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| ntroduction

Machine replication of human functions, like reading, isan ancient dream. However, over
the last five decades, machine reading has grown from adream to reality. Optical character
recognition has become one of the most successful applications of technology in the field
of pattern recognition and artificial intelligence. Many commercial systems for perform-
ing OCR exist for a variety of applications, although the machines are still not able to
compete with human reading capabilities.

In the first chapter of this documents, we discuss different technologies for automatic
identification and establish OCR’s position among these techniques. The next chapter
gives a brief overview of the historical background and development of character recog-
nition. We also present the different steps, from a methodical point of view, which have
been employed in OCR. An account of the wide area of applicationsfor OCR isgivenin
chapter 4, and the following chapter looksinto the current status of OCR. Inthefinal chap-
ter we discuss the future of OCR.
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Chapter 1

| ntroduction to OCR

Optical character recognition belongs to the family of techniques performing automatic
identification. Below we discuss these different techniques and define OCR'’s position
among them.

1.1 Automatic | dentification

The traditional way of entering data into a computer is through the keyboard. However,
thisis not always the best nor the most efficient solution. In many cases automatic identi-
fication may be an alternative. Various technol ogies for automatic identification exist, and
they cover needsfor different areas of application. Below abrief overview of the different
technologies and their applicationsis given.

Speech recognition.

In systems for speech recognition, spoken input from a predefined library of words are
recognized. Such systems should be speaker-independent and may be used for instance
for reservationsor ordering of goods by telephone. Another kind of such systemsarethose
used to recognize the speaker, rather than the words, for identification.

Radio frequency.

Thiskind of identification is used for instance in connection with toll roads for identifica-
tion of cars. Special equipment on the car emits the information. The identification is ef-
ficient, but special equipment is needed both to send and to read the information. Thein-
formation is also inaccessible to humans.

Vision systems.

By the use of a TV-camera objects may be identified by their shape or size. This approach
may for instance be used in automatonsfor recirculation of bottles. Thetype of bottle must
be recognized, as the amount reimbursed for a bottle depends on it’s type.
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Magnetic stripe.

Information contained in magnetic stripes are widely used on credit cards etc. Quite a
large amount of information can be stored on the magnetic stripe, but specially designed
readers are required and the information can not be read by humans.

Bar code.

The bar code consists of several dark and light linesrepresenting abinary codefor an elev-
en-digit number, ten of which identify the particular product. The bar codeis read optical-
ly, when the product moves over a glass window, by afocused laser beam of weak inten-
sity which is swept across the glass window in a specially designed scanning pattern. The
reflected light is measured and analysed by a computer. Due to early standardization, bar
codes are today widely used and constitute about 60 % of the total market for automatic
identification.

The bar code represents a unique number that identifies the product, and a price look-up
(PLU) isnecessary to retrieve information about price etc. The binary pattern representing
the barcode takes up much space considering the small amount of information it actually
contains. Also, the barcodes are not readable to humans. Hence, they are only useful when
the information can be printed elsewhere in a human readable form or when human read-
ability isnot required. Laser-scanning of barcodes is therefore only in afew cases an al-
ternative to optical character recognition.

Magnetic ink.

Printing in magnetic ink ismainly used within bank applications. The characters are writ-
ten in ink that contains finely ground magnetic material and they are written in stylized
fonts which are specifically designed for the application. Before the characters are read,
theink is exposed to a magnetic field. This process accentuates each character and helps
simplify the detection. The characters are read by interpreting the waveform obtained
when scanning the characters horizontally. Each character is designed to have its own spe-
cific waveform. Although designed for machine reading, the characters are still readable
to humans. However, the reading is dependent on the characters being printed with mag-
netic ink.

Optical Mark Reading.

Thistechnology is used to register location of marks. It may be used to read forms where
the information is given by marking predefined alternatives. Such formswill also be read-
able to humans and this approach may be efficient when the input is constrained and may
be predefined and there is a fixed number of alternatives.
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Optical Character Recognition.

Optical character recognition is needed when the information should be readable both to
humans and to amachine and alternative inputs can not be predefined. In comparison with
the other techniques for automatic identification, optical character recognition is unique
in that it does not require control of the process that produces the information.

1.2  Optical Character Recognition

Optical Character Recognition deals with the problem of recognizing optically processed
characters. Optical recognition is performed off-line after the writing or printing has been
completed, as opposed to on-line recognition where the computer recognizes the charac-
ters as they are drawn. Both hand printed and printed characters may be recognized, but
the performance is directly dependent upon the quality of the input documents.

Character recognition 2

<> On-line

Off-line
Single characters Handwritten script
Printed Handwritten Recognition Verification

Figure1l: The different areas of character recognition.

The more constrained the input is, the better will the performance of the OCR system be.
However, when it comes to totally unconstrained handwriting, OCR machines are still a
long way from reading aswell as humans. However, the computer reads fast and technical
advances are continually bringing the technology closer to itsideal.
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Chapter 2

TheHistory of OCR

Methodically, character recognition is a subset of the pattern recognition area. However,
it was character recognition that gave the incentives for making pattern recognition and
image analysis matured fields of science.

21  Thevery first attempts.

To replicate the human functions by machines, making the machine able to perform tasks
like reading, is an ancient dream. The origins of character recognition can actualy be
found back in 1870. This was the year that C.R.Carey of Boston Massachusetts invented
the retina scanner which was an image transmission system using amosaic of photocells.
Two decades later the Polish P. Nipkow invented the sequential scanner which wasama-
jor breakthrough both for modern television and reading machines.

