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Abstract

This work presents an interactive fuzzy satisfying method to resolve the
capacitor placement problem. The problem formulation proposed herein considers
three different objective functions related to minimizing the amount of total cost for
energy loss and capacitors installed, as well as increasing system security and
improving power quality. The new formulation is a multi-objective and
non-differentiable optimization problem. In this work, we first formulate these
objective functions in fuzzy sets to evaluate their imprecise nature. Then introduce
an interactive fuzzy satisfying method based on genetic algorithms to decide
the optimal solution. The effectiveness of the proposed approach is implemented in
a software package and verified through numerical examples on the Tai-power
system with very promising results.

Key Words: capacitor placement, multi-objective programming, interactive fuzzy
satisfying method, genetic algorithms.
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1. INTRODUCTION

The capacitor placement problem is to
determine the optimal location, types, size,
and the settings of capacitors to be installed
on the buses of a radical distribution system.
In general, placement of shunt capacitor can
reduce the energy loss, increase system
security, and improve power quality. In
practice, a dispatcher recommends the
planning of the problem according to his or
her practical experience. With the
increasingly complex nature of distribution
systems, determining capacitor planning is
extremely difficult, particularly for new
dispatchers. Therefore, a method must be
developed to assist dispatchers in drawing
up capacitor placement plans.

Many approaches have been proposed
to solve the capacitor placement problem
from different perspectives. For instance,
researchers [1] formulated the problem as a
mixed integer programming problem which
incorporated power flows and voltage
constraints. They decomposed the problem
into a master problem and a slave problem
in order to decide the location of the
capacitors, and the type as well as size of
the capacitors placed on the system
respectively. In [2,3], heuristic approaches
were proposed first to identify the sensitive
nodes in orders by the levels of effect on the
system losses, then optimize the net saving
on system losses. M.Y. Cho and Y. W. Chen
[4] used a equivalent circuit of lateral
branch to simplify distribution loss analysis
and obtained the capacitor operation
strategies according to reactive load
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duration curve and sensitivity index.
Furthermore, optimal capacitor planning
based on fuzzy algorithm has been
implemented to represent the imprecise
nature of its parameters or solutions in
practical distribution systems [5-7].

Recently, with the growing popularity
of Al, several researches have applied Al
techniques to resolve the optimal capacitor
placement problem. In [8,9], Chiang
presented a solution methodology based on
simulated annealing (SA) technique, then
implemented the solution methodology in a
software package and tested it on a real
distribution  system with 69  buses.
Hong-Tzer Yang et al. [10] used Tabu
Search (TS) technique to find the optimal
capacitor planning in Chiang's distribution
system and compared the results of the TS
with the SA. In [11,12], Genetic Algorithms
were also implemented to decide the
optimal selection of capacitors, but the
objective function only considered the
capacitors cost and system losses without
involving operation constraints.

In light of above developments, this
work formulates the capacitor placement
problem as a multiple objective problem.
The problem formulation proposed herein
considers three different objectives related
to (1) minimizing the amount of total cost
for energy loss and capacitors installed, (2)
increasing system security (feeder load
margin) and (3) improving power quality
(voltage profiles). These objective functions
are modeled with fuzzy sets to evaluate
their imprecise nature. Moreover, this study
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proposes an interactive satisfying method
[13-15] to solve the constrained multiple
objective problem. Analyzing the results
from the former interactive and updating the
expected value of each objective function
via the interactive procedure allow us to
derive the compromised or satisfied solution
efficiently. The proposed method adopts the
genetic algorithm (GA) owing to its
appropriateness in solving the optimization
problem [16, 17]. The capacitor placement
algorithm proposed herein has the following
merits:

(1) Simultaneously allows the dispatcher to
obtain the optimal locations as well as
the sizes, types, and settings of the
capacitors at different load levels,
without knowing the sensitivity nodes of
the considered system in advance.

(2) Considers system security and power
quality.

(3) Identifies capacitor plans quickly and
effectively.

(4) Successfully applied to
distribution systems.

