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Abstract: 

The proliferation of inverter-based distributed generation (DG) enhances grid characteristics in 

various respects. Accordingly, this paper presents a control strategy that enables power sharing 

among inverter-based DG units and improves the voltage harmonic content of an islanded 

microgrid. In this proposed control scheme, sliding-mode control is implemented in a master-

slave configuration and applied to each inverter as a switching method. Two methods for 

implementing the control approach are proposed in this paper. The first is based on the parallel 

operation of inverters extended to the MG. In the second proposed method, the transmitted 

reference current comprises only the output of the voltage-loop control of the master unit; 

furthermore, the received reference current of each slave DG unit is added to its output current. 

Therefore, the output currents of units are related to the loading and grid configuration. The 

simulation study implemented in MATLAB/Simulink shows that both methods perform 

acceptably across different scenarios. In contrast, the second method leads to greater voltage 

harmonic distortion in the presence of nonlinear loads. 
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1. Introduction 

Regarding the increasing number of DGs and critical loads 

in the distribution system that have been disconnected 

intermittently, the islanded mode of Microgrid (MG) has 

drawn attention to itself [1, 2]. On the other hand, most DGs 

are renewable energy resources that use inverters to convert 

and inject power into the AC distribution system [3, 4]. In 

the presence of these inverter-based DGs, some MGs only 

use inverter-based resources. In this kind of MGs, inverter-

based resources should share load demand among 

themselves as well as maintain the voltage and frequency of 

the MGs [5]. In this regard, researchers have proposed 

various power-sharing strategies. 

Maintaining the voltage of an islanded MG involves 

multiple aspects, including voltage stability, minimum and 

maximum voltage constraints, and power quality 

considerations. Power quality is an important characteristic 

of today's distribution power systems, since loads become 

more sensitive. The proliferation of nonlinear loads in 

distribution systems makes harmonic voltage distortion a 

critical problem for utilities and customers [6]. As noted 

above, one of the principal objectives of islanded MG 

operation is to support critical loads. These critical loads 

require not only continuous electricity but also appropriate 

voltage quality. Some of them are sensitive to power quality 

issues and may be damaged by poor power quality. 

Given these challenges, it is essential to closely monitor 

the power quality of islanded inverter-based MGs and the 

power sharing among these resources. Generally, to the best 

of our knowledge, past studies in this field are divided into 

three major categories. The first category concerns special 

studies that analyze power sharing among parallel inverters 

or among inverters within an MG. Power-sharing in these 

studies includes active power or reactive power sharing in 

steady-state [6-10]. Accordingly, in Mortezaei et al. study 

[11], power-sharing among DG units is obtained by 

https://cste.journals.umz.ac.ir/
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combining both the droop and master-slave control methods 

and applying the conservative power theory (CPT). 

operation. In the study by Mortezaei et al. [11], power 

sharing among DG units is achieved through a combination 

of droop and master-slave control methods, using 

conservative power theory (CPT). In this combined load-

sharing approach, all current-controlled DG units act as 

slave units, injecting energy and compensating for 

undesirable current components in the loads. While all 

droop control-based DG units operate as master units, 

sharing of the remaining load power is achieved 

autonomously. Distributed control schemes based on 

predictive control (MPC) and sliding-mode (SM) control 

are proposed by Ferro et al. [12] and Sun et al. [13], 

respectively, to fairly share active and reactive power 

among inverter-based DG units. The accuracy of active and 

reactive power sharing is improved in the method 

categorized in the first group. However, power quality 

issues and harmonic current sharing, which are vital 

challenges in MGs, are not addressed in this category.  

The second category is dedicated to studies that assess the 

control system of the inverter or the control strategy of a 

group of inverters for power quality enhancement in an MG 

[3, 14-17]. He and Blaabjerg [14] proposed a droop-control-

based scheme for flexible power-quality enhancement in 

both grid-connected and stand-alone operation of a single-

phase MG. Mousavi et al. [17] propose a control strategy 

that integrates primary control of voltage- and current-

controlled mode inverters with a secondary PI droop 

controller to address voltage harmonic compensation. 

The last category encompasses the studies that contain 

both power-sharing and power quality enhancement 

simultaneously [11, 18-28]. Some of these studies are based 

on grid-connected MG [18, 26] and the others are based on 

islanded MG [22, 25]. Yazdavar et al. [24] defines a virtual 

harmonic conductance in the form of droop characteristics 

at each harmonic frequency. Using this virtual admittance, 

harmonic load sharing among DG units is controlled, 

thereby enhancing voltage quality in the MG. Mousavi et al. 

[22] conducted coordinated control of current-controlled 

mode (CCM) and voltage-controlled mode (VCM) DG 

units to optimize reactive power sharing and address voltage 

harmonic compensation. This decentralized control scheme 

is based on measuring local signals without communication 

links. This proposed reactive power sharing among DG 

units is achieved using modified droop and reverse-droop 

control methods. Although using droop control methods has 

some advantages that are mentioned by Mousavi et al. [22], 

and Yazdavar et al. [24], the existence of voltage and 

frequency deviation, and the dependency of power-sharing 

precision on the operation point are some drawbacks of this 

method [20]. 

