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ABSTRACT 
 

Aims: This study aims to develop an integrated system for accurate electrical measurement 
monitoring. 
Study Design: The acquisition embedded system is developed using research and development 
study. 
Place and Duration of Study: Department of Machinery Automation System, Polytechnic ATI. 
Makassar, Indonesia, between March 2021 and October 2021. 
Methodology: The performance of the proposed integrated acquisition embedded system and 
conventional measurement is compared through different testing. 
Results: The results showed that the device worked as expected and was right on target. The 
device test error is compared with direct measurement with the measuring instrument; the voltage 
error is 0.17%, the current error is 0.46%, the power error is 0.89%, and the frequency error is 
0.01%. System devices can measure and monitor several electricity measurements. 
Conclusion: The experimental results show that the system can function correctly. The integrated 
acquisition system can operate with great accuracy. This study is expected to contribute to 
establishing a system that will benefit the government's efforts to preserve energy efficiency.  
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1. INTRODUCTION   
 
The vast growth of energy conversion 
technologies and the development of various 
equipment to support human activities contribute 
to a significant increase in electricity-related 
energy demand. The cost of electricity is rising 
with the increase in energy use [1,2]. This 
situation worsens with the diminishing supply of 
fossil fuels as the primary source of power 
generation [3,4].  
 
The increase in energy demand has forced the 
government to socialize the culture of energy 
conservation. The socialization for energy-saving 
might begin by using electrical energy 
intelligently in home and commercial buildings 
[5].  
 
According to statistics, electricity contributed to 
around 35% of building energy use in 2022, up 
from 30% in 2010 worldwide [6]. In 2021 the 
United States, the average yearly power usage 
for a home utility user was 10,632 kilowatt-hours 
(kWh), or approximately 886 kWh per month [7]. 
In Indonesia, total residential power demand 
increased from 84.1 terawatt-hours in 2014 to 
111.4 terawatt-hours in 2020, despite a 0.98% 
annual population increase [8]. Then the 
previous works also stated that electricity 
demand is anticipated to rise much further in 
Indonesia. Therefore, energy conservation in 
residential buildings is needed and should be 
incorporated into government plans. In 
Indonesia, the government has released the 
guideline of the Minister of Energy and Mineral 
Resources (ESDM) on electricity energy savings 
to minimize electrical energy consumption by 
improving energy-saving habits (i.e., changing 
the behavior of individuals who live in the 
building). It stipulates that all office buildings 
must use an energy-saving scheme for air 
conditioning, lighting, and other equipment.   
 

With the rise in energy prices and the 
environmental difficulties associated with fossil 
fuel energy supply, many researchers have been 
working to promote green energy through 
alternative and renewable energy [9]. Starting 
from households, the smallest unit in society, 
energy efficiency can be achieved by optimizing 
lighting system consumption and designing 
lighting systems according to space functionality 
[10]. Most significantly, heating/cooling systems 
and ventilation should be continuously managed 

based on actual needs [11]. Effective power 
metering and monitoring systems are necessary 
to ensure efficient electrical energy consumption. 
The power metering and monitoring systems 
would provide valuable information to building 
owners and operators on the facility's energy use 
performance [12]. Owners can all be involved in 
evaluating energy consumption with an effective 
metering and monitoring system. As a result, 
significant actions should be taken immediately 
to ensure adequate energy use. The integrated 
energy management and monitoring system is 
enough to increase energy efficiency [13]. 
Therefore, an effective measurement and 
monitoring system may save energy, lowering 
the building's running costs. 
 
There are two approaches to achieving energy 
efficiency: passive and active energy efficiency. 
Passive energy efficiency actions include the 
installation and use of energy-saving equipment 
as well as measures to rectify power factors 
[14,15]. Passive energy efficiency is a crucial 
endeavor for energy conservation. Nevertheless, 
the passive technique is insufficient to achieve 
the needed level of energy efficiency [16]. Thus, 
it requires a system that can promote energy 
efficiency using an active approach. Energy 
efficiency necessitates an operational strategy 
such as load control, system automation, and 
energy use monitoring to achieve a better 
energy-saving plan, eventually improving energy 
efficiency performance. 
 
