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ABSTRACT The article presents the design and implementation of a hybrid fuzzy poisson fractional order
proportional integral derivative controller (h-FL-PO-FPID controller) in the wind-driven permanent magnet
synchronous generator (PMSG). The h-FL-PO-FPID controller is a hybrid controller that is formed by the
combination of a fuzzy logic controller, a poisson distribution (PO), a fractional order proportional integral,
and a derivative (FO-PID) controller. The integration of PMSG with the grid via rectifier and inverter has
many challenges, like high peak overshoot, large settling time, more harmonics at the output end, and an
inappropriate voltage profile. The total harmonic distortion (THD) is used to measure the harmonics. The
PMSG is driven by a wind turbine. The rectifier & inverter controlling has been done with fuzzy logic
controllers (FLC), FO-PID controllers, and proportional integral and derivative (PID) controllers. A closed-
loop current control mechanism has been developed for controlling the rectifier and inverter with the given
three methods. A tradeoff between complexity and time for computations of proposed controller provides
optimal performance parameters. It is observed that peak overshoot (%) and settling time (sec) of the DC link
voltage (5.1%,2.7 sec) and rotor speed (0.9 sec) are found to be minimumwith h-FL-PO-FPID in comparison
to FLC, FO-PID, and PID existingmethods under various loading conditions. In addition to this, an improved
voltage profile is obtained with h-FL-PO-FPID in comparison to other methods, which means the least
THD (%) of the three-phase voltage is attained with h-FL-PO-FPID(3.1%) with respect to other and existing
methods under various loading conditions.

INDEX TERMS Fuzzy logic controller, fractional order proportional integral and derivative, hybrid fuzzy
poisson fractional order proportional integral derivative controller, permanent magnet synchronous gener-
ator, total harmonic distortion, wind.

I. INTRODUCTION
With the consumption of petroleum derivatives and other
non-inexhaustible wellsprings of energy, the need for
sustainable wellsprings of energy has been expanding step by

The associate editor coordinating the review of this manuscript and
approving it for publication was Qi Zhou.

step [3].Wind is one of the main wellsprings of energy, as it is
thought to be the most spotless fuel, practical, boundless, and
supportable wellspring of energy. Wind is delivered because
of the warming of air by the sun, the turning of the earth,
and fundamentally because of the lopsided warming of the
earth’s surface [4]. In Asia, India positions second, after
China, which is the biggest breeze energy-creating country
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with the introduced limit of 221 GW. The introduced limit
is 35 GW, with the third and fourth biggest coastal home-
steads being the 1500MWMpandawind ranch in Tamil Nadu
and the 1064 MW Jaisalmer wind ranch in Rajasthan [9].
A breeze turbine, a gearbox, a simultaneous generator, power
converters, and a transformer for network connection make
up the breeze energy transformation framework (WECS).
Permanent magnet or wound rotor generators are two types
of simultaneous generators that can be used. Even though
the PMSG generates the rotor field with extremely robust
magnets, the synchronized generator with the damaged rotor
needs a power source to excite the magnetic field. The
power ratings and number of cutting edges of the wind tur-
bine influence its predicted speed. Three sharp edge-level
hub turbines have rated speeds between 8 and 30 rpm for
big megawatt turbines and 20 to 300 rpm for medium-
sized turbines. Power is generated using the breeze’s active
energy.

