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Batteries are DC sources, several range of voltages and dimensions are
found on the market, some are 1.5V, 3.7V and 9V with various dimension
such as AAA, AA and PP3. Voltage is an important aspect in a battery, the
voltage could be measured using a multimeter and a specific voltage-
meter device for battery. The latter device cannot be used to measure
voltages in various dimensions and voltage of batteries. According to the
problem, a battery voltage-meter is made for all types of batteries with a
voltage rating ranging from 0-10V. The device could replace the current
voltage-indicator device for battery. Arduino nano is employed as
controller and a LCD is used to display the voltage. The analog to digital
converter pin on Arduino is used to read the voltage, voltage source is an
analog signal. The signal is converted by the microcontroller into a digital
one. The digital signal is processed by microcontroller and the result is
shown on LCD. Due to the device is designed to measure a maximum
10V battery, a voltage divider circuit is employed. The microcontroller
could accept 5V. The resistors used in the voltage divider circuit are the
4.7kQ and the 10kQ series arrangement. Based on voltage indicator test,
the device has a better accuracy when using 10kQ resistor compared to
4,7kQ. 1t displays voltage value up to two digit after the comma. Our
device solves limitation of the current device in market which is just to be
able check a specific type of battery.
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INTRODUCTION

Batteries are DC (direct current) source,
the battery has a variety of voltages, namely
1.5V, 3.7V and 9V. Besides various dimensions
found on the market such as AAA, AA and PP3.
In general, batteries are divided into two parts:
non-rechargeable and rechargeable batteries.
Batteries that cannot be charged are usually
made of zinc-carbon or alkaline, while
rechargeable batteries are made of lithium-ion
(Li-lon). Batteries on the market are usually non-
rechargeable, while chargeable batteries are
limited in stores because these types of
batteries are wusually used for electronics
projects. Currently, research on voltage indicator
of batteries is limited to a certain types of
batteries. In previous research, an indicator of
voltage level on 12V battery has been made
using the BC547 transistor, this device is
specifically designed to determine the voltage on
the motor accumulator [1]. Voltage indicator of
series arrangement of two li-ion 18650 batteries
have been made and LEDs are used as

voltage’s indicator. An operational amplifier (op-
amp) is employed as comparator. If the glow is
blue the voltage is full, a green one means the
battery voltage between 26-75% and a red glow
means the voltage of the batteries below 25%.
However, the device made by [2] cannot be
used to measure the voltage on other type of
batteries. Other research by [3], a voltage
monitoring system was created on four Li-ion
batteries arranged in series, aim of the research
is to measure the voltage of each battery
arranged in series. A monitoring system for
battery (cell) voltage is made by means of LC
series circuit, the result shows that the method
could estimate each battery voltage with high
accuracy[4]. [5] Made a digital power supply by
utilizing ADC (analog to digital converter) pin on
the microcontroller ATmega8535. ADC pins in
microcontroller are employed to establish
realistic loading and transient effects on
calibration[6], to generate signal pattern [7], for
power management system|8], to design low
cost control system [9], to measure battery
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management system [10], and for acquisition
voltage and current of alternating current (AC)
source [11]. Other research about battery are
battery management system (BMS) for
photovoltaic (PV) by means of microcontroller
[12], mobile application for BMS with IoT
(Internet of Things) platform [13].

Based on the previous researches, device
to measure the battery’s voltage is just for a
certain type and dimensions of battery. It could
not measure the voltage of every voltage’s rating
and dimension of battery. Utilization of ADC pins
in other research that is mentions above are not
to measure the voltage of a battery. Therefore,
to give solution of these problems, a simple
device would be made to measure the battery’s
voltage for various dimensions and voltage’s
rating of batteries. The Arduino nano board is
used as a battery voltage reader, microcontroller
ATmega328p on the Arduino has an ADC
(analog to digital converter) feature [14]. ADC is
a facility to convert analog voltage, like [5] did to
make a digital power supply. Analog voltage
could come from sensors, batteries, and others.
So that any analog signal can be converted to
digital form. Arduino-based device is designed to
measure battery voltage in the range 0-10V.
Due to the device is designed to measure a
maximum 10V battery, a voltage divider circuit is
employed. The microcontroller could accept 5V,
if 10V is given directly to the analog pin it will
damage the Arduino board. Contribution of our
work is that utilization of ADC pins could be
used to convert any value of DC voltage source
by means of voltage divider circuits.