The active approach technique's electric energy 
efficiency necessitates using an electrical energy 
monitoring system to provide reports and data 
analysis and communicate with various devices 
[17–19]. This system is linked to an electric load 
distribution panel, which can automatically record 
power use and adjust the electrical load. More 
crucially, the system must be embedded and be 
able to communicate with various measuring 
devices, send data across devices, store 
measurement data, and perform the numerous 
analyses required for decision-making. However, 
with the rapidly expanding information and 
communication technology field, the system must 
use effective communication techniques such as 
IP-based, autodial, and connectivity with mobile 
devices. Thus far, implementing the monitoring 
system with the requisite capabilities is 
prohibitively expensive. As a result, the 
installation of the energy-saving monitoring 
system is limited. Therefore, this study 
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developed an open protocol device integrated 
into an acquisition embedded system capable of 
monitoring electrical energy and may aid in 
developing energy-saving cultures. A low-cost 
power monitoring and energy management 
system is devised for building premises.  
 
The suggested system is linked to a distribution 
panel in each room and has an open 
communication protocol for remote monitoring. It 
has some advantages, such as the capacity to 
automatically data acquisition for tele-metering 
(i.e., current, voltage, frequency, active power, 
apparent power, and cos phi), tele-signaling (i.e., 
in the form of an alarm that occurs due to 
disturbances in the quality of electric power), 
tele-controlling (i.e., controlling the lighting 
system (Lighting Control) and Air Conditioning 
(HVAC Control)), and recommended 
troubleshooting system with application web to 
minimize downtime on the machine in the event 
of interference or trouble. This system consists of 
several sub-controllers that can communicate in 
an integrated way from each electronic device to 
the concentrator gateway, which operators can 
access anytime and anywhere. Compared to the 
other research, the contribution of this study is 
the presence of troubleshooting features built 
into integrated and embedded systems. Also, the 
communication protocols will be implemented 
using universal standard protocols and open 
technology, namely the Modbus RTU Serial 
RS485 protocol and the Modbus TCP/IP 
Ethernet protocol and communication media 
using wired and wireless media.  
 

2. MATERIALS AND METHODS   
 
This study uses the research and development 
(R&D) approach to develop an integrated 
acquisition embedded system for electrical 
measurement. The suggested system is 
developed by creating an integrated embedded 
system for monitoring electrical energy. 
Integrated acquisition embedded system 
development is divided into hardware and 
software design. The obtained design will then 
be realized to construct the embedded system. 
Finally, the embedded system is then tested to 
ensure its performance. 
 
The first step of an integrated embedded system 
development is created as follows: (1) Design 
and manufacture integrated boards based on 
embedded systems for multiple control points. (2) 
Create a website system based on the WEB 
SCADA system to monitor the electrical energy. 

(3) perform system communication testing via 
wireless media. (4) testing the power profile data 
acquisition system (tele-metering, tele-signaling, 
and tele-controlling). (5) Carry out tests using an 
automatic spinner machine as a load. (6) 
Analyze experimental results, compare results 
before system implementation, and compare 
multiple configurations for optimization.  
 
Then, the second step was designing and 
developing application software that is a PHP 
framework-based SCADA Web for monitoring 
systems. 
 

2.1 The Development of an Integrated 
Embedded System 

 
In this step, this research addressed the design 
of an embedded system. An embedded system 
is proposed to connect and control the whole 
component. The printed circuit board or P.C.B., 
wiring, and caching design for an embedded 
system can be seen in Fig. 1. 
 
Fig. 1. (a) shows the P.C.B. design. This design 
was created and printed with the Altium app. The 
device subsystem (i.e., electric current, voltage, 
frequency, active power, apparent power, and 
cos phi) wiring can be seen in Fig. 1. (b). Fig. 1. 
(b) shows a series of subsystem devices made in 
this study. The values of electric current, voltage, 
power factor, and frequency are electrical 
quantities that will be acquired by the micro to be 
processed into power quality parameters such as 
active power, reactive power, apparent power, 
usage costs, and interference solutions. The 
results of this acquisition will be sent to the 
server, processed, and displayed on the 
following step application website. The casing is 
made using a 3D printer. The casing was 
designed using the 3D blender application. The 
three-dimensional design can be seen in Fig. 1. 
(c). 
 
Fig. 2. (a) shows the inside of the device, along 
with the casing and cover. The casing is made to 
protect it from interference by electrical touch, 
which can cause electrical hazards. The device's 
appearance when the casing is closed can be 
seen in Fig. 2. (b). Fig. 2. (b) shows the outside 
of the device after the inner device, which 
consists of a microcontroller, and its input and 
output are closed with a specially-made casing. 
This image also shows the results of 3D printing 
with ender 3 of the casing design as in image 1 
(c).
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Fig. 1. (a) P.C.B. Design; (b) Wiring Design, (c) Cashing design 
 

  
 
 
 

Fig. 2. (a) inside of the device, (b) outside of the device 
 

2.2 The Development of Application 
Software for Monitoring Electrical 
Energy 

 

The second step is the application of software for 
monitoring electrical energy. All electrical 
acquisition data (i.e., electric current, voltage, 
frequency, active power, apparent power, and 
cos phi) are stored in the MySQL database to be 
displayed again via a PHP-based Web 
application. This process is shown in Fig. 3. 
 

