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Abstract—An ultra-wideband (UWB) power divider is designed in
this paper. The UWB performance of this power divider is obtained
by using a tapered microstrip line that consists of exponential and
elliptic sections. The coarse grained parallel micro-genetic algorithm
(PMGA) and CST Microwave Studio are combined to achieve an
automated parallel design process. The method is applied to optimize
the UWB power divider. The optimized power divider is fabricated
and measured. The measured results show relatively low insertion loss,
good return loss, and high isolation between the output ports across
the whole UWB (3.1–10.6 GHz).

1. INTRODUCTION

Since the Federal Communication Commission (FCC) of the United
States allocated the spectrum 3.1–10.6 GHz for commercial use in
2002, many ultra-wideband (UWB) devices have been gained a lot
of interest among researchers and the wireless industry [1, 2]. The
power divider is one of the key passive components in the design of
microwave circuits and antenna arrays, but due to the limitation on
frequency bandwidth, which is not suitable for the UWB systems [3–5].
So wideband power dividers are needed. Some UWB power dividers
with different design methodologies have been proposed [6–15]. A
UWB power divider by installing a pair of stepped-impedance open-
circuited stubs and parallel-coupled lines was presented in [6]. In [7–
9], improved Wilkinson UWB power dividers were proposed. Based
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on a T-junction in output ports combined with a slotline, a planar
UWB out-of-phase power divider was presented in [10, 11]. A UWB
power divider consisting of three T-shaped microstrip lines and an H-
shaped slot etched was presented in [12]. A UWB multilayer slotline
power divider was introduced [13]. According to [14], a UWB power
divider exploiting broadside coupling via multilayer microstrip/slot
configuration was implemented. Using an exponentially tapered
microstrip line and three resistors, a UWB powder divider achieved
good return loss and high isolation [15].

The UWB power divider design is a complex problem. Therefore
global optimization methods are a good option and can be used
for auxiliary design. In recent years, many evolutionary algorithms
have been proposed for solving design problems in electromagnetics
such as differential evolution (DE) [16], particle swarm optimization
(PSO) [12, 17–19] and genetic algorithm (GA) [20–23]. Among them,
the PSO [12, 17, 18] and the GA [23] have already been used in power
divider designs. It is well known that the GA is easy to parallelize. For
improving the performance of the GA, the parallel genetic algorithm
(PGA) has been proposed [24–26]. In [24, 25], the PGAs parallelized
in a master-slave model were applied to design antenna array. In
the master-slave parallel model, a single population is used, but the
evaluation of the individuals and sometimes the application of the
genetic operators are executed in parallel. So the behaviour of the
master-slave algorithm is essentially as same as a serial GA. The coarse-
grained PGA was used in [26]. This parallel model divides a large
population into some sub-populations, and independently performs
selection, crossover and mutation on each subpopulation. A migration
operator is used to send some individuals from one deme to another.
The coarse-grained parallel model can accelerate the convergence rate
and avoid the premature convergence. The micro-genetic algorithm
(MGA) is a GA with a small population size which can speed up the
converge, and has been applied to antenna design problems [27, 28] and
a impedance transformer [29]. In [30], the master-slave parallel micro-
genetic algorithm (PMGA) was used to optimize a frequency selective
surface (FSS). The coarse-grained PMGA was applied to solve job
shop scheduling problem [31] and simultaneously tune power system
stabilizer in multimachine power system [32]. However, the coarse-
grained PMGA has not been applied for microwave engineering design.

In this paper, a tapered microstrip line comprising exponential and
elliptic sections is applied to achieve the UWB performance, instead
of an exponentially tapered line in [15]. The CST Microwave Studio
is used here to simulate the power divider, and the coarse-grained
PMGA based on binary coding is applied to optimize the structure
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of the tapered microstrip line. The lengths of 29.65mm and 18.0 mm
are chosen for the tapered line of this design (the length of 29.65mm
in [15]). Two resistors are placed along the tapered line to improve the
isolation and output return loss, while in [15], three resistors were used.
The proposed power divider exhibits comparable performance to [15]
(fabricated on the same dielectric substrate). Moreover, the isolation
and output return loss of the proposed power divider are better than
those of the power divider with two isolation resistors in [15].

