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Generation of voltage references using Multilayer Feed Forward
Neural Network.

Abstract. Among the dynamic voltage restorer (DVR) objectives, the protection of sensitive loads against voltage swell/sag voltage, as well as
correction of unbalanced problems. The DVR acts as a voltage source, which is connected in series with a sensitive load and controlled to generate
the required compensation voltages. Many researches were presented in literature to identify the voltage disturbance; one of them is Synchronous
Reference Frame (SRF) method. This paper provides a DVR with identification method based on artificial neural network - the (MLFFN) Multilayer
Feed Forward Neural Network. To investigate this novel method performance, it is confronted with the conventional (SRF) method. All of the studies
have been carried out using the simulation with the MATLAB Simulink Power System Toolbox. The results of simulation study of new DVR detecting
method presented in this paper are found quite satisfactory to eliminate the voltage disturbance from utility voltage.

Streszczenie. Przedstawiono dynamiczny uktad przywracania napiecia DVR jako zabezpieczenie przeciw zapadom napigecia. Ukfad dziata jako
Zrédfo napiecia potgczone w szereg z obcigzeniem. W artykule opisano metode identyfikacji wykorzystujgcg sztuczne sieci neuronowe.
Przedstawiono tez symulacje systemu. (Sterowanie wytwarzaniem napiecia kompensujacego zapady napiecia z wykorzystaniem sztucznych

sieci neuronowych)

Keywords: DVR, Power Quality, Voltage Sag, Voltage Swell, MLFFN, SRF.
Stowa kluczowe: jako$¢ energii, zapady napiecia, napiecie referencyjne.

Introduction

Owing to the rapid technology proliferation in industrial
control processes, as well as the large uses of sophisticated
electrical apparatus, the high power quality is required by
manufacturing factories and commercial electrical
consumers [1]. Therefore electrical Power utility should
continually provide the flow of energy at their customers,
with maintaining nearly sinusoidal voltage at frequency of
50/60 Hz, symmetrical voltage and a constant rms value [2].

The major power quality problems interested by
industries are Voltage sag and swell [3], these problems
occur in the whole plan or in a large part of it, caused by the
Faults at either the transmission or distribution level. The
existence of voltage sag can cause damaged product, lost
production, restarting expenses and danger of breakdown
[4], but voltage swells can cause over heating tripping or
even destruction of industrial equipment such as motor
drives.

In recent years, owing to the rapid improvement in
power semiconductor device technology that makes high-
speed and high-power switching devices. Usable for the
voltage sag or swell mitigation modern power electronic
technology, Dynamic voltage restorer (DVR) has been
considered as an effective solution for this issue, it has
been widely used. DVR is a series custom power device,
which has excellent dynamic capabilities. It is composed of
a voltage source inverter VSI, an inverter output filter, and
an energy storage device that is connected to the DC link
[5].series-connected transformer. The transformer is placed
between the supply and the VSI. The functioning of (DVR)
is to inject a dynamically controlled voltage in series with
the supply voltage through the three single-phase
transformers to correct the load voltage ,as shown in
figure1. Generally, the effectiveness of (DVR) depends on
three design criteria: (i) design of power inverter; (ii) energy
Storage Devices (iii) methods used to obtain the reference
voltage. The presented work was oriented mostly on latter
criterion.

Nowadays, some methods based on artificial
intelligence have been applied In order to improve
processing detecting time of voltage disturbances. The past
decade has seen a dramatic increase in interest Atrtificial
Neural Networks (ANNs) which is characterized by its
learning ability and high speed recognition but simple
structure, the (ANNs) have been applied in many uses in
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the power electronic part of both machinery [6] and filters
devices [7] where it have justified their effectiveness. The
results obtained with ANNs are often better than those of
traditional methods. Indeed, as a result of their capacities to
optimize simultaneously their weights and biases in an on-
line training process, they are able to adapt themselves to
any system.

In this paper, a detection method using artificial neural
network (ANN) is presented which can be utilized in
disturbances detection from distorted wave. This method
can precisely obtain the reference voltage of each phase.
The learning rate can be regulated in a wide range with little
affection on the performance and it has a simple structure
and theory. The performances of the Neural Method are
evaluated under simulation and are compared to SRF
theory.

