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This paper proposes a unified neural network controller in development of series active power filter. Three major
power quality problems considered for this work are harmonics, sags, and interruptions, and dealing with all of them
really needs effective unified algorithm which could adapt with variation of signals. Therefore, Levenberg-Marquardt
(L-M) back propagation algorithm is introduced in this controller which helps the proposed controller to work
properly with dynamic responses with appropriate achievement of convergence. Simulation results clearly show high
performance of the proposed controller with series APF system. Its ability of adaptive estimating enhances the
response time of the system to only one cycle. It performs well under various testing conditions with significant
reduction of harmonics, correction of sags, and fast response to interruptions.
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1. INTRODUCTION

Efficient, reliable and quality electrical power supply is
paramount for the growth of an industrial plant. Rising
number of sensitive digital devices and informatics
applications in nowadays industries has made the
quality of transmitted power to a serious concern[1].
The term “power quality” is investigated from the
aspects of reliability of supply and quality of
transmitted power [2-4]. In general, operating loads
without disturbing or damaging them by utility is
interpreted as the reliability of supply. Therefore,
quality of voltage at point of common coupling (PCC)
could be a main concern of a consumer [5-6]. Voltage
quality at PCC is regularly evaluated as resultant of the
effects of all upstream suppliers. Of course it should be
noted that voltage quality and current quality affect
each other through system and load impedances[7]. The
most pressing voltage quality issues at PCC are voltage
sags, interruptions and power system harmonics [5, 8].
These mentioned problems have considerable effect to
not only on technological site but may affect
economical site too[9]. Voltage sag is a momentary
drop at fundamental frequency in range of 0.1 p.u to
0.9 p.u at rms voltage of line and can last from 0.5
cycle to 1 minute. Practically, abrupt increases in loads

such as short circuits, faults, motor starting and power
factor correction capacitors are lead to abrupt increases
in source impedances that lead to voltage sag [10].
Referring to Bell’s Lab surveys in this area, momentary
voltage sags constitute 87% of power quality problems
especially in low voltage systems[8]. Interruption is the
drop in supply voltage to below 0.1 p.u for a time
period of not exceeding 1 minute. In general, due to
delaying in protective devices and voltage sag may
proceed to interruptions on the source system[7].
Voltage quality problems such as sags and interruptions
are sorted as short-term events. Power system
harmonics are the type of power quality problems that
tend to occur in much longer intervals than sags and
interruptions. Typically occurrence of harmonics is
caused by applied nonlinear devices in distribution
system[11]. Harmonic sources like transformers,
rotating motors and arc furnaces are classified as
conventional type of nonlinear devices. In addition to
conventional nonlinear devices, power electronic
devices are also categorized as harmonic generators
over the past years. Extensive usage of nonlinear
devices such as static rectifiers, adjustable speed drives,
HVDC transmission and switch mode power supplies
are leading to distortion of voltage and current signals
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waveforms[12]. In term of voltage quality at PCC
harmonics are the major reasons to make voltage
waveforms of the supply distorted. Voltage distortion
can cause severe device malfunction and failure which
is commonly remarked as load disruption. Moreover,
equipment losses have been increasing due to the effect
of harmonics which is known as the thermal stress[13].
Harmonics are broadly interpreted as the sinusoidal
voltages or currents with frequencies which are integer
multiples of operational frequency of supply system
[14-15]. Increasing of power consumer interactions in
distribution system and awareness of power costs will
emphasize on local compensation.

An integrated fast local compensation is able to create a
constant power for loads. Active power filters (APFs)
have been introduced as a superior solution for power
quality issues[16-17]. Utilization of APFs can improve
power factor correction of system as well as harmonics
elimination [12]. Majority of researches have
determined series configuration of APF as the most
effective  way for compensating of voltage
deregulations and distortions at the PCC [12], [18].
Section Il in this paper is dedicated to the circuit
configuration and principle of the series APF.
Performance and effectiveness of an APF principally
depends on its controller. Thus, designing a reliable and
integrated controller is a serious concern of this
research area. The controller can keep the load side
voltage constant without adding any risk to the system
stability factors. In this work, the proposed
compensator system employs a unified neural network
controller. Earlier research works have proved
effectiveness of neural network techniques in
controlling nonlinear system [19-21].

