152 IJCSNS International Journal of Computer Science and Network Security, VOL.25 No.5, May 2025

Performance Analysis of Smart Energy Monitoring System in
Real-time

R Govindarajan'’, S Meikandasivam?>'’, D Vijayakumar*f

SCSVMYV University, Tamilnadu, India'f, VIT University, Tamilnadu, India 377,

Summary

The use of smart energy monitoring systems in houses or
buildings offers significant potential for energy savings. In this
paper, we propose an energy monitoring system based on
advanced wireless technology. However, to meet the huge
demand, ensure energy conservation and for sustainable
economic growth, the introduction of a new kind of energy
monitoring system is essential in the consumer side. In this paper,
design and implementation of smart energy monitoring systems
in real time is analyzed with respect to its performance. The
proposed system utilizes advanced wireless technology like
zigbee protocol, Internet of Things (IoT), Android based mobile
App and Cloud Computing for interfacing the information
between meter to consumer end. The digital power meter
installed in the main panel is also interfaced with a
communication gateway and all the electrical parameters such as
voltage, current, power, power factor and harmonics of the
household appliances have been measured in real time. Hence the
four kinds of energy monitoring systems have been developed to
measure the electrical parameters. The system will help to
provide the power consumption details to the consumer and also
the system interacts with consumers by giving the instant data
such as live power tracking, identification of abnormal patterns
of energy usage, energy bill estimation and all the energy usage
information within handy.
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1. Introduction

With advancement in the field of computer and
wireless communication technology, a wide range of
possibilities is available for the design and implementation
of smart energy monitoring systems in future smart homes
[7]. Computer and wireless communication technology is
used to integrate a number of sensor devices, actuators,
and computing devices which in turn have great potential
to contribute energy efficiency in our everyday usage.
Energy efficiency is becoming increasingly important in
industry as well as in the residential sector [11]. However,
due to the complexity and diversity of computing devices,
integrating energy monitoring resources is still in its
infancy [10]. Adding advanced devices into the energy
metering environment is a very challenging task. After
deciding which particular device to integrate, the smart
metering developer must determine how to configure it
and

Manuscript received May 5, 2025
Manuscript revised May 20, 2025

https://doi.org/10.22937 /IJCSNS.2025.25.5.19

interface with it [17]. Then the device should be connected
and technically integrated with the system. The smart
energy monitoring environment makes use of a wireless
communication platform to integrate various devices.
These devices should communicate with each other
independently to provide information to the consumers
[19].

Manufacturers of wireless interfacing devices use
many different communication protocols. Therefore, the
integration of household appliances and consumer
electronics is not straightforward, at any layer of the
sensor network platform. Additionally, apart from the
technical difficulties of the integration, due to the
complexity of the systems, users are often unable to fully
understand their systems [18]. To fully take advantage of
smart energy monitoring technologies, any energy
monitoring system should transparently communicate with
all the household energy meters and make available all
important information to users with respect to saving
energy as well as user convenience [20]. Keeping these in
mind, we propose a smart energy monitoring system using
wireless communication protocol and an intelligent
gateway circuit.

The proposed system continually records and
updates the electricity consumption data in order to
provide real-time information to consumers. Users can
easily monitor and control their power consumption of
household appliances to save energy. To enable the
feasibility of the proposed system, Zigbee transceivers and
GSM communication gateway are implemented based on
the usage of consumers.

To find out the suitable energy monitoring system for the
Consumers, the following systems are designed as follows
and implemented using various wireless technologies in
real time and the experimental result also discussed.

a) Smart Energy Monitoring system using ZigBee Protocol
b) Smart Energy Monitoring system using IoT

¢) Smart Energy Monitoring system using Mobile App

d) Smart Energy Monitoring system using Cloud Computing



IJCSNS International Journal of Computer Science and Network Security, VOL.25 No.5, May 2025 153

2. System Implementation

Different types of Smart Energy Monitoring systems
have been analyzed in real time for the identification of
suitable energy monitoring systems for LT Consumers
requirement.

2.1 Design and Implementation of Energy
Monitoring System using ZigBee Protocol

ZigBee protocol (IEEE 802.15.4) is one of the most
economical and reliable systems and also consumes less
power for monitoring processes. This ZigBee covers
wireless range of 10-100 meters. Energy meter can be
interfaced with this ZigBee transmitter Module and a
laptop or computer based for data acquisition [4]. In this
system, an embedded C programming is specially
developed for the interfacing process and a  power
metering IC is also used to collect the data from energy
meters. The collected data will be communicated to the
ZigBee Module using the Arduino Controller. Finally the
measured electrical parameters will be received by the
ZigBee transceiver. This way, all the data is presented in
the form of an energy report and made viewable to the
consumers, which in turn can be accessed from a
computer or a laptop.

The hardware implemented for energy monitoring
systems using ZigBee protocol is shown in Fig.1. In this
proposed system, the digital meter is interfaced with the
ZigBee transmitter board and a personal computer is
interfaced with ZigBee receiver board. There is no other
wired connection between the energy meter and the user’s
personal computer. The system implemented for wireless
energy monitoring and this wireless setup has covered a
distance of maximum 100 meters and the configuration is
as per IEEE standard [4, 14].

