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Abstract—A novel population-based optimization algorithm for 
solving a reactive power handling problem is proposed. The 
algorithm mimics the interaction between the teacher and 
students. The searching process is broken down in two parts: the 
Teacher Phase and the Learner Phase. This paper proposes a 
multi-objective teaching learning algorithm based on 
decomposition (MOTLA/D). The proposed method is validated 
on a 190-buses test system, and it is compared with respect to a 
decomposition-based multi- objective evolutionary algorithm 
(MOEA/D), which represents a state-of-the-art algorithm. 

Index Terms-- Optimization, Reactive power, Power system 
planning. 

I. INTRODUCTION 
The optimal reactive power problem (ORP) is a nonlinear, 

non-convex, over-determined system, a large-scale 
optimization problem with both continuous and discrete 
variables; additionally, its high dimensionality becomes a 
major difficulty. This problem is quite important for power 
system security. In this paper, the basic objective is to estimate 
proper adjustments on the control variables, such as generator 
voltages and transformer taps that help to maintain an 
acceptable voltage profile and minimize the reactive power 
losses. Thus, an optimal formulation that contributes to attain 
these purposes becomes appropriate. In general, it may include 
several objective functions, possibly in conflict among them. 

Such kind of optimization problem has a set of optimal 
solutions (named Pareto optimal set), which represent a 
tradeoff among the objectives [1]. Several optimization 
techniques have been presented to solve such reactive 
optimization problem. Two major approaches may be 
identified [2]: 

The first approach is based on the use of evolutionary 
algorithms such as the Differential Evolution (DE) [3], the 
Nondominated Sorting Genetic Algorithm II (NSGA-II) [4], 
the Particle Swarm Optimization (PSO) [5], an Improved 
Hybrid Evolutionary Programming Technique [6], and the 
Artificial Bee Colony Algorithm (ABC) [7]. 

The second approach is based on conventional methods. 
They include the Non-Linear Programming (NLP), Quadratic 
Programming (QP), Linear Programming (LP) and Interior 
Point Methods [8-12], the Weighting Method [13], and the -
Constraints Method [14]. Due to difficulties of 
differentiability, non-linearity, and non-convexity, these 
methods do not guarantee to reach the global optimum [15]. 

In this paper, a multi-objective teaching learning algorithm 
based on decomposition (MOTLA/D) for reactive power 
handling is proposed. In order to minimize the reactive power 
losses and a voltage stability index [19], the proposed 
algorithm estimates the following optimal values: (i) generator 
voltage magnitudes; (ii) transformer tap settings. The 
effectiveness of the proposed approach is demonstrated and 
compared with respect to a multi-objective evolutionary 
algorithm based on decomposition (MOEA/D) [16], which is 
representative of the state-of-the-art on the subject; both 
methods are tested on a 190-buses power system, which 
represents an equivalent of the Mexican electrical grid [20-
21]. 

II. MULTI-OBJECTIVE OPTIMIZATION 
A multi-objective optimization problem (MOP) may be 

formulated as follows: 

1min ( ) { ( ),..., ( )}
subject to  = 

kF x f x f x

x

h(x) 0
g(x) 0

           (1) 

where x is the vector of decision variables, h(x) and g(x) 
represent equality and inequality constraints, respectively, 
while  is the feasible region within the decision space. 

: kF  is defined as the mapping of k objective 
functions. 

The original teaching learning based optimization (TLBO) 
algorithm was proposed by Rao et al. [17] to obtain global 
solutions for continuous non-linear functions. In optimization 
algorithms, the population consists of different design 
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variables. In TLBO, the design variables are analogous to 
different subjects offered to learners. The learners' grade is 
analogous to the 'fitness' as in any other evolutionary 
algorithm, and the teacher is considered to be the best solution 
obtained so far [17]. Hence, the performance of TLBO is 
based on two main steps: the teacher phase, which involves 
learning from the teacher, and the learner phase, which 
involves learning through the interaction among learners. 

