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Abstract

An isolated power system was described as a local electrical network consisting
of a transformer and isolation generator with branch circuits intended for spe-
cific uses. In an isolated power system, the essential primary source is the local
generator. Unbalanced power and serious frequency deviation issues might re-
sult from the system’s extreme sensitivity to abruptly high equilibrium condi-
tions of electrical load demand. Therefore, the primary goal of this study is to
use frequency observation to estimate the power deficit for isolated power sys-
tems. In order to create a power deficit estimator, the state-space model equa-
tions were added to the structure of 7 norm filtering problems. Then, from the
error system after decomposition, the feasibility of Linear Matrix Inequality
(LMI) was verified and guaranteed the stable /% filter to estimate the power def-
icit. The formulation of A, filter under the uncertain inertia constant parameter
was covered in this paper to investigate the robustness performance. At the last
section, the proposed estimator result was compared with the conventional ini-
tial slope method. The results show the under-estimation, but it guarantees the
stable estimation process under the trade-off of the 7 norm optimization.

Keywords

Power Deficit, Isolated Power System, Dynamical Frequency Observation,
Condition Monitoring

1. Introduction

Total power deficit is defined as a magnitude of power difference between load

demand and generation supply. Particularly, an isolated small electrical system
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operating in island conditions is very sensitive to unbalanced power which may
lead to severe frequency deviation problems. This is due to the disconnection of
electricity from the main utility supply. This system is called micro-grid and mostly
relying on the local generator to generate and supply electricity to the connected
load [1]-[5]. In order to prevent local generator damage and complete load black-
out during island mode operation, it is imperative to monitor the power deficiency
before taking network safety measures. The works done by [6]-[9] proved that the
generator system’s inertia may have an impact on the power deficiency and, con-
sequently, affect the frequency dynamic. The power deficit estimation approach
has also been implemented in load shedding strategy where the first command for
the load shed depends on size of total power deficiency [10]-[14]. However, these
approaches are only based on experiences and might not be reliable for different
severity conditions.

Conventionally, the method to determine the power deficit in the system is by
observing the initial slope of the frequency drop and utilizing the general swing
equation [15]-[18]. However, this method requires to know the exact value of sys-
tem inertia which may vary depending on the loading size [19]. An isolated power
system with mixed generation sources such as renewable energy and dispatchable
generator may be faced with inertia deviation. This is because renewable energy is
category as non-dispatchable due to highly depending on a natural source [20]-
[22]. Thus, the inertia in the dispatchable generator system may affect and perturb
the dynamical frequency behavior.

Therefore, another way to obtain accurate power shortage information is to for-
mulate an estimator using an optimization technique. In this study, an island-
mode generator model that was coupled to loads was used. For the formulation of
the estimator model, an optimal A, norm filtering issue was selected. A funda-
mental component of contemporary control theory and signal processing is the
H; norm filtering. It is primarily used to design filters that minimize the “energy”
of the error signal when a system is subjected to known statistical noise profile
[23]-[26]. The work procedure is referred to as the work done by [27] [28] related
to a linear time-invariant continuous time system. However, the process in for-
mulating a filter by minimizing the /%, norm of transfer function is not straight-
forward due to subjected of unstable pole location in the system matrix represen-
tation. For instance, decomposition techniques were introduced by cancelling the
zero eigenvalue and formulating the LMI solution based on reduced order form.

The seventh Sustainable Development Goal—Affordable and Clean Energy—is
supported by this subject. Particularly in remote or off-grid locations where con-
tinuous energy access is essential, the effort advances the development of clever
and affordable methods for improving the dependability and efficiency of local

power generation.

2. Formulation Method

The work involved the derivation of power system model and augmented with an

DOI: 10.4236/jpee.2026.148002

23 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2026.148002

M. S. Jamri, M. N. Kamarudin

estimator. The estimator was formulated using /4, norm filtering objective func-
tion in the sense of Lyapunov identity associated with LMI to optimize the upper

bound of estimation performance.