Hence the system collects energy data from the
digital energy meter using an Arduino controller through a
power amplifier. Each collected data will be indicated in
the Arduino board by the flickering LED, then the signal
status is also updated by viewing it [7]. The Power
Amplifier IC will act as a data splitter. It is used to provide
the data to the controller without any jungle values of the
energy meter. The measured energy parameters will be
sent to the computer and displayed as a report in notepad
screen as shown in the Fig.2. For this system interfacing,
the coding developed with the Arduino processor by
Embedded C. This coding is also achieved with a
minimum number of lines. The system provides the
information to users with a delay time of 15 seconds and
the data communication speed between energy meter to
personal computer is 250 kbps.

Fig.1.Hardware implementation of zigbee based
energy monitoring system

Fig.2.Energy meter values display format on computer screen

2.2 Design and Implementation of Energy
Monitoring System using Internet of Things (IoT)

Internet Of Thing (IEEE 1451-99) based Smart Energy
Monitoring system allows the devices to sense remotely
using existing internet infrastructure and also develop the
interfacing process between transmitter end (energy meter)
to receiver end. In addition to that, it reduces human
participation in  handling the process. This system is
implemented with customized embedded programming
between IoT and Digital Meter through Arduino controller
[1,2].

Hence the designed system will provide data
transferring speed from the monitoring unit to server is
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2mps with delay time of 2 sec. Finally the overall monthly
bill with cost will be sent to the consumer in the form of an
energy report with IP Address Accessing mode. This
proposed work demonstrates the operation of a developed
IoT Dbased energy monitoring system. It was
experimentally implemented as shown in the Fig 3. The
system consists of a user-interface dashboard and it was
developed in HTML, which is used to view our data as a
energy monitoring report [5].

The report shows voltage, current and power of the
electrical utility in live with a minimum delay time of 2
seconds and communication speed is 2mps. The system is
designed to find out the minimum period of data
transmission delay time with high communication speed.
The normal digital energy meter was connected with an
interfacing unit [15]. The interfacing unit consists of
Arduino, splitter circuit, data amplifier circuit and IoT
module. Here the interfacing unit collects the energy
parameters from the energy meter and sends it to the local
server through IoT techniques.

In this system, the splitter circuit will split the data
into voltage, current and power; then send it to the power
amplifier circuit. The amplifier circuit and Arduino
processor will narrate the values as well as make it a live
report as shown in Fig 4. The measured energy parameters
were collected using an interfacing unit and then sent to
the local server through Wifi router. Before that the energy
report is prepared as an HTML file in the background and
all the fields are developed based on consumer basic
requirements. Based on the programming, the data will
appear in the content menu or field [8].

The consumer can view their energy consumption
report by accessing the particular IP Address which is
already given in the programming [9]. Hence this proposed
system achieved fast communication with very less data
transmission delay time, customized and efficient
electrical energy report for LT consumers.

Fig.3.Hardware implementation of energy monitoring system
using IoT techniques
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Fig.4.Energy report displayed on HTML Screen

2.3 Design and Implementation of Energy
Monitoring System using Android Mobile App

Android Mobile App (IEEE 1914.1) utilized to
develop an energy monitoring system in wireless. It can
sense the energy meter value as well as communicate to
the consumer by showing energy information instantly
[11]. Tt works with the android operating system and the
protocol developed with NodeMCU, which is interfaced
with our existing digital energy meter. The daily usage of
power consumption will be measured as usual by a digital
energy meter and the measured data will be received by
NodeMCU. Then the data will be sent to the existing
mobile app which is called Blynk app. This Blynk app acts
as a server, once the data received it will be displayed as a
prompt view on the mobile screen. Hence the consumer
can view the energy information in their mobile phone by
accessing the customized Blynk app. The system is
developed as an Android mobile app. The app obtains the
energy parameters from the existing energy meter instantly,
hence making it easily accessible from a mobile which is
user friendly [6]. In other protocols more number of
interfacing devices utilized to develop an energy
monitoring system. Whereas in this system, the number of
interfacing devices are minimal, thereby reducing the data
transferring speed considerably to 1 second.

The system consists of an energy meter, NodeMCU,
Smart Phone. NodeMCUis a low-cost open
source [oT platform. It runs on  the ESP8266 Wi-
Fi SoC and hardware which was based on the ESP-12
(Espressif system) module. NodeMCU acts as a server
which will sense the values from the energy meter as well
as display the values on a smartphone screen with the help
of an existing android mobile app called Blynk. The Blynk
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App is one of the interfacing apps which can be installed
on all android smart phones and it works with IoT based
platforms. The Blynk is customized one, hence based on
the monitoring system requirement the Blynk App page
can be designed by the user. Once the app is installed in
the mobile phone, the energy meter values will be stored in
the mobile App screen by getting NodeMCU log in ID in
the App. The developed protocol shown in Fig. 5. The
values will be stored in the Blynk App as all data is
customized by the user. At an interval of 1 second, the
parameters will be updated automatically. The output
format of the energy monitoring system shown in Fig. 6.
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Fig.6. Energy meter value displayed in mobile screen

