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KPATAK CAIPKAJ

HoBu KOMYHMKalMOHH NMPHUCTYIH Ce MHTEH3UBHO pa3Marpajy 3a mpumjeHe y nameTHoj mpexu. Iloehan 6poj
naMeTHUX Opojuiia y HHCKOHAIIOHCKO] MpexH W ypehaja 3a Mjepeme (a3opa y BHUCOKOHAIOHCKO] MPEXKH
MPOTPECUBHO TpaHC(OPMHUIIE TPATULIUOHAIHY JUCTPUOYTUBHY MpPEXY HHCKE O00CEpBaOMIHOCTH y MOJACPHY
MaMeTHy MpEXy ca AOCTYITHHM Pa3HOBPCHUM MjepHHMM mNojanuMa. KOMyHHMKaIl[MOHM IMPUCTYN 3aCHOBaH Ha
padyHapCcTBY y 00JaKy NpeicTaBiba e(QUKacHO, MOY3JaHO M IOBOJBHO pjelIeHe 3a OCTBapUBAKE MOTOHCKHX
(yHKIMja y TAMETHO] MPEKH, YHje W3BPIIABAkhC HHUje BPEMEHCKH KPUTHYHO. TUINHYaH MPUMjep jeé MOHUTOPHHT
NoKa3aTeJba KBAIUTETa eJIeKTpHyHe eHepruje. Odekyje ce a aHanu3a KBAJMTETA CJICKTPUYHE CHEprHje uMa
3Ha4YajaH yTHIAj Ha IUjeHy eJNEeKTPHYHEe CHepruje M MOYy3MaHOCT Mpexe y Oxmckoj OymyhHocTH, Te je OHa
Hem30jexHa y Oynyhoj maMeTHOj Mpekn. Y OBOM paay je MpeioskeH KOMYHUKAIIMOHH TIPUCTYTI 32 MOHHTOPHHT
KBaJINTETa CJCKTPUYHE CHEpPrHje y MaMeTHO] MPEXH 3aCHOBaH Ha padyHapCTBy y obOmaky. ,,ThingSpeak”
mwiatopMa OTBOpPEHOT codTBepa 3a MpHUMjeHE MHTepHeTa ypehaja je MCKOpHIITEHA 3a MOJCIOBamkE cepBepa
pauyHapcTBa y o00jJaKy, JOK je MOAEN NaMeTHE MpEXe peaJu30BaH IPHMjEHOM IPOrpaMCKOr MaKeTra
»~MATLAB/Simulink”. Jlobpo mo3uata tectHa mpexa ,,JEEE 13-bus” je uckopuinreHa 3a nmpuMjeHy GyHKIHja
MOHHUTOPHHIa KBAJIUTETa €JICKTPUYHE eHepruje. Paznuuutu npumjepu cy AedHHUCAHU Yy CBPXY HCIUTHBAMba
KapaKTepHCTHKA IPEIOKEHOT KOMYHUKAIIMOHOT NpUcTyna. Bemuku Opoj cumysamuja je M3BpILEH y LHUJbY
NOTBpAC e(pHUKACHOCTH CHCTEMa 32 MOHHUTOPHHI KBaJIUTETa eleKTpuuHe eHepruje. [loceOHa aHammza je
nocBelicHa MOHUTOPHHTY HAaIlOHCKOT Mpoduiia Mpexe ca OCHOBHHM LMJBEM JACTEKIHje MMojaBa MOIyT Hpomana
HAIlOHa, IIPEHATIOHA, XapMOHHU]jCKEe IUCTOp3Hje, UTA. JJo0MjeHn pe3ynTaTh jacHO yKa3yjy Ha OpojHe IPeIHOCTH 1
3HayajaH NOTEHLH]jaJl NPEIIOKEHOT IPUCTYIIA.