The breeze applies streamlined features force over the
sharp edges of the rotor. As the breeze streams across the
sharp edges, there seems to be a tension distinction on the two
sides of the sharp edges, which permits the sharp edge to turn.
This rotor is associated with the generator; the mechanical
energy created by the generator will thusly deliver power.
Then again, the evaluated speed of the coordinated generator
is subject to its appraised stator recurrence and number of
posts [3]. A generator can be built with a couple to around
100 posts. For a 72-post generator, the evaluated speed would
be 22 rpm with an estimated stator recurrence of 13.2 Hz.
Gearboxes with high rod ratios are typically expected to
compensate for the difference between high generator speeds
and low turbine speeds. A direct-drive unit can omit the
gearbox if a low-speed generator is used to match the turbine
speed. However, the gearbox’s termination calls for the use
of a generator with numerous posts. Therefore, generators
are more expensive and heavier than generators with fewer
stanchions for a given power rating. Cost analysis is often
required to evaluate contracts. Instant-drive wind turbines
are good candidates for outdoor applications where struc-
tural support is expensive and complex. The operation of a
breeze wind systems includes the integration of network-side
adaptable control of power, generator-side adaptive energy
management with MPPT, DC voltage management for volt-
age source converters, or DC current control for CSI. The
converter is what transfers all of the power from the generator
to the system, in contrast with the DFIG wind energy idea,
which only transfers roughly 30% of the energy that is gener-
ated. Full-limit converters allow decoupling of generator-side
and grid-side conversions, simplifying primary planning and
increasing generator operating capacity [16]. A non-linear
controller design for the control of converters used in wind
power-based PMSG, including PID and FOPID controllers,
has been discussed in [26], [27], [28], and [29]. The implicit
control of wind-driven PMSG with a robust H2-optimal TS
fuzzy controller is shown in [31]. An implementation of

transverse flux for PMSG-based systems is reflected in [32],
and [33].

The background of the paper deals with performance
parameter analysis and power quality assessment of wind-
driven PMSG systems. The major challenges with the
paper are the improper switching and controlling of the
rectifier and inverter, which ultimately causes distortion
at the grid terminal, more settling time, and peak over-
shoot of measured parameters. There is a lot of scope for
improvement in the performance parameters and power
quality assessment by properly controlling the rectifier
and inverter. Such challenges motivate us to work on
them by developing a new controller to overcome them.
The main contribution of the manuscript is to surpass
the limitations of wind-driven based PMSG by designing
a hybrid (h-FL-PO-FPID) controller. This is the novelty
of the paper: a new hybrid intelligent controller will be
developed that reduces the harmonic content, or THD (%)
of theACgrid and also improves performance parameters
like settling time and peak overshoot a lot in comparison
to the existing methods, which meet the title of the paper.
The overall paper has been organized into various sections,
which are discussed as follows: Section I consists of an
introduction; Section II consists of mathematical modeling
of PMSG; Section III shows the maximum power extraction
from wind turbines; Section IV consists of the design of
rectifiers and inverters using a PID controller; Section V con-
sists of the design of rectifiers and inverters using a FO-PID
controller; Section VI consists of the design of rectifiers and
inverters using a fuzzy logic controller; Section VII consists
of the design of rectifiers and inverters using a hybrid intelli-
gent controller; SectionVIII shows the results and discussion;
Section IX consists of a conclusion; Section 10 shows the
conclusion.

After doing the exhaustive literature survey, power quality
issues like THD of the AC grid and poor performance param-
eters like settling time and peak overshoot of rotor speed and
grid voltage are the research areas where a lot of work has
to be done. In order to bridge the above research gap, the
following objectives have been decided:

i) Developed the mathematical model of the PMSG
ii) Maximum power extraction from the wind turbine
iii) Design and implementation of various controllers like

PID, FO-PID, and fuzzy logic controllers for switching and
controlling inverters and rectifiers

iv) Design and implementation of the hybrid h-FL-PO-
FPID controller for switching and controlling the inverter and
rectifier

v) Performance parameters like THD (%), settling time,
and peak overshoot estimation and their comparative analysis
with the hybrid h-FL-PO-FPID controller and other methods

II. MATHEMATICAL MODELING OF PMSG
In this work, PMSG is used as a wind turbine. Because of
the PMSG’s self-exciting nature (due to permanent magnets),
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doubling the number of poles eliminates or increases excita-
tion losses. The parameters of the PMSG and wind turbine
have been referred from [18] which is shown in appendix.
The parameters and ratings used in the equations from Eq.1
to Eq.3 [18], [34].

d (id )
dt

= −
raid
Ld

+ ωe
raLq
Ld

iq +
Ud
Ld

(1)

d
(
iq

)
dt

= −
raiq
Lq

− ωe

(
Lq
Ld
id +

λ0

Ld

)
+
Uq
Lq

(2)

Te = 1.5P
((
Ld − Lq

)
id iq + iqλ0

)
(3)

where, ωe = Pωg,The typical diag. of wind driven PMSG is
shown in Fig.1.