A decentralized nonlinear harmonic power sharing 

approach is proposed by Zhang et al. [27] by considering 

the harmonic remaining capacity of inverters. Although 

harmonic current sharing is improved, accuracy is reduced 

by removing the communication link. Ghanizdeh and 

Gharehpetian [21], along with Haghshenas [28], propose a 

distributed hierarchical control scheme for an islanded MG 

to enhance voltage quality and power sharing. The harmonic 

compensation effort of each DG unit is determined in 

proportion to its rated power. The control method proposed 

by Mousavi et al. [17], Gharehpetian [21], and Haghshenas 

[28], is based on PI control, which is sensitive to operation 

points, and the appropriate amounts of its related constants 

should vary in different load patterns.  

Although various control approaches, such as adaptive 

droop control, MPC, and distributed hierarchical schemes, 

have been proposed for islanded microgrids, this study 

employs an SM control scheme combined with a master–

slave configuration. SM control provides strong robustness 

to parameter variations, non-linear loads, and fast transients 

[29]. In this paper, a new master-slave-based power-sharing 

method that requires only a low-bandwidth communication 

link is proposed. This approach provides excellent voltage 

regulation and proper power- sharing in contrast to droop 

controllers; hence, the output voltage amplitude and 

frequency are regulated close to their ratings without using 

a complex secondary controller [30].  

In this paper, master-slave power sharing is first assessed 

using SM control in an islanded inverter-based MG, which 

is based on the parallel operation of the inverter units. 

According to this method, referred to as the first method, the 

relations are obtained. By analyzing these relations, the 

reference current, which is transmitted from the master unit 

to the slave units, is modified to enhance the voltage quality 

of the MG. A new feedforward current for the slave units is 

also proposed. Thereafter, by considering the feed-forward 

current and the newly presented reference current, a new 

power-sharing method is obtained, which is referred to as 

the second method. For the second method, the new 

equations are derived, and the improvement in voltage 

quality relative to the first master-slave method is 

demonstrated. Finally, an arbitrary inverter-based MG is 

considered, and the first and second methods of master-

slave power-sharing are simulated in this MG through 

MATLAB/Simulink. The simulation results support the 

relationships and demonstrate the superiority of the second 

method with respect to MG voltage quality. Therefore, the 

major contributions of this paper can be summarized as 

follows : 

1-Employing the sliding-mode control in parallel operation 

of the inverters 

2-Developing a master-slave control strategy in an 

arbitrary micro-grid by using Sliding mode control of the 

inverters 

3-Improving the master-slave regarding compensation of 

harmonics by changing the reference current that is 

transmitted to slave units 

4-Increasing the role of slave units to make improvements 

to the voltage THD of the micro-grid buses by applying a 

new feed-forward current in slave units 

The rest of this paper is organized as follows. In Section 2, 

the sliding-mode control of the inverters in the master-slave 

control strategy and the first power-sharing method are 

presented. Subsequently, the second master-slave control 
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method for enhancing the voltage quality of the MG and its 

associated mathematical model are presented. Section 3 

presents simulation results for the proposed master-slave 

control methods and compares them under general 

conditions. Finally, the conclusion of this paper is expressed 

in Section 4. 

2. Master-Slave Power Sharing by using SM 
Control  

Generally, there are two parallel control strategies for 

inverters: power sharing and voltage maintenance. The first 

one is a communication-based control strategy, and the 

other is a droop control strategy [20]. Both strategies have 

advantages and disadvantages. In communication-based 

control techniques, more accurate and appropriate voltage 

regulation and power sharing are achieved than with droop 

controllers; however, this control strategy imposes greater 

costs on the system due to the need for communication 

systems, particularly in large grids. As smart grid 

technologies improve, the cost of communication systems 

is expected to decline. In contrast, the implementation of the 

droop controller system is more cost-effective, feasible, and 

scalable. Despite these advantages, in grids with nonlinear 

loads, the droop control strategy may lead to decreased 

power quality; since this strategy focuses on fundamental 

component power-sharing unless using secondary 

controllers [11]. 

Among communication-based control techniques, the 

master-slave control method can provide remarkable power 

sharing and voltage regulating [31]. On the other hand, this 

method implementation is more feasible in comparison with 

the other communication-based methods [32]; Hence, the 

master-slave power-sharing method is selected in this paper . 

