
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 

SMART ENERGY METER WITH ADAPTIVE COMMUNICATION DATA 
TRANSFER ALGORITHM FOR ELECTRICAL ENERGY MONITORING 

 

 
 
 
 
 
 
 
 
 

HAIZUM HANIM BINTI AB HALIM 
 
 
 
 
 
 
 
 
 
 

FK 2022 40 



© C
OPYRIG

HT U
PMSMART ENERGY METER WITH ADAPTIVE COMMUNICATION DATA

TRANSFER ALGORITHM FOR ELECTRICAL ENERGY MONITORING

By 

HAIZUM HANIM BINTI AB HALIM

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Doctor of

Philosophy

December 2021



© C
OPYRIG

HT U
PM

All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained 
within the thesis for non-commercial purposes from the copyright holder. 
Commercial use of material may only be made with the express, prior, written 
permission of Universiti Putra Malaysia.  

Copyright © Universiti Putra Malaysia 



© C
OPYRIG

HT U
PM

i 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the Degree of Doctor of Philosophy  

 
 

SMART ENERGY METER WITH ADAPTIVE COMMUNICATION DATA 
TRANSFER ALGORITHM FOR ELECTRICAL ENERGY MONITORING 

 
 

By 
 
 

HAIZUM HANIM BINTI AB HALIM 
 
 

December 2021 
 
 

Chairman : Assoc. Prof. Nashiren Farzilah Mailah, PhD 
Faculty  : Engineering 
 
 
Smart Meter (SM) is an intelligent device with additional functions which include 
the ability to measure and record energy consumptions, and allows two-way 
communication with the utility for automated monitoring, and accurate billing 
management.  Smart metering program has gained importance and started to 
be implemented in most developed country including Malaysia. The obvious 
problem in this SM is it uses single communication system as there was no 
contingency plan in transferring the data when the signal strength was weak or 
failure during data transfer process. In addition, single communication on the 
smart meter has limiting the location suitability of the meter. Thus, in this thesis, 
a new Smart Energy Meter (SEM) with adaptive data transfer algorithm is 
designed to accommodate the problem. The prototype of SEM is constructed 
based on the modern Smart Meter design and modified with additional control 
devices and sensors, so that it can measure, record and transfer the data using 
designated algorithm combining three types of communication system in one 
device; Wi-Fi, GSM and RF. The idea of combining three types of wireless 
communication is to ensure the data fully transferred to the data center 
accurately and promptly. The prototype is constructed through software and 
hardware development and has been programmed using Arduino IDE software. 
An algorithm for selecting communication system is developed by comparing 
Received Signal Strength Indicator (RSSI) of Wi-Fi and GSM with the priority 
given to Wi-Fi, followed by GSM and RF.  The prototype has been tested on a 
laboratory scale for its functionality by measuring the electrical parameters using 
heating elements as the load, and its ability in transferring data through three 
communications and monitoring as well as communicating with the SEM from 
DIS. Index test on the algorithm performance is carried out at different locations 
and atmospheric for example in an indoor area of KEE 009 laboratory (normal 
weather), the outdoor area of KEE 009 laboratory in normal weather, multi storey 
building and during thunderstorm weather. In a conclusion, SEM prototype and 
adaptive communication data transfer algorithm with a combination of the three 
communication will be another method to solve a single communication problem 
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of SM and suitable in residential location that offered the proposed 
communication infrastructure. 
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Meter pintar (MP) adalah peranti pintar dengan fungsi-fungsi tambahan yang 
merangkumi kemampuan untuk mengukur dan merekod penggunaan tenaga 
konsumsi dan membenarkan komunikasi dua hala dengan utiliti untuk 
pemantauan automatik, dan pengurusan bil yang tepat. Program pemeteran 
pintar telah mendapat kepentingan dan mula dilaksanakan di kebanyakan 
negara maju termasuklah Malaysia. Masalah yang ketara dalam meter pintar ini 
ialah ia menggunakan sistem komunikasi tunggal sepertimana ia tiada rencana 
kontigensi dalam memindahkan data ketika kekuatan signal adalah lemah. 
Selain itu juga, komunikasi tunggal pada meter pintar telah mengehadkan 
kesesuaian lokasi pemasangan meter. Oleh itu, dalam tesis ini, Meter Tenaga 
Pintar (MTP) yang baru dengan algoritma pemindahan data yang adaptif telah 
direka untuk menangani masalah tersebut. Prototaip MTP dibina berdasarkan 
kepada rekabentuk Meter Pintar moden dan diolah dengan alat kawalan dan 
sensor agar dapat mengukur, merekod dan menghantar data menggunakan tiga 
jenis komunikasi dalam satu peranti; Wi-Fi, GSM dan RF. Idea untuk 
menggabungkan tiga jenis komunikasi tanpa wayar adalah untuk memastikan 
data dipindahkan sepenuhnya ke pusat data dengan tepat dan cepat. Prototaip 
telah dibangunkan melalui pembangunan perisian dan perkakasan dan telah 
diprogramkan dengan menggunakan perisian Arduino IDE. Algoritma pemilihan 
komunikasi dihasilkan dengan membandingkan nilai Indikator Kekuatan Isyarat 
Diterima (RSSI) Wi-Fi dan nilai GSM dengan keutamaan diberi kepada Wi-Fi, 
diikuti oleh GSM dan RF. Prototaip telah diuji dalam skala makmal untuk diuji 
kefungsiannya dengan mengukur parameter elektrik menggunakan elemen 
pemanas sebagai beban, dan keupayaannya dalam memindahkan data melalui 
tiga komunikasi dan pemantauan serta komunikasi antara MTP dan sistem 
antara muka data (DIS). Ujian indeks prestasikeatas algoritma dijalankan di 
lokasi dan atmosfera berbeza, contohnya kawasan tertutup makmal KEE 009 
pada cuaca biasa, kawasan terbuka luar makmal KEE 009 dalam cuaca biasa, 
bangunan bertingkat dan semasa cuaca ribut petir. Kesimpulannya, prototaip 
SEM beserta algoritma pemindahan data komunikasi adaptif dengan gabungan 
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tiga jenis komunikasi boleh menjadi kaedah baru untuk menyelesaikan masalah 
komunikasi tunggal SM dan pemasangannya juga sesuai dimana-mana lokasi 
kediaman yang menawarkan infrastruktur komunikasi yang dicadangkan. 
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CHAPTER 1 
 
