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A METHOD OF NONLINEAR FILTERING OF

DEGRADED DOCUMENT IMAGES
Abstract

A method 1dentifies and models the distortion in a document using a
two-dimensional nonlinear filter. The two-dimensional nonlinear filter is then used
to improve the performance of optical character recognition systems in recognizing
characters in documents that have been degraded, as for example by repeated

photocopy reproductions or by fax transmission.
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METHOD OF NON-LINEAR FILTERING OF
DEGRADED DOCUMENT IMAGES

Technical Field

The invention relates to non-linear equalization techniques, and in particular to

improving the performance of optical character recognition systems with these

techniques.
Background of the Invention

Optical character recognition (OCR) is a process for automatically identifying

handwritten or printed characters for the purpose of providing electronic identification of
the characters to communication, computer, display or data processing systems. OCR
techniques are particularly useful where there are voluminous amounts of printed input
data, as encountered for example, by banks, insurance companies, brokerage houses, mail
and postal systems, etc. FFor a review of character recognition methods, see V. K.
Govindan and A. P. Shivaprasad, "Character Recognition - A Review," Pattern
Recognition, Vol. 23, No. 7, pp. 671-683, 1990 and S. Mori et al., "Historical Review of
OCR Research and Development,” Proc. IEEE, Vol. 80, No. 7, pp. 1029-1058, July 1992.
One commercially available OCR system is ScanWorX (trade mark) by Xerox Imaging
Systems.

Present OCR systems can achieve high levels of accuracy in identifying
characters when working on clean or non-degraded text. However, it is well known that
the performance of these systems deteriorates rapidly when the text is degraded, as for
example when the characters are blurred and connected. This degradation can occur, for
example, by making successive copies of a document on a photocopier. Although often
the level of degradation does not look extreme to the human eye, it can cause catastrophic
tailure of OCR systems. Thus, there is a need for techniques to improve OCR capabilities.
Summary of the Invention

In accordance with the present invention, it is recognized that an accurate
description of the degradation undergone by a document can be used to improve the

performance of optical character recognition (OCR) systems. Accordingly, a technique is
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disclosed for using a two-dimensional non-linear filter to improve the performance of
OCR systems where the filter models the degradation of the document.

In a first embodiment of the inventive method an input bit mapped image of a
component (i.e. an image comprising a two dimensional array of pixels) is received and
compared to filtered versions of ideal components, and the ideal component whose
filtered version best matches the component is identified, as for example by an OCR
system, and a text representation of the ideal component is output. In this embodiment,
the filtered versions are generated by applying the component to a two-dimensional non-
linear filter that 1s adapted using an error signal based on the component and the filtered
version of the ideal component. |

In a second embodiment of the invention an input bit mapped image of a
component 1s received and applied to a filter to yield a cleaner or less degraded

component image. The cleaner image is then identified and a text representation of the

identified component is output.

In accordance with one aspect of the present invention there is provided a method
comprising the steps of: receiving an input bit mapped image of a component; comparing
said input bit mapped image of said component to a filtered version of each ideal
component image 1n a set of filtered versions of ideal component images and identifying
as said component the 1deal component whose filtered version image best matches said
input bit mapped image of said component, wherein said set of filtered versions of ideal
component images 1s generated by the step of: for said each ideal component image in
said set of 1deal component images, filtering said each ideal component image to form a
respective filtered version of said each component image in said set of filtered versions of
1deal component images; forming an error signal by subtracting from said input bit
mapped image of said component the filtered version of the image of said identified
component; and outputting a text representation of the identified component, wherein said
step of filtering 1s adaptive to said error signal.

In accordance with another aspect of the present invention there is provided a
method comprising the steps of: receiving an input bit mapped image of a component,
the 1mage being characterized by a degradation; and identifying said component based on

a signal generated by a two-dimensional filter wherein said filter is adapted as a function
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of the degradation of said input bit mapped image of said component, and wherein said
degradation 1s characterized as an error signal formed by subtracting from said input bit

mapped image of said component the respective filtered version of the image of said

identified component.

