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Abstract—This paper presents an ANFIS based energy 

management framework for an islanded microgrid, 

integrating photovoltaic generation, wind energy 

conversion, and battery storage to coordinate the 

operation of multiple distributed energy sources. The 

existing methodology utilizes a Fuzzy Logic Controller 

(FLC) require expert knowledge for designing rules and 

membership functions, making tuning difficult. Hence, it 

endures from rule explosion and computational 

complexity as the number of input increases. To address 

the limitations of fixed membership functions and 

predefined fuzzy rules, ANFIS is trained using input 

output data obtained from the FLC. During training, the 

membership function parameters are iteratively updated 

to minimize the deviation between the ANFIS and FLC 

outputs. The developed strategy aims to enhance control 

adaptability under varying renewable energy conditions 

and reduce harmonic distortion in the islanded 

microgrid. After training, the optimized membership 

functions and fuzzy rules enable ANFIS to generate an 

approximated control output for the given input 

variables. Simulation results demonstrate improved 

dynamic response, enhanced active power transfer, 

superior energy management, and lower harmonic 

distortion compared with the FLC based control 

approach. 

 

Index Terms—ANFIS, PV array, Wind turbine, Battery. 

 

I. INTRODUCTION 

 

As the penetration of renewable generation continues 

to increase in modern power systems, effective control 

techniques are essential to ensure stable, and efficient 

operation of hybrid systems. Among the emerging 

solutions, islanded microgrids provide an 

independent electrical network capable of supplying 

power to consumers without relying on the main grid 

[1, 2]. The adoption of non-conventional sources can 

reduce dependence on conventional fossil fuel based 

generation and promote environmentally sustainable 

electricity production. IMS are especially suitable for 

remote and rural areas where connection to main grid 

involve considerable technical challenges and 

infrastructure costs [3,4]. By producing and managing 

electrical power near the consumer, such systems can 

improve energy availability and provide a flexible and 

economical means of supplying electricity to 

geographically isolated communities [5,6]. 

 

The integrated renewable energy sources consisting of  

PV and wind generation units along with a Battery, 

which are coordinated and connected to point of 

common coupling (PCC) as depicted in Fig.1 [7,8]. 

The solar PV system is connected to the PCC via DC-

DC  converter and 3-phase voltage source inverter 

(VSI) [9,10]. The wind turbine is connected to PCC 

via rectifier and inverter [12,13]. The Battery is 

connected to a PCC via bidirectional converter and 

inverter [14,15].  

 
Fig. 1. Overall representation of islanded microgrid 

system. 
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The energy management system regulates the 

distribution of generated and stored energy by 

coordinating the PV array, wind turbine, and BESS 

according to the instantaneous load demand, thereby 

supporting a balanced power flow within the IMS [15], 

[16]. When renewable sources generate more than the 

load demand, the surplus power is stored in the BESS 

by operating the battery in charging mode. If 

renewable generation falls below the load demand, the 

battery changes to discharging mode and releases the 

stored energy to compensate for the deficit and sustain 

the required power supply. 

 

Droop-based control is widely adopted in islanded 

microgrids because it enables distributed generation 

units to share load power without relying on a 

centralized communication link. By modifying the 

operating frequency and voltage magnitude in 

response to variations in active and reactive power, the 

droop mechanism facilitates decentralized power 

sharing among the distributed sources [17]. However, 

conventional droop control can introduce deviations in 

voltage and frequency and may result in inaccurate 

reactive power distribution, particularly when the 

feeder impedances of the connected units are unequal 

[18]. To address these limitations, virtual impedance 

techniques, including virtual resistance and virtual 

conductance, have been incorporated into microgrid 

control schemes to enhance system stability and 

improve power-quality characteristics [19], [20]. In 

addition, fuzzy logic controller (FLC)-based 

techniques provide improved adaptability under 

changing generation and loading conditions by 

incorporating nonlinear control rules, offering an 

alternative to conventional proportional-integral (PI) 

control methods [21], [22]. 

