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Abstract

This paper presents a novel Modular Multilevel Converter—-DSTATCOM topology used to integrate PV
system into the AC Grid. Unlike the conventional MMC topologies, the proposed topology can be applied in
high power applications requiring more voltage levels using less capacitor count maintaining higher
efficiency. The common problem caused within a MMC by the impact of circulating current is eliminated
here by adding it with the input current of each arm. Photovoltaic (PV) System generally uses Power
electronic converters to convert the generated DC into AC by switching ON and OFF of the Power electronic
devices. This leads to the introduction of Harmonics into the power system causing deterioration in the
power quality resulting conductors heating, malfunctioning of fuses, circuit breakers and relays. This paper
introduces an Adaptive Radial Basis Function Neural Network (RBFNN) based on the Synchronous
Reference Frame (SRF) theory which is capable of generating the compensating reference current needed to
extract the total harmonics from the system. It uses a deep learning filtering algorithm based on a hybrid
learning method, which is regarded as the computationally efficient training method with less complexity and
negligible training time. Extensive simulations are carried out in MATLAB software and its performance in
each aspect is analyzed by comparing it with conventional methods. The results obtained show the usefulness
of the novel topology and the proposed algorithm in improving power quality.

Key words: DSTATCOM; MMC; Adaptive RBFNN; SRF; deep learning filtering algorithm.

global deployment records every year with an
average of 125 GW of new capacity annually. The
power generated from the PV system is variable with

Introduction

Increase in consumption of electrical energy has

increased the curiosity in electric power productions
through Renewable Energy (RE) sources. The
awareness among the population on the
environmental impacts of continuous fossil fuel
usage is also a major reason to move towards the
clean energy resources. Solar Photovoltaic (PV) is
regarded as one of the significant low carbon
emitting approaches with less manufacturing cost [1-
2]. From 2021 to 2025, IEA expects solar to set new
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changing environmental conditions. When large scale
PV systems are integrated to the grid, it can cause
voltage and frequency instability. Hence the
standards for integrating the PV system with the grid
have to be followed strictly. Maintaining rated
amplitude and frequency of near sinusoidal voltage
and current in the network as in the grid is called
Power Quality (PQ) [19]. Any deterioration in the
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power quality causes a decrease in efficiency of the
system and leads to wastage of power.

Integration of PV plants into the AC grid includes
power electronic converters for DC to DC conversion
and AC to AC conversion, a transformer and power
filters. The non-linear operating characteristics of the
switching devices used can lead to power quality
problems in the utility grid [4]. The converters inject
harmonics into the grid due to their low frequency
operation to attain desired frequency. Deviation of
frequency from the fundamental frequency is a major
issue in the PV dominated grid. This Harmonics end
up in problems like malfunctioning of fuses or circuit
breaker relays and heating of conductors [5].

Seeking efficient methods to track and eliminate
the harmonics has become mandatory. Harmonic
Extraction falls under three major categories (i)
Frequency Domain Technique (ii) Time Domain
Technique and (iii) Neural Network methods [2]. The
frequency domain techniques depend mainly on the
Fourier transformations that transform the distorted
current and voltage signals from Time domain to the
Frequency domain. Now the fundamental component
can be isolated from the harmonics and then the
compensating signals can be reconstructed. It can be
done in three ways (i) Discrete Fourier Transform
(DFT) (ii) Fast Fourier Transform (FFT) and (iii)
Recursive Discrete Fourier Transform (RDFT). The
main drawback of using frequency domain technique
is that it is complex in computation and also it cannot
be used in for online extraction. Time Domain
Technique in harmonic extraction is of three types (i)
Filter Based method (ii) Instantaneous Power Theory
and (iii) Synchronous Reference Frame method.
Time domain techniques uses filters which are
sensitive to noise and can cause oscillations. It may
need additional PLL resulting in high cost. To
overcome the drawbacks in Time Domain technique
and Frequency Domain technique neural network
methods involving Al filters are used. It has three
major methods (i) Adaptive linear Neuron
(ADALINE) (ii) Multilayer Perceptron (MLP) and
(iii) RBFNN. Comparing to all other networks
RBFNN is found to be more potential as all the other
approaches have multiple disadvantageous impacts
like extensive Harmonics, complexity, excessive
convergence period and lesser reliability [21]-[24].
The Adaptive RBFNN technique based on hybrid
learning algorithm is introduced in this study, which
effectively involves in approximating the nonlinear
operations. Training of data can be done in a
sequential manner and it can give Dbetter
generalization abilities. The optimized result helps in
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generating more accurate reference current when
compared to other conventional methods. This
current component is then injected to the power
system at PCC through custom power devices used
for power quality correction. STATCOM is found to
be a potential choice for RE systems to enhance the
PQ in traditional systems. The main element of the
STATCOM is the Voltage Source Converter (VSC)
which is a Modular Multilevel Converter (MMC) in
the proposed system. One major merit of using an
MMC is that it can possibly interface energy storage
system directly with medium or high voltage grid.
Some other attractive features of MMC are modular
structure, transformer free functioning, easy
scalability, less expenditure, fault tolerant capability
and easy accessibility [6]-[12]. This topology has
typical DC to three phase configuration provided the
problems of circulating current within converter arms
are taken care of.

