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1. Introduction

Photovoltaic (PV) becomes one of the important renewable energy sources. In particular, rooftop
solar power has been growing rapidly in recent times. In addition to generating electricity for the load,
just 1-kWp of rooftop solar capacity will help reduce carbon dioxide emissions by 28 tons [1]. Some
research results show that the decision to invest in distributed power generation systems using rooftop
solar PV power depends significantly on technology costs, national financial conditions, and tariffs.
Therefore, it is necessary to study and evaluate the feasibility of these projects [2-3].

For optimizing the capacity of the solar PV system, many algorithms have been suggested for
Maximum Power Point Tracker (MPPT) techniques [4, 5]. Besides, Battery Energy Storage (BES) is
suggested for grid-connected households to minimize the net present cost of electricity [6]. However,
the obtained data in a year from the practical projects demonstrated that the technology, national
financial conditions, and tariffs were dramatically impacted the investment decisions [7,8].

To reduce investment costs for rooftop solar power systems, the solution of using grid-connected
inverters without BES is prioritized for research. For instance, the power quality was improved by
applying a Shunt Series Switched Grid Tied Inverter (SSS-GTI) [9]. With the aid of bidirectional
switches, SSS-GTI is able to work under the shunt or cascade-connected mode. Grid-tie inverter using
a new type of buck in buck, boost in boost was investigated in [10] to enhance the capacity by decreasing
the switching losses in a 4-kW system with and without solar PV input.

In order to deal with the power quality issues affected by the switching of small-scale grid-tie solar
PV inverters under the working conditions of PV systems mentioned in [11], in this paper, the ANFIS
controller will be applied for the PV system to enhance the stability of the system using a grid-tie
inverter.
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The content of this paper is including The Introduction, the Studied system configuration, the ANFIS
controller design, Simulation Results, and Conclusions are introduced in Section | to Section V,
respectively.

2. Structure of the PV system

The proposed system configuration is introduced in Fig. 1 which is including a 5-kWp rooftop solar
PV system connected to the power grid via a solar grid-tie inverter and a filter is installed in series with
an inverter to improve the voltage quality.
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Figure 1. Configuration of the PV system

2.1 PV System Model

A PV array is described under an equivalent circuit diagram illustrated in Fig. 2. This circuit
consists of a light-generated current I (A), a diode, a shunt resistor R (€2), and a series resistor Rs (Q).
The mathematical model of this system is referred to [4].
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Figure. 2. The equivalent circuit diagram of a PV array in Matlab/Simulink

In this article, a Sunpower SPR-415E-WHT-D PV panel is chosen with the rated parameters are
illustrated in Table I. The I-V and P-V curves for a rated 5-kWp PV system impacted by irradiance are
respectively presented in Fig. 3 and Fig. 4.

2.2. P&O Algorithm for MPP Tracking

To obtain the optimal power of the PV system that included PV panels, boost inverter, and load,
in this paper, an MPP tracker using Perturb and Observe (P&O) is suggested with the flowchart
illustrated in Fig. 4. since P&O algorithm is considered the most popular method to track the MPP of
the PV system [5].

In this flowchart, it is seen that a slight perturbation can make the power of the solar module
change. In case, the power grows up due to the perturbation, the perturbation is continued in the same
direction [4, 5, 12]. After the maximum power is obtained the power decreases the perturbation will
reverse in the opposite direction to keep the steady-state oscillates around the peak point.
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Table 1. Sunpower SPR-415E-WHT-D PV data

No. Parameters Values
1 Maximum Power (W) 414.8
2 Number of Cell per module 128
3 Open circuit Voltage (V) 85.3
4 Voltage at Maximum Power Point (V) 72.9
5 Short-circuit Current (A) 6.09
6 Current at Maximum Power Point (A) 5.69
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Figures. 3. Irradiance effect on the I-V and P-V curves: (@) I-V curve of PV array,(b) P-V curve of
PV array.

3. ANFIS Controller Design

In this research paper, an ANFIS controller is synthesized to control the voltage of DC-link in the
grid-tie inverter for a 5-kWp rooftop PV that aims to replace the traditional Pl controller system as
presented in Fig. 5.

The structure of ANFIS is referred to [13, 14]. However, to increase the accuracy of this controller,
additional information from the load is added to the training data for the ANFIS controller.

Table 2. The parameters of ANFIS

Parameters Quantity
Nodes 35
Linear Parameters 27
Nonlinear Patrameter 24
Total parameters 51
Training data pairs 99001
Fuzzy rules 9

For this proposed strategy, the surface rule is depicted in Fig. 6, the minimal training error is RMSE =
0.046243.
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Figure 4. Flowchart of the P&O algorithm
4. Simulation Results

In this section, to be able to simulate the results in the time-domain, mathematical models of the
system must be established. However, due to the limitation of the page number in the paper, the author
only presents the application of the Simulink toolbox of Matlab software to show the simulation results,
the mathematical model is referred to in the references [12-15]. The simulation results of the nonlinear
system are provided to compare the P&O algorithm for MPP tracking and the proposed ANFIS
controller when they are applied to control the grid-tie inverter for a rooftop PV system. These
simulation results show that the dynamic stability of the PV system under different operating conditions
is improved.

The simulation results are executed in Matlab/Simulink toolbox. with the blue lines presented for the
responses of the system using the PI controller and ANFIS controller are shown in the blue and red lines,
respectively.

Fig. 7 presents the response of the system with varying solar irradiance to see the maximum point
detection ability of the designed P&O algorithm. It is seen that the P&O controller assists to obtain the
maximum power of the PV system. Moreover, thanks to the ANFIS controller for the DC-link, the
oscillation is greatly reduced.

To further evaluate the superiority of the two designed controllers, the performances of the system
using the PI controller (blue lines) and ANFIS controller (red lines) when a three-phase short-circuit
fault happened in 5-cycle at the power system (at 2.5 seconds) and the load (at 4.5 seconds), respectively
are illustrated in Fig. 8 and Fig. 9. The simulation results in these figures show that the response of the
PV system will fluctuate when the faults occur. But, when the faults are cleared after 5-cycles system
returns normal operation after transients. In almost all cases, thanks to the ANFIS controller, transient
fluctuations are better controlled than with the PI controller.
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Figure 5. Controllers for DC-link voltage of solar inverter: (a) Pl controller for DC-link voltage,
(b) ANFIS controller for DC-link voltage
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Figure 6. Surface rule of the designed ANFIS.
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Figure 7. Responses of studied system when when irradiance changing: (a) Active power of the solar PV
system, (b) Voltage at DC-link of the solar PV system, (c)Variation of the irradiance
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Figure 8. Responses of studied system when the three-phase fault happened at power grid: (a) Active power
of the solar, (b) Voltage at DC-link of the solar PV, (c) Current in d-axis of the solar PV system, (d) Current
in g-axis of the solar PV system, (e) Active power of the solar PV system, and (f) Voltage at DC-link
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Figure 9. Responses of studied system when the three-phase short-circuit at the load: (a) Current in d-axis
of the solar PV system, (b) a. Current in g-axis of the solar PV system

5. Conclusions

The stability improvement of a grid-connected rooftop solar PV system has been studied in this work.
To obtain the maximum power, a P&O controller is designed for the PV system to track the MPP. The
simulation results of the PV system addressed to three-phase short-circuits faults have proved the
success of the proposed ANFIS controller in suppressing oscillations of the system. Based on the time-
domain simulation results, it can say that the proposed ANFIS controller has better damping
characteristics to enhance the transient responses of the system in terms of reducing overshoot and
settling time of the grid-tie rooftop Solar PV inverter under severe operating conditions.
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