Himalayan Journal of Applied Science and Engineering (HiJASE), Vol. 6, Issue 1, July, 2025

V x E
RESEARCH ARTICLE E==c=: ‘("'2“ ISSN 2738-9898 (Print) ISSN 2738-9901 (Online)

H-infinity based modified droop control method for voltage and frequency
regulation of an islanded microgrid supplying non-linear and unbalanced
loads

Pramod Sharma'’, Ananta Adhikari 2, Sujan Khanal '

! Department of Electrical Engineering, IOE, Pashchimanchal Campus, Tribhuvan
University, Pokhara, Nepal
?School of Engineering, Pokhara University, Kaski, Pokhara, Nepal
* Author to whom correspondence should be addressed; E-Mail: pramodwrc070@gmail.com
Received : 11 February 2025, Received in revised form : 22 March 2025; Accepted : 24 March 2025;
Published: 04 July 2025

Abstract

This paper presents an advanced control method for islanded microgrid (MG) based on the H-
infinity (Hoo) controller. The proposed method is designed to regulate system voltage and
frequency within acceptable ranges under disturbances caused by load variations. The method
is also used to ensure equal power sharing by each voltage source inverters (VSIs). To
evaluate its effectiveness, the proposed controller is compared with conventional droop
controller. In this approach, the droop control loop, along with the current and voltage control
loops, is optimized effectively to manage variations in the system load. The method
incorporates repetitive control principles with internal model concept to achieve precise
tracking of voltage and current errors. The proposed system model consists of three voltage
source inverters (VSIs), linear, nonlinear and unbalanced loads. The performance and
feasibility of the proposed method is evaluated through MATLAB/Simulink simulations,
including FFT analysis for harmonic assessment. The Comparative analysis with the
traditional droop control method demonstrates the superior performance of the proposed
method in managing microgrid operation in islanded mode.
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1. Introduction

A microgrid (MG) is a low-voltage distribution network that includes multiple distributed
generators (DGs), energy storage systems and loads. It can function in either grid-connected
mode or islanded mode. In the grid-connected mode, the microgrid can exchange power with
the main utility grid based on its generation capacity and load demands, while the voltage and
frequency are generally regulated within the grid’s standard limits. In contrast, during
islanded mode, the voltage and frequency may deviate from acceptable levels due to the lack
of grid support. To ensure proper operation in islanded mode, a control system is essential for
adjusting these parameters to their specified limits.

There are several control methods for regulating the voltage and frequency of islanded
microgrid. These methods include master/slave control, hierarchical control, multi-agent
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system (MAS) control and droop control. Master/Slave Control method for controlling
voltage and frequency of microgrid is proposed in [1]. This method used one of the
distributed generators (DGs) as the master unit, while the others operate as slave units. The

study shows that this method relies heavily on communication systems between the controller
units. The failure in the master unit could result in complete system failure.

The hierarchical control method for microgrids in grid connected and islanded mode is
proposed in [2]. This method used three control level, they are primary, secondary, and
tertiary control. The study highlights that this method is highly efficient but it is not cost-
effective and may not be the most practical or suitable solution for remote or locally isolated
microgrids.

The simple method used for controlling islanded microgrid is droop control method. This is
widely used control technique to regulate the system’s voltage and frequency in islanded
operation. It provides reference values for voltage and frequency based on the power
requirements of the microgrid.

The conventional droop control method, though widely used in islanded microgrids it has
several limitations that hinder its overall performance. In larger or more complex systems, the
droop controller may struggle to maintain system stability, particularly in the presence of
nonlinear or unbalanced loads. These limitations emphasize the need for more advanced and
adaptive control techniques to improve system performance and stability in islanded
microgrid operations [3], [4].

A model predictive control method is proposed in [5]. This study highlights the use of model
predictive control (MPC) method for smooth transition between grid-connected and islanded
mode without significant voltage and current deviations caused by mismatches in phase,
frequency or amplitude between grid voltage and load.

A voltage controller utilizing H-infinity and repetitive control techniques is proposed in [6].
The study highlights the design of voltage controller. It uses repetitive control based on the
internal model principle. The repetitive control provides outstanding voltage tracking
performance by effectively handling a wide range of harmonics simultaneously. This results
in significantly reduced total harmonic distortion and enhanced tracking accuracy. The study
shows that controller can be used in both islanded and grid connected mode.