PV system
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Figure 1. Block diagram of proposed system

Modeling of Solar Photovoltaic Array:

Cells are the basic structure of PV system. Group
of cells are joined to form the panels/modules and
group of panels make the array

practical PV cell

e e 5

ideal PV cell I

Figure 2. Equivalent circuit of PV cell

From the theory of semiconductor current, equation
of ideal PV cell can be derived as
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_ q N

la = locen [exp(——) — 1] 1)
Where lqis the diode current
From Figure 1

I=lpveei- la (2
I = Ipveen - locern [eXp(%) - 1] (3)
Practically diode current can also be expressed as

'U_()
lag= lo (et — 1) (4)

Where a is the ideality constant. For a practical PV
cell with series and parallel resistances
V+IRg

Rp

_ v+IRg
1= Ipveell - locen [eXp( o

) - 1]- (5)

The above equation is for a single diode model.
There are also other sophisticated methods with 2
diodes or 3 diodes. Photovoltaic datasheets provides
PV features, in which Voc n and Isc n represent the
nominal open circuit voltage and short circuit current
whereas Imp and Vmp signify current and voltage at
maximum power point. In addition, Ki and Kv
specify the coefficients of Short circuit current /
temperature and open circuit voltage/temperature
whereas Pmax e represents the maximum
experimental peak output power.

Rs is the sum of several structure resistances and R,
exists due to leakage current depends on the
fabrication process. In practical PV system Ry is high
and R is less. The I-V curve depends on internal
characteristics (Rs, Rp) and external influence like
irradiation and temperature

Py

Figure 3. V-I characteristics of PV cell

Light generated PV current Iy relies on the
influence of irradiation level and temperature. The
equation is

Ipv =( Ipv n + KjAr) Gi (6)

Where, the produced current at nominal state id
signified as Ipv n, the difference among actual and
nominal temperatures is signified as Ar, irradiation
on surface of device is signified as G and nominal
irradiance is signified as Gn.

Diode saturation current based on temperature

Page 101

n E
lo = lon ()%exp [ 2 )] ()
Band Gap energy Eg = 1.2ev (for Si at 25°¢) from
the diode equation,

_ Iscn
|on B ex (m)—l (8)

aVtn
Nominal saturation current lon can be indirectly
attained through equation (8).The ideality factor a
can be ranging from 1< a < 1.5. The photovoltaic

model can be improved by modifying the equation as
lo= Isc n+k;Ar (9)

0 exp(Vocg;—tI;vAT>_1

The value of band gap energy E4 for T= Tmax can

be found from equation (7) as

Isc Tmax Tn )3 KT T
— Io Tmax alkinimax
Eg =-In (ex (q Voc Tmax) )

(10)
aNsKTmax -1 4(Tn—Tmax)

Here V[ = NSTkT ; Isc Tmax = ISC n + Ki AI ; VOC Tmax:

Voc n + KAt ; Ar=Tmax-Th.

