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This paper describes a new method for character recognition of typewritten text.
The proposed approach is based on the approximation of character signatures by
rational functions. Specifically, after the preprocessing operation, a separation pro-
cedure is applied to each character and its one-dimensional signatures are derived.
These signatures are then approximated by rational functions via a linear program-
ming technique and according to the minimax criterion. The values of the approx-
imation errors for each signature are specified as character features. Through this
technique only six powerful features are derived for each character. The classifica-
tion technique employed is simple, adapted to the features selected and is based on
features’ similarities in combination with the minimum Euclidean distance classifier.

Keywords: Optical character recognition, features, thresholding, classification, ratio-
nal approximation.

1. INTRODUCTION

Processing of typewritten texts is of great interest in office automation. Optical
Character Recognition (OCR) techniques are used to translate human readable
characters to machine readable codes. In OCR techniques, the choice of appro-
priate features is of course of the utmost importance. Until now, several OCR
techniques based on statistical, matching, transform and shape features have been
proposed with varying degrees of success.! 7 An excellent survey on OCR is given by
S. Impedovo et al.® On the other hand it is well known that a set of “zood” features
generally embody four characteristics:

(a) Discrimination. Features should take on significantly different values for char-
acters belonging to different classes.

(b) Reliability. Features should take on similar values for characters belonging to
the same class.

(c) Independence. Features should be uncorrelated with each other.

(d) Small feature space. The number of features used should be small to make
classification simple and fast.

Additionally, the features must satisfy other desirable requirements such as low
computational cost and low complexity of the feature extraction techniques. For
these reasons, simple and powerful features cannot be found easily.

The subject of the proposed paper is to define a new set of features for OCR
that satisfy the above characteristics. These features can be easily extracted by
a novel linear rational approximation (LRA) technique.®'! Specifically, after pre-
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processing, a separation procedure is applied for each typewritten character, from
which the one-dimensional signatures of the characters are derived. Each signature
is then approximated by a rational function via the solution of a linear programming
problem. The result of this procedure is a set of only six powerful features for
each character. There is no restriction about the type of characters that can be
recognized. The only requirement is to have differences in the signatures of the
characters. It is important to note that the proposed methodology for feature
extraction can have extended applications in the fields of image processing and
recognition. Specifically, using similar approaches, it is possible to approximate the
one-dimensional signatures of any digital object by the LRA technique.

The classification technique employed is simple: it is adapted to the features
selected and consists of two steps. First, the number of similar features is determined
between the input and the prototype characters. In this step if the character is not
recognized, then a second step using the minimum Euclidean distance classifier is
applied.

The proposed OCR method is independent from the type or the size of the
typewritten characters, and yields high recognition rates and low error rates. Of
course, the recognition rate depends if we have characters of the same type. The
performance of the OCR method increases if we consider characters of similar type
with the prototypes, and under these normal conditions the recognition rate is
greater than 98%.

2. PREPROCESSING

Starting with a digitized document, a preprocessing scheme is necessary. This
preprocessing operation includes the following main procedures:

— An optimal threshold selection technique to obtain a binary image from a digi-
tized gray level image. To implement this procedure a new global threshold se-
lection technique has been developed that consists of three main steps. The first
step is based on the hill-clustering method proposed by D. Tsai and Y. Chen.!2
According to this method the locations of the histogram peaks can be approx-
imately determined by an iterative procedure. For a digitized document, this
procedure gives the locations of the two main histogram peaks. In the second
step, the histogram between the peaks (the histogram valley) is fitted by a ra-
tional polynomial and according to the LRA algorithm. Afterward, the Golden
search technique'®!* is applied to find the optimal threshold value. This tech-
nique is simple and leads to a satisfactory binary image as it can be seen in
Figs. 1, 2 and 3 for a badly illuminated document.

— Rotation of the document to remove some orientation and skewing variation.!
After this step all symbols have approximately the same orientation.

— Image filtering to minimize the noise of the image and to achieve optimal bound-
ary extraction. As a final filtering process, morphological filters are applied to
suppress small islands and sharps caps of the characters.16:17

— Segmentation techniques to separate the characters from the background.
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— Normalization. The normalization technique being used is based on scaling each
character by a coefficient so that the character is tangential to the lower left
corner of a 64 x 64 pixel rectangular. Obviously, the value of the scaling coefficient
depends on the size of each character. This technique does not change the relative
positions of the character pixels even if there are some noise pixels.
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Fig. 1. Text image with 256 gray levels.

