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Abstract-Voltage fluctuations in batteries form a major challenge 
the telecommunication towers face. These fluctuations mostly 

occur due to poor management and the lack of a battery voltage 

level monitoring system. The current paper presents a battery 

voltage-level monitoring system to be used in telecommunication 

towers. The proposed solution is incorporated with a centralized 

mobile application dashboard for accessing the live data of the 
installed battery, integrated with voltage-level, current, 

temperature, fire, and gas sensors. An Arduino Uno 

microcontroller board is used to process and analyze the collected 

data from the sensors. The Global Service Message (GSM) 

module is used to monitor and store data to the cloud. Users are 

alerted in the case of low voltage, fire, and increase in harmful 

gases in the tower through Short Message Service (SMS). The 
experiment was conducted at Ngorongoro and Manyara 

telecommunication towers. The developed system can be used in 

accessing battery information remotely while allowing real-time 

continuous monitoring of battery usage. The proposed battery 

voltage-level monitoring system contributes to the elimination of 

battery hazards in towers. Therefore, the proposed battery 

voltage level monitoring system can be adopted by 
telecommunication tower engineers for the reduction of voltage 
fluctuation risks. 

Keywords-battery voltage level monitoring; telecommunication 

towers; renewable energy; GSM sim 800l module; dashboard  

I. INTRODUCTION  

Rapidly growing population, technological advancements, 
and climate change, raise the demand for more energy [1], 
which is expected to increase the Greenhouse Gas (GHG) 
emissions in the atmosphere. Global population, for instance, is 
expected to increase from 7.7 to 9 billion by 2050 [2], whereas, 
in Sub-Saharan Africa, where Tanzania is located, the 
population is predicted to double by 2050 [3]. Also, 80% of the 
1.4 billion of the global population living in rural areas have 
inadequate access to electricity [4, 5]. These people not only 

have a low life quality but also lack access to technology, 
which means that they fall under the energy poverty deception 
category. The instability of the national grid and the low 
proportion of the population accessing it, makes renewable 
energy a priority for electrification, especially in Africa, since it 
is low-cost, user-friendly, and can reduce carbon footprint [6]. 
Telecom tower companies in Tanzania have found significant 
reliable use of renewable energy by using solar panels to power 
their services during power outages and hence enabling a cost-
efficient evolution to a low-carbon power system [7]. The 
advancements in solar energy are increasing in Tanzania [8]. 
However, solar energy offers efficient production only during 
the day. This necessitates energy storage in batteries to ensure 
the continuation of services [9-12]. 

Telecom towers connect people with their business 
remotely by accessing the internet and other services. Powering 
the towers requires a stable energy source for versatile 
operations. To guarantee their uninterrupted operation, the 
towers need to depend on renewable energy sources, like solar 
panels, to eliminate the inconveniences caused by 
unpredictable power cuts on the national grid [13, 14]. The 
most serious challenge encountered by telecom towers is the 
unexpected voltage drops followed by cutoffs that occur 
without alerting users to act accordingly. This makes the tower 
services unavailable, thus lowering productivity while putting 
sensitive electrical equipment at risk. Additionally, the 
hydrogen gas from batteries affects human health and the 
environment [15-17]. So, there is a need to monitor and 
eliminate battery voltage-level changes and other parameters 
that may pose a threat to public health and safety. Among the 
factors that have been identified as the primary contributors to 
voltage fluctuations are the lack of battery data visualization 
and the big number of devices allocated to be powered by a 
battery [18]. They, therefore, lack information with regard to 
when the voltage battery is expected to be low for timely 
actions. With the technological advancements through the 
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Internet of Things (IoT), accessing data remotely has been a 
routine for many companies and individuals. IoT is proved to 
be fundamental in receiving, controlling, and accessing data 
remotely and acting accordingly. The technology is also user-
friendly and grants real-time data access [19, 20]. Taking 
advantage of this technological advancement, some studies 
have been carried out to review, analyze, monitor, and compute 
data for real-time sensing in different areas [21, 22]. However, 
most of these studies have only concentrated on monitoring 
geographical areas and excluded monitoring batteries installed 
in towers. 