This paper is organized as follows. Section 2 describes the
structure of the power divider design. In Section 3 an example
of antenna array pattern synthesis is provided to demonstrate the
advantages of the coarse-grained PMGA. In Section 4, the combined
method between the CST MWS and the coarse-grained PMGA is
used to optimize the power divider, in addition, the numerical and
experimental results are presented to validate the proposed power
divider. The conclusion is given in Section 5.

2. POWER DIVIDER STRUCTURE

The configuration of the proposed UWB power divider is shown in
Fig. 1. The power divider is printed on a Rogers RT/duroid 5880
substrate with thickness of 0.508 mm and relative permittivity of 2.2.
The width Wm = 1.48mm of the input and output microstrip ports is
determined assuming 50Ω characteristic impedance. Two symmetrical
branches are connected with port 1, each of which has a smoothly
tapered line that consists of exponential and elliptic sections, as shown
in Fig. 2. The tapered line is used to improve the impedance transition
from 100 Ω (Wm1 = 0.34mm) to 50 Ω at the output port. The power
incident at port 1 can be equally divided to port 2 and port 3 over a
wide frequency band. xs is the cut-point position. The length of the
tapered line is Lt. The functions associated with each of these two
sections are listed below.

1) Exponential section:

y = k1 exp(k2x) + k3x, (1)

where k1 = 0.4.
2) Elliptic section:

x = a cos(φ) cos(phi)− b sin(φ) sin(phi) + xc

y = a cos(φ) sin(phi) + b sin(φ) cos(phi) + yc,
(2)

where phi is the rotation angle of the ellipse, φ is the ellipse sweeping
angle, (xc, yc) is the center of the ellipse, a is the major semi-axis and
b is the semiminor axis.
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Figure 1. Geometry of the
proposed power divider.

Figure 2. The structure geome-
try for the tapered line.

The slope of the tangent line is

ks = k1k2 exp(k2xs) + k3. (3)

So phi = arctan(ks).
We can obtain,

a =
√

x2
a + (yaxa tan(phi))2/ (x2

a − 2yaxa tan(phi))

b = ya/

(
1−

√
1− xa

a

)
,

(4)

where
xa = (Lt − xs)/ cos(phi) + (B − ys − ks(Lt − xs)) sin(phi)

ya = (B − ys − ks(Lt − xs)) cos(phi),
(5)

and
ys = k1 exp(k2xs) + k3xs. (6)

The center (xc, yc) is

xc = xs − b sin(phi)

yc = ys + b cos(phi).
(7)

The design parameters for this power divider is {k2, k3, B, xs, R1,
R2}. The resistors R1 and R2 are placed on the cut-point position xs

and the position Lt, respectively. Other parameters of the proposed
power divider are as follows: Lm1 = 10 mm, Lm2 = 2.5 mm, RL =
4mm.
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Figure 3. The ring topology of migration.

3. THE COARSE-GRAINED PARALLEL
MICRO-GENETIC ALGORITHM

The MGA can be parallelized by dividing a population into several
sub-populations assigned to each corresponding processor. This model
is called coarse-grained, which introduces a migration operator used
to send some individuals from one subpopulation to another. In this
paper, We migrate the best individual of the source subpopulation to
displace the worst individual in the destination subpopulation. The
ring topology of migration is used, as shown in Fig. 3. The coarse-
grained PMGA is implemented using C++ on a message passing
interface (MPI) environment.

We use different crossover and mutation probability, as well as
different methods of selection and crossover. The procedure of the
coarse-grained PMGA at each processor is as follows:

Algorithm 1 Procedure of coarse-grained PMGA at each processor
Initialization:
1: G ← 1;
2: initialize subpopulation (Nsub individuals);
Iteration:
3: while termination conditions not met do
4: calculate fitness values;
5: if mod (G, k) = 0 then
6: sort the individuals according to their fitness values;
7: send the best individual Ibest to neighbor;
8: receive the best individual Ibest1 from neighbor;
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9: replace the worst individual Iworst with Ibest1;
10: sort the individuals according to their fitness values;
11: receive the best individual Ibest2 from the other neighbor;
12: replace the worst individual Iworst with Ibest2;
13: end if
14: select a set of individuals for reproduction;
15: recombine the new population with crossover;
16: mutate individuals;
17: if mod (G, Grefresh) = 0 then
18: keep the best individual and initialize the others;
19: end if
20: G ← G + 1;
21: end while

We carry out a linear array synthesis to demonstrate the superior
of the coarse-grained PMGA. We consider a 40-element uniformly
excited linear array symmetrically placed along the x-axis. Our
purpose is to find the optimal positions of array elements that would
afford a pattern with a minimum side-lobe level (SLL). Only half of
the optimization parameters {x1, . . . x20} are considered. The array
factor can be written as

