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Abstract .

In terms of damping low frequency oscillation, power system stabilizer(PS p?’a very
key role. However, in terms of PSS capability exploitation, it is quite impor@ elect the
suitable parameters assignment. Different from traditional @ptimizati ithms with
eigenvalue analysis based and with system damping ratio a: im functi in this paper a
new PSS parameters method based on the Polym iC’ Bactewal emotaxis(PBC)
algorithm is presented for PSS parameters optimi. According to”the time multiplied
absolute error integral criterion (ITAE criteria), thiSsaper cho& e ability of tracking a
given value with minimum error of system out s the gbjgeCtive function. Thus the whole
process of the disturbed system is consiQerQ inally, Ei lue analysis and nonlinear

time-domain simulation are conducted é\ fy th<®sibllity and effectiveness of the

proposed method. ¢

Keywords: Power system stéb@!r, parameter” optimization, Polymorphic Bacterial

Chemotaxis algorithm, ITAE ¢ \
1. Introduction . Q@ Q.Q
In recent years, \q po %n has developed quite rapidly. Due to the expansion
a

of the grid size, a long-dist d weak connection of large regional power grids, and
as well as t of a va@/ of fast excitation systems, the low-frequency oscillation
happens in sueh.d syste imes. As a result, the safety and stability on electric power
system is seriously i d. Clearly, the most effective way to solve this problem is to
retrofit power syste izer (PSS) excitation system.

If only installi with appropriate parameters at the appropriate units can effectively
damp the lowgfrequency oscillation of the system, or this may enhance a certain oscillation
modes, ang iorate the damping of other modes at the same time, eventually can’t

improve @' verall damping of the system, and even worsen the effect. Hence, for the whole
syﬁ -sided coordination optimization of PSS parameters is required.

e interconnection of large area power grid and the application of high gain and
rapitexcitation devices, the low frequency oscillation phenomena have occurred in modern
large area interconnected power system, which has a serious impact on the security and
stability of the power grid. To install a PSS in the generator’s excitation system is the most
cost and effective way to damp low-frequency oscillations[1]. The PSS provides an additional
amplitude damping torque to suppresses low-frequency oscillation by compensation of the
phase lag which caused by rapid excitation system. To select the reasonable parameters of the
PSS is the foundation of playing a damping role.
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In actual power system, the PSS parameters design is based on experience and site
standalone experiment, but the diverse interconnected units in the grid have mutual influence
in the practical system, the parameters designed for standalone unit are unable to reach
optimal or near optimal. As the actual operation of power grid is changing every time, it is
necessary to optimize all PSS parameters of the system on the basis of preliminary design so
that the added additional damping controllers can consider both generator sets and power grid
operation to adapt to the specific operation of power system and improve the effect in a large
power grid. In recent studies, a variety of smart controllers have been proposed, for instance,
adaptive power system stabilizer, and fuzzy logic power system stabilizers, and as well as
power system stabilizer based on neural network[2-4], and et al., But the traditional PSS with
fixed structure and parameters is still the widely used controller in power system, it has great
practical significance to select and optimize their parameters.

Presently, the scholars at domestic and foreign have been using a variety of
algorithms to perform PSS parameters optimization, such as simulated annea %thms
and tabu search algorithms, and genetic algorithms[5-7]. They have playe alce ffect in
PSS parameters optimization, but they still explore so cts |n ablllty and
convergence. In this paper, the Polymorphic Bacte algorithm is
proposed to optimize the PSS parameters as it p ron er | nd global search
capabilities, and is quite efficient and requires theopula \ymbers In [8] several
multidimensional functions is tested using the PBC algorithm, th ults show that the PBC
algorithm’s calculation quantity is less than se@ther po algorithms, and its stability
is very excellent as it can get the optimal sol very timeNJTie PBC algorithm has already

been successfully used to solve the fee f neural network in [9], and the
prediction of stock price in [10], an mag ion of sensor in [11]. As a new
intelligent algorithm, PBC alg r| ows b erformance than any other similar
algorithms, and is worth cond% her r.es and application.

