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Abstract- The focus of this study was on the automatic reading of energy meter for billing purposes.[1] This task is
accomplished using remote metre readings using GSM technology, which is used for remote readings as and when
needed. As a result, there is no need to send somebody to the customer's location to gather manual readings. Smart
energy metre (SEM) are these types of metre that can communicate directionally and push data without the utility's
intervention. Another advantage of this method is that it can disconnect customer load if it exceeds its predefined load
limit by simply sending an SMS to the client once the load-is disconnected. Both the utility and the client have access to
it.

Keywords—(SEM) Smart Energy Meter, (AMR) Automatic Meter Reading, (GSM) Global System for Mobile, (SMS) Short
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I. INTRODUCTION I

In past, all homes have mechanical energy meter, which used DC || e Voi’tage
a metal wheel to compute energy usage, but these meter could adapter | modem ™
not automatically push their readings. So one person went to ‘ regl:ia Z
each customer's residence to gather the meter readings, and \
then a bill was created and mailed to them; this was a time- ‘ ;
consuming and expensive process.[2] The new AMR N2s%%
technology, on the-other hand, is extremely beneficial and 1 S
beneficial to both customers and utilities. The “NAN modul :
(neighborhood area network) is a sort of automatic metre =
reading technology that is used for short distance readings (up E
to 100 to 150 metre) and works on an RF Mesh Network. The
other type of automatic metre reading technology is the RF
Mesh Network. Errgymete Alheged s
[3] In this AMR technology, two modules are used: one at M'”?CO"“O"”
the meter end for data transfer to the utility server, and one at LR — ‘ :
the utility server end for data collection from the smart metre
side. This data is recorded in the utility server of all the energy
metre installed in various locations on an hourly, weekly, and
monthly basis, and can be obtained by the utility authorized
person for billing purposes as and when needed. Area network Home
in the neighborhood It is used for short distance readings, . ;
because its range is limited to 100 to 150 metre. This applances ——
technology is based on an RF Mesh Network. ;

Fig. 1: Automatic Energy Meter Reading System

© 2022 IJRAA All Rights Reserved page ~ 89-


mailto:ramniwasgautam1990@gmail.com
mailto:nmsnehlata@gmail.com
mailto:3akanksha.kulshreshtha@gmail.com

Ramniwas Gautam et al. International Journal of Recent Research Aspects ISSN: 2349~7688, Special Issue: Recent
Innovation in Science, Engineering & Management, May 2022, pp. 89~94

Il. BRIEF HISTORY

Mr. Paraskevakos implemented the first AMR system in the
United State in 1974, using advanced technology created by
Theodore George in 1972. Smart meter billing system is a
system that consists of sophisticated power measuring
equipment.. These are smart energy meter, gas meter and
Smart water meter, functioning of these meters are on
calculating the total consumption of energy in watts or kilo
watts in energy meters.[4] A low cost AMR system is
designed by GPRS but the GPRS is not reliable, these meters
have some features extra than the normal meters, in this
system there is no need to put cables for communication. The
Smart energy meter is connected to the (HES) head end
system always to transfer threading. One more main
advantage of smart meter is that it can push tamper events
made by any customer to stop recording or disturbed its
functioning either by putting abnormal electromagnetic fields
or any high frequencies to the meter surface. Smart meter are
differ than normal meter in terms of tamper detection feature,
load switch disconnection & reconnection and payment either
prepayment or postpaid type. Also we can configure these
meter metering mode either net metering or import only mode
as per utility requirements.

I11. SMART ENERGY METER

Smart metre are digital metre that have the same size as
traditional metre. Smart Energy Meters provide more precise
readings in Kwhr, allowing utilities to plan transmission
network development and power quality improvements.
Instead of employing potential and current transformers, the
Smart Energy Meter uses voltage and current sensors to
monitor voltage and load currents, which are then stored in
power factor controller and energy metering ICs for power
factor and power calculations, respectively.
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Fig. 2: Smart Energy Meter diagram
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Fig. 3: An Overview of Smart meter Hardware

The five sections of the smart meter architecture are signal

acquisition, signal conditioning, Analogue to Digital
Conversion (ADC), processing, and communication.
The fundamental parameters must be precisely and
continuously acquired during signal capture. Among the
fundamental features are the magnitude and frequency of the
voltage, as well as the magnitude and phase displacement
(relative to the voltage) of current. Other properties such as
the power factor, active/reactive power, and Total Harmonic
Distortion are calculated using these fundamental numbers
(THD). The currentand voltage sensors, respectively, monitor
the current through the load and the voltage at the supply.
Signal conditioning is the process of preparing an input signal
for the following stage, which is Analog to Digital Conversion
(ADC).

