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IMAGE-BASED INDEXING AND
CLASSIFICATION IN IMAGE DATABASES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention addresses the problem of image-
based indexing and classification in image databases. More
particularly the present invention addresses the problem of
indexing and classifying images, e.g., signatures, logos,
stamps, or word spotting, i.e., word identification within an
image; for search, analysis and retrieval in a document col-
lection.

2. Discussion of the Related Art

Among the drawbacks in the known art of digital image
databases, the identification of documents based on image
similarity requires a composition of time consuming complex
similarity measures. Further, the number of required similar-
ity comparisons is proportional to the square of the number of
documents in the database. Also, the known art does not
address image-based classification of documents. Therefore,
known techniques for the recognition of images are limited to
a dataset of several thousand documents.

Thus, given a large collection of documents, e.g., such as
those commonly related to legal investigations; and the task
of obtaining those documents containing homolog images,
such as signatures of a specific person, or containing a certain
logo or stamp, or containing a certain handwritten word; these
tasks are not possible with state of the art techniques. This is
due to the complexity of image based similarity measures and
the large number of comparisons that must be performed.

For example, in the application of signature-based docu-
ment classification, documents must be characterized as
signed by a certain individual; i.e., the application must clas-
sify documents according to signatures and index the docu-
ments accordingly. However, each time an individual signs a
document, the signature will vary. As the exact image content
of each homolog signature is unknown due to natural signa-
ture variation, current techniques need to measure the simi-
larity of each signature to all others in the database, thus
leading to a large number of comparisons, namely O(N?),i.e.,
the number of comparison operations to be performed is
proportional to the number of documents squared.

Given that the number of documents, N, in the database of,
for example, a legal investigation, may easily be in the mil-
lions, known techniques require a number of comparisons
which is too computationally expensive, i.e., lengthy, to be of
any practical value. Thus, image comparison databases are
currently limited to only a few thousand documents.

There is therefore a need to provide for effective image-
based digital database management of a realistically large
number of documents, including especially a need to speedup
the similarity determination and classification process.

SUMMARY OF THE INVENTION

The present invention provides means for meeting the
above needs. The present invention is entirely image based
and is language independent. Embodiments of the present
invention are designed to reduce the average complexity of
the required image comparisons by performing a sequence of
simple comparisons for the majority of the images, and com-
plete comparisons for only a small subsets thereof.

A method according to the present invention may operate
within digital hardware software or firmware or combinations
thereof, for efficient image-based indexing and classification
of documents in digital image databases, and comprise the
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steps of selecting a representative image; quantifying features
of the representative image; using a training set of similar
type images to automatically establish a hierarchy of classi-
fier parameters to be used as feature comparators; quantifying
features of images in the database documents; and sorting the
document image features using the established classifier
parameters in cascaded comparisons to reduce a set of docu-
ment images to an operably small set of candidate images for
comparing to the representative image on a feature by feature
basis.

As a general illustration, assume a database collection of
e.g., one million digitized documents. The present invention
uses cascaded comparisons for image classification, which
may be suboptimal for exact image identification, but is
entirely operable within the context of the present invention to
significantly reduce the time needed for image comparisons.
In this approach, instead of performing complex and time
consuming similarity comparisons between a representative
image and all the possible candidates in the database, as in the
known art, the number of images which are candidates for
retrieval is first reduced substantially using a cascaded
sequence of efficient comparisons. Each comparison reduces
the set of retrieval candidates until a small number L of
candidates is obtained. Once the reduced set of candidates is
obtained, accurate comparisons can proceed if desired
according to the highly accurate but computationally expen-
sive composite methods of the known art. Thus, instead of
O(NxN) comparison operations, the present invention will
employ only O(NxL) full comparisons where L<N.

By way of example, assume the searcher/operator of the
attendant hardware, firmware, and software associated with
the present invention, proposes to conduct a search of the
documents in the digital image database to obtain a retrieval
of all documents signed by one individual. Therefore, the
search image within the image database is a signature in this
example, although it will be understood that any image on a
document may be a searchable image.

One of the first tasks is to quantify or characterize the
signatures in the database documents by extracting values for
the identifying features thereof. Remember that signatures
from same individual are homologs, i.e., usually alike but
almost never exactly so. The present invention will quantify
the signatures by adaptively subdividing the signature images
into component parts. A list of distinguishing characteristics,
i.e., features can then be quantified and assembled into a list
of comparison parameters contained within an identifying
vector for the signature.