 

INTRODUCTION 

 
 
1.1  Research background 
 
 
Inevitably, electricity has become an essential facility in our daily needs. In order 
to ensure sufficient and efficient energy can be supplied, a good electricity 
management is implemented by establishing involvement and cooperation of 
various interest groups especially the energy providers, energy commissioners 
and consumers. Other than that, advanced infrastructure and upgraded systems 
have also contributed to a good electricity management. 
 
 
As the technologies grow throughout the years, the energy meter has been 
revolutionized from an electromechanical meter to Automated Meter Reading 
(AMR), and the application of AMR is broadened by integrate it with other 
infrastructure to form a system known as Advanced Metering Infrastructure 
(AMI). The energy meter that started from an electromechanical meter has been 
upgraded to a digital meter that gives a more accurate meter reading with a one-
way communication known as AMR. Then, it has been enhanced to AMI, a 
unique system consisting of a smart meter (SM) with two-way communication 
and integrated with meter data management system (MDMS) to boost metering 
industry (Ab Halim et al., 2014).  
 
 
SM is a modernized and digitized electronic device equipped with a two-way 
communication system, sensors and microprocessor to control the entire SM 
operation which is to measure electrical parameters such as voltage (V), current 
(I), energy (kW), power consumption (kWh), and power factor (PF) for better 
measuring, recording and monitoring purposes. SM is also able to increase 
energy efficiency, be integrated with renewable energy resources and also 
supporting a new generation of intelligent appliances and plug-in electric 
vehicles (Syed et al., 2013).  
 
 
SM with communication system has created an advancement and accessibility 
in energy monitoring systems where it is able to transmit the electrical data 
directly to the energy provider and execute specific tasks assigned to it. A new 
transformation to SM is it gives the power utilities the authority to remotely control 
the SM to connect and disconnect electricity to users especially in the event of 
arrears in billing. Besides that, with advanced capability of SM, the utilities are 
able to manage the demand in electricity during peak load and decreasing the 
outage events through SM operations (Tjernberg, 2015). The emergence of SM 
has minimized the usage of manpower in manual meter data collection, thus 
making the energy management activities more efficient, reliable and cost 
effective. 
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There are several communication technologies for SM application for wired or 
wireless systems. Andreadou et al. (2016) has listed several popular wired and 
wireless communication in low voltage (LV) communication for smart metering 
application. They are Power Line Communication (PLC); Narrowband PLC (NB-
PLC) and Broadband PLC (BB-PLC), Digital Subscriber Line (DSL) and Fiber 
Optics. While for wireless systems, they are ZigBee, Cellular technologies 
(GSM/GPRS-3G-LTE), Worldwide Interoperability for Microwave Access 
(WiMAX) and Low Power Wide Area Network (LPWAN) (Andreadou et al., 2016). 

In light of this evolution in SM technologies, numerous studies have been 
conducted worldwide investigating the integration of communication systems 
with SM. Malaysia has implemented Smart Metering Program by conducting SM 
Pilot test in 2015 to assess the reliability of the SM and the effectiveness of 
different types of communication technology used by the SM. The outcome of 
this pilot test has led to the implementation of SM system across Malaysia region. 

1.2 Problem Statement 

The presence of the SM has changed the way of energy consumption data being 
measured, recorded and stored by the power utilities. No more manual data 
collection as today, with the SM all data of the energy consumption of the users 
can be delivered to the utilities automatically via communication system 
technology. Communication plays an important role in ensuring that the energy 
meter data are correct, consistent and reliable. The data from SM should be in 
real-time data, continuous reading and recording measurement of load analysis 
as well as consumption profiling.  

SM communication applies to both wired and wireless communication and it 
functions accordingly to their characteristics.  For wireless communication, it 
offers advantages in terms of feasibility, ease in installation and lower operating 
cost. However,  it is susceptible to interference and spectrum resource (Zahurul 
et al., 2016). While, wired communication such as PLC technology is a preferred 
choice and cost effective since it reuses the existing power-grid infrastructure. 
But, this PLC has reliability issues due to noise, high signal attenuation, 
interference from nearby devices, and high loss data rate (Sadat et al., 2017). 

