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ABSTRACT

A hybrid approach is proposed in this paper to achieve the load power requirement for grid con-
nected hybrid photovoltaic wind system. The proposed approach is the combined execution of both
the Modified Dragonfly Algorithm (MDA) and Adaptive Neuro-Fuzzy Interference System (ANFIS),
hence it is called MDA-ANFIS. ANFIS approach is improved by the MDA approach to minimize the
error functions. The main aim of the proposed approach is satisfying the load power requirement and
obtains the maximum energy from the hybrid wind solar system. Through the modelling of operating
modes of generation units, the proposed approach determines the switching states of the inverter. The
MDA approach is utilized to generate the dataset and the data set is processed by ANFIS, which
creates the control signal. By using the proposed approach, it was possible to minimize the system
parameter radiation, external disturbances as well as optimally fulfill the load demand. The proposed
method is activated in MATLAB/Simulink platform, and its performance is compared with existing
methods.
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1. INTRODUCTION

In the current years, the Hybrid Renewable Energy Sources (HRES) is growing rapidly which
has guaranteed to satisfy increasing energy requirement [1]. The reason for its success
is being appropriate and the nature of nonpolluting [2]. The power supply reliability is
increased by the concurrent use of hybrid system as well as more number of RES [3]. The
hybrid wind and solar is popular among these various RES which is also in the organized
manner [4]. One of the wonderful resources is wind power because it is obtained in an easy
way and by the wind turbines it is gathered with high power capacitance [5]. Another
guaranteed green energy source is the solar energy, which is simply obtained by using
photovoltaic modules [6–10].

Actually, owing to night and cloudy days, the power of solar is very low; at that time
strong winds occur mainly with wind and solar power potential [11]. At the same time, weak
winds usually occur during the summer [12]. Hence, through the unstable environmental
circumstances, the introduction of hybrid wind-solar energy conversion system offers unique
power production with permanent output power [13]. The utilization of hybrid solar and
wind system connected with grid is increased considerably by the sudden development of
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power electronic devices and the organization approaches
[14]. To achieve the effective power conversion based on
HRES, the rectifier, boost converters and inverters play an
important role [15]. For each power generation system, the
individual or combined DC/DC converter can be used [16].
Moreover, another essential configuration is DC/AC con-
verter configuration and its control mechanism [17].

Presently, multi-level inverter (MLI) topologies are
highly preferred as they have extra advantages [18]. MLI has
ability to manage the high voltages together with the char-
acteristics, like good noise minimization, excellent electro-
magnetic compatibility, low pressure voltage in switches
[19]. In the RES, grid integration ideal characteristics, like
many conventional symmetric, asymmetric and device
number control algorithms, modulation methods with
multi-level inverter topologies are utilized [20]. In the
operation of hybrid wind solar system, the voltage varia-
tions, harmonic production, flickering, unbalanced dc
connection capacitor voltage producing affect the quality of
power [21]. Because of the power converter, some unnec-
essary harmonics are produced. The output power for solar
and wind system depends on the solar ultraviolet radiation
together with speed of wind [22]. Based on variable wind
speed, power generation/voltage difference occurs in the
output power. Based on the variation of DC connection
capacitor voltages, a maximum DC current in the DC
capacitor connection is varied [23]. Therefore, MLI topol-
ogies are connected to control the DC connection voltage in
the grid integrated system [24].

In this paper, a hybrid approach is proposed to achieve
the load power requirement for grid connected hybrid
photovoltaic wind system. The proposed hybrid approach is
the combination of MDA and ANFIS called MDA-ANFIS.
To minimize the error functions, ANFIS approach is
improved by the MDA approach. The major aim of the
proposed method is fulfilling the load power requirement
and obtaining the maximum energy from the hybrid wind
solar system. The rest of this paper is organized as follows:
Section 2 describes the recent studies. Section 3 illustrates
the 3 phase hybrid wind-photovoltaic network with nine-
level inverter. Section 4 depicts the control method for the
nine-level inverter that is dependent on grid-connected
wind, PV system utilizing proposed approach. Section 5
explains about the proposed approach with grid connected
system. Section 6 provides the result and discussion. Section
7 concludes the paper.

2. RECENT RESEARCH WORKS: A BRIEF
REVIEW

Several studies were previously presented in the literature
based on power electronics with HRES utilizing certain
methods and features. Some of the recent works are
reviewed here.

