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Abstract: In this paper we present a software tool for searching word images
in scanned text documents. We consider that the document pages are
represented as files in tif, jpg, gif, png, bmp and other graphic file formats.
Our experiments prove the efficiency of the proposed approach and show
that such type of search could be successful. Examples of using various
languages are presented. The software is user oriented and can be applied
to any collection of scanned documents.

This research has been partially supported by a Marie Curie Fellowship of the European
Community program “Knowledge Transfer for Digitalization of Cultural and Scientific
Heritage in Bulgaria” under contract number MTKD-CT-2004-509754.



Introduction

Optical character recognition (OCR) is the usual way of conducting text
retrieval from scanned document images.

It converts text images into a text file, recognizing every symbol and mapping
it to a number, which is called code.

The most often used codes are ASCII (one byte code) or UTF-8 (two bytes
code).

This technique is well developed and has high accuracy.

Searching words in a text file is relatively easy task.



But sometimes OCR is a very difficult process requiring dictionaries in the
corresponding languages. Often human efforts are needed to correct OCR
errors which is quite tedious work. There are some obstacles to successful

OCR:

e T he quality of page images.
e Language dependency (alphabet and coding, unknown language):

— dictionaries;
— old grammar, obsolete words and phrases and idioms;
— old letters, outside of the coding tables;

— multi-lingual documents;

e Errors in automatic OCR, human intervention needed.
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We suggest a different approach: instead of applying two steps — OCR and
searching in text documents, we will directly search words in scanned text
documents.

We can organize retrieval of words, similar to a given pattern word, searching
in the binary text images.

The document pages can be represented as binary images in any graphic file
format.

Input data of the software are collection of files representing text document.



T he software

The software system supports three user windows:

e Main
® Parameters

e Found.



Main window displays one page of the document — the current page. The
current directory containing document image files and the current file name

are given on the top of Main window. It is possible to go forward and backward
through the document pages.
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Segmentation

We use horizontal projection for line extraction. If the lines are horizontal
straight lines or have small slopes, the histogram has near zero values
between lines.

To segment the words in a line, we use vertical projection — a histogram
obtained by counting the number of black pixels in each vertical scan at
a given horizontal position. If the words are well separated, the histogram
should have areas of zero values between words.

As a result of the segmentation, every word is associated with a word
image — minimal rectangular frame that contains the corresponding word.
So we consider any word image as a rectangle, which consists of white and
black pixels. The black pixels form a set, which is used in calculating word
similarities.

ua npen 6au3K¥ HErOBH KJIMGHTH, KOHTO HHOTO OGWYaNH Aa ro
cayua?. TpenoAupaeTo Ha XACHATA MY e DWiI0 HeHaAMHHATJY




For segmentation step we use a number of parameters, which are important
for successful word separation:

e Minimal row height: This paramter helps us to avoid creating (due to
noise) rows with small height;

e Margin: This paramter allows us to process only a part of the page.

e Row white: When the value at a point in row histogram is less than the
value of this parameter, we suppose that this point belongs to the white
space between the words.

e Row space: Minimum value of the white space between words.

e Minimum word length: The system does not segment words with length
less than the value of this parameter. Shrink white: This parameter
concerns additional step conducted when we have already separated
words, and words are framed. At this step we try to shrink the height
of rectangles if the points of histograms have values less than this
parameter.



Searching

After segmentation of a page, we must choose a pattern word image — this
iIs a word, which we want to find in the document pages.

This step starts when the user push the button Find in Main window. It
activates the process of inspection all pages to measure similarities of segmented
words and the pattern word.

We can see a part of the retrieval data in Find window. Pushing GoTo button,
the page containing the marked word downloads in Main window.

The program code is written in C+4+-4 with help of Qt — a cross-platform
application development framework (open soutce from Trolltech).



Experiments



Bulgarian typewritten document (about 1940), 335 pages, tif (2400x3200), 1 BPP

I PASJEX

HEBUK M MYSHUKANTH NPEAM W CIEA OCBOBOKAEHHETO

ﬂéwopunwa Ha kyauuawa B rp.llasapakuk 3anoYsa OF He3a~
NONHOHM BPEMOHA M JOCTUIra [0 HaWM AHU, Karo PE3IYATaT OT Ael-
HOCTTS Ha 3HalinuM ¥ HesHaluM TPyXeHUUM, KOMTO, KOit nomede,
KOl no-MaJKko, € BHEeCHA B HelHaTa CLKPOBHUMHMUAE CBOR nna;'

