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Mathematica

Powerful symbolic and numerical computation

Spline support

Image processing support

CDF: Computable Document Format
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B-Spline Functions

Basis functions
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Properties

B0,3x
1 x  0
1  x3 0  x  1
0 True

B1,3x¶ 3 1  x2 x 0  x  1
0 True

B2,3x¶ 3 1  x x2 0  x  1
0 True

B3,3x
1 x  1
x3 0  x  1
0 True
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B-Spline Functions in 2D

Tensor-product of 1D basis functions
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B-Spline Interpolation

In general, B-spline manifolds are not interpolating

In[4]:= ManipulateGraphicsBezierCurvepts, SplineDegree  d, Dashed, Green, Linepts,

PlotRange  5, Frame  True, pts, 3, 0, 1, 3, 1, 3, 3, 0,

Locator, LocatorAutoCreate  True, d, 3, "degree", 2, 6, 1

Out[4]=
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Interpolation of 2D B-spline surface

In[5]:= Withnx  4, ny  4, Manipulate
sourcePts  FlattenTablei, j, i, 0, 1, 1  nx  1, j, 0, 1, 1  ny  1, 1;

f  InterpolationMapThread1, 2 &,

FlattenPartitionsourcePts, ny, 1, FlattenPartitiontargetPts, ny, 1,

Method  "Spline", InterpolationOrder  io;

GraphicsParametricPlotfu, v, u, 0, 1, v, 0, 11,

Line  PartitiontargetPts, nx, Line  TransposePartitiontargetPts, nx,

targetPts, FlattenTablei, j, i, 0, 1, 1  nx  1, j, 0, 1, 1  ny  1, 1,

Locator, io, 1, 3, 1

Out[5]=
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Using Texture on 2D B-spline interpolation surface

In[6]:= Withnx  4, ny  4, Manipulate
sourcePts  FlattenTablei, j, i, 0, 1, 1  nx  1, j, 0, 1, 1  ny  1, 1;

f  InterpolationMapThread1, 2 &,

FlattenPartitionsourcePts, ny, 1, FlattenPartitiontargetPts, ny, 1,

Method  "Spline", InterpolationOrder  io;

GraphicsDynamicTextureCurrentImage,

ParametricPlotfu, v, u, 0, 1, v, 0, 1, Mesh  None,

PlotStyle  Opacity1, TextureCoordinateFunction  3, 4 &1,

Line  PartitiontargetPts, nx, Line  TransposePartitiontargetPts, nx,

targetPts, FlattenTablei, j, i, 0, 1, 1  nx  1, j, 0, 1, 1  ny  1, 1,

Locator, io, 1, 3, 1
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Implementation

Code

In[1]:= ClearimageWarping;

imageWarpingimg_, setup_: Automatic :

DynamicModulemode  1, io  1, nx  6,

ny  4, pnx  6, pny  4, selIdx  0, tConst  True, tIdx  False,

tLoc  True, tGrids  False, tPlines  False, tPlinesMono  False,

tPguides  False, tPcurve  False, grids  , trans  1,

sourcePts  FlattenTablei, j, i, 0, 1, 1  5 nx1 ,

j, 0, 1, 1  3 ny1 , 1,

targetPts  FlattenTablei, j, i, 0, 1, 1  5 nx1 ,

j, 0, 1, 1  3 ny1 , 1,

g, f, pLines  , pMode  1, pStack  , pI, uStart  0,

uEnd  1, cRendering  Automatic,

imgSize  ImageDimensionsimg1,

imgPadLeft  10, imgPadRight  10, imgPadBottom  10, imgPadTop  10,

Ifsetup  Automatic,

IfQuietOptionValuesetup, "GridDimensions"  "GridDimensions",

nx, ny  pnx, pny  OptionValuesetup, "GridDimensions";

IfQuietOptionValuesetup, "InterpolationOrder"  "InterpolationOrder",

io  OptionValuesetup, "InterpolationOrder";

IfQuietOptionValuesetup, "SourceControlPoints"  "SourceControlPoints",

sourcePts  OptionValuesetup, "SourceControlPoints";

IfQuietOptionValuesetup, "TargetControlPoints"  "TargetControlPoints",

targetPts  OptionValuesetup, "TargetControlPoints";

IfQuietOptionValuesetup, "ParallelLines"  "ParallelLines",

pLines  OptionValuesetup, "ParallelLines";

;