During the first decades of the 19'th century several attempts were made to develop de-
vices to aid the blind through experiments with OCR. However, the modern version of
OCR did not appear until the middie of the 1940's with the development of the digital
computer. The motivation for development from then on, was the possible applications
within the business world.

2.2 The start of OCR.

By 1950 the technol ogical revolution was moving forward at a high speed, and electronic
data processing was becoming an important field. Data entry was performed through
punched cards and a cost-effective way of handling the increasing amount of data was
needed. At the same time the technology for machine reading was becoming sufficiently
mature for application, and by the middle of the 1950's OCR machines became commer-
cialy available.

Thefirst true OCR reading machine was installed at Reader’s Digest in 1954. This equip-
ment was used to convert typewritten sales reports into punched cards for input to the
computer.

Norsk Regnesentral, P.B. 114 Blindern, N-0314 Oslo Tel.: (+47) 22 85 25 00 Fax: (+47) 22 69 76 60 8



OCR - Optical Character Recognition

2.3  First generation OCR.

The commercial OCR systems appearing in the period from 1960 to 1965 may be called
thefirst generation of OCR. This generation of OCR machineswere mainly characterized
by the constrained letter shapes read. The symbols were specially designed for machine
reading, and the first ones did not even look very natural. With time multifont machines
started to appear, which could read up to ten different fonts. The number of fonts were
limited by the pattern recognition method applied, template matching, which compares
the character image with alibrary of prototype images for each character of each font.

24  Second generation OCR.

The reading machines of the second generation appeared in the middle of the 1960’'s and
early 1970's. These systems were able to recognize regular machine printed characters
and also had hand-printed character recognition capabilities. When hand-printed charac-
ters were considered, the character set was constrained to numerals and a few letters and
symbols.

The first and famous system of this kind was the IBM 1287, which was exhibited at the
World Fair in New York in 1965. Also, in this period Toshibadevel oped thefirst automatic
letter sorting machine for postal code numbers and Hitachi made the first OCR machine
for high performance and low cost.

In this period significant work was donein the area of standardization. In 1966, athorough
study of OCR requirements was completed and an American standard OCR character set
was defined; OCR-A. Thisfont was highly stylized and designed to facilitate optical rec-
ognition, athough still readable to humans. A European font was aso designed, OCR-B,
which had more natural fonts than the American standard. Some attempts were made to
merge the two fontsinto one standard, but instead machines being able to read both stand-
ards appeared.

Figure2: OCR-A (top), OCR-B (bottom).
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2.5  Third generation OCR.

For the third generation of OCR systems, appearing in the middle of the 1970’s, the chal-
lenge was documents of poor quality and large printed and hand-written character sets.
Low cost and high performance were al so important objectives, which were helped by the
dramatic advances in hardware technology.

Although more sophisticated OCR-machines started to appear at the market smple OCR
deviceswere still very useful. In the period before the personal computers and laser print-
ers started to dominate the area of text production, typing was a special niche for OCR.
The uniform print spacing and small number of fonts made simply designed OCR devices
very useful. Rough drafts could be created on ordinary typewriters and fed into the com-
puter through an OCR device for final editing. In this way word processors, which were
an expensive resource at this time, could support several people and the costs for equip-
ment could be cut.

26 OCR today.

Although, OCR machines became commercially available already in the 1950’s, only a
few thousand systems had been sold world wide up to 1986. The main reason for thiswas
the cost of the systems. However, as hardware was getting cheaper, and OCR systems
started to become available as software packages, the sale increased considerably. Today
a few thousand is the number of systems sold every week, and the cost of an omnifont
OCR has dropped with afactor of ten every other year for the last 6 years.

1870 The very first attempts
1940 The modern version of OCR.
1950 The first OCR machines appear

1960 - 1965 First generation OCR
1965 - 1975 Second generation OCR
1975 - 1985 Third generation OCR

1986 -> OCR to the people

Table1l: A short OCR chronology.
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Chapter 3

M ethods of OCR

Themain principlein automatic recognition of patterns, isfirst to teach the machinewhich
classes of patternsthat may occur and what they look like. In OCR the patterns are letters,
numbers and some special symbols like commas, question marks etc., while the different
classes correspond to the different characters. The teaching of the machine is performed
by showing the machine examples of characters of all the different classes. Based on these
examples the machine builds a prototype or a description of each class of characters.
Then, during recognition, the unknown characters are compared to the previously ob-
tained descriptions, and assigned the class that gives the best match.

In most commercial systems for character recognition, the training process has been per-
formed in advance. Some systems do however, include facilities for training in the case
of inclusion of new classes of characters.

3.1  Componentsof an OCR system

A typical OCR system consists of several components. In figure 3 acommon setup isil-
lustrated. The first step in the processis to digitize the analog document using an optical
scanner. When the regions containing text are located, each symbol is extracted through a
segmentation process. The extracted symbols may then be preprocessed, eliminating
noise, to facilitate the extraction of features in the next step.

;_: > | Optical ;‘> Location
% scanning Segmentation A>

Preprocessing

—

—R - Feature
ecognition <:ﬂ :
Ay extraction

processing

Figure3: Components of an OCR-system
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The identity of each symbol is found by comparing the extracted features with descrip-
tions of the symbol classes obtained through aprevious|earning phase. Finally contextual
information is used to reconstruct the words and numbers of the original text. In the next
sections these steps and some of the methods involved are described in more detail.