As aforementioned, both power sharing and voltage 

quality enhancements of the proposed methods are 

investigated in this paper. Although different nonlinear 

loads are connected to the MG‘s buses, by choosing the SM 

switching control method, it can be assured that the voltage 

quality at the output of the inverter-based DG unit buses is 

in the desirable range. In this paper, the switching control 

method proposed by Abrishamifar et al. [29] for voltage-

controlled single-phase inverters is developed for both 

voltage and current-controlled three-phase inverters. First, 

the aforementioned SM switching control method is 

extended to master-slave control-based parallel operation of 

inverter-based DG units. It is then further developed and 

applied to inverter-based DG units connected to different 

buses of the MG to control power sharing among these DG 

units. As mentioned above, to control the MG's voltage and 

frequency, master-slave control has been chosen. Generally, 

only one voltage controller VCM unit is required to 

determine the voltage and frequency reference values of an 

islanded MG. Other units, known as slave units, are 

operated as CCM units. The reference current of these units 

is received from the master unit via a communication 

system. 

The general scheme of an inverter-based MG with this 

proposed master-slave control is illustrated in Figure 1. To 

transmit the reference signal from the master unit to the 

other units, only a low bandwidth communication system is 

required since the fundamental and harmonic transmitted 

data are converted into DC form by using a dq reference 

frame described by Mousavi et al. [23]. In this master-slave 

control, the reference voltage (Vabcreference) is the input 

signal of the master unit, and the reference current (Iref(dq)), 

which is generated by the master unit and transmitted via 

the communication system, is the input signal of the slave 

units. 
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Figure 1. General schematic of proposed master slave control 
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2.1. SM Control 

In Figure 2, a single-phase diagram of an inverter is 

indicated. The control targets are the regulation of the output 

voltage and the control of the current, depending on the 

voltage-controlled or current-controlled operation mode. 

VDC

Inverter
Filter

iL

iC

VO
L

C
RL

 

Figure 2. Single line diagram of an inverter 

In sliding-mode control, the control law must be defined to 

map the state variables to the desired points. If the output 

voltage and the filter inductor current are treated as state 

variables of this inverter, the first state variable can be the 

voltage error, and the second is its derivative, in the sliding-

mode control equations. These variables can be written as: 

𝑥1 = 𝑉𝑟𝑒𝑓 − 𝑉𝑜  𝑥2 = 𝑥̇1 =  𝑉̇𝑟𝑒𝑓 −
𝑖𝑐

𝐶
  (1) 

where, Vref, Vo , 𝑉̇𝑟𝑒𝑓 , iC, and C represent reference voltage, 

output voltage, the derivative of the output voltage, filter 

capacitor current, and filter capacitance, respectively. 

Therefore, the state equations will be derived as follows: 

[
𝑥̇1

𝑥̇2
] = [

0 1

−
1

𝐿𝐶
−

1

𝑅𝐿𝐶

] [
𝑥1

𝑥2
] + [

0
𝑉𝐷𝐶

𝐿𝐶

] 𝑢 + [
0

𝑉𝑟𝑒𝑓

𝐿𝐶

]  (2) 

where RL, VDC, and L are load impedance, the input voltage 

of the inverter, and filter inductance, respectively. u 

represent the output of the PWM controller, which is 0 or 1.  

 

Figure 3. Applying the sliding mode as input of PWM 

Considering the above-mentioned equations, an 

appropriate sliding surface can be described as: 

𝜎(𝑥) = (
𝑑

𝑑𝑡
+ 𝜆) 𝑥1 = 𝑥2 + 𝜆𝑥1 = 0  (3) 

where σ and λ represent the scalar function and a positive 

constant value, respectively. Then σ(x) is replaced by σ(x)/φ, 

where φ is a constant value that is used to smooth the sliding 

surface and eliminate the chattering problem. σ(x)/φ will be 

achieved as: 

𝜎(𝑥)

𝜙
=

1

𝐶𝜙
(𝑖𝐿̇𝑟𝑒𝑓 − 𝑖𝐿) +

𝜆

𝜙
(𝑉𝑟𝑒𝑓 − 𝑉𝑜)  (4) 

σ(x)/φ is used as the input of PWM controller as depicted in 

Figure 3. More details for stability analysis and determining  

the range of λ and φ can be found by Abrishamifar et al. 

[29]. 

2.2. Master-slave based on SM Control 

To achieve master-slave power sharing, the block diagrams 

of the master unit and the slave units, employing sliding-

mode switching control, are shown in Figures 4 and 5, 

respectively. Based on these block diagrams, the reference  

 

 

Figure 4. The block diagram of the master unit using a sliding mode controller in the first method 

 

Figure 5. The block diagram of the slave units using a sliding mode controller in the first method 

current is generated by the master unit controller and then 

transmitted to the slave units as an input control signal. 

In Figure 4, Vref, 𝑉̇𝑟𝑒𝑓  , VOM and VOS represent the reference 

of the voltage, the derivative of the reference voltage (based 

on SM control), the output voltage of the master unit LC 

filter and the output voltage of the slave unit LC filter, 

respectively. The output current of the master unit’s LC 

filter, the inductor current of the master unit’s LC filter, the 

output current of the slave unit’s LC filter, the inductor 

current of the slave unit LC filter, and the reference of the 
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slave unit are also depicted by iOM, iOS, iLM and iLS, 

respectively. C and L are also the capacitance and 

inductance of the LC filter and φ and λ are the SM control 

parameters, which are described in the previous subsection. 