A current control strategy is proposed in [7]. The study shows the design of current controller
aiming to inject a clean sinusoidal current into the system even under nonlinear or unbalanced
load conditions. The controller comprises an internal model and a stabilizing compensator
design by H-infinity control theory.

A modified droop control method with H-infinity controller is proposed in this paper. The
primary objective of this study is to improve the voltage and frequency of the microgrid
supplying nonlinear and unbalanced loads. Additionally, the study aims to ensures the equal
power sharing among each voltage source inverters (VSIs) and to minimize total harmonic
distortion (THD) caused by non-linear loads, keeping it within acceptable limits.
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2. Materials and Methods

2.1 General Outline of the Methodology

The proposed methodology involves the modeling and comparison of conventional droop
control method with modified droop control method based on H-infinity controller. The
overall process of methodology is shown Figure 1.

Microgrid Modeling

= Modeling of three phase voltage source inverter with fixed dc
source as input.
= Modeling of microgrid branches, busbar and load.

iy

Controller Modeling

= Modeling of conventional droop controller with voltage and
current control loop using PI controller.

= Modeling of proposed modified droop control method with H-

infinitv controller.
<~

Load Analysis

= The conventional and Modified droop control method are
implemented to linear, non-linear and unbalanced load.

= The non-linear and unbalanced load are applied for specific

pneriod of time.

Performance comparison

= Comparison is made for system voltage, frequency, and power
sharing.

= Analyze the effectiveness of H-infinity  controller
for different loading condition.

Figure 1: Overall Methodology
2.2 System Structure Model

It consists of three fixed dc source connected with separate VSI. Each VSI is connected to the
common bus through LCL filters and supply linear, non-linear and unbalance load. The
single line diagram of the microgrid adopted in this study is shown in Figure 2.
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Figure 2: Single line diagram of micro grid system

2.3 Conventional Droop Control Method

The mathematical parameters used to model the conventional droop controller are explained
below.

2.3.2 Droop Controller

The droop control method depends on the relationship between active power with frequency
and reactive power with voltage. The droop control method can be expressed mathematically
as [8].

W = Wyep — My Py (1)
Vg = Veer — Mg le {2}
Vigg =0 (3)

Where w,..¢ is the reference angular frequency, v, ¢ is the reference voltage, w* is the nominal

angular frequency, v*;5and v*,; are the d-axis and g-axis voltage and m, and n, are the droop

coefficient.
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2.3.3 Voltage Controller

The Voltage Controller Differential Algebraic Equations can be expressed as [3]:

G =V — Vg (4)
ﬁ'di =V'ai— Va (5)
i*19; = Figi — wCq Vs + Kpyi (V¥ gi — Vi) + Ky By (6)
i*1qi = Filgi — wCq Vg + Kpui (V' g — Vi) + Kpn O (7)

Where @g; and @; are the state variable defined for PI controllers, K’s are the integrator gain factors,
F; is the feed forward gain and w is the nominal angular frequency.

2.3.4 Current Controller

The current controller Differential Algebraic Equations can be expressed as [3]:

Ygi = Ulgi — g (8)
Y g = i"1as — has (9
V*ia = —wlgiig — Kpei(ifia — ha) + Kiei Yai (10)
Vg = —wlgig — KPCi{ii-lqi - ilqi} + KiciYai (11)

Where yg; and yg; are the state variables defined for PI controllers, K's are the integrator gain factors,
and ijg; and ijg; are the direct and quadrature components of . ij;

2.3.5 Control system diagram

The complete control system diagram of conventional droop control method is shown in Figure 3 [3].
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Figure 3: Complete control system of the conventional droop control method

2.4 Proposed Control Method

The traditional control method does not have the ability to adjust the system voltage and
frequency to their nominal values after any variation in system load. Therefore, a
supplementary control is needed to enhance the performance of traditional controller. This
paper proposed an advanced control method based on Heo controller.

2.4.1 Concept of Ho Control

The Hoo control method is a very powerful technique in modern control theory. It provides
robust stability for the linear multivariable systems in the presence of uncertainties and
disturbances. The block diagram of the Hoo control method is shown in Figure 4 [6], where P
represent the transfer function of the plant and C is the controller to be designed. Also, u
represents the control input, w represents the disturbances and other external inputs, y
represents the measured output, and z represents the controlled output. This control method is
applied to reduce the mismatch between the generation and the load for MGs in islanded
mode. It also adjusts the system voltage and frequency to their nominal values after system
load variation.
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Figure : 4 Block diagram of Hoo controller

To improve the performance of the Hoo controller, an internal model M is used. It provides a
repetitive control scheme to cover a wide range of frequencies. It consists of a low pass filter

with a transfer function W(s) connected in feedback path with e~74% as shown in Figure 5

[6]. It is responsible for generating periodic signals of a given fundamental period, Tg,

therefore, it has the ability to track periodic references and reject periodic disturbances having
the same period. The transfer function of low pass filter and expression for delay time can be
obtain as [9]:

. o, .
W) = o (12)
T,=T-= (13)

c

Where w, is the cut-off frequency of the low pass filter W(s) and T is the fundamental period.

