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! Abstract

In the area of digital image processing an important subject is
the optical character recognition (OCR). In the present paper, a fast
OCR method is described for automatic reading typewritten characters.
The proposed method is based on a statistical approach which consists
of the use of the L2 criterion in order to approximate the signature
of the characters. The developed system is software-based using a
microcomputer with 286 processor. The recognition rate is high in
usually office applications.

1. Introduction

Optical  character recognition is used to translate
human-readable characters to machine-readable codes (for example
ASCIT). The main purpose of these OCR processes is to provide a fast
input of documents to computers for storage and further processing.
OCR has many scientific applications mainly in the area of text
processing, office automation and computer aided design (CAD).

A number of approaches, which consider the OCR problem, have
been proposed, the majority of which are based on statistical
techniques, transforms and contour analysis [1-4]. All of these
OCR methods have been carried out for typewritten or handwritten
text.

This paper describes a new fast statistical OCR method for
typewritten text. The first step of the new method is to determine
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the signature of each typewritten letter. Then, the contour of the
signature is approximated by using a fast approximation method. With
this procedure we can obtain the features and the recognition
coefficients of the characters. This technique may easily be
implemented on a IBM PC (or compatible machinery), has a large
recognition rate and low computing cost.

2. Image acquisition and encoding process

During this phase, the typewritten text is inserted to the computer
by using of a high resolution binary scanner. By this way the text is
transformed to a binary image which is divided into horizontal zones.
Each zone contains the image form of a line of the text. The next step
of the image processing is the encoding process by which the memory
requirements for storing the image are substantial reduced. The encoding
process is similar to the technique described in [5] but for binary
images. Specifically, the mapping operation maps the sequence of image
elements along a row X1sX9y ..y X, into a sequence of 9159+ 2 gs where
9; denotes the run length of the same binary level. For example, the
following sequence of pixels

000...000111...100...000111...111000...000 (1)
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is stored as the abcde sequence of numbers, where

atb+c+d+e = 512 (2)

In many cases, the application of the abave procedure results to a
reduction of the memory storage requirements greater than 90%.

Because an additional objective of the encoding process is for
the text 1line division, each image must satisfy the following
constraints:

1. It is necessary that between two text lines there is a line
with zero grey level.
2. The characters in each line must not tangent each others
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3. The first column of image must has only pixels of zero level.
The horizontal image length is 512 pixels

3. Signature extraction

After the encoding process the text image is stored as a data
file for the following recognition processing:

- Text lines of the image are separated by using the data file
information. Each of this lines represents the 1input of the next
recognition process.

- Each character of a line is selected from the left to the right
direction, scaled and normalized to an 64%64 image. The normalization
procedure is independent of the size of the characters.

The next step for the features extraction is the transition of
the two-dimensional character representation to a corresponding
one-dimensional which is known as the signature of each character. A
simple method that permits to generate signatures is to plot the
distance from the center-point to each pixel of the character as a
function of the pixels serial numbers. The next step 1is the
approximation of the signature by using m times an algorithm which is
based on the L2 criterion. At every iteration of the algorithm the
signature is approximated by a different number of coefficients such
as the final objective errors to correspond to the characters
recognition coefficients. The above algorithm is fast and can be
easily implemented. The number of m iterations depends on the
specific application and of the noise of the binary image.

4. Problem formulation

According to the above, the proposed OCR method consists of the
following steps:

Step 1. The coordinates of the center-point of each scaled character
are represented as (X,Y) where X and Y are equal to:

1 1
X = Tiilx‘ and Y = “N“.[ Y, (3)
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N is the total number of pixels and xi, Yi are the coordinates of
each pixel.

Step 2. In this step we determine the distances X between the (X,Y)
point and the pixels of the character. For every pixel i, these
distances are given by the relation:

y; - ,/(x-xi)2 +(v-v)? (4)

It is clear that the values of xi and ¥ represents the 1-D curve,
i.e. the signature of each character.

Step 3. This is the approximation step in which the signature of
each character is approximated m times. The value of m is depended
of the number of the necessary recognition coefficients.

