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This research focuses on the importance of maintaining generator output
voltage stabilization using automatic voltage regulator (AVR), especially in
dealing with load impacts and environmental changes. Through the
implementation of internet of things (loT), this system can be controlled
and monitored remotely, enabling real-time monitoring without physical
presence at the generator location. The main objective of this research is to
increase energy efficiency by optimizing generator operation. System
development methods include design, prototyping and testing stages. Test
results show that the automatic voltage regulator is effective in maintaining a
stable output voltage of around 220V, even though the current varies
according to the existing load. The power produced ranges from
23 to 670 W, with a power factor between 0.7 and 1. Despite a slight voltage
drop to 217 V, the power factor increases to 0.93. The system uses
NodeMCU to send data to Blynk and Google Spreadsheets servers, as well
as servo motors and PZEM-004T sensors for control and monitoring.
Overall, this research shows that the internet of things-based automatic
voltage regulator system is effective in maintaining stability and increasing
generator operational efficiency, with the ability to manage voltage, current,
power, and power factor efficiently.
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1. INTRODUCTION

In the current era, the internet of things (IoT) has changed the paradigm of controlling and

monitoring electronic devices [1], [2] including the automatic voltage regulator (AVR) control and
monitoring system on single-phase generators [3], [4]. Generators are important industrial and commercial
devices for providing backup power [5]. One of the key components in the generator is the AVR [6] which
functions to maintain the stability of the output voltage [7]. However, the problems faced are generator
output voltage instability [8], load fluctuations, environmental changes and reduced system efficiency which
can cause damage to electrical equipment or even failure of the electric power supply [9]. Therefore [10], the
development of an effective and efficient control and monitoring system is important in ensuring the smooth
operation of electric generators [11], [12]

This research aims to develop an loT-based AVR control and monitoring system for single-phase
generators. Currently, AVR control is still done manually, which is not only inefficient but also prone to
human error. A known solution is to adopt 10T technology for automation and remote monitoring, which has

Journal homepage: http://ijece.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/
mailto:arnawan@unimal.ac.id

IntJ Elec & Comp Eng ISSN: 2088-8708 O 7159

been proven effective in various fields but has not been widely implemented in AVR generator set systems.
The main obstacles faced are the integration of 10T technology with existing AVR systems, as well as the
reliability and security of data transmitted via the internet network. The main objective of this research is to
design and implement an loT-based AVR system that is capable of controlling and monitoring voltage in
real-time [13], with the hope of increasing operational efficiency and reducing errors in operation. In the
context of 10T [14], this research further contributes by combining traditional AVR [15], [16] control using
microcontrollers with 10T technology to provide remote control and monitoring capabilities [17]. This loT
system allows voltage, current, and power data to be collected in real-time, processed, and analyzed to ensure
optimal voltage stability [18]. The addition of 10T elements also enables operators to respond quickly to
changing operational conditions and potential issues, reducing the risk of damage and increasing overall
system efficiency [19].

Studies related to AVR control systems using the hill climbing method on microcontrollers provide
a crucial foundation for this research. Previous research titled “automatic voltage regulator (AVR) generator
with microcontroller using hill climbing method” has demonstrated how the hill climbing method can be
used to efficiently regulate the generator's output voltage. This hill climbing method works by continuously
iterating to find the optimal output voltage value, ensuring stable voltage despite load changes. Another
study, “automatic voltage regulator control system for synchronous generator,” implemented a proportional-
integral-derivative (PID) controller to control the AVR on three-phase synchronous generators [20]. This
approach successfully improved terminal voltage stability and system response to load changes. A third
study, “Performance and durability analysis of PID V-Tiger controllers for automatic voltage regulators,”
evaluated the performance and durability of PID V-Tiger controllers on AVRs. The results showed that PID
V-Tiger controllers provided better voltage stability and extended the operational life of the generator with
more precise control [21]. The integration of 10T technology into AVR systems can not only increase energy
efficiency [22] and electricity [23] supply availability, but also improve operational safety and security [24].
The proposed solution will involve the use of hardware such as a NodeMCU microcontroller connected to the
internet, to ensure effective control and monitoring of the AVR system [25].