The main advantage of neural network over the other
techniques is its ability of online adaptation. Thus, the
controller is able to extract different changes of a non-
linear system and adapt to its variation in real time
[22]. In this work, a feed-forward neural network
controller based on Levenberg-Marquardt (L-M)
algorithm is proposed. Previous research works have
broadly used Widrow-Hoff (W-H) algorithm to train
feed-forward neural networks. Basically, neural
network is applied to controller of the series APF to
extract utility line signal at the fundamental frequency
(which can be 50 or 60 Hz). W-H based controllers are
regularly  suitable for harmonic compensating
conditions due to less variations of the utility line
signal especially in term of its magnitude. Practically,
in W-H weight updating algorithm, a constant learning
rate is chosen [23-26]. This constant value makes W-H
training algorithm unable to converge to the variation
of the signal. In addition to its inaccurate convergence,
the constant learning rate slows down the system
performance. Sags and interruptions are classified as
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sort of problems which are more engaged with dynamic
change in the magnitude of the signal.

Unlike W-H algorithm, the proposed L-M algorithm is
very suited to detect variations in both magnitude and
phase angle of the signal. The Levenberg—Marquardt
(L-M) algorithm blends the steepest descent method
and the Gauss—Newton algorithm. Thus, it inherits the
speed advantage in addition to the robustness [27].
Therefore, L-M algorithm is the modified type of those
algorithms that can approximate the minimum error in
each iteration. Indeed, L-M algorithm includes a
parameter of combination coefficient p (with step 1/p)
in its learning rate calculation. It is used as an
optimizing parameter in learning rate of L-M algorithm
[28-29].

After Section 2, section 3 covers the development and
analysis of the proposed unified controller. Results are
presented in section 4 and section 5 concludes the
work.

2. PRINCIPLE OF SERIES APF

Series APFs broadly consist of two main units:
compensator and controller [12]. The configuration of
series APF is covered in this section. In series APF, the
compensator unit mainly includes four main operative
parts [16]:

1) A voltage source inverter (VSI) with IGBT switches
which is operated by pulse width modulation (PWM).
Output signal of controller unit is the reference signal
for the APF.

2) A DC supply for the VSI. In this work a
rechargeable battery is considered as the supply source
in order to generate proper compensating voltage. The
implemented battery is charged by the utility line.

3) A second order low-pass LC filter is designed to
make the output voltage of inverter in sinusoidal
waveforms and to absorb high frequency switching
noises. Besides duplicating the reference signal of the
PWM, the VSI also generates some other higher-order
harmonics. The transfer function of the low-pass filter
is given by:

Vinj :# (1)
Vi S?LC+1

4) A transformer that connects the APF with the power
line in series. In this work, a linear transformer with
winding ratio of 1:1 is applied. This transformer may
be used as the protection for the applied filter.

Figure (1) shows configuration of the series APF.
Furthermore, to prepare compensating voltage,
calculating the value of voltage sag is a need. Voltage
supply V, with connection of the series APF is:

V, =V, +V, )
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Fig. 1. Configuration of three-phase series APF

Where Vq is the utility grid voltage and V. is the
compensation voltage produced by the series APF.