Asano et al., [25] have suggested three-level inverter
with combined power sources and energy storage device for

raising the regenerative power. The regenerated energy was
utilized by a charge and discharge control process. By the
use of scaled-down model and numerical simulation the
introduced approach performance was evaluated. Das et al.,
[26] have suggested the unbalanced multi-level inverter for
PV system. The suggested approach used the minimum
number of switches. The DC voltage was achieved by the
connection of PV module of unbalanced power rating to the
asymmetric layer multi-level inverter in a proper manner.
PV power, voltages and phase current were controlled to
attain maximal power with sinusoidal current by a single
power point, using separate maximum power point tracking,
voltage monitors, current controlled approaches. V. Pires
et al., [27] have presented the multilevel 3 phase voltage
source inverter (VSI) for the PV system. The presented
phase 2 level voltage source inverter, isolation transformer.
The DC side of every 3 phase voltage source inverter was
attached to the photovoltaic panels. To guarantee the various
stages, the ac side of every 3 phase voltage source inverter
was attached to the open end winding of the three-phase
isolation transformer. The VSI was modulated by the PWM
approach. Mahendiran [28] has developed a hybrid
approach with cascaded multilevel inverter for a grid con-
nected hybrid system. The hybrid approach was the com-
bined operations of color harmony algorithm and extreme
gradient boosting called CHA-XGBOOST. Gain parameter
of the proposed controller was generated by the design of
CMLI. The aim was to achieve the power demand and ob-
tains the maximum power of the solar wind system. Eval-
uation of gain parameters were obtained by the CHA in
offline way and control parameters were obtained by
XGBOOST by online.

Saravanan and Sivakumaran [29] have introduced an
IDE-GBDT approach including multiple output converter
and multiple level inverter for solar PV system. The intro-
duced method was the combination of dolphin echolocation
process and gradient boosting decision trees. The intro-
duced approach was utilised the modified incremental
conductance method for acquiring maximal power of the
photovoltaic system. For producing various balanced result,
the multi-output converter was incorporated with the boost
converter along a switched capacitor. The introduced
approach reduced the loss and the improved the efficiency
of the PV system. Sharma et al., [30] have suggested
cascaded H-Bridge multilevel inverter (CHBMLI) depend-
ing on the grid connected hybrid RES system. Through the
dc link of the CHBMLI, the wind and solar system was
incorporated individually. The PWM rectifier was utilised
for reducing the harmonics of the system. An unbalanced
voltage of the suggested approach was balanced by the
isolated dc-links. Ali et al., [31] have presented the dc-ac
Cascaded Transformer base Modular Multilevel Inverter
(CTMLI) using PWM approach for PV application. The
presented approach was switching the input dc voltage to
nineteen-level ac voltage by three full-bridge (FB) circuits.
The presented approach was used the transformer turn’s
ratio and cost estimation model for minimizing the price of
the CTMLI.
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2.1. Background of the research work

The review of recent studies shows that the optimal control
of grid-connected hybrid generation scheme with the help of
solar, wind energy is a noteworthy contributing factor.
Nevertheless, at grid-connected hybrid photovoltaic-wind
utilizations, the variations of load requirement and meteo-
rological data viz, irradiation, temperature, wind speed are
the primary issues. These disruptions often occur owing to
the complex control of various energy sources. Several
approaches are activated to control the hybrid renewable
energy production; they are active power control (APC)
along with anti-windup proportional integral (AWPI)
controller, fuzzy logic control, Genetic algorithm, Particle
Swarm Optimization, etc. Here, the APC and AWPI both do
not deem overall production cost, moreover, they do not fit
the micro grid complexity. Fuzzy logic controller needs a
number of data. It is no more feasible for programs lesser or
greater than historical data. The major disadvantages of
Genetic algorithm and Particle Swarm Optimization are
their very sluggish processing as well as their inability to
recognize the optimal solution. A few control approaches
were suggested in the literature for optimally controlling the
grid-connected hybrid power generation, but the suggested
approaches are ineffective. These shortcomings have caused
to do this work to be carried out.

3. GRID CONNECTED HYBRID PV WIND
SYSTEM WITH NINE-LEVEL INVERTER

The overall structure of the proposed approach is presented
in Fig. 1.

Then the grid connected hybrid system consists of PV,
wind, grid, nine-level inverter, PWM. The wind and solar
system are connected to the dc bus of the system. The solar
method is the process of generating the dc energy related to
the natural radiation, temperature. It consists of dc-dc
converter, PV panel. When electricity is generated via the
wind it is known as the wind system. Wind energy system is
incorporated with permanent magnet synchronous gener-
ator (PMSG), ac to dc converter and dc to dc converter.
A source of output power is given to the nine-level inverter
which processes the input by the use of the proposed MDA-
ANFIS approach. The PWM is used to produce the control
signal that is given to the nine-level inverter.

