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Abstract: The main objective of this project is to 

controlling of power flow in single phase micro grids using 

a new controlling strategy with (fuzzy logic controller) 

FLC. The proposed fuzzy control system is essential in 

order to ensure the reliable and efficient operation of MGs. 

The proposed control scheme can control the voltage and 

frequency of the MGs while regulating the DC-bus voltage 

of the power converter. The DC-bus dynamics is embedded 

in the proposed control system, which enhances the control 

of input and output parameters[e.g.,voltage, frequency, 

power etc.] Unlike previous works, the dynamic of DC-bus 

has been embedded in the proposed controller to improve 

the dynamic performance of the system during transients. 

The drawbacks most of the presented DC-bus controllers 

are either so sluggish to be able to use through islanded 

MGs or do not provided the ability to regulate MG 

parameters, which is essentials in islanded MGs. 

Keywords: Micro Grid (MG), Fuzzy Logic Controller 

(FLC), Power flow 

I. INTRODUCTION 

The importance of harvesting energy from 

Renewable Energy Sources (RESs) is undeniable in 

the future smart grids due to environmental and 

sustainability concerns associated with the 

conventional energy sources [1]. In order to achieve 

the maximum energy harvesting as well as ensure the 

reliable operation of the smart grids, the concept of 

Microgrid (MG) has been introduced as the building 

block of future grids [2]. In MGs, the power 

electronic converters are the main interface to 

connect RESs to the grid [1]-[2]. Commonly, typical 

converters in MGs include an input stage and an 

output stage. In these converters, the DC-bus 

capacitor acts as an energy storage interface to 

connect the two stages together [3]. While the input 

stage is responsible for extracting the maximum 

power from RESs, the output stage regulates the DC-

bus voltage and shapes the output current [4]-[5]. 

In power electronic converters the control 

system plays a key role to enable the MG to achieve 

its assigned tasks in both of grid-connected and 

islanded operating modes [6]. The control system is 

essential in order to ensure the reliable and efficient 

operation of MGs, as well as control the flow of 

power between converters and MGs, which can be 

done through converters [6]-[9]. Various control 

methods presented to address MG concerns can be 

classified into two general categories: 1- Centralized 

methods which are based on communication links 

and 2- Decentralized methods, which utilize droop 

controllers and local compensation methods [8],[10]-

[12]. Unlike communication-based methods 

(e.g.,centralized, master and slave and etc.) the 

droop-based methods are not dependent on 

communication links, which makes them more 

practical for MG applications [8]-[9]. Despite the 

advantages of the droop-based methods, their high 

dependency on grid impedance and inherent trade off 

between accurate power-sharing and MG parameters 

regulation are the main drawbacks that should be 

taken in to account in designing a droop-based MG 

control system [7]-[9]. While the control of MG 

parameters (e.g, voltage and frequency) through 

converters have been addressed in the literature, in 

most of the proposed methods the dynamics of the 

DC-bus voltage has been ignored (usually it is 

considered as an infinite bus with constant voltage) 

[13]-[14]. However, in practical cases, the dynamics 

of the DC bus voltage plays a crucial role in 

transferring power from the RES to MG, especially in 

single-phase MGs where the DC-bus voltage control 

is challenging due to the existence of double 

frequency ripples in DC-bus voltage [11]-[16]. On 
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the other hand, the regulation of DC-bus voltage is 

addressed in [3]-[5], [17], while the regulation of MG 

parameters is not considered 

in these methods, which make them incompatible 

with MG requirements in islanded mode. Therefore, 

most of the presented DC-bus controllers are either 

so sluggish to be able to use through islanded MGs or 

do not provide the ability to regulate MG parameters, 

which is essentials in islanded MGs. In order to 

address the mentioned drawbacks of the proposed 

methods, this paper proposes a novel control scheme 

for converters used in MGs to control the 

voltage/frequency at the output stage converter while 

regulating the DC-bus voltage. 