2. Mathematics Mode@ \\9

2.1. Model Descrip

In this pa EE STQII&UOH system is selected to serve as the experiment

object with ] which can be shown in Figure 1.
er'
v 1 K E
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Figure 1. IEEE ST1 Excitation System with PSS

A 4

Seen from Figure 1, PSS includes the three links, i.e., gain link, and DC blocking link, and
phase compensation link. The speed deviation signal A is selected as the input signal of the
PSS, and whose output signal Vi is added to the automatic voltage regulator(AVR) as an
additional damping signal. the main control link of excitation system is instead using a
proportional controller with inertia link, where K is proportional amplification factor, and T,
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is the inertia time constant, V is generator terminal voltage, and Vg is a reference voltage.
Usually, PSS parameters of T, and T,, and T, take experienced values, such that, they are
known, only the parameters K, Ty, and T3 requires to be optimized.

2.2. Aim Function and Constraints

To define the appropriate aim function plays a critical role in damping low frequency
oscillation effectively using the PSS. Generally speaking, in the problem of PSS parameter
optimization, the selection of the objective function can be broadly divided into two
categories. A method to construct aim function is to apply information provided by time-
domain simulation results [13, 14], and another one is the characteristic values analysis
method based on the linear model of the system, namely, it can use eigenvalues of system
state matrix which can react system damping conditions to construct evaluation index

In [13, 14], the transient kinetic energy is selected as the evaluation i
optimization effect of the PSS parameters as system transient kinetic ener
energy after clearing the fault is constant, that is, the transient e is# conserved
corresponding to the system energy during oscillation. Wmﬁmg tin‘%ﬂin simulation
method, it is necessary to set artificial disturbance so as Q@ il the\gim tOAction. Although
the disturbance is random, it is impossible for )’@ isturbances™O stimulate all the
oscillation modes of the system. b\/

In [15-17], the indicators of small signal stabjtity level of system”are obtained through the
eigenvalues of electromechanical oscillatio de. Refé [5, 15] make the system
weakest damping mode the maximum as & atlon It fmproves the system’s weakest
mode greatly, but cannot reach the ove atlon In [6, 16] the optimization
goal is to maximize the sum damp ysterr%% omechanical oscillation mode. The
method considers the small S|g i |ty Ie the entire system, and so it increases
damping of each oscillation ut did" n5|der allocating damping between each
mode. According to the pri pIe 0 con of the damping of the system, it may result
in improving dampmg of e modes t he same time deteriorating damping of certain

modes. Q

In former studle \s f th e the minimum electromechanical mode damping of
the system a |on of P arameter optimization. In order to be able to take into
account the erro stem both during the oscillation process and the end of
oscillation pr [17], er puts the rotor angular deviation as tracking target, and sets
the capacity that syste t tracks the given value with minimum error as the optimization
objective functio@ ITAE criteria, the objective function is written by.

o\j‘~ B> {amft-lwmmwmsldt} ®

o =L
where n is the number of units, and an(t), wns are the practical value and steady-state one of
rotor angular speed of the mth unit, respectively, and o, is the weight factor of the diverse
units.

PSS parameter coordination optimization problem is transformed into the following
optimization issue.

min f (R) (2)
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where R is a vector which is composed of the parameters to be optimized.
Let the range of the parameters to be optimized serve as the constraint conditions of the
optimization problem, which can be described below.

[ K_ . <K

min k < Kmax
J Tl,min B le s Tl max (3)

{T <T

3,min < T3k = "3,max

where k is the number of units.
According to experience, the range of K is in range of [0.01, 100], and the ran f T

andt,, isin [0.01, 1], and the values of Ty, Ta, and T4, are usually given in adva?\
aditional

To av0|d the issue of quality solutions annihilation during the processmg
constraints with improper penalty function, we take anothe ay to h I straints by
introducing the following transformation.

- M @LV 4)
where reR. OQ
N

We then use a new vector X = (x z» to instead the previous vector

R=(r.r, 7, @ the abo nstramed optimization problem is
transformed into an unconstrai |zat1<r\@blem as follows.
|n f(X) (5)

3. PBC Algo:| nd Im@hent

3.1. Bacteria ony C@ xis Algorithm

In recent years, as
algorithm was pr
action under the

bionic evolution algorithm, bacterial colony chemotaxis (BCC)
n [18]. The algorithm simulates the reaction mechanism of bacteria
vironment attractant. It is different from the pure random search of genetic
with the fitness function. The bacteria can make use of its own location
informati determine the movement direction of next step, and so it is a gradient
i search method.
owing assumptions require to be conducted on the movement of single bacteria.
T us of the bacteria is composed by a series of lines, and each rail line is described by
three indicators: the speed, direction and duration. The bacteria mobile search procedure is
described below.

For convenient analysis, we firstly establish three system parameters related to the
algorithm precision ¢, thatis, T,,and t_, and as well as b .