3.1. Modelling of wind generating units

The wind power is generally produced by the stochastic
wind speed of environment. In general, the stochastic wind
speed probability density function is exhibited as,

pvðvÞ ¼ si
c

�v
c

�
exp

�
−

�v
c

�k�
(1)

where Weibull distribution shape index and scale index
is indicated as k and c. The output power of the wind is
described as

Pwind ¼

8>><
>>:

0; v<vin
Pn
�
b1v

3 þ b2v
2 þ b3v þ b4

�
; vin ≤ v<vN

Pn; vn ≤ v<vout
0; v≥ vout

(2)

here fitting coefficients is denoted as b1; b2; b3; b4, active
power is denoted as Pwind and wind production units output
power rate is denoted as Pn, wind speed in wind unit hub
height, wind speed rated, cut in wind speed and cut out wind
speed are denoted as v, vN, vin, vout respectively.

3.2. Modelling of PV generating units

The output power of PV depends on light intensity, PV
area and efficiency. The probability density function is
described as,

PðiÞ ¼ κðαþ βÞ
κðαÞκðβÞ

 
ipv
imax
pv

!α−1 
1� ipv

imax
pv

!β−1

(3)

In this, the shape indexes, such as the beta distribution is
denoted as α; β, maximum PV current is specified as Imax

pv ,

gamma function is specified as κ. From that the output of PV
is determined by,

P
�
Ppv
� ¼ κðαþ βÞ

A:ηκ:ðαÞκðβÞ

 
Ppv
Pmax
pv

!α−1 
1� Ppv

Pmax
pv

!β−1

(4)

Ppv ¼ A:η:Ipv (5)

3.3. DC-DC converter model

The dc bus voltage is obtained by the dc-dc converter. The
duty cycle of the converter is expressed as,

dc ¼ 1�
�
Vi

Vo

	
(6)

here input voltage is denoted as Vi, output voltage is denoted
as Vo.

3.4. Nine-level inverter model

The nine level inverter consist of more number of switches
but it has many advantages, like low voltage stress, high
output voltage, low loss, low harmonic distortion. It is used
for FACTS devices and many applications. The nine-level
inverter is connected to the proposed approach. It produces
the sinusoidal voltage and the output consists of 2nþ 1
number [32]. Through the adjustment of switching angles,
the total harmonic minimization is obtained. It consists of
16 switching control. The 9-level inverter is under the type
of H bridge inverter. Each inverter level is producing
the different output voltage. The nine-level H-bridge is
formed by 4-H-bridge connected in every phase. Each of the
H-bridges needs individual DC source. Every phase needs
n-bridge which is incorporated in a series manner and it
produces the 2nþ1 level. For the 9-level inverter consist of
729 switching instants. Among 729 switching moments,
independent switching instant are 217 and redundancies
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switching moment are 512. In the space vector diagram it
consists of 8 layer as well as 512 triangles. The output of
nine-level inverter is described as,

Vo ¼ Vi1 þ Vi2 þ Vi3 þ Vi4 þ Vi5 þ Vi6 þ Vi7 þ Vi8 þ Vi9

(7)

Through the PWM the inverter gets the control signal, so
the modulation index is described as,

M ¼
ffiffiffi
3

p
vre
E

(8)

The switching states produce different output. It satisfies
the following equation,

Vdcn ¼ 2
2nþ 1

Xn
m¼0

vm (9)

Fig. 1. Over all architecture of the proposed system
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3.5. Voltage and current harmonic distortion

The active on linear devices are present in the system which
produces the harmonics. To determine the performance of
the system one must determine the total voltage harmonic
distortion and total current harmonic distortion. The ratio
of sum of the power of all harmonic current apparatus to the
power of the fundamental current frequency is called as
total current harmonic distortion which is described by,

TVHD ¼
1003

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v2rms � v2frms

q
vfrms

(10)

TIHD ¼
1003

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
i2rms � i2frms

q
ifrms

(11)

here TVHD denotes total voltage harmonic distortion, TIHD
denotes total current harmonic distortion, vfrms denotes
fundamental voltage frequency, ifrms denotes fundamental
current frequency, vrms denotes harmonic voltage compo-
nent, irms denotes harmonic current component.

3.6. Steady state error

The variation between the input and output of a system is
described as steady state error, which limit of time is goes to
infinity.

eðτÞ ¼ limm→0
mRðmÞ
1þ GðsÞ (12)

3.7. Constraints

3.7.1. Power balance. Power balancing is one of the impor-
tant factors for fulfilling the needs of power demand. If the

system power is balanced, then the system safety is provided
with minimum cost. It consists of PV, then the wind power
balance is equal to the load power, which is described by,

Ppv þ Pwind ¼ PL (13)

here the load power is denoted as PL output power of PV,
wind is denoted as Ppv, Pwind respectively.

3.7.2. Generation capacity. The generation power limit is
described as,

Pi
min þ Pi ¼ Pi

max (14)

here minimum and maximum power of RES under i th unit
is denoted as Pi

min, P
i
max respectively.