FIGURE 1. Wind driven PMSG based converters.

III. MAXIMUM POWER EXTRACTION FROM
WIND TURBINE
The wind turbine is run at full capacity in order to pro-
vide enough power. A wind turbine’s capacity to produce
power (P) is influenced by the power coefficient (Cp). The
coefficients of power are taken in terms of tip to speed
ratio (TSR) & pitch angle (β). To reach the highest power,
the power coefficient must be maximized. The expression of
the power coefficient’s is given in Eq.4.

Cp
(
λ , β

)
= λβ1.5

+ βeλ 2.1
+ λ

3.6β (4)

The power coefficient, as indicated in Eq. 5, is typically
determined by the ratio of output delivered power to the
power generated from wind turbines.

Cp
(
λ , β

)
=

Power delivered
Power generated

(5)

Figure 2 illustrates how the turbine output power varies with
turbine speed for different wind speeds and varying pitch
angles.

When the pitch angle is equal to zero and the wind speed
is 12 m/s, the power is at its peak.

IV. DESIGN OF RECTIFIER AND INVERTER USING
PID CONTROLLER
This article discusses the converters design, such as rectifiers
and inverters, across wind-driven PMSG and the grid [34].
According to one description, each converter’s PID controller
design is as follows:

FIGURE 2. Variation of turbine output power with turbine speed.

A. INVERTER DESING USING PID CONTROLLER
3-ph voltage Vabc and three phase current Iabc are first mea-
sured. With the aid of the Clarke & Park transformation, three
phase coordinate to two phase coordinate. The estimated
q-component of grid voltage, which is provided in Eq. 6,
is obtained by comparing the current q-component with
the ref. value before being passed through the PI controller.(

Iq − I∗q
) (

kp +
ki
s

+ skd

)
= V ∗

gq (6)

The reference voltage is obtained by adding the calculated
q-component to the real q-component of the voltage on the
grid, as stated in Eq. 7.

V ∗
gq + Vgq = V ref

gq (7)

The obtained DC voltage value is now contrasted with the ref.
value, & the result of the PID controller produces the error
specified in Eq. 8.

(800 − Vdc)
(
kp1 +

ki1
s

+ skd1

)
= e (8)

Additionally, this error is contrasted to its standard DC before
being sent through a PID controller to produce the d-axis grid
voltage specified in Eq. 9.(

e− I∗d
) (

kp2 +
ki2
s

+ skd2

)
= V ∗

gd (9)

The ref. voltage is generated by adding the calculated
d-component to the real d-component of the voltage on the
grid, as stated in Eq. 10.

V ∗
gd + Vgd = V ref

gd (10)

Now Vg,dq will be transformed using the inverse Clarke &
inverse park transformations into Vabc. The PWMconversion
will receive the Vabc as a ref. signal, which will use to create
the pulses needed to turn on the inverter. Figure 3 depicts the
method of regulating the inverter using a PID controller.
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FIGURE 3. Controlling of inverter using PID controller [34].

B. RECTIFIER DESING USING PID CONTROLLER
The reactive power measured from the wind turbine has been
contrasted to its standard value, the diff. is passed through a
PID controller, which provides the ref. value of the current
q-component through the rotor as stated in Eq. 11.(

Qs − Q∗
s
) (

kp3 +
ki3
s

+ skd3

)
= I∗rq (11)

The determined and ref. values of the rotor current’s
q-component are contrasted, and the resultant value of
the PID controller produces the q-axis voltages described
in Eq. 12. (

I∗rq − Irq
) (

kp4 +
ki4
s

+ skd4

)
= Vq (12)

According to Eq. 13, ref. rotor speed is defined as the product
of wind speed (V) & tip to speed ratio to the blade radius.