Some Arduino program listings for data 
acquisition to computer displays via serial 
monitors can be seen in Fig. 4. 
 

The designed integrated acquisition system for 
monitoring electrical energy will have several 

features, such as autorunning, calibration, 
monitoring, and several other parameter settings. 
 
The next step after all the systems are                  
made is to access the web via 
https://spirit2021.bpsdmikemenperin.xyz/ to 
monitor the condition of the electric voltage when 
not loaded and loaded. The website page is 
accessed and logged in by entering the email 
and password that was previously registered. 
This limited or password access is used as 
security to limit access to the system. 

 
Fig. 5 shows the voltage, electric current, active 
power, energy, frequency, and power factor 
values. This data is data on the server received 
and processed from a microcontroller device that 

(a) (b) 

https://spirit2021.bpsdmikemenperin.xyz/
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is on and directly connected to the load being 
monitored. The dashboard display will provide 
the load value measured in real time if the 
microcontroller device is on and marked with the 

word "online" appearing on the dashboard menu. 
The dashboard menu will appear offline if the 
microcontroller device is off. 

 

 
 

Fig. 3. Data Application Block Diagram 
 

 
 

Fig. 4. Program code for Electrical Power Profile Measurement 
 

 
 

Fig. 5. Dashboard Page Display 
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Fig. 6. The Display menu shows some of the data recorded from electrical energy monitoring. 
 

Fig. 6 shows some data recorded from the 
disturbance or error that occurred. This 
interruption will go into history and disappear 
from the dashboard display after selecting 
"done". Before choosing, it should set a       
solution to display the alternative solutions 
provided. 
 

3. RESULTS AND DISCUSSION 
 
The proposed embedded system's performance 
is compared to standard power meters. The 
measurement testing is calibrated using a clamp 
meter measuring instrument. Before testing the 
embedded system, a circuit simulation will be 
carried out using the Proteus simulator 
application. After that, the data collection was 
carried out to check the overall performance of 
the embedded system that was made. 
Measurements were made by comparing the 
results of direct measurements using amperage 
pliers compared to the display on the website. 
Measurements were made using a spinner load. 
In the spinner, there are two loads. The spinner 
tool is on in the first load, but the motor is off. In 
the second loading, the spinner tool and the 
engine are on. 
 
For evaluation of the calibration, this study used 
percentage error. Error is used to calculate the 
difference between an estimated or measured 
value and the actual value. The error formula is 
displayed below. 
 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐸𝑟𝑟𝑜𝑟 =
 ((𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑁𝑢𝑚𝑏𝑒𝑟 –  𝐴𝑐𝑡𝑢𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟)/
 𝐴𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟) 𝑥 100                      (1) 

Table 1 is obtained from the measurements with 
the spinner load in the condition that the spinner 
has been turned on, but the spinner motor has 
not run yet. The spinner already has an on-load 
in the form of a control component from the 
spinner. Table 1 shows that the error is 0.17%, 
meaning that the system's accuracy in acquiring 
the voltage value is 99.83%. 
 

Table 2 is obtained from the current 
measurement with the spinner load in the 
condition that the spinner has been turned on, 
but the spinner motor has not yet been run. The 
spinner already has an on-load in the form of a 
control component from the spinner. Table 2 
shows that the error is 21.1%, meaning that the 
system's accuracy in acquiring the current value 
is 78.9%. 
 

Table 3 is obtained for the power measurement 
with the spinner load when the spinner has been 
turned on, but the spinner motor has not run yet. 
The spinner already has an on-load in the form of 
a control component from the spinner. Table 3 
shows that the error is 11.8%, meaning that the 
system's accuracy in acquiring the power value 
is 88.2%. 
 