Using a training set of images with similar characteristics
to the collection to be processed, in this case similar signa-
tures, whether numerous iterations of the representative
image or just a random set of cursive script signatures suffi-
cient for training; the present invention will determine which
comparison parameters are most discerning of, or discrimi-
natory for the candidate selection algorithm, i.e., identifying
those signatures which are candidates for retrieval on the
stored documents within the database; i.e., those images
which are closest to the representative signature during a
comparison. The general principles and operation of training
sets adequate for use with the present invention are consid-
ered within the skill of the art and will be discussed briefly
below in conjunction with the exemplary embodiment.

If the images of the documents have not been previously
quantified and classified, the search must start by assuming all
documents in the database are originally candidates for con-
taining a homolog of the representative/desired signature.
Therefore, in comparing the representative signature to each
document in the database, a search according to the present
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invention will operate a number of image comparisons in a
cascaded fashion, e.g., recursively, and begin by going
through the one million digitized documents, starting with the
most efficacious discriminatory parameter of the identifying
vector and proceeding with cascaded comparisons until a
small subset of possible candidates is collected for more
computationally intensive image analysis, if necessary.

The discriminating comparison parameter, or the list or
order of the discriminating comparison parameters through-
out the cascaded comparisons, need not be chosen to merely
eliminate the most documents on the first comparison opera-
tion, but may be biased based upon many factors, such as load
balancing, number of categories, an application specific
selection that makes sense for a particular search query, etc.
The person having ordinary skill in the art will appreciate that
each successive comparison operation thus makes only 1/n
comparison operations, where n is the number of bins in the
comparison criteria. Thus, the number of comparison opera-
tions involved in an image based database search query
according to the present invention is quickly reduced to a
manageable level of operations, i.e., is computationally eco-
nomical. For example, for a fifty-fifty/yes-no criteria, those
candidates remaining after each operation are desirably one-
half the number of the candidates in the previous comparison
operation, assuming the identifying vector for each succes-
sive comparison operation is equally discriminating.

It will be appreciated that the images within the documents
stored in the database may be classified and indexed prior to
the search, e.g., upon input to the database. Alternatively, the
images may be classified and indexed concurrently with the
search operation.

Embodiments of the present invention may thus provide a
practical image-based classification of documents by pre-
selecting candidates for a more intensive image comparison
by using cascaded comparisons. In this way, the number of
signatures that are needed to be compared using complex
similarity measures is significantly reduced. Thus, a method
of image-based classification of documents, and their
retrieval, is made practical within real-time constraints for
collections measuring in the millions of documents.

The exemplary description of the present invention focuses
on the problem of classifying document images based on
signature similarity. However, the person having ordinary
skill in the art will appreciate that the entirety of the invention
is image based, not language based, and therefore the
described operations are equally adaptable to any image that
may appear in a document. Thus, embodiments of the present
invention can be used similarly for classifying document
images based on logos, based on stamps, or based on image-
based word spotting i.e., words treated as an image, initials,
etc. The method of the present invention is language indepen-
dent. Therefore, the present invention may equally character-
ize such diverse scripts as Latin script, Arabic, Farsi, Pashto,
Urdu, Dari, Hindi, Tamil, Japanese, Chinese, Korean, Thai,
Hebrew, and Greek.

The approach of the present invention for indexing and
classification in image databases enables a wide range of
applications such as: retrieving documents from image data-
bases based on the similarity of signatures and/or logos and/
or stamps and/or spotted word or words to entities in a query
document; determining the number of unique authors and/or
organizations in image databases by clustering the data based
on signatures and/or logos and/or stamps, and/or spotted
word or words, and counting the number of clusters; deter-
mining the most frequent signer and/or organization in image
databases to hint at authority level and organization impor-
tance by clustering the data based on signatures and/or logos
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and/or stamps, and/or spotted word or words, and determin-
ing the frequency of each signature and/or logo and/or stamp
and/or spotted word or words; comparing a signature to a
clustered group of signatures to detect forgery in image data-
bases by clustering the data based on signatures, determining
the corresponding cluster, and measuring the similarity
between the query signature and each signature in the corre-
sponding cluster; and determining the regularity of signatures
of the same person in image databases to detect stamped
signatures by clustering the data based on signatures and
measuring the similarity within each cluster.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects of this invention will be better understood from
the following detailed description taken in conjunction with
the drawings wherein:

FIG. 1 illustrates a general overview of the invention.