Kibyune peum: naMeTHa Mpeka, KBUIUTET eJIEKTPUYHE eHepruje, MHTepHeT ypehaja, KOMyHUKauuja |
padyHapcTBO y 00J1aKy, CHCTEM 3a MOHUTOPHHT

ABSTRACT

The new communication approaches are intensively being considered for Smart Grid (SG) applications.
Increased number of smart meters (SM) at low voltage levels and phasor measurement units (PMU) at high
voltage levels progressively transform traditional distribution networks with low observability into modern SG
with a variety of measurement data available. The Cloud-based communication approach represents an efficient,
reliable, and low-cost solution for SG operating functions which are not time-critical. A typical example is the
monitoring of power quality indicators. The analysis of power quality is expected to have a significant impact on
electricity prices and system reliability in the near future and its consideration is inevitable for future SG. In this
article, the Cloud-based communication approach is proposed for monitoring of power quality in SG. Internet of
Things (10T) open-source platform named ThingSpeak is used for modeling of Cloud server, while the SG model
is created using MATLAB/Simulink software package. A well-known IEEE 13-bus test network is used as a
basis for the implementation of a power quality monitoring function. Various case studies are defined to test the
performance of the proposed communication approach. Extensive simulations are performed to validate the
efficiency of the power quality monitoring system. A special analysis is dedicated to the monitoring of the
network voltage profile with the main goal of detecting phenomena such as voltage drop, overvoltage, harmonic
distortion, etc. The results obtained clearly indicate the numerous advantages and significant potential of the
proposed approach.
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1. INTRODUCTION

The most universally accepted standards for power quality are IEEE and IEC standards [1]. IEEE 519-1992
standard [2] defines established limits on harmonic currents and voltages at the point of common coupling (PCC)
or point of metering [3]. Nowadays, the revised version of the IEEE 519 standard [4] is used for guidance in the
design of power systems with nonlinear loads. Distribution and sub-transmission networks with nominal voltage
ranges 120 V - 69 kV and 69 — 161 kV, respectively, are both subjects to analysis in the IEEE 519 standard.
Standards IEC 61000-3-2 [5], IEC 61000-3-3 [6] and IEC 61000-3-4 [7] are relevant for electrical and electronic
equipment intended to be connected to public low-voltage distribution networks. Power quality requirements are
expected to be stricter than ever before in the future SG. The main inputs for power quality analysis are
measurements obtained by monitoring systems. Useful information related to power quality monitoring system
projects is available in [8]. Most of the power quality monitoring systems are specialized for the supervision of
individual generation or load units. There is a very modest research work dedicated to wide area network-based
monitoring of power quality. SG concept opens a new perspective towards wide-area monitoring systems since it
relies on modern communication systems. Therefore, communication systems for monitoring of relevant power
quality indicators are of great importance for SG.

The Internet of Things (loT) in the form of smart devices, communication, and application interfaces is the
leading technology in the SG vision [9]. Intelligent electronic devices (IED) equipped with modules for mutual
and wide-area communication can be used to form loT systems in SG. Advanced communication and
networking technologies are crucial to enable many new monitoring and control functions in SG [10]. loT-based
communication networks have the potential to increase the observability of traditional distribution networks.
Various monitoring functions could be achieved with a higher network’s observability with some capable of
operating in real-time. The Cloud-based communication system is capable to provide real-time monitoring and
control functions in SG [11, 12]. SG is expected to have a distribution network operating (DNO) system with an
online voltage monitoring function. An online monitoring function could be upgraded to support online
monitoring of the most important power quality indicators. Specialized function for online monitoring of
selected power quality indicators using a Cloud-based communication system is the main focus of the research in
this article.

This article is organized as follows. Section 2 gives a brief overview of the most important power quality
indicators, their definitions, and monitoring requirements. The proposed models of the Cloud-based
communication system and SG are described in Section 3. Selected power quality monitoring case studies are
analyzed in Section 4. Section 5 summarizes the most relevant conclusions of the article.

