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Interarea Oscillations in Power Systems
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Abstract—The residue method has been widely used for tuning
power system stabilizers (PSSs) in large power systems to improve
the damping of interarea oscillations. However, an additional
PSS installation may affect the performance of existing PSSs due
to interactions among different modes. When contending with
several interarea oscillations, compromise among different modes
becomes necessary. In this paper, a novel method based on modal
decomposition is proposed for tuning PSSs for damping of the
concerned interarea mode, while minimizing its effect on other
modes by weakening the interactions among different modes.
Design considerations, PSS structure and tuning procedure are
formulated. The performance of the proposed method has been
validated based on a two-area four-machine system and an actual
large power system, China Southern Grid.

Index Terms—Interarea low frequency oscillation, modal de-
composition, power system stabilizer (PSS), residue methods,
small signal stability.

I. INTRODUCTION

P OWER systems’ low frequency oscillation is one of the
most frequently encountered problems in small signal sta-

bility [1]. Typically, low frequency oscillations are classified
as local mode oscillations and interarea mode oscillations. The
former is caused by interactions among a few generators close
to each other with frequencies in the range of 0.7–2.0 Hz. The
latter is caused by interactions among large groups of generators
with frequencies in the range of 0.1–0.7 Hz. With the growth of
power systems interconnections, interarea mode oscillation has
become a serious limiting factor affecting transfer of power in
large quantities among different areas.
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The most popular analysis methods in this field are the com-
plex torque coefficients (CTC) method and the eigenvalue anal-
ysis method [2]–[7]. CTC method is mainly used to study local
mode oscillation based on frequency response analysis. Inter-
area mode oscillation is studied by eigenvalue analysis method
through linearizing the power system. Since it is difficult to for-
mulate the full-order or detailed linear models of very large
power systems, reduced order models obtained by the identifi-
cation method [8]–[10] are commonly employed in control de-
sign. However, such reduced systems simplify the interactions
among different modes and cause the damping control (for in-
terarea oscillations) to perform in an unpredictable manner.
Power system stabilizer (PSS) is a classical device effective

for damping low frequency oscillations [11]. The main methods
for PSS tuning and application are CTC and eigenvaluemethods
[12]–[16]. However, the generators may have low participation
in the interarea mode and, therefore, their PSSs are required
to have high gain for providing sufficient damping to the in-
terarea mode [12]. In CTC, PSSs are tuned without coordina-
tion and this may lead to strong interactions among different
modes. With the proposed PSS4B [17], use of different gains
and phase compensations for a wide range of frequencies is
possible and that makes it possible to overcome limitations of
the CTC method. However, tuning the gains and phase com-
pensations of PSS4B involves compromises between different
modes, which makes sequential tuning in large interconnected
systems difficult. With development of the wide-area measure-
ment system (WAMS), use of global signals for damping inter-
area oscillation enhances observability of the generator to the
concerned interarea mode and thus amplifies advantages of the
eigenvalue analysis method [18], [19]. However, when using the
eigenvalue method, it is also quite difficult to coordinate PSSs
by using the conventional phase compensation method.
This paper, therefore, proposes a modal decomposition

method for PSS tuning to provide sufficient damping to the
concerned interarea mode by eliminating the interactions
among different modes. Since a PSS affects the concerned
mode only, PSSs can be tuned sequentially and good coordina-
tion can be achieved. The proposed method is a modification
of the eigenvalue analysis method and the proposed PSS can
serve as a complement to the conventional PSSs.
The rest of the paper is organized as follows. Section II

reviews the eigenvalue analysis method and PSS tuning based
on residues, and then discusses its limitations. Section III
proposes a novel modal decomposition method and applies it
to PSS tuning. The PSS structure and tuning procedures are
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Fig. 1. Effect of residue compensation at mode .

also described. Results of simulation of a two-area four-ma-
chine system and China Southern Grid (GSG) are reported in
Sections IV and V, respectively. Section VI discusses merits
and shortcomings of the proposed method, as well as future
work. Section VII concludes the paper.