In 2015, Tenaga Nasional Berhad (TNB) as the main energy provider in Malaysia 
has conducted a pilot test project on the SM system to test the reliability of three 
difference communication; i.e. Global System for Mobile (GSM), radio frequency 
(RF) and PLC (Tenaga Nasional, 2016;  Mohandass, 2015). Based on the pilot 
test results, where the data was collected from 1st June 2015 until 15th 
September 2015 at Melaka site, the highest percentage data received from the 
tested meter was 99.89% and the lowest percentage of 89.02%, with the total 
average percentage data received was 98.05%. The remaining data that failed 
in transferring to the data center was concluded due to poor networking, which 
further caused delays and backlog in data stored in the meter (Mohandass, 
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2015). The SM used in this pilot test was equipped with single communication, 
where the single communication could malfunction at some time. It was entirely 
dependent on the strength and the limitation of the communication during the 
data transmission process. Other findings from the pilot test were data delayed 
due to weak RF links, poor GPRS coverage and LAN interface on the PLC data 
center unit was down. Figure 1.1 shows the results of SM’s network performance 
at Smart Meter Pilot test in Melaka. 
 
 

 
 
Figure 1.1: Results of SM’s Network Performance at Smart Meter Pilot Test 
in Melaka (Mohandass, 2015) 
 
 
Even though there have been numerous communication technologies had been 
proposed, communication is still the most critical issue in smart metering 
(Lipošüak & Boškoviü, 2013). The selected communication standards must 
ensure that the data transmission within the network is secure, cost-effective, 
low power, providing large area coverage and high security. Design, 
maintenance and challenge with data transfer are the most hindrance issues in 
smart metering, where communication are the most critical part to be considered 
(Depuru et al., 2011). Unfortunately, most of the communication technologies 
available have drawbacks such as distance limitations, signal failures in poor 
conditions and distant location noise (Yusoff et al., 2015; Bilal et al., 2012). The 
lack in stability in communication system has caused the SM to fail in sending 
the data adequately and in real-time to the utility where such data was important 
for billing and monitoring purposes. Communication failure and incompetency in 
monitoring have affected energy management including energy forecasting, 
fraud in electricity, demand management and power outage (Erlinghagen, 
Lichtensteiger & Markard, 2015). In some cases, utilities are installing SM based 
on available communication infrastructure offered on that location even that is 
not the best solution (Lloret et al., 2016). Those situations are contributed to a 
poor networking effect on the metering performance. 
 
 
Additionally, costing issues is always a hindrance factor in the installation of SM, 
since the price of SM determined by the manufacturing, installation, 
communication infrastructure and operating cost (Al-Omary et al., 2012). The 
design of the SM is considered many aspects, for example, the technology use, 
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cost of the device, communication technology (type of the network, cost of the 
network devices, range of the network and many more) (Depuru et al., 2011). An 
additional charge is applied when external devices are needed to permit the 
communication, modification on the network or expertise trainer for maintenance 
purpose (Lloret et al., 2016). Relying on a single communication has caused the 
SM to have to find solution faced from communication issues. To make it worst, 
in some occasion, the utility has to return to manually collecting the meter 
reading. The expense of maintaining the system and infrastructure has 
contributed to the high costs where maintenance is required to ensure the 
reliability of the system either in automation or manual. Hence, the SM has to be 
built with the best communication system to ensure that the data would reach 
the data center adequately and in real-time. 
 
 
The motivation of this work is to propose a solution in providing a reliable and 
efficient Smart Energy Meter (SEM) taking into account to Malaysia energy and 
communication infrastructures. As one of the main problems on the current 
single communication system SM, the proposed SEM must be able to operate in 
more than one type of communication system and these communication systems 
must be able to switch among them effortlessly whenever there is an interruption 
on the communication signals. Wi-Fi, GSM and RF communication system have 
been chosen as these three are the one used by the TNB in their electricity 
measurement and monitoring system. The proposed SEM will evaluate the 
strength of the communication signals and determine the best communication 
system for it to transfer the energy data measured by the proposed SEM. An 
adaptive communication data transfer algorithm is written that is able to evaluate 
the communication system and switched among the communication system if in 
any instance interruption occurs during data transfer. 
 
 
1.3 Aim and research objectives 
 
 
The aim of this work is to develop a SEM prototype capable of transferring data 
reliably without failure. The objectives in this works are: 
 

1. To develop a SEM capable of measuring electrical parameters and 
monitoring energy consumptions 

2. To design and develop an adaptive communication selection algorithm 
for reliable data transfer by employing Wi-Fi, GSM and RF 
communication systems 

3. To develop data interface system for monitoring in order to verify SEM 
reliability in measuring and transferring data 

 
 
1.4 Scopes of work  
 
 
The scope of this work is divided into three sections; hardware development, 
software programming and data interface system (DIS). 
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i. Hardware Development 
 
The hardware development involves the construction of a SEM prototype, which 
consists of several components and circuits that integrate electrical, electronics 
and communications elements. It has Microcontroller Unit (MCU), several 
integrated circuits and sensors to measure power consumptions and three 
communication integrated circuits or modules to transfer data to DIS by a two-
way communication system. MCU is responsible in managing all SEM tasks and 
energy metering Integrated Circuit (IC) is used to measure and calculate energy 
consumptions by pulse counting. Three types of communication that have been 
installed in the SEM are Wireless Fidelity (Wi-Fi), GSM and RF. 
 