AF (θ, x̄) = 2
20∑

i=1

(
cos

(
2π

λ
xi sin θ

))
. (8)

The angle resolution of θ is 0.1◦. We assume that dmin = 0.5λ ≤
xi − xi−1 ≤ dmax = λ. The population size is set as 100. There
are four sub-populations (or parallel processes) in the coarse-grained
PMGA. Fig. 4 shows the average convergence rates for the coarse-
grained PMGA and the MGA in 5 independent runs. We can see that
the coarse-grained PMGA converges faster than the MGA, and the
PMGA only needs 50,000 evaluations on each processor in contrast to
200,000 evaluations by the MGA. The minimum values of SLL obtained
by the PMGA and the MGA are−22.27 dB and−21.54 dB respectively.
The patterns of the best designs are shown in Fig. 5.

4. NUMERICAL RESULTS

The power divider is simulated using CST MWS. A VBA macro
language is used to combine the coarse-grained PMGA and CST MWS.
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Figure 4. Comparisons of the average convergence rates for PMGA
and MGA.

Figure 5. Best radiation patterns obtained by PMGA and MGA.

However, We found that the PMGA can not directly call the CST
MWS via the VBA macro language. In order to solve this problem, we
add a monitoring program on each processor. The PMGA produces
individuals that are exported to a file (data file) on each processor, as
well as a sign file on each processor. If the sign file is found by the
monitoring program, the monitoring program calls the VBA Macro
language. Then the VBA Macro language reads the data file and calls
CST MWS to automatically model and calculate the fitness values.

The total population size is set to 80 and the number of sub-
populations or processors is 4. The maximum iteration number is
100. We set Grefresh = 5 and k = 3. The crossover and mutation
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Table 1. Parameters of the coarse-grained PMGA.

Subpopulation Pc Pm Selection Crossover
1 0.85 0.005 Tournament Multiple Point
2 0.8 0.03 Roulette Wheel Multiple Point
3 0.95 0.01 Tournament Single Point
4 0.75 0.02 Roulette Wheel Single Point

Table 2. Parameters optimized by the coarse-grained PMGA.

k2 k3 B xs R1 R2

1.005e-9 0.05396 2mm 11mm 78.62Ω 165.94Ω

probability are Pc and Pm respectively. Table 1 shows the parameters
of the PMGA on each subpopulation. The four sub-populations
adopt different evolutionary strategies. According to this way, we can
maintain the diversity of population. The power divider is built on a
Rogers RT5880 substrate (thickness is 0.508mm, εr = 2.2).

4.1. The Length of the Tapered Line is 29.65mm

In order to illustrate the function of the combined exponential and
elliptic curves, we optimize a similar structure as in [15]. The
parameters of the power divider is as follows: Lt = 29.65 mm, Lm3 =
20mm, Lm4 = 0 mm, Wsub = 52 mm, Lsub = 56.15mm, RL1 = 0mm.

We define the design problem as the minimization of the objective
function:

F (x̄) = {maxS11 + maxS22 + max S23, f ∈ [3GHz, 10.2 GHz]}, (9)

where x̄ = {k2, k3, B, xs, R1, R2}.
The solution space of the exponential section parameters is: k2 ∈

[0, 0.1] and k3 ∈ [−0.05, 0.1]. The height B of the terminal tapered
line ranges from 0.5 mm to 6 mm. The lower and upper bounds of the
cut-point position xs are 2 mm and 25 mm, respectively. The isolation
resistors R1 and R2 vary from 50Ω to 400Ω. The design parameters
for the UWB power divider obtained by the coarse-grained PMGA are
shown in Table 2.

Figure 6 shows the simulated S-parameters of the power divider.
The input return loss is better than 15 dB over 2.4–11 GHz (2.1–11GHz
in Ref. [15]). The output return loss is better than 14 dB from 2GHz to
10.2GHz, while in [15], that is only better than 10 dB over 2–7 GHz.
The isolation is better than 13.6 dB over 2–10.2 GHz, in contrast to
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(a) (b)

(c)

Figure 6. S-parameters of the power divider.

10 dB over 2–7 GHz in [15]. The ripple of the transmission coefficient
is from 3.05 dB to 3.4 dB, while in [15], that is from 3.1 dB to 4.1 dB.
So the combined exponential and elliptic curves are helpful to achieve
better output return loss and isolation.