0.30 -1.73
To=¢ " 10 (6)
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1.54 0.60

b=T, (T, 7 -10 ") (7

t, = (b/Ty) " 10" ®)

where T, is the smallest average moving time, and t. is relevant time, and b is system
parameter.

(1) Assume that all the tracks have the same constant speed, here let it equal 1.

(2) To calculate the moving time t of the bacteria in the new track. Assume that t follows
the exponential probability density distribution, that is,

p(x:t):et/T/T ?\V(Q)

Ty, r‘<0
T =
! \5 @ (10)
lTo(l+b~fpr/‘ o 11, ZN
\/

where f,, is the difference between the functio lue of c 05|t|on and the value of
previous position, | is the vector modulus &%ng the t position and the previous
position, b is a system parameter.

(3) To calculate the new moving n a d iflg distance of bacteria. Here the
moving distance is described by r, h movin tlon ISY = (p,,0,, 0, 0,4 Of
n-1 dimension angle vector, W a head f new direction opposite to the orlglnal
direction in the ith dlmensmn fo 0 aussian probability distribution according

to moving left or rlght

[ - |
Q P(x, —®*ﬂ)— \/—expl ((pzaV)J (11)

In (11), the expecte?@y and variance ¢ can be calculated using the following formula.

T ~Letpr
0821(1-e “”) o =0.4538(1-e “"), f, /1 <0

(12)
\&\ u=1.0821 o =0.4538, f.01, 20

v% the duration time in the prewous track.
moving step-length vector L = ¢,,1,,-,1,,-+,1,) In new track can be calculated via r

and ¥ from a polar to Cartesian coordlnate transformation.
n-1

I, =r H cos g, (13)
k=1
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n-1
|i=|’~Sin(pi71.H cos o, =23 n-1. (14)
k=1

n-1

In =T H sin (7% (15)
k=1

~ (4) Tocalculate bacteria’s new position. Let the location of the bacteria be
X = (X,,X,,", X, ,x,),and the new location of the bacteria is then expressed by

Xik+1=Xik + Lk 0; (16)
3.2. Bacterial Perception Process \* %

Before every time movement, the bacteria firstly peregpt the surrournteling environment and
probe whether there are other bacteria staying at better pasition. bacteria will tend to
move to the center point of the bacteria whichshave a better position. When the moving
number is k, the center point of the bacteria w Ve a sition near the i-th bacteria
is calculated by the following formula(for& e, we will"seek the minimum value of the

function). &6 s\\

Center(X.k)_Aver(X,k|Q f(X,k D dis(X;,, .k)<SenseL|m|t) @an

where Aver(; k)= R\Q and |s y x. «) is the distance between the ith bacteria
and the jth b@and Se ml; is the perception range of bacteria, and m is the number

of bacteria w ave a S|t|on in terms of the ith bacteria.
The mobile track I| can be described below.

@ rand(0,2)-dis(;i,k, Center(;j,k)) (18)

where rang'k Is a random value between(0, 2).

Algorithm Improvement

In the iterative process, we can adaptively update the convergence precision
progressively according to the following formula.

€hnew = €oid la (19)

where « is a constant which can be used to update the calculation accuracy.
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(2) The perception range can be adjusted, dynamically. To do this, we define the fitness
variance of the population as follows.

(20)

where 1, is the fitness value of the ith bacteria, and t,, is the average fitness value of the
bacterial flora, and f,_ is the standard value of fitness value difference, which is calculated

using the following formula.
*

jmax{|fi— full £ fo 20

fo = 21
L Ol
The perception range of the k-th step is @ &

max min ) x ) / n (22)

In the above formula, s . and s respe@y expre@f\naxmum perception value
and the minimum one. \ s\\

3.4. Multi-group PBC Algor%

BCC algorithm adds informatiOrt shari anism within the population, and however,
the overall location updat trategy il ‘quite simple. In [11] a polymorphic bacterial
chemotaxis(PBC) algori as propesedased on the BCC algorithm, here PBC algorithm
is analogous to theh% roups lik&ether similar intelligent optimization algorithm, such as
Niche algorith morphic \al olony algorithm (PACA), multi-particle swarm
algorithm(lpm nd et aleyBacteria are divided into several sub-flora and various flora
forage indep ly. If e multiple flora in a specified distance D.,,, we can compare
their maximum fitnes , and then let these bacteria with a lower fitness value move so
that the flora in the search space can keep a certain distance between one another. By
this method, the hm can maintain the diversity of the flora and avoid falling into the
local optimum so it has stronger searching capability in terms of the global optimization.