—> — Z TS
A e EE«
+

W(s)

u e

Internal Model M

Hoo Controller C |

Figure 5: Block diagram of Hoo repetitive controller
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To ensure the system stability, two weighting parameters & and p are incorporated after
opening the local feedback loop of internal model as shown in Figure 6 [6]. The additional

parameters & and p provide more freedom in the design.

P
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w_~—..§ | 4
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Figure 6: Block diagram of Hoo repetitive controller with weighting parameters

2.4.2 Overall control system

The proposed Hoo control method consists of three control loop: power control loop, voltage
control loop and current control loop. The power control loop is used to generate the
reference voltage and frequency, as well as to ensure accurate active and reactive power
sharing between the connected DGs. Similarly, the voltage control loop generates the
reference current signal for the current control loop and the current control loop generates the
reference voltage signal for the VSI. The complete control system of proposed control

method is shown in Figure 7 [10].

Page 8
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Figure 7: Complete control system of Hoo control method

2.4.2.1 Power control loop

The power control loop consists of a power calculation and a droop controller, and in this
loop, the Hoo control method is applied to compensate the difference between the measured
and the reference values of the active and reactive power to ensure accurate power sharing
between the connected DGs. The state space modeling of power control loop can be
expressed as [6],[10].

Xp = Agx, + Byywp+ By (14)

¥, = Coxp + Dpywy+ Doy (15)

The corresponding plant transfer function can be represented as:

Po=[Dpix  Dpiz] + Cp; (sI— Ay ) [Boix  Bpiz] (16)

To provider repetitive control a low pass filter W,(s) having cut off frequency w,yis

integrated with a delay line e~T4% To improve the system stability, the original plant Fy is

generalized to P, The generalized plant P, includes the original plant Py, low pass
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filterWy(s)and controller weighted parameters £; andpg,. The generalized plant can be

expressed as:

Ay 0 0 Bpi1 B

Bwl}cpi J"1'11'.-'[!' BWI}EI} Bwl}Dpil Bwl}Dpiﬂ

P']' = Dwﬂlcpi Cwl} DWI}ELL DwDDpll DwDDplE {l?}
0 0 0 0 Ho
Cpi 0 EI} Dpil Dpif p

2.4.2.2 Voltage and current control loop

The voltage control loop consists of plant P1 and a stabilizing compensator C1. The model of
the plant P1 is derived using single phase diagram shown in Figure 8 [6].

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

+ Vpe- r . [ o ol i e i S i k@ bl i e

1L :

|
! |
' i
P I A T e I g
O Inverter : | Sl ¢ i Re L: 11
Bridge i Rt Filterinductor ! :Cf—l | Lineinductor |
! Rq Grid
Neutral
o o

Figure 8: Single phase representation of the plant

The current of the inductors and the voltage of the capacitor are chosen as state variables

%,=[i1, i2,u.]7. The external input w,=[u,,u..¢]T consists of the capacitor voltage u. and the

reference voltage u..¢, and the control input u,. The plant P, can then be described by the

state equation as follow [6], [7].
Xy = Ag¥y + Byywy + Byoug (18)
¥e= C‘vx’v + Dvi""rv + vau'v {19]

The corresponding plant transfer function can be represented as:

Py = [Dy1 D]+ Co(sl —A)7'[By1  Byzl (20)
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To provider repetitive control a low pass filter W, (s)}having cut off frequency w,,is integrated
with a delay line e~T45, To improve the system stability, the original plant P, is generalized
to P,. The generalized plant P, includes the original plant P, low pass filter W,(s) and

controller weighted parameters £; and p, . The generalized plant can be expressed as [6], [11].

A, 0 0 Byy Bvz ]
BuiCo  Awi Buihi BuiDy  BuiDo
Pi=1D,1C,  Cur Duthh DuiDur  DutDeo 1)
0 0 0 0 1y
GG 0 & Dy Dy

Similarly, plant P, for current controller can be determine and expressed as[7], [12].