The rest of this paper is organized as
follows. Section 2 describes a novel
formulation of the capacitor placement
problem. In section 3, we propose the
interactive fuzzy satisfying method for
multi-objective programming. Section 4
describes how to apply the interactive
method to the capacitor placement problem.
Section 5 then demonstrates the
effectiveness of the solution algorithm on a
Tai-power distribution system. Conclusions
are finally made in section 6.

large-scaled
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2. PROBLEM FORMULATION

Capacitor placement in distribution
systems involves determining the optimal
location, types, and size of the capacitors to
be installed on the buses of a radical
distribution, and the settings of capacitors at
different load levels. Meanwhile the
operation constraints for voltage profiles
and feeder load margins are included. In this
section, we formulate the capacitor
placement problem as to minimize the
amount of total cost for energy loss and
capacitors  installed, increase  system
security (feeder load margin) and improve
power quality (voltage profiles) under load
constraints.

2.1 Objective Functions

(1) Minimize the total cost for energy loss
and capacitors installed

B — N n _
Mm fl(x)zé(zzNi)XCp*' _ZlKjTj ploss,j(x) (l)
1= J=

where,

X : variable vector, each x represents
a new planning of capacitors for the
distribution.

. life duration for capacitors (years).

n; - the number of capacitors units to be
installed at bus i.

:total number of buses
distribution system.

:the purchased and installed cost for
each capacitor unit.

n. . number of load levels.

K; : energy cost per unit at load level j.

T; - time duration per year for load level

J.

Nb in the
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Pl o sjs- the total power loss for the system
at load level j

(2) Power quality

Bus voltage is one of the most important
power quality indexes,
described as follows.

which can be

Min ,(X)= mxV-10,i=1,2,...n, (2)

where v, denotes the voltage on bus i in
per unit, f, (x ) represents the maximal
deviation of bus voltage in the considered
system. Lower value of f,(x) indicates a

higher quality voltage profile.

(3) System security

From the operator's view, the system
security is the ability to support unexpected
loads and to relieve other feeders with high
loads. A simple index to assess the system
security is the margin loading of a
feeder.and a transformer. Their definitions
are described as follows.

Min f;x) =1- min{liRate—|iLoad}1i
I

iRate

=12,.n, (3)

where n~, denotes the total number of the
feeder lines, 1.,y and 1g. represent the

load current and rated current of branch i
respectively. f;(x) is the complement of the

minimum loading margin among the feeders.

Lower values of #fx) indicate higher

secure in the considered system.
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2.2 Load constraints

1 opyG -1 pigGigl P30 1 pig Gy 0
> > > > |
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Pui, YL Pri1, AL+

Fig. 1. One line diagram of a radial network.

The real and reactive power balance of
each branch is evaluated by deriving the
distribution power flow equations. These
equations are described by a set of recursive
equations. .By considering a radial network

in Fig. 1, the line impedance between bus i
and i+1is z=r+jx and load considered as

constant power sink is s =p +jg . The

capacitance of the shunt capacitor banks for
bus i is q;. The equations of real power,

reactive power, bus voltage magnitude, and
line current are described as the follows,
respectively.

p? +af

Pi = Pisa + PLiva +1 2 (4)
i

2 2

2 4 g
Gi =Gi+1 +ALi+1 — Yei+d + Xi i qu' (5)

i
2_,2 2 2y PP +f 6
Vit =Vig + 206 P +XiG) - (57 +X7) 2 (6)
i

li =i+ i (7
i = ‘/pEi+1+ (dLi+1 — dci+1) 2 (8)

‘/§Vi +1

where 1., denotes the load current of the

bus i+1 and I; represents the current flowing
from bus i.

. >
= y
Ll | ™
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3. INTERACTIVE FUZZY
SATISFYING METHOD

Consider a multiple objective problem
as the following form:

Min fi(x), i=1,2, ...,k 9)
subject to
gi(x)=0,j=1,2,., m (10)

where fi( x ) are k distinct objective
functions of the decision vector x, and
gi( x )=0 are m different constraints.
Fundamental to the multiple objective
problem is the noninferior solution.
Qualitatively, a noninferior optimal solution
of the multiple objective problems is one
where an objective function can be
improved only at the expense of another.
Noninferior optimal solutions generally
consist of an infinite number of points.
Notably, some subjective judgement by the
decision-maker should be added to the
quantitative analysis. In this section, we
propose an interactive fuzzy satisfying
method to determine the compromised or
satisfied solution of the decision-maker.

