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Abstract

ten choices have been reported for highly degraded
machine-printed text ([5]).
The integration of language-level contextual information with text recognition is one method that has
been used to improve the accuracy of the top choice.
The objective of such techniques is to reduce the number of possible hypotheses, or at best, to select a most
preferred hypothesis using language-level knowledge,
such as lexical, syntactic, semantic and pragmatic
knowledge. Previous approaches have utilized local
word-to-word transitions [8]' statistical part-of-speech
transitions [9]' word collocation constraints [14] and
semantic constraints from a limited domain [1].
Theoretically, other techniques developed in natural language understanding(NLU), such as parsing,
can be integrated with text recognition. However,
some problems in processing unrestricted English text
are difficult to overcome. For example, a large-scale
English lexicon which supports unrestricted English
text understanding is difficult to build.
Statistical and structural approaches have been
combined to overcome some of the difficulties in extending parsing techniques to unrestricted text ([4,
13]). Automatic acquisition of lexical knowledge also
has become a promising approach for building the
large-scale lexicons needed by such techniques ([3]).
Speech recognition is similar to visual word recognition. There have been several efforts to integrate
NLU with speech recognition to improve its performance ([15]). However, these techniques face similar
problems in processing text from outside a restricted
domain.
In this paper, we propose a methodology for integrating structural language analysis with word recognition to improve its top choice performance. A probabilistic lattice chart parser is described that uses syntactic and semantic constraints to find the best candidate for each word image.

A probabilistic lattice chart parser is proposed for
improving the performance of a text recognition technique. Digital images of words are recognized and alternatives for the identity of each are generated. Local word collocation statistics and a probabilistic chart
parsing algorithm are used to determine the top N best
parses for each sentence using the alternatives provided for the identity of each word by the recognition
system. In this paper, an approach in which text recognition and understanding are tightly integrated is discussed. An objective of this approach is to provide
the capability to process images of unrestricted English text. A large-scale lexicon, which supports the
system, was acquired by training on corpora of over
three million words. This paper focuses on the implementation and performance of the probabilistic lattice
chart parser.
Topic areas: visual text recognition and understandmg, natural language parsing and word lattice parsmg.

1

Introduction

The objective of visual text recognition is to transform an arbitrary image of text into its ASCII equivalent. This process is usually performed by recognizing the images of isolated characters. Such methods
are reliable for well-printed images. However, they do
not work well for text that has been degraded such as
multiple-generation photocopies or facsimiles.
An alternative is to recognize images of words and
to produce a set of alternatives for the identity of each
word image. The performance of word recognition is
reliable if measured over a reasonable number of alternatives. Accuracies of 85 percent correct in the top
choice, but better than 99 percent correct in the top
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2

Algorithm Description

text understanding system. Automatic acquisition of
lexical knowledge is a promising approach towards
solving this problem([3]). Following this approach, we
built an English lexicon by training on English text
corpora that contain several million words. The corpora used are the entire Brown Corpus and part of the
Penn Treebank. Currently, our lexicon has more than
95,000 entries, with about 80,000 different words. For
each word, we have statistical data about 1) its frequency; 2) it's potential part-of-speech tags and their
frequencies; and 3) the words strongly collocated with
it and their word collocation scores. The parser uses
all of these data.
The word recognition system generates the top-n
candidates for each word image except for frequent
function words, such as "a", "the" and "of'. For the
function words, we assume they can be recognized
correctly by a word image matching and clustering
procedure([lO]). Thus, the function words are "islands" or words with identities that the parser can
rely on.
The relaxation algorithm works as a filter to reduce
the top-n word candidates at each location to the topm, where m < n. The basic idea of the relaxation algorithm is to use local word collocation constraints to
select the word candidates that have a high probability
of occurring simultaneously with word candidates at
other nearby locations. The details of the relaxation
algorithm can be found in [7].

Generally, there are two types of linguistic constraints used in the system. One is local word collocation in which the identity of a word is used to predict
the identity of other nearby words ([2]). Global structural constraints are also used. These include syntactic, semantic and pragmatic constraints. The global
structural constraints are exploited with a chart parsing model. The chart data structure provides a flexible
framework for parsing([ll, 16]). Statistical methods
can be easily incorporated in a chart parser([13]). A
chart parser can also be extended to a lattice parser
which allows for several word candidates at the same
position, and therefore can be directly used for speech
recognition ([15]) and visual text recognition. The
parser chooses the words on a path through the lattice
that correspond to a legal sentence with the highest
probability of being correct, given the sentences represented in the lattice.
In our approach (see Figure. 1), given a page of
English text that has been segmented into sentences, a
word recognition process generates a candidate list for
each word image; next, a relaxation procedure reduces
the top-n candidates for each image to the two best
candidates by applying word collocation information;
the top-2 lists for a sentence form a word lattice which
is passed to the probabilistic lattice chart parser that
builds all possible parse trees based on the reduced
word lattice; finally, the word candidates that occur in
the parse tree with the highest a posteriori probability
are as well as the parse tree itself are output.