The proposed control approach can 

effectively enhance the transient behavior of the 

converter by introducing a new DC bus voltage 

controller in the closed-loop control system. The 

proposed controller is based on the singular 

perturbation control theory. This theory allows the 

system dynamics to be divided into two manifolds 

(i.e., slow manifold and fast manifold). Therefore, the 

controllers for different variables can be designed on 

these manifolds. In addition, the optimum steady 

state value of DC-bus has been derived and utilized 

to ensure the optimal performance of the two-stage 

converter during the steady state operating mode. It is 

being approved that the internal connection between 

AC-side and DC-bus voltage controllers can 

significantly improve the transient performance of 

the proposed controller. In addition, it can regulate 

the DC bus voltage variations in the desired range 

during transients and ensure the optimal performance 

of the converter. 

II. PROPOSED SYSTEM 

Fig. 1 shows the configuration of a typical medium-

scale residential MG used to implement the proposed 

control scheme. According to Fig. 1, the MG includes 

RESs including the solar and wind sources with 2.3 

and 7kW power ratings, respectively, An energy 

storage system (3.3 kW power rating), and An RLC 

load with 8 kVA maximum power demand. RLC load 

is implemented to cover the different variety of 

residential loads (i.e. thermal load, fan load, and 

condensers). All sources are connected to the point of 

common coupling (PCC) using the two stages power 

electronic interfaces. In addition, all DG units are 

equipped with ZigBee modules to provide the low 

bandwidth communication network between units. 

According to Fig. 1 it is assumed that the line 

impedances are negligible in comparison with the 

RLC load values, which is an acceptable assumption 

in single-phase islanded MGs [18]-[19]. 

 

Fig. 1. Configuration of the implemented MG 

III. PROPOSED CONTROL SYSTEM TO 

CONTROL THE FLOW OF POWER IN 

ISLANDED MICROGRIDS 

The general diagram of the proposed control scheme 

is shown in Fig. 2. According to Fig. 2, the proposed 

control scheme uses the state-of-the-art structure (i.e. 

voltage/frequency and DC-bus adaptive droops, a 

primary controller, and an input stage controller). As 

can be seen in Fig.2, The proposed control scheme 

consists of two control levels:1- the lower level or 

converter controller, and 2- the higher level 

controllers, indicated by yellow background, that 

provide required references of the lower level 

controllers. The lower level control system consists 

of a primary controller (i.e. a power controller along 

with a current controller to enable the converter to 

control the flow of power between MG and the 

converter) and an input stage controller including the 

MPPT controller to ensure the maximum power 

harvesting from the DG unit. Base on the proposed 

control scheme the high level uses a dynamic 

analyzer and a voltage optimizer to ensure the 

reliable and optimal performance of the controller 

during its transient and steady-state performance. The 

main novelty of the proposed control system lies in 

the fact that it can highly enhance the transient 

performance using the dynamic analyzer block and 

the integrated voltage/frequency and DC-bus 

adaptive droop controllers. 

In conventional methods, the voltage/frequency and 

DC side droops perform separately, while in the 

proposed method, they are combined and share the 
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droop gains. This can significantly improve the 

transient performance of the system. In addition, in 

conventional control systems, the DC-bus voltage is 

controlled independently from other controllers. 

However, in the proposed method the dynamic 

analyzer adjusts the DC-bus voltage controller gain 

based on the input power as well as the output load. 

This gives rise to predictability for the DC-bus 

voltage, leading to substantially improved the 

transient response of the system. In addition, the 

voltage optimizer block provides the optimal value 

for the DC bus voltage during the steady-state 

operation of the converter. In the following, the 

procedure to design each of the higher-level control 

blocks have been investigated. 

  
Fig. 2. The proposed Control system general diagram 

 

A. Proposed Adaptive Droop Controllers 

 Due to the resistive nature of single-phase MGs, the 

P/V, Q/ω droops have been used to achieve a more 

accurate power sharing instead of the conventional 

P/ω, Q/V droops [4]. In addition, the proposed 

control system employs an additional droop 

controller for the DC-bus voltage, which is crucial to 

improving the transient performance. Therefore, the 

proposed control scheme offers three adaptive P/V, 

Q/ω and DC-bus voltage controllers for the single-

phase islanded MG to regulate the voltage and 

frequency of the output bus and DC-bus 

simultaneously. Moreover, to identify the load 

changes an impedance estimator along with a 

network identification algorithm has been used to 

estimate the load impedance [19]. The main idea of 

the proposed controller is shown in Fig. 4.3. 