2.1. Isolated Power System Model

The behaviour of a dynamically isolated power system for a dispatchable genera-
tor system connected with a load can be described by the state space averaging of
all conceivable states [29] [30]. A system’s state is described as a variable that is
reliant on time. The time derivative is then represented in terms of the system’s
inputs and state variables. On the other hand, a system’s output is its response to
any changes in its state variable. The following is an expression for the time invar-
iant state space equation:

p=ap+bu,

y=c¢cp

p<R" state vectors consisting of frequency deviations @, , mechanical

(1

power P, and governor power P, ; yeR'r measured output; u; € R™ in-

v
put vector (Load demand). The matlglematical state space equation which explains
the governor, turbine, and frequency output behaviour can be written as in equa-
tion (2). The prime mover model relates changes in steam position AR, to var-
iations in mechanical power output AP, . The most basic prime mover model,
which may be roughly represented by a single time constant T, , was employed

in this study.

0 1/2H 0
a= 0 “YTo Yo,
~YRT, R
[—1/2H

b= 0 (2)
0
c=[1 0 0]

H = the inertia constant; T, = the turbine time constant; T, = governor
time constant; R = governor speed regulation. Note that, for the simplification
purpose, the initial condition of system is assumed zero and all the corresponding

vectors are measured in per unit.

2.2. Power Deficit Estimation Approach

It should be emphasized that rather than the state variable, the power deficit in
the isolated power system model given in Equation (2) is related to the change in
electrical demand that can be achieved from the input state. For the linear estima-
tor solution to be useful, the power deficit related to the input state needs to be
converted into a state variable. Figure 1 displays a block diagram used to formu-
late the estimator design problem. The power deficit input condition was changed

into a variable state using the low-pass filter, A, without affecting the observability
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of the frequency dynamic. The generator model was then added to this state. Ad-
ditionally, the loop’s augmentation of h serves to guarantee an appropriate esti-

mator transfer function.

Power y Pq
+
W — system —— Estimator, F »
network, G -
Py
> h

Figure 1. Block configuration for an estimator design.

With h inthe feedforward loop, the full state-space realizations can be written
as follows
Xy = Ay Xy + By,
Yy =CyXy + Dyay (3)
Py =Cy Xy
The matrix size changes and becomes a fourth-order system with
Xy =[x X, ]T , while the matrices A, e R™, B, e R™™, C, e R*" and
C, €R“" are defined as
0 1/2H 0 0
0 Yoo Yry 0
-YRT,, 0o -yT, 0
0 0

_]/Th

A, =
I 0
[~1/2H

0

0
B

[L 0o 0
[0 0 0 C]

(4)
By =

=

Cy
G

Note that the state vector is a separate system and is not dependent on the other
state vectors. Hence, the fourth row in the matrix can be neglected during the
verification of the observability system. Furthermore, an additional noise denoted
as Dy is neglected in this work. The primary goal is to create an estimator to
estimate I3d of P,, which is provided by lsd =F-y, where F isa member
of a linear estimator with state space realization in the form of

Xy = A Xy + By (CyXy +Dyay )
=A; X +B;Cyx, +B; D&, (5)

Py :Cf)’iN

Matrices A, eR"™™ , B, eR"™™ and C, eR™™ are to be determined
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and X, =[X %, ]T. Establishing a connection between Equation (5) and Equa-
tion (3) yields a network model for the entire system X, and estimator model

X as depicted in Equation (6)

Xy A 0 Xy By
{QJ{B@N AM;(J{& Dde (6)

Hence, T (s)= é(sl - A)il B=GE—h is the transfer function that relates

the disturbance input @, to the estimate error 7. The matrices AB and C

of compatible dimensions are given by

A O
A:{chN AJ

B= By 7
=8, D, (7)

C=[-c, ¢]

2.3. The Implementation of H, Norm Filtering Structure

The suggested setup to calculate the power deficit is depicted in Figure 2. It should

Droop characteristics ——
1 1
1 + 1
| e Governor  fup] Turbine —»O-} Generator —r» Af
I -4 I
1 1
Isolated power system dynamic AP, >
—— e e e e === ——— Uncertain
! Estimator |
I I parameter H
2
I supllGE —hll; <y I
Estimation +P; 1 v is the bounded real related to the performance index of |
error, e @mfed the objective function, k is represent the norm for that < 1
— I objective function. I
I ) I
| Lyapunov and LMI constraint |
1 1
1 1
' oo | :
1 1
1 I
1 1
Proposed Algorithm