Style
Pane

Grid

Dynamic
Ifpnx  nx  pny  ny, sourcePts 

FlattenTablei, j, i, 0, 1, 1  nx  1, j, 0, 1, 1  ny  1, 1;

pnx  nx; targetPts  FlattenTablei, j, i, 0, 1, 1  nx  1,

j, 0, 1, 1  ny  1, 1; pny  ny;

f  InterpolationMapThread1, 2 &, Flatten
paddingPartitionsourcePts, ny, io, 1, Flattenpadding
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Partition1  trans sourcePts  trans targetPts, ny, io, 1,

Method  "Spline", InterpolationOrder  io;

Withdom  f"Domain", gx_, y_ : Piecewisefx, y, dom1, 1 

x  dom1, 2 && dom2, 1  y  dom2, 2, x, y, True;

Panel
Switchmode,

1,

EventHandler
LocatorPane

DynamicsourcePts, 
With
diff 

Which
CurrentValue"ShiftKey",

Functionpt, 1., 0. pt  sourcePts  ,

CurrentValue"ControlKey", Functionpt,

0., 1. pt  sourcePts  ,

True, sourcePts  

,

WithnewPts  sourcePts  diff,

selIdx 

QuietFirstFirstPositiondiff, x_, y_ ; x  0  y  0;

sourcePts  targetPts  IfselIdx  ,

newPts,

Table
Which

Floori  1  ny  FloorselIdx  1  ny,

newPtsselIdx, 1, newPtsi, 2,

Modi  1, ny  ModselIdx  1, ny, newPts
i, 1, newPtsselIdx, 2,

True, newPtsi
, i, nx ny


 &,

Dynamic
GraphicsTextureimg, Polygon0, 0, 1, 0, 1, 1, 0, 1,

VertexTextureCoordinates  0, 0, 1, 0, 1, 1, 0, 1,

IftGrids, 
White, Opacity.7, AbsoluteThickness3,

Line
TablesourcePts1  ny i  1, sourcePtsny i, i, nx,

LineTablesourcePtsi, sourcePts
i  ny nx  1, i, ny,

Black, AbsoluteThickness2,

Line
TablesourcePts1  ny i  1, sourcePtsny i, i, nx,
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LineTablesourcePtsi, sourcePts
i  ny nx  1, i, ny

, ,

IftPlines,

IftPlinesMono,


White, Opacity.5, AbsoluteThickness3,

IfpLines  , Linestretch1, 2 &  pLines,

AbsolutePointSize8, Point  pLines, ,

ColorData"HTML", "DarkBlue", Opacity.5,

AbsoluteThickness2,

IfpLines  , AbsolutePointSize5, MapIndexedLine
stretch11, 12, Point1 &, pLines, 

,


Black, Opacity.7, AbsoluteThickness5,

IfpLines  , Linestretch1, 2 &  pLines,

AbsolutePointSize11, Point  pLines, ,

Yellow, Opacity1, AbsoluteThickness2,

IfpLines  , AbsolutePointSize8,

MapIndexedColorData243 CeilingFirst2  2  1, Line
stretch11, 12, Point1 &, pLines, 

,

,

IftIdx, MapIndexedOpacity.7, TextStyleFirst2,

FontFamily  "Arial", 16, Bold, Black, Offset22, 2, 1,

Opacity1, TextStyleFirst2, FontFamily  "Arial",

16, Bold, Yellow, Offset20, 0, 1 &, sourcePts, ,

IfpStack  , Black, Opacity.7, AbsolutePointSize5,

PointpStack, Red, Opacity1,

AbsolutePointSize3, PointpStack, 

, FrameTicks  None, Frame  True, FrameStyle  GrayLevel.7,

PlotRangePadding  0.001, PlotRange  0, 1, 0, 1,

PlotRangeClipping  True, AspectRatio  ImageAspectRatioimg,

ImageSize  DynamicimgSize, ImagePadding  Dynamic
imgPadLeft, imgPadRight, imgPadBottom, imgPadTop,

TrackedSymbols  sourcePts, targetPts, tGrids, tPlines,

tPlinesMono, pLines, pStack, tIdx,

Appearance  GraphicsDynamicIftLoc,

White, AbsoluteThickness3, Opacity.7,

Circle0, 0, Offset6, 6, Black, Opacity1,

AbsoluteThickness1, Circle0, 0, Offset6, 6,

, TrackedSymbols  tLoc

, "MouseDown", 2  

SwitchpMode,
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1, Beep; IfpStack  ,

pStack  MousePosition"Graphics", AppendTopLines,

pStack, MousePosition"Graphics"; pStack  ,

1, pI  1; IfpLines  ,

Withpt  MousePosition"Graphics", WhileLengthpLines 

pI && EuclideanDistancepLinespI, 1, pt  0.01 &&

EuclideanDistancepLinespI, 2, pt  0.01, pI;

