Image Processing for Computer

Graphics

» Warping, morphing, blending

* image-based rendering

« techniques based on analysis-by-synthesis

Geometric distortion correction

* Gray level interpolation (bilinear interpolation)

j.k

Interpolate the value at (j,k) position by using four neighbzelpi

« Super-resolution using multiple images

« Super-resolution using image examples or database

Superresolution methods

» Image Registration Mdliatioi $Hstiatzmiinn
* Projection onto HigRRegdgdd
sNonuniform |ty ktimn
sFrequency Domain
slterative Back Projection (IBP)
*POCS (Projection onto convex sets)
sother

Geometric distortion correction

 Distortion

* Geometric transform
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Superresolution

Low-res Images RBRggsa@inn
(subpikesigyiid)

Superresolution vs bilinear
interpolation

Bicubic Internpolatiom
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Image Warping

Warping: The mapping from signg&(x) to signal
G(¢) by some transformation=m(x) satisfying
G(m) ) = F(x).
Image warping:
=x=(xy), &=({, ), X y,4n el
— F(x), G(J) [0, 255]
- m():
* Linear operation{=Mx

 Piecewise linear operation&M(x) x
* RBF approximation:

4

Warping Example

Warping

inputimage

Warping Example
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Warping Example
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Blending
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Blending

¢ Blending is linear
interpolation:

a(t)lo +(1_a(t))|1

Morphing example

Affine Warping — definition

*Assume the mapping from (X, y) t§ {7) is linear:
{=ax+ay+a,

= Db+ by + by

| Ja & a|x

n|=(b b by

1/ |o 0o 11
6 Unknowns &, b) need to besslvizdpys 6
equations, e.grewxt8 pgniofafaroesspuielerees
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Morphing:warping+blending

Image warping

source image G target image F

(¢.m) (%)

*Two warping procedures:
— For eachx, =Mx, F(x) = G(J)
— For each?, x=M-1¢, F(x) = G({).

Affine Warping

source target
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Affine Warping — better representatior

For any ¢, 1) in the triangle, we have
(=M + A0 + A4

=111+ Aally + A3ija 2
1=, +4, +A, (A20,i=1,2,3)

4 & ¢, G| |4 G G A
D= |+ A Dy |F Al 5 | =\ 1 1y 115 | Ay
1 1 1 1 1 1 1A

Affine Warping
Affine Warping in Matrix format
Let VTG

We then have

Thus the affine warping is:

V=MV =ABV",

Resampling is a problem

Example: Shear

T
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Affine Warping — better representatior

« This representation is invariant to affine
transformation, thuB’s corresponding poin®” (X, y)
can be represented as

X=AXq + Ao + A3Xg
Y=Ay1 + Ao + Agya.
with the samel,

4 4 G GlA XX
n=\m M Ns|L|[=M|y. Y,
1 1 1 1A 1

Affine Warping

Piecewise warping: each triangle defines a warping.

Problem: possible distortion along the boundarfeb®triangles

Ideal warping

Discrete Input & Discrete Output

Reconstruet Sample

. &, 2,
K\Jj\ Warp Mmmm r\_ﬂ

Reconstructed Input Warped Input

Continuous Output
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Image pyramids Trilinear pyramid interpolation

Texture pyramid Texture map Image

Texture pyramid Texture map Image
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Basic Idea Basic Idea

e System overview
Video Frame Face Motion * Face Tracker

Input arameters
P Face Tracker | "

— Piece-wise Bezier Volume Deformation
Foreground] 1 Face Model

Synthesize Face

splitter « Purpose: To design FACS motion units

residuals parameters

H.26L Coder l RVo + LP)+T]
Bit Streams

Communication Channel

Image Backgvoundl anreground syntheds Face Motion

Bit Streams
H.26L Decoder Face Motion

residuals

Image Backgvoundl anreground synthesis

Decoded Vide{  Foreground/
output
«———  Composer |Synthesized Fad
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Basic Idea Basic Idea

» Face Tracker
— Tracker framework

True o
1¢'Frame Facelr n
g L [ron ]
False Customized face: Vy,

Initial posture and Deformation: To, Wo, Po.

i Oy - aoa al’n
OEPS‘:ica'F'OW e Vb = oM R(Vo + LPY+ T/ 0[F . P) } L,

imation

» Face Tracker
— A example of PBVD Face Model

Video Input

oo Fo N

LSE Model Fin%

7P

Estimation of the face
atcurrentframe:

— —— ModelUpdate
Vi= R(V+LP)+T

Basic ldea Experiment results

« Embedding synthesized face in H.26L Codec Tracker: robust tracking at 25fps in rigid tragkin
— Let H.26L take care the background efficiently. mode and 14 fps in non-rigid mode on a PC with

— The foreground reconstruction residuals coded ] ZGHZ.' .
Wlth Intra_16X16 mOde. © H26L(JM42) IMTC ftp WebSIte.

Coding with H.26L
facial tracker

Video Input 352X240
Bit rate 18-19kbits/second

PSNR around facial 29.28 27.35
area

Coding speeding 1.4 sec/frame 5 sec/frame

Experiment results Experiment results
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