The' ADC. converts analogue sensor signals into digital
signals. The current and voltage signals from the sensors are
sampled, digitized, and then examined by the metering
software. Computation includes arithmetic operations on
input signals, data time-stamping, and data preparation for
transmission or output peripherals. This stage also includes
payment, tamper detection, system updates, and user
interaction. [5] In all energy measurement systems,
communication is a must. The computed data should be
transferred to an external MCU, which comprises voltage,
current, power, energy, frequency, and power quality
measures. For communication purposes, a smart meters use a
variety of network adapters. The Public Switched Telephone
Network (PSTN) is one of the wired possibilities.

The most important characteristics of a smart meter are
described below.

1. Take an automatic reading of the Energy Meter and
transmit it to the customer as well as the utility.

2. During the reading, voltage, load current, active power,
reactive power, power factor, and units are all measured.

3. The utility can cut off or restore the defaulter's supply via
SMS.

4. When you send an SMS, the Smart Energy Meter reacts and
delivers you the readings.

5. From anywhere in the world, the customer can check the
status of his load via SMS.

A Smart Energy Meter's principal role is to measure meter
readings and communicate them to the utility and the
consumer as needed.

Working of Smart Meter:
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Data on electricity use is sent to the utility administration and,
if necessary, to the customer via the GSM communications
network. An antenna installed to or near the meter box serves
as a signal enhancer in GSM communication. [6].

Smart metering connectivity allows for centralized meter
reading, which eliminates the need for meter readers to visit
each client to collect data. Readers may need to observe from
time to time for testing and maintenance purposes.

A Smart Energy Meter's principal role is to take meter
readings and communicate them to the utility and the
consumer as needed. The RMS voltage and current values are
measured by the voltage and current sensors and fed into the
microcontroller, which performs active and passive
computations. One of the most essential characteristics of a
Smart Energy Meter is that it allows a utility company to cut
off and reconnect a user's energy connection via SMS instead
of sending someone to do it manually [7].

If a utility company needs to disconnect a client due to non-
payment of bills or other conditions, it can use this form.
Other important characteristic of a smart energy metre is that
it alerts the user when his load exceeds the maximum limit for
which he was granted a utility connection [8].

If the user does not reduce his load, the meter will disconnect
him automatically. The electricity used is sent through.the
GSM communications network.

Main Parts of Smart Energy Meter:

The Smart Energy Meter is made up of three basic
components:

A. Measurements of voltage and current

B. Measurements of the power factor

C. GSM part [9]

A) Measurements of voltage and current.

In our project, we used a current and voltage sensor to monitor
voltage and load current. As a current sensor, we used the
ACS712ELC-20A, which gives us the RMS value of currents.
This current sensor accurately measures the current of both
AC and DC transmissions. This sensor can detect current up
to 20A. These sensors record overall power use, metering, and
measurements. The OPAMP stage is used to handle sensitive
current measurements. We can measure very small currents
by altering the gain. The output voltage of the ACS712ELC-
20A varies linearly with measured currents. ACS712ELC-
20A was used to measure voltage in a similar way. SMS
allows you to communicate with people all around the world.
The Smart Energy Meter's main function is to take metre
readings and transfer them to the cloud.

B) Measurement of power factor.

The power factor is the cosine of the angle between voltage
and current. It truly assesses the efficiency with which energy
is turned into useful work. We were able to measure it using
a microcontroller and an LM358 in our project by taking the
XOR of voltage and current waves. [10]. The LM 358 was
used to transform weak sinusoidal impulses to large square
signals.