Considering Figures 4 and 5, the mathematical equations 

of this master-slave control scheme by using the sliding 

mode control method can be derived. The output voltage of  

master and slave units (VOM and VOS) based on their 

reference signals and the load current can be written as: 

VOM= H1M.Vref + H2M.IOM (5) 

where H1m, H2m, H1s and H2s are derived transfer functions. 

Since the master unit makes the Iref, it will be a function of 

Vref and IOM; hence, Equation 5 can be rewritten as: 

VOS = H3S.Vref + H4S.IOM + H2S.IOS (6) 

Considering Equations 5 and 6 and Figures 4 and 5, the 

transfer functions of H1M, H2M, and H2S are derived as 

follows: 

𝐻1𝑀 =
𝑠+(𝜆+𝜑)

𝐿𝐶𝜑𝑠2+𝑠+(𝜆+𝜑)
  (7) 

𝐻2𝑀 =
𝐿𝐶𝜑𝑠

𝐿𝐶2𝜑𝑠2+𝐶𝑠+𝐶(𝜆+𝜑)
  (8) 

𝐻2𝑆 = 𝐻2𝑆1 + 𝐻2𝑆2  (9) 

where H2S1 and H2S2 in Equation 9 and H3S, H4S and H2S in 

Equation 6 can be written as: 

𝐻2𝑆1 =
𝐿𝐶𝜑𝑠

𝐿𝐶2𝜑𝑠2+𝐶𝑠+𝐶𝜑
  (10) 

𝐻2𝑆2 =
1

𝐿𝐶2𝜑𝑠2+𝐶𝑠+𝐶𝜑
  (11) 

𝐻3𝑆 =
𝜆+𝑠

𝐿𝐶𝜑𝑠2+𝑠+𝜑
− 

𝜆(𝑠+(𝜆+𝜑))

(𝐿𝐶𝜑𝑠2+𝑠+(𝜆+𝜑))(𝐿𝐶𝜑𝑠2+𝑠+𝜑)
  (12) 

𝐻4𝑆 = 𝐻4𝑆1 + 𝐻4𝑆2  (13) 

𝐻4𝑠1 =
1

𝐿𝐶2𝜑𝑠2+𝐶𝑠+𝐶𝜑
  (14) 

𝐻4𝑆2 =
𝜆𝐿𝐶𝜑𝑠

𝐿𝐶2𝜑𝑠2+(𝐶𝑠+𝐶(𝜆+𝜑))(𝐿𝐶𝜑𝑠2+𝑠+𝜑)
  (15) 

2.3. Modifying the Master-Slave Power Sharing to 

Improve Voltage Quality 

The aforementioned master-slave method is based on 

power sharing among parallel inverters connected to a 

common bus. In this regard, all of the inverters contribute to 

providing the total load fed from this bus; therefore, the 

master unit current and the other unit’s current have similar 

characteristics and values. 

In a real MG, there are some buses and some linear and 

nonlinear loads. The master unit is connected to a single bus, 

which may have a local load, and the slave units are 

connected to different buses, each with its own load. 

From Equations 5 to 15, it follows that the master unit 

parameters can influence the output voltage of the slave 

units. Transfer functions of H3s and H4s indicate the effect of 

the master unit parameters on the slave unit. Power-sharing 

transfer functions are essential, but they increase harmonic 

distortion in the slave-unit voltages with respect to voltage 

quality. 

In other words, H3s and H4s should be nonzero for power-

sharing, but their presence increases the dependency of the 

slave unit voltage on the master unit parameters. Notable 

dependence has caused inevitable and unfavourable effects, 

particularly on the harmonic components. A portion of this 

dependence is attributable to the feedforward current of the 

master unit. This feed-forward current has a suitable impact 

on the master unit voltage; however, it becomes a part of the 

reference current of the slave unit, which will be transmitted 

to the other units. In other words, although adding the feed-

forward current to the voltage feedback loop output 

undoubtedly improves the voltage quality of the master unit, 

this added current decreases the voltage quality of other 

units (i.e., slave units). 

As explained above, a second master-slave power-sharing 

method is proposed in this paper. This method is similar to 

the first proposed master-slave method, but the reference 

current is modified to address the aforementioned problem.  

In the second method, the reference current transmitted to 

the slave units is only the master unit’s output signal of the 

voltage feedback loop, as pointed out in Figures 6 and 7. 

When the slave units receive this signal, the output current 

of each unit will be added to its own reference current as 

feed-forward current. This addition improves the output-

voltage quality of the slave units, and the dependence of 

these voltages on the master unit's output current decreases. 

In fact, in this condition, each inverter should provide the 

main part of its loads or the nearest loads; however, the total 

power of all inverters must be equal to the total power of 

loads and losses. The related Equations are written as 

follows: 

𝐻1𝑀−𝑛𝑒𝑤 =
𝑠+(𝜆+𝜑)

𝐿𝐶𝜑𝑠2+𝑠+(𝜆+𝜑)
  (16) 

.