FIG. 2 through FIG. 4 illustrate feature extraction from a
signature image.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

As seenin FIG. 1, an overview of the system of the present
invention includes a database of digitized document images
11. The documents 11 are processed 13 to extract the identi-
fying features of their image units, such as signatures, logos,
stamps, spotted word or words, etc. Once images features are
extracted, quick and simple comparisons 15 measuring simi-
larity between images can be done to reduce the set of
retrieval candidates to a manageable number, and the images
can be classified and indexed 17. Data mining 19 and inte-
grated retrieval 21 of relevant information can then be
requested from the system by an analyst/operator 23. An
exemplary embodiment will be discussed below with refer-
ence to a signature being the search image, which illustrates
the various operating principles of the present invention. The
person having ordinary skill in the art will appreciate that the
invention is not limited to the exemplary embodiment or
search image and can be applied to any image on a document.

Classifying documents based on image similarity requires
the comparison of images in the documents such as signa-
tures. Such comparisons require an identifying vector to be
assembled for the features extracted from each signature. For
example, the present invention can obtain a number of com-
ponents in the signature and the angle of each component. The
feature extraction process involves both spatial ambiguity
and feature inaccuracy. For example, assume that there is a
distinct stroke in the center of a signature that could be used
to identify it. Due to natural variation in handwriting, this
feature may appear off center, and so, will not correlate to
other instances of the same signature. Additionally, assume
that the present invention uses the angle of this stroke for
comparing signatures. Due to noise and natural variations, it
is likely that this angle will not be identical to the angle of the
same stroke in other instances of the same signature. Due to
these reasons, image-based similarity comparison is a com-
plex process that is time consuming.

Feature Extraction

To support the exemplary embodiment, there is a need to
extract shape features, or perhaps more literally values there-
fore, that can represent each signature. These shape features
need to capture distinct characteristics of the signatures to
allow for discrimination between them. The shape features
should also be general enough to capture natural variations in
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the signatures of the same person. These are two conflicting
requirements of specificity and generality that should be
settled through trade off. The shape features used in the
present approach include both local and global features. Glo-
bal features are computed for the complete signature whereas
local features are computed at different locations of the sig-
natures. The use of local features is intended to form a spatial
characterization of signatures.

Referring to FIG. 2, specifically, a signature 25 can be
normalized and decomposed into three horizontal bands 27,
29, 31 containing the baseline of the signature, top protru-
sions (containing ascenders), and bottom protrusions (con-
taining descenders), respectively. Normalization in the con-
text of the present invention indicates that the signature
images are brought to a standard position before computing
their features. The standard position is a position in which the
signature is aligned with the horizontal axis, its center of mass
is located at the origin, and the size of the long side of the
bounding box containing it is 1. For example, the signature of
a person may be rotated, and this may affect the computation
of the features. The normalization in such a case would be to
rotate the signature so that it is horizontal. More generally, the
transformation needed to bring an arbitrary signature to a
standard position, i.e. normalization, is composed of a com-
bination of rotation, translation, and scale transformations.

The two boundary lines 33, 35 that separate the baseline
from the top and bottom protrusions are obtained using a
vertical projection histogram 37 of the binarized signature.
Given the three horizontal bands, each band is then seg-
mented based on a horizontal projection histogram 39 of it.
FIG. 3 illustrates the characterization of zones in the signa-
ture. Boundaries of zones are set at locations where the hori-
zontal projection is empty. In this way each of the obtained
zones represent a connected component describing a local
part of the signature. Hence, computed features for each zone
will describe local parts of the signature. An alternative to the
adaptive zoning approach is to divide the signature into a
fixed number of rectangular zones (e.g. 8) so that each zone
contains roughly the same number of black pixels. Here,
again, the features computed at each zone will characterize a
local part of the signature. FIG. 4 illustrates a spatial labeling
of the features of the signature. Other various known tech-
niques may be adapted to feature extraction within the spirit
of the present invention.

Candidate Signature Selection

The proposed classification scheme is based on an efficient
way for to greatly reduce the number of candidates selected
for in-depth similarity comparisons, by using cascaded series
of comparisons. Cascaded comparisons are used to refine the
candidate set. A signature is kept in the candidate set only if'its
feature value is within an acceptable distance from the corre-
sponding feature value of the representative signature. In
spatial features, the condition may be satisfied at neighboring
locations.