ω∗
r =

Vλ

R
(13)

This ref. rotor speed is contrasted to the estimated rotor speed
before going via a PID controller to produce the real power
as described in Eq. 14.(

ω∗
r − ωr

) (
kp6 +

ki6
s

+ skd6

)
= P (14)

The estimated value of the d-component of current, as stated
in Eq. 15, is obtained by subsequently dividing the real power
by the ref. value of the current d-component.

P
I∗rd

= Ird (15)

Through comparison of the ref. and true current values and
the use of a PID controller, the voltage d-component as shown

in Eq.16 is obtained.

(
I∗rd − Ird

) (
kp7 +

ki7
s

+ skd7

)
= Vd (16)

The inverse Clarke & Park transforms are used to con-
vert Vdqto Vabc in this instance. The PWM converter receives
Vabc as a ref. signal and uses it to create pulses that turn the
inverter ON and OFF. Figure 4 depicts the PID controller’s
method of regulating the rectifier.

FIGURE 4. Controlling of rectifier using PID controller [34].

V. DESIGN AND IMPLEMENTATION OF RECTIFIER AND
INVERTER USING FO-PID CONTROLLER
The general expression of fractional order PID controller is
given in Eq.17.

G(s) = K_p+ K_i/S^λ + ^µK_d (17)

There are five variables in FO-PID controller which are
named as k_p,k_i,k_d, µ, λ . These values are tuned on hit
and trial basis for providing the optimal solution of the sys-
tem. The process of implementing the FO-PID controller for
rectifier

and inverter design is same as conventional PID con-
troller. So, In Fig.3 and Fig.4 PID controller will be replaced
by FO-PID controller thereafter performance parameters
will be measured which will be discussed in further
sections.

VI. DESIGN OF RECTIFIER AND INVERTER WITH FUZZY
LOGIC CONTROLLER
The development of converter employing FLCs that link
between a wind turbine PMSG and a power grid, which
include rectifiers & inverters. Below is a description of each
converter design utilizing FLC [34].
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A. INVERTER DESING USING FLC CONTROLLER
The result of Eq. 8 is presented as error (e) in the development
of FLC for the inverter controlling. Following this, one addi-
tional input has been taken into account, which is referred to
as the change in error (1e), as indicated in Eq. 18.

1e = e (t) − e (t − 1) (18)

The two inputs of the FLC are mapped each other with the
help of certain membership function which is given in table.1.
As per cramster’s rule of mapping, 5 × 5 fuzzy rules have
been framed between inputs and output.

TABLE 1. Mapping between input and output for inverter controlling.

The output of FLC is V ∗
gd and process of controlling of

inverter using FLC is shown in Fig.5.

FIGURE 5. Controlling of inverter using FLC controller [34].

The surface and rule view of FLC for inverting controlling
is shown in Fig.6 and Fig.7.

B. RECTIFIER DESING USING FLC CONTROLLER
Beginning with Eq.14, which treats the distinction between
ref. and observed speed as error (e1) as represented in Eq.19,
the rectifier is controlled using FLC.

e1 = ω∗
r − ωr (19)

Another that can be taken into consideration is the error rate
of change, that is given in Eq. 20.

Rate of change of error is =
de1
dt

(20)

FIGURE 6. Surface view of FLC for inverter controlling.

FIGURE 7. Rules of FLC for inverter controlling.

TABLE 2. Mapping between input and output for rectifier controlling.

The FLC’s result is real power and Figure 10 depicts the
method for operating the rectifier.The 5×5 fuzzy rule is used
to map the two inputs of the FLC using triangle membership
function as shown in Table 2.

Numerous performance indicators have been evaluated
following the application of fuzzy rules between inputs &
output; these have been addressed in the following section.
The surface view and rule view of rectifier controlling using
FLC has been mentioned in Fig.8 and Fig.9.
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FIGURE 8. Surface view of FLC for rectifier controlling.