As seen in Figure 4, after XOR, we get a signal with a twofold
frequency (c). The power factor was calculated using the
XOR signal's timing. If the power factor is 0, the output of
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XOR for 50Hz can be 10 milliseconds. The value is "0" if the
power factor is unity. As a result, the XOR output can be
anywhere between 0 and 1. As seen in Figure 4, after XOR,
we get a signal with a twofold frequency (c). The power factor
was computed using the time of the XOR signal. If the power
factor is 0, the output of XOR for 50Hz can be 10 MS. If the
power factor is unity, the value is "0." As a result, for a given
power factor, the output of XOR is between 0 and 1.
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Fig. 4: The consequence of the XOR operation on a square
wave of voltage and current.

C) Wireless portion.

Power Line Carrier (PLC) communications, Supervisory
Control And Data Acquisition (SCADA), telephone modem,
internet, Ethernet, Embedded RF Module, Wi-Fi, Bluetooth,
and ZigBee are just a few of the technologies used in AMR.

Wire-based AMR systems include Power Line Carrier (PLC)
and Telephone Line Network, while wireless AMR systems
include GSM and Bluetooth. The Smart Energy Meter's
transmission system makes use of the existing GSM network.
In our project, we used a SIM900 GSM modem to send
information about the number of units of electricity consumed
to our chosen cellphone number using a GSM modem as
mobile equipment/Data Communication Equipment. [11] For
data transmission, the modem makes use of a SIM card.
Communication Devices We used a SIM900 GSM modem in
our project. A SIM card is used within the modem for data
transmission. Meter readings can also be obtained using
Power Line Communication (PLC), however it is insufficient
due to interference and noise. Wi-Fi and ZigBee can be used
to transmit metering data, however, their capabilities are
restricted, and they are not cost-effective. GSM
communication systems, on the other hand, are far more
efficient across longer distances [12].
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1VV. GSM and Bluetooth are examples of wireless AMR

systems, whereas Power Line Carrier (PLC) and Telephone

Line Network are examples of wired AMR systems.

V. CONCLUSION

Automatic meter reading is defined as "reading a utility meter
without the need for visual inspection of the meter,” and it is
a simple and reliable approach for monitoring a customer's
consumption information. Meter manipulation and unlawful
power drawing (hooking/power pilfering) can be detected
with Automatic Meter Reading. AMR as a means of
increasing customer service and lowering meter reading costs.
The Automatic Meter Reading technology allows us to save
millions of dollars in annual meter reading expenditures while
also providing better water usage information, more accurate
billings, and keeping rates as low as possible for our

consumers.
REFERENCES
[1]. Neha Yadav, Sonia Rana, Nitesh Rawat and Bhuvesh

(2]

[3].

[4]

[5].

[6].

[7].

(8].

[al.

Yadav, “A Research Paper on Automatic Energy Meter
Reading System”, International Conference on Emerging
Trends in Engineering, Technology, Science _and
Management, ISBN-978-93-86171-38-2, Page no: 586-
590, 2017.

Anmar Arif, Muhannad Al-Hussain, Nawaf Al-Mutairi,
Essam Al-Ammar Yasin Khan and Nazar Malik,
“Experimental Study and Design of Smart Energy Meter
for the Smart Grid”, International Renewable and
Sustainable  Energy Conference (IRSEC), DOI:
10.1109/IRSEC.2013.6529714,2013.

Kumarsagar M.Dange, Sachin S. Patil and Sanjay P. Patil,
“Prepaid Energy Meter using GSM Module”, International
Journal of Engineering Science Invention,ISSN (Online):
2319 — 6734, ISSN (Print): 2319 — 6726, Volume 6, Issue
2 Page no: 80-85, February 2017.

Milanpreet Kaur , Alokdeep, Ajay Kumar, Dr. Lini
Mathew, “Implementation of Smart Metering based on
Internet -of Things”, 3rd International Conference on
Communication  Systems (ICCS), doi:10.1088/1757-
899X/331/1/012015 ,2017.

M. M. Mohamed Mufassirin, and “A. L. Hanees,
“Development of IoT Based Smart Energy Meter Reading
and Monitoring System”, 8th International Symposium
— SEUSL, 2018.

