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ABSTRACT: This paper presents acomparison between the PI controller and Artificial Neural Network controller for
the dual topology of the Unified Power Quality Conditioner (iUPQC) whose application can be extended in terms of
power quality compensation, as well as in microgrid applications. Despite the conventional UPQC power quality
features which includevoltage sag/swell compensation, the iUPQC will also provide reactive power support to regulate
not only the load-bus voltage, but also the voltage at the grid-side bus. In other words, the iUPQC will work as a
STATCOM at the grid side, while providing the conventional UPQC compensations at the load or microgrid side.
Simulation models were created for Pl and ANN controller using MATLAB(r2014a) software to validate the
theoretical considerations.

KEYWORDS: Unified Power Quality Conditioner (UPQC), Artificial Neural Network, Pl Controller, voltage
compensation.

I INTRODUCTION

Power-electronics devices have brought about great technological improvements recently. However, the increase in the
number of power-electronics-driven loads used generally in the industry sector has brought about serious power quality
problems. On the other hand, power-electronics-driven loads usually require ideal sinusoidal supply voltage for their
proper functioning, whereas they are the most responsible ones for abnormal harmonic currents level in the distribution
system.

In this scenario, devices that can effectively mitigate these drawbacks have been developed over the years. One of the
solutions involve a flexible compensator, known as the unified power quality conditioner (UPQC) and the static
synchronous compensator (STATCOM).

The power circuit of a UPQC consists of a combination of two filters namely a shunt active filter and a series active
filter that are connected in a back-to-back configuration. The main advantage of this combination is that it allows the
simultaneous compensation of the load current and the supply voltage, so that the compensated current being drawn
from the grid and the compensated supply voltage that is to be delivered to the load are kept balanced and sinusoidal. In
the dual topology of the UPQC, where the shunt active filter behaves as an ac-voltage source and the series one as an
ac-current source.

The STATCOM has been used widely in transmission networks to regulate the voltage by means of dynamic reactive
power compensation. Nowadays, the STATCOM is largely used for voltage regulation, whereas the UPQC and the
iUPQC have been selected as solution for more specific applications.

Il. MODIFIED iUPQC
The application of the improved iUPQC controller can be explained with the help of Figure 1 which depicts an
electrical system with two buses i.e., bus A and bus B. Bus A is considered as the critical bus of the power system that

supplies sensitive loads and it serves as the point of coupling of a microgrid. Bus B acts as a bus of the microgrid,
where the nonlinear loads are connected, where premium-quality power supply is a must. The voltages at buses A and
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B must be regulated, so that there is a proper supply to the sensitive loads and the nonlinear loads. The effects caused
by the harmonic currents drawn by the nonlinear loads should be mitigated, in order to avoid the harmonic voltage
propagation to bus A.

pramium-guality
= systam power supply for

Figure 1 Electrical System with two buses.

The use of a STATCOM alone to guarantee the voltage regulation at bus A is not enough because the harmonic
currents drawn by the nonlinear loads are not mitigated only with the STATCOM. Instead, a UPQC or an iUPQC
between bus A and bus B can not only compensate the harmonic currents of the nonlinear loads but also compensate
the voltage at bus B, in terms of voltage harmonics, unbalance, and sag/swell. However, this is still not enough to
guarantee the voltage regulation at bus A. Therefore, to achieve all the desired goals, a STATCOM at bus A and a
UPQC (or an iUPQC) between buses A and B should be employed. But, the cost of this solution would be
unreasonably high. An alternate solution would be the use of a modified iUPQC controller to provide the reactive
power support to bus A. The modified iUPQC serves as an intertie between the buses A and B. Moreover, the
microgrid connected to the bus B could be a complex system comprising distributed generation, energy management
system, and other control systems.

The modified iUPQC can provide the following functionalities:
a) “Smart” circuit breaker as an intertie between the grid and the microgrid.
b) Energy and power flow control between the grid and the microgrid.
c) Reactive power support at bus A of the power system.
d) Voltage/frequency support at bus B of the microgrid.
e) Harmonic voltage and current isolation between bus A and bus B.
f) Voltage and current imbalance compensation.
The configuration of modified iUPQC is shown in Figure 2.
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Figure 2 Modified iUPQC

M. IMPROVED iUPQC CONTROLLER

The iUPQC hardware and the measured units of a three-phase three-wire system are used in the controller. Figure 3
show the proposed controller. The inputs to the controller are the voltages at buses A and B, the current demanded by
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bus B (i), and the voltage vpc of the common dc link. The outputs are the shunt-voltage reference and the series-
current reference to the pulse width modulation (PWM) controllers. The voltage and current PWM controllers can be
simply employed, or be improved further so as to deal better with voltage and current imbalance and harmonics.

The voltage at bus Bis imposed by the shunt converter. Therefore, it is necessary to synthesize sinusoidal voltages with
nominal amplitude and frequency. Consequently, the signals sent to the PWM controller are the phase-locked loop
(PLL) outputs whose amplitude is equal to 1 p.u.