3.1 Fuzzy Membership Function

While considering the imprecise nature
of each objective function, we formulate
these objective functions as fuzzy sets. A
fuzzy set is generally represented by a
membership function . (X). The higher the
value of a membership function implies a
greater satisfaction with the solution. The
membership function consists of a lower
and upper bound value together with a
strictly monotonically decreasing and
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continuous function. Figure 2 illustrates the
graph of the possible shape of a strictly
monotonically  decreasing  membership
function. To elicit a membership function
uq(X) for each objective function fi(x ), we
first decide the individual minimum f™"(x )
and maximum f™(x) of each objective
function under given constraints. Next, a
strictly ~ monotone  decreasing  and
continuous function h;(fi(x)) is determined
which can be linear or nonlinear. For a

minimizing  problem, a membership
function is defined by
1 or—1, if, £ < (X
uﬁ(Y): hi(fi(i)) if, £ < f(x)< > (11)
0 or—0, if, f(X)< ;™
5 (X)
ﬂu
T
0 T q(X)
fimin fim a

Fig. 2. An example of membership function.

3.2 Interactive Fuzzy Satisfying Method

To generate a candidate for the
satisfying solution of the formulated
problem, the decision-maker is asked to
specify his or her expected value of the
achievement of the membership functions.
The expected value is a real number
between [0, 1] represented the level of
importance of each objective function. For
the dispatcher’s expected membership
values us, the following minimax problem
is solved to generate the optimal solution,
which is closed to his requirements.
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M i { Max L — w5 (X) ] (12)

XeS =12,
where S denotes the vector space of X, and
k represents the number of total objective
functions. Above equation reveals that the
value of the above function can be
interpreted as the overall degree of
satisfaction of the decision maker’s goals.
Now, the interactive optimization technique
can be described as follows.

stept: Input data and set the interactive
pointer, v = 0.

Determine the upper and lower bounds
for every objective function, ™" and
™ . and elicit the strictly

monotonically decreasing function to

formulate the membership functions,
u5(X) .

Step2:

Set the initial expected value of each

objective function, /E: 1, fori =1,
2,...k

Apply GA (described in the next
section) to solve the minimax problem.
Calculate the values of X, f;(X) and

Step3:

Step4:

Step5:
14 (X) , if they are satisfactory then go

to next step. Otherwise, set the
interactive pointer, v = v + 1 and

choose new expected value «, i =

1,2,...k. Then go to step 4.
Output the most satisfied feasible
solution,x , f(X) and uq(x) fori =

1,2,... k.

Step6:

4. SOLUTION ALGORITHM FOR
CAPACITOR PLACEMENT
PROBLEM

17
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In this section, we introduce how to
implement the fuzzy interactive satisfying
method to solve the capacitor placement
problem.

4.1 Mathematical model of objective
function
Three objective functions considered in
the capacitor placement  problem are

represented in fuzzy sets with the lower and
upper bounds as well as a strictly
monotonically decreasing function. The
three different objectives are to (1) minimize
the total cost for energy loss and capacitors
installed, (2) improve the power quality, and

(3) increase the system security.

Hi1(X)
A

> (%)

flm i f10.2 flm a

Fig. 3. Membership function ¢, (X).

#52(X)
A
1
0 > (%)
me i fzmax

Fig. 4. Membership function ¢, (X).

/Ufs(y)

0 > . (Xx)
f3mi f3ma

Fig. 5. Membership function z5(X).




REPBE 24(2) -

Figures 3 to 5 schematically depict these
objective functions. Table 1 lists the critical
parameters of the objective functions.

Tablel. Parameters of objective functions

Obijective function  |Parameter

£ =0.5 f1(Xo) , 4™ =3 f1(Xo) ,

122 = #(Xo)

Total cost

Power quality £ =0.05, f,"*=0.1

System security £0n =Q. 8, £.7 =1.0

Remark: 1,(xy) represents the original cost

for energy loss in the uncompensated system.

The lower and upper bounds f™" and f™*
depend on the constraints of the considered
problem, for example, let 17~ =0.1 if the bus
voltage is limited in the range (0.9-1.1p.u.).

4.2 Genetic Algorithm

GA is a search mechanism based on
the principle of nature selection and
population genetics. The required design
variables are encoded into a finite string
corresponding to chromosomes in a
biological system. Basic operations include
reproduction, crossover, and mutation,
which perform the tasks of copy strings,
exchanging position of strings as well as
changing some bits of string. Finally, the
string with the largest value of fitness
function is found and decoded from the last
pool of mature string. Since GA searches for
a population of points, not a single point, it
can arrive at the globally optimal point
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rapidly and meanwhile avoid looking at
local optimum. In addition, since it works
with a coding of parameter sets, not the
parameters themselves, it can eliminate the
analytical limitations, such as discontinuities
of search space. The GA is outlined as
follows.

stepl: Input the parameters of GA and
system data.

step2: Produce the first population of
chromosomes.

steps: Evaluate all the fitness values of
chromosomes in the population.

stepa: Reproduction.

