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Abstract

This paper describes Skeleton, a document image
retrieval system whose design and implementation is
based upon image analysis and document retrieval
technologies incorporated in the IDUS image
understanding system and the INQUERY information
retrieval system, respectively.

Most of the current Skeleton development effort has
been put into establishing indexing and query
formulation methodologies in which both words and
character  subsequences of words (ngrams) are
tokenized.

A Web-based interface has been developed for
Skeleton which includes a Java image display applet
to support word and region highlighting.

1 Overview

The Skeleton architedure suppats document image
analysis, indexing, and retrieval. The indexing
comporent assimes an image analysis in which text
regions are grouped into articles with head and body
relations identified and text remgrized using
conventional OCR tecndogy. Functional role
distinctions such as dateline and caption are not taken
advantage of in the aurrent implementation bu in
future versions of the system they will be used to
extend fielded search capabilities.

Both the OCR text output of an indexed urit of text
and the crrespondng page image containing it can be
retrieved by Skeleton. It is assumed that end wsers will
normally want to retrieve page images with
appropriate regions highlighted and panters to ather
pages of the same document provided. However, our
experience has indicated that accessto the OCR text
output is useful in the search process.

In the next two sedions, additional information
abou the image analysis process incorporated into
Skeleton from the IDUS system and the system’s basic
retrieval capabilities inherited from the INQUERY
system are described [1,2]. Following this discusson,
Skeleton’s Web-based interface is illustrated.
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2 Document Image Analysisin Skeleton

Skeleton's image analysis comporent, which was
originally developed for use in the IDUS system, is
illustrated inFigure1l.

The image analysis comporent includes ScanWorX,
a commercial product developed by Xerox Information
Systems which provides segmentation and OCR
support.

Image analysis modues developed spedficaly for
use in IDUS which have been incorporated into
Skeleton include a logicd analyzer, a document
classifier and a functional analyzer.

The IDUS image understanding system from which
these modu es were borrowed provides a sophisticated
X-windows user interface for examining image
analysis output in a graphicd form. Although the
IDUS interfaceis not a comporent of Skeleton, the
ability to use IDUS to evaluate image analyss
performance is an attractive option.

2.1 ScanWor X M odules

Since Skeleton relies upon ScanWorX to perform
the initial segmentation d document images, it
inherits that comporent’simage inpu constraints. For
ScanWor X to work properly, image resolution must be
200x200 dp 200x100 dp 400x200 dp, or any RxR
(square) dpi resolution, where 250 < R < 4501
ScanWor X requires images to be bladk text on a white
badgroundfor the OCR modue to work properly. It
is possble for the system to invert images which are
white text on a black badkground but color images
need to be preprocesed into a proper format.
Although a variety of image inpu formats are

1 The ScamorX OCR module can recognize text in images
whose resolutions range from fax to 600x600 dpi, but for

resolutions outside the previously mentioned ranges, manual

segmentation is necessary. Since image analysis in the
Skeleton architecture is expected to be an automated

process, the system is constrained to processing images in

the previouslymentioned resolutions.
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groupings of regions into articles is used to build a document collection. Document class and

functional role information is not yet being used in the prototype, but will be incorporated in future

implementations to further extend user options in fielded searches.

suppated by ScanWorX, Skeleton development has
been based solely uponthe analysis of imagesin TIFF
format.

The ScanWorX segmentation modue identifies text
and image regions within a document page image.
Regions canna span page boundiries, but can owerlap
one another.

The ScanWorX OCR modue is cagable of
processng most major European and Scandinavian
languages in addition to English [4].

The segmentation modue provides a listing d the
regions which have been identified, with the locaion
of eadh region described in terms of four integers: the
first two integers represent X-Y coordinate values and
the second two represent the width and height of the
region, respedively. The type of the region is also
specified.

Separate output files are written which contain the
OCR results for ead text region. To suppat
highlighting in retrieved images a Xerox proprietary
output format cdled XDOC is used which represents
information abou the locaion d charaders in a
document page image, as well as charader and word

recognition confidence scorés.