III. MULTI-OBJECTIVE TEACHING LEARNING BASED ON 
DECOMPOSITION 

The proposed Multi-Objective Teaching Learning 
Algorithm based on Decomposition (MOTLA/D) utilizes the 
Tchebycheff approach to decompose the MOP into N scalar 
optimization sub-problems. In this approach, the scalar 
optimization problem can be stated as [18]: 

* *

{1,.., }
Minimize , max ( )
Subject to

i i ii k
g x w z w f x z
x

          (2) 

where 1,..., kw w w  is a weighting vector and 0iw  for all 

1,...,i k , 1
1k

ii
w ; * * *

1 ,..., kz z z  represents the 

reference point, i.e., * min ( )i iz f x x , for 1,...,i k . 

For each Pareto optimal solution *x  there exists a weighting 
vector w such that *x  is the optimal solution of (2), and each 
optimal solution is a Pareto optimal solution for (1). 
Therefore, it is possible to obtain different Pareto optimal 
solutions using different weighting vectors w [16]. 

Let w1,...,wN be a set of even spread weighting vectors and 
z* be the reference point. Hence, using eq. (2) the objective 
function of the j-th sub-problem becomes 

* *

{1,.., }
( , ) max { ( ) }j j

i i ii k
g x w z w f x z , with 1{ ,..., }j j j

kw w w  

and j = 1,…, N. The proposed approach looks for the 
sequential minimization of these sub-problems. Similar to 
MOEA/D [16], neighborhood relationships among these sub-
problems are defined by computing Euclidean distances 
among weighting vectors. A neighborhood to the weighting 
vector jw  is defined as a set of its closest weighting vectors 
in 1{ ,..., }Nw w . 

In MOTLA/D, for the j-th sub-problem, the size of the 
neighborhood becomes the number of learners in the class. 
This class can be expressed as, 

DTTT

D

D

jth

sizesizesize
xxx

xxx
xxx

C

,2,1,

,22,21,2

,12,11,1

            (3) 

where the subscript D is the number of design variables, and 
Tsize is the size of the neighborhood T. Tsize is the main 
control parameter in MOTLA/D. If Tsize is too small, the 
algorithm lacks the ability to explore new regions in the 
searching space. On the other hand, if Tsize is too large, the 
exploitation ability of the algorithm is weakened. 

Within the teacher phase, the mean of the class (Mclass) 
for each design variable is evaluated, 

1 2[ , ,..., ]class DM m m m                  (4) 

The teacher (Mnew) for the j-th sub-problem represents the 
best learner of the class Cjth. Thus, the teacher is determined 
by, 

*{ min ( , )}
j

j
new j jx T

M x g x w z              (5) 

The solutions are updated according to the difference 
between the mean of the class (Mclass) and the new mean 
(Mnew) by, 

                  , , , ,( )newT i j i i new i F class ix x r M T M  (6) 

where index j corresponds to the current index of j-th sub-
problem, ri is a random number within the range [0, 1]. TF is 
the teaching factor. It may be either 1 or 2, which is decided 
randomly with uniform probability as TF = round [1 + rand 
(0, 1)]. 

The learner phase generates a new solution ( newLx ) by 
randomly selecting another learner xi, such that i  j. This can 
be expressed by, 

 ( ) ( )
( )

( )

j i

newL j i j i

newL j i i j

if f x f x
x x r x x

else
x x r x x

end

          (7) 

MOTLA/D generates one offspring by the recombination 
of the solutions generated by both phases: the teacher phase 
and the learner phase. Particularly, the algorithm of 
MOTLA/D crosses each vector as follows: 

, ,

, ,

or 1
0.5

new i newT i

new i newL i

f i to D
if rand

x x
else

x x
end if

end for

          (8) 

Crossover is performed for each of the D variables. 
Additionally, a polynomial mutation operator is applied to 
maintain the solutions’ diversity. The operator uses the 
polynomial distribution, 

 

