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1. Introduction
· the paper presents a method to handle approximate searching by image content in large image databases

· the search method relies on the concept of attributed relational graph (ARG)

· basic assumption: in every image there is a fixed number of “labeled” and variable number of “unexpected objects”

Goals:
1. to efficiently find images with predefined similarity



2. no false dismissals



3. good scale-up characteristics

Possible applications:
1. remote sensing

2. astronomy

3. meteorology

4. medicine

Problem formulation:

· GIVEN: a set of N images

· FIND: efficiently all images from the given set that are similar with a query image (according to some distance and degree of similarity) 
Notation:

· Q is a query image with q objects

· S is a stored image with s objects

· F( ) is a mapping from objects in Q to objects in S
The cost of mapping:
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q = (q1, q2, …, qK) – vector of K features and relationships of Q
s = (s1, s2, …, sK) – vector of K features and relationships of S
2. Related Work

· image feature extraction
· image content representation
· organization of stored information (spatial access methods)
· search and retrieval strategy
· user interface design (vision and database communities coop.)
Retrievals by image content:

· image is represented through attributes

· preprocessing of data
· design of appropriate image distance function

· a lot of different techniques and papers
3. Proposed method
Assumption: 
· all images are segmented into closed contours corresponding to labeled and unlabeled objects of interest

· known components of an image are labeled (e.g. by a domain expert)

· segmentation can be either automatic or manual

Properties of objects:
· size (size of the area the object occupies)

· roundness (ratio of the smallest to the largest second moment)

· orientation (angle between the hor. dir. and the axis of elongation)

· distance (minimum distance between all pairs of line segments)

· relative position (angle with the hor. dir. of the line connecting the centers of mass of the two objects)

Additional features:
· average gray-level

· texture values

· Fourier coefficients

· relative size between two objects

· amount of overlapping etc.

Approach:
· map ARGs into points in a multidimensional space

· use multidimensional access methods

But, number of objects is not the same and 
the number of dim​en​sions cannot be fixed.

Solution: decomposing images into sub-images.

(k, u) sub-image contains k labeled and u unlabeled objects

File structure:
· image file store (original images)

· graph file (file containing all ARGs)

· R-tree data structure; (k, 1) R-tree

How to process a query?
· GIVEN: a (k, u) query image and a tolerance t
· FIND: all images that contain (k, u) sub-image within distance t
How to deal with queries containing 1 unlabeled object?
· R-tree search issues all range queries that contain (k, 1) sub-image within tolerance t
· Cleaning (compute actual distance within ARGs and sift)

How to deal with queries containing 2 unlabeled objects?

1. With-intersection

· issues all range queries that contain either of the two (k, 1) sub-images within tolerance t
· cleaning

2. No-intersection

· issues all range queries that contain the first (k, 1) sub-image within tolerance t
· cleaning

4. Results
A set of experiments is performed

· 13,500 artificial images

· 3 labeled and 1, 2, 3, 4, and 5 unlabeled objects

5. Conclusions and comments

The proposed solution:

· paper presents approximate searching method by image content
· supports flexible query formulation (example image, graphical user interface, etc.)

· uses efficient representation of image content based on ARG

· uses of R-trees for the storage

· good overall performance

· asymptotic improvement?
Further work:
· extension of the algorithm to work on a parallel machine (with parallel disk access)
· developing various query types
· dimensionality reduction i.e. developing a way to distinguish useful from useless attributes (domain expert, K-L transform)
Questions:

· memory issue
· the issue of distance function and scalability

How limited it the application of this algorithm?
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