Several measuring components have been used to monitor 
voltage fluctuations in batteries. Voltage changes in batteries 
have been reviewed to identify battery parameters that can be at 
risk due to voltage changes in order to improve the economic 
and sustainable use of their energy [23]. One recent approach 
included the integration of an Arduino microcontroller board 
with thermometer, voltmeter, and ammeter sensors through a 
correlation and regression algorithm to measure the battery’s 
state of charge and estimate its useful remaining life [24]. The 
study showed that battery estimation on the state of charge, 
state of health, and discharge rate with its remaining useful life 
can be derived in real-time. However, this system failed to 
estimate the remaining voltage of the battery and presented a 
low real-time data acquisition due to the usage of an SD-card 
which lacks efficiency in data security. So, there is a need to 
develop a low-cost, efficient battery voltage-level monitoring 
system to increase the sustainable utilization of the voltage 
stored in the battery remotely. Authors in [25] conducted a 
simulation work on discharging and charging of battery banks 
for telecom sites in India. Similar work was conducted in [26], 
again in India, aimed to control the voltage drop of the battery 
bank. However, these works were limited only on the 
simulation approach without being tested to real life 
applications. Authors in [27] presented a review on the 
methods of monitoring the charging and discharging of 
batteries connected to renewable energy sources through a 
centralized controller. However, they took into consideration 
only the energy supplied to the load without alerting the user 
on battery discharge and charge. Changes in current, 
temperature, and the state of health of the battery are 
considered as the factors affecting the most voltage fluctuation 
in batteries installed in electric vehicles, which is only 
beneficial to only a section of battery users [28]. Besides, some 
studies use high technological methods which turn away most 
users from adopting them due to their high costs and 
requirements of high technical skills to operate [29]. 

Sustainable Development Goal (SDG) number 7 is to 
ensure access to modern, affordable, clean, and reliable energy 
for all by 2030 [30]. However, the previous works have failed 
to contribute to the accomplishment of this goal. To eliminate 
these challenges, the present study proposes a low battery 
voltage level monitoring system that can be beneficial to all 
battery users in accessing battery information remotely by 
allowing them to continuously monitor the battery usage in 
real-time and contribute to the elimination of battery hazards. 
With this, attention needs to be drawn to a cost-effective and 
user-friendly battery voltage-level monitoring system. This will 
contribute to real-time access of information about faults in 

batteries and consumption, through a dashboard for the 
sustainability of usage. 

II. MATERIALS AND METHODS 

This study was carried out at 2 towers of Habari Node 
Public Limited Company which is an Internet Service Provider 
(ISP) in Arusha, Tanzania. Firstly, coordinates of the towers 
were measured with GPRS devices, as shown in Table I. The 
two towers were selected due to their ability to store energy in 
batteries. Also, they are most affected by voltage fluctuations 
due to the huge number of users residing far from company 
offices. The coordinate measurements helped in sending data to 
the towers accurately without any data loss. Furthermore, the 
measured coordinates assisted system installation and the 
testing process in the field. 

TABLE I.  TOWER LOCATIONS 

Location Coordinates 

 Latitude (LAT) Longitude (LONG) 

Ngorongoro -3.27544 35.438886 

Manyara -3.37764 35.81857 

 

The voltage levels of the installed batteries and solar panels 
in the tower were measured. The currents through the batteries 
and the solar panels were measured manually with a digital 
AC/DC UNI-T UT890D multimeter. The measurements were 
conducted on two batteries located in Ngorongoro tower and 
Manyara tower as shown in Table II. The results present a mix 
of used and full batteries with different values. Furthermore, 
their cutoff times were observed based on the voltage stored in 
the batteries. The measurements helped in the development and 
real application of the proposed system.  

TABLE II.  MANUAL MEASUREMENT RESULTS 

Battery location 
Voltage Results 

Battery Solar Load Low voltage Time (hrs) 

Ngorongoro 14.8V 20V 0.05 11.88V 6 

Manyara 14.5V 20V 0.07 11.8V 4 

 

