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TABLE IV

CONTROL PARAMETERS OFBSA

TABLE V

CONTROL PARAMETERS OFABSA

TABLE VI

CONTROL PARAMETERS OFPSO

TABLE VII

CONTROL PARAMETERS OFABC

TABLE VIII

CONTROL PARAMETERS OFDE

which are shown in Tables VIÐVIII. The population size and
maximum number of iterations of the comparison EAs are
set equal to those of BSA and ABSA.

Comparison of the simulation results between the ABSA
and the basic BSA is illustrated in Tables IX and X. The
statistic result of 50 trials is presented in Table IX. Table X
shows the best solutions of the BSA and other three EAs.

From Table IX, we can conclude that the average value and
stability of ABSA are slightly better than PSO, ABC, and DE.
Among the Þve, BSA has the lowest standard deviation value,
and ABSA is very close to it. PSO, ABC, and DE are not likely
to precisely Þnd the optimal solution. As a result, ABSA,
which can reliably Þnd solutions close enough to optimum,
is a feasible approach to solve the IM optimization problem.

The Þrst row in Table X presents the global optimum
obtained by these comparison algorithms. All the algorithms

TABLE IX

STATISTIC SIMULATION RESULTS

TABLE X

BEST SOLUTIONS OFABSA, BSA, PSO, ABC,AND DE

Fig. 3. Evolutionary process comparison of ABSA, BSA, PSO, ABC, and
DE (Nc = 20).

are well capable of obtainingan appreciable approximation
of the global optimum. When the results are examined,
ABSA and PSO are statistically identical, and ABSA has pro-
vided statistically better solutions than the other comparison
algorithms. In addition, we can conclude that the optimal value
of ABSA is slightly better than the other algorithms. The
simulation results also demonstrate that BSA is very likely
to trap in local optima. Moreover, an examination of the
data obtained from the tests shows that ABSA is generally
faster than most of the comparison algorithms. As a result,
ABSA, which can reliably Þnd a solution close enough to
optimum, is a feasible approach to the optimization problem
of IM.

Fig. 3 shows the evolution curves of all the above
algorithms. It can be observed that, using the adaptive strategy,
the iterations for convergence can be reduced greatly, and the
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TABLE XI

SIMULATION RESULTS FOR ABRUSHLESS

DC WHEEL MOTOR OPTIMIZATION

TABLE XII

BEST SOLUTIONS OFPSO, ABC, DE,AND ABSA FOR

A BRUSHLESSDC WHEEL MOTOR OPTIMIZATION

curve of ABSA is always above those of BSA, PSO, ABC,
and DE.

The optimization for an analytical model of a brushless
dc wheel motor has also been chosen as another benchmark
for further test [17]. This benchmark problem has Þve design
variables and one efÞciency value. The efÞciency is deter-
mined by these variables, and the object is to maxi-
mize the efÞciency. The simulation results are shown in
Tables XI and XII.

From the simulation results, one can conclude that both
these evolution algorithms can obtain an appreciable approx-
imation of the global optimum, yet the average value and
stability of ABSA are better than those of the others.

V. CONCLUSION

BSA is a newly-proposed evolutionary optimization global
search algorithm, which has a clear structure that enables it to
beneÞt from previous generation populations as it searches for
solutions with better Þtness values. In each generation, BSA
produces very efÞcient trial populations, because the mutation
produces both large amplitude values essential for a global
search and the small amplitude values necessary for a local
search, and the complex crossover operation ensures creation
of new trial individuals. BSA has already proven competent
in solving some constrained benchmark problems.

This paper developed an adaptive BSA with an adaptive
strategy for determination of the global or near-global opti-
mum solution of an electromagnetic optimization problem.
The amplitude control factor and mix rate are varied depending
on the Þtness values of the solutions. Simulation results
on optimizing the IM variables veriÞed the feasibility and
effectiveness of our proposed ABSA in comparison with basic
BSA, PSO, ABC, and DE algorithms. ABSA can successfully
solve the complicated optimization problems and exhibit better
convergence, which is especially promising as an EA.
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