RESEARCH METHOD

Arduino-based device for battery-voltage
meter starts from determining how the device
works, then the hardware design, software design
and the last is device testing. The explanation of
each step is as follows:

Working Principle of the Device
The schematics works of the device could
be seen in Figure 1:

Battery's
Voltage

/

Arduino Converts
Analog to Digital

Y

Data Calculated
by Microcontroller

Y

Arduino Shows
Battery's Voltage
on LCD

Figure 1. Working principle of the device

The explanation for Figure 1 is as follows:

1. The battery to be measured is plugged into
the red probe (positive) and black probe
(negative).

2. The voltage value is forwarded to the
Arduino, the microcontroller on the Arduino
converts the analog value to digital via the
ADC (analog to digital converter) feature.

3. The digital signal is processed according to
what is written in the Arduino sketch.

4. Arduino sends data to SDA and SCL pins on
I2C LCD 16x02.

5. LCD displays data from Arduino

Hardware Design

Utilization of ADC pin on the Arduino nano
is the most important thing in this research,
considering that Arduino could only accept a
maximum voltage of 5V while the measured
battery designed to a maximum voltage of 10 V. If
the battery voltage is directly connected to the
Arduino then the Arduino can be damaged.
Therefore, to overcome this problem, a voltage
divider circuit is employed by using of two
resistors. The circuit is as follows in figure 2:
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Figure 2. Voltage Divider Circuit

Based on Figure 2, if the input voltage is 10 V, so
the voltage enters A6 pinis5V:

Voe = Vgy + Vg2

10 = IR, + IR, (1)
IR, =10—-5=5
5
'Th

The current equation is substituted into equation

1.

Ry =R, )

Based on the equation 2, to make the input
voltage 5V to the Arduino, the values of Ry and

R must be the same. In this study, two variations

of resistors were used such a series arrangement
of both 4.7kQ and 10kQ resistors. By employing
all components needed, the schematics are
made. The circuits of the device could be seen in
Figure 3:

UVWODET

fritzing

Figure 3. Battery voltmeter circuit

Software Design

ADC (Analog to Digital Converter) pin on
the Arduino Nano is on AO to A7 pins. If the input
signal is an analog one, the signal is connected to
ADC pin so that it can be further processed by the
microcontroller. In this study, A6 pin is used as
input from the battery.

Arduino IDE is a software to write, compile
and upload the code to the Arduino board. The
code are written to instruct Arduino to process
analog signals into digital then the digital signals
are calculated and the results are displayed on
the LCD screen. The coding for the device can be
seen in the syntax below:

#include <Wire.h>

#include <LiquidCrystal _I2C.h>
LiquidCrystal I2C lcd(©x27, 16, 2);
#tdefine led_pin 7

void setup()

{
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.
lcd.

begin();

backlight();

clear();

setCursor(3,0);
print("ALAT UKUR");
setCursor (2,1);
print("TEGANGAN BATERAI");

pinMode(led_pin, OUTPUT);
digitalWrite(led_pin, LOW);
}

void loop()

printVolts();

void printVolts()
{
int digitalvalue = analogRead(A6);
float voltage=digitalValue*(5.00/1023)*2;
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lcd.setCursor(0,0);
lcd.print("Tegangan Baterai");
lcd.setCursor(4,1);
lcd.print(voltage);
lcd.print(" Vv");

}

The syntax explanation can be seen in the
following table:

Table 1. Explanation of the Syntax on ADC’s work

Syntax Description

The analog signal is read from A6 pin
then converted to digital, the digital
value is assigned to the digitalValue
variable. The ADC pin on the Arduino
nano has a resolution of 10 bits, so the
decimal value is 2°=1023. 1023 is
equivalent to a voltage of 5V.

int digitalValue =
analogRead(A6);

float voltage =
digitalValue *
(5.00/1023) * 2;

If the analog value of digitalValue is at
the maximum value of 5V, then the
digitalValue is 1023. 1023 is multiplied
by 5 and divided by 1023, the result is
5. But the device designed to measure
maximum 10 V, so the concept of a
voltage divider is used. If the battery
voltage is 10V then it goes 10/2 =5V to
A6 pin. Therefore, voltage value shown
on LCD are the same value with
battery’s voltage.

Device Testing

To find out whether the device performs
properly or not, a comparison of the voltage
reading between the device and a multimeter is
carried out. The voltage source is a digital power
supply whose voltage value can be varied. The
device will be tested at a voltage of 0V, 0.5V, 1V
and so on until 10V.

