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Abstract- Every year, global energy consumption
increases quickly. But the majority of energy production
still involves using fossil fuels like coal and natural gas. In
particular for remote areas, the goal of this work is to
develop a reliable system to monitor the effectiveness of
solar energy generation used to power communication
towers. This paper offers details on a particular kind of
solar energy system that can be utilized to power
communication towers. Identification and programming of
the electrical components needed to build an instrument
circuit for this electrical system. Software for the system
has been created and is currently in use. The development
and testing of a full GPS remote monitoring system are
now complete. By combining the monitoring system with
the embedded GSM system, this work proposes an online
monitoring solution for grid PV installations. Variables
like PV output and grid inverter output are tracked to
assess the efficiency and stability of the system. In addition
to the capabilities for observing the inverter input and
sending the outcomes for observation online. A specific
application for smartphones has been developed to enable
remote monitoring of the same data on the cloud in
addition to uploading data to the cloud via GSM. Google's
MIT App Inventor 2, a wonderful tool for learning mobile
development, especially if you don't have a programming
background, was used to construct the smartphone app.
The drag-and-drop capability is simple to use, well thought
out, and effective as a teaching tool.

Keywords: AC Sensors, SIM 900A GSM Module,
Arduino UNO, IoT, ThingSpeak, PZEM-004T.

1. INTRODUCTION
At many Telecommunication cell sites, the
management of AC power and battery levels continues to
be problematic. The management of mobile base station
cell sites by Nigeria's telecom companies is incompetent,
and the owners of the telecom networks continue to lose

money [1]. At each cell location, no number of one-person
activities will yield the desired results. Human beings (Site
Operators) are fallible and shouldn't be encouraged to
work in situations where they might make mistakes. They
were involved in the majority of site failures in the records
as a result of slow response times, inadequate diesel tank
fueling, a failure to detect tank leaks, etc.

The world's mobile phone towers now have solar
panels installed on top of them, enabling the nation to
transition to using fewer fossil fuels without incurring
significant costs. Solar energy technology is developing.
However, the best time for solar energy to create is during
the day. To assure the availability of services, this requires
energy storage in the form of batteries. By connecting to
the internet and other services, telecom towers enable
people to conduct business remotely [2], [3]. To be
employed for a variety of tasks, the towers' power source
must be dependable. The towers' solar panels will keep
them powered even if the national grid fails, which will be
an issue if it does so frequently [4].

The potential for sudden voltage dips and subsequent
cutoffs, which happen without the end-user being aware of
it, is a major issue for telecom tower operators. As a result,
the output is reduced and essential electrical equipment,
such as tower services, becomes inoperable. It is critical to
understand that battery hydrogen gas is hazardous to the
environment and human health [5] [6]. Therefore, features
that can endanger public health and safety, such as
variations in AC and DC voltage, must be watched for and
eliminated. Two of the main causes of voltage variations
that have been discovered are insufficient battery data
visualization and the large number of devices that rely on
batteries. Since they are unaware of the anticipated battery
low voltage, they are unable to act quickly. Thanks to the
Internet of Things, many businesses and individuals may
now access data remotely (IoT). IoT is essential for
remotely  acquiring, monitoring, and analyzing
information and responding appropriately [7].
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The alterations in voltage and current pose a serious
problem for telecommunication towers. These oscillations
frequently result from poor management and a lack of a
system for checking the DC and AC voltage levels. The
current study [8] offers a battery voltage-level monitoring
system for communication towers. In the suggested
approach, the installed battery's voltage, current, AC
voltage, and current sensors are accessible in real-time via
a mobile app dashboard. An Arduino Uno microcontroller
board is used to monitor and assess the data gathered from
the sensors. GSM is a tracking and data-storage module
that runs on the cloud. The recommended method enables
continuous real-time monitoring of battery consumption
and inverter output power while allowing for the remote
retrieval of battery and inverter information. The new
voltage-level monitoring system has been intended to
eliminate the hazard posed by batteries in towers.
Therefore, to lessen the dangers associated with voltage
fluctuation, telecommunication tower engineers might
utilize the suggested battery voltage level monitoring
system [9]. Instead of using manual employees to control
the process, technology would be more successful and
effective. The major focus of this study is on the efficient
Internet of Things (IoT) technology implementation
strategy [10].

The data is immediately accessible and the system is
simple to utilize. Utilizing this technical innovation,
research has been done in several domains to evaluate,
analyze, monitor, and calculate data for real-time sensing
[11]. Monitoring batteries mounted in towers were
frequently excluded from the analysis since they were only
used to monitor specific geographic areas. A variety of
monitoring tools have been used to track changes in battery
voltage [12]. To maximize the usage of batteries as a cost-
effective and sustainable source of energy, battery features
that voltage variations may threaten have been identified.
An Arduino microcontroller is used to monitor the
battery's charge condition and anticipates how many more
years of useful life it has as an illustration of a more
modern technique. According to the research project’s
findings, battery health, charge status, discharge rate, and
the battery's remaining useful life may all be evaluated in
real-time [13], [14].

