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Abstract 

A method is presented to filter the output of a word 
recognition algorithm, which may contain errors, to 
locate decisions that should be correct with a high 
degree of certainty. The algorithm uses the output of a 
word recognition system and techniques used in informa
tion retrieval to characterize a free-text document data
base to locate a set of documents that have topics which 
are similar to that of the input document. The vocabu
lary from these similar documents is then used to locate 
the correct word recognition decisions. Experimental 
results show that a subset of the word recognition deci
sions for an input document can be located that are 
between 90 and 99 percent correct. The subset located 
by this method can be used to drive other recognition 
processes applied to the rest of the text. 

1. Introduction 
The recognition of words is a powerful solution to 

the text recognition problem in which images of text are 
transformed into their ASCII equivalent [6]. This is an 
alternative to traditional character recognition techniques 
that rely on the segmentation of a word into characters. 
This is sometimes followed by a postprocessing step that 
uses a dictionary of legal words to select the correct 
choices. 

Solutions to improving the performance of a text 
recognition system have utilized the context of the 
language in which the document was written. Examples 
include using the syntax [7] as well as the semantics [1] 
of the underlying passage of text. 

An observation about context beyond the indivi
dual word level that is used here concerns the vocabulary 
of a document. Even though the vocabulary over which 
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word recognition is computed may contain 100.000 or 
more words. a typical document may actually use fewer 
than 500 different words. Thus. higber accuracy in word 
recognition is bound to result if the vocabulary of a 
document could be predicted and the decisions of a word 
recognition algorithm were selected only from that lim
ited set. 

This paper discusses a methodology to predict the 
vocabulary of a document from its word recognition 
decisions. The N best recognition choices for each word 
are used in a probabilistic model for information retrieval 
to locate a set of similar document in a database. The 
vocabulary of those documents is then used to select the 
recognition decisions from the word recognition system 
that have a high probability of correctness. A tree struc
ture for the document database is proposed that over
comes matching problems caused by noise that were 
present in an earlier formulation [9]. 

The rest of this paper presents the algorithm in 
more detail. The technique for locating similar docu
ments in a database is discussed. A novel method of 
structuring the database as a graph is presented. The use 
of the vocabulary from those documents to filter the 
word recognition output is given. Experimental results 
demonstrate the ability of the algorithm to select a subset 
of the word recognition decisions that have a high proba
bility of correctness. 

2. Algorithm Description 
The algorithmic framework discussed in this paper 

is presented in Figure 1. Word images from a document 
are input. Those images are passed to a word recogni
tion algorithm that matches them to entries in a large 
dictionary. Neighborhoods or groups of words from the 
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Figure 1. Algorithm description. 

dictionary are computed for each input image. The 
neighborhoods contain words that are visually similar to 
the input word images. 

A matching algorithm is then executed on the 
word recognition neighborhoods. A subset of the docu
ments in a pre-classified database of AScn text samples 
are located that have similar topics to the input docu
ment. Each document in the database Oi. i= 1. .... n. 
points to an ordered subset {Di. OJ •...• Ok} of the other 
documents in the database where the ordering is defined 
by the similarity of those documents to the base-level 
entries. The similarity measure and ordering function is 
determined by the vector space model used in informa
tion retrieval [11]. The hypothesis for this database 
organization is that those documents at the top of the 
hierarchy should share a significant portion of their voca
bularies with the input document. Also. the documents 
reachable from those entries should also share a 
significant portion of their vocabularies with the base 
entries. 
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Entries in the neighborhoods are selected based on 
their appearance in the matching documents. The output 
of the algocithm are words that have an improved proba
bility of being correct based on their joint appearance in 
both the word recognition neighborhoods as well as the 
matching documents. These are words that are both 
visually similar to the input and are in the vocabulary of 
the documents with similar topics. 

The words in the neighborhoods of stop words and 
proper nouns are not used in the similarity calculation 
because reliable techniques exist to locate them in docu
ment images. They are also relatively easy to locate in 
AScn text samples. Stop words can be found in a docu
ment image with a clustering algorithm [8]. A simple 
lookup is sufficient to find stop words in an ASCII text 
sample [4]. Proper nouns can also be located in a docu
ment image by the presence of capitalization as well as 
their context within the text passage [3]. The location of 
proper nouns in an AScn document can be reliably 
determined by part-of-speech tagging techniques [2]. 

