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Abstract

Newspapersarerich recordsof U.S.history. Due to the deterioration of older newspapers,
the National Endowment for the Humanities is archiving 19th century newspapers on
micro�lm. Although micro�lm is a good preservation method, it provides limited access
to researchers and the generalpublic. We are building a system to provide universal
accessto digital imagesand full-text content of historical newspapers. The systemhas
three main components: (a) An Optical Character Recognition (OCR) module that
converts digitized imagesinto searchable text and identi�es regions. (b) An Information
Retrieval module that applies linguistic information to aid in segmentation, indexing,
and retrieval of the noisy OCR'd text. (c) A UserInterfacemodule that allows historians
and educatorsto query and view retrieved documents. Thus far, we have developed two
OCR techniques targeted to processinghistorical newspapers and we have built a user
interfaceto search the OCR output and superimposematcheson a pageimagefrom the
newspaper.

This research was funded in part by the Department of Defenseand the Army Research Laboratory
under Contract MDA 9049-6C-1250.



1 In tro duction

Newspapers are rich recordsof U.S. history. Due to the deterioration of older newspa-
pers the National Endowment for the Humanities is archiving 19th century newspapers
on micro�lm. Although micro�lm is a good preservation method, it provides limited
accessfor researchers and the generalpublic. We proposeto build a systemto convert
micro�lmed historic newspapers into both digital imageand full-text electronicarchives,
thereby providing universalaccessto their content over the web.

The extraction of text from the pageimagespresents a wide rangeof research issues.
To meet the research challengesof this project we have assembled an interdisciplinary
team with expertise in document image analysis, user-interface design, information re-
trieval, systemintegration, cross-languageretrieval, library metadata standards,history,
and journalism. Someof the problems, for example the extraction of entire newspa-
per articles from zonesof text, have not beenconsideredin any of the related research
communities.

Several other projects have developed collections of digitized newspapers, journals,
and personalletters. Perhapsthe best known of theseis JSTOR [34] which hasdigitized
pageimagesof scholarly journals. While JSTOR doesOCR of its content, the original
material is fairly straightforward comparedto the historic newspapers we plan to index.
The \V alley of the Shadow" project [35], which examinedprimary sourcematerial from
a pair of communities involved in the Civil War, did not include the full text of many
newsstoriesbut had only abstracts of thosestories. Our tools could greatly enrich that
corpusby providing direct OCR of the newspapers.

1.1 Brief History of Newspap ers as Relev ant to OCR

Publick Occurrences, Both Forreign and Domestick, the �rst newspaper to be published
in North America, was printed in Boston in 1690. This newspaper was immediately
bannedby the Governor of Massachusetts | non-o�cial publications were not allowed
in colonial America. After this initial setback, newspapers ourished in North America.
In 1704,the Boston Newsletterbecamethe �rst o�cial newspaper to be published and
replacedthe o�cial pamphlets,newslettersand proclamations. By the Revolution, there
were37 di�erent newspaper titles. Many newspapers like PennsylvaniaPacketand Daily
Advertiserthen started publishingdaily and their titles reected their newrevenuesource.
Most colonial editorials tried to chronicle the historical events that led to the creation of
the new nation but in the processbecamequite partisan. The New York Herald, which
was establishedin 1835, was the �rst newspaper to to be advertised as a politically
independent newspaper.

Technologicaladvancesin printing helped in increasingthe production and improving
the quality of newspapers. Prior to 1814,hand-operated wooden presseswere usedfor
printing newspapers, books, magazines,and pamphlets. The invention of the steam-
driven \double-press" increasedthe rate of production to 5,000copiesper hour. This
rate increasedin 1865with the invention of the rotary press. The quality of print was
a�ected by the inking methods (automatic or manual), printing plates, type of paper,
etc. The typesetting up to that point was done character by character. That is, each
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individual character was typesetmanually on a matrix and then the entire typesetpage
was printed. Setting individual characters led to non-uniformity in the orientation and
location of characters.