2. POWER QUALITY

One of the major requirements in the operation of the power system is to maintain its reliability, i.e. the stability
of the power quality parameters. Deviations from these parameters have increased in recent times due to the
characteristics of the power system and consumers. There are different definitions of the term power quality.
IEEE Standard 1159-2009 [13] defines power quality as the concept of powering and grounding sensitive
equipment in a manner that is suitable for the operation of that equipment. Generally, the concept of power
quality can be expressed as the measure, analysis, and improvement of the bus voltage to maintain a sinusoidal
waveform at rated voltage and frequency. In this sense, power quality can be divided into terms of voltage and
current quality [14]. Some of the direct consequences of poor power quality can be identified as: machines and
installations overheating and premature equipment aging, problems with relays and switching equipment,
measurement equipment errors, reduced production speed, charges for reactive power, data loss, etc. [15].

The assessment of power quality is reflected in the observation of different quality parameters. In this regard,
power quality (PQ) indicators can be defined. The major issues of power quality include: wave shape distortion,
voltage variations, and electromagnetic interference (EMI) [16]. When the quality of a voltage signal is
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analyzed, several different PQ indicators of voltage distortion can be pointed out such as: voltage sag, voltage
swell, impulsive and oscillatory transient, interruption, voltage fluctuations and flickers, notching, and voltage
unbalance [14]. In addition, system frequency deviations from the nominal value, current and voltage harmonic
distortions are analyzed. Considering the position of the occurrence in the electric utility system, PQ indicators
can be divided into primary or secondary indicators. Indicators related to production, transmission and
distribution of the electric power are designated as primary and include voltage variations, power supply
frequency variations, voltage dips, power failure, temporary surges, and transients. On the other hand,
parameters related to consumer impact are marked as secondary indicators that include harmonics, voltage
fluctuations and unbalances [15].

2.1. Standard-based definitions of PQ indicators

For the assessment of the power quality indicators, there are standard-defined relations and tolerances. A
frequent occurrence related to a voltage distortion in the electrical distribution system, which is analyzed in this
article, is a voltage unbalance. According to [17] unbalance should be calculated using the method of
symmetrical components, as the ratio between the negative and the positive sequence component, expressed as a
percentage [18]. Total Harmonic Distortion (THD) is defined as a mathematical representation of the harmonic
distortion level of voltage and current waveforms. It is equal to the ratio of the RMS harmonic content to the
fundamental [17]. THDs for voltage and current distortion are defined by equations (1) and (2), respectively:

THD, =—L , (1)
THD, = 12— 2)

U; and I, are voltage and current fundamental RMS values. n is the harmonic order number.

Limits for harmonic current emissions (for equipment input current <16 A per phase) are given in international
standard IEC 61000-3-2 [5]. Further, there are several mathematical relations to evaluate other typical PQ
indicators, such as distortion factor or crest factor.

2.2. Monitoring of PQ indicators

For the development of standard procedures in measuring PQ indicators, different editions of the standard IEC
61000-4-30 [19] have been published. According to these, there are classes of measurement systems, depending
on the measuring accuracy. Additionally, one of the frequently used standards in developing a monitoring system
is IEC 61000-4-7 [20] (instrumentation intended for measuring of the harmonic spectrum, frequency range up to
9 kHz).

Some of the common, main functional blocks of the power quality monitoring diagram are: peripheral signal
conditioning circuits, A/D converter circuit, digital signal processing system (DSP), power quality data storage
or data upload [21, 22]. Data acquisition at individual points is performed using instrument transformers, with
signal filtering and elimination of noise. However, PQ indicators like transient and harmonic components require
the use of high-frequency measurements. This also requires a specific memory base. For remote signal
processing or data upload, from multiple distribution network points, different TCP/IP communication systems
can be used. One of the communication systems of this type is presented in this article.