Group f?%g and feeding between groups are complementary and indispensable.
Foraging one group is a local search in variable scale on the basis of a single flora, the
purpo improve the ability of bacteria to find the extreme point through intensive search

rating the search speed to reduce the count amount. Foraging between groups more
mphésizes global search on the basis of different types of flora, whose aim is to maintain the
diversity of the flora and to inhibit degradation phenomena to prevent the algorithm falling
into a local minimum value. In this paper, we combine the advantages of the two searching
mechanisms of group foraging and foraging between groups to expect to be able to achieve a
satisfying result.

These steps to optimize the PSS parameters applying PBC algorithm are described below.

(D To initialize the positions of the diverse bacteria, and distribute bacterial population in
different locations, randomly, and scatter it according to the range of variable.
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2 To determine the initial convergence precision ¢ and maximum number of iteration
times Nnax, and then to calculate the system parameters of T and b and t, from (6) to (8).
(® To calculate the center of the bacteria which are in better positions near the ith one, and

also the distance to need to move to the center, and then to calculate new location x ... .
@ To compare the fitness value f (x ,.,.) With the fitness value f (x..) OF the new location

X 1.1 that the bacteria to be moved to before sense environment, if f(x,...) < f(X1c1), the

bacteria move to the new position x ... , and move to x; ., otherwise.

B When the number of steps reaches the specified number N, if there are two sub-flora
and the distance between them is less than the specified range, we then compare their
maximum fitness value and define the position of bacteria with the maximum degrée as jhe
optimal solution.

®To repeat steps (3)-(5) until it meets abort conditions or the maxir@ mber of

iterations is reached. .
The full algorithm flow chart is shown in Figure 2. \* @
Set system parameters and Q V
initialize bacteria position \
e — Q-
' O L,

record the bacteria’ position

after the movement as 1 6\ N @
Y @\ &;Sub—ﬂoral ‘ Sub-flora2 ‘ ‘ Sub-floraN ‘
v v

Calculate the center point of bacter *

with better positions * 6
P \ \ ‘ foraging within ‘

the group

P SRIRY
A\ |
X

foraging within
the group

foraging within
the group

Record the centgr pgsi 2

0

reach the specifie
umber of moves

compare maximum fitness value of bacteria
flora within the specified distance D,

Reserve
location as 1

Whether the termination
ondition is met

a dperception range S *Y
Output the optimal solution
Xbest
(a) Single BCC Algorithm Flow Chart (b) Multi-colony Algorithm Flow Chart

Figure 2. PBC Algorithm Flow Chart
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4. PSS Parameters Optimization Using PBC Algorithm

Figure 3 shows the USA WSCC system [21], which contains three generators. Let the
reference power value be SB=100MVA, and reference voltage value be UB=230kV, and
system frequency be 60Hz. Generator G1 is balance node, G2 and G3 are PV nodes, the
remaining nodes are PQ nodes. All generators use biaxial model and self-shunt static
excitation system. Excitation gain Ka=200, the time constant Ta=0.01. As PSS is not
installed, the eigenvalues, and frequency, and damping of the system are shown in Table 1.

@kvi 2 @W;L 8, zsokl‘ 3 138K \/
T T W
“ ©;

& \g/
Ich %
Figure 3. USA Wsce@stem St@ure

Table 1. System Electrome efore Installing PSS

&@ @uen y

-O@ijll 704 0 030 1.864

' ; 4611 éé 0.016 1.468
Seen froﬁ 1, th i i

Damping ratio

0 pairs of the corresponding characteristic roots of the
ode are located near the left of the imaginary axis of the
lose to the imaginary axis, inevitably, it makes the system
damping ratio is s the system has very weak ability to suppress oscillations. The
oscillation phenc@n can occur when the system operating mode is slightly altered. So it
can’t suppress,the‘gscillation under large disturbance, thus the safe and stable operation of the
system wiINkaLrisk. Therefore it is necessary to consider retrofitting PSS in this system in
e the system damping and to prevent system oscillation.

order to nQ?
Ac to participation factor method [22], we determine to install PSS on cell 1 and
la

electromech oscill
complex plane and i

s the parameters to be optimized are the gain Ky and time constant Ty, Tz of cell
ell 2, where k takes 1 or 2, the parameters of T,, K, and K, takes 20, 0.02, 0.02. Two
units use the same weight ay,=0.5.

