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Abstract—This paper presents a performance comparison of
real and reactive power flow in microgrid through PV system
using both controller which are Fuzzy logic based and
Conventional controller. In general, an electrical power
management is an electronic system that provides detail
information about the power flow in a distribution generation
system or power substation. The PV system has two major
problems; namely, low conversion efficiency of electric power
generation and the amount electric power generated by solar
array changes continuously. Therefore, the objective of this paper
is to analyse the controller performance of conventional controller
and the proposed one. The early work in fuzzy control was
motivated by a desire to directly express the control actions of an
experienced human operator in the controller and to obtain
smooth interpolation between discrete controller outputs.
Conventional controllers are simple and easy to understand but it
is not very efficient due to presence of non-linearity in the system
while fuzzy controllers have proper actions like human control
actions, needs less data storage and more robust. The PV system
will be simulated by using MATLAB/Simulink respectively. The
results of the controller performance will be presented and
compared with similar cases. Based on the results that are going
to be obtained, a better performance in the fuzzy controller than
the conventional controller is expected.
Index Terms—Power Management, Photovoltaic System,
Microgrid, Fuzzy Controller, Real and Reactive Power, Simulink
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I. INTRODUCTION

enerally, an electrical power management system is an
electronic system that provides comprehensive power flow
information in an electrical generation or power substation
network. This system provides data on power systems and
related events and tracks them. The information is used to
control efficiencies such as power generation, batteries,
condenser banks, gas or steam turbine relays and other devices
in power plants and power substations [1].
The concept of Microgrid (MG) refers to a Load and
Distributed Generation (DG) cluster operating as a controllable
entity that supplies electrical power to its nearest region [2].
MG is applied to address the interconnected question of
separate DGs in carious power systems. The DG systems are
decentralized and near the load.
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Power management in MG taking into account the impact of
continuous solar irradiance variations combined with load
power variations [3]. Usually, DG systems use renewable
energy sources such as wind, solar and biomass, which play a
major role in the delivery of electricity [4]. The integration of
energy distribution sources and controllable loads within the
distribution network are part of the energy management
challenges. Solar energy is the renewable energy source used in
this project.
Solar energy is inexhaustible and one of the most promising
renewable resources for mass production. Photovoltaic (PV)
cells are the basic technology for converting solar energy into
electrical energy [5]. However, PV generation has a major
instability for the MG, which presents many challenges for
power management, such as system stability, electrical power
balance and failures. Also, the fluctuation in the power output
of renewable energy sources will lead to excess voltage and
fluctuations in the grid frequency [6]. It is very important to
study the overall performance of the system in the gridconnected mode of operation with different types of loads on
the distribution system.
Several studies regarding Conventional Controller and Fuzzy
Logic Controller on PV system have been investigated over for
the past years. The Conventional Controller is one of the most
common controller used in the industrial control system. The
only discrepancy that the controller measures between the
measuring signal and the order signal or fixed point value. In
both software and hardware, Conventional Controllers are
simple, easy to understand and implement and do not require a
process model for initialization or operation. However, due to
the non-linearity of the device, Conventional Controller is not
very effective [7]. Conventional Controller is fixed-gain
feedback that unable to adapt in changes of the environment [8].
Conventional Controller also unable to provide a proper and
great results as stated by [9].
FLC are widely used in various industrial processes to take
appropriate measures, such as human control actions. FLC
includes a number of parameters to be selected and configured
beforehand. The FLC is derived from the fuzzy set theory in
which the transition between membership and non-membership
can be graded. Therefore, the boundaries of fuzzy sets can be
indistinguishable and undefined, making them useful for
approximate structures [9]. Reference [10] declared that the
FLC have a better performance compared to Conventional
Controller as it has a good performance when the atmospheric
condition is changing. Based on studies by [11, 12], FLC does
not require mathematical models or any extra hardware as it is
easily adaptive to current PV system. FLC also has a simple
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design compared to Conventional Controller [11, 13]. The
tracking performance of FLC is more accurate and faster speed
in steady state performance [12, 14]. FLC is an adequate
solution for cases in nonlinear system tuning [13, 15]. FLC also
valid for its redundancy, consistence and completeness [16].
Unfortunately, the FLC has its downfall such as the difficulty,
high cost, instability and complexity of the controller [17].
II. DYNAMIC MODEL OF PV MODULE
Electromagnetic radiation of solar energy can be directly
converted to electricity through photovoltaic effect. Photons
with energy greater than the band-gap energy of the
semiconductor, which is exposed to sunlight, creates certain
electron-hole pairs equal to the frequency of radiation [18].
IL is the current source, represents the cell photocurrent. Rsh
and Rs are the inherent shunt and series resistances of the cell.
The value of Rsh is typically very large compared to Rs, which
is very small, so it may deteriorate to simplify the analysis.
PV modules that are grouped together by larger units of PV
cells are further interconnected in a parallel-series arrangement
to form PV arrays. The equations of photovoltaic panel model
are given in (1)- (6).