2.2 Logical Analyzer

The segmentation d a document page image into
regions defines a geometric treestructure, and the goal
of the logicd analyzer isto derive from this geometric
tree structure alogical tree structure which identifies
clusters of regions functioning as articles. This
process invaves the labeling d regions as head and
body condtituents: head regions are interpreted as
tittes and bodyregions are interpreted as constituent
columns of text. An important by-product of logicd
analysis is the determination o reading ader. The
analysis method wsed by this modue is influenced by
the work of Tsujimoto and Asada [6].

Output data provided by the logicd analysis
comporent includes a sequence of entries which
describe the text regions delimited by the
segmentation modue. Each region is described in two
such entries, one which describes its role in the
geometric tree structure, and ore which describes its
role in the logicd treestructure. These entries dedare
an index for aregion and indicate if it plays a head o
body role in the specified tree.

A lising d geometric and logicd tree node
descriptions is also provided in the mporent’s
output. Eadh nock listing contains an integer value

edfying hov many regions are subsumed by the

2The character and word recognition confidence scores arers]pod9 followed by the indices for those regions.  The

not yet being used in Skeleton. In future work on the

resson for the indices dedared in the text region

system, experiments which factor this information into the  ontries is to facilitate this cross referencing.

search process will be conducted. For more information on

the XDOC format, see [5].

During logicd analysis, text regions which have



been determined to be in the same @lumn and exhibit
some verticad overlap are merged into a singe,
composite region. A listing d such mergers is
provided in the logical analysis component’s output.

2.3 Document Classifier

The document classficaion modue is currently able
to ddgtingush business letters, memos, newspapers,
and newsletters.

It is possble to gtipulate a document class when
Skeleton is asked to processa mlledion d document
images. This is often a useful feaure, since in many
cases a document image olledion consists of
documents which are of the same type.

2.4 Functional Analyzer

Like the logicd analyzer, the functional analyzer relies
upon the segmentation modue to identify text and
image regions. However, unlike the logicd analyzer, it
also is dependent uponthe document classfier. Given
knowledge aou the possble functional roles played
by regions in documents of a given class the
functional analyzer attempts to infer the functional
roles played by the regions which have been identified
by the segmentation module.

Two dfferent functiona analysis methoddogies
have been implemented:

1. A content-based approach which focuses on the
string matching o keywords associated with
particular comporents and is thus dependent on
good OCR accuracy

2. A geometric-based approach, which is OCR
independent and relies only upon segmentation
and document classification.

Evaluations invalving English language business
letters have shown that the geometric goproach
exeautes almost twice @& fast as the oontent-based
approach onthe same document with littl e degradation
in performance. However, since Skeleton relies upon
OCR processng for document indexing anyway, the
better processng speed o the geometric-based
approach canna be taken advantage of, and gven that
this is true, pursuing a @ntent-based functional
analysis methoddogy is more gpropriate, since this
method permits a richer document representation
which may prove useful in future evaluations of
functional analysis performance invaving larger
colledions of document images and a greder variety
of document classes.

The output of functional analysis includes an
indication d the dassof a document and a listing o
regions associated with functional labels.

During functional analysis, as in logicd analysis,
one or more text regions identified by the
segmentation modue may be merged into a single,
composite region. However unlike logicd analysis, it
is also passhle that a single region may be split into
multiple regions which are adgned dfferent

functional roles. A listing d any mergers or splits is
provided in the functional analysis comporent’s
output.

3 Document Image Retrieval in Skeleton

Skeleton's  information  retrieval  capabiliti es
inherited from INQUERY are used to buld a database
of article-sized dacument representations in which the
head and bodycomporents of eadt article recognized
by the logicd analysis comporent are labeled with
SGML-style TI TLE and TEXT tags. Fielded searches
on the Tl TLE and TEXT fields within these aticle-
sized documents is supported.

3.1 Indexing Termsusing Ngrams

Most of the arrent reseach effort on the Skeleton
projed has been pu into the development of an
appropriate indexing methoddogy which takes into
consideration the possbility of poa OCR text output
withou assauming that OCR output will aways be
poor.