IfpI  LengthpLines, Beep; pLines  DeletepLines, pI


,

2,

LocatorPane
DynamictargetPts, 

With
diff 

Which
CurrentValue"ShiftKey",

Functionpt, 1., 0. pt  targetPts  ,

CurrentValue"ControlKey", Functionpt,

0., 1. pt  targetPts  ,

True, targetPts  

,

WithnewPts  targetPts  diff,

IftConst,

selIdx 

QuietFirstFirstPositiondiff, x_, y_ ; x  0  y  0;

targetPts  IfselIdx  ,

,

Table
Which

Floori  1  ny  FloorselIdx  1  ny,

newPtsselIdx, 1, newPtsi, 2,

Modi  1, ny  ModselIdx  1, ny, newPts
i, 1, newPtsselIdx, 2,

True, newPtsi
, i, nx ny,

targetPts  newPts


 &,

Dynamic
ParametricPlotfx, y, x, 0, 1, y, 0, 1, BoundaryStyle  None,

Frame  True, FrameTicks  None, FrameStyle  GrayLevel.7,

TextureCoordinateFunction  3, 4 &, MaxRecursion  4,

PlotStyle  DirectiveOpacity1, Textureimg, Mesh  None,

PlotRange  0, 1, 0, 1, PlotRangePadding  0.001,

AspectRatio  ImageAspectRatioimg, ImageSize  DynamicimgSize,
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ImagePadding  DynamicimgPadLeft, imgPadRight,

imgPadBottom, imgPadTop, Frame  False, Axes  False,

Epilog  
Green, AbsoluteThickness1,

Withpts  1  trans sourcePts  trans targetPts, 
IftGrids, 

White, Opacity.7, AbsoluteThickness3,

TableLineTablepts1  j  ny i  1,

pts2  j  ny i  1, i, nx, j, 0, ny  2,

TableLineTableptsi  ny j  1, ptsi  ny j,

i, ny, j, 1, nx  1,

Black, AbsoluteThickness2,

TableLineTablepts1  j  ny i  1,

pts2  j  ny i  1, i, nx, j, 0, ny  2,

TableLineTableptsi  ny j  1, ptsi  ny j,

i, ny, j, 1, nx  1
, ,

IftPlines &&  tPcurve,

IftPlinesMono,


White, Opacity.5,

AbsoluteThickness3, AbsolutePointSize8,

IfpLines  , Linestretchf  1, f  2 & 
pLines, Pointf  FlattenpLines, 1, ,

ColorData"HTML", "DarkBlue", Opacity.5,

AbsoluteThickness2, AbsolutePointSize5,

IfpLines  , MapIndexedLinestretchf  11,

f  12, Pointf  1 &, pLines, 
,


Black, Opacity.7,

AbsoluteThickness5, AbsolutePointSize11,

IfpLines  , Linestretchf  1, f  2 & 
pLines, Pointf  FlattenpLines, 1, ,

Yellow, Opacity1, AbsoluteThickness2,

AbsolutePointSize8,

IfpLines  , MapIndexedColorData24
3 CeilingFirst2  2  1, Linestretchf  11,

f  12, Pointf  1 &, pLines, 
,

,

IftPlines && tPcurve,

IftPlinesMono,


White, Opacity.5,

AbsoluteThickness3, AbsolutePointSize8,

IfpLines  , curvelinearf, , uStart, uEnd, Black & 
pLines, Pointf  FlattenpLines, 1, ,
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ColorData"HTML", "DarkBlue", Opacity.5,

AbsoluteThickness2, AbsolutePointSize5,

IfpLines  , curvelinearf, , uStart, uEnd,

ColorData"HTML", "DarkBlue" & 
pLines, Pointf  FlattenpLines, 1, 

,


Black, Opacity.7,

AbsoluteThickness5, AbsolutePointSize11,

IfpLines  , curvelinearf, , uStart, uEnd, Black & 
pLines, Pointf  FlattenpLines, 1, ,

