Chapter 16

Communication Methods for Smart
Buildings and Nearly Zero-Energy
Buildings

Yasin Kabalci

Abstract This chapter presents wired and wireless communication systems in
smart homes and smart buildings by considering the recent developments seen in
applications. In order to provide further knowledge for readers, the basic principles
of the smart homes and energy efficient buildings are firstly introduced. Then, the
nearly zero-energy buildings and renewable energy integration in buildings issues
are comprehensively explained by taking into account existing applications. In
addition, advanced metering infrastructure that is a vital component of the smart
home systems is expressed in detail. Afterwards, the potential candidates of com-
munication systems for smart buildings that have an important role to realize nearly
zero-energy buildings are discussed by comparing each method and application
types thoroughly. These communication systems are classified as wired and wire-
less communication systems to examine more detailed and the communication
systems are compared according to several considerable parameters such as used
spectrum, modulation types, bit rates, supported network topologies, media access
control (MAC) schemes, carrier types, and application areas. Moreover, several
applications of examined communication systems are presented both for outdoor
and indoor scenarios.
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PAM Pulse Amplitude Modulation
PAN Personal Area Network

PLC Power Line Communication

PPM Pulse Position Modulation

PV Photovoltaic

QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase Shift Keying
RS Reed Solomon

SBEMS Smart Building Energy Management Systems
S-FSK Spread Frequency Shift Keying

SM Smart Meter

SS Spread Spectrum

TDD Time Division Duplexing
TDMA Time Division Multiple Access
THD Total Harmonic Distortion
WAN Wide Area Network

WBF Weighted Bit Flipping

WLAN Wide Local Area Network
WM-Bus Wireless M-Bus

WPAN Wireless Personal Area Network
WSN Wireless Sensor Network

16.1 Introduction

The smart grid is defined as the integration of information, telecommunication, and
network technologies in order to provide the conventional grid more reliable and
more controllable. The mentioned integration provides several advantages such as
more automation in daily life and industry, security of electric services, increased
life-time of home appliances, and increasing the comfort of consumers. Owing to
the improvement of smart grids, various developing methods and technologies have
been reported in past decade by researchers across the globe. The most widely
known technologies among them are smart meters (SMs), advanced metering
infrastructure (AMI), home automation, bidirectional communication, and home
area networks (HANs). The conventional electric power grid has been serving more
than one century. The increasing and varying consumer profile depending to the
increased population requires the conventional grid to supply electrical devices
more than ever that causes instability of the electric power grid. The applications of
the smart grid include generation, transmission, distribution, and consumption of
electrical energy. The most important advance provided by the smart grid during the
generation is to enable the distributed power generation, where power can be
generated locally; to use the required energy and sale excess power back to utility.
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In transmission and distribution applications, the smart grid enables electric pro-
viders to increase control capabilities by improving the reliability, stability, and
sustainability of the system. Therefore, it is also demonstrated that economic and
social benefits can be provided by consuming electrical energy efficiently. The
smart building energy management systems (SBEMS) increase the efficient con-
suming, and any consumer can reduce the energy bill and decrease peak demand.

In recent years, the home environment has been rapidly converted to network
enabled digital technologies. This improvement enabled the home appliances to
increase the connectivity within the buildings for the purpose of home automation
in novel and exciting opportunities. Power line communication (PLC) systems and
mobile devices increase their communication speeds due to their portability and
their wide range of capabilities. Hence, this chapter intends to comprehensively
describe the communication methods for smart buildings that have an important
role to realize nearly zero-energy buildings. The distributed generation (DG) that is
one of the basic features of smart grids can be enabled to integrate to the man-
agement system to allow consumers to manage renewable energy sources such as
solar panels and wind turbine, electric vehicles and energy storage system com-
prised of batteries that may be included in the energy infrastructure of the buildings.
Thus, the SBEMS permits consumers to decrease the energy consumption and bill
costs owing to the renewable energy sources that are controlled by the SBEMS
besides security, illumination, heating, and multimedia system controls. The main
features of the SBEMS are online control capability, renewable energy integration
and consumption control, the charge amount of energy storage system, listing of
monthly energy consumption rates saved bill costs, wireless monitoring and
management system, and user interface to control home appliances. The commu-
nication methods utilized for the smart buildings and nearly zero-energy buildings
can be classified into two categories as wired and wireless communication systems.
The PLC system provides an efficient communication scheme for transmitting and
receiving any type of data by employing existing power lines. In addition, the PLC
system presents an inexpensive and suitable communication channel for data
transmission and is a potential candidate in many application areas such as smart
homes, vehicles, home automation systems, smart grids and so on. On the other
hand, the wireless technologies such as Bluetooth, ZigBee, Wi-Fi can be utilized in
the smart buildings alternatively. In this chapter, emerging communication tech-
nologies, advanced design and modeling studies on nearly zero-energy buildings
are comprehensively discussed.

16.2 Smart Homes and Energy Efficient Buildings

Smart home term can be defined as the integration of technology and services in
order to present for a better quality of living, where the transmission of information
is provided by means of home networking. This technology offers several features
to users such as connecting, controlling and monitoring home appliances and
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Fig. 16.1 The concept of smart home systems

performing the functions with respect to predefined conditions. These features can
be accomplished with communication systems of the smart homes based on the
internet, mobile phones and PLC systems. In addition, developments on sensor
technologies, embedded systems and communication systems have enabled the
control of the smart homes in an easy and manageable way [1]. A smart home
concept is shown in Fig. 16.1.