According to Fig. 4.3 in the proposed control system, 

the voltage/frequency droop controllers provide the 

active/reactive power references for the primary 

controller. The active power references for the input-

stage controller has also been provided by the DC-

bus voltage adaptive droop. The main contribution of 

the proposed adaptive droops controllers is that the 

grid voltage droop gains are determined using the 

DC-bus voltage controller and the DC-bus voltage 

droop gain is derived using the grid voltage droop 

controller. This effectively connects the DC-side and 

AC-side controllers, which can significantly improve 

the transient performance the control system. 

 
Fig. 3. Proposed adaptive droops control structure 

 

 

Journal of Engineering Sciences Vol 13 Issue 07,2022, ISSN:0377-9254

www.jespublication.com Page 848



Fig. 4. Proposed adaptive droops curves including (a) 

grid-voltage, (b) frequency, and (c) DC-bus voltage 

controllers 

 

Fig. 4 (a)-(c) show the main idea of the proposed 

adaptive droop controllers and their derived load and 

droop profiles. According to Fig. 4, unlike the 

conventional droop controllers, the proposed 

controller can regulate voltage/frequency while 

providing accurate power-sharing by changing the 

droop slope adaptively based on the load and grid 

information. According to Fig. 4, to maintain 

regulated control parameters, the proposed droops 

profiles (i.e. P
ac

 , Q 
ac

 , and P 
dc

) can be derived as: 

(1) 

where ac kV 
ac

 , k V
 dc

 , and kw
 ac

 are the droop gains 

and Vg , Vdc , and wg are the grid voltage amplitude, 

the DC-bus voltage, and the grid frequency 

respectively. To integrate the AC and DC-bus voltage 

controllers, the grid-side and DC-side load profiles 

can be derived from a combination of loads and 

droop profiles at AC-side and DC-side as: 

(2) 

where RL , LL and LC are the estimated load 

impedances and Idc , I g are the magnitude of DC and 

AC output current and ni is the initial contributing 

factor of the ith converter. According to Fig. 4, the 

intersection of the load and droop profile defines the 

operating point. Therefore, using intersection of (1) 

and (2) and constant error values (e
ac

V , e
dc

V and e
ac

w) 

the adaptive droop slopes can be derived as: 

(3) 

 

  (4) 

 (5) 

In order to guaranty the intersection of the load and 

droop profiles and have a stable operating point, 

some conditions should be satisfied as well [20]. 

According to (3)-(5), the droop slopes can change 

adaptively based on the variation of load and DG 

output powers to regulate the voltage/frequency at 

AC-side and DC-bus voltage simultaneously. In 

addition, the integration 

of AC and DC-bus voltage controllers can 

significantly improve the transient performance of 

the system and every change can immediately reflect 

on the other side controller to ensure a very fast and 

stable performance. 

B. DC-bus Voltage Dynamic Analyzer 

One of the prominent features of the proposed 

controller is its ability to enhance the transient 

response of the closed-loop control system through 

the Dynamic Analyzer block. The main objective of 

the dynamic analyzer block is to determine the droop 

gain for the DC-bus voltage controller in real-time. 

The singular perturbation control theory [21] is used 

to generate the DC-bus droop gain in this block. This 

theory provides a tool to analyze systems that are 

included dynamic states with a different rate of 

changes. The dynamic of the input stage converter, 

which is typically a DC/DC converter, is so fast due 

to its very high switching frequency. Therefore the dI 

dt >> 0 dc and the dynamic of Idc is so faster in 

comparison with Vdc and ig dynamics and the Idc 

dynamic is not considered in this paper. Therefore, 

according to Fig. 5, for the implemented system, the 

rate of change for the grid current and the DC-bus 

voltage is given by: 

  (6) 
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  (7) 

Where Lo and Cdc are the output inductor and DC-bus 

capacitor values and d is the duty cycle generated by 

closed loop control system. According to (6)-(7), the 

rate of changes for grid current ( ig ) is faster than the 

rate of changes of DC bus voltage ( vdc ). Fig. 6 

shows the slow and fast dynamic states of the control 

system. According to Fig. 6, based on Tikhonov’s 

theorem the fast trajectory ( ig ) is reached its final 

steady-state value and can be considered as a 

constant in the slow trajectory dynamic equation. 

