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Intuitive Definition:  Given a low-resolution image(s), produce an 
aesthetically pleasing high-resolution image.
Mathematical Definition:  ???

•Single-image super-resolution (interpolation)

•Multiple-image super-resolution

•Many applications: web browsing, HDTV, satellite imaging, medical 
diagnosis, surveillance video, recognition
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“What the heck are we trying to do here?” -Song-Chun Zhu

Low-level
Vision

Mid-level
Vision

High-level
Vision

Super-resolution
Denoising/Deblurring

Registration
Compression

Segmentation
Inpainting

Detection
Recognition

Scene Categorization

How do we quantify 
the information 

content in an image?

How do we extract 
the information 
from an image?

UnderstandingImage

My Goal:  If we have a good model to “measure information,” then we can use 
it to interpolate a high-resolution image.
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•Blurs edges, oversmooths texture, aliasing (staircasing), ringing artifacts.
•May make sense for interpolation of a general data set, but not a good model 
for visual information.

Known

Interpolated
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Given an initial image u0 defined on a domain � , we seek a better image u 
with corresponding edge set � by minimizing the following energy:

Total length of edges                            Smoothness away from edges
Matching to original image

�

�Â®W:u

[Mumford-Shah,’89]
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Given an image u0 defined on a domain D and a zoom factor K>1, we want 
to produce an image u on a finer lattice                 .
(Note K=1 just produces the original lattice D.)

For square lattices and            , this reduces to filling in pixels in between pixels.

Zoom by 
factor K=3 Inpaint

Separate by 
K-1=2 pixels

Unknown Pixels

Original
Image u0
Lattice D

Interpolant
Image u
Lattice � 3

Interpolation is a special case of inpainting.

[Bertalmio-Bertozzi-Sapiro,‘01]

+ZÎK
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[Shen-Esedoglu,’02]
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We only need to match to the original image u0 on the original domain D.

Numerically, we approximate the edge set � with an “edge canyon” z.

The gamma convergence formulation is:

�
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[Shen-Esedoglu,’02], [Tsai-Yezzi-Willsky,’01]
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Given a sequence of N low-resolution images                  
For a zoom factor K>1, we want to produce a single high-resolution image           

containing “more information” than any one image in the sequence.

Our first step is to register the images to the base high-resolution space � K.
Register by matching selected landmarks under projective transformations
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On average, match the original images only on the mapped domains

Numerically, the gamma convergence formulation changes just slightly:
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The Euler-Lagrange equations become:
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The image gets fuzzier on the ends where there is less information.
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For color images, we can process each channel separately.
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Super-segmentation:  Keeping track of the edge set, we also segment the image.

Super-denoising:  Denoising is difficult to do alongside interpolation.
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