The smart homes that offer flexibility and functionality advantages require an
energy management system called the SBEMS to provide economic and social
benefits to users. In addition to conventional home management systems, the
SBEMS controls the DG that is one of the basic features of smart grids, renewable
energy sources and the interaction of electric vehicles with homes. The technical
background of the SBEMS can be classified into two categories as home man-
agement system and energy management system. The home management system
contains the control of electrical appliances used by the user’s daily life and is
concerned with user’s comfort and other necessities. For instance, it comprises
control of illumination, heating, cooling, multimedia systems and electrical
household appliances. The second part of the SBEMS, which is the energy man-
agement system, includes details that are more technical. The DG systems of the
renewable energy sources such as wind turbine and solar panels, support units of
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Fig. 16.2 Control and interface infrastructure of the SBEMS

these systems such as energy conversion and storage systems and the integration of
electric vehicles can be utilized more efficiently owing to the energy management
features of the SBEMS. A control and interface infrastructure diagram of the
SBEMS is illustrated in Fig. 16.2.

The main features of SBEMS given in the Fig. 16.2 can be summarized as
renewable energy integration, energy consumption control, the charge amount of
energy storage system, online control capability, listing of daily, weekly or monthly
energy consumption rates to save bill costs, communication capability for moni-
toring and management system, and user interface to control home appliances.
Input data of the SBEMS that are shown on the left side of the Fig. 16.2 are
transferred to the energy management system to inform users about actual status of
the building. On the other hand, the right side of the figure indicates output controls
and analyzes that can be carried out by the users. For instance, on/off control system
contains basic level controls for starting or stopping commonly used electrical
appliances and devices such as lamps, television, washing machine, refrigerator, air
conditioning and so on.

In recent years, the development of internet technology has led to social and
economic developments. Depending on the rapid spreading of wireless internet,
people can take advantage of internet technology even if they are outdoors and are
able to follow their all activities. Furthermore, the interaction between internet and
daily family life has enabled the creation of the infrastructure for smart home
technologies. Internet based management systems can be provided remote control
for electrical household appliances to form intended comforts before the users reach
home. In addition to this, the conducted investigations shown that hard-working
people did not take the time to track these systems and they considered the tracking
process as a waste of time. Therefore, some of the users also expect that the system
is able to track the situation automatically and able to predict or remember user’s
habits according to the user’s requests [2-5]. Although these demands are noted
among the features of the home management system, the smart home management
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systems used in the Far East and the United States carry out the management of the
home, by recognizing the user’s behavior, according to the user’s habits rather than
simply fulfill the user’s commands.

16.3 Nearly Zero-Energy Buildings and Renewable
Energy Integration in Buildings

Energy efficiency has become an important issue since energy consumption has
been increased throughout the world in recent years. The decreasing fossil fuels
directed governments to encourage use of the renewable energy sources and to draw
attention to the energy efficiency. Recently, researchers have made many studies on
the energy efficiency. Tascikaraoglu et al. [6] has presented a study on the concept
of smart home and energy efficiency by examining the structure and requirements
of the smart grids. According to this study, the smart homes that use the production
and transmission characteristics of smart grids can provide energy savings between
10 and 30%. It is also emphasized in the study that user habits on this ratio are
highly effective [6-8]. In addition, it is important to note that the SMs, energy
management system and user habits should be considered to obtain energy savings
in the specified ratio [8]. In [9], Missaoui et al. has reported that intensive resear-
ches, which are mostly carried out considering the consumption side have been
done on the smart grid technology and load control issues in the last 2 years. The
total energy consumed at homes corresponds to 32% of the total amount consumed
in the world according to results of this study. At the same time, 36% of the carbon
emissions occurred in the European Union (EU) countries is caused by the homes.
Within the scope of the EU’s climate and energy policy, not only the energy
performance but also load management in the homes has been identified as an
important issue and was included in the 2020 plans [9, 10]. Moreover, a building
energy management system is designed to control an electric kettle, heating,
cooling, ventilation system and thermodynamic system in [9]. Research results
shown that home appliances such as the heater, washing machine, dishwasher and
refrigerator caused by 80% of energy consumption resulting from home. Mahmood
et al. [11] realized a study based on demand response and consumption side of
energy management similar to previously mentioned work. For this purpose, they
focused on linear programming and developed an optimization algorithm to reduce
the power consumption at homes. They built an infrastructure enabling the use of
smart devices for smart home energy management and called this system as “home
appliances coordination scheme”. Capitanelli et al. [12] also proposed another
simulation model for smart home management system, where authors utilized this
simulation model to manage household appliances in terms of performance and
energy consumption. Accordingly, the proposed method is carried out in six stages.
In the first two stages, users’ requirements are determined and these requirements
are defined as the smart home functions. The third stage covers classification and
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identification operations of the household appliance characteristics. In the following
stage, a general information management model is created. After defining the rules
and tasks for intelligent system, service functions are performed and are stored in
the last stage.

