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ABSTRACT 
 
The battery voltage level is a critical parameter for 
Uninterruptible Power Supply (UPS) employed by Pagardewa 
compressor station. If batteries are faulty it could cause station 
shutdown. The UPS consists of batteries which should have a 
certain voltage level and it is placed in the 
temperature-specified battery room. The main purpose of this 
article is to measure battery voltage and room temperature 
then to display it continuously on a website and send 
notification messages if the voltage or temperature value is 
beyond the specified range. The system has been developed 
based on the Arduino Mega microcontroller which includes 
wifi for data communication. As a prototype, the monitoring 
system was applied to 8 of 108 batteries of the UPS during its 
daily normal operation. The voltage measurement test results 
showed that the monitoring system has an average 
measurement difference of 0.0082 V or equal to 0.1896 % 
when compared to that of by a commercial measuring 
instrument while the temperature measurement results in the 
battery room have a difference of 0.6 Co  or equal to 3.03%. 
Hence, this prototype is potentially to be enhanced for all 108 
batteries of UPS in order to prevent station shutdown. 
 
Key words :Battery monitoring, battery management system, 
battery voltage monitoring, uninterruptible power supply. 
 
1. INTRODUCTION 
 
Uninterruptible Power Supply (UPS) is often used to supply 
electrical power for critical equipment such as control 
instrumentation so that if the power quality is less than the 
specified value it can cause interference with the system or 
even stop completely. Pagardewa compressor station is a 
natural gas pressure boosting station. This station consists of 5 
main areas, including the Motor Control Center (MCC) 
building area. In the MCC building area there is a battery 
room that supplies power to the UPS on critical equipment 
namely the Distributed Control Systems (DCS) panel. UPS in 
this area has 108 batteries. This DCS panel is an important 
piece of equipment and if there is lack of power supply it can 
cause unit or station shutdown. Therefore, routine 
 

 

maintenance on the battery is always done by checking the 
battery voltage because voltage is the main parameter to 
measure in the battery of UPS fault detection [1]. Checking 
activities carried out by manual measurement using a 
multimeter within a period of once a month. The weakness of 
this method is that the battery fault could not be detected 
earlier because the condition of the battery voltage is only 
known in a period of one month or when a disturbance has 
occurred. Checking the battery voltage manually cannot 
provide battery voltage information continuously. 
 
Electronic systems with internet of things (IoT) technology 
has potential to be applied for monitoring of physical 
variables and have attracted extensive interest of researchers 
for broad applications for example for water volume 
monitoring [2], location and conditions of soldier monitoring 
[3],  environmental quality of chicken coop monitoring [4] 
and patient with sleep-disorder monitoring [5]. 
 
Battery state of health (SOH) monitoring has attracted 
extensive interest among researchers. Researchers have 
investigated the way how to monitor the level of battery SOH 
based on some parameters for example its charging time [6], 
its charging voltage curve [7] and its state of charge (SOC) 
[8]. Not only for lead-acid based or Lithium based battery but 
SOH monitoring also was proposed for photovoltaic based 
battery [9]. Research on battery monitoring was commonly 
performed in laboratory experimental environments such as in 
[10] and [11]. Besides, battery health could be monitored 
during its operation [12]. For application in the UPS, most 
published works on UPS monitoring systems were also 
performed in the laboratory experimental basis for example 
research resulted in [13] and [14] and also other similar 
publications. The publication on battery of UPS monitoring 
on real-world operation is still limited. In actual operation, 
battery health conditions would be related to the actual 
dynamic of the operational environment [15]. 
 
This paper discusses the development, calibration testing, and 
actual testing phases of the proposed system for monitoring 
battery voltage of UPS while it was in daily normal operation 
and battery room temperature at Pagardewa compressor 
station. The objectives of this study are to measure battery 
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voltage and room temperature then display it continuously on 
a website and send notification messages if the voltage or 
temperature value is beyond the specified range. Although 
temperature of battery surface is also could be considered as 
indication of battery fault [16], however, in this publication 
the battery room temperature was chosen to monitor since the 
UPS at Pagardewa compressor station is employed at certain 
temperature-specified room. 
 
2. METHOD 
 
2.1 System Architecture 
 
Parameters which could be monitored in order to understand 
the level of battery SOH involving voltage of its terminal, 
temperature of its surface, and its current [17]. Of these 
parameters, based on actual need in Pagardewa compressor 
station, in this paper only the most primary parameter, i.e. 
battery terminal voltage of UPS would be monitored together 
with battery room temperature. It is essential to monitor the 
temperature of the battery room in order to make sure that the 
battery is working in the proper environment. Based on the 
maintenance manual book, the battery has its own optimal 
working temperature, too cold temperature would decrease 
battery capacity but too hot temperature would decrease 
battery life. 
 
