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Abstract:  

Ordinary hang control is a fundamental control system for power partaking in islanded micro grid applications. This 
methodology has a few restrictions, for example, low transient reaction, and recurrence and voltage deviations. This 
paper presents a changed hang control strategy for the legitimate activity of equal associated inverters in islanded 
micro grid. The proposed strategy can improve transient reaction and accomplished higher yield power without 
voltage and recurrence deviations by bringing a force subordinate term into a regular hang technique. Another 
technique for normal force calculation is proposed which essentially lessens the postpone experienced in regular 
methodologies and gives the force signal without DC parts. The reproduction was created in MATLAB/Simulink to 
confirm the adequacy of the adjusted hang control conspires. In view of the outcomes, it very well may be inferred 
that the changed hang control methodology improves the exhibition of equal associated power electronic inverters in 
an islanded micro grid when contrasted with traditional hang control system. 
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1. Introduction 
Circulated age (DG) innovation is going through fast advancement in numerous nations due to the 

accessibility of various energy assets, for example, sun oriented boards, batteries, electric vehicles, and wind 
turbines. DG is normally overseen in a decentralized way through the idea of a micro grid (MG).  

 
MG innovation offers various exploration prospects since it is another and creating innovation. A MG is 

characterized as a group of DG units, stockpiling gadgets, and burdens. By and by, MGs are expected to give 
adequate force quality and level to fulfill purchaser needs [1–3].  

 
Force quality is a critical issue due to deficient or shaky yield power from MGs straightforwardly 

influences its presentation for short or significant stretches. In an islanded mode, the MG should keep up the 
framework voltage and recurrence; in any case the variety in the part attributes of the MG will implode the 
framework. Symphonious contortion in yield power waveform is a major issue that regularly happens because 
of the rapid activity of inverter switches. Also, power dividing among the DG units is a basic worry for 
appropriate burden sharing, particularly in sustainable power assets those are not constantly accessible. The 
force nature of a MG fundamentally depends on the dynamic and receptive force guideline due to MG 
practices, which are generally affected by the massive force dispersion framework [4–5].  

 
Analysts have proposed various strategies, for example, the hang, ace slave, and normal current-sharing 

control techniques to improve power quality. Among these strategies, hang control has acquired higher 
ubiquity since it depends on the nearby estimated data of the inverter.  

 
As it doesn't need any correspondence signals between the equal associated inverters, it can decrease the 

line misfortunes in MG. Nonetheless, the customary hang control technique has a few disadvantages, for 
example, moderate transient reaction, recurrence and voltage deviations which limit the precision of force 
sharing [6]. In previous works [7-12], modified droop control techniques were sharing and voltage regulation. 

 
In this paper, a modified droop control technique is proposed for accurate power sharing among parallel-

connected inverters in islanded MG. The proposed strategy is able to improve the transient response and 
significantly eliminate the voltage and frequency deviations. The improvement in transient response is achieved 
by introducing second order generalized integrator with second order low-pass filter based average power 
computation method. The voltage and frequency deviations are eliminated by integrating a derivative. The 
average active and reactive output power can be calculate using Eq. (3) and (4). 
P = ωc / (s+ ωc )P  ----(3) 
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The remainder of this paper is organized as follows. In Section 2, a brief description of the conventional 
droop control method is presented. In Section 3, the proposed modified droop control approach is discussed. 
The detail description of proposed filter for improvement on transient response is provided in Section 4. In 
Section 5, the design of parallel connected inverter system is discussed. In Section 6, the simulation results of 
the conventional droop and modified droop control methods are compared. Finally, the conclusion is provided 
in Section 7. 

 

2. Conventional Droop Control 

A conventional droop control technique based on frequency and voltage droop was proposed in [13]. An 
assumption was likewise made that the inverter output impedance is purely inductive because of the high 
inductive line impedance and the large inductive filter [14]. 

 
The block diagram of the conventional droop controller is shown in Fig. 1. The droop characteristic 

equations can be expressed as: The main advantage of the droop control technique is that it can avoid critical 
communication links among parallel-connected inverters. The absence of communication links between 
parallel-connected inverters provides significant flexibility and high reliability [13]. However, the conventional 
droop technique has several drawbacks [9-14], such as the following: 

 
 Slow transient response. 
 Voltage and frequency deviations. 
 Inherent trade-off between voltage regulation and load sharing. 
 Poor harmonic load sharing between parallel- connected inverters in the case of non-linear loads. 
 Line impedance mismatch between parallel- connected inverters that affect active and reactive power 

sharing. 
 Poor performance with renewable energy 

    mP, 

E  E  nQ, 
 

3. Proposed Modified Droop Control 
The average active and reactive output powers can be taken by multiplying the output voltage by the output 

current and filtering the product using a second-order general integrator scheme with second-order low-pass 

filter (SOGI– Second-order-LPF) as following: Here, ω are the filter resonant frequency, filter nature 
oscillation frequency, and damping factor, respectively. Similarly, the average reactive power is obtained. 
However, in this case, the inverter output voltage should have ninety-degree phase lag. Conventionally, the first 
order low pass filter (LPF) is used to obtain the average value of active and where m and n are the   reactive 
power. 