In the iIUPQC approach as presented, the voltage reference of the shunt-converter can be either the PLL outputs or the
fundamental positive-sequence component VA+1 of the grid voltage. The use of VA+1 in the controller is to minimize
the power that is circulating through the series and the shunt converters, under normal operation, while the amplitude of
the grid voltage is kept within an acceptable range of magnitude. However, this is not the case here, in the modified
iUPQC controller, since the grid voltage will also be regulated by the modified iUPQC. In other words, both buses will
be regulated independently so that their reference values can be tracked.
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Figure 3 Improved iUPQC controller.

The current drawn from the grid bus (bus A) is synthesized by the series converter. In the original approach of iUPQC,
this current is calculated through the average active power required by the loads P plus the power P .. The load active
power can be estimated by,

Pr=Vii1 a-iL a+V41 g-3L 5

Where, i, i, gare the load currents, and V+1_a, V+1_g are the voltage reference values for the shunt converter. The
average active power (P,) is obtained with the help of a low- pass filter. The losses in the power converters and the
circulating power to provide energy balance inside the iUPQC can be calculated indirectly from the measurement of the
dc-link voltage. In other words, a proportional— integral (PI) controller is used to determine the power signal P\, by
comparison of the measured dc voltage Vpc with its reference value. The additional control loop to provide voltage
regulation like a STATCOM at the grid bus can be represented by the control signal Qstatcom. This control signal is
obtained through a PI controller, in which the error between the reference value and the actual aggregate voltage of the
grid bus is taken as the input value and is given by
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The sum of the power signals P_ and P oss composes the active power control variable for the series converter of the
iUPQC.

(AVA ARTIFICIAL NEURAL NETWORK

An artificial neural network (ANN), usually called neural network (NN), is a mathematical model or computational
model that is inspired by the structure and/or functional aspects of biological neural networks. ANN network consists of
the input layer, hidden layer and the output layer.

Hidden

Input
Output

Figure 4 Three layer neural network

The graphical representation of neurons in ANN is shown in the Figure 5
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Figure 5 Graphical representation of neuron in ANN

There are several types of architecture of NNs. However, the two most widely used NNs are Feed forward networks
and Recurrent networks. In a feed forward network, information flows in one direction along connecting pathways,
from the input layer via the hidden layers to the final output layer. There is no feedback (loops) i.e., the output of any
layer does not affect that same or preceding layer. Feed-forward neural networks, where the data from input to output
units is strictly feedforward. The data processing can extend over multiple (layers of) units, but no feedback
connections are present.

Neural networks are adaptive networks which are composed of simple elements operating in parallel. These elements
are inspired by biological nervous systems. As in nature, the network function is determined largely by the connections
between elements. Commonly, neural networks are adjusted or trained so that a particular input leads to specific target
output. Neural networks have been trained to perform complex functions in various fields of applications including
pattern recognition, identification, classification, speech, vision and control systems. When the inputs of the network
and target outputs are given, back-propagation gradient descent method is used. Because there is no initial knowledge
about connection weights and biases, these parameters should be determined by minimization of error method to
feedforward networks. After their determination, errors are distributed between layers towards backward direction.
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nftool (neural network fitting tool)provides a graphical user interface for designing and training a feedforward neural
network for solving approximation (fitting) problems. The networks created by nftool are characterized by:
a) One hidden layer (the number of hidden units can be changed by the user; the default value is 20)
b) The hidden units have a sigmoidal activation function (tansig or logsig) while the output units have a linear
activation function
¢) The training algorithm is Backpropagation based on a Levenberg-Marquardt minimization method (the
corresponding Matlab function is trainlm

The learning process is controlled by a cross-validation technique based on a random division of the initial set of data
in 3 subsets: for training (weights adjustment), for learning process control (validation) and for evaluation of the
quality of approximation (testing). The quality of the approximation can be evaluated by:
a) Mean Squared Error (MSE): it expresses the difference between to correct otputs and those provided by the
network; the approximation is better if MSE is smaller (closer to 0)
b) Pearson’s Correlation Coefficient (R): it measures the correlation between the correct outputs and those
provided by the network; as R is closer to 1 as the approximation is better.

V. SIMULATION RESULTS

Figure shows the simulation results with Pl and ANN controller for iUPQC.Figure6represents the grid voltage obtained
(a) without PI controller and (b) with PI controller.

Fig. 6 (a) without Pl compensation
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Fig. 6(b) with Pl compensation

Figure 7 represents the grid voltage obtained for linear loads (a) without ANN controller and (b) with ANN controller.

Fig. 7(a) Without ANN controller for linear load Fig. 7 (b) With ANN controller for linear load

Figure 8 represents the grid voltage obtained for non- linear loads (a) without ANN controller and (b) with ANN
controller.

Fig. 8(a) Without ANN controller for non- linear load Fig. 8(b) With ANN controller for non- linear load
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VI. CONCLUSION

Different simulation models were created using Pl and ANN controllers. The effect of Pl controller in voltage
compensation was analyzed. Simulation models were created using ANN controllers. The effect of ANN controller in
voltage compensation while connecting linear and non- linear loads were analyzed.

The simulation results show that the performance of the Artificial Neural Network is superior compared to that of the
conventional PI controller. The proposed system of improved UPQC has the advantages of high reactive power
compensation, power quality compensation, and critical load compensation. Applications of the proposed system are
Smart grids, Microgrids, and distributed generation and energy storage system to better deal with inherent variability of
renewable resources such as wind and solar.
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