 

The remaining  manuscript is presented as follows, 

Section 2 presents FLC based control structure in the 

islanded microgrid, Section 3 illustrates the ANFIS 

implementation for the islanded microgrid system and 

discusses the coordinated energy management strategy 

for the hybrid renewable energy sources, Section 4 

provides the simulation results and a comparative 

assessment of the FLC and ANFIS. Finally, Section 5 

finalizes the conclusion and future scope. 

 

 

 

II. EXISTING CONTROL APPROACHES 

 

In Photo voltaic subsystem, the boost converter is 

operated using a maximum power point tracking 

technique i.e. A perturb and observe (P&O) to 

maximize utilization of available power while 

maintaining the required DC link voltage, as depicted 

in Fig. 2 [11]. The fuzzy logic controller receives two 

input variables such as  DC link voltage Vdc and 

change in power   ΔP,  with these inputs , it produces 

the required control signals, which are supplied to the 

PWM generator. The PWM pulses regulate the 

inverter switching operation to achieve the desired 

voltage and frequency at the PCC [23]. This 

coordinated control improves power quality during 

variations in operating conditions. 
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Fig.2 Schematic representation of voltage and 

frequency regulation 

 

The wind energy conversion system comprises of DC-

DC converter, permanent magnet synchronous 

generator, and 3-phase inverter as depicted in Fig.3. 

Maximum power extraction from the wind turbine is 

obtained by the P & O based tracking algorithm. The 

controller process the measured PV voltage and 

current to generate suitable gate pulses for the boost 

converter , there by controlling the power transfer and 

maintaining the DC-link voltage at the desired level  

[24, 25].  

 

The input variables to the FLC are the DC link voltage 

Vdc and the change in the active power ΔP and  it is 

used to generate  the control signal based on the input 

values using a power angle control strategy. The 

control signal is then fed to the PWM generator that 

generates the desired switching pulses to the inverter. 

The inverter produces the voltage and frequency at 

PCC [23]. 
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Fig.3 Schematic representation of  power angle 

control scheme 

 

Fuzzy control techniques are suitable for renewable 

energy application because they can handle complex 

nonlinear behaviour without depending on a precise 

system model. Nevertheless, the effectiveness of an 

FLC is influenced by the design of its membership 

functions and rule structure. To address this challenge, 

an ANFIS is introduced to refine its parameters 

through training data. This approach enhances the 

controllers ability to respond to changing operating 

conditions and improves the dynamic behaviour of the 

IMS .  

 

III. DEVELOPMENT OF AN ADAPTIVE NEURO 

FUZZY CONTROL STRATEGY FOR ISLANDED 

MICROGRIDS 

 

An ANFIS controller is developed for the IMS to 

achieve efficient energy management and improved 

power quality in the islanded microgrid system. The 

ANFIS combines the neural network based learning 

with fuzzy inference to improve the nonlinear system 

behaviour. It uses the training the data, enabling tuning 

of membership functions and inference parameters 

[26,27]. 

The FLC generates input-output data which are fed to 

the ANFIS to train the system by backpropagation 

learning algorithm. The developed controller  

generates the control signal required for inverter 

operation. A PWM modulator processes this signal to 

produce the corresponding gate pulses, which are 

applied to the inverter switching devices. The resulting 

switching action controls the inverter output, enabling 

the required AC voltage magnitude and operating 

frequency to be maintained at the PCC as shown in 

Fig.4 
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Fig. 4. Integrated control block diagram of the 

islanded microgrid system. 