4. CONTROL METHODOLOGY OF PROPOSED
APPROACH

Figure 2 displays the control process of the proposed
approach. Initially, three phase input is given to the inverter
which is attached to the grid. Here, two processes like cur-
rent control and voltage control are processed. First, the
current signal is transferred to the Clarke’s transformation
which transforms the signal to the stationary frame. Park’s
transformation is used to transform the signal to reference
frame. The analysis of current and voltage is described as,

�
Iα

Iβ

�
¼

ffiffiffi
2
3

r 2
664
1

�1
2

�1
2

0

ffiffiffi
3

p

2
� ffiffiffi

3
p

2

3
7753
2
4 Ia
Ib
Ic

3
5 (15)

Frame is transferred to the d q frame then the equation
become

Fig. 2. Control method of proposed approach
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�
Id

Iq

�
¼
�
sin st �cos st
cos st sin st

�
3

�
Iα

Iβ

�
(16)

The dq frame is compared to the error signal from that the
error signal is determined by,

E ¼ e1 þ e2 (17)

e1 ¼ Id* � id (18)

e2 ¼ Iq* � iq (19)

The PI controller produces the gain parameter which is
controls the error signal of the proposed approach. The
controller is generate the reference signal which is used to
eliminate the error function of the system.

5. PROPOSED MDA-ANFIS APPROACH IN
GRID CONNECTED HYBRID PV WIND SYSTEM

In this work, the hybrid MDA-ANFIS approach with nine
level inverter is proposed to obtain the load power
requirement and maximum power of the system. By the
modelling of hybrid PV wind system, the switching states of
nine-level inverter are calculated. Combined execution is
applied, such as the modified dragonfly algorithm and the
adaptive Neuro-Fuzzy Interference System (ANFIS) known
as MDA-ANFIS approach. To minimize the error function
of the system the MDA approach is used and the optimal
output of the MDA is processed by the ANFIS which pro-
duce the optimal control signal.

5.1. Data generation using modified dragonfly
algorithm (MDA)

The dragonfly process is motivated through the behavior of
drone flies. In general, a significant characteristic of the
dragon flies are constant and dynamic swarm behaviors of
dragon flying. There are two different stages are used in this
algorithm that are exploitation and exploration [33]. These
two stages are modeled by some behavior, viz interactions of
dragon flies, searching for food, avoiding enemies. If the
behavior of dragonflies is not predatory swarm behavior,
and is known as static swarm behavior, that is characterized
by a small group of dragonflies which moves inward, change
hierarchies. The separation, alignment, synchronization and
distraction of food sources and enemy sources determine the
dragonflies’ movements. To enhance the dragonfly algo-
rithm, the proposed approach uses the cross over and mu-
tation process. Using this process, the ability of searching is
improved. Hence it is called a modified dragonfly algorithm.
In the proposed method, the MDA is utilized for generating
the data set of system.

5.1.1. Step by step process of MDA.

Step 1: Initialization

Initially, gain parameters are given as input and then it is
randomly developed the parameters in the following format,

Xi ¼

2
6664

kp
11ki

11 kp
12ki

12 ⋯ kp
1nki

1n

kp
21ki

21 kp
22ki

22 ⋯ kp
2nki

2n

..

. ..
. ..

. ..
.

kp
m1ki

m1 kp
m2ki

m2 ⋯ kp
mnki

mn

3
7775 (20)

here kp and ki specifies the gain parameters.

Step 2: Fitness Evaluation

The fitness of every dragonfly is subjected to the initial
values, and it is calculated below,

f ¼

2
6664

f1 ½kp11ki11 kp
12ki

12 ⋯ kp
1nki

1n�
f2 ½kp21ki21 kp

22ki
22 ⋯ kp

2nki
2n�

..

. ..
. ..

. ..
.

fn ½kpm1ki
m1 kp

m2ki
m2 ⋯ kp

mnki
mn�

3
7775 (21)

The objective function is specified as,

Obj Fi ¼ Min e (22)

At the time, the process can be optimal when the mini-
mum objective function is reached. After the fitness calcu-
lation, an estimate of separation, alignment, cohesion
coefficients is calculated to update the position and speed of
the dragonflies.

Step 3: Separation

Separation indicates the avoidance of persistent conflicts
between the individuals of another neighborhood, which is
calculated by,

Si ¼ −

XN
i¼1

d � di (23)

Step 4: Alignment

Alignment refers to the speed coincidence of individuals
with other nearby counts, that is calculated by,

Ai ¼
PN

i¼1vi
l

(24)

Step 5: Cohesion

This is defined as the distribution of segment and
centered, based on the mass neighborhood, and is calcu-
lated by,

Ci ¼
PN

i¼1di
N

� d (25)

here vi; di indicates the velocity and position of the ith in-
dividual. The current individual status d and N denotes the
number of neighbours.

