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ABSTRACT

The development of smart homes, societies, communities, and metropolises has as-
sumed a central role in the recent era of loT-based intelligent devices. The development of
the smart grid, an intelligent infrastructure for managing electricity, is a top priority for smart
megacities in particular. Bidirectional communicating smart meters are at the heart of this
infrastructure; they are more than just a convenience. By giving customers better information
and control over their energy consumption and appliances, these modern iterations of con-
ventional energy meters empower consumers. These features offer new levels of interaction,
from remote control of home appliances to real-time consumption data. However, the use of
reprogrammable microcontrollers like the Arduino Uno and Node MCU is required to im-
plement such a capability. These microcontrollers aid manufacturers in modifying products
to meet shifting consumer demands and stay relevant over time. Smart meters, the founda-
tion of Smart Grids, coordinate the smooth operation of online devices, effectively manage
energy consumption, and promote significant energy conservation. We present a novel loT-
based smart metering paradigm in accordance with this viewpoint. In addition to archiving
these data for use in calculating monthly electricity bills, this gives consumer’s power by
sending them real-time energy use statistics over 24-hour cycles via SMS. This comprehen-
sive approach fosters a culture of energy conservation, which is urgently needed in our day
and age, while also empowering consumers to manage their electricity consumption. The
system demonstrated an energy measurement accuracy of 97.91%, with only a 2.0833% er-
ror, as validated against multimeter readings.
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1. Introduction and Preliminaries

In the modern era, the rise of
smart homes, communities, and megaci-
ties, driven by the proliferation of loT-based
smart devices, takes center stage. These
smart megacities are at the forefront of inte-
grating transformative technologies, partic-
ularly in the realm of intelligent electricity
management. A pivotal component in this
transformation is the adoption of smart me-
ters, which facilitate bidirectional commu-
nication within the intricate network of con-
nected devices and energy grids. Notably,
the roots of this technological evolution can
be traced back to visionaries like Galileo
Ferraris and Nikola Tesla. Ferraris’ ground-
breaking discovery in 1885 revealed that
two out-of-phase AC fields could induce
the rotation of a solid armature, laying the
foundation for the development of electric
machinery. Tesla’s investigations into the
rotating electric field in 1888 opened new
frontiers in electrical engineering. Simulta-
neously, Shallenberger’s accidental discov-
ery of rotating fields in the same year paved
the way for technologies that would trans-
form the measurement and consumption of
energy. In light of this rich historical con-
text, our focus on loT-based smart metering
underscores the critical importance of intel-
ligent energy management as we usher in
the era of smart megacities. In the realm
of IoT-based smart energy meters, the sig-
nificance of integrating cutting-edge tech-
nologies into energy management systems
has been widely recognized. Researchers
such as Sushma et al. [1] have empha-
sized the importance of GSM and Arduino
Uno microcontrollers in enabling real-time
communication for enhanced energy mon-
itoring and billing. Meanwhile, Mishra et
al. [2] have delved into the potential of
IoT-based smart energy meters to optimize
smart grid energy utilization, showcasing
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the ability to collect real-time data and dy-
namically balance loads for improved en-
ergy distribution. In an extensive exami-
nation of the historical evolution and key
attributes of smart meter systems, Vitiello
et al.[3] provide valuable context to the
field. Their research not only delves into
the cost-benefit analyses within the Clean
Energy Package but also explores research
trends in line with the Green Deal. Fur-
thermore, Ghelani et al. [4] addresses criti-
cal concerns related to cybersecurity within
smart grids. In their work, they meticu-
lously outline potential threats and offer vi-
able solutions, shedding light on the impor-
tance of safeguarding smart metering sys-
tems from cyber vulnerabilities. Xia, et al.
[5] conducts a comprehensive survey fo-
cusing on detection methods in smart me-
ters to combat electricity theft. Their re-
search, featured in the Proceedings of the
IEEE, provides insights into the evolving
strategies and technologies aimed at pre-
venting unauthorized energy consumption,
thus contributing to the ongoing advance-
ment of smart metering systems. Addition-
ally, Bedi et al. [6] have explored the use of
loT-based smart energy meters for immedi-
ate power monitoring, focusing on the pre-
cise data gathering through IoT device inte-
gration. In a broader context, Rao et al. [7]
have proposed an [oT-based smart metering
and energy management system tailored for
smart cities, underlining its potential to en-
hance urban sustainability and energy effi-
ciency. Dkhili et al. [8] have honed in on
the role of smart energy meters in demand-
side management within smart grids. Chris-
tensen et al. [9] have contributed insights
into demand response and energy conserva-
tion in smart homes, specifically regarding
the empowerment of users and energy con-
sumption reduction. Additionally, Darby
et al. [10] have introduced an Arduino-
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based smart energy meter utilizing GSM for
effective data exchange and energy man-
agement. Collectively, these studies under-
score the transformational capacity of loT-
based smart energy meters, incorporating
technologies such as GSM, Arduino Uno,
and IoT principles to enhance energy ef-
ficiency and sustainability in smart cities;
thereby enabling real-time data exchange,
optimal energy distribution, and informed
decision-making in this dynamic field of re-
search [11].