3

DlglUzed Image of
English Text

Probabilistic Lattice Parser Based
on Chart Data Structure

There are 706 rules in the context-free grammar
(CFG) that were written manually. For example, the
following rules are typical.

S
S-BODY
NP
IfP
IfP
VP
VP

<- S-BODY
<- NP VP
<- NN
<- NNS
<- IfP CC IfP
<- VB IfP
<- VB

This shows that a sentence(S) can be written as a
sentence body(S-body) followed by a period. A sentence body is a noun phrase( N P) followed by a verb
phrase( VP). A noun phrase is composed of a singular
noun(NN), a plural noun(NNS), or two noun phrases
with a coordinating conjunction (CC) between them.
A verb phrase is composed of a verb( VB) followed by
a noun phrase or just a verb.

Figure 1: Overall Design
It is very time-consuming to manually build a largescale English lexicon that can support an unrestricted
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Each of the rules in the grammar is associated with
a confidence score which indicates the priority of the
rule in comparison to other rules. A rule with a high
score means that it is more likely to be used.
The parser is a bottom-up chart parser. A chart
is a graph, that is a set of nodes and a set of edges
linking them. As a data structure, the chart provides
a general, flexible, efficient and economic framework
for parsing. Basically, our parser is a Cocke-KasamiYounger(CKY) parser([16]). Every constituent or
structure derived during parsing is recorded as an edge
and every edge represents a completed constituent.
This property restricts the number of edges in the
chart during parsing. Edges are organized as trees
or forests in which some parent edges may share the
same child edge.
If parsing succeeds, it will print out the parse tree
represented by the "fl' edge with highest confidence
score. All possible complete parse trees, can be generated in order of decreasing confidence score. If parsing fails, the parser will work as a partial parser and
print out parse trees for fragments of the input word
sequence.

4

for most of the sentences that failed to be parsed
completely. We manually checked the most preferred
parse trees generated for the sentences from G02 to
see whether they were correct. For 45 out of 76 sentences, the most preferred parse trees are correct if
we ignore prepositional phrase attachment and conjunct scoping problems. For the remaining sentences
from G02 with complete parse trees, the most preferred parse trees are partially correct. In Table. 2,
the high standard deviation( (J") values show that the
number of edges created, the parsing time, and the
number of complete trees generated, vary significantly
from sentence to sentence.

Table 2: Result of Sentence Parsing
Next, we used all the sentences from the three articles to test the application of the parser for text recognition. After printing those sentences with ditroffin a
12 point font on paper using a laser printer, text images were created by digitizing the paper. The text images were segmented into sentences, and further into
word images. Using a word recognition program which
is based on word shape analysis([6]), the top ten word
candidates were generated for each word image (for
the frequent function words such as "a", "the" and
"of', and punctuation marks, the recognizer generates just one word candidate). On average, there are
7.78 word candidates for each word image.
The relaxation algorithm generates the two best
choices for each word by using word collocation constraints. Here, only collocation constraints for adjacent words are used. The data for word collocation
constraints are collected by training on the Brown
Corpus which has more than one million words.
If we use the word collocation data collected from
the Brown Corpus, including our test articles:
A06, G02 and J42, after relaxation, about 97.9%
of the correct word candidates still remained in top-2
lists(see Table. 3). The parser selected word candidates from the top-2 correctly for 89.4% of the words
and also provided a parse tree for further processing.
The average time for parsing a sentence is less than
four minutes while the average number of edges created in the parser is only about 10,000.
If we use the word collocation data collected from

Experimental Results

We chose 3 articles, A06, G02 and J42, from the
Brown Corpus as test samples. The Brown Corpus is a collection of 500 samples of English texts, each
of which contains approximately 2000 words([12]).
A06 is a collection of six short articles from the
Newark Evening News. G02 is from an article "Toward a Concept of National Responsibility" from The
Yale Review. J42 is from a book "The Political Foundation of International Law'. Some further information about the sample articles is listed in Table. 1.
Article
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Table 1: Information about the test samples
First, the parser was applied to the sentences from
those articles. The results of parsing on the plain
ASCII text are shown in Table. 2. For 204 out of
248 sentences(82.2%), the parser generated at least
one complete parse tree. For those sentences without a complete parse tree, we found they contained
some syntactic structures that were not covered by the
grammar. The parser generated partial parse trees
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all the articles in the Brown Corpus except the test
articles: A06,G02 and J42, the performance of the
parser dropped(see Table. 4). The overall correct rate
of relaxation is 86.4% and the parser correctly selects
76.2% of the words. The reason for the drop is that
the relaxation algorithm did not have as reliable collocation data as before. This result suggests that the
training corpus is not large enough.
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percent correct.
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