3.1.1 Optical scanning.

Through the scanning process a digital image of the original document is captured. In
OCR optical scanners are used, which generally consist of a transport mechanism plus a
sensing device that converts light intensity into gray-levels. Printed documents usually
consist of black print on awhite background. Hence, when performing OCR, it iscommon
practiceto convert the multilevel imageinto abilevel image of black and white. Often this
process, known as thresholding, is performed on the scanner to save memory space and
computational effort.

The thresholding process isimportant as the results of the following recognition istotally
dependent of the quality of the bilevel image. Still, the thresholding performed on the
scanner is usually very simple. A fixed threshold is used, where gray-levels below this
threshold is said to be black and level s above are said to be white. For ahigh-contrast doc-
ument with uniform background, a prechosen fixed threshold can be sufficient. However,
alot of documents encountered in practice have arather large range in contrast. In these
cases more sophisticated methods for thresholding are required to obtain a good result.

P VT, FF e
ol CF +
LF. V1. F1
§equal

oquid CF ¢ LF

+ LF mont over | posilon

. FF cqual LF

B mare oved 1 posilion
"ON - LF, VT, FFequi CR+ [F

RETIRM l-qu[:It_;I- LF mout cver | posilion

- OFF = LF, YT, FF equal 1

RETURN aqual CR move ovey | podtion

Figure4: Problemsin thresholding: Top: Origina greylevel image, Middle: Image
thresholded with global method, Bottom: Image thresholded with an adaptive method.

The best methods for thresholding are usually those which are able to vary the threshold
over the document adapting to the local properties as contrast and brightness. However,
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such methods usually depend upon a multilevel scanning of the document which requires
more memory and computational capacity. Therefore such techniques are seldom used in
connection with OCR systems, although they result in better images.

3.1.2 Location and segmentation.

Segmentation is a process that determines the constituents of an image. It is necessary to
locate the regions of the document where data have been printed and distinguish them
from figures and graphics. For instance, when performing automatic mail-sorting, the ad-
dress must be located and separated from other print on the envel ope like stamps and com-
pany logos, prior to recognition.

Applied to text, segmentation is the isolation of characters or words. The majority of op-
tical character recognition algorithms segment the words into isolated characters which
are recognized individually. Usually this segmentation is performed by isolating each
connected component, that is each connected black area. Thistechniqueis easy to imple-
ment, but problems occur if characters touch or if characters are fragmented and consist
of several parts. The main problemsin segmentation may be divided into four groups:

» Extraction of touching and fragmented characters.
Such distortions may lead to several joint characters being interpreted as one single
character, or that apiece of acharacter isbelieved to be an entire symbol. Jointswill
occur if the document isadark photocopy or if it isscanned at alow threshold. Also
joints are common if the fonts are serifed. The characters may be split if the
document stems from a light photocopy or is scanned at a high threshold.

 Distinguishing noise from text.
Dots and accents may be mistaken for noise, and vice versa.

» Mistaking graphics or geometry for text.
This leads to nontext being sent to recognition.

» Mistaking text for graphics or geometry.
In this case the text will not be passed to the recognition stage. This often happens
if characters are connected to graphics.

|

Figure5: Degraded symbols.
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3.1.3 Preprocessing

Theimage resulting from the scanning process may contain acertain amount of noise. De-
pending on the resolution on the scanner and the success of the applied technique for
thresholding, the characters may be smeared or broken. Some of these defects, which may
later cause poor recognition rates, can be eliminated by using a preprocessor to smooth
the digitized characters.

The smoothing implies both filling and thinning. Filling eliminates small breaks, gaps and
holes in the digitized characters, while thinning reduces the width of the line. The most
common techniques for smoothing, moves awindow across the binary image of the char-
acter, applying certain rules to the contents of the window.

In addition to smoothing, preprocessing usualy includes normalization. The normaliza-
tionisapplied to obtain characters of uniform size, slant and rotation. To be ableto correct
for rotation, the angle of rotation must be found. For rotated pages and lines of text, vari-
ants of Hough transform are commonly used for detecting skew. However, to find the ro-
tation angle of asingle symbol is not possible until after the symbol has been recognized.

n-n-n

Figure6: Normalization and smoothing of a symbol.

3.1.4 Featureextraction

The objective of feature extraction is to capture the essentia characteristics of the sym-
bols, and it is generally accepted that this is one of the most difficult problems of pattern
recognition. The most straight forward way of describing acharacter isby the actual raster
image. Another approach is to extract certain features that still characterize the symbols,
but leaves out the unimportant attributes. The techniques for extraction of such features
are often divided into three main groups, where the features are found from:

» Thedistribution of points.

» Transformations and series expansions.
e Structural analysis.

The different groups of features may be evaluated according to their sensitivity to noise
and deformation and the ease of implementation and use. Theresults of such acomparison
are shown in table 1. The criteria used in this evaluation are the following:
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Robustness.
1) Noise.

Sengitivity to disconnected line segments, bumps, gaps, filled loops etc.
2) Distortions.

Sensitivity to local variations like rounded corners, improper protrusions,
dilations and shrinkage.

3) Sylevariation.
Sensitivity to variation in style like the use of different shapes to represent the
same character or the use of serifs, slants etc.

4) Trandation.
Sensitivity to movement of the whole character or its components.

5) Rotation.
Sensitivity to change in orientation of the characters.

Practical use.
1) Speed of recognition.
2) Complexity of implementation.
3) Independence.
The need of supplementary techniques.