Step 6: Attraction and distraction

Gravity in the direction of food source, fly from oppo-
nent and distraction are described as,

Fi ¼ dþ � d (26)

Ei ¼ d− þ d (27)
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Step 7: Updating

Upgrading procedure of dragonflies is modified by
crossover and mutation process, the speed of the dragonfly if
there is at least one dragonfly in the neighborhood. Drag-
onflies’ global search capability has been enhanced by this
process.

Step 8: Crossover and Mutation

The crossover and the mutation functions are utilized
for improving the efficacy of the algorithm. In this, the
crossovers are achieved among 2 individuals. During the
process of mutation, the individuals are mutated randomly
depending on the specified fitness function.

The crossover and mutation are expressed as,

Boundary ¼ γn
Lc

(28)

Evolution ¼ λm
Lc

(29)

where γn signifies the number of individuals crossover, λm
signifies the mutation point and Lc represents the length of
prey.- Finding the fitness and checking the objective function

uses the updated movement. If the above mentioned steps
are completed once, then it is possible to select the optimal
dataset.

5.2. Optimal control signal prediction using ANFIS
approach

Adaptive Neuro-Fuzzy Interference System is the artificial
neural network category that depends on the Takagi- Sugeno
fuzzy inference system. It consists of neural networks in a
fuzzy system. There are five layers present in the ANFIS
process in which the layers consist of nodes [34]. The ANFIS
five layers are fuzzification process, past piece of fuzzy rules,
membership of normalization functions, fuzzy rules of the
consequent piece, output of network. Sugeno hybrid training
algorithm is utilized to determine the parameters of the
fuzzy system. The optimal control signals are predicted
utilizing ANFIS. Figure 3 shows the flowchart of the pro-
posed MDA-ANFIS approach. The process of each layer is
described as below.

5.2.1. Step by step process of ANFIS. 1st Layer: In the first
layer ANFIS is weighted by some weight factors likeW3

yz;W
2
y

Fig. 3. Flowchart of proposed MDA-ANFIS approach
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and W2
xy which is placed under the certain time interval and

increased in the ANFIS.
2nd Layer: This layer shows the minimum error value

based on the weights determined which is described as,

Wi ¼ Min
n�

W3
yzðΔeÞ;W2

y ðT1Þ;W2
xyðT2Þ

�o
(30)

Δe ¼ eðtÞ � eðt � 1Þ (31)

here moment state error value is represented as eðtÞ, past
condition of error is represented as eðt − 1Þ, time intervals
are represented as T1, T2.

The training values are input and output nodes and the
expected values are obtained in the hidden layers, which has
provides best output of the system.

3rd Layer: The value of weighted standardization process
is determined by the following equation.

Wi ¼ WiP
Wi

(32)

4th Layer: In this layer an adaptive node for de-fuzzifica-
tion is calculated and the output is calculated below,

Wk ¼ εix þ λiy þ ð−χizÞ þ ri (33)

Equation for the fourth layer output could be specified as,

Y4 ¼ Wifi ¼ Wiðεix þ λiy þ ð−χizÞ þ ri (34)

Here, ðε ¼ λ ¼ χ ¼ 0Þ, so the layer 4 output is described by,
Y4 ¼ Wifi ¼ WiðriÞ (35)

5th Layer: This layer shows the weighted output of the
parameter’s resulting the summation value is given below,

Y5 ¼
X
i

Wif ¼
P

iWifP
iWi

(36)

At last, subsequent finishing of the algorithm, the ANFIS
creates the optimal control signal.

6. RESULT AND DISCUSSIONS

This section describes the efficacy of the proposed method
by simulation results. The proposed MDA-ANFIS approach
is used to obtain the load power requirement in the hybrid
wind photovoltaic system by 9-level inverter. The proposed
approach is done in MATLAB/Simulink. The efficacy of the
system is compared with the existing methods. Maximum
power of hybrid wind solar system is obtained from the
proposed method. The proposed method performance is
analyzed under two cases, such as change of PV voltage and
the change of wind voltage. The parameters of the proposed
system are given in reference [35, 36].

Case 1: Change of PV Irradiation

In this case, the change of irradiance of PV based analysis
is described. Figure 4 shows the analysis of PV irradiance
temperature, the wind speed. In Fig. 4(a), the reference
irradiance of the PV system is depicted. The irradiance
is 1000W m�2 at 0–0.5 sec. Then at 0.6–1 s, the irradiance is
decreased to reach 400W m�2. Figure 4(b) depicts the
temperature of the system. It is constant to 25 8C at whole
time. The speed of the wind is shown in Fig. 4(c). The speed
of the whole system is 12 m s�1. Figure 5 shows the analysis
of voltage, current, power of PV and wind, PMSG speed
torque, angle. The voltage of PV is shown in Fig. 5(a). The
voltage of the system starts at 0.1 s then suddenly increases
to reach 75 V. From 0.1 to 0.5 s time duration, the voltage
value is around 75 V. At 0.5 s, the voltage value is decreased
from 75 to 30 V. From 0.6 to 1 s the voltage value is 30 V.