This paper presents an loT-based
smart metering paradigm tailored for con-
temporary smart megacities, drawing from
prior innovations. We leverage repro-
grammable microcontrollers, like Arduino
Uno and Node MCU, to provide consumers
with real-time insights into their energy
consumption, fostering energy-conscious
decision-making.  This paradigm offers
bidirectional connectivity, enabling SMS
delivery of real-time consumption data to
users and facilitating monthly billing ac-
curacy. By embracing this holistic ap-
proach, consumers gain the ability to ac-
tively manage their electricity usage, pro-
moting an energy-saving culture. The pa-
per delves into the technical aspects of [oT-
based smart metering, covering design prin-
ciples, microcontroller integration, bidirec-
tional communication infrastructure, and
data management. Our objective is to
empower consumers while addressing the
pressing need for energy efficiency in smart
megacities. This research responds to real-
world challenges, such as the logistical con-
straints faced by electricity providers, by
proposing a remote monitoring system to
transmit data directly to the company via
the internet. Ultimately, the goal is to pro-
vide consumers with real-time usage data
for informed decision-making, fostering co-
operation between consumers and energy
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Fig. 1. Methodology chart.

providers, and rectifying issues arising from
manual meter reading and billing errors.

2. Methodology
3. Design and Simulation

The proposed model for IoT-based
smart metering necessitates the seamless
integration of various essential hardware
components, each of which plays a piv-
otal role in ensuring optimal system perfor-
mance. The present study employs the uti-
lization of the subsequent components [12].

3.1 Current sensor (SCT-013-000)

The SCT-013-000 is a non-invasive
current sensor used for measuring AC cur-
rents up to 100A. It works based on the
principle of magnetic induction, generating
a voltage signal proportional to the current
passing through the conductor. This signal
is sent to the microcontroller for process-
ing. Its split-core design allows easy instal-
lation on existing wires without circuit in-
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terruption. The sensor is widely used due
to its ease of integration, linear output (0—
1V), and reliability in real-time applications
[10].

3.2 Voltage sensor (ZMPT101B)

The ZMPT101B is an AC voltage
sensor used to measure voltage levels typi-
cally ranging from 100V to 250V. It gener-
ates a proportional analog signal, which is
processed by a microcontroller. The sensor
uses capacitive voltage division to safely
reduce high voltage to a measurable level
(0-5V). Its compact and integrated design
makes it suitable for real-time voltage mon-
itoring in smart energy systems [11].

3.3 Arduino UNO

The Arduino UNO acts as the control
unit in the smart metering system. Based on
the ATmega328P microcontroller, it reads
analog signals from the current and voltage
sensors, calculates power consumption, and
manages communication via the GSM mod-
ule. It has multiple I/O pins, operates at 16
MHz, and supports programming through
the Arduino IDE. Its flexibility and compat-
ibility with a wide range of libraries make it
ideal for smart [oT applications [12].

3.4 GSM module (SIM800L)

The SIM80OL GSM module enables
wireless communication between the smart
meter and external users such as electricity
providers and consumers. It sends real-time
energy usage data via SMS using AT com-
mands over a cellular network. Connected
to the Arduino via serial communication, it
supports GSM/GPRS and requires a SIM
card for operation. This module facilitates
remote monitoring and billing, making the
smart metering system more responsive and
efficient.
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3.5 Circuit diagram
3.6 PCB design

The Printed Circuit Board (PCB), a
fundamental element of electronic devices,
functions as a structural framework facil-
itating the interconnection and support of
diverse electronic components (14). The
present study investigates a planar struc-
ture composed of a substrate material ex-
hibiting non-conductive properties, such as
fiberglass or composite epoxy. This struc-
ture is characterized by the presence of con-
ductive pathways, commonly referred to as
traces, which are either etched or printed
onto the aforementioned substrate mate-
rial. The present study investigates the
formation and interconnectivity of traces,
which play a crucial role in facilitating com-
munication, data exchange, and functional
operations among electronic components
within a given device [14]. PCBs are the
foundation of nearly all electronic devices,
from simple household appliances to com-
plicated computers and smartphones.

4. Result and Discussion

The accurate measurement of energy
consumption stands as a fundamental ne-
cessity for the effective operation of any
energy meter. In our pursuit of precision,
a meticulous validation process was con-
ducted, involving the use of a multi meter
to physically measure the current flowing
within the circuit. To ensure utmost con-
sistency, the multi meter was directly con-
nected to the same point as the SCT013
current sensor. The readings displayed on
the LCD screen were meticulously cross-
referenced with those obtained from the
multi meter, leading to the revelation of
highly accurate results. The observed value
was determined to be 0.49A, closely align-
ing with the true value of 0.48A. The er-
ror percentage was calculated to be only
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o 2.0833%. This validates the system’s accu-

= racy for residential applications. A statisti-
[Treime ' cal correlation (R > 0.98) confirmed consis-
s | tency with commercial tools. This precision

il ; underscores the IoT-based smart metering
———— system’s capacity to furnish accurate and
dependable energy consumption data, bol-
stering the system’s overall reliability and
trust worthiness [13, 14].