FIGURE 9. Rules of FLC for rectifier controlling.

VII. DESIGN OF RECTIFIER AND INVERTER WITH
h-FL-PO-FPID CONTROLLER
The h-FL-PO-FPID controller is a hybrid controller which
is a combination of fuzzy logic controller (FLC), Poisson
distribution (PO), fractional order PID(FO-PID) controller.
The proposed controller is simple and less computation
complexity. The controlling of rectifier and inverter using
h-FL-PO-FPID controller which will be discussed as follows:

A. INVERTER CONTROLLING AND DESING USING
h-FL-PO-FPID CONTROLLER
The design of h-FL-PO-FPID controller for inverter control-
ling begins with Eq.6 and Eq.8 and its structure is shown
in Fig.11.

The Eq.6 can be extended by using Poisson distribu-

tion (PO) term e
−

(
kp+

ki
s +skd

)
×

(
kp+

ki
s +skd

)S
S! and gives the

expression as shown in Eq.21.

(
Iq − I∗

q

) (
kp+

ki
s

+ skd

)
× e

−

(
kp+

ki
s +skd

)
×

(
kp+

ki
s Cskd

)S
SW =e2

(21)

FIGURE 10. Controlling of rectifier using FLC.

FIGURE 11. Controlling of rectifier using h-FL-PO-FPID controller.

Now the e2 and
de2
dt will acts as an input of FLC and its output

isV ∗
gq which shows the complete operation of h-FL-PO-FPID.

The rules between both the inputs & output are shown
in Table.3.

TABLE 3. Mapping between input and output for inverter controlling
using H-FL-PO-FPID controller.

Further, Eq.8 can be extended by using Poisson distribu-

tion (PO) term e
−

(
kp2+

ki2
s +skd2

)
×

(
kp2+

ki2
s +skd2

)S
S! and gives
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the expression as shown in Eq.22.(
e− I∗

d
) (

kp2+
ki2
s

+ skd2

)

×e
−

(
kp2+

ki2
s +skd2

)
×

(
kp2+

ki2
s +skd2

)S
SW =e3 (22)

Now the e3 and de3
dt will acts as an input of FLC and

its output is V ∗
gd which shows the complete operation of

h-FL-PO-FPID. The rules between two inputs and output will
be same as shown in Table.3.

B. RECTIFIER CONTROLLING AND DESING USING
h-FL-PO-FPID CONTROLLER
The design of h-FL-PO-FPID controller for inverter control-
ling begins with Eq.12 and Eq.16 and structure of controlling
of rectifier is shown in Fig.12.

FIGURE 12. Controlling of rectifier using h-FL-PO-FPID controller.

The Eq.12 can be extended by using Poisson distribu-

tion (PO) term e
−

(
kp4+

ki4
s +skd4

)
×

(
kp4+

ki4
s +skd4

)S
S! and gives

the expression as shown in Eq.21.(
I∗
rq−Irq

)
×

(
kp4+

ki4
s

+ skd4

)
e
−

(
kp4+

ki4
s +skd4

)
×

(
kp4+

ki4
s +skd4

)S
SW =e4

(23)

Now the e4 and
de4
dt will acts as an input of FLC and its output

is Vq which shows the complete operation of h-FL-PO-FPID.
The rules between two inputs and output will be same as
shown in Table.4.

TABLE 4. Mapping between input and output for rectifier controlling
using H-FL-PO-FPID controller.

Eq.16 can be extended by using Poisson distribution (PO)

term e
−

(
kp7+

ki7
s +skd7

)
×

(
kp7+

ki7
s +skd7

)S
SW and gives the expres-

sion as shown in Eq.24.

(
I∗

rd−Ird
)

×

(
kp7+

ki7
s

+ skd7

)
e
−

(
kp7+

ki7
s +skd7

)
×

(
kp7+

ki7
s +skd7

)S
SW =e5

(24)

Now the e5 and
de5
dt will acts as an input of FLC and its output

is Vd which shows the complete operation of h-FL-PO-FPID.
The rules between two inputs and output will be same as
shown in Table.4.