Figure 2. The proposed configuration to estimate the power deficit.
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be noted that this configuration’s primary objective is to determine the power def-
icit with minimal estimation inaccuracy. The isolated power system dynamic pro-
duced the frequency dynamic variations Af after receiving the electrical power
demand deviations AP,. After feeding this Af output to the estimator transfer
function’s input, the feasible objective function over the bounded real y that sat-
isfies the Lyapunov and LMI constraints yields the estimated power deficit ISd .
The purpose of the H, estimation issue is to establish a guaranteed estimation
performance index y that provides a realistic upper bound over the estimator
state-space realisation in Equation (5) is produced by ||GE - h||§ <y . The Lya-
punov equation solution in Schur complement form, as shown in Equation (8),

can be used to solve this A, norm.

7 = min trace[W ]

Subject to (8)
P PC]_, [AP+PA BT g
nw L ) -1

The power deficit estimator was designed to adapt with two isolated power sys-

tem conditions which are nominal parameter and uncertain parameter.

Design for Uncertain Parameter Condition Case

The isolated power system model is thought to be tainted by parameter uncer-
tainty in a robust instance. The inertia constant H is the uncertain quantity that
has been taken into account in this instance. This is the sole factor that has a sub-
stantial impact on both the power deficit estimation performance and the slope of
dynamical frequency. The inertia constant H parameter dependence can be
clearly seen at the first row of matrix A and By in Equation (4). In this re-
search, the parameter uncertainty is confined to a given polytope satisfying

m= Z\i/:l/l,mi for some 4 >0 such that Z;’:I/l, =1 and m belongs to the
state matrix in Equation (4). Since the uncertain inertia value denoted by H, is
the only parameter that is considered as uncertainty, every point of uncertain in-
ertia value is confined between two vertices.

For the H, estimation problem, Equation (9) produces a viable estimator that
minimizes y over the estimator state-space realization, resulting in guaranteed
estimation performance that matches the objective function such that
||GE —h||§ <y . As in Equation (9), the Schur complement matrix for the H,
norm in the sense of Lyapunov stability given in Equation (8) can be expressed as

an uncertain state matrix.

{ﬁ F‘é'}o,

VY

{AP+PA' Bi}O; ©)
n 1

i=12

Equation (9) shows that the uncertain inertia constant H; only influences the
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state and input matrix. However, this inequality equation is not considered as a
form of LMI due to the multiplication of multiple variables. conversion is required
in order for the filter design to become a convex that can be solved extremely

effectively by the numerical processes. The non-LMI equation can be decomposed

. | X U
by partitioning the matrix P = {.I % } , satisfying the inequality Equation (9)
and multiplying to the left by j':= diag[]’,l} and to the right by j and

Xty
o= { 0 V’} . Then, introduce the new variable as described in [28], the ine-

qualities are equivalent to Equation (10).

% C; Z Z
> 0; >0
| w m Yy

[ZA +AZ  ZA + A Y +CLF'+Q ZB,,

w YA, +FCy +A,Y +C\F’ YBy +FD, |<0 (10)
. ow w -
i=12

As a result, the estimator design problem is equivalent to the following pro-
gramming problem on the determination of variable positive definite matrices
W=W', Z=Z7" and Y =Y’, as well as matrices Q, and F, given in terms of
the LMI in Equation (10). The estimator matrices are defined by
A ==Y ’1Q(I -Y'z )71; B,=-Y'F; C, = C, - Hence, the transfer function of

1
H, Norm estimator can be written as T (s):=C; (SI - A ) B, .

2.4. Simulation Setup

The simulation is divided into two situations which are the variation of load de-
mand and the response under different inertia constant parameter values. In ad-
dition to that, the isolated power system network model does not involve load
frequency management via Automatic Generation Control (AGC) which allowing
the influence of frequency droop response to be readily recognized. The dynam-
ical frequency is the vital state to be observed as it will be the input for the designed

estimator. Table 1 shows the list of parameters to set up the simulation.

Table 1. Isolated power system network model parameters setup.

