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ABSTRACT 

An approach for using context between words (called 
global context) in an algorithm for reading text is discussed. 
This approach uses a small number of features extracted from 
a word image to determine a subset of words in a dictionary 
called a neighborhood. Global context is then used to reduce 
the size of the neighborhood and the smaller neighborhood is 
used to direct further detailed analysis of the input. The 
result of this process is a match of the input image to one of 
the words in the neighborhood. Results are reported in this 
paper on the performance and cost of two forms of global con
text. One uses neighborhood-to-word transitions and the other 
uses word-to-word transitions. The potential of these forms of 
global context to reduce the number of words in a neighbor
hood is explored in a set of statistical experiments. Image pro
cessing experiments demonstrate the feasibility of the neigh
borhood calculation. The use of general purpose global context 
such as syntactic and semantic categories in a similar frame
work is also discussed. 

1. INTRODUCTION 

The development of computer reading algorithms that 
possess the same versatility as a human reader is a long stand
ing goal of pattern recognition research. One approach that has 
been followed in the pursUit of this goal is to determine how 
humans read and to convert useful portions of this knowledge 
into algorithms. This method was followed by Shillman[7] in 
his work on isolated character recognition. He determined the 
parameters of the human character recognition process and 
developed algorithms that used these parameters. 

The complete, fluent human reading process involves 
much more than JUSt isolated character recognition. A human 
reader routinely employs knowledge about the syntactic, 
semantic, and featural dependencies between words [51 
Although the use of this type of knowledge source in an algo
rithm for reading text has been suggested [61 no such technique 
is known. 

The use of k.nowledge about dependencies between words 
in an algorithm for reading text is explored in this paper. This 
knowledge is represented in two ways: either as a table of 
allowable transitions between words, or as a table of allowable 
transitions between a group of words (called a neighborhood ) 
and another word. These representations describe different 
forms of featural dependency. Word-to-word transitions 
represent knowledge of the words that can follow a given 
word under the assumption that it can be accurately recog
nized. :\eighborhood-to-word tranSitions represent knowkdge 
about legal successor words under the assumption that the 
predecessor word can only be approximately recognized as one 
of the words in a neighborhood. 
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These representations are most suitable for use in a situa
tion where the words that could follow a given word are 
predictable with a high degree of confidence. An example of 
this is the last line of a postal address where the first few 
words make up a city name that should come from a fixed set 
of possibilities. A generalization of this technique to free for
mat running text would require a less specific form of global 
context such as syntactic categories (e.g .. noun, verb, adjective, 
etc.). This information could be used in a manner similar to 
that discussed here. 

2. READING ALGORITHM 

An outline of the reading algorithm used to evaluate the 
potential usefulness of global context is presented in Figure 1. 
This algorithm assumes that the input is a sequence of word 
images Wi' i = 1.2,....n. These images are given to a hypothesis 
generation routine that uses a few gross features of the image 
to determine a neighborhood of words N/ in a dictionary that 
share those features. This neighborhood is then input to the 
global contextual analysis routine that produces a reduced 
neighborhood IN;. The hypothesis testing routine uses the 
contents of N j to direct further selective analysis of the input 
image, resulting in a recognition decision. The hypothesis test
ing process is discussed in [4] and will not be analyzed in this 
paper. Rather, the focus will be on the usefulness of global 
context in reducing the number of words in a neighborhood. 
thereby making the pb of hypothesis testing that much easier. 

The hypothesis generation procedure is similar to that 
discussed in [11 The method used here (more fully described 
and analyzed in [2D is designed as a generator of candidate 
matches rather than as a complete method for word recogni
tion. This technique is based on the detection of a small 
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Figure 1. An outline of the reading algorithm. 
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number of features in the image Ilf a word. Six features (num
bered 0 through 6) were used m the experiments discussed in 
this paper, which assumed that all text was printed entirely in 
lower case. Features 1 to 5 were different vertical bars (short. 
ascender, descender, short with dot on top. and long with dot 
on top). These features can be detected by convolving an 
image of a word with a vertical bar ma.sk. and thresholding the 
output. Feature 0 was a Significant horizontal space that did 
not contain a vertical bar. (Note that these features are special
ized for lower case text; however, the ~hnique can be 
extended to mixed case and upper case input by definition of a 
suitable feature set). The neighborhood of an input word 
image is determined by finding the dictionary words that con
tain the same left-to-right sequence of features as the input 
word. The neighborhood is denoted by the feature-numbers 
associated with this sequence of features. 

