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ABSTRACT: 

The micro-grid is an approach to solve distributed generations (DG) interconnecting with power grid to 

realize the accurate power-flow control. A complete control system of smart micro grid is proposed in 

order to realize the seamless mode transfer of the grid-connected mode (GTM) and islanding mode 

(ILM). In this system, every DG unit will work as the voltage source and use the same control method 

of output voltage; whatever in GTM or ILM. The only difference of GTM and ILM is how to regulate 

the reference voltage of the voltage control. Meanwhile, a grid-tracking control loop is proposed in 

order to synchronize the AC bus of microgrid with the grid before microgrid switches from ILM to 

GTM. Finally, the complete system with control strategies of the microgrid is build, and the 

experiment results of GTM, grid-tracking in ILM and mode transfers are presented, which validates the 

performance of the seamless mode transfer of the proposed control system. The advanced methods of 

fuzzy logic and hybrid fuzzy logic controllers are used in this project for excellent results of the two 

modes of transfer. 
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I. INTRODUCTION 

The applications of distributed generation (DG) 

systems are emerging and most will be 

interfaced to the grid through power-electronics 

converters. Distributed generation, also 

distributed energy, on-site generation (OSG) or 

district/decentralized energy is generated or 

stored by a variety of small, grid-connected 

devices referred to as distributed energy 

resources (DER) or distributed energy resource 

systems [1-4]. However, the grid will become 

much more complex due to the increasing 

number of DG systems. To give full play to the 

advantages of distributed power generation 

technology, one or more distributed power 

(DG), energy storage device and controllable 

load form a micro-grid according to certain 

topological structure. A micro grid is a small-

scale power grid that can operate independently 

or in conjunction with the area’s main electrical  

 

grid. The practice of using micro grids is 

known as distributed, dispersed, decentralized, 

district or embedded energy generation [5]. A 

microgrid is a group of interconnected loads 

and distributed energy resources (DERs) within 

clearly defined electrical boundaries that acts as 

a single controllable entity with respect to the 

grid. A microgrid can connect and disconnect 

from the grid to enable it to operate in both 

grid-connected or island-mode. 

Grid-connected mode is when micro-grid is 

connected to the main grid and island mode is 

when micro-grid is isolated from the main grid. 

Both are normal operation status of micro-grid. 

Proper control strategy is key to the steady 

operation of micro-grid [6],[7]. Micro-grid 

seamless switchover between grid connected 

mode and island mode is the emphasis and 

difficulty of micro-grid control strategy 
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research and is important for steady operation 

and reliable power supply of micro-grid. The 

proposed Micro grid can operate in a grid-tied 

mode and islanding mode. The coordination 

control algorithms are proposed for seamless 

power transfer between ac and dc links and for 

stable system operation under various 

generation and load conditions [8]. In this 

paper GTM adopts an improved grid-tied 

control strategy of voltage-source inverter. ILM 

adopts an improved parallel-operation control 

strategy. The proposed scheme is implemented 

by using different controller like PI, fuzzy and 

hybrid controllers by using 

MATLAB/SIMULINK Software. 

 

 

II. STRUCTURE OF MICROGRID 

SYSTEM 

 

 
Fig.1. Diagram of microgrid system 

 

 
Fig.2. Control method of output voltage 

Fig.1 expresses the diagram of microgrid 

system, which consists of n voltages-source 

inverters. The letter “a” represents any inverter 

in the system. 𝑜. and𝐼𝑜. is the output voltage 

and current of any inverter respectively, 𝐿 . is 

the wire inductor between the inverter and AC 

bus, which comply with the relation of (1). 

 (1) 

In this equation, 𝑘 is the weighted coefficient 

of every inverter, which is related with the 

rated output power𝑆𝑅.  SR.a of every inverter, 

as shown in (2). 

  (2) 

In the microgrid, every VSI inverter will work 

as a robust voltage source and use the same 

control method of output voltage, whatever in 

GTM or ILM. The voltage control method is 

presented as shown in 0. The only difference of 

GTM and ILM is how to regulate the reference 

voltage  of every inverter. 

 

III. CONTROL STRATEGY IN GRID-

TIED MODE 

The principle of grid-tied control strategy of 

VSI in GTM can be described as Fig.3. And the 

control equation of every inverter is presented 

as (3). 

(3) 

In this equation, the letter k and k−1 represents 
the kth and (k−1)th control cycle, 𝜔  and  is 

the angular frequency and amplitude of the 

inverter's voltage. Meanwhile, 𝜔 .  and 𝑜.  is 

the initial value of 𝜔  and  when k equals to 

0, and the initial value is defined as the rated 

angular frequency 𝜔  and the rated amplitude 

. 

