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Content-Based Image Retrieval

A sample of existing systems

• Google image search

• Google image labeler

Why not just use text? 

•QBIC at the Hermitage Museum

•Like.com

http://www.luminous-landscape.com/images/Snow-Clad-Trees.jpg
http://www.welcometothedoghouse.net/pics/dog_swimming_wallpaper2.jpg
http://www.socialsecuritysarasota.com/images/shaking%20hands.jpg
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Possible applications

Query Image

Extract Features
(Primitives)

Image 
Database

Features Database

Similarity
Measure

Matched
Results

Relevance
Feedback
Algorithm

From http://www.amrita.edu/cde/downloads/ACBIR.ppt

Basic technique

Each image in database is represented by a feature vector: (F1, F2, ...Fn)

Query is represented in terms of same features: Q

Goal:  Find stored image with vector Fi most similar to query vector Q
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• Typical distance measure:  Inner product

m
i

m
iii QFQFQF ++++++++++++====×××× ...2211QF

Some issues

• Query format, easy of querying

• Speed

• Crawling, preprocessing

• Interactivity, user relevance feedback

• Visual features — which to use?   How to combine? 

• Curse of dimensionality

• Indexing

• Evaluation of performance
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Types of Features

• Text

• Color

• Texture

• Shape

• Layout

Color representations

• Histograms (global and regional) , correlograms

From: http://www.cse.ucsc.edu/classes/ee264/Winter02/xgfeng.ppt
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• Moments of color distribution (mean, variance, skewness)

From: http://www2.cmp.uea.ac.uk/Research/compvis/ImageRetrieval/ImageRetrieval.htm

RGB distribution

Texture representations

• entropy

• contrast

• Fourier and wavelet transforms

• Gabor filters
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Feature Extraction [7] -- Texture

Grey – level co-occurrence matrix

From: http://www.amrita.edu/cde/downloads/ACBIR.ppt

From: http://www.mathworks.com/matlabcentral/files/9554/content/wavelets/tp2.html

Wavelet transform
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Shape representations

Need segmentation (another whole story!)

• area, eccentricity, major axis orientation

• Skeletons, shock graphs

• Fourier transformation of boundary

• histograms of edge orientations

From: http://www.lems.brown.edu/vision/researchAreas/ShockMatching/shock-ed-match-results1.gif
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From: http://www.cs.ucl.ac.uk/staff/k.jacobs/teaching/prmv/Edge_histogramming.jpg

Histogram of edge orientations
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Generating Eigenfaces – in words

1. Large set of images of human faces is taken.
2. The images are normalized to line up the eyes, mouths and other 

features. 
3. The eigenvectors of the covariance matrix of the face image vectors are 

then extracted.
4. These eigenvectors are called eigenfaces.

http://www.cs.cmu.edu/afs/cs/academic/class/15385-s06/lectures/ppts/lec-20.ppt

Raw features are pixel intensity values Ai

Each image has n ´ m features, where n,mare the 
dimensions of the image

Each image is encoded as a vector Gi of these features:  
Gi = (A1, A2, ...,An´ m)

Compute “mean” face in training set:
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• Subtract the mean face from each face vector

• Compute the covariance matrix C  

• Compute the (unit) eigenvectors vi of C

• Keep only the first K principal components (eigenvectors)

Y-G=F ii

),cov(   where),( ,, kjkjkj
nn AAccC ==´

Eigenfaces for Face Recognition

• When properly weighted, eigenfaces can be summed togetherto create an 
approximate gray-scale rendering of a human face. 

• Remarkably few eigenvector terms are needed to give a fair likeness of 
most people's faces. 

• Hence eigenfaces provide a means of applying data compressionto faces 
for identification purposes.

http://www.cs.cmu.edu/afs/cs/academic/class/15385-s06/lectures/ppts/lec-20.ppt

Any face:
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Visual abilities largely missing from current 
CBIR systems 

• object recognition

• perceptual organization

• similarity between semantic concepts

“The semantic gap”
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Image 1 Image 2

Examples of “semantic” similarity

Examples of “semantic” similarity

Image 1 Image 2
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Image 1 Image 2

Examples of “semantic” similarity

“In general, current systems have not yet had significant 
impact on society due to an inability to bridge the semantic 
gap between computers and humans.”


