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Abstract

This paper describes a computationally efficient stor
and retrieval method for the (R,G,B) color images of 
printed documents. The proposed method is develo
based on the principal component analysis of image c
distribution. A new similarity measure is introduced f
image retrieval based on the Tanimoto measure
recognizing similar patterns. This similarity measure
computationally effective since the vector inner produc
the only operation needed for its computation.

Several feature sets are experimented in the comp
simulation of the algorithm to demonstrate the efficacy
the image retrieval. It is determined experimentally that
proposed method is not affected by substantial change
the databases. This is due to the fact that the features
for document retrieval are not predefined sets. Rather, 
are extracted directly from the document images subm
for recording or searching. This makes the algorithm v
robust and attractive for many applications of the im
storage and retrieval systems.

Introduction

Printed document-imaging systems have beco
increasingly popular in the recent years1 due to advances in
computer hardware and software, imaging and vi
technologies, multimedia systems, and compu
communications networks. The imaging systems in 
context attempt to replace the established paper-b
procedure and processes with intelligent office docum
processing. The primary purpose of these systems 
convert existing printed paper documents and of
procedures using paper-based information flow i
digitized documents and automated information flow. Fi
the printed documents are scanned and their digital im
are entered into the imaging database system. 
converted paper documents, which appear as ima
editable forms, or free text, become objects with attribu
and/or content for efficient retrieval and manipulation. If 
the images being scanned pertain to a specific prede
form or have well-defined attributes that can be rea
extracted from the images of the scanned documents,
form-based indexing could extract the field or attrib
values from the document. Form-based indexing can
either manual, which means that an office worker views
image of a data entry and manually enters the form’s f
values for that image, or automatic, which means an im
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information system handles all the work. For the latter, 
optical character recognition (OCR) system filters t
images and recognizes the text for either the en
document (if it is a printed text document) or particul
zones in the document (if the relevant information 
contained in one or more specific areas or zone
Document-imaging systems also incorporate a work-fl
processing system that allows office workers to route 
digitized documents to achieve specific goals or tas
Work-flow systems allow the user to construct offic
processes or procedures interactively (through a graph
editor) or procedurally (through a scripting language). T
documents that are processed through a work-flow can
manipulated or updated by different workers participati
in a work-flow process.

In this research, it is assumed that there are a la
number of color images of the printed documents in 
imaging database. We then describe a form-based inde
method for the printed document-imaging system. In 
following sections, we first define the printed docume
storage and retrieval problem. We then present a n
feature selection algorithm and an efficient retrieval meth
for the printed color documents. Experimental results 
provided and conclusions and further research topics 
presented in the end.

Problem Statement

Usually, an office document processing syste
contains many archives involving large numbers of prin
matters such as color photographs, computer ima
graphics, printed materials, etc. These are typically co
images of varying sizes and stored in a computer disk
CD-ROM with R,G,B specification. Such a docume
archive can be considered as a database and the pr
document storage and retrieval problem is defined 
follows: Given a query (input) image, it is necessary 
obtain a list of images from the database which are m
similar in color to the query image. For solving th
problem, first there is a need to find a set of features, wh
represents the color information of a printed matter. Seco
a similarity measure has to be developed to compute
similarity between the feature values of two images.

The important criteria in any image retrieval system a
the storage and computational efficiency and the retrie
outcome. The selected features as keys or indexes sh
not require considerable computation time and storage a
The retrieval process should bring out all the images from
8
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database, which are similar in the keys or feature sets t
query or the input image. The method that we describ
the following sections aims to achieve these objectives.

Description of the Method

In the following sections, first the feature selection 
the (R,G,B) color images of the printed documents
developed using principal component analysis. This me
requires the computation of the eigenvalues 
eigenvectors of the color covariance matrix of an ima
For document retrieval, a new similarity measure 
proposed based on the Tanimoto measure4 for two pattern
classes. This measure involves the calculation of the i
products of the feature vectors of images being processe

Feature Selection

The feature selection part of the algorithm is devi
based on the principal component or the eigenvalue 
eigenvector analysis of a square symmetric matrix. 
describe the proposed feature set, we consider the 
image of a printed document as a vector valued func
X(i,j)=[R(i,j) G(i,j) B(i,j)] T, whose domain of definition is
the MxN spatial grid and whose range is the (R,G,B)-co
space. Here, T denotes the matrix transposition. For 
stored printed color material, we compute the m
(average) color vector, m, and the color covariance ma
C, using the expected value operator E as follows:

   m=E{X} (1)

C=E{(X - m)(X - m)T} (2)

