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Image Warping

15-463: Computational Photography

Alexei Efros, CMU, Fall 2008
Some slides from Steve Seitz

http://www.jeffrey-martin.com
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http://www.jeffrey-martin.com/


Image Warping / Morphing

Computational Photography

Connelly Barnes

[Wolberg 1996, Recent Advances in Image Morphing]

Some slides from Fredo Durand, Bill Freeman, James Hays
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→ image filtering

Image Transformation



Image Transformations

T

T

f

f g

g

image filtering: change range (or intensity) of image

g(x) = T(f(x))

geometric transformation: change domain (or geometry) of image

g(x) = f(T(x))
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Beberapa Transformasi Geometri
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•  Scalling



• Translation
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Transformasi Affine
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Homogeneous Coordinates

Q: How can we represent translation as a 3x3 

matrix?
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Homogeneous Coordinates

Homogeneous coordinates

• represent coordinates in 2 dimensions with a 3-vector
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Homogeneous Coordinates

Add a 3rd coordinate to every 2D point

• (x, y, w) represents a point at location (x/w, y/w)

• (x, y, 0) represents a point at infinity

• (0, 0, 0) is not allowed

Convenient 

coordinate system to 

represent many 

useful 

transformations

1 2

1

2
(2,1,1) or (4,2,2) or (6,3,3)

x

y
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Homogeneous Coordinates

Q: How can we represent translation as a 3x3 

matrix?

A: Using the homogeneous coordinate:
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Translation

Example of translation
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Basic 2D Transformations

Basic 2D transformations as 3x3 matrices
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Matrix Composition

Transformations can be combined by matrix 

multiplication
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Affine Transformations matrix 3 x 3

Affine transformations are combinations of 

• linear transformations (rotation, scalling, rotation), and

• translations
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(Sumber gambar: Wikipedia)

Warping = pelengkungan

Image Warping



Parametric (global) warping

Examples of parametric warps:

translation rotation aspect

affine
perspective cylindrical
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Image Warping
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→ Forward warping



Send each pixel (x,y) to its corresponding location

               (x’,y’) = T(x,y) in the second image

Forward warping

(x,y) (x’,y’)x x’

T(x,y)

y y’
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T–1(x’,y’)



Inverse warping (backward warping)

(x,y) (x’,y’)x

y

Get each pixel color g(x’,y’) from its corresponding 

location 

          (x,y) = T-1(x’,y’) in the first image

x x’

y’
T-1(x,y)
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Sumber: Non-rigid Registration Using Free-form Deformations

Authors: Loren Arthur Schwarz



Applying a warp: use inverse
Forward warping: 

• For each pixel in input image

– Paste color to warped location in output

• Problem: gaps

Inverse warping:

• For each pixel in output image

– Lookup color from inverse-warped location 



Fungsi MATLAB untuk Image Warping 

T = maketform('affine',A) builds a TFORM struct T for an N-

dimensional affine transformation. A is a nonsingular real (N+1)-

by-(N+1) or (N+1)-by-N matrix. If A is (N+1)-by-(N+1), the last 

column of A must be [zeros(N,1);1]. Otherwise, A is augmented 

automatically, such that its last column is [zeros(N,1);1]. The 

matrix A defines a forward transformation such that 

tformfwd(U,T), where U is a 1-by-N vector, returns a 1-by-N 

vector X, such that X = U * A(1:N,1:N) + A(N+1,1:N). T has both 

forward and inverse transformations.
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Transformasi affine:

x = Au + b 



B = imtransform(A,tform) transforms the image A 

according to the 2-D spatial transformation defined by 

tform. If ndims(A) > 2, such as for an RGB image, 

then imtransform applies the same 2-D 

transformation to all 2-D planes along the higher 

dimensions.
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Contoh 1: Horizontal shear 
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I = imread('cameraman.bmp');

T = maketform('affine',[1 0 0; 0.5 1 0; 0 0 1]);

I2 = imtransform(I,T);

imshow(I), figure, imshow(I2)
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Hasil run program:
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f(u) g(x)
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This is called cross-dissolve in film 
industry



P

Q
v = Q – P 

P + t v = P + t(Q – P) 

           = (1- t)P + tQ,    e.g.  t = 0.5

Idenya dari linear Interpolation

P and Q can be anything:

• points on a plane (2D) or in space (3D)

• Colors in RGB or HSV (3D)

• Whole images (m-by-n D)… etc.

How can we linearly

transition between

point P and point Q?



Cross-Dissolve

Interpolate whole images:

Imagehalfway = (1-t)*Image1 + t*image2
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A = imread('face2.jpg');

B = imread('face1.jpg');

 

alpha = 1;

for i=1:10

    C = alpha*A + (1 - alpha)*B;

    figure, imshow(C);

    alpha = alpha - 0.1;

end    
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Hasil running program
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Align first, then cross-dissolve

• Alignment using global warp – picture still valid

But what if the images are not aligned? 



Full Morphing

• What if there is no simple global function that aligns two 

images?

• User specifies corresponding feature points → control 

points

• Construct warp animations A → B and B → A

• Cross dissolve these

A B
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Full Morphing

Image A Image B

1. Find warping fields from user constraints (points or lines):

  Warp field TAB(x, y) that maps A pixel to B pixel

  Warp field TBA(x, y) that maps B pixel to A pixel

2. Make video A(t) that warps A over time to the shape of B

     Start warp field at identity and linearly interpolate to TBA

     Construct video B(t) that warps B over time to shape of A

3. Cross dissolve these two videos.



Full Morphing



Full Morphing

A

B

Warped Image A: A(t)

Warped Image B: B(t)

Cross Dissolve: (1-t)A(t) + tB(t)



Catman!
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Conclusion

Michael Jackson - Black or White

http://www.youtube.com/watch?v=F2AitTPI5U0
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