A. Hardware Integration 

After data collection, verification of the hardware part was 
done using the Proteus simulation software. Figure 1 shows the 
system overview design in the circuit, which consists of voltage 
sensor, current sensor, gas sensor, frame sensor, an Arduino 
Uno microcontroller board, the SIM808 GSM/GPRS/GPS 
module, a 14.8V to 14.5 V battery for power supply, and a 20V 
solar panel. Simulations were conducted before the real 
application of the integrated circuit components to ensure they 
behaved efficiently. The components were integrated into the 
Proteus software. Arduino Uno, was selected due to its 
efficiency to help the development of the proposed low-cost 
system. It consists of 14 digital input and output pins and 6 
analog pins. The voltage sensor which acts as a voltage divider 
was connected to measure the voltage level of the batteries and 
solar panels. The GSM module transmitter (Tx) and receiver 
(Rx) pins were connected to pins 0 and 1 respectively. The fire 
sensor was connected to pin 2 of the Arduino and the gas 
sensor was connected to pin 10. Furthermore, two relays were 
connected, one to allow the voltage from the solar panel to go 
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to the battery and the other to allow the load to function. The 
load used was a bubble light, tested at 5V at Ngorongoro and 
3V at Manyara. Four Light-Emitting Diode (LED) indicators 
were used to alert the user if any hazard was happening near 
the batteries. The red LEDs represent hazard, the blue network 
connection, the yellow represent the relay, and the green was 
for power. A long leg pin was connected to pin 10 of the 
Arduino and set to the output of the GSM module. In real life 

system application, a short message notification was used as an 
alert to the user with the help of the GSM module. The GSM 
was powered by 12V and the other components were supplied 
with 5V voltage from the Arduino. After system simulation, the 
hardware components were integrated for real-life application 
and their interactions proved the system functionality and its 
compliance with the requirements. Figure 2 shows the 
prototype integration of the GSM and the sensors.  

 

 
Fig. 1.  Circuit diagram of the developed system. 

 

Fig. 2.  Prototype integration. 

B. Calculations  

The calculations shown below helped in producing reliable 
and accurate voltages to the batteries and the solar panels. The 
values read by the analog pin of the Arduino were converted 
and the voltage stored in the battery was considered to be the 

battery voltage. Let the value to be read by the analog pin be 
the ADC-Value as shown in (1): 

���	����	
�	�	���	

�

����
    (1) 

where ADC represents the Analog to Digital Converter, 5 is the 
reference voltage of the Arduino, and 1024 is the ADC 
resolution. The formula for calculating the voltage divider is:  

��

�����
� �	���    (2) 

The resistances R3 and R4 are presented in Figure 3. R4 in this 

work was 30KΩ and R3 was 7.5ΚΩ. Therefore, the voltage 

divider is 37.5ΚΩ. The ADC voltage is calculated as shown in 

(3), (4), and Figure 3. 
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From (1), the ADC-Voltage is calculated as: 

���	Voltage � ���	�	���	
	0.00489    (5) 

Substitution of ADC-Voltage in (3) gives (6): 

ADC Value x 0.0049=
7.5 Kho

37.5 Kho
 x Battery Voltage	    (6) 

For 0.02444 ADC-Value, the solar–volt is shown in (7). 

1��	� 2 ���� � 0.2445	
	���	�	���    (7) 

Therefore, the voltage constant used in the code battery was 
0.02499999 and for the solar constant, it was 0.02499989. 

 

 
Fig. 3.  Voltage divider. 

III. RESULTS AND DISCUSSION 

This section contains the results of the system's tests and 
analysis. The voltage sensor experiment was recorded to ensure 
that the circuit was in good working order followed by 
recording experiments and results used to verify battery voltage 
fluctuations as shown in Table III. Analysis was conducted for 
the proposed system and the two batteries located in the 
respectice towers as shown in Figure 4. Their voltage levels 
and the current from solar panels and the load were 
successfully measured by the developed system as shown in 
Table III. Furthermore, the system could measure the humidity 
of the battery and detect gas and fire near the battery. A 14.8V 
fully-charged battery which reached 11.86V after usage was 
used for the Ngorongoro tower and an 11.85V used 
rechargeable solar battery for the Manyara tower. A voltmeter 
was used to compare the voltage measured manually with the 
voltage measured by the system as shown in Table III. The two 
voltages were found to be the same. This helped to know the 
voltage level of the batteries before they reached low voltage. 
The GSM could send SMS notifications to the intended users 
to act accordingly. The other parameters were monitored 
similarly. The measurements taken manually with a multimeter 
showed that the voltage level was different due to the usage of 
different batteries. Figure 4(a) shows the solar battery used in 
the experiment, Figure 4(b) shows the prototype testing with a 
voltmeter, and Figure 4(c) shows the complete prototype with 
5V solar lamp as the load and solar panel. 