The battery voltage monitoring system was developed using 
RobodynArduino Mega + wifi as a data processor and 
communication media. RobodynArduino Mega + Wifi will 
process data from voltage and temperature sensors then send 
the processed data to the database and Telegram application 
and display the data through the website and on the 16x2 
LCD. When the parameter value exceeds the limit, 
RobodynArduino Mega + Wifi will send a warning message 
through the social media application software robot of 
Telegram application (bot Telegram). The system architecture 
can be seen in Figure 1. Wifi was chosen to be used for 
transmitting data processed by Arduino to the smartphone, 
database and website because it has higher data 
communication speed compared to Bluetooth used in [18]. As 
reported in [19], the use of a database and website for battery 
monitoring system will provide a user interface which is 
helpful to get information of battery condition easily. Also, it 
is possible to add more information on the website of battery 
monitoring display for example adding battery current 
position by using Global Positioning Systems (GPS) 
coordinate [20]. 
 
The system architecture shown in Figure 1 is different from 
that reported by other researchers for example research result 
in [21] especially in the use of Telegram application warning 
notification. The use of website for displaying parameters of 
battery SOH was also proposed by previous researchers for 
example in [22] and it facilitating user to understand the 
condition of battery graphically however there was no chart 
showing history of voltage reading continuously. 

The system architecture in Figure 1 was implemented in the 
hardware circuit depicted in Figure 2. The battery output 
voltage is measured using an analogue input pin that is already 
contained in the Arduino Mega. The total number of batteries 
in the Pagardewa compressor UPS are 108 batteries. Of these, 
the monitoring system will be implemented on 8 batteries as a 
prototype or proof of concept. Therefore to measure voltage 
of 8 batteries, a 16 channel relay module is needed. This relay 
module has three main pins as follows: VCC pin is for 
connecting to reference voltage, GND pin is for connecting to 
ground, and pins 1 to 16 are for sending data/command. 

 
Figure 1: System architecture of proposed monitoring system 
 
In each relay there are 3 terminals namely common, normally 
close (NC) and normally open (NO) terminals. In the absence 
of a command input trigger (means battery voltage in the 
range of specified values according to the standard), the 
common terminal will be connected to a NC terminal so that 
Robodyn Arduino Mega measures the voltage and displays it 
on the LCD then sends it to the database as well as  the 
website. Then, when there is trigger relay input command in a 
low level position (the battery voltage is outside the specified 
value range) the common terminal will be connected to the 
NO terminal so that Robodyn Arduino Mega will measure the 
voltage, send it to the database, display on the website and 
send the message warning notifications using the robot 
software of Telegram application. 
 
Notification feature of monitoring systems was reported to be 
useful to mitigate the potential of fatal situations [23, 24] 
where short message service (SMS) of global system module 
(GSM) networks was used to send warning messages in the 
monitoring system of a distribution transformer. Similar 
system but with the addition of phase preventer was proposed 
in [25]. Compared to SMS, the use of Telegram application 
has advantages such as simpler and cheaper since it does not 
need any additional hardware modul for GSM sim card and 
also it does not need to spend extra recurring cost for 
maintaining credit balance of GSM network. 
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Figure 2: Schematic diagram of hardware circuit of proposed monitoring system 

 
Temperature and humidity values in the battery room are 
measured using the DHT11 sensor. The DHT11 sensor has 3 
pins namely VCC pin for connecting to reference voltage, pin 
data for sending data to Arduino Mega + Wifi, and GND pin 
for connecting to ground. Liquid Crystal Display (LCD) is an 
electronic display that is used to display system measurement 
results. In this paper a 16x2 sized LCD was used which means 
that it can display 16 characters horizontally and two 
characters vertically. Normally the LCD module is controlled 
in parallel so it requires many pins on the controller side. To 
save pins and space, an additional module, I2C converter, is 
used so that there are only two data cable lines needed namely 
SDA and SCL which are connected to D20 and D21 pins of 
Arduino Mega respectively. 
 

2.2 Software Design and Configuration 
 
There are three kinds of software developed or configured in 
the monitoring systems namely: (1) the main software is the 
software of ArduinoMega+wifi, (2) database and website for 
storing and displaying the measured data on the computer or 
smartphone, and (3) Telegram bot for displaying measured 
data and warning notification using Telegram text message. 
The general computation process of the main program in 
ArduinoMega+wifi, presented in Figure 3, can be explained 
as follows. First, Arduino Mega reads and processes the data 
of voltage, and temperature sensors. Secondly, Arduino Mega 

sends all processed data to database, website, and Telegram in 
wireless using wifi. Besides, the measured data also would be 
displayed in LCD. Finally, if there is parameter value outside 
the determined range, Arduino Mega will send a warning 
notification to the Telegram application. 