To reduce the degradation in retrieval performance
caused by high OCR error rates, image analysis text
output is indexed using combinations of full word
tokens and a sampling d word token charader sub-
sequences (ngr ans) . Which particular colledion d
ngr ans to extrad from a word token is an empiricd
guestion now being explored.

In the aurrent implementation an ordered sequence
of two, three four and five-charader ngrans is
extraded, but to reduce the size of the document
database a subset of at most eight ngrans are
selected for indexing purposes.

If the number of ngrams in the ordered sequence
extraded from a given word token islessthan o equal
to eight, then all are retained for indexing. Otherwise,
the ngr ans seleded for inclusionin the subset are the
leading threg the final two and three from “the
midde”. Letting N represent the number of ngr ans
in an ordered sequence the first of the “midde’
ngrans isin pastion ((N-4)/ 3) +2, the second is
in pasition ( ( N-4) / 2) +2 and the third isin pasition
(((N-4)/3)+2) x 2. Thepostionsof ngr ans in
an ordered sequence ae a@urted beginning with 0, not
1. Figure 2 illustrates this method for determining a
subset ohgr anms to use in document indexing.

The position dedared for an ngr am token in the
document database is the same as the position of the
word token from which it has been extracted (not its
position in the ordered sequence of ngr ans extracted
from the word token). Given that this is the ase, an
effort is made to replace any dugicate ngr ans which
might arise in the subset seleded for indexing once the
above method has been used to identify them. The key
isses in sdeding a subset of ngrams is to be
consistent and to attempt to arrive at a representative
sample.



Example word token: mexican

Ordered sequence of two, three, four and five-character ngr ans:

me mex mexi mexic ex exi exic exica Xi Xic xXica xican ic ica ican ca can an

0 1
17

2 3 4 5 6

Ngr ans retained for indexing:
Leading threeagrams at positiong), 1 and2

Trailing twongrams at positionsl6 and17

First of “middle three’hgrams at position(( N-4)/3)+2 =7

and division ofl4 by 3 is rounded up

Second of “middle threefigrams at position(( N-4)/2)+2 =9

Third of “middle three'ngrams at position(((

N-4)/3)+2) x 2 = 14

7 8 9 10 11 12 13 14 15

me mex mexi
can an

, whereN=18 exica

Xic

ican

Figure2: Method for determining whichgrams of a word token to select for indexing

3.2 Query Formulation

An important comporent of the information retrieval
cgpabiliti es Skeleton has inherited from INQUERY is
a query formalism which permits the use of operators
to express more predsely relationships among seach
guery terms and haw they contribute to the likelihood
of a match between the seach query and a given
document.

The following query operators commonly occur in
Skeleton development:

Sum Operator: #sum(T 1...T)
Query terms in the scope offaum operator
are treated as having equal influence on the
belief in a match between a query and a
document.

Weighted Sum Operator: #wsum(Ws W1 T;...\W,)
Given the spedfied weight W, which dedares
the degree of belief in a match contributed by
the #wsum expresson, the weights W..W
spedfy the propation to which the respedive
guery terms T1...T |, in the scope of a #wsum
operator contribute to that belief

Ordered Distance Operator: #N(T ,...T)
All the query terms within the scope of an #N
operator must be foundwithin N words of eadh
other in a document in order for the overall
expression to contribute to a belief in a match.

And Operator: #and(T ,...T)

The more terms in the scope of an #and
operator which are found in a document, the
greater the belief in a match with the query.

Passage Operator: #passage N(T,...T)
The more terms within the scope of a
#passage N operator which are foundwithin a
passage window of N words in a document, the
greder the belief in a match between the query
and the document.

Field Operator: #fieldl F RTi1...T)
The terms T;...T, contained in the scope of a
#field  operator are seached for in field F of
documents in a given collegion. An opional
operator R may be spedfied to indicae arange
of values to be searched forkn

Seach queries are generally submitted in plain text,
in which case a default format is used to buld a
structured query which contains query terms identifed
in the plain text input.