II. REVIEW OF EIGENVALUE ANALYSIS METHOD
AND ITS APPLICATION TO PSS TUNING

A. Review of Eigenvalue Analysis Method

The linearized state-space model of an -order single-input-
single-output (SISO) power system is given as follows:

(1)

(2)

where is the state vector; is the state matrix;
and are input and output, respectively, of the generator;
and correspondingly, and are input and output vectors,
respectively. Thus, the following equations can hold for :

(3)

(4)

where and are right and left modal matrices, respectively,
defined as follows:

(5)

(6)

is a diagonal matrix with the following definition:

(7)

Here are eigenvalues of . Assuming the
generator is on “open-loop”, in order to stabilize the system,
damping controllers should move all eigenvalues of the closed
loop system to the left hand side of the complex plane.

B. PSS Design Based on Residues

The scalar transfer function is obtained as follows:

(8)

where is the residue with respect to the mode and
it can be calculated from the following equation:

(9)

When installing a PSS in the generator, the change of the
eigenvalue is computed as follows:

(10)

where and are the gain and phase lead-lag
compensators, respectively, of the PSS. To shift the mode to
the left, horizontally, without changing its frequency, as shown
in Fig. 1 [where stands for the
change of the eigenvalue, which is proportional to gain of
PSS], phase compensation of the PSS should be

(11)

Therefore, the change in the real part of the mode can
be calculated as

(12)

C. Discussion

For a SISO controller, the desired phase compensation for
a local or interarea mode can be accurately obtained based on
the residue analysis. Thus, it may be quite effective to design
a SISO damping controller by using this method [12], [17].
However, this kind of PSS affects all observable and control-
lable modes in the control loop even after careful tuning. For
multi-input-multi-output (MIMO) controllers, phase compensa-
tion of each individual controller cannot be determined simply
by the residue analysis on the scalar open loop transfer func-
tion because these controllers may strongly affect each other,
especially when they work in a coordinated manner to damp in-
terarea oscillations.

III. PROPOSED MODAL DECOMPOSITION CONTROL
AND ITS APPLICATION TO PSS DESIGN

As mentioned in Section II-C, although it is quite easy to
apply residue information in control design, a damping con-
troller tuned for one mode by using the conventional residue
method may have negative effect on other modes. Moreover, it
is rather desirable that interactions between damping controllers
will be weakened when designing them for improving their re-
spective modes. Therefore, if this is true, these damping con-
trollers can be sequentially configured in practice, which may
significantly relieve the engineers from the pressure of consid-
ering coordination between them. Based upon these consider-
ations, a new control design method is proposed in this paper,
which uses modal decomposition, introduced in detail in the fol-
lowing.

A. Modal Decomposition and Control Method

Define the similarity transformation as follows:

(13)

where is the state vector in the new coordinate. Then, the fol-
lowing equation can be derived from (1):

(14)
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Moreover, based on (2), (4), and (13), it is inferred that the feed-
back signal is

(15)

If is a sole modal signal (i.e., it consists of information of
the corresponding mode only), then , where is
the component of . Therefore, a feedback control law is
formulated as

(16)

where and are gain and phase lead-lag com-
pensators, respectively, of the PSS for the generator. Con-
sequently, based on (16), the state space (14) can be further for-
mulated as

(17)

where is the transformed system matrix (in the same dimen-
sion as that of the open loop system) with the following defini-
tion:

...
...
. . .

...
. . .

...

...
...
. . .

...
. . .

...

(18)

Besides, eigenvalues of the closed loop system can also be ob-
tained by solving the following equation:

(19)

It can be observed that eigenvalues of the open loop system
, except the one, are the same as those of

the closed loop system, and eigenvalues of the rest of the closed
loop system can be derived by solving the following equation:

(20)

From inferences shown above, it is known that if the control
signal contains only the mode, the feedback control law
(16) will alter only this mode and have no effect on other modes
of the open loop system. If the control input is the sole modal
signal, gain and phase compensation of the controller can be de-
termined by using the eigenvalue sensitivity technique, shown
in the following.

Fig. 2. Structure of the proposed PSS.

By differentiating both sides of (20) with respect to ,
the following equation can be obtained:

(21)

Furthermore, it can be observed from (20) and (21) that when
(the system is open loop) and (i.e., an eigen-

value of the system), the eigenvalue sensitivity with respect to
can be obtained as follows:

(22)

Therefore, phase compensation of the PSS can be calculated by
using (22). Furthermore, based on (9), it is noted that the com-
pensation phase is exactly the same as (11). Finally, the PSS gain
can be increased gradually to enhance damping of the mode.