Each of the techniques evaluated in table2 are described in the next sections.

Feature extraction technique Robustness Practical use
1 2 3 45 1 2 3
Template matching ®@® OOO O @ O
Transformations Ceo000 ONONC)
Distribution of points: Zoning O0e OO0 ® 0 O
Moments ONOCNON N J ONCNO)
n-tuple CNONOCNONC ® 0 0
Characteristic loci C o000 ® 0 O
Crossings O N N JNO) ® 0 O
Structural features ON N N NO [ OGN )

@® Highoreasy @ Medium O Low or difficult

Table2: Evaluation of feature extraction techniques.
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3.1.4.1 Template-matching and correlation techniques.

These techniques are different from the others in that no features are actually extracted.
Instead the matrix containing the image of the input character is directly matched with a
set of prototype characters representing each possible class. The distance between the pat-
tern and each prototype is computed, and the class of the prototype giving the best match
is assigned to the pattern.

The technique is simple and easy to implement in hardware and has been used in many
commercial OCR machines. However, this technique is sensitive to noise and style vari-
ations and has no way of handling rotated characters.

3.1.4.2 Featurebased techniques.

In these methods, significant measurements are cal culated and extracted from a character
and compared to descriptions of the character classes obtained during a training phase.
The description that matches most closely providesrecognition. The features are given as
numbers in a feature vector, and this feature vector is used to represent the symbol.

Distribution of points.

This category covers techniques that extracts features based on the statistical distribution
of points. These features are usually tolerant to distortions and style variations. Some of
the typical techniques within this area are listed below.

Zoning.
The rectangle circumscribing the character is divided into several overlapping, or non-
overlapping, regions and the densities of black points within these regions are computed
and used as features.

Moments.
The moments of black points about a chosen centre, for example the centre of gravity, or
a chosen coordinate system, are used as features.

Crossings and distances.
In the crossing technique features are found from the number of times the character shape
Is crossed by vectors along certain directions. This technique is often used by commercial
systems because it can be performed at high speed and requires low compl exity.

When using the distance technique certain lengths al ong the vectors crossing the character
shape are measured. For instance the length of the vectorswithin the boundary of the char-
acter.

n-tuples.
The relative joint occurrence of black and white points (foreground and background) in
certain specified orderings, are used as features.
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Characteristic loci.
For each point in the background of the character, vertical and horizontal vectors are gen-
erated. The number of times the line segments describing the character are intersected by
these vectors are used as features.

Figure7: Zoning

Transformations and series expansions.

These techniques help to reduce the dimensionality of the feature vector and the extracted
features can be made invariant to global deformations like translation and rotation. The
transformations used may be Fourier, Walsh, Haar, Hadamard, Karhunen-L oeve, Hough,
principal axis transform etc.

Figure8: Elliptical Fourier descriptors

Many of these transformations are based on the curve describing the contour of the char-
acters. This means that these features are very sensitive to noise affecting the contour of
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the character like unintended gaps in the contour. In table 2 these features are therefore
characterized as having a low tolerance to noise. However, they are tolerant to noise af-
fecting the inside of the character and to distortions.

Structural analysis.

During structural analysis, features that describe the geometric and topological structures
of asymbol are extracted. By these features one attempts to describe the physical make-
up of the character, and some of the commonly used features are strokes, bays, end-points,
intersections between lines and loops. Compared to other techniques the structural analy-
sis gives features with high tolerance to noise and style variations. However, the features
are only moderately tolerant to rotation and trandlation. Unfortunately, the extraction of
these featuresis not trivial, and to some extent still an area of research.

Figure9: Strokes extracted from the capital letters F, H and N.

3.1.5 Classfication.

The classification is the process of identifying each character and assigning to it the cor-
rect character class. In the following sections two different approaches for classification
in character recognition are discussed. First decision-theoretic recognition is treated.
These methods are used when the description of the character can be numerically repre-
sented in afeature vector.

We may also have pattern characteristics derived from the physical structure of the char-
acter which are not as easily quantified. In these cases the relationship between the char-
acteristics may be of importance when deciding on class membership. For instance, if we
know that a character consists of one vertical and one horizontal stroke, it may be either
an“L” or a“T”, and the relationship between the two strokes is needed to distinguish the
characters. A structural approach is then needed.

3.1.5.1 Decison-theoretic methods.

The principal approaches to decision-theoretic recognition are minimum distance classi-
fiers, statistical classifiers and neural networks. Each of these classification techniques are
briefly described below.
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M atching.

Matching covers the groups of techniques based on similarity measures where the dis-
tance between the feature vector, describing the extracted character and the description of
each classiscalculated. Different measures may be used, but the common isthe Euclidean
distance. This minimum distance classifier works well when the classes are well separat-
ed, that is when the distance between the means is large compared to the spread of each
class.

When the entire character is used asinput to the classification, and no features are extract-
ed (template-matching), a correlation approach is used. Here the distance between the
character image and prototype images representing each character classis computed.

Optimum statistical classifiers.

In statistical classification a probabilistic approach to recognition is applied. The ideais
to use aclassification schemethat is optimal in the sense that, on average, itsuse givesthe
lowest probability of making classification errors.

A classifier that minimizes the total average lossis called the Bayes' classifier. Given an
unknown symbol described by its feature vector, the probability that the symbol belongs
to class ciscomputed for all classes c=1...N. The symbol isthen assigned the class which
gives the maximum probability.