 
Figure 3: Flowchart representing main program in Arduino 
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3.  RESULTS AND DISCUSSION 
 
3.1. Actual Resulted Hardware Circuit 
 
To protect against collisions and water splashes, all hardware 
sets are included in a 2-level acrylic box as can be seen in 
Figure 4 and 5. At the first level there is a relay module 
component. At the second level there are components such as 
Arduino Mega + Wifi, LCD, DHT11, and power supply 
modules. This monitoring system hardware circuit gets a 5V 
voltage that comes from the power supply module sourced 
from the power adapter. 

 
Figure 4: Side view of actual hardware circuit 

 
Figure 5: Top view of actual hardware circuit 

 
3.2. Calibration Process and Voltage Test Result 
 
The calibration step is carried out to ensure the data generated 
by the sensor to be processed by the Arduino microcontroller 
is valid. For analogue sensor input, the first step of calibration 
is to measure the amount of voltage between the 5V pin and 
GND on Arduino using a multimeter. After measurement 
results are obtained, these results are then used for the 
conversion process in the program. Furthermore, to determine 
the accuracy of voltage measurement results by the 
monitoring system, validation process is carried out by 
measuring the power supply voltage using the proposed 
telemonitoring system and then comparing it with that of 
commercial measuring instruments namely Fluke 287 
multimeter as can be seen in Table 1. The difference in 
measurement results is expressed as a measurement difference 
( ) which can be calculated using (1) while the value of the 

measurement difference expressed in percent ( p ) can be 
calculated with (2). 
 

Table 1: Calibration testing results of voltage measurement 
Voltage (V) c (V) a  (V)  (V) p (%) 

0.5 0.4999 0.49 0.0099 1.98% 
 0.4999 0.49 0.0099 1.98% 
 0.4991 0.49 0.0091 1.82% 
 0.4991 0.49 0.0091 1.82% 
 0.4991 0.49 0.0091 1.82% 

1.0 0.9986 0.99 0.0086 0.86% 
 0.9987 0.99 0.0087 0.87% 
 0.9987 0.99 0.0087 0.87% 
 0.9987 0.99 0.0087 0.87% 
 0.9987 0.99 0.0087 0.87% 

1.5 1.4996 1.49 0.0096 0.64% 
 1.4997 1.49 0.0097 0.65% 
 1.4996 1.49 0.0096 0.64% 
 1.4995 1.49 0.0095 0.63% 
 1.4995 1.49 0.0095 0.63% 

2.0 1.9993 2.00 0.0007 0.04% 
 1.9992 2.00 0.0008 0.04% 
 1.9992 2.00 0.0008 0.04% 
 1.9992 2.00 0.0008 0.04% 
 1.9993 2.00 0.0007 0.04% 

2.5 2.4985 2.51 0.0115 0.46% 
 2.4984 2.51 0.0116 0.46% 
 2.4985 2.51 0.0115 0.46% 
 2.4985 2.50 0.0015 0.46% 
 2.4986 2.51 0.0114 0.46% 

3.0 2.9994 3.01 0.0116 0.39% 
 2.9994 3.02 0.0206 0.69% 
 2.9949 3.02 0.0251 0.84% 
 2.9995 3.01 0.0105 0.35% 
 2.9995 3.02 0.0205 0.68% 

3.5 3.4986 3.52 0.0214 0.61% 
 3.4987 3.52 0.0213 0.61% 
 3.4987 3.52 0.0213 0.61% 
 3.4987 3.52 0.0213 0.61% 
 3.4987 3.52 0.0213 0.61% 

4.0 3.9990 4.02 0.021 0.53% 
 3.9990 4.02 0.021 0.53% 
 3.9990 4.02 0.021 0.53% 
 3.9991 4.02 0.0209 0.52% 
 3.9991 4.02 0.0209 0.52% 

Minimum 0.0007 0.04% 
Maximum 0.0251 1.98% 
Average 0.0122 0.69% 

 
ac   (1) 

%100



c

p  
(2) 

Where   is measurement difference, c  is measurement 
result using commercial instrument, a  is measurement result 
using developed monitoring system, and p  is measurement 
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difference value stated in percent. The power supply voltage 
level used in the testing process were 0.5, 1, 1.5, 2, 2.5, 3, 3.5 
and 4 V where there were five measurements conducted for 
every voltage level so that there were 80 measurement data in 
total. The test results in Table 1 showed that the proposed 
telemonitoring systems was able to measure voltage with 
measurement difference average was equal to 0.0122 V or 
0.69% with the highest error 1.98% and the lowest error 
0.04% compared to measurement results of Fluke 2287 
multimeter. These results suggested that the voltage 
measurement results of proposed telemonitoring system are 
inline with commercial measuring instrument. 
 
