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CHAPTER 1

EXAMINING MICROPROCESSORS AND 
MICROCONTROLLERS AND ANALYZING 
THE FUNCTIONALITY OF TWO 
MICROCONTROLLERS PRODUCED VIA 
DIFFERENT COMPANIES

Ahmet TOP1

1 Dr.Ahmet TOP
Department of Electrical and Electronics Engineering, Faculty of Technology, Fırat University, 
Turkey,   ORCID ID: http://orcid.org/0000-0001-6672-2119
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ͫ

Step Size = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(+)−𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(−)
2 ͫ

Step Size = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(+)−𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(−)
2 ͫ = 5𝑉𝑉−0

1024 = 0.0048828125 𝑉𝑉
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2 ͫ = 5𝑉𝑉−0

1024 = 0.0048828125 𝑉𝑉

DAC output voltage (Vo) = −𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
16 (𝐷𝐷𝐷𝐷 + 2𝐷𝐷1 + 4𝐷𝐷2 + 8𝐷𝐷3)
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CHAPTER 2

INDOOR LOCALIZATION SYSTEMS: 
SENSORS AND ALGORITHMS 

Gökhan KARAÇOBAN1

Nurbanu GÜZEY2 

1 Res. Ass. Gökhan KARAÇOBAN 
Department of Astronautical Engineering, Sivas University of Science and Technology                                            
ORCID: 0000-0001-5155-8360
2 Asst. Prof. Nurbanu GÜZEY
Department of Computer Engineering, Sivas University of Science and Technology 
ORCID: 0000-0002-6587-2489
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𝑥𝑥(𝑘𝑘 + 1) = 𝑓𝑓(𝑘𝑘)𝑥𝑥(𝑘𝑘) + 𝐵𝐵𝐵𝐵(𝑘𝑘)

𝑥𝑥(𝑘𝑘) 𝑥𝑥(𝑘𝑘 + 1) 𝑘𝑘 (𝑘𝑘 + 1)
𝑓𝑓(𝑘𝑘)

𝑘𝑘 𝑘𝑘 + 1 𝐵𝐵(𝑘𝑘)
𝐵𝐵

X̂(k + 1|k) = F(k)X̂(k|k)

P(k + 1|k) = F(k)P(k|k)F(k)′ + Q(k)

X̂(k|k) 𝑘𝑘 X̂(k + 1|k)
𝑘𝑘 + 1

Q(k)
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F P(k|k)
𝑘𝑘 P(k + 1|k)

Ẑ(k + 1|k) = h[k + 1, X̂(k + 1|k)]

Z(k + 1) 𝑘𝑘 + 1

V(k + 1) = Z(k + 1) − Ẑ(k + 1|k)

          S(k + 1) = R(k + 1) + H(k + 1)P(k + 1|k)H(k + 1)′

𝐹𝐹

         𝐻𝐻(𝑘𝑘 + 1) = 𝑑𝑑ℎ(𝑘𝑘+1)
𝑑𝑑𝑑𝑑 |𝑥𝑥 = 𝑥𝑥(𝑘𝑘 + 1|𝑘𝑘)

          𝐹𝐹(𝑘𝑘) = 𝑑𝑑𝑓𝑓(𝑘𝑘)
𝑑𝑑𝑑𝑑 |𝑥𝑥 = 𝑥𝑥(𝑘𝑘|𝑘𝑘)

W(k + 1) = P(k + 1|k)H(k + 1)′S(k + 1)−1
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𝑥𝑥0 = 𝐸𝐸[𝑥𝑥0]

𝑃𝑃0 = 𝐸𝐸[(𝑥𝑥0 − 𝑥𝑥0)(𝑥𝑥0 − 𝑥𝑥0)𝑇𝑇]

𝑥𝑥0
𝑎𝑎 = 𝐸𝐸[𝑥𝑥𝑎𝑎] = [𝑥𝑥0

𝑇𝑇0 0]𝑇𝑇

𝑃𝑃0
𝑎𝑎 = 𝐸𝐸[(𝑥𝑥0

𝑎𝑎 − 𝑥𝑥0
𝑎𝑎)(𝑥𝑥0

𝑎𝑎 − 𝑥𝑥0
𝑎𝑎)𝑇𝑇] =

𝑃𝑃0 0 0
0 𝑃𝑃𝑣𝑣 0
0 0 𝑃𝑃𝑛𝑛

𝜒𝜒𝑘𝑘−1
𝑎𝑎 = [𝑥𝑥𝑘𝑘−1

𝑎𝑎    𝑥𝑥𝑘𝑘−1
𝑎𝑎 +

− √(𝐿𝐿 + 𝜆𝜆)𝑃𝑃𝑘𝑘−1
𝑎𝑎 ]