Two procedures are now discussed' that use precompiled 
tables of allowable transitions to reduce the size of the 

neighborhood of an input word. In the first method, transi
tions between two words are used; in the second method, tran
sitions between neighborhoods and words are used. 

The representations for global context are used under the 
assumption that either the preceding word in the text was per
fectly recognized or just its neighborhood was correctly com
puted. Elements are removed from the neighborhood of the 
current word that are not contained in the appropriate table of 
allowable transitions. Figure 2 shows a portion of the data 
structure needed for both these techniques. lf word-to-word 
context is used, a word dictionary is augmented by pointers 
from a given word to all the words that can follow it. If 
neighborhood-to-word context is used. a neighborhood diction
ary is provided that includes neighborhood-to-word pointers to 
entries in the word dictionary. In reference to Figure 2, if 
word-to-word context is used when recognizing the word 
"shape" in the phrase "_ visual shape _" and the only word 
that can follow "visual" in the word-to-word transition table 
is "'shape". then the neighborhood of "'shape", which is {"shape". 
"slope"}. can be reduced to {"shape"}, i.e.. a perfect recognition. 
lf neighborhood-to-word context is used and the sequence of 
features in "visual" is determined to be "041112". the neighbor
hood of "'shape" cannot be reduced. 

neighborhood 
dictionary 

041112 

word 
dictionary 

shape 

slope 

visual 

Figure 2. Example of data structures for two forms of 
global con text. 
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3. STATISTICAL EfFECTS OF GLOBAL CONTEXT 

The statistical, effect of both forms of global context can 
be measured by theu effect on two statistics: the percentage of 
text that is uniquely specified by shape (PER_Ur-UQ). i.e .. the 
percentage of text that has a neighborhood containing a single 
word. and the average neighborhood. size per text word 
(ANS,). Given that ns(tw l ) returns that number of words in 
the neighborhood of the i'ls word of a given text. 

1 N, 

ANS, .. -L;ns(tw
l
) 

N'I_I 

where N, is the number of words in the given text. The aver
age neighborhood size per text word thus measures the average 
number of words that would be output by the hypothesis gen
eration procedure when it read the given text. 

The potential influence of global context on the reading 
algorithm is measured by its effect on PER_UNIQ and ANS,. 
Since the global contextual analysis produces a reduced neigh
borhood size, it should increase PER_UNIQ and reduce ANS, 
from what they are when no global context is used. In the 
best case, PER_UNIQ would be 100% and ANS, would be 1.0. 
This would correspond to a case where complete recognition 
would be provided by the combination of hypothesis genera
tion and glObal contextual analysis. 

A study was carried out in which these statistics were 
calculated from a database of all the city names that are 

associated with a ~tal code in the United States. (This data
base was extracted from the Directory of Post Offices (Dopo) 
file maintained by the U.s. Postal Service.) Altogether there 
were 48,349 entries in this database, each of which contained 
from 1 to 9 words. The dictionary of unique words contained 
18.745 words. The tables of word-to-word and neighborhood
to-word transition probabilities were computed from this data
base. It is reasonable to apply the techniques for global context 
discussed here in this situation, since the words in the city 
name of an address are highly constrained and are determined 
by the entries in the Dopo file. It is assumed for the purposes 
of this study that the words on either side of a city name have 
already been recognized and provide known boundaries. It is 
also assumed that the city name is printed completely in lower 
case. 