3.3. Calibration Process and Temperature Test Results 
 
Temperature measurement test is done to determine the 
performance of the DHT11 sensor and Arduino Mega 
microcontroller.  The tes result is presented in Table 2. 
 

Table 2: Calibration of temperature measurement 
Room c ( C ) a  ( C )   ( C ) p (%) 

Workshop 
30 Co  

28.7 29 0.30 1.05% 
28.4 28 0.40 1.41% 
28.4 28 0.40 1.41% 
28.2 28 0.20 0.71% 
28.2 28 0.20 0.71% 

Office:   
25 Co  

25.1 25 0.1 0.40% 
25.2 25 0.2 0.79% 
25.2 25 0.2 0.79% 
25.4 25 0.4 1.57% 
25.3 25 0.3 1.19% 

Meeting: 30 
Co  

27.8 28 0.2 0.72% 
27.4 27 0.4 1.46% 
27.0 27 0 0.00% 
26.6 26 0.6 2.26% 
27.6 27 0.6 2.17% 

Meeting: 25 
Co  

24.9 24 0.9 3.61% 
24.3 24 0.3 1.23% 
24.2 24 0.2 0.83% 
24.2 24 0.2 0.83% 
24.1 24 0.1 0.41% 

Minimum 0.0000 0.00% 
Maximum 0.9000 3.61% 
Average 0.3100 1.18% 

 
The validation process is carried out by measuring the 
temperature using a telemonitoring system developed based 
on the DHT11 sensor and comparing the results of these 
readings with the measurement results with a commercial 
temperature measuring instrument, the Fluke 568 infrared 
thermometer. The test was carried out in the room with air 
conditioner (AC) facilities. There were three rooms used for 
testing, namely the workshop room, office room, and meeting 
room. At the time of testing, the monitoring system was 
placed on one of the available tables in the room. The 
temperature in the test room was determined by changing the 
AC temperature settings equal to 30 Co  and 25 Co . Of every 

room, for every temperature value there were five 
measurement comparisons conducted. In the temperature test, 
the average result of measurement difference was 0.31 Co   or 
equal to 1.18% with the highest difference value was 3.61% 
and the lowest was 0.00%. 
 
3.4. Overall Monitoring System Test Results 
 
The experimentation set up can be explained as follows. The 
monitoring system was placed in the battery room. Then the 
system was connected to 8 batteries for implementation 
testing, i.e. battery number 61 to 68 of UPS A. The  
specification of the batteries is 2 V, 420 Ah/10 h. After that, 
the monitoring system measured temperature and humidity of 
battery room as well as voltage level of batteries number 
61-68 simultaneously. Next, all the measured data were sent 
to the database, web, and Telegram application as well as 
displayed in a LCD with the period of 15 minutes. Finally, the 
voltage and temperature measurement data of the monitoring 
system were compared to those of a commercial measuring 
instrument used daily in Pagardewa compressor station. 
 
The temperature of battery room and voltage of every battery 
measured by the monitoring system were displayed in the 
website continuously and graphically as can be seen in Figure 
6. The monitoring system is equipped with detailed 
information of year, month, day, hour, minutes and second 
which are stored in the database as well as displayed in the 
web page (for the x-axis) in order to facilitate real time 
monitoring and data recording especially for maintenance 
purposes. This detailed information presentation is different 
from previous research results in [26] where the data were 
sent using SMS technology and displayed on a mobile phone 
in the form of text not graphical. The overall monitoring 
system testing was conducted in Pagardewa compressor 
station on a normal operational day. The battery voltage based 
on the manual book is equal to 2.23 V in float condition with 
inverter input is in the range between 187 and 264 V. So, the 
monitoring system used battery voltage normal range between 
1.9 and 2.4 V for fault detection basis and send notification. 
Based on the manual book, battery room temperature should 
be around 20 Co  so that monitoring system used temperature 
values between 14 Co and 26 Co  as normal range for 
producing a warning notification. 
 
