
Abstract— A topology optimization method based on ON/OFF 
method and immune algorithm to obtain practical shapes is 
proposed. The topology optimization using evolutionary 
algorithms such as genetic algorithm often yields complex shapes 
which are impossible to produce in view of engineering. 
Moreover, lattice meshes which required in ON/OFF method 
result in poor ability of expression for curved surfaces. To solve 
these difficulties, filtering processes are introduced in the 
procedures of optimization. In particular, half material state in 
addition to ON/OFF states is introduced. The present method is 
applied to a shape optimization of shield model. The numerical 
results show that a feasible shape with double layer shield is 
obtained.  

Index Terms— Evolutionary algorithm, Finite element analysis, 
Topology optimization. 

I. INTRODUCTION 

Topology optimization (TO) approach can obtain novel 
optimized shapes because this approach search the optimal 
shape by making free modifications in the distribution of 
material in contrast with parameter optimization[1]-[2]. The 
level set method is a typical approach to obtain optimal shape 
in TO [3]-[4]. In this method, the optimized shape is obtained 
by local search from initial shape using sensitivity analysis. 
Therefore, this approach often falls into local optima. 

The ON/OFF method is another approach for TO [2],[5]. 
The authors have been proposed a TO method based on 
ON/OFF method with immune algorithm which is a kind of 
evolutionary algorithms [1]. The TO often yields significantly 
complicated shapes which are impossible to produce in view 
of engineering, because the TO allows larger number of 
degrees of freedom in the shapes and it is hard to include the 
engineering sense in the procedures of TO. To solve this 
difficulty, we have been introduced filtering processes [1]. 
This improvement successfully results in the practical 
optimized shapes [6]. In this method, lattice meshes 
(orthogonal grids) are required. This brings poor ability of 
expression for curved surfaces. The terraced surfaces 
deteriorate accuracy of FE analyses. In particular affect of this 
drawback appears in eddy current analysis because of skin 
effect. To solve these difficulties, half material state in 
addition to ON/OFF states is introduced. The half state 
elements are placed in curved surfaces so as to smooth the 
surface. The present method is applied to a shape optimization 
of shield model to show the effectiveness of the proposed 
smoothing process. 

II. PRESENT METHOD 

A. Immune algorithm 

The immune algorithm for TO is inspired from the Clonal 
Selection Principle, and combines local and global search 
characteristics in order to avoid to fall into local optima. The 
ON/OFF method uses a 2D binary matrix for representing the 
material distribution in search region. The region is divided in 
a number of quadrilateral elements and each element has 
associated to it a binary value indicating either the presence or 
the absence of material. The procedures of the present method 
are summarized below. 

1. Generate an initial population of N random candidate 
solutions. 

2. Evaluate the objective function for each antibody. 
3. Test a stop criterion. If it is satisfied, stop the procedures. 
4. Eliminate P [%] low-ranking antibodies. 
5. Generate clones for each surviving antibodies. The 

highest-ranking antibodies receive a higher number of 

clones. The number of clones i
cN for i-th ranking 

antibody is iNN i
c /  where  is a constant. 

6. Small-modifications on surface are applied to the clones, 
which are then evaluated over the objective function. 
Only the best candidate solution from each subset of 
(parent antibody + clones) is allowed to survive to the 
next generation. 

7. Add randomly generated antibodies to replace the ones 
eliminated in Step 4, in order to keep the population size 
constant. 

8. Back to step 2. 
 

B. Filtering process 

The present method adopts the following filtering process 
to obtain feasible optimal shapes. The hole elimination 
operator checks the neighborhood of all elements from the 
clone's distribution of material, and inverts the state of 
elements that present material boundaries at all four sides. The 
surface smoothing acts similarly to the hole elimination 
operator, but instead of acting in elements completely 
surrounded by different ones, it operates on both sides of the 
material boundary, checking for elements that present three 
boundary faces. In this work, the half state in addition to 
ON/OFF sates is introduced. The curved surface is filled with 
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the half material in order to smooth the surface. Fig. 1 (a) 
illustrates an example of half material. The above mentioned 
hole elimination and surface smoothing operations are 
modified so as to meet the introducing of half material (see 
Fig. 1 (b), (c)). In step 6 of TO procedures, the small 
modifications are applied to clones. This operation has a role 
of local search. The state of material in randomly selected 
surface elements is reversed for this purpose. 

