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Abstract—This work presents a robust H∞ output feedback
control design of a Power System Stabilizer (PSS). This PSS is
used to damp low-frequency oscillations in power systems over a
wide range of operating conditions. The H∞ control is employed
in the Single-Machine connected to an Infinite Bus (SMIB)
system using two weighting functions. The proposed stabilizer
offers robust stability against different external disturbances
and parameter uncertainties. A comparative simulation study
shows a significantly enhancement and good performance of the
proposed design compared to an IEEE conventional power system
stabilizer.

Index Terms—SMIB, Power System Stabilizer, H∞ synthesis,
Robust Control

I. INTRODUCTION

The low-frequency oscillations are a challenge in the sta-
bility of power systems, which can lead to blackouts. These
oscillations are divided into an inter-area mode, a torsional
mode, and a local mode. Among the controllers used to damp
low-frequency oscillations is power system stabilizers (PSS),
which used to generate a supplementary damping torque signal
through the excitation system [1], [2].
The conventional power system stabilizers are based on a
lead-lag compensator. In the current IEEE standard [3], The
types of power system stabilizers according to the num-
ber of inputs are classified in two categories: single-input
like (PSS1A, PSS5C) and dual-input like (PSS2C, PSS3C,
PSS4C, PSS6C, PSS7C). According to the working frequency
bands,there are two types: single frequency band like (PSS1A,
PSS2C,...), and multiple frequency bands like (PSS4C, PSS5C)
which used to damp separate frequency bands (very low,
low, intermediate, and high-frequency modes) [3]. In the
literature, numerous methods have been developed to damp
low-frequency oscillations. The sliding mode control (SMC)
is presented in paper [4], pole placement techniques in [5],
a farmland fertility algorithm (FFA) [6], a genetic algorithm
[7], a Particle Swarm Optimization (PSO) [8], Bio-inspired
Algorithms [9]. Therefore, artificial intelligence-based training
and tuning techniques have been used to develop a PSS as
a Deep Reinforcement Learning-Based method [10], adaptive
neural networks approach [11], a fuzzy logic controller [12].
Furthermore, robust control theories have been employed in
the design of robust power system stabilizers [13]. At the

nominal operating conditions, the conventional power system
stabilizer (CPSS) works efficiently, but its performance de-
creases if the operating point has changed [14]. In this case,
the CPSS does not guarantee the power system robustness for
different range of operating points. To solve the robustness
problem, the robust control design guarantees stability under
external disturbance or parametric uncertainties. In [15], the
authors have been designed their PSS using the concept of
Glover-McFarlane’s loop shaping design. A Linear Matrix
Inequalities (LMI) technique is used to synthesize a robust
PSS usnig pole-placement [16]. Robust control methods based
on H2 and H∞ Norm designed in [14] have been applied
on an SMIB using three weighting functions. In this work,
an H∞ control approach has been developed on the SMIB
using two weighting functions. This paper is organized as
follows. Section II presents the description and mathematical
model of the SMIB. Section III gives the control problem
formulation. Section IV explains the proposed resolution and
chosen weighting functions in the proposed design. Section
V shows simulation results, in which a comparative study
is performed between the proposed control strategy and the
conventional CPSS. Finally, Section VI ends this paper and
gives some concluding observations.

II. PLANT MODEL

A SMIB system consists of a Single Machine connected to
Infinite Bus through an external reactance Xe and an external
resistance Re, as shown in Fig.1.

Re jX e

V
¥

°
Ð0Vt Ð

°
q

~

Fig. 1. Diagram of SMIB system.

The mathematical model of the synchronous machine is de-
scribed by the equations given below [1]:

ω̇ =
ωs

2H
[Tm − (E

′

qIq + (Xq −X
′

d)IdIq)−D(ω − ωs)] (1)

δ̇ = (ω − ωs) (2)
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Ė
′

q =
1

T
′
do

[E
′

q + (Xd −X
′

d)Id − Efd] (3)

Ė
′

fd =
1

TA
[−Efd +KA(Vref − Vt)] (4)

Where all the notations are given in the appendix.
The Heffron-Philips model scheme of the SMIB system is
shown in Fig.2.
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Fig. 2. Scheme of Heffron-Phillips model.