Writing the shunt current as 𝐼𝐼𝑠𝑠ℎ =

𝑉𝑉+𝐼𝐼𝐼𝐼𝑠𝑠
𝑅𝑅𝑠𝑠ℎ

and the above equations results in the complete governing
equation for the single diode model:
𝐼𝐼 = 𝐼𝐼𝐿𝐿 − 𝐼𝐼0 �𝑒𝑒𝑒𝑒𝑒𝑒 �

𝑉𝑉 + 𝐼𝐼𝐼𝐼𝑆𝑆
𝑉𝑉 + 𝐼𝐼𝐼𝐼𝑆𝑆
� − 1� −
𝑛𝑛𝑛𝑛𝑛𝑛
𝑅𝑅𝑠𝑠ℎ

Saturation current 𝐼𝐼0 varies with the cell temperature, which is
given by:
𝑞𝑞 ∗ 𝐸𝐸𝑔𝑔0 1 1
𝑇𝑇 3
𝐼𝐼0 = 𝐼𝐼𝑟𝑟𝑟𝑟 � � 𝑒𝑒𝑒𝑒𝑒𝑒 �
� − ��
𝑇𝑇𝑟𝑟
𝐵𝐵𝐵𝐵 𝑇𝑇𝑇𝑇 𝑇𝑇

𝐼𝐼 = 𝐼𝐼𝐿𝐿 − 𝐼𝐼𝐷𝐷 − 𝐼𝐼𝑆𝑆𝑆𝑆

𝐼𝐼𝐷𝐷 = 𝐼𝐼0 �𝑒𝑒𝑒𝑒𝑒𝑒 �

𝑉𝑉 + 𝐼𝐼𝐼𝐼𝑆𝑆
� − 1�
𝑛𝑛𝑛𝑛𝑛𝑛

(2)

Where 𝑛𝑛 is the diode ideality factor (unit less, usually between
1 and 2 for a single junction cell), 𝐼𝐼0 is the saturation current,
and 𝑉𝑉𝑉𝑉 is the thermal voltage given by:
𝐾𝐾𝐾𝐾𝑐𝑐
𝑉𝑉𝑇𝑇 =
𝑞𝑞

(3)

𝑞𝑞 × (𝑉𝑉𝑃𝑃𝑃𝑃 + 𝐼𝐼𝑃𝑃𝑃𝑃 𝑅𝑅𝑆𝑆 )
� − 1�
𝑁𝑁𝑠𝑠 𝐴𝐴𝐴𝐴𝐴𝐴

(6)

The elementary unit of the PV system is a PV cell,
regardless of utilization. The output voltage of a single PV
cell is low (around 0.5 volts). Thus, in pragmatic application,
these basic units are combined in number of parallel cells
(𝑁𝑁𝑃𝑃 ) and series cells (𝑁𝑁𝑠𝑠 ) to obtain the output current (𝐼𝐼𝑃𝑃𝑃𝑃 )
function of the PV array, as mentioned:

(1)

𝐼𝐼𝐿𝐿 represents the light-generated current in the cell, 𝐼𝐼𝐷𝐷
represents the voltage-dependent current lost to recombination,
and Ish represents the current lost due to shunt resistances. In
this single diode model, ID is modeled using the Shockley
equation for an ideal diode:

(5)

The current output of PV module is

𝐼𝐼0 �𝑒𝑒𝑒𝑒𝑒𝑒 �

The equivalent circuit of a PV cell is as shown in Fig. 1. The
equation for this equivalent circuit is formulated using
Kirchhoff’s current law for current I.