𝜒𝜒𝑘𝑘|𝑘𝑘−1
𝑥𝑥 = 𝐹𝐹[𝜒𝜒𝑘𝑘−1

𝑥𝑥 , 𝜒𝜒𝑘𝑘−1
𝑣𝑣 ]

𝑥𝑥𝑘𝑘
− = ∑ 𝑤𝑤𝑖𝑖

(𝑚𝑚)𝜒𝜒𝑖𝑖,𝑘𝑘|𝑘𝑘−1
𝑥𝑥2𝐿𝐿

𝑖𝑖=0

𝑃𝑃𝑘𝑘
− = ∑ 𝑤𝑤𝑖𝑖

(𝑐𝑐)[𝜒𝜒𝑖𝑖,𝑘𝑘|𝑘𝑘−1
𝑥𝑥 − 𝑥𝑥𝑘𝑘

−][𝜒𝜒𝑖𝑖,𝑘𝑘|𝑘𝑘−1
𝑥𝑥 − 𝑥𝑥𝑘𝑘

−]𝑇𝑇2𝐿𝐿
𝑖𝑖=0

Υ𝑘𝑘|𝑘𝑘−1 = 𝐻𝐻[𝜒𝜒𝑘𝑘|𝑘𝑘−1
𝑥𝑥 , 𝜒𝜒𝑘𝑘−1

𝑛𝑛 ]

𝑦𝑦𝑘𝑘
− = ∑ 𝑤𝑤𝑖𝑖

(𝑚𝑚)Υ𝑖𝑖,𝑘𝑘|𝑘𝑘−1
𝑥𝑥2𝐿𝐿

𝑖𝑖=0
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𝐹𝐹𝑟𝑟 = µ𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(α)
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𝐹𝐹𝑟𝑟 = µ𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(α)

𝐹𝐹𝑔𝑔 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(α)

Fnet = F − (Fr + Fg) = ma

F = (Fr + Fg) + ma

Ft =
F
n

Tnet = r. Ft
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Tnet−kgcm = Tnet10.197
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Tnet−kgcm = Tnet10.197
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INTRODUCTION

This study discusses advanced measurement infrastructure (AMI), one of 
the most vital smart grid (SG) components. In this context, information about 
SG is first given, and then AMI and its current structure are summarized. 
Sensing, communication, and data security are the most essential components 
in AMIs, and the system works based on these components. Finally, some 
suggestions have been made regarding smart meters (SMs) and the AMI. These 
recommendations can be summarized as follows: With the development of 
the SM structure, AMIs should also keep up with this development, and the 
relevant software should be adapted to the changes; SMs and AMIs should 
become more sensitive to human behavior and have more sensor structures.

SMART METERS

In an age where technology continues redefining how we live, work, 
and interact, the term “smart” is becoming very popular and increasingly 
common, adorning everything from phones to homes (Goddard, Kemp, & 
Lane, 1997). One of the areas where these developments are effective is SMs. 
So what exactly is an SM, and how does it transform how we consume and 
understand our energy use?

An SM is a sophisticated device that discerns power consumption with 
much greater granularity than a conventional meter. It then transmits the 
gathered data to the grid for load monitoring and billing purposes (Yan et 
al., 2013). Unlike their analog predecessors, SMs have advanced sensors and 
communication modules that enable two-way communication between the 
service provider and the consumer. Thus, in these meters, controlling the 
energy at all times and detecting the reflection of environmental changes on 
energy use are at the forefront.

One of the main features distinguishing SMs from others is their 
numerous capabilities, which can be added compared to traditional meters. 
The most prominent of these is that SMs provide real-time data on energy 
consumption. Service personnel must read traditional meters manually, often 
leading to delayed and sometimes inaccurate billing. SMs provide numerous 
advantages to consumers, such as the ability to approximate their bills using 
the compiled data, enabling them to efficiently regulate their energy usage and 
consequently lower their electricity expenses (Zheng et al., 2013). In addition, 
the ability of the meter to direct or control the consumer is another crucial 
and distinctive advantage that requires the use of SMs.