Candidate signature selection in the exemplary embodi-
ment uses four classifier parameters for the image features: a
feature-type classifier parameter, a feature importance clas-
sifier parameter, a feature variation classifier parameter, and a
spatial variation classifier parameter.

Given a set of N signatures the present invention computes
an identifying vector F, for each signature, where each iden-
tifying vector contains a number of feature or image charac-
terizing elements used as classifier parameters for the image.

Given a representative signature with an identifying vector
Q, the present invention attempts to find all the signatures
having an F, that could be corresponding to Q.
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The inputs to the candidate selection algorithm of the
present embodiment are four classifier parameters (W, €2, X,
and ). The classifier parameter W describes whether the
corresponding features are local within a segment or globally
describe the image. The classifier parameter £ contains the
importance of the different features (e.g., curvature of lines).
The classifier parameter 2 determines the allowed variation
in feature values. The classifier parameter 2 contains allowed
spatial variation for location with the image field. The clas-
sifier parameter W is set manually, whereas the classifier
parameters €, X, and 2, are estimated directly from a train-
ing dataset as described later.

The classification process is based on cascaded compari-
sons using the classifier parameters in which the set of signa-
tures identified as candidates for full analysis of their
homolog status is refined and reduced to a workable (oper-
able) number. In this comparison, a signature is kept in the
candidate set only ifits classifier parameter value is within an
acceptable distance from the corresponding classifier param-
eter value in the representative signature. If the k-th feature is
spatial, it is sufficient that the condition is satisfied in any
neighboring feature locations within a distance of Z (k) from
k provided that such locations have the same spatial label
W(k). Thatis, a signature is kept in the candidate set only ifthe
following condition is satisfied:

#{je k-2 (1) e Z,(0) | P ()= (k) F(/)e[ Q(k)-

240, Q00+Z4k)] =0 (D

where # denotes the cardinality of a set. Note that smaller

components have a larger ambiguity in their position. To

account for this larger ambiguity, it is possible to multiply

2 (k) by a weight function w(l) that produces higher weight
values for smaller box length values 1.

Automated Parameter Variance Estimation

A training dataset is used to set the basis for the cascaded
comparisons by computing feature variability, computing
spatial variability, and by computing feature importance. A
feature is more important if the entropy impurity reduction
corresponding to the feature is higher.

The candidate selection algorithm, as described before,
depends on the determination of three classifier parameters:
Q, 2, and 2. The values of these classifier parameters are
estimated directly based on a training dataset. In this dataset,
signatures are grouped into subsets S, such that each subset
contains the signatures of the same person.

Addressing the computation of the elements of the param-
eter X _; the elements of this parameter corresponding to non-
spatial features are set to 0. The elements corresponding to
spatial features are computed based on the estimated variance
in the horizontal position of signature components. Three
average variance values {o”},_, 3 are computed, one for each
of the horizontal signature bands. The computed average for
aband is then used to set all the elements of 2 corresponding
to spatial features in the band. The value set in 2 for band b

is given by a¥ o®, where o is a constant factor (e.g., set to 2).

To compute the average horizontal position variance in a
given band, the present invention will first compute the hori-
zontal position variance for signatures in each subset S, and
then average it over all the subsets S,. The horizontal position
of each signature component is determined based on the
horizontal position of its center of mass. The horizontal posi-
tion variance of band b in the subset S, is computed by select-
ing the majority of the signatures in this subset that have the
same number of components in this band. Let {pjk jzljbe the
set of horizontal component positions in band b, where J is the
number of components, k is the index of a signature in the
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given subset, and K is the total number of signatures in this
subset. The horizontal position variance is given by:

@

where

1 K

N

pj=

The average band variance o” is then given by

ot =

~1 =

I

af
i=1
where [ is the total number of signature subsets in the training
data.

The computation of the elements of the classifier parameter
2 is done in a similar way to the computation of the elements
of' 2, when substituting the horizontal position values pjk with
feature values. That is, the average variance of a given feature
is computed per horizontal signature band and used to set all
the entries in 2 corresponding to the given feature and band.

The value set in X for band b and feature fis given by 8 o/,
where f is a constant factor, e.g. 2, and o®” is the average
variance of the feature f in band b.