1
1

1
1

(2 ) 1,

1 [2(1 )] , 0.5

i i
i

i i

r if r

r if r

          (9) 

where ri is a uniformly distributed random number in the 
range [0, 1], and  is a mutation distribution index. The 
mutated element is given by, 

    , , , ,new i new i ub i lb i ix x x x                (10) 

where ,lb ix  and ,ub ix  are the lower and upper limits for the i-
th decision variable, respectively. If one or more variables 
within the new solution (xnew) lies outside , the i-th value of 
xnew is reset as follows: 



, , ,
,

, , ,

,
,

lb i new i lb i
new i

ub i new i ub i

x if x x
x

x if x x
             (11) 

The new solution (xnew) is accepted if it improves the function 
value and replaces the old solution (xj). 

The procedure for the implementation of MOTLA/D may 
be summarized as follows. 

A) Initialization 

A.1) Set t = 0 and generate a well-distributed set of N 
weighting vectors 1( ,..., )j j j

kw w w , j = 1,.., N. 

A.2) Compute the Euclidian distances between any 
two weighting vectors in order to define the 
neighborhood T for each vector. 

A.3) Generate an initial population of N points 
1 ,..., Nx x  and evaluate its individuals F(x1), .., F(xN). 

A.4) Initialize the reference point *z . * * *
1 ,..., kz z z  

where * min ( )i iz f x x , for 1,...,i k . 

B) Teaching-learning scheme 

For j = 1 to N do 

B.1) Generate a solution xnewT from the teacher phase       
according to (6). Then, generate a solution xnewL from 
the learner phase according to (7). 

B.3) Crosses solution xnewT and xnewL in order to 
generate a new solution xnew according to (8). Then, 
perform a mutation operator (10). If an element of xnew 
lies outside , its value is reset according to (11).  

B.4) Update the reference point *z : *
i new iif f x z  

then * ( )i i newz f x  for each i =1,.., k. 

B.5) Update the population: 
* *( , ) ( , )j j

new jif g x w z g x w z , then j newx x and 
( ) ( )j newF x F x . 

C) Stopping Criterion: If t < Ngen (number of generations), 
then t = t + 1 and go to Step B. Otherwise, stop MOTLA/D 
and report as the output of the algorithm: 1,..., Nx x  and 

1( ),..., ( )NF x F x . 

The major computational burden lies on Step B, where 
MOTLA/D generates N new solutions. Step B.1 just 
randomly picks two solutions for the learner phase. Step B.4 
performs O(k) comparisons and assignments, where k is the 
number of objectives. Step B.5 requires O(kTsize) basic 
operations since its major cost are to compute the value of 

*( , )g x w z  for Tsize solutions; the computation of such value 
requires O(k) basic operations. Therefore, the computational 
complexity of step B is O(kNTsize). 

IV. FORMULATION 
In this paper, a reactive power system problem is 

approached, which may be stated as an optimization problem 
where two objective functions are minimized, while 
satisfying a number of equality and inequality constraints. 
The following objective functions are minimized: (i) the 
reactive power losses; and (ii) the voltage stability index [19]. 

A. Objective functions 
A.1 Reactive power losses 

One important issue in power transmission is the high 
reactive power losses on the highly loaded lines, with the 
consequent transmission capacity reduction. Therefore, the 
reactive power losses minimization is selected as one 
objective function. Losses are evaluated by the following 
expression, 

Losses for a single line 
2

2
, 2

( )| | ei ri
VAR i i i i

i

V V
Q X I X

X
           (12) 

where Vei and Vri are the sending and receiving voltages, 
respectively; Xi is the line reactance; Ii is the current through 
the transmission line. 

Objective function for the power system losses: 

,1
nl

Loss VAR iiR Q           (13) 
where nl is the number of lines. Reducing the reactive power 
losses enables more active power to be transferred over a 
single line. 

 
A.2 Voltage stability index 

A conventional way for the voltage stability assessment is 
the use of indexes, which estimate the proximity to the 
voltage instability and determine those buses exhibiting weak 
stability. 