3. CLOUD-BASED COMMUNICATION SYSTEM FOR SG

The technology progress has led to the modernization of the electricity delivery system, making it smart. SG is
an electricity network that uses novel technologies for enhancing the communication, automation, and
connectivity of the diverse parts of the power network. As SG consists of various devices (i.e. micro-grids,
substations, smart meters, communication network devices), the crucial is to realize the successful two-way and



real-time data flow for energy production, transmission, and distribution, control and monitoring, supply and
demand balancing [23]. Smart devices applied in the smart grid environment produce voluminous data whose
collection and analysis have to be accurate and timely in order to make rapid and correct decisions. Due to
limited memory and storage capacity and computation capability of the current power system architecture,
handling massive data efficiently and effectively and its analysis are challenging [24]. Hence, the integration of
new information and communication technologies in SG is mandatory. Cloud computing, as the next-generation
computing and storage paradigm, is an emerging solution to the aforementioned challenges. Cloud computing
integration with the SG provides clean, extremely reliable, elastic, distributed and scalable computing resources
for hosting SG applications, making them accessible to the customers anywhere and anytime [25].

The cloud services can be delivered in three manners [24]: Software as a Service (SaaS), Platform as a Service
(PaaS), and Infrastructure as a Service (laaS). In this article SaaS function with TCP/IP communication system is
used for monitoring and visualization of selected PQ indicators in the SG model.

3.1 MATLAB-based model of IEEE 13 distribution feeder

In this article, the well-known MATLAB-based model of the IEEE 13 Node Test Feeder [26] has been applied
for modeling purposes. This test grid was originally meant to test new power flow algorithms in handling highly
unbalanced three-phase radial systems and is not intended to present a “full-size” distribution circuit [27].
However, IEEE 13 Node Test Feeder is relatively small in size, but it holds really interesting features. It consists
of 13 nodes (Fig. 1(a)), which are interconnected with 10 overhead and underground lines, one generation unit,
one voltage regulator unit, one transformer AY 115/4.16 kV, one in-line transformer YY 4.16/0.48 kV, two
shunt capacitor banks, unbalanced spot and distributed loads. The grid voltage level is 4.16 kV and it is short and
enough loaded [28, 29]. A detailed description of the MATLAB-based model of IEEE 13 is given in our
previous article [12]. The new scenario-specific modifications in the model are described in Chapter 4.

3.2 Real-time communication system for monitoring of PQ indicators in SG

Simulation of a real-time communication system that enables monitoring of SG has been performed with the
help of the open-source 10T platform ThingSpeak [30]. ThingSpeak enables the collection, analysis, and
visualization of real-time data streams in the Cloud. It supports real-time communication, allowing two-way
information flow between the user and the simulated system. Real-time sharing data and remote control between
the feeder model and ThingSpeak 0T platform (Fig. 1(b)) are enabled through the MATLAB/Simulink Desktop
Real-time Toolbox. This toolbox requires a real-time kernel that interfaces with the operating system.
The Simulink Desktop Real-Time kernel gives the highest priority of execution to the considered real-time
executable, allowing it to use the CPU to execute without interference at the chosen sample rate and at the
prescribed sample times. After the execution completed, the kernel releases the CPU to run other operating
system-based applications that need servicing [31].
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Fig.1 MATLAB and ThingSpeak-based modeling: (a) IEEE 13 Node Test Feeder; (b) loT communication
scheme



The proposed simulation procedure uses the Newton-Raphson method for a load flow analysis of distribution
system model. The results of load flow calculations related to selected PQ indicators at desired network nodes
are continuously sent to ThingSpeak at 20 s rates in real-time. The monitoring function is achieved using an
available online visualization tool.

4. POWER QUALITY MONITORING CASE STUDIES

Specific issues in the field of power quality can be conveniently displayed on the described distribution system.
Accordingly, this chapter contains four descriptive scenarios that are relevant to the distribution level of the
electric power system.