2. METHOD

The type of research used in this research is development research. This type of research aims to
develop a new system or technology, in this case the development of an loT-based AVR control and
monitoring system [26]. This research includes the design, prototyping and system testing stages. The main
research variable is the implementation of the AVR control and monitoring system on an loT-based single-
phase generator. The associated variables involve data on generator voltage, current, generator status, 1oT
connection status, and AVR Settings by controlling the magnetic field applied to the associated load.

2.1. AVR control and monitoring equipment working system

The flowchart of Figure 1 covers all the main steps in the loT-based AVR control and monitoring
system of a single-phase generator. To customize the details and add additional steps according to the
specific implementation and configuration of the system being developed. Starting from sensors as input to
AVR control with servo motors.
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Figure 1. AVR control and monitoring device working system

Control and monitoring of 1 phase generator automatic voltage regulator ... (Arnawan Hasibuan)



7160 O3 ISSN: 2088-8708

2.1.1. Flowchart explained

Read sensor data (PZEMOO04T): The PZEM-004T sensor measures generator voltage and current
periodically. Decisions are based on this data to determine voltage stability. If stable, adjust the AVR settings
by controlling the servo motor to move the potentiometer or AVR part. If unstable, additional measures may
be required. Adjust AVR settings: The servo motor adjusts the AVR components to keep the output voltage
stable. Servo motor control: Servo drives AVR components per control signal. Display data: voltage, current
and generator status are displayed on the LCD. Data updates: data and sensor status are updated in real-time
to the Blynk app and stored in Google Sheets for analysis.

2.2. Hardware design
2.2.1. PZEM-004T sensor

The PZEM-004T sensor is used to measure [27] voltage, current, power and electrical power factor
by pairing a current transformer (CT) connected to the PZEM-004T sensor at each phase. Parameters are
measured using the current transformer coil and input source. The PZEM-004T [28] sensor connects to the
ESP32 NodeMCU via serial communication [29].

2.2.2. nodeMCU ESP32

Acts as the main microcontroller that processes the data from the PZEM-004T sensor and transmits
the data to the 10T platform. The ESP32 NodeMCU [30] is connected with a PZEM-004T sensor, servo
motor, and 12C LCD. In addition, NodeMCU also connects to a Wi-Fi network to transmit data to Blynk and
Google Spreadsheets servers [31], [32].

2.2.3. Liquid crystal display (LCD) 12C

The 12C LCD serves as a crucial display for showing voltage, current, power, and power factor
values [33], essential for monitoring and controlling electrical systems. It utilizes 4 pins—serial clock line
(SCL), serial data line (SDA), Ground (GND), and voltage common collector (VCC)—connected to the
ESP32 NodeMCU to ensure stable communication and power supply [34]. SCL and SDA facilitate data
exchange between the LCD and ESP32 NodeMCU, while GND and VCC provide necessary power. This
integration enables real-time monitoring via a user-friendly display [35], enhancing efficiency and accuracy
in monitoring electrical parameters.

2.2.4. Servo motors

A servo motor in smart industrial machines adjusts objects by varying its angle (0°, 90°, 180°) with
precise control over position, acceleration, and speed [36], [37]. In this study, a servo motor acts as an AVR
controller [38], regulating voltage by positioning AVR components. Feedback systems use servo motors to
adjust AVR parts based on voltage sensor data. The motor signals move AVR components, regulating
potentiometers or transformers for voltage output. Movements are precise, aligning with set voltage points.
This loop maintains stable output voltage.

2.3. Software design
2.3.1. Arduino IDE

The Arduino IDE functions as a command center for all device system [39] components and the
main platform for NodeMCU ESP32 programming. It is used to write, compile, and upload code for sensor
data collection, servo motor control, and 10T platform communications, ensuring efficient integration [40].
Verification checks for errors in the code, ensuring proper functionality before real-world implementation.
The Arduino IDE reads [41] data from the PZEM-004T sensor, controls the servo motor based on voltage
measurements, and sends the data to the Blynk server and Google Spreadsheets for accurate, real-time
monitoring and control.

2.3.2. Blynk

Blynk is used as a mobile application for real-time AVR control and monitoring [42], ensuring
efficient and responsive system management. This loT-based app allows users to quickly and easily control
and read electrical parameters via the internet. Through the Blynk dashboard, users can monitor electrical
parameters, control AVR output voltage [43], and receive notifications of system anomalies. Blynk was
chosen for its ease of use [44], smartphone compatibility, and ability to provide critical real-time information,
offering flexibility and convenience for remote system performance maintenance.

