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Abstract 
 

Micro-grid is an autonomous self-sustainable system that feeds individual 

complexes. One or more distributed energy sources are integrated in micro-

grid. Reliability of the power system is improved by indulging distributed 

energy sources. Appropriate control of micro-grid can enhance the system 

performance by regulating the power system parameters according to 

operational demand. This paper presents the micro-grid and its control with 

intelligent strategies for power quality enhancement. The proposed micro-

grid is integrated with PV system and wind energy system. Maximum power 

extraction from PV system is done by employing MPPT technique. Custom 

power device DPFC is integrated at point of common coupling to regulate 

the power system disturbances and maintain the system close to ideal 

conditions. The performance of DPFC in micro-grid operation is compared 

using different control techniques and the system results are presented using 

PI, Fuzzy and ANFIS controllers. System is simulated and results are 

presented using MATLAB/SIMULINK software.           

 

Keywords: Custom Power device, Fuzzy Logic Controller, Distribution 

System, Grid Interconnected System and ANFIS Controller. 
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1 Introduction  
 

In the growing technological world, utilization of non-conventional 

sources has been increased rapidly to meet the electrical demand. In this 

paper a PV and Wind energy systems are considered as input sources and 

connected to the grid, during this interaction between grids and DS a power 

quality problem arises In small-scale power generating plants, the DES play 

a key role, for example, non-conventional power source like, photovoltaic 

cell, wind systems hydro sources designing the microgrid idea close to the 

load center have the advantage of improving effectiveness by decreasing the 

transmission line misfortunes or voltage drops.  

From the last years, power system reliability reduced due to harmonics, 

reactive power effects, unwanted currents caused by non-linear load 

utilization. The reason for this problem is generally due to the utilization of 

nonlinear loads at the end of the consumer, bow furnace and switching 

conditions in the semiconductor switch [1] - [5]. 

By expanding the household and business applications and increasing the 

utilization of critical and sensitive loads may affect the electricity 

consumption growth. The coordination control plan, for example, greatest 

power point following converters are proposed for getting most extreme 

power from the sustainable power sources under varieties in info or any 

interest conditions [6]. This type of microgrid systems are even created 

electrical power under ordinary strange conditions, for example, on the off 

chance that it is sunlight based it work at room temperature or on the off 

chance that it produces vitality at typical speed i.e in plain surface territory. 

Basically, harmonics and reactive powers are the main concern in the 

power system that is associated with the grid. The flexible AC transmission 

system is proposed in this paper to improve the reliability of the transmission 

system, the quality of electrical power by reducing the problem (harmonic 

I.e, power factor effect) [7]. To overcome the problem of power quality at 

voltage and current in a distributed micro grid system, the conditioner of 

integrated power quality is considered. And also this paper is implemented 

with conventional and fuzzy controllers to control the voltage of a better DC 

capacitor and the system of reactive systems. 

 

2 Literature Review 
 

Lasseter [11] argue that the Islands of the Islands are intentional and the 

burden has the potential to provide higher local reliability than those 

provided by the overall power system. Microgrid can operate connected to 

the main distribution grid, or even in isolated mode. From the grid point of 

view, the microgrid can be operated in the power system as a single 

aggregate burden and as a small resource and other services that support the 

network.  
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A microgrid may transition between these two modes due to care, 

degraded power quality or a shortage within the host grid, faults within the 

local grid, or for economical reasons. By means of modifying energy flow 

through microgrid components, microgrids facilitate the combination of 

renewable energy generation like photovoltaic, wind and electric cell 

generations without requiring re-design of the national distribution system 

[12]. C. Guanglin et. al. [13] have proposed an operating mode for the 

isolated micro-grid. A PSCAD simulation model of the isolated micro-grid 

with wind-solar-diesel-battery hybrid power generation is made supported 

the operating mode. The model parameters are obtained by parameter 

identification method. The feasibility and therefore the effectiveness of the 

proposed approach are proved by simulation and model of an island planning 

micro-grid. The isolated Wind-Solar- Diesel-Battery micro-grid model, and 

therefore the system of the diesel generator control and energy storage master 

operation mode were designed and simulation respectively. C.L. Smallwood 

et. al. [10] discussed technical and non-technical challenges of microgrid. A 

microgrid was established utilizing PV and fuel cells operated in 

cogeneration modes. D. Yamegueu et. al [14] presented the results of an 

experimental study of a PV/diesel hybrid system without storage. 

Experimental results show that the sizing of a PV/diesel hybrid system by 

taking under consideration the radiation and therefore the load/demand 

profile of a typical area may lead the diesel generator to work near its 

optimal point (70 to 80% of its nominal power). 