Therefore, two separate dynamic states can simulate 

the dynamic behavior of the DC bus in the variation 

of ig and I dc . Therefore, Based on Tikhonov’s 

theorem [22]-[23], the system dynamics can be 

divided into slow ( vdc ) and fast ( ig ) states if some 

conditions are satisfied. The main condition of 

Tikhonov’s theorem is the stability of the fast state ( 

ig ).  

C. Proposed fuzzy logic controller 

The fuzzy method consists of three key phases 

(1) Level of input, 

(2) Stage and processing 

(3) Stage of Output. 

The error signal is provided as a feedback to the input 

process of the Fuzzy controller. The processing step 

consists of the membership and the values of truth to 

minimize the signal of error. The output stage here 

defuzzifiers the output volume into the regulated 

defined output value. 

The configuration of the fuzzy-based logic controller, 

divided into four: 

1) Running. 

2) Basis of the law 

3) Method of inference 

4) Defuzzification.  

Currently, due to its basic structure, easy to design 

and low costs, the PI controller is the most used for 

industrial applications.  

Despite these benefits, if the object is extremely non 

linear and unpredictable, the PI  controller fails. 

Thus, when developing a fuzzy logic controller it is 

much easier to preserve the advantages of the PI style 

control system. In this case, the control output is 

Kp∆uf + ki ʃ e dt         (8) 

where kp and ki are the same as the traditional PI 

controller, and are the FLC output. 

Fuzzification  

Input variables are matched to fuzzy variables in 

fluzzification. A certain membership function exists 

for every fuszified variable. Three sets of fluids are 

used to float inputs and output: P (positive), Z (zero) 

and N (negative), as shown at Fig. 3. Error and 

derivative error are the inputs of the fuse controller. 

 

Fig. 5. Membership functions for fuzzy controller. 

The positive set's membership feature 

 

μp(xi) =   

Where xi marks the controller fuzzy inputs. The 

adverse member feature is similarly 

μN(xi) =            (9) 

 

And the membership feature is zero set: 

μZ(xi) =            (10) 

 0          xi > L 
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Inference  

The control decisions are taken on the basis of the 

fluctuated variables. Details provide guidelines to 

determine production decisions. Table 1 displays the 

controller's rule base. The min–max inference is 

applied to evaluate the level of membership for 

output variables. The photo. 2. Fuzzy controller 

suggested. Proposed. 

Fuzzy controller table 1 Rule Base 

 

Defuzzification 

 In numerical output, the output variables for the 

fuzzy inference method should be transformed. Use 

Zadeh operating rules and general defuzzifier for 

fuzzy controller output: 

  

∆uf(k) =          (11) 

 

Fuzzy logic is a dynamic control method. It 

is recognized by multivariable consideration and 

multi-rules-based resolution. Over the last decade 

Fuzzy MPPT is very much popular. Working with 

inaccurate inputs, the ability to handle non-linearity 

and not having a precise mathematical model are 

some of the advantages of fuzzy logic controllers. 

Fuzzy MPPT Simulink model is represented in 

Fig.3.It consists of two inputs and one output. Error 

(E) and change of error (CE) are two FLC input 

variables. Duty cycle (D) is output variable. So fuzzy 

control algorithm have the ability to improve the 

tracking performance for both linear and nonlinear 

loads as compared with the classical methods. As 

fuzzy logic does not use complex mathematical 

equation therefore it is also appropriate for nonlinear 

control. The shape of membership functions of the 

rule base is one of the factor on which the behavior of 

a FLC depends. 

 

Membership functions and rule base are 

designed with the help of Fuzzy Logic Tool Box in 

MATLAB. The membership function graphical view 

for error is represented by Fig.4 .Change of error is 

represented byFig.5 and fuzzy logic controller duty 

cycle is represented in Fig.6. 

 

 
Fig.6 Fuzzy logic Implementation in Simulation 

 

 
Fig.7 Fuzzy logic input Error (E) 

 

 

 
Fig.8 Fuzzy logic input change of Error (CE) 
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Fig.9 Fuzzy logic output (D) 

Graphic view of the membership function 

for (a) error signal (b) change of error signal and (c) 

duty cycle. Different number of subsets has been 

used for rule settings of fuzzy logic controller. In this 

case, seven subsets based on forty- nine rules were 

used. The tuning of forty nine rules represents a 

better precision and dynamic response but it is time 

consuming. 