2.3.3. Google Sheets
NodeMCU ESP32 sends collected data to Google Spreadsheets via API, facilitating organized data
storage and long-term access for analysis [45]. Generator measurement data includes current, voltage, power
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and power factor [46], controlled by AVR, collected by sensors, processed by NodeMCU ESP32, and then
displayed on the smartphone application. Google Sheets serves as a data repository for recording AVR
control and monitoring results, ensuring data is accessible for real-time monitoring and historical analysis to
improve system efficiency [47].

2.4. Testing and calibration

The PZEM-004T sensor undergoes rigorous testing for accurate voltage, current and power
measurements essential in AVR control and monitoring systems. Connected to NodeMCU ESP32, it ensures
effective communication with proper pin configuration, supporting real-time system monitoring with high
precision. Likewise, the servo motor underwent testing to precisely control the position according to the
AVR voltage settings, demonstrating its ability to maintain voltage accuracy. Connected via PWM to the
NodeMCU ESP32, it precisely adjusts the servo rotation angle, ensuring stable system operation. Integration
with Blynk and Google Spreadsheets enables real-time transmission of electrical data for responsive 10T-
based generator management.

2.5. Realization of automatic voltage regulator (AVR) control and monitoring system

This system aims to control and monitor AVR voltage and current both locally and remotely. Start
by installing the control box to manage AVR operation. The PZEM-004T sensor measures voltage, current,
power and power factor in real-time, processed by the NodeMCU ESP32 to assess electrical conditions. The
LCD screen visually displays AVR data and settings. The servo motor regulates the AVR mechanism to
stabilize the output voltage based on the control signal. Figure 2 shows the overall system circuit, providing
an overview of how all components are connected and work together to achieve effective control and
monitoring. This arrangement enables real-time monitoring and regulation of mains voltage, increasing
control effectiveness and reducing power supply instability. Using the Arduino IDE simplifies program
development for the NodeMCU ESP32, integrating sensor control, servo motor operation, and loT
communications through platforms such as Blynk and Google Spreadsheets. Thus, the system efficiently
manages AVR control and monitoring, sending real-time data for remote analysis and monitoring.

2 Liquid Crystal Display
- : Servo Motor (LCD) 16X2

Automatic Voltage

Main Exciter NodeMCU ESP32

l : :.? 1‘:'-‘: =

Sensors PZEM-004T

Figure 2. Realization of AVR control and monitoring system design

AC Voltage

1 Phase Generator

3. RESULTS AND DISCUSSION
3.1. PZEM-004T sensor test results at voltage

The PZEM-004T sensor consistently provides accurate voltage measurements, maintaining stable
readings near expected levels across multiple tests, as shown in Table 1 Testing the PZEM-004T sensor on
voltage, ensuring its reliability for real-time monitoring and control applications. Table 1 shows the results of
the electrical voltage test of the PZEM-004T sensor which was carried out on February 6, 2024. The test
results show that the voltage values measured by the measuring instrument and the PZEM-004T sensor are in
the same condition. the distance is very close, with little difference between the two. This shows that the
PZEM-004T sensor is capable of providing stable and accurate voltage measurements during operation on
the electrical system being tested.
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Table 1. PZEM-004T sensor testing at voltage

Date Time Measuring instrument (V)  PZEM-004T sensors (V)
2024-02-06  15:05:25 220.4 220.4
2024-02-06  15:05:44 220.7 220.7
2024-02-06  15:06:01 2211 2211
2024-02-06  15:06:39 220.6 220.6
2024-02-06  15:07:28 220.7 220.6

3.2. PZEM-004T sensor test results on current

The PZEM-004T sensor displays current measurements across various electrical loads, its reliable
accuracy in detecting current variations to identify potential overloads or anomalies in the electrical system.
The results of these measurements are summarized in Table 2 which shows the current variations. Table 2
summarizes the PZEM-004T sensor current measurements at various loads on February 6, 2024, showing
stable and consistent readings in a variety of electrical settings. For example, it recorded 0.15 A at a 28 W fan
load and 1.44 A at a 350 W Maspion iron load. These results demonstrate the reliable accuracy of the sensor
in current monitoring, although there are slight deviations from other measuring instruments, possibly due to
tolerances sensor or operational conditions during measurement.