We define five flora in all, and each flora size is set as 10 with the dimension being 6, and
iteration times is 200, and Dy,i,=5, and the initial accuracy is &.4in=2, and the final accuracy is
&n=10°. We can then write algorithm program and build simulation model in MATLAB7.0
environment. For convenience comparison, we respectively apply PBC and PSO algorithm to
perform the PSS parameters optimization as shown in Table 2.
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Table 2. Parameter Optimization Result

Gy
Algorithm K Ta T,
PSO 10.540 0.117 0.273
PBC 24.443 0.134 0.196
G,
PSO 15.774 0.178 0.304
PBC 27.842 0.140 0.171

The small signal stability analysis is conducted for the system installed PSS with tbe
optimized parameters, the system’s characteristics of electromechanical oscillatio W

shown in Table 3.

Table 3. Electromechanical Mode of Systgm, with ?0

PBC Algorithm P

Eigenvalue Damping Eiue W ratio
ratio
-1.674§10.936 0.151 51111 439 0.105
-2.025412.943 0.155¢ sQo 837412090 0.069

When PSS is not installed, modal IS resx@&w that the system possesses a weak
damping, which can be seen Afte installing PSS on units 1 and 2, the damping
ratio of electromechanical ose&on mode' en significantly improved from Table 3.
This shows the validity of PSS in uppr W frequency oscillation. At the same time it
can be seen from Table 2 t e PSS optlmlzed parameters by the PBC algorithm is
better and the dampi o hav |gn|f|cantly greater increase. From the actual
optimization proce tsearch efficiency of PBC is higher than one of PSO
algorithm, PBC a m is mor able for applications in complex systems.

To furthe th r se of the system installed PSS under large disturbance, we
conduct dyna ime-d imulation for the system. Let the disturbance of three-phase
short circuit fault occ .0s at the export of generator G1, and it continues for 0.1s. The

power angle swi% 3 to G1 are shown in Figure 4 and Figure 5.
50

4ol B

8
350 il
=T
% SRR
\

251
!

20}

15

0 5 10 5 20
time(s)

Figure 4. Power Angle Swing of G2 to G1
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time(s)

Figure 5. Power Angle Swing of G3to G1
0
Seen from Figure 4 and Figure 5, the power angle swing between unlts opt
improved PBC algorithm to optimize the parameters of the PSS is subsided orter
time, and so the PSS effect to suppress the system oscillation is better. Q
In another one example, IEEE 4-machine 11-node syste 1q isu
algorithm proposed in this paper. \

System’s wiring diagram is described in Figure 6. OQ V
\N i

7

25km 10km 110km 10km 25km
©) C@ Wa\ ‘
M=o %‘

)

@x QT | L

‘E&% IEE achlne 11-node System

The system |s®osed of as where the generators G1, G2, G3, and G4 are
connected b ng lin The rated capacity of each cell is 900MVA, and the rated
voltage is 2 trans system rated voltage is 230 kV. The first area transports
400MW power to the area. All generators adopt fifth-order models, excitation system
eters, load data and reactive parameter values of capacitor can be

parameters, generat
found in [15, 16]&

Before installi SS, the system eigenvalues, frequency and damping are shown in Table
4, %

ﬁle 4. System Electromechanical Mode before Installing PSS

er test the

Electromechanical mode Eigenvalue Frequency Damping ratio

+0.031 +

1 j3.84 0.61 -0.008
-0.490 +

2 j7.15 1.14 0.07
-0.496 +

3 i7.35 1.17 0.07
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Seen from Table 4, the system possesses three electromechanical oscillation modes, where
the mode 2 and mode 3 are local mode, and mode 1 is oscillation between areas with the
negative damping, and so mode 1 oscillation is unstable.

From participation factor method [22], we install PSS on unit 2 and 4, so the parameters to
be optimized are the gain Ky and time constant Ty, Tz Of unit 2 and 4, where k takes 2 and
4, and Ty, K; and K, takes 20, 0.02, 0.02. Two units use the same weight o, =0.5.

We similarly set five flora, and each flora size is 10, and its dimension is 6, and evolution
algebra is 200, Dy,i,=5, and initial accuracy is &xqin=2, and final accuracy is &ni=10°. We can
then write algorithm program and build simulation model in MATLAB7.0 environment. PSS
parameters optimization results are shown in Table 5.