(4)

Where:
IL∶ : Light Current(A)
I0 : Diode Reverse Saturation Current(A)
R s : Series Resistance(Ω)
R sh : Shunt Resistance(Ω)
𝑛𝑛: Diode Ideality Factor

𝐼𝐼𝑃𝑃𝑃𝑃 = 𝑁𝑁𝑃𝑃 × 𝐼𝐼𝑃𝑃𝑃𝑃 − 𝑁𝑁𝑃𝑃 ×

Fig. 1. Photovoltaic Circuit

and combining this

𝐼𝐼𝑃𝑃𝑃𝑃 = 𝑁𝑁𝑃𝑃 �𝐼𝐼𝑝𝑝ℎ − 𝐼𝐼𝑟𝑟𝑟𝑟 (𝑒𝑒𝑒𝑒𝑒𝑒 ∝𝑉𝑉𝑃𝑃𝑃𝑃 − 1)�

Where:

q = 1.602 ×10–19 C
k = 1.38 ×10–23 J / K

α=

(7)

q
Ns × T × k × a

𝐼𝐼𝑝𝑝ℎ is photo current, generated by photon insolation is derived
as:
𝐼𝐼𝑝𝑝ℎ = 0.01 × 𝐺𝐺𝑋𝑋 [𝐼𝐼𝑆𝑆𝑆𝑆 + 𝑘𝑘𝑖𝑖 (𝑇𝑇 ∗ − 𝑇𝑇)]

(8)

Where G is called as insolation Watt/m2 and 𝑘𝑘𝑖𝑖 =0.015.
Reverse saturation current (𝐼𝐼𝑟𝑟𝑟𝑟 ) of the diode from the
equivalent circuit of PV cell is estimated as shown:

Where k is Boltzmann’s constant (1.381X10−23 J/K) and q is
the elementary charge (1.602X10−19 C).
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𝑞𝑞 × 𝐸𝐸𝑔𝑔 1
𝑇𝑇
1
𝐼𝐼𝑟𝑟𝑟𝑟 = 𝐼𝐼𝑟𝑟𝑟𝑟 � � × 𝑒𝑒𝑒𝑒𝑒𝑒 �
� − ��
𝑇𝑇 ∙
𝑘𝑘 × 𝑎𝑎 𝑇𝑇 𝑇𝑇 ∙

(9)
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Where 𝐸𝐸𝑔𝑔 is band gap energy of the semiconductor material of
the cell.
Derivative of PV power by the voltage is equal to zero.
Accordingly, at the maximum power point:
𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝
= 𝑁𝑁𝑝𝑝 �𝐼𝐼𝑝𝑝ℎ − 𝐼𝐼𝑟𝑟𝑟𝑟 �𝑉𝑉𝑝𝑝𝑝𝑝 × 𝑒𝑒𝑒𝑒𝑒𝑒 ∝𝑉𝑉𝑃𝑃𝑃𝑃 + 𝑒𝑒𝑒𝑒𝑒𝑒 ∝𝑉𝑉𝑃𝑃𝑃𝑃
𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝
−1)] = 0

(10)

The step size (𝑂𝑂𝑉𝑉 ) is reduced and accurate the tracking as it
reaches nearer to the MPP point:
𝑂𝑂𝑉𝑉 = 𝑁𝑁 ∗ 𝑎𝑎𝑎𝑎𝑎𝑎 �

𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝
�
𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝

(11)

= 𝑉𝑉2𝑎𝑎 𝐼𝐼𝑖𝑖𝑖𝑖 + 𝑉𝑉2𝑏𝑏 𝐼𝐼𝑖𝑖𝑖𝑖 + 𝑉𝑉2𝑐𝑐 𝐼𝐼𝑖𝑖𝑖𝑖
𝑄𝑄2 =

𝑑𝑑𝑑𝑑𝑖𝑖,𝑎𝑎𝑎𝑎𝑎𝑎
+ 𝑅𝑅𝑖𝑖 𝐼𝐼𝑖𝑖,𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑉𝑉2,𝑎𝑎𝑎𝑎𝑎𝑎
𝑑𝑑𝑑𝑑