 

3 Grid Interconnected Network 
  

 
 

Figure 1 Structure of general Microgrid  
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In the present situation, the coordination of grid sustainable power 

sources, for example, photovoltaic framework is the most significant 

application. These points of interest incorporate the ideal motivators in 

numerous nations that effect clearly on the business acknowledgment of grid 

associated PV frameworks. The structure of general microgrid is shown in 

figure 1 [8]. This condition forces the need of having great quality planning 

apparatuses and an approach to precisely foresee the dynamic execution of 

three-stage grid-associated PV frameworks under various working conditions 

so as to settle on a cool headed choice on whether to consolidate this 

innovation into the electric utility grid.   

 

3.1 PV Solar System 
 

Solar PV system play a key role in distribution energy systems in present 

scenario as its flexibility and reliable nature. The PV system converters sun 

irradiance to electrical energy by photon effect. In PV system the solar cells 

are arranged in series and parallel combination to meet the load requirement 

such as voltage and current.  

The main components in solar system is, PV panel which converters sun 

photon light to electrical current further it converted to dc voltage with the 

help of electrical equivalent circuit [9]. To extract, the maximum from the 

solar system an MPPT based DC-DC converter is implemented as shown in 

figure 2. 
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Figure 2 PV System with Power Converter 

 

The purpose of MPPT technique is to track the power from the solar 

system. A maximum power point tracker is a basic DC to DC converter that 

synchronize between the PV system and PCC point. The purpose of this 

converter is to control the solar voltage and track the maximum power from 

the panels. 
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3.2 Wind Energy System 
 

The other alternative solution to the renewable energy system is wind 

turbine. In W.E.S the wind turbine converts wind speed energy to kinetic 

energy to maintain high speed from wind turbine a gearbox mechanism is 

used this gearbox converts low speed shaft to high speed shaft and applied to 

generator which converts to electrical generation here, a synchronous 

generator (induction generator) [10].  Generally there are two types of 

induction generator’s (i.e SGIS and DFIG). The main advantage of induction 

generator to use in wind turbine as it generates power at  variable speed it  

has simple in construction and has capable to recycle the wasted rotor power 

with help of back - back converters. Along with this W.E.S is also 

implemented with an mppt based DC to DC boost converter to extract 

maximum power from the W.E.S. The structure of wind energy system is 

shown in figure 3 [14]. 

 
Figure 3 Basic Structure of Wind Turbine System 

 

The following figure shows the plot between coefficient of power (cp) 

and tip speed ratios (TSR). 

The mechanical output power from the wind turbine as [15] 
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4 Custom Power Device (DPFC) 
 

In these trending days, power quality is an important topic for research in 

electrical stream. End user equipment decides the quality of the power. If the 

user devices at load points work satisfactorily then the delivered power is of 

good quality and vice-versa. Voltage sags and swells, transients, harmonics 

are some of the power frequency disturbances contributing to poor power 

quality. Sudden switching ON or OFF of heavy loads leads to voltage sag or 

swell. Power factor and grounding problem also contribute to poor power 

factor in power system network. 

To restore the power quality, new class power electronic technological 

based power conditioners are developed and popularly known as CUPS 

(Custom Power Devices) [16].  

 Power quality leads to the unwanted power loss in the power system. 

Unexpected power breaks, coil overheating, equipment failure, damage to 

sensitive equipments, EMI issues are some of the predominant effects of 

poor power quality. CUPS (Custom Power Devices) are developed to 

contribute for voltage quality issues and bring considerable or remarkable 

improvement in the quality of power in power system. 

DPFC has a capability of absorbing or generating the dynamic 

compensating signals to improve the system stability. Shunt controller of 

DPFC compensates the harmonic pollution improving the quality of power 

signals at point of common coupling. Series controller of DPFC compensates 

the voltage and stabilizes the reactive component of the system as shown in 

the figure 3. The control system for series controller shown in figure 4 

compensates for swell or sag in voltage at the receiving end. The three 

coordinate system is converted to two coordinate system for simplified 

calculations and later inverse transformed with Clarke’s and Park’s 

transformation technique [17]. Te generated reference signals are used to 

generate gating pulses with suitable pulse width modulation technique.    

 
Figure 4 Structure of DPFC 
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DC-Link capacitor plays a major role in feeding the controller power 

requirements. Shunt control for harmonic elimination is depicted in figure 5. 

Shunt controller produces controlled pulses using Hysteresis current 

controller. The upper band and lower band are selected suitably for proper 

controlling. The closed loop control diagram of shunt converter is shown in 

figure 5 and figure 6.   
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Figure 5 Control diagram for Series converter for DPFC 

 

4.1 DPFC Shunt Converter Control Structure 
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Figure 6 Closed loop control Diagram for shunt converter. 
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5 Fuzzy Logic Controller 
 

The major complexity in conventional PID controller is mathematical 

analysis with multiple variables and constant interfacing. The major three 

issues with conventional PID controller is (a) time delay, (b) step function 

response and (c) ramp or soak function response. 