1. In this operation, the reproduction
numbers of a chromosome is given

by
Ci

N =G[N x 1 (13)
p o
i=1

and

Ci= 1 (14)

1+m‘i1{”ﬁ ‘“fi(i)}
where N denotes the population
size,c, represents the fitness value
of chromosome i, G[x] round the
elements of x to the integers.

2. If the sum of n, is less than N, the
deficits are complemented by the
best chromosome  and its
derivations (only change some
genes randomly).

Step5: Mutation

The mutation numbers, n, are equal

to the product of N and mutation

probability,. And we mutate n

chromosomes from N populations by

changing their genes randomly.

. >
= y
Ll | ™
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Step6: Crossover.

1. The crossover number equals to the
product of (N/2) and crossover
probability (each crossover
generate two chromosomes).

2. The chromosomes unselected are
kept in the population.

Step7: Check the stop criterion. If the
optimal pattern of X  Kkeeps
unchanged after a preset iteration's
number, then output the solution.
Otherwise, go to step 3.

Remark:
(1) Coding method

In the GA operation, each chromosome
X represents a new planning of capacitors
in the distribution system. We express X
as follows.

L L L L
NEONE LN N
x= [NVONY NN N (15)
H H H H
NTONS N N

where n~- NN NP which are encoded into

binary codes are different settings of
capacitor banks installed at bus i under
different load levels L, N, H. And

OS NiL,NiN,NiH < Nimax

(16)

where is the maximum limit of

max
Nj

capacitor units installed at bus i. ( in this
paper, Nm"&=7)

(2) Decision of types, sizes and locations
of capacitors
After the optimal solution of x is
derived, the types, sizes and locations of
capacitors can be decided according to

19
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N NN NP L They are decided as following

sequence.

1. The capacitors are located at bus i if
max{ Nnt,NnN N} 0, otherwise, we
discard the location.

2. The size of capacitor installed equals
to Cap x max {n~-nNN.NT}, where

Cap is the capacitance per capacitor

unit.
3. And the type of capacitor installed can
be fixed type if N-=NN=NPO,

otherwise, assigned switching type.

(3) Operational procedure

The vector space of chromosome x
can be interpreted as the combinations of all
possible number of capacitors to be installed
at all buses under different load levels.
When the system is large, the coding of
x becomes a difficult task. In this paper, we
divide the whole system into several
subsystems according to their main feeders.
Then we can solve the capacitor placement
problem one by one, because the energy
saving of one main feeder subsystem always
contributes to the whole system energy
saving.

(4) Special GA technique

In order to prevent the solution looking
at the local solution, we place mutation
procedure before crossover and force these
mutated chromosomes crossing-over with
other ones in the populations Otherwise, the
mutated chromosome might be discarded
before reproduction (Because the fitness of
the mutated chromosome is always bad).
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4.3 Solution algorithm

The solution algorithm for the
capacitor placement problem is evaluated as
following procedures.

Stepl: llnput data and required parameters.

Step2: DDetermine  the membership

functions, u;(x) of each objective.

Step3: SSet the interactive pointer, v = 0.

Step4: SSelect the initial  expected

membership value of each objective
function, . ,fori=1,2, ...k

Step5: FFor each x , run power flow
equations and apply GA to solve the
minimax problem

Min { Max [u$ = ()1}
XeS i=12,.k

Step6: CCheck the stop criterion: if the

values of X, f(x) and u4(x), are
satisfied, then go to next step.
Otherwise, set the interactive pointer,
v =v + 1 and choose new expected
value . ,i=1,2, ...k Thengoto
step 5.

Step7: SDecide the optimal settings, types,
sizes, allocations of capacitors
according to the solution, x , and
output the total cost saving, power

quality and system security.