The linearized state-space model will be considered [17]:

∆ẋ(t) = A∆x(t) +B1∆w(t) +B2∆u(t)

∆y(t) = C∆x(t) (5)

The matrices A,B and C are defined as:

A =



−1

K3T
′
do

−K4

T
′
do

0
1

T
′
do

0 0 ωs 0

−K2

2H

−K1

2H

−Dωs

2H
0

−KAK6

TA

−KAK5

TA
0

−1

TA


(6)

B = [B1|B2] =


0 0 0
0 0 0

0
1

2H
0

KA

TA
0

KA

TA

 , (7)

C =
[
0 0 1 0

]
, (8)

where ∆x(t) =
[
∆E

′

q ∆δ ∆v ∆Efd

]T
is the state

vector, ∆w(t) =
[
∆Vref ∆Tm

]T
is a vector of the

external inputs (External disturbances), the control signal of
the power system stabilizer ∆u(t) = ∆Vpss and the system
output signal is ∆y = ∆v. The SMIB system data and
the relationships of the model’s K-constants are given in the
appendices

III. CONTROL PROBLEM FORMULATION

The general configuration of the problem is illustrated
in the Fig.3, where the augmented plant transfer matrix is
P (s), the robust controller is K(s), the external inputs w
are the reference voltage variation ∆Vref and the mechanical
torque variation ∆Tm, the measurement output y is the speed
deviation, the control signal u is the output of H∞ Power
System Stabilizer (HPSS) and the external outputs z will be
given in the next section.
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z
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w External
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Fig. 3. Standard control configuration.

The open-loop transfer matrix from
[

z
y

]
to

[
w
u

]
is given

as follows: [
z
y

]
=

[
P11(s) P12(s)
P21(s) P22(s),

] [
w
u

]
(9)

The linear Fractional Transformation (LFT) representation of
the system in closed loop is given as follows:

Tzw(s) = P11(s) + P12(s)K(s)[I − P22(s)K(s)]−1P21(s)
(10)

The H∞ control problem is formulated as the minimisation of
the H∞ norm γ of the closed loop transfer matrix as follows:

||Tzw(s)||∞ < γ (11)

The state space representation of the standard problem con-
figuration is given by the following form: ẋ

z
y

 =

 A B1 B2

C1 D11 D12

C2 D21 D22

  x
w
u

 (12)

where

B1 =


0 0
0 0

0
1

2H
KA

TA
0

, B2 =


0
0
0

KA

TA

, D11 =

[
1 0
0 0

]
,

C1 =

[
−K6 −K5 0 0
0 0 0 0

]
, D12 =

[
0
1

]
,

C2 =
[
0 0 1 0

]
, D21 =

[
0 0

]
, D22 =

[
0

]
,

and A is defined in (6). One recalls that all the notations used
in this state space model are given in the appendix.
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IV. H∞ CONTROLLER RESOLUTION

It is necessary to include weighting functions W1(s) and
W2(s) in the Plant to get some dynamical performances in
an H∞ problem. The Fig.4 illustrates the augmented plant
with the weighting functions W1(s) and W2(s). The new
considered external outputs are: z1 and z2, where z1 is the
speed deviation ∆v connected to error weighting function W1

(z1 = W1(s)∆v) and z2 is the control output u connected to
control weighting function W2 (z2 = W2(s)u). The choice
of these weighting functions is an essential step, an error
weighting function W1 is chosen to limit the speed deviation
peak ∆v. It is given by the following gain:

W1(s) =
1

∆vmax
(13)

The control weighting function W2(s) is used to accelerate the
convergence of the HPSS output ∆Vpss to zero and therefore,
the settling time of the speed deviation will be decreased. The
weighting function W2(s) structure is given by the following
equation:

W2(s) =
wb

s+ wb · ϵ
(14)