There is a variety of indexes that help to assess the steady 
state voltage stability. In this case, the voltage stability index 
Lindex is used [19]. This index is able to evaluate the steady 
state voltage stability margin of each bus. The Lindex value lies 
between zero (no load) and one (voltage collapse). This value 
implicitly includes the load effect. The bus with the highest 
Lindex value will be the most vulnerable, and therefore, this 
method helps to identify weak areas that require a critical 
support of reactive power. The Lindex is calculated in the 
following way [19]. 

For the j-th load bus, the voltage stability index is defined 
by [19], 

1
ji i

j
j

Gi F V
L

V
         (14) 

where ( G ) represents the set of generator buses; Fji is a term 
evaluated through the partial inversion of the admittance 
matrix Ybus [19]; V represents complex voltages. For stable 
conditions, 0 1jL  must not be violated for any j. Hence, 



a global indicator Lindex describing the whole system’s 
stability is defined by [19], 

      
max jLjindexL L        (15) 

where ( L ) is the set of load buses. Pragmatically, Lindex must 
be lower than a given threshold value. The predetermined 
threshold value is specified depending on the system 
configuration and on the utility policy regarding service 
quality and allowable margin. Thus, the Lindex in (15) is 
associated with the worst bus in the sense of voltage stability. 
The minimization of Lindex implies to move such bus toward a 
less stressed condition. 

B. Constraints 
B.1 Equality constraints 

The equality constraints are the balance of the active and 
reactive power described by the set of power flow equations. 
They may be expressed as follows, 

1
cos( ) 0bN

gi di i j ij i j ijj
P P V V Y         (16) 

1
sin( ) 0bN

gi di i j ij i j ijj
Q Q V V Y         (17) 

where, Nb is the number of buses, Pgi is the i-th active power 
generation, Qgi is the i-th reactive power generation, Pdi is the 
i-th active power load, Qdi is the i-th reactive power load, and 
|Yij| is the ij-th element of the admittance matrix. These 
equality constraints are handled by running the power flow 
program. 

B.2 Inequality constraints 
The following inequality constraints are taken into 

account: (i) generators’ voltage (Vg), active power (Pg), and 
reactive power (Qg); (ii) Transformer’s tap position.

In this paper, to test the algorithms, the generator voltages 
are allowed to vary within the interval [0.95, 1.05]. Actually, 
both limits will depend on the operating point, reactive power 
availability, tap positions, etc., thus, this interval may be 
modified. The active/reactive minimization losses tend to 
take the voltages to the upper limits. If actually this fact leads 
to inconveniences (as insulations’ stress), as mentioned 
above, one alternative could be to limit the generator voltage 
upper bound. 

C. Decision variables 
The decision variables include the generator voltages VG, 

and the tap ratio of transformers (T), 

             1 1[ ,..., , ,..., ]
Ng tg g Nx V V T T  (18) 

It is worth noting that the decision variables are self-
constrained by the optimization algorithm. 

D. Case of study 
This paper compares the effectiveness and performance of 

the proposed algorithm respect to the MOEA/D. Both 
MOTLA/D and MOEA/D have been applied to an equivalent 
of the Mexican electrical grid; this system consists of 190-
buses, 260-lines, and 46-generating units. The system model 
and data are summarized in [20-21]. 

E. Performance measures 
In order to assess the algorithms’ performance, two 

indicators are utilized. 

E.1 Coverage of two sets 
This performance measure was proposed by Zitzler et al. 

[22]. It compares two sets of non-dominated solutions (A, B) 
and outputs the percentage of individuals in one set 
dominated by the individuals of the other set. This 
performance measure is defined as, 

B

BaAaBb
BAC

}:{
),(         (19) 

The value C(A,B) = 1 means that all points in B are 
dominated by or equal to all points in A. The opposite, C(A,B) 
= 0 represents the situation when none of the solutions in B 
are covered by the set A. Note that both C(A,B) and C(B,A) 
have to be considered, since C(A,B) is not necessarily equal 
to 1 ( , )C B A . When C(A,B) = 1 and C(B,A) = 0 then, we say 
that the solutions in A completely dominate the solutions in B 
(i.e., this is the best possible performance for A). 