It is noticed that at normal condition, V. is zero and V,
is equal to Vs For control purposes, a reference signal
Vet is considered as the desired load side voltage; and
in the normal condition the value of V¢ is equal to Vs .
During the voltage sag, utility voltage is obtained from
equation below:

Vs = (1_ S) Vref 3)

Where S represents the amount of voltage drop in
magnitude per unit. Therefore, during the occurrence of
interruption, equations (2) and (3) can also be
considered. Note that, sag and interruption conditions
can cause phase angle shifting [30-31]. Thus, for
synchronizing V., with the new phase angle, a phased
locked loop (PLL) system is considered [32]. This part
is discussed in detail in section Ill. Furthermore, to
compensate the present harmonics at the distorted
voltage source at PCC, the supply voltage Vs is
modeled as below:

V,=VyeSinat+ D Vsinthot—¢) @)
h=3,5,7,...

Where Vs is the measured voltage of the distorted
voltage supply that contains Vg,g as the fundamental
voltage component of the utility line and V, as the
voltage harmonic components and ¢, represents the
phase angle of harmonic order. Therefore, to obtain
constant and clean sinusoidal load side voltage V| ,
series APF needs to produce and inject voltage Viy

equal to voltage harmonics. It could be explained as
follow:

VL 4V, =ViypeSin ot + thsin(ha)t—qﬁh) )

h=3,5,7,...

To generate the desired compensating voltage Vi ,the
controller extracts harmonic voltage components V,, at
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the utility line voltage. This extracted signal is
compared with the triangular wave to produce PWM
switching signals to the gates of the VSI. The output of
the VSI is passed through a LC low-pass filter so that
Vinj consists of only the desired compensating voltages.
Circuit block diagram of the proposed dynamic
compensation approach for voltage sag and harmonics
is shown in figure (2).

V(K))

Neural Network
Adaline structure

Distorted
voltage supply \on-linear|
Vv

Load

Vi (k)

Vi (k)

Vi (k)

Peak Peak Value PLL

Detector

Reference
Controller

Fig. 2. Block diagram of proposed series APF

3. UNIFIED NEURAL
CONTROLLER ARCHITECTURE
In the Fourier series theory, any periodic signal can be
represented by the sum of sine and cosine components
with a suitable coefficient attached to each of these
components [33-34]. Through this concept, the voltage
signal of the utility system at the PCC can be modeled
as:

NETWORK

N
V()= > w,,sin(nat) +w,, cos(nat) (6)

n=1,2,3

Where amplitudes of the sine and cosine components of
the supply voltage V are W,, and W, respectively.

Moreover, n represents the order of harmonic in which
N is defined as the last order of the measured
harmonics.

This concept brings the designed controller to have
three main parts as will be discussed further. The
configuration of the proposed controller is also
depicted in figure (2).

3.1. Neural Network Unit Principle and
Architecture

In this work, a feed-forward neural network based
structure is exploited as the basis of the proposed
approach. The goal is to estimate present harmonic
components of utility line voltage. The conventional
type of neural network based controller extracts
distortion components while its output signal is the
fundamental signal of the supply line voltage. Hence,
the calculation process is complex and time consuming.
Therefore, to enhance the system performance the
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proposed controller is designed to detect and estimate
the nominal voltage signal of supply. This estimation
needs to have a stable convergence to the signal
fluctuation in addition to speed. Thus, the proposed
training algorithm for neural network is Levenberg-
Marquardt (L-M) algorithm. The proposed training
algorithm is applied at the ADALINE structure of
neural network. Basically, ADALINE is suitable to be
utilized as fundamental signal processor since it has
only two inputs and one output. Its structure is shown
in figure (3).

Figure (3) and equation (6), only two weight elements
of fundamental components need to be updated. This
idea is based on orthogonal relationship between vector

X (K) elements. The difference between the actual

value of fundamental components of measured V(k)
and estimated value Vegu(k) is interpreted as the error
e(k).