3. SIGNATURES EXTRACTION AND APPROXIMATION BY
RATIONAL FUNCTIONS

The next recognition step is the feature extraction of each character. The selection of
“good” features is critical to the performance of the character classification. It is well
known that a set of “good” features generally embodies discrimination, reliability
and independence. Additionally, the number of features used should be small to
make the classification simple and fast. In the proposed approach, the features of
the characters are extracted from their signatures. We can say that a character
signature is a one-dimensional functional representation of its boundary.!® In the
proposed approach the two-dimensional character representation is transformed to
a one-dimensional signature. The signatures of the characters are identified by
specifying the correspondence between the character pixels with a pair of values
{wi, Ry) where w,, is the angle and Rj. the distance of each pixel from the origin. In
our approach the 64 x 64 scaled character is divided into four segments as illustrated
for the character in Fig. 4. It must be noted that for caleulation accuracy, it iz
necessary to normalize the amplitude of each pixel between —1 and 1. With this
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Fig. 2. The histogram and the application of the new threshold selection method,
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Fig. 3. Image of Fig. 1 after global thresholding.

technique we can produce one-dimensional, functional representations for the whole
character and for the four segments.

To extract features from the one-dimensional signatures, it is desirable to approx-
imate these signatures by a power{ul approximation technique. This approximation
technique must always be applicable and must have significant characteristics such
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Fig. 4. {a) The scaled characater. {b) The four segments.

as convergence to the global solution, low computational cost and most importantly,
powerful approximation abilities. On the other hand, it is well known that rational
funetions with a small number of coefficients can sufficiently approximate curves.
For these reasons, we choose to apply a new approximation technique which is based
on the optimum approximation of real, rational functions via linear programming.
According to this method, the linear approximation problem is formulated bascd
on the minimax criterion, and the optimum solution is derived by using the revised
Simplex algorithm.'®

Generally, by the rational approximation method I sampling points can be
approximated by a rational function of the following form:

ooy = Alwe) _ TN aidi(m)
He) = Blue) = 14+ T, b:Bi{wn) t

where

wg, k=1, ..., K are independent variables

a; and b; are nnknown coefficients

N and M are snitable integer variables

A;(un) and B;(wy) are polynomials of w; with unit coefficients, and Bluy) > 0 for

every k.
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According to the above definitions, and for each one-dimensional curve, wg and
H{wy) correspond to the angles and the amplitudes of the pixels while 4;{w,) and
Bi(w.) are polynomials such as:

Ail:'wk} = w];_l ' {2}

Bi(w) = w}, .

Therefore Sait
g +agiey b ayir T

14 bywy + ...+ bypw?

Hiwg)= (3)

Let Ky represent the desirable amplitude for the kth pixel. The formulation of
the linear approximation problem starts by defining that for every sampling point
k,k=1,..., K, the final approximation error must not exceed an upper bound.
Therefore, if Ey are desired quantities with small positive values, then for every
sampling point the following criterion is defined:

Ey = Ry — Hlwy) (4)
Also, for every & the variables £ are defined such as

i = (M — Ep)Blw) — Alwy) (5)

Combining Eqs. (4) and (5), we obtain

£ 33
R, — E. = H{wg) + Blur) (G)

From the above equation it is clear that for a good approximation the quantities:

d. = <] {7

must not exceed an upper bound. Now, if

& = macdmum dy| (8)
and
£ = maximum |(R}, — Eg)B(w) = A(wy )| (9)

then the minimax approximation problem takes the following form:
maximize d

subject to
(R = Ep)B(wy) — A(wg)| < €

B(w,) > dé' (10)
E=1,..., K
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The above optimization problem is not linear, but it may be converted to a linear
one through the following transformations:

1
E:Er
o _ G5 -
ai:E—I, fori=1,..., N {11)
b;::—:, fori=1,... , M

Now, the approximation problem (10) takes the following linear form
maximize d

subject to
M Y
(R — Ex)E+ (Ry = Ex) Y HiBi(wy) - S aidi(wg) £1
i=1 i=]
M N

—(Ry — Ep)é = (R — E) z b B (ws) + E apAi(we) <1
i=1 - i=1
—£= MBi(w)+d <0
i=1

fork=1,..., Kand §d =0

(12)