B. PSS Design Based on the Proposed Method to Damp
Interarea Oscillation

The key to applying the proposed method is obtaining a pure
sole modal signal. In our view, a fine tuned filter can preserve
the concerned mode while annihilating other modes in the re-
fined signal, which can approximate a sole modal signal in prac-
tical applications. Theoretically, with an ideal filter, any signal
which is able to sufficiently observe the concerned mode can be
chosen as the feedback control signal, such as rotor speed, bus
frequency, transmission line power and/or their combinations.
However, an actual filter always has spectral leakage, so it is
necessary to prepare a suitable signal to help enhance the per-
formance of the filter.
A basic requirement for the filtered signal is that it should

have relatively large energy of the concerned mode. For large
system with many PMUs, it is ideal to combine several signals,
with the help of mode shape analysis, and average them to re-
duce energy of other modes.
Thus, by filtering and careful selection, the PSS, using a

mostly pure modal signal as input, will have very little effect
on other modes. The structure of the proposed PSS for damping
interarea oscillation has the conventional structure, with an
additional filter (Fig. 2).
To optimize the control results, location of PSS, i.e., the gen-

erator to be equipped, should have high controllability to the
concerned mode. Several ways of choosing the feedback con-
trol loop have been suggested in extant literature [20], [21] and,
therefore, we skip this part.
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Fig. 3. Typical frequency characteristic with fixed and various values
of , from 0.5 to 5.

C. Filter Design for Single Mode

Many researchers have proposed different designs of digital
and analog filters [22]. We find that a simple second order band
pass filter satisfies the demand, with transfer function

(23)

where is the center frequency of the filter and is its quality
factor.
When the center frequency is fixed, the quality factor deter-

mines the pass band. A higher leads to a narrow pass band
and a steeper slope of the frequency, and vice versa. So when
choosing for the PSS, there will be a compromise between
pass band and the filtering effect. Fig. 3 shows a typical fre-
quency characteristic with fixed and various values of
.
Note that the center frequency of the filter should follow the

frequency of the concernedmode. In large systems, frequency of
the mode may be obtained by identification. So should not be
so large as to endure the deviation from identification. Another
notation for selection is that the phase at other frequencies is
different from the desired phase. This may cause an unexpected
change in other modes when both high and high gain are
employed. So should be compromised, in order to maintain
robustness.When a satisfactory damping of the concernedmode
is obtained, the gain should be as small as possible.

D. PSS Tuning Procedure

The procedure of PSS tuning can be summarized in the fol-
lowing steps:

S.1) Determine the concerned mode and obtain its fre-
quency and damping ratio. This is usually accomplished
by small signal stability analysis or system identification,
in large power systems.

Fig. 4. Two-area four-machine system.

S.2) Select suitable location and input signal for the PSS in
accordance with Section III-B.
S.3) Design the filter, with specified satisfactory quality
and pass band, in accordance with Section III-C.
S.4) Calculate the suitable phase compensation for the PSS
from (11). Note that as the filter is not ideal, a fine ad-
justment may be needed to maintain the mode’s frequency
without large variations. If the mode’s frequency drops, the
compensation phase should be smaller than (11), and vice
versa.
S.5) Determine the gain of the PSS. Note that for higher
gains the mode shift is no longer proportional to the gain.
To guarantee the mode is shifted horizontally to the left,
without change of frequency, the gain should be main-
tained in the linear area proportional to the modal shifting;
lower gain is preferable if satisfactory damping is already
obtained. In an actual system, the gain will be compro-
mised because of limitations of PSS output, sensitivity of
other modes, time delays in global signals and other prac-
tical considerations.

As the PSS changes only the concerned mode, the same pro-
cedure can be sequentially applied to tune other PSSs.

E. Discussion

Obviously the proposed modal decomposition control will
perform better than the conventional residue method, though
it requires a well-designed mode filter and proper signal selec-
tion. PSS designed based on this method for damping interarea
oscillation has little effect on other modes. More significantly,
it allows engineers to sequentially tune the PSSs to suppress
multi-mode interarea oscillations without the need to consider
coordination.