V(|

Sine/cosine
vector

X(k)
@\ Vest (k)
sin(wt) @—’

B @ e(k)

cos(wt)

Weight
W updating |
algorithm

Fig. 3. Scheme of neural network ADALINE structure

Sy | SN (KAL)

X (= [cos(ka)At)} )
and

W (K) = [W,, W, ] (8)

Where w(k) is a set of weights in each iteration in
matrix form as shown in equation (8). Therefore, to
minimize the value of e(k), an update rule for W (k)
should be interpreted while the output of the neural

network is calculated as below:

V. (K) = w,, sin(kwAt) + w,, cos(kwAt) 9)

The proposed weight updating algorithm for W(k) is
based on L-M back propagation algorithm. L-M is the
modified type Gauss-Newton method while back
propagation is a steepest descent algorithm. Updating

algorithm of Gauss-Newton is presented as follow [27],
[35]:
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W (k +1) =W (k) + (T (k)j(k))lj(k)e(k) (10)

Where e(k) is the sum of squares error (SSE) and can
be calculated as follow:

SSE = Zn:ef (k) (11)
i=1

n is the number of neural network structure output.
Also, from equations (6), (8) and (11) the Jacobian
matrix J(k) can be shown as:

e,
J(k) |:6\Na1 &ij 4

Therefore, from equations (7) and (9) the derived
Jacobian matrix can be rewritten as:

J(k) =[sin(kaAt) costkant)] =X (k) (13)
The relationship between Jacobian matrix J and
Hessian matrix H can be considered as below[35]:

H~J'3J (14)

The Gauss-Newton algorithm is facing a convergence
problem to optimize complex errors; since
mathematically, matrix J'J may not be invertible.
Therefore, to make the approximated Hessian matrix
J"J invertible, another approximation to the Hessian
matrix is proposed by L-M algorithm[28].

H~J J+ (15)

Where p is always positive and called combination
coefficient and | is identity matrix.

Hence, from equation (15), it can be noticed that the
hessian matrix is always invertible since the elements
of its main diagonal are larger than zero.

Therefore, through combination of equations (10) and
(15) the updating rule of L-M algorithm can be written
as below[35]:

Wk +1) =W (K) + (T (K)J (K) + 4 )ﬁ(k)e(k) (16)

Thus, from equations (13) and (16), the implemented
weight updating algorithm based on L-M algorithm
concept is derived as follow:

W (k +1) =W (k) + (Y(k)YT (K) + TYT (K)e(k) 17)

With the Levenberg—Marquardt weight updating
algorithm and the computation of Jacobian matrix, the
next step is to organize the training process. The key
factor for optimizing the training process is the
combination coefficient parameter p. From equation
(17), it is inferred that variations of parameter p is
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directly related to the value changing of error function
e(k). The step size of combination coefficient in each
iteration is 1/p. Therefore, if e(k) keeps increasing in
each iteration, it implies that p could change to larger
value by multiplying to some factor f (f >1). This
procedure continues until the system reaches to the
least value of e(k). On the other hand, parameter p is
divided by B to speed up the system while e(k) keeps
reducing in each iteration.

\ 1w/ \ =
[Jacobian Matrix Computatioa

l

[W(k +)=WK) +(§<(k)§<T ®+ plff (k)e@

Yes

Fig.4. Block diagram of training using Levenberg-
Marquardt algorithm

3.2. Peak Detector Unit

The second part of the controller unit is the peak value
detector. It receives output signal of the ADALINE to
calculate the peak value of the fundamental signal. In
this part, with concept of fast Fourier transform, the
received signal is transferred from time domain to
frequency domain. The peak amplitude value is
memorized by the peak detector at the steady state by
using a MATLAB S-function. The memorized value
has two roles. First, it is utilized as the amplitude
determiner for the reference controller. Second, it is
used to compare continuously with amplitude values of
the fundamental signal of power line and load side
voltage. This comparison is used to determine
magnitude of voltage drop at fundamental frequency.