In another study, the most widely used devices in the homes and their usage rates
are investigated as a special case study for the Canada [13]. According to this work,
the most widely used home devices are heating systems, refrigerators, electric cars,
washing machines, dishwashers and lighting systems in terms of electricity con-
sumption. In addition, the 45.6% of homes do not have the stereo system whereas
there is at least one at 43.2% of them. The obtained results shown that annual
energy consumption results are 19.3 MWh for heating devices, 5.5 MWh for water
heaters, 3.6 MWh for electric cars, 1.364 MWh for washing machines and dryers
and 1.277 MWh for lighting systems. The communication systems used in home
management systems are indicated as Wi-Fi, WiMax, 3G, DSL, Ethernet, ZigBee
and fiber optics. The ZigBee that is one of the mentioned communication methods
is employed on an energy management system reported by Batista et al. [14].
Although many communication technologies are appropriate, the ZigBee is pre-
ferred in this study due to low power consumption in wireless communication
protocols and suitability to the control and monitoring applications. In studies about
the SMs conducted from 2009 to 2015, the ZigBee has become rapidly widespread
and showed an increase of 35%. Therefore, authors establish a ZigBee communi-
cation platform to monitor renewable energy grid consisting of wind and solar
energy. In [15], Al-Ali et al. have proposed a GSM based energy management
system for smart homes integrated with renewable energy sources.

It is understood from these studies that a large number of the existing homes
over the world and energy-consuming devices in these buildings increase the
energy demands excessive. However, decreasing of fossil fuels requires efficient use
of available energy sources and ensuring energy efficiency as soon as possible. The
main legislations of the EU are the 2010 Energy Performance of Buildings
Directive (2010/31/EU) and the 2012 Energy Efficiency Directive (2012/27/EU)
and these legislations are aimed to reduce energy consumption in the buildings.
These legislations are also intended to ensure all new buildings to be nearly
zero-energy buildings by 2020. At this point, the commission defines nearly
zero-energy buildings as follow: Nearly zero-energy building is a building that is
capable of a very high-energy performance. The required low amount energy
should be provided from renewable energy sources which are constructed on-site or
nearby of these buildings.

16.4 Advanced Metering Infrastructure (AMI)

The smart metering systems that are composed of measurement and monitoring
process are intended to provide information to users about energy consumption of
the smart homes. The acquired data are mapped with respect to utilized



16 Communication Methods for Smart Buildings ... 467

R —

Network
B (HAN, WLAN, )
S COMMunication S—
L Control
I (nfrastructure

User 2 > : - Advanced Metering
m . . Infrastructure
Time of Use (AM1)
Pricing

: Data Management
g Vetering  oommmng s ctem (0ms)

‘ Advanced Meter
L

‘

Reading (AMR)

-

Fig. 16.3 The components of the AMI system in the smart homes [18]

communication protocol standards and are conveyed to management system over
wired or wireless communication networks. The AMI system could be considered
as an improved type of the conventional automatic meter reading (AMR) and
automatic meter management (AMM) systems since it includes various developed
technologies such as the SMs, HANs, wide area networks (WANSs) or neighbored
networks [16, 17]. The smart measurement process can be carried out by employing
a SM that computes the energy consumption of any smart home. Hence, the SMs
should have the ability to determine energy consumption rates of the smart homes
in real-time by measuring parameters such as voltage, current, phase angle and
frequency. A smart metering system involved in the metering and communication
infrastructures is depicted in Fig. 16.3.

As can be seen from the figure, the metering section of the SM contains
time-of-use pricing control system, data management system (DMS), and AMR
framework. Wired or wireless communication techniques can be used in the
communication part of the smart metering system. The communication substructure
should permit a two-way data flow between smart homes and users. Therefore,
network connection and control substructure are also required in the communica-
tion part of the SM. In addition to these two main sections, the SM modules may
contain power supply module, timing module, indicating module, and encoding
module. Besides, the SMs control the energy demand of the user by restricting
consumption. It is noteworthy that the SMs will cover important roles in the future
of the smart home applications due to their real time management, scalability, and
security features. It is important to note at this point that the use of the access point
architecture is also required to communicate with several hundreds of the SMs in an
area. Therefore, the security issue should be taken into account for preserving
measurement information in the SMs.
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16.5 Wired Communication Systems for Smart Buildings

The most significant advantages provided by wired communication systems are
reliability and insensitivity to interference. While the PLC systems utilize con-
ventional power lines, fiber optic and digital subscriber line (DSL) systems use
telephone lines as a communication medium. The capability of transmitting Gbps
data packets to several kilometers and ability of strength against electromagnetic
interference are the most important advantages of optical communication systems
[19, 20]. The optical communication systems can be used over high voltage power
lines due to these advantages. Moreover, optical power ground wire (OPGW)
cables that are a special type of optical cables are able to transmit high capacity data
over long distances. The DSL systems, which permit to transmit digital data by
telephone lines can be utilized as a wired communication technology in smart
homes. High-speed data transmission can be accomplished by using digital com-
munication methods. For instance, while the DSL systems provide up to 10 Gbps
data rates, coaxial and fiber optic cables reach between 155 Mbps and 160 Gbps
data rates [19, 21, 22].