𝑉𝑉𝑖𝑖𝑖𝑖 =

√3

2

√2
√3

2

√2

𝑉𝑉𝑝𝑝𝑝𝑝 (𝑚𝑚𝑎𝑎 cos 𝛿𝛿) =

𝑉𝑉𝑝𝑝𝑝𝑝 (𝑚𝑚𝑎𝑎 sin 𝛿𝛿) =

√3

2

√2
√3

2

√2

𝑉𝑉𝑝𝑝𝑝𝑝 𝑈𝑈𝑑𝑑

𝑉𝑉𝑝𝑝𝑝𝑝 𝑈𝑈𝑞𝑞

Where:
𝑈𝑈𝑑𝑑 = 𝑚𝑚𝑎𝑎 cos 𝛿𝛿
𝑈𝑈𝑞𝑞 = 𝑚𝑚𝑎𝑎 sin 𝛿𝛿
𝑉𝑉𝑝𝑝𝑝𝑝 = voltage at PV side of VSI
𝑚𝑚𝑎𝑎 = PWM modulation index
𝛿𝛿 = phase angel for firing of IGBTs of VSI inverter
3
� 𝑉𝑉 𝐼𝐼 + 𝑉𝑉2𝑞𝑞 𝐼𝐼𝑖𝑖𝑖𝑖 �
2 2𝑑𝑑 𝑖𝑖𝑖𝑖

(19)

The voltage components 𝑉𝑉2𝑑𝑑 , 𝑉𝑉2𝑞𝑞 and 𝐼𝐼𝑖𝑖𝑖𝑖 , 𝐼𝐼𝑖𝑖𝑖𝑖 are obtained from
the phase voltage and current components in the stationary
frame as:

(13)

1

(𝑉𝑉2𝑏𝑏 − 𝑉𝑉2𝑐𝑐 )
√3
1
( 𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖𝑖𝑖 )
𝐼𝐼𝑖𝑖𝑖𝑖 =
√3
2
1
𝑉𝑉2𝑞𝑞 = 𝑉𝑉2𝑎𝑎 − (𝑉𝑉2𝑏𝑏 + 𝑉𝑉2𝑐𝑐 )
3
3
2
1
𝐼𝐼𝑖𝑖𝑖𝑖 = 𝐼𝐼𝑖𝑖𝑖𝑖 − (𝐼𝐼𝑖𝑖𝑖𝑖 + 𝐼𝐼𝑖𝑖𝑖𝑖 )
3
3
𝑉𝑉2𝑑𝑑 =

(14)

(20)

By substituting these 𝐼𝐼𝑖𝑖𝑖𝑖 and 𝐼𝐼𝑖𝑖𝑖𝑖 values to (13) and (14), the
following differential equations are obtained in terms of 𝑃𝑃2 and
𝑄𝑄2 as:
𝑈𝑈𝑞𝑞
𝑑𝑑𝑃𝑃2
𝑅𝑅𝑖𝑖
= − 𝑃𝑃2 − 𝜔𝜔𝑄𝑄2 +
𝑑𝑑𝑑𝑑
𝐿𝐿𝑖𝑖
𝐿𝐿𝑖𝑖

(15)

𝑈𝑈𝑝𝑝
𝑑𝑑𝑄𝑄2
𝑅𝑅𝑖𝑖
= − 𝑄𝑄2 + 𝜔𝜔𝑃𝑃2 +
𝑑𝑑𝑑𝑑
𝐿𝐿𝑖𝑖
𝐿𝐿𝑖𝑖

(21)
(22)

Where the control parameters are:

The active and reactive powers at the PCC in the abc reference
frame are obtained as:
𝑃𝑃2 =

2 𝑃𝑃2 𝑉𝑉2𝑑𝑑 + 𝑄𝑄2 𝑉𝑉2𝑞𝑞
�
�
3
𝑉𝑉2 2
2 𝑃𝑃2 𝑉𝑉2𝑞𝑞 − 𝑄𝑄2 𝑉𝑉2𝑑𝑑
𝐼𝐼𝑖𝑖𝑖𝑖 = �
�
3
𝑉𝑉2 2
𝐼𝐼𝑖𝑖𝑖𝑖 =

Where:
𝑉𝑉𝑖𝑖,𝑑𝑑𝑑𝑑 = voltage at ac side of the VSI
𝑉𝑉2,𝑑𝑑𝑑𝑑 = voltage at the PCC
𝐼𝐼𝑖𝑖,𝑑𝑑𝑑𝑑 = instantaneous current in dq frame.
𝑉𝑉𝑖𝑖𝑖𝑖 =

(18)

From (18), the instantaneous currents are obtained as:

(12)

After transformation of (5) from abc reference frame to dq,
reference frame the VSC dynamic equations become [3]:

𝑑𝑑𝐼𝐼𝑖𝑖𝑖𝑖
𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉2𝑞𝑞
𝑅𝑅𝑖𝑖
= − 𝐼𝐼𝑖𝑖𝑖𝑖 − 𝜔𝜔𝐼𝐼𝑖𝑖𝑖𝑖 +
𝑑𝑑𝑑𝑑
𝐿𝐿𝑖𝑖
𝐿𝐿𝑖𝑖

(17)

3
� 𝑉𝑉 𝐼𝐼 + 𝑉𝑉2𝑞𝑞 𝐼𝐼𝑖𝑖𝑖𝑖 �
2 2𝑑𝑑 𝑖𝑖𝑖𝑖
3
𝑄𝑄2 = � 𝑉𝑉2𝑞𝑞 𝐼𝐼𝑖𝑖𝑖𝑖 − 𝑉𝑉2𝑑𝑑 𝐼𝐼𝑖𝑖𝑖𝑖 �
2
𝑃𝑃2 =

Where:
𝑉𝑉𝐼𝐼,𝑎𝑎𝑎𝑎𝑎𝑎 = voltage at ac side of the VSC
𝑉𝑉2,𝑎𝑎𝑎𝑎𝑎𝑎 = voltage at PCC
𝐼𝐼𝑖𝑖,𝑎𝑎𝑎𝑎𝑎𝑎 = instantaneous current at abc
𝑑𝑑𝐼𝐼𝑖𝑖𝑖𝑖
𝑅𝑅𝑖𝑖
𝑉𝑉𝑖𝑖𝑖𝑖 − 𝑉𝑉2𝑑𝑑
= − 𝐼𝐼𝑖𝑖𝑖𝑖 + 𝜔𝜔𝐼𝐼𝑖𝑖𝑖𝑖 +
𝑑𝑑𝑑𝑑
𝐿𝐿𝑖𝑖
𝐿𝐿𝑖𝑖

+𝑉𝑉2𝑏𝑏 (𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖𝑖𝑖 ) + 𝑉𝑉2𝑐𝑐 (𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖𝑖𝑖 )]

A d-q axis power-based definition of VSC dynamics is
provided only to model the ultimate control theory by
calculating control variables. The instantaneous active power
(𝑃𝑃2 ) and reactive power (𝑄𝑄2 ) at PCC in d-q reference frame:

VSC dynamic model in abc reference frame is obtained as:
𝑉𝑉𝐼𝐼,𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐿𝐿𝑖𝑖

3
1
[𝑉𝑉2𝑎𝑎 (𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖𝑖𝑖 )
� 𝑉𝑉2𝑞𝑞 𝐼𝐼𝑖𝑖𝑖𝑖 − 𝑉𝑉2𝑑𝑑 𝐼𝐼𝑖𝑖𝑖𝑖 � =
2
√3

(16)
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3
� 𝑉𝑉 𝑉𝑉 + 𝑉𝑉𝑖𝑖𝑖𝑖 𝑉𝑉2𝑞𝑞 − �𝑉𝑉2𝑑𝑑 2 + 𝑉𝑉2𝑞𝑞 2 ��
2 𝑖𝑖𝑖𝑖 2𝑑𝑑
3
𝑈𝑈𝑝𝑝 = � 𝑉𝑉𝑖𝑖𝑖𝑖 𝑉𝑉2𝑞𝑞 − 𝑉𝑉𝑖𝑖𝑖𝑖 𝑉𝑉2𝑑𝑑 �
2
𝑈𝑈𝑞𝑞 =

(23)
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At the PV side of the VSC, the dc link capacitor voltage shows
another dynamic relation as (where switching losses is
assumed to be neglected):
𝐶𝐶𝑝𝑝𝑝𝑝

𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝
𝑃𝑃𝑖𝑖
= 𝐼𝐼𝑝𝑝𝑝𝑝 −
𝑑𝑑𝑑𝑑
𝑉𝑉𝑝𝑝𝑝𝑝

(24)

Equation (31) represents a multivariable dynamic model as
described in [5]. From (31) for active power control only, we
can write:

Which can be rewritten as:

𝑓𝑓 − 𝑓𝑓0 = −𝑅𝑅𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 �𝑃𝑃𝑖𝑖 − 𝑃𝑃𝑝𝑝𝑝𝑝 �

(26)