4.2. The Length of the Tapered Line is 18mm

We set Lt = 18 mm, Lm3 = 3 mm, Lm4 = 6mm, Wsub = 43.2mm,
Lsub = 43 mm, RL1 = 4 mm. In the proposed power divider structure,
we require that the return loss for three ports and the isolation are
better than 10 dB on the entire 3.1–10.6GHz band. In order to
achieve the desired results, the design problem can be defined as the
minimization of the objective function:

F (x̄) = {maxS11 +maxS22 +maxS23, f ∈ [3.1GHz, 10.6GHz]}, (10)

where x̄ = {k2, k3, B, xs, R1, R2}.
The solution space of the exponential section parameters is: k2 ∈

[0, 0.08] and k3 ∈ [−0.05, 0.02]. The height B of the terminal tapered
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line ranges from 0.5mm to 2 mm. The lower and upper bounds of the
cut-point position xs are 2 mm and 14mm respectively. The isolation
resistors R1 and R2 vary from 50Ω to 400 Ω.

Table 3 shows the design parameters of the UWB power divider
optimized by the coarse-grained PMGA. The optimized isolation
resistors in the table are replaced by their nearest standard chip
resistors. We select R1 = 75Ω and R2 = 180 Ω.

The fabricated power divider was tested using a HP8510C vector
network analyser. The photograph of the fabricated UWB power
divider is shown in Fig. 7.

The simulated and measured isolation performance of the
proposed power divider is shown in Fig. 8. The isolation between

Table 3. Parameters optimized by the coarse-grained PMGA.

k2 k3 B xs R1 R2

0.0594 −0.0314 0.6mm 8mm 75.68Ω 181.42Ω

Figure 7. Photograph of the proposed power divider.

Figure 8. Comparisons of the isolation performance.
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Figure 9. Comparisons of the return loss for port 1.

Figure 10. Comparisons of the return loss for port 2.

the output ports is better than 15 dB across frequency band of 2.1–
10.8GHz. The measured return loss of the input port, shown in Fig. 9,
is better than 15 dB over 2.5–10.6 GHz. Fig. 10 shows the simulated
and measured return loss at port 2. The return loss of the output
port is better than 15 dB from 2 to 11 GHz. Fig. 11 compares the
simulated and measured insertion loss of the power divider. The ripple
of the measured insertion loss between the input and output ports
is from 3.05 dB to 3.45 dB across 2–11GHz. It can be seen that the
measured results are in good agreement with those of the simulation.
The discrepancy between the measured and simulated results is mainly
due to the SMA connector, the manufacturing errors and minor offset
in soldering positions of the isolation resistors.
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Figure 11. Comparisons of the transmission coefficient.

Table 4. Comparative results of the power dividers.

This paper
Ref. [15] with

three resistors

Ref. [15] with

two resistors

The length of

tapered line
18mm 29.65mm 29.65mm

Band of |dB (S11)|
better than 15 dB

2.5–10.6GHz 2–11GHz 2.1–11GHz

Band of |dB (S22)|
better than 15 dB

2–11GHz 2–10.2GHz 2–6.5GHz

Band of |dB (S32)|
better than 15 dB

2.1–10.8GHz 2–10.2GHz 2–6.5GHz

Ripple of |dB (S21)| 3.05–3.45 dB 3.05–3.3 dB 3.1–4.1 dB

In Figs. 8–11, we also compared the performance of the proposed
power divider with the results of the exponentially tapered-line divider
and 3-section Wilkinson divider in [15]. The substrate material in [15]
is as same as that in this paper. Table 4 shows the comparative
measured results of the power dividers. We can see that the isolation,
the input return loss, output return loss and the insertion loss are
comparable for the power dividers with two resistors in this paper and
with three resistors in [15].
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5. CONCLUSION

A compact UWB power divider proposed and discussed here comprises
a tapered line (consists of an exponential section and an elliptic section)
and two isolation resistors. The power divider was optimized using the
coarse-grained PMGA combined with a numerical solver CST MWS.
Across the whole UWB, the optimized power divider exhibits low
amplitude ripple in the insertion loss and good impedance matching in
the input port. Using two isolation resistors along the tapered line, we
achieve good isolation and output return loss better than 15 dB over
the entire UWB. The measured results are in good agreement with
the simulation results. It is shown that the design methodology is an
effective way for power divider design.