Table 2. PZEM-004T sensor testing on current

Date Time Load type Measuring instrument (A)  PZEM-004T sensors (V)
2024-02-06  00:18:17 28 W Fan 0.15 0.15
2024-02-06  00:41:48 HE lamp 23 W 0.13 0.14
2024-02-06  00:32:17 Soldering 40 W 0.14 0.14
2024-02-06  00:21:23 Maspion Iron 350 W 1.45 1.44
2024-02-06  01:32:39  Dispenser Genesys 450 W 2.01 2.01

3.3. PZEM-004T sensor test results on power

The recorded power measurement results show the accuracy of the PZEM-004T sensor in
calculating electrical power consumption at various loads. The results of these measurements are summarized
in Table 3, which shows the variations in electrical power. These measurements are important for optimizing
energy efficiency in electrical systems.

Table 3. PZEM-004T sensor test on electrical power

Date Time Load type Measuring instrument (W)  PZEM-004T sensors (W)
2024-02-06  00:18:17 28 W Fan 25 25
2024-02-06  00:41:48 HE lamp 23 W 20,9 21
2024-02-06  00:32:17 Soldering 40 W 30,9 31,2
2024-02-06  00:21:23 Maspion Iron 350 W 304,9 205
2024-02-06  01:32:39  Dispenser Genesys 450 W 417 417

Table 3 dated February 6, 2024, summarizes PZEM-004T sensor tests across different loads,
focusing on electrical power. Measurements include 25 W at 00:18:17 for fans, 21 W at 00:41:48 matching
20.9 W for lamps, and 31.2 W at 00:32:17 compared to 30.9 W for soldering. At 00:21:23, a discrepancy
showed 205 W on the sensor versus 304.9 W on another device, possibly due to load complexity. At
01:32:39, both sensors recorded 417 W for dispensers, indicating consistent measurement accuracy across
varying loads.

3.4. Servo motor test results on automatic voltage regulator (AVR)

The servo motor confirmed the effectiveness of the AVR in regulating the generator output voltage.
The results in Table 4 show the response of the servo motor to voltage adjustments, highlighting its role in
maintaining stable voltage levels under various conditions. The servo motor is active at an angle of 170°
(turn left) and an angle of 35° (turn right), under ideal conditions. When rotating to the right, the servo motor
increases the system voltage, showing good controllability. Conversely, turning left produces a decrease in
voltage. This test is very important in controlling the generator output voltage on the AVR. Integration of
mini servo motors for AVR setup involves electronic mechanization and control. The rotational movement of
the motor is converted into linear movement to regulate the voltage. The electronic control program receives
signals from the IoT to drive the servo.
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Table 4. servo motor angle test on AVR potentiometer

No Servo motors  Servo angle Condition Information
Rotate left  Rotate right

1 Active 170° Ideal Voltage increases

2 Active 35° Ideal Voltage drop

3.5. Automatic voltage regulator (AVR) test results

The AVR test results show that the voltage regulation system on the generator has been evaluated
well. During testing, the AVR was able to keep the generator output voltage stable within the desired limits,
even when significant load fluctuations occurred. The results of these measurements are summarized in
Table 5, which shows the variation in output voltage (VAC) for each type of load. The response to changes in
load is very responsive, with a stable output voltage in a short time after the change occurs.

Table 5. Automatic voltage regulator (AVR) test on a 1-phase generator

No Testing Amount  Specification Voltage (VAC) Excitation voltage  Excitation current
1 No burden 0 0 220.7 VAC 15.3 VEx 0.84 IEx
2 Lighting 23 Watt 1 220.2 VAC 21.6 VEX 0.72 IEx
3 Soldering 40 Watt 1 2209 VAC 16.9 Vex 0.91 IEx
4 Fan 50 Watt 1 220.2 VAC 24.3 Vex 1.25 IEx
5 Sanyo sharp 125 Watt 1 2175 VAC 18.6 Vex 2.88 IEx
6  Coconut grating machine 200 Watt 1 219.3 VAC 20.2 Vex 2.21 IEx
7 Blender 300 Watt 1 218.1 VAC 25.6 Vex 2.31 IEx
8 Washing machine 320 Watt 1 2189 VAC 20.9 Vex 2.30 IEx
9 Maspion iron 350 Watt 1 217.1 VAC 16.7 Vex 3.05 IEx
10 Genesy dispenser 450 Watt 1 217.5 VAC 15.4 Vex 4.03 IEx
11 Drill ryu 600 Watt 1 217.3 VAC 26.6 Vex 3.21 IEx
12 Bosch grinder 670 Watt 1 217.1 VAC 20.9 Vex 3.77 IEX

