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ABSTRA CT

MANICURE is a documert processingsystem that provides integrated facilities for creating electronic forms of
printed materials. In this paper the functionalties supported by MANICURE and their implementations are de-
scribed. In particular, we provide information on speci ¢ modules dealing with automatic detection and correction
of OCR errors and automatic markup of logical componerts of the text. We further show that the various text for-
mats produced by MANICURE can be usedby web browsersand/or be manipulated by seart routines to highlight
the requestedinformation on documert images.
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1. INTR ODUCTION

The history of information retrieval may go badk asfar as1948. According to Maron,* 1948signi es three important
everts. The rst is the printing of the book Cykernetics? by Norbert Wiener in which it is proposed that by
information processing, one can medanically interpret intelligent behavior. The secondis the work of Claude
Shannonwhich states that information could be studied in a quartitativ e way.®> The third oneis the technological
advancemen of building generalpurposecomputers. Theseewens subsequetly led to the theory that we can build
information retrieval systemsthat can store intelligent documert represertations and deliver relevant documerts in
responseto user'squeries. For this theory to °ourish, we must start with a functional electronic versionof a collection
and build an intelligent represenation of it for storageand retrieval. What exactly does\functional* mean?In our
view, the word \functional" implies nearly correct text with well de ned logical structure, and meta-knowledge (e.g.
journal name, date of publication, publisher, etc.) about the documerts.

For historical reasons,it seemsthat no scierti ¢ collection is fully available in a functional electronic form,
although somemay be available in printed functional form. In addition to the obvious historical reasonthat printing
predates computer technology, it is clear that most of the authors (or organizations) did not give much thought to
keepingthe electronic version for storage and retrieval. For example, the information retrieval community (ACM-
SIGIR) doesnot have electronic versionsavailable of its annual symposium proceedings,which beganin 1978. Of
course,copyright issueswill alsomake it hard to get an electronic version of any scierti ¢ collection even if it were
available in a functional electronic form. Putting the copyright issuesaside,we strongly believe OCR technology will
play a very important role in constructing functional electronic forms of various scierti ¢ collections.

In this paper, we report on our systemMANICURE (Markup ANd Image-basedCorrection Using Rapid Editing)
that is built to facilitate the task of constructing the functional electronic forms of documert collections. This system
is designedto take advantage of documert characteristics such asword forms, geometricinformation about the objects
on the page,and font and spacingbetweentextual objects to mark the logical structure of the documert. In addition,
the systemautomatically detectsand correctsOCR spelling errors by using dictionaries, approximation matching, the
knowledgeof typical OCR errors, and frequencyand distribution of words and phrasesin the documert. MANICURE
in its automatic mode can produce functional forms of documerts which are good for most text analysisand retrieval
applications. For applications requiring closeto 100% word accuracy and proper markup of important componerts
such asauthor, title, and abstract, MANICURE in its semi-automatic mode coordinates image and text to speedup
the processof correction and markup.
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2. PRELIMINARIES

MANICURE is speci cally designedto prepare text collections from printed materials for information retrieval
applications. In this capacity, depending on the application, requiremerts on accuracy and text structure vary. In
what follows, we will list important applications for which MANICURE is designed.

2 MANICURE will try to distinguish betweenthe actual content of the documert and the super cial information
which is part of its presenation. For example,the sequenceof words in the printed documert identifying the
journal in which it appearedis presenational rather than beinga part of a documert's corntent. This extra text
(and extra non-alphanumeric characters such as end-of-line hyphenation) can be both helpful and harmful. It
is helpful in the sensethat it identi es meta-knowledge about the documert such as date of publication, but
it could also be harmful if it is not properly removed or managed,suc as with end of line hyphenation; this
extra text will alsoclutter the retrieval system'sindex with uselessnformation.

2 Recen studies on e®ectsof OCR errors on retrieval*® have pointed out that certain advanced functionalities
of information retrieval systems,sud as ranking, are not robust enoughto overcome OCR errors. It is our
view that the more advancedretrieval techniquesand applications require a higher character accuracyrate and
lessgraphic text. MANICURE canbe usedin both automatic and semi-automatic modesto producetext with
higher levels of accuracy

2 Asscciated with ead documert is a list of structured data known asthe header. The headergenerally cortains
information such asthe author, the date of publication, documert cortrol number, title, and soon. Someof this
information is already in the text of the documert (such asthe title) and someis added for the sake of record
keeping(such asa documert control number). The biggerthe headerthe moreit costs. The headercan be used
by the information retrieval systemto produce a list of documerts for very speci ¢ queries,suc as \retriev e
papers written by Olin Fnard." By properly marking someof the structured data, MANICURE provides an
ernvironment in which a part of the headercan be extracted automatically, or in the caseof structured based
retrieval systems! can be manipulated by the retrieval engineitself.

2 The logical structure of the text can be usedin many retrieval applications. For examplein®? the individual
sertences, paragraphs, sections, and section titles are analyzed as a part of the solution to these particular
applications. MANICURE builds a logical represenation for ead documert in which all these objects are
marked.

2 The text from printed materials can be produced in di®erert formats for di®erer uses. For example, the
Hypertext Markup Language (HTML) (derived from SGML®) is a common format used for marking up
documerts for viewing by World-Wide Web browserssuc asChimera.’* MANICURE, in addition to providing
text in HTML format, alsooutputs documerts in another SGML-basedformat with detailed information about
logical structure, font, subscript, superscript, and geometry information. One use of this format is to enable
retrieval systemsto seart on the text of a documert and highlight hits on the original pageimages.

