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 The existing microgrid has become a challenge to the sustainable energy 

source to provide a better quality of power to the consumer. To build  

a reliable and efficient microgrid, designing a droop controller for  

the microgrid is of utmost importance. In this paper, multiple voltage source 

inverters connected in parallel using an active power-frequency/reactive 

power-voltage droop scheme. The proposed method connected to two 

distributed generators local controllers, where each unit consists of a droop 

controller with an inner voltage-current controller and a virtual droop 

controller. By adding this controller to the microgrid reliability and load 

adaptability of an islanded system can be improved. This concept applied 

without any real-time communication to the microgrid. Thus, simulated using 

MATLAB/Simulink, the obtained results prove the effectiveness of the autonomous 

operation's microgrid model. 
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1. INTRODUCTION 

Microgrid based sustainable energy resources such as distributed generators (DG) sources, storage 

devices, and local loads are the future generating plants [1, 2]. So the consumer can be able to produce, store, 

control, and manage apart from consuming the power [3]. Besides, the critical load is allowed to connect to  

the utility or autonomous mode for continuous operation [4]. The microgrid deals issues of power quality,  

so; it can have interaction between utility grid or other microgrids-integrated control strategies, which usually 

consist of primary, secondary, and tertiary controller [5]. 

The droop-based scheme is often used for the autonomous microgrid to control microgrid inverter 

when more than one DGs connected in parallel [6, 7]. Implementing the droop scheme allows DG inverters 

to share the load proportionally by adjusting the voltage and frequency as a parameter of the total power. 

Besides, each inverter uses local measurements. Likewise, to improve the effectiveness of the droop-based 

voltage source inverter (VSI), a virtual impedance control based scheme has been also adopted [8]. During islanded 

mode, the inverters should not overload. Inverters take the load change assurance by a proper control-based 

approach. The communication-based master-slave control method added to the microgrid, where DG sources 

are connected to a local bus or located nearby [9]. Besides, communication-based control makes the system 

https://creativecommons.org/licenses/by-sa/4.0/
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costly and not reliable. Droop based approach, which uses local measurements by eliminating communication  

link, has been proposed [10]. In this work, by avoiding the former method, later method is adopted. In this 

paper, the proper load sharing purpose, the droop controller, is used in autonomous DG mode. The proposed 

control method for three-phase inverters, connected in parallel to the point of common coupling (PCC) buses 

through filter and coupling inductor. The presented controller maintains the frequency and voltage constant 

to achieve proportional load demand, excluding communication devices. Simulation work has done to test  

the effectiveness of the proposed controller under different conditions. The intended results show by using 

this controller in voltage, frequency regulation, and power-sharing. 

The presented paper has the following main contributions: 

− Each DGs VSI proposed with a droop controller to share the significant P and Q power with other DGs. 

− Each VSI controller proposed with the current controller loop (CCL), voltage controller loop (VCL),  

and virtual impedance loop; thus, it was designed to reject high-frequency noise and damp the filter 

output, and improve power-sharing also eliminates circulating current. 

− We are analyzing graphically step-by-step of direct (d) and quadrature (q)-axis VCL and CCL to decouple 

the disturbance, thus enhancing the VSI system's performance. 

The paper prepared as follows: Section 1 contains the proposed controller in the microgrid. In 

section 2, the voltage source inverter modeling analyzed. A MATLAB/Simulink work and its results and 

discussion carried out in section 3. Section 4 concludes the work. 

 

 

2. THE MICROGRID ARCHITECTURE AND CONTROL METHODOLOGY 

A DGs VSI based three-phase microgrid and inverter controller, as shown in Figure 1.  

The simulation study has done to verify its robustness. The two VSIs connected to the nonlinear load through 

network lines. DG sources connected to the inverter's input. The related system parameters given in Table 1. 

both VSIs have used the droop control method for maintaining frequency and bus voltages within permissible 

value during the load-generation balance. The VSIs rating is the same, so the droop gain also is chosen  

the same. The VSIs controller has a series-connected voltage and current loop [11]. The DG controller as follows: 
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Figure 1. Distributed generators, (a) DGs VSI based microgrid block diagram, (b) Inverter controller  

block diagram 

 

 

Table 1. System parameters 
Parameters Value Parameters Value 

DG1  10kW DG 2  10kW 

Inverter1 Rating 12KVA Inverter2 Rating 12KVA 
Inverter Switching Frequency (fs) 8 kHz Current controller proportional gain (Kpc) 10.5 

Filter inductance (Lf) 1.35 mH Current controller integral gain (Kic) 16e3 

Filter capacitance (Cf) 50 μF Filter cut-off frequency (ωc) 31.4 r/s 
Coupling inductance (Lc) 0.35 mH Nominal Voltage (Vn) 380 

Line reactance (Xline) 0.10 Ω Nominal Frequency (ωn) 314 r/s 

Line resistance (Rline) 0.45 Ω Droop Gain (mp) 9.4e-5 
Voltage controller proportional gain (Kpv) 0.05 Droop Gain (nq) 1.3e-3 

Voltage controller integral gain (Kiv) 390 Filter resistance (rLC) 0.03 Ω 

Feed forward term (F) 0.75 Inverter input resistance (rf) 0.1 Ω 
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The DG VSIs controller separated into three parts. First is the outer power controller, which gives  

the magnitude of voltage and frequency for the VSI output voltage's fundamental component according to  

the droop characteristics set for the real and reactive power [12]. The other parts of the control systems are  

the voltage controller and the current controller; these designed to nullify high-frequency noise and provide 

enough damping for the LC filter [13]. 