Table 4 is obtained for frequency measurements 
without loading, which were carried out. 
Frequency data was also collected with the 
spinner load when the spinner was turned on and 
the spinner motor had not been run. The spinner 
already has an on-load in the form of a control 
component from the spinner. To ensure that the 
data is re-tested. Table 4 shows that the error is 
0.01%, meaning that the system's accuracy in 
acquiring the voltage value is 99.99%. 
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Fig. 7. (a) shows current, voltage, and power 
measurements with the spinner load on. The 
condition of the spinner has been turned on, and 
the spinner motor has not been started. The 
spinner already has an on-load in the form of a 
control component from the spinner. Fig. 7. (b) 
compares frequency measurements with clamp 

meters and our devices. As we can see, the 
acquisition of electrical measurement using an 
integrated acquisition system can be confirmed 
to work well where the results are not too 
different from the results of manual 
measurements. 

 

Table 1. Load Voltage Measurement with Clamp Meter and Device 
 

Number Clamp Meters 
Measurement 

Website Display Error (Volt) Error (%) 

Voltage (Volts)  Voltage (Volts) 

1 232 232 0 0 
2 232 232 0 0 
3 233 232 1 0,43 
4 232 233 1 0,43 
5 233 232 1 0,43 
6 233 233 0 0 
7 232 233 1 0,43 
8 232 232 0 0 
9 232 232 0 0 
10 232 232 0 0 

Average 0.4 0,17 

 
Table 2. Load Current Measurement with Clamp Meters and Devices 

 

Number Clamp Meter 
Measurement  

 Website Display Error (A) Error (%) 

Electricity Current (A) Electric Current (A) 

1 0,0507 0,0400 0,0107 21,1 
2 0,0508 0,0400 0,0108 21,2 
3 0,0509 0,0400 0,0109 21,4 
4 0,0508 0,0400 0,0108 21,2 
5 0,0507 0,0400 0,0107 21,1 
6 0,0500 0,0400 0,0100 20,0 
7 0,0505 0,0400 0,0105 20,7 
8 0,0509 0,0400 0,0109 21,4 
9 0,0507 0,0400 0,0107 21,1 
10 0,0512 0,0400 0,0112 21,8 

Average 0,0107 21,1 

 
Table 3. Load Power Measurement with Clamp Meter and Device 

 

Number Clamp Meter Measurement Display Website Error  
(Watt) 

Error (%) 

Electrical Power (Watt) Electrical Power (Watt) 

1 6,2 7 0,8 12,9 
2 6,3 7 0,7 11,1 
3 6,3 7 0,7 11,1 
4 6,2 7 0,8 12,9 
5 6,1 7 0,9 14,7 
6 6,3 7 0,7 11,1 
7 6,3 7 0,7 11,1 
8 6,3 7 0,7 11,1 
9 6,3 7 0,7 11,1 
10 6,3 7 0,7 11,1 

Average 0,74 11,8 
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Table 4. Frequency Measurement with Clamp Meters and Devices 
 

Number Clamp Meter Measurement Display Website Error (Hz) Error (%) 

Frequency (Hz) Frequency (Hz) 

1 49,99 50 0,01 0,02 
2 49,99 50 0,01 0,02 
3 49,99 50 0,01 0,02 
4 49,89 49,90 0,01 0,02 
5 49,89 49,90 0,01 0,02 
6 49,89 49,90 0,01 0,02 
7 49,80 49,80 0 0 
8 49,80 49,80 0 0 
9 49,80 49,80 0 0 
10 49,81 49,80 0,01 0,02 

Average 0,005 0,01 

 

  
 
Fig. 7. (a) Comparison of Load Power Measurement with Power Clamp Meters and our Devices, 

(b) Comparison of Frequency Measurements with Clamp Meters and our Devices 
 

The quality of monitoring electric power provides 
the benefits of saving electrical energy. The 
existence of electrical details will warn the user 
or electrician to conduct inspections and take the 
necessary actions for troubleshooting and saving 
electrical energy.  
 

4. CONCLUSION 
 
This paper presents research on integrated 
acquisition embedded systems capable of 
monitoring electrical energy. The results show 
that the system is capable of functioning 
correctly. The integrated acquisition system can 
operate with great accuracy. The error in using 
the device compared to direct measurement with 
a clamp meter at load one is that the voltage is 
0.17%, the current is 21.1%, and the power is 
11.8%. The error in using the device compared 
to direct measurement with a clamp meter at a 
frequency measurement of 0.01%. High errors 
above 1% occur only when using the device to 
acquire electric current, with a smaller current 
value of 1 A. This is due to receiving the 

microcontroller in amperes with three digits. 
System devices can monitor the electrical 
measurement. The system devices can provide 
electrical energy-saving solutions by providing 
information regarding the use of electric power 
(electricity usage management). This study is 
expected to contribute to establishing a system 
that will benefit the government's efforts to 
preserve energy. 
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