E.2 Spacing 
This performance measure was proposed by Schott [23], 

and it quantifies the spread of solutions (i.e., how uniformly 
distributed the solutions are) along a Pareto front 
approximation. This performance measure is defined by, 

2

1

1
1

n

i
i

S d d
n

         (20) 

where n is the number of non-dominated solutions, 

1,
min k i j

i m mmi i j
d f f  , i, j = 1,2,..,n, where k denotes the 

number of objectives, and 1

n
ii

d
d

n
. A value of zero 

implies that all solutions are uniformly spread (i.e., the best 
possible performance). 

V. RESULTS 
An equivalent of the Mexican electrical grid is used for 

testing the algorithms. In this study, 20 independent runs 
were performed by each algorithm. 

The control parameter settings utilized by the MOTLA/D 
and MOEA/D are summarized in Table I, where Tsize defines 
the neighborhood size, Npop is the population size,  indicates 
the distribution index used in the polynomial mutation, Fs is 
an algorithm’s parameter representing the amount of 
perturbation added to the main parent, Pc is the crossover rate, 
and it determines the quantity of elements to be exchanged by 
the crossover operator, and Pm=1/n is the mutation rate, 
where n is the number of decision variables of the problem. It 
indicates the probability that each variable has of being 
changed. It is worth mentioning that the stop condition of 
each algorithm is the number of generations (Ngen). 

 
 



TABLE 1 PARAMETER SETTINGS FOR MOTLA/D AND MOEA/D 

Parameters MOTLA/D MOEA/D 
Npop 100 100 
Ngen 50 50 
Tsize 30 30 

 20 20 
Fs - 0.5 
Pc 0.5 1 
Pm 1/n 1/n 

The optimal results for the reactive power losses (Rloss) 
and voltage stability index (Lindex) obtained by both 
algorithms are summarized in Table II. This Table indicates 
that the proposed MOTLA/D estimates Rloss = 64.78 p.u and 
Lindex = 0.4926, this means that MOTLA/D reaches a 16.74% 
reduction in losses and a 12.19% reduction in Lindex. 
Meanwhile, the MOEA/D algorithm attains Rloss = 69.72 p.u 
and Lindex = 0.5118. This means a 10.39% reduction in losses 
and 8.77% reduction in Lindex with respect to the base case. 

TABLE II: SUMMARY OF MAIN RESULTS 

Objective functions Base Case MOTLA/D MOEA/D
Rloss 77.81 p.u 64.78 p.u 69.72 
Lindex 0.561 0.4926 0.5118 

TABLE III: OPTIMAL VOLTAGES 

Variables MOTLA/D MOEA/D 
Vg1(p.u) 1.05 1.0016 
Vg2(p.u) 1.05 0.9766 
Vg3(p.u)  1.0374 0.9534 
Vg4(p.u)  1.05 1.0076 
Vg5(p.u) 1.05 1.05 
Vg6(p.u) 1.05 0.95 
Vg7(p.u) 1.05 0.9534 
Vg8(p.u) 1.05 1.05 
Vg9(p.u) 0.9836 1.0299 
Vg10(p.u) 0.9667 1.0385 

TABLE IV: OPTIMAL TAP POSITION 

Sending Bus Receiving Bus MOTLA/D MOEA/D
53 54 1.05 1.05 
59 60 1.05 1.0484 
64 65 1.05 1.0496 
64 66 1.0474 1.0469 
84 85 1.05 1.0403 
86 87 1.05 1.0403 
78 88 0.9524 1.0209 
89 90 1.05 1.0388 
92 93 1.05 1.0453 
98 100 1.027 0.9586 

Table III, shows the optimal values of some generators' 
voltages from the optimal solutions obtained by the 
algorithms. Likewise, Table IV indicates the tap-position for 
some transformers with one-line tap changers. It means that 
moving the corresponding elements toward the optimal 
values specified in the Tables, the power system will attain an 
improved operating condition, more secure, economical, and 
efficient. For the sake of brevity not all voltage generators 
and taps’ positions were included in Tables III and IV. The 
one-line diagram is depicted in reference [21]. 

