling the full system. The application sends and receives the
data to monitoring unit, using Bluetooth as a wireless communication.
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Figure 1. Full architecture of the monitoring and control of the photovoltaic system
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3. SMCS system architecture
In this section, we look at the hardware model and the software used by the SMCS of a three-phase
photoelectric inverter.

3.1 Hardware architecture of the SMCS

The hardware architecture of the SMCS is divided into control and monitor boards. The main
component in the SMCS’s control and monitor boards is the LoRa Kit 32. This kit is a new
development board, providing low-cost and effective communication with a low bit-rate and long-
range and low-power consumption. The main chip used is the Lexin ESP32 and the Tensilica LX6
dual-core processor. Figure 2(a) shows the LoRa Kit 32. The kit’s main properties are presented in
Table 1.Table II. offers a short summary comparison between Bluetooth, Wi-Fi, 2G/3G and LoRa
communication techniques.

TABLE 1. MAIN PROPERTIES OF THE LORAKIT 32

Parameter Value
Frequency 240 MHz
Flash 32M-Bits
Type of processor Tensilica LX6 Dual Core
Master chip ESP32
LoRa chip SX1276
Communication distance Upto 2.8 km
Computing capacity Up to 600DMIPS
Operating voltage 3.3-7V
Operating temperature -40 to +90 °C
USB adapter chip CP2102

TABLE 2. COMPARISON WITH SOME TYPES OF WIRELESS COMMUNICATION

Bluetooth Wi-Fi LoRa 2G/3G
Range Several Km  Several Km  Upto 15 Km Several Km
Power Medium Medium Low High
Cost Low Low Low High
Data-Rate In-Home In-Home Low High
Battery Life Short Short Long Short
Frequency 2.4 GHz 2.4 GHz <1 GHz Cellular bands
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Figure 2. The main practical units of the SMCS: (a) the LoRa Kit 32; (b) the three-phase voltage
sensor unit; (c) the control unit.

3.2 The control board.
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The control board (or the measuring and control board) is directly connected to a three-phase

photovoltaic inverter. It can be divided into three circuits: measuring, control, and communication.

1. The measuring board. This board in shown in Figure 2(b), with its circuit shown in Figure
3(a). Its circuit consists of a three-phase optocoupler isolation circuit connected to the output
of the three-phase photovoltaic inverter in order to check the output voltage. This circuit has
been tested on a 250VAC; when the voltage of the grid is greater than 200VAC, then the
output of the optocoupler will be ‘low’. The output of optocoupler circuit is ‘low’ because the
optocoupler is connected to the ground; otherwise, the output is ‘high’.

2. Control circuit. The control board in Figure 2(c) and the circuit in Figure 3(b). was used to
turn the inverter ‘on’ or ‘off ‘by disconnecting the DC link voltage.

3. Communication and microcontroller circuit. The LoRa communication board in Figure 2(a)
was used to send the status of the inverter to the monitoring unit and to receive the data to
turn the inverter ‘on’ or ‘off’. The LoRa model is a part of the LoRa Kit 32.
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Figure 3. The SMCS circuits: (a) the voltage sensors circuit; (b) the control circuit.
3.3 The monitoring board.

The monitoring board (or the monitoring and control board) use the LoRa Kit 32 with an OLED. The
main function of this board is to communicate between the control board and the end user. The
monitoring board sends and receives data from the control board using the LoRa technique as a
wireless communication. It then sends and receives data to/from the end user via Bluetooth,
monitoring this data via a smartphone application.

3.4 Software and flowchart of the SMCS
Two types of platform programming languages have been used in this work.
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3.5 The ESP32 microcontroller platform.

The first integrated development environment (IDE) is an open-source software used to write
programs for an ESP32 microcontroller for control and monitor boards.

1. The control board program. Figure 4(a) shows a flowchart of the control board (the measuring and
control board). This flowchart shows how to check the status of the output voltage of the three-phase
photovoltaic inverter and then send the data to the monitor board using the LoRa communication
technique. Additionally, it shows how to turn the inverter ‘on’ or ‘off ‘according to the data received
from the monitoring and control board.

2. The monitor board program. Figure 4(b) shows a flowchart of the monitoring board (monitor and
control board). Two types of wireless communication systems (LoRa and Bluetooth communication
techniques) were used in this program. This flowchart shows how this board receives the data from the
control board and presents it in the OLED, then sends the same data to the end user via Bluetooth,
displaying it on a smartphone application.
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Figure 4. Flowcharts detailing the SMCS: (a) control unit flowchart; (b) monitoring unit
flowchart; (c) smartphone application flowchart.

3.6 The smartphone application platform.

The second program monitors the received data from the monitoring microcontroller. The monitoring
software of the SMCS is a new smartphone application that is designed to be installed on an Android
smartphone or tablet for the purpose of monitoring and control. The application program was designed
using the open-source MIT App Inventor 2. This platform is an open-source environment application
provided by Google for creating applications on an Android smartphone.

The last flowchart (Figure 4(c)) shows the smartphone application program. This flowchart shows
how the application sends and receives the data from the monitoring board via Bluetooth.
4. Experimental results
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Figure 5 presents the full experimental smart monitoring and control system for the three-phase
photovoltaic inverter. The measuring and control circuit is shown in Figure 5(a) and the monitoring
and control circuit is shown in Figure 5(b). The full system has been tested in the laboratory to prove
its efficacy. The state of the output voltage of the three-phase inverter is displayed on the OLED on
monitoring board.

The final user interface for the smartphone monitoring application SMCS is presented in Figure 6.
Figure 6(a) presents the monitoring application’s user interface before Bluetooth connection and with
no output voltage. Figure 6(b) presents the same user interface after connection to Bluetooth with a
monitoring and control circuit; this view presents no output voltage from the three-phase photovoltaic
inverter and the status of the inverter is ‘off’. Finally, Figure 6(c) presents the status of the inverter as
‘on’, as well as displaying the three-phase inverter output voltage.

(b)
()
Figure 5. Final headwear system of the SMCS: (a) control unit; (b) monitoring unit.
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Figure 6. User interface of the SMCS application: (a) Bluetooth not connected; (b) Bluetooth
connected and inverter OFF; (c) Bluetooth connected and inverter ON.
5. Conclusion
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In this work, we have designed a smart monitoring and control system for the management of
renewable energy harvested using a three-phase photovoltaic inverter tied to grid. The LoRa
technology has been used as a communication network between the three-phase photovoltaic inverter
system and the main monitoring power station. A hardware and LoRa network with a real three-phase
inverter have been successfully designed and implemented in the laboratory. In addition to the use of
LoRa technology, Bluetooth communication was used to read the data using a smartphone application
that has been especially designed to monitor and control for this purpose.

The advantages of the final system in this paper is to monitor the photovoltaic inverters that have
been installed in remote and rural areas with low-cost and high performance.

The future of using this technology (LoRa technology) is to connect the entire system over the
Internet and allow the connected devices to talk to each other for the purpose of controlling the energy
generated by photovoltaic inverter systems.
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