 

Figure 6. The block diagram of the master unit using a sliding mode controller in the second method 
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Figure 7. The block diagram of the slave units using a sliding mode controller in the second method

𝐻2𝑆−𝑛𝑒𝑤 =
𝐿𝐶𝜑𝑠

𝐿𝐶2𝜑𝑠2+𝐶𝑠+𝐶𝜑
  (17) 

𝐻3𝑆−𝑛𝑒𝑤 =
𝜆+𝑠

𝐿𝐶𝜑𝑠2+𝑠+𝜑
− 

𝜆(𝑠+(𝜆+𝜑))

(𝐿𝐶𝜑𝑠2+𝑠+(𝜆+𝜑))(𝐿𝐶𝜑𝑠2+𝑠+𝜑)
  (18) 

𝐻4𝑆−𝑛𝑒𝑤 =
𝜆𝐿𝐶𝜑𝑠

𝐿𝐶2𝜑𝑠2+(𝐶𝑠+𝐶(𝜆+𝜑))(𝐿𝐶𝜑𝑠2+𝑠+𝜑)
  (19) 

According to these equations, compression of H2s-new and 

H4s-new with H2s and H4s - Equations 9 and 13- indicates that 

the terms of H2s2 and H4s1 have been omitted by means of 

the second suggested master-slave strategy. It should be 

noted that H1M, H2M, and H3s-new have remained unchanged 

relative to the old equations, which are related to the first 

method. Therefore, by using the second method, the master 

unit equations and the relation between Vos and Vref remain 

fixed. Still, Vos's dependence on Iom and Ios decreases, 

thereby enhancing voltage quality. 

3. Simulation and Results Discussion 

In this simulation, different linear and nonlinear loads, 

which have different harmonic characteristics, are selected. 

In this regard, an MG has been assumed, as shown in Figure 

1. As shown, this MG comprises six buses, four inverter-

based DG units, and six loads. In Figure 8, the current 

waveforms of these loads are depicted. The inverter-based 

DG units include a master unit connected to Bus 1 and three 

slave units connected to Bus 2, Bus 4, and Bus 6. In this 

MG, six loads are connected to their respective buses, 

meaning that loads 1-6 are sequentially connected to Bus 1 

through Bus 6. Because the voltage quality of the MG 

should be assessed, different linear and nonlinear loads with 

varying harmonic characteristics are selected. The purpose 

of considering all of the above is to assume a general 

situation. The impedances of the MG branches are treated 

differently to account for worst-case conditions and are 

presented in Table 1. 

 

Figure 8. The different load characteristics of the current in the assumed MG 

Table 1. The considered impedances of the MG branches 

Branch ID R (Ω) X(Ω) 

Z13 0.05 0.05 

Z23 0.075 0.075 

Z34 0.09 0.09 

Z25 0.1 0.1 

Z56 0.04 0.04 

When current harmonics pass through the line impedances, 

the voltage THD of the buses increases, and, because of 

differences in load characteristics, the role of the control 

strategy becomes more critical.  
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The MG depicted in Figure 1, with all details of the 

assumed loads, is simulated in MATLAB/Simulink. To 

compare these two proposed master-slave control strategies, 

both are applied to inverter-based DG units. In this 

comparison, the condition of MG is assumed to be identical 

across the two methods.  

It should be noted that the inverter units in the simulations 

are rated at 30 kW. The power of the available loads is 

assumed to range from 20% to 80% of the inverter's nominal 

power. 

The condition includes the load pattern changes being 

assumed in the following steps: 

• Step 1: Load 6 is increased 100% at t=0.1 and t=0.25 

sec (slave 3 is connected to this Bus) 

• Step 2: Load 4 is increased 100% at t=0.4sec (slave 

2 is connected to this Bus) 

• Step 3: Load 3 is decreased 50 % at t=0.6 sec (any 

inverter-based DG unit is not connected to this bus) 

In Figure 9, the changes in the mentioned load currents are 

illustrated. The target of the mentioned load pattern -

including different load change steps- is the definition of 

conditions that cover all aspects of possible behavior of the 

inverter-based DG units in the assumed MG. Two 

independent simulations are performed under identical 

conditions, except for the applied control strategy. Through 

these simulations, the harmonic spectra of all bus voltages, 

the output power of each inverter-based DG, and the total 

generated power versus total load are evaluated. 

In Figure 10, the voltage harmonic spectra by applying 

these two control schemes are compared and indicated as a 

histogram diagram. According to this figure, the harmonic 

components of voltages possess fewer values in the second 

method compared to the first. Moreover, the improvement 

in the total harmonic distortion of the bus voltages is evident 

in this method. In the second method, the role of an inverter-

based DG unit in supplying the nearest load is greater than 

in the first method; therefore, harmonic currents flow 

through low-impedance paths, thereby enhancing voltage 

harmonics. It should be mentioned that the fundamental 

harmonic of voltages is omitted in this figure because of its 

great value in comparison with the other harmonics. In 

Table 2, the summarized results of this figure are presented. 