 

 
Fig. 1 An example of half material 

III. NUMERICAL EXAMPLES 

We have performed an optimization of shape of shield 
shown in Fig. 2 to reduce the magnetic flux B in the evaluate 
region. A linear magnetic material with relative permeability 
r = 200 is distributed on 3030 grids placed in the design 
region. Each square grid is divided into 4 triangle elements so 
as to express the half material and the triangle elements are 
used as mesh for finite element analysis. The objective 
function f to minimize is defined as, 

alliron /||/|| SSavgf ref  BB  (1) 

Where avg|B| denote the average of B in the evaluate region, 
|B|ref is average of B in a reference model consists of an 

inverted L-shaped shield and its value is 41072.8  (T). Siron 
and Sall are the area of magnetic material and the design region, 
respectively. The evolutional loops of TO procedures are 
iterated over 300th generation. 

The initial distribution shown in Fig. 3 (a) is randomly 
generated. Thus the shape is considerably complex. The 
optimized distributions of materials obtained by the TO with  
N = 5,  = 3, P = 20% are shown in Fig.3 (b). The optimal 

shape obtained by the present TO method with filtering seems 
to be feasible. Moreover, we can see that a double layer shield 
clearly appears. Rough surfaces can be seen because of 
disable of surface smoothing. If it is applied to the optimized 
shape, smooth surface can be obtained though the value of 
objective function becomes somewhat poor. 

 
Fig. 2 shield model for topology optimization 

 

 
Fig. 3 initial and optimized distribution of material. 

 

REFERENCES 
[1] K. Watanabe, F. Campelo, H. Igarashi, Topology optimization based on 

immune algorithm and multigrid methods, IEEE Transactions on 
Magnetics, Vol. 43, No. 4, pp. 1637-1640, 2007. 

[2] Y. Okamoto, Y. Tominaga, S. Sato, Topological design for 3-D 
optimization using the combination of multistep genetic algorithm with 
design space reduction and nonconforming mesh connection, IEEE 
Transactions on Magnetics, Vol. 48, No. 2, pp. 515-518, 2012. 

[3] S. Lim, S. Min, Design Optimization of Permanent Magnet Actuator 
Using Multi-Phase Level-Set Model, IEEE Transactions on Magnetics, 
Vol. 48, No. 4, pp. 1641-1644, 2012. 

[4] M. Otomori, T. Yamada; K. Izui; S. Nishiwaki, N. Kogiso, Level Set-
Based Topology Optimization for the Design of a Ferromagnetic 
Waveguide, IEEE Transactions on Magnetics, Vol. 48, No. 11, pp. 
3072-3075, 2012. 

[5] N. Takahashi, T. Yamada, S. Shimose, D. Miyagi, Optimization of Rotor 
of Actual IPM Motor Using ON/OFF Method, IEEE Transactions on 
Magnetics, Vol. 47, No. 5, pp. 1262-1265, 2011. 

[6] K. Watanabe, F. Campelo, Y. Iijima, K. Kawano, T. Matsuo, T. Mifune 
and H. Igarashi, Optimization of inductors using evolutionary algorithms 
and its experimental validation, IEEE Transactions on Magnetics, Vol. 
46, No. 8, pp. 3393-3396, 2010. 

 
 
 

 

(b) Hole elimination 

(a) Half material 

(c) Surface smoothing 

or 

(a) Initial distribution (b) Optimized shape with  
flux line, f = 0.321 

x
0

y

0.3

Unit: m

coil (0.02×0.02) 

50.3 

0.32

Design region 

0.1

Evaluate
 region

5

0.1

0.2 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