3.3. Reference Controller Unit

In this part, the reference controller unit is covered.
This unit generates a controlling signal to operate the
compensator unit of series APF during the under-
voltage conditions. Note that phase shifting is also a
characteristic of sag as well as voltage drop. Therefore,
the reference controller utilizes a phase locked loop
(PLL) control system. PLL basically consists of a
variable frequency oscillator and a phase detector. It
operates to match the phase of the generated reference
signal with phase angle variations of utility line signal
by adjusting its oscillating frequency. This oscillator is
technically a zero detector. Consequently, PLL
frequency synchronization can be confronted by
malfunction due to the presence of harmonics. Thus to
enhance the performance of the reference controller, its
input is taken from the neural network structure. On the
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other hand, the output signal of PLL has the constant
magnitude of one. Hence, it is multiplied by the
calculated peak value of the peak detector to achieve
desired reference signal. Thereupon, with the generated
reference signal, the series APF is able to compensate
under-voltage conditions and keep the grid nominal
voltage constant and synchronized.

4. RESULTS AND DISCUSSION

In this section, the results are covered. First, the results
of the proposed neural network controlling system are
discussed. The proposed approach performs an accurate
convergence to the extracted signal with approximation
error of 3x10°. Furthermore, its ability of adaptive
estimating enhances the response time of the system to
only one cycle. Figure (5) shows the estimating of
utility line voltage fluctuations by Levenberg-
Marquardt (L-M) algorithm. The updating value of
combination coefficient of L-M training is depicted in
figure (6).

Levenberg-Marquadet Signal Extractor

T T

400F" T B

200} | '
o& J

-200f 1

Phase a (v)

-400} ‘ , o ]
0 0.2 0.4 0.6 0.8
Time
Fig.5. Neural network performance in extracting

nominal voltage signal fluctuations

The simulation works were performed by using
MATLAB-Simulink tool. The testing was carried out
on the 20kVA three-phase system with 400 V peak.
The planned system contains a three-phase distorted
voltage supply at PCC, a three-phase series APF with
the proposed unified neural network controller.

Updating Values of Combintion Cocfficient

i
ST T T T T T ]

| | | | | | |
o [ 02 03 04 05 06 M
Time

Fig.6. The updating value of parameter p during
variation of nominal voltage signal
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The simulated conditions considered from where the
line voltage distortion at the PCC was induced as a
result of the reactive nature of other loads connected to
the PCC. Two cases of power quality problems were
took under study in this article. The first case contains
of balanced voltage harmonic and sag associated with
unbalanced voltage sag, while the second case assigned
to the conditions of unbalanced voltage harmonic and
sag occurrence at the voltage supply. The simulation of
first case study took place under the following
conditions. At the first step, all three phases were
subjected to the same total harmonic distortion (THD)
value. In the second step, balanced three-phase sag
condition with phase angle shifting occurred on the
supply side voltage at PCC. Then an unbalanced
harmonic distortion was applied on the utility line
voltage at the PCC in the third step. These three steps
in source side voltage fluctuations depicted in figure

™).

Distorted antage Source V

i Mw"“v'“ s

o Di 06 07 [

i ‘h,,w... ‘ FHHWH H".;
x ‘ x fﬁh W ﬁ[r_ W ﬂ"}" J rmr' \' M / v)]
i FETRIRERIRARE
ﬂ l( i‘j l{ A' w lwﬁ 'S{ L

¢ i ,1 AAAAN ‘ ‘f{‘
'JN I \{ wWH\i ‘H‘JN‘J \ \H‘\‘
Fig.7. Waveforms of distorted three-phase voltage
supply for phases (a), (b) and (c)

In the first simulation testing (for 0 < t< 0.2s), the
supply was subjected to three-phase balanced
harmonics.

Table (1) shows the magnitude and phase angle of the
29" order of the present harmonics in this test. The
supply at this stage was remarkably distorted with total
harmonic distortion (THD) of 24.8% at each phase.