The only values remaining unknown are the series
and parallel resistances Rs and R, which can be
determined by comparing Pmaxm = Pmaxe ;
Pmax m is the maximum experimental power given
in the datasheet and Pmax e is the maximum

experimental power at the maximum power point.

1% +RgI
Pmax m = Pmax e = Vip[lp-lo(exp—= s _

E aNg
Vmp+RsImp
1) - Lmersimyy (12)
14

R.= Vmp(Vmp+RgImp)

P Vmplpv-Vmpl exp(W)+Vmplg—Pmax e

N

(12)

The value of Rs and R, can also be found from the
iterative method. The aim is to determine the Rs
value from which the value of R, can be found. The
iterations are done until
Pmax m = Pmax e

Iterative method helps to improve the model. Every
iteration updates the Rs and R, towards the optimal
solution
Ipvn= Bs*Rp1sc n (13)

Rp

The above equation gives the light generated
current Ipv. Rs and R, are initially unknown. Initial
guess of Rs and Ry are necessary before the iteration.

Initial value of Rs is Zero and R, can be found by
Rp nin= Vmp _ Vocn-Vmp (14)

Iscn—Imp Imp

The above equation gives a good initial guess of R,
Maximum Power Point Tracking (MPPT)

For extracting the maximum power from
Photovoltaic array, global MPPT algorithm is
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employed. All the panels are assumed to operate at a
same temperature and irradiation. Therefore only
current and voltage from one sub module can be
considered. Initially the PV voltage is set to open
circuit voltage and the current at Voc is zero. A small
change in voltage (AVpv) is made. The power at K"
instant is given as
Ppv = Vpv(K)Ipv(k) (15)
APpv(k) and AVpv(k) are calculated and% can
be determined. The PV panel reaches to maximum
. . |APpv .
power point |f|F|S e. where ¢ is a very small
pv

number.

Vol = Vol + A

Vol = Vol 4T

Figure 4. Flow chart of MPPT algorithm

Modelling of 5 level MMC Topology:

Modular Multilevel Converters are the subfamily
of multilevel converters. Multicell converters are
known for its high degree of modularity, lowest
expense for redundancy, lowest harmonic content
with large number of output levels, Simple structure
and less manufacturing cost. Modular Multilevel
converter being a Multicell converter has attracted
the attention of industries that are being developed as
a solution for HVDC transmission. The introduced
MMC has a DC to three phase converter
configuration and a half bridge power cell topology.
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The half bridge methodology is used as DC source
since it can operate only on positive and zero
voltages. An arm inductances ‘L’ is series linked all
groups of cells for limiting the current because of the
rapid voltage variations of arms. The complexity and
time consumed can be reduced by considering all
power cells in all arms as one equivalent voltage
source during simulation. The output of the
simulation model can be further refined by including
the effects of switching and the dynamic behavior of
capacitor. For stable operation of MMC, the average
capacitor voltage, impact of circulating currents,
stress on power cells have to be adjusted and
controlled. Many control strategies and sorting
algorithms has been proposed in the literatures.
However these methods lacked efficiency and
requires extreme convergence period. In case of
sorting algorithms, the process of selecting ideal
position is highly complex. In the proposed method,
the capacitor voltage imbalance among the arm can
be controlled by distributing energy between the
arms by varying current reference. In addition, the
voltage imbalance within each arm is regulated by
modifying the converter switching pattern.

I Phase v

Figure 5. Topology of MMC-DSTATCOM
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PHASE -W

PHASE-V

PHASE-U

Figure 6. Configuration of MMC- DSTATCOM for grid
connected PV system

Figure shows the 5 level three phase MMC
topology where each phase leg has two sub modules.
Each submodule produces an voltage level of either
V4 or 0. Considering two sub modules the sum
ranges from 0 to 2 V.. The sub module in each arm
is considered as a voltage source say vy, Vny the
upper and lower arm voltages. Similarly Ipx and Inx
are the currents in each arm. X refers to the phase v,
is the ac output voltage of phase X. The aim of the
MMC is to control the voltages in both the arms and
maintain it to be sinusoidal with DC offsets less than
half of the DC link voltage with opposite phases.