 

2.1.  Power controller 

The main reason to use the droop controller is to act as the governor of the synchronous alternator. 

Generally, in a power system, the frequency decreases as the load on the synchronous alternator increases 

according to the governor's droop characteristics. This droop principle used in VSI by reducing reference 

frequency and voltage when the load increases, as shown in Figure 2 (a) [14]. Similarly, the output voltage 

drops as the reactive power on the synchronous alternator increases according to the droop characteristics, 

called a droop controller, as shown in Figure 2 (b). To calculate power given by (1) and (2), from the inverter 

output terminal, which is the output voltage and current measured. 
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Figure 2. Power controller, (a) Conventional droop characteristics, (b) Power controller 
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The component of active and reactive power obtained by low pass filter with a cut-off frequency ωc, given as: 
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The VSI uses the P and Q droop method expressed in (3) and (4). 
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Droop parameters mp and nq are expressed as: 
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2.2.  Virtual-impedance control 

The VSI network parameters can be affected when droop control implemented, which affects  

the power-sharing accuracy. To improve this virtual impedance controller is applied [15]. Besides, its use 

eliminates the circulation of the current. The expression of the output-voltage reference given as: 

 
*

, ( )dq dq ref V dqv v Z s i   (6) 

 

where Zv (s) is the virtual-output impedance. 
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2.3.  Voltage controller 

The voltage control loop, as shown in Figure 3, connected to an inverter current control controller. 

This control loop used to regulate the inverter voltage output-the reference voltage output set in the power 

control loop. To make steady-state error zero between the measured and reference voltage, a standard PI 

controller is responsible. To act controller fast, a feed-forward gain added in the controller. The voltage 

control loop gives internal current control reference. To regulate the load current of inverter, the internal PI 

controller protects the VSI switches. 
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2.4.  Current controller 

The Current controller block diagram, as shown in Figure 4. It is the fast-acting control loop of a VSI. 

Besides, VSI current not to exceed set current reference value a Proportional and Integral controller used. The voltage 

controller sets the reference value to this controller-the governing equations expressed by (10), (11), and (12).  

For tuning the CCL and VCL, integral and proportional gain a transfer function approach studied [16]. 
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Figure 3. Voltage controller Figure 4. Current controller 

 

 

3. STAND ALONE MODELING OF THREE-PHASE VSI 

In standalone system 3-phase, VSIs connected to the network. The power-processing unit is a 3-leg 

inverter, inductor and capacitor filter, and its ESR, coupling inductor, the DGs input to the VSI, and  

the voltage given to the loads. The switching frequency is 4-10 kHz of pulse-width modulation (PWM) 

mechanism. The L and C values need to choose as per inverter rating and the maximum permissible ripples 

of voltage and current. The differential equations describing dynamics of the VSI can derive as: 
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where 
_i abcv is the line voltage of the inverter, iL_abc is the inductor line current, vC_abc is the line voltage of  

the capacitor, and io_abc is the load current. Obtained to rotating from stationary quantity by the transformation 

matrix. Assuming symmetrical three-phase, transforming (13)-(14) to the rotating frame results in: 

 

 

 

 

 

 

 

 

 

Rearranging (15)-(16) applying the Laplace transformation, gives: 

 

 

 

 

 

 

 

 

 

The linearized model of the inverter system, as shown in Figure 5. The equation (17)-(18) consists 

of the coupling disturbance that exists between dq-axis loops; thus, decoupled to remove the interference,  

as shown in Figures 3 and 4. to enhance the performance of the VSI system [17, 18]. 

 

3.1.  Current controller analysis and design 

The performance of the system can improve by giving attention to the inverter controller. So, by 

using PI controllers, they can be effectively controlled. The disturbances to be more specific, given in (17), 

(+ LωI*lq), and (− LωI*ld) for the dq-axis CCL; opposite parameters are added to the CCL controller to 

eliminate it. According to the transfer functions, Gid(s) and Giq(s) for the dq-axis current control loop derived 

as: 

 

 

where Kpc and Kic are the proportional and integral gains of the PI controller, respectively. In designing  

the CCL, the response speed, stability, and harmonics need to consider. To act fast, the bandwidth of CCL 

should be high [19]. The proportional gain relationship with the CCL bandwidth, using (20), expressed as: 
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Figure 5. The linearized model of the inverter system and filter output in dq reference frame 
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Where ωbi is the bandwidth of the current controller. Even though many works, not included an 

integral controller in the CCL [20, 21], in abnormal situations, the presence of an integral controller can be 

beneficial. Although it reduces tracking error (ideally zero) without compromising its dynamic response.  