Where 𝑓𝑓0 =nominal operating frequency.
Power components are independent of abc to d-q coordinate
transformation for the controller design [19]. Equation (17) is
considered to calculate the power components directly from abc
coordinate voltage and current at PCC. For PI controller small
signal stability analysis, the method is outlined below:
Small signal stability analysis for Multivariable VSC
model.
In time domain, the VSC dynamics can be represented in
small signal terms as:
𝑑𝑑∆𝑃𝑃2 (𝑡𝑡)
𝑅𝑅𝑖𝑖
= − ∆𝑃𝑃2 (𝑡𝑡) − 𝜔𝜔∆𝑄𝑄2 (𝑡𝑡) + ∆𝑈𝑈𝑞𝑞 (𝑡𝑡)
𝑑𝑑𝑑𝑑
𝐿𝐿𝑖𝑖

𝑑𝑑∆𝑄𝑄2 (𝑡𝑡)
𝑅𝑅𝑖𝑖
= − ∆𝑄𝑄2 (𝑡𝑡) + 𝜔𝜔∆𝑃𝑃2 (𝑡𝑡) + ∆𝑈𝑈𝑝𝑝 (𝑡𝑡)
𝑑𝑑𝑑𝑑
𝐿𝐿𝑖𝑖

(27)

(28)

Above two equations can be transformed in frequency domain
and rewritten as:
𝑅𝑅𝑖𝑖
�𝑠𝑠 + � ∆𝑃𝑃2 (𝑠𝑠) + 𝜔𝜔∆𝑄𝑄2 (𝑠𝑠) = ∆𝑈𝑈𝑞𝑞 (𝑠𝑠)
𝐿𝐿𝑖𝑖

𝑅𝑅𝑖𝑖
� ∆𝑄𝑄2 (𝑠𝑠) − 𝜔𝜔∆𝑃𝑃2 (𝑠𝑠) = ∆𝑈𝑈𝑝𝑝 (𝑠𝑠)
𝐿𝐿𝑖𝑖

(29)

(∆𝑃𝑃2 ∗ − ∆𝑃𝑃2 ) �𝐾𝐾𝑝𝑝1 +

= ∆𝑈𝑈𝑞𝑞

𝑎𝑎1
∆𝑃𝑃
𝑎𝑎 + 𝑎𝑎 2
� 2 � = � 1 𝑎𝑎 2
2
∆𝑄𝑄2
𝑎𝑎1 2 + 𝑎𝑎2 2

Where:

𝑎𝑎1 = 𝑠𝑠 +

𝑅𝑅𝑖𝑖
𝐿𝐿𝑖𝑖

𝑎𝑎2
𝑎𝑎1 + 𝑎𝑎2 2 ∆𝑈𝑈𝑞𝑞
��
�
𝑎𝑎1
∆𝑈𝑈𝑝𝑝
𝑎𝑎1 2 + 𝑎𝑎2 2

−

2

𝐾𝐾𝑖𝑖1
� + 𝐾𝐾𝑝𝑝𝑝𝑝 �∆𝑉𝑉𝑝𝑝𝑝𝑝 ∗ − ∆𝑉𝑉𝑝𝑝𝑝𝑝 �
𝑠𝑠

(34)

On substitution and simplification, the following equation is
obtained:
∆𝑃𝑃2 =
Where:

𝐺𝐺𝑖𝑖1 𝐺𝐺𝑝𝑝1
∆𝑃𝑃 ∗
1 + 𝐺𝐺𝑖𝑖1 𝐺𝐺𝑝𝑝1 2
𝐺𝐺𝑖𝑖1 𝐾𝐾𝑝𝑝𝑝𝑝
+
�∆𝑉𝑉𝑝𝑝𝑝𝑝 ∗ − ∆𝑉𝑉𝑝𝑝𝑝𝑝 �
1 + 𝐺𝐺𝑖𝑖1 𝐺𝐺𝑝𝑝1

𝑎𝑎1
𝑎𝑎1 + 𝑎𝑎2 2
𝐾𝐾𝑖𝑖1
= 𝐾𝐾𝑝𝑝1 +
𝑠𝑠

𝐺𝐺11 =
𝐺𝐺𝑝𝑝1

2

(35)

(36)

The gains have been determined to minimum overshoot which
ensures the stability. The frequency response has been analyzed
to validate above mentioned stability of the closed loop path.
By letting 𝑠𝑠 = 𝑗𝑗𝑗𝑗, the open loop SISO transfer function
𝐺𝐺11 (𝑠𝑠). 𝐺𝐺𝑝𝑝1 (𝑠𝑠) is mapped into (37).
𝐺𝐺11 (𝑗𝑗𝑗𝑗)𝐺𝐺𝑝𝑝1 (𝑗𝑗𝑗𝑗𝑠𝑠 )