A; 0 0 Biy Biz
Bwlcl Awf BW‘:E: BWEDll BWED'LE
Py = DG Cwz DyzEz DyoDiyy DyaDip (22)
0 0 0 0 Lis
¢ 0 & Dy Dy

Based on plant Py, P, and P, the controller CO, C1 and C2 are designed in the MATLAB using

hinfsyn function. Once the controller C0O, C1, and C2 are designed these are integrated with
droop control loop, voltage control loop and current control loop of conventional control
method respectively.

3. Results and Discussions
3.1 Simulation and result

MATLAB simulation is performed for both conventional droop control method and modified
droop control method. The system performance and output is checked for linear, non-linear
and unbalance load. The overall simulation model for proposed system is shown in Figure 9.
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The different parameters used for simulation of proposed controller are shown in table below.
The electrical parameters are present in Table 1. These include system frequency, resistance,

inductance etc.

Table 1: Electrical system parameters

Components Parameters Symbol Value Units
Nominal frequency w 2[1*50 rad/s
Nominal RMS voltage v 380 volt
DG system DC voltage v, 700 \Y
PWM switching 10 kHz
frequency fs
Series resistance R, 0.05 Q
Converter LC filter Inductance L 1.6 mH
Capacitance ¢ 24 pF
Shunt resistance R, 1.2 Q
Droop Controller Frequency droop m 0.000005
coefficient .
Voltage droop n, 0.003
Line parameters Series resistance R 0.140 Q
i}
Inductance L 0.5 mH
g

[Sharma et al.]
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The power, voltage and current controller parameters are present in Table 2. These includes

gain parameters, weighted parameters and delay time.

Table 2: Power, Voltage and current controller parameters

Components Parameters Symbol Value Units
Weighted parameters u 0.65
Power controller(CO0) °
£ 3.2
Delay time T, 20 ms
Proportional gain Ky 0.29
Voltage controller(C1) Integral gain K, 594.9
Delay time T, 20 ms
iy 0.85
5 2.6
Proportional gain Kye 55
Current controller(C2) Integral gain Ki 1570.9
Delay time T, 20 ms
Weighted parameters s 0.27
, 100

The active and reactive power demand of the load are

linear balanced load, non-linear and unbalanced load

Table 3: Types of load and load demand used for simulation

present in Table 3. These includes

Load Type Symbol Starting Load Load addition Load Load Removed
At t=1 sec Removed After t=3 sec
After t=2 sec
Balanced Load P1+Ql 20200 W + 5800 W + 200 | 5800 W + 200 -
1600 VAR VAR VAR
Non-linear load P2+Q2 - 6000 W + 200 - 6000 W + 200
VAR VAR
P3R+Q3R - 600W+ 100VAR - 600W+ 100VAR
Unbalanced load P3Y+Q3Y - 1000W+ - 1000W+
120VAR 120VAR
P3B+Q3B - 2000W+ - 2000W+
150VAR 150VAR
[Sharma et al.] Page 13
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3.3 Response of conventional droop control method for linear balanced load

3.3.1 Active Power Sharing

Figure 10 shows the active power shared by three VSI. Up to 1 second, each VSI is sharing
the active power of 6733 watt. At t=1sec, a load of 5800 watt is added to the system and
power shared by each VSI also increased correspondingly. At t=2sec, load of 5800 watt is

removed from the system and the power shared by each VSI also decreased with equal
amount.

il T .
5 8000 | ~—
@ 6000 /"'_
2 4000

& 20007 VSl 1

8000 - ~
26000 ==
S w000/

= 2000/

Vsi2

—_ P
1 — —
2 4000

e 2000 /

0 05 L Time(s) 15 2 2.5 3
Figure 10: Active Power sharing

3.3.2 Reactive Power Sharing

Figure 11 shows the reactive power shared by three VSI. Up to 1 second, each VSI is sharing the
reactive power of 566 VAR. At t =1sec, a load of 200 VAR is added and the reactive power shared by
each VSI also increased correspondingly. At t=2sec, load of 200 VAR is removed from the system
and the reactive power shared by each VSI also decreased with equal amount.

600 — ——
z
§4‘00 //-_
g 200
vsl1

0
- 600 — — —
< 400 7
200 -

0
- 600 — —_—
< 400 il

0 VSI3

0 0.5 1 15 Time[s 2 25 3

Figure 11: Reactive power sharing
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3.3.3 System Voltage

For the balanced load, the output voltage waveform of all the VSI is sinusoidal, as shown in
Figure 12.