Moreover, 𝑜.  and 𝑜.  is the actual active and 

reactive output power of VSI, 𝜔.  and .  is 

the droop control coefficient of 𝑜.  and 𝑜.  

which complies with the relation of (4). 
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. and .  is the assigned active and 

reactive power of VSI injected to the grid 

which is determined by itself. 

 (4) 

The FFT module is used to analyze the 

harmonic components of grid voltage. Based on 

the results of FFT module, the harmonic 

compensation module will calculate the 

harmonic reference voltage .𝐻 to simulate 

the harmonics of grid, which is used to 

eliminate the harmonic current injected into the 

grid. In the harmonic compensation, only the 

low frequency odd harmonics will be analyzed, 

such as 3rd - 9th odd harmonics, and the high-

frequency harmonics will be ignored.  

 
Fig.3. Control strategy of VSI in GTM 

 

 
Fig.4. Control strategy of VSI in ILM 

IV. CONTROL STRATEGY OF 

ISLANDING MODE 

The principle of islanding control strategy can 

be described as Fig.4, which is proposed. The 

control equation of every inverter is presented 

as (5), which is analogous to (3). In this 

equation 𝜔.  and 𝜔.  also complies with the 

relation as shown in (4). 

 (5) 

The major difference of (3) and (5) is, (5) 

replace 𝜔 .k−  with the rated angular 

frequency𝜔 . The reason is that, the AC bus 

voltage u  is controlled by grid in GTM, and 

controlled by SIs in ILM. Therefore, every VSI 

should track the frequency of grid In GTM, 

which has a certain variation range. While in 

ILM, every VSI should have a fixed frequency 

reference to sustain u stable. 

Moreover, .  and Q .  in ILM is 

determined by the load sharing of microgrid, 

which is calculated by (6). Therefore the 

realization of (6) needscommunication among 

VSIs to analysis the active and reactive power 

of the whole microgrid system. 

  (6) 

 
Fig.5. Grid-tracking control strategy 
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V.  GRID-TRACKING CONTROL 

STRATEGY 

The AC bus voltage u of microgrid should 

be synchronized with the grid voltage i before microgird switches from ILM to 

GTM. In this paper, a grid-tracking control 

strategy is proposed to solve this problem. This 

method works as an additional loop of the 

control strategy of ILM to ensure u  has the 

same amplitude, phase and frequency with i , and it will be deactivated when the grid is 

abnormal or unavailable. 

The proposed grid-tracking method is realized 

by introducing the bias power i  and i  

in (5), which is shown as (7). And the diagram 

of this method can be presented as shown in 

Fig.5. 

(7) 

In this method, a centralized control center 

(3C) is used to measure and analyze the 

voltages of AC bus and grid, and send the same i  and i  to every VSI. The principle of 

phase tracking and voltage tracking can be 

presented by Fig.6 and Fig.7. 

As shown in the two figures, when the grid is 

normal, 3C will calculate the phase difference 𝜃 𝑖  and amplitude 

difference 𝑖 of u and 𝑖 .Subsequently, 𝑖  and 𝑖  will be assigned a fixed value 

respectively according to the polarity of 𝜃 𝑖 and 𝑖 . The fixed value should guarantee 

Ubus can synchronize with 𝑖  during a given 

period, and avoid the voltage jump of u . 

When the grid is abnormal or unavailable, 3C 

will assign 0 to 𝑖 , so every VSI can control 

freely its own frequency around the rated 

angular frequency 𝜔 . Meanwhile, 3C will 

calculate the amplitude difference of u  and 

the rated value  and guarantee the amplitude 

of u  in a reasonable range by 𝑖 . 

 
Fig.6. Control method of phase tracking 

 

 
Fig.7. Control method of amplitude tracking 

 

VI. FUZZY LOGIC CONTROLLER 

The word Fuzzy means vagueness. Fuzziness 

occurs when the boundary of piece of 

information is not clear-cut. In 1965 Lotfi A. 

Zahed propounded the fuzzy set theory. Fuzzy 

set theory exhibits immense potential for 

effective solving of the uncertainty in the 

problem. Fuzzy set theory is an excellent 

mathematical tool to handle the uncertainty 

arising due to vagueness. Understanding human 

speech and recognizing handwritten characters 

are some common instances where fuzziness 

manifests. Fuzzy set theory is an extension of 

classical set theory where elements have 

varying degrees of membership. Fuzzy logic 

uses the whole interval between 0 and 1 to 

describe human reasoning. In FLC the input 

variables are mapped by sets of membership 

functions and these are called as “FUZZY 

SETS”. 
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Fig.8.Fuzzy Basic Module 

 

Fuzzy set comprises from a membership 

function which could be defines by parameters. 

