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Abstract — Considering the ideal conditions during the operation of the electrical grid, the electrical
energy supplied to all consumers is expected to be problem-free in terms of power quality. In this context,
the effective value of the voltage and the frequency should be constant, the waveform should be
sinusoidal, and it should not contain harmonic components. Achieving these conditions is not possible
due to the complex nature of the loads in the network. In line with the developing technology, the
increasing prevalence of renewable energy plants, smart building applications and electrical
transportation systems will cause the power quality to deteriorate further with the effect of harmonic
components in the network. The use of non-linear loads and the widespread use of electronic equipment
will lead to an increase in undesirable situations such as losses in power systems, voltage drops,
resonance events, erroneous measurements and wrong decisions taken in control systems. For this reason,
it is necessary to investigate the effects of smart building systems on power quality and to evaluate the
equipment in terms of power quality reliability. In this study, the negative effects of automatic control
systems and electronic circuit-based loads in smart building systems on power quality and their behavior
in the system was investigated. The positive and negative interaction were examined by revealing the
relationship with the existing harmonic components. A mobile application was developed in order to
remotely monitor all power quality parameters. Thus, it was aimed to reduce the failures experienced by
low voltage system users and to contribute to the product design of equipment manufacturers.
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I. INTRODUCTION

Harmonic distortion is often not considered in domestic installations and associated wiring systems as
its potential is considered negligibly small. Various standards exist to limit harmonic manifestations in the
low voltage (LV) network, but these can be violated as a result of electronic equipment developments
used in smart home systems that cause higher levels of harmonic distortion than permitted. While these
devices may not individually be considered serious in terms of system-level harmonic distortion
symptoms, electrical equipment failures and insulation failures suggest that this issue should be examined
more closely.
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A 10% increase in THD in a circuit will result in a 10% increase in cable temperature. Recently,
attempts have been made to introduce harmonic derating factors in BS 7671 to inform the design of
electrical equipment, but this approach currently prioritizes large power devices [1]. Although a wide
variety of definitions have been made in the literature to characterize smart buildings, currently the whole
concept and its characteristics are not clearly and uniquely defined. Analyzing the equipment used in
smart building systems as a source of harmonics and evaluating the entire system is very important for
developers who manufacture and design equipment in this field.

With increasing energy demand and environmental concerns, different approaches are used by
researchers to use active power and energy more efficiently. In terms of energy efficiency, the importance
of the results obtained is quite clear. On the other hand, as a result of the proliferation of smart building
systems, the consumers in the power systems turn into a non-linear load profile and harmonic distortion
will always be a valid concern. This issue has received even more attention in recent years with the
proliferation of electronic devices with nonlinear elements, i.e. the increasing number of power electronic
devices connected to power systems [2-4]. This leads to power quality problems due to harmonic
oscillations in the power grid [5-10]. Moreover, distributed generation has become a real alternative to
improve grid efficiency and reliability. Therefore, power quality is one of the main concerns of both
power plant owners and grid system operators [11].

Numerous studies have concentrated on evaluating the distortion observed in voltage and current
waveforms caused by various devices, including generators, transformers, static compensators,
fluorescent and LED (light-emitting diode) lamps, LCD (liquid crystal display) televisions, household
appliances (such as washing machines, dishwashers, and refrigerators), as well as other contemporary
electronic systems [12-15]. Harmonic distortion commonly originates from two primary sources:
saturable electromagnetic devices and power electronic components. In the case of saturable devices,
harmonics arise due to core saturation, as observed in transformers, electrical machines, and fluorescent
lamps with magnetic ballasts [16,17]. Conversely, power electronic devices, such as voltage source
converters, switching power supplies, power electronic converters, and fluorescent lamps with electronic
ballasts, contribute to harmonics in different ways [18-20]. These distortions, which degrade power
quality in electrical systems, can disrupt the normal operation of electrical equipment and lead to
unpredictable behavior under exposure to multiple frequency components [21-24]. Consequently, various
monitoring techniques have been developed to identify and quantify harmonic sources and their impacts
within the system [25-29].

To address these issues, standards and guidelines have been introduced to regulate harmonic distortion
in electrical systems. For instance, IEEE Std 519™ 2014 recommends maintaining total harmonic voltage
distortion (THDv) below 8% in low-voltage networks (V < 1.0 kV). This threshold is applied at the point
of common coupling and does not extend to individual pieces of equipment [12]. Similarly, IEC Std
61000-3-2 establishes limits for harmonic currents introduced into public power supply networks. This
standard specifies the permissible harmonic components of the input current generated by devices under
defined conditions, covering electrical and electronic equipment with rated input currents up to 16 A per
phase, designed for public low-voltage distribution systems. Notably, systems with nominal voltages
below but not equal to 220 V (phase-to-neutral) remain unaddressed within this framework [30].