2.4 Design and Implementation of Energy
Monitoring System using Cloud Computing

This system includes a two way digital energy meter
and GSM Communication Gateway (IEEE 802.21). The
system implemented in real time to achieve the daily
power utilization of consumers without any delay time.
The consumer can know about their energy usage as a
report instantaneously [3]. The system designed with less
number of interfacing devices to reduce the development
cost as well as to reduce the data transferring time [12].
Here the Energy Meter is directly connected with the GSM
communication gateway and the measured parameters will
be stored in our personal cloud. GSM Communication is
specially developed to collect the data from the meter and
send the data to the server hence it will act as the main
processor. In the cloud server to get customized screens,
programming is also developed with super java. Based on
the consumer requirement the measured energy parameters
will be formed as a report which can be chosen for
different time periods like daily, monthly or even live
report. ~ This  prototype achieved using GSM
Communication gateway to cloud transmission level is 14
Tbs without any delay [16].

Here the SATEC Power meter is used to collect the
data from the main panel to the consumer end. Hence we
used GSM Based Communication gateway circuit [13].
This system has been developed keeping in mind the
aspects of reducing delay time for data transfer, increasing
wireless coverage distance limit and getting more number
of values form the meter. In Zigbee based monitoring
systems, the power metering IC and Arduino controllers
are used. Hence the system provides 15 seconds delay time
in transferring data. In the IoT based monitoring system;
Splitter circuit, data amplifier and Arduino controller are
used to collect the data and send the data to the HTML file
through WiFi Router. By IP Address accessing mode we
can view the data in an HTML file and the data is updated
every 2 seconds. In order to achieve fast communication
with reliable data and more number of values from the
meter, increase the wireless coverage limit. And to obtain
the data storage unit, the cloud based smart energy
monitoring is developed. Hence instead of power metering
IC and Splitter Circuit we used GSM Communication
gateway circuit directly interfaced with the smart meter as
shown in the Fig.7. The Communication gateway will send
the data to the server and the data will be saved as per our
customized programme in the cloud. The data can be
accessed from anywhere and we can get a customized
report without any difficulties. It consists of a two way
Digital Power Meter and GSM Communication gateway to
send the values to the cloud server directly. Here the
transmission level is 14 Tbs without any delay time as the
coding is developed for a fully online system. It gives a
master report as shown in the Fig 8 which can be
customized. Here the programme coding has been
developed with super java for the communication unit and
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to view the measured values as a report in front end
customized HTML file also developed.

Fig.7. Hardware installation of energy monitoring system using
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Fig.8. Energy monitoring live report in real time from cloud

3. Performance Analysis of
monitoring system

Energy

The Energy Monitoring Systems with their real time
measurements employing different communication
protocols are compared in the Fig. 9 and Fig.10. The
Energy Monitoring System using GSM communication
gateway and developed with cloud computing shown in
Fig 9.7 proves an improved performance in LT consumers
for daily utilization. This proposed system provides
detailed information to the LT consumers about their
power consumption which includes live chart, day chart
and month wise chart. The ZigBee based -energy
monitoring system gives information with delay time of 15
seconds where as IoT based energy monitoring system

gives information with delay time of 2 seconds, android
based energy monitoring system transfer the information
in 2 seconds and the cloud computing based energy
monitoring system provides the information between
meter and consumer with the communication speed value
of 14 Tbs without any delay time. The overall comparison
shown in Table 1.

Table 1. Experimental Performance of various Energy
Monitoring System

Communi | Transferring| Number | Network
Developed .
System c-ation Delay of Coverage
Y Speed Time Values limit
ZigBee 100
based EMS 250 kbps. 15 seconds 4 meter
IoT based
EMS 2 mps. 2 seconds 6 92 meter
. Through
Android
based EMS 424 kbps. 1 second 10 out
global
. Through
Cloud Live
based EMS 14 Tos. transferring 16 out
global
Data transferring delay time in varioud energy
monitoring systems
20 A
15
15 1
10
54 > 1
0.06
0 e e ,
zigbee IoT Android Cloud

Fig.9. Comparison chart of data transferring delay time in
energy monitoring system

Number of values obtained in various energy
20 - monitoring systems
16
15 -
10 -+
6
5 | 4
zigbee ToT Android Cloud

Fig.10. Comparison chart of values obtained by the
energy monitoring system
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4. Conclusion

Different types of energy monitoring systems are
developed in real time and performance of all the aspects
the systems are analyzed and investigated by comparing
the concept and technology used. The comparison of real
time output results based on the communication protocol
proves that the cloud computing based smart energy
monitoring system using GSM Communication gateway
produces improved performance in a number of
parameters namely; measurement, high speed data
communication, online data transfer, customized report
making and in providing instant updated information to the
consumers. The consumer can know about their power
utilities easily, making their power consumption schedule
with their knowledge and calculate their electricity usage
cost. Hence the power consumption will be reduced by
developing this kind of innovative model in real time.
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