The characteristic features of each item in the data
are extracted from the color covariance matrix C thro
the principal component analysis. Since C is a 
symmetric matrix with real elements, it possesses three
eigenvalues, �i (i=1,2,3), and three linearly independe
eigenvectors, ei (i=1,2,3), respectively.2 The eigenvectors o
C are all three dimensional vectors, which may be give
column matrix form as ei=[ei1 ei2 ei3]

T. The underlying
eigenvalues and eigenvectors satisfy the following w
known characteristic and matrix equations of C with I be
the 3x3 identity matrix:

|C - �I| = 0 (3)

(C - �I)e = 0 (4)

Let �1, �2, and �3 be the largest through the smalle
eigenvalues and e1, e2, and e3 be the correspondin
eigenvectors of C. The eigenvector corresponding to
largest eigenvalue points to a direction in the (R,G,
tristimulus space so that the color distribution of an imag
concentrated toward that direction. This means that 
eigenvector of the largest eigenvalue carries the most u
information about the color content of a document, wh
the eigenvector due to the smallest eigenvalue has the
information. Since the mean vector determines the pos
of the image color distribution and the origins of t
eigenvectors, then it is necessary to include the mean v
29
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into the characteristic feature sets as one of the 
attributes. Hence the feature vector F for an input docum
is formed using its eigenvectors (e1, e2, e3), eigenvalues (�1,
�2, �3), and mean (m). The resultant F is a fiftee
dimensional characteristic vector with a, b, and c be
three constant scaling variables as defined below:

F = [e1 e2 e3 a�1 b�2 c�3 m]T (5)

Notice that F is computed only once when a docum
is submitted to the database. If the input imagery is to
recorded, F is stored along with that document as the ke
index (F’) for search or retrieval. In the following sectio
we describe the document query in detail.

Printed Color Document Retrieval

For the retrieval of the printed color documents,
query or input image is submitted for search with the key
index being the feature vector F. The feature vector F of
submitted image is matched against those in the data
Let F’ be the feature vector of the images stored in 
database. The search algorithm brings out a set of clo
matching images (i.e., those with F’�F) as the result of
search output. An important criterion for testing the effica
of the search and retrieval is that the output must includ
the similar documents. This means that the output list m
have other print outs than the ones similar to the se
input. However, this outcome is not a performan
degradation factor since the important expectation from
search is that the similar ones should not be missed in
search process. If the similar documents are not bro
out, it would defeat the purpose of having an automa
search. Such a criterion is important in many applicati
such as face recognition, digital printing, fingerpr
analysis, trademark registration, etc., where the imag
system brings out the short list and the final decision
selection is made by a human expert in the loop.

The similarity measure (S) that we propose in t
research for searching the office archives is based on
Tanimoto measure of similarity between two patte
classes. The Tanimoto similarity measure S between
search input with the feature vector F and a document in
database with the feature vector F’ is given by

S(F,F’) = FT.F’ / [FT.F + F’T.F’ - FT.F’]       (6)

Notice that the value of S is close to 1 for two simi
color images while its value approaches zero for 
dissimilar color documents. This can be concluded from
equation (6) by noticing that the vector inner product FT
is the square of the magnitude of F (i.e., |F|2) if the ima
are identical and it is zero if the images are totally differe
Since the values of S vary between 0 and 1, it is neces
to set a threshold T on S in the automated implementa
of the method. This enables the image information sys
to accept the match result when S>T and reject the se
output when S<T, respectively.
9
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Experimental Results

The method that we have described in this paper for
storage and retrieval of the printed color documents 
been implemented in a Sun workstation using MatLab. 
the experimentation, we have created eleven diffe
databases. Each database has included the (R,G,B) 
images of various printed materials, such as comp
graphics, photographs, images, diagrams, etc. Each c
document has been scanned into a spatial grid of var
sizes and quantized into 8 bits per pixel per co
component. The resulting digitized color images have b
subjected to the principal component analysis for fea
extraction before storing them into the databases. First
mean (average) color vector m’ is computed using 
unbiased mean estimator for N points of an image d
which is given by

         N
m’={ � Xi [R G B]T}/N - [128 128 128]T      (7)

               i=1

The color covariance matrix C’ of the image is th
calculated using the biased covariance estimator fo
points of the input data. It is given by

         N
C’={ � Xi [R G B]T Xi[R G B]}/N - m’Tm’      (8)
        i=1

Three eigenvalues (�1, �2, and �3)’ and the
corresponding eigenvectors (e1, e2, and e3)’ of the 3x3 real
and symmetric matrix C’ are computed using the MatL
functions for the equations (3) and (4). The docum
image is then stored into the database along with
estimated mean vector (m)’, eigenvalues (�1, �2, and �3)’,
and eigenvectors (e1, e2, and e3)’ as the key or index
parameters (F’) for that image.