Brief Description of the Drawings

Advantages of the invention will become apparent from the following detailed
description taken together with the drawings in which:

FIG. 1 illustrates a bit map 1mage of a document and the output of an OCR system

operating on that image.

FIG. 2 1s a block diagram of a communications system helpful in explaining the

principles of the invention.

FI1G. 3 1s a block diagram ot a decision-feedback equalizer used in digital

communication systems.

FIG. 4 1s a block diagram of a non-linear filter structure that can be used in the

decision feedback equalizer of FIG. 3.

FIG. 5 1s a block diagram of a system in which a first embodiment of the inventive

method may be practiced.

FIG. 6 1s a set of im'ages obtained in the process of restoring a degraded image.

FIG. 7 1s a block diagram of a system in which a second embodiment of the

inventive method may be practiced.

Detailed Description

Introduction

Optical character recognition (OCR) is a technique for electronically identifying
characters in a text. Typically, an OCR system identifies individual characters (e.g. a
single letter, number or punctuation mark) input to the system in a bit mapped

representation. The output of the OCR system is a text representation of
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the input (i.e. a representation which specifies the sequence of characters, as for
example, an ASCII representation). Note that instead of performing recognition
operations on a character-by-character basis, it is possible for an OCR system to
perform recognition operations on a component-by-component basis, where a
component 1s either a character or a small group of connected characters within a
word (e.g. letters within a word that are so blurred as to touch one another).
Although character-by-character recognition is assumed herein for illustrative
purposes, generalization of the inventive method to the component level is
straightforward.

OCR systems can achieve high levels of accuracy in identifying
characters in clean or undegraded images. However, it is well known that the
performance of these systems tends to deteriorate rapidly when the text is degraded,
as for example when the characters are blurred and connected. FIG. 1 illustrates this
tendency. The text in box 105 is a bit map image of a document obtained from a
database service. It can be seen in the enlargement of the words "For testing
purposes,” in box 103 that the main impairment to the text is blur. Although this
level of degradation does not look extreme to the human eye, it caused catastrophic
failure of a state-of-the-art OCR system used to recognize the characters in the
document. Box 107 shows the ASCII text produced by that state-of-the-art OCR
system where the words "For testing purposes,” were rendered as "For testm’g p ,".

In accordance with the present invention, it is recognized that an
accurate description of the degradation undergone by a document can be used to
improve the performance of OCR systems. In preferred embodiments, the accurate
description is used in two-dimensional nonlinear filter to improve the performance of
OCR systems.

In order to fully understand the present invention, it is advantageous to
review the use of equalization techniques in the context of communications systems.
Thereafter, the inventive method of nonlinear filtering of degraded document images
1s presented, and two embodiments of the method are described.

II. Equalization in Communications Systems

FI1G. 2 1s a block diagram of a communications system. The input to the
system is an information signal (e.g. a signal representing text, data, voice, audio,
video or other information). The information 1s encoded by coder 220 to introduce
redundancy 1n the information thereby making the information robust to errors
introduced later in the system. Modulator 230 sends the encoded signal over
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transmission channel 240 (e.g. through the atmosphere, over a fiber optic catle, via
coaxial cable, etc.) where dispersion, noise and nonlinearities distort the modulated
signal and introduce errors. Channel equalizer 250 attempts to compensate for the
linear and nonlinear distortion introduced by transmission channel 240 so that upon
demodulation by demodulator 260, the decoder can eliminate errors introduced in
transmission channel 240. The output of decoder 270 is an estimate of the
information signal.

FIG. 3 shows a particular embodiment of channel equalizer 250 called a
decision-feedback equalizer (DFE). DFEs are used in digital communication
systems to reduce distortions introduced in the transmission process. DFE 300
comprises adaptive filter 310 and slicer 320. Adaptive filter 310 first models the
impulse response of a transmission channel and then derives an estimate of the
distortion that affects an input sample based on previous decisions made by slicer
320. If these decisions are correct, the estimate of the distortion will be accurate.
When this accurate estimate of the distortion is subtracted from the sample of the
received signal at summer 304, a correct decision can be made by the slicer (with
high probability). Adaptive filter 310 computes a replica of the channel impulse
response based on the decisions and the slicer error as determined at summer 302.
Although decision-feedback equalization is usually considered a nonlinear
equalization technique, the filter that models the channel response may be linear or
nonlinear, depending on the channel to be equalized. When the channel is nonlinear,
1t is advantageous that the channel model created by adaptive filter 310 also be
nonlinear.

