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Abstract : In this paper, we purpose multi-objective
optimization genetic algorithm implementation for
optimum design of slim multilayer absorber. Among
multi-objective optimization technique, applied by
first in NSGA-II(Non-dominated Sorting Genetic
Algorithm) genetic algorithm slim multilayer
absorber field that is attested that performance is
excellent. Slim multilayer absorber composes
insulator in incidence angle within 30 angle and
limited extent by number of layers within total 5
layers including top floor. Numerical analysis
algorithm embodied optimization algorithm to use
material information collected actually considering
manufacture. Here after, is going to compare and
examine measurement through manufacture and
numerical analysis result.

1. Introduction

In this paper, multi-objective evolutionary
algorithms(MOEA) are used to optimize the structure
of electromagnetic =~ wave absorbers. These
optimization problems involve multiple conflicting
objectives, such as simultaneous minimization of
production cost and maximization of durability.
Under this conflicting situation, it is intuitive that less
costly objective is usually less durable and vice versa,
therefore multi-objective optimization technique has
to be adapted and slim multilayer absorbers are to be
optimized by using NSGA-II which is able to find
much better spread of solution and better
convergence near the true pareto-optimal front
compared to any other MOEAs. Given a predefined
set of available-existent and virtual-materials with
frequency-dependent permittivity and permeability,
the proposed technique simultaneously determines
the optimal material choice for each layer, its
thickness, and fractional bandwidth. This optimal
choice results in more excellent multilayer absorbers,
which maximally absorbers TE and TM incident

plane waves for the prescribed range of frequencies
and incident angle, than those of previous studies.

2. Reflection Coefficient of a Slim Multi-Layer
Absorber Medium

The Propagation wave of a flat multi-layered
isotropic medium is described by a scalar wave
equation in TE and TM respectively. Such a two
scalar wave equations are described very simple with
think of one dimensional problem. To begin with,
accepted field from source excitation in flat multi-
layer type medium can be expression a form of an
integral equation. This is represented better of the
simple equation through asymptotic expansion
method.

2.1 Induced of Scalar Wave Equations

We have induced in this case TE and TM. On the
basis of orthogonal coordinates, propagation of
direction z-axis suppose to TE wave. In this case
electrical field must be presence x-y plane. If
considering to arbitrary y-axis direction element, then
electrical field is presented at E = Ey.

UV x 7'V x E - a)z/lgEy =0 (1)

Here, if 8/ oy E y = 0 is concluded, therefore next some

condition is achieved.
Vi, =2 e(2)E, =0 @
oy

If arrange y-axis direction element, equation forms
as following.

0’ o _ 0
{af+ ,u(z)a,u I(Z)g-i- aﬁus}Ey =0 (3)
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Magnetic field equation about TE wave can derive
applying condition( £, =0, H_ #0) about TE wave.
The following is vector wave equation about
magnetic field in inhomogeneous medium.

Vxe'VxH, - ueH_ =0 4)

And if permittivity and permeability say that is
variable z function, can arrange as following.

o’ o . .0
{&Cﬁayﬁﬂ(z)azﬂ l(z)az+a)2,u5},uH_, =0
(6)

We can be derived boundary condition of scalar
wave equation if basic boundary condition nx E ,
i x H is continuity in two medium. The following is
boundary condition of electric field and magnetic
field about y component in border between medium 1
and medium 2.

ad
€, =,uzlie2y (©-2)

dz
oDy, O

-1
ey ’ ely - e2y H /’ll

dz

2.2 Reflection coefficient in Half-Space

We suppose that TE wave with below Fig. 1
propagation in different two mediums.
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(a) Transmission and reflection coefficient between
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(b) Multiple reflection in 3 layers medium

Fig. 1. Multiple reflection principle in between
medium

Reflection coefficient and transmission coefficient in
two medium is as following if express y-component
electric field.

e, (2)= e,e 7 + R™eje™ (10)

e, (2)= T™eje">* (11)

Eq. (10) expresses electric field by linear reiteration
principle of exp(+ik,z) from upper part half space,

and eq. (11) expresses electric field from below part

half space. Here, R’ and 7" mean TE wave
reflection coefficient and transmission coefficient
each. Subscript ly, 2y, 1z, and 2z mean medium and
direction. Therefore, reflection coefficient and
transmission coefficient of transverse electric wave
can express as following.

RTE — M,RTM _ &k, + ek,

ik, + ok, ek,. + &k,
(12-a)
TTE — 2/,12/(12 ,TTM — 282klz
k. + ik, ek, + &k,
(12-b)

We can become expressed briefly as follows if
generalize little more eq. (12).

ik - (diyy—d;)

=

E _ Rt,i+1 +

1-R

i+1,i

i+1,i+2

Ty 13

i+l T

=

i+1,i+2

Finally, we can save reflection coefficient of multi-
layer medium applying circulation expression with eq.
(13) if find out frequency, properties of matter
(permittivity, permeability), thickness of medium.
We can puts air on first layer and puts PEC on last
layer and saves reflection coefficient if apply to
multi-layer absorber material of this study.