The Pareto fronts obtained by MOTLA/D and MOEA/D 
are shown in Figure. 1. These figures represent the best case, 
according to the performance measures defined in (19) and 
(20). It can be observed from Figure 1 that MOTLA/D 
obtained better convergence as well spread solution over the 
decision space than the MOEA/D algorithm. 
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Figure 1. Pareto Front obtained by the algorithms 

The MOTLA/D and the MOEA/D were evaluated using 
the two performance measures previously described. The 
results are summarized in Tables V and VI. Each of these 
Tables presents the average of each performance measure. 
The best results are displayed in boldface. 

As noticed in Table V and VI, the proposed approach 
(MOTLA/D) outperformed MOEA/D regarding the Coverage 
of two sets. This indicates that our proposed approach 
produces more solutions that dominate the solutions produced 
by MOEA/D. Regarding Spacing, MOEA/D attains relatively 
better results. However, since convergence has precedence 
over spread, we can conclude that our proposed MOTLA/D 
outperformed MOEA/D in the analyzed case of study. 

TABLE V: COVERAGE OF TWO SETS (C) PERFORMANCE MEASURE 

TEST C(MOTLA/D,MOEA/D) C(MOEA/D,MOTLA/D)
Average Average 

Mexican Grid 0.58 0.207 

 

 



TABLE VI: SPACING PERFORMANCE MEASURE 

TEST MOTLA/D MOEA/D 
Average Average 

Mexican Grid 0.01762 0.0099 
 

CONCLUSIONS 
This paper presented a multi-objective teaching learning 

algorithm based on decomposition (MOTLA/D) for solving a 
reactive power system problem. The effectiveness and 
performance of MOTLA/D was compared with respect to the 
MOEA/D, which represents a state-of-the-art algorithm. These 
two approaches were applied over an equivalent of the 
Mexican electrical grid. The results indicated that the 
proposed algorithm was able to obtain better solutions than 
MOEA/D. Therefore, MOTLA/D is able to achieve an optimal 
handling of reactive power by optimizing the reactive power 
losses and the voltage stability index. Thus, it may be 
concluded that the proposed algorithm may be a reliable 
choice for power systems applications. 

REFERENCES 
[1] W. Stadler. Multicriteria Optimization in Engineering and the 

Sciences. (Plenum Press. New York, 1st Edition,1988). 
[2] Carlos A. Coello Coello, “A short tutorial on evolutionary 

multiobjective optimization.” E. Zitzler et al. (Eds.): EMO 2001, 
LNCS 1993, pp. 21-40, 2001, Springer-Verlag Berlin Heidelberg. 

[3] A.A. Abou El Ela, M.A. Abido, S.R. Spea, “Optimal power flow using 
differential evolution algorithm”. Electrical Engineering. Vol. 91, No. 
2, pp. 69-78, 2009. 

[4] N. Srinivas, and K. Deb. Multiple Objective Optimization Using 
Nondominated Sorting in Genetic Algorithms. Evolutionary 
Computation, vol. 2 (3), pp. 221-248, 1994. 

[5] Abido, M. A.,”Optimal power flow using particle swarm 
optimization”. International Journal of Electrical Power and Energy 
systems, vol. 24, no. 7, pp. 563-571, 2002. 

[6] W. Yan, S. Lu, and D. C. Yu, "A Novel Optimal Reactive Power 
Dispatch Method Based on an Improved Hybrid Evolutionary 
Programming Technique," Power Systems, IEEE Transactions on, 
vol.19, no.2, pp. 913- 918, May 2004. 

[7] C. Sumpavakup, I. Srikun and S. Chusabapiputt, "A solution to the 
Optimal Power Flow Using Artificial Bee Colony Algorithm," 
International Conference on Power System Technology, pp. 1-5, 
October 2010. 