2 As MANICURE strivesto mark and keeptrack of all the information in the documert, its represenation in
MANICURE, in essencegets closerto its original printed represenation. This will add to our understanding
of documerts through markup and MANICURE can be used as an experimental ernvironment for studying
documert understanding.

3. MANICURE DESIGN

MANICURE is composedof four modulesand an OCR front end. The four modulesconsistof the parser(doc_parse),
the logical documert tagger (autotag ), the post processingsystem (ppsys), and the semi-automatic user interface
(rummagg In the next sections, we will explain the role of each componernt and relate the fundamenal ideas
underlying their design.



3.1. Doc_parse

The parseris an OCR dependert module which extracts necessaryinformation from the output of the OCR device
to build a physical represeration of the documert. The parser builds a physical represenation in the form of a
hierarchical tree. The leaves of the tree contain the recognizedtext strings together with suc attributes as font
information and the location of the string on the image. The interior nodes of the tree keepinformation pertaining
to the lines, zonesand pagesof the input documert. Sincethere are no formal standardsthat govern the output of
OCR systems, this parser would needto be modi ed if di®eren deviceswere used. If a standard sucd as DAFS'®
becomesa reality, then a single parser could be used. Currently, the physical represertation is built accordingto an
SGML DTD and is stored asan SGML le.

3.2. Autotag

Autotag is the most sophisticated and detailed part of the MANICURE system. It starts with the physical represen-
tation producedby the parserand builds a tree represening the logical structure of the document. The leavesof this
tree represent words forming the content of the documert. Super cial characters, such as end of line hyphenations,
are properly managedand sometypographical text, like running headersand footers, are removed. The interior
nodes cortain information regarding sertences, paragraphs, sections, and section titles. Autotag also extracts and
marks structured data sudh asthe title and author. This represertation is also stored as an SGML Te. For more
information on Autotag, readersare referred to.®

3.3. PPSYS

The post processingsystem is devisedto detect and correct OCR errors through approximation matching, by con-
sulting the devicesmost common confusions,and by extracting knowledge from the complete documert. Sincethe
complete documert has already been processed,information about its content can be usedto correct it; an OCR
device does not have accessto all this information when it is processingsingle documert pages. For example, a
word on the “rst pagemay have beenmisrecognizedbut another occurrenceof the sameword on the next page may
have beencorrectly recognized. By having the ertire documert available, we have more information for correcting
the misrecognizedoccurrence. These ideaswere originally applied in our preliminary version of the post processing
system!’” The module included in MANICURE exploits analogousalgorithms together with more advanced means
of approximation matching. Further, the PPSYS is now a standalone system which does not require an IR index;
documen parsing and index information are self-cortained.

The post processingmodule builds an inverted Te from Autotag's output consistingof a documert's words, their
frequencies,and their proximities to other words in the documert. Dictionaries and special recognizerd® are used
to mark ead word as correctly recognizedor misspelled. The module then generatesstatistical phrasesto correct
misspellings. This correction routine is followed by approximation matching using word frequency information and
OCR error information (e.g. rn for n). Preliminary evaluation shaows that, depending on document quality and
length, correction rate of the PPSYS lies between 15% and 50% of all misspellings in the documen.

3.4. Rummage

Rummage can be invoked for semi-automatic inspection and correction of OCR errors and markup. This componert
can be consideredthe interfaceto the documert asprocesseddy the previous modules. A documert's imagestogether
with the documert's text are uni ed using the markup of Autotag. Figure 1 illustrates the tagging of the title and
its preseration in Rummage. Further, the PPSYS has corrected someportion of the misrecognizedwords. Those
that could not be automatically corrected can be highlighted and easily corrected using Rummage. Since eah
misspelling is tagged by the post processingsystem, Rummage can quickly run through the documert, highlighting
ead misspelling. The useris given se\eral options for correction: 1) selectthe correct misspelling from the provided
list by a mouseclick, 2) Re-type the correct word to replace the misspelling, or 3) passover the word by clicking
Next. Figure 2 shows the features of semi-automatic correction using Rummage.



Figure 1. Title tagging as shavn in Rummage.

Figure 2. Semi-automatic correction featuresin Rummage.



4. CONCLUSION AND FUTURE WORK

The MANICURE system has ewlved over the last two years and is founded upon our researdr of OCR and IR
interaction. For example,removal of typographical text and automatic correction of misspellings are doneto improve
the quality of the text and overcomesome of the problems we have encourtered with the ranking algorithms. We
strongly felt that the display of recognizeddocumerts (in the form of OCR text) would undermine the user's
con dence in the system. Therefore, we designed MANICURE to provide di®erert formats for the output text.
Although HTML format can be used for browsing, the SGML-based format prepared by Autotag and used by
Rummagefor display, can solve the display problem in a very generalway.

We are currently adding new routines to MANICURE. The “rst could be considereda preprocessorja way to
verify documert quality before submissionto the OCR device. This routine will provide somefunctionalities sud as
image rotation and simple zoning to assistin image quality cortrol. Second,like the PPSYS where 100% automatic
spelling correction is rare, we believe 100% correct markup of heterogeneougechnical documerts will be ditcult to
adhieve. Thus, we believe a semi-automatic version of Autotag, guided by manual markup, would be bene cial.
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