The THD values of the voltages are calculated at t=0.5 sec, 

which is the time with maximum loads.  

Figures 11 and 12 depict the active power delivered by DG 

units by applying the first and second proposed methods, 

respectively. As shown in these figures, all DG units 

respond to load changes using the first control method; that 

is, when the load increases or decreases, all inverter-based 

DG units adjust their output power in proportion to the load 

change. On the other hand, in the second method, the 

inverters behave differently. 

 

 

 

Figure 9. The changes in the mentioned loads current (Load 6 is increased 100% at t=0.1sec and t=0.25sec - Load 4 is increased 

100% at t=0.4sec - Load 3 is decreased 50 % at t=0.6 sec)

Table 2. THD of the voltages by applying these two methods 

method 
THD (%) 

Vbus1(master) Vbus2(slave1) Vbus3 Vbus4(slave2) Vbus5 Vbus6(slave3) Average 

First Master-slave 0.89 3.62 2.42 5.0 4.27 4.91 3.52 

Second Master-slave 0.93 1.43 1.73 2.06 1.81 2.11 1.68 
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Figure 10. Comparison of voltage harmonic distortions in simulated microgrid buses with both methods 

 

Figure 11. The output power of DG units by applying the first method 

 

Figure 12. The output power of DG units is obtained by applying the second method

By incorporating the second control method, each DG unit 

contributes more to feeding the closest load; If a load of a 

bus changes, the output power of the nearest DG unit will 

respond more to this change compared to the other DG 

units.  

Considering Figure 12, it is observed that the DG unit 
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changes in Step 1 (t=0.1(sec) and t=0.25(sec)) while in Step 

2, Slave 2 (DG unit which is located in Bus 4) contribute 

more to these changes of load 4 (the load in Bus 4 according 

to Figure 8). The main response to the changes in load 3; 

which is connected to Bus 3 (the bus without DG units), 

belongs to the master unit that is electrically closer to this 

load. In Table 3, the power loss of this MG under both 

methods is compared. As expected, using the second 

method will also decrease the grid loss. 

Table 3. Power loss values by applying both of the two 

proposed methods 

Method Loss (KW) 

First Master-slave 2.03 

Second Master-slave 1.78 

Considering these results, the loads are supplied primarily 

by the nearest inverters in the second method; therefore, the 

following two advantages are achieved. Since the nearest 

DG units supply the loads, network losses will decrease. 

Since harmonic currents pass through the fewest 

impedance routes, the harmonic distortion will be 

decreased. The related results were shown in Table 2. 

Although the first method exhibits poorer operational 

performance in terms of loss and harmonic distortion, it has 

an advantage: it prevents inverter overloading, whereby the 

load exceeds the inverter's nominal capacity. For optimal 

use of these master-slave power-sharing control methods, 

combining both methods is recommended. When no 

inverter is overloaded, the second control method can be 

used; after any inverter is overloaded, the control strategy 

should be switched to the first method. 

4. Conclusion  

In this paper, a master-slave power-sharing control based 

on sliding-mode switching is presented, and the 

corresponding mathematical equations are derived. 

According to these equations, two master-slave power 

control methods have been introduced. The first method is 

based on the parallel operation of inverters and equal 

sharing of the total load power. In contrast, the second 

method modifies the first to enhance voltage harmonics in 

an inverter-based islanded MG by implementing 

appropriate power-sharing.  

While the proposed sliding-mode master–slave control 

approach appears advantageous for reducing voltage 

harmonics and improving power-sharing accuracy, we 

acknowledge that its implementation in larger or more 

complex microgrids may present practical challenges. 

These concerns include tuning the sliding surfaces for a 

larger number of DG units, mitigating potential chattering 

at high switching frequencies, and ensuring reliable low-

bandwidth communication as the system scales. Addressing 

these issues through adaptive parameter-tuning algorithms, 

hybrid control structures, or distributed implementations of 

sliding-mode control makes up an important direction for 

our future work. 

5. References 

[1] Niazi, A. N., Vasegh, N., & Birjandi, A. A. M. (2021). An 

improved hierarchical control structure for robust microgrid 

operation and seamless mode transfer under linear and 

nonlinear loads conditions. International Journal of 

Engineering, Transactions B: Applications, 34(9), 2167–

2179. doi:10.5829/IJE.2021.34.09C.14. 

[2] Chen, Y., Lao, K. W., Qi, D., Hui, H., Yang, S., Yan, Y., & 

Zheng, Y. (2023). Distributed Self-Triggered Control for 

Frequency Restoration and Active Power Sharing in Islanded 

Microgrids. IEEE Transactions on Industrial Informatics, 

19(10), 10635–10646. doi:10.1109/TII.2023.3240738. 

[3] Amini, B., Roshanfekr, R., Hajipoor, A., & Mousazadeh 

Mousavi, S. Y. (2021). Interface converter control of 

distributed generation in microgrids using fractional 

proportional—Resonant controller. Electric Power Systems 

Research, 194, 107097. doi:10.1016/j.epsr.2021.107097. 