 

ii. Software Programming  
 
Operation and communication algorithm have been developed for the SEM using 
Arduino programming. The algorithm is responsible in managing the overall 
operation of SEM and determining the best communication system for data 
transferring. The communication algorithm will measure and compare the 
Received Signal Strength Indication (RSSI) of Wi-Fi and GSM, the highest RSSI 
value will be selected to transfer the data from the SEM to the DIS.  
 
 

iii. Interfacing System 
 
In order to monitor the data received from the SEM, a DIS has been built. The 
DIS has been created with GSM gateway and RF transceiver that is connected 
to a Personal Computer (PC). Several software has been used to display the 
data received through different communication system which are Hercules Setup 
for displaying data received from GSM and RF communication, and data that 
received from Wi-Fi communication will be displayed in localhost website created 
by Cross-platform, Apache, MySQL, PHP and Perl (XAMPP) software and 
MySQL database. The data collected from both applications are then converted 
to comma–separated value (.csv) file and displayed in Microsoft Excel file. The 
verification of reliability of SEM prototype and software system can be monitored 
using this interface system.  
 
 
1.5  Contribution of research 
 
 
This research work is to propose a new SEM prototype with communication 
selection algorithm in transferring data to the DIS. A contribution of this work can 
be summarized as follows: 
 
 

i. SEM prototype  
 
A prototype of the proposed SEM has been designed and constructed. This SEM 
can measure and stores the electrical parameters i.e. voltage, current and 
energy consumption. At certain set interval, it will transfer the data to the utilities 
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by selecting the strongest communication system and switched to the next 
communication system in the event of faults fulfilling its objective in transferring 
data without failed. This prototype is equipped with MCU, energy metering IC, 
Liquid Crystal Display (LCD), and three types of communication; i.e. Wi-Fi, GSM 
and RF. The prototype is designed for single phase application and developed 
by using basic devices in order to minimize the production cost and simplicity in 
structure. 
 
 

ii. Communication selection algorithm 
 
A propose technique of this prototype is on a communication selection algorithm 
that has been designed and developed using Arduino programming. The 
algorithm is responsible in evaluating the strength of the communication system 
based on the RSSI value and then the algorithm will select which communication 
system will be given the priority to transfer the energy data from the SEM to the 
data center. It will give priority to Wi-Fi, GSM and RF communication of this 
order. The highest RSSI value indicates that the communication system exhibits 
strong signal to get a good wireless connection and able to transmit the data 
from the SEM to DIS. For example, in the beginning Wi-Fi is set as the main 
communication on the SEM and during data transfer event, if the communication 
selection task detected RSSI of Wi-Fi falls lower than the accepted level, it will 
switch to GSM to continue transmit the data. The communication algorithm has 
been designed to always give priority to the strongest communication system 
based on the RSSI value in the order of Wi-Fi, GSM and RF communication and 
switched to the next communication system if interruption occurs during data 
transfer event. 
 
 
An operation algorithm has also been designed and developed to manage and 
control the functionality of the SEM. The SEM is occupied with several function, 
there are connect/disconnect function and request data function. 
Connect/disconnect function is created to cut-off or reconnect the supply, and 
request data function to get data immediately from the SEM. 
 
 

iii. Data Interface System (DIS) 
 
A DIS was developed to collect and store all the data from the SEMs for 
monitoring purpose. DIS has been built by using PC, RF transceiver and GSM 
gateway. A simple localhost website is created through XAMPP software and 
MySQL database for data transferring through Wi-Fi communication, while 
Hercules Setup utility is set for data transferring through GSM and RF 
communication. All data from both localhost website and Hercules can be 
converted into Microsoft Excel file for monitoring and storage purpose. 
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1.6 Thesis layout 
 
 
The thesis is organized in 5 chapters. Chapter 1 gives brief instruction on the 
SM, its problems, aim and objectives of the work, the contributions and scope of 
the work.   
 
 
Chapter 2 starts with energy meter revolutions and the introduction of SM and 
AMI. The communication in smart metering is reviewed extensively including the 
influential features as well as the issues arise in SM application. The case study 
on SM program in Malaysia and other developing countries is discussed 
concisely. Other researchers’ works on SM is revised to finds the similarities and 
variations on their functionality and performance. Finally, this chapter is 
concluded with a discussion the selection factors of the three communication for 
the proposed SEM. 
 
 
Chapter 3 describes the methodology and the processes of designing and 
constructing the SEM prototype and its evaluation procedures. The development 
process includes designing the circuits’ layout, fabrication of printed circuit board 
(PCB) and component assembly. The SEM is programmed to be used for 
specific software programming to construct main operation included designated 
tasks. Overall operation of the prototype and the series of tests that had been 
conducted to prove the reliability, capabilities and efficiency of the prototype is 
clarified in detailed in this chapter. 
 
 
Chapter 4 explains an experimental results and research findings of the SEM 
prototype evaluation. The results demonstrate the reliability of the data from the 
prototype SEM and the successes of the data transfer process.  The research 
findings are discussed thoroughly its relevance and adaptability to the present 
situation in the energy management and the utility use. The findings could be 
useful as the basis for future studies for product improvement and upgrading 
metering system. 
 
 
Finally, Chapter 5 concludes this thesis research work and an outline of 
interesting perspectives for future research.   