eI

Or warepuajure, ¢ KouTo pasmojara OKPRXHUE UCTOPHNEC—
Ky Myseil ~ [ajapaxuK, pecneKTHBHO CBOAGHMATA, KOMTO @ cwépan
BOPUC XAEM PAUKOB or rp.la3sapaxui,0THOCHO NE@BUH M MNYIUKAHTH
npear ¥ caex UcroGoXAOHHETO €@ yCTaHOBEBA, Y@ OMTOBMTS HYXAM,
CHBPIOHM € rojexH, cuarbu, daHagTyHiicko-@cHAfCKH COMpKM,
Xopa, B@UEPMHKM H Np. ca GWIM 3AX0BONABAHM OT MYSHKAHTH -
npoflecHOHAMMCTH M JwGUTEAM,

lipoflecHOHANUCTH OMIK OHEIU MYIUKAHTH~HHCTPYNOUTAIHCTH
WIH NeBUM, KATO HAll~YeCTO MHCTPYNGHTANHCTA 6 (MR ¥ neseu,
KOMTO Ca CBHDUIH M NEeJH Cpeuly BL3HATPAK/AGHMG, & JAWOMTEAM-
OHO3M, KOMTO CBC CBOGTO NEGH® M CRUpeue ca paasanu ayuure &
cupuaTa Ha xXopara no ctopose, Xopuwa u Ap., 0€3 Aa noayvasar
BBAHATDAKAGHUG .

Ho u enuuTe M APYFHT@ CBC CBO@TO MallcTopeTso ca
npesacany QYWMTe Ha CBOMTE CAYWaTesd B ApYr xup. C xusure
XO0POBOZHYU MEJOAMH Té CA& KApPaJW HeNPMHYAGHO XOpara Aa MIpeaT
X0pa M PBUGHMUM, KApPaldd CA CBC CBOMTE I/IACOBH BE3IMOKHOCTH
A8 3a0paBaT NQAHMYHHTO TPYAHOCTH, KATO CHUGBPOMEHHO CA WOA-
ABpiaau OYAHO HAUMOHAAHOTO CHIHAHUE HOCPEACTBON GHArapoKuTe
HeneBM M C/IOBECHO CHABPXAHUE.
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Bulgarian book, Christomatia (1884), 1000 pages, tif (2300x3800), 8 BPP

IloBege-tro ors pamHm-TE My craxoTBopeHHa cX I06oBHH mbcum,
IO MOJpaXAHA® HA IPBUKH-T5, H He NpbICTaBIABATE JHTEPATypHA
CToliHOCTH ; CTAXOTBopeHuwda-Ta My BB ,Cubcma Katka“ mpm Bemdxo, ge
IOBeYeTO CX €Ia0H MOJPa:K&HIA Ha pycRO-TE, HB cBUIETENCTBOBATEL Bede
8a MOeTHYecko-TO JapoBanmme Ha r. CiaBelikoBa; Hall-RoGpn-rh my cru-
XOTBOpPeHEA (X OOHAPOXB4HA-TE mo-mocat BB ,, Uuramnuire,* OTH KORTO
.He mbit ma ce,* ,dhecrorocro-ta Mo ce clova“ u ,Torace momb*
IXXaTh €b HCTHHCKA JOPH3YH H 3aCIy&KeHO HpiBIBKOXa BHOMAUEeE-TO
Ha yprarere-T5. CiaBelikoBt, Kofito e BbmrL BB (barapeknil esuns,
OpBBB J0Kasa IRBROCTE-TA My BB Hoeslid-Ta. Karo ce 9meIm Mexiy
I'BpBHE-TE OOpOE Do YepkuBHUI BBOPOCH, Tol BaxBamTa BB CXMUITO-TV
BpEye moureHHo MbCTo BB pelr-Th Ha MAIK0-TO HE LOODH JUTEPATOpH.