In order to overcome these issues, this paper is implemented with soft 

computing controller called as Fuzzy logic Controller [18]. Fuzzy Logic is 

one type in artificial intelligence and it is based on the information which is 

either true or false. FLC is a function or group of flexible set of if-then rules.  
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Figure 7 Architecture of FLC system 

 

Figure 7, shows the basic structure of fuzzy logic controller with two 

inputs namely error of dc link voltage and change in error. Each input of FLC 

is a set of 5 memberships (i.e MS, S, Z, H, VH) and combination of rules is 

presented in table-1 [19]. The minimum of the two inputs of Medium small, 

small, zero, high and medium high are chosen which ultimately try to fire the 

set of IF-THEN rules. If error input is Z AND change in error input is H then 

the output is MH.  
Table 1 Rule-Base formation for 5*5 input FLC 

 
e/ce MS S Z H MH 

MS MS S Z H MH 

S MH H Z S MS 

Z S Z H MH MS 

H S S MS H H 

MH S Z H H MH 

 

Figure 8 & 9 shows the membership functions for input error and change 

in error. 
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Figure 8 Input Error Membership Degree with triangular 

 

 
 

Figure 9 Input Change in Error Membership Degree with triangular 

 

6 ANN Controller 
  

Figure 10 depicts the basic structure of neural network. Circle indicates 

the hidden layers and the square represents the adaptive nodal point. Hidden 

layers are represented in middle to input and output layers in artificial neural 

network architecture [20]. The rule base system is generated using if-then 

conditions and membership functions are generated.    

 
Figure 10 ANN architecture for a two-input multi-layer network 
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7 Simulation Model and Results 

 
 

Figure 11 Implementation of proposed microgrid system in Matlab/Simulink 

 

The simulation verification of the proposed hybrid system is tested under 

three cases, i.e (a) conventional PI controller and (b) Fuzzy Logic Controller 

and (c) ANFIS Controller. The simulation proposed microgrid system DPFC 

controller is shown in figure 11.  

 

Case 1: Modelling with Conventional PI controller 

 In this case the proposed system is tested with PI controller and the 

experimental results are shown in below figures. 

 

 
Figure 12 Waveform for Voltage Sag Condition 
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Figure 13 Waveform after Mitigation of Voltage Sag with DPFC 

 

 
 

Figure 14 Waveform for Current Swell Condition 

 

 
 

Figure 15 Waveform for Mitigation of Current Swell 
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The simulation waveform for voltage under sag condition under three 

phase fault condition and compensated load voltage is shown in figure 12 

and figure 13. During 0.05sec to 0.15 sec the system is affected by fault and 

due to this the load voltages reduces to 0.8% of final value. Similarly the 

load current magnitude is increased to 1.2% of final value. The waveforms 

for load current and compensated currents are shown in Figure 14 and figure 

15. The harmonic analysis for load voltage with PI controller is obtained as 

3.88% as shown in figure 16. 

 

 

 
 

Figure 16 Harmonic Distortion value of Load Voltage with DPFC (PI Controller) 

- 

 

 

Case 2: Modelling with Fuzzy Controller 

 
Figure 17 Simulation results for Voltage Sag Condition 
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Figure 18 Waveform for Compensated Voltage with Fuzzy Controller 

 

 
Figure 19 Waveform for Compensated Current with Fuzzy Controller 

 

 
 

Figure 20 Grid Current THD with fuzzy controller 
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In this case the DPFC controller is implemented with Fuzzy Logic 

Controller. The above Figure 17 & figure 18 shows the simulation results of 

proposed system with Sag and mitigated voltages. Due to fault effect, from 

0.05 sec to 0.15 sec, there is sag occurs in load voltage with difference 

magnitude of 0.8% and load current raises its magnitude around 1.2% per 

unit as shown in Figure 19. The harmonic analysis for load voltage with PI 

controller is obtained as 3.88% as shown in figure 20. 

Case 3: Modelling of DPFC System with ANFIS Controller 

 

 
 

Figure 21 Grid Current THD with ANFIS controller 

 

 The harmonic analysis for load voltage with Fuzzy controller is obtained 

as 3.34% as shown in figure 20 and with ANFIS controller the harmonic 

distortion is 3.04%. 

 

8 Conclusion 
 

An ANFIS based Distributed Power Flow Controller is successfully 

implemented and tested in this paper for improving the power quality in 

microgrid system. By and large, the microgrid idea mostly focus on the 

decrease of transmission losses and the power quality issues happened in the 

network is repaid by brought together with CPD. The fuzzy logic controller 

is utilized for showing signs of improvement execution by the decrease of 

complete consonant twisting in the framework. This proposed system is 

tested and verified in Matlab environment with three controllers i.e 

conventional PI, FIS and ANFIS controllers and simulation results are 

shown. From the simulation results, it concludes that the harmonic distortion 

is obtained better in ANFIS logic controller as compared with other two 

controllers.                   
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