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Misc. Topics

April 30, 2007

Lexing Xie
xlx at ee.columbia.edu

EE4830 Digital Image Processing
Lecture 13

• image reconstruction from projections
• image/video indexing and retrieval 
• review
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Announcements

� PS#7 due Wednesday 10am
� Solution will be available by the end of this week

� Additional office hours 
� Thursday May 3rd, 5:30 – 7:00pm

� Monday May 7th, 4:30 – 6:00pm

� Final Exam on May 7th 7:10~10:10pm, Mudd 337
� 5 problems

� Open book, notes, calculator 

� Coverage: Lectures 1-13



3

Lecture Outline

� Last week: source coding, image/video compression

� Image reconstruction from projections
� CT, PET and medical imaging

� Radon transform

� Projection-slice theorem

� Introduction to image/video indexing
� The problem

� Technologies and systems

� Demos
� “Video Google”, like.com, retrievr, IBM Multimedia Analysis and 
Retrieval System

� DIP “executive summary”
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Image Reconstruction: Why?
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Magnetic Resonance Imaging

� Non-invasive medical imaging method, 
like ultrasound and X-ray.

� Clinically used in a wide variety of 
specialties. 

Abdomen Spine Heart / Coronary

material courtesy of Brian Hargreaves, Stanford Univ.
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What is Computed Tomography?

� Computed Tomography (CT) is a computer 
aided imaging technique performed by 
illuminating the object of interest with radiation 
and measuring the attenuation.

� Commonly, X-ray emitters and detectors are 
used to collect the attenuation data. That data 
is then processed to reconstruct 2D or 3D 
images of the regions of interests in a non-
invasive manner, using a machine like the one 
on the right.  

� CT is widely used in the medical field in the 
diagnosis of cancers, disease, and to recover 
muscular-skeletal information in the human 
body.  It can also be useful in  determining 
dosimetry for radiation treatments.

� CT is also used in imaging non-biological 
systems: engine performance  
diagnostics,materials research and Geology 

CT Scanner [1]

Slide 5-7 courtesy of Omar Negrete, U. New Mexico
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http://www.gemedicalsystems.com/rad/ct/products/cvct/cases.html

CT Machines are basically a motorized table with an array of 

cathode ray X-ray tubes positioned around the patient’s body in a radial

fashion.  With the aid of computers, image data can be acquired and 

processed to reconstruct images of the underlying information. 

[2] [2]

Check out some very impressive examples of CT at GE’s website below
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More Scanners

� As mentioned earlier scanners are also used in other 
applications

� CT Scanner made out of LEGOS! Great teaching device.

http://innovexpo.itee.uq.edu.au/2003/exhibits/s804697/

[4]

[3]

Large Cargo Scanner :
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CT ≈ The Process of Collapsing Image 

Data and Then Reconstructing It

Switch to EE631 slides …
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� A dual problem:

� Fourier Volume Rendering

� [Totsuka and Levoy ‘93] [Malzbender’93]
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Lecture Outline

� Image reconstruction from projections
� CT, PET and medical imaging

� Radon transform

� Projection-slice theorem

� Introduction to image/video indexing
� The problem

� Technologies and systems

� Demos
� “Video Google”, like.com, retrievr, IBM Multimedia Analysis and 
Retrieval System

� DIP “executive summary”
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Demos of image retrieval systems
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But Google Does not Understand Web Pages!

http://www.robots.ox.ac.uk/~vgg/research/vgoogle/index.html
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Making the Best of Two Worlds: Image 
Understanding and Information Retrieval
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Lecture Outline

� Image reconstruction from projections
� CT, PET and medical imaging

� Radon transform

� Projection-slice theorem

� Introduction to image/video indexing
� The problem

� Technologies and systems

� Demos
� “Video Google”, like.com, retrievr, IBM Multimedia Analysis and 
Retrieval System

� DIP “executive summary”



17Digital Image Processing

Low level

Mid level



















=

P
x

x

x

x
⋮

2

1

High level



18

Spatial Domain 
processing and 
enhancement

Image Transform 
and Filtering

Morphological 
Processing

Image Descriptors

Image 
Segmentation

Applications:
Object recognition, Image/Video Compression 

Indexing and Retrieval, Reconstruction
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Spatial Domain Image Processing

� Spatial domain tools

� Point operations vs. Kernel Operations

� Image Histogram

� Image Enhancement 

� Using Point Operators

� Contrast Stretching

� Gamma Correction

� Using Image Histogram

� Histogram Equalization

� Histogram Matching

� Using Kernel Operators

� Low-pass filtering (averaging)

� High-pass filtering (sharpening)
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Color Perception and Color Images

� Visual Perception – Basics

� Color Representation

� Color Models

� Color Image Processing 

� Point & Kernel operations

� Multi-spectral Images
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� Why transform

� 2D Fourier Transform

� Definition, Properties, 
Implementation

� Transform in other flavors

� Unitary transforms

� DCT, KLT

� Properties of KLT

� Applications: fast filtering, 
denoising, enhancement …

v
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Image Restoration

� What is image restoration
� Scope, history and applications

� A model for (linear) image degradation

� Restoration from noise
� Different types of noise

� Examples of restoration operations

� Restoration from linear degradation
� Inverse and pseudo-inverse filtering

� Wiener filters

� Blind de-convolution

� Geometric distortion and its corrections
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Morphological Image Processing

� What is Mathematical Morphology?

� Background Notions 

� Introduction to Set Operations on Images

� Erosion and Dilation

� Opening and Closing

� Hit-or-Miss

� Skeletonization
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Image Segmentation

� GSAT

� Watershed Algorithm

� Image Segmentation

� Edge detection and linking

� Thresholding

� Region-based Approach 

� Motion Segmentation
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� Color Description

� Texture

� Boundary Description

� Motion

� Moments and other 
statistical aggregations 

� MPEG-7 Descriptors

color

texture

shape

motion
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Object Recognition

� What and why

� Object recognition as pattern classification

� General object recognition systems
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� What and why

� Source coding 

� Basic idea… L(C) � H(X)

� What are good codes

� Entropy coding for i.i.d. symbols

� Huffman, Arithmetic, …

� Coding symbol sequences/matrixes

� LZW, run-length, DPCM, transform coding …

� Source coding systems

� Compression standards

� JPEG / MPEG / …

� Recent developments

?
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Misc Topics Today

� Image reconstruction from projections

� CT, PET and medical imaging

� Radon transform

� Projection-slice theorem

� Introduction to image/video indexing

� The problem

� Technologies and systems

� Demos

� “Video Google”, like.com, retrievr, IBM Multimedia Analysis 
and Retrieval System