Second IAPR Int. Conference on Document Analysis and Recognition, Tsukuba, Japan, Oct. 20-22, 1993, 448-452.



3. Experimental Investigation 
The word decision selection algorithms presented 

in this paper were demonstrated on the Brown 
corpus [10]. The Brown corpus is a collection of over 
one million words of running text that is divided into 
500 samples of approximately 2000 words each. The 
samples were selected from 15 subject categories or 
genres and the number of samples in each genre was set 
to be representative of the amount of text in that subject 
area at the time the corpus was compiled. 

One of the samples in the Brown corpus was 
selected as a test document to demonstrate the algorithms 
presented in this paper. This sample is denoted G02 (the 
second sample from genre G: Belles Lettres) and is an 
article entitled Toward a Concept of National Responsi
bility, by Arthur S. Miller that appeared in the 
December. 1961 edition of the Yale Review. 

Neighborhoods were generated for each of the 885 
words that were left in G02 after all the stop words and 
proper nouns were removed. A word shape calculation 
was used in which a feature vector that describes the glo
bal characteristics of a word is compared to similar 
feature vectors for each word in a dictionary [5]. A 
ranking of the dictionary results in which words that are 
visually similar to an input image are ranked close to the 
top. For the experimentation discussed here. the approx
imately 53.000 unique words that occur in the Brown 
Corpus were placed in the dictionary. The ten most 
visually similar dictionary words were calculated for 
each input word. This provided 8850 neighbors overall. 
The word shape calculation had performance of 87 per
cent correct in the top choice and 99 percent correct in 
the top ten choices. 

The training data for the matching process and the 
word decision selection algorithm were the other 499 
samples in the Brown corpus besides G02. The ten most 
similar samples in the Brown corpus. as determined by 
the basic matching algorithm are listed in Table 1. It is 
interesting to observe how similar their titles are to that 
of G02. For example. the most similar sample is J42 
whose title is The Political Foundation of International 
Law. This group of similar articles illustrates the side
effect of the matching algorithm since it essentially 
classifies the content of a document by indicating the 
samples that it is most similar to. The effectiveness of 
the document classification task could be improved by 
applying further preprocessing to the text samples in the 
database. More detailed representations of the database 
documents could be used in a more complex 
classification algorithm. 
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rank sample title 

I J42 The Political Foundation of International Law 
2 J22 The Emerging Nations 
3 G25 The Restoration of Tradition 
4 H02 An Act for International Development 
5 H2O Development Program for the National Forests 
6 G72 For a Concert of Free Nations 
7 G35 Peace with Justice 
8 H22 U.S. Treaties and Other International Agreements 
9 HI9 Peace Corps Fact Book 
10 GIO How the Civil War Kept you Sovereign 

Table 1. Ten most similar samples to G02 

The document similarity graph is shown in Table 2 
that results from grouping the six most similar samples 
with each of those shown in Table 1. This provides. 
overall. 42 unique samples The titles of those samples 
are shown in Table 3. A clustering of topics between the 
base samples and those they are similar to is observed. 

The top choices of the recognition algorithm were 
filtered by comparing them to the most similar samples 
and retaining the words that occurred in those samples. 
Results for using samples from the top level of the graph 
only as well as the first two levels of the graph are given. 
Three criteria used to select word recognition decisions 
from the neighborhoods of G02. Those criteria include 
overall performance in which all the top recognition 
choices in G02 that occurred anywhere in the similar 
samples were retained. 

The G02-nouns condition refers to the case where 
only the top choices for the nouns in G02 that matched 
any of the nouns in the similar samples were retained. 
The application of this selection criteria in a working 
system would assume the presence of a part-of-speech 
(POS) tagging algorithm that would assign POS tags to 
word images. 

In the matching-nouns condition. only the nouns in 
the similar samples were used to filter the top recognition 
choices. This case was explored because the nouns may 
be considered to carry more information about the con
tent of a text passage than verbs or words with other 
parts of speech. Thus. the co-occurrence of nouns in two 
documents about similar topics should be due less to 
chance than other word types. 