  



© C
OPYRIG

HT U
PM

107 

REFERENCES 

 

 
Ab Halim, H. H., Mariun, N., Othman, M. L., & Mailah, N. F. (2016). Advanced 

Metering Infrastructure and an Implementation in Malaysia. 14(October), 
24–25. 

 
Adeniji, K. A., Surajudeen-Bakinde, N. T., Omitola, O. O., & Ajibade, A. (2021). 

Validation of android-based mobile application for retrieving network signal 
level. Indonesian Journal of Electrical Engineering and Computer Science, 
21(1), 296–304. https://doi.org/10.11591/ijeecs.v21.i1.pp296-304 

 
Al-Omary, A., El-Medany, W., & Al-Irhayim, S. (2012). Secure Low Cost AMR 

System Based on GPRS Technology. International Journal of Computer 
Theory and Engineering, (January), 35–42. 
https://doi.org/10.7763/ijcte.2012.v4.422 

 
Allegro®. (2007). ACS712 [Datasheet]. Allegro MicroSystems, Inc, 1–14. 

Retrieved from https://www.allegromicro.com/en/products/sense/current-
sensor-ics/zero-to-fifty-amp-integrated-conductor-sensor-ics/acs712 

 
Andreadou, N., Guardiola, M. O., & Fulli, G. (2016). Telecommunication 

technologies for smart grid projects with focus on smart metering 
applications. Energies, 9(5). https://doi.org/10.3390/en9050375 

 
Atmel. (2014). Atmel ATmega640/V-1280/V-1281/V-2560/V-2561/V. Retrieved 

from http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-2549-8-
bit-AVR-Microcontroller-ATmega640-1280-1281-2560-
2561_Summary.pdf 

 
Benzi, F., Anglani, N., Bassi, E., & Frosini, L. (2011). Electricity Smart Meters 

Interfacing the Households. 58(10), 4487–4494. 
 
Bhati, A., Hansen, M., & Chan, C. M. (2017). Energy conservation through smart 

homes in a smart city: A lesson for Singapore households. In Energy Policy 
(Vol. 104). https://doi.org/10.1016/j.enpol.2017.01.032 

 
Bilal, E., Ahmed, Z., & Faroqi, A. (2012). Implementation of Smart System based 

on Smart Grid Smart Meter And Smart Appliances. (c). 
 
Broadcom. (2012). BCM2835 ARM Peripherals. Retrieved from 

https://www.raspberrypi.org/documentation/hardware/raspberrypi/bcm283
5/BCM2835-ARM-Peripherals.pdf 

 
CAS DataLoggers. (2018). The Basics of Signal Attenuation. 9. Retrieved from 

https://www.dataloggerinc.com/wp-
content/uploads/2016/11/16_Basics_of_signal_attenuation.pdf 

 
Chan, J., Ip, R., Cheng, K. W., & Chan, K. S. P. (2019). Advanced Metering 

Infrastructure Deployment and Challenges. 2019 IEEE PES GTD Grand 



© C
OPYRIG

HT U
PM

108 

International Conference and Exposition Asia, GTD Asia 2019, 435–439. 
https://doi.org/10.1109/GTDAsia.2019.8715927 

 
Chi, H. R., Member, S., Tsang, K. F., Member, S., Chui, K. T., Member, S., & 

Chung, H. S. (2016). Interference-Mitigated ZigBee-Based Advanced 
Metering Infrastructure. 12(2), 672–684. 

 
Chren, S., Rossi, B., & Pitner, T. (2016). Smart grids deployments within EU 

projects: The role of smart meters. 2016 Smart Cities Symposium Prague, 
SCSP 2016. https://doi.org/10.1109/SCSP.2016.7501033 

 
Dang, T. (2016). Wireless communication standards. In Industrial 

Communication Systems. https://doi.org/10.1201/b10603-58 
 
Depuru, S. S. S. R., Wang, L., Devabhaktuni, V., & Gudi, N. Smart meters for 

power grid — Challenges, issues, advantages and status. , 2011 IEEE/PES 
Power Systems Conference and Exposition § (2011). 

 
Devadhanishini, A. Y., Malasri, R. K., Nandinipriya, N., Subashini, V., & Padma 

Gowri, P. G. (2019). Smart Power Monitoring System Using Iot. 2019 5th 
International Conference on Advanced Computing and Communication 
Systems, ICACCS 2019, (Icaccs), 813–816. 
https://doi.org/10.1109/ICACCS.2019.8728311 

 
Digi International. (2009). XBee ® /XBee-PRO ® RF Modules. Product Manual 

v1.XEx-802.15.4 Protocol, 1–69. Retrieved from 
http://www.digi.com/products/wireless-wired-embedded-solutions/zigbee-
rf-modules/point-multipoint-rfmodules/xbee-series1-module#specs 

 
Elechi, P., & Otasowie, P. (2015). Determination of GSM Signal Penetration Loss 

in some Selected Buildings in Rivers State, Nigeria. Nigerian Journal of 
Technology, 34(3), 609. https://doi.org/10.4314/njt.v34i3.26 

 
Erlinghagen, S., Lichtensteiger, B., & Markard, J. (2015). Smart meter 

communication standards in Europe – a comparison. Renewable and 
Sustainable Energy Reviews, 43, 1249–1262. 
https://doi.org/10.1016/j.rser.2014.11.065 

 
Espressif. (2020). ESP8266EX Datasheet. Retrieved from 

https://www.espressif.com/sites/default/files/documentation/0a-
esp8266ex_datasheet_en.pdf 

