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Abstract- This paper proposes an improved version of
Monkey Algorithm (IMA) to simultaneous coordinated
tuning of two power system stabilizers (PSSs) in a power
system. A conventional lead-lag structure is considered
for the controllers where the parameters of two PSSs are
determined simultaneously by IMA. The numerical
results are presented on a two-area 4-machine system to
illustrate the feasibility of the IMA. To show the
effectiveness of the designed controllers, a three phase
fault is applied at a bus. The simulation study shows that
the designed controller by IMA performs well in damping
of oscillations.

associated with the standard MA. The improved version
of MA (IMA) with an eigenvalue-based objective
function is used to simultaneous coordinated design of
two PSSs and the results obtained are compared with
those obtained by the MA.
The paper is organized as follows: to make a proper
background, the basic concept of the monkey algorithm is
briefly explained in Section II followed by the
descriptions of the proposed IMA. The optimization
problem is formulated in Section III. The results obtained
by IMA and MA in a study system are given in Section
IV and some conclusions are drawn in Section V.

Keywords: Monkey Algorithm, Low Frequency
Oscillations, Power System Stabilizer, Dynamic Stability.

II. MONKEY ALGORITHM
This algorithm is inspired from the mountainclimbing processes of monkeys where the monkeys look
for the highest mountain by climbing up from their
positions. When each monkey gets to the top of the
mountain, it looks around to find out whether there are
higher mountains around or not. If yes, it will jump
toward the mountain from the current position and then
repeat the climbing until it reaches the top of the higher
mountain. The MA is based on three main process
namely as climb process, watch-jump process and
somersault process. In the following the monkey
algorithm and the proposed modified one are explained.

I. INTRODUCTION
It is well known that the power system stabilizers
(PSSs) improves the stability of power systems through
damping of low frequency modes [1-2] where several
approaches such as pole-placement, optimal control,
adaptive control, variable structure control [3-8] is used
to PSS design problem.
Since, power system utilities prefer the conventional
lead-lag power system stabilizer structure; heuristic
algorithms are applied as efficient tools for optimal
design of PSS to find the parameters of lead-lag
controller. The authors in [9] presented an
implementation using an evolutionary programming to
look for the PSSs parameter. Genetic algorithm was used
to optimal design of PSSs in [10]. In [11-12], simulated
annealing and particle swarm optimization was used to
design PSSs. In [13], neural network was used to design
PSSs. Fuzzy theory and evolutionary algorithm was used
to solve the problem in [14]. Different versions of IA are
used in [15-18] to design controller to damp oscillations.
Also the ability of the artificial bee colony and PSO
algorithm were investigated in [19-20]. Also, different
approaches are reported in [21-23] for designing PSSs to
damp oscillations.
This paper uses MA as an alternative approach to
design PSS. Since there are some difficulties with
standard MA and cannot converge properly, in this paper
a modification is proposed to overcome the difficulties

A. Standard Monkey Algorithm
In general, the MA works as follows [24]:
Step 1. Define the population size of monkeys (M), the
climb number (Nc), the objective function and the
decision variables. Input the system parameters and the
boundaries of the decision variables. The optimization
problem can be defined as:
f ( x)
subject
to
minimize
x jL ≤ x j ≤ x jU ,
( j = 1, 2,..., n) where x jL and x jU are the lower and

upper bounds for decision variables.
Step 2. Initialize a feasible position for each monkey,
where the position of ith monkey is denoted as a vector
with n dimension:
xi = ( xi1 , xi 2 ,..., xin ) ,
i = 1, 2,..., M
(1)
Step 3. Climb process. Climb process is a step by step
procedure to change the monkeys' positions from the
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6-3. If y = ( y1 , y2 ,..., yn ) is feasible then x will be
replaced by y, otherwise, repeat 6-1, 6-3 until a feasible y
is found.
Step 7. Repeat steps 3-6 until the stopping criterion
(maximum number of iteration) is met.
By the above description, the principle of MA can be
summarized in Figure 1.