Parameters Value
Speed regulation, R 0.05
Inertia constant, H 5
Governor time constant, Tov 0.2s
Turbine time constant, T 0.5s

The feasible solution for /; norm estimator is guaranteed by utilizing the LMI
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constraint in Equation (10) for robust case. The parameter settings for the isolated
power system network model are shown in Table 1. Figure 3 illustrates a 15-sec-
ond simulation with a sudden electrical load demand change of 0.2 per unit at 3
seconds. In addition, the 7, norm estimation performance was analyzed through
the Integral Absolute Error (IAE), Integral Square Error (ISE) and Root Means
Square Error (RMSE) data collections. The IAE and ISE performances were iden-
tified to analyse the size of the estimation error over time, while the performance
analysis through RMSE on the other hand, was identified to know the size of the

data distribution over time.

0.005 -
& 0
&
:g -0.005 +
I+ N
8 -001F S~ ——————
g
g -0.015
g
= .0.02 -

5 10 15
Time (seconds)

Figure 3. Frequency dynamical response in per unit towards the variation of load demand.

3. Results and Discussion
3.1. Estimation in Uncertain Parameter Case

The value of the inertia constant is supposed to be known, although it has uncer-
tain minimum and maximum values ranging from 4.5 to 5.5, assuming the gen-
erator’s inertia varies as the load size changes. The resilience /; estimation was
ensured in accordance with the target function sup||GE - h||§ <y under the 0.2
per-unit rapid electrical load demand shift at time 3 seconds. The LMI constraint in
Equation (10) was feasible, resulting in an upper bound y =159.17. Table 2 dis-
plays the error performance at steady state response using the IAE, ISE, and RMSE.
The data shows that the estimation distributions over time are under-conservative

Table 2. The estimation error performance at steady-state utilizing the /» norm approach
under the uncertain inertia parameter condition.

) Integral Integral Root Means  Estimated Total
Inertia Constant .
Value. F Absolute Error Square Error  Square Error ~ Power Deficit
ue,
(IAE) (ISE) (RMSE) (pu)
4.5 2.9274 0.1714 0.0585
5.0 2.9292 0.1716 0.0586 0.1413
5.5 2.9321 0.1719 0.0586
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for each inertia constant value. Compared to the reference of 0.2 per-unit, the
steady-state estimated power deficit has a significant inaccuracy of roughly 29%

at 0.1413 per-unit as shown in Figure 4. This value is the trade-off of the /4, norm

optimization.
0.25
=
NS
= 0.2
Q
5
A 0.06pu error
50.151 P— - .
% E’
=9
= —H=4.5
S 01r —H=5.0 1
=] H=5.5
% —Reference
E0.05F .
@
0 1 1
0 5 10 15

Time (seconds)

Figure 4. Estimated power deficit using / norm with 0.2 per-unit rapid electrical load
demand variation and uncertain inertia constant values.

3.2. The Comparison between H; Estimation towards
Conventional Method in Uncertain Parameter Case

In a conventional way, the power deficit was estimated by observing the initial
slope of the frequency drop upon the disturbance. The approach utilized the swing
equation as depicted in Equation (1). Table 3 shows the analysis of steady-state
estimation performance through the IAE, ISE and RMSE.

Table 3. The error performance of power deficit steady-state estimation using the initial
slope approach with A= 5.0 and 0.2 per-unit load demand as reference.

Inertia Integral Root Means Estimated
Integral Square .
constant value, Absolute Error B (ISE) Square Error  Power Deficit
rror

H (IAE) (RMSE) (pu)

4.5 3.604 0.0866 0.024 0.1760
5.0 0.6711 0.003 0.0045 0.1955
55 2.2617 0.0341 0.0151 0.2151

The result shows that when the inertia constant value deviates from the refer-
ence, the estimation error is larger. The IAE, ISE, and RMSE results are the error
performance index that proved the weaknesses of the initial slope method. The
estimation error becomes worse when the inertia constant changes larger and
away from reference. Figures 5(a)-(c) shows the illustration of the error perfor-

mance data.
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Integral Absolute Error

g .\ ® ° —®—H2 norm estimator
w —@—Slope method
<2
] \/
0
4.3 4.8 5.3 5.8
Inertia
(a)
Integral Square Error
0.2
015 ® ® ® —@— H2 norm estimator
W —@— Slope method
» 0.1
0.05 \_/.
0
4.3 4.8 53 5.8
Inertia
(b)
Root Means Square Error
0.08 —®—H2 norm estimator
w 0.06 © ® ® —@— Slope method
< 0.04
* 0.02 '\._/‘
0
4.3 4.8 53 5.8
Inertia

()

Figure 5. The comparison of error performance between /; Norm estimator and slope
method under uncertain inertia parameter value.