VIII. RESULT AND DISCUSSION
A. PERFORMANCE PARAMETER ANALYSIS WITH
H-FL-PO-FPID, FO-PID AND FLC CONTROLLER UNDER NO
LOAD CONDITION
The design of PID controller, FO-PID controller, and FLC for
inverter and rectifier controlling have been discussed in the
previous section. In this part, numerous performance charac-
teristics have been evaluated without any load, including the
voltage on the DC connection and the rotor speed.

FIGURE 13. Voltage across DC link using h-FL-PO-FPID, FO-PID, FLC
controller.

As illustrated in Fig. 13, the h-FL-PO-FPID controller,
FLC, FO-PID, and PID controllers are used to determine
the DC link voltage.The h-FL-PO-FPID controller, FLC,
FO-PID, and PID controller have been demonstrated to
have the smallest peak overshoot and settling time of DC
link voltage. Similarly to Fig. 14, that further demonstrates
the h-FL-PO-FPID controller’s superiority over the FLC,
FO-PID, and PID controllers for calculating the settling time
to reach its final state, the speed features of the PMSG have
also been presented for each of these controllers.

In addition, because to FLC’s dominance, 3-ph voltage &
current measurements are taken across the grid using FLC,
as demonstrated in Figs. 15 & Fig.16. Similar to that,
Fig. 17 depicts actual power delivered to the grid uti-
lizing FLC. Given that FLC provides the greatest speed
effectiveness, torque characteristics have been represented
by FLC as seen in Fig. 18. Utilizing the h-FL-PO-FPID
controller, FLC, FO-PID, PID controller, and conventional
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FIGURE 14. Rotor speed of PMSG using h-FL-PO-FPID, FO-PID, FLC
controller.

FIGURE 15. Three-phase voltage across grid using h-FL-PO-FPID
controller.

FIGURE 16. Three-phase current in the grid using h-FL-PO-FPID controller.

FIGURE 17. Active power flow in the grid using h-FL-PO-FPID controller.

techniques [23], [29], a comparison of the peak overshoot &
settling time of DC link voltage is now presented in Table 5.

FIGURE 18. Torque of the PMSG using h-FL-PO-FPID controller.

TABLE 5. Peak overshoot and settling time of dc link voltage comparison
with various method under no load.

TABLE 6. Settling time of rotor speed comparison with various method
under no load.

Table 5 compares the DC link voltage’s peak over-
shoot (%) & settling time (sec) utilizing the h-FL-PO-FPID
controller, FLC, FO-PID, PID, & known techniques
([23], [29]). In contrast with previous and current approaches,
it has been found that the h-FL-PO-FPID controller has
produced the min. overshoot and a shorter settling time.
Similar to this, Table 6 compares the settling time (sec) for
each rotor speedwhile utilizing the h-FL-PO-FPID controller,
FLC, FO-PID, PID, and established techniques ([23], [29]).
In contrast with previous and current approaches, it has
once again been seen that the h-FL-PO-FPID controller has
achieved the shortest settling time.

Finally, harmonics are assessed as THD(%) to ensure prob-
lems with power quality at the grid terminal. Additionally,
THD (%) of the 3-[h voltage has been assessed using the
FLC, FO-PID, PID, and established techniques ( [23], [29]),
as can be seen in Table 7. Furthermore, it is noted that the
h-FL-PO-FPID controller achieves lower THD (%) when
compared to other controllers. Decreased THD (%) of the
3-ph voltage shows that, when compared to other techniques,
the h-FL-PO-FPID controller achieves the optimum profile
of voltage. The h-FL-PO-FPID controller, when compared
to other approaches (FLC, FO-PID, and PID controller)
and conventional techniques, provides more significant out-
comes, it is ultimately determined.
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TABLE 7. THD (%) of three phase voltage comparison with various
method under no load.