Notably, the decision-maker is invoked
only in step 6 and, thereafter, the sequence
is generated automatically. The expected
value (preferred degree) of an objective is
achieved by the decision-maker without
much difficulty.
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5. SIMULATION RESULTS

5.1 Hlustrative Example

Based on the proposed algorithm, a
time-sharing ~ computer ~ program s
implemented in C++ with man-machine
interactive  procedures. A 114 KV
distribution system of the Tai-Power
company is tested by the proposed method.
This system includes two transformers, ten
main feeders, 102 branches, thirteen tie
lines, and 102 buses. Fig. 6 illustrates the
network structure of the system. The
capacitors placement problem attempts to
determine the different number (0~7) of
capacitor units installed at 102 buses under
three load levels for minimizing the total
cost. Restated, the solution space contains
8% possible combinations. The searching
space is so large that most optimum
algorithms can not effectively solve the
problem. The parameters of GA and its
fitness function used in this system are
described as follows: population size: 150,
crossover probability:  0.95, mutation
probability: 0.08. And the parameters for
calculating the total cost are illustrated in
Table 2.

Table 2. Parameters for total cost

L N H
08 |10 |12

Load level

Time duration

T, (hours) 1000

6560 | 1200

Energy cost K; ($/KWH)

0.04 | 0.06 | 0.08

Cap=30 kvar/unit, Y=10years, C,=900 § /bank
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5.2 Results
) The program has been tested on a
i o B " o Pentium-CELERON 300A PC. Table 3, 4
ik I e i nk summary the results of the test case. As
1 ) S, 4 oA compared  with  the data  before
IOJ‘ﬂ 3 Nl /ﬁ . - -
M1 o o I G U BN iy reconfiguration, we can find that the total
g 0 Wy /%
2k n ¥ LA cost per year for the uncompensated system
B Tl gy Y . 5/ sA has been reduced about 32%, and the power
X % 5y RN 57/ T quality and service reliability also have been
b 0 2 5 a8 improved  after  capacitors installed
1 o B . .
AN . g w ! w0 (maximum voltage deviation is from 0.0886
I Ny N 0w N L ' 10 0.0446 p.u., and minimum load margin is
100 i 111 80, p
,oow e g e from 3 1.69% to 41.75%) .
N T N N e From this test case, these results reveal
NN 6
n AN . that the proposed method can be
8 - i e . . . .

0 - 6 : o5 implemented in practical system. In addition,
8 ¥ B gy [y the run time is reasonable for application in
- . . . . capacitor planning problem.

o
Table 3. Results of the test case.
(@) systemconfiguration Before ]
Planning After planning
b‘usi B Fus] Fn : No. of feeder Total cost 189076.95 128384.61
" ) Bn : No. of breaker ($/year)
i ‘ D: Breaker_ Cost reduced 32 099%
(b) switch location _: Feeder line (%)
...... : Tie line Max. of deviation
n : No. of tie switch of bus voltage (pu) 0.088656 0.044619
e Min of the margin
o loading ~ among|  31.69% 41.74%
(c) tie_switch location feeders (%)
CPU time (sec) 750
21
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Table 4 Optimal Capacitor planning
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BUS59--(0, 0, 0)

