Document Image Matching Techniques
Jonathan J. Hull, John Cullen, and Mark Peairs
Ricoh California Research Center
2882 Sand Hill Road, Suite 115
Menlo Park, CA 94025
hull@crc.ricoh.com

Abstract
Several techniques for document image matching
developed at the Ricoh California Research Center are
presented. These methods are given a document image
as input and locate visually similar or identical copies of
the same image in a large database.

1. Introduction

The rest of this paper describes several techniques
for document image matching. A general framework is
presented first. This is followed by a brief presentation
of two algorithms: one that uses symbolic features
extracted from text and another that uses features
extracted directly from CCITT group 3 or group 4 fax
compressed images.

2. General Framework

Document image matching algorithms are useful in
applications where the objective is to locate visually
similar or identical copies of a given document in a large
database. Applications of this technology include
automatic filing in which a user would like to store
documents with a similar appearance (e.g., business
letters, utility bills, etc.) in the same location. Contentbased retrieval is another application in which a single
sheet from a multi-page original is used to locate the
other pages.
Figure 1 illustrates a confidential document
monitoring system in which the objective is to
determine whether a given document image exists in a
database. Such an approach could be used to monitor
facsimile traffic. The transmission or reception of
specific images could be recorded or alerts issued when
certain documents were processed.

A general framework for document image matching is
presented in Figure 2. This follows the general
technique of hypothesis generation and testing
commonly used to solve computer vision problems.
Features are extracted from an input document image as
well as the images in a database. Those feature
descriptions are compared by a similarity detection
algorithm that locates a group of N documents that are
visually similar to a given image.
Equivalence detection is performed by extracting
another (perhaps different) feature description from both
the input document image and the N visually similar
documents output by the similarity detection step. The
output of equivalence detection are all the duplicates of
the input document that are contained in the database.
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Figure 1. Fax alerting application for content-based document image matching (excerpted from [spie97]).
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Figure 2. General framework for document image matching.

2.1 Similarity Detection
A technique for similarity detection is reported in [3]
that calculates a feature vector by imposing a fixed grid
on a document image and counting the number of
connected components of a certain size that occur in
each grid cell. Only connected components that were
approximately the size of characters were counted.
Experimental results showed that as few as 9
features (a 3x3 grid) could be used to locate duplicate
documents in a database of 979 images with a 98%
accuracy. The test set for this application was extracted
from University of Washington CDROM1 [6] and the
object of the test was to locate duplicates of the 125
images tagged as ‘E’ that are indicated by a
corresponding ‘S’ tag. The algorithm was applied to
each of the 979 images in turn. The ten images with the
minimum Euclidean distance to the input document
were output. The result quoted above means that 98%
of the time the correct match was contained among the
ten documents with the minimum Euclidean distance to
the input.

2.2 Equivalence Detection Using Word
Lengths
A method for detecting equivalent document images in a
large database is reported in [1]. This technique
estimated the number of characters in each word of text
and formed features by concatenating the lengths of M
adjacent words. For example, with M=3, the phrase
“the rain in Spain” can be described by the descriptors
3-4-2 and 4-2-5. This feature description is tolerant to
noise in that incorrectly estimating the length of any
word changes at most M descriptors. Also, this feature
description maps easily from images of documents to
their symbolic representations as ASCII files,
independent of how they are formatted.
Each such “descriptor” was used as a key for a hash
function and the identity of the passage of text from
which each descriptor was extracted was stored in a
hash table. At run-time, the descriptors extracted from a
text passage were hashed and votes were accumulated in
the hash table. Documents in the database that obtained
a suitable number of votes were assumed to match the
input image.
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A result of this work is the observation that the
sequence of word lengths extracted from a passage of
text can provide a unique identifier for the passage.
Experimental results showed that as few as 50
descriptors of length M=6 can be used to locate a
matching document in a database of 997 images.
Increasing the value of M reduces the number of
descriptors and increases the number of documents that
can be described by this method.
An adaptation of the word length hashing method
was used in a paper-based technique for document
image retrieval [5]. Small iconic representations for
document images were printed in such a way that the
visual appearance of the document was retained.
However, an address of the original high resolution
scanned image of the document in a large database
could still be derived directly from the icon. This was
done by printing text in such a way that the numbers of
characters in each word could be determined from a
scanned image of the icon.
An example of an original document and the icon
derived from it are shown in Figure 3. It can be seen
that the general appearance of the document is retained
in the icon. This figure also shows the actual size of an

icon. Experimental results showed that 49 of these icons
could be printed on a single sheet of paper.

2.3 Equivalence Detection Using Pass Codes
in Fax Images
Another technique for equivalence detection (outlined in
Figure 4) addresses the application scenario presented
in Figure 1 [2]. The input image (also referred to as the
query) and the images in the database are assumed to be
compressed in CCITT group 3 or group 4 format. The
x,y locations of the centers of pass coded runs in each
image are extracted. A subset of pass code locations in
each image are chosen that are contained in rectangular
patches of text. The two-dimensional arrangements of
x,y locations are compared using a modified Hausdorff
distance measure that compensates for x-y translation
[4]. It is assumed that skew would be normalized by
preprocessing using a technique similar to that proposed
in [7]. It is further assumed that it is not necessary to
compensate for scale change. A binary decision is
output that indicates whether the query image is
equivalent to a given image from the database. This
procedure is used to compare a query image
sequentially to each image in the database.

(b)

(a)
Figure 3. Original image (a) and the icon derived from it (b).
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Figure 4. Document image equivalence detection on CCITT group3 or group 4 fax images (from [2]).

Figure 5 shows a one inch square patch of image
data and the pass codes extracted from it. It can be seen
that the two-dimensional arrangement of pass codes
represents the rigid arrangement of characters in a
passage of text. Aspects of the identities of the
characters, their font size, line spacing, and word
spacing are reflected in the layout of pass codes.
Experimental results on a database of 800 document
images showed that the two-dimensional arrangement
of pass codes extracted from a one-inch square patch
was 95% accurate in locating duplicate documents. On
average, only 190 pass coded runs were present in each
patch. These experiments were conducted on a subset
of the University of Washington CDROM. Given an
image scanned from an original document, the objective
was to locate the scanned image of the photocopy of the
document, if it existed in the database.

3. Discussion and Conclusions
A general framework for document image matching
was presented that is similar to a hypothesis generation
and test paradigm. A group of N documents that are
visually similar to a given query image are first located.
The query image is then compared to each of these
images to determine whether they are equivalent (i.e.,
scanned from the same original).

Experimental investigation of several alternative
methods for document image equivalence detection has
yielded promising results. A method that used pass
codes extracted from CCITT fax images has shown
particular promise. Further investigation is needed to
determine how well this method performs in the context
of a complete systems solution that includes an
appropriate method for similarity detection.
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Figure 4. Pass code locations extracted from a document image (from [2]).
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