3. Multi-objective optimization genetic algorithm

Genetic algorithm is algorithm that based on choice
of natural world and mechanism of genetics. Usually,
evolution algorithm can divide by genetic algorithm
and evolution strategy. Optimization searching
process of genetic algorithm is consisted of greatly
subsequent 4 steps. The first is initialization, and
second fitness estimation, third reproduction (use of
heredity operator), fourth by END condition
examination and loop consist. Since VEGA that
multi-objective most suitable algorithm is first gene
algorithm for multi-objective problem by Schaffer in
1988 is announced, there were a lot of developments
until present. In this paper, embodied multi- objective
algorithm of pareto base in optimum design of multi-
layer absorber. But, multi-objective algorithm
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complexity of calculation is big, and does not use elit
strategy, and have uncomfortable though set share
parameter. To supplement this weak point, K. Deb
proposed multi-objective evolutionary algorithm of
non-dominated sorting. We that apply this evolution-
ary algorithm completed numerical analysis
algorithm of slim multi-layer absorber structure.

Table 1. Fast non-dominated sorting procedure

fast-non-dominated sort (P)

for each p € F

ny =0
for each g & F
if {p < g then It p dominates g
B=5U1 A4d g to the set of solutions deminated by o
else if (g < p) then
Ty =Tyt Increment the domination counter of »
if m, = ( then p belongs to the first front
Lrank = -
F=FU{
i=1 Initialize the front counter
while F; # &

Q=0 Used to store the members of the next front
for each p € 7
for each g € §
B =m,—1
it m, = C then
Gragk =1 +
Q=Qu{e
i=i+1
=0

g belongs to the mext front

Table 2. Optimization algorithm main loop that
elitism is applied

Main Loop (elitism)

f=RU¢
- combine parent and offspring population
F= fast-non-dominated-sort( ;)
- F= (A, ..}, al nondominated fronts of
B =@and =1
until | Byt |+‘ A ‘ < - until the parent population iz filled
crowding- distance-assignment( ;) - calculate crowding-distance in F,
B =54 Ul - include jth nondominated front in the yarent pop
Seort( 7, <
B =FaUF 1N By
- choose the first (N—| B4y elements of
@, 1| = make-new-pop(7 ;)
- use selection, crossower and mutation

- sort In descending order using <,

to create a new population € -

t=t+1 - increment the generation counter

Table 1 shows calculation of O (MN2) that is
reduction than calculation of fast nondominated
sorting procedure and existing. Elitism applied in this
optimization algorithm compares population of
present with non-dominated solution of good quality
in ago generation. It is Table 2 that explains this.

Crowding
Distance
sorting

Non-dominated

Fig. 2. NSGA-II procedure
Also, this Table 2 and Fig. 2 display NSGA-II's
procedure. Three advantages of NSGA-II are fast
nondominated sorting procedure, fast crowded
distance estimation procedure, and simple crowded
comparison operator.

4. Optimum design of slim multilayer absorber

Fig. 3 displays slim multilayer absorber
composition. Least significant layer puts metal
material. Arrange absorption material that get thin n-
1 more from 1 layer. And top-level layer locates
insulator.

Thickness

r . di

PEC 1

Absorbing™.
Material

—{
Insulator -

Fig. 3. Structure of slim multilayer absorber

4.1 Numerical analysis result

Estimated accuracy of algorithm that is embodied in
this study through test function used in KUR's study.

(a) Early generation o (b)IIO genefatidn .
Fig. 4. KUR's test function

2

o

Fig. 5. 50 generation of KUR test function

Expected pareto front of this test function is non-
convex's type.

Fig. 6. 50 generation of Schaffer (SCH) test
function
In this study, material of kind that displayed
material property used total 28.
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Table 3. Most suitable design variables that do not
consider insulation
Designed Number #53

Layer Number Material Number Thickness{m)
1 20 31206
2 13 36945
3 15 654.21
4 6 32347
Best reflection coefficient in bandwidth
-23.042(TE), -15.1(TM)
(dB)
Total Thickness{(um) 1659.2
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Fig. 7. Reflection coefficient propert;”g;;igcidence
angle of designed number #53 absorber.