Table 1 Three phase balanced harmonic orders and

Vol. 10, No. 1, March 2016

17 26 | 435 26 143 19 33
19 16 29 16 33 16 -
21 25 25 25 135 25 105
23 22 66 22 - 22 163.
25 17 -40 17 | 76.5 17 5
27 15 -80 15 29 15 29
29 145 -95
-54 186
-40 -40
40 -
200

values
Phase a Phase b Phase ¢

Order | Amp. | Ang | Amp. | Ang | Amp. | Ang
M 1O M IO MO
Fundam | 400 0 400 - 400 | 120
ental 23 -43 23 120 23 -43

3 52 -37 52 -43 52 -
5 24 20 24 83 24 157
7 37 51 37 - 37 140
9 29 47 29 100 29 51

11 33 23 33 51 33 -
13 21 33 21 73 21 167
15 20 15 20 - 20 97
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The precise signal tracking by the controller, as can be
seen in figure (5), contributes series APF to reduce the
THD down to 0.7% on each phase. Furthermore, the
speed of system in dynamic compensating is notably
enhanced by the proposed neural network controller.
This capability is more significant in compensating
short term faults like voltage sag. In the second stage
(for 0.2s < t< 0.5s), three-phase balanced sag with 50%
voltage drop and 30° phase angle shifting were applied
at each phase. This sag condition was simulated as
result of starting up of a faulty three-phase motor.
Thus, power system harmonics with THD of 28% at
each phase are also observed along with voltage sag.
Figure (8) as an operation sample of the proposed
system reveals the compensation of harmonics and
voltage sag at the third phase of the supply (phase (b)
with -120° phase angle). The obtained results from
figures (5) and (8) determines that after only half cycle
system is able to perfectly compensate harmonics and
sags.

=

Distorted Voltage

il
bl yf | j» Ma’ ; M}W‘ V

0 01 02 03 03

=

Wlﬂ “” M ' M

06 07 03

=

]

E]

Compensation Voltage

01 02

Fig.8. Performance of series APF in response of sag
and harmonic for phase (b)

The measured THD after the compensation was 0.8%
at each of the phases with an unnoticeable effect of
phase shifting at the load side. On the other hand, at the
third stage (for 0.5s< t), three-phase unbalanced
harmonic with -40° phase shifting was applied at the
supply at PCC.

The phase shifting was determined due to the nature of
nonlinear loads linked to a same PCC. The measured
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THD at this stage was 89% and 21" order of odd
harmonics observed as can be referred to Table (2).

Vol. 10, No. 1, March 2016

results it can be perceived the series APF generates
proper dispensed compensation for each phase.

Load Side Voltage

Table 2 Three phase unbalanced harmonic orders and

values
Phase a Phase b Phase ¢
Order | Amp. | Ang | Amp. | Ang | Amp. | Ang
M IO MO MO
Fundam | 400 0 400 - 400 | 120
ental 120
3 35 42 32 36.5| 40 -22
5 44 -28 45 140 60 199
7 33 -5 33 - 33 171
111
9 42 54 60 78 40 16.5
11 22 71 32 134 25 -
100
13 22 10 55 -99 24 203
15 33 -12 25 23 30 55
17 28 -17 33 143 29 -92
19 14 14 17 -83 27 137
21 18 -7 21 45 235 | 45

The resultant waveforms in figure (9) clearly show that
the series APF is able to adapt instantly with the
variation of distortions. The THD was reduced to 2.6%
as the result of the high compensating ability of the
proposed series APF. Furthermore, simultaneously
convergence of the system output with the variation of
the utility line signal leads to keep the robustness of
compensating process. Therefore, from figure (9), it
can be observed that the adverse effect of voltage sag at
the load side voltage is negligible.

Figure (10) shows an unbalanced three-phase sag
condition (for 0.2s< t< 0.5s) at utility supply at PCC.
Unbalanced sag condition can be caused by
implementation of adjustable speed drive. The
simulated work was done by using controllable voltage
supply. The capability of the proposed series APF in
dynamic compensating of three different voltage drop
condition was evaluated. From figure (10), it can be
observed that phases (a) and (c) subjected to an
unbalanced poly-phase sag condition at the PCC.