Considering any phase x

Applying KVL
—Vdc = VUpyt Ldlpx + Ripx + v, (16)
%Vdc = Vp, + 7 + Rinx — v, @an
Applying KCL
ix: ipx'inx (18)
Assume a variable vy,
1
V1x= E (vpx - vnx) (19)

Substituting equation (18) and (19) in (16) and (17)
we get
—Ld;x +-= Rlx = —VUy — Vqy (20)
As the Iow frequency voltage drops are lesser than
Vy, the ac voltage (vx) can be found by v;, when the
MMC works as an inverter without current control.
Assume a control variable v,, as
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Vo = % (vpx + vnx) (21)
The circulating current i, flows through both arms

ix=(ipx + inx) (22)
Substituting equation (21) and (22) in (17) and (18)

we get

L dlz" + Ri,, = %Vdc — Vyy (23)
Accordlng to KCL

la = fpx = inx = 5 (i + ) = g (24)

The above equations show that the DC link
voltage is continuous and the circulating current i,
is regulated by V2. The DC component of i,,
governs the average power at the DC side.

Capacitor voltage balancing in proposed
method is done by controlling the energy stored in
the capacitor of each arm

Wepx = 2 Cvcpsz (25)
1
VVcnx = Ecvcnsz (26)
Total energy
Wex = chx + Wenx (27)
Ignoring power losses, the power relationship are
dWc x dipx
p = (_ Vdc —Ux — L dp Rlpx) lpx (28)
dchx —_— leLX
Tar (E Vdc + U — Ld_ - Rlnx) lnx (29)

Considering the inductor to filter the harmonic
components and assuming ac side voltage and current
to be sinusoidal
v, = Vx Sin(wt) (30)
i, = Ix Sin(wt - ¢) (31)

Substituting equations (28) to (31) in 27 we get

X
d‘:;%= IVCOS(p R( )2 4

@) — EwLI,? sin( 2wt — 2¢)

VI, cos( 2wt —

awg, . 1 . ix
i = Wactzs +3 il cos — 2RiZ — R (22]+
[lVI cos(2wt — @) + R (l—")2 cos( 2wt — 2¢) —
—a)LI2 sin(2wt — 2¢) — 2L = dlzx (33)
The Power flowing in the capamtor in each phase
owns of DC elements (Pox) and low frequency

ripples (Paex & Pacx). Ignoring ripples, Pocx is used to
control the total energy stored in the capacitor
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Figure 7. Total Energy Control

Modes of operation of the proposed 5-level MMC
(Figure.) can be understood from the Table 1 given
below considering phase ‘v’

Table 1. Modes of operation in MMC

di | d; |d2 | dy |G | G | G2 | Gy \? C?lf[g;;[e
v v v v 2Vdc
v v v v vde

v v 0
7 v v | vde
v v v v -2Vdc

Modified Instantaneous PQ theory:

H. Akagi, Kawakawa and Nabar in 1984
introduced the active and reactive power theory
called the PQ theory. Since then, many contributions
were given as modification to this theory. This theory
can be applied for a steady state or transient state 3@
system with or without the neutral wire. The success
of the PQ theory depends on the methodology used
for the decomposition of the P and Q signals into
their constant and oscillating part. In the proposed
modified PQ method, harmonic elimination is carried
out for attaining sinusoidal output. The sinusoidal
source voltage is then used for calculating the active
and reactive power. The block diagram representing
this entire process is significantly illustrated in the
subsequent figure.
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Figure 8. Block diagram of modified P-Q Theory

The a-b-c coordinates of source voltages in 3
phases (Vs Vs, Vsc ) get converted into to a-8, which

is expressed as,
vsa
Ush
USC

[Vd] _ \F [sinwt cosa)t] 1

Vq 3 l=coswt —sinwtl |,

Vo]l _ [ coswt  sinwt] [Va

[VB]_[—sinwt cosa)t] Vs (34)

(33)
The load currents in all the 3 phases (iLa, iLb, iLc ) are
recognized and the coordinates are converted from a-