Figure 6 (a) shows the Bode plot for the CCL transfer function and Figure 6 (b). Trajectories of CCL closed-

loop poles 

 

3.2.  Analysis and design of the voltage controller 

The output voltage of VSI should be stable and regulated as per the device's concern. The VCL 

disturbances given in (18), are (+ CωVoq) and (− Ild) are from the d-axis and (− CωVod) and (− Ioq) are from 

the q-axis. These disturbances have eliminated by adding these terms with the proper signs. The d-axis VCL 

transfer function (21) is Gvd(s) = (Vod(s)/V*od (s)) Voq = 0, Iod = 0. Note that GVq(s) = GVd(s). The current 

controller should be faster than the voltage controller for that bandwidth is chosen in the range of 0.25 and 

0.75 of ωbi, also greater than ten times of fundamental and greater than cut-off filter frequency [22, 23]. The 

proportional coefficient has obtained using (22). The voltage transfer function expressed as: 
 

 

while designing integral gain (Kiv) is a trade-off required between the error and stability of the system.  

Figure 6 (c) shows the Bode plot for the VCL. The closed-loop poles trajectories using (18), is shown  

in Figure 6 (d). 
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Figure 6. VCL, (a) Bode plot for CCL transfer function, (b) Trajectories of CCL closed-loop poles,  

(c) Bode plot with ideal CCL for VCL transfer function, (d) Trajectories of VCL closed-loop poles 
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4. RESULTS AND DISCUSSION 

In this paper, the effectiveness of the proposed droop controller studied in different cases,  

with nonlinear loads simulated on MATLAB/Simulink tool. To this aim, the test bench used as standalone 

DG. This system has two parallel VSI and its controller with network impedance, as shown in Figure 1 (a). 

Two DG VSIs connected in parallel, and droop gain and network impedance considered as given in Table 1. 

Three following cases discussed and shown in Figures 7 and 8. Case 1: At t = 0 to 0.7s, a total load 

of PLoad=16000 W and QLoad=8000 VAR are connected, and each inverter is sharing the load proportionally, 

i.e., the active power of P1=7570 W and P2=7560 W, and reactive power of Q1=3823.5VAR and Q2=3823 

VAR at 0.43s, as shown in Figure 7 (a) and 7 (b), similarly Case 2: At t = 0.7s to 1.2s change in load of 

PLoad=12000 W and QLoad=10000 VAR added into the microgrid system, and each inverter is sharing the load 

proportionally, i.e., P1=5677 W and P2=5766 W and reactive power of Q1=4754 VAR and Q2=4753.5.1 

VAR. Case 3: At t=1.2 to 2s change in a load of PLoad=10000 W and QLoad=8000 VAR is added into the 

microgrid system, and each inverter is sharing the load proportionally, i.e., P1=4750 W and P2=4740 W and 

reactive power of Q1=3823.5 VAR and Q2=3823 VAR. 

Thus in all cases, the frequency variation of inverters is within the tolerance range, and at 0.48s,  

the frequency variation is 49.8869 Hz to 49.8868 Hz due to load change, as shown in Figure 7 (c). The DG1 

and DG2 output voltage obtained of 780Vdc as sources, as shown in Figures 7 (d) and Figure 8 (a), to feed 

each inverter. The point of common coupling voltage is 220 volts/phase (RMS) at each load, as shown in  

Figure 8 (b). Also, the voltage at the point of common coupling Vb1 and Vb2 per-phase-voltage (Vpeak) 

maintained constant irrespective of load variation. Thus, the droop controller is ensuring the tolerances are 

not more than 5% and 1% of voltage and frequency, respectively. The total harmonic distortion (THD) of 

voltage is 2.61% when the nonlinear load has connected shown in Figures 8 (c) and 8 (d). A comparison has 

drawn between the proposed method and its similar types, which has illustrated in Table 2. It has observed 

that our controller has the advantage of better features. 
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Figure 7. Case studies, (a) Active power, (b) Reactive power, (c) Frequency with step change load,  

(d) DG1 o/p voltage 
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Figure 8. DG and PCC, (a) DG2 o/p voltage, (b) PCC voltage/ph. (RMS), (c) PCC voltage/ph. (Vpeak), 

(d) THD of voltage 
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Table 2. Comparative analysis of the proposed controller with other existing literature 

 

 

5. CONCLUSION 

In this paper, the given droop controller proposed in an autonomous parallel inverter-based 

microgrid system shares power very precisely by avoiding communication link for an islanded microgrid. 

The proposed control scheme has implemented based on current control and voltage control loop; thus, it can 

efficiently maintain the frequency and voltage magnitude of the inverters and achieve effective, proportional 

load sharing of active and reactive power. The implemented controller effectiveness tested on the parallel 

standalone system of three-phase voltage source inverters with a filter output feeding to the loads. 
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