The computation of the classifier parameter Q is done
using the training dataset and the estimated classifier param-
eters X and 2. Given the j-th signature in the subset S,, and a
feature 1, a classification is performed using the classification
scheme described before. The classification is performed into
two sets: a set containing signatures of the subset S,, and a set
containing all the other signatures in the dataset. The set
containing the signatures of the subset S, is obtained using the
similarity to the f-th feature of the j-signature in S,.

The quality of this classification A, Jf is measured by the
entropy impurity reduction given by:

#, #, (3)
M= 1Ty - =2 1) - —2 I
i =1T7) P (%] i, ()

where [(X) is the entropy impurity measure of the set X, I',-is
the set of all signatures in all the subsets, I'; is the set of
signatures classified as belonging to the subset S,, and I, is
the set of signatures classified as not belonging to the subset
S,. Higher entropy impurity reduction indicates a better clas-
sification. The entropy impurity measure I(X) of the set X is
defined by:

2 “)
I(X) = = )" Plwxlogy Plex)
k=1

where P(w,) is the fraction of the signatures in X that are in the
k-th class (class 1 is the class of signatures classified as
belonging to the subset S, and class 2 is the class of signatures
classified as not belonging to the subset S,). Note that since
this is a two-class problem, the present invention has P(w,)=
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1-P(w,). Using the entropy impurity reduction measure ., Jf
the present invention can compute the average entropy impu-
rity reduction for feature f by:

[Ma

1 #5;
o I
A= G- #S; ;A"f’

i

where G is the number of subsets S;. Using the average
entropy impurity reduction 3/, the order parameter Q is con-
structed so that the indexes of features with a higher entropy
impurity reduction measure are placed before the indexes of
features with a lower entropy impurity reduction measure.
The entropy impurity reduction is measured at each step so
that features correlated to selected features are not ranked
high.

The entropy impurity measure used in the present approach
is commonly used in the formation of other known decision
tree classifiers. Other measures that are used in such classifi-
ers and can be used in the present algorithm include known
variance impurity and misclassification impurity measures.
Despite this similarity of techniques, it will be noted that the
proposed algorithm is not a decision tree classifier.

The present invention thus solves problems of classifying
document images based on image similarity. The proposed
approach can be used for classifying document images based
on signatures, logos, on stamps, or image-based word spot-
ting. Accurately classifying documents based on image simi-
larity ultimately requires complex similarity measures that
are time consuming. Furthermore, within a document collec-
tion, the number of required similarity comparisons is pro-
portional to the square of the number of documents in the
database. To allow for image-based classification of docu-
ments, there has been shown a method to speedup the simi-
larity determination process. This is done by pre-selecting
images as candidates for final comparison by using cascaded
simple and quick comparisons. In this way the number of
images that are needed to be compared using complex simi-
larity measures is significantly reduced. The parameters of
the cascaded comparisons are determined automatically
using a training data set that need not include all the images of
the representative type in the database. The classification
scheme of the present invention has numerous possible infor-
mation retrieval applications such as retrieving documents
based on image similarity, clustering documents based on
image similarity, determining the number of authors in a
dataset, and determining author-based frequency of docu-
ments.

While in the foregoing specification this invention has been
described in relation to certain preferred embodiments
thereof, and many details have been set forth for purpose of
illustration, it will be apparent to those skilled in the art that
the invention is susceptible to additional embodiments and
that certain of the details described herein can be varied
considerably without departing from the basic principles of
the invention.

We claim:

1. A method for efficient image-based indexing and clas-
sification in an image database using digital hardware, soft-
ware or firmware or combinations thereof, the method com-
prising:

selecting one or more representative images;

identifying features of the one or more representative

images;

defining classifier parameters from the identified features,

wherein defining classifier parameters from the identi-
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fied features comprises: determining the discrimination
ability of each feature; determining the variance of each
feature; and determining the spatial variance of compo-
nents;

comparing the classifier parameters to at least a plurality of

document images within the image database to obtain a
reduced set of candidate images selected from the at
least a plurality of document images; and

indexing or classifying the reduced set of candidate

images.

2. The method of claim 1, further comprising using a train-
ing set of more than one similar type of representative images
to automatically establish a hierarchy of classifier parameters
to be used as feature comparators.

3. The method of claim 1, further comprising sorting image
features of the at least a plurality of document images using
the defined classifier parameters in cascaded comparisons to
obtain the reduced set of candidate images.

4. The method of claim 1, further comprising comparing
the reduced set of candidate images to the one or more rep-
resentative images on a feature by feature basis.