[4] Eini, M. K., Moghaddam, M. M., Tavakoli, A., & Alizadeh, 

B. (2021). Stability analysis of AC/DC microgrids in island 

mode. International Journal of Engineering, Transactions A: 

Basics, 34(7), 1750–1765. doi:10.5829/IJE.2021.34.07A.20. 

[5] Keshavarz, M., Doroudi, A., Kazemi, M. H., & Dehkordi, N. 

M. (2021). A new consensus-based distributed adaptive 

control for islanded microgrids. International Journal of 

Engineering, Transactions A: Basics, 34(7), 1725–1735. 

doi:10.5829/IJE.2021.34.07A.17. 

[6] Han, H., Liu, Y., Sun, Y., Su, M., & Guerrero, J. M. (2015). 

An Improved Droop Control Strategy for Reactive Power 

Sharing in Islanded Microgrid. IEEE Transactions on Power 

Electronics, 30(6), 3133–3141. 

doi:10.1109/tpel.2014.2332181. 

[7] Ghazanfari, A., Hamzeh, M., Mokhtari, H., & Karimi, H. 

(2012). Active power management of multihybrid fuel 

cell/supercapacitor power conversion system in a medium 

voltage microgrid. IEEE Transactions on Smart Grid, 3(4), 

1903–1910. doi:10.1109/TSG.2012.2194169. 

[8] Wu, D., Tang, F., Dragicevic, T., Vasquez, J. C., & Guerrero, 

J. M. (2014). Autonomous active power control for islanded 

AC microgrids with photovoltaic generation and energy 

storage system. IEEE Transactions on Energy Conversion, 

29(4), 882–892. doi:10.1109/TEC.2014.2358612. 

[9] Fani, B., Zandi, F., & Karami-Horestani, A. (2018). An 

enhanced decentralized reactive power sharing strategy for 

inverter-based microgrid. International Journal of Electrical 

Power & Energy Systems, 98, 531–542. 

doi:10.1016/j.ijepes.2017.12.023. 

[10] Blanco, C., Tardelli, F., Reigosa, D., Zanchetta, P., & Briz, F. 

(2019). Design of a cooperative voltage harmonic 

compensation strategy for islanded microgrids combining 

virtual admittance and repetitive controller. IEEE 

Transactions on Industry Applications, 55(1), 680–688. 

doi:10.1109/TIA.2018.2868691. 

[11] Mortezaei, A., Simoes, M. G., Savaghebi, M., Guerrero, J. 

M., & Al-Durra, A. (2018). Cooperative Control of Multi-

Master-Slave Islanded Microgrid with Power Quality 



Mousazadeh Mousavi et al. /Contrib. Sci. & Tech Eng, 2026, 3(2) 

10 
 

Enhancement Based on Conservative Power Theory. IEEE 

Transactions on Smart Grid, 9(4), 2964–2975. 

doi:10.1109/TSG.2016.2623673. 

[12] Ferro, G., Robba, M., & Sacile, R. (2024). A Fully Distributed 

Robust MPC Approach for Frequency and Voltage 

Regulation in Smart Grids with Active and Reactive Power 

Constraints. IEEE Transactions on Systems, Man, and 

Cybernetics: Systems, 54(11), 6657–6669. 

doi:10.1109/TSMC.2024.3426083. 

[13] Sun, W., Lin, X., Huang, L., Mu, D., & Zhang, H. (2024). 

Distributed sliding mode control for reactive power sharing 

in an islanded microgrid. Electric Power Systems Research, 

231, 110342. doi:10.1016/j.epsr.2024.110342. 

[14] He, J., Li, Y. W., & Blaabjerg, F. (2014). Flexible microgrid 

power quality enhancement using adaptive hybrid voltage 

and current controller. IEEE Transactions on Industrial 

Electronics, 61(6), 2784–2794. 

doi:10.1109/TIE.2013.2276774. 

[15] Busada, C. A., Jorge, S. G., & Solsona, J. A. (2022). Output 

Admittance Synthesizer for Synchronverters. IEEE 

Transactions on Industrial Electronics, 69(5), 4320–4328. 

doi:10.1109/TIE.2021.3082069. 

[16] Safa, A., Madjid Berkouk, E. L., Messlem, Y., & Gouichiche, 

A. (2018). A robust control algorithm for a multifunctional 

grid tied inverter to enhance the power quality of a microgrid 

under unbalanced conditions. International Journal of 

Electrical Power & Energy Systems, 100, 253–264. 

doi:10.1016/j.ijepes.2018.02.042. 

[17] Mousavi, S. Y. M., Jalilian, A., Savaghebi, M., & Guerrero, J. 

M. (2020). Secondary-control-based harmonics 

compensation scheme for voltage- And current-controlled 

inverters in islanded microgrids. IET Renewable Power 

Generation, 14(12), 2176–2182. doi:10.1049/iet-

rpg.2019.0782. 

