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Problem description

Problem: Knowing image intensities at discrete (X,Y),
determine the intensity at an arbitrary (X,Y).

Approach: Fit a surface to the discrete points and
estimate the surface value at (X,Y).

ez @ @ &

o) X=u(X.y) Or Y=F,(xy)
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Resampling methods

* Nearest neighbor
 Bilinear interpolation

e Cubic convolution

e Cubic spline interpolation
o Radially symmetric kernels
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Nearest-neighbor resampling

 Set the Intensity at (X,Y) to the intensity at [round(X),
round(Y)].

« This method Is very fast, but It produces aliasing
effects along edges.

An example:

Original Resampled
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Bilinear interpolation

e Assuming u and v are integer parts of X and Y,
respectively, bilinear interpolation is defined by

1(X,Y)=Wuvl(u,v)+Wu+1vl(U+1,v)

+Wuy+l(U,v+1)+Wu+1v+1l(U+1,v+1)

where
Wuy=(u+1-x)(v+1-y)
Wo+1v=(x-u)(v+1-y)
Wuy+1=(u+1-x)(y-v)
Wu+1v+1=(X-U)(y-V)
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An example

Original Resampled
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Cubic convolution

e Cubic convolution can be computed row-by-row and
then column-by-column.

« Assuming intensities at u-1, u, u+1, u+2 are I(u-1),
I(u), I(u+1), I(u+2), intensity at 0<X<1 Is estimated
from f(X)=I(u-1)f-1+1(u)fo+1(u+1)fi+1(u+2)f
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An example

Original Resampled
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Comparison

e Suppose an image is rotated with a 10-degree increment 36
times and then subtracted from the original image.

e Only nearest-neighbor preserves original image intensities.
Bilinear and cubic convolution change image intensities.

Nearest-neighbor Bilinear Cubic convolution
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Cubic spline interpolation

* In cubic spline also, computation Is carried out
row-by-row and then column-by-column.

e Given Intensities I-1, lo,I1,l2at -1, 0, 1, 2,
respectively, in a 1-D image, the cubic B-spline
curve approximating the intensities in the range
O<u<1 is defined by

FW = 1b,)
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Cubic spline

where b_i(u) = (—u’+ 3u® —3u+1)/6,
bo(u) = (311.3—611.2+4)/6,
bi(u) = (—3u’+ 3u®+ 3u+1)/6,
bo(u) = u’/6,

e For the curve to mterpolate the intensities, It Is
required to determine I’js from lis.

=2 b)) =12

 Instead of solving a very large system of equations,

Inverse filtering may be used to find the I’;s.
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Radially symmetric kernels

e Cubic convolution and cubic spline methods
are not rotationally invariant. To obtain a
rotationally invariant resampling, radially
symmetric kernels are needed.

* An example of a radially symmetric kernl:

1 —3r24+2r3, 0<r; <1,
f(i"‘z) — { 0. & T £k "r-i_>r1., “'
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Radially symmetric kernels

* The influence of a pixel on resampling is radially

symmetric.

* The resampled value at a point Is obtained from the
values of pixels within a circular area centered at the

point.
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Computational complexity

Type of Resampling Computational Complexity
Nearest-Neighbor O(n?)

Bilinear Interpolation O(n?)

Cubic Convolution O(n?)

Cubic Spline, Direct Computation O(n*)

Cubic Spline, Using FFT O(n?logn)

Radial Functions with Local Support O(n?)

Gaussian, Using FFT O(n?logn)
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