3.3. Estimation in Nominal Case

In the nominal scenario, the isolated power system model parameters are assumed
to be exactly known. The objective function in Equation (8) results in a slight
norm below the optimal y =0. Choosing /= 5.0 as a known inertia parameter,
the LMI constraint in Equation (10) was feasible and conformed with the estima-
tion performance index y, resulting in sup"GE —h||§ <y for an upper bound
of y=12.64.Table 4 displays tabulated statistics on the estimation error perfor-
mance at steady-state response using the (IAE), (ISE), and (RMSE). The results

Table 4. The estimation error performance at steady-state using /» norm method under
nominal case.

Inertia Constant Integral Absolute Integral Square Root Means Square
Value, H Error (IAE) Error (ISE) Error (RMSE)
5.0 8.65E-06 3.20E-12 2.61E-07
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show that the estimation error is modest. Hence, the anticipated power shortfall

is accurate.

4. Conclusion

The automatic generation control was not considered when developing the state
space mathematical model for isolated electrical systems with a single generator.
The whole system is now a third-order system due to the addition of all the mod-
els, which include rotating mass, prime mover, speed governor, and load. To assist
the investigation, frequency deviation was chosen as the state variable to be exam-
ined on fluctuations in load demand per unit. However, to estimate the total
power deficit, one additional function has been added without sacrificing the ob-
servability of the frequency dynamic. Simulation findings confirmed the estima-
tion performance of the total power deficit using the /% norm. The under-estima-
tion under the parameter uncertainty case is an inherent trade-off of the /4 norm
optimization which results in upper bound y =159.17 . When the parameter un-
certainty is introduced, the robust estimator prioritizes boundedness with 0.1413
pu estimated power deficit and system stability over strict nominal tracking. Com-
pared to the slope method, the estimated power deficit is varying in accordance to
the changes of inertia value. Control and power system engineers, as well as re-
searchers establishing the methodology for the power condition estimator in iso-
lated power systems, can considerably benefit from this foundational study. Mon-
itoring the generator loading state also requires assessing the overall power deficit.
Therefore, the method that uses the /4, norm in conjunction with the optimization
process via LMI is a good substitute, and the method’s primary input is the fre-
quency behaviour of the generator. However, additional changes to the current
configuration could increase the accuracy of estimation towards an uncertain gen-

erator’s parameters.

Acknowledgements

The authors gratefully acknowledge the Centre for Robotics and Industrial Automa-
tion, Universiti Teknikal Malaysia Melaka (CeRIA), Faculty of Electrical Technology
and Engineering for research facilities and support, as well as the Centre for Research

and Innovation Management (CRIM) for funding and publication facilities.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1] Chang,]., Du, Y., Lim, E., Wen, H., Li, X. and Lin, J. (2021) Coordinated Frequency
Regulation Using Solar Forecasting Based Virtual Inertia Control for Islanded Mi-
crogrids. JEEE Transactions on Sustainable Energy, 12, 2393-2403.

https://doi.org/lo.l109/tste.2021.3095928
[2] Lasheen, A., Sindi, H.F., Shaaban, M.F., Zeineldin, H.H., Hamad, B. and Al-Durra,

DOI: 10.4236/jpee.2026.148002

32 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2026.148002
https://doi.org/10.1109/tste.2021.3095928

M. S. Jamri, M. N. Kamarudin

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

A. (2023) Stability Domain Analysis for Islanded Microgrid Considering N-1 Con-
tingency. JEEE Access, 11, 115986-115997.
https://doi.org/10.1109/access.2023.3325626

Nguyen, H.C,, Tran, Q.T. and Besanger, Y. (2024) Effectiveness of BESS in Improving
Frequency Stability of an Island Grid. JEEE Transactions on Industry Applications,
60, 8203-8212. https://doi.org/10.1109/tia.2024.3443241

Yang, Y., Yang, P., Zhao, Z., Tang, Y. and Lai, L.L. (2023) An Adaptive Optimal
Scheduling Strategy for Islanded Micro-Energy Grid Considering the Multiple Sys-
tem Operating States. /EEE Transactions on Sustainable Energy, 14, 393-408.
https://doi.org/10.1109/tste.2022.3215262

