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Abstract- Microgrid rarely operates in parallel with the main 

grid. Microgrid operates in an islanded mode or grid connected 

mode. When the connection with the grid is required, this 

referred to as synchronization. The synchronization of generator 

with grid by using traditional synchronizer is easy method of 

synchronization, but the synchronization of microgrid with the 

main grid is very difficult because microgrid operates with 

multiple Distributed generators that produced power together 

and critical loads. This paper proposes an Automatic 

synchronization scheme that provides the smooth 

synchronization of microgrid with main grid. 

Keywords- Microgrid, reference frame transformation, Signal 

conditioner, IED, angle detector. 

I. INRODUCTION 

A. Introduction of Microgrid 

The microgrid is defined as a subsystem of 

distributed energy sources and their associated loads. Also 

microgrid is made up of large numbers of on-site distributed 

generator (DGs), as well as electrical and thermal loads. 

Microgrid can be stand as alone system or it can be tied with 

ac grid that it separate from during disturbances. 

B. Synchronization of Generator with other generator or with 

an n infinite busbar system 

When paralleling ac generator with other generator, 

it is necessary to make the values of the phase angle 

difference, slip frequency, and voltage difference as small as 

possible. These three conditions are referred to as the 

synchronizing criteria. By closing the circuit breaker when the 

criteria are satisfied, two individual systems may begin 

parallel operation. 

Synchronizing the generator to other ac power 

system is very important but it is not simple than 

synchronization of generator. Because when we close the 

circuit breaker at that time short circuit current will produce 

that will harmful to the system equipment.  

C. Synchronization of a Microgrid with an EPS 

The traditional method used to start the parallel 

operation with an EPS can be grouped into two types. One is 

manual method in which operator throws a switch close 

command according to the synchroramps or synchroscope 

with the assist of the synch check relay. 

The other is an automatic method in which the auto 

synchronizer automatically controls the speed and voltage of 

generator to make a connection to the EPS. However the 

synchronization of a microgrid is quite different as compared 

with the synchronization of a single machine because the 

microgrid consists of many DGs, including unpredictable 

renewable energy recourses and severely changing electrical 

load. We cannot be sure that the synchronizing criteria are 

satisfied only by controlling a single generation unit, because 

the frequency and voltage of a microgrid are determined by 

multiple generators and loads. Therefore, auto synchronizer 

may not be appropriate for microgrid synchronization. 

Therefore, it is common to use a manual synchronizing 

method that waits until the synchronizing criteria are satisfied, 

while maintaining the microgrid frequency and voltage at 

fixed values. These manual methods always yield consistent 

result. Specifically when the difference in frequency between 

two systems is very small, we have to wait very long time 

until the phase difference is matched to the criteria.  

The purpose of automatic synchronizing method is to 

propose an automatic synchronizing method for a microgrid, 

which can be applied to practical microgrid implementation. 

The active synchronizing method that adopts the network 

based control of multiple DGs is to adjust the frequency and 

voltage of the microgrid.  

II. NEW SYNCHRONIZING METHOD 

A. Detecting signal for synchronizing criteria 

We need to measure three measure signals to begin 

parallel operation .in this section we proposed a simple but 

efficient solution to check the synchronizing criteria. These 

start with the reference frame transformation based method 

[3]. 
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Fig.1. Reference frame transformation 

In figure 8 symmetric three phase variables (𝑓𝑎 ,𝑓𝑏 , 𝑓𝑐) can be 

transformed into a stationary direct axis𝑓𝛼 , and a quadrature 

axis 𝑓𝛽  by frame transformation as  
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And if we project the stationary axis to the rotating axes at a 

speed of ωr, we can transform the stationary value to rotate at 

a fixed speed of reference frame. The relation between the 

stationary axes and the rotating axes can be described as 

 
𝑓𝑑

𝑓𝑞   = 𝑇2 (𝜃𝑟 )  
𝑓𝛼

𝑓𝛽                              (2) 