Recently, the PLC systems have gained a great deal of attention in the field of
communication, smart grid and home automation systems. These systems provide
an efficient communication scheme for transmitting and receiving any type of data,
voice, and internet by using existing power lines [23-29]. When the PLC systems
are compared with the other communication systems, the most important advantage
offered by the PLC systems is obvious that there is no need to construct a new
communication medium because of the fact that they utilize the current power lines
to convey any type of data. Generally, the PLC applications can be classified into
two categories as indoor and outdoor in terms of their application types. The most
remarkable outdoor applications of the PLC systems are the smart grids that intent
to accomplish several processes of conventional and renewable grids such as
remote sensing, measurement, monitoring, and control in a maintainable and
trustworthy way [20, 27, 28]. In addition, attention paid to this system is growing
owing to numerous reasons such as the DGs, energy planning, remote monitoring
and demand prediction issues. On the other hand, indoor applications of these
systems aim to ensure high-data rate communication benefits for homes and offices.

The PLC systems can utilize different frequency bands called as narrowband
(NB) and broadband (BB) according to types of applications. In addition, many
national and international organizations are started to define standards for countries.
These standards aim to identify substantial criteria such as types of modulation,
bandwidth, channel and source coding schemes, operating frequency and limits of
electromagnetic compatibility for indoor and outdoor applications of the PLC
systems. In general, it can be noted that while the BB PLC systems ensure high data
rates thanks to wide bandwidth, the NB PLC systems are preferable in low-data rate
applications such as remote data acquisition, AMR systems, remote fault local-
ization and fault type recognition. The NB PLC standard utilized in Europe exploits
between 3 and 148.5 kHz frequency band with respect to European CENELEC
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Standard EN50065. Furthermore, the NB PLC standards of the U.S. and Japan are
9-490 kHz in accordance with Federal Communications Commission (FCC) and
10—450 kHz with respect to Association of Radio Industries and Businesses
(ARIB), respectively [30]. On the other hand, while the operating frequency of the
BB PLC is proposed between 2 and 50 MHz according to the IEEE 1901-2010
standard, the International Telecommunication Union (ITU) recommends between
2 and 100 MHz frequency band. The standards, technical specifications and
application areas for the BB and NB PLC systems are given in Tables 16.1 and
16.2, respectively.

16.5.1 Outdoor Application Examples for the PLC Systems

Several SG examples for outdoor application of the PLC systems are given in this
subsection. First example deals with the feasibility of the PLC systems in renewable
energy generation system modeled in Matlab/Simulink [32]. The aim of this system
is to demonstrate that the electrical power lines are not only utilized to carry line
voltages but also to transmit several measurement data of the renewable energy
grids. Thus, monitoring costs can be reduced by using the reported technique rather
than the SCADA, Ethernet or GSM based systems. The main parts of the designed
system in the Matlab/Simulink are the photovoltaic (PV) panels, boost converter
with perturb and observe (P&O) control algorithm, full bridge inverter, coupling
circuits and the binary phase shift keying (BPSK) modem that is exploited to
transmit measured data over the power lines. The block diagram of the system is
depicted in Fig. 16.4.

As can be seen from the block diagram, the BPSK modulator structure is con-
nected to the output of the full bridge inverter to employ power lines as a com-
munication channel. The modulator aims to convey output power information of the
PV panels over the 10 km transmission line which is also modeled in
Matlab/Simulink depend on the PI section line model. A coupling device usage is
also required in order to combine the BPSK modems with transmission lines.
The BPSK demodulator structure is established at the end of the transmission line to
acquire the output power information of the PV panels at the monitoring center.

Figure 16.5 shows obtained results for modeled remote monitoring system
where two different scenarios are considered in terms of filtering circuit utilized in
the BPSK demodulator structure. The cut-off values of the filter are set to 250 Hz
and 4 kHz in the performed simulations. The fine filtering term is used for the
250 Hz filter that provides better performance as can be shown from the Fig. 16.5b.
While the first curves given in Fig. 16.5 show the measured output data of the PV
panels, the second curves depict the quantized data signals of the BPSK modulator.
The demodulated data acquired from the output of the BPSK demodulator are given
in the third curves and the filtered and calibrated data are shown in the fourth and
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Fig. 16.4 Block diagram of the PLC system with BPSK modem for the PV panels [32]

fifth curves, respectively. When the reported results in the Fig. 16.5a, b are com-
pared, it is clearly shown that the filtering process has an important effect on the
performance of the system. It is important to note that even though the modulated
data of the output power information are embedded into the grid, there is no
distortional effect in the power line and the total harmonic distortion (THD) values
of the system are in the suitable ranges according to IEEE-519-1992 and IEC-61000
standards.

An improved PLC system model is presented as the second application where
the Quadrature Phase Shift Keying (QPSK Quadrature) modems are designed to
create the PLC infrastructure. The modeled energy monitoring system in
Matlab/Simulink is shown in Fig. 16.6. First part of the model is the solar plant
which is constituted by regarding 170 W commercial solar panels.

In addition, the solar plant contains parallel-connected PV panels with the
capability of maximum power point tracking (MPPT) algorithm. While the con-
verter output of the modeled system is fed to a three-phase IGBT inverter, generated
AC output voltages are delivered to the grid over 10 km transmission line that are
created in accordance with practical parameters. The QPSK modems which are
located at the plant side and grid side are utilized to monitor generated power by the
solar plant. In addition, coupling devices are employed to prevent information
losses due to any mismatch.