IV. SIMULATION ON TWO-AREA FOUR-MACHINE SYSTEM

A. System Introduction

A two-area four-machine system ( Fig. 4) is used to validate
the proposed method [1]. The system is also employed in the
Simulink/Matlab for PSS performance demonstration, and all
parameters are the same as in [23].
By linearizing the system around the equilibrium point, three

electromechanical modes are obtained (Table I). The first is the
interarea mode, poorly damped, with Generators 1 and 2 of Area
1 swinging against Generators 3 and 4 of Area 2. The other two
are local modes with satisfactory damping ratios. Local mode 1
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TABLE I
INTERAREA AND LOCAL MODES WITHOUT PSS

is the oscillation between Generators 1 and 2 in Area 1 and local
mode 2 is the oscillation between Generators 3 and 4 in Area 2.

B. PSS Design

The aim of this study is to enhance the damping ratio of the
interarea mode. For simplicity and symmetry of this system,
without losing generality, the PSS is selected to be installed at
Generator 1; the feedback control signal is its rotor speed, which
has large energy of the interarea mode. Two PSS tuningmethods
are studied:
1) PSS tuning using the conventional residue method
(RPSS); and

2) PSS tuning based on the proposed modal decomposition
control method (FPSS, F stands for the filter).

A residue analysis shows that the phase compensation for in-
terarea mode is about 21 degrees, and for local mode 1, it is
about 43 degrees. A compensator is then designed, based on the
two modes. For filter design, is 4.187 rad/s, and is set as
2. In order to enable comparison, the two PSSs are assumed to
have same gain at the frequency of the interarea mode (here the
gain is calculated from the complex value of the PSS transfer
function at ; and as the mode is poorly damped, it is ap-
proximately equal to the complex value at the complex modal
frequency, ). Moreover, output limits are set to be

. Transfer functions of RPSS and FPSS with gain 10
are

(24)

(25)

The modes after control are shown in Table II. Because Gen-
erator 1 does not participate in local mode 2, its modal infor-
mation is not provided. It can be observed that when PSS gain
gradually increases from 5 to 20, FPSS always performs better
than the RPSS in damping of interarea mode. As Generator 1
greatly participates in local mode 1, the RPSS enhances this
mode significantly since its phase compensation covers a wide
range of frequencies while FPSS leaves this mode almost un-
changed. However, when the local mode is satisfied with no
PSS, further increase in damping ratio has little influence on the
system’s stability.
A three-phase to ground fault occurs at Bus 8 at 1 s and then

is cleared 120 ms later. Oscillations of the power transmitted
between the two areas are shown in Fig. 5, which shows that
the FPSS has better performance.
The PSS outputs are shown in Fig. 6. It is clear that the FPSS

has smaller output than RPSS, with the same gain. This is be-
cause besides controlling the interarea mode, the RPSS has con-
trol effort at higher frequencies. When PSS gain is 10, the RPSS
has already hit the limit, while FPSS hits the limit only when the

TABLE II
DAMPING ENHANCEMENT COMPARISON WITH DIFFERENT PSS GAIN

Fig. 5. Transmitted power between the two areas.

gain is 20. Therefore, FPSS is more suitable for damping the in-
terarea mode when the control output is limited, which implies
its suitability for very large systems with less PSS output.

C. Robustness Test

The robustness of the PSS to a concerned mode implies that
the compensation phase of the PSS can maintain satisfaction
over a range, generally degrees, when the system operates
over a wide range of normal and outage conditions. Without the
filter, the proposed PSS is the same as the conventional RPSS,
and has robustness over a wide range of frequency. With the
filter, if is properly chosen, the additional phase of the filter
varies within 30 degrees even when the center frequency varies

. For a system that operates over a wide range of normal
conditions, there is rarely a situation where a mode frequency
varies beyond , especially for interarea modes in large
power systems [24]. Therefore, the FPSS can provide robust
damping to the mode. Moreover, with development of online
mode estimation [25]–[28], the center frequency of the filter can
be tuned adaptively according to the result of mode estimation.
Then the phase compensation at the concerned mode is exactly
the same as the RPSS, and provides satisfactory damping even
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Fig. 6. Outputs of PSSs during the oscillations.