Akbari, E., Shafaghatian, N., Zishan, F., Montoya, O.D. and Giral-Ramirez, D.A.
(2022) Optimized Two-Level Control of Islanded Microgrids to Reduce Fluctuations.
IEEE Access, 10, 95824-95838. https://doi.org/10.1109/access.2022.3203730

Alghamdi, B. and Canizares, C.A. (2021) Frequency Regulation in Isolated Mi-
crogrids through Optimal Droop Gain and Voltage Control. JEEE Transactions on
Smart Grid, 12, 988-998. https://doi.org/10.1109/tsg.2020.3028472

Javadi, M., Gong, Y. and Chung, C.Y. (2024) Frequency Stability Constrained BESS

Sizing Model for Microgrids. JEEE Transactions on Power Systems, 39, 2866-2878.
https://doi.org/10.1109/tpwrs.2023.3284854

Kazemi, M.V., Sadati, S.J. and Gholamian, S.A. (2022) Adaptive Frequency Control
of Microgrid Based on Fractional Order Control and a Data-Driven Control with Sta-
bility Analysis. JEEE Transactions on Smart Grid, 13, 381-392.
https://doi.org/10.1109/tsg.2021.3109627

Silva, G.F., Donaire, A., Seron, M.M., McFadyen, A. and Ford, J. (2022) String Stabil-
ity in Microgrids Using Frequency Controlled Inverter Chains. JEEE Control Systems
Letters, 6, 1484-1489. https://doi.org/10.1109/1csys.2021.3114143

Chandra, A. and Pradhan, A.K. (2021) An Adaptive Underfrequency Load Shedding
Scheme in the Presence of Solar Photovoltaic Plants. JEEE Systems Journal, 15, 1235-
1244. https://doi.org/10.1109/jsyst.2020.2995050

Gu, J.C,, Hsu, L.C., Wang, J.M. and Yang, M.T. (2023) A Dynamic Load-Shedding

Technology Based on IEC 61850 in Microgrid. /EEE Transactions on Industry Ap-
Pplications, 59, 7382-7391. https://doi.org/10.1109/tia.2023.3305341

Toro-Mendoza, M.A., Segundo-Ramirez, J., Esparza-Gurrola, A., Visairo-Cruz, N.,
Guitiérrez, C.A.N. and Pérez-Negron, C. (2023) Toward Adaptive Load Shedding
Remedial Action Schemes in Modern Electrical Power Systems. JEEE Access, 11,
111011-111033. https://doi.org/10.1109/access.2023.3322657

Xu, B., Daldegan Paduani, V., Xiao, Q., Song, L., Lubkeman, D. and Lu, N. (2024)
Under-Frequency Load Shedding for Power Reserve Management in Islanded Mi-
crogrids. JEEE Transactions on Smart Grid, 15, 4662-4673.
https://doi.org/10.1109/tsg.2024.3393426

Xu, J., Xie, B., Liao, S., Yuan, Z., Ke, D., Sun, Y., et al (2021) Load Shedding and
Restoration for Intentional Island with Renewable Distributed Generation. Journal of
Modern Power Systems and Clean Energy, 9, 612-624.
https://doi.org/10.35833/mpce.2019.000062

Chakraborty, S., Bera, S., Kar, S. and Samantaray, S.R. (2024) Ensuring Long Term
Sustainability in Networked Microgrids through Intelligent Load Management and
Priority-Based Power Transfer Scheme. JEEE Transactions on Power Delivery, 39,

1386-1398. https://doi.org/10.1109/tpwrd.2024.3362434
Mahmood, H., Michaelson, D. and Jiang, J. (2014) A Power Management Strategy for

DOI: 10.4236/jpee.2026.148002

33 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2026.148002
https://doi.org/10.1109/access.2023.3325626
https://doi.org/10.1109/tia.2024.3443241
https://doi.org/10.1109/tste.2022.3215262
https://doi.org/10.1109/access.2022.3203730
https://doi.org/10.1109/tsg.2020.3028472
https://doi.org/10.1109/tpwrs.2023.3284854
https://doi.org/10.1109/tsg.2021.3109627
https://doi.org/10.1109/lcsys.2021.3114143
https://doi.org/10.1109/jsyst.2020.2995050
https://doi.org/10.1109/tia.2023.3305341
https://doi.org/10.1109/access.2023.3322657
https://doi.org/10.1109/tsg.2024.3393426
https://doi.org/10.35833/mpce.2019.000062
https://doi.org/10.1109/tpwrd.2024.3362434