initial positions to new ones that makes an improvement
in the objective function. The climb process is as follows:
3-1. A vector is generated randomly as:
Δxi = (Δxi1 , Δxi 2 ,..., Δxin ) , i = 1, 2,..., M
(2)
where
p (+ a ) = 0.5
⎧+ a
(3)
Δxij = ⎨
p (− a ) = 0.5
⎩−a
in which a is called the step length of the climb process.
3.2. Calculate the pseudo- gradient of the objective
function f at point xi.
f ( xi + Δxi ) − f ( xi − Δxi )
(4)
fij' =
, j = 1, 2,..., n
2Δxij

fij'

=

( fi1' ( xi ), fi'2 ( xi ),..., fin' ( xi ))

3.3. Define parameter y = ( y1 , y2 ,..., yn )
calculated as follows:
yi = xij + a.sign( fij' ( xi )) , j = 1, 2,..., n

Start

Initialization

(5)
which is

Climb process

(6)

If y = ( y1 , y2 ,..., yn ) is feasible, then xi is replaced by y,
otherwise xi remains unchanged. The steps 3-1 to 3-3 are
repeated until there is no considerable changes on the
values of objective function or the climb number Nc is
reached.
Step 4. Watch-Jump process: After the climb process,
each monkey arrives at its own mountaintop, therefore;
each monkey will look around to find a higher mountain.
If a higher mountain is found, the monkey will jump
there. For this a parameter b is defined as eyesight of the
monkey which is the maximal distance that the monkey
can watch. The monkey jumps based on the following
steps:
4-1. A real number y is generated randomly in the range
of :
(7)
y ∈ ( xij − b, xij + b) , j = 1, 2,..., n

Watch-jump process

Climb process

Somersault process

No
Meet stopping
criterion
Yes
Display the optimal solution and the
objective value

4-2. If y is feasible and f(y) is better than f(x) for ith
monkey (f(y) > f(x)), the position is updated; otherwise,
step 4-1 is repeated.
Step 5. The climb process is repeated by considering y
as initial position.
Step 6. Somersault process: In this step, the monkeys find
out new searching domains. Taking the center of all the
monkeys’ positions as a pivot, each monkey will
somersault to a new position forward or backward in the
direction of pointing at the pivot. Based on the new
position, the monkeys will keep on climbing. The
somersault process is as follows:
6-1. First a somersault interval [c, d] is defined which the
maximum distance that monkeys can somersault is. A
real number α is generated randomly within the
somersault interval.
6-2. Defines parameter y as follows:
(8)
y j = xij + α ( p j − xij )
1 M
∑ xij , j = 1, 2,..., n
M i =1
where p is somersault pivot.
pj =

End
Figure 1. General principle of the MA

III. THE PROPOSED IMPROVED MONKEY
ALGORITHM (IMA)
In the population based heuristic algorithms, two
common aspects should be taken into account:
exploration and exploitation. The exploration is the
ability to investigate the search space for finding new and
better solutions, where the exploitation is the ability of
finding the optima around a good solution. To have a
high performance search, an essential key is having a
suitable trade-off between exploration and exploitation.
MA may fall into a local optimum early in a run on some
optimization problems. In other words, the algorithm
approaches the neighborhood of the global optimum but
for some reasons it fails to converge to the global
optimum. The stagnation could be due to the following
reason:

(9)
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In the staandard MA, there
t
is no a sufficient learrning
mechanism in the algorithm. In other words,
w
the monnkeys
don’t learn from
fr
each otheer and the infformation obtaained
by each monnkey doesn’t transfer
t
to othher monkeys. This
leads the allgorithm to be
b trapped eaasily in the local
optimum.
Furtherm
more, improveement of thee position off the
monkeys in the range of (xij-b, xij+b) is done randomly
that makes thhe algorithm have
h
a long ruunning time too find
a good soluution. To oveercome the abbove problem
ms, a
suggestion is
i given in which
w
the cllimb process and
somersault process
p
remaiin unchangedd but watch-jjump
process is chhanged a follow
ws:
Since in waatch-jump proocess, each monkey
m
will look
around to find
f
a higheer mountain and if a higher
mountain is found, the moonkey will juump there whiich is
based on a random
r
process (step 4) without
w
considering
the position of other monnkeys. In thiss paper, insteaad of
making a deecision based on local infformation by each
monkey by a random proocess, the infformation of each
a a decisionn for changing the
monkeys aree transferred and
position is made
m
based on
o the obtaineed informatioon by
other monkeyys as below:
yij = xij + ϕijj ( xij − xkj ) , i = 1, 2,..., M
j ∈ {1, 2,..., n}