A structure for adaptive filter 310, comprising delay stages 410 — i,
lookup tables 420 —j and summer 430, is illustrated in FIG. 4 for a one-dimensional
case (i.e. where the signal to be filtered is a function of only one variable -- for
example, time) and is described in more detail in C.F.N. Cowan and P.F. Adams,
"Nonlinear System Modeling: Concept and Application," ICASSP ’84, pp. 4561-
4564, 1984. Another structure for adaptive filter 310 based on a Volterra series
expansion, or equivalently, on a lookup table, can be used. The theory of Volterra
filters for nonlinear echo cancellation of data signals is well established. See, O.
Agazz et al., "Nonlinear Echo Cancellation of Data Signal," IEEE Trans. Comm.,
Vol. 30, No. 11, pp. 2421-2433, November 1982. It is shown in this article that for
the specific case of data signals, the Volterra series expansion has a finite number of
terms, and that 1t 1s mathematically equivalent to a lookup table. In cases where the
memory of the channel spans a long period of time, the number of terms in the
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Volterra series expansion can be very large and impractical to implement.
Equivalently, the size of the lookup table required to implement this approach is
impractically large. A compromise between accuracy and simplicity can be made in
those cases by limiting the nonlinear interactions to relatively small neighborhoods,
and allowing only linear interactions outside these neighborhoods as described in
Cowan and Adams, supra.

II. A Method of Nonlinear Equalization of Degraded Document Images

The inventive method is akin to the one dimensional channel
equalization techniques used 1n communications systems as described above.
However, in the inventive method a nonlinear filter 1s expanded to two dimensions
and 1s adapted to model and compensate for the distortion of characters in a
document. The two dimensional filter models the document distortion, and the filter
1s used in conjunction with an OCR system to identify characters in the document.
In modeling the distortion 1n a document, it 1s recognized that often the mechanism
causing distortion or degradation in images 1s a succession of blur and thresholding
operations. Such operations may occur when a document 1s repeatedly photocopied
or scanned. Blur itself 1s a linear filtering operation that occurs in the optics of the
photocopier or scanner. It creates gray levels even if the original image was binary.
To recover a binary image, the filtered imaged is thresholded -- a nonlinear
operation. Different thresholds result in very different images even if the linear
filtering part remains the same. These operations can be repeated several times, as
when a document 1s photocopied, perhaps more than once, and then scanned. These
kinds of process can be accurately modeled with the two dimensional filter,
described in detail below, and the non-linear filter can then be used to improve the
performance of OCR systems.

FIG. 5 1llustrates a system in which a first embodiment of the inventive
method of nonlinear channel equalization of degraded document images may be
practiced to improve the performance of OCR techniques. The input signal,
representing a bit map image of the character to be identified, i1s applied to OCR
system 505. Those skilled 1n the art will recognize that a variety of techniques exist
for obtaining the input signal. For example, if there are many characters to be
1dentified on a printed page, characters may be identified and isolated from the other

characters on the page by finding a first pixel in the bit map representationisa 1"
(i.e. the pixel is "on") and by finding all other "on" pixels connected to the first "on"

pixel. This group of "on" pixels 1s then a character.
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Returning to FIG. 5, 1deal images of the characters are stored (e.g. in a
read-only-memory or random access memory device) in storage 512 for use by
two-dimensional non-linear adaptive filter 510. Two-dimensional non-linear adaptive
filter 510 models the degradation of the input signal and then outputs a signal comprising
filtered versions of the ideal character images, where the filtering introduces a distortion
that mimics the distortion present in the input image. Out of these filtered ideal character
images, the OCR system selects the one (or ones) that best match the input signal, and
outputs a decision 1n the form of a text representation of the ideal character whose filtered
image best matches the character represented by the input signal. The selected filtered
ideal character images are subtracted from the input signal at summer 515 to form an
error signal that is used to adapt or train filter 510. Thus, the performance of OCR system
505 1s improved because 1nstead of having to identify a degraded input character, OCR

system 505 needs only to select the 1deal character whose filtered image is closest to the

degraded character.