For this scheme to be optimal, the probability density functions of the symbols of each
class must be known, along with the probability of occurrence of each class. The latter is
usually solved by assuming that all classes are equally probable. The density function is
usually assumed to be normally distributed, and the closer thisassumptionisto redlity, the
closer the Bayes' classifier comes to optimal behaviour.

The minimum distance classifier described above is specified completely by the mean
vector of each class, and the Bayes classifier for Gaussian classesis specified completely
by the mean vector and covariance matrix of each class. These parameters specifying the
classifiers are obtained through a training process. During this process, training patterns
of each classis used to compute these parameters and descriptions of each class are ob-
tained.

Neural networks.

Recently, the use of neural networks to recognize characters (and other types of patterns)
has resurfaced. Considering a back-propagation network, this network is composed of
several layers of interconnected elements. A feature vector entersthe network at the input
layer. Each element of the layer computes a weighted sum of its input and transforms it
into an output by a nonlinear function. During training the weights at each connection are
adjusted until adesired output is obtained. A problem of neural networksin OCR may be
their limited predictability and generality, while an advantage is their adaptive nature.
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3.15.2 Structural Methods.

Within the area of structural recognition, syntactic methods are among the most prevalent
approaches. Other techniques exist, but they are less general and will not be treated here.

Syntactic methods.

Measures of similarity based on relationships between structural components may be for-
mulated by using grammatical concepts. The ideais that each class has its own grammar
defining the composition of the character.A grammar may be represented as strings or
trees, and the structural components extracted from an unknown character is matched
against the grammars of each class. Suppose that we have two different character classes
which can be generated by the two grammars G, and G, respectively. Given an unknown
character, we say that itismore similar to thefirst classif it may be generated by the gram-
mar Gy, but not by G,.

3.1.6 Post processing.

Grouping.

The result of plain symbol recognition on a document, is a set of individual symbols.
However, these symbols in themselves do usually not contain enough information. In-
stead wewould like to associate the individual symbolsthat belong to the same string with
each other, making up words and numbers. The process of performing this association of
symbolsinto strings, is commonly referred to as grouping. The grouping of the symbols
into strings is based on the symbols' location in the document. Symbols that are found to
be sufficiently close are grouped together.

For fonts with fixed pitch the process of grouping is fairly easy as the position of each
character is known. For typeset characters the distance between characters are variable.
However, the distance between words are usually significantly larger than the distance be-
tween characters, and grouping is therefore still possible. The real problems occur for
handwritten characters or when the text is skewed.

Error-detection and correction.

Up until the grouping each character has been treated separately, and the context in which
each character appears has usually not been exploited. However, in advanced optical text-
recognition problems, a system consisting only of single-character recognition will not be
sufficient. Even the best recognition systems will not give 100% percent correct identifi-
cation of all characters, but some of these errors may be detected or even corrected by the
use of context.

There are two main approaches, where the first utilizes the possibility of sequences of
characters appearing together. This may be done by the use of rules defining the syntax of
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the word, by saying for instance that after a period there should usually be a capital letter.
Also, for different languages the probabilities of two or more characters appearing togeth-
er in asequence can be computed and may be utilized to detect errors. For instance, in the
English language the probability of a“k” appearing after an “h” in aword is zero, and if
such a combination is detected an error is assumed.

Another approach is the use of dictionaries, which has proven to be the most efficient
method for error detection and correction. Given aword, in which an error may be present,
the word is looked up in the dictionary. If the word is not in the dictionary, an error has
been detected, and may be corrected by changing the word into the most similar word.
Probabilities obtained from the classification, may help to identify the character which has
been erroneously classified. If theword is present in the dictionary, this does unfortunately
not prove that no error occurred. An error may have transformed the word from one legal
word to another, and such errors are undetectable by this procedure. The disadvantage of
the dictionary methods is that the searches and comparisonsimplied are time-consuming.
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Chapter 4

Applications of OCR

The last years have seen awidespread appearance of commercial optical character recog-
nition products meeting the requirements of different users. In this chapter we treat some
of the different areas of application for OCR. Three main application areas are commonly
distinguished; data entry, text entry and process automation.

4.1 Data entry.

This area covers technologies for entering large amounts of restricted data. Initially such
document reading machines were used for banking applications. The systems are charac-
terized by reading only an extremely limited set of printed characters, usually numerals
and afew special symbols. They are designed to read data like account numbers, custom-
ers identification, article numbers, amounts of money etc. The paper formats are con-
strained with alimited number of fixed lines to read per document.

Because of these restrictions, readers of this kind may have a very high throughput of up
to 150.000 documents per hour. Single character error and reject rates are 0.0001% and
0.01% respectively. Also, due to the limited character set, these readers are usually re-
markably tolerant to bad printing quality. These systems are specially designed for their
applications and prices are therefore high.

42  Textentry.

The second branch of reading machinesisthat of page readersfor text entry, mainly used
in office automation. Here the restrictions on paper format and character set are exchanged
for constraints concerning font and printing quality. The reading machines are used to en-
ter large amounts of text, often in aword processing environment. These page readers are
in strong competition with direct key-input and electronic exchange of data. This area of
application is therefore of diminishing importance.

Asthe character set read by these machinesisrather large, the performance is extremely
dependent on the quality of the printing. However, under controlled conditions the single
character error and regject rates are about 0.01% and 0.1% respectively. The reading speed
istypically in the order of afew hundred characters per second
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4.3 Pr ocess automation.