where, ϕij

G1
1
10

if

m
yij < xijmin
⇒ yij = xijmin

(12)
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Figure 2. Singgle-line diagram oof a two-area stud
dy system
Leadd-Lag

input

k
ks
1 + sT

(1 + sT1 )(1 + sT3 )
(1+
+ sT2 )(1 + sT4 )

Washhout
Figu
ure 3. Conventionnal lead-lag suppleemental controlleer block diagram
for PSS

The
T parameterrs of the PSS
Ss, K, T, T1, T2, T3, T4, aree
determined by IM
MA and MA bby optimizing the followingg
objeective or cost function:
f
imag( s )
(13))
f = max(real( s ) − min(− β × abs(
), α ))
real( s )
wheere in this stuudy β is sett to be 0.1. Also,
A
a valuee
α = - 0.2 is considdered adequatte for an accepptable settlingg
ystem closed-timee. This fitnesss function willl place the sy
loop
p eigenvalues in
i the D-shape sector show
wn in Figure 4..

and k are chhosen randomlly in range oof {1, 2,..., n} and
{1, 2,..., M } , respectively in which k ≠ i . If the new
position is better than the previous onee, the monkeyy will
jump there, otherwise, thhe position reemains unchaanged
but the monkkey tries to im
mprove its possition by repeeating
this step. Forr this, a countter (Nw) is deffined and thiss step
is repeated until
u
the numbber of counteer (Nw) is reacched.
f
otherw
wise, yij is seelected as :
yij must be feasible
(11)

20

2

k ∈ {1, 2,..., M }, k ≠ i
is a random number
n
in thee range of [-1,1], j

yij > xijimax ⇒ yij = xijmax

11
11

120
3

(10)

if

G
1

IV. STUDY
S
SYST
TEM AND PR
ROBLEM
FORM
MULATION
This testt system is a two-area-44-machine syystem
which is shoown in Figuree 2. The subtrransient modeel for
the generatoors, and thee IEEE-type DC1 and DC2
excitation syystems are used
u
for maachines 1 annd 4,
respectively. The IEEE--type ST3 compound
c
soource
rectifier exciiter model iss used for maachine 2, andd the
first-order simplified moddel for the exccitation system
ms is
used for macchine 2.
Two PSS
Ss are going to be designned for the above
a
system and placed
p
on maachines 2 andd 3. The struucture
shown by Fiigure 3 is usedd for each PS
SS where the input
(u) to PSS coould be generaator speed (GS
S) or the geneerator
electrical torqque (GET). Inn this paper, thhe generator speed
s
(GS) is consiidered as inpuut.

Figuree 4. A D-shape seector in the s-plan
ne

Furthermore,
F
t design prooblem can be formulated ass
the
the following constrained opttimization pro
oblem, wheree
the constraints are the supplementary controllerr
paraameter boundss:
0 ≤ k ≤ 50, 0 ≤ T ≤ 5, 0 ≤ T1 ≤ 2
(14))
0 ≤ T2 ≤ 2, 0 ≤ T3 ≤ 2, 0 ≤ T4 ≤ 2
Th
he IMA annd MA are applied to
o solve thiss
optim
mization probblem and search for optimal or nearr
optim
mal set of the PSSs parameeters.
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The obtained supplementary controllers by IMA and
MA are placed in the study system (Figure 3). To show
the effectiveness of the designed controllers, a timedomain analysis is performed for the study system. A
three-phase fault is applied in one of the tie circuits at bus
3. The fault persisted for 70.0 ms; following this, the
faulted circuit was disconnected by appropriate circuit
breaker. The system operated with one tie circuit
connecting buses 3 and 101.The dynamic behavior of the
system was evaluated for 15 s. The machine angles, δ ,
with respect to a particular machine, were computed over
the simulation period and shown in Figures 6-7. As it is
evident from the simulation results in the time domain,
the damping is poor in the absence of any PSSs. By
adding the controllers, the performance of the system is
improved but the one designed by IMA performs better in
damping of the oscillations.

