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ABSTRACT 

Robust parameter design creates designs insensitive to the variation of specific inputs. 
The paper discusses the robust parameter design capability within the context of its 
implementation in LS-OPT version 3.2. The paper provides the following details: the 
fundamentals of robust parameter design, the design of experiments based methodology 
used in LS-OPT, and an example problem. 
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INTRODUCTION 

Robust parameter design creates designs insensitive to the variation of specific inputs. 

The field of robust design relies heavily on the work of Taguchi. Taguchi’s insight was 
that it cost more to control the sources of variation than to make the process insensitive 
to these variations [1]. An alternate view of Taguchi [2] is that building quality into a 
product is preferable to inspecting for quality. Also, in simulation, the actual results of a 
robust system are more likely to conform to the anticipated results [1]. 

The robust design problem definition requires considering two sets of variables: (i) the 
noise variables causing the variation of the response and (ii) the control variables which 
are adjusted to minimize the effect of the noise variables. The method adjusts the 
control variables to find a location in design space with reduced gradients so that 
variation of the noise variable causes the minimum variation of the responses. 

FUNDAMENTALS 

The robustness of a structure depends on the gradient of the response function as shown 
in Figure 1. A flat gradient will transmit little of the variability of the variable to the 
response, while a steep gradient will amplify the variability of the variable. Robust 
design is therefore a search for reduced gradients resulting in less variability of the 
response. 

 

Figure 1: Robustness considering a single variable.  Larger mean values of the 
area result in a smaller dispersion of the stress values. Note that the dispersion of 
the stress depends on the gradient of the stress-area relationship. 
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The variation of the response is caused by a number of variables, some which are not 
under the control of the designer. The variables are split in two sets of variables: 

• Control variables. The variables (design parameters) under the control of the 
designer are called control variables, 

• Noise variables. The parameter not under the control of the designer are called 
noise variables.  

The relationship between the noise and control variables as shown in Figure 2 is 
considered in the selecting of a robust design. The control variables are adjusted to find 
a design with a low derivative with respect to the noise variable. 

 

Figure 2: Robustness of a problem with both control and noise variables.  The 
effect of the noise variable z on the response variation can be constrained using the 
control variable x. For robustness, the important property is the gradient of the 
response with respect to the noise variable. This gradient prescribes the noise in 
the response and can be controlled using the control variables. The gradient, as 
shown in the figure, is large for large values of the control variable. Smaller values 
of the control variable will therefore result in a more robust design, because of the 
lower gradient and accordingly less scatter in the response. 
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METHODOLOGY 

The dual response surface method as proposed by Myers and Montgomery [3] using 
separate models for process mean and variance is considered. Consider the control 
variables x and noise variables z with 

zrzVar Iz 2)( σ= . The response surface for the 

mean is xxxzxyE z βββ '')],([ ++=  considering that the noise variables 
have a constant mean. Response surface for variance considering only the variance of 
the noise variables is 22 )()(')],([ σσ += xlxlzxyVar zz  with 
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The search direction required to find a more robust design is requires the investigation 
of the interaction terms ji zx . For finding an improved design, the interaction terms are 
therefore required. Finding the optimum in a large design space or a design space with a 
lot of curvature requires either an iterative strategy or higher order terms in the response 
surface. 

For robust design, it is required to minimize the variance, but the process mean cannot 
be ignored. Doing this using the dual response surface approach is much simpler than 
using the Taguchi approach because multicriteria optimization can be used. Taguchi 
identified three targets: smaller is better, larger is better, and target is best. Under the 
Taguchi approach the process variance and mean is combined into a single objective 
using a signal-to-noise ratio (SNR). The dual response surface method as used in LS-
OPT does not require the use of a SNR objective. Fortunately so, because there is 
wealth of literature in which SNRs are criticized [3]. With the dual response surface 
approach both the variance and mean can be used, together or separately, as objective or 
constraints. Multicriteria optimization can be used to resolve a conflict between process 
variance and mean as for any other optimization problem. 

Visualization is an important of investigating and increasing robustness. As Myers and 
Montgomery state: “The more emphasis that is placed on learning about the process, the 
less important absolute optimization becomes.” 

