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Abstract: This research focuses on the study of uncertainty in current and voltage measurements based on
the Internet of Things (IoT) using the NodeMCU ESP8266 microcontroller. The primary objective is to design
a power meter that incorporates a current sensor, specifically the INA219 module, and a voltage sensor utiliz-
ing a microcontroller-based voltage divider circuit. Additionally, the study aims to evaluate the validity of the
measurement results obtained from the developed instrument. The research methodology comprises three main
stages: hardware design, software development, and system testing. Testing involves analyzing the uncertainty
and error values associated with the current and voltage measurement data. The findings reveal that the accuracy
of the sensors yields a percentage uncertainty of 3.49% for voltage measurements and 0.65% for current mea-
surements when utilizing a 100 Ω resistor. Furthermore, variations in test loads using a 300 Ω resistor resulted
in a percentage uncertainty of 2.99% for voltage measurements and 2.16% for current measurements.
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I. INTRODUCTION

The increasing energy demand in densely populated areas
has made access to electricity crucial for modern life. Elec-
tricity plays an essential role in daily activities and has become
indispensable with the advancement of electronic technology
[1, 2]. The generation and distribution of electrical energy
are made possible by the movement of electric charge through
conductors, which creates electric current. This flow of elec-
tric charge can be monitored using current sensors, which
measure electrical consumption and provide analog signals to
regulate and control power usage [3].

Given the importance of effectively managing electrical en-
ergy consumption, a system for monitoring current and volt-
age is essential. Current sensors play a vital role in various ap-
plications, including measuring voltage and current in hybrid
solar panel systems using Arduino Uno, monitoring current
and voltage in three-phase transformers, and integrating cur-
rent and voltage sensors into IoT-based solar power systems
[4].

Building on these existing applications, this research fo-
cuses on designing a current and voltage measurement system.
The system utilizes a voltage sensor to measure the power sup-
ply, a relay to act as a power switch, and an INA219 sensor to
measure DC current and voltage accurately. This approach
aims to provide a reliable and efficient tool for monitoring
and controlling electrical energy usage, addressing the grow-
ing need for energy management in todays technological land-
scape.

Based on the aforementioned description, this research fo-
cuses on designing a current and voltage measurement system

by utilizing a voltage sensor to measure the power source, a
relay to act as a switch, and the INA219 sensor to measure
DC current and voltage accurately. The novelty of this re-
search lies in integrating these components into a single, effi-
cient system for real-time monitoring of electrical parameters,
which can be applied to various energy systems, such as solar
power installations or hybrid energy systems.

A. INA219 sensor

The INA219 sensor is a module that can monitor voltage
and current in a network. It is supported by an I2C interface.
This device is capable of monitoring shunt voltage and sup-
ply bus voltage with a soft conversion and filtering time. The
INA219 sensor has a maximum input gain of ± 320 mV, al-
lowing it to measure currents up to ± 3.2 A. Its 12-bit ADC
provides an internal data resolution of 0.8 mA within the 3.2
A range. With internal amplification set to a minimum value
of div8, the maximum current measurable is± 400 mA, with a
resolution of 0.1 mA. The INA219 can identify shunt voltages
from 0 to 26 V.

In Fig. 1, the INA219 features I/O data pins, a clock pin,
analog input pins (A0 and A1), Vin+, Vin, ground, and sup-
ply voltage. The IN+ and IN- pins serve as the positive and
negative input pins for the shunt voltage, with the positive pin
connected to the shunt resistor and the negative pin connected
to ground. The SCL and SDA pins represent the serial bus
clock line and the serial bus data line, respectively.
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FIG. 1: INA219 sensor [5].

FIG. 2: Splitter sensor module pinout voltage [6]

B. Voltage Sensor

Common voltage sensors utilize voltage divider circuits.
The voltage divider sensor applies Kirchhoff’s Voltage Law
(KVL) and is arranged in a series configuration. The princi-
ple of operation of this network is to reduce the voltage across
two connected resistors in series, which are then connected in
parallel with the voltage source to be measured, resulting in a
reduced voltage. The decrease in voltage is a consequence of
the reduction throughout the network and can be measured at
the junction where the two resistors meet. Therefore, this se-
ries voltage divider is often referred to as an analog measure-
ment without direct connection to the source. The network
module for the voltage divider is illustrated in Fig. 2.

Component main from voltage sensor module are two re-
sistors, namely a 7.5 Ω resistor and a 30 Ω resistor. Module
input voltage This is 0-25 V and the output is 0-5 V. Principle
Work network This is network divider voltage, as shown in
Fig. 3.