The emergence of SMs also marks a significant shift in consumer 
awareness and empowerment. Thanks to real-time data accessible through 
mobile applications or online portals, users can monitor energy consumption 
patterns and make informed decisions to optimize usage (Islam et al., 2016). 
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This transparency encourages energy-saving practices, allowing individuals 
to identify and correct wasteful habits that contributing to higher bills and an 
increased carbon footprint (Yan et al., 2013).

In this period, when economic difficulties, climate change, and global 
warming are accelerating, this guiding feature of SMs will provide significant 
positive contributions to consumers in economic and environmental terms.

Additionally, SMs pave the way for dynamic pricing models in which 
energy prices fundamentally fluctuate. This encourages consumers to adjust 
their energy usage during peak hours on demand, increasing efficiency 
and reducing the grid’s load. SMs are essentially devices that contribute to 
personal savings and the overall stability and sustainability of the energy 
infrastructure (EPDK, 2015).

Privacy concerns often come up when discussing the implementation 
of smart technology. However, SMs are designed with robust security 
measures to protect user data. Encryption, communication, and detection are 
among the most essential features of SMs. Encryption protocols and secure 
communication channels address data privacy concerns by ensuring that 
sensitive information remains private (Abdalzaher, Fouda, & Ibrahem, 2022).

The environmental benefits of SMs go far beyond personal use. The 
data collected from these devices allows service providers to analyze usage 
patterns on a larger scale, facilitating the development of more efficient energy 
distribution systems. The SM is a vital distribution system component in this 
respect. This data-driven approach reduces energy waste and greenhouse gas 
emissions, aligning with global efforts to combat climate change (Zheng et al., 
2013). As we continue to advance in the ever-evolving technology landscape, 
the SM stands as a beacon of innovation in energy management. Its ability to 
empower consumers, increase efficiency, and contribute to a more sustainable 
future positions it as a critical player in the ongoing transition to an innovative 
and connected world (Aubel &Poll, 2019). The SM provides fast and effective 
data processing thanks to the electronic kit containing an approximately 1 
GHz system on a chip (SoC) with a microcontroller and some flash memory 
(Akpolat & Dursun, 2017). The SM consists of hardware structures such as the 
step-down transformer, microprocessor core, real-time clock, memory unit, 
and an LCD, as shown in Figure 1 (Weranga et al., 2014).
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Figure 1 A modern SM hardware (Weranga et al., 2014).

As a result, SMs are not just a digital alternative to traditional meters; 
they represent a paradigm shift in how we perceive and manage our energy 
consumption. SMs, which harness the power of real-time data and encourage 
conscious energy use, are emerging as a cornerstone to a more sustainable and 
efficient energy environment. Adopting this transformative technology is not 
just a step forward but a step towards a future where energy management is 
more innovative, greener, and connected.

Advanced Measurement Infrastructure (AMI)

The challenges arising in the energy market of the 21st century lead to 
inevitable changes in electricity systems. The energy sector faces challenges 
such as introducing Distributed Energy Resources (DER), more effective 
control schemes for complex systems, improving power quality, and traditional 
and centralized energy production methods associated with environmental 
concerns, consumer information protection, and system security. The 
economics of power systems are also important, from maintenance costs to 
equipment renewal and network expansion. Europe and North America have 
moved to smart grids (SG) to address these challenges by modernizing their 
energy production and distribution systems (Mohassel et al., 2014).
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While the origins of electrical grids trace back to the late 1800s, the 1960s 
marked a pivotal era often referred to as the zenith of electrical grids, and 
this period witnessed substantial enhancements in the distribution network’s 
reach and capacity to carry loads. The reliability and standard of the distributed 
power achieved commendable levels. Moreover, notable advancements 
occurred in centralized energy production’s technical and economic spheres, 
encompassing fossil fuels, hydroelectricity, and nuclear power plants. Along 
with these developments, the increasing need for energy at the end of the 20th 
century brought many developments. Today, the traditional electricity grid is 
transitioning significantly towards SGs, called smart or microgrids (Berger & 
Iniewski, 2012).

AMI is an infrastructure enabling two-way communication and data 
exchange between service providers and end users, which is pivotal in 
modernizing traditional power distribution systems. AMI, a critical element 
of the smart power grid, increases energy efficiency, ensures grid reliability, 
and facilitates the integration of renewable energy sources (Abdullah et al., 
2023).

