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A SOFTWARE TOOL FOR SEARCHING IN BINARY TEXT IMAGES

Abstract: 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. Our software is user oriented and can be applied
to any collection of scanned text documents.

1. 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 a relatively easy task.

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

e The quality of page images.

e Language dependence (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.

An example of unsuccessful automatic OCR can be seen on Figs 1 and 2 (see [11]).

One of the base reasons for converting binary text images to text file is the search.
Searching in a text file is a well-known task - finding a substring in a string, and there are
efficient algorithms for solving it. The solution can be exact - the pattern string coincides with
the result, or can be approximate when the goal is to avoid some grammar changes of the
searched word. Of course the latter is language dependant.

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.
Similar ideas can be found in [5] and [6].

Here we present a software tool for searching word images in scanned text documents.
The document pages can be represented as binary images in any graphic file format. Our
experiments prove the efficiency of the proposed approach and show that such type of
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searching can be successful. Examples of using various languages are presented. Our software
is user oriented and can be applied to any collection of scanned documents.

dela Terve, Oe. s
fort peu de fens commun.

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 nyait beau-
coup a travailler , dautant que telle pa-

étant ouverte de la profondeur d'un fer

leufe deffous ; ce fonds' eft pire aux Ar<
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Terrre franche ou rouge, fait comme un
plancher qui par {a dureté & denficé, ne
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qui dans les grandes ardeurs de I'Eté,em-

Fig. 1. The original binary image
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de Béche feulement, fe trouveraj Argi-"

M»iljuanrls, la l'erre,*! wouz la rencomrex
t,onne,ce vouz lera un “ranl's avanra'e,sc

u/Bxe *ranl'mB« epar*ne ; malz rarenent en
pPOULrex-vouz trouvex,on il n'v air tieau-

courl a travailler , claur*nc “ue teile ria-
rorrra rralllelllernent cionne au clelluz,c*

am ouverre cle la rireckoncleur I'e'un iec

Ime Lecrre ieulemenr , re rrouveral *r2l-

leule cleclouz ; ce fonclz eli riire aux “r-
Mrez c*ue le 1™uf,on la 14t,cke,a caule c*u'il
!~ reuconrre cle rjerirez veiuez on lez *.a-
cinez peuvenr z'ccenl'sresc rirofoncler,arlBe

cle rirer la ir,uclleurcle*luz baz,sc rirenldre *
uelc*ue nourricure; malz 1*r*ilcule ou !

I'errre francrre ou rou*e, fair comme un
plancrrer c*ul riar ia I'murere sc clenlrre , ne
peur ecre rierce riar aucunez li.acinez, ac

c*ul cl*nz lez *r,inclez arcleurz cle 1'*,te,eunbs

Fig. 2. The text obtained by auto OCR

2. The software

The following is a brief overview of the most important parts of our software system and the
necessary steps in the searching process.

Input data of the software are collection of files representing text document. Each file
is an image of one page of the document. Many graphic formats are acceptable as TIF, JPG,
PGN, GIF, etc.

The software system supports three user windows - Main, Parameters and Find.
Main window displays one page of the document. 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 (see Fig. 3).

Ml Searching in binary text images (version 0.2, 04.2008) 21x]
Parameters I Segmentationl Find | Directary |Eh:uok2b File ||:uDEIl.tiF Mexk | Presious |
Al

Ho W OAHWI® ¥ APYTdYe OAC CBOGYG MallcropeTse ca
NPORACAAM QYUW S HG OBONFS CAYUAPENM B APYY MHp, C KUBUTe
XOPOBOAUE KIOAMY T C& KAPEAM HeNPUEYAGUC XOPRTa NGB KIPesT
X0DA M DRNGNHUM, KADATH C& ORC CEOMTS FAACOBH PRINOKHOCTM
Aa SafpassT AQERKSHATe TPYAHOCTH, LATO CHISAPEMAEND OR HOX-
ASPESIM GYRHO HAUMONBSHOTC CLIFANAG UOCPAACTRON CLAFAPOLMTE
HANgRKE M CHAOBRHCHD CRAMPEKSENS.