Different measurement results of the energy monitoring system are depicted in
Fig. 16.7a, b. While cutoff frequency of used low pass filter in the QPSK modem is
adjusted as 500 Hz in the Fig. 16.7a, the cutoff frequency is set to 250 Hz in
another condition given in the Fig. 16.7b. As can be seen from the measurement
results, the 250 Hz filtering provides better performance according to the 500 Hz
filtering. As a final remark, the introduced results shown that use of the QPSK
modems in the PLC applications to monitor energy plants can provide more
accurate results according to use of the BPSK modem.
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Fig. 16.6 Matlab/Simulink design of the energy monitoring system with QPSK modem [27]

16.5.2 Indoor Applications for the PLC Systems

In this subsection, different applications of the PLC systems for indoor environ-
ments are presented. The PLC system can be utilized to transmit data, which may be
acquired information from any sensor located in the smart buildings, over indoor
PLC channels. On the other hand, since the power lines have been fundamentally
designed to deliver electricity over the world, they exhibit a destructive channel
effect for communication signals. Hence, transmitting high frequency communi-
cation signals over actual power lines is a difficult problem and the PLC channel
need to be accurately characterized to solve this problem. A BB indoor PLC
channel model was reported by taking into account of a realistic network infras-
tructure for homes and small offices in [33].

In this PLC channel model, structural features of building electricity network are
considered to characterize the indoor PLC channel in terms of network scheme,
employed cable types, and loads connected to the grid. Furthermore, this model
offers more appropriate channel conditions in point of the attenuation, delay spread
and average channel gain. Thus, this PLC channel model is exploited to create
indoor PLC channel conditions in the application examples presented in this
subsection.
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Table 16.3 Parameters of

computer simulation Parameter Value

explg?ted to el\llaluate BER Block numbers 1000

performances [34] Size of parity-check (273,191), (495,433)
matrices
LDPC code rates 0.3, 0.125
LDPC decoder schemes BP, WBF, IWBF, IRRWBF
Convolutional code rate 1/3
Convolutional code decoder Hard decision Viterbi

decoder

Maximum iteration number 30
Modulation type BPSK
Channel model Canete’s PLC channel model
Noise types Background and impulsive

In order to evaluate the bit error rate (BER) performances of different channel
coding schemes, several computer simulations over the BB PLC channels are
performed in [34]. Since low-density parity-check (LDPC) codes and convolutional
codes (CC) are widely exploited channel coding codes in the communication
systems, their performance comparison is presented when they are utilized as
channel coding schemes in the indoor PLC channels. Two different-rate LDPC
codes are tested to determine effect of the code rate on the performance of the
communication systems. In addition, different soft and hard decision LDPC decoder
schemes such as belief propagation (BP), implementation-efficient reliability ratio
based weighted bit flipping IRRWBF), improved weighted bit flipping (IWBF) and
weighted bit flipping (WBF) decoders are considered in realized simulations.
Simulation parameters of the designed communication system are given in
Table 16.3.

The performance results of the LDPC and CC coded communication systems in
terms of BER versus E,/N, value are shown in Fig. 16.8. While (273,191) LDPC
codes are selected in the Fig. 16.8a, (495,433) LDPC codes are used in the
Fig. 16.8b. As expected from the disruptive effects of the indoor PLC channels,
communication systems cannot supply an acceptable performance up to 15 dB
E,/Ny value for both results. When this E,/N, point is exceeded, performances of
the LDPC decoders are increased rapidly. As can be seen from the Fig. 16.8a, b, the
best performance result is provided by the BP decoder scheme for both results. The
supplied coding gains by this decoder scheme are as much as 18 dB for a BER of
107 and 17 dB for a BER of 107" as seen in Fig. 16.8a and b, respectively.
Though the worst BER performance among the other LDPC decoders is presented
by the IWBF decoder scheme, it provides up to 9 dB better performance than that
of the CC at a BER level of 1072, The simulation results shown in the Fig. 16.8a, b
clearly indicate that the BP decoder scheme presents best performance results
because of using log likelihood ratio (LLR) for decision procedure. On the other
hand, decoding complexity of the BP decoders is too high. However, WBF and
IWBF decoders, which are hard decision decodes as mentioned before, offer
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Fig. 16.8 The BER performance comparison of coded and uncoded systems in the BB PLC
channel conditions: a Performance results for (273,191) LDPC codes, CC and uncoded case,

b performance results for (495,433) LDPC codes, CC and uncoded case [34]
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Fig. 16.9 The LDPC coded OFDM system with different decoder structures in indoor PLC
channels [35]

tradeoff advantage between error correction and decoding complexity. In addition
to reduce decoding complexity, IRRWBF decoders ensure very valuable perfor-
mance on the error correction.

The BER performances of LDPC coded orthogonal frequency-division multi-
plexing (OFDM) systems are investigated in another indoor PLC application. This
example aims to examine effects of the LDPC decoder schemes on the system
performance which is evaluated over the BB PLC channels provided by Canete
[33]. The block diagram of the LDPC coded OFDM system with different soft and
hard decision decoder schemes is illustrated in Fig. 16.9.