2. SYSTEM REQUIREMENTS

In order to transfer data over great distances at the most
reasonable rate and for the longest battery life, this study
focuses on the design and implementation of a modern
system for monitoring the power activity of solar systems
for communication towers. This system will use a GSM
communication technique. Overcharging and discharging
lithium-ion  batteries can cause damage. High
temperatures, gas leaks, fire, or explosion are possible
outcomes of this kind. To prevent such violence, battery
management, and control systems will be developed by
monitoring the voltage, and current of battery and inverter.

The most important primary electronic components
and software that will be used in the final circuit design to
monitor the electrical power system in communication
base stations will be covered in this section. The primary
diagram for the suggested system is shown in Figure 1.

ThingSpeak®
Cloud

PV System

DC/AC A
Measuring
Voltage and 2
Circuit
Current Sensors

GSM Tower

Figure 1. The proposed system's block diagram caption

2.1. Hardware Requirements
In this section, all the special electronic parts that are
used in this paper will be discussed.

2.1.1. Microcontroller Unit

An core is found on the Arduino Uno microcontroller
board in Figure 2. It has a reset button, an ICSP header, a
power connector, a USB port, and a resonator operating at
16 MHzIncluded are 16 MHz resonators, USB
connections, a power jack, an ICSP header, a reset button,
20 digital input/output pins, six PWM outputs, and six
analog inputs [15].

ARDUINO
UNO REV3

uuuuuuuuuuu
vvvvv

Figure 2. The Microcontroller unit (Arduino UNO REV3) [15]

2.1.2. DC Voltage Sensor Unit

This voltage sensor module, which is affordable and
highly reliable, employs the same voltage division strategy
Figure 3. The voltage sensor module can track voltages up
to 25Vdc and has a resistance accuracy of 1 percent. The
resistance of R1 is 30 kQ, while the resistance of R2 is 7.5
kQ[16].

2 |
LV CEER5N

Figure 3. DC voltage sensor unit [16]

2.1.3. DC Current Sensor Unit

The ACS712 Current Sensor Module in Figure 4 is a
typical current sensor for Arduino. It makes advantage of
the hall-effect phenomenon, which is the generation of
voltage by current flow inside a region of the magnetic
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field. Because the voltage generated by the hall effect is
exactly proportional to the applied current, it is possible to
determine the applied current from the measured voltage.
The sensor can detect current flow in either direction. The
sensor won't be harmed by a reverse current, but it will
yield less voltage. The Arduino Analog input can only read
positive integer values, as we are all aware. The zero point
for measurements in two directions should be 2.5V, or half
of the overall voltage range (0 to 5V). If the supply voltage
of the sensor is 5V, then this is accurate [17].

Figure 4. DC current sensor unit [17]

2.1.4. AC Voltage, Current, and Power Sensor Unit

Applications that measure power usage are a choice for
the Peacefair PZEM-004T Multi-function AC Power
Monitor. Electrical quantities including voltage, current,
power, and energy may all be measured using it. A perfect
circuit for measuring AC voltage, current, and power
(RMS) is shown in Figure 5. (single-phase). Using the
code library, the device may simply connect with Arduino
and other gadgets. A power supply (or the AC source
you're monitoring) must be used to power the circular
sensor and attach it to the circuit board. By passi the wire
through the spherical sensor, you can gauge voltage,
current, and power. A TTL to USB converter cable is
included in the package to enable rapid connection to a
computer or microcontroller [18].

Figure 5. The PZEM-004T [18]

2.1.5. SIM900 GSM Module

The SIM900 GSM/GPRS shield in Figure 6 is made to
completely encircle the SIM900 chip with all necessary
components for communication with Arduino as well as a
few more goodies to make use of the chip's special
features. Whether you want to make a covert call to turn
on the irrigation system in your garden The SIM900
GSM/GPRS shield is a fantastic place to start with [oT if
you want to remotely monitor what is occurring in the
home [19].

Figure 6. SIM900 GSM/GPRS shield [19]

2.1.6. 20%04 12C LCD Unit

This is an Arduino-compatible 20x04 LCD module
with a fast [2C interface Figure 7. It can display two lines
of 20x04 characters with a white background and blue
characters. The LCD will typically run out of Arduino
pins. Six digital pins and two power pins are needed for an
LCD. Making a robot project will be challenging due to
the Arduino UNO and LCD [20].