Based on Fig. 3, the sensor will read voltage big, divide
VCC voltage becomes 5x more small, for example VCC 25
V then output network the is 5 V. When maximum voltage
Work Arduino is 5V, then No OK give VCC voltage on the
voltage circuit /sensor the above 25 V, because the output of
voltage sensor circuit the will exceeding 5 V is possible result
Arduino damaged. Voltage output produced by the circuit the
delivered in form Eq. (1):

FIG. 3: Network divider voltage on the voltage sensor
module.

Vout =
Vin ×R2

R1 + R2
(1)

C. Calibration

Calibration is action verification for ensure that accuracy
tool measuring in accordance with the design. Calibration
process usually done with compare connected standards with
standard national or international and materials existing ref-
erence certified [7]. By general, calibration is the process for
adjust the output or indication from device gauge to match
with standard used in accuracy certain [8].

II. RESEARCH METHODS

The voltage and current sensor circuit is illustrated in Fig.
4. The INA219 sensor is connected to the NodeMCU using
digital interfaces D1 and D2. The interface is presented to
the user through a built-in LCD that utilizes I2C synchronous
serial communication to display measurable values on the
screen. Meanwhile, the voltage sensor employs a voltage di-
vider module, with the S pin connected to A0, and the + and -
pins connected to VCC and GND on the NodeMCU ESP8266,
respectively.

The schematic of the voltage divider module is shown in
Fig. 2. To analyze the comparison of prototype current sen-
sors and voltage sensors with standard instruments, systematic
calculations are carried out following the formulation [9]:

1. Average

x̄ =
x1 + x2 + x3 + x4

n
(2)

2. Standard deviation

SD =

√
Σ(x̄− xi)2

n− 1
(3)
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FIG. 4: Voltage and current sensor circuit.

3. Error value

Error = |Test− Standard| (4)

4. Uncertainty relative (KR)

KR =
Test - Standard
Standard

× 100% (5)

The circuit consists of an INA219 current sensor, a voltage
divider, and an ESP8266 microcontroller. The INA219 mea-
sures both current and voltage on the high side of the load,
connected between the positive power supply and the load it-
self. It communicates with the ESP8266 via the I2C interface,
with the SDA and SCL pins connected to GPIO 4 and GPIO 5,
respectively. Meanwhile, the voltage divider reduces a higher
input voltage to a safe level that can be read by the analog pin
(A0) of the ESP8266. The ESP8266 powers both the INA219
and the voltage divider while processing the sensor data.

During operation, the INA219 measures the current flowing
through the load and the bus voltage across it. The voltage
divider scales down any higher voltages for the ESP8266 to
read through its ADC. The ESP8266 collects data from both
the INA219 and the voltage divider.

III. RESULTS AND DISCUSSION

A. Test Results of Voltage Sensor Characteristics

The purpose of voltage sensor testing is to measure the volt-
age flowing through a load. The voltage sensor operates based
on the principle of a voltage divider, which consists of two

FIG. 5: Results data testing voltage sensor hysteresis.

resistors connected in series. This arrangement generates a
reference voltage at the connection point of the resistors. The
voltage reference for the sensor is limited to a maximum of
+5V DC to ensure compatibility with the microcontroller. The
measured voltage is then converted from an analog signal to a
binary format.

To determine the stability of the voltage sensor, hysteresis
testing is required. This method involves measuring the volt-
age during both increasing and decreasing voltage conditions.
The stability of the voltage sensor can be observed from the
hysteresis curve shown in Fig. 5.

Visually curve hysteresis Fig. 5 does not looks curve his
hysteresis because difference results measurement moment
voltage raised and lowered very little. Results data testing
hysteresis in the voltage sensor (Fig. 5) is analyzed use equal-
ity linear regression. Function from analysis this linear re-
gression, for predict and measure in a way accurate influence
One variable X ( independent / predictor) against another vari-
able Y (no free / response) [10]. Analysis regression on test-
ing This use method regression simple because only use One
variable free. Result of analysis voltage sensor regression This
form a equality regression namely y = 1.6606x - 2.2398 with
coefficient determination R2 = 0.9998. Coefficient value this
used for measure strength connection between predictor vari-
able x and response y. The value R2 = 0.9998 means that, the
relationship between the independent variable / predictor x is
the voltage data from sensors with variable bound /response
y (multimeter data) is very strong, with percentage 99.98%.
Change voltage in the characteristic test The INA129 sen-
sor voltage is very small (< 1%) can be influenced by sev-
eral factor among them resistance external, fluctuation source
Power input electricity, temperature operations, and interfer-
ence electromagnetic [11].