TABLE III
INTERAREA MODE IN THE ROBUSTNESS TEST RESULTS

with large frequency changes (under serious system outages or
huge structural changes).
To validate the robustness of the FPSS, simulation is carried

out. For symmetry of this system, the power transmitted be-
tween the two areas is changed for the following three cases:

Case 1: 213 MW transmitted from Area 1 to Area 2.
Case 2: 413 MW transmitted from Area 1 to Area 2, which
is the original case (Section IV-B).
Case 3: 613 MW transmitted from Area 1 to Area 2.

In all the cases, RPSS and FPSS on Generator 1 are the same as
in Section IV-B, with gain 20.
Table III shows results of small signal stability analysis of

the interarea mode. Because of space constraints, time domain
curves, which are the same as the small signal analysis results,
are not provided here, and in the following sections. It can be
observed that in all cases, FPSS performs better than the RPSS
and its robustness is satisfactory.

D. Discussion About the Input Signals

Careful selection and combination of global signals can help
enhance performance of PSSs (Section III-B). This is discussed
in the following.
For symmetry of the system, we investigate rotor speed

of Generator 1 and rotor speed of Generator 3. By mode
shape analysis (Fig. 7), it is clear that Generators 1 and 2 are
swinging against Generators 3 and 4. The input signal is set as

. For comparison with , the averaged signal,

Fig. 7. Mode shape characteristics of rotor speeds of the interarea mode.

TABLE IV
COMPARISON OF DAMPING ENHANCEMENT WITH DIFFERENT PSS SIGNALS

, is used as the final input signal for PSS, which
preserves the energy of the interarea mode and reduces the en-
ergy of the local modes.
For the new feedback control loop, the residue phase of the

interareamode is 2 degrees and the local mode is 46 degrees. Be-
cause compensation phase for either of themodes is not changed
much, transfer function of RPSS is the same as in (24), while
filter of FPSS is redesigned, as in (26), with the central fre-
quency slightly changed to 4 rad/s:

(26)

Results of eigenvalue analysis in Table IV show that with the
global pure modal signal, RPSS can do better in damping in-
terarea oscillations. However, with a well-designed filter, FPSS
can do even better with the pure modal signal.
The mode shape analysis is employed again to investigate the

influence of the PSSs. Fig. 7 shows that with local signal, the
FPSS and RPSS have similar influences on the modal shape,
which demonstrates that the filter does not have any extra effect.
As the damping provided by FPSS is larger, the angle between
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TABLE V
COMPARISON BETWEEN DAMPING INTERAREA MODE BY DIFFERENT PSSS

Generators 1 and 2 is larger. With global signal, FPSS provides
the largest damping, and leads to the largest angle between Gen-
erators 1 and 2. An interesting pattern is that the higher is the
damping a PSS provides, the larger is the angle between Gener-
ators 1 and 2. When the gain of a PSS increases gradually, this
pattern is shown clearly. The same pattern is obvious on RPSS
with global signal also. For the sake of brevity, extra plots are
not shown here.

E. Further Comparisons

The last comparison is between different types of PSSs. Here
we add two other kinds of PSSs:
1) PSS4B, which is the same as in [17]; and
2) conventional PSS (CPSS) tuned by GEP method from
[1].

The parameters, block settings and frequency responses of the
two PSSs can be directly obtained from [23]. In order to en-
able comparison, all PSSs are with the same gains as 10 and
20 at the interarea mode and their output limits are set to be

. Results of the small signal stability analysis are
shown in Table V.
It is clear when all PSSs are with the same gain at the interarea

mode, with local signal , PSS4B and RPSS have similar re-
sults in damping the interarea mode, while CPSS does not per-
form as well as the other PSSs; and with local signal and
global signal , FPSS gets even better results.
This is because with limited effect, FPSS can focus on the inter-
area mode, while the other PSSs are influenced by interactions
between local and interarea modes. The best performance is by
FPSS with global signal , which validates the
notion that the proposed modal decomposition control is more
suitable for damping interarea oscillations, especially when PSS
is with low gain and small output limits.