4 ol

Fig. 3. Main window
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Three main steps are essential for successful word searching: segmentation, searching
and result representation.

2.1 Segmentation. Lines determination is a relatively easy step in processing document
images. We use horizontal projection for line extraction. If the lines are horizontal straight
lines, the histogram has near zero values between lines. The same case is when the lines have
small slopes.

To segment the words in a line, we use the 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.
Because the distances between words are larger than between characters, it is easier to
separate words than characters. Segmentation of words and characters is also an important
step in every OCR process.

—Clean
Clean |3 3:
— Segmenkakion
% always "~ optional
Ilin row height I 3 IMargin |5 3‘
Fiau white I 3 Row space I 3
Min length word I 3 Shrink white |1 3:
Mrnd 21|
—Recognikion
Adjustrent BiookzZbp001.tif Save | I YES [ 28 I 0.43
I Geometric center Haaﬂpmﬁﬂk _I
[~ weight center EE T T b
asapiEaay
™ Front center la3 apIKHE
Hadspaxus
Wethod [SHD | pHD: f= [oo0 = LaddDaxER
Diff. length I 3 ID 10 3 E:::gmﬂ
IMax dist | 3 B= |u.01 3: agap
- lipacenuux
Words Found M-HD: 7= |4 —
ords Foun I 3 = I 3 RE3apaKuL
asandasm
oK I Canicel | KEGBOKKRFA LI
Fig. 4. Parameters window Fig. 5. Find window

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.

For segmentation step we use a number of parameters, which are important for
successful word separation (see Fig. 4):

« Minimal row height: The height of every row must be at least the value of this
parameter. This helps us avoid creating (due to noise) rows with small height;

» Margin: The system reduces the page dimension by the value of this parameter and
allows us to process only a part of the page. Also often page images have black lines or fields
near the ends.

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

* Row space: The white space between words must be greater than the value of this
parameter. This help us separate word images from some special symbols as dots, commas,
etc.

« Minimum word length: The system does not segment words with length less than
the value of this parameter. Usually it equals to the length of two or three letter words.

* Shrink white: This parameter concerns an additional step conducted when we have
already separated words, and words are framed. At this step we try to shrink the height of
rectangles, using horizontal histograms only for the points in a given word image. We
decrease the rectangle height if the points of histograms have values less than this parameter.
This step is very useful when the rows have small slopes (see Fig. 6).

uHa hpﬁi 6JM3KH HEroBH KJIMEHTHM, KOMTO MHOIQ oouYan® Aa ro
Enymnﬁ. h:pmpauawd Ha pacHaTa My pBKd e OWI( HOHANNHHATO
ua npex 6Ju3KE HOroBH KAMEHTH, KOHTO MHOIO OOHYaIR A& ro
cnymar. TpexonupaHeTo Ha HACHATA My PEKA e DWiIo Het 2.1

Fig. 6. Small slope of rows: word segmentation before and after the step "shrink"

2.2 Searching. After segmentation of a page, we must choose a pattern word image - this is
a word, which we want to find in the document pages.

Searching starts when the user pushes the button Find in the Main window. It
activates the process of inspection all pages for segmentation and measuring similarities of
segmented words and the pattern word.

Before calculating the corresponding Hausdorff distance between the pattern word and
the word under investigation, we must dispose the word image at a suitable position with
respect to the pattern image. We simply calculate a translation vector which adjusts the
images. There are three options for defining the translation vector - by connecting geometric
centers, mass centers or the left sides of word images (see the frame Adjustment in
Parameters window - Fig. 4).

Although the Parameters window gives us the possibility for choosing a number of
methods for word similarities, we apply only Modified Hausdorff Distance (MHD) in our
experiments. Dubuisson and Jain [7] introduced this method, one of the best measures for
words similarities (see [4] for parallel with other Hausdorff type measures).

We can see a part of the retrieval data in Find window. The number of words in this
window is set in Parameter window - the field Words found. Pushing GoTo button, the
page containing the marked word is displayed in Main window.

General views of user screens are presented of Figs 3, 4 and 5. The program code is
written in C++ with help of Qt - a cross-platform application development framework [8].