Smart buildings require a network and communication center and sensors to connect and manage the
systems. Mobile applications are the user interface that provides access to the entire system [31]. Smart
home applications, often referred to as smart home automation applications, are applications used to
remotely control and manage non-computer connected devices in the home, usually from a smartphone or
tablet [32]. Smart home applications can be single-purpose, such as controlling smart bulbs to automate
and manage a home's lighting system, or they can be used to manage heating and air conditioning,
entertainment systems, doors and windows, window coverings, security systems, and all non-computer
electrical appliances. In addition, smart building systems equipped with appropriate sensors can monitor
the environment and send alerts through the app in case of a problem.

In this study, in order to contribute to the studies in the literature, harmonic measurements covering the
entire system for smart building systems will be made and the negative effects of the results obtained on
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the network are examined. In this context, the relationship and interaction with harmonic distortions in the
grid are investigated. Experimental setups representing smart building systems are composed of building
automation systems, electronic load systems, automation systems, microprocessors. By using independent
experimental sets, both the results obtained from individual measurements were evaluated and the
measurements were repeated by creating a smart building system in which all systems work together. A
mobile application was developed for remote monitoring of the measurements and it was aimed to
monitor power quality parameters with a single application independent of the measurement instrument
manufacturers. Widespread use is targeted with the mobile application covering all manufacturers.

II. MATERIALS AND METHOD

Within the scope of this study, within the facilities of Trakya University, Edirne Technical Sciences
Vocational School, harmonic measurements were made on smart building automation systems, covering
each system component and the entire system. In this section, detailed information about the equipment
and methods are shared.

In the simplest terms, harmonics can be defined as the deviation of current and voltage waveforms from
sinusoidal form. Figure 1 shows the function graph [f(t)] of a waveform containing harmonics [1,2].
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Fig. 1 Sinusoidal wave form include harmonic orders

The concept of harmonics is defined in the Regulation on Quality of Service for Electricity Distribution
and Retail Sales as “Each of the sinusoidal components occurring at frequencies that are integer multiples
of the frequency of the main component in an alternating current or voltage that has been distorted due to
non-linear loads or generators whose voltage waveform is not ideal” [1,2]. THB formulation is shared in
Equation 1.

This expression, which is referred to as THD (Total Harmonic Distortion) in foreign sources, is defined
in the Service Quality Regulation on Electricity Distribution and Retail Sale and Electricity Network
Regulation as “The square root of the sum of the squares of the sum of the squares of the effective values
of the effective values of the voltage harmonic components is the ratio of the effective value of the main
component and is the expression of the waveform distortion as a percentage.”. However, in the
formulation specified in the service quality regulation, harmonic components up to 40th order are taken
into account, while in the network regulation, harmonic components up to 50th order are taken into
account.
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TTB is defined in the same sentence in the Service Quality Regulation and the Network Regulation.
This definition is as follows; “It is the expression of the waveform distortion which is the ratio of the
square root of the sum of the squares of the effective values of the current harmonic components to the
maximum load current (IL). The TTB formulation is shared in Equation 2.

It is defined as TDD (Total Demand Distortion) in IEEE Std 591-2014. The IL value is defined as the
largest of the 15 or 30 minute averages of the principal component effective value of the load current
drawn from the grid connection point during the 12-month measurement period. In this definition, there is
no information about in which cases the 15-minute averages and in which cases the largest of the 30-

minute averages will be taken [12].
40 2
A2 )
il 2
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Harmonic measurements on smart building systems equipment were performed in two steps. In the first
step, automation systems are analyzed with harmonic measurements within the framework of TS EN
61000 and IEEE 519 standards. Measurements were recorded using a power analyzer. In the second step,
harmonic measurements were made using the Lutron DW 6095 power analyzer in our laboratory on the
smart building automation system created by integrating all components. In addition, measurements were
repeated by creating various variations by integrating the load simulations and electronic cards in the
electronic system into the system at different times and numbers. In this context, the evaluation of smart
building automation systems in terms of harmonic source was evaluated in detail to cover different
situations.

All power quality parameters obtained from the experimental setups are saved in a database. With the
help of Kotlin programming language, a mobile application was developed for mobile devices using
Android operating systems to remotely monitor these parameters. The application was created to serve as
an interface on power quality parameters, to provide an overview of the system, to monitor components,
to filter values according to desired time intervals, to monitor threshold values, to change component
status by sending commands to microcontrollers, to warn of possible malfunctions, and to provide reports.

I1l. MEASUREMENT RESULTS

The frequency of alternating voltage in our country is 50 Hz and it is a sine wave alternating voltage. In
the measurement of harmonics formed in sine waves, harmonics can be measured by measuring current
and voltage with the help of an oscilloscope. But because of the difficulty of this measurement, an energy
analyzer was used. When making harmonic measurements, it is necessary to measure a large number of
current and voltage values at short intervals at the same point.

