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ABSTRACT

This paper presents an approach for structuring large dic-
tionaries and proposes respectlive access techniques. The
dictionary is used as a post-processing tool to verify
recognized word candidates dealing with different types of
incomplete input.

Structuring a dictionary is attractive because search space
is pruned enormously, especially when recognized words are
rather noisy. For instance, in the context of addresses only
a relative small set of words is relevant. Furthermore, the
so-defined partitions can easily be exchanged when proceed-
ing analysis from one part ol a document to another (e.g.,
from address to body). Moreover, there are dictionaries
including high-frequency words, common abbreviations,
domain-specific words and a base dictionary for German.

Two complementary dictionary data structures, namely
hash tables and tries, are used combining their inherent ad-
vantages lo organize respeclive subdictionaries. Both ap-
proaches can deal with different types of word incomplete-
ness. While hashing is most appropriate for fast look-up of
well-recognized input or simple distortions, tries in combi-
nation with a special access matrix are able to handle very
fragmentary input words, in particular when large prefixes
or suffixes are iissing. *

1 INTRODUCTION

Today, many researchers argue that traditional OCR has
reached its frontiers. In contrast to classification of isolated
characters, a new generation of OCR systems will apply
contextual knowledge (e.g., lexicon, syntax, and seman-
tics) for improving recognition accuracy [9].

In this paper we describe how lexical knowledge can be ef-
ficiently used to support document analysis resulting in a
hybrid architecture of a structured dictionary. The intention
of our document analysis system is to bridge the gap be-
tween (raditional print products and the computer.
Exemplarily, the structure and (partial) semantics of German
business lelters are analyzed. The system is model-driven
based on the ODA platform (Office Document Architecture
[6]), i.e., an international standard for the representation
and exchange of documents is supported. The entire system
includes several interlocked phases of analysis, including
layout extraction, logical labeling, text recognition, and
(partial) text analysis. Further details and experimental re-
sults of the system are given in [1].

The dictionary is a central component for our analysis
system supporting and improving results of character
recognition as well as enabling a partial document under-
standing. In the remainder of this paper, we will use terms
dictionary and lexicon synonymously. Both designate a
collection of words of a language or a special domain,
possibly provided with simple statistic, morphologic and
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syntactic information.

In literature, there is a lack of smart approaches for de-
signing large dictionaries that will improve character recog-
nition. In Seino et al. [14] a knowledge processing (KP) me-
thod is shown. This KP method is applied by Toshiba OCR
systems and comprises—among other knowledge sources—
many word dictionaries being hierarchically structured, e.g.,
an address dictionary for hand-printed Japanese characters.
Word occurrence probabilities stored in the dictionaries are
also used 1o eliminate irrelevant word alternatives.

Richy et al. [12] describe the spelling checking compo-
nent of the Grif system. Beside a general base dictionary
(English, French), some special dictionaries for technical
words, acronyms, proper nouns, elc. are provided. By ex-
changing respective subdictionaries, Gril can support the
editing of multi-lingual documents. However a global archi-
tecture of the dictionaries exploiting the logical structure of
documents does not exist.

Other former models are either restricted to specific appli-
cation domains (e.g., spelling checking [11]) or apply con-
ventional (i.e., relational) database technologies to orga-
nize dictionaries [5].

In contrast, we propose a partitioning of the dictionary
based on word [requencies, the logical structure of docu-
ments as well as application domains involving distinct
data structures and access mechanisms. The latter is hidden
for character recognition.

The paper is organized as follows: Chapter 2 describes
general dictionary requirements for document recognition
and understanding. These requirements are considered in the
next chapter which exhibits the design of an appropriate
dictionary architecture. Chapter 4 is more technical, point-
ing to our dictionary data structures and corresponding ac-
cess techniques which are primarily based on hash tables
and tries. In the last chapter, we summarize the current state
of implementation and ongoing research activities.

2 DICTIONARY REQUIREMENTS

Applying contextual knowledge for the verification of
optical character recognition (OCR) results [15] can gener-
ally be classified into three main approaches [3] [15]: dic-
tionary look-up methods, probabilistic methods (Markov
models, Viterbi Algorithm, Bayes) and combined methods.
While Markov methods use a-priori (i.e., statistical) knowl-
edge about transition probabilities of characters (often by
bigrams or trigrams), dictionary look-up techniques verily
the actual input string against a legal set of words being col-
lected in a dictionary,