Patrick Mapulane , Tshepang Letshwiti, Mompati Mobile,
Oagile Gaogane, Keaboka M. Sethebe and N.M.J.
Ditshego, “Smart Energy Meter”, BIUST Research and
Innovation Symposium(RDAIS),2019.

Q. Gao et al.,, “Solutions for the “Silent Node”
Problem in an Automatic Meter Reading System
Using Power-Line Communications”, IEEE vol. 23,
no. 1, January 2008

Subhashis Maitra et al., “Embedded Energy Meter-
A New Concept To Measure The Energy Consumed
By A Consumer And To Pay The Bill”, 978-1-4244-
1762-9/08 IEEE 2008

Nhat-Quang Nhan et al, “Improving the
performance of mobile data collecting systems for
electricity meter reading using wireless sensor
network”, The 2012 International Conference on

© 2022 IJRAA All Rights Reserved

[10].

[11].

[12].

[13].

[14].

[15].

[16]:

[17].

[18].

[19].

[20].

Advanced Technologies for Communications (ATC
2012) , pp. 241-246

K. S. K. Weranga et al., “Smart Metering for Next
Generation Energy Efficiency & Conservation”,
IEEE PES ISGT Asia 2012, pp. 1-8.

Sudhish N George et al., “GSM Based Automatic
Energy Meter Reading System with Instant Billing”,
978-1-4673-5090-7/13 IEEE 2013, pp. 61-72
Mpendulo Ndlovu et al., “An OFDM Inter-
Subcarrier Permutation Coding Scheme for Power-
line Communication”, 18th IEEE International
Symposium on Power Line Communications and Its
Applications, pp. 196-201, 2014

Edeh Michael Onyema, Umesh Kumar Lilhore,
Praneet Saurabh, Surjeet Dalal, Arinze Steve
Nwaeze, Asogwa Tochukwu Chijindu, Lauritta
Chinazaekpere Ndufeiya-Kumasi, Sarita Simaiya,
Evaluation of loT-Enabled hybrid model for genome
sequence analysis of patients in healthcare 4.0,
Measurement: Sensors, 2023, 100679,
https://doi.org/10.1016/j.measen.2023.100679.
Dalal, S., Manoharan, P., Lilhore, U.K. et al.
Extremely boosted neural network for more accurate
multi-stage Cyber attack prediction in cloud
computing environment. J Cloud Comp 12, 14
(2023). https://doi.org/10.1186/s13677-022-00356-
9

Dalal, S., Seth, B., Radulescu, M., Secara, C., &
Tolea, C. (2022). Predicting Fraud in Financial
Payment Services through Optimized Hyper-
Parameter-Tuned XGBoost Model. Mathematics,
10(24), 4679.

Dalal, S., Onyema, E. M., & Malik, A. (2022).
Hybrid XGBoost model with hyperparameter tuning
for prediction of liver disease with better accuracy.
World Journal of Gastroenterology, 28(46), 6551-
6563.

Edeh, M. O., Dalal, S., Obagbuwa, I. C., Prasad, B.
V. V., Ninoria, S. Z., Wajid, M. A., & Adesina, A.
0. (2022). Bootstrapping random forest and CHAID
for prediction of white spot disease among shrimp
farmers. Scientific Reports, 12(1), 1-12.

Zaki, J., Nayyar, A., Dalal, S., & Ali, Z. H. (2022).
House price prediction using hedonic pricing model
and machine learning techniques. Concurrency and
Computation: Practice and Experience, 34(27),
e7342.

Dalal, S., Onyema, E., Romero, C., Ndufeiya-
Kumasi, L., Maryann, D., Nnedimkpa, A. & Bhatia,
T. (2022). Machine learning-based forecasting of
potability of drinking water through adaptive
boosting model. Open Chemistry, 20(1), 816-828.
https://doi.org/10.1515/chem-2022-0187

Onyema, E. M., Dalal, S., Romero, C. A. T., Seth,
B., Young, P., & Wajid, M. A. (2022). Design of
Intrusion Detection System based on Cyborg
intelligence for security of Cloud Network Traffic of
Smart Cities. Journal of Cloud Computing, 11(1), 1-
20.