In Skeleton, the default format takes into
consideration the fad that queries may be made
against document representations containing OCR-
generated text. In this format, which is ill ustrated in
Figure 3, a #wsum operator is used to express a
relationship between the relative importance of
matching against the word tokens in a seach query
and matching against ngram charader sub-sequences
of them.

The first query term comporent of the #wsum
expresson is a #sum expresson containing all the



word tokens in the search query. This has the effect of
treating all the word tokens as having equal influence
on the matching of the query with a given document.

The second query term of the #wsum expression is
another #sum expresson whose congtituents are
#passageb expressions. Each of these #passageb
expressions contains ngr am sub-sequences for one of
the word tokens in the plain text search query. It is
important that the same method is used to determine
the ngr amsamples for each search query token that is
used to determine the ngr amsamples for word tokens
in the document database.

The #passage5 operator used in constituent
expressions of the second query term provides a
window of five word tokens to help catch OCR errors
in which whitespace or other word token delimiters
might have been introduced. A document which
contains all the ngr amsequences within the scope of
a #passage5 operator will receive a higher ranking
than a document that contains only some of them.
However, this operation does not over-penaize
documents in which some of the search terms are not
present; it merely ranks them lower in the list of
retrieved documents.

3.3 Retrieval Performance

A series of experiments was run to determine the
retrieval effectiveness of various ngram query
formulations and database indexing methods. The
measurement criterion was best improved performance
using a given techniqgue measured by the highest
percent improvement in average precision over all
recall levels when compared to baseline database and
query formulations.

The experiments were performed using four
different databases which were randomly degraded
using Xerox OCR software error data developed by
UNLV [3]. Higher word error rates were used to
further degrade some of the randomly degraded
databases. In such cases, the selected words were
corrupted using typical character error substitutions.
The actual word or character error rates achieved for
the databases are unknown; the degree of degradation
is measured only by how much worse retrieval
performance is using standard queries on the degraded
collections compared to performance on corresponding
non-degraded collections.

A summary of the best retrieval performance results
isgiven in Table 1. Collections with small document
sizes are more negatively impacted than collections
with larger average document lengths [2]. Thus
collections with longer average sized documents have
lower degradation levels for a given character or word
error rate. Over all databases, the #passageb
operator generally performed the best in binding
ngr ans together in the ngram component of a
structured query, although not always significantly so.
It was discovered that the #and operator was not
sufficiently strong in joining ngram components,
resulting in too many irrelevant documents being
assigned high rankings. The #0 operator, on the other
hand, was observed to be too demanding in that any
document missing one or more ngr ans in its scope
was assigned too low a retrieval ranking. The query
formulations incorporating ngrans  improved
retrieval effectiveness over dstandard queries as
database degradation increased, but the performance
increases remained below retrieval effectiveness for
non-degraded data.

Plain Text Query: Mexican environmental newsletters

Trandated Query: #wsun( 10

9 #sum( nmexi can environnent al
5 #sum #passage5(ne nex mexi
#passage5( en env envi
#passage5( ne new news sl

Figure 3: In structured queries formulated from plain text input, extracted word tokens in the first query term
component of a#wsumexpression are specified to contribute approximately twice as much to the belief
of the #wsumexpression as the ngr amsequences of those tokensin the second component.

newsl etters)

exica xic ican can an)
i ronmonm nent tal al)

let tt ers rs)))




WSJ89 6

Degradation -26.6 -52.9 -10.9 -19.6
Docs 3204 11429 423 12380
Queries 50 93 83 49
IAvg. Words/Doc 64 42 591 512
2-3 gram #passage5 +8.4 #passage5+36.0 #0 +3.9 #passage3/5 +4.
2-5 gram #passage5 +11.1  #passageS +35.9 #passageb +3.0 #passage3 +11.
Restricted #passageb +14.7 #passageS +38.8 #passage3 +3.8 #passage5 +11.9
\Weighted #passageb +10.8 #passage5 +38.1  #and +5.1 #passage3 +11.