5 IANANANAANANAANAAAANAANANANANANNANANANANANANANNANAN
S X Y VYV VY VVVVNVNVVVVVVVVVVVVVVVY
S

400 VeIl

400
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ARV VAR VAR VAR VALY AL VAL VAL VA VAV AYA A A A ATAA A A AATAAAY
2 400 \S NS

vsl2

5400
s WAAAAAAAAAAAAAAAAAAAAAAAAAA
179000000080 000800008008080008008
> 4

VSI 3

80 . ) 0.86 }
0.74 0.76 0.78 0.80 Time ) 0.82 0.4 0.88

Figure 12: Voltage waveform

3.3.4 System frequency

The change in frequency to meet the system's active power demand remains within the limit
as shown in Figure 13.

50

\ VSI1 | =11
1058 VSi2| =1

\ vsi3| —n
49.96

Frequency (Hz)

49.94 \

49.92

499 \/@jr

0 05 1 Time(s) 15 2 25 3

Figure 13: System frequency

3.4 Response of conventional droop control method for non-linear and unbalanced load

3.4.1 Active Power Sharing

Figure 14 shows the active power shared by three VSI. At t=1 sec, a non-linear and
unbalanced load of 10 Kilowatt is added to the system. Due to unbalanced load each VSI
shared the unequal power. At t=3sec, the load of 10 Kilowatt is removed and each VSI again
shared equal amount of power.
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Figure 14: Active Power sharing

3.4.2 Reactive Power Sharing

Figure 15 shows the reactive power shared by three VSI. At t=Isec, a non-linear and
unbalanced load of 570 VAR is added to the system. Due to unbalanced load each VSI shared
unequal reactive power. At t=3sec, a non-linear and unbalance load is removed from the
system and each VSI again shared equal amount of power.

I
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= 600 4 | /‘\
4 . T —
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T —— N
200 / vs1 2
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Z 600 / /\-____
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Vs 3
0
05 1 15 2 25 3 35 2

Time(S)
Figure 15: Reactive Power sharing

3.4.3 System Voltage

Figure 16 shows the load voltage waveform. At t=Isec, a non-linear and unbalanced load is
added to the system. Due to non-linear and unbalanced load the voltage fluctuate with
unequal magnitude in each phase. At t=3sec, nonlinear and unbalanced load is removed and
the load voltage return to its original state.
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Figure 16: Voltage waveform due to non-linear and unbalanced load
3.4.4 System frequency

Up to 1 second, the system is supplying linear balanced load so the system frequency
decreases with equal magnitude in each VSI. At t=Isec, a non-linear and unbalanced load is
added to the system. Due to the presence of non-linear and unbalanced load the frequency of
the system decrease with unequal magnitude as shown in Figure 17.

50
\ VIl | —p
4998
\ V12
4996

49.94 \ - —
49.92 \ —
49.90 W
1058 \ ST N/
N
49.64 |

49.82

Frequency (Hz)

Time(S)
Figure 17: System frequency

3.4.5 Measure of Harmonic

The harmonic analysis of the inverter output voltage and current is done using
MATLAB/FFT. The total harmonic distortion (THD) present in the current waveform due to
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non-linear and unbalanced load is 17.13% (>5%) which is violating the standard limit as
shown in Figure 18.

Fundamental (50Hz) = 0.0003063 , THD=17.13%
T T T T

L &~

w ;s
T T T T
| | | |

Mag (% of Fundamental)
.5 o B

T T

L L

=

o
I
1

o

0 2 4 6 8 10 12 14 16 18 20
Harmonic order

Figure 18: Total harmonic distortion (THD) in current waveform
The total harmonic distortion (THD) present in the voltage waveform due to non-linear and

unbalanced load is 23.42% (>5%) which is also violating the standard limit as shown in
Figure 19.