I
“lg L
S gl

w -

b-c to a-B- 0.
L 1 1
fo 2 v ﬁl ﬁ1 Ha
g =\/; L =3 —7||w (3%)
B 0 B V3| Lle
2 2

The active and reactive power values are computed
by multiplying the instantaneous «, f components of
currents and voltages

p _ 2 Va VB ia
A= 15, Il (39)
[l A @
icg” Vo4V g? Vg W q
Ap=P_0+Ploss (38)
Here, P, signifies the required power of balancing
the power inside the converter whereas Py,
signifies the average loss inside converter, which is
obtained as,
m = kpAVdC + Ki f AVdcdt (39)
Where k, and K; represent proportional and
integral gains of Pl controller. Finally, Reference

filter currents i.,", i.," and i " in the three wires of
the MMC can be obtained by following equation
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1
ica vl ico”
ca 211 1 3 c0
* P
= 5l - =i
beb. \/; z 2 2 ||, (40)
lee 1 1 3 lCﬁ
2 2 2
. * . * . * . *
len =lea Tlep tigc (41)

Adaptive Radial Basis Function Neural Network

This paper proposes a new combination of RBFNN
and modified PQ theory to control the MMC-
DSTATCOM and generate the compensation
reference current. Radial basis function refers to
designing a curve fitting issue in large dimensional
space. The RBFNN has three layers like input layer
hidden layer and output layer. When a hidden unit is
expanded in the hidden space, it provides arbitrary
basic functions for the input pattern. A non-linear
transformation takes place from input to the hidden
layer whereas a linear transformation occurs among
the hidden and the output layer. This neural network
works on the weights and the centers to bring the
optimized results. Centers are regarded as the link
between input and hidden layer whereas weights are
regarded as the link between hidden and output
layers. RBFNN attains an optimal result depending
on the positions of centers. Locating the centre is the
most crucial part of the design. By clustering and
averaging the centers found by multiple repetitions,
the location can be approximated as closely as
possible. During RBFNN learning, the unit centers
are placed in locations where data is present in the
input space. An increase in input vector dimension
also increases the number of units, which in turn
results in much faster training than the other
traditional ~ approaches.  Regardless of the
dimensionality of the space, it is more likely that
complex pattern classification problems can be
separated in the high dimensional space than in the
low dimensional space, which is the basis of the
learning algorithm. In the existing BPNN and
RBFNN techniques, the parameters obtained after the
training process are not modified once it has been
completed, which can lead to degradation in
performance when the training process is noisy. This
paper presents a novel Adaptive RBFNN which
allows the change in weights of RBFNN even after
the completion of training process. It is assumed that
the noise in system does not affect the input space
and so there is no need to change the RBFNN centre
values. The training algorithm of the proposed
RBFNN has two stages. K means clustering
algorithm is used in stage one to find the location of
the hidden neurons' radial basis functions whereas the
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linear matrix inversion algorithm is employed to
determine the weights between the hidden and the
output layers in second stage.

K means chisterng Ditect Fversion Matris
" Algn incing ceter — Alporthn finding
location Tieigs

INPUT
DATA

Figure 9. Flow chart of adaptive RBFNN

In order to find the center and radius of the units,
the input vector is clustered. Radii is determined with
‘K’ nearest heuristic. In closed form, the weights are
calculated based on the desired output with the center
and radii fixed.

W=A$D
Here, the desired outcome is specified as.
d(x1)
d(x2)
d(xj)
d(xl)

@ is the matrix with each element ¢i(xj) which
signifies output of the i hidden neuron for the j
training data sample (xj).

¢1(x1)  da(x1) .. br(x1)
o= |P102) $2(2) - Bi(x2) 43)

d1(xD) G (xD) . Pi(xD)

Al is the variance matrix
Al=[0T @]

When the summation of the output is equal to the
reference signal R(k) then error is equivalent to zero
and there is no need to update the weight.