[18] Zeng, Z., Li, H., Tang, S., Yang, H., & Zhao, R. (2016). Multi-

objective control of multi-functional grid-connected inverter 

for renewable energy integration and power quality service. 

IET Power Electronics, 9(4), 761–770. doi:10.1049/iet-

pel.2015.0317. 

[19] Rodrigues, Y., Monteiro, M., Abdelaziz, M., Wang, L., de 

Souza, A. Z., & Ribeiro, P. (2020). Improving the autonomy 

of islanded microgrids through frequency regulation. 

International Journal of Electrical Power & Energy Systems, 

115, 105499. doi:10.1016/j.ijepes.2019.105499. 

[20] Vandoorn, T. L., De Kooning, J. D. M., Meersman, B., & 

Vandevelde, L. (2013). Review of primary control strategies 

for islanded microgrids with power-electronic interfaces. 

Renewable and Sustainable Energy Reviews, 19, 613–628. 

doi:10.1016/j.rser.2012.11.062. 

[21] Ghanizdeh, R., & Gharehpetian, G. B. (2019). Voltage quality 

and load sharing improvement in islanded microgrids using 

distributed hierarchical control. IET Renewable Power 

Generation, 13(15), 2888–2898. doi:10.1049/iet-

rpg.2019.0467. 

[22] Mousavi, S. Y. M., Jalilian, A., Savaghebi, M., & Guerrero, J. 

M. (2018). Autonomous Control of Current-and Voltage-

Controlled DG Interface Inverters for Reactive Power 

Sharing and Harmonics Compensation in Islanded 

Microgrids. IEEE Transactions on Power Electronics, 33(11), 

9375–9386. doi:10.1109/TPEL.2018.2792780. 

[23] Mousazade Mousavi, S. Y., Jalilian, A., Savaghebi, M., & 

Guerrero, J. M. (2018). Coordinated control of 

multifunctional inverters for voltage support and harmonic 

compensation in a grid-connected microgrid. Electric Power 

Systems Research, 155, 254–264. 

doi:10.1016/j.epsr.2017.10.016. 

[24] Yazdavar, A. H., Azzouz, M. A., & El-Saadany, E. F. (2019). 

A Novel Decentralized Control Scheme for Enhanced 

Nonlinear Load Sharing and Power Quality in Islanded 

Microgrids. IEEE Transactions on Smart Grid, 10(1), 29–39. 

doi:10.1109/TSG.2017.2731217. 

[25] Ranjbaran, A., & Ebadian, M. (2018). A power sharing 

scheme for voltage unbalance and harmonics compensation 

in an islanded microgrid. Electric Power Systems Research, 

155, 153–163. doi:10.1016/j.epsr.2017.09.026. 

[26] Zeng, Z., Yang, H., Tang, S., & Zhao, R. (2015). Objective-

oriented power quality compensation of multifunctional grid-

tied inverters and its application in microgrids. IEEE 

Transactions on Power Electronics, 30(3), 1255–1265. 

doi:10.1109/TPEL.2014.2314742. 

[27] Zhang, X., Yi, H., Wen, Y., Wang, Z., Li, Q., Kang, F., & 

Zhuo, F. (2024). A Decentralized Nonlinear Harmonic Power 

Sharing Scheme Considering Harmonic Residual Capacity 

and Working Conditions of Fundamental Load. IEEE 

Transactions on Power Electronics, 39(11), 14533–14549. 

doi:10.1109/TPEL.2024.3432187. 

[28] Haghshenas, M. (2024). A Distributed Control Strategy for 

Load Sharing and Harmonic Compensation in Islanded PV-

based Microgrids. Journal of Solar Energy Research, 9(2), 

1926–1941. doi:10.22059/jser.2024.371687.1377. 

[29] Abrishamifar, A., Ahmad, A. A., & Mohamadian, M. (2012). 

Fixed switching frequency sliding mode control for single-

phase unipolar inverters. IEEE Transactions on Power 

Electronics, 27(5), 2507–2514. 

doi:10.1109/TPEL.2011.2175249. 

[30] Han, H., Hou, X., Yang, J., Wu, J., Su, M., & Guerrero, J. M. 

(2016). Review of power sharing control strategies for 

islanding operation of AC microgrids. IEEE Transactions on 

Smart Grid, 7(1), 200–215. doi:10.1109/TSG.2015.2434849. 

[31] Rokrok, E., Shafie-khah, M., & Catalão, J. P. S. (2018). 

Review of primary voltage and frequency control methods for 

inverter-based islanded microgrids with distributed 

generation. Renewable and Sustainable Energy Reviews, 82, 

3225–3235. doi:10.1016/j.rser.2017.10.022. 

[32] Naderi, Y., Hosseini, S. H., Ghassem Zadeh, S., Mohammadi-

Ivatloo, B., Vasquez, J. C., & Guerrero, J. M. (2018). An 

overview of power quality enhancement techniques applied 

to distributed generation in electrical distribution networks. 

Renewable and Sustainable Energy Reviews, 93, 201–214. 

doi:10.1016/j.rser.2018.05.013. 