The successful implementation of several subsystems is necessary to 
achieve an SG. The robust setup and functionality of each subsystem affect the 
overall SG performance, as the output of each layer acts as a foundation for 
the next layer. Figure 2 illustrates this relationship and summarizes the role 
of each subsystem in developing and deploying the electrical grid (Strategy 
NMG, 2008).
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Figure 2 Overview of the SG subsystem array (Strategy NMG, 2008).

AMI represents not a solitary technology but a meticulously structured 
framework amalgamating various technologies to fulfill its objectives. This 
framework encompasses smart meters (SMs), communication networks 
spanning various tiers of the infrastructure hierarchy, Meter Data Management 
Systems (MDMS), and facilitating tools enabling the seamless integration of 
gathered data into software application platforms and interfaces. As delineated 



 . 97International Studies in the Field of Electrical Electronics and Communications Engineering

in Figure 3, consumers are furnished with sophisticated solid-state electronic 
measurement devices adept at capturing time-based data. These meters 
can transmit accumulated data through prevalent fixed networks such as 
Broadband over Power Line (BPL), Power Line Communication, Fixed Radio 
Frequency, and public networks like landline, mobile, and paging.

The AMI host system receives measured consumption data, and then 
the data is sent to an MDMS that manages data storage and analysis and 
provides the information in a format that is helpful to the utility provider. 
AMI allows two-way communication; Therefore, it is also possible to provide 
communication or command or price signals from the grid to the meter or 
load controllers (Mohassel et al., 2014).

AMI Advantages

There are numerous benefits associated with the utilization of AMI. From 
the utility standpoint, leveraging historical data gleaned from smart meters 
(SMs) enables the detection and mitigation of illicit electricity consumption. 
The Smart Grid (SG) can be remotely monitored and managed through AMI, 
thereby enhancing maintenance practices, demand management strategies, 
and overall planning efficacy. Moreover, a robust SG facilitated by AMI 
contributes to outage prevention and cost savings for power companies. AMI 
obviates the need for manual monthly meter readings, expedites electrical 
system monitoring, fosters more judicious utilization of power resources, 
furnishes real-time data pivotal for load balancing endeavors, thus mitigating 
the occurrence of power outages (e.g., blackouts), facilitates dynamic pricing 
mechanisms based on demand fluctuations (e.g., adjusting electricity costs 
accordingly), circumvents the necessity for substantial capital investment 
in constructing new power plants or retrofitting existing ones, and aids in 
revenue optimization utilizing existing resources.

AMI offers consumers several advantages, including enhanced precision 
in electricity billing, heightened control over power quality, and heightened 
awareness. Empowered with more significant insights, consumers can 
optimize their consumption patterns, thereby reducing household energy 
requirements and subsequently lowering their utility bills. Consequently, 
end-users benefit from improved electricity service quality, flexible billing 
frameworks, comprehensive energy bill data, detailed feedback on energy 
usage, insights into consumption behaviors, and heightened energy awareness, 
fostering rational energy utilization and enabling interoperability (Martins et 
al., 2019; CioWiki, 2023).

AMI Problems and Disadvantages

While specific challenges with AMI pertain to consumer privacy and 
confidentiality, others revolve around unauthorized device access, leading 
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to cybersecurity concerns. On the consumer front, safeguarding data 
necessitates robust data management practices, including anonymization. 
End-users may encounter difficulties verifying the accuracy of new meters, 
while concerns arise regarding the maintenance of data accuracy and 
potential additional fees for installation. Utility providers must ensure data 
accuracy and guard against physical or cyber-attacks on meters. This entails 
implementing various cybersecurity measures encompassing confidentiality, 
integrity, and authentication of exchanged data to thwart cyber threats such 
as eavesdropping, traffic analysis, and malware. However, constraints in 
processing power hinder the full implementation of cybersecurity measures 
in some smart meter (SM) and Smart Grid (SG) systems.

Moreover, transitioning to new technologies and processes entails 
higher personnel training, equipment development, and production costs. 
Overcoming public resistance and fostering customer acceptance of new 
meters pose additional challenges. Furthermore, committing to long-term 
investments in new meter technology and associated software raises financial 
concerns. Technical hurdles emerge in managing and storing vast quantities 
of meter data, while ensuring the security and confidentiality of such data 
remains an ongoing challenge (Martins et al., 2019).