A major changein newspaper print quality occurredin the late 19th century whenthe
Linotype printing machine was invented by Ottmar Mergenthaler. This machine allowed
the typesetterto typesetand cast an entire line of type using a keyboard. The Linotype
improved the quality of print and also increasedthe rate of typesetting of newspapers.
The number of American newspapers increaseddramatically from 1880to 1900from 850
titles to 2000. In 1886the New York Tribune was oneof the �rst newspapers to usethe
Linotype for printing. The drawback of Linotype machineswas that they did not allow
kerning of letters (unlesscompound matrices were used) and so the italic letter `f ' had
a stunted head and tail. Monotype printing machines were invented at the sametime
by Tolbert Lanston in 1887in competition with the Linotype. Monotype machineswere
similar to Linotype machinesexceptthat individual characterscould be typesetfrom the
keyboard. The �nal matrix had individual charactersand so it waspossibleto manually
introducekerning and typesetlarge display characterslike dropcapsand raisedcaps.

Page layout has changedover time. In early 1800snewspapers were typeset quite
closelywith very little spacebetweenlines and columnsand usedvery small font sizes.
The point sizeof the type usedhas not changedmuch sincethe early 1900s. After the
1900solder Gothic fonts gaveway to newly designedfonts likeCheltenham;and headlines
started appearing in Bodoni font. Line-drawings and cartoons started appearing by
the 1870s. Thesewere either carved on wooden blocks, or etched on zinc plates. The
photoengraving processwas invented in the 1860sin England and was perfected by
FedericE. Ivesof Cornell University in 1886. The photoengraving processwas adapted
for the rotary pressesused for printing newspapers in 1880. In 1897, The New York
Tribune was the �rst newspaper to start printing halftone reproductions of photographs.

In the 20th century, one of the most signi�cant changesoccurred in 1946when the
U.S. Government Printing O�ce developed the Intertype Fotosetter. This was a line-
castingmachine containing brassmatriceswith �lm negativesof characters. Imageswere
producedon photosensitive paper from which printing plates were created. In 1950the
Photo 200machine was invented. It had a spinning �lm matrix containing all characters
in a font and a stroboscopic light sourcewas used to print on photo-sensitive paper.
For additional information about the history of printing, typography, and newspaper
publishing see[9, 30, 8].

1.2 System Overview

Our project will develop tools to processlarge quantities of digitized newspaper images
automatically. There are several reasonswe feel that this e�ort is now feasible and
desirable.We have accessto prototype OCR research software and we have considerable
expertise that will allow us to extend both OCR and IR research on these topics. In
addition, the conuence of greater storageand processingcapacity with acceptanceof
the web for distribution of content provides a suitable infrastructure for acceptanceof
the system.

We have begun to develop our techniques and to build a small corpus by working
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from a paper copy of an original paper copy of The Brooklyn Eagle for November 11,
1917(Armistice Day) and from a spool of micro�lm covering that issueof the newspaper.
Given the 75-year copyright duration, we wanted to �nd a newspaper from before1923
and Armistice Day had a variety of newsstories including newsabout World War I as
well asdescriptionsof Su�ragette marches. The current systemincludesseveral modules
| OCR, search, and interface.

2 Research

2.1 Optical Character Recognition

Figure 1: Original scannedimageof the Brooklyn Daily Eagle.

The Optical CharacterRecognitionsystemcreatessymbolic, searchabletext from scanned
images[22, 4]. While there are numerouscommercialOCR products, most of them fail
to recognizetext in highly degradednewspaper images. The main causesfor deteriora-
tion of performanceare (i) joined and broken characters,(ii) salt and pepper noise,(iii)
character-to-character variation due to old typesetting technology, (iv) page-bending at
the spine of the newspaper, (v) the very small gapsbetweencolumnsand lines of text,
(vi) line separatorsand black outlinesaroundadvertisements, (vii) a wide variety of fonts,
and (viii) paper aging and degradation.

We have built a prototype OCR system using a commercial development kit from
Caere Corporation. The system currently does not provide us with segmented zones
but provides us with word bounding boxes, text strings within the boxes, and OCR
con�dence levels. This output is currently being used by the IR system to locate the
search results on the pageimage. The recognition accuracylevel on historic documents
is lower than what the system achieves on new newspapers. We are in the processof
creating a benchmarking dataset and conducting an OCR accuracyevaluation using the
methodology outlined in [21]. While the OCR results are not on a par with what one
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Figure 2: The Brooklyn Daily Eagleafter beingprocessedwith the line-removal algorithm.

getson newspaper documents, the IR resultshave shown that it is not necessaryto have
very high accuracyfor reasonableprecisionand recall (e.g., [6]).