5. The method of claim 1, wherein identifying features of
the one or more representative images comprises:

normalizing the images;

adaptively subdividing the images into components;

computing local features for each component; and

obtaining a spatial labeling for each component.

6. The method of claim 1, further comprising:

extracting feature vectors from the one or more represen-

tative images;

using the feature vectors for automatically establishing the

classifier parameters; and

using the established classifier parameters in a series of

cascaded comparisons to obtain the reduced set of can-
didate images.

7. The method of claim 6, wherein extracting normalized
feature vectors comprises:

normalizing the image;

adaptively subdividing the image into components;

computing local features for each component; and

obtaining a spatial labeling for each component.

8. The method of claim 1, further comprising using a
sequence of feature value comparisons between the one or
more representative images based upon the classifier param-
eters.

9. The method of claim 1, further comprising indexing and
classification of at least one of signature-based, logo-based,
stamp-based, or word spotting based, in image databases.

10. The method of claim 1, further including the step of
retrieving documents having an image similar to a query
image.

11. The method of claim 1, further comprising determining
at least one of a number of unique authors and organizations
in an image database, by clustering data based on at least one
of signatures or logos or stamps; and counting the number of
clusters.

12. The method of claim 1, further comprising determining
at least one of a most frequent signer and organization in an
image database to imply an authority level or organization
importance; by clustering data based on at least one of signa-
tures or logos or stamps; and determining a frequency of at
least one of each signature or logo or stamp.

13. The method of claim 1, further comprising comparing
a query signature to a clustered group of signatures to detect
forgery in image databases, by clustering the data based on
signatures; determining the corresponding cluster; and mea-
suring the similarity between the query signature and each
signature in the corresponding cluster.
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14. The method of claim 1, further comprising determining
the regularity of signatures of the same person in image
databases to detect stamped signatures, by clustering the
document images based on the signatures; and measuring the
similarity within each cluster.

15. The method of claim 1, used for determining the rel-
evance of images in any form of writing script.

16. A method for efficient image-based indexing and clas-
sification in an image database using digital hardware, soft-
ware or firmware or combinations thereof, the method com-
prising:

selecting one or more representative images;

identifying and extracting feature vectors of the one or

more representative images;

automatically defining classifier parameters from the iden-

tified and extracted feature vectors;

comparing the classifier parameters to at least a plurality of

document images within the image database in a series
of cascaded comparisons to obtain a reduced set of can-
didate images selected from the at least a plurality of
document images, wherein the series of cascaded com-
parisons comprises: using a sequence of feature com-
parisons; incorporating feature variance into the com-
parisons; and incorporating spatial variance into the
comparisons; and

indexing or classifying the reduced set of candidate

images.

17. The method of Claim 16, wherein defining classifier
parameters from the identified features comprises:

determining the discrimination ability of each feature;

determining the variance of each feature; and
determining the spatial variance of components.

18. A method for efficient image-based indexing and clas-
sification in an image database using digital hardware, soft-
ware or firmware or combinations thereof, the method com-
prising:

selecting one or more representative images;

identifying features of the one or more representative

images;
defining classifier parameters from the identified features;
comparing the classifier parameters to at least a plurality of
document images within the image database to obtain a
reduced set of candidate images selected from the at
least a plurality of document images by using a sequence
of feature value comparisons between the one or more
representative images based upon the classifier param-
eters and incorporating at least one of feature variance or
spatial variance into the feature value comparisons; and

indexing or classifying the reduced set of candidate
images.

19. The method of claim 18, wherein the step of defining
classifier parameters additionally comprises: determining the
discrimination ability of each feature; determining the vari-
ance of each feature; and determining the spatial variance of
components.

20. A method for efficient image-based indexing and clas-
sification in image databases, the method comprising:

a) extracting feature values from the images by:

normalizing the images;

adaptively subdividing the images into components;
computing local features for each component; and
obtaining a spatial labeling for each component;

b) using the feature values to automatically estimate clas-

sifier parameters by:

determining the discrimination ability of each feature;
determining the variance of each feature; and
determining the spatial variance of components;
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¢) using the classifier parameters in a series of cascaded incorporating feature variance into the comparisons; and
comparisons with the images within the image database incorporating spatial variance into the comparisons; and

to obtain a reduced set of images by:

using a sequence of feature value comparisons between
a representative image and the images based upon the
classifier parameters; L

d) indexing and classifying the reduced set of images.