The monitoring system sends the data to Telegram in the 
period of one hour. After data were sent, the user would be 
able to check the latest parameter value by sending a message 
command of the Telegram application as can be seen in Figure 
7(a). If there is a measured parameter value beyond the 
expected range, then the monitoring system sends the 
notification message to the Telegram application as can be 
seen in Figure 7(b) where notification would be sent 
continuously every 75 seconds until the problem is solved. 
This results is encouraging for further development for 
example the use of a website for controlling the charging 
process of batteries such as used for controlling a motor in 
[27]. 
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Figure 6: Display of temperature and voltage measurement in the website continously and graphicaly 

 

 
(a) 

 
(b) 

Figure 7: Display of Telegram application: (a) overall information and its command, (b) notification message when there is 
parameter value beyond its expected value 

 
Table 3 shows the measurement results and its comparison to 
the commercial data where   and p  were calculated using 
equation (1) and (2) respectively. The test was conducted 
between 13.00 and 16.30 pm of west Indonesian time (Jakarta 
time). In the table, only results for battery number 61 were 
included and how to do measurement, make comparison and 
calculate measurement difference are the same for battery 
number 62 until 68. The test results presented in Table 1 

shows that the measurement difference average for 
temperature of battery room is 0.6 Co  or equal to 3.03 % 
while for voltage of battery number 61 is 0.0098 V or equal to 
0.442 %. By using the same way, all battery measurement 
differences could be calculated as can be seen in Table 4.The 
test results showed that the final measurement difference for 
battery number 61 to 68 is equal to 0.0082 V or equal to 
0.1896 %. 
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Table 3: Test results of battery temperature room and voltage measurement for battery number 61 

Time Temperature ( Co ) Voltage Battery No. 61 (V) 
c  a    p  c  a    p  

13:00:06 19.8 19 0.8 4.04 2.211 2.20 0.011 0.497 
13:15:11 19.8 19 0.8 4.04 2.219 2.20 0.019 0.856 
13:30:27 19.8 19 0.8 4.04 2.217 2.21 0.007 0.315 
13:45:32 19.8 19 0.8 4.04 2.212 2.21 0.002 0.090 
14:01:00 19.8 19 0.8 4.04 2.212 2.20 0.012 0.542 
14:15:10 19.8 19 0.8 4.04 2.214 2.20 0.014 0.632 
14:30:30 19.8 20 0.2 1.01 2.216 2.21 0.006 0.270 
14:45:21 19.8 19 0.8 4.04 2.213 2.20 0.013 0.587 
15:00:58 19.8 19 0.8 4.04 2.219 2.21 0.009 0.405 
15:15:07 19.8 19 0.8 4.04 2.216 2.21 0.006 0.270 
15:30:22 19.8 19 0.8 4.04 2.216 2.20 0.016 0.722 
15:45:13 19.8 20 0.2 1.01 2.210 2.20 0.010 0.452 
16:00:44 19.8 20 0.2 1.01 2.218 2.20 0.018 0.811 
16:15:08 19.8 20 0.2 1.01 2.213 2.21 0.003 0.135 
16:30:14 19.8 20 0.2 1.01 2.211 2.21 0.001 0.045 

Minimum 0.2 1.01 Minimum 0.001 0.045 
Maximum 0.8 4.04 Maximum 0.018 0.811 
Average 0.6 3.03 Average 0.009 0.442 

 
Table 4:Summary of voltage measurement average   and p for battery no.61-68 

Battery No. 61 62 63 64 65 66 67 68 Final Average 
Average   (V) 0.0098 0.0129 0.0126 0.0040 0.0040 0.0045 0.0138 0.0042 0.0082 
Average p (%) 0.4424 0.5837 0.5717 0.1836 0.1807 0.2047 0.6258 0.1896 0.1896 

 

4. CONCLUSION 
 
The monitoring system for battery voltage of UPS and battery 
room temperature for Pagardewa compressor station has been 
obtained. The system was able to measure the battery voltage 
during its normal operation and then presented the measured 
data in the website continuously and graphically in the period 
of 15 minutes. The graphical user interface of the web is 
equipped with detailed information of year, month, day, hour, 
minute, and second in order to facilitate online monitoring 
especially for maintenance purposes. The overall test results 
showed that the monitoring system able to measure the 
voltage of battery with average measurement difference of 
0.0082588 V or equal to 0.37281315 % compared to that of by 
a commercial measuring instrument while for battery room 
temperature is 0.6 Co  or equal to 3.03 %. When either battery 
voltage or battery room temperature exceeds its specified 
range, the proposed monitoring system was able to send 
notification to Telegram application continuously every 75 
seconds. These testing results suggested that the system is 
potentially to be applied on a larger scale involving all 108 
batteries of UPS in Pagardewa compressor station. However, 
the proposed system still has weaknesses in that it could not 
monitor the SOC of the battery for possible replacement 
prediction. This issue should be addressed in the future works. 
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