Generators with AVR keep the output voltage stable. Loads ranging from 40 to 670 W demonstrate
the AVR's ability to adjust output voltages between 217.1 and 220.9 VAC. Figure 3 shows the performance
simulation results of the automatic voltage regulator on Figure 3(a) voltage (VAC), Figure 3(b) excitation
voltage (VEXx), and Figure 3(c) excitation current (IEx) graphs, illustrating the voltage stability and
adjustment of excitation parameters under various loads.

The graph displays voltage over time, highlighting fluctuations. Peak voltage reached 220.9 V, with
variations at 220.5, 220.1, and 217.1 V. AVR excitation voltage ranged from 15.3 to 26.6 V, showing system
response instability to diverse loads. Excitation current varied between 0.72 and 4.03 A unpredictably. AVR
testing affirmed stable generator voltage control under varied loads, adjusting excitation voltage and current
appropriately. Monitoring over three days tracked voltage around 220 V, varying current (23 to 670 W), and
power factor (0.7 to 1). Voltage briefly dipped to 217.1 V, with a power factor peak at 0.93. This data
outlines system performance, aiding effective monitoring.

3.6. Realization of AVR control and monitoring system

During the process of installing the control box, make sure the generator is turned off first to
maintain the safety of technicians and equipment. After the generator is turned off, install the controller on
the AVR and connect the voltage to the PZEM-004T sensor. Figure 4 shows the integration of the tool and
generator system, providing a visual guide to how the components are physically connected. Once
completed, ensure circuit continuity for safe use of the equipment. After the generator restarts, monitor the
LCD displays on the control box and Blynk server. Monitoring was carried out for 3 days by monitoring the
output graph on Blynk which displays the results of monitoring voltage and current. from the generator. The
Blynk platform includes widgets to control the AVR and display electrical parameter values and graphs.
Voltage, current, power and power factor data can be stored and accessed via spreadsheets on a mobile
phone, PC or laptop. The measurement results are summarized in Table 6 which shows variations in
electrical parameters for each type of load.

Electrical system monitoring data on certain dates shows voltage variations between 217.1 to 220.8 V,
and current flowing between 0.16 to 2.36 A. Electrical power consumption ranges from 25 to 670 W, with a
power factor recorded efficiencies from 0.7 to 1. This information provides the monitor operator with an
overview of the performance of the electrical system at various times.
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Figure 3. Simulation results of automatic voltage regulator performance on (a) voltage graph (VAC),
(b) excitation voltage (VEX), and (c) excitation current (IEx)

Table 6. Monitoring spreadsheets on AVR

Date Time Voltage (V)  Current (A)  Power (W)  Power Factor (Pf)
06/02/2024  9:36:10 220.8 0.16 25 0.7
06/02/2024  9:51:23 220.2 0.2 334 0.76
07/02/2024 13:57:18 219.2 0.42 84.4 0.93
07/02/2024  14:12:09 219.4 0.43 86 0.92
08/02/2024  11:39:26 219.3 1.98 415.1 1
08/02/2024  11:55:04 2189 1.98 413 1
09/02/2024  8:20:08 217.1 2.36 670 1
09/02/2024  8:36:16 2174 2.34 658 0.97
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Figure 4. Overall design of the tools on the system

CONCLUSION
This research successfully designed and implemented an loT-based AVR control system for single-

phase generators, enabling remote monitoring and control via platforms such as NodeMCU, Blynk, and
Google Spreadsheets. Testing confirmed accurate voltage, current and power measurements of the PZEM-
004T sensor, maintaining a stable output voltage of approximately 220 V despite load changes. Utilizing
servo motors for AVR voltage control ensures precise and stable response, improving operational efficiency
and equipment safety. Data collection supports further analysis, provides insight into electrical system
performance and suggests broad industrial applications. Future research could optimize loT integration in
AVR systems and assess economic and environmental impacts.
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