V. SIMULATION ON AN ACTUAL LARGE POWER SYSTEM

A. System Introduction

China Southern Grid (CSG) is one of the two bulk AC
synchronized power networks in China, comprising Guang-
dong (GD), Guangxi (GX), Yunnan (YN), Guizhou (GZ), and
Hainan (HN) provincial networks (Fig. 8). CSG is also known
as one of the largest AC/DC parallel transmission systems in

the world. More than 18 GW of power is transmitted from
YN and GZ to load centers in GD through an AC/DC hybrid
transmission corridor. The transmission corridor, also known
as the “west-to-east-corridor”, consists of eight 500-kV AC
links and four 500-kV DC links.
The interarea low frequency oscillation is one of the key prob-

lems that limit CSG’s power transfer capacity from west to east.
Oscillation events on September 1, 2005, August 29, 2006, and
April 21, 2008 highlighted the need to improve damping of in-
terarea oscillations.
The simulation environment is chosen on the basis of oper-

ating conditions prevailing in 2009. No wide-area damping con-
troller for HVDC links is assumed. The entire network includes
570 generators, 4046 buses, 2027 AC lines, 4 HVDC lines, and
numerous system devices and controllers.

B. Feedback Control Loop Selection

There are two interarea modes in this system, the YN versus
GZ mode, and the (YN and GZ) versus GD mode. The YN
versus GZ mode dominates oscillations of generators between
Yunnan and Guizhou provinces with a typical frequency of
about 0.58 Hz while the (YN and GZ) versus GD mode dom-
inates oscillation of Yunnan and Guizhou provinces against
Guangdong province, with a typical frequency of about 0.38
Hz. In this case, most generators are equipped with conven-
tional local PSSs. Although the (YN and GZ) versus GD mode
is well damped by coordinated control of HVDC and PSSs
[29], [30], the YN versus GZ mode is still poorly damped. We
introduce two wide-area PSSs to enhance damping ratios. This
can be treated as a standard procedure for MIMO sequential
PSSs tuning.
Primary signal analysis shows that wide-area signals such as

bus frequencies fromAnshun, Xingren in Guizhou province and
Chuxiong, Qujing in Yunnan province (which can be found in
Fig. 8) have high observability in the poorly damped YN versus
GZ mode. They also have a component of (YN and GZ) versus
GD mode and other local modes. Analyzing of the mode shape
(Fig. 9) shows that Anshun and Xingren are opposite of Chux-
iong and Qujing. Following Section IV-D, we combine these
signals according to their modal shape directions, and then av-
erage them by 4. The final input signal for the wide-area PSS is
(Anshun Xingren-Chuxiong-Qujing)/4.
Then we select the locations for the PSSs. The Xiaowan sta-

tion located in the west of Yunnan province has the highest
residue with respect to the YN versus GZ mode, so it is selected
as the first location for PSS installation. The Goupitan station
located in the east of Guizhou province also has a high residue
with respect to the YN versus GZ mode, so it is selected as the
second location for PSS installation.

C. PSS Design

The objective of wide-area PSSs is to damp oscillation of the
YN versus GZ mode. The center frequency is set at 0.58 Hz and
the quality factor is set at 2. Output limits of wide-area PSSs
are set to be .
Two kinds of PSSs have been compared, as follows:
1) Wide-area PSS tuned by the residuemethod (RPSS); and
2) Wide-area PSS tuned by the proposed method (FPSS).
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Fig. 8. China Southern Grid in 2009.

Fig. 9. Mode shape characteristics of the input signals of the YN versus GZ
mode.

According to the method proposed in Section III-D, the ap-
propriate phase compensations for wide-area PSSs are about 30
degree in Xiaowan and 45 degree in Goupitan, and the phase
compensation blocks are designed accordingly. The gain is set
at 6 p.u. since larger gains offer no significant improvements;
output of the PSS hits the limit.
For comparison, the residue method is used to tune the PSS

in Xiaowan station as well. The transfer functions of these PSSs
are obtained as follows (Subscript 1 for Xiaowan and 2 for
Goupitan):

(27)

(28)

(29)

D. Simulations

Three-phase short circuit faults occur at three different loca-
tions in the system:

Fault 1 occurs at Liudong side of the transmission line be-
tween Liudong and Luodong. This line is an important part
of the west-to-east transmission corridor. The fault is one
of the most serious faults experienced and excites both in-
terarea modes.
Fault 2 occurs at Laibin side of the transmission line
between Laibin and Luodong. The line is a part of the
southern west-to-east transmission corridor, and the fault
excites the (YN and GZ) versus GD mode and some local
modes.
Fault 3 occurs at Shibin side of the transmission line be-
tween Shibin and Liping. This line is a part of northern
west-to-east transmission corridor, and the fault excites the
YN and GZ mode and some local modes.