M. S. Jamri, M. N. Kamarudin

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

[30]

PV/Battery Hybrid Systems in Islanded Microgrids. /EEE Journal of Emerging and
Selected Topics in Power Electronics, 2, 870-882.
https://doi.org/10.1109/jestpe.2014.2334051

Neto, P.J.D.S., Barros, T.A.D.S,, Silveira, J.P.C., Filho, E.R., Vasquez, J.C. and Guer-
rero, J.M. (2020) Power Management Strategy Based on Virtual Inertia for DC Mi-
crogrids. JEEE Transactions on Power Electronics, 35, 12472-12485.

https://doi.org/10.1109/tpel.2020.2986283

Wang, C., Mei, S., Dong, Q., Chen, R. and Zhu, B. (2020) Coordinated Load Shedding
Control Scheme for Recovering Frequency in Islanded Microgrids. JEEE Access, 8,
215388-215398. https://doi.org/10.1109/access.2020.3041273

Jamri, M.S., Kamarudin, M.N. and Mohd Jamil, M.L. (2021) An Investigation of In-
ertia Constant in Single Generator on Transient Analysis for an Isolated Electrical
Network System. Indonesian Journal of Electrical Engineering and Computer Sci-

ence, 23, 1299-1305. https://doi.org/10.11591/ijeecs.v23.i3.pp1299-1305

Best, R.J., Brogan, P.V. and Morrow, D.J. (2021) Power System Inertia Estimation
Using HVDC Power Perturbations. /EEE Transactions on Power Systems, 36, 1890-
1899. https://doi.org/10.1109/tpwrs.2020.3028614

Gayathri, K. and Jena, M.K. (2023) A Practical Approach to Inertia Distribution
Monitoring and Impact of Inertia Distribution on Oscillation Baselining Study for
Renewable Penetrated Power Grid. JEEE Systems Journal, 17, 3593-3601.
https://doi.org/10.1109/jsyst.2022.3228966

Zha, Y., Lin, J., Li, G., et al (2021) Analysis of Inertia Characteristics of Photovoltaic
Power Generation System Based on Generalized Droop Control. JEEE Access, 9,
37834-37839. https://doi.org/10.1109/access.2021.3059678

Ribeiro, J.R., Romero, L.H., Costa, E.F. and Todorov, M.G. (2023) Comments on the
Hz Norm of Discrete-Time Stochastic Jump Parameter Linear Systems. JEEE Control
Systems Letters, 7, 1470-1475. https://doi.org/10.1109/1csys.2023.3268018

Romero, L.H., Ribeiro, J.R. and Costa, E.F. (2025) A New Method for the H, Problem
of Hidden Markov Jump Linear Systems. /EEE Control Systems Letters, 9, 1309-1314.
https://doi.org/10.1109/Icsys.2025.3581946

Da Silva, E.B., De Souza, R.P.P., Agulhari, C.M., et al. (2026) Robust Time-Varying
Parameter Estimation of Uncertain LPV Systems Subject to Estimated States. JEEE
Access, 14, 18059-18074. https://doi.org/10.1109/access.2026.3659338

Sun, K. and Packard, A. (2005) Robust Hz and Heo Filters for Uncertain LFT Systems.
IEEE Transactions on Automatic Control, 50, 715-720.
https://doi.org/10.1109/tac.2005.847040

Souza, M., Fioravanti, A.R. and Geromel, J.C. (2014) H, Sampled—Data Filtering of
Linear Systems. JEEE Transactions on Signal Processing, 62, 4839-4846.
https://doi.org/10.1109/tsp.2014.2342670

Geromel, J.C. and De Oliveira, M.C. (2001) Hz and Heo Robust Filtering for Convex
Bounded Uncertain Systems. /EEE Transactions on Automatic Control, 46, 100-107.
https://doi.org/10.1109/9.898699

Jamri, M.S., Kamarudin, M.N. and Mohd Jamil, M.L. (2021) Total Power Deficiency
Estimation of Isolated Power System Network Using Full-State Observer Method. In-
donesian Journal of Electrical Engineering and Computer Science, 23, 1249-1257.

https://doi.org/10.11591/ijeecs.v23.i3.pp1249-1257
Saifuzam Jamri, M., Nizam Kamarudin, M., Mohd Jamil, M.L. and Igbal Zakaria, M.