Subsystems of AMI

The SG has advanced metering infrastructure (AMI), of which SMs are 
a key component. Advanced metering infrastructure is an integrated, fixed-
network system that measures, stores, analyzes, and presents electricity, gas, 
and water consumption in real-time, establishing two-way communication 
between service providers and customers (Popović, Ž. & Čačković, V., 2014). 
Advanced metering infrastructure offers many advantages to improve energy 
efficiency, billing, demand management, fault detection, remote control, and 
customer engagement.

AMI is a complex structure consisting of many subsystems. These 
subsystems are SMs, communication networks, data management systems, 
application software, and security systems. The general scheme of AMI is 
shown in Figure 3 (Céspedes et al., 2017).
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Figure 3 General schematic representation of the AMI (Céspedes et al., 2017)

1) SMs

SMs are the most essential components of advanced metering 
infrastructure (Ko, E. & Jeong, G. S., 2023). SMs, unlike traditional meters, 
are digital electronic devices that measure energy consumption on an hourly 
or more frequent basis, transmit data remotely, can be adjusted according 
to received commands, and can communicate with other devices. SMs can 
measure electricity, gas, and water consumption. Some features provided by 
SMs are:

• It can detect and report malfunction, interruption, leakage, and theft.

• It can measure and report parameters such as energy quality, voltage, 
current, frequency, and power factor.

• It can be connected, interrupted, restarted, updated, and configured 
remotely.

• It can be applied to time-based, dynamic, multiple tariffs and invoices.

• It can be adapted to demand response, distributed generation, and 
electric vehicle charging applications.

• It allows customers to monitor and manage energy consumption.
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SMs can connect communication networks using protocols, frequencies, 
modulations, and encryptions. Communication technologies of SMs can be 
broadly classified as wired or wireless, point-to-point or networked, centralized 
or distributed (Zheng et al., 2013). When choosing communication technologies 
for SMs, factors such as geographical location, network structure, data rate, 
security, cost, reliability, and scalability should be considered. An example of 
an SM is shown in Figure 4, and data according to the model is given in Table 1.

Figure 4 SM Model (Fronius, 2024)

Table 1 SM General Data (Fronius, 2024)

Rated voltage 230-240 V
Maximum current 1×63 A
Phase and neutral conductor connection 
cross-section

1-16 mm²

Current converter and communication gate 
connection section

0,05-4 mm²

Self-consumption 1,5 W
Starting current 40 mA
Accuracy class 1
Effective energy accuracy Class B (EN50470)
Reactive energy accuracy Class 2 (EN/IEC 62053-23)
Overload (short) 30 x Imax / 10ms
Assembly Internal mounting (DIN rail)
Enclosure 2 Modules DIN 43880
Degree of protection IP 51 (Front), IP 20 (Terminals)
Screen Six-digit LCD
Working area -25±55°C
Interface to inverter Modbus RTU (RS485)
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2) Communication Networks

Communication networks are subsystems forming the backbone of AMI 
(Cai et al., 2014). AMI creates a communication network between grid systems 
and SMs, enabling two-way communication to transmit data and control 
signals. Communication networks collect, store, process, and send data from 
SMs to where it needs to be transmitted. In addition, they transmit commands 
from the AMI bedside system or other application software to SMs (Kumar V., 
Kumar R., & Pandey, 2021).

AMI uses three levels of communication: home area network (HAN), 
neighborhood area network (NAN), and wide area network (WAN). HAN 
is responsible for providing connectivity to the NAN and communication 
between all smart devices in the home (Molokomme, Chabalala, & Bokoro, 
2020). NAN carries information between SMs and a data concentrator. 
WAN consists of data collectors, grid substations, etc. It is responsible for 
the bidirectional transportation of incoming information to network control 
centers (Kabalci, 2016). WAN, power line communication (PLC), fiber optic, 
WiMax and Satellite, NAN; PLC, Zigbee, WiMax and GSM, HAN; It can use 
different communication protocols and infrastructures such as Zigbee, WiFi, 
ZWave, GSM and PLC (Kabalci, 2016).