The upper part of the block diagram shows transmitter of the LDPC coded
OFDM system. Even though input message of the communication system is gen-
erated by random data generator block, the input message can be also supplied from
any sensor located in homes or buildings. Later, input message is fed to forward
error-correction (FEC) block where the LDPC encoder block fulfills channel-coding
process. The constellation mapper block applies the mapping process, in other
words modulation process, to the LDPC coded input data. In OFDM transmitter
block, several important processes such as pilot symbol insertion, cyclic prefix (CP)
adding and parallel to serial conversion are conducted and then coded data are sent
to the indoor PLC channels. Several disruptive effects such as noise and attenuation
that are originated by the characteristics of the power lines impress the data sent to
the indoor PLC channels. The noise shown in these channels is composed of the
background noise, impulsive noise and narrowband interferences. The underside of
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the block diagram denotes the receiver part of the communication system. In the
first block of the receiver part, the input serial data are firstly transformed to parallel
data type and then the CPs of the data are cancelled in order to perform fast Fourier
transform (FFT) process. After the FFT process, pilot symbol removal and
demodulation process are respectively applied to the data. The last step of the
receiver unit is decoding process, which can be implemented by employing soft or
hard decision decoders.

In simulation carried out by using Matlab software, the LDPC codes with
(96,48) and (1080,540) code lengths are exploited to obtain the BER performances
of the modeled communication system. While the BP, WBF and IRRWBF decoders
are utilized in the simulation, the maximum iteration number is adjusted as 50 for
entire decoder schemes. In addition, the subcarrier space and CP of the modeled
OFDM system are established as 468.75 kHz and 0.53 ps, respectively. The BER
performance results of coded and uncoded OFDM systems in indoor PLC channels
are illustrated in Fig. 16.10.

It is clearly seen from the figure that the LDPC coded OFDM systems outper-
form with regard to the BER performance than that of the uncoded OFDM system.
The BER of (96,48) LDPC coded OFDM system shows virtually 9.5 dB better
performance according to the uncoded system at a BER level of 10>, Furthermore,
the (1080,540) LDPC coded system demonstrates 0.7 dB better performance results
with respect to (96,48) LDPC coded system with BP decoder. When the perfor-
mances of the WBF and IRRWBF decoders are considered, it is obvious that the
IRRWBF decoder scheme ever provides approximately 0.5 dB better perfor-
mances. In addition, it is detected that the hard decision decoder schemes present as
well as 7.5 dB performance improvement at a BER level of 10> with respect to the
uncoded OFDM communication system.

Fig. 16.10 The LDPC coded 107

OFDM system with different f —— Uncoded OFDM
- WREBF (1080,540)

decoder structures in indoor
PLC channels [35]

IRRWEF (96,48)
WEF (96.48)

107}

b
B
®o |
(%]
=)

10 12 14 16 18 20
SNR [dB]
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16.6 Wireless Communication Systems for Smart
Buildings

The wireless communication systems are one of the most powerful candidates in
smart homes. Despite offering several advantages in terms of installation and
coverage, the main problems of the wireless systems are reflection, diffraction,
scattering and multipath propagation. Since the local area network (LAN), body
area network (BAN) and personal area network (PAN) are generally utilized to
create small area networks, they can be also employed to define HAN in the smart
homes and nearly zero-energy buildings. Low-cost local network applications are
generally exploited these network schemes. The HAN, which is formed to realize
energy management and demand planning has a small coverage area with low
latency advantage. In addition, the wireless networks contain hierarchical mesh
networks thanks to wireless LANs to interact with electrical home appliances. On
the other hand, wireless sensor networks (WSN) can be also used as an alternative
cost effective solution in the smart homes owing to their low energy requirements.

The wireless PAN (WPAN or IEEE 802.15.4 standard) intends to define the
PHY layer for low data rate, low power consumption, and low-cost network. The
basic PHY layer of the WPAN ensures 256 kbps data rate in the coverage area,
which covers between 10 and 1600 m in the star topology for single-hop,
cluster-tree, and mesh topology for multi-hops. In order to control the entire net-
work, a PAN coordinator is placed in each type of the topology. Moreover, mesh
and tree topologies are required additional router nodes to establish multi-hop
connections between coordinator and devices. The IEEE 802.15.4 standard is uti-
lized in various industrial standards to accomplish monitoring and control appli-
cations. The ISA 100.11a, Wireless-HART, and the ZigBee are the most popular
standards in this classification. The ZigBee is the most distinguished one rather than
the other standards since it is widely approved in both industrial and commercial
applications due to its capabilities on the network management. ZigBee systems
employ digital radios with low power consumption depending on the IEEE
802.15.4 standard. The IEEE 802.11 standards utilize 2.4 or 5.8 GHz frequency
band to standard the PHY and MAC layers of wide LANs (WLAN). The WLANs
promote two different modes called ad hoc and infrastructure. The ad hoc permits
stations to form a wireless LAN automatically where entire stations can commu-
nicate in peer-to-peer architectures with each other. In the second operation mode,
the network contains at least one access point (AP) in its structure and each terminal
is accessed through one or more than one access point to another.