As can be observed from above, the variable d represents the minimax approxi-
mation error that is obtained from the solution of the linear problem (12). In the
proposed OCR method the value of this variable for each one-dimensional signature
is specified as a feature of the character. Thus, for each character six recogni-
tion coefficients are derived, where d;, da, d3 and dy, correspond to the minimax
approximation errors of the four segments, ds is obtained from

ds = d} +di +d + 3 (13)

and dg is the minimax approximation error derived from the signature of the whaole
character. The auxiliary feature d; is not independent, but obviously its value
depends on the shape of the entire character. Often, in the classification pracedure,
while some of the first four features are not similar, d5 is taken as a similar one
because it is permitted by its classification threshold values.

As an example, the application of the linear programming rational approxima-
tion technique for the character v is shown in Figs. 5 and 6. Figure 5 shows the
approximated curves for the four segments of the character and Fig. 6 depicts the
signature approximation for the whole character. For these approximations both
the values of N and M are equal to 3 and as can be observed from the results these
values are suitable for the satisfactory approximation of the signatures. Specifically,
for the particular character v the following values were determined for the feature
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Fig. 5. Rational approximation for the four segrments.

coefficients:
iy 0.25534
d;| |o.48123
dy| _|0.61466
4= i | = |0.34253 (14)
ds| |0.79193
dg 3.02024

It is noted that the above values of the feature vector correspond to 9, 19, 9 and 14
pixels in each one of the four character sepments, respectively. In comparison with
the values of the first four feature coefficients the large value of d; occurs because
the pixel angles range from 0 to 27,

In order of comparison, let us consider a similar recognition procedure by using
the least squared method. Here the approximation problem for each quadrant and
for the whole character has the form:

K
minimize J = z (B = Flu)]? (15)
k=1
where K is the total number of sampling points, and
Flug) = a1 + eowy +...+11Niuj:'r_l (16)
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Fig. 6. Rational approximation for the whole chiaraeter.

Tahle 2 shows the results of the application of the above procedure to the same
with the Table 1 characters.

Table 1. Classification results for the character w.

Character Features Feature differences Euclidean distance Number of similaritics

o 0153 1L.02E-01
0.706 2.24E-0
0.173 4.41E-0 0.481 I
0,706 J.64E-01
1.051 23OE-01
3.062 4.21E-02
I 0132 L221-01
0.664 1.E3E-01
0.356 2.58E-01 0.470 1
0.615 2.TIE-01
0,963 LT1E-01
2.071 A94E-[2
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Table 1. { Cont'd)

Character Fratures Feature differences Euclidean distanee Number of similarities

o 0.384 1.29E-01
0.706 2.25E-01
0.G64 4. M E-02 0.583 1
0.G38 JASE-(1
L.360 T.GEE-01
3044 2 33E-02
t LOE-07 2.533E-01
A5 283E-02
Gla 0.000 0.273 5
0342 TAE-OT
0.700 4. 16E-02
3.020 0.000
X 0.316 G.08E-02
0.281 2.00E-01
0.274 3.40E-01 1.543 1
0.499 1.5TE-01
0504 2,38E-01
2856 1.G5E-01
T 0615 3.59[E-01
0.500 1.88E-02
0000 G.15E-01 1.830 1
0.000 3A3E-01
0.628 1.64E-01
1.323 1.T0E-D0
Loy 0266 1.10[-02
0. 706 2.35E-01
04327 2 8RE-01 0.643 2
0.706 J.G4E-01
1175 3.43E-01
4044 1.30E-02
& 0.352 1.96E-01
0.43% 4.36E-02
0.651 3.64E-02 0481 2
0472 1.30E-01
1.143 3.51E-01
4.007 1.30E-02

In comparison with the polynomial approximation and the least squared methad,
the choice of rational functions and the LRA technique, is related with significant
advantages. Specifically, rational approximation technigue is less sensitive to noise
because it minimizes the maximum absclute differences and not the sum of the
squared differences. Also, clearly a rational polynomial can more efficiently fit diffi-
cult data because it has a numerator and a denominator. Therefore, for equivalently
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Table 2. Results derived by the least-squared method.