TABLE III.  RESULTS FROM THE DEVELOPED SYSTEM 

Battery 
Voltage results Current 

Humidity 
Gas Fire 

Multimeter (V) Voltage sensor Solar Load Detected Not detected Detected Not detected 

1 11.86V 11.87V 20V 0.00 Good No Yes No Yes 

2 11.85V 11.86V 20V 0.03 Good No Yes No Yes 

 

 

Fig. 4.  System testing. 

From the multimeter measurements, the value was 
accurately similar to the one measured using the system as 
shown in Table III. It can, therefore, be concluded that the 
voltage sensor provides valid measurement values of the 
batteries. The other battery parameters were measured to 
determine whether they could be risky to humans and the 
environment. Using current as an example, the current sensor 
load and the DC for which a solar panel was used to charge the 
batteries were respectively measured. The solar panel was able 
to charge the battery, the lamp was used as a load, and its 
current was measured and monitored respectively as shown in 
Figure 4. Battery voltage data were sent to one centralized 
mobile application dashboard. 

A. The Dashboard Data 

Figure 5 shows the final prototype of both systems tested 
for Ngorongoro and Manyara towers. Data from the sensors 
were collected and sent to a mobile app dashboard as shown in 
Figure 6. The battery parameters were updated every 5s, they 
were stored in the cloud using the ThingsWeb server, and were 
displayed on the Arduino IDE serial monitor. The actual 
voltage and current comparison were used to control the 
voltage level of the battery installed in each tower. The 
comparison was done based on measuring the actual battery 
voltage to the remainder, and the current coming from the solar 
panel to the battery to the actual current. Furthermore, 
temperature, humidity, fire, and gas were continuously 
monitored to assess whether they were detected or not. As 
shown in Figure 6, the screenshot of the app developed for 
monitoring the batteries shows that the approach was 
effectively evaluated and met the requirements in instances of 
live data every 5s. Figure 7 shows the screenshot of a message 
received as an alert to the user about the low voltage of the 
battery installed at Ngorongoro tower which enabled the user to 
turn on the relay. Data were uploaded onto the dashboard and 
stored on a server. When the load was connected and the solar 
panel begun to power the battery, the current was efficiently 
measured by the system as shown in Figure 7. The load 
charging current was 0.32 since the 5V solar lamp was 
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connected as the load and the solar panel current was 0.32 as it 
was charging the low battery. Fire and gas were not detected at 
the Ngorongoro tower. Furthermore, the system was able to 
alert the user of the low battery voltage 11.8V at the 
Ngorongoro tower using a message sent by the GSM project 
(Figure 7). 

 

 
Fig. 5.  Final prototypes for Manyara and Ngorongoro towers. 

 
Fig. 6.  The developed mobile application dashboard. 

 
Fig. 7.  Short message alert received from the system installed at 

Ngorongoro. 

B. Discussion 

The conducted experiments proved the validity of the status 
information from batteries located in the telecommunication 
towers: their voltage and current levels, temperatures, and 
presence of fire or gas were monitored while the risks of 
voltage fluctuation were reduced. Figures 6 and 7 show the 
monitoring and access through the mobile dashboard of the 

voltage level and other battery status parameters from the 
battery located at the Ngorongoro tower. Data processed from 
the sensor were sent in real-time to the cloud and battery 
voltage level, current, temperature, fire warning, and gas status 
were visualized through the mobile app dashboard as shown in 
Figures 5 and 6. 

IV. CONCLUSION AND FUTURE WORK 

The current work lays the foundation for the development 
of a battery voltage level monitoring system for 
communication towers to ensure suitable battery performance 
and real-time monitoring. The development of the system 
consisted of the integration of sensors for battery monitoring 
devices and a dashboard as a user interface which ensures 
central monitoring. The system can send information to the 
administrator dashboard via a cloud server from the related 
towers using its coordinate locations via the GPRS internet 
module. An SMS notification is sent to the user as an alert 
when the battery voltage becomes low. The dashboard allows 
real-time access and monitoring of the battery status. Future 
research can add more functionality to the current work, e.g. by 
adding Ethernet that can be used to improve internet 
connectivity over GPRS. 
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