Yellow, Opacity1, AbsoluteThickness2,

AbsolutePointSize8,

IfpLines  , MapIndexedcurvelinearf, 1, uStart,

uEnd, ColorData243 CeilingFirst2  2  1,

ColorData243 CeilingFirst2  2  1,

Pointf  1 &, pLines, 
,





, TrackedSymbols 

f, tGrids, tPlines, tPlinesMono, tPcurve, uStart, uEnd, trans,

Appearance  GraphicsDynamicIftLoc,

Black,Opacity.5,AbsolutePointSize13,Point0,0,Opacity1,

LightBlue,AbsolutePointSize10,Point0,0
White, AbsoluteThickness3, Opacity.7,

Circle0, 0, Offset6, 6, Black, Opacity1,

AbsoluteThickness1, Circle0, 0, Offset6, 6,

, TrackedSymbols  tLoc



,

TrackedSymbols  mode, trans, io, nx, ny, sourcePts, targetPts,

PanelColumn
"control points:",

RadioButtonBarDynamicmode, 1  "source", 2  "target",

"",

"interpolation order:",

RadioButtonBarDynamicio, 1, 2, 3,

"",

"number of grid points",

Row"x: ",

SliderDynamicnx, 2, 10, 1, ImageSize  Small, " ", Dynamicnx,

Row"y: ", SliderDynamicny, 2, 10, 1, ImageSize  Small,

" ", Dynamicny,
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"",

Grid
"constrained control:", CheckboxDynamictConst,

"", "",

"show locators:", CheckboxDynamictLoc,

"show grids:", CheckboxDynamictGrids,

"show parallel lines:", CheckboxDynamictPlines,

" use curvelinear", CheckboxDynamictPcurve,

" use simple color", CheckboxDynamictPlinesMono
, Alignment  Left, Right, Center,

"",

Row"image width: ", DynamicimgSize,

SliderDynamicimgSize, .5 ImageDimensionsimg1,

2. ImageDimensionsimg1, ImageSize  120, 20,

"",

"rightclick action",

RowRadioButtonDynamicpMode, pStack  ; pMode   &, 1,

" add parallel lines",

RowRadioButtonDynamicpMode, pStack  ; pMode   &, 1,

" delete parallel lines",

"",

Button"snapshot to clipboard", CopyToClipboard"GridDimensions"  nx,

ny, "InterpolationOrder"  io, "SourceControlPoints"  sourcePts,

"TargetControlPoints"  targetPts, "ParallelLines"  pLines,

"",

Row"transition: ", Dynamictrans,

SliderDynamictrans, 0, 1, ImageSize  120, 20,

AnimatorDynamictrans,

0, 1, AnimationRunning  False, DisplayAllSteps  True,

AnimationDirection  ForwardBackward, AppearanceElements 

"StepLeftButton", "StepRightButton", "PlayPauseButton",

"FasterSlowerButtons", "DirectionButton", "ResetButton",

"",

"",

OpenerViewStyle"debug", Gray,

Column
"",

"curvelinear lines range:",

SliderDynamicuStart, 0, 1, ImageSize  Small,

SliderDynamicuEnd, 0, 1, ImageSize  Small,

"",

"control style",

RadioButtonBarDynamiccRendering, Automatic, "Generic"





, FrameMargins  20
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,

ControlsRendering  DynamiccRendering
, BaseStyle  "Label", Initialization 

stretchpt1_, pt2_ :

Withx1  pt11, x2  pt21, y1  pt12, y2  pt22,

Ify1  y2,

0,
x2 y1  x1 y2

x1  x2
, 1, y1  x2 y1  y2  x1 y2  x1  x2,

 x2 y1  x1 y2

y1  y2
, 0, x1  x2  x2 y1  x1 y2  y1  y2, 1

;

curvelinearf_, x1_, y1_, x2_, y2_, ustart_, uend_, style_ :

Ifx1  x2  Absy2  y1  x2  x1  2,

ParametricPlotfx2  x1  y2  y1 v  y2  x2, v,

v, ustart, uend, PlotStyle  style1, 1,

ParametricPlotfu, y2  y1  x2  x1 u  x2  y2,

u, ustart, uend, PlotStyle  style1, 1
;

paddingpts_, n_ : pts;



Test Pattern

In[3]:= checker  ImagePadRasterizeFramed
GraphicsEdgeForm, TableIfXorEvenQi, EvenQj, White, GrayLevel.7,

Rectangle10 i, 10 j, 10 i  1, 10 j  1, i, 10, j, 4,

PlotRange  All, ImageSize  800, PlotRangePadding  0, ImagePadding  0,

FrameMargins  0, FrameStyle  Gray, "Image", 0, 0, 0, 300, White
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B-Spline Warping—Linear
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B-Spline Warping—Quadratic
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B-Spline Warping—Cubic
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Single Vanishing Point Fixing
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Ghent Altarpiece
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Robert Campin Merode, Altarpiece, c. 1425. Triptych
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Max Beckmann, Die Synagoge in Frankfurt am Main, 1919
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Pietro Lorenzetti, Flagellation of Christ
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Future Work

Interactivity

Direct control on the surface (Hong et al., 2000)

Touch interface: iPad, etc.

Constraints

Area preservation

Fixed points

Layering / 3D

Content-aware resizing / filling (Barnes et al., 2009)

Color space management

RGB space is not linear color space: Application of B-spline interpolation method 
may cause distortion.

XYZ space in the future
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