2.1. Wide Area Network (WAN):

A WAN is typically set up as a backhaul network with instances 
geographically dispersed. WANs help communicate between electricity 
markets and power providers in SGs, as shown in Figure 5. WAN links 
the service control center (UCC) and the home network (HAN) to enable 
communication between various SG networks. Additionally, WAN connects 
these servers via UCC to communicate. 5G could be an excellent technology 
for WAN applications and services. Cognitive radio networks (CRNs) can 
also adapt to improve the spectral efficiency of the network by dynamically 
accessing idle spectrum bands (Bouabdellah et al., 2019).
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Figure 5 Wide area network (WAN) architecture (Yu et al., 2011)

2.2. Neighborhood Area Network (NAN):

NAN is the second layer of the NAN, SG communication architecture, 
and receives measurement and service data from many HANs and sends it to 
data collectors that connect the NAN to the upper layer, the WAN layer (Yu et 
al., 2011). It also works as a bridge to communicate HAN and WAN in SGs; that 
is, it transmits the power consumption data of every smart electrical device 
in the HAN in real-time. NANs connect HANs and establish connections 
between HANs and WANs, as shown in Figure 6. NANs act as intermediate 
nodes by sending information from SMs to the UCC. Communication 
technologies used in this layer vary depending on VR applications. Therefore, 
wireless and wired communication technologies are suitable solutions for the 
various QoS needs of NAN applications. Optical fiber and 5G are excellent 
technologies for NAN applications as they can support real-time latency-
sensitive applications. Moreover, establishing a suitable information structure 
between SMs, sensors, and utility data centers is still a complex problem. 
Therefore, NAN gateways must be deployed to transfer information from 
heterogeneous IoT smart devices to the WAN (Gungor & Sahin, 2012).



 . 103International Studies in the Field of Electrical Electronics and Communications Engineering

Figure 6 A central NAN topology for SG communication (Meng et al., 2014)

2.3. Home Area Network (HAN):

The SG provides a valuable function in controlling the energy 
consumption of homes. Home energy management covers the various 
devices in the home, from lights, appliances, heaters, air conditioners, local 
generating units (such as solar panels), and electric vehicles, as shown in 
Figure 7. Home energy management systems (HEMS) have been designed 
and implemented to enable energy consumption, storage, and production of 
these devices. Communication is established between these devices through 
a home area network (Budka, Deshpande, & Thottan, 2014). The customer’s 
facility area network can be divided into three categories depending on 
the environment: HAN, business area network (BAN), and industrial area 
network (IAN) (Eder-Neuhauser, et al., 2016). The characteristics of these 
areas depend on various factors such as climate and economic conditions. 
The daily habits of networked consumers and climate changes determine load 
demand on HAN. During winter and peak times, load demand is expected to 
be higher than during summer and off-peak times. In BAN, the load demand 
depends on the economy and is less affected by climate change. Therefore, 
HAN acts as a communication bridge between smart devices and SMs. The 
main task of SMs in HAN is to collect energy consumption data and monitor 
the network status in real-time. The traditional communication structure is 
insufficient to manage the large amount of data coming from SMs. AMI has 
been implemented in HAN to meet QoS needs (Molokomme et al., 2020).
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Figure 7 Home Area Network Architecture (Eder-Neuhauser, Zseby, & Fabini, 2016)

3. Meter Data Management System (MDMS):

The data management system is the central data repository of the AMI 
(Popović & Čačković, 2014). The data management system receives, stores, 
processes, analyzes, and presents data from communication networks. The data 
management system interfaces the AMI bedside system and other application 
software. The data management system provides many functions to improve 
AMI’s performance, quality, and security. MDMS securely manages new 
requests and data sizes. It also fulfills needs regarding delivery times and service 
hours. Another aim of the MDMS project is to increase customer satisfaction. 
This is achieved through better customer service. When a customer calls to 
complain, customer service can access customers’ meter data and handle the 
problem more effectively. The best way for customers to benefit from the MDMS 
project’s advantages may be through online service (Mäkelä, 2011).

The data management system is one of the AMI’s most critical and complex 
subsystems (Cai et al., 2014). The data management system must process large 
amounts of diverse, fast, and constantly flowing data. The data management 
system requires sufficient hardware, software, and human resources to ensure 
data security, confidentiality, integrity, and availability. The network structures 
mentioned above and the general architecture of the meter data management 
system are shown in Figure 8 (Popović & Čačković, 2014).
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Figure 8 AMI overall communication network architecture (Popović & Čačković, 2014)

Conclusion

AMI is a system with critical measurement functions for developing SGs. 
However, the AMI can still be considered cumbersome. The most important 
reason is that the detection level in SGs is still not very advanced. Integrating 
many sensor types and technologies into SGs continues, directly affecting the 
development of the AMI.

On the other hand, human behavior is highly variable and dramatically 
impacts the consumption and efficiency of electrical energy. For future studies, 
developing an AMI for SGs that handles human behavior with artificial 
intelligence methods and contains more sensors is necessary.
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