There are various protocols such as Insteon, Z-Wave, SimpliciTI, EnOcean,
Wavenis and Wireless M-BUS in applications apart from the above-mentioned
standards [36]. The Insteon is an automation technology, which can be control
electrical home appliances by using the PLC or wireless communication techniques.
This protocol uses a dual mesh network topology at the 915 MHz frequency band
[37]. The Z-Wave system has widely employed to control home appliances thanks
to mesh network topology [38]. A protocol called SimpliciTI is developed by Texas
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Instruments to provide simple and low-power RF network protocol. This protocol
supports star and peer-to-peer network topology [39]. The EnOcean standard is
firstly utilized automation systems in buildings, and then it is used in different areas
such as industry, logistics and smart homes. The peer-to-peer, mesh and star net-
work topologies can be established in this standard [40]. The Wavenis technology is
introduced by Coronis systems as a wireless protocol to control and monitor several
applications of home and building automation. The Wavenis technology supports
the peer-to-peer, mesh and star network topologies. Although data rates of the
Wavenis can be programmable up to 100 kbps, most applications exploits at 19.2
kbps [36]. The Wireless M-Bus (WM-Bus) standard has recently proposed for
metering applications such as the SMs. The energy requirement of the WM-Bus is
very low owing to used protocol and frequency bands. In addition, the WM-Bus
can allow transmission over longer distances than that of the IEEE 802.15.4
standard [41]. Technical specifications and application areas of the wireless network
protocols utilized in the smart homes are listed in Tables 16.4 and 16.5. All of these
network protocols support power saving feature.

16.7 Conclusions

Smart home systems aim to integrate technology and services to provide a better
living quality. These systems can provide several benefits to users such as con-
necting, controlling and monitoring home appliances. In addition, they can realize
various functions according to predefined circumstances. The entire of these features
can be achieved by the communication systems that are one of the most important
components of the smart homes, smart buildings and nearly zero-energy buildings.
Hence, the wired and wireless communication systems of the smart buildings and
nearly zero-energy buildings are introduced in this chapter. When the wired com-
munication systems are considered, the wired communication systems provide two
crucial advantages such as reliability and insensitivity to interference. Recently, the
PLC systems which are based on the idea of conveying any type of data by
exploiting the power lines originally designed for electrical energy delivery have
gained a great deal of attention in the field of communication, smart grid and home
automation systems. The most important advantage provided by the PLC systems
against the optic fiber and the DSL systems is clearly that they do not require a new
communication medium owing to being power lines in living areas. Therefore, the
strongest candidate among the wired communication systems in the smart homes is
the PLC systems. On the other hand, the wireless technologies can be also consid-
ered to build wireless HAN in the smart homes. Hence, several wireless technologies
that are IEEE or not IEEE based standards are discussed for the smart homes.
The IEEE standards such as ISA 100.11a, Wireless-HART, ZigBee and the Wi-Fi
are the most popular standards in this classification. The ZigBee technology is the
most distinguished one rather than the other standards since it is widely approved in
both industrial and commercial applications due to its capabilities on the network
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management. Although the low-power and low data protocols provided by the
MiWi, ZigBee or Wavenis are sufficient for energy management purposes in smart
homes, the EnOcean and Insteon cannot ensure a satisfactory security feature. As a
final remark, it is important to note that the wired and wireless communication
technologies may be cooperated to establish an efficient, reliable and stable com-
munication environment in the smart homes and smart buildings.

References

1. Suryadevara NK, Mukhopadhyay SC (2015) Smart homes design, implementation and issues,
vol 14. Springer, Switzerland, pp 15-16
2. Shen VRL, Yang CY, Chen CH (2015) A smart home management system with hierarchical
behavior suggestion and recovery mechanism. Comput Stand Interface 41:98-111
3. Wu CL, Fu LC (2012) Design and realization of a framework for human-system interaction in
smart homes. IEEE Trans Syst Man Cybern Part A 42:15-31
4. Wu C-L, Liao C-F, Fu L-C (2007) Service-oriented smart-home architecture based on OSGi
and mobile-agent technology. IEEE Trans Syst Man Cybern Part C 37:193-205
5. Bench-Capon TIJM, Dunne PE (2007) Augmentation in artificial intelligence. Artif Intell
171:619-641
6. Tascikaraoglu A, Boynuegri AR, Uzunoglu M (2014) A demand side management strategy
based on forecasting of residential renewable sources: a smart home system in Turkey. Energy
Build 80:309-320
7. Chen X, Wei T, Hu S (2013) Uncertainty-aware household appliance scheduling considering
dynamic electricity pricing in smart home. IEEE Trans Smart Grid 4:932-941
8. Yohanis Y, Mondol J, Wright A, Norton B (2008) Real-life energy use in the UK: how
occupancy and dwelling characteristics affect domestic electricity use. Energy Build 40:1053—
1059
9. Missaoui R, Joumaa H, Ploix S, Bacha S (2014) Managing energy smart homes according to
energy prices: analysis of a building energy management system. Energy Build 71:155-167
10. OECD/IEA (2013) International energy agency. http://goo.gl/HFwk1J. Accessed 27 Sept
2015
11. Mahmood A, Khan I, Razzaq S, Najam Z, Khan NA, Rehman MA, Javaid N (2014) Home
appliances coordination scheme for energy management (HACS4EM) using wireless sensor
networks in smart grids. Procedia Comput Sci 32:469-476
12. Capitanelli A, Papetti A, Peruzzini M, Germani M (2014) A smart home information
management model for device interoperability simulation. Procedia CIRP 21:64-69
13. Beaudin M, Zareipour H (2015) Home energy management systems: a review of modelling
and complexity. Renew Sust Energy Rev 45:318-335
14. Batista NC, Melicio R, Matias JCO, Catalao JPS (2013) Photovoltaic and wind energy
systems monitoring and building/home energy management using ZigBee devices within a
smart grid. Energy 49:306-315
15. Al-Ali AR, El-Hag A, Bahadiri M, Harbaji M, El Haj YA (2011) Smart home renewable
energy management system. Energy Procedia 12:120-126
16. Siano P (2014) Demand response and smart grids-a survey. Renew Sust Energy Rev 30:461—
478
17. Fangxing L, Wei Q, Hongbin S, Hui W, Wang J et al (2010) Smart transmission grid: vision
and framework. IEEE Trans Smart Grid 1:168-177
18. Kabalci Y (2016) A survey on smart metering and smart grid communication. Renew Sust
Energy Rev 57:302-318


http://goo.gl/HFwk1J

16

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Communication Methods for Smart Buildings ... 489