For the retrieval of a document, an input or que
image is submitted to the database system. The query im
is analyzed as described above and its feature set (
extracted in accordance with the equation (5) for match
against the images in the databases. The matchin
performed using the similarity measure given by 
equation (6). To determine the effectiveness of the sele
feature set as the index of retrieval, a case study
conducted by changing the feature vectors of the input 
the stored images. Seven different feature vectors Fi (i=1,2,
…,7) are defined using the color mean vector, eigenval
and eigenvectors of the search image as follows:

F1 = [e1]
T   (9)

F2 = [e1 e2]
T (10)

F3 = [e1 e2 e3]
T (11)

F4 = [e1 m]T (12)

F5 = [e1 e2 m]T (13)
30
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 F6 = [e1 e2 e3 m]T (14)

F7 = [e1 e2 e3 10-3
�

1 10-3
�

2 10-3
�

3 m]T (15)

Similar feature vectors F’i (i=1,2,…,7) are formed for
the database images as given below:

F’1 = [e1]’
T (16)

F’2 = [e1 e2]’
T (17)

F’3 = [e1 e2 e3]’
T (18)

F’4 = [e1 m]’ T (19)

F’5 = [e1 e2 m]’ T (20)

F’6 = [e1 e2 e3 m]’ T (21)

F’7 = [e1 e2 e3 10-3
�

1 10-3
�

2 10-3
�

3 m]’T (22)

Each search image is matched against the data
images seven times using the similarity measure S(Fi, Fi’),
i=1,2, …,7, given by the equation (6), where Fi is the ith
feature vector of the input image described by the equat
(9) through (15) and Fi’ is the corresponding feature vecto
of a database image as defined by equations (16) thro
(22). Outcome of the similarity measure S(Fi, Fi’) between
the query image and the database image in questio
compared with the threshold T=0.75, which is determin
experimentally. If S(Fi, Fi’)>0.75, the database image i
accepted as similar to the input image; otherwise, it
rejected from the output list. The summary of the results 
presented in Table I for three different databases (D
DB2 and DB3) using the seven different feature sets
described above.

For any query, we define the efficiency of retrieval, 
similar to the one given in reference [3] for a short list 
size N. It is given as the ratio of the number of simi
images, n, retrieved in the short list to the total number
similar images, N, in the database as follows:

E = n / N (23)

Table I. Retrieval efficiency (E) of printed documents.

Features DB1 DB2 DB3

(E) (E) (E) Avr. E

F1 , F’1 0.5 0.5 1.0 0.66

F2 , F’2 0.5 0.5 1.0 0.66

F3 , F’3 0.5 0.83 1.0 0.77

F4 , F’4 1.0 0.66 1.0 0.89

F5 , F’5 1.0 0.66 1.0 0.89

F6 , F’6 1.0 0.66 1.0 0.89

F7 , F’7 1.0 0.66 1.0 0.89
0
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Table I summarizes the retrieval efficiency, E, f
seven keys of three different databases and the ov
average value per feature used. These results are obt
for a short list of documents selected from the database
the representative samples. The averaging efficiency lis
in the same table indicates that the feature sets F4, F5, F6, and
F7 are more effective for retrieval than F1, F2, and F3 for the
databases used in the experiment. As far as 
computational complexity, the feature vector F4 is the least
computationally complex set with high average sea
efficiency.

Conclusions and Further Research Topics

In this paper, we have described a computationa
efficient storage and retrieval method for the color imag
of the printed documents. The proposed method is base
the principal component analysis of the color covarian
matrix of an image data. A new similarity measure 
introduced based on the pattern recognition principal. I
computationally effective since the vector inner product
the only operation that is needed for the similar
computation.

Several feature sets are experimented in the comp
simulation of the algorithm to demonstrate the efficacy
the image retrieval. It is determined experimentally that 
proposed method is not affected by substantial change
the databases. This is due to the fact that the features 
for image storage and retrieval are not predefined prio
the operation. They are extracted directly from t
document images submitted either for storage or retrie
This makes the algorithm very robust and effective in ma
applications of the image storage and retrieval systems.

Although the selected color features have produ
high retrieval efficiency for the databases used in 
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implementation, other image characteristics such 
histogram features,3 shape measurements, and text
properties should be included into the search process. 
requires further research on the selection and use
additional picture characteristics.
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