Tablel: In this summary of retrieval performance experiments using assgtednquery formulations, the
reported values are percentage increases in average precision over all recall levels when the sp
operators#passageb, #passage3, #0, and#and) are used.

Indexing two, threg four and five-charader
ngr ans generaly ouperformed query formulations
usng ory two and threecharader ngrans.
Restricting the ngr ans saved to the database to a
subset of eight from the ordered sequence olleded
tended to improve performance, probably by reducing
noise from extraneous ngrans and by improving
overall term datistics used duing query evaluation.
However, the primary benefits of using a subset are a
significant reduction in database size and improved
evaluation speed.

An attempt was made to improve performance using
a weighting d ngr am comporents based on their
positions in aword. Lealing ngr ans were amed
to be more important than midde ngr ans, which
were deemed more important than trailing ngr ans.
Eadch o the three ngram classs was down-weighted
by rougHy onre half moving from leading to midde to
trailing ngr am samplings within a word. However
such ngr am weighting had no favorable impad on
retrieval performance and orly added complexity to
guery evaluation.

3.4 Future Indexing and Query
Formulation Work

Future work on indexing OCR degraded texts and
formulating queries using such databases will
concentrate on reducing the size of the ngram
database by being more seledive in choasing which
ngr ams to index on. Furthermore, techniques will be
developed to use ngrans for query term expansion
rather than evaluating the ngr ans themselves. A
formulated query will then contain orly matches and
nea matches of user query terms rather than ngr ans,
thus reducing query processng owrhead. Query
formulation may also include weightings based onthe
confidence measures for words produced by the OCR
software itself. It is hoped that retrieval performance
may continue to improve using such tedhniques.
Finally, field based retrieval will be improved. The
databases built for Skeleton processng already suppat
fields, but the ngram query procesor nedls

modification to maintain legal syntax in ngram
binding operations when field based operators are
present in the query.

4 Skeleton's Web-Based Interface

A Web-based interfacewas developed to demonstrate
Skeleton's document image retrieval cgpabilities. A
key comporent of the interfaceis a Java gplet which
suppats the highlighting o query terms within GIF
image representations.

An eledronic form which permits the seledion o
one or more document coll edions and the submisgon
of aseach query isill ustrated in Figure 4. (Document
colledions may be distributed aaoss multiple
madhines running dfferent operating systems.) After
a plain text seach query has been entered and the
“Eval” buton is presed, a structured query is
formulated and submitted to eah ead seleded
database.

Retrieval results from the seleded databases are
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Figure4: Skeleton Search Query Form




L Metscape - [INQUERY Jemex - Eval]
Fle Edi Yiew Go Bookmaks Dptions Diectoy Window Help

[_[O[x]

L Netscape - [emex2_008_2 Image Display]

[_[O[x]

Fle Edi Yiew Go Bookmaks Dptions Diectoy Window Help

s | Ay G - = =R
Back | Forvard | Home Reload | Incoes | Open | Print Find Gtop)

Logatiar: [t /7128 118 40 200/cgrbin/idus/web,_inqueryemextanchor

[
=

b i G - = =R
Back | Foerd | Home Reload | Incoes | Open | Print Find Gtop)

Logaticr: [t /7hobart os umass edufidus DocDsp hirml

[

"PCB fish contaminancs”

Translated Query:

"fusum(10 8 #sum(PCE fish contaminants ) 5 #sum(#parsumS( pc pch ch | #parsums|

Pags 2 Scpember 1993 <]