B. Test Results of Current Sensor Characteristics

Current sensor built for monitoring current output results
injection from network source current . Current sensor testing
with use multimeter as calibrator and power supply as source
the voltage. Testing done with source voltage 12 V DC. Data
collection for testing calibration done with variation load re-
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FIG. 6: Test Results of Current Sensor Characteristics.

sistors of 60, 100, 300, 800, 1000, 2000, and 10000 Ω. Each
test load is assembled in a way series. Test results shown in
form graph in Fig. 6.

Based on Fig. 6, results from analysis voltage sensor re-
gression This form a equality regression namely y = 0.1235x +
0.0868 with coefficient determination R2 = 0.9989. This value
show that 99.89% variable free / predictor x can explain / ex-
plain variable not free / response y and 0.11% explained by the
variable other. Deviation mark characteristics current electric-
ity on this INA129 sensor caused because changes conductiv-
ity electricity, permeability magnetic, on components or the
system being measured, is likely variation burden inductive,
and capacitive sensors are measured [12, 13].

C. Calibration of Voltage Sensors and Current Sensors

To determine the accuracy of the measurement results, the
data obtained from the sensor circuit’s data acquisition is val-
idated using a multimeter as a calibrator. The testing is con-
ducted with a 30V DC power supply, which allows for a range
of possible voltage changes. The test data obtained is then
processed using Microsoft Office Excel and analyzed using
linear regression to derive the linear equations depicted in Fig.
5 and Fig. 6. These linear equations are incorporated into the
Arduino IDE program sketch, after which the program is exe-
cuted to conduct further testing and collect measurement data.
The results of the measurements are expected to closely align
with the actual values when compared to the calibrated multi-
meter standards.

D. Calculation of Uncertainty in Current and Voltage Sensor
Measurements

After calibrating each sensor, testing is conducted on the
current and voltage measurements compared to a calibrated
standard multimeter, specifically the Sanwa brand. The gener-
ated data is then used to calculate the uncertainty. The results
of these calculations are presented in Tables I and Tables II.

Based on Table I and Table II, sensor data were collected
using two variations of load tests, each performed with three
repetitions. The loads used were two resistors, 100 Ω and 330

TABLE I: Test results of current and voltage sensors
on 100 Ω resistors.

Data V (mV) I (mA) R (Ohms) Error %KR

1 6089.65 61.82 98.5 1.5 1.5
2 6086.83 61.99 98.2 1.8 1.8
3 6092.48 61.87 98.47 1.53 1.53
4 6262.2 62.03 100.95 0.95 0.95
5 6132.08 61.99 98.93 1.07 1.07
6 6103.8 62.03 98.39 1.61 1.61

Average 6127.84 61.95 98.91 1.09 1.09
Deviation
standard 0.94

TABLE II: Test results of current and voltage sensors
on 330 Ω resistors.

Data V (mV) I (mA) R (Ohms) Error %KR

1 12272.97 35.44 346.27 16.27 4.93
2 12287.12 35.46 346.52 16.52 5.01
3 12258.83 36.07 339.82 9.82 2.98
4 12360.66 36.04 342.95 12.95 3.92
5 12434.21 36.27 342.83 12.83 3.89
6 12400.26 36.43 340.38 10.38 3.15

Average 12335.68 35.95 343.13 13,13 3.98
Deviation
standard 2.58

Ω, both of which were verified against a standard multimeter.
The testing results yielded an average voltage of 6.1 V and a
current of 0.062 A for the 100 Ω resistor load. In contrast,
the 300 resistor load resulted in a voltage of 12.3 V and a
current of 0.036 A. These data were further compared with
the readings from the standard multimeter to calculate the
correction values. A negative correction value (-) indicates
that the measurements from the sensor prototype need to
be reduced by this correction value. Conversely, a positive
correction value (+) suggests that the measurements need to
be increased by this value.

The magnitude of the correction value can be influenced
by various factors, including the standard instruments used as
references and the environmental conditions during testing.
Additionally, the accuracy of the measurements may be af-
fected by factors such as the duration of use during testing,
the age of the instrument, observation uncertainties, and other
physical parameters that may not comply with the expected
standards. Based on the uncertainty measurement results, it
can be observed that the sensor tested with a 100 Ω resistor
load exhibited an average uncertainty percentage of 1.09%,
while the sensor tested with a 300 Ω resistor load showed an
uncertainty percentage of 3.98%.
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IV. CONCLUSION

The results of the sensor test show that the uncertainty value
of the accuracy of the voltage sensor and current sensor mea-
surements by 100 Ω resistor load is 3.49% and 0.65%, re-

spectively. Furthermore, in the test by 300 Ω resistor load
for the voltage sensor and current sensor measurements, the
measurement uncertainty percentage is 2.99% and 2.16%, re-
spectively.
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