page -~ 92~



[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

Ramniwas Gautam et al. International Journal of Recent Research Aspects ISSN: 2349~7688, Special Issue: Recent

Innovation in Science, Engineering & Management, May 2022, pp. 89~94

Dalal, S., Onyema, E. M., Kumar, P., Maryann, D.
C., Roselyn, A. O., & Obichili, M. 1. (2022). A
Hybrid machine learning model for timely prediction
of breast cancer. International Journal of Modeling,
Simulation, and Scientific Computing, 2023, 1-21.
Dalal, S., Seth, B., Jaglan, V., Malik, M., Dahiya, N.,
Rani, U., ... & Hu, Y. C. (2022). An adaptive traffic
routing approach toward load balancing and
congestion control in Cloud-MANET ad hoc
networks. Soft Computing, 26(11), 5377-5388.
Edeh, M. O., Dalal, S., Dhaou, I. B., Agubosim, C.
C., Umoke, C. C., Richard-Nnabu, N. E., & Dahiya,
N. (2022). Artificial Intelligence-Based Ensemble
Learning Model for Prediction of Hepatitis C
Disease. Frontiers in Public Health, 847.

Seth, B., Dalal, S., Jaglan, V., Le, D. N., Mohan, S.,
& Srivastava, G. (2022). Integrating encryption
techniques for secure data storage in the cloud.
Transactions on Emerging Telecommunications
Technologies, 33(4), e4108.

Malik, M., Nandal, R., Dalal, S., Maan, U., & Le, D.
N. An efficient driver behavioral pattern analysis
based on fuzzy logical feature selection and
classification in big data analysis. Journal - of
Intelligent & Fuzzy Systems, 43(3), 3283-3292.
Malik, M., Nandal, R., Dalal, S., Jalglan, V., & Le,
D. N. (2022). Deriving driver behavioral pattern
analysis and performance using neural network
approaches. Intelligent Automation & Soft
Computing, 32(1), 87-99.

Onyema, E. M., Shukla, P. K, Dalal, S., Mathur, M.
N., Zakariah, M., & Tiwari, B. (2021). Enhancement
of patient facial recognition through deep learning
algorithm:  ConvNet. Journal of Healthcare
Engineering, 2021.

Dalal, S., & Khalaf, O. I. (2021). Prediction of
occupationstress by implementing convolutional
neural network techniques. Journal of Cases on
Information Technology (JCIT), 23(3), 27-42.
Dalal, S., Jaglan, V., & Le, D. N. (Eds.). (2021).
Green Internet of Things for Smart Cities: Concepts,
Implications, and Challenges. CRC Press.

Dahiya, N., Dalal, S., & Jaglan, V. (2021). 8
Mobility in Green Management 10T. Green Internet
of Things for Smart Cities: Concepts, Implications,
and Challenges, 125.

Dahiya, N., Dalal, S., & Jaglan, V. (2021). 7
Efficient Green Solution. Green Internet of Things
for Smart Cities: Concepts, Implications, and
Challenges, 113.

Seth, B., Dalal, S., & Dahiya, N. (2021). 4 Practical
Implications. Green Internet of Things for Smart
Cities: Concepts, Implications, and Challenges, 61.
Malik, M., Nandal, R., Dalal, S., Jalglan, V., & Le,
D. N. (2021). Driving pattern profiling and
classification using deep learning. Intelligent
Automation & Soft Computing, 28(3), 887-906.
Jindal, U., Dalal, S., Rajesh, G., Sama, N. U,
Jhanjhi, N. Z., & Humayun, M. (2021). An
integrated approach on verification of signatures

© 2022 IJRAA All Rights Reserved

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44],

[45].

[46].

[47].

using multiple classifiers (SVM and Decision Tree):
A multi-classification approach.

Seth, B., Dalal, S., Le, D. N., Jaglan, V., Dahiya, N.,
Agrawal, A., ... & Verma, K. D. (2021). Secure
Cloud Data Storage System Using Hybrid Paillier—
Blowfish Algorithm. Computers, Materials &
Continua, 67(1), 779-798.

Vijarania, M., Dahiya, N., Dalal, S., & Jaglan, V.
(2021). WSN Based Efficient Multi-Metric Routing
for 1oT Networks. In Green Internet of Things for
Smart Cities (pp. 249-262). CRC Press.

