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Abstract:

This paper presents a novel adaptive neuro-fuzzy control
approach for the renewable interfacing inverter. The main
objective is to achieve smooth bidirectional power flow
and nonlinear unbalanced load compensation simultane-
ously, where the conventional PI controller may fail due
to the rapid change in dynamics of the highly nonlinear
system. The combined capability of neuro-fuzzy control-
ler is proved to be advantageous while controlling the
inverter under fluctuating operating conditions. The in-
verter is actively controlled to compensate the harmonics,
reactive power, and he current imbalance of a three-phase
four-wire(3P4W) nonlinear load with generated renew-
able injection into the grid simultaneously. The proposed
system is developed and simulated in MATLAB/Sim-
PowerSystem environment.
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I. INTRODUCTION:

The increasing in global energy demand, air pollution,
global warming and the rapid evaporation of fossil fuel
has made it necessary to look toward renewable sources
as a future energy solution. However, the high penetra-
tion level of these intermittent renewable energy sources
(RESs) poses a great network security. Therefore, the
RESs are required to comply with strict technical and reg-
ulatory frameworks to ensure the safe, reliable, and effi-
cient operation of the overall network. With the advance-
ment in power electronics and digital control technology,
the RES can now be actively controlled to enhance the
system stability with an improved power quality at the
point of common coupling (PCC).
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Recently, a lot of control strategies for renewable inter-
facing inverter have been introduced [1]-[7]. In [8], an
inverter operates as an active inductor at a certain fre-
quency to absorb the harmonic current. A similar ap-
proach in which a shunt active filter acts as an active
conductance to damp out the harmonics in distribution
network is proposed in [9]. In [10], a control strategy
for renewable interfacing inverter based on p—q theory is
proposed. A similar decoupled current control technique
using PI regulator in d—q reference frame is presented in
[11]. The current-regulated voltage source inverters have
a very wide range of applications such as the grid syn-
chronization of RES, static reactive power compensation,
uninterruptible power supply, active power filters (APF),
and adjustable speed drives. However, in the case of the
very first application, the installed inverter rating has a
very low utilization factor due to the intermittent nature
of RES. According to [12] and [13], the expected RES
output during peak is nearly 60% of the rated output, yet
the annual capacity factor may be in the 20%—-30% range.
Therefore, the authors have incorporated the APF features
in the RES interfacing inverter to maximize its utilization
without any additional hardware cost.

Since the inverter works under highly fluctuating operat-
ing conditions, it is not possible to set the optimal value
of gains for the conventional PI regulator [14]-[16]. This
may lead to a false operation of the inverter. To alleviate
this problem, an adaptive neuro-fuzzy controller is devel-
oped, which has well known advantages in modeling and
control of a highly nonlinear system [17], [18]. An adap-
tive error backpropagation method is used to update the
weights of the system for the fast convergence of control.
This paper is organized as follows: Section II presents the
system description and control algorithm for the inverter.
In Section III, the simulation results are discussed, while
the experimental results under different operating condi-
tions are presented and discussed thoroughly in Section
IV. Section V finally concludes this paper.
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II. SYSTEM CONFIGURATION AND CON-
TROL:

The system under consideration with control description
is shown in Fig. 1, where a RES is connected on the dc
link of a grid-interfacing four-leg inverter. The fourth leg
of the inverter is utilized to compensate the neutral cur-
rent of 3P4W network. Here, the inverter is a key ele-
ment since it delivers the power from renewable to grid
and also solves the power quality problem arising due to
unbalanced nonlinear load at PCC. The duty ratio of in-
verter switches are varied in a power cycle such that the
combination of load and inverter-injected power appears
as balanced resistive load to the grid, resulting into the
UPF grid operation.
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Fig. 1. Schematic and control description of proposed
renewable-based distributed generation system.

The renewable source may be a dc source or an ac source
with rectifier coupled to a dc link [19]. The regulation of
de-link voltage carries the information regarding the ex-
change of active power in between renewable source and
grid. The error between reference dc-link voltage (V *dc)
and actual dc-link voltage (Vdc) is given to the neuro-
fuzzy controller, and the same error is used to update the
weights. The output of neuro-fuzzy controller is further
modified by subtracting the renewable injected current
(iRen). This results into the reference d-axis current (i*d),
while the reference g-axis current (i*q) is set to zero for
UPF grid operation. The grid-synchronizing angle (0)
obtained from phase lock loop is used to generate the
reference grid currents(i*a, i*b, and i*c). The reference
grid neutral current i*n is set to zero to achieve balanced
grid-current operation. The hysteresis current controller is
utilized to force the actual grid currents to track the refer-
ence grid currents accurately.
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This enables the grid to supply/absorb only the funda-
mental active power, while the RES-interfacing inverter
fulfills the unbalance, reactive, and nonlinear current re-
quirements of 3P4W load at PCC.

Design of Adaptive Neuro-Fuzzy Controller:

An optimized adaptive-network-based fuzzy inference
system (ANFIS) having a 1:3:3:3:1 architecture is gener-
ated from the initial data using MATLAB/anfiseditor as
shown in Fig. 2. This Takagi-Sugeno-Kang fuzzy model-
based ANFIS architecture has one input and one output,
which is further tuned online using the error backpropa-
gation method as shown in Fig. 3. The error between ref-
erence .
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Fig. 2. Optimized ANFIS architecture suggested by
MATLAB/anfiseditor.
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Fig. 3. Schematic of the proposed ANFIS-based con-
trol architecture.