Fig. 4. Analysis of (a) PV irradiance (b) Temperature (c) Wind speed
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Fig. 5. Analysis of (a) PV voltage (b) PV current (c) PV power (d) Wind voltage (e) Wind current (f) Wind power (g) PMSG speed
(h) PMSG torque (i) PMSG angle
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Figure 5(b) represents the current analysis of PV system. At
0.6–1 s, the current also varied from 70 A at 0–0.5 s then it
decreased to reach 30 A. Figure 5(c) shows the power
analysis of PV system. The power of the PV starts at 0.01 s
then suddenly to reaches 5900W. From 0.01 to 0.5 s the
power value is constant at 5900W. Then the power value is
decreased to reach 1000W from 0.6 to 1 s. Figure 5(d)
represents the wind voltage analysis. The wind voltage varies
�200 V to þ200 V. Figure 5(e) displays the analysis of
wind current. The current is oscillated between the�5–5 A at
0.4–0.44 s. The wind power analysis is presented in Fig. 5(f).
The wind power is changed from 0.05 s. From 0.1 s onwards
it gradually increased to reach 1600W. From 0.25 to 1 s
the power value is 1600W. Figure 5(g) represents the
analysis of PMSG speed. The speed of PMSG is varied from
0 to 220 m s�1 at 0–0.3 s time duration. From 0.3 to 1 s the
speed is constant to 220 m s�1. The torque analysis of PMSG
is shown in Fig. 5(h). The torque is varied from 0 to �7 at
0–0.3 s. From 0.3 to 1 s the torque value is constant to �7.
From 0 to 200 at 0.05–1 s time, the PMSG angle is slightly
increased.

Figure 6(a) displays the grid voltage of hybrid PV wind
system. Here, the grid voltage varies from �1000 to 1000 V.
At the same time, the current analysis is shown in Fig. 6(b).
The current of grid is oscillating from �2 to 2 A. The grid
power is shown in Fig. 6(c). The power starts at 0.03 s, and
gradually increases to above 2000 W. From 0.03 to 1 s it is
constant at above 2000 W. Figure 6(d) displays the analysis
of load voltage and it oscillates from �1,000 to 1000 V from
0.4 to 0.46 s. The load current estimation is shown in
Fig. 6(e). Here, the current varies from �9 to 9 A. The load
power analysis is shown in Fig. 6(f). From 0 to 9000W at
0–0.04 s the load power is increased. Then it is constant at
9000W at 0.03–1 s. Figure 7 displays the inverter voltage
system and varies from �200 to 200 V. Figure 8 displays the
individual power analysis of the proposed, existing ap-
proaches. Figure 8(a) displays the individual power at
normal condition. The power of load is increased from 0 to
9200W at 0.02 s. From 0.3 to 1 s, the power is constant at
9200W. The wind power starts at 0 and it raises from 0 to
1800W at the time of 0.15–0.23 s. The wind power is con-
stant at 1800W at 0.23–1 s. The PV power starts at 0 then it

Fig. 6. Analysis of (a) Grid voltage (b) Grid current (c) Grid power (d) Load voltage (e) Load current (f) Load power
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raises to attain 5800W at 0.01–0.5 s. At 0.5 s the power is
lessened to attain 1000W. The PV power is constant at
1000W at 0.6–1 s. Figure 8(b) displays the individual power
at the MFO approach. The power of load is increased from
0 to 9200W at 0.02 s. From 0.3 to 1 s, the power is constant
at 9200W. At time 0.15–0.23 s, the wind power starts at
0 and it increases from 0 to 1800W. The wind power is
constant at 1800W at 0.23–1 s. At 0.01–0.5 s, the PV power

starts at 0 then it is maximized to attain 5800W. At 0.5 s, the
power is decreased to attain 1000W. At 0.6–1 s, the PV
power is constant at 1000W. Figure 8(c) displays the indi-
vidual power at the MFORBFNN approach. The power of
load is increased from 0 to 9200W at 0.02 s. From 0.3 to 1 s,
the power is constant at 9200W. At time 0.15–0.23 s, the
wind power starts at 0 and it increases from 0 to 1800W.
The wind power is constant at 1800W at 0.23–1 s. The PV

