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Abstract — Various artificial intelligent techniques are used in more applications, in that techniques Artificial
neural network (ANN) controller is used due to its improved performance compared to Pl, FUZZY and ANFIS logic
controllers. Because of using nonlinear loads the power quality issues are occurred due to distortions in the line
voltage namely sag, swell and harmonics. These issues can cause the damage of the electric equipment’s. By using
special type of power electronic devices called FACTS these power quality issues are reduced. This paper proposes
mitigation of PQ issues in distributed system with unified power quality conditioner (UPQC) by employing artificial
neural network (ANN) controller. The (UPQC) unified power quality conditioner consists of series and shunt
controllers with common DC link capacitor. The offset capabilities of the conventional UPQC system are restricted
by using conventional PI controllers using the DC connected voltage regulation. In the proposed control technique,
the UPQC's compensation potential is improved by the DC voltage estimate and DC voltage regulation dependent
artificial neural network (ANN). The proposed system simulation results are studied and implemented in MATLAB
environment.

Keywords — Power quality, FACTS, Unified power quality conditioner, point of common coupling , PI, FUZZY
controller, ANFIS controller.

l. INTRODUCTION

The power quality is the relation between electrical supply to electrical device. If the electric device
operates correctly without being damaged, we would say the quality of power is good. If it electrical device
damaged we would say that the quality power is poor. Here voltage and current are taken as considerations we
would say good or poor quality [1]. The most of the structures of electrical power is back to back converters. In
admiration to regulating structures, these converters may has various operation in compensation [2]. These
converter may operate as shunt active power filter and series active power filter for mitigating the power quality
issues like reduction of current harmonics and reduction of voltage quality issues [3]. This device named as
unified power quality conditioner.

The unified power quality conditioner is grouping of shunt active power filter and series active power filter
via coupled DC link capacitor [4], it is like same as unified power flow controller. The unified power quality
conditioner is used in distribution system for regulate the current harmonics and mitigation of voltage
disturbances. The unified power flow controller is used in transmission system for control the power flow [6].

The presentation of unified power quality conditioner depending upon how exactly compensation signals
are resultant. The PI based unified power quality conditioner have been widely described [7] but tuning the PI
controller is difficult task and it requiring linear scientific terms which fails to regulate the DC voltage under
higher voltage drop situations. Fuzzy controller also failed to regulates the DC voltage [8]

Importance of the above-mentioned approaches to power quality control. This research gives a
comprehensive description of two most thorough optimisation strategies —Adaptive neuro fuzzy inference
system (ANFIS) and artificial neural networks (ANN). ANN has the capacity to read, recall, and take decisions,
as opposed to traditional controllers and it gives less THD [9, 10]. ANN is instructed to act as a DC-connection
tension estimator and a DC-connection voltage controller in the work proposed [11]. In this paper the
recommended system with comparison of ANFIS and ANN controllers are implemented.

Il PROPOSED SYSTEM

The proposed system configuration of UPQC is indicated in figure.1. Unified power quality conditioner has
2 voltage source inverters with coupled DC link capacitor. One voltages source inverter is connected series with
the electric source. The series voltage source inverter compensates the voltage sag and voltage swell at the point
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of common coupling (PCC). Another voltage source inverter is connected parallel to the load, it can mitigate the
current harmonics at the load. These 2 voltage source inverters controlled by PWM technique
A. Series voltage source inverter

The series VSI also called as series active power filter or dynamic voltage restorer. It is a 3-phase 3-leg
converter which is consist of 6 switches (IGBTs). The 3-phase of AC side connected to transformer primary
winding and secondary winding is connected to the source bus as shown in figure.1. The main objective of this
inverter in injecting the voltage along the AC bus. This series injection of voltage at suitable magnitude and
phase can help for compensates the voltage sag and voltage swell in bus voltage. Voltage swell and voltage sag
can be smoothed by series VSI so the load voltage is fairly stable

B. Shunt voltage source inverter

The shunt voltage source inverter also called as shunt active power filter or distributed static
compensator. It is also 3-phase 3-leg converter. The 3-phase AC side is connected to the AC bus at the pcc
through the reactor and transformer. A pulsed width modulation technique used for controlling the inverter. The
main objective of this inverter is compensate the harmonics.
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Fig.1 Configuration UPQC

111 PROPOSED CONTROL TECHNIQUE

A.Shunt Controller

The below figure.2 shows the controlling circuit of the shunt inverter. The synchronous reference frame
theory with ANN controller is applied for control the shunt inverter. Here load currents are applied to SRF
transformation process dg0_, are moved to dgO- frame using sin and cos functions. These function are taken
from phase locked loop using source voltage. Currents in the SRF are divided into two components shown in
below

[ p <9 27r> (9+2n>]
|cos cos 3 cos 3|

2| . ) 2 _ 27
Iago. = 3 sinf sin (9 - ?> sin (9 + ?> Lope.
| 1 1 1 |
l 2 2 2 J

1)
The AC and DC side elements can passed through the LPF in this section [4];
I =Is+1¢ (2)
Where Ithe shunt inverter is injected current and I is the source current. The injected reference currents are
considered as follows [5];
Ira" = Na" Irg" = 1" (3)
The system currents are considered as follow [5];
Isg" = Ild"'Isq" = Ilq" 4
Altering the loss and power received by a series inverter from a capacitor, can reduce the average power output
of a DC bus. Other distortions such as the unbalanced and unpredictable loading current can cause DC power
outages. To monitor the error occurring between the calculated and the required voltage of the capacitor voltage,
an ANFIS controller is used. This signal control is used;
Iea" =1a" + Alyc ,1eg" = 1" ®)
By reversing a synchronous reference frame, reference currents will be moved to the ABC frame as a
connection (1). The resulting reference currents in the PWM current controller is compared with shunt inverter
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output currents and control pulses required are generated. The required compensation current is used to shut off
the inverter power switches Inverter produced.

pulses

Vim*

Fig.2 Control of block diagram of the shunt converter
B Series controller

The below fig.3 indicates the controlling circuit of the series inverter. Series inverter duty ration is the
compensating voltage distortions induced by the distribution grid.