=

(𝑏𝑏1 𝑏𝑏2 − 𝑏𝑏3 𝑏𝑏4 ) + 𝑗𝑗(𝑏𝑏3 𝑏𝑏2 − 𝑏𝑏1 𝑏𝑏4 )

Where:

(30)

𝑏𝑏1 = 𝐾𝐾𝑖𝑖1

𝑏𝑏2 2 − 𝑏𝑏4 2

(31)
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(37)

𝑅𝑅𝑖𝑖
− 𝐾𝐾𝑝𝑝1 𝜔𝜔2
𝐿𝐿𝑖𝑖

𝑅𝑅𝑖𝑖 2
𝑏𝑏2 = � � + 𝜔𝜔𝑠𝑠 2 + 𝜔𝜔2
𝐿𝐿𝑖𝑖
𝑅𝑅𝑖𝑖
𝑏𝑏3 = 𝐾𝐾𝑖𝑖1 + 𝐾𝐾𝑝𝑝1
𝐿𝐿𝑖𝑖
𝑅𝑅𝑖𝑖
𝑏𝑏4 = 2 � � 𝜔𝜔
𝐿𝐿𝑖𝑖

The matrix representation of (29) and (30) is obtained as:
2

(33)

2

From the PI control design, it can be derived:

(25)

Equations (21), (22) and (25) are used to construct the dynamic
model for the proposed VSC based grid integrated PV system.
During system dynamic operation, the operating frequency is
achieved by a droop control strategy as shown in (26).

�𝑠𝑠 +

𝑎𝑎1
∆𝑈𝑈
𝑎𝑎1 + 𝑎𝑎2 2 𝑞𝑞

∆𝑃𝑃2 =

𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝
1
=
�𝑝𝑝 − 𝑃𝑃𝑖𝑖 �
𝑑𝑑𝑑𝑑
𝐶𝐶𝑝𝑝𝑝𝑝 𝑉𝑉𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝

(32)

𝑎𝑎2 = 𝜔𝜔

(38)
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III. METHODOLODY
A. Fuzzy Logic Controller
Fuzzy Logic Controller are based on fuzzy set theory [20].
As stated by [11, 20], FLC commonly consist of four
components that are consist of fuzzification, rule base,
inference engine and defuzzification. The block diagram of the
FLC is shown in Fig. 2.
Fig. 3. Membership function plots for error (e) [11]

Fig. 2. Block diagram of Fuzz Logic Controller
Fig. 4. Membership function plots for changes in error (∆𝑒𝑒) [11]

Generally, there are two inputs on the FLC which are error
(e) value and changes in error (∆𝑒𝑒). These inputs are measured
from the value of current and voltage of the output of PV
system. The value is defined in (39) and (40).
𝑒𝑒(𝑘𝑘) =

𝑃𝑃(𝑘𝑘) − 𝑃𝑃(𝑘𝑘 − 1)
𝑉𝑉(𝑘𝑘) − 𝑉𝑉(𝑘𝑘 − 1)

∆𝑒𝑒(𝑘𝑘) = 𝑒𝑒(𝑘𝑘) − 𝑒𝑒(𝑘𝑘 − 1)

(39)
(40)

Where:
𝑒𝑒(𝑘𝑘) = error value
(𝑘𝑘) = sampling time
𝑒𝑒(𝑘𝑘 − 1) = error value at (𝑘𝑘 − 1) sampling time
∆𝑒𝑒(𝑘𝑘) = changes in error
P = value of power
V = value of voltage

Fig. 5. Membership function plots for changes in duty cycle [11]
TABLE I
FUZZY RULE BASE
e

The rules explaining the FLC operation are indicate as
linguistic variables that defined as fuzzy sets. The linguistic
variables are considerd as negative big (NB), negative small
(NS), zero (ZO), positive small (PS), and positive big (PB). The
shape of the membership functions that related to the FLC
linguistic variable are frequently in trapezoidal or triangular
shape or known as piece-wise linear functions. The form and
number of the membership functions of each fuzzy logic
inference mechanism and fuzzy set was originally choose based
on trial and error method. Fig. 3 and Fig. 4 shown that the
fuzzification of error value and changes in error. The
defuzzification of the changes in the duty cycle values is shown
in Fig. 5. Table 1 shown the rule based of FLC where the input
are fuzzy sets of error (e) and the change of error (∆𝑒𝑒).