Goel, M., Hayat, A., Husain, A., & Dalal, S. (2021).
Green-loT  (G-loT) Architectures and Their
Applications in the Smart City. In Green Internet of
Things for Smart Cities (pp. 47-59). CRC Press.
Chawla, N., & Dalal, S. (2021). Edge Al with
Wearable IoT: A Review on Leveraging Edge
Intelligence in- Wearables for Smart Healthcare.
Green Internet of Things for Smart Cities, 205-231.
Dahiya, N., Dalal, S.; & Jaglan, V. (2021). Efficient
Green Solution for a Balanced Energy Consumption
and Delay in the loT-Fog-Cloud Computing. In
Green Internet of Things for Smart Cities (pp. 113-
123). CRC Press.

Dahiya, N., Dalal; S., & Jaglan, V. (2021). Mobility
Management in Green loT. In Green Internet of
Things for Smart Cities (pp. 125-134). CRC Press.
Seth, B., Dalal, S., & Dahiya, N. (2021). Practical
Implications of Green Internet of Things (G-loT) for
Smart Cities. In Green Internet of Things for Smart
Cities (pp. 61-81). CRC Press.

Dalal, S., Agrawal, A., Dahiya, N., & Verma, J.
(2020, July). Software Process Improvement
Assessment for Cloud Application Based on Fuzzy
Analytical  Hierarchy Process Method. In
International Conference on Computational Science
and Its Applications (pp. 989-1001). Springer,
Cham.

Seth, B., Dalal, S., Jaglan, V., Le, D. N., Mohan, S.,
& Srivastava, G. (2020). Integrating encryption
techniques for secure data storage in the cloud.
Transactions on Emerging Telecommunications
Technologies.

Hooda, M., & Shravankumar Bachu, P. (2020).
Artificial Intelligence Technique for Detecting Bone
Irregularity Using Fastai. In  International
Conference on Industrial Engineering and
Operations Management Dubai, UAE (pp. 2392-
2399).

Arora, S., & Dalal, S. (2019). An optimized cloud
architecture for integrity verification. Journal of
Computational and Theoretical Nanoscience,
16(12), 5067-5072.

Arora, S., & Dalal, S. (2019). Trust Evaluation
Factors in Cloud Computing with Open Stack.
Journal of Computational and Theoretical
Nanoscience, 16(12), 5073-5077.

Shakti Arora, S. (2019). DDoS Attacks Simulation
in Cloud Computing Environment. International

page ~ 93~



Ramniwas Gautam et al. International Journal of Recent Research Aspects ISSN: 2349~7688, Special Issue: Recent
Innovation in Science, Engineering & Management, May 2022, pp. 89~94

Journal of Innovative Technology and Exploring
Engineering, 9(1), 414-417.

[48].  Shakti Arora, S. (2019). Integrity Verification
Mechanisms Adopted in Cloud Environment.
International Journal of Engineering and Advanced
Technology (IJEAT), 8, 1713-1717.

[49].  Sudha, B., Dalal, S., & Srinivasan, K. (2019). Early
Detection of Glaucoma Disease in Retinal Fundus
Images Using Spatial FCM with Level Set
Segmentation. International Journal of Engineering
and Advanced Technology (IJEAT), 8(5C), 1342-
1349,

[50].  Sikri, A, Dalal, S., Singh, N. P., & Le, D. N. (2019).
Mapping of e-Wallets With Features. Cyber Security
in Parallel and Distributed Computing: Concepts,
Techniques, Applications and Case Studies, 245-
261.

[51].  Seth, B., Dalal, S., & Kumar, R. (2019). Hybrid
homomorphic encryption scheme for secure cloud
data storage. In Recent Advances in Computational
Intelligence (pp. 71-92). Springer, Cham.

[52]. Seth, B., Dalal, S., & Kumar, R. (2019). Securing
bioinformatics cloud for big data: Budding
buzzword or a glance of the future. In Recent
advances in computational intelligence (pp: 121-
147). Springer, Cham.

© 2022 IJRAA All Rights Reserved page -~ 94-



