Image Warping
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Image Mapping

 Define transformation

o Describe the destination (x,y) for every location (u,v)
in the source (or vice-versa, if invertible)




Image Mapping - Examples

» Scale by factor: * Rotate by © degrees:
o X = factor* u o X =UucosO - vsin®
o y = factor*v o y =usin® + vcos®
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| Rotate
30

» Any function of u and v:
o x=f(u,v)
o y=f(uv)

“Swirl”

Fisye



Forward Mapping

for (int u = 0; u < umax; u++) {
for (int v = 0; v < vmax; v++) {
float x £ . (a,v);
float y £,(u,v);
dst(x,y) = src(u,v);

}

)

o

(xy) -

Source image Destination image



Forward Mapping - Disadvantages

Some destination pixels
may not be covered

Many source pixels
can map to same
destination pixel

Rotate
-30
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Backward Mapping

for (int x = 0; x < xmax; x++) {
for (int y = 0; y < ymax; y++) {
float u = £ 1 (x,y);

float v £, (x,y); The Problem:
dst(x,y) = src(u,v); |(u)arenotintegers!

}
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Nearest Neighbor

« Take value at closest pixel:
o intiu = trunc(u+0.5);
o intiv = trunc(v+0.5);
o dst(x,y) = src(iu,iv);

This method is simple,
but it causes aliasing







Example - Nearest Neighbor
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Bi-linear Interpolation

* Bi-linear interpolates four closest pixels.
* The weight for each pixel is proportional to its distance from the

sampling point (x,y)
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Bi-linear Interpolation



Bi-linear Interpolation
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@ Model f(x,vy) as a bilinear surface



Bi-linear Interpolation

“..f(1,1)

@ Model f(x,vy) as a bilinear surface

0) using f(0,0) and f(1,0)
,1) using f(0,1) and f(1,1)

@ Interpolate f(5.
Interpolate f(
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Bi-linear Interpolation

as a bilinear surface

o Model f(x,y

@ Interpolate f
Interpolate f

,0) using f(0,0) and f(1,0)
,1) using f(0,1) and f(1,1)

) using f(%.O) and f(%.l)
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| Example Bi-linear
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Bi-cubic

e Bicubic interpolates 16 closest neighbors (4x4 neighborhood)
* The result is much more smooth
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Bi-cubic Interpolation






@ Interpolate

° f(% 0) using f(0,0),
o f(3,1) using f(0,1),
¢ ayf(l. 0) using 9, f (0. 0
o 0 f(i 1) using 9, f(0,1),
@ Interpolate f(— —) using f(%

0,0) and d, f(1,0)
0.1) and O, f(1,1)
,0), 92y f(0,0) and Opy f(1,0)
1), Opy £(0,1) and O, f(1.1)
), Oy

f(3.0) and 9, f(5,1)






Nearest Neighbor




Bi-Linear Interpolation
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Bi-Cubic Interpolation
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Comparison

Nearest Neighbor Bi-linear Bi-cubic
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Shear




Shear




Shear and Scale

Operating line by line, faster and simpler filters







Shear

A preserve columns

@ ) A@ ) [féf y)j

B preserve rows

Y (u) (
r u u,v
( _ B{ g(u, v)
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Shear
r T X) (Xcosa-ysma
s) y - X sina + ycosa
N B G P ey
S % y f(x,y) f(x,y)

We get
f(X,y) =s =xsina +y cosax

g(u,v) = X cosa — y sina



Shear

g(u,v) = X cosa — y sin«

We need to express it in terms of u,v
We know that x=u, and

v=1(X,y) =X sina + y cos«x

We get

V-XSINa V-usho

y = —
CoOSX CoOSX




Shear

We put it all together and get

vV-usino .
g(u, V) = U cosa - sing =useca —vtana
COS &




Shear

At last we get

X X
A = ,
y XSmao +ycosa
u useca — vtano
B —



Shear

Using a large angle (80 degree)




Shear
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Shear

Second pass with Backward Mapping




Shear

e Rotate in 90 degree, then use shear
with a small angle

 We still have a scale factor in the shear which
create holes; one solution is to use filter



Shear

The other solution is by using
three shear transformations

cCoS¥ —Sma B I —tana/2 | OY1 —-tana/2
sing  cosa ) \0 1 sma 1)MN0 1

We need Three passes instead of Two.
But no scale! Just shift lines!



Shear

Two first shears
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