Utility ¥
voltage Load
sensitive

Fig.1.DVR’s circuit configuration

The power flow Study in the DVR

The DVR is controlled in such a way that the voltage
across the load is always sinusoidal and equal to a desired
value. Therefore, the voltage injected by the DVR is equal
to the difference between the supply voltage and the ideal
desired voltage across the load.

In what follows, the load voltage is considered in phase
with the supply voltage. This is done by injecting a voltage
in phase or in phase opposition with the source voltage
respectively. In cases of voltage sag or voltage swell, this
leads to a bidirectional power flow (DVR-Network) through
the booster transformer. The voltage injected by the DVR
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must be positive or negative, according to the source
voltage amplitude, voltage swell or sag. On account of this,
the reactive power is absorbed or supplied by the DVR.

In this study, the load used has been assumed nonlinear
with a power factor equal to 0.97. The equivalent DVR
single phase circuit is presented in Figure2 below.

Fig.2. Equivalent Circuit of a DVR

with: e, I the supply current and voltage respectively, Vi:
the voltage at the point of common coupling (PCC) A, 1, V;:
the load current and voltage respectively, V;: DVR inserted
voltage.

V, is taken as phase reference and cos ¢, the power
factor corresponding to the load, it can be said that :

(1) vL=VZOO
(2) l'L:]L4_¢L0

@ y.=v, (k)00

where k is the voltage fluctuation factor at the point of
common coupling (PCC) A, defined by:

@ V.V
V.

The inserted voltage by DVR equals:
(5) Vi = VL_VS = _kVLéoo

Supposing that DVR is without losses, the active power
required by the load equals that of the joining point. This
power can be expressed as follows:

® p,-P,
7 Vls=V I .cos9.
(8) VL(]+k)'IS:VL‘1LCOS¢L

L
1+k

© I

cos @,

Equation (9) shows that the source voltage depends on

both the %, cos ¢, factor and the load current /;.
The apparent power absorbed by the DVR can be

written as:

10 §.=v1,

(1) P=V.]scoso==k-V ] coso,
(12) Q=Y ], sing,

Q; = 0, the DVR maintains the unit power factor on the load

side:
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(13) Pi:Vi'IS:7k'VL'IS

Normal operation

In normal operation, the DVR does not exchange any
active or reactive power with the electrical network.

The below vector diagram illustrates the normal
operation.

/
I‘"‘—|
el 4

Fig.3.Vector diagram representing the operating conditions during
the normal operation

Voltage sag case

In voltage sag case: VS<VL, and according to equation
(4), where k <0, it signifies that the DVR injects an active
power to electrical network (P i) ,with a view to
compensate the power injected by the DVR towards the
load,. On the other hand, at the voltage sag time, the DVR
absorbs reactive power (Q i) through the booster
transformer .The below vector diagram illustrates the
voltage sag case:
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Fig.4.Vector diagram representing the operating conditions during
voltage sag

Voltage swell case

In voltage swell case: VS>VL, where k >0, it signifies
that the DVR absorbs an active power (Pi) from the
electrical network. Concerning the reactive power, during
the voltage sag time, the DVR absorbs reactive power (Q i)
through the booster transformer.

Fig.5.Vector diagram representing the operating conditions during
swell voltage

Reference Source voltage Generation
Synchronous Reference Frame (SRF) Method

In order to generate the references
* * *

(V ,V ,V ), the synchronous reference frame (SRF)
ca ch cc

voltages

method is used, which is founded on the instantaneous
values of the source voltage (v, ,v,,V,.) [8]. When a
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disturbance occurs (abnormal condition) and supply voltage
deviates from nominal value, they are spotted by estimate
the deference between the d-voltage of the supply and the
d-reference value. The control algorithm produces a three
phase reference voltage. This reference voltage is fed
through a controller and then the switching signal is
generated to switch the power switching devices of the VSI
such that the DVR will indeed to produce the reference
voltage required by the system. Finally, maintaining the load
voltage at its reference value. This method can be used to
compensate all type of voltage disturbances, voltage
sag/swell, voltage unbalance and harmonic voltage;
nevertheless only voltage sag/swell are studied in this
paper. The difference between the reference voltage and
the injected voltage is applied to the VSI to produce the
load rated voltage as shown in figure 6.During the normal
operating condition (without sag or swell conditions) DVR
operates in a low loss standby mode. During this condition
the DVR is said to be in steady state.