In the preferred embodiment, two-dimensional adaptive filter 510 is formed by a
two-dimensional array Lfm,n) (0 <m,n<M) of lookup tables. The element located at
address a ot L(m,n) 1s denoted L (m,n,a). The address a(m,n,x,y) for each lookup table is

formed by combining the pixels p(x,y) of the input bit map character image as follows:

I

H-1 -1
a(m,n,x,y) = 204 p(x+ m+ u,y+ n+v) (1)

u=0 v

i
o

where 0 <u,v<H, and H 1s the size of the neighborhood where all Volterra-type non-linear

Interactions among pixels are considered.

The output of the filter 1s given by:

M-1 M-l

N(x,y) = Z ZL(m,n,a(m,n,x,y)) (2)

m=0 n=0

The objective 1s to have N(x,y) approximate as closely as possible the image of a

blurred document, whose pixels are denoted g(x,y). The error is given by:

e(x,y)=q(x,y)- N(x,y) ' (3)

Filter 510 1s adapted by adding to element L(m,n,a(m,n,x,y)) of lookup table

L(m,n) a correction ae(x,y), for all m,n, with & a small number that determines the speed

of convergence.
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L(m,n,a(m,n,x,y))L(m,n,a(m,n,x,y))+0e(x,y) (4)

Typical values for H,M and o0 are H =3,M =7, and a.=0.0005.

Those skilled in the art will recognize that although a particular

embodiment of a nonlinear adaptive filter has been disclosed, other embodiments are
5 possible. For example, various kinds of neural networks could be used in place of
adaptive filter 510 without departing from the spirit and scope of the invention.

In order to train the filter it 1s necessary to have both the blurred image
of the document whose distortion is to be modeled and compensated for and the
original image. The latter is seldom available, and therefore an estimate of it must

10 be created. This can be done by using "clean" characters from a library that
approximates as closely as possible the original font used to create the document.
Two particular cases of this process are considered.

The first case 1s when the ASCII text associated with the image is

avalilable. This happens when a labeled training set exists. As mentioned before, the

15 1nterest is mainly in the case when this set is not available, but in order to explain
more clearly how to restore the original image of the document, it is convenient to
start with this case. Starting with a filter having some initial filter parameters and the
clean character set, a blurred character set is created by applying the clean characters
to the filter. Since the ASCII string that corresponds to the image is available, the

20 only operation needed to restore the image is to find the exact location of the
characters, which can be done using template matching as is well known in the art.
With this restored image, the filter can be readapted to obtain a more accurate model
of the distortion process undergone by the document. The procedure can be iterated,
i.e. a new blurred character set 1s generated, the best registration of the blurred

25 characters is found, etc. After a few iterations the procedure converges, and very
accurate restored images can be obtained.

FIG. 6 shows an example of this procedure applied to a word extracted
from a blurred document. The four images, shown from top to bottom in boxes
601-604, respectively, are: the original image, the restored image, the estimate of the

30 original image computed using the filter, and the error between the images in boxes
603 and 601. The residual error between the images in boxes 603 and 601 is caused
primarily by the mismatch of the "clean" character set used to restore the image and
the original character set used when the document was created, by some skew in the
original document (which in these experiments was not corrected), and by the

35 quantization error in the position of the clean characters in the restored image. In
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spite of this fact, the error is remarkably small, and greatly improved performance
can be expected in a OCR system by using this distortion compensation method.