The results of word decision selection when 
applied to the original word recognition output (with 13 
percent error at the top choice) are summarized in 
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base 
similar samples 

sample 
J42 055 J43 G72 G35 G21 F15 
122 G35 G29 F44 F23 G22 G72 
G25 DOl B23 G29 G09 DlO G72 
H02 J22 G35 H06 H09 H22 E31 
H2O H09 E09 J26 CIS J72 178 
G72 G35 001 J42 B26 C16 F23 
G35 G72 J22 F23 C16 E22 G29 
H22 H09 H12 E09 J26 J72 178 
H19 G35 A(JJ D06 B27 B16 F23 
GlO L08 J66 J43 F42 DOS F23 

Table 2. Document similarity graph 

sample title sample title 

A07 News articles about politics F42 Nobody Knows My Name 
Bl6 Voiee of the People F44 The Suburban Captivity of the Churches 
B23 We shall return 009 Avante-Garde Choreography 
B26 To the editor National Review G21 Christianity and the Tragic Vision 
B27 Letters to the Editor Saturday Review G22 Coping with Runaway Technology 
CIS Life Guide Life Magazine G29 References for the Good Society 
Cl6 Destination Death Saturday Review GSS Senator from Vermont 
DOl Physicist and Christian H06 Annual Report, Rhode Island Development Council 
DOS Theodore Parker Apostasy within Liberalism H09 Statements from the 87th Congress 
D06 Tracts by American Tract Society Hl2 Legislation on Foreign Relations 
DIO Interfaith CommWlication 126 Demographic Information on Tropical Africa 
E09 The Horseman and Fair World J43 Justices Black and Frankfurter Conllict in Court 
E22 Musical America J66 Disengagement Art of the Beat Generation 
E31 Expanding Horizons, Sports Age J72 Mellon Institute Annual Report 
FIS Let's Take Birth Control Out of Politics J72 Mellon Institute Annual Report 
F23 A Foreign Policy for America LOS The Age of Spades 

Table 3. Samples at second level in similarity graph. 

Table 4. When all the words in the most similar sample 
(J42) were matched to the top recognition decisions for 
G02 (top left entry in Table 4). it was discovered that 
251 of those top decisions also occurred in J42. Of 
those. only nine words were erroneous matches. 1his 
corresponds to an error rate of about four percent. In 
other words. the correct rate for 28 percent of the input 
words was raised to 96 percent from the 87 percent pro
vided by the word recognition algorithm alone. 
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The performance of adding the second level of the 
samples in the document similarity graph is also shown 
in Table 4. The column titled "samples used" refers to 
using the nth similar sample and the six samples closest 
to it in the document database graph shown above. The 
performance shown is cumulative. For example. the 
second row of the table provides performance for using 
the combined vocabulary from J42. G55. J43. G72. G35. 
G21, F15. J22. G35. G29. F44. F23. G22. and G72. It is 
seen that it is possible to increase the number of words 
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samples decision selection criteria 

used 
overall G02·nouns nouns·matching 

matches errors COlT. oct. matches errors COlT. Dct. matches errors corr. oct. 

1 251 508 9 27 96 95 130 199 2 10 98 95 187 224 6 17 97 92 
2 345 585 11 30 97 95 177 255 2 12 99 95 206 283 6 19 97 93 
3 393 617 12 34 97 94 199 274 2 14 99 95 241 325 6 21 98 94 
4 441 642 12 35 97 95 229 292 2 14 99 95 257 347 8 22 97 93 
5 451 667 12 42 98 94 234 306 2 17 99 94 258 363 9 27 97 92 
6 459 674 13 45 97 93 248 322 2 18 99 94 272 384 9 31 96 92 
7 474 682 16 49 97 93 254 324 3 18 99 94 280 387 11 32 96 92 
8 483 685 16 50 97 93 254 324 3 18 99 94 284 387 11 32 96 92 
9 498 692 16 51 97 93 261 326 3 18 99 94 288 392 II 32 96 92 
10 526 709 22 58 96 92 300 330 4 20 99 94 296 396 12 34 96 91 

Table 4. Word selection peIformance on the original 885 neighborhoods (with 87 percent correct at the top choice) and 
for the first two levels of the document database graph. The original performance is shown on the left and the graph per
formance on the right of each column. 

matched in G02 at a marginal increase in the error rate. 
Thus. the document similarity graph can improve peIfor
mance over that offered by the plain fiat database struc
ture. 

4. Discussion and Conclusions 
This paper presented an adaptation of the vector 

space model for information retrieval to improving the 
peIformance of a word recognition algorithm. The 
neighborhoods of visually similar words determined by 
word recognition are matched to a database of documents 
structured as a graph and a subset of documents with 
topics that are similar to those of the input image are 
determined. The vocabulary frOlll those similar docu
ments are used to select the word recognition decisions 
that have a high probability of being correct. 
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