Fig. 7. Analysis of inverter voltage under the change of PV irradiance

Fig. 8. Analysis of power in (a) Normal condition (b) Using MFO approach (c) Using MFORBFNN approach (d) Proposed system
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power starts at 0 then it is maximized to attain 5800W at
0.01–0.5 s. The power is lessened to 1000W at 0.5 s. The PV
power is constant at 1000W at 0.6–1 s. Figure 8(d) displays
the individual power at the proposed approach. The power
of load is increased from 0 to 9200W at 0.02 s. From 0.3 to
1 s, the power is constant to 9200W. The wind power
starts at 0 and it is increased from 0 to 1800W at 0.15–0.23 s
time. The wind power is constant at 1800W at 0.23–1 s. The
PV power starts at 0 then it is maximized to 5800W at
0.01–0.5 s. To reach 1000W, the power is reduced at 0.5 s.
The PV power is constant at 1000W at 0.6–1 s.

Case 2: Change of Wind Speed

Case 2 describes change of wind speed based analysis.
Figure 9 shows the analysis of PV irradiance temperature,
the wind speed. In PV system, reference irradiance is shown
in Fig. 9(a). The irradiance is 1000W m�2 at 0–1 s. i.e. it is
constant at all times. The temperature of the system is
shown in Fig. 9(b). It is constant to 25 8C the whole time.
The speed of the wind is shown in Fig. 9(c). The speed of
wind is 8 m s�1 at 0–0.5 s duration. Then the speed is raised
to 12 m s�1 at 0.5–0.75 s. Then, at 0.75–1 s the speed is
increased to reach 15 m s�1. Figure 10 depicts the estimation
of voltage, current, power of PV with wind, PMSG speed
torque, angle. The voltage of PV is shown in Fig. 10(a). The
voltage of the system is started at 0.1 s then suddenly in-
creases to reach 75 V. From the time duration of 0.01–1 s the
voltage value is around 75 V. Figure 10(b) illustrates the
current analysis of PV system. Also at 0–1 s, the current is
varied from 75 A. Figure 10(c) shows the power analysis of
PV system. Powers of the PV is started at 0.01 s then sud-
denly reaches 5900W. From 0.01 s to until the end of
operation, the power value is constant at 5900W. Figure 10
(d) shows the analysis of wind voltage. Initially wind voltage
is varied around 0. Then it oscillates from �100 to 100 V. At
the time duration of 0.5 s, the power value is slightly
increased to reach �150 to 150 V. At 0.8 s again the wind
voltage is increased from �200 V to þ200 V. Figure 10(e)

shows the analysis of wind current. Initially the current
oscillates from 0 to 1 A at the time duration of 0–0.3 s.
At 0.3 s–0.5 s, the current value is increased to reach �3 to
3 A. At 0.5 s again the current is increased to oscillate from
�7 to 7 A. At 0.8 s, the current is increased to oscillate from
�7–8 A. The wind power analysis is shown in Fig. 10(f). The
wind power is changed from 0.05 s. From 0.25 s onwards it
gradually increases to reach 800W. From 0.5 s the power
value is increased to reach 1500W. It is constant at the
period of 0.5–0.75 s. Then the power is again increased to
reach 2500W at 0.75–1 s time period. Figure 10(g) shows
the analysis of PMSG speed. The speed of the PMSG is
varied from 0 to 300 m s�1 at 0–1 s time duration. Initially the
speed of the system starts at 0 to reach the value of 180 m s�1.
At 0.5 s, the speed is increased to reach 250 m s�1. It is
constant up to 0.8 s, then the speed is increased at 0.8 s
time and at 0.3–1 s the speed is constant to 220 m s�1. The
torque analysis of PMSG is shown in Fig. 10(h). The torque is
varied from 0 to�7 Nm at 0–0.3 s. From 0.3 to 1 s the torque
value is constantly increased to reach –7 Nm. The angle
increment of PMSG is shown in Fig. 10(i). The PMSG angle
slowly increases from 0 to 1808 angle at 0.25–1 s time.
Figure 11(a) shows the analysis of grid voltage of hybrid PV
wind system under wind speed change condition. The grid
voltage is varied from �900 to 900 V. At the same time, the
current analysis is shown in Fig. 11(b). The current of
grid oscillates from �2 to 2 A. The grid power is shown in
Fig. 11(c). The power starts at 0.03 s, and it slowly increases to
reach above 2000 W. From 0.03 to 1 s it is constant at above
2000W. Figure 11(d) shows the analysis of load voltage and it
oscillates from �900 to 900 V from 0.8 to 1 s. The current
analysis of load is shown in Fig. 11(e). The current is varied
from �9 to 9 A. The load power analysis is shown
in Fig. 11(f).