The x-axis of the one-dimensional curve of each signature
represents the serial number of the pixels of the character, i.e.
xi-i for i=1,2,...,N. Also, in the y-axis let that Y4 represent the
distance of pixel i from the center-point. Our scope is to
approximate the signature of the character by an appropriate
polynomial of the following form:

M-
q(xi) =)t Ak + a3x§ oot Ay ! (5)

where a, i=1,2,...,M are the unknown coefficients of the polynomial
and M<N. By applying the L2 criterion the approximation problem
leads to minimize the quantity:

N

e = E: [q{xi} - yi]Z (6)

1=1

It is well known that the minimization of e leads to the
solution of a set of M linear equations [6]. It is clear that most
sophisticated algorithms can be applied in this step, as for example
the rational approximation algorithm [7-8].

Step 4. If € k=1,2,...,m is the minimum value of e in the k
iteration, then the minimization of e m times will create a vector E
equal to:



11

!
€2

E=|: (7)
[ °m+lJ

where the €ns1 recognition coefficient is given by the relation

e
1
K:
SRS [N | (8)
eﬂl

The value of each element ey represents a character recognition
coefficient.

Step 5. In this step the character recognition coefficients ¢
k=1,2,...,mt]1 are used in order to give us a decision about the
character. For this reason we use a look-up table in which we have
store the prototype values of the recognition coefficients Py for
each character. The Euclidean distance between the recognition
coefficients is given by

1

Next, the value of D is compared with appropriate threshold values
and give us the decision about the character. It is noted that the
threshold values for D are determined initially by wusing an
iterating test procedure.

5. Examples
Example 1

In this example the character recognition procedure is applied
to the Jletters 1 and 1. These Jletters have common figure
characteristics which results in  similar signatures. The
approximation of these signatures by polynomials of six order, gives
us the results which are showed in Figure 1. It is noted that the two
polynomials have similar schemes but the difference of the
approximation errors (recognition coefficients) is significant.
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error= 28.58624196341314

COF

=.3495789684358123
4.498944724217389

—1.424746972827219
.1648291987553461

—-1.139727186923617E-882
3.35783864844147E-884

=3.7641734157183S6E-8086

[+]
/f\\\\*uff*‘/'i_;hg“~&-”/"

error= 4.488493962253851

COF

-1.842746974731697
9.809184121948439

-3.957873495723538
.6833113842959355

-5.5551688722631892E-082
2.129939326799662E-083

-3.184556322894276E-6885

Figuvre 1. Approximation of the signatures of the characters 1 and 1
by six order polynomial

Example 2

This example illustrates the application of the recognition
algorithm to the X character. The algorithm is applied for m=4 and
N=33. The complete approximation results are given in Figure 3 which
gives the following values for the recognition coefficient of the
vector E:

69.82190
21.86115 (10)

E - 16.48445

15.52994

5865.93154

| J—
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error= 69.82195616708385

COF
3.885943828145687

[]

arror= 21.86115251987174

COF
5.9504370852041606
—.5861416875894572
1.488652822886639E-802

[x]

error= 16.48445827988288

COF
4.317346969652444
.34538085767962557
=9.393762344712263E-682
4.928198385280563E-0803
- —7.247350446824389E-885

]

error= 15.52993524836897

COF
5.4880819068371521
—.759802128479756
.2827183226991232
-2.859817590028688E-882
1.743226384229201E-883
-4 .668229319758242E-885
4.5766954115386A3E-887

Figuvre 2 _Polynomial approximations of the character X




6. Conclusions

This paper describes a new fast statistical method for optical
character recognition. The simplicity and the effectiveness of the
proposed method make it suitable for practical typewritten OCR
systems. After the processes of acquisition filtering and scaling,
the new method in its first step, produces an one-dimensional curve
which is the signature of the typewritten characters. Next, the
signature is approximated iteratively by a fast algorithm which is
based on the L2 criterion. The product of this procedure is a vector,
the elements of which are considered as recognition coefficients. The
proposed technique can be used easily as a part of a more complex
syntactic recognition method and can be optimized by using rational
functions approximation fast algorithms.
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