ACKNOWLEDGMENT

This work was supported by the NSAF of China (Grant No. 11076022),
and the Fundamental Research Funds for the Central Universities (#
2010XS46 and # SWJTU09ZT39).

REFERENCES

1. Chu, H. and X. Q. Shi, “Compact ultra-wideband bandpass filter
based on SIW and DGS technology with a notch band,” Journal of
Electromagnetic Waves and Applications, Vol. 25, No. 4, 589–596,
2011.

2. Saleem, R. and A. K. Brown, “Empirical miniaturization analysis
of inverse parabolic step sequence based UWB antennas,” Progress
In Electromagnetics Research, Vol. 114, 369–381, 2011.

3. Zhang, H., X.-W. Shi, F. Wei, and L. Xu, “Compact wideband
Gysel power divider with arbitrary power division based on patch
type structure,” Progress In Electromagnetics Research, Vol. 119,
395–406, 2011.

4. Wu, Y. and Y. Liu, “A unequal coupled-line Wilkinson
power divider for arbitrary terminated impedances,” Progress In
Electromagnetics Research, Vol. 117, 181–194, 2011.

5. Dai, G. L. and M. Y. Xia, “A dual-band unequal Wilkinson
power divider using asymmetric coupled-line,” Journal of
Electromagnetic Waves and Applications, Vol. 25, Nos. 11–12,
1587–1595, 2011.

6. Wong, S. W. and L. Zhu, “Ultra-wideband power divider
with good in-band splitting and isolation performances,” IEEE



438 Chang et al.

Microwave and Wireless Components Letters, Vol. 18, No. 8, 518–
520, 2008.

7. Zhang, Z., Y.-C. Jiao, S. Tu, S.-M. Ning, and S.-F. Cao, “A
miniaturized broadband 4 : 1 unequal Wilkinson power divider,”
Journal of Electromagnetic Waves and Applications, Vol. 24,
No. 4, 505–511, 2010.

8. Wei, F., L. Chen, X.-W. Shi, Q.-Y. Wu, and Q.-L. Huang, “Design
of compact UWB power divider with one narrow notch-band,”
Journal of Electromagnetic Waves and Applications, Vol. 24,
Nos. 17–18, 2343–2352, 2010.

9. Chieh, J. C. S. and A. V. Pham, “Development of a wide
bandwidth Wilkinson power divider on multilayer organic
substrates,” Microwave and Optical Technology Letters, Vol. 52,
No. 7, 1606–1609, 2010.

10. Bialkowski, M. E. and A. M. Abbosh, “Design of a compact
UWB out-of-phase power divider,” IEEE Microwave and Wireless
Components Letters, Vol. 17, No. 4, 289–291, 2007.

11. Li, Q., X.-W. Shi, F. Wei, and J.-G. Gong, “A novel planar 180
degrees out-of-phase power divider for UWB application,” Journal
of Electromagnetic Waves and Applications, Vol. 25, No. 1, 161–
167, 2011.

12. Dadgarpour, A., G. Dadashzadeh, M. Naser-Moghadasi, F. Jolani,
and B. S. Virdee, “PSO/FDTD optimization technique for
designing UWB in-phase power divider for linear array antenna
application,” IEEE Antennas and Wireless Propagation Letters,
Vol. 9, 424–427, 2010.

13. Song, K. J. and Q. Xue, “Novel ultra-wideband multilayer slotline
power divider with bandpass response,” IEEE Microwave and
Wireless Components Letters, Vol. 20, No. 1, 13–15, 2010.

14. Abbosh, A. M., “Ultra wideband in-phase power divider
for multilayer technology,” IET Microwaves, Antennas and
Propagation, Vol. 3, No. 1, 148–153, 2009.

15. Chiang, C. T. and B.-K. Chung, “Ultra wideband power divider
using tapered line,” Progress In Electromagnetics Research,
Vol. 106, 61–73, 2010.

16. Mallipeddi, R., J. P. Lie, P. N. Suganthan, S. G. Razul, and
C. M. S. See, “A differential evolution approach for robust
adaptive beamforming based on joint estimation of look direction
and array geometry,” Progress In Electromagnetics Research,
Vol. 119, 381–394, 2011.