Where wb and ϵ are the tuning parameters. The following
values satisfy the performance requirements for the considered
nominal operating point (P = 0.8p.u.,Q = 0.4p.u. and
Xe = 0.2p.u.):
∆vmax = 10−3, wb = 62.5 and ϵ = 10−4.
The resolution of H∞ problem is carried out by using the
LMI toolbox of Matlab. The found gamma is γ = 21.288.
The obtained stabilizer HPSS can be put under the following
form:

K(s) =
a1s

4 + a2s
3 + a3s

2 + a4s+ a5
b0s5 + b1s4 + b2s3 + b3s2 + b4s+ b5

(15)

The numerical values of HPSS are given in the next table I:

TABLE I
THE HPSS DATA

Parameter Value Parameter Value
a1 −8.72 · 10−4 b1 8.605 · 10−11

a2 −2.37 · 10−3 b2 3.00 · 10−7

a3 2.93 · 10−1 b3 4.39 · 10−4

a4 2.94 b4 8.53 · 10−2

a5 1.83 · 10−2 b5 2.45 · 10−8

b0 1 · 10−14

V. SIMULATION RESULTS

To verify the effectiveness and the robustness of the pro-
posed HPSS, several studies have been performed on the SMIB
system at different operating points where the data of the
system are given in the Appendix. Furthermore, a comparative
study is carried out with a conventional CPSS. In fact, three
different operating points have been considered with respect to
the active power P , the reactive power Q, and the reactance of
the transmission line Xe. A 5% step disturbance at the AVR
voltage reference input is applied for the following tests:
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W s1 ( )

W s2 ( )

z
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y
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DVref

DTm

P(s)

+

+

Fig. 4. Weighting functions augmentation of the system.

• 1st Test (T1): P = 0.8p.u,Q = 0.4p.u and Xe = 0.2p.u.
• 2nd Test (T2): P = 0.8p.u,Q = 0.0p.u and Xe = 0.6p.u.
• 3rd Test (T3): P = 1.0p.u,Q = 0.5p.u and Xe = 0.7p.u.

The Fig. 5, Fig. 6 and Fig. 7 present a system response
using the conventional PSS (CPSS) and the proposed stabilizer
(HPSS) to a 5% step disturbance at the AVR voltage reference
input of the three tests (T1, T2 and T3).
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Fig. 5. SMIB response to a 5% step disturbance at the voltage reference input
for the test (T1), (P = 0.8, Q = 0.4 and Xe = 0.2).

Comparing the simulation results obtained with the HPSS
with a conventional CPSS shows that the proposed stabilizer
achieves good robustness and performances. As can be ob-
served in Fig.5, Fig.6 and Fig.7, the amplitude of the first
oscillation of the proposed HPSS is less than the conventional
CPSS in all the performed tests (T1, T2 and T3), where the
conventional CPSS can not stabilize the system in the 2nd
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Fig. 6. SMIB response to a 5% step disturbance at the voltage reference input
for the test (T2), (P = 0.8, Q = 0.0 and Xe = 0.6).
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Fig. 7. SMIB response to a 5% step disturbance at the voltage reference input
for the test (T3), (P = 1.0, Q = 0.5 and Xe = 0.7).

test and it has many oscillations in the 3rd test. Moreover, the
proposed HPSS has just one oscillation in all the performed
tests. The settling times of the proposed HPSS are the least
in both the 2nd test and the 3rd test. The control signal of
the proposed design is in the range −0.1 < Vpss < 0.1 in
all the tests as recommended by IEEE standard [3] which
demonstrates the feasibility of the real implementation. The
Table II shows a quantitative comparison of the proposed

HPSS with a conventional CPSS. Where, the calculated pa-
rameter y1 represents the first oscillation amplitude of the
system response, y2 is the amplitude of the second oscillation
and ts is the settling time for |y| < 0.0001. It is noted that
the conventional CPSS gives a better settling time only in
the first test compared to the proposed HPSS. However, with
this CPSS, the stability is not preserved in the second test
and the system became too slow in the third test. It is noted
that the proposed HPSS has preserved the system stability
for all three operating points. Furthermore, it is clear that the
proposed HPSS has a better dynamical performance in terms
of oscillations damping.

TABLE II
COMPARISON OF PERFORMANCE BETWEEN THE CONVENTIONAL PSS

(CPSS) AND THE PROPOSED PSS (HPSS).

1st Test 2nd Test 3rd Test
1st amplitude HPSS 0.87 · 10−3 0.92 · 10−3 0.94 · 10−3

ȳ1 in p.u. CPSS 1.79 · 10−3 Unstable 1.64 · 10−3

2nd amplitude HPSS 0.0 0.0 0.0
ȳ2 in p.u. CPSS 0.75 · 10−4 Unstable 11.41 · 10−4

Settling time HPSS 1.26 0.64 0.67
ts in s. CPSS 0.57 Unstable 3.96

VI. CONCLUSION

This paper has presented a robust power system stabilizer
design using H∞ control to enhance the stability and ro-
bustness of the Single Machine connected to an Infinite Bus
system (SMIB) against an external disturbance (Reference
voltage variation ∆Vref or mechanical torque variation ∆Tm).
Three different unknown loads with several values of the
external impedance Xe (represented by the three considered
operating conditions) have been performed. The proposed
HPSS controller has a simple architecture, simple weighting
functions, good performance and good robustness compared
to the conventional CPSS. The simulation results confirm
the great benefit of the proposed HPSS compared to the
conventional CPSS regarding the stability, the disturbance
rejection, the speed deviation dynamical performances.

APPENDIX

A. The SMIB Equations

In this section, the relationships between the system param-
eters have been defined for a single machine connected to an
infinite bus [18]. The values of the constants K1 to K6 are
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defined as:

K1 =
Xq −X

′

d

Xe +X
′
d

Iq0V∞sinδ0 +
Vq0V∞cosδ0
Xe +Xq

K2 =
V∞

Xe +X
′
d

sinδ0

K3 =
X

′

d +Xe

Xd +Xe

K4 =
Xd −X

′

d

Xe +X
′
d

V∞sinδ0

K5 =
Xq

Xe +Xq

edo
eto

V∞cosδ0 −
X

′

d

Xe +X
′
d

eqo
eto

V∞sinδ0

K6 =
Xe

Xe +X
′
d

eq0
eto

where

P , Q Active and reactive powers (p.u.)
D Damping coefficient
H Inertia constant (s)
ω Rotor angular speed (rad/s)
ωs Synchronous rotor angular speed (rad/s)
δ Power angle (rad)
δ0 Initial Power angle (rad)
θ Power angle (deg)
Ig Generator current (p.u.)
Id, Iq d and q-axis components (p.u.) of the generator current
Vd, Vq d and q-axis components (p.u.) of the generator voltage
KA AVR gain (p.u.)
TA AVR time constant (s)
Re, Xe Resistance and reactance of the transmission line (p.u.)
Efd Rotor field voltage (p.u.)
Vt Terminal voltage (p.u.)
et Initial terminal voltage (p.u.)
ed0 Initial d-axis terminal voltage (p.u.)
eq0 Initial q-axis terminal voltage (p.u.)
Vref Reference voltage (p.u.)
V∞ Infinite bus voltage (p.u.)
Tm Mechanical torque (p.u.)
Te Electrical torque (p.u.)
E

′
q q-axis transient internal voltage (p.u.)

T
′
do d-axis transient open circuit generator time constant (s)

Xd, Xq generator d and q axis reactances (p.u.)
X

′
d generator d-axis transient reactance (p.u.)

B. The SMIB Data
The numerical values of the SMIB parameters presented in

Fig.1 are:

Xd X
′
d Xq T

′
do V∞ H ωs KA TA

2.0 0.244 1.91 4.18 1.0 3.25 314.15 50.0 0.05
p.u p.u p.u s p.u s rad/s p.u s

C. The Convention power system stabilizer
The transfer function of the conventional power system

stabilizer used in this paper is given as follows:

K0(s) = Ks
(s+ T1)

2

(s+ T2)2
(16)

The conventional CPSS tuning parameters are obtained from
[19].
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