Table 4. Optimization designed variable of 500
MHz ~ 6 GHz band absorber

Designed Number # 71
Layer number Material number Thickness(um}
1 19 25045
2 17 250.05
& 12 919.86
4 26 604.94
5 permittivity (4.0073+i0) 254.21
Best reflection coefficient in bandwidth (dB} -9.5697
Total thickness(um) 22795
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Fig. 8. Reflection coefficient pro;;erty by incidence
angle of design number #71 absorber

5. Conclusion

In this paper, we designed broadband multi-layered
absorber using proposed a computationally fast and
elitist multi-objective evolutionary algorithm based
on non-dominated sorting approach. In most
objective functions, NSGA-II has found a better
spread of solution than general proposed multi-
objective algorithm. We will study a slim multi-
layered broadband absorber practice technology to
solve EMI problem of PCB level.

Acknowledgements

This research was supported by the EMERC(Electro-
magnetic Environment Research Center) in Chungna-
m National University, one of IT Research Centers.

References

[1] Z. Michalewicz. Genetic Algorithms + Data Structures
= Evolution Programs. Springer-Verlag, 2nd edition, New
York, 1994.

[2] D. E. Goldberg. Genetic Algorithms: in Search,
Optimization, and Machine Learning. Addison-Wesley,
Reading, MA., 1989.

[3] T. Béck, F. Hoffmeister, and H.-P. Schwefel. A servey
of evolution strategies. In Proceedings of the Fourth ICGA,
pages 2-9. Morgan Kaufmann, 1991.

[4] H.-P. Schwefel, Evolution and Optimum Seeking.
Wiley, New York, 1995.

[5] T. Béack and H.-P. Schwefel. Evolution strategies I :
Variants and their computational implementation. In
Genetic Algorithms in Engineering and Computer
Science(G. Winter, J Périaux, M. Galan, and P. Cuesta,
eds.), pp. 111-126, Wiley, New York. 1995.

[6] J. E. Baker. Reducing bias and inefficiency in the
selection algorithm. In J. J. Grefenstette, editor,
Proceedings of the 2nd ICGA, pages 14-21, 1987.

[7] Paper J. D. Schaffer, "Multiple Objective Optimization
with Vector Evaluated Genetic Algorithms," In J. J.
Grefenstette, editor, Proceedings of the First International
Conference on Genetic Algorithms, pp. 93-100. Lawrence
Earlbaum, 1991.

[8] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, "A
fast elitist non-dominated sorting genetic algorithm for
multi-objective optimization: NSGA-II", KanGal Report
No. 200001.

[9] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, "A
fast elitist non-dominated sorting genetic algorithm for
multi-objective optimization: NSGA-II", Evol. Comput.,
vol. 6, no. 2, pp. 182-197 April 2002.

[10] J. Knowles and D. Corne, " The Pareto archived
evolution strategy: A new baseline algorithm for
multiobjective optimization," in Proceedings of the First
IEEE Conference on Evolutionary Computation, Z.
Michalewicz, Ed. Piscataway, pp. 98-105, NJ: IEEE Press,
1994.

[11] E. Zitzler," Evolutionary algorithms for multiobjective
optimization: Methods and applications," Doctoral
dissertation ETH 13398, Swiss Federal Institute of
Technology (ETH), Zurich, Switzerland, 1999.

[12] C. M. Fonseca and P. J. Fleming, " Genetic algorithms
for multiobjective optimization: Formulation, discussion
and generalization," in Proceedings of the Fifth
International Conference on Genetic Algorithms, S. Forrest,
Ed. San Mateo, CA: Morgan Kauffman, pp. 416-423, 1993

[13] F. Kursawe, "A variant of evolution strategies for
vectoro optimization," in Parallel Problem Solving from
Nature, H.-P. Schwefel and R. Manner, Eds. Berlin,
Germany: Springer-Verlag, pp. 193-197, 1990

[14] J. D. Schaffer, "Multiple objective optimization
with vector evaluated genetic algorithms," in
Proceedings of the First International Conference on
Genetic Algorithms, J. J. Grefensttete, Ed. Hillsdale,
NJ: Lawrence Erlbaum, pp. 93-100, 1987.

[13] N. Srinivas and K. Deb, "Multiobjective function
optimization using nondominated sorting  genetic
algorithms," Evol. Comput., vol. 2, no. 3, pp. 221-248, Fall
1995.

[14] J. Horn, H. Nafploitis, and D. E. Goldberg, " A niched
Pareto genetic algorithm for multiobjective optimization,"
in Proceedings of the First IEEE Conference on
Evolutionary  Computation, Z. Michalewicz, Ed.
Piscataway, pp. 82-87, NJ: IEEE Press, 1994.

[15] E. Zitzler, K. Deb, and L. Thiele, "Comparison of
multiobjective evolutionary algorithms: Empirical results,"
Evol. Comput., vol. 8, no. 2, pp.173-195, Summer 2000

- 1248 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