 

3.1 Framework of the ANFIS Controller 

The developed ANFIS controller consists of five 

layers of computation - two adaptive layers and three 

fixed layers and it has two input variables Vdc, ΔP. The 

first layer defines the membership functions which 

perform the translation of the variables used in the 

input to their respective membership grade. These 

grades are then processed in the second layer where 

the fuzzy rules are created by fuzzifying the two inputs 

together. In the third layer, the activation levels of the 

individual rules are scaled according to their combined 

activation, normalized rule strengths for subsequent 

processing. The fourth layer to determine the next part 

of each rule using the adjustable consequent 

parameters. The consequent parameters are estimated 

during the forward-learning phase using the 

normalized firing strengths and the training input-

output data. For the first-order Sugeno model, these 

parameters form the linear coefficients of the rule 

consequent functions and are determined through 

least-squares estimation. During the subsequent 

backward-learning phase, the premise parameters are 

updated using gradient descent based on the output 

error. Finally, as seen in Fig. 5, the fifth layer 
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combines the output from all of the fuzzy rules to 

produce the overall ANFIS controller output. 

 
Fig.5 Framework of ANFIS controller 

Layer 1: Adaptive Layer: Input Membership Functions 

Layer 1 receives the two input crisp inputs: Vdc, 

∆ P.Each input has 3 membership functions: A1, A2, 

A3,  for Vdc and B1, B2, B3 for ∆P . Therefore, Layer 1 

has 6 adaptive nodes and this layer is called adaptive 

because its premise parameters are adjustable during 

training. 

 

Oi
1 =  μ Ai(Vdc), i = 1,2,3 

Oi+1
1 =  μ Bi (∆ P) i = 1,2,3 

 

Where  Ai, Bi denote fuzzy sets, μ is a membership 

function.  

 

Layer 2: Fixed Layer: Rule Firing Strength 

In the rule layer, individual nodes correspond to the 

defined fuzzy rules. For each rule, its activation level 

is obtained by combining the membership values of 

the associated inputs, thereby implementing the fuzzy 

conjunction operation. 

Oi
2= wi = μ Ai(Vdc) × μ Bi (∆ P) 

 

Layer 3:  Fixed Layer: Normalization 

The firing strength of every rule is converted into a 

normalized form. 

wiˉ =
wi

∑ wj

n

j=1

 

Layer 4: Adaptive Layer: Consequent Functions 

• This is the second adaptive layer. Layer 4 receives 

the normalized firing strengths from Layer 3. 

Each rule has a consequent function. For a first-

order Sugeno ANFIS, pi, qi, ri are consequent 

parameters and rule i is represented by: 

fi = pix + qiy + ri 

 

The output becomes 

Oi
(4)

= wiˉ fi 

Layer 5:  Fixed Layer: Aggregation 

Layer 5 receives the nine outputs from Layer 4: 

Output =  ∑ w̅i

n

i=1

 fi 

             = ∑ Oi
(4)

n

i=1

  

 

Layer 4 produces the output of each ANFIS rule, and 

Layer 5 adds all these rule outputs to obtain the final 

ANFIS output. 

 

3.2 ANFIS  Algorithm 

Step 1: Specify the initial parameter values for ANFIS 

training 

Set the initial membership-function parameters 

(a, b, c), Set the initial rule consequent parameters  pi, 

qi, and ri, learning rate η, error goal Egoal, maximum 

number of training epochs. 

Step 2: Apply the training inputs 

For each training sample 𝑘, apply:Vdc(k), ∆P(k). 

Step 3: Perform the forward pass 

Membership grades→ Rule firing strengths→ 

Normalized firing strengths→ Consequent outputs→ 

Final output. 

y(k) = ∑ w̅i
9
i=1 fi(k). 

Step 4: Estimate consequent parameters using Lease 

square estimation method 

The consequent parameters are estimated by 

minimizing: 

E = ∑ [yd(k) −  y(k)]2N
i  

Step 5: Calculate the training error 

After obtaining the ANFIS output, calculate the 

training error : 

E (k) =  yd(k) − y(k) 

Mean square error   = 
1

N
  ∑  e2(k)N

k=1  

Case1: Error is within the limit 
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MSE  ≤ E goal 

The training process is stopped, and the trained ANFIS 

parameters are obtained. 