 
Hassan, A., Afrouzi, H. N., Siang, C. H., Ahmed, J., Mehranzamir, K., & Wooi, 

C. L. (2022). A survey and bibliometric analysis of different communication 
technologies available for smart meters. Cleaner Engineering and 
Technology, 7, 100424. https://doi.org/10.1016/j.clet.2022.100424 

 
He, Y., Jenkins, N., & Wu, J. (2016). Smart Metering for Outage Management of 

Electric Power Distribution Networks. Energy Procedia, 103(April), 159–
164. https://doi.org/10.1016/j.egypro.2016.11.266 

 



© C
OPYRIG

HT U
PM

109 

Hlaing, W., Thepphaeng, S., Nontaboot, V., Tangsunantham, N., Sangsuwan, 
T., & Pira, C. (2017). Implementation of WiFi-Based single phase smart 
meter for internet of things (IoT). 2017 International Electrical Engineering 
Congress, IEECON 2017, (March), 8–10. 
https://doi.org/10.1109/IEECON.2017.8075793 

Hossain, E., Han, Z., & Poor, H. V. (2012). SMart Grid Communication and 
Networking. In Cambridge University Press. Cambridge University Press, 
New York. 

Jain, A., & Singabhattu, H. (2019). Multi-communication technology based AMI 
for smart metering in India. 2019 IEEE 5th International Conference for 
Convergence in Technology, I2CT 2019, 2–7. 
https://doi.org/10.1109/I2CT45611.2019.9033704 

Jawale, P. P. R., Ghayal, V. S., Shende, D. M., Ghogale, M. S. N., & Nagare, M. 
V. B. (2017). Prepaid Energy Meter using Arduino and GSM Module.
International Journal of Research in Advent Technology, 6(2), 159–164.

Jyothi Prakash, K. V., Chethana, N. S., Tamkeen, F., Kala, C. S., & Kavya, N. R. 
(2019). Designing of Microcontroller based Energy Meter (Smart Energy 
Meter) for Energy Preserving. Proceedings of the 4th International 
Conference on Communication and Electronics Systems, ICCES 2019, 
(Icces), 1252–1255. https://doi.org/10.1109/ICCES45898.2019.9002590 

Kabalci, E., & Kabalci, Y. (2019). Smart Grids and Their Communication 
Systems. Retrieved from http://link.springer.com/10.1007/978-981-13-
1768-2 

Khair, U., Lubis, A. J., Agustha, I., Dharmawati, D., & Zulfin, M. (2017). Modeling 
and Simulation of Electrical Prevenion System Using Arduino Uno,Gsm 
Modem, and Acs712 Current Sensor. Journal of Physics: Conference 
Series, 930(1). https://doi.org/10.1088/1742-6596/930/1/012049 

Khan, M. F. (2014). Communication technologies for smart metering 
infrastructure. 

King, C. L., & Microchip Technologies, I. (2005). AN994: IEC Compliant Active-
Energy Meter Design Using the MCP3905/6. Application Note, Microchip 
Technology, 1–18. Retrieved from 
http://ww1.microchip.com/downloads/en/AppNotes/00994a.pdf 

Lemercier, F., Habault, G., Papadopoulos, G. Z., Maille, P., Montavont, N., & 
Chatzimisios, P. (2018). Communication Architectures and Technologies 
for Advanced Smart Grid Services. In Transportation and Power Grid in 
Smart Cities. https://doi.org/10.1002/9781119360124.ch8 

Leo, G. Di, Landi, M., & Paciello, V. (2012). Smart Metering for Demand Side 
Management. 

Li, L., Chen, Y. Z., Zhou, H., Ma, H., & Liu, J. (2010). The application of hall 



© C
OPYRIG

HT U
PM

110 

sensors ACS712 in the protection circuit of controller for humanoid robots. 
ICCASM 2010 - 2010 International Conference on Computer Application 
and System Modeling, Proceedings, 12(Iccasm), 101–103. 
https://doi.org/10.1109/ICCASM.2010.5622149 

 
Lin, C. M., & Chen, M. T. (2017). Design and implementation of a smart home 

energy saving system with active loading feature identification and power 
management. 2017 IEEE 3rd International Future Energy Electronics 
Conference and ECCE Asia, IFEEC - ECCE Asia 2017, 739–742. 
https://doi.org/10.1109/IFEEC.2017.7992131 

 
Lipošüak, Z., & Boškoviü, M. (2013). Survey of Smart Metering Communication 

Technologies. (July), 1391–1400. 
 
Lloret, J., Tomas, J., Canovas, A., & Parra, L. (2016). An Integrated IoT 

Architecture for Smart Metering. IEEE Communications Magazine, 54(12), 
50–57. https://doi.org/10.1109/MCOM.2016.1600647CM 

 
Louis, L. (2016). Working Principle of Arduino and Using it as a Tool for Study 

and Research. International Journal of Control, Automation, 
Communication and Systems, 1(2), 21–29. 
https://doi.org/10.5121/ijcacs.2016.1203 

 
Malaysia,  energy commission. (2015). annual report energy commision 2014. 
 
Manojkumar. (n.d.). Raspberry Pi : Electronics and GPIO. 
 