The results of searching words are presented on Figs 15-22. The pattern word is
indicated by a frame in the text.

4. Conclusion

We presented a software tool for searching in binary text images. We described briefly the
possibilities of our 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 require any specific features of the concrete language. Word
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searching can be applied to any collection of scanned documents, immediately after
graphic files have been created by the scanner device.
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I PASAEN

HEBUH W MY3UKANTH NPEQW W _CAE] OCBOBORAEHHETO

lleTopuaTa Ha Myauxara B rp.lasapaxuk 3anovsa 0T Heda-
NONUGHH DPeMeHA M JOCTUTA A0 HANM [HH, KAaTO PeIVATET OT Ael-
HOCTT& HA 3HAlHM ¥ He3Halud TPYReHMUM, KOMTO, Kol moBeve,
KOl NO=MA/K0, € BEeCHI B HeflHaTA CLKPORMUMMUA CBOX nu.

UT maTepuaiHTe, C KOMTO pa3anonars Oxkpmauus uo'roynwo—
uM Mysedl ~ [asapaxuk, pecnexTHBHO CBOAGHHATA, KOKTo @ onfpan
LOPHC XALEM PAUKOB or rp.llasapmaMi,OTHOCHO NEBUE M MY3JMKaHTH
npead ¥ onen (cBoGOXAGHHETO Ce YCTAHOBABA, Ye GHTOBMTE MYKAM,
CBBPIAHM € rojexH, ceaytiu, saHasrTyuldcko-ecHafickM COMpEM,
Xopa, BOUEPHHKH M Np. ca GRIM JANOBOJNEBAHM OT MYJMEAHTH -
npofecHOHANMCTH ¥ JHOUTE/IM,

lipoflecuonanueT OWAN OH@SH MYIHKAHTH-HHCTPYMOHTAAHCTH
WAH NeBUM, KaTo Hall-4ecTo MHCTpYNeHNTAanHcTa @ (un M meseu,
KOMTO CA CBHDPHIH ¥ Nee/lH CPeuy BPLIHATPAKIOHUME, & AKGUTeNu-
0He3M, KOHTO CBC CBOSTO MeeHs M CBUpele ca pansand AyuuTe ¥
ORpUATA HA XOopaTa no c6opoBe, XOPHWA H Ap., 083 Aa moayvasar
BRIHATPAKASHHS.

Ho M eaHHTe H APYIHT@ CBC CBOGTO MARCTOPOTEO G4
NpeHACANM AYWMTé HA CHOMTEé CAYUATENH B APYr Mup. C susure
X0POBOAHM MEMOAHH T C& KADANM HeNpPMHYAeHO XOpaTa A8 Hrpeay
XOpa M PBYOHMUM, KAPAJH CA OBC CBOMT@ [JIACOBM BSINOKHOCTH
A 386paBEY AGNHUYHMTE TPYAHOCTH, KaTO CHLUeBPEMeHHO ca HoA~
ABPKEAH GYNHO HAUMOHANHOTO CHIHAHEG HOCPEACTRON (LArapeKuTe
Henesd M C/IOBECHO CHABPAAUUG.

Fig. 7. Bulgarian typewritten document

IoBege-To or® paEnn-TE My CTAXOTBOPEHEA cX ToGOBER mbeud,
00 DOJpa®AENe HA TIPBUKH-TE, I He NpBICTABIABATE IHTEpaTypHA
crofiHocTh; CTAXOTBOpeHnA-Ta My BB ,Cwkcma Katka® npm Bemiso, e
moBedeTo CE c1a6H MOApPaR4EUA HA Pycko-TS, BB cenybrencTBoBaTh Bege
33 moeTIYecko-10 JapoeaEme Ha r. Ciasefixoea: mafi-o6pn-rh my cro-
XOTBOpEHRA 5 0GHAPOXBuHE-TE md-mocab B , UuTaznuire,” OTH KOBTO
»He nbii ¥m ce,® ,iKecroxocrs-ra Mu ce crME“ u ,Torack momb®
IXXaTh Cb HCTEHCKA JOPI3YD I BACIFEEHO NpIBIBROXA BHOMAHDE-TO
Ha usrtatexe-th. CiapefikoBs, kofito e mbmre BB Gharapexni easys,
OpEBB  J0KA3d IRBROCTE-TA My BB Hoesus-Ta. Kato ce gmern Memiy
UEpBE-TE Gopud mo YepkuBHE BBOPoCH, Toll 8AXBAMIA BB CAWTO-TY
Bphye mogremEo MBCTO B DPeIr-Th Ha MATKO-TO HE NOODH IUTCPATOpm.