The energy analyzer measures and records three phases simultaneously current, voltage and power
values and these records are graphically recorded and a visual document is created. Energy analyzer
devices generally have the ability to connect directly to the network up to 1000 V. Current measurements
are made with the help of current clamp, i.e. current transformer. In this way, current and voltage values
of all phases are measured. The measurement of power quality parameters of smart building automation
systems was carried out with the Lutron DW-6093 power analyzer shown in Figure 2.
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Fig. 2. Lutron DW-6093 power analyser

First of all, as a result of our researches, Lutron DW-6093 Power Analyzer was preferred by searching
for an energy analyzer that complies with local and international standards such as TS EN 61000, IEEE
1459, EN 50160, IEEE 519 in order to have harmonic measurements with appropriate standards. The
device is manufactured in accordance with IEC/EN 61000-4-15, IEC/EN 61000-4-30, IEC/EN 61000-4-7,
IEEE 1459, IEEE 1448, IEEE 519, EN 50160 standards. During the measurement processes, default
situations were analyzed by choosing time zones where all lighting and motor relays are active. In
addition, resistive load models such as kettle, coffee maker, electric stove and air conditioners were
chosen to represent the loads operated by the smart socket module.

400,00

l:x : V! / ( \\ ‘ ‘,/‘ \ fEXT/AN [ \ [\/) / ; \'1 [ ] & \ ‘f/ \ \ X [ \\‘M

m

Al

10.00 2000 30,00 40.0¢ 50.00 6000 70,00 80,00 90.00 10000 11000 12000 13000 1400X 15000 16000 17000 18000 19000

Start ume offset [ms)

Fig. 3. Voltage and current graphics from power analyser

In order to prevent the system from being affected by the transient situation during operation, the
measurement was started after the luminaires were commissioned. Figure 3 shows the current voltage
graphs. As seen in the measurement results, the frequency varies between 50.008 and 50.01 Hz. Since this
change is very small, it can be considered constant. In Figure 4, Total Harmonic Distortion (THD) is the
most important indicator of the system. The THD value for Phase 1 is 11.66%, THD value for Phase 2 is
10.82% and THD value for Phase 3 is 12.36%. In cases where the determinants of the parameters used in
the analysis of the measurement results were not in line with the relevant standards and the content of the
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publications in the literature, fire detection and security systems were included in the scenarios and the
measurements were repeated. This means that all systems belonging to smart building automation
components are activated. Total Harmonic Distortion (THD) is the most important indicator of the
system. The THD value for Phase 1 is 13.52%, for Phase 2 it is 12.65% and for Phase 3 it is 11.89%.

A commonly used measurement of the deviation of a periodic wave from an ideal sine wave is called
total harmonic distortion (THD) or distortion factor. As a result of THD calculation in a system, it is
possible to say the following for THD values if a rough generalization is made, although it varies from
facility to facility.

- If THDv < 2.5% and THD1 < 10%, there is no energy pollution due to harmonics in the facility.

- If THDv = 2.5 -3% and THD1 > 10%, it is technically appropriate to apply harmonic filtration in the
facility. However, it may not be suitable for economic conditions.

- If THDv > 3%, there is a risk of parallel resonance and the application of a harmonic filtration system
suitable for the plant conditions is the most appropriate solution both technically and economically.
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Fig. 4. THB% and values of phase currents harmonic orders

IEC 61000-2-2 contains voltage harmonic limitations for residential low voltage networks. Detailed
information is shared in Table 1.

Table 1. IEC 61000—2-2 limitations
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n %Vn n %Vn n %Vn
5 6 2 2 3 5

7 5 4 1 9 1.5
11 3:5 6 0.5 15 0.3
13 3 8 0.5 >21 0.2
17 2 10 0.5

19 15 212 0.2

23 15 *Not: k=0.2+12.5/n

25 1.5

=29 k*

When the measurement results obtained from the experimental studies were evaluated within the scope
of the limits specified in the IEC 61000-2-2 standard, it was observed that the limit values were not
exceeded.

IV.MOBILE APPLICATION

At the center of the smart building automation systems application set, which can be seen in Figure 5, is
the Fibaro Home Center controller.
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Fig. 5. Smart building automation systems application kit

The Home Center controller can communicate bi-directionally with all modules connected to it thanks
to the Z-Wave wireless communication protocol. The Home Center also includes an Application
Programming Interface (API) where each module has a Uniform Resource Locator (URL) that can be
interacted with. This interface is a distributed system known as Representational State Transfer (REST),
which includes various functions, protocols and technologies that clients use to access server data. Due to
these technical features of the controller, Node.js and Express.js technologies were used for the backend
operations of the mobile application developed, and MySQL management system was preferred for
database operations.