Table 5. Parameter of Optimization Results

. Unit GZ Unit G4
Algorithm K T O
2 12
PSO 28.360 0.183 0.169 30. 7\*
PBC 31472 0.214 0.267 05 0 19

The optimized PSS is added to the system, and thef=tfie elgen\mnd frequency, and as
well as damping of electromechanical mode can@yorked.ot@shown in Table 6.

*
ode
Algorithm

alue quency Damping ratio

QS + 4. 57 0.73 0.208

PSO Algorlthm 20+ 1.98 0.272

-8.376 1.79 0.440

-1.3 2?&1 0.57 0.360

@ -4 o,)%m 626 1.85 0.389

g% j11.748 1.87 0.661
From Ta e e ca at after the system is installed PSS optimized by the PBC
algorithm, all &fectrome cal mode eigenvalues are moved to the left of S=-1, and all
damping ratio reach t@per to 30%. The results are significantly better than one optimized

by PSO algorlthm e system low-frequency oscillation is suppressed effectively.

In order to tes amic performance of the system optimized, let the system suffer a large
disturbancenthat is, three-phase short-to-ground fault occurs in bus 8 at 1s and the fault is

Table 6. Electromech

cleared a nd then we conduct time-domain simulation for the system. The simulation
results wn in Figure 7 to Figure 12.
‘ Y PSO
1 O N
g 350 - oA ,"\/\\ * - 4

& 300
250 |
200 |
150

0 2 4 6 8 10 12 14 16 18 20
time(s)

Figure 8. Power Fluctuation of bus7-9 after the Fault
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Figure 9. Voltage Fluctuation of bus7

1.15

*
n
110 i ]
1.05 [ : ‘\ PBC b
(B N /

S L0077 b\ TN Ne=de
2095
090 F
085 |
0.80 |
0.75

—=
/
\
e
/
el
w
(o]
*
PN
hd

o
N
S
©

0 W2 14 1 20

. stime(s):LO
FiRo&@peed Deviation of Generator 2 after the Fault
\a

dW(P-i-)
o
\

2 . 4
I
o~ v | |
[
@ 6 % i
8% 2 4 6 8 10 12 14 16 18 20
time(s)

Figure 12. Rotor Speed Deviation of Generator4 after the Fault
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1.0004
1.0002

0 9998
0.999 [
0.9994 |-
0.9992 |

0.999 -
0.9988 |-
0.9986 0

Terminal voltage(p.u.)

2 4 6 8 10 12 14 16 18 20

Figure 13. Terminal Voltage of 1-4 Unit

We can see from the above Figures that after the system is added the PSS optimized by the

PBC algorithm, the voltage fluctuations of bus bar 7 and 9, and the active powver ons
of bus bar 7-9, and angular velocity deviation tend to stabilize faster. The voltage
fluctuations of the units are limited in the allowable range and stabilized q he PSS
with optimized parameters by PBC algorithm improve thest zx&md dy Ilty of the
system better.

Above eigenvalue analysis and the three-phase shest*circuit fault Iatlon test results
show that the PSS optimized based on PBC op t|on th makes the system
damping ratio significantly improved, and the rotor affgular s d the oscillation of the
electromagnetic power after the fault have bee‘%ell supp to keep the system stable.
The optimization results of PBC algorlthm a er than thesraditional PSO algorithm.

5. Conclusion \% ‘%Q

This paper presents a new}ll igent m| ation algorithm for PSS parameters
coordination optimization in achme system, which is called as PBC based on
Bacterial Chemotaxis alg m. PBCY@m not only retains the ability of bacteria
individual to change t h directi using its own location information, but also
combines mformatl h nglng t in the group between groups during searching. Hence
it is of strong ca of I0 and global search. It is high efficient and only a
smaller num pula equwed So it is particularly suitable for large-scale
optimization ms SO

The former Te earchesé S parameters optimization are centered on eigenvalue analysis,
and use system damgi atio as the objective function. Different from that, this paper
chooses the abilit king a given value with minimum error of system output as the aim
function, which €onsiders the entire oscillation process of system from getting disturbed to
tend to stahilize. To apply this method to select objective function can avoid the curse of
ifs when calculating the eigenvalues. Eigenvalues analysis and dynamic
ults show that the proposed method makes the system damping significantly
and shows the effectiveness and superiority of the PBC algorithm, which is a novel
i nt optimization algorithm, and possesses further study and application value. The
method mentioned in the paper is also a useful supplement for the PSS parameters adjustment
in reality.
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