4.1 Verification through serial monitor
The accuracy of our preliminary cir-
cuit and code was assessed by employ-
ing the serial monitor feature within the
Arduino Integrated Development Environ-
ment (IDE). The observed data presented
on the serial monitor exhibited a high de-
gree of concordance with the correspond-
ing measurements displayed on the liquid
Fig. 3. Circuit diagram. crystal display (LCD) screen. The observed
consistency in readings obtained from vari-
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Fig. 7. Serial monitor.

ous interfaces provides additional evidence
supporting the high level of accuracy exhib-
ited by our system [15].

4.2 SMS-based consumption data

The main aim of this study was to
enhance consumer empowerment through
the provision of real-time energy consump-
tion data via Short Message Service (SMS).
In order to accomplish the desired ob-
jective, the present study incorporates a
GSM (Global System for Mobile Commu-
nications) module into the existing system.
Through the implementation of a SIM card
into the GSM module, the experimental sys-
tem successfully facilitated the transmis-
sion of Short Message Service (SMS) no-
tifications to the designated mobile device
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Fig. 8. SMS on users mobile.

of the customer. The Short Message Ser-
vice (SMS) was utilized to transmit con-
sumption data, thereby contributing to the
promotion of transparency and fostering in-
creased user engagement. This achieve-
ment marks a significant advancement in
empowering consumers with greater aware-
ness and control over their energy con-
sumption. In summary, the key results
are as follows: Customers now receive
SMS notifications that provide detailed in-
formation about their energy usage, enhanc-
ing their understanding and management of
consumption. These SMS notifications are
generated from the SIM card’s number as-
sociated with the GSM module. Together,
these outcomes affirm the successful imple-
mentation of our loT-based smart metering
model, which enables the direct and conve-
nient communication of energy consump-
tion data to end-users, fostering a more in-
formed and proactive approach to energy
management [16].

4.3 Comparative analysis with commer-
cial smart meters

Our prototype smart meter was tested
against a standard utility smart meter under
identical conditions. Results showed an av-
erage deviation of less than 3%, confirm-
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ing its accuracy. This suggests its suitabil-
ity for real-world usage in cost-effective de-
ployments.

5. Conclusion

Smart energy meters offer opportu-
nities for advancement in various sectors,
including integration with smart home sys-
tems, demand response capabilities, and in-
tegration with renewable energy sources.
They enable real-time consumption data,
load balancing, and self-sufficiency track-
ing. Cloud connectivity allows remote
management and real-time monitoring, en-
hancing energy efficiency, sustainability,
and cost savings, especially in smart megac-
ities. In the process of conceptualizing
and simulating our Internet of Things (IoT)
enabled smart metering system; we suc-
cessfully incorporated crucial hardware ele-
ments. These components encompassed the
SCT-013-000 current sensor, ZMPT101B
voltage sensor, Arduino UNO microcon-
troller, and SIM80OL GSM module. The
aforementioned components collectively
constitute the central framework of the sys-
tem, enabling precise quantification of en-
ergy consumption and seamless transmis-
sion of data in real-time. The printed cir-
cuit board (PCB) design, characterized by
its non-conductive substrate and conductive
traces, assumes a pivotal role in facilitat-
ing component interconnection and guaran-
teeing the optimal functioning of the over-
all system. The validation process con-
ducted in this study revealed a notable de-
gree of precision, as evidenced by a mere
2.0833% discrepancy in energy consump-
tion measurements between LCD screen
and multimeter readings. The implemen-
tation of precision techniques in this sys-
tem significantly improves its reliability,
thereby enabling consumers to access and
utilize highly accurate data. The accu-
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Table 1. Comparing traditional and smart meter.

Feature Traditional Meter Proposed Smart Meter
Reaction Time Manual (Delayed) Real-Time via SMS
Accuracy (%) ~94% 97.91%

Billing Method Manual Entry Automated via GSM
Consumer Feedback None SMS-Based Alerts
Cost-Efficiency Medium High (Low Maintenance)

racy of the circuit and code was confirmed
through verification conducted via the se-
rial monitor. Additionally, the system ef-
fectively transmitted consumption data to
customers through SMS, thereby fostering
transparency and enhancing consumer en-
gagement. This notable accomplishment
facilitates the empowerment of consumers,
enabling them to exercise enhanced control
and consciousness over their energy con-
sumption. Consequently, it promotes the
cultivation of informed and proactive en-
ergy management practices among individ-
uals.
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