B. PERFORMANCE PARAMETER ANALYSIS WITH
H-FL-PO-FPID, FO-PID AND FLC CONTROLLER
UNDER HALF LOAD AND FULL
LOAD CONDITION
The contrast of peak overshoot (%) & settling time (sec)
of DC link voltage with the h-FL-PO-FPID controller,FLC,
FO-PID, PID, and existing methods ([23], [29]) for half-load
and full-load conditions has been shown in Table 8.

It is re-observed that reduced settling time and peak over-
shoot have been attained with the h-FL-PO-FPID controller
in comparison to other and existing methods for half-load and
full-load conditions.

THD (%) of the 3-ph voltage has been estimated with
the h-FL-PO-FPID controller, FLC, FO-PID, PID, and con-
ventional methods ( [23], [29]), as shown in Table 9. It is
further observed that least THD (%) has been achieved with
the h-FL-PO-FPID controller in comparison to others for
half-load and full-load conditions.

TABLE 8. Peak overshoot and settling time of dc link voltage comparison
with various method under half and full load.

The sensitivity of the proposed system has been analyzed
as a change in grid voltage which is measured as in Eq.25

S =
1V
V

× 100 (25)

The sensitivity analysis for various loading conditions with
various controllers is shown in Table.10

TABLE 9. THD (%) of three phase voltage comparison with various
method under half and full load.

TABLE 10. THD (%) of three phase voltage comparison with various
methods under various loading conditions.

TABLE 11. Accuracy comparison with various methods under various
loading conditions.

TABLE 12. Reliability comparison with various methods under various
loading conditions.

It is observed that least sensitivity has been achieved with
hybrid intelligent controller in contrast to other conventional
methods under half load and full load conditions as shown in
Table.10. The accuracy and reliability has tested with hybrid
intelligent controller and found its best value with proposed
controller which is shown in Table 11 and Table.12

IX. CONCLUSION
The design and implementation of the hybrid fuzzy poisson
fractional order proportional integral derivative controller
(h-FL-PO-FPID controller) in the wind-driven PMSG are
presented in the article. The h-FL-PO-FPID controller is a
hybrid controller made up of the FO-PID controller, the fuzzy
logic controller (FLC), and the Poisson distribution (PO)
controller. There are numerous difficulties associated with
integrating PMSG with the grid via rectifier and inverter,
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including excessive peak overshoot, large settling times,
increased harmonic content at the output, and inappropriate
voltage profiles. Total harmonic distortion (THD), a mea-
sure of harmonics, is used. The PMSG is powered by a
wind turbine. FLC, FO-PID, and PID controllers have all
been used to evaluate the control of rectifiers and inverters.
Three different ways have been devised for a closed-loop
current control system to control rectifiers and inverters.
h-FL-PO-FPID is reported to have the lowest peak over-
shoot (%) and settling time (sec) of the DC link voltage
(4.9%, 2.5 sec) and rotor speed (4.8%, 2.3 sec) when com-
pared to FLC, FO-PID, and existing approaches under half
load and full load. Additionally, improved voltage profiles
are gained with the h-FL-PO-FPID controller in contrast to
other approaches, resulting in the h-FL-PO-FPID achieving
the three-phase voltage with the least amount of THD (%) of
3.6% and 3.9% in comparison to other methods under various
loading conditions.

Still, there is a lot of scope for improvement in THD (%)
and other performance parameters of the proposed system.
This scope can be improved by other advanced methods,
which can be our future work.

APPENDIX
Air density = 1.229 kg/m2; rated wind speed = 11 m/s; rated
turbine power = 7.68 kW; power coefficient = 0.4412; tip-
speed ratio = 5.66; blade radius = 2.6 m; stator resistance =

1.4 �; d-q axes stator inductances = 5.8 mH; rotor flux =

2.6 Wb; PMSG poles = 12; turbine-generator mechanical
system inertia = 1 kg - m2; reference dc-link voltage =

800 V; dc-link capacitance= 1000µF; coupling resistance=

1.85 �; coupling inductance = 12.8 mH; grid voltage =

415 V; grid frequency = 50 Hz
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