Figure 7. LCD (20x04) units [20]

2.1.7. DC Power Supply Unit

The module in Figure 8 has a substantially easier life
because of its options for 3.3 Volt and 5 Volt power
supplies. You can now use a computer, a portable power
supply, or a 12 Volt DC converter to power your circuit.
The addition of this module should have a substantial
positive impact on your electronic toolbox. On the left, are
two power supply ports, a DC port, and a USB port [21].

T

Figure 8. DC power supply unit [21]

2.2. Software Requirements
In this part of the paper, all open-source software that
has been used will be presented.

2.2.1. Arduino IDE

Arduino is a platform for creating electrical projects
that is open-source and cost-free. Your computer's IDE
(Integrated Development Environment) application is used
to generate and upload computer code to the physical
board. A hardware-programmable circuit board, often
known as a microcontroller, makes up the Arduino
platform Figure 9 [22].
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© sheish re2alirdnioa il IR Additionally, our blocks-based solution accelerates
TN, compared to conventional programming environments, the
o creation of intricate, significant apps. By enabling
0 100 oo A everyone, especially young people, to create software

// put your setup code here, to run once:

instead of just utilizing it, the MIT App Inventor initiative
aims to democratize software development Figure 11 [24].

4y

6 void loop() (
// put your main code here, to run repeatedly:

3. FINAL HARDWARE SETUP

After the microcontroller and the sensors were
described in detail in the previous section, which covered
all the electrical components used in our project, these
parts were gathered to build and implement the project's
final system. This system's main goal is to gauge the PV
system's DC/AC voltage and current for use in
communication tower applications. Figures 12 and 13
show the final circuit. The block architecture of the whole
monitoring system is shown in Figure 12, and the
schematic diagram is shown in Figure 13.

9

Figure 9. Arduino IDE Platform [22] —

2.2.2. ThingSpeak Cloud

We can gather, evaluate, and analyze real-time data
streams online with the aid of the IoT analytics service
ThingSpeakTM. ThingSpeak immediately visualizes data
that is transmitted by your devices to it. You may run I Sima00 GSM Modute vasay
MATLAB® code in ThingSpeak to do online analysis and :
analyze data as it is being received. ThingSpeak is
frequently used for system development and proof-of-
concept for [oT systems that need analytics Figure 10 [23].

Arduino UNO R3 |

20%04 LCD

n

fritzing

DC Voltage Cyrrent

Projects

Sl Cgta - Sensor  gengor Voltage Ampere Power Ene
n Meter AC80-260V/100A
ThingSpeak for loT n ////// \ Figure 11. The block architecture of the whole monitoring system
il //// : ;

. 20%04 LCD
Data collection in the cloud with advanced da ¥

analysis using MATLAB 7 R Sim900 GSM Module )
. | Arduino UNO R3

caiswairares] [0

Figure 10. The main website window of ThingSpeak cloud [23]
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2.2.3. MIT APP Inventor 2

Anyone can design fully functional apps for Utilizing
MIT App Inventor, a user-friendly visual programming
environment, on smartphones and tablets. Beginners using ]
MIT App Inventor may release their first simple app in
around 30 minutes.

] ugm
i
jl} I

TR

fritzing
Figure 12. The schematic diagram of the whole monitoring system
ProjectOne 2 oy o |
prmT— e = These diagrams (block and schematic) were created
using the excellent free software Fritzing. It makes it
possible for anybody to learn from, collaborate with, and
prototype their electrical ideas to produce a schematic and
afterward a component that can be attached to wire
diagrams with a highly professional look. Even better, you
may produce your PCB design files yourself [25].
SparkFun uses Fritzing to show how to connect our boards
to other gear in our seminars, hook-up guides, and
e — wherever else we need to. Figure14 depicts the monitoring

.y .
Figure 10. MIT App Inventor 2 Platform [24] circuit's hardware deSIgn'

96606000

©606090600
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Figure 14. The Hardware monitoring system

4. RESULTS AND DISCUSSION
Three programs make up the entire system: the first is
for measuring and sending circuits, the second is for cloud
monitoring with ThingSpeak, and the third is for the
smartphone application program. The measurement
circuit's flowchart may be seen in Figure 15.

g

Figure 13. The measurement and transmitter circuit's flowchart

The flowchart illustrates how the Arduino UNO
collects information from sensors (AC/DC voltage and
current), measure it, and displays it on the LCD. Next,
verify that the GPS is operational before beginning to
upload data to the cloud.

[bE Vol
Cur

tage= 12,
" 8

RAC Currer

Figure 16. The Hardware monitoring circuit with results
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The measurement circuit for the system testing is
shown in Figure 16 after being linked to the single-phase
photovoltaic inverter (2K12V)'s battery and the load.