Clharacter Features Feature differences Euclidean distance Mumber of similarities

o 0.074 0.261
1.948 0.075
0,234 1.125 10.580 2
2,160 1.467
8.525 2,547
140,225 10007
v 0.110 0.226
2.001 0.217
0.520 0,850 26,927 3
1.356 0,663
6,492 0,514
103,230 26,809
& 0.292 0.044
3.152 1.279
1.028 0.342 58.357 3
2,795 2,101
18.888 12,909
3. 271 56,857
v 0.078 0.258
0.922 1.851
1.370 SE-08 7.687 3
0.675 0.018
3,187 2,701
123.214 6.914
¥ 0,555 0.219
0.523 1.3501
0.527 0:842 12462 2
1.006 0313
1.872 4,107
141.780 11,651
7 0.186 0.149
0.332 1.541
0.0 1.370 125,975 1
0.0 0.693
0.145 5.834
4.307 125.521
a 0.582 0,247
1714 0160
0.615 0,753 16,3686 2
2,341 1.648
9,134 3.155
146,085 15.956
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Table 2. (Cont’d)
Character Features Feature differences Euclidean distance  Number of similarities

Fat 0.703 0.368
1.251 0.622

2.846 14ATT 53.378 1
1.771 L.077
13.298 7.320
182966 52.837

4){ INPUT CHARACTER i

DETERMINATION OF
SIMILARITIES

CALCULATION OF
EUCLIDIAN DISTANCES

15 THERE ANY
CHARACTER, THAT HAS
MINEMUM BUCTIDEAN DISTAMCE
AND LARGEST NUMBER
OF SOMLARITIES?

Fig. 7. Flow chart of the classification technigue,
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fitting results, rational functions need fewer coefficients than polynomials. Addi-
tionally, because in the least-squared method caleulated terms are of high power,
the coefficients derived from the least-squared method are unstable in magnitude if
the order of the polynomial exits an upper bound.

4. CLASSIFICATION TECHNIQUE

According to the feature extraction procedure, a feature vector d = (dy, ds, da, dy,
ds, dg)7 is derived from the input character. The classification technique classi-
fies the feature vector d into known feature vectors of the prototype characters.
In the proposed approach a suitable classification technique is applied which first
determines the absolute distances between the input and the prototype features
according to the following equation:

]di_P:'|=Dir i=1,...,6 {IT:I

where d; and p; are the values of the input and prototype features. If D, is less
or equal to a suitable threshold value then d; and p; are defined as similar, If
this is true for only one character and for the corresponding six features then the
character is recognized. Otherwise, the Euclidean distance is calculated according
to the relation:

(18}

The character is recognized if it has the smallest Euclidean distance and if the
Euclidean distance is less or equal to a suitable threshold value. If a character is
not recognized then it is saved as a prototype. The flow chart of the classification
technique is shown in Fig. 7.

Obviously, the classification of the characters by using the criterion of the mini-
mum Euclidean distance, operates by taking into account their predetermined sim-
ilarities. Specifically, in this classification process, the characters that have the
largest number of similar features are examined first and therefore the computa-
tional cost of the classification procedure is drastically reduced. As an example of
the classification technique, Table 1 gives the values of the features for the character
v and for a set of Greek characters. Taking the threshold values Dy, i =1, ..., 6
equal to 0.1, 0.05, 0.01, 0.01, 0.1 and 0.03, respectively, the input character v is
recognized as identical to the prototype v, becanse they have five similar features in
the dz, ds, dy, ds and dg coefficients and additionally their Euclidean distance has
the smallest value. It is noted that as we can observe from the Table 2, while we
define triple threshold values, the least-squared method results in fewer similarities
too.

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

Step 1: Scanning of the text.
Step 2: Optimal threshold operation.
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Step 3 Filtering.
Step {: Rotation of the document.

Step 5: Sepmentation,

Step 6: Normalization and sealing of the characters to a 64 % 64 rectangular,
Step T: Signatures extraction,

Step 8: Features extraction by using the linear rational approximation algorithm.
Step 9: Classification.