∆𝑒𝑒

NB

NS

ZO

PS

PB

NB
NS
ZO
PS

ZO
ZO
PS
NS

ZO
ZO
ZO
NS

PB
PS
ZO
NS

PB
PS
ZO
ZO

PB
PS
NS
ZO

PB

NB

NB

NB

ZO

ZO

B. Microgrid System with Fuzzy Logic Controller and
Conventional Controller
A PV connected in microgrid system examples of
MATLAB/Simulink R2018a (Fig. 1) is used for the simulation.
Fig. 6 shows the main model of the system. The results of the
performance comparing both controllers will be shown in Fig.
9 to Fig. 24.
Based on Fig. 6, it shows that there is fault, irradiance, VSC
Controller and feeders. The simulation of the system was run
accordingly based on each controller, with high loading and low
loading with fixed irradiance, under a fault and with or without
feeders.
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Fig. 6. Simulink Model of a PV connected in Microgrid System

IV. RESULT AND DISCUSSION
The results of each cases using different controller will be
shown in this topic.
1. With Fixed Irradiance, with Fault, at High Loading, with
8km feeder at load.
•

Fuzzy Logic Controller

Fig. 7. Fuzzy Logic Controller

Fig. 9. Fuzzy Logic Controller

•

Fig. 8. Conventional Controller

For this paper, there are two types of controller under the
VSC controller which are Fuzzy Logic controller (Fig. 7) and
Conventional Controller (Fig. 8) to be simulate at each case
which are with fixed irradiance, with variable irradiance, with
fault, with loading feeder or without loading feeder.

Conventional Controller

Fig. 10. Conventional Controller

It is observed from Fig. 9 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 10.
2. With Fixed Irradiance, with fault, at high loading without
8km feeder at load.
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•

4. With Fixed Irradiance, with fault, at low loading without
8km feeder at load.

Fuzzy Logic Controller

•

Fuzzy Logic Controller

Fig. 11. Fuzzy Logic Controller

•

Conventional Controller
Fig. 15. Fuzzy Logic Controller

•

Conventional Controller

Fig. 12. Conventional Controller

It is observed from Fig. 11 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 12.
3. With Fixed Irradiance, with fault, at low loading with 8km
feeder at load.
•

Fuzzy Logic Controller

Fig. 16. Conventional Controller

It is observed from Fig. 15 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 16.
5. With Variable Irradiance, with fault, at high loading with
8km feeder at load.
•

Fuzzy Logic Controller

Fig. 13. Fuzzy Logic Controller

•

Conventional Controller

Fig. 17. Fuzzy Logic Controller

•

Conventional Controller

Fig. 14. Conventional Controller

It is observed from Fig. 13 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 14.

Fig. 18. Conventional Controller

It is observed from Fig. 17 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 18.
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6. With Variable Irradiance, with fault, at high loading, without
8km feeder at load.
•

It is observed from Fig. 21 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 22.
8. With Variable Irradiance, with fault, at low loading, without
8km feeder at load.

Fuzzy Logic Controller

•

Fuzzy Logic Controller

Fig. 19. Fuzzy Logic Controller

•

Conventional Controller
Fig. 23. Fuzzy Logic Controller

•

Conventional Controller

Fig. 20. Conventional Controller

It is observed from Fig. 19 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 20.
7. With Variable Irradiance, with fault, at low loading, with
8km feeder at load.
•

It is observed from Fig. 23 that the Fuzzy Logic based controller
has better Real and Reactive power compared to conventional
controller from Fig. 24.

Fuzzy Logic Controller

Fig. 21. Fuzzy Logic Controller

•

Fig. 24. Conventional Controller

Conventional Controller

V. CONCLUSION
This paper presents a performance comparison of real and
reactive power flow in microgrid through PV system using both
controller which are Fuzzy logic based and Conventional
controller. The objective of this paper is to analyse the
controller performance of conventional controller and the
proposed one. Different types of controller will give different
results based on each case in the PV system. Fuzzy logic
controller gives more stable and efficient results in the
simulation compared to conventional controller.
Future recommendations can be made in this paper where
using fuzzy logic controller is more stable and efficient
compared to conventional controller.
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