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ABSTRACT

Inthisarticle,atypeofbivariaterationalinterpolationfunctionisconstructedforpreservingimage
texturestructure,whichintegratespolynomialfunctionswitharationalfunction.Onthebasisofthis
model,animageinterpolationalgorithmfortexturepreservingisproposed.First,anisolinemethod
isemployedtodetecttheimagetexture,andthentheimagecanbedividedintotextureregionsand
smoothregionsadaptively.Second,thesmoothregionandthetexturedregionareinterpolatedbythe
polynomialmodelandtherationalmodel,respectively.Finally,inordertopreserveimagetexture
direction,anobjectivefunctionbasedonthegradientisconstructed,andtheweightofthecorrelation
point is calculated, and the pixel value of the interpolation point is determined by convolution.
Experimental results show that the proposed algorithm achieves good competitive performance
comparedwiththestate-of-the-artinterpolationalgorithms,especiallyinpreservingimagedetails
andedgestructure.
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INTRoDUCTIoN

Imageinterpolationistheartofupscalingalow-resolution(LR)imagetothehighresolution(HR)
version,whichhasbecomeaveryactiveareaofresearchinimageprocessing(Liu,Zhao,Zhou,
Gao&Sun,2014).Itcanbeeasilyextendedtodiverseapplicationsrangingfrommedicalimaging,
remotesensing,aviation,animationproductionandmultimediaentertainmentindustries.Because
of the relatively low computational complexity, traditional image interpolation methods such as
bilinear, cubic spline and cubic convolution interpolations (Keys, 1981;Hou&Andrews,1978;
Jain,1989)arewidelyused.Buttheyoftensufferfromvariousformsofartifacts,suchasblurring,
ringing,jaggyedgesandsoon.

Ingeneral,theinterpolationalgorithmcanbedividedintodiscretemethodandcontinuousmethod.
Thediscretemethodobtainsthepixelvalueoftheinterpolatedpointbytransformingthegrayvalue
oftheknownpixel.Anewimageinterpolationmethod(Carrato&Tenze,2000)whichusesthepriori
edgemodeltooptimizetheparametersoftheinterpolationoperatorisproposed,andthehighquality
interpolationimageisobtainedbyinterpolatingtheedgeinformation.Newedge-directedinterpolation
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(Li&Orchard,2001)(NEDI)makesuseofgeometricdualitypropertytoestimateHRcovariance
byLRcovariance,andinterpolatestheHRpixelsusingtheestimatedcovariance.Themethodcan
effectivelypreservetheimageedgestructure.However,theinterpolationwindowcannotbeadjusted
adaptively,whichleadstodistortionanddeformationoftheimagetexturedetails.Directionalfiltering
anddatafusion(Zhang&Wu,2006)(DFDF)isanewedge-guidednon-linearinterpolationalgorithm.
Foreachpixeltobeinterpolated,itsneighborhoodisdividedintotwoobservationsubsets,andthen
themissingpixelsareestimatedfromthetwoorthogonaldirections.Thealgorithmcanpreserve
sharpedgesoftheimageandreduceringartifactseffectively.Soft-decisionadaptiveinterpolation
(Zhang&Wu,2008)(SAI)adaptstovaryingscenestructuresbyusinga2-Dpiecewiseautoregressive
modelwhichinterpolatemissingpixelsingroupsratherthanone.Thismethodpreservesthespatial
coherenceoftheinterpolatedimages,andachievesbettereffectinawiderangeofscenarios.On
thebasisofSAI,robustsoft-decisionadaptiveinterpolation(Hung&Siu,2012)(RSAI)improves
therobustnessofSAIbyusingweightedleastsquaresestimation.Mostoftheadaptiveinterpolation
basedondiscretemethodcannotmagnifyatanymultiple,preservetexturedetailseffectively,prone
tosomeartifacts(blur,ringing,zigzag,etc.).Further,combiningwiththemachinelearningmethod,
Dongetal.developedanimageinterpolationmethod(Dong,Zhang,Lukac&Shi,2013),wherein
nonlocalautoregressivemodeling(NARM)isembeddedinthesparserepresentationmodel.The
methodachievesoutstandingresultscomparedtoconventionaledge-directedalgorithms.However,
ithashighertimecomplexity.

Comparedwiththediscretemethod,thecontinuousmethodcanconstructacontinuoussurface
withtheimagesamplingdata.Themethodcanamplifyanymultiple.Becausethenaturalimagehas
nonlinear properties and the rational function is typical nonlinear model, the rational function
interpolationalgorithmhasattractedattentionofscholars(Lee,Pedersen&Mumford,2003),and
someresearchachievementshavebeenmadeinrecentyears(Zhang,Zhang,Chi&Zhang,2009;
Yao,Zhang,Bao&Zhang,2016;Yao,X.,Zhang,Bao,Liu&Zhang,2017;Zhang,Yao,Bao&
Zhang,2017).Thesealgorithmsareappliedtotheimageenlargementandenhancement,andachieve
significantresults.Zhaoetal.(Zhao,Hu&Tan,2006)extendedthe1-dimensionalmulti-nodespline
interpolationmethodto2-dimensional,andthenproposedamulti-nodesplineimageinterpolation
algorithm.Itissuperiortothetraditionalcubicconvolutioninterpolationalgorithm.Liuetal.(Liu,
Zhang,Guo&Zhang,2014)proposedamixedweightedrationalfunctionimageinterpolationmodel.
The algorithm can maintain image structure information effectively. However, most of rational
interpolationmodelisC 1 continuous,resultsareunsatisfyinginpreservingedgestructureofimage.

Topreservethetexturedetailandtheedgestructure,atexturepreservingimageinterpolation
algorithmbasedontheC 2 continuousrationalfunctionisproposed.Atfirst,anoveltypeofbivariate
rationalinterpolationfunctionisconstructed.Withshapeparametersvarying,thefunctionhasdifferent
formsofexpression.Itcombinestherationalmodelandthepolynomialmodelorganically.Then,the
imageisdividedintotextureregionandsmoothregionbyusingisolinemethod.Thesmoothregion
andthetextureregionareinterpolatedbypolynomialmodelandrationalmodelrespectively.Infinal,
inordertopreserveimagetexturedetail,anobjectivefunctionisconstructedbasedonthegradient,
andthenpixelvaluesofinterpolationpointsareestimatedbycalculatingtheweightofthecorrelation
point.Thealgorithmpreservestexturedetailswell,avoidsdistortionandjaggednesseffectively,and
haslowtimecomplexity.

Themajorcontributionsofthispapercanbesummarizedinthefollowingitems:(1)Amethod
of construction forC 2  continuousbivariate rational interpolation function isdeveloped. (2)We
proposeanadaptiveregion image interpolationalgorithm,whichcanmeet to localcharactersof
image.(3)Anobjectivefunctionbasedonimagegradientisconstructedtoconstrainthepixelvalues
ofinterpolationpoints,whichcaneffectivelymaintaindetailsandstructure.

Theremainderofthispaperisorganizedasfollows.InSection2,abivariaterationalfunction
interpolation model is constructed. The proposed algorithm is described in Section 3. At last,
experimentalresultsandanalysisarepresentedtoevaluatetheeffectivenessinSection4.
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