5. EXPERIMENTAL RESULTS AND PERFORMANCE OF
THE OCR METHOD

In practice, the development of an OCR system is related with the requirements of
its users. Therefore, a low-cost OCR software is easy to implement and to satisfy
specific recognition restrictions. This means that we must specify the conditions
under which the performance of the OCR is measured. Until now, there is not
an OCR product that really reads all the Latin typewritten characters, “The best
products do a good job on clean documents, bul they all degrade in performance
as the document quality (or scanner quality) degrades” *®

It is well known that to have an impressive performance, in commercial OCR
products, millions of character's feature vectors are used as training sets. Addition-
ally, the training set that is used comes from a variety of fonts, it varies in image
quality, and it is suitable for the variability of the documents that the OCR system
is expected to handle. Difficulties that are associated with insufficient features can
be overcome by using a large number of prototypes in combination with a suitable
classifier and a syntactic pattern recognition technique. Except for the above diffi-
culties, for a good performance, an OCR system must give sufficient solutions to a
variety of many other problems that are associated with the preprocessing phase,
such as the scanning quality and the segmentation. Most of the segmentation prob-
lems are related with touching and overlapping characters, and with the presence
of images in the document. Also, the performance is degraded if we have multifonts
and multishape characters to recognize.

The performance of an OCR system depends very much on the shape of the
characters. Therefore, it is unrealizable to operate an OCR system with all the
character types. Also, it is obvious that to build a faultless OCR system we must
use a combination of methods that has already been used and those that will be
proposed in the future. In other words, for desirable character recognition results,
various OCR approaches and complementary algorithms must be able to integrate
with each other. On the other hand, future OCR systems will use more sophisti-
cated techniques, such as morphological and fuzzy logic approaches. The new OCR
method does not avoid all the above difficulties. The main scope of this paper is to
propose a new powerful set of features for OCR that are based on the approximation
of the characters’ signatures by using a suitable linear programming optimization
technique. The new feature extraction techmique is general and it can be used in
other pattern recoguition applications.
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The proposed OCR. method is implemented for IBM 80386 and IBM 80486 com-
puters. The documents are scanmed in 300-500 dpi resolutions by using a HP
scanner. It is noticed that, because of the better segmentation of the documents,
the performance of the OCR system is increased for high scanning resolution. The
training character set consists of approximately 5,000 characters of Times type fonts,
while the test set iz about 30,000 characters. The scanned documents are from a
laser printer and the size of the characters is limited to 8 ~ 20 points.

Because of the division of the characters to the four guadrants, it is difficult
to classify a “noisy” character in a different class and it is easier to reject it.
However, there are significant merphological similarities between Greek and Latin
characters, as for example the pairs of (0,0), (0,0), (T.T), (A,A), etc. charac-
ters. Additionally, there are some other characters that are confused because of
their matching shapes. For example, the characters that our method confuses
are (8, 9), (o, g}, (¢, 1), (u, v, », v}, etc. Therefore, a syntactic pattern recognition
technique can prove to be very effective in distinguishing these extremely similar
characters. In our OCR system, the characters that have been classified in another
character class are about 0.8%, while 1.3% of characters have been rejected. The
above performance varies according to the quality of the documents, that is the
performance increases for clean documents and decreases as the document quality
worsens. For example, if the document is not clean, then the segmentation process
results in several joined characters and it confuses the whole recognition procedure
and increases the processing time. Under normal conditions, with a 486 machine,
the processing time of the recognition procedure (Steps 5-9) is about 35 ~ 42 cps.

6. CONCLUSIONS

This paper presents a new efficient technique for optical character recognition. The
proposed approach is based on a set of only six features. After preprocessing, each
character is first divided into four segments and for the feature extraction process.
Next, one-dimensional representations are obtained for the entire character and for
the four segments that correspond to the signatures of the characters. Subsequently,
a suitable linear rational approximation technique is applied and the signatures are
approximated by rational functions. The approximation error for each signature
is specified as a feature of the character. The approximation procedure used has
significant advantages in low computation time, and in the ensured convergence of
the linear problem to the global optimal solution.

The final step of the proposed OCR method is the classification procedure which
is simple and fast due to the small number of classification features. First, the
features’ similarities are determined between the prototypes and the input character,
and second, if necessary, the minimum Euclidean distance classifier is applied.

The OCR approach is independent of the character type and has been successfully
applied to a variety of typewritten fonts. In the experiment described a mixed
typewritten text of Latin and Greek characters were used and the recognition rate
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reached was satisfactory. It is certain that the combination of the proposed method

wi

th other sophisticated techniques will greatly increase the recognition rate.
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