DOI: 10.4236/jpee.2026.148002

34 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2026.148002
https://doi.org/10.1109/jestpe.2014.2334051
https://doi.org/10.1109/tpel.2020.2986283
https://doi.org/10.1109/access.2020.3041273
https://doi.org/10.11591/ijeecs.v23.i3.pp1299-1305
https://doi.org/10.1109/tpwrs.2020.3028614
https://doi.org/10.1109/jsyst.2022.3228966
https://doi.org/10.1109/access.2021.3059678
https://doi.org/10.1109/lcsys.2023.3268018
https://doi.org/10.1109/lcsys.2025.3581946
https://doi.org/10.1109/access.2026.3659338
https://doi.org/10.1109/tac.2005.847040
https://doi.org/10.1109/tsp.2014.2342670
https://doi.org/10.1109/9.898699
https://doi.org/10.11591/ijeecs.v23.i3.pp1249-1257

M. S. Jamri, M. N. Kamarudin

(2023) Total Power Deficit Estimation for Isolated Power System Network Using Heo
Norm Method. Bulletin of Electrical Engineering and Informatics, 12, 3153-3160.

https://doi.org/10.11591/eei.v12i5.4041

Biographies of Authors

=

Mohd Saifuzam Jamri g was born in October 1984.
He earned a Bachelor Degree in Electrical Engineering (Power
Electronics & Drives) from Universiti Teknikal Malaysia
Melaka, Malaysia in 2007 and a Master Degree in Electrical
Power Engineering from Universiti Teknologi Malaysia in
2009. In 2024, he obtained his Doctor of Philosophy in Elec-
trical Engineering from Universiti Teknikal Malaysia Melaka.
He is a senior lecturer at Universiti Teknikal Malaysia Melaka
(UTeM) and a member of the Centre for Robotics and Indus-
trial Automation CeRIA group. He is interested in studying
power systems, microgrids, load frequency control (LFC), and
renewable energy integration. He can be contacted at email:
saifuzam@utem.edu.my

Muhammad Nizam Kamarudin © B B was born in Se-
langor, Malaysia. He received the B.Eng (Hons.) Electrical
from the Universiti Teknologi MARA, Malaysian in 2002, and
M.Sc in Automation and Control from the University of New-
castle Upon Tyne, United Kingdom in 2007. He received the
Doctor of Philosophy in Electrical Engineering from the Uni-
versiti Teknologi Malaysia in 2015. He is currently with the
Universiti Teknikal Malaysia Melaka (UTeM). He is the mem-
ber of the Board of Engineers, Malaysia and Institute of Engi-
neers, Malaysia. His research interests include nonlinear con-
trols and robust control systems. Before joining UTeM, he
worked as a Technical Engineer at the magnetron department
of Samsung Electronics Malaysia. He can be contacted at
email: nizamkamarudin@utem.edu.my

DOI: 10.4236/jpee.2026.148002

35 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2026.148002
https://doi.org/10.11591/eei.v12i5.4041
https://orcid.org/0000-0002-7632-3645
https://scholar.google.com.my/citations?user=Q66q-EQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55561126000
https://orcid.org/0000-0003-3476-3746
https://scholar.google.com.my/citations?user=08lxQAMAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=26431397000

	Formulation of H2 Norm-Based Power Deficiency Estimation for Isolated Power Systems
	Abstract
	Keywords
	1. Introduction
	2. Formulation Method
	2.1. Isolated Power System Model
	2.2. Power Deficit Estimation Approach
	2.3. The Implementation of H2 Norm Filtering Structure
	Design for Uncertain Parameter Condition Case

	2.4. Simulation Setup

	3. Results and Discussion
	3.1. Estimation in Uncertain Parameter Case
	3.2. The Comparison between H2 Estimation towards Conventional Method in Uncertain Parameter Case
	3.3. Estimation in Nominal Case

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References
	Biographies of Authors 