Becauseour goal is to eventually retrieve articles, we neednoise-removal algorithms,
robust zonesegmentation algorithms, and higher-level post-processing.We will approach
the problem of noise�ltering by �rst creating validated modelsof the micro�lm degrada-
tion processand the corresponding parameter-estimationalgorithms [20, 19, 16]. These
modelswill then be usedto designnoise-removal and image-restorationalgorithms. The
impact of the noise-removal algorithm will be evaluated using a benchmarking dataset.
Zonesegmentation algorithms can be very sensitive to inter-column and inter-line gaps.

In the next section, we describe a morphological line-removal algorithm that �lters
out lines from an imagebeforeit is processedby a pagesegmentation algorithm. This is
followed by an adaptive X-Y cut algorithm [25] to createblocks of homogeneousregions,
which are then classi�ed into text and non-text regionsusing a statistical decisiontree.

2.1.1 Line Remo val

Mathematical morphology is an imageprocessingapproach basedon set theory [26, 33,
12]. Imagesare consideredas pointsets and dilation, erosion,closing, and opening are
performedon the imagesto extract featuresand �nd spatial relationsamongthe detected
features[17]. The standard set theory operations are also valid operations that can be
performedon two images.

We �rst deskew the image to make the lines parallel to the vertical and horizontal
axes. Next we �ll in breaks in vertical and horizontal lines by performing a closing
operation with vertical and horizontal structuring elements. Next, we remove speckle
noiseby opening the resulting imagewith a disk structuring element. The vertical and
horizontal lines are detectedby performing an opening operation with long vertical and
horizontal structuring elements. The detectedlinesare then subtracted from the original
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Figure 3: Automatic zonesegmentation for the Brooklyn Eagle without �rst removing
lines. Notice that many columnsare merged.

image. For details of the algorithm the reader is referredto [15, 17, 12].
In Figure 1 we show the original image of a historical newspaper. Most of the lines

are vertical or horizontal. In Figure 2 we show the result of our line removal algorithm.
Notice that not all lines are removed. This is becausethere are still a few breaksin the
lines that were not �lled in by the preprocessingstep.

2.1.2 Zone Segmentation

Historical newspapers have a fairly regular layout. However, the column and row gaps
are typically quite narrow. Furthermore, black bounding boxes around advertisements
and line separatorsbetweencolumnsare the main causesof incorrect pagesegmentation.
We have built an algorithm that �lters the lines and bounding boxesbeforedoing OCR.
Preliminary results show that the �ltering algorithm leadsto proper segmentation and
results in detection of words that were earlier not recognized.The segmented zoneswill
then beclassi�ed into varioustypes| text block, heading,title, advertisement, logo,etc.
| using a statistical decisiontree [14, 31, 29, 36]. The decisiontree will automatically
construct the rules for minimum-error classi�cation. The construction of the decision
tree requires a dataset of imageswith corresponding manually segmented and labeled
zones.A benchmarking dataset will be createdfor this purpose.

Finally, to evaluate the performanceof the OCR system,we will createa benchmark-
ing image dataset with corresponding zoneand character groundtruth [11, 16, 18, 21].
A statistical, strati�ed sampling procedure will be adopted to create a representativ e
sampleof images.The samplewill be representativ e of the variation in font, typesetting
technology, layout, degradation,micro�lm, etc. This datasetwill be split into two parts.
Onepart will be usedfor designingnoise-removal algorithms and building decisiontrees,
and the secondpart will be usedfor independent evaluation.
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Figure 4: Automatic zonesegmentation for the Brooklyn Eagleafter removing lines.

2.2 Statistical Language Pro cessing and Information Retriev al

There have beenextensive studies of the impact of degradedOCR on retrieval perfor-
mance[7]. Typically, retrieval is fairly robust with word-error rates of up to about 30 or
40%. For newspapers from the late 19th and early 20th century, our results should be
safelywithin that range.