Within this area of application the main concern is not to read what is printed, but rather
to control some particular process. This is actually the technology of automatic address
reading for mail sorting. Hence, the goal is to direct each letter into the appropriate bin
regardless of whether each character was correctly recognized or not. The genera ap-
proachisto read all theinformation available and use the postcode as a redundancy check.

The acceptance rate of these systemsis obviously very dependent on the properties of the
mail. Thisrate therefore varies with the percentage of handwritten mail. Although, there-
ject ratefor mail sorting may be large, the missort rateisusually closeto zero. The sorting
speed istypically about 30.000 letters per hour.

4.4  Other applications.

The above areas are the ones in which OCR has been most successful and most widely
used. However, many other areas of applications exist, and some of these are mentioned
below.

Aid for blind.
In the early days, before the digital computers and the need for input of large amounts of
data emerged, this was the imagined area of application for reading machines. Combined
with aspeech synthesis system such areader would enabl e the blind to understand printed
documents. However, aproblem has been the high costs of reading machines, but this may
be an increasing area as the costs of microelectronicsfall.

Automatic number-plate readers.
A few systems for automatic reading of number plates of cars exist. As opposed to other
applications of OCR, the input image isnot anatural bilevel image, and must be captured
by avery fast camera. Thiscreates special problemsand difficulties although the character
set islimited and the syntax restricted.
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Automatic cartography.
Character recognition from maps presents special problems within character recognition.
The symbols are intermixed with graphics, the text may be printed at different anglesand
the characters may be of several fonts or even handwritten.

Form readers.

Such systems are able to read specially designed forms. In such formsall the information
irrelevant to the reading machineis printed in acolour “invisible” to the scanning device.
Fields and boxesindicating where to enter the text isprinted in thisinvisible colour. Char-
acters should be entered in printed or hand written upper case letters or numeralsin the
specified boxes. Instructions are often printed on the form as how to write each character
or numeral. The processing speed is dependent on the amount of data on each form, but
may be about a few hundred forms per minute. Recognition rates are seldom given for
such systems.

Signature verification and identification.
Thisisan application specially useful for the banking environment. Such a system estab-
lishes the identity of the writer without attempting to read the handwriting. The signature
is simply considered as a pattern which is matched with signatures stored in a reference
database.
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Chapter 5

Status of OCR

A wide variety of OCR systems are currently commercialy available. In this chapter we
take alook at the capabilities of OCR systems and the main problems encountered. We
also discuss the problem of evaluating the performance of an OCR system.

5.1 OCR systems

OCR systems may be subdivided into two classes. Thefirst classincludes the special pur-
pose machines dedicated to specific recognition problems. The second class covers the
systems that are based on a PC and alow-cost scanner.

5.1.1 Dedicated hardware systems

Thefirst recognition machineswere all hardwired devices. Because this hardware was ex-
pensive, throughput rates had to be high to justify the cost, and parallelism was exploited.
Today such systems are used in specific applications were speed is of high importance, for
instance within the areas of mail-sorting and check-reading. The cost of these machines
are still high, up to amillion dollars, and they may recognize awide range of fonts.

51.2 Softwarebased PC versions

Advancements in the computer technology has made it possible to fully implement the
recognition part of OCR in software packages which work on personal computers. Present
PC systems are comparable to the large scaled computers of the early days, and as little
additional equipment is required, the cost of such systems are low. However, there are
some limitations in such OCR software, especialy when it comes to speed and the kinds
of character setsread.

Hand held scanners for reading do also exist. These are usually limited to the reading of
numbers and just afew additional letters or symbols of fixed fonts. They often read aline
at atime and transmits it to application programs.

Three commercial software products are dominant within the area of recognition of Eu-
ropean languages. These are systems produced by Caera Corporation, Kurzweil and
Calera Corporation, with pricesin the range of $500 - $1000. The speed of these systems
is about 40 characters per second
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5.2  OCR capabilities

The sophistication of the OCR system depends on the type and number of fonts recog-
nized. Below aclassification, by the order of difficulty, based on the OCR systems' capa
bility to recognize different character sets, is presented.

Fixed font.

OCR machines of this category dealswith the recognition of one specific typewritten font.
Such fonts are OCR-A, OCR-B, Pica, Elite, etc. These fonts are characterized by fixed
spacing between each character. The OCR-A and OCR-B are the American and European
standard fonts specially designed for optical character recognition, where each character
has a unique shape to avoid ambiguity with other characters similar in shape. Using these
character sets, it is quite common for commercial OCR machinesto achieve arecognition
rate as high as 99.99% with a high reading speed.

The systems of the first OCR generation were fixed font machines, and the methods ap-
plied were usually based on template matching and correlation.

Multifont.

Multifont OCR machines recognize more than one font, as opposed to afixed font system,
which could only recognize symbols of one specific font. However, the fonts recognized
by these machines are usually of the same type as those recognized by afixed font system.

These machines appeared after the fixed-font machines. They were able to read up to
about ten fonts. The limit in the number of fonts were due to the pattern recognition algo-
rithm, template matching, which required that alibrary of bit map images of each charac-
ter from each font was stored. The accuracy is quite good, even on degraded images, as
long as the fonts in the library are selected with care.

Omnifont.

Anomnifont OCR machine can recognize most nonstylized fonts without having to main-
tain huge databases of specific font information. Usually omnifont-technology is charac-
terized by the use of feature extraction. The database of an omnifont system will contain
adescription of each symbol classinstead of the symbols themselves. This gives flexibil-
ity in automatic recognition of avariety of fonts.