E(k) = R(K) = {Y1(k) + Ya(k) +........ +Ym(k) } (44)

E(K) is used in weight updation
Winew= Wioid + n1 (D(k)E(k) (45)
Wi new= W oid + Nm @(k)E(k) (46)

Where 1 is the regulation factor

In this work, a modified instantaneous PQ theory is
used which converts the current variables in the a,b,c
domain to «,f domain and then the active and
reactive power and components are found as
P=P+P (47)
9=q+g (48)

Here, a constant component of active power comes
from the basic component is specified as P whereas a
fluctuating component comes from the harmonic

(42)
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component is specified as P. Similar process is
repeated for the reactive power components g and §
.Two strategies can be used for extraction of
harmonic components. In constant power strategy,
the oscillating part of P, Piess and ¢ are extracted
given by Prer and Qrer
Pret = P + Py (49)
Uet=q +q (50)
In the sinusoidal current strategy, the oscillating
part of P and g and P)ess are extracted.
Pret = P + Py (51)
Oref = G (52)
In real world the § is compensated by conventional
power factor correction capacitor or condenser. The
proposed RBFNN methodology has three stages.
(i) Building Delay Buffer
At a constant rate, the active power (P) is tested
and send through the First In First out (FIFO) buffer.
There will be 'N' data samples in the FIFO buffer at
any time. The one sample is specified as,

PII P12 LEE) Pll
X=[x, X2 - X]= P?l sz P:zz (53)
Pyi Pyz = Py

(ii) Finding the Desired output:

FFT is employed for each x; for determining the
constant DC part of the active power. The constant
part obtained from the FFT is the desired output.
FFT{x;} = d;°¢ (54)
(iii) Training data Generation

The input 3¢ currents and the corresponding output
currents are generated through MATLAB. In the
beginning, the input currents are set to zero and then
increased in steps. The training process takes over
thousand samples and arranges them in a vector of
three rows. The size of the output vector depends on
the number of output. In addition, it is recommended
to have the same number of columns in both the
input and output vectors. Both ideal and distorted
source voltage conditions are used in the training
data.

The extraction of total harmonic and reactive
fundamental current from the load current I; can be
expressed as
IL.= Assin(wt + 0,) +X0_ 1 Ay sin(w,t +6,,)  (55)
= A1 cos 0, sin wt +
Aasin 6; cos wt + Y01 A, sin(w,t + 6,,) (56)

Where,

Alcosé; sin wt is the active fundamental current

Aisinf; cos wt is the reactive fundamental current
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Yo Ap sin(w,t + 6,,) is the total harmonics
current

The Architecture of Adaptive RBFNN algorithm
for the estimation of fundamental component is
shown below

i) —[_|

3k

¥
1 -.@*@

dik-1)

Update wieghts

Figure 10. Structure of adaptive RBFNN

When there is no noises §(k) in the input, the sum
of RBFNN outputs is equivalent to R(k). Here E(K) =
0 and therefore there is no variations in the weight
even during the noises.

Yi(K) = Yoi(K) +6; (k) (57)

Where, the j" output node without noise is
specified as Y (k) and added noise error at j node is
specified as §; (k).

Here, E(k) # 0 and the weights are updated through
least mean square algorithm. The Weights are
updated until E(k) =0

Result and Discussion

The present study intends to examine the
performance efficiency of grid-tied PV system using
Adaptive RBFNN based 5L MMC and the entire
system is validated through MATLAB simulink for
evaluating the performance metrics of the overall
methodology. For  validating the proposed
methodology, the obtained simulink outputs are
evidently illustrated in the subsequent section and the
parameter specifications are clearly listed out in
Table 1 in an efficient manner.
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Table 1. Parameter Specifications SOLAR PANEL VOLTAGE WAVEFORM