 

    mP    
E  E

 
 nQ , 

However, the higher filter time constant has to be chosen in order to gain better filtering performance. But 
the transient response of system becomes slow due to large value of filter time constant. SOGI with first 
order low pass filter is used to improve the transient response by average active output power, average 
reactive output power, frequency droop coefficient, frequency droop derivative, voltage droop coefficient, 
and voltage droop derivative of the inverter, respectively; ω is the rated frequency; and E• is the rate-
voltage amplitude. 
4. Proposed Filter for Improvement in Transient Response 

To calculate the average value of inverter output instantaneous active and reactive power is one of the different 

group of researchers [15]. However, it can be improved further more. Therefore, in this research work, a novel 

filter has been proposed to obtain the average active and reactive power. This novel filter is a combination of 

second order low pass filter and SOGI filter which can achieve desired transient response. The characteristics of 

the proposed filter . 
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5. Design of Parallel Operation System 
Voltage and current and average active power is calculated by filtering the instantaneous active power. The 

inverter acts as an  interface  between the DG unit, load, and power grid. Inverters are used in parallel to a MG 

to improve performance. Parallel operation of inverters has several advantages such as high   reliability,   

flexibility   and   easy expansion because the remaining modules can still deliver the required power to the load 

in case an inverter failure [16]. 

The operational block diagram of two parallel connected inverters without communication link in islanded MG 
is shown in Fig. 1. This parallel connected inverter system consists of two feedback control loop i.e., power 
sharing control and voltage control loop. The modified droop control method is used to achieve the accurate 
power sharing between the two parallel connected inverters. The modified droop controller of each inverter 
obtains the output active and reactive power of that specific inverter and varies the amplitude and frequency of 
the reference voltage based on the droop constants. The new reference voltage will be given as a set point to the 
voltage controller of each inverter. Droop control techniques reduce the output impedance, which is 
advantageous for parallel operation. 

                                        Vref 

 
 

 
                  Vo 

 
 
 
 
 
 
 
 
 
                                 Figure.1 Voltage and current control loop. 
 

6. Simulation Results and Discussion 

In this section, the proposed modified droop control and conventional droop control methods are simulated 
with two 5KVA inverters connected in parallel to verify the validity of the proposed modified droop control 
technique. The simulations are divided into different cases and presented in subsection 6.1 and 6.2. The system 
parameters considered for the simulation are as follows: L=1mH, C=20µF, =220 V, 1 =0.12+j0.028, and 

2 =0.12+j0.028. The rated voltage and system frequency are 110V RMS and 50Hz respectively. 

 
The droop coefficients are listed in Table 1.                    Table 1. Droop coefficients 
 
 
 
 

P  
PQ 
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Figure.2 Parallel connected inverters in Islanded MG. 
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Parameters Symbol Values 
Conventional Droop Control 

P-ω droop m1 and �2 
0.00015 
rad/W.s 

Q-E droop n1 and n2 
0.0016 
V/Var 

Modified Droop Control 

P-ω droop 
(Proportional) m1 and m2 

0.00015 
rad/W.s 

P-ω droop 
(Derivative) m1 and m2 

6 ×10−7 
rad/W.s 

Q-E droop 
(Proportional) n1 and �2 

0.000004 
V.s/VAr 

Q-E droop 
(Derivative) 

n1 and �2 
6 ×10−7 
V.s/VAr 
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6.1 Case 1: Comparison Between Modified Droop Control and Conventional Droop Control Under Fixed 
Load Condition 

In this case, the simulation has been performed with fixed inductive load. The start-up waveforms of the 
active and reactive powers of the two inverters are shown in Figs. 6 and 7. These waveforms were obtained by 
using the conventional droop and proposed modified droop control methods. It is revealed from the comparison 
result that the proposed modified droop control method provides higher active and reactive powers compared 
with the conventional droop method. The frequency restoration and start-up waveform of the voltage are shown 
in Figs. 3 and 4. Figs. 3 and 4 also show that the frequency and voltage deviations are lower in the proposed 
modified droop control method than those of the conventional droop control method. Hence it is obvious that 
the modified droop control method shows batter performance under fixed load condition. 
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                   Figure.3 Frequency of both inverters at start-up. 

 

 

                        Figure.4 Voltage of both inverters at start-up 
 

6.2 Case 2: Comparison Between Modified Droop Control and Conventional Droop Control Under 
Load Changing Condition 
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Figure 5  Start-up waveforms of reactive power of both inverters. 
 
 
Modified droop control and conventional droop control method under load changing condition are compared. 
To achieve the load changing condition, an additional inductive load is connected at 0.14s and disconnected at 
0.24s while one inductive load remains connected all the time. Figs. 6 show the waveform of active and 
reactive output power of both inverters during change of load. The waveforms indicate that the modified droop 
control has the lowest oscillation during change of load as compared to conventional droop control which 
indicates that the desired or better transient response has been achieved through modified droop control 
technique. In addition, the modified droop control technique also provides higher power during load changing 
condition. 
 
The voltage output waveform and frequency restoration of both inverters during load changes. It is obvious that 
the control method causes voltage and frequency deviations due to additional load. However, the voltage and 
frequency deviations during load changing by modified method are lower than those of conventional method. 
Hence it can be concluded that the modified droop control method shows better performance under variable 
load conditions. 
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                    Figure.6 Active power of both inverters during load 
 

7. Conclusion 

A modified power sharing control strategy for parallel-connected inverters has been presented in this paper. 
Based on the droop control technique, the controller avoids the use of communication signals between DG 
units. In a clear-cut contract with the conventional droop control strategy, the proposed controller is able to 
significantly improve the transient response of parallel-connected inverters system in islanded MG during fixed 
and variable balance load conditions. Furthermore, the proposed controller significantly reduces the 
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                  Figure.7 Voltage of both inverters during load change. 
 
Voltage and frequency deviations during both load conditions. Simulation results show the efficacy of the 
proposed modified droop control over the conventional droop control method. However, the performance of the 
proposed controller can be improved further in future. Thus, it is planned to enhance the performance of 
modified droop control method by adding a control loop to properly share the voltage and current harmonic. 
The presented control strategy also planned to implement for parallel operation of three phase inverters in 
islanded and grid-connected MG. In addition, the proposed controller will be modified for power sharing 
during unbalance load and line impedance mismatch condition. 
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