The voltage reference values injected into the grid via the series inverter are commutated. The load
sinusoidal voltage control strategy is recommended for to control the series inverter. This would monitor the
UPQC series inverter so as to compensate for entire distortions and to help the load voltage to stop. SRF method
is to achieve this objective [8].

pulses

Fig.3 Control block diagram of the series inverter

I ANN controller

The (ANN) Artificial neural network is the data dispensation model i.e., motivated by the way of
biological nervous schemes, such as brain, process data. The model and artificial neural network as indicated in
figure.4. It contains 3 layers namely input, hidden and output layers
The input layer includes units (artificial neurons), on which networks learn about or otherwise process input
from the outside world. The output layer contains units that respond to information about how some task has
been learned. Between input and output layers hidden layers are available. The task of an occult layer is to
convert the input into what the output device can somehow use. Most neural networks are fully connected to
each neural layer in the previous (input) and the next layer (output) to suggest that each hidden neuron is fully
connected to each neuron.

@ Input Layer Hidden Layer @ Output Layer
Fig. 4 Model of ANN
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I Simulation results
The below figure.5 shows the MATLAB/SIMULINK circuit diagram of the recommended UPQC scheme. It
contains nonlinear loads and PV with UPQC.
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Fig.5 MATLAB/SIMULINK circuit diagram of the proposed system

CASE 1 Harmonics withANFIS controller
Figures 6, 7 and 8 indiactes the source current, injected current and load current ressopectively, load and
source currents THDs also shown in fig.9 and fig.10.
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Fig.7 Injected current
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Fig.8 Load current
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Fig.9 Load current THD is 15.58%
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Fig.10 Source current THD is 4.52%

CASE 2 Harmonics With Proposed ANN Controller

Figures 11, 12 and 13 indiactes the source current, injected current and load current ressopectively,
load and source currents THDs also shown in fig. 14 and fig. 15. Comparison of source current and load current
THDs with ANFIS and ANN is shown in TABLE-1
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National Conference on ‘4dvanced Trends in Engineering Sciences & Technology-4TEST’ Organised by RK College of Engineering



80

40 H
20 X
<
5 o
E
H
o
=20 H
40 LJ U H
-60 I
L L 1 1
) 0.1 0.2 0.3 0.4 0.5 0.6
Time (Sec)
Fig.13 Load current
— Signal to analy — Available signal
(@ Display selected signal (O Display FFT window Structure :
Selected signal: 30 cycles. FFT window (in red): 1 cycles loadcurrentann
50 r M 4 [l Input :
et 1
o i Signel unber:
1
50
L L L L L — FFT window-
0 0.1 0.2 03 04 05
Time (s) Start time (s): 0.4
—FFT anal
Number of cycles: 1
Fundamental (50Hz) = 65.37 , THD= 11.30% O ——
T T T T T T T T T
i )
K} ~FFT setting
I Doy sy
£, Bar (relative to fundamental
z
E i
= 4
£ Freauency axis
2, etz
Max Frequency (Hz):
° 0 100 200 300 400 500 600 700 800 900 1000 1000
Frequency (Hz)
Oispiay Close
Fig.14 Load current THD is 11.30%
— Signal to analy 7 Available signal
(® Display selected signal (O Display FFT window Structure
Selected signal: 30 cycles. FFT window {in red): 1 cycles sourcecurrentann v
40 T T T T T nput
20 input 1 v
0 n Signal number:
20+ B ! v
40t ! L ! ! L = FFT windaw
0 041 02 03 04 05 06
Time {s)
Start time (s): 0.4
—~FFT analysi
Number of cycles: 1
- = 0,
Fundamental {50Hz) = 43.65 , THD= 3.40% TR R
T T T T T T T
04 50
=035
] —FFT settings
; 03 Display style
§ 0.25 Bar (relative to fundamental) %
<02 ;
°© 1.0
£ 015 e
requency axis
>
g L Hertz v
0.05 Max Frequency (Hz):
0
0 100 200 300 400 500 600 700 800 900 1000 jiccn!
Frequency (Hz)
Display Close

Fig.15 Source current THD is 3.40%

TABLE-1 COMPARISOIN TABLE

Source current

Load current

ANFIS

4.52%

15.58%

ANN

3.40%

11.30%
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IVV. CONCLUSION

In this paper the performance of the proposed system is implemented with ANFIS and ANN controllers.
The proposed system contains series inverter and shunt inverter via coupled DC link capacitor. The series
inverter can reduces the voltage sag and swell and shunt inverter can compensate the load harmonic current and
reactive power also. ANN based control strategy give less THD at load side and source side compared to
conventional Pl and ANFIS controllers. And it is designed by using SIMULINK/MATLAB environment.
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