V. DESIGNING OF SUPPLEMENTARY
CONTROLLERS USING IMA AND MA
To provide a reasonable damping for the system, the
PSSs are designed using IMA and MA. For this, the
parameters of the controllers; K, T, T1, T2, T3, T4 (for the
first PSS) and K, T, T1, T2, T3, T4 (for the second PSS) are
determined simultaneously by IMA and MA. The first
step to implement the IMA and MA is generating the
initial population (M monkeys) where M is considered to
be 5. The step length of the climb process (a) and the
climb number (Nc) are set to be 0.1 and 10, respectively.
Also, Nw is set to be 200 in IMA.
Each population is a solution to the problem which
determines the parameters of the PSSs; i.e.; K, T, T1, T2,
T3, T4; K, T, T1, T2, T3, T4. During each generation, the
monkeys are evaluated with some measure of fitness,
which is calculated from the objective function defined in
(13) subject to (14). Then the best monkey is chosen. In
the current problem, the best monkey is the one that has
minimum fitness. The algorithm is implemented based on
Figure 1 and continue until the last iteration is met. In this
paper, the number of iteration is set to be 20. To find the
best value for the controller, K, T, T1, T2, T3, T4; the
algorithms are run for 10 independent runs under
different random seeds. The results obtained by two
algorithms are shown in Table 1.

2
designed PSS's by IMA
designed PSS's by MA
without PSS's

1.8
1.6
1.4

|delta3|

1.2
1
0.8
0.6

Table 1. The obtained parameters of PSSs for machines 2 and 3 by IMA
and MA

0.4
0.2

Algorithm
PSS1
MA
PSS2
PSS1
IMA
PSS2

K
26.02
35.65
33.47
46.32

T
2.742
2.704
1.806
1.261

T1
1.166
1.173
1.443
0.745

T2
0.445
0.647
0.096
0.999

T3
1.203
0.923
1.03
1.113

T4
0.159
0.546
0.438
1.234

0

0

5

10

15

Time in second

Figure 6. The response of generator 3 to a three-phase fault
2
designed PSS's by IMA
designed PSS's by MA
without PSS's

1.8

0.8

1.6

0.7

1.4
1.2
|delta4|

average best-so-far

0.6
0.5

1
0.8

0.4

0.6

0.3
0.4

0.2

0.2
0

0.1

0

5

10

15

Time in second

0

2

4

6

8

10
12
iteration

14

16

18

Figure 7. The response of generator 4 to a three-phase fault
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VI. CONCLUSIONS
In this paper a modification is proposed to overcome
the difficulties associated with the standard MA. The
ability of an improved version of Monkey Algorithm
(IMA) is investigated in designing two PSSs to damp the
power system oscillations. For this the parameters of the
controllers are determined by IMA and MA using an
eigenvalue-based objective function. To show the
effectiveness of designed controllers, a three-phase fault
is applied at a bus. The simulation study shows that the
IMA finds the solution in early iterations. Also, the
designed controllers by IMA performs much better that
the one designed by MA.

Figure 5. Convergence characteristics of IMA and MA on the average
best-so-far in finding the parameters of PSSs

The convergence test is carried out to determine the
quickness of the proposed algorithm. For two designed
controllers by IMA and MA, the best-so-far of cost
function of each run is recorded and averaged over 10
independent runs. To have a better clarity, the
convergence characteristics in finding the best values of
the supplementary controllers parameters is given in
Figure 5 for two algorithms. This figure shows the
superiority of IMA over the MA in finding the solution in
early iterations.
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