[8] H.W. Dommel, and W.F. Tinny, “Optimal Power Flow Solutions,” 
IEEE Trans. on Power Apparatus and Systems, PAS- 87, pp 1866-
1876, 1968. 

[9] K.Y. Lee, Y.M. Park, and J.L Ortiz, “A United Approach to Optimal 
Real and Reactive Power Dispatch”. IEEE Trans. On Power 
Apparatus and Systems, PAS-104, pp.1147-1153, 1985. 

[10] S. Granville, “Optimal reactive power dispatch through interior point 
methods,” IEEE Trans. on Power Systems, vol.9, no.1, pp.136-146, 
Feb. 1994. 

[11] G.R.M. da Costa, “Optimal reactive dispatch through primal- Dual 
method,” IEEE Trans. on Power Systems, vol.12, no.2, pp 669-674, 
May 1997. 

[12] M. O. Mansour, and T. M. Abdel-Rahman, "Non-linear VAR 
Optimization using Decomposition and Coordination," IEEE Trans. 
Power Apparat. Systems, PAS-103, no. 2, pp. 246-255, 1984. 

[13] I.P. Abril, and J.A.G. Quintero, "VAr compensation by sequential 
quadratic programming," Power Systems, IEEE Transactions on, 
vol.18, no.1, pp. 36- 41, Feb 2003. 

[14] Y. T. Hsiao, H. D. Chiang, C. C. Liu, and Y. L. Chen, "A Computer 
Package for Optimal Multiobjective VAR Planning in Large Scale 
Power Systems", IEEE Trans. Power Systems, vol. 9, no. 2, pp. 668-
676, May 1994. 

[15] S. Ramesh, S. Kannan, and S. Baskar, "Multi-objective evolutionary 
algorithm based Reactive Power Dispatch with thyristor controlled 
series compensator," in Power Electronics, Drives and Energy 
Systems (PEDES) & 2010 Power India, 2010 Joint International 
Conference on, pp.1-7, 20-23 Dec. 2010. 

[16] H.  Li and Q. Zhang, “Multiobjective Optimization Problems with 
Complicated Pareto Sets, MOEA/D and NSGA-II”, IEEE Trans on 
Evolutionary Computation, vol. 13, no. 2, April 2009. 

[17] R. V. Rao, V. J. Savsani, and D. P. Vakharia, “Teaching-learning based 
optimization: A novel method for constrained mechanical design 
optimization problems”, Computer-Aided Design, vol. 43, no. 3, pp. 
303-315, Mar. 2011. 

[18] K. Miettinen. “Nonlinear Multiobjective Optimization”. Kluwer 
Academic Publishers, Boston. Massachuisetts, 1999. 

[19] P. Kessel, and H. Glavitsch, "Estimating the Voltage Stability of a 
Power System," IEEE Transactions on Power Delivery, vol.1, no.3, 
pp.346-354, July 1986. 

[20]  A. R., Messina, J. M., Ramirez,J. M., Cañedo, ‘An investigation on the 
use of power system stabilizers for damping inter-area oscillations in 
longitudinal power systems,’ IEEE Trans. Power Syst., vol 13, no. 2, 
pp. 552-559, 1998 

[21] Juan M. Ramirez, Rosa E. Correa, Diana C. Hernández, “A strategy to 
simultaneously tune power system stabilizers.” International Journal of 
Electrical Power and Energy Systems 43 (2012), pp. 818-829. DOI 
information: 10.1016/j.ijepes.2012.06.025. 

[22] E. Zitzler, K. Deb, and L. Thiele. “Comparison of Multiobjective 
Evolutionary Algorithm: Empirical Results”. Evolutionary 
computation, vol. 8, no.2, pp. 173-195, summer 2000. 

[23] J. R. Schott. “Fault Tolerant Design Using Single and Multicriteria 
Genetic Algorithm Optimization”. Master Thesis, Department of 
Aeronautics and Astronautics, Massachusetts Institute of Technology. 
May 1995. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