vd —ref

—HF—» VasVysVo
v v v Pand Q
sa® "sb> " sc transformation
Sin-cos
* k %
v 5 v b > v Ny Reference Hf-
ca ¢ cc voltage
calculation vV,,V ,V
&) in d>7q>70
Controlle a-b-c
\'2 —
PWM |yl VSl b

2

Fig.6 .Control of the injected voltage using conventional PI
controller (CPI)
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Fig.7. Neural network for (SRF theory) modelling

MLFFN Based Control Algorithm

Nowadays, one of the most popular topologies in use is
The MLFFN Multilayer Feed Forward Neural Network [9-
10]. This network consists of a set of output neurons and
one or more of intermediate neurons, known as hidden
layers. Firstly, the piece of information feeds through the

Mean
square
error g

computatio

network by the input layer, passes across the hidden layers
and finally moves out via the output layer. A three layer
MLFFN interconnected by weight matrices W and bias
vectors b which are the free parameters, the block diagram
is illustrated by the Figure 7.

In order to modify W and b, the ANN uses the training,
in such a way that the ANN approximates there function to

the system function, the ANN minimizes & the difference
between the actual output y and the reference function.
Each input in the input column vector x is weighted with
an appropriate W. The sum of the weighted inputs and the
bias forms the input to the transfer function f.
The activation vector a is determined as:

(14) a=2(w-x+b)

Neurons can use any differentiable transfer function f to
generate their output. In this case the tan-sigmoid transfer
function tansig function is used in input layer and the hidden
layer.

(1 5) tansig(a) = %_

on the other hand the output layer use the linear transfer
function purelin .

(16) purelin(a) = a

In this work the least mean square error (LMS) algorithm
is used to supervise training, in which the learning rule is
provided with a set of desired network behaviour:

(17) {xﬂyl}'{xz'y?} """"" {xn'y”

Here X is an input to the network, and } is the
corresponding target output. As each input is applied to the
network, the network output is compared to the target. The
error is calculated as the difference between the target
output and the network output. The mean of the sum of
these errors is calculated as:

(18 e=re(k)’

19 o= (y(k)=y' (k)

where y'is the network output, )

put.The objective of The LMS algorithm is to adjust the
eights and biases of the linear network so as to minimize
is mean square error.

is the target

Simulation and Results

To prove the effectiveness of the abovementioned
control methods in providing continuous voltage regulation,
the test system is modeled and implemented in MATLAB
SIMULINK. The test system comprises a 380V, 50Hz
distribution system, represented by a Thevenin equivalent,
feeding a load with 104.4 kVA and the power factor about
0.95. To provide the voltage necessary by the load, a DVR
is connected to the 380V by transformer .this later is
modeled as a linear element. The transformer winding’s
resistances and core saturation effect were neglected. A 4.4
mF capacitor on the dc side provides the DVR energy
storage capabilities.

In simulation, it is assumed that during the period of 0.2
s<t<0.4s, voltages sag is created with a decrease about 0.5
(p.u.) from its reference value by a remote three phase fault
of the supply voltage is occurred. Moreover, the three-
phase unbalanced voltages swell starts at t = 0.6s and ends
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at t = 0.8s, during this fault, the phase A, B and C voltages
increase to 1.5 (p.u.), as illustrated in figure 8(a).
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Fig .8. Simulation result of DVR response to a balanced voltage
sag/swell with SRF method :(a) Supply voltages,(b) injected
voltage,(c) load voltage.
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Fig .9. Simulation result of DVR response to a balanced voltage
sag/swell with (MLFFN) method :(a) injected voltage,(b) load
voltage.

292

In simulations the two different identification methods
were used .Because of the (ANNs) capacities to optimize
simultaneously their weights and biases in an on-line
training process; this approach improves the (DVR)
performance. The compensation result can be seen in
Figure 8and 9.

Conclusions

The mathematical derivation of the SRF theory has
been employed to demonstrate the behaviour of DVR. An
Adaline based identification technique has resulted in
considerable improved performance of DVR. The Adaline
based technique utilizes LMS algorithm to calculate the
weights and biases, and all the calculations are performed
online therefore the algorithm is able to generate reference
voltage components in case of sag and swell voltage.
MATLAB based results have verified the effectiveness of
these identification algorithms.
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