The second case 1s when the ASCII text 1s not available. In this case a
procedure similar to the one used in the decision-feedback equalizer of FIG. 3 can be
used. Starting again with a filter having some initial filter parameters, and the clean
character set, a blurred character set is created and used in an OCR system to
recognize the image (i.e., to make decisions as to the identity of the characters, an
operation similar to what the slicer of FIG. 3 does in a communications receiver).
The recognizer will initially make a substantial number of errors as a result of the
inaccuracy of the filter parameters initially used to describe the degradation.
However, the number of correct decisions typically is sufficiently large to adapt the
filter and to create a rmore accurate model of the distortion process. With this
improved model, the procedure is iterated, i.e. new blurred character set is created,
the 1mage 1s recognized, etc., until convergence is achieved. At this point, the OCR
system operates with high accuracy.

FIG. 7 illustrates a system in which a second embodiment of the
inventive method of nonlinear adaptive equalization of degraded document images
may be practiced to improve the performance of OCR systems. A degraded
document image 1s input to two-dimensional nonlinear channel equalizer 720 to
yield a "cleaned-up" version of the image that is then input to OCR system 730.
OCR system 730 then 1dentifies the input and outputs a text representation of the
input character. The output of the OCR system is also input to ideal image character
storage /12 which outputs the "ideal” or undegraded version of the identified
character. The ideal and cleaned-up versions are compared at summer 750, and the
error (difference) between them is used to adapt two-dimensional nonlinear filter 720
as described above with respect to the system in FIG. 5.

Conclusion

This disclosure describes a method of nonlinear equalization of
degraded document images. The method described herein has been described
without reference to specific hardware or software. Instead, the method has been
described 1n such a way that those skilled in the art can readily adapt such hardware
or software as may be available or preferable.
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Claims:

. A method comprising the steps of:

receiving an input bit mapped image of a component;

comparing said iput bit mapped 1mage of said component to a filtered version of
each 1deal component i1mage 1n a set of filtered versions of ideal component images and
1dentifying as said component the 1deal component whose filtered version image best

matches said input bit mapped image of said component,

wherein said set of filtered versions of ideal component images is generated by the

step of:

for said each 1deal component image in said set of ideal component images,
filtering said each 1deal component image to form a respective filtered version of said
each component image in said set of filtered versions of ideal component images;
forming an error signal by subtracting from said input bit mapped image of said
component the filtered version of the image of said identified component; and
outputting a text representation of the identified component,

wherein said step of filtering is adaptive to said error signal.

2. The method of claim 1 wherein the step of filtering 1s performed by a

two-dimensional filter.

3. A method comprising the steps of:

recelving an input bit mapped image of a component, the image being

characterized by a degradation; and

1dentifying said component based on a signal generated by a two dimensional
filter wherein said filter is adapted as a function of the degradation of said input bit
mapped 1mage of said component, and wherein said degradation is characterized as an
error signal formed by subtracting from said input bit mapped image of said component

the respective filtered version of the image of said identified component.

4. The method of claim 3 wherein the step of identifying comprises the steps of:
for each 1deal component 1mage 1n a set of ideal component images, applying said

cach i1deal component image to said two-dimensional filter to form a respective filtered

version image of said each component, and
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identifying as said component the ideal component whose respective filtered

version image best matches said input bit mapped image of said component.

5. A method comprising the steps of:

rece1ving an input bit mapped image of a component;

comparing said input bit mapped image of said component to a filtered version of
each 1deal component image in a set of filtered versions of ideal component images and
identifying as said component the ideal component whose filtered version image best
matches said input bit mapped image of said component; and

outputting a text representation of the identified component,

wherein said set of filtered versions of ideal component images is generated by the
step of:

tor said each ideal component image in said set of ideal component images,

filtering said each 1deal component image to form a respective filtered version of
said each component image in said set of filtered versions of ideal component images,

wherein said each i1deal component image comprises a set of pixels, each pixel
having a value in the set of values comprising zero and one, and

wherein the step of filtering comprises the steps of:

generating an address in each lookup table in a set of lookup tables as function of

the values of said pixels, wherein each address in each lookup table has an associated

entry; and

generating said respective filtered version of said each ideal component image as a

function of the entry associated with each generated address in each lookup table.

6. The method of claim 5 further comprising the step of:

adapting the entry associated with each address in each lookup table as a function

of an error signal.

7. The method of claim 6 wherein said error signal is a function of said input bit

mapped 1mage of said component and the filtered version of the image of said identified

component.
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