PCBs on the Border Send Agenc}ﬁérambling

Top ranked 20 documents

Texasofficials havenaowed their
seurch for the source 0F PCE G

By Cyrns Reed !
Tewm testing with the State Tealth Te-
partment at the three sites — the Donna

tho dofout in which portions ol the
beain are missing. A previous Texas

_RF_ Score Source ID Title mation to an area surmumding lhe (wn:  Reservair, the Armyo Colorado and e Department of HeslUand CLC swdy
o] ik EMEX2 emex2 008_2-3 Page 2 September 1993 PCBs on the Border Se of Doilia, 3 £ w Iniles north of the Rio Donna Ierigaiion Canal — where the offered tneonlusi gaults aboul the
[ - EMEX? emex2 008 2-5 Wnat's Your View? EM wel Cirande fn the Lower Rio Grame Val- s saulaminatad s the highly Woxic  fadtons cavsing the defects. Howover
- = oy but ans waiting for federad fundst  compound were found, 1evels were  lotal nesidents suspect ensionmencol
o EMEX3  emex3 002 1-3 1 NviRoWIEkIco The Newsleller Focusing on b heginnew testing of the sediment, wa-  twe-lo-four Gmes higher than the e fustors. whiclt is rompled 1 Lwsuit
o EMEX3 emex3 004 4-3 Pa~e 4 Volume III, Issue 4 Lawsuit Blames I ez and oy parts-per-million considered e upper against a nearby maguitady
[l * EMEX? emex2 003 5 Untitled Doc Ho 36 Consumprion ot arca fgh contin limit for buman conssmption, A sep-  Brownsville’ssislercily of Mat
o0 | J—— | wesiabehanmedinthisarca wlereeigh  ond baichoftesting in August for PCBs BB arc syntharic organ
oo FMEX2  emex2_005_6-2 _Page 6 September 1993 Page 6 -eptember 1997 Lish with polgchlorinsted h|phcn?l‘s in surrounding waterways in Hidslge  taninants. suspectod as o
° EMEX2  emex? 008_1-9 _PCBs on the Border Send Agencies Scrambling. LTI bovels cxoveding s rogla-  Connry fomdondy minuic ruces ol which were tmice commonly in
fe! EMEX3 emex3 010 7-2 December 1993 Page 7 December 1994 Page 7 uos lor sarc human consumpiionwers  compound. while wsis conducted by ebestricaltrssforers, They Easebos
Iel EMEX3 emex3 008 3-3 Chem Waste Withdraws (continuedfrom page 1) aaughe m fune, ssid officals of e e Natwnl Resource Conservation  hanaed Jor ofhier uses sinve ch s
o EMEX3 emzxﬁil][lﬂiﬁ—z Page 5 PCB Search —C--n'inued t)UELL Pnge ‘[exas Departmenc of Hoalth (TDHY. C‘mmm.\;mn1n11w§rmhngwnmr<yv 19705 heeause they canse Liver disor —
PR “I's kind of ke adeteative sary,”  tems came up negatve. Mostwawrin  ders and developentak delass i, -
o EMEX2 emex2 008_1-3 _September 1993 Mewican Environmental Horms explained Steve Nicmeyer, 8 member  the Rio Grande Valley originaces from fuens. Me. Niemeyer said the 7 ol
(o] EMEX3 emex3 008_3-5 The Competition uf Texas Nawral Resouree Conservi- she i Grande iself. BLE fonnd in the [l in June is used in
sl EMEX3 emex3 009 6-3 Acapulco Diamante {continuedfrom page 1) tion Commission weam attcmpiing o Ibedisuovery o PCDSIn flaf isthe lr-.msfurmc_r\. U_IH\|l\lwl‘!\El‘mm'mmpm
- - tocale the source of lhe dulgeovs  latestimaseriesafemronmental crises — are taken, it will he difficult s sigie
o EMEX3  emex3 003_d4-2 _d Volume III, Issue 3 Page 4 v'iuul- 111~ 1 dlicmicals, “I sould have happencd 3 in the 1o Grnde Vallzy area, The  out wiat cype of Lransfonner atight
o EMEX3 emex3 010 1-3 The Hewslet({er Focusing Tong time ago.” BB sare startod when the CPA 1ested huve prodoeed the PCHs. Alerively,
[ EMEX1 emexi_004_5 2 The Hewsletter Focusing on Mexican Fnviroer The cffort lo Jousic the e ¢Arp off the dinmer plaie of a  the POE§ could have come from pesd
o EMEX3 emew3 004 17 Proposed Border Landfllls bealt Blows L sourc s been vompli- Brownsville-ama family laking part in cide use, lhe Rig Grande, or cven from
- - R cated by the high cost of testing and a study withibe wssdstance ol the Cenlers e nenrby Ponma land ALl EM
° EMEXL emexl 002 2 2 The Hewsletter Focusin. on Mexican Enviromme | sapling  dsinge [ may cost e f0r Disease Control, Food and DRIE ooy
_C EMEX1 emexl 003 5 3 The Hewsletter Focusing on Mexican Environmew| alule $750 dollars 10west— and Melack  Administration, and sther agencies in FrviROMEY]CN f
1 o ‘ .
il | [ (= ls8| [Applat DocDsp unning [ I=E