303

Parameters Values | ; ; ; ;
3026 ---ooe- booooooo boononoes nnne R Ghet OTELELS

Solar Panel
® 3020 [ boneeees boneeeees b

A . 1) 1 H H H H

Short circuit current 2.14 E“ : . . . .
e St SR B S

Number of solar cells connected 36 ‘ : : . .
in series £ P — A b I R R

Number of cells in a module 9 3005 ; i i i i
0 05 1 15 2 25 3
Time(s) x10°

Configuration of cells

9 solar cells
* 4

Figure 12. Output voltage of PV

The waveform representing the PV output voltage

Open circuit voltage 234V is significantly illustrated in Figure 12, which
- highlights that the PV delivers the output voltage of
Number of modules in a panel 4 301.7V but the attained voltage is insufficient to
Number of 5 2 compensate the grid voltage and so it is given to the
Umber of panels In an array 5L MMC as input for maximizing the PV voltage in
a wider range.
5L MMC LOW FRQ. CONVERTER VOLTAGE WAVEFORM  HIGH FRQ. CONVERTER VOLTAGE WAVEFORM
x - ‘ 800
Number of sub-modules in each 2 rnnn G n
arm - [HUHNE s w
Arm inductor 1.50mH Fm S
1o - AW
Sub-module capacitor 0.50mF (I s
100 27 m 2% 20 ] H 22 24 28 28 3
Timelsy " Time(s} w0
Arm equivalent resistance 100 " o)
Figure 13. Waveforms of (a) Low and (High) Frequency
Load 1000,0.1H Converter Voltage
Power frequency 50Hz The significance of MMC in improving the output
i voltage of PV is extremely high as it delivers optimal
Carrier frequency 1550Hz output with high efficiency both in low and high
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frequencies, which is evidently highlighted through
the waveforms in Figure 13 in an efficient manner.
As illustrated in the figure, the 5L MMC maximizes
the PV output into 600V, which in turn aids in
compensating the grid voltage in an optimal manner
and so it is proved that the MMC delivers optimal
output.
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Figure 14. Waveforms of (a) Inverter Voltage and (b)
Current

The waveforms indicating the current and voltage
of inverter are evidently illustrated in Figure 14,
which displays that the inverter current is obtained as
60A whereas the inverter voltage ranges between
+350V to -350V. It is thus validated that the inverter
outputs are highly optimal and therefore the grid
receives possibly optimal voltage, which in turn
involves in accomplishing the grid voltage
compensation in an efficient manner.
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Figure 15. Waveforms of (a) Grid Voltage and (b) Current

The current and voltage waveforms are clearly
portrayed in Figure 15, which validates that the
sinusoidal current and voltage are attained in an
optimal manner. As the waveforms are sinusoidal, it
is proved that the requirement of grid gets
compensated in an optimal manner and hence it is
summed up that the introduced 5L MMC performs
well in delivering enhanced output with optimal
efficiency.
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Figure 16. Waveforms of (a) Real and (b) Reactive Power

The areal and reactive power waveforms are
significantly highlighted in Figure 16, which shows
certain oscillations in the initial stage but those
fluctuations are remarkably eliminated and the
constant output is attained after certain period with
the assistance of 5L MMC in an efficient manner. In
addition, it is observed from the waveform that the
compensation is attained after the period of 4 X
107*s.

Table 2. THD Comparison

Methodologies THD (%)
MMC with ADALINE 3.8
MMC with MLP 3.7
MMC with RBFNN 3.3
MMC with Adaptive RBFNN 2.9

The performance of introduced Adaptive RBFNN
based MMC in terms of THD is analogized with
other existing approaches like ADALINE, MLP and
traditional ABFNN as represented in Table 2, which
validates that the introduced methodology
significantly outperforms other approaches with
lesser THD of 2.9%.

Conclusion

The implementation of Adaptive RBFNN based 5L
MMC with DSTATCOM in the Grid integrated PV
system is efficiently discussed in the present study
with proper analysis, which highlights that the
introduced topology significantly involves in
compensating the high voltage requirement of grid
with maximal efficiency. The obtained DC voltage of
PV is efficiently converted into AC through the
implementation of 5L MMC, which is capable
enough in maximizing the PV output in an wider
range without necessitating much capacitors and so
the complexity in implementation of this system is
significantly low. In addition, the introduced theory
of reference current generation known as Adaptive
RBFNN involves in minimizing the harmonic in an
efficient manner, which in turn results in maximizing
the overall performance of the system in an optimal
manner. The entire system is simulated using
MATLAB and the obtained outcomes have proved
the introduced methodology delivers optimal
outcomes with less THD of 2.9%.
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