The value between 0 and 1 reveals a degree of 

membership to the fuzzy set. The process of 

converting the crisp input to a fuzzy value is 

called as “fuzzificaton.” The output of the 

Fuzzier module is interfaced with the rules. The 

basic operation of FLC is constructed from 

fuzzy control rules utilizing the values of fuzzy 

sets in general for the error and the change of 

error and control action.  

The results are combined to give a crisp output 

controlling the output variable and this process 

is called as “DEFUZZIFICATION.” 

 

TABLE I : FUZZY REULES 

 
 

VII. HYBRID FUZZY CONTROLLER 

The hybrid fuzzy controller designed to 

control the outlet temperature of shell and tube 

heat exchanger system. Figure 4.6 shows the 

parallel form of PID controller where all the 

elements(proportional, integral and derivative) 

are summed together to produce the control 

effect. 

 
Fig.9. Parallel form of PID controller 

 

The conventional design of PID controller was 

some what modified and a new hybrid fuzzy 

PID controller was designed. Instead of 

summation effect a Mamdani based fuzzy 

inference system isimplemented. The inputs to 

the mamdani based fuzzy inference system are 

error and change in error. Figure 3.8 shows the 

fuzzy inference system developed for hybrid 

fuzzy controller. 

 
Fig.10. Mamdani based fuzzy inference system 

Figure.11 shows the structure of hybrid fuzzy 

logic controller, which keeps the general 

architecture of PID controller as shown in 

figure 4.6 with some slight modifications. A 

mamdani based fuzzy inference system is 

implemented in between proportional and 

derivative term. The integral term is then added 

to the output of fuzzy inference system. 

 
Fig.11. Structure of hybrid fuzzy controller 
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VIII. MATLAB/SIMULATION RESULTS 

 
Fig.12. Matlab and Simulink Circuit diagram 

for GTM

 
Fig.13. Simulation results for GTM:Phase 

voltages (Vabc), Phase currents (Iabc1, Iabc2) 

and Grid current (Igrid) 

 
Fig.14.Matlab and Simulink circuit for grid-

tracking in ILM 

 
Fig.15.  Simulation results for  grid-tracking in 

ILM :  Phase voltages (Vabc), Phase currents 

(Iabc1, Iabc2) and Grid current (Igrid) 

Fig.16. Matlab and Simulink circuit for mode 

transfer from ILM to GTM 

 
Fig.17. Simulation results for mode transfer 

from ILM to GTM: Phase voltages (Vabc), 

Phase currents (Iabc1, Iabc2) and Grid current 

(Igrid) 

 
Fig.18.Matlab and Simulink circuit for mode 

transfer from GTM to ILM 

 
Fig.19. Simulation results for mode transfer 

from GTM to ILM: Phase voltages (Vabc), 

Phase currents (Iabc1, Iabc2) and Grid current 

(Igrid) 
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Fig.20.Matlab and Simulink Control circuit for 

fuzzy logic controller 

 

Fig.21. Simulation waveform of GTM with 

Fuzzy logic controller 

 

 
Fig.22.Matlab and Simulink Control circuit for 

GTM with Hybrid Fuzzy logic controller 

 

 
Fig.23. Simulation waveform of GTM with 

Hybrid Fuzzy Logic  controller 

 
(a) PI Controller 

 

 
(b) Fuzzy logic controller 

 

 
(c) Hybrid fuzzy logic controller 

 

Fig.24. THD waveforms for the GTM with PI, 

Fuzzy and Hybrid fuzzy controller 
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IX. CONCLUSION 

In this project  a complete control 

system of smart microgrid is proposed in this 

project, in order to realize the seamless mode 

transfer of the GTM and ILM. In the system, 

every DG unit will work as the voltage source 

and use the same control method of output 

voltage, whatever in GTM or ILM. The only 

difference of GTM and ILM is how to regulate 

of the reference voltage of the voltage source 

control. Therefore, this control system can 

easily realize the seamless mode transfer of the 

control methods between the GTM and ILM, 

and avoids the vibration and distortion of AC 

bus voltage simultaneously. The proposed 

GTM is further implemented with fuzzy and 

Hybrid fuzzy controllers. By using these 

controllers connected to GTM is compared and 

attained good results in case of THD is reduced 

and better results obtained forseamlessmode 

transfer. 
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