We use a dictionary-based approach for two reasons: First,
while Markov methods are very fast and efficient, they are
extremely sensitive in case of misspelled or incomplete in-
put words. Second, storing dictionary entries and corre-
sponding lexical information explicitly will enable a sub-
sequent partial understanding of documents which is a main
goal of our project. A complete text understanding and full



semantic analysis, however, is not intended (see also [1]).
Text recognition (character recognition) is primarily con-
cerned with the spelling of a word form. Storing lexical in-
formation apart from orthography is not necessary. Conse-
quently, requirements for the dictionary include:
1) if input is complete: fast access of entries for word
verification, or rejection, respectively;
2) if input is incomplete: efficient pattern matching for the
selection of appropriate word candidates;
3) tolerance and robustness towards different kinds of
recognition errors;
4) compact storage allocation for loading large parts of
dictionary into main memory and therefore minimizing
access time;
5) dynamics: the set of words represented in the dictionary
are periodically updated and enlarged in course of time;
6) flexibility: exchange of special dictionaries at run time,
e.g., dictionaries reserved for technical words, domain-spe-
cific words, or multi-lingual documents [12];
7) views: definition of (virtual) subdictionaries, e.g., ac-
cording to document model; these views reflect a structural
restriction of context to improve recognition (e.g. possible
addressees, cilies and zip codes of a recipient [1]);
8) openness: an open and extendible interface allowing the
integration of other knowledge sources or intermediate re-
sults of recognition, e.g., simple image features (word en-
velopes), length of word, cryptographical attributes, etc.
For text analysis, the dictionary could then provide a lex-
ical knowledge base involving:
1) rich morphologic and syntactic information such as
parts-of-speech, stems, inflections, synonyms, elc.;
2) internal (semantic) links for the association of
dictionary entries, e.g. synonyms and typical phrases;
3) external links to specialized dictionaries, thesaurus or
encyclopedia;
4) a coherent and homogeneous representation (lexical
structure) which [acilitates the acquisition and modification
of lexical entries.
In fact, we take into account requirements of character
recognition for the design of an appropriate dictionary ar-
chitecture, This design will be described in the next chapter.

3 DICTIONARY ARCHITECTURE

After having briefly described our document analysis sys-
tem and having molivated respective requirements, we will
now propose an architecture of a structured dictionary which
is adequate for document analysis. Peterson [11] has also
suggested a similar dictionary concept which is exclusively
designed to assist spelling checking and does not intend a
representation of lexical knowledge.

Partitioning (i.e., structuring) the dictionary into several
distinct parts or subdictionaries (word clusters) is beneficial
for several reasons. First, by applying contextual knowl-
edge, search space will be pruned enormously, in particular
when input is rather incomplete. For example, in the con-
text of letter addresses only a relative small set of words is
significant (names, countries, cities, zip codes, etc.). This
agrees with the second of above requirements improving ac-
cess lime. Second, partitions can easily be exchanged when
proceeding analysis from one logical object of a document
to another with respect to the document structure (cf. ODA).
For instance, an address reader only needs a restricted vo-
cabulary (names, cities, zip codes, etc.) in contrast to a gen-
eral purpose recognition system.

A first strategy to partition the dictionary is based on the
frequency of words. Language-specific statistics reveal that
usually a small number of words is used most frequently in
documents. In German, the most frequent 500 words cover
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63% of common text [10]. Because text recognition is more
robust in finding short words (articles, conjunctions, adjec-
lives, etc.) and corresponding errors only refer to one or two
characters, we compiled and stored them in a separate high-
frequency dictionary as full forms. The high-frequency dic-
tionary is organized by hash tables allowing fast access of
complete words and simple error elimination which will be
explained later (see Chapter 4.2). This matches requirements
1 to 3 of text recognition presented above.

Additionally, we have also compiled other 8.500 German
full forms which most often appear in our lext corpora.
These words cover another 25% of text and are stored in a
so-called base dictionary of German. In contrast to former
dictionary, the base dictionary has been implemented em-
ploying a trie data structure. Here, we use a trie representa-
tion since our search heuristics can efficiently handle frag-
mentary words of character recognition (see Chapter 4.1).

In parallel, there are several domain-specific dictionaries.
They include specific words or phrases which are significant
for a particular application domain. For the analysis of busi-
ness letters, these dictionaries comprise typical words, salu-
tations, closing forms, references, and courtesies (e.g.,
“Dear Dr.”, “sincerely”, “enclosed you find", “look forward
to", ...). Note that these dictionaries should be pluggable:
on demand they can be added or taken away for efficiency.

Furthermore, we provide logical dictionaries according to
logical objects of our document model (cf. [1], [6]). Logical
objects divide the contents of a letter into enlities associ-
ated with a sender’s intellectual meaning such as subject, ad-
dress or date. Each logical dictionary represents a restriction
of context accompanied by a special vocabulary and phrases
complying with the seventh requirement of text recogni-
tion. In Fig. 1 several logical dictionaries such as employee
names, countries, cities, months, elc, are illustrated.

Figure 1: Hybrid architecture of structured dictionary.

Moreover, a large set of special dictionaries contain typi-
cal German abbreviations, acronyms, proper nouns, etc. as
well as word stems and affixes. Latter two are relevant for
our morphologic tool for German (Morphix [1]) which eval-
uates simple lexical information (e.g., parts-of-speech).

So far, we represent domain-specific dictionaries, logical
dictionaries and special dictionaries as word lists. These
lists are stored in separate files which neither include any
lexical information nor frequency counts,

Fig. 1 schemes the architecture of our protolypic struc-
tured dictionary. The dictionary controller supervises and
schedules access of ail subdictionaries dealing with different