Where,  

𝑇2 (𝜃𝑟 ) =  
sin 𝜃𝑟 cos 𝜃𝑟

cos 𝜃𝑟 − sin 𝜃𝑟
  

The three phase variables are alternating at a speed of w if we 

see them in stationary axes. However it is transformed into the 

rotating axes at a speed of ωr, and if we assume ωr = ω, then 

they look life being standstill on the rotating axis. In other 

words, they can be considered as a dc variable. This makes 

alternating ac machines easy to control in the case of dc 

machines. This transformation can be expressed by the 

following equation 

 
𝑓𝑑

𝑓𝑞    = 𝑇(𝜃𝑟) *  

𝑓𝑎
𝑓𝑏
𝑓𝑐

                       (3) 

Where, 𝑇 𝜃𝑟 = Transformation matrix 

𝑇 𝜃𝑟 = T1 * 𝑇2 (𝜃𝑟 )   
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Put this value in above equation 

𝑓𝑑
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If solve above matrix we can get, 

𝑓𝑑 =
2

3
∗  𝑓𝑎 sin 𝜃𝑟 +  𝑓𝑏 sin  𝜃𝑟 −

2𝜋

3
 + 𝑓𝑐 sin(𝜃𝑟 +
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3
) 
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3
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3
) 

We can calculate the magnitude of the three phase 

voltage and the angle between the rotating reference frame 

and the actual three phase voltage. 

Magnitude = (𝑓𝑑2
+ 𝑓𝑞2)  

Angle = tan−1( 
𝑓𝑞

𝑓𝑑  ) 

The frequency slip (Fslip) in Hertz between two voltages can 

be calculated as follows 

Fslip = 
𝜔𝑠

2𝜋
 = 

1

2𝜋
 (

𝑑𝜃𝑠

𝑑𝑡
)                           (5) 

Where, Ɵs is the angle difference between two voltages. 

By performing reference frame transformation and by simple 

calculations, we can obtain three major synchronizing 

parameters in a single flow of calculations. 

B. Signal conditioner 

We have introduced the a-b-c to d-q axis reference 

frame transformation for the calculation of voltage magnitude 

and the phase angle difference. It is an easy algorithm; it is 

fast and quite effective because each angle is calculated in 

every sampling period. However, this immediate feature has 

some side effects such as an oscillation of the calculated 

results (magnitude and angle), when an imbalance exist in 

original signals. The excessive unbalance is protected by a 

phase unbalance protector that prevents the generator breaker 

operation. But a small amount of unbalance in the source 

should be regulated for proper operation of the synchronizer. 

In this IED block, we have added a signal conditioner before 

the frame transformation. In the signal conditioning block we 

calculate the magnitude and phase of a positive sequence 

phasor and we made virtual three phase symmetric signal with 

same magnitude of original phasor. As result, we could get a 

better phase angle measurement from the original signals that 

contain small unbalance. The positive sequence voltage (V1) 

can be calculated as follows. 

𝑉1= 
1

3
 (𝑣𝑎 + 𝛼𝑣𝑏 + 𝛼2𝑣𝑐 )                                    (6) 
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Where α=1∟ 120 degree = 𝑒 𝑗
2𝜋

3  is a phasor operator 

that is defined to rotate phasor vector in forward direction by 
2𝜋

3
 

And by positive sequence voltage and the phase operator we 

can create virtual three phase signal (𝑣𝑎 ,𝑣𝑏  ,𝑣𝑐  ) that are 

symmetrical as 

[ 𝑣𝑎
  ,𝑣𝑏  , 𝑣𝑐 ] T = [1   α

2  
 α] V1                         (7) 

Those virtual signals were made by a positive sequence 

voltage that has averaging effects on the original signals in 

magnitude and phase aspects. 

III. MATLAB MODEL OF AUTOMATIC 

SYNCHRONIZER (INTELLIGENT ELECTRONIC 

DEVICE) 

As described in the previous section, a synchronizer 

model was developed (fig. 2). The synchronizer takes two 

three phase voltages signals as the input. The each signal is 

send to the signal conditioner. The signal conditioner block 

(fig. 3) makes the three phase balance signal that will 

eliminate the side effect of imbalance. The block uses three-

phase sequence analyzer to make a positive sequence voltage 

and matlab function named is SigCond for producing virtual 

three phase balanced signal 

 

Fig. 2. Synchronizer model. 

We had used discrete virtual PLL block to produce 60 Hz 

reference sine and cosine signals. Signal after signal 

conditioner are used in the frame transformation block (Angle 

detect) to check each magnitude and phase angle. 