The values of PER_ C~H<.) and ANS, were computed in 
three ways: 1. using no global context; 2. using neighborhood
to-word context; 3. using word-to-word context. The results of 
this study are shown in Table 1. It is seen that ANS, is 
reduced from 18.1 to 9.5 when hoth forms of global context 
are used. PER_Ul'iIQ Increases from 19.0% to 43.7% when 
neighborhood-to-word transitions are used. and from 19.0% to 
44.6% when word-to-word tranSitions are used. This says that 
almost half the words in the database could be uniquely recog
nized by only computing their neighborhoods. No additional 
feature analysis would be needed for these words. 

no context neigh-word word-word 

ANS, 18.1 9.5 9.5 
PER C:-':IQ 19.0 43.7 44.6 

Table 1. A comparison of the effect of three types of glo
bal conteAt on ANS, and PER_UNIQ. 
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This study assumed a population of addresses in which 
each city name occurs once and only once. This is unreason
able for an address reading machine. However, the trend of 
significantly improved performance shown in this study 
should also occur if the entries in the database are weighted by 
their frequency of occurrence. Some evidence for this are the 
results discus.sed in [3] where PER_UI\JQ and ANS, were cal
culated with the forms of global context used here. A running 
text of over 1.000.000 words was used that presumably exhi
bits some of the frequency characteristics not accounted for in 
the study discussed above. PER_C;\IQ increased from 9% to 
36% and ANS, decreased from 38.4 to 4.2, on the average, 
when global context was used. 

4. EXPERIMENTAL RESULTS 

Two experiments were conducted to demonstrate the 
feasibility of this methodology. The first experiment showed 
that the neighborhood of the image of a word can be accu
rately computed under a variety of conditions that include 
several different fonts and words with characters touching or 
overlapping. The second experiment explored the storage 
required by the transition tables for both representations of 
global context. These experiments are summarized here. \1ore 
complete details are discussed in [3L 

In the first experiment images of 100 words were gen
erated in five different fonts under three conditions of segmen
tation: 1. All characters topologically distinct; 2. Every charac
ter touching the character to its left and the character to its 
right; 3. Every character overlapping the characters to its left 
and right by two pixels. The neighborhoods were correctly 
calculated, on the average, in over 99.5% of the cases under 
condition 1. over 96% of the cases under condition 2, and over 
91% of the cases under condition 3. 

In the second experiment the storage required for both 
forms of global context was analyzed. It was shown that the 
storage needed for the transitions was only about twice that 
needed for a full-text representation of the dictionary. It was 
also shown that the storage requirement increased linearly 
with the number of words in the dictionary. 

S. EXTENSION TO SYNTAX AND SEMANTICS 

The extension of the technique presented here to syntactic 
and semantic categories is straightforward. This requires the 
use of a dictionary that associates one or more syntactic or 
semantic categones with each word. The allowable transitions 
between the categories would have to be determined, for exam
ple, by expenrnentation with a large corpus. (The transitions 
could also be dynamically determined by an inference process 
such as parsing.) This augmented dictionary would be used in 
the same way the present structure is. For example. given that 
a word has been recognized as an adjective and it is highly 
likely that a noun will follow it, all the words that are not 
nouns could be eliminated from the neighborhood of the next 
word. Such a methodology would be more flexible than the 
one discussed in this paper and would be suitable for recogniz
ing free format running text. 
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6. CONCLUSIONS 

Two methods for incorporating knowledge about a source 
text beyond the word level (referred to as global context) in an 
algorithm for reading text were explored. The reading algo
rithm includes a step in which a small number of features are 
extracted from the image of a word and a group of Visually 
similar words-called a neighborhood is retrieved from a dic
tionary. The neighborhood is then used to control further pro
cessing that determines which word matches the input image. 
Global context is used to reduce the number of entries in the 
neighborhood, thus improving the performance of the match
ing process. 

The effect of two representations for global context on 
reducing the number of words in the neighborhood of an input 
word was explored in a set of statistical experiments on a data
base of city names. A significant reduction in neighborhood 
size was achieved with both representations. Image processing 
experiments demonstrated the feasibility of the basic operations 
needed for this method and an empirical study of storage costs 
showed that both representations for global context could be 
realized at a relatively modest COSt. Future work. in this area 
will include the development of a more general purpose ver
sion of using global context that incorporates syntactic and 
semantic information. 
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