The observed sag condition caused 40% and 25%
voltage drop with 45° phase shifting to phases (a) and
(c) respectively. Furthermore, phases (a) and (c) also
faced harmonic distortion with THD of 36% and 30%
during sag respectively. On the other hand, while poly-
phase sag on phases (a) and (c), 95% of voltage drop
caused a single phase interruption to phase (b). The
corresponding response of the proposed series APF to
this condition can be shown in figures (11), (12) and
(13). The fast and robust detection of faults on the
supply leads to generate three different values of duty
cycle by the series APF. Thereupon, from obtained

N
Wi

: ﬁ'\."'\.'A'.;'./"..{'..“.'"\."E".j'("w i 1l

T,

v \.\.|“| RN

phase a
éng%%

!
v Vv

A

s

il 02 03 04 05 0§ or X3

MIHMJ M | J/ i \\HMM p\H } I

VUT VTV VNNV YR Ay VRV UV vy

0 A II.E 03 04 03 0§ o7 D‘E
Time

Fig.9. Waveforms of load side voltage for phases (a),
(b) and (c) respectively
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In the second case study, the voltage supply was
subjected to an unbalanced three phase voltage sag
associated with a single phase interruption and
harmonic distortion. This test was done to verify the
capability of the proposed system in regulating the
voltage source. The observed variation of the utility
supply during the unbalance sags and interruption is

shown figure (10).
|
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Fig.10. Waveforms of supply voltage while harmonic
and unbalanced under-voltage

The acquired results of this special case demonstrate
the effectiveness of the proposed system. In addition,
the compensation process causes no tangible voltage
transients at the load side voltage.

63



Majles

i Journal of Electrical Engineering

Phasea

|

Distoted Voltage

e

-]

118 02 ] 04 03 0§ o7 08

Compensation Voltage

o I

2

B e B8

0l 02 03 04 03 0§ o7 08

Load Side Voltage

e

_'sé

Fig. 11. Waveforms of supply, compensation and load

'§

Dristoted Voliage

&

[Ll( llﬂ” w‘\rw AL, tk

0l 02 03 04 03 08 o7
Time

side voltage respectively for phase (a)

03

- T
lil M | M

i

I
H

=

Compensation Vellage

8

=

Load Side Voltage

m i I il

||‘H| 1 HI\|\||

S

Fig.12. Waveforms of supply, compensation and load

g

[ El.l v} 03 04 ﬂ.i 06 07
Time

side voltage respectively for phase (c)

Phaseb

08

Distoted Voltage
g o

WVW /ﬁ M

\mnmm H \r)\r

=l

01

02

03

04

05

E

Compensation Voltage

=

pen

Hil

M
i

ﬂ

E

S

01

02

03

|
i
|

Load Side Voltage

=

i

M

/ | fl Il

l J

||II|I ,'l.l'l.l'l;'l/l'l;l '\.'\ |

.........

Fig.13. Waveforms of supply, compensation and load

64

03

TIEII!

side voltage respectively for phase (b)

08

Vol. 10, No. 1, March 2016

5. CONCLUSION

In this work, a new voltage compensator for power
system harmonics, voltage sag and interruption has
been proposed. The proposed system utilizes a series
APF with a unified neural network controller. The basis
of the controller is Levenberg-Marquardt (L-M)
backpropagation technique. The applied neural network
algorithm enhances system performance and accuracy
of convergence to the nominal voltage signal. The
simulations results demonstrate its proficiency for
powering load under different under-voltage conditions
and harmonics. The proposed series APF is able to
keep the load side voltage constantly equal to nominal
voltage and clearly sinusoidal. Finally, the proposed
series APF is proven to be able to compensate the
voltage grid faults and distortions at PCC without
adding any risk to the system stability factors. Its
ability helps to maintain quality of end user power
requirements.
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