The Pearson correlation coefficient will be used to
verify the readings that were measured in the proposed
device. The Pearson correlation coefficient, often known
as Pearson's statistical test, assesses how strongly different
variables are related to one another. The Pearson
correlation coefficient indicates the strength of a linear
relationship between two variables. The Pearson
correlation coefficient is seen in Equation (1).

> (Xi-X)(yi-7)
> (Xi-X) X, (vi-5)’
where, T" is correlation coefficient, X; values of the X -

variable in a sample, X mean of the values of the X
variable, ¥; values of the y variable in a sample and y

= ()

mean of the values of the y variable.

Table 1 presents some values of the system results for
calculation the of Pearson's correlation coefficient and a
comparison between the results of propped system with
one of the instruments on the market. The criteria for DC
voltage rate are presented in Equations (2) and (3) presents
the criteria for DC current rate, Equation (4) presents the
criteria for AC voltage rate and the criteria for AC current
rate are presented in Equation (5).

Table 1. System Results for calculation Pearson's correlation coefficient

No. | Vdcl | Vde2 | Idel | 1dc2 | Vacl | Vac2 | lacl | lac2
1 | 1231235 | 58 | 575 | 228 | 2275 | 46 | 472
2 11241242 | 5.2 5.1 221 | 2203 | 42 | 4.25
3 [ 1231235 | 49 | 482 | 219 | 2195 | 39 | 423
4 |1 123] 1235 | 49 4.2 218 | 218.8 4 44
5 12 12.18 | 5.5 5.41 222 | 2232 | 4.2 4.4
6 [ 124 ] 1235 | 54 | 535 | 218 | 2186 | 3.9 | 4.05
7 | 122 | 12.18 | 5.6 | 552 | 224 | 223.1 | 4.5 | 4.55
8 [ 125] 1245 | 49 | 483 | 224 | 2224 | 45 | 4.58
9 | 124 | 1244 | 52 | 5.08 | 222 | 222.6 | 44 | 4.56
10 | 123 | 12.15 | 4.6 | 451 | 218 | 219.6 | 42 | 4.35

Zi(VdCIi _M(Vdcl ))(VdCZi _M(Vdc2)) (2)

Tvac =
VS Vi =M Vi) S Vi =M (V)

Zi(ldcli _M(Idcl ))([dCZi _M(IdCZ ))

Iae = : : 3)
\/Zi(ldc” _M(Idcl)) \/Zi(IdCZi ~M (14 ))

e = 2 Vacti =M (Vo)) Vacrs =M (Vi) 4
S5 Ve M) oM 00))

e = Zi(lacli _M([aCl))(Iac2i -M (1, )) -

VS (s =M (L) (R =M ()]

Then, the final results after the calculation:
The DC voltage Pearson's coefficient I'y4=0.773
The DC current Pearson's coefficient I',.=0.92
The AC voltage Pearson's coefficient I'y,=0.821
The AC current Pearson's coefficient I';,,—=0.899
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For IoT system proof of concept and prototypes that
require analytics, ThingSpeak is widely utilized. With the
help of the -cloud-based IoT analytics platform
ThingSpeak, the photovoltaic system's status was
evaluated, real-time data streams were visualized, and the
findings are shown in Figure 17. ThingSpeak displays data
that the devices communicate to it in real-time. The same
results will be shown on smartphones using a special app
created for this purpose when all the data and results have
been posted on the ThingSpeak website Figure 18.

5. CONCLUSIONS AND FUTURE OF WORKS

This work provides an open-source, very low-power,
low-cost, and efficient data-logging and monitoring
system for an off-grid PV energy system. Through the use
of this data logger, all necessary PV system parameters are
stored in the cloud. In this work, a unique GSM circuit-
based monitoring system is designed, developed, and put
into use. The GSM communication system uses little
power and can transfer data over great distances.

The majority of the monitors are situated exactly where
the system is. Nevertheless, this research created the
blueprint for remote battery and inverter condition
monitoring for communication tower photovoltaic
applications. The efficiency of communication networks
and the battlefield’s direction are directly impacted by the
management of the condition and performance of batteries
and inverters, which are crucial to contemporary industrial
production. The system's architecture is focused on
tracking key PV system properties including AC/DC
voltage and current.

The advantages of using a GSM monitoring circuit
include the ability to remotely monitor and control devices,
as well as the ability to send and receive text messages and
make phone calls. GSM networks also have wide coverage
and are widely available. The disadvantages of using a
GSM monitoring circuit include the possibility of network
outages or poor signal strength, as well as the potential for
security vulnerabilities if the system is not properly
configured. Additionally, GSM monitoring circuit systems
may have higher costs associated with them due to the
need for a SIM card and ongoing service fees.

For future work, the authors advise researchers to,

1. Adding more sensors to making it capable of monitoring
system temperatures

2. Appling a new technique by swapping out the GSM
module for a LoRa module for remote monitoring systems.
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