Case 2: Error is greater than the limit 

MSE > E goal 

The hybrid learning algorithm continues to the 

backward pass. The algorithm does not directly 

modify the rule firing strengths. Instead, it updates the 

trainable parameters of the ANFIS network. 

Step 6: Backpropagation for premise-parameter 

updating 

The error is propagated backward from Layer 5 toward 

Layer 1.For each premise parameter θ, the gradient is 

calculated as: 

∂E

∂θ
 

The premise parameters are iteratively adjusted using 

a gradient-based learning mechanism to minimize the 

training error. 

θnew =  θold −  η 
∂E

∂θ
 

  

For triangular membership functions, the parameters 

are: 

θ ∈ {a, b, c} 

 

Therefore: 

anew = aold − η
∂E

∂a
 

 

bnew = bold − η
∂E

∂b
 

 

cnew = cold − η
∂E

∂c
 

 

These updates change the shape and position of the 

triangular membership functions. 

This process continues until: 

MSE ≤  E goal 

 
IV. SIMULATION RESULTS AND DISCUSSION 

 

The typical parameters of the integrated PV, wind, and battery energy systems are derived to construct the islanded 

microgrid model. These parameters are used as the simulation inputs to evaluate the developed control strategy under 

different operating conditions. 

Table.1. 

PV Aarry  Wind Turbine  Battery  

Power 2.4 Kw Power 2.4 Kw Rating 9 Kwh 

I rs 1000 W m2⁄  Density 1.25 Kg m3⁄  Lb 0.1 e-3 

Q 1.602× 10−19 C radius 1.31 m Cp 12000 e−6 

θ 298 K Vw 12 m s⁄  Lifecycle > 10,000 

I src 8.12 A ηgear 1 Lifetime 5- 8 Years 

Ns (series Strings) 12 P(Pole Pairs) 4 Q rated 30 Ah 

Np(Parallel Strings) 1 ω  rated 2300 rpm SOC 60% 

 

The developed ANFIS based energy management and harmonic mitigation scheme is assessed through a 

MATLAB/Simulink simulation model. The system is configured according to the parameters specified in the 

corresponding Table.1, which are chosen to represent islanded microgrid operating conditions.  

 

The PV array, wind turbine and battery is operated different operating conditions and the simulation time is 1.3 sec. 
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(a) (b) 

  

(c ) (d) 

 

 

(e) (f) 

Fig.6 (a) PV array inverter output voltage, (b) PV array inverter output current, (c) Wind turbine inverter output 

voltage, (d) Wind turbine inverter output current, (e ) Battery inverter output voltage, (f) Battery inverter output 

current. 

 

The inverter output 3-phase  voltage and current waveforms of the PV, wind, and battery units are presented in Fig. 

6 (a), Fig 6 (b), Fig 6 (c), Fig 6 (d), Fig6  (e), Fig 6 (f) under fuzzy logic controller .The results exhibit a sinusoidal 

nature, while the corresponding THD values remain within the permissible limits specified by IEEE standards. 
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(a)  

(b) 

 
 

 

(c ) (d) 

Fig. 7. (a) PV inverter output voltage, (b) PV inverter output current, (c) PV inverter enlarged view of the output 

voltage, and (d) PV inverter enlarged view of the output current. 

 

The PV inverter 3-phase voltage and current responses obtained with the ANFIS controller, along with their 

magnified waveforms, are shown in Fig. 7 (a), Fig 7 (b), Fig 7 (c) and Fig 7 (d). The results indicate that the inverter 

produces sinusoidal 3-phase voltage and current waveforms with reduced harmonic distortion compared with the 

fuzzy logic controller. 

 

  
 

(a) (b) 
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(c ) (d) 

Fig. 8. a) Wind turbine inverter output voltage, (b) Wind turbine inverter output current, (c) Wind turbine 

magnified view of the output voltage, and (d) Wind turbine magnified view of the output current. 