Ancillotti E, Bruno R, Conti M (2013) The role of communication systems in smart grids:
architectures, technical solutions and research challenges. Comput Commun 36:1665-1697
Galli S, Scaglione A, Wang Z (2011) For the grid and through the grid: the role of power line
communications in the smart grid. Proc IEEE 99:998-1027

Wang W, Xu Y, Khanna M (2011) A survey on the communication architectures in smart
grid. Comput Netw 55:3604-3629

Liu S, Liu XP, El Saddik A (2014) Modeling and distributed gain scheduling strategy for load
frequency control in smart grids with communication topology changes. ISA Trans 53:454-461
Lin YJ, Latchman HA, Lee M et al (2002) A power line communication network
infrastructure for the smart home. IEEE Wirel Commun 9:104-111

Gao J, Xiao Y, Liu J et al (2012) A survey of communication/networking in smart grids.
Future Gener Comput Syst 28:391-404

Gungor VC, Sahin D, Kocak T et al (2011) Smart grid technologies: communication
technologies and standards. IEEE Trans Ind Inf 7:529-539

Gotz M, Rapp M, Dostert K (2004) Power line channel characteristics and their effect on
communication system design. IEEE Commun Mag 42:78-86

Kabalci E, Kabalci Y, Develi I (2012) Modelling and analysis of a power line communication
system with QPSK modem for renewable smart grids. Int J Electr Power 34:19-28

Kabalci Y, Develi I, Kabalci E (2013) LDPC coded OFDM systems over broadband indoor
power line channels: a performance analysis. In: 4th IEEE international conference on power
engineering, energy and electrical drives, Istanbul, pp 1581-1585

Bilim M, Develi I, Kabalci Y (2013) Multiuser communications for broadband indoor power
line channels using IDMA technology. In: 4th IEEE international conference on power
engineering, energy and electrical drives, Istanbul, pp 1586—-1590

Develi I, Kabalci Y, Basturk A (2015) Artificial bee colony optimization for modelling of
indoor PLC channels: a case study from Turkey. Electr Power Syst Res 127:73-79

Tonello AM (2012) Advances in power line communications and application to the smart
grid. In: Tutorial at EUSIPCO, Bucharest

Kabalci E, Kabalci Y (2013) A measurement and power line communication system design
for renewable smart grids. Meas Sci Rev 13:248-252

Canete FJ, Cortes JA, Diez L, Entrambasaguas JT (2011) A channel model proposal for
indoor power line communications. IEEE Commun Mag 49:166-174

Develi I, Kabalci Y (2014) Highly reliable LDPC coded data transfer in home networks by
using Canete’s PLC channel model. Int J Electr Power 62:912-918

Develi I, Kabalci Y (2014) Analysis of the use of different decoding schemes in LDPC coded
OFDM systems over indoor PLC channels. Elektronika Ir Elektrotechnika 20:76-79
Mendes TDP, Godina R, Rodrigues EMG, Matias JCO, Catalao JPS (2015) Smart home
communication technologies and applications: wireless protocol assessment for home area
network resources. Energies 8:7279-7311

Gomez C, Paradells J (2010) Wireless home automation networks: a survey of architectures
and technologies. IEEE Commun Mag 48:92-101

Zensys (2006) INS10244, Instruction, Z-Wave node type overview and network installation
guide. http://goo.gl/y7naF8. Accessed 27 Sept 2015

Friedman L (2007-2009) SimpliciTI: Simple modular RF network developers notes, Texas
Instruments, Inc., San Diego

Li X, Chen G, Zhao B, Liang X (2014) A kind of intelligent lighting control system using the
EnOcean network. In: International conference on computer, information and telecommu-
nication systems, Jeju, pp 1-5

Squartini S, Gabrielli L, Mencarelli M, Pizzichini M, Spinsante S, Piazza F (2013) Wireless
M-Bus sensor nodes in smart water grids: the energy issue. In: Fourth international conference
on intelligent control and information processing, Beijing, pp 614-619


http://goo.gl/y7naF8

	16 Communication Methods for Smart Buildings and Nearly Zero-Energy Buildings
	Abstract
	16.1 Introduction
	16.2 Smart Homes and Energy Efficient Buildings
	16.3 Nearly Zero-Energy Buildings and Renewable Energy Integration in Buildings
	16.4 Advanced Metering Infrastructure (AMI)
	16.5 Wired Communication Systems for Smart Buildings
	16.5.1 Outdoor Application Examples for the PLC Systems
	16.5.2 Indoor Applications for the PLC Systems

	16.6 Wireless Communication Systems for Smart Buildings
	16.7 Conclusions
	References