The OCR issuesmerge into and interact with higher-level linguistic concerns. For
instance,weneedto determinehow storiesarecontinuedacrosscolumns,aroundpictures,
and onto inside pages.There are several approachesto this story-continuation problem.
First, the similarity of blocks of text may be compared. Second,speci�c featuresof the
text may be analyzed. For instance,a sentencefragment at the end of onesectionof the
story must becompletedin the continuation. Story continuation is itself related to article
extraction. That is, how successfulare we at getting intact articles and at identifying all
of the articles on a page?

Once articles have been identi�ed, we needto categorizenewsstories. As a bench-
mark, we will compareour classi�cation of newsstories with the The New York Times
Index and we will conduct studieson the utilit y of the categorizationsto facilitate end-
useraccess.Furthermore, usersmight want to navigate through a collectionby following
threads of news topics. We will extend our categorization techniques to determining
thosethreads. In a modern context, similar questionshave begunto be addressedby the
Topic Detection and Tracking project [1].

Beyond usinglinguistic information to enhancethe OCR, it is the coreof the retrieval
processand it canalsobeusedfor linguistic research. For instance,considerthe following
sentencefrom the Brooklyn Eaglefor November 11, 1917:
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Figure 5: Prototype of the userinterface. Hits of the search string \british" are indicated
in the map at the top left and wherethey appear in the pageimage.

The United States Gov-
ernment will listen to no
armistice proposal such as
is announcedto be the pro-
gram of Lenineand the radi-
calswho are leadingthe new
Revolution in Russia.

In addition, journalistic styles changedin the time periods coveredby thesecorpora.
Speci�cally, early newsstoriestendedto follow a chronologicalorder while more modern
stories follow the \p yramid" structure of providing several layers of detail. We will
develop automatic methods for detecting thosedi�ering styles.

We anticipate that there will be substantial interest in tracking namesof peopleand
placeswhich appear in the newspapers. This could, for instance,be usedfor genealogical
research. We will examinethe impact of OCR errors on named-entit y identi�cation.

2.3 Metadata and Mark-Up

Several layers of metadata are required for this project. Someof theseare already es-
tablished. For instance, there are extensive guidelinesfor cataloging newspapers [32].
However, there is a needfor standard descriptionsof both the logical structure and phys-
ical layout of newspaper content. Thesegoalsare consistent with the mark-up standards
of the Text Encoding Initiativ e (TEI) [13]. There is also a need to provide metadata
which will enhancethe performanceof the OCR techniques. For instance,characteristics
of the newspaper style, such as the number of columnsacrossthe page,should be useful
for the recognizer.
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2.4 User In terface

A newspaper is a very complexand highly detailed object. Sophisticatedinterfaceswill
be neededto allow the usersto navigate at several levelsof granularit y | within a single
page and a single newspaper but also acrossissuesof the newspaper, and eventually
acrosscollectionsof newspapers.

Moreover, we needto support two very di�erent typesof users. A corpus-developer
interface will be built for userswho needto inspect and update the OCR and zoning.
It is likely that early versionsof the software will have signi�cant numbers of errors and
that hand tuning will be required to obtain a useful corpus.

The end-userinterface will allow researchers and students to accessthe collections.
This interface will allow usersto search terms and phrasesderived from the OCR and
then to view the search hits superimposedon the page image. As shown in Figure 5,
we have beenexperimenting with the useof thumbnail maps to provide navigation and
landmarks for the full-page image.

As suggestedin the discussionof IR techniques,there may be many ways to navigate
through largecorpora: For instance,by tracking namesof peopleor by following threads
of newsstories. We will develop graphical timeline interfaces[23] to help the user keep
oriented.

3 Discussion

3.1 Ric her Corp ora

To evaluate the performanceof the OCR system and the noise-removal algorithms we
require a representativ e sampleof the newspapers. We will create testing and training
datasets of scannedimages that will represent the various type of fonts, typesetting
technologies,layout, degradation,and micro�lm. Initially , we will create representativ e
samplesof the imagesfor the collections of newspapers we will work with. Then we
will create datasets that are representativ e of a larger population of newspapers. One
micro�lm roll contains approximately two weeksof a newspaper with about 40 pagesin
each issue. Micro�lm scannerscan scanone roll at 600 dpi in approximately one hour.
The creation of the scannedimage collection will take approximately three months at
eight hours per day.