Matlab function synchro produces the phase angle difference 

(sync angle) and generate breaker signal when the 

synchronizing criteria are met.  

A. Matlab model of signal conditioner 

 

Fig.3. Signal conditioner model 

The signal conditioner block (fig. 3) makes the three phase 

balance signal that will eliminate the side effect of imbalance. 

The block uses three-phase sequence analyzer to make a 

positive sequence voltage and matlab function named is 

SigCond for producing virtual three phase balanced signals. 

B. Matlab model of Angle detector 

In angle detector model input signal is two first input 

is output of signal conditioner voltages of microgrid and 

electric power system. Second input is output of discrete 

virtual PLL block output is sin and cosine value. Output of 

angle detector is three signal first value is phase angle of 

voltage, second value is magnitude of voltage, third is 

frequency of voltage [4]. 

 

Fig.4. Matlab model of angle detector 

Calculate value of Vd and Vq by reference frame 

transformation. Calculate value of theta by Vd and Vq signal 

giving to the trigonometric function and magnitude of voltage 

calculated by math function. Calculate the frequency by 

giving voltage signal to the three phase lock loop output of 

PLL is frequency. Output of angle detector of microgrid and 

electric power system is given to the matlab function. Input of 

matlab function is five. First is phase angle signal of 

microgrid, second is phase angle of EPS, third is clock signal, 

fourth is magnitude difference signal and fifth is frequency 
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difference of Microgrid and EPS. Output signal is two. First is 

sync trig and second is sync angle. 

C. Matlab function (syncro3) program 

Function [Sync] = Synchro3 (u) 

 global cmdSyncTrig 

AngleTemp = u (1) - u (2); 

If AngleTemp > 180 

        AngleTemp = AngleTemp - 360; 

    else 

 if AngleTemp < -180 

            AngleTemp = AngleTemp + 360; 

        end 

    end 

    Sync (1) = AngleTemp; 

    if (u (3) < 0.01) 

        CmdSyncTrig = 0;         

    end 

    FreqTemp = u (5); 

    VoltTemp = u (4); 

    if (cmdSyncTrig == 0) 

        if (AngleTemp > -1.0) && (AngleTemp < 1.0) 

            if (FreqTemp > -0.1) && (FreqTemp < 0.1) 

                if (VoltTemp > -5.0) && (VoltTemp < 5.0) 

                Sync (2) = 1; 

                CmdSyncTrig = 1; 

            else 

                Sync (2) = 0; 

            end 

        else 

            Sync (2) = 0; 

            end 

   else 

            Sync (2) = 0; 

        end 

    else 

        CmdSyncTrig = 1; 

        Sync (2) = 1; 

    End 

end 

This program of matlab function have five signal 

input u (1) and u (2) signal taken from the angle detector of 

microgid and electric power system (EPS). First we calculate 

the difference between this two signals called angle difference 

signal and is denoted by AngleTemp. This AngleTemp signal 

is defined as syncsignal (1) output of the matlab function 

block[3].  Cmdsynctrig signal is second output of the matlab 

function block, input no u (3) is clock input signal is given to 

the matlab function. Signal u (4) and u (5) is defined as frqt if 

frqtemp signal is greater than -0.1 and lessthan 0.1 if this 

condition is satisfied then comdsynctrig signal becomes 1 

this signal is given to the external control of three phase 

circuit breaker, if not the cmdsynctrig signal becomes 0 and 

still circuit breaker is in open condition.  

If volttemp signal is greater than -5.0 and less than 

5.0 if this condition is satisfied then comdsynctrig signal 

becomes 1 this signal is given to the external control of three 

phase circuit breaker, if not the cmdsynctrig signal becomes 0 

and still circuit breaker is in open condition. 

IV. CONCLUSION 

This paper has introduced the proposed method provides a 

simple but precise measurement, and consequently enables the 

smooth and soft connection between the synchronous 

generator and the electric power system. The reference frame 

transformation-based synchronizing criteria measurement, 

together with the signal conditioner and the phase-angle 

difference estimation, has enabled the perfect match between 

the synchronous generator and the EPS. Through the 

simulation, the validation of the proposed method was 

performed.  
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