Although omnifont is the common term for these OCR systems, this should not be under-
stood literally as the system being able to recognize all existing fonts. No OCR machine
performs equally well, or even usably well, on all the fonts used by modern typesetters.
A lot of current OCR-systems claim to be omnifont.
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Constrained handwriting.

Recognition of constrained handwriting deals with the problem of unconnected normal
handwritten characters. Optical readers with such capabilities are not yet very common,
but do exist. However, these systems require well-written characters, and most of them
can only recognize digits unless certain standards for the hand-printed characters are fol-
lowed (see figure 10). The characters should be printed as large as possible to retain good
resolution, and entered in specified boxes. The writer is also instructed to keep to certain
models provided, avoiding gaps and extraloops. Commercially the term ICR (Intelligent
Character Recognition) is often used for systems able to recognize handprinted charac-

ters.

RULES

1. Use black pen whenever possible.

* 2. Form large characters, but within the box edges.

3. Use simple shapes, avoid loops or curls or
flourishes.

4. Close loops.

5. Connect lines.

6. Do not use alternative
shape four
continental seven
continental one.

7. Do not link characters.

8. Do not overlap characters.

Alpha Character Set

OCR COMPLETION GUIDANCE

EXAMPLES

Correct

3|2]4{ 6]

N

379
€8] 9]
CENER

@

%

slel2] ] |
L 7lel2] |

Incorrect

32 46 o

23705
66%4

Ls

+71

S6 2]

L] 62

Numeric Character Set || |2

A RECPREFIGHIITIKILMNOPIGIRISITIUWVIMXIYIZ
1io

Figure 10 : Instructions for OCR handwriting
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Script.

All the methods for character recognition described in this document treat the problem of
recognition of isolated characters. However, to humans it might be of more interest if it
were possible to recognize entire words consisting of cursively joined characters. Script
recognition deals with this problem of recognizing unconstrained handwritten characters
which may be connected or cursive.

In signature verification and identification the objective is to establish the identity of the
writer, irrespective of the handwritten contents. Identification establishes the identity of
the writer by comparing specific attributes of the pattern describing the signature, with
those of alist of writers stored in a reference database. When performing signature veri-
fication the claimed identity of the writer is known, and the signature pattern is matched
against the signature stored in the database for this person. Some systems of thiskind are
starting to appear.

A more difficult problem is script recognition where the contents of the handwriting must
be recognized. Thisisone of thereally challenging areas of optical character recognition.
The variations in shape of handwritten characters are infinite and depend on the writing
habit, style, education, mood, social environment and other conditions of the writer. Even
the best trained optical readers, the humans, make about 4% errors when reading in the
lack of context. Recognition of characters written without any constraint is still quite re-
mote. For the time being, recognition of handwritten script seems to belong only to on-
line products where writing tablets are used to extract real-time information and features
to aid recognition.

53 Typical errorsin OCR

The accuracy of OCR systemsis, in practice, directly dependent upon the quality of the
input documents. The main difficulties encountered in different documents may be clas-
sified asfollows:

» Variationsin shape, due to serifs and style variations.

« Deformations, caused by broken characters, smudged characters and speckle.

» Variationsin spacing, due to subscripts, superscripts, skew and variable spacing.
» Mixture of text and graphics.

These imperfections may affect and cause problems in different parts of the recognition
process of an OCR-system, resulting in rejections or misclassifications.

Segmentation.
The magjority of errorsin OCR-systems are often due to problems in the scanning process
and thefollowing segmentation, resulting in joined or broken characters. Errorsin the seg-
mentation process may also result in confusion between text and graphics or between text
and noise.
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Feature extraction.
Evenif acharacter isprinted, scanned and segmented correctly, it may beincorrectly clas-
sified. This may happen if the character shapes are smilar and the selected features are
not sufficiently efficient in separating the different classes, or if the features are difficult
to extract and has been computed incorrectly.

Classification.
Incorrect classification may aso be due to poor design of the classifier. This may happen
if the classifier has not been trained on a sufficient number of test samples representing all
the possible forms of each character.

Grouping.
Finally, errors may be introduced by the postprocessing, when the isolated symbols are
associated to reconstruct the original words as characters may be incorrectly grouped.
These problems may occur if the text is skewed, in some cases of proportional spacing
and for symbols having subscripts or superscripts.

As OCR devices employ awide range of approaches to character recognition, all systems
are not equally affected by the above types of complexities. The different systems have
their particular strengths and weaknesses. In general, however, the problems of correct
segmentation of isolated characters are the ones most difficult to overcome, and recogni-
tion of joined and split characters are usually the weakest link of an OCR-system.

54  OCR performance evaluation

No standardized test sets exist for character recognition, and as the performance of an
OCR system is highly dependent on the quality of the input, thismakesit difficult to eval-
uate and compare different systems. Still, recognition rates are often given, and usually
presented as the percentage of characters correctly classified. However, this does not say
anything about the errors committed. Therefore in evaluation of OCR system, three dif-
ferent performance rates should be investigated:

* Recognition rate.
The proportion of correctly classified characters.