RESULTS AND DISCUSSION
The device are in a development process
so the prototype are shown in the figure 4:

TEGHEMEE
- i "h “.::..:l !! i

Figure 4. Schematics of battery-voltage meter

The data are collected by using both series
4.7kQ and 10kQ of resistors. Arduino’s current
input rating on I/O pins is 40 mA [14]. By selecting
series both 4.7kQ and 10kQ means that the
current passing the A6 pin is 1.06 mA and 0.5 mA
respectively. These currents are below 40 mA
therefore its could not damage the
microcontroller. If the selected resistors below
than 1kQ such as 220 ohm then the current pass
through the A6 pin is 22.7 mA. Even the smaller
resistors produce current below 40 mA but it might
affect the accuracy of ADC due to the normal
current that operate in ADC pin is 120 to 195 pA
[15]. Therefore 4.7kQ and 10 kQ are chosen.
Explanation of them are follows:

Series of 4,7kQ Resistors

Schematics of voltage divider consists of
two resistors, the output voltage are connected to
A6 pin on Arduino nano. Current flows through
Arduino is:

V =IR:q
With V=10 V and R,.:=4.7+4.7=9.4 kQ, then
r=—2% i 06ma
“94x108 oW

Results of the device’s measurement
compared to voltage source are shown on the
table 2:

Table 2. Device’s reading compared to the voltage
source
Voltage Source (V) Device’s Reading (V)

0 0
0.5 0.54
1 1
15 1.54
2 2.10
2.5 2.56
3 3.08
3.5 3.54
4 4.13
4.5 4.65
5 5.07
55 5.56
6 6.16
6.5 6.61
7 7.11
7.5 7.62
8 8.11
8.5 8.64
9 9.18
9.5 9.63
10 10
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Based on the table 2, average inaccuracy
of device compared to voltage source is 0.09 V.
The result shows that resistor 4,7kQ not a good
choice so it’s replaced by 10k resistor.

Series of 10k Resistors

4,7kQ resistors are replaced by 10k
resistors, due to the higher value of R the smaller
current will flow. If value of V=10 V and
R..: = 10+ 10 = 20kQ, current flows through

Arduino is:
10

[=—— _—05mA
20x108 ™

So the current passing series of 10kQ
resistors is almost a half smaller than the previous
one. To check the accuracy, device’s
measurement on voltage compared to voltage
source are shown on the table 3:

Table 3. Device’s reading compared to the voltage
source
Voltage Source (V) Device’s Reading (V)

0 0

0.5 0.51
1 1.01
15 1.54
2 2.02
2.5 2.52
3 3.03
3.5 3.51
4 4.02
4.5 4.54
5 5

5.5 5.52
6 6.01
6.5 6.54
7 6.99
7.5 7.53
8 8.02
8.5 8.5
9 9

9.5 9.47
10 10

Based on the table 3, average difference
between device’s measurement and voltage
source is 0.02 V. the result shows that a series of
10kQ resistors has a better accuracy than the
4,7kQ resistors. Voltage’s reading of the device is
up to two digit after comma whereas a voltage
source used in this experiment has one digit after

comma, therefore the accuracy of the device is
high. Current flowing through the voltage divider
circuit affects the accuracy of the device.

Digital Multimeter’s Reading

A digital multimeter is used to compare it's
accuracy to a made-device, the multimeter is set
to voltage scale and a voltage source is
measured. The results shows on the table 4:

Table 4. Voltage Meter of a Digital Multimeter
Voltage Source (V) Voltmeter (V)

0 0
0.5 0.46
1 0.98
1.5 1.43
2 1.92
25 2.40
3 291
35 3.44
4 3.89
4.5 4.36
5 4.90
5.5 5.39
6 5.84
6.5 6.36
7 6.82
75 7.29
8 7.81
8.5 8.32
9 8.78
9.5 9.30
10 9.81

Based on the table 4, digital multimeter’s
average reading is 0.12 V smaller compare to the
source voltage. The result shows that the Arduino-
based device for battery voltage-meter is more
accurate than the digital multimeter’s.

Comparison between device for battery
voltage-meter and digital multimeter is shown in
the figure 5:
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Comparison between device and multimeter's reading
10

Voltmeter (V)

+  Arduino-Based Device
Multimeter

0 2 4 6 8 10
Voltage Source (V)

Figure 5. Accuracy’s Comparison between
Arduino-based Device and Multimeter

Based on figure 5, the dash line is the value
of voltage source, x sign for Arduino-based device
and + sign for multimeter. The accuracy of the
device is better than multimeter's so ADC pin on
Arduino nano is accurate to measure voltage.
Results on the testing stage indicates that the
device is ready to measure any voltage of a
battery with a high accuracy.

Technical Specification of the Device

By making calculation, observation and
analyze the device performance, we summarized
the technical specification of the device on table 5:

Table 5. Technical Specification of the device

Arduino-based Device Value
Measurement voltage 0-10V
Battery voltage 0-10 V
Battery dimensions AAA, AA and
PP3
Input voltage 5V
Power consumption 0.2w

CONCLUSION

Arduino-based device could measure
voltage source from 0 to 10 V therefore it’s able to
check any type and dimensions of battery. The
device has a better accuracy when employs 10kQ
series of resistors than the 4,7kQ resistors. The
device could display the voltage value up to two
digit after comma, the accuracy is better than a
digital multimeter.
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