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Image Warping

Image Warping

• Warping: The mapping from  signal F(x) to signal 
G(ζ) by some transformation  ζ=m(x) satisfying   
G(m(x) ) = F(x).

• Image warping:
– x=(x,y), ζ= (ζ , η),   x, y, ζ, η ∈ I

– F(x), G(ζ) ∈ [0, 255]

– m():
• Linear operation: ζ=Mx

• Piecewise linear operations: ζ=M(x) x

• RBF approximation:                             [4]∑
=
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Warping Example Warping Example

Warping Example

input image
Move the 
features to 

warp the image

mark the 
feature 
points

•Two warping procedures:
– For each x, ζ=Mx, F(x) = G(ζ)

– For each ζ, x=M-1ζ, F(x) = G(ζ). This one is bad, 
because x can be out of the target image region.

Image warping

source image source image GG target image target image FF

),( yx),( ηζ
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Affine Warping – definition

ζ = a1x + a2y + a3

η = b1x+ b2y + b3

••Assume the mapping from (x, y) to (Assume the mapping from (x, y) to (ζζ , , ηη) is linear:) is linear:

6 Unknowns (6 Unknowns (a, ba, b)) need to beneed to be solved by 6 solved by 6 
equations, e.g.equations, e.g. need 3 pair of correspondencesneed 3 pair of correspondences
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Correspondences: Correspondences: ((ηη11, , ζζ11)) →→ ((xx11, , yy11)), , 
((ηη22, , ζζ22)) →→ ((xx22, , yy22)), , 
((ηη33, , ζζ33)) →→ ((xx33, , yy33),),

∆∆ →→ ∆∆**

((ηη22, , ζζ22))

((ηη33, , ζζ33))

((xx22, , yy22))

((xx33, , yy33))

((xx11, , yy11))

∆∆ ∆∆**

Affine Warping

sourcesource targettarget

For any (For any (ζζ , , ηη) in the triangle, we have) in the triangle, we have

ζζ = = λλ11ζζ11 + + λλ22ζζ22 + + λλ3 3 ζζ33

ηη = = λλ11ηη11 + + λλ22ηη22 + + λλ3 3 ηη33 (2)(2)
1 = 1 = λλ11 + + λλ22 + + λλ33 ((λλ ii ≥≥ 0, 0, ii = 1, 2, 3)= 1, 2, 3)

Affine Warping – better representation 
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Affine Warping – better representation 

• This representation is invariant to affine   
transformation, thus P’s corresponding point P*(x, y) 
can be represented as

x = λ1x1 + λ2x2 + λ3x3

y = λ1y1 + λ2y2 + λ3y3.

with the same λi
(3)(3)
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We then have

Thus the affine warping is:

Affine Warping in Matrix formatAffine Warping in Matrix format
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Affine Warping

Problem: possible distortion along the boundaries of the triangles

Piecewise warping: each triangle defines a warping.Piecewise warping: each triangle defines a warping.
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Affine Warping
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Resampling is a problem Ideal warping

Image pyramids Trilinear pyramid interpolation
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Application: Model based Video 
Coding based on visual tracking
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Face Tracker

Video Frame 
Input

Face Motion 
parameters

Face Synthesizer

H.26L Coder

Synthesized Face

Face Synthesizer
Decoded Video 

output

Foreground/
Background 

splitter

Foreground synthesis 
residuals

Image Background

Communication Channel

Bit Streams

H.26L Decoder

Foreground/
Background 
Composer

Foreground synthesis 
residuals

Image Background

Bit Streams

Synthesized Face

Face Motion 
parameters

Face Motion 
parameters

Basic Idea
• System overview

Basic Idea

• Face Tracker
– Piece-wise Bezier Volume Deformation 

Face Model
• Purpose: To design FACS motion units

Face surface mesh

Bézier volume
   (top layer)

Bézier volume
(bottom layer)

Face surface mesh

Bézier volume
   (top layer)

Bézier volume
(bottom layer)

Deformation

Basic Idea

• Face Tracker
– A example of PBVD Face Model

(a) (b)

(a) Bézier controlling mesh (b) An expression “smile”.

Basic Idea

• Face Tracker
– Tracker framework

1st Frame
?

Optical Flow
Estimation

Face Initialization
True

False
Video Input

Customized face: V0, 

Initial posture and Deformation: T0, W0, p0,

Optical flow

Estimation of the face 
at current frame: 

Vt =

LSE Model Fitting

Model Update

W =MR

Basic Idea

• Embedding synthesized face in H.26L Codec
– Let  H.26L take care the background efficiently. 

– The foreground reconstruction residuals coded 
with Intra_16X16 mode. 

Experiment results

• Tracker: robust tracking at 25fps in rigid tracking 
mode and 14 fps in non-rigid mode on a PC with 
CPU of 2GHz.

• H.26L(JM42): IMTC ftp website: http://ftp.imtc-
files.org.

352X240Video Input

27.3529.28PSNR around facial 
area

18-19kbits/secondBit rate

H.26LCoding with 
facial tracker

1.4 sec/frameCoding speeding 5 sec/frame
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Experiment results

(a) The synthesized face motion (b) The reconstructed video frame 
with synthesized face motion

(c) The reconstructed video frame using
H.26L codec!

Experiment results

Warping Blending

Blending

• Blending is linear 
interpolation:

10 ))(1()( ItIt αα −+

Morphing:warping+blending
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Morphing example