Marques, G., & Pitarma, R. (2017). Monitoring energy consumption system to 

improve energy efficiency. Advances in Intelligent Systems and 
Computing, 570(March), 3–11. https://doi.org/10.1007/978-3-319-56538-
5_1 

 
Mathew, K., Issac, B., & Tan, C. E. (2017). Evaluation of signal attenuation for 

bluetooth, zigbee and sound in foliage. Journal of Telecommunication, 
Electronic and Computer Engineering, 9(2–9), 43–48. 

 
Mendi, Y. M., Akinc, H., Başalan, I., Atli, D., & Civelek, Y. (2019). Design and 

Implementation of Smart Meters with Hybride Communication System 
Architecture. Proceedings of 2019 IEEE PES Innovative Smart Grid 
Technologies Europe, ISGT-Europe 2019, 1–5. 
https://doi.org/10.1109/ISGTEurope.2019.8905774 

 
METMalaysia (n.d.). Thunderstorm warning issuance criteria. Retrieved May 

13, 2022, from 
http://m.met.gov.my/en/ramalan/ribut-petir/  

 
Microchip. (2017). ATmega48A / PA / 88A / PA / 168A / PA / 328 / P megaAVR 

® Data Sheet ATmega48A / PA / 88A / PA / 168A / PA / 328 / P. Retrieved 
from https://ww1.microchip.com/downloads/en/DeviceDoc/ATmega48A-
PA-88A-PA-168A-PA-328-P-DS-DS40002061A.pdf 

 



© C
OPYRIG

HT U
PM

111 

Microchip Technologies, I. (2005). MCP3905/6 Energy Meter Reference Design 
User ’ s Guide. 

 
Mohandass, S. N. (2015). Smart Meter Pilot Project in Tenaga Nasional Berhad, 

Malaysia: 3 Different Communication Technology Tested. 
 
Mohd Azman, N. A., Abdullah, M. P., Hassan, M. Y., Mat Said, D., & Hussin, F. 

(2017). Enhanced time of use electricity pricing for industrial customers in 
Malaysia. Indonesian Journal of Electrical Engineering and Computer 
Science, 6(1), 155–160. https://doi.org/10.11591/ijeecs.v6.i1.pp155-160 

 
Motlagh, N. H., Mohammadrezaei, M., Hunt, J., & Zakeri, B. (2020). Internet of 

things (IoT) and the energy sector. Energies, 13(2), 1–27. 
https://doi.org/10.3390/en13020494 

 
Nesa, B., & Sarker, M. M. (2020). Analysis of Signal Strength Variations for an 

Urban Public University Campus in Bangladesh. International Journal of 
Engineering Research and Technology (IJERT), V9(07), 772–778. 
https://doi.org/10.17577/ijertv9is070301 

 
Nithya, M. (2020). E MONITOR – EB-Charge Monitoring System Using IoT. 2–

6. 
 
Rakob, M. Y. (2010). Planning for Smart Grid in TNB System. 1–34. 
 
Rashmi Singh, Pradeep Singh, K. Y. (2014). Wireless communications 

enlargement: A review of advancement in technologies. International 
Journal of Current Engineering and Technology, 4(4), 2703–2710. 
https://doi.org/10.13140/RG.2.1.3024.0242 

 
Rausser, G., Strielkowski, W., & Štreimikienė, D. (2018). Smart meters and 

household electricity consumption: A case study in Ireland. Energy and 
Environment, 29(1), 131–146. https://doi.org/10.1177/0958305X17741385 

 
Sadat, M. N., Sultan Mahmud Rana, G. M., Islam, M. R., Labib, L., Kibria, M. G., 

& Billah, M. (2017). Design and implementation of low-cost universal smart 
energy meter with demand side load management. IET Generation, 
Transmission & Distribution, 11(16), 3938–3945. 
https://doi.org/10.1049/iet-gtd.2016.1852 

 
Saddam. (2016). Prepaid Energy Meter using GSM and Arduino. Circuit Digest, 

(January 2014). 
 
Saha, S., Mondal, S., Saha, A., & Purkait, P. (2018). Design and implementation 

of IoT based smart energy meter. Proceedings of 2018 IEEE Applied Signal 
Processing Conference, ASPCON 2018, 19–23. 
https://doi.org/10.1109/ASPCON.2018.8748696 

 
Sahani, B., Ravi, T., Tamboli, A., & Pisal, R. (2017). IoT Based Smart Energy 

Meter. International Research Journal of Engineering and Technology 
(IRJET), 4(4), 96–102. 



© C
OPYRIG

HT U
PM

112 

Saimi, F. M., Hamzah, F. M., Toriman, M. E., Jaafar, O., & Tajudin, H. (2020). 
Trend and linearity analysis of meteorological parameters in peninsular 
Malaysia. Sustainability (Switzerland), 12(22), 1–19. 
https://doi.org/10.3390/su12229533 

SEDA. (2012). FEED-IN TARIFF ( FiT ) IN MALAYSIA. Draft Prepared 
Specifically for Distribution at a PESD Seminar: “The Experience of 
Independent Power Producers in Developing Countries” Stanford 
University, June 2-3, 2005, (June), 28. 

Sendra, S., Garcia, M., Turro, C., & Lloret, J. (2011). WLAN IEEE 802 . 11 a / b 
/ g / n indoor coverage and interference performance study WLAN IEEE 
802 . 11a / b / g / n Indoor Coverage and Interference Performance Study. 
(January). 