Beanko Bimdmme e ympaZHAIa BB3D DpoCy&Iame-To IyX'B-Th KaMb
€B000Ja-Ta Ha He3aBHCHMUCTL-TA ¥ OBIrapcKml Hapolb ToCTa OOMHAPHA-TA
mareparypEa rbarermocts ma Leopewit Casa Puaroscruw (poi. Bp Lo-
teab 1818, vup. Bp Dykypewrs 1565 r.). Dp amgsocrs-ta m Bb 1b-
Ja-Ta Ea PakoBCKH ce 0Tpasf Hafi-Harl1elHo TOraBalIHO-TO CBCTCAHHE
Ha YMoBe-TH, HY&RIO-TE, crpeMiIeHnd-ta o plealn-Th Ha HapoIL-TR HIL
Taxro-peun exmmupks Ibems mo omosa Bpbye, Toff mmcyBi, paduTii BCRY-
Ko. Toli mckame Ta o6rspHe BB C€BOA-Ta WIApOKA IDAreINOCTL BCIYKH-
T Hy®1@ Ha HapoIb-Th HHE, Ja YIoBIETBUPH BCHYKE-TB Haluomaignm
Kynebannga, jma ockmrecTBE Hafi-cyxtin-TS ® BLEIetenu yegrd. Toil
BB3Cb3Tage Cb (AHATHYECKH BBCTOPIS MHOXAIO-TO H NUPHIOTBH GxIx-
mre-To. bbme BB cxwro-To Bphyve moers, HCTOPHED, eTHOIpadsd, Iy-
0INOECTH, arATaTopd o xaifxyriudgs, Huro Ha exmus Obarapckd ba-
Telb EHBOTH-TH He € (HIb HalbIHEHD Ch TOIK0BA HEYTOTHMA I pas-
HoofpasHa ABATeIHOCT: I HAULCTPeHD Cb ToAkoBa GBI, DpEEIOYenna
A crpagEoctd. Toif ce Obme yumre BB Atuma, llapmas, llaparpain
H Bp Pycpa. Sgaeme pycknil, cpbOeknil, pywxHCKIl, Typeknii, rppurmi,
crapoelnacknfi, ¢pamuysckeil, apalckmil I ZOPE OTH YACTH CANCEPHT-
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Old Greek text (approx in the third century BC), 50 pages, jpg (1077x1416), 8 BPP
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Armenian book (1858), 178 pages, tiff (2800x5000), 1 BPP
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Text in Spainish (1901), 30 4+ 57 pages, gif (1400x2500), 4 BPP
Alonso, Rogelio M., Cartilla histyrico-descriptiva del tiirmino municipal de Macuriges. Habana:
Impr. La Propagandista, 1901, HOLLIS Catalog, Harvard University

No senor; todas las fincas azucareras tienen sus
chuchos que conectan con las lineas del ferrocarril y
hay adcmés caminos reales, trasversales y vecinales,
estos en estado natural. (1)

Qué entiende V. por caminos reales, trasversales y
vecinales? '

Caminos reales, son los caminos abiertos por el go-
bierno Espafiol desde los tiempos primeros de la coloni-
zacion de la Isla de Cuba y tienen de ancho 24 varas;
caminos trasversales son los que solo.tienen de ancho
12 varas y vecinales los pasos permitidos por los pro-
pietarios de fincas, para acortar distancias de un lugar
a otro y salvar lo mal que pudieran estar los caminos
por el fango, las piedras o6 la yerba.

Cuéantos ingenios para la fabricacion de azicar tiene
en la actualidad el Término todo?

Los siguientes: «Santa Filomena» en el barrio de
Navnjas propiedad del Sr. Leandro Soler, «Elizalde» del
Sr. Alberto Broch en el Ciego y «Santa Catalina» del se-
nor Enrique Heedigg en el mismo barrio; «Carmen» del
Sr. Alexander en Navajas, «Socorro» del Sr. Pedro Are-
nal en Tramojos y «Dolores» del Sr. Francisco Rosell en
Platanal, todos centrales y con magnificos aparatos.
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Es Macuriges ciudad, villa ¢ pueblo?
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Cuantos habitantes tienet
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sirviendo este documento como b
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Handwritten document in Russian (1840), 44 pages, jpg (700x900), 24 BPP
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Text in French (1692), 388 pages, jpg (2048x3550), 8 BPP
Nicolas de Bonnefons, Ch. de Sergy, (1692), University of Gent, Digitized by Google (2007)

Quanta la Terre, fi vous la rencontrez
bonne, ce vous fera un grand avantage,&
une grande épargne ; mais rarement en
pourrez-vous trouvez,ou il n’yait beau-
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Conclusion
We show the possibilities of preliminary version of the program.

Experiments with 7 different languages from various epochs give us the
certainty in practical benefit of our approach.

It is quite universal and does not required any specific features of the concrete
language.

Word searching can be applied to any collection of scanned documents,
immediately after the graphic files have been created by the scanner device.

In spite of relatively low efficiency of the Hausdorff type methods (the
searching process takes a lot of time) high level personal computers will

be able to solve the problem in reasonable time.

We think also that the accuracy of retrieval is quite sufficient for practice.



There are some directions to improve the software.

e Increasing the efficiency and speeding up the search.
e Searching with a part of word as a pattern.

e Character segmentation of a page (or pages) and composing pattern
word from well separated letters.

e Feedback — making second search for the same word with a different
pattern word.

— The user can choose this word among correct words found in the first
search.

— Produce a new pattern as an average of all or part of the correct
words.

e Automatic or semi automatic choice of parameters based on image
information.



Thank you for the attention.