Bus Num. Setting Type Cap. Bus Num. Setting Type Cap
(LN H) (kvar) (LN H) (kvar)
F1-- (0,0, 0) F6-- (0, 0, 0)
BUS1----(3,5, 5) S 150 BUS6--- (1, 1, 0) S 30
BUS11-- (6,7, 7) S 210 BUS60-- (5, 5, 5) F 150
BUS12-- (7,7, 7) F 210 BUS61-- (7,7, 7) F 210
BUS13-- (7,7,7) F 210 BUS62-- (3,5, 5) S 150
BUS14-- (7,7, 7) F 210 BUS63-- (7,7, 7) F 210
BUS15-- (7,7, 7) F 210 BUS64-- (5, 6, 6) S 180
BUS16-- (7,7, 7) F 210 BUS65-- (0, 1, 0) S 30
BUS17--(7,7,7) F 210 BUS66-- (0, 0, 0)
BUS18-- (0, 0, 0) BUS67-- (5, 6, 5) S 180
BUS19-- (0, 0, 0) BUS68-- (7,7, 7) F 210
BUS20-- (2, 4, 3) S 120 BUS69-- (0, 1, 1) S 30
BUS21-- (2, 2, 0) S 60 BUS70-- (0, 0, 0)
BUS22-- (5, 6, 6) S 180 F7-- (0,0, 0)
BUS23-- (5,7, 7) S 210 BUS7--- (0, 0, 0)
BUS24-- (0, 0, 0) BUS71-- (1,1, 1) F 30
F2--(0,1,1) S 30 BUS72-- (4, 4, 2) S 120
BUS2--- (0, 0, 0) BUS73-- (1,1, 1) F 30
BUS25-- (0, 0, 0) BUS74-- (0, 0, 0)
BUS26-- (2,0, 2) S 60 BUS75-- (0, 0, 0)
BUS27-- (1,1, 1) F 30 BUS76-- (0, 0, 0)
BUS28-- (2, 3, 3) S 90 BUS77-- (0, 0, 0)
BUS29-- (0, 0, 0) BUS78-- (0, 0, 0)
BUS30-- (0, 0, 0) BUS79-- (1,1, 1) F 30
BUS31-- (0, 0, 0) BUS80-- (0, 0, 0)
BUS32-- (0, 0, 0) F8-- (0,0, 0)
BUS33-- (0, 0, 0) BUS8---(0, 0, 0)
BUS34-- (0, 0, 0) BUS81-- (0, 0, 0)
BUS35-- (0, 0, 0) BUS82-- (1,1, 1) F 30
BUS36-- (0, 0, 0) BUS83-- (0, 0, 0)
F3--(0,0,0) BUS84-- (1,1, 1) F 30
BUS3--- (0, 0, 0) BUS85-- (0, 0, 0)
BUS37--(0, 0, 0) BUS86-- (0, 0, 0)
BUS38--(2, 2, 1) S 60 F9-- (0,0, 0)
BUS39--(0, 0, 0) BUS9---(2,2,1) S 60
BUS40--(0, 0, 0) BUS87-- (7,7, 7) F 210
BUS41--(0, 0, 0) BUS88-- (7,7, 7) F 210
BUS42--(0, 0, 0) BUS89-- (0, 0, 0)
F4--(0, 0, 0) BUS90-- (5,7, 7) S 210
BUS4---(1,1,1) F 30 BUS91-- (7,7,7) F 210
BUS43- (7,7, 7) F 210 BUS92-- (7,7, 7) F 210
BUS44- (5, 5, 5) F 150 BUS93-- (7,7,7) F 210
BUS45- (7,7, 7) F 210 BUS94-- (0, 0, 0)
BUS46- (7,7, 7) F 210 BUS95-- (7,7, 7) F 210
BUS47- (7,7, 7) F 210 BUS96-- (0, 0, 0)
BUS48- (7,7, 7) F 210 BUS97-- (0, 0, 0)
BUS49- (0, 0, 0) F10- (0,0, 0)
BUS50- (0, 0, 0) BUS10-- (1, 1, 0) S 30
BUS51- (0, 0, 0) BUS98-- (0, 0, 0)
BUS52- (6, 7, 7) S 210 BUS99-- (0, 0, 0)
BUS53- (0, 0, 0) BUS100- (0, 0, 0)
BUS54- (5, 6, 6) S 180 BUS101- (3, 3, 3) F 90
F5-(1,0,1) S 30 BUS102- (0, 0, 0)
BUS5---(0, 0, 0)
BUS55--(0, 0, 0)
BUS56--(0, 0, 0) ---- UNINSTALLED
BUS57--(1, 1, 0) S 30 F: FIXED
BUS58--(0, 0, 0) S: SWITCHED

22

Ul



ERARRNEM R R ERREERRPE

6. CONCLUSIONS

This study presents an interactive
fuzzy satisfying method for multi-objective
programming to solve the capacitor
placement problem in a distribution system.
Three different objectives considered herein
are to minimize the amount of total cost for
energy loss and capacitors installed, as well
as increase system security and improve
power quality. Owing to the multi-path
search ability of GA to solve the problem
with  nonlinear and non-differentiable
objective  functions, this investigation
applies GA to our solution algorithm to
derive the optimal solution. Finally, the
proposed method has been implemented and
tested on practical distribution system of
Tai-Power. Based on the test results, we
conclude the following:

1. For the tested system with a large search
space, the proposed method can obtain
the optimal solution rapidly and
accurately;

2. By using the interactive fuzzy satisfying
method, the dispatcher can obtain the
most  satisfactory  solution  among
multiple objectives; and

3. The proposed solution algorithm can
obtain the capacitor planning efficiently
under different load levels.
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