 

IV. SIMULATION RESULTS 

 

Fig. 9. MATLAB/SIMULINK Configuration of the 

implemented MG 

a) EXISTING RESULTS 

 

(a) 

 

(b) 

Fig.10 Proposed controller performance in regulating: (a) 

MG voltage, (b) DC-bus voltage 

 

(a) 

 

(b) 

Fig.11 Proposed controller performance in sharing (a) 

active power, and (b) reactive power 

 

(a) 
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(b) 

Fig.12 Proposed controller performance in (a) sharing 

power and (b) voltage regulation in case of power shortages 

at DG output 

 

Fig.13 Performance of dynamic analyzer in limiting the 

DC-bus voltage fluctuations in case of input/output power 

variations 

 

(a) 

 

(b) 

Fig.14 (a)Transient response of the simulation setup in MG 

voltage regulation when the proposed control method has 

been implemented to share the power between parallel 

converters as well as regulate the MG voltage (b) THD of 

grid compensated voltage 

 

(a) 

 

(b) Inverter output current THD is 6.64% 

 

(c)Grid current THD is 3.60% 

Fig. 15 (a)Transient response of the simulation setup in 

DC-bus voltage regulation in case of AC-side current 

variations (b) and (c) THDs of inverter and grid currents 

 

 

Fig.16 Transient response of the experimental setup in MG 

voltage regulation in case of power shortage at wind source 

(Converter 3) 
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Fig.17 Transient response of the experimental setup in 

current sharing in case of power shortage at wind source 

(Converter 3) 

 

 

6.2 EXTESNION RESULTS 

 

 

(a) 

 

(b) 

Fig. 6.10 Proposed fuzzy controller performance in 

regulating: (a) MG voltage, (b) DC-bus voltage 

 

(a) 

 

(b) 

Fig.18 Proposed fuzzy controller performance in sharing 

(a) active power, and (b) reactive power 

 

(a) 

 

(b) 

Fig.19 Proposed fuzzy controller performance in (a) 

sharing power and (b) voltage regulation in case of power 

shortages at DG output 

 

Fig.20 Performance of dynamic analyzer in limiting the 

DC-bus voltage fluctuations in case of input/output power 

variations 
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(a) 

 

(b) 

Fig. 21 (a)Transient response of the simulation setup in MG 

voltage regulation when the proposed control method has 

been implemented to share the power between parallel 

converters as well as regulate the MG voltage (b) THD of 

grid compensated voltage with fuzzy controller 

 

(a) 

 

(b) Inverter output current THD is 4.49% 

 

(c)Grid current THD is 1.93% 

Fig. 22 (a)Transient response of the simulation setup in 

DC-bus voltage regulation in case of AC-side current 

variations (b) and (c) THDs of inverter and grid currents 

with proposed fuzzy controller 

 

 

Fig. 23 Transient response of the simulation setup in MG 

voltage regulation in case of power shortage at wind source 

(Converter 3) 

 

Fig. 24 Transient response of the experimental setup in 

current sharing in case of power shortage at wind source 

(Converter 3) 
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COMPARISION TABLE 

 EXISTING CONTROLLER 

 

PROPOSED CONTROLLER  

Grid voltage THD % 1.76% 0.44% 

Grid current THD % 3.60% 1.93% 

Inverter output current THD% 6.64% 4.49% 

 

CONCLUSION 

This paper presents a novel fuzzy controller for 

single-phase MG applications to regulate MG 

parameters and the DC-side voltage at the same time. 

Unlike previous works, the dynamic of DC-bus has 

been embedded in the proposed controller to improve 

the dynamic performance of the system during 

transients. The integration of the grid-side and DC-

bus voltage controller enables the proposed fuzzy 

scheme to offer an immediate response during 

transients while regulating MG voltage/frequency 

and DC-bus voltage simultaneously. Simulation and 

experimental results prove the superior performance 

of the proposed fuzzy controller in comparison with 

conventional droop controllers. 
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