Layer §

dc-link voltage and actual dc-link voltage (§ = V *dc—
Vdc) is given to the neuro-fuzzy controller, and the same
error is used to tune the precondition and consequent pa-
rameters. The control of dc-link voltage gives the active
power current component (i*d), which is further modified
to take into account the active current component injected
from RES (iRen). The node functions of each layer in the
ANFIS architecture are described as follows:

August 2015




ISSN No: 2348-4845

International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Layer 1: This layer is also known as the fuzzification lay-
er where each node is represented by a square. Here, three
membership functions are assigned to each input. The
trapezoidal and triangular membership functions are used
to reduce the computation burden as shown in Fig. 4, and
their corresponding node equations are given as follows:
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Fig. 4. Fuzzy membership functions.
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where the value of the parameters {ai, bi} changes with
the change in error and accordingly generates the linguis-
tic value of each membership function. Parameters in this
layer are referred as premise parameters or precondition
parameters.

Layer 2: Every node in this layer is a circle labeled as IT
which multiplies the incoming signals and forwards it to
the next layer

pi=pAi (El) e uBi(§2) e e =, i=1,2,3. (4)

However, in our case, there is only one input, so this layer
can be ignored and the output of the first layer will di-
rectly pass to the third layer.Here, the output of each node
represents the firing strength of a rule.

Layer 3: Every node in this layer is represented by a cir-
cle. This layer calculates the normalized firing strength of
each rule as given in the following:

ui

pui= pul+pu2+u3 i=1,2,3.(5
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Layer 4: Every node in this layer is a square node with a
node function

Oi = pie fi = pi(a0i + ali* £),i=1,2,3  (6)

where the parameters {a0i, ali} are tuned as the function
of the input (&). The parameters in this layer are also re-
ferred as consequent parameters.

Layer 5: This layer is also called the output layer which
computes the output as given in the following:

Y =ple fl + p2e 2 + p3e 3. @)

The output from this layer is multiplied with the normal-
izing factor to obtain the active power current component
(1*’d ). The detailed algorithm for the training of the AN-
FIS architecture is given in Appendix II.

II1. SIMULATION RESULTS AND DISCUS-
SION:

An extensive simulation study has been carried out for
the renewable interfacing inverter in order to verify the
proposed control strategy. The system under consider-
ation is simulated using the SimPowerSystem tool box
of MATLAB/Simulink. An IGBT-based four-leg current-
controlled voltage source inverter is actively controlled to
achieve the balanced sinusoidal grid currents at UPF de-
spite the highly unbalanced nonlinear load at the PCC un-
der varying renewable generating conditions. A RES with
variable output power is connected on the dc link of the
grid-interfacing inverter. An unbalanced 3P4W nonlinear
variable load, whose harmonics, unbalance, and reactive
power are to be compensated, is connected on the PCC.

The waveforms of grid voltage (Vg), grid current (ig),
unbalanced load current (il), injected inverter currents
(iinv), and dc-link voltage (Vdc) are shown in Figure the
traces of phase a grid current (iga), phase a load current
(ila), and phase a inverter current (iinva) are shown w.r.t.
phase a grid voltage (Vga). In addition, the waveforms of
grid neutral current (ign), load neutral current (iln), and
inverter neutral current (iinvn) are also shown in the same
diagram. Fig. 7 shows the traces of phase a grid voltage
(Vga) and phase a grid current (iga) on the same plot,
phase a load current (ila), and phase a inverter current
(iinva).
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The main purpose of the proposed control strategy is to
inject the generated renewable active power, load har-
monics, and reactive power in such a way that only the
injection/absorption of the active power takes place in the
grid. Initially, the generated active power is more than the
load active power demand, so the extra generated power
is being injected into the grid. This fact can be verified
from the traces of different currents, where the current
supplied from the renewable is more than the load cur-
rent, so the difference of these is being injected into the
grid as evident from the out-of-phase relation of the grid
voltage (Vga) and grid current (iga). In addition, the in-
verter is also supplying the harmonics, neutral current,
and reactive current component of the load current de-
mand. The Fig.5 shows the MATLAB/SIMULINK model
of proposed system.

-4

=

Fig. 5 simulink model of proposed system

This fact can also be visualized from Figs. 7 and 8, where
the phase a grid current (iga) is purely sinusoidal and in
phase opposition with the phase a grid voltage (Vga).
Here, it can also be noticed that the load neutral current
(iln) is fully supplied by the inverter neutral current (iin-
vn). This results into the zero value of the grid neutral
current (in).

Fig. 5

Fig. 5
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V. CONCLUSION:

This paper has presented a novel adaptive neuro-fuzzy-
control algorithm for the renewable interfacing inverter.
The controller works satisfactorily under the dynamic op-
erating conditions. It has also been shown that the inverter
is able to perform all the duties of the shunt APF while
maintaining the smooth bidirectional power flow simul-
taneously.
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The simulation results supported by the experimental re-
sults are provided to validate the fact that the renewable
interfacing inverter can act as a multi operation device in
order to utilize its maximum rating. The current unbal-
ance, current harmonics, and load reactive power demand
of an unbalanced nonlinear load at PCC are compensated
effectively such that the grid side currents are always
maintained as a balanced set (0% UF) of sinusoidal cur-
rent (2.7% THD) at UPF. Moreover, the load neutral cur-
rent is restricted to flow toward the grid side (almost zero)
by supporting it locally from the fourth leg of the inverter.
When the power generated from the renewable is more
than the total load power demand, the grid-interfacing
inverter with the proposed control approach successfully
fulfills the total load demand (active, reactive, and har-
monics) and delivers the remaining active power to the
main grid at UPF operation.
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