We will digitize the Negro Newspaper Collection [24], which is available from the
Library of Congress,and consistsof 180 micro�lm rolls. For example,our proposedin-
dexablenewspaper collectionof ReconstructionEra (1863{1877)African-American news-
papers would allow historians quickly to check hypothesesand search for referencesto
speci�c individuals.

We will alsodigitize a collection of Pennsylvania Dutch German-languageimmigrant
newspapersfor cross-languageresearch. Theseinclude the Reading Adler, Der Deustsche
Porcupinen und Lancaster Anzeigs-NachrichtenDeutschePorcupinen, and NeueUnpar-
tyischeReadingenZeitung und Anzeigs-Nachrichten. Beyond theseniche collections,we
will also index a large-city newspaper from page imagesbecauseof the wide range of
issuesit covers. We have chosenthe The New York Times becauseof its mix of national
and international storiesaswell as its coverage(which is, perhaps,spotty in somecases)
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of the diverseethnic groups in New York City. We will scan15 yearsof The New York
Times (approximately 400micro�lm rolls) to study issuessuch as the history of women
and the impact of advertisements on society.

3.2 History and Journalism Research and Education

We are working with historians whoseresearch covers the topics to be examinedin this
project such asthe African-Americanexperienceduring the Civil War andReconstruction
[3], Women'srights in the late 19th and early 20th century [27,28],and immigrant issues.
Becausewe expect the historians to be consistent and dedicatedusersof theseresources,
we will focuson providing support for extendedinteraction. For instance,we will develop
techniquesfor them to add annotations. The researcherswill be monitored in the useof
the tools. Furthermore, observation sessionswill be establishedin which the userswill
be asked to to \think aloud" as they interact with the tools.

Several of thesehistorians and journalists (e.g., [2]) have particular interest in under-
graduateeducation. While professionalhistorians will often painstakingly examinelarge
quantities of primary research material, students have neither the time nor the patience
for that type of research. Online search and accessto primary historical sourcesshould
greatly facilitate students' useof that material.

The projects will teach students the skills involved in doing primary historical re-
search, and the courseswill include a survey of United States history, a survey of U.S.
women's history, and specialized courseson gender and on progressive reform in the
early 20th century. The graduate assistants will not only help determine the feasibility
of variousprojects but will alsoteach students the technical aspectsof searching digitized
newspapers.

Theseeducational tools will be formally evaluated by dividing the students into two
sections. In onesection, the students will do research using traditional methods; in the
secondsection,they will be allowed to usethe research prototype. The reports prepared
by these two sets of students will be graded by independent readersand the quality
comparedacrossthe two groups. The results will be disseminatedto other historians
through the Organization of American Historians.

Inevitably, there will be errors in the OCR and linguistic processing. While the
presenceof theseerrors is not ideal for the historians, the bene�ts of easeof indexing
outweigh the limitations of the errors. Naturally, it is a goal of our OCR research to
minimize errors, but we will also provide mechanisms for quality control and corpus
revisions. Furthermore, we will freely report the frequencyof various typesof errors so
that userscan be aware of them.

3.3 Further Research Issues

Additional scienti�c questionswe plan to addressinclude:

� Statistical strati�ed sampling methods [5] will be used to create a representativ e
imagedatasetwith groundtruth, which will beusedasa benchmark for performance
evaluation of OCR systems.
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� Becausemuch of immigrant history is archived in non-English-languagenewspa-
pers, we will adapt the interface and search tools for cross-languageinformation
retrieval. We will work with a Pennsylvania Dutch German-languagenewspaper
collection which is alsoof interest to the project historians.

� Query-by-image-content: Many image regionsmay not be textual, such as logos
and text in unusual fonts. We will allow image-basedsearch for such regionsusing
QBIC-like search tools [10].

� Beyond basic text processing,the systemshould also be able to identify and pro-
vide accessto the wide variety of material included in newspapers such as adver-
tisements. This might be useful, for instance, in studying the changing image of
womenportrayed in thoseadvertisements.
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