Progress In Electromagnetics Research, Vol. 124, 2012 439

17. Wang, D., H. Zhang, T. Xu, H. Wang, and G. Zhang, “Design and
optimization of equal split broadband microstrip Wilkinson power
divider using enhanced particle swarm optimization algorithm,”
Progress In Electromagnetics Research, Vol. 118, 321–334, 2011.

18. Naghavi, A. H., M. Tondro-Aghmiyouni, M. Jahanbakht,
A. A. Lotfi Neyestanak, “Hybrid wideband microstrip Wilkin-
son power divider based on lowpass filter optimized using particle
swarm method,” Journal of Electromagnetic Waves and Applica-
tions, Vol. 24, Nos. 14–15, 1877–1886, 2010.

19. Wang, W.-B., Q. Feng, and D. Liu, “Application of chaotic
particle swarm optimization algorithm to pattern synthesis of
antenna arrays,” Progress In Electromagnetics Research, Vol. 115,
173–189, 2011.

20. Xu, O., “Collimation lens design using AI-GA technique for
gaussian radiators with arbitrary aperture field distribution,”
Journal of Electromagnetic Waves and Applications, Vol. 25,
No. 5–6, 743–754, 2011.

21. Dadgarnia, A. and A. A. Heidari, “A fast systematic approach
for microstrip antenna design and optimization using ANFIS and
GA,” Journal of Electromagnetic Waves and Applications, Vol. 24,
No. 16, 2207–2221, 2010.

22. Jian, L., G. Xu, J. Song, H. Xue, D. Zhao, and J. Liang,
“Optimum design for improving modulating-effect of coaxial
magnetic gear using response surface methodology and genetic
algorithm,” Progress In Electromagnetics Research, Vol. 116, 297–
312, 2011.

23. Wang, W., W. C. Li, Z. R. Lan, D. Chen, and K. Zhang, “Optimal
design of the dual-frequency Wilkinson power divider with the
genetic algorithm,” Journal of Xidian University , Vol. 37, No. 2,
353–358, 2010.

24. Chen, X., G. S. Wang, and K. Huang, “A novel wideband and
compact microstrip grid array antenna,” IEEE Transactions on
Antennas and Propagation, Vol. 58, No. 2, 596–599, 2010.

25. Wang, G. S., S. Y. Lin, W. D. Fang, and W. X. Zhang, “Design
of a compact wideband high-gain microstrip grid array antenna,”
Microwave and Optical Technology Letters, Vol. 53, No. 5, 1144–
1147, 2011.

26. Tsai, C. C., H. C. Huang, and C. K. Chan, “Parallel elite
genetic algorithm and its application to global path planning for
autonomous robot navigation,” IEEE Transactions on Industrial
Electronics, Vol. 58, No. 10, 4813–4821, 2011.



440 Chang et al.

27. Pu, T. L., K. M. Huang, B. Wang, and Y. Yang, “Application of
micro-genetic algorithm to the design of matched high gain patch
antenna with zero-refractive-index metamaterial lens,” Journal of
Electromagnetic Waves and Applications, Vol. 24, Nos. 8–9, 1207–
1217, 2010.

28. Wang, H., H. Zhang, Z. Wang, and K. Huang, “Matching network
design for a monopole antenna using the micro-genetic algorithm,”
Journal of Electromagnetic Waves and Applications, Vol. 23,
Nos. 14–15, 2063–2072, 2009.

29. Zhai, Y. W., X. W. Shi, and Y. J. Zhao, “Optimized design of
ideal and actual transformer based on improved micro-genetic
algorithm,” Journal of Electromagnetic Waves and Applications,
Vol. 21, No. 13, 1761–1771, 2007.

30. Chakravarty, S. and R. Mittra, “Design of a frequency selective
surface (FSS) with very low cross-polarization discrimination
via the parallel micro-genetic algorithm (PMGA),” IEEE
Transactions on Antennas and Propagation, Vol. 51, No. 7, 596–
599, 2003.

31. Yusof, R., M. Khalid, G. T. Hui, S. M. Yusof, and M. F. Othman,
“Solving job shop scheduling problem using a hybrid parallel micro
genetic algorithm,” Applied Soft Computing, Vol. 11, No. 8, 5782–
5792, 2011.

32. Hongesombut, K., Y. Mitani, S. Dechanupaprittha, I. Ngamroo,
K. Pasupa, and J. Tippayachai, “Power system stabilizer
tuning based on multiobjective design using hierarchical and
parallel micro genetic algorithm,” POWERCON — International
Conference on Power System Technology, 402–407, Singapore,
2004.