Node.js is an open source, cross-platform environment that allows the JavaScript programming
language to be run on the server side. Ideal for developing fast and scalable network applications, this
system enables the creation of high-performance and low-latency applications thanks to its asynchronous
input/output operations and event-driven architecture. Express.js is a minimal and flexible web
application framework built on Node.js. It provides a simple and powerful interface that allows for easy
processing of Hyper-Text Transfer Protocol (HTTP) requests and responses, and is an ideal tool for
creating RESTful application programming interfaces to systems that provide REST principles. MySQL
is an open source relational database management system widely used all over the world. It enables data
processing and management operations to be performed with the help of Structured Query Language
(SQL).

On the Android side, single activity and multiple fragment structure is preferred. Fragment/Child View
Controller operation for each screen of the application is as follows.
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Login Screen (LoginFragment/ChildViewController): It contains username and password entry fields.
When the login button is pressed, the backend initiates the authentication process. When the user
successfully logs in, the backend generates a JSON Web Token (JWT) and this sensitive data is encrypted
with Secure SharedPreferences and stored on the user's device. The JWT is validated on every API
request that requires user authorization. However, user passwords are stored in the database after being
passed through a hash function. Since hash functions are non-reversible (one-way) functions, the system
administrator or a potential database attacker has no chance to access the plaintext of the passwords.

Admin Screen (AdminFragment/ChildViewController): Role-Based Access Control (RBAC) is used in
the mobile application. There are two user roles: administrator and user. While users have limited
privileges such as device control and reading logs, administrators have standard user privileges as well as
extra privileges such as adding and deleting users and database management.

Device Control Screen (DeviceControlFragment/ChildViewController): This is the screen where users
can view and control devices according to their authorizations registered in the database. Every operation
to be performed on the devices is performed after the users' authorizations are checked. In addition, a
JWT must be sent with each request and the backend must validate this token.

Graphic and Data Display (GraphicDataFragment/ChildViewController): It is the screen designed to
examine the data obtained from the devices and sensors in the smart building automation system
application set and to create graphics. The open source AnyChart library was used to convert the sensor
data obtained from the database into graphics.

Under Device Sensor Graphs, it is possible to access the graphs created for devices such as temperature
sensor, smoke sensor, wall socket, smart lamp that can be measured within the smart building automation
system application set. The relevant graphs appear to the user primarily on a monthly basis. When any
month is clicked, daily graphs are obtained, and similarly, when any day is clicked, hourly graphs are
obtained.

Under the Power Analysis Data button, the system can display the total Volt, Amper, Hertz, kWh,
THDy and THD, values of all currently active devices. In addition, the application can display warnings
by checking the harmonic order values. Screenshots of the mobile application are presented in Figures 6
and 7.

THDy, J§ THD,

(a) THD value is not out of the limitations (b) THD value is out of the limitations

Fig. 6. Power analysis data screenshots
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Fig. 7. Mobile application instant THD graph screenshot

Three different test environments were created for the designed mobile application. In the first of these,
the mobile application was tested using different simulators in both Android Studio software development
environment. In order to maximize compatibility, care was taken to ensure that the simulators had
different screen sizes, different resolutions and different hardware specifications.

In the second test environment, many different usage scenarios were created using the devices and
sensors in the smart building automation systems application set and each scenario was tested on the
application.

Finally, the mobile application was tested with the help of Google Play Console software, which is the
most frequently used test environment of the application markets of devices with Android operating
system.

V. CONCLUSION

In this study, in order to contribute to the studies in the literature, harmonic measurements covering the
entire system for smart building systems will be made and the negative effects of the results obtained on
the network are examined. In this context, the relationship and interaction with harmonic distortions in the
grid are investigated. Experimental setups representing smart building systems are composed of building
automation systems, electronic load systems, automation systems, microprocessors. By using independent
experimental sets, both the results obtained from individual measurements were evaluated and the
measurements were repeated by creating a smart building system in which all systems work together. A
mobile application was developed for remote monitoring of the measurements and it was aimed to
monitor power quality parameters with a single application independent of the measurement instrument
manufacturers. Widespread use is targeted with the mobile application covering all manufacturers.

The findings obtained from the study are shared below;

e The impact of smart building automation systems on power quality is not corrosive.

e According to the measurement results during different variations, harmonic distortion values are
within the limits specified in the relevant standards.

e In the case of the widespread use of smart building automation systems in homes, the change
characteristics of power quality parameters are emphasized.

e With the developed mobile application, it has become possible to remotely monitor the modules
in smart building automation systems.

e With the instant monitoring of harmonic distortion limit values, fault monitoring is provided on
system components.
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e |t has been observed that monthly, daily and hourly graphs can be monitored successfully and
the mobile application is successful.

e As a result, it was determined that the mobile monitoring application can be used in reducing
economic losses and planning maintenance works.
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