* Regectionrate.
The proportion of characters which the system were unable to recognize. Rejected
characters can be flagged by the OCR-system, and are therefore easily retraceable
for manual correction.

e FError rate.
The proportion of characters erroneously classified. Misclassified characters go by
undetected by the system, and manual inspection of the recognized text is necessary
to detect and correct these errors.
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There is usually atradeoff between the different recognition rates. A low error rate may
lead to a higher rejection rate and alower recognition rate. Because of the time required
to detect and correct OCR errors, the error rate is the most important when evaluating
whether an OCR system is cost-effective or not. The rgjection rate isless critical. An ex-
ample from barcode reading may illustrate this. Here arejection while reading a barcoded
pricetag will only lead to rescanning of the code or manual entry, while amisdecoded pri-
cetag might result in the customer being charged for the wrong amount. In the barcode
industry the error rates are therefore as low as one in a million labels, while a rejection
rate of one in a hundred is acceptable.

Inview of this, it isapparent that it is not sufficient to ook solely on the recognition rates
of a system. A correct recognition rate of 99%, might imply an error rate of 1%. In the
case of text recognition on a printed page, which on average contains about 2000 charac-
ters, an error rate of 1% means 20 undetected errors per page. In postal applications for
mail sorting, where an address contains about 50 characters, an error rate of 1% implies
an error on every other piece of mail.
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Chapter 6

The Future of OCR

Through the years, the methods of character recognition has improved from quite primi-
tive schemes, suitable only for reading stylized printed numerals, to more complex and
sophisticated techniques for the recognition of a great variety of typeset fonts and also
handprinted characters. Below the future of OCR when it comes to both research and ar-
eas of applications, is briefly discussed.

6.1  Futureimprovements

New methods for character recognition are still expected to appear, as the computer tech-
nology develops and decreasing computational restrictions open up for new approaches.
There might for instance be a potential in performing character recognition directly on
grey level images. However, the greatest potential seemsto lie within the exploitation of
existing methods, by mixing methodol ogies and making more use of context.

Integration of segmentation and contextual analysis can improve recognition of joined
and split characters. Also, higher level contextual analysis which look at the semantics of
entire sentences may be useful. Generally there is a potential in using context to a larger
extent than what is done today. In addition, combinations of multiple independent feature
sets and classifiers, where the weakness of one method is compensated by the strength of
another, may improve the recognition of individual characters.

The frontiers of research within character recognition have now moved towards the rec-
ognition of cursive script, that is handwritten connected or calligraphic characters. Prom-
ising techniques within this area, deal with the recognition of entire words instead of in-
dividual characters.

0.2 Future needs

Today optical character recognition is most successful for constrained materia, that is
documents produced under some control. However, in the future it seemsthat the need for
constrained OCR will be decreasing. The reason for thisis that control of the production
process usually means that the document is produced from material already stored on a
computer. Hence, if acomputer readable version is already available, this meansthat data
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may be exchanged electronically or printed in a more computer readable form, for in-
stance barcodes.

The applications for future OCR-systems lie in the recognition of documents where con-
trol over the production process is impossible. This may be material where the recipient
Is cut off from an electronic version and has no control of the production process or older
material which at production time could not be generated electronically. This means that
future OCR-systems intended for reading printed text must be omnifont.

Another important area for OCR is the recognition of manually produced documents.
Within postal applications for instance, OCR must focus on reading of addresses on mail
produced by people without access to computer technology. Already, it is not unusual for
companies etc., with access to computer technology to mark mail with barcodes. Therel-
ative importance of handwritten text recognition is therefore expected to increase.
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Chapter 7

Summary

Character recognition technigues associate a symbolic identity with the image of charac-
ter. Character recognition iscommonly referred to asoptical character recognition (OCR),
asit deals with the recognition of optically processed characters. The modern version of
OCR appeared in the middle of the 1940’ swith the devel opment of the digital computers.
OCR machines have been commercially available since the middle of the 1950’s. Today
OCR-systems are available both as hardware devices and software packages, and a few
thousand systems are sold every week.

In atypical OCR systems input characters are digitized by an optical scanner. Each char-
acter isthen located and segmented, and the resulting character imageisfed intoapreproc-
essor for noise reduction and normalization. Certain characteristics are the extracted from
the character for classification. The feature extraction is critical and many different tech-
niques exist, each having its strengths and weaknesses. After classification the identified
characters are grouped to reconstruct the original symbol strings, and context may then be
applied to detect and correct errors.

Optical character recognition has many different practical applications. The main areas
where OCR has been of importance, are text entry (office automation), data entry (bank-
ing environment) and process automation (mail sorting).

The present state of the art in OCR has moved from primitive schemes for limited char-
acter sets, to the application of more sophisticated techniques for omnifont and handprint
recognition. The main problemsin OCR usualy liein the segmentation of degraded sym-
bolswhich arejoined or fragmented. Generally, the accuracy of an OCR systemisdirectly
dependent upon the quality of the input document. Three figures are used in ratings of
OCR systems; correct classification rate, rejection rate and error rate. The performance
should be rated from the systems error rate, asthese errors go by undetected by the system
and must be manually located for correction.

In spite of the great number of algorithms that have been developed for character recog-
nition, the problem is not yet solved satisfactory, especially not in the cases when there
are no strict limitations on the handwriting or quality of print. Up to now, no recognition
algorithm may compete with man in quality. However, asthe OCR machineisableto read
much faster, it is still attractive.

In thefuture the area of recognition of constrained print is expected to decrease. Emphasis
will then be on the recognition of unconstrained writing, like omnifont and handwriting.
This is a challenge which requires improved recognition techniques. The potential for
OCR algorithms seemsto lie in the combination of different methods and the use of tech-
niques that are able to utilize context to amuch larger extent than current methodologies.
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