The load power increases from 0 to 9000W at 0.01–1sec.
Then at 0.01–1 s it is constant at 9000W. The analysis
of inverter voltage of the system under the change of
wind speed is shown in Fig. 12. The inverter voltage is varied

Fig. 9. Analysis of (a) PV irradiance (b) Temperature (c) Wind speed
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Fig. 10. Analysis of (a) PV voltage (b) PV current (c) PV power (d) Wind voltage (e) Wind current (f) Wind power (g) PMSG speed
(h) PMSG torque (i) PMSG angle
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Fig. 11. Analysis of (a) Grid voltage (b) Grid current (c) Grid power (d) Load voltage (e) Load current (f) Load power under the wind
speed change

Fig. 12. Analysis of inverter voltage
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from �200 to 200 V. Figure 13 shows the individual power
analysis of the proposed, existing methods. Figure 8(a)
demonstrates the individual power at normal condition.
The power of load is increased from 0 to 9200W at 0.02 s.
From 0.3 to 1 s, the power is constant at 9200W. The wind
power starts at 0 and it increases from 0 to 2500W at the
time of 0.25–1 s. The wind power is increased from 0.25 s
and reaches the value of 800W until 0.5 s time period.
At 0.5 s again the speed of the wind is increased to reach
1800W at 0.75 s time period. At that point again the power
is increased to reach 2500W at 0.75–1 s. The PV power
starts at 0 then it increases to reach 5800W at 0.01–1 s. The
individual power at the existing MFO approach is shown
in Fig. 13(b). The power of load is increased from 0 to
9200W at 0.02 s. From 0.3 to 1 s, the power is constant at
9200W. The wind power starts at 0 and it increases from
0 to 2500W at the time of 0.25–1 s. The wind power is
increased from 0.25 s and reaches the value of 800W until
the time period of 0.5 s. At 0.5 s again the speed of the wind
is increased to reach 1800W at 0.75 s time period. At that
point, again power is increased to reach 2500W at 0.75–1 s
time period. The PV power starts at 0 then it increases to
reach 5800W at 0.01–1 s. Figure 13(c) shows individual
power at the MFORBFNN approach. The power of load
is increased from 0 to 9200W at 0.02 s. From 0.3 to 1 s,
the power is constant at 9200W. The wind power starts at
0 and it increases from 0 to 2500W at 0.25–1 s time. The

wind power increases from 0.25 s and reaches the value of
800W until 0.5 s time period. At 0.5 s again the speed of
the wind is increased to reach 1800W at 0.75 s time period.
At that point, again the power is increased to reach 2500W
at 0.75–1 s time period. The PV power starts at 0 then it
increases to reach 5800W at 0.01–1 s. Figure 13(d) shows
an individual power of the proposed approach. The power
of load is increased from 0 to 9200W at 0.02 s. From 0.3 to
1 s, the power is constant at 9200W. The wind power starts
at 0 and it increases from 0 to 2500W at 0.25–1 s time. The
wind power is increased from 0.25 s and reaches the value
of 800W until 0.5 s time period. At 0.5 s, again the speed of
the wind is increased to reach 1800W at 0.75 s time period.
Again the power is increased to reach 2500W at 0.75–1 s
time period. The PV power starts at 0 then it increases to
reach 5800W at 0.01–1 s.

Figure 14 shows the comparison of proposed and exist-
ing approaches through efficiency and THD. The analysis of
efficiency in the proposed and existing method is shown in
Fig. 14(a). The efficiency of the proposed system is high
i.e. around 87% compared to the existing approaches like
MDA-ANFIS, MFO. The Total harmonic distortion of the
proposed and the existing method is shown in Fig. 14(b).
The proposed approach THD is very low that is 1.6
compared to the existing approach. From this analysis, it is
clearly visible that the proposed method provides optimal
solution compared to the existing approaches.

Fig. 13. Analysis of individual power in (a) Normal condition (b) using MFO approach (c) using MFORBFNN approach
(d) Proposed system
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7. CONCLUSION

This paper proposes an MDA-ANFIS approach with nine-
level inverter to achieve the load requirement and to attain
the high power of a hybrid wind solar system. The per-
formance of the proposed technique is implemented in the
MATLAB platform and compared with the existing ap-
proaches. The performance of the proposed hybrid tech-
nique is analyzed by comparing with existing techniques
and also by using two different types of case studies such as
change of PV voltage and the change of wind voltage. For
all the cases, the proposed hybrid technique exhibits better
performance in terms of grid power, load power, inverter
voltage and so on. To prove the efficiency, the individual
power of the proposed hybrid technique for all the cases
is associated with MFO and MFO-RBFNN. From the
simulation results, it is evident that the proposed hybrid
technique possesses better output signal for the grid con-
nected solar system with nine level inverter wind energy
conversion.

Funding: This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-
profit sectors.
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