Fundamental (50Hz) = 0.07165, THD=23.42%
T \ T T T

Mag (% of Fundamental)
o
T
|

0 2 4 6 8 10 12 14 16 18 20
Harmonic Order

Figure 19: Total harmonic distortion (THD) in voltage waveform

3.5 Response of modified droop control method for non-linear and unbalanced load
3.5.1 Active Power Sharing

Figure 20 shows the active power shared by three VSI. Up to 1second each VSI is sharing the
active power of 6733 watt. At t=1sec, a non-linear and unbalanced load of 10 Kilowatt is
added to the system. The proposed H-infinity controller adjust the system frequency in such a
way that each VSI share equal amount of power.
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Figure 20: Active Power sharing

3.5.2 Reactive Power Sharing

Figure 21 shows the reactive power shared by three VSI. Up to 1 second each VSI is sharing
the reactive power of 566 VAR. At t=1sec, a non-linear and unbalanced load of 570 VAR is
added to the system. The proposed H-infinity controller adjust the system voltage in such a
way that each VSI share equal amount of power.
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Figure 21: Reactive Power sharing

3.5.3 System Voltage

The voltage waveform due to non-linear and unbalanced load is shown in Figure 22. The
proposed H-infinity controller adjust the waveform of output voltage and reduced the
fluctuation in voltage. The voltage fluctuation reduced to 400V from 450V.
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Figure 22: Voltage waveform due to non-linear and unbalanced load

3.5.4 System frequency

The proposed controller adjust the controller parameter in such a way that even in the
presence of non-linear and unbalanced load the frequency of system is equally decreased in
each VSI to supply the additional load. The decrease in frequency is within the limit as
shown in Figure 23.
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Figure 23: System frequency

3.5.5 Measure of Harmonic

The total harmonic distortion (THD) present in the current waveform due to non-linear and
unbalanced load is 3.50% which is within the standard limit (<5%) as shown in Figure 24.
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Figure 24: Total harmonic distortion (THD) in current waveform

The total harmonic distortion (THD) present in the voltage waveform due to non-linear and
unbalanced load is 4.35% which is within the standard limit (<5%) as shown in Figure 25.
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Figure 25: Total harmonic distortion (THD) in voltage waveform

3.6 Robustness analysis of proposed controller

To analyze the robustness of the proposed controller, the system is tested under varying load
conditions. First, the load is increased beyond its normal operating value, and the active and
reactive power shared by each VSI are observed. The analysis is then repeated for a
decreased load condition.

3.6.1 With increased load

The proposed system is run for the load of active power 29800 watt and reactive power of
2170 VAR. To check the robustness, system load is increased by 3000 watt and 230 VAR.
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The load is increased for t=1 to 3 second. From Figure 26, it is clear that each VSI is sharing
equal active power of 10933 watt for increased in active power demand.
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Figure 26: Active Power shared by VSI

Also, from Figure 27, it is clear that VSI is sharing equal reactive power of 800 VAR for
increased in reactive power demand.
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Figure 27: Reactive Power sharing by three VSI
3.6.2 With reduced load

To check the robustness for reduced load condition, system load is decreased by 2800 watt
and 370 VAR. The load is decreased for t=1 to 3 second. From Figure 28, it is clear that each
VSI is sharing equal active power of 9000 watt for decreased in active power demand.
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Figure 28: Active Power shared by VSI

Also, from Figure 29, it is clear that each VSI is sharing equal reactive power of 600 VAR for
decreased in reactive power demand.
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Figure 29: Reactive Power sharing by three VSI

From above it is clear that system is sharing equal active and reactive power for increased or
decreased in load demand. So, it can be confirmed that system frequency and voltage are also
equally deviated to meet active and reactive power demand respectively. This proves the
robustness of the system.

4. Conclusions

The performance of both controllers has been analyzed and compared based on key
parameters: voltage, frequency, power sharing and total harmonic distortion (THD). For
linear and balanced load the conventional droop controller able to share equal active and
reactive power. The system voltage is maintained at 380 V, and the current supplied by each
VSI increases proportionally with added load, while the system frequency remains stable at
49.9 Hz. However, when a nonlinear and unbalanced load is introduced, power sharing
becomes unequal, system voltage fluctuates up to 450 V, and THD exceeds permissible
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limits, reaching 23.42% for voltage and 17.13% for current, surpassing the international
standard limit of 5%.

To address these issues, the conventional droop controller was enhanced with an H-infinity
controller. This modification ensured equal power sharing among VSIs, reduced system
voltage fluctuations from 450 V to 400 V, maintain equal deviation in frequency for each VSI
and the THD was reduced to 4.35% for voltage and 3.50% for current, bringing both within
the permissible limit of 5%.

Thus, the modified droop controller using the H-infinity technique effectively mitigates the
limitations of the conventional approach, enhancing power sharing, voltage and current
stability, and THD compliance. These improvements demonstrate the potential of advanced
control techniques in improving microgrid performance and reliability, paving the way for
further research in modern power systems.
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