 

The three-phase voltage and current waveforms of the wind turbine inverter, together with their corresponding 

enlarged views, are presented in Fig. 8 (a), Fig 8 (b), Fig 8 (c) and Fig 8 (d) for the adaptive neuro fuzzy inference 

system control strategy. The obtained responses exhibit a sinusoidal waveform with reduced distortion, 

demonstrating improved inverter performance compared with the fuzzy logic controller. 

 

 
 

 

(a) (b) 

 
 

 
 

(c ) (d) 

Fig. 9. Inverter-side electrical characteristics of the battery energy storage unit: (a) voltage waveform, (b) current 

waveform, (c) enlarged voltage waveform, and (d) enlarged current waveform. 

The inverter side voltage and current waveforms of the battery system are illustrated in Fig. 9 (a) and 9 (b), while their 

enlarged views are shown in Fig. 9 (c) and 9 (d). The results indicate that the ANFIS based control scheme produces 

smooth and sinusoidal voltage and current waveforms at the battery inverter output compared to the fuzzy logic 

controller. 
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(a) (b) 

 
 

 

(c ) (d) 

Fig. 10. PCC voltage and load-current characteristics: (a) PCC voltage waveform, (b) load-current waveform, (c) 

enlarged view of the PCC voltage, and (d) enlarged view of the load current. 

 

The PCC voltage and load current waveforms, along with their enlarged views, are presented in Fig. 10(a), Fig. 10(b), 

Fig. 10(c), and Fig. 10(d) for the proposed adaptive neuro fuzzy inference system based control scheme under varying 

load conditions. The responses maintain sinusoidal nature and exhibit lower harmonic distortion than those obtained 

with the fuzzy based controller. 

 

  

(a) (b) 
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(c ) (d) 

Fig. 11. Active power characteristics under Fuzzy Logic and ANFIS control: (a) PV array, (b) wind turbine, and 

(c) battery (d) active power profiles of the PV array, wind turbine, battery, and load. 

 

The active power responses of the PV, wind, and battery subsystems under both FLC and ANFIS control are presented 

in Fig. 11(a), Fig. 11(b)  and Fig. 11 (c) The corresponding power delivered to the AC load is also illustrated, showing 

the power contribution of each distributed energy source to the overall load demand in Fig. 11 (d). 

 

 

Fig. 12. THD of the PV inverter voltage for FLC and ANFIS assisted control schemes 

In Fig.12, the voltage waveform produced by the PV inverter is evaluated using FLC and ANFIS controllers. With 

FLC, the measured voltage distortion is 4.17% THD, while the ANFIS based controller achieves a lower value of 

1.28%. This reduction in harmonic content demonstrates the enhanced voltage waveform quality obtained with the 

ANFIS control scheme. 

 
Fig.13. THD of the wind turbine inverter voltage using FLC and ANFIS control techniques. 
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Fig.13, presents the THD comparison of the wind-

turbine inverter output voltage under FLC- and 

ANFIS-based control. With the FLC, the measured 

voltage THD is 4.17%. In contrast, the developed 

ANFIS based scheme limits the voltage distortion to 

1.28%, indicating improved waveform quality at the 

inverter output. 

 

V. CONCLUSION 

 

The developed Adaptive Neuro Fuzzy Inference 

System provides coordinated energy management for 

the islanded hybrid renewable energy microgrid under 

varying generation and load operating conditions. The 

BESS compensates for the imbalance between 

renewable generation and load demand, thereby 

supporting stable power supply and reliable microgrid 

operation. The developed control strategy coordinates 

the PV array, wind turbine, and BESS to improve 

power sharing, renewable energy utilization, and 

harmonic performance. The developed control 

framework demonstrates effective energy 

management and harmonic mitigation in the islanded 

microgrid system. The developed control strategy 

reduces THD of PV inverter from 4.1% to 1.28% and 

THD of wind turbine inverter output voltage from 

4.1% to 1.28% . Future work focus on hardware 

implementation and further improvement of energy 

management and controller performance under 

different operating conditions. 
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