Figure5: Skeleton Retrieval Results Form

merged and presented as a ranked list of titles, along
with the structured query which was formulated from
the plain text inpu. Figure 5 contains an example
display of retrieved documents.

Titles of retrieved documents are linked to the OCR
text output of their correspondng articles. Word
tokens in the OCR text which correspond to word
tokens or ngrans in the structured query are
highlighted to fadli ate understanding why the aticle
was retrieved. Figure 7 contains an example display
of the OCR text output of a retrieved article.

In a Weéb page display of the OCR text for a given
article, a link is provided to a GIF image of the
document page which contains the aticle. The GIF
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Texas officials have narrowed their
search for the source of PCB contami-
nation to an area surrounding the ¥ town
of Donna, & f£ev miles morth of the Rio
Grande in the Lowsr Rio Grande Val-
ley, but are waiting for federal funds to
begin B¥ ney testing of the sSediment, wa-
ter and fish

Consumption of area fish contin-
ues to be banned in this ares vhere sight
fish with polychlorinated hiphenyls
(PCB) levels exceeding state regula-
tions for safe human consumption were
caught in June, said officiais of the
Texas Department of Health (TDH).

"It's kind oflike a detective story, "
expiained Steve Niemeyer, a member
of Texas Natural Resource Conserva—
tion Commission tesw attempting to
locate the source of the dangerous
chemicals. "It could have happened a

Tanee time _ann
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Figure7: A display of OCR text for an article

Figure6: A display of a document page image
containing an article

images used in the Web-based interface have been
generated from the TIFF images used duing image
analysis. GIF images were neaded in the airrent
implementation d the interfacebecause Java does not
currently support TIFF image display.

Figure 6 contains an example display of a document
image using the Java gplet developed for the
interface Terms in the structured query are
highlighted with red undelining to help focus
attention on relevant parts of the page. Term
highlighting is expanded somewhat in the image
display with a rudimentary partial matching function
which reagrizes nea matches of query terms through
the use of a ssemming routine. It is possble that a
document image will be displayed withou any terms
highlighted if the query terms and their nea matches
are not adually foundin the image. This may occur if
the seleded document was retrieved solely on the
basis ofngr ans.

Figure 9 contains a display of the text output for an
article in which significant OCR errors occur. Despite
the high error rate, a user may access the document
image oontaining the aticle, illustrated in Figure 8,
and determine that it is indeed relevant to the seach
query.

In future work on Skeleton's interface evaluations
of interfacedesign will be made to determine how best
to coordinate the display of OCR text output and
document images. To further fadlitate the search
process navigation butons will be introduced into the
image displays to make it posshle to seach through
other page images of the same document.

If possble, the need to maintain GIF images of
documents will be diminated, but it may nevertheless
be desirable to maintain higher resolution, color
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Figure 9: A display of an article’s text containing significant OCR
errors

images of documents for display to users. The
attradiveness of this design feaure is particularly
compelling when viewing relatively poa quality
images such as the one displaye&igure9.

7 Conclusions

The Skeleton architedure is based uponexisting image
analysis and daument retrieval tedindogies.
Incremental improvements in the techndoges are
being made in an effort to retain the scdability of the
existing techndogies while extending them to med
new challenges.
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