4.1 Scenario 1 - reactive power compensation

The first scenario of this analysis is the monitoring of reactive power compensation at certain points of the
distribution network. Namely, the electrical network typically contains elements that absorb reactive power, as
are asynchronous motors, transformers, and other inductive loads. The flow of reactive power can significantly
increase network losses and disrupt voltage conditions. Improvement of the voltage profile can be achieved by
using different devices such as, insertion of distributed generation, a variation of transformer tap positions or
voltage regulators, capacitor or with the application of power electronic devices as are reactive power
compensation — SVC, stationary reactive power compensation technology — STATCOM, static synchronous
series compensator — SSSC [32, 33].

Scenario 1 describes an example of the individual compensation of reactive power. The load used in this
example does not reflect compensation deriving from the symmetrical consumer case and the used capacitor
bank is illustrative in nature. For the first case, there is no additional load at hode 675. The monitoring system
records the data for the calculated load flow, marked as LF1. The case 2 follows and involves an inductive-load
condition, when an additional load at node 675 is connected with the following phase loads: Pa = 485 kW, Qa =
380 kvar; Pg = 68 kW, Qg = 120 kvar; Pc = 290 kW, Qc = 424 kvar (load flow 2 — LF2). After the case 2, case 3
registers the load flow for the distribution system condition, when the capacitor batteries at node 675 are
switched on (LF3). The power of fixed batteries per phase is 200 kvar.

The voltage profile for scenario 1 is presented in Fig. 2. It can be observed that the voltage variation is dominant
for the nodes located in the radial line, in which the additional load is included, in case 2. When the battery bank,
of the experimentally adopted value, is switched on, a more suitable voltage profile is obtained. At that point, the
voltage values are increased compared to the previous case.
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Fig. 2 IEEE 13 network model voltage profile for reactive power compensation scenario:
(a) phase A; (b) phase B; (c) phase C;

Fig. 3 shows recording results, obtained using the analyzed ThingSpeak-based communication system. The
real-time monitoring collects data every 20 seconds, which is sufficient to analyze power quality indicators
related to reactive power compensation in the distributed system. Measurements are shown for the three different
nodes, per phase, and it is concluded that a decrease in voltage level occurs when the inductive load is switched
on. In the third part of the signal, switching on the battery causes an increase in voltage level at all nodes, per
phase, and this increase is not equal due to the unbalance power consumption of the observed node.
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Fig. 3 ThingSpeak-based real-time monitoring of IEEE 13 network model voltage magnitudes for reactive power
compensation scenario:
() node 632 - (a.1) phase A, (a.2) phase B, (a.3) phase C;
(b) node 671 - (b.1) phase A, (b.2) phase B, (b.3) phase C;

4.2 Scenario 2 - evolving line fault

In the second scenario, the voltage changes caused by the occurrence of an evolving fault at certain phases in the
distribution system are simulated. Typical of such events is the appearance of the voltage swell. This occurrence
is defined in [13, 14] as an increase in RMS voltage from 110% to 180% of nominal voltage at power frequency
for a duration from ' cycle to one minute. One of the methods to overcome such voltage disturbance is also the
use of Dynamic Voltage Restorer device - DVR [34]

As a scenario example, the fault location is in the middle of the line 632-633 length. The scenario is divided into
three parts. For case 1 of the monitoring scenario, there is no fault in line 632-633. Power flow is marked as load
flow 1 (LF1). A fault in phase A occurs in case 2, between nodes 632-633, with fault resistance of 1 Q (Load
flow 2 — LF2). In case 3 (LF3), the fault evolves and becomes a phase — phase — earth fault (A — B short circuit)
with fault resistance of 0.1 Q (metal fault). The voltage profile of the IEEE 13 network nodes is presented in Fig.
4. Fig. 5 shows the voltage profile monitoring using a ThingSpeak communication system for the considered
scenario.
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Fig. 4 IEEE 13 network model voltage profile for evolving fault scenario:
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Fig. 5 ThingSpeak-based real-time monitoring of IEEE 13 network model voltage magnitudes for evolving fault
scenario:
(a) node 632 - (a.1) phase A, (a.2) phase B, (a.3) phase C;
(b) node 671 - (b.1) phase A, (b.2) phase B, (b.3) phase C;

The characteristic increase of voltage profile for case 2 (LF2) can be seen in Fig. 4 (b). The significant decrease
in voltage profile is observed for phases A and B in Fig. 4 (a) and Fig. 4 (b) for case 3 (LF3). The voltage values
fall below 40% of the nominal value. The increase of the voltage values can be observed for phase C in case 3
(LF3). Looking at the recorded data on the monitoring system (Figure 5 (a.1), (b.1)) it can be seen that the
voltage drop in phase A was observed and recorded for scenario 2. The characteristic increase in the voltage
profile for the phase — phase fault, presented in Fig. 4, was also recorded at the nodes 632 and 634, for phase ¢ of
the distribution system (Fig. 5 (a.3), (b.3)).

4.3 Scenario 3 - voltage unbalance

One of the common phenomena in the three-phase system is the voltage unbalance, defined as a variation in the
amplitudes of the three-phase voltages, relative to one another. This also results in changes in phase angles. It
arises as a result of different events in the electric power network, especially in distribution systems, such as
single-phase loading, transmission lines that are not transposed, fault in a three-phase capacitor bank, etc [35].

The scenario describing this condition is divided into two cases. In the first one, the voltage at node 680 was
recorded on occasions when there is no additional load unbalance. Thereafter, an additional single-phase load
(Pa =200 kW, Qa = 150 kvar) is switched on, in case 2. For this purpose, a voltage magnitudes and phase angles
for the remote node 632 are shown in Fig. 6. They were recorded on a communication system with the 20-second
sampling. The voltage unbalance, caused by the additional load, which causes changes in magnitudes, is
accompanied by changes in phase angles, as detected by the system. The additional single-phase loading reduced
the amplitude in phase A. Description of this event is also given by the monitoring of the voltage unbalance
factor, as shown in Fig. 7.
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Fig. 7 ThingSpeak-based real-time monitoring of node 632 voltage unbalance

4.4 Scenario 4 - total harmonic distortion

Scenario 4 deals with the impact of personal computer (PC) equipment on the distribution network quality
parameters, in terms of harmonic content. For this purpose, the current harmonic content at three nodes is
observed, node 634, 632, and 675. At first, there is no additional load in the network (Case 1), and then the PC
center load is switched on at node 634 (Case 2). In this sense, the typical load harmonic current content for this
scenario is modeled [36]. Timeseries of voltage and current for the PC loading scenario are presented in Fig. 8.
These are obtained in time-domain simulation by solving a system of differential equations for the IEEE 13
feeder model. The simulation of THD real-time monitoring with MATLAB requires solving harmonic load flows
because the time-domain simulation is significantly slower. This is planned to be solved in future research.

The dominant influence of the current harmonic content is observed at node 634 and 632, for phase A, but for
node 675 it is negligible. The real-time monitoring of current THD for PC loading is not achieved, but rather
indirect monitoring with corresponding results presented in Fig. 9.
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Fig.8 Timeseries of IEEE 13 node currents for PC center loading scenario:
(a) node 634; (b) node 632; (c) node 675;
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Fig. 9 ThingSpeak-based real-time monitoring of IEEE 13 node current THDs [p.u.] for PC center loading
scenario: (a) node 634, (b) node 632; (c) node 675;

CONCLUSION

PQ indicators affect the consumers of a different character. However, they are important for reducing
transmission losses and the reliable operation of the power system. Therefore, the assessment of individual PQ
indicators is gaining in importance. Recording of PQ indicators information becomes more demanding in SG,
given the number of measurement points, from which the status should be monitored, and the amount of data
received. Integration of the new technologies in SG, such as loT-based communication system and Cloud
computing could offer great benefits. This article highlights the possibility of real-time monitoring of PQ
indicators in SG using the ThingSpeak loT platform. The proposed monitoring system is tested using a
MATLAB-based model of the IEEE 13 distribution feeder. The monitoring system used allows different data to
be collected and analyzed from multiple nodes in the distribution system. In order to validate the functional
connection of the proposed monitoring system to the distribution feeder model, several different scenarios of
power quality events have been analyzed. The potential of the real-time monitoring system is revealed and tested
in this research. It is shown that the use of modern communication technology successfully enables the
monitoring of various PQ indicators from the observed distribution system. The proposed monitoring system
could be used in real distribution systems to collect and analyze wide-area measurements from equipment with
TCP/IP communication enabled.

LIST OF REFERENCES

1. Kannan A, Kumar V, Chandrasekar T and Rabi BJ, 2013, “A review of power quality standards, electrical
software tools, issues and solutions”, “International Conference on Renewable Energy and Sustainable
Energy (ICRESE)”, Coimbatore, pp. 91-97.

2. “IEEE Recommended Practices and Requirements for Harmonic Control in Electrical Power
Systems”, “IEEE Std 519-1992”, 1993, pp.1-112

3. Khalid S and Dwivedi B, 2011, “Power quality issues problems standarads and their effects in industry with
corrective means”, “International Journal of Advances in Engineering and Technology”, “vol. 17, pp. 1-11.

4. “IEEE Recommended Practice and Requirements for Harmonic Control in Electric Power Systems”, in
“IEEE Std 519-2014 (Revision of IEEE Std 519-1992)”, 2014, pp.1-29.

5. “Electromagnetic Compatibility (EMC), Limits for Harmonic Current Emissions (Equipment input current
<16A per phase)”, “IEC Standard IEC 61000-3-2”, “vol. 3”. no. 2, 2018.

6. “Electromagnetic compatibility (EMC), Limits - Limitation of voltage changes, voltage fluctuations and
flicker in public low-voltage supply systems, for equipment with rated current < 16 A per phase and not
subject to conditional connection”, “IEC Standard IEC 61000-3-3", “vol. 37, no. 3, 2013.

7. “Electromagnetic compatibility (EMC), Limits - Limitation of emission of harmonic currents in low-voltage
power supply systems for equipment with rated current greater than 16 A”, “IEC Standard IEC 61000-3-4",
“vol. 3”, no. 4, 1998.

8. “IEEE Recommended Practice for Monitoring Electric Power Quality”, “IEEE Std 1159-2019 (Revision of
IEEE Std 1159-2009)”, 2019, pp.1-98.

9. Saleem Y, Crespi N, Rehmani MH and Copeland R,“Internet of Things-aided Smart Grid: Technologies,
Acrchitectures, Applications, Prototypes, and Future Research Directions”, “IEEE Access”, 7. 2019.

10. Alam S, Sohail MF, Ghauri SA, Qureshi IM and Aqdas N, 2017, “Cognitive radio based Smart Grid
Communication Network”, “Renewable and Sustainable Energy Reviews” 72. 2017:535-548

11.Forcan M, Maksimovi¢ M and Forcan J, 2019, “Cloud-based Approach for Real-time Monitoring of Smart
Grid Topology”, “5th Jubilee Virtual International Conference on Science, Technology and Management in
Energy - eNergetics”, pp. 47-54




12.Forcan M and Maksimovi¢ M, 2020, “Cloud-Fog-based approach for Smart Grid monitoring”, “Simulation
Modelling Practice and Theory”, “vol 101”, https://doi.org/10.1016/j.simpat.2019.101988.

13. “IEEE Recommended Practice for Monitoring Electric Power Quality”, in “IEEE Std 1159-2009 , 2009.

14. Kusko A and Thompson MT, 2007, “Power Quality in Electrical Systems”, “Mc Graw Hill”, 225

15. Beleiu HG, Beleiu IN, Pavel SG and Darab CP, 2018, “Management of Power Quality Issues from an
Economic Point of View”, “Sustainability”, 2326

16. “IEEE Recommended Practice for Powering nad Grounding Electronic Equipment”, “IEEE Std 1100-2005”,
2005.

17.“Voltage characteristics of electricity supplied by public electricity networks”, “European norm EN 50160-
20107, 2010.

18. Axelberg P, and Bollen MHJ, 2002, “International Standards for power quality measurement systems”,
“CIRED regional symposium and exhibition on electricity distribution”, Kuala Lumpur.

19. “Power Quality Measurement Methods”, “IEC 61000-4-30:2015”, 2015.

20. “Electromagnetic compatibility (EMC) - Part 4-7: Testing and measurement techniques - General guide on
harmonics and interharmonics measurements and instrumentation, for power supply systems and equipment
connected thereto”, « IEC 61000-4-7:2002+AMD1:2008 CSV”".

21.Zhao Z, 2016, “Research on Power Quality Analysis and Detecting System”, “Joint International Information
Technology, Mechanical and Electronic Engineering Conference”, pp. 514-517.

22.Oubrahim Z, 2017, “On Electric Grid Power Quality Monitoring using parametric Signal Processing
Techniques”, “Université de Bretagne”, Brest.

23.Naveen P, Ing WK, Danquah MK, Sidhu AS and Abu-Siada A, 2016, “Cloud computing for energy
management in smart grid — an application survey”, “IOP Conf. Series: Materials Science and Engineering”,
121 (2016) 012010 doi:10.1088/1757-899X/121/1/012010

24. Allahvirdizadeh Y, Moghaddam MP and Shayanfar H, 2019, “A survey on cloud computing in energy
management of the smart grids”, “International Transactions on Electrical Energy Systems”,
d0i:10.1002/2050-7038.12094

25. Bitzer B, 2015, “Application of Cloud Computing for Power Systems”, “Trivent Publishing”, pp. 112-116.

26. Schneider KP et al., 2018, “Analytic Considerations and Design Basis for the IEEE Distribution Test
Feeders”, “IEEE Transactions on Power Systems”, “vol. 33”, no. 3, pp. 3181-3188.

27.Kersting WH, 2001, “Radial Test Feeders,” in “Proc. IEEE PES Winter Meeting”.

28. Stanisavljevi¢ AM, Kati¢ VA, Dumni¢ BP and Popadi¢ BP, 2018, “A Brief Overview of the Distribution
Test Grids with a Distributed Generation Inclusion Case Study”, “Serbian Journal of Electrical Engineering”,
“Vol. 157, No. 1, pp. 115-129, DOI: https://doi.org/10.2298/SJEE1801115S

29. Stanisavljevi¢ AM, Kati¢ VA, Dumni¢ BP and Popadi¢ BP, 2017, “ Overview of the Distribution Test Grids
With Distributed Generation and HVDC”, “4th International Conference on Electrical, Electronics and
Computing Engineering, ICETRAN 2017”, pp. EEI1.3.1-6.

30. ThingSpeak, [Online]: https://thingspeak.com/

31. “Install Real-Time Kernel”, [Online]: https://www.mathworks.com/real-time-windows-target-kernel.html

32.Aguila Tellez A, Lopez G, Isaac | and Gonzales JW, 2018, “Optima reactive power compensation in
electrical distribution systems with distributed resources. Review,” “Helyion” 4(8):e00746. pp. 1-30.

33.Hong H, Wenmei W, 2015, “Summary on Reactive Power Compensation Technology and Application”,
“2nd Internationa Conference on Intelligent Computing and Cognitive Informatics (ICICCI)”, pp. 225-229.

34.0mar R, Rahim NA and Ahmad A, 2011, “Voltage Swells Improvement in Low Voltage Network Using
Dynamic Voltage Restorer,” “American Journal of Applied Sciences”, “Vol 8”, pp. 55-62.

35.Fuchs Ewald and Masoum MAS, 2015, “Power Quality in Power Systems and Electrical Machines”,
“Academic Press”, 1140.

36. Grady M, 2012, “Understanding Power System Harmonics”, [Online]:
https://web.ecs.baylor.edu/faculty/grady/Understanding_Power_System_Harmonics_Grady_April_2012.pdf