Sherazi, H. H. R., Iqbal, R., Ul Hassan, S., Chaudary, M. H., & Gilani, S. A. 
(2016). ZigBee’s received signal strength and latency evaluation under 
varying environments. Journal of Computer Networks and 
Communications, 2016. https://doi.org/10.1155/2016/9409402 

Shimi, S. L., & Chatterji, S. (2014). Design of a Smart Meter for the Indian Energy 
Scenario. 4(9), 59–66. 

SIMCom. (2010). Hardware Design SIM900 HD V1.04. 

Sreedevi, S. V., Prasannan, P., Jiju, K., & Lekshmi, I. J. I. (2020). Development 
of Indigenous Smart Energy Meter adhering Indian Standards for Smart 
Grid. 2020 IEEE International Conference on Power Electronics, Smart 
Grid and Renewable Energy, PESGRE 2020, 7–11. 
https://doi.org/10.1109/PESGRE45664.2020.9070245 

Stagnaro, C., & Leoni, I. B. (2019). Second-generation smart meter roll-out in 
Italy : A cost-benefit analysis. (102), 1–7. 

Suruhanjaya Tenaga. (2013). Advantages of Digital. Retrieved from 
https://www.st.gov.my/en/contents/article/news/2013/nov/Advantages_of_
Digital_Meters_-_28_nov.pdf 

Syed, Z. I., Norman, M., Lutfi, O., Hashim, H., & Izham, Z. (2013). Dynamic 
communication for smart metering: Leading edge for sustainable energy 
and PHEV. Advanced Materials Research, 805–806, 1107–1115. 
https://doi.org/10.4028/www.scientific.net/AMR.805-806.1107 

Tenaga Nasional. (2016). Annual report TNB. 267. Retrieved from 
https://www.tnb.com.my/assets/annual_report/TNB_Annual_Report_2016
.pdf 

The Weather Channel. (n.d.). Serdang, Selangor, Malaysia Monthly weather 
forecast. Retrieved May 13, 2022, from 



© C
OPYRIG

HT U
PM

113 

https://weather.com/weather/monthly/l/c1444f946011322e55b51f394d19
10997896cd626e2d768cd3c7aaede553fb5b  

Tjernberg, L. B. (2015). Possibilities of demand side management with Smart 
Meters. (June), 15–18. 

Tsado, Y., Lund, D., & Gamage, K. (2014). Resilient wireless communication 
networking for Smart grid BAN. ENERGYCON 2014 - IEEE International 
Energy Conference, 846–851. 
https://doi.org/10.1109/ENERGYCON.2014.6850524 

Tsukamoto, Y., Inoue, T., & Kurosawa, S. (2015). Smart Metering Infrastructure 
in Japan. 10th International Conference on Advances in Power System 
Control, Operation & Management (APSCOM 2015). 
https://doi.org/10.1049/ic.2015.0260 

Weranga, K. S. ., Kumarawandu, S., & Chandima, D. P. (2014). Smart Metering 
Design and Applications. 

Wi-Fi Signal Strength: What is a Good Signal? (n.d.). Screenbeam.Com. 
Retrieved June 14, 2020, from 
https://www.screenbeam.com/wifihelp/wifibooster/wi-fi-signal-strength-
what-is-a-good-signal/ 

Xu, L., Yang, F., Jiang, Y., Zhang, L., Feng, C., & Bao, N. (2011). l. (Icacc), 151–
154. 

Yaghmaee, M. H. (Ferdowsi U. of M., & Hejazi, H. (Mashdad E. E. D. C. (2018). 
Design and Implementation of an Internet of Things Based Smart Energy 
Metering. 2018 the 6th IEEE International Conference on Smart Energy 
Grid Engineering, 67–72. 
https://doi.org/10.1109/ICRIEECE44171.2018.9008410 

Yusoff, H. M., Arief, Y. Z., Noorden, Z. A., Adzis, Z., Bashir, N., Muhamad, N. A., 
… Sidik, M. A. B. (2015). Development of a remote accessible electrical 
power measuring system for domestic customer. Jurnal Teknologi, 77(12), 
105–108. https://doi.org/10.11113/jt.v77.6317 

Zahurul, S., Mariun, N., Grozescu, I. V., Tsuyoshi, H., Mitani, Y., Othman, M. L., 
… Abidin, I. Z. (2016). Future strategic plan analysis for integrating 
distributed renewable generation to smart grid through wireless sensor 
network: Malaysia prospect. Renewable and Sustainable Energy Reviews, 
53, 978–992. https://doi.org/10.1016/j.rser.2015.09.020 

Zhou, S., & Brown, M. A. (2017). Smart meter deployment in Europe: A 
comparative case study on the impacts of national policy schemes. Journal 
of Cleaner Production, 144(2017), 22–32. 
https://doi.org/10.1016/j.jclepro.2016.12.031 

Zountouridou, E., Karfopoulos, E., Papathanassiou, S., & Hatziargyriou, N. 



© C
OPYRIG

HT U
PM

114 

(2011). Review of IEC/EN Standards for Data Exchange between Smart 
Meters and Devices. Lecture Notes of the Institute for Computer Sciences, 
Social-Informatics and Telecommunications Engineering, LNICST, 54, 95–
103. https://doi.org/10.1007/978-3-642-19322-4_11 

 
 
 
 
 
 
 