 

EXPERIMENTAL DESIGNS 

One extra consideration is required to select an experimental design for robust analysis: 
provision must be made to study the interaction between the noise and control variables. 
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Finding a more robust design requires that the experimental design considers the 

ji zx cross-terms, while the 2
ix  and 2

iz  terms can be included for a more accurate 
computation of the variance. 

The crossed arrays of the Taguchi approach are not required in this response surface 
approach where both the mean value and variance are computed using a single model. 
Instead combined arrays are used which use a single array considering x and z 
combined. 

 

LS-OPT IMPLEMENTATION 

The implementation of robust design in LS-OPT only required that the variation of a 
response be available as a composite. The standard deviation of a response is therefore 
available for use in a constraint or objective, or in another composite.  

The LS-OPT command defining the standard deviation of another response or 
composite to be a composite is: 

composite 'var x11' noise 'x11' 

The variation of response approximated using response surfaces is computed 
analytically as documented for the LS-OPT stochastic contribution analysis [4].  For 
neural nets and composites a quadratic response surface approximation is created 
locally around the design, and this response surface is used to compute the robustness. 
Note that the recursion of composites (the standard deviation of a composite of a 
composite) may result in long computational times especially when combined with the 
use of neural networks. If the computational times are excessive, then the problem 
formulation must be changed to consider the standard deviations of response surfaces. 

 

EXAMPLE 

Consider the two-bar truss problem as shown in Figure 3. Variable x1, the area, is a 
noise variable described using a normal distribution with a mean of 2.0 and a standard 
deviation of 0.1. The distance between the legs, x2, is a control variable which will be 
adjusted to control the variance of the responses. The maximum stress is considered as 
the objective for the robust design process. 
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Figure 3: The two-bar truss problem. The problem has two variables: the 
thickness of the bars and the leg widths as shown. The bar thicknesses are noise 
variables while the leg widths are adjusted (control variables) to minimize the 

effect of the variation of the bar thicknesses. The maximum stress in the structure 
is monitored. 

 

An interaction response surface considering the effect of variables and the interaction  
between variables is used to approximate the stress response. 

The stress response is shown in Figure 4. From the figure it can be seen that the ‘base’ 
variable must be set to values of large than 0.4 to obtain a minimum variation of the 
stress considering that the design will then be in the flattest region of the response. A 
value of 0.5 is obtained in the optimization results as shown in Figure 5. Also shown in 
the optimization results is the design history of the stress standard deviation. Note that 
the standard deviation response stayed fairly insensitive to changes in the control 
variable after iteration 4 and that the initial subregion size for the ‘base’ variable was 
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too large, resulting in initial increase in ‘base’ variable due to an inaccurate initial 
response surface. 

 

 

 

Figure 4 Contours of stress response. The flattest part of the response is when 
variable 'base' equals 0.5. 
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Figure 5 Optimization histories. Design variable ‘base’ is shown on the left and the 
standard deviation of the stress response is shown on the right. 

 

SUMMARY 

Robust parameter design creates designs insensitive to the variation of specific inputs. 
The variables are considered in two sets: the noise variables are not under the control of 
the designer and causes problems, while the control variables can be adjusted by the 
engineer to minimize the effect of the noise variables. The procedure finds location in 
the design space with reduced gradients with respect to the noise variables. Such a 
design has the minimum variation of the responses. 

 

REFERENCES  
1. Sanchez SM. Robust design: seeking the best of all possible worlds. In 

Proceedings of the 2000 Winter Simulation Conference, ed Joines JA, Barton 
RR, Kan K, and Fishwick PA. 69-76, Institute of Electrical and Electronic 
Engineers. Piscataway, NJ. 

2. Roy RK. Design of experiments using the Taguchi approach. Wiley, New 
York NY. 2001. 

3. Myers HM and Montgomery DC. Response surface methodology.  Wiley, New 
York NY. 1995.  

4. Stander N, Roux WJ, Eggleston T, Craig KJ. LS-OPT User’s Manual Version 
3.2. Livermore Software Technology Corporation: Livermore, CA, 2007. 



<<
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [473.386 595.276]
>> setpagedevice