Bemnko Bimanme e yopamHnia Bb3E DPoGyEIAME-TO IYXB-TH KaWb
€B000Ja-TA HA EE3ABHCHYOCTL-TA ¥ GhIrapeknd Hapulb T0CTA oGUIEpHA-TA
mareparypaa Abatenmocts ma Jeopend Casa Paxoscrw (po1. sp Lo-
rexs 1818, yup. b Dyrypewrs 1565 r.). Ds angsocers-ra m b ab-
Na-Ta Ea PakoBCKH ce oTpasi Huli-HArIeIH0 TOTABAUINO-TO CHCTCALNE
Ba JyHoBe-TE, BYEIN-TE, cTpesmieHna-Ta I nieain-Th ma Bapols-Th OO
Tako-peqs ezmnuskd Ibems mo omosa Bpbue, Toff micypi, paGuri pend-
ko, Tofl nckame Ja ofrbpue Bb CBOA-TA MADOKA TBAreINOCTh BCAIKH-
Th HyEI@ Ha HADOIB-TH HO, ja YICBIETBOPH BCMYKE-TH mammomaimnm
Kynabanga, ma ocxmrectsn Haii-cystun-th B opoaterenn wegrd. Toii
BBACHEIaNe ¢b (aEaTOYecKmil BBCTOPrE MHILATIO-TO I NPHCOTBE  GXIx-
mre-To. BEme BB cxuwro-To ephye moers, HCTOPHEL, ermorpads, ny-
G1mmEcrs, armTatopd o xaiiiyrings, HoTo Ba exmpd Gwarapekd Iha-
Telb EMEOTH-TH He ¢ (1B HANBIHEH® B TOILKOBA HEYTOIHMA N pad-
HooGpasHa XBATETHOCTE N HAULCTPeHD CB ToIkoBa (biw, mpmkIngenna
o crpaprocrs. Toit ce Ghwe yants b Aruma, llapmas, llapnrpain
u Bp Pycpa. Spaeme pyckni, cppGeknii, pyyxmcknil, typesnd, rpsusud,
crapoexnuckeii, ¢pamuysckril, apaGernl @ XOpE OTH YACTH CALCKPNT-

Fig. 8. Bulgarian book
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Fig. 9. Old Greek text

Gun sl [dbeal ogfls wlll wonfiXwlf Ropyng upp.
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by, w quelaan) op wtfley Zopeys Uppy
pplancdp ppbt Swludl gpowipp. iy &g b
2. kYo 4--4::"%'{ BE Fue frob, fud Prg.

flevep wpouhup ..1...5._._;. o Swiptine [F e Wk
sunBwn wncfl ap bppnp Supgpy Zogiyt Urey
Jouysp [apSpy , qpbPE ayl ww BEf UpfIfu
nigqqbl dpumpbplfl, wyofitph QL' Japegl polocs
Vg dpoyly Zopll £y fui Lopdku m (\ppfkd v
VW wy fp quewtfl [B6 Zoghu Jocps' Gpv
PE whphoy Frz Ubpgnpbocfdft Fpuk diappace
Sngeql pplacfdlalp Sudinp, o fus £ pp
dinibarnp mapnclp dmpge bphfupp popdpagpik.
o Swdiap s LSwi wo By L wdbbwSwphaenp
lwmnbfu Swdip b np Gppapprfdbut dopgm.
qbmafdfutp guyobnmd &2 Jaypp bpity (e~
W wplempSp ppfbpme s Plgne op  omacwl
whadf oppky wolempSp sk np fp Hrodf flp-

Fig. 10. Armenian book
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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 10s caminos abiertos por el go-
bierno Espanol 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
4 