During each fault, four simulations are carried out:
Case 1: No wide-area PSS in this system.
Case 2: PSS tuned by the residue method in Xiaowan sta-
tion.
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Fig. 10. Power oscillation in LM line during Fault 1.

Fig. 11. Power oscillation in LM line during Fault 2.

Case 3: PSS tuned by the proposed method in Xiaowan
station.
Case 4: PSSs tuned by the proposed method in Xiaowan
station and Goupitan sequentially (i.e., another PSS in-
stalled in Goupitan based on Case 3 above).

Active power oscillations of LM line, which connects Lu-
oping and Mawo stations and has high sensitivity in both modes
(Fig. 8), are shown in Figs. 10–12. Moreover, the mode infor-
mation (Table VI) is obtained through implementing Prony al-
gorithm on these curves (time window between 2 to 12 s).
The simulation results show that:
1) With only conventional local PSSs, the YN versus GZ
mode is poorly damped. This means conventional local
PSSs are not effective in damping interarea oscillations.

2) Comparing Cases 2 and 3 of each fault, the wide-area
FPSS is much more effective than wide-area RPSS for
damping the concerned YN versus GZ mode.

Fig. 12. Power oscillation in LM line during Fault 3.

TABLE VI
COMPARISON OF DIFFERENT PSSS IN CGS

3) For the (YN andGZ) versus GDmode, comparing Cases
2 and 3, wide-area FPSS has effect comparable with
wide-area RPSS in different faults.

4) In Case 4, each fault shows satisfactory results in both
modes. This demonstrates that by sequential tuning,
overall stability can be reached.

5) Note that in Case 4 of Fault 2, as the YN versus GZ
mode is not highly excited, it decays rapidly in the first
two seconds (after the fault) and cannot be even detected
by the Prony method, using time window between 2 to
12 s. The effects of damping YN versus GZ mode are
illustrated in the first swing of the oscillation (Fig. 11).

VI. FURTHER DISCUSSION

The cases in Section IV and V validate the proposed method
for inhibiting a poorly damped interarea oscillation. In this sec-
tion, we further discuss the merits and shortcomings of this
method, and then introduce our future work, in order to estab-
lish a complete understanding.
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A. Merits and Shortcomings

The proposed FPSS serves as a complement to the conven-
tional local PSS and its application is focused on enhancing the
damping to the concerned interarea mode, especially when local
PSSs are unable to provide sufficient damping. However, its
shortcoming is that it provides no extra damping to other modes.
Since the filter minimizes interactions among different

modes, interactions among different control loops are mini-
mized as well, which benefits the sequential tuning.
Further, by eliminating the FPSS’s interactions with other

modes, it is convenient to employ and can coordinately work
with conventional local PSSs (employed and validated in
Section V), to provide overall stability in large power systems.

B. Future Work

With development of the online mode estimation, it is pos-
sible to develop an adaptive FPSS (the center frequency of the
filter can be adaptively tuned, according to the mode estima-
tion). The next step of our research work is to find out how to
connect both techniques in practice. More surveys will be con-
ducted about time delay in transmission of wide-area signals in
the future.

VII. CONCLUSIONS

In this paper, a modal decomposition control approach is pro-
posed and applied to design PSS for interarea oscillation in-
hibition. The proposed method reduces limitations of the ex-
isting residue method by alleviating interactions between the
concerned mode and other modes. Simulation results of the two
cases validate the proposed method. The first two-area four-ma-
chine case shows the advantages of the proposed method, com-
pared to the conventional residue method. FPSS tuning by the
proposed method enhances damping ratio of the interarea mode
with smaller control effect than RPSS tuning by the conven-
tional residue method. The robustness test shows that it works
well in different system conditions. The second case in CSG
shows the application procedure of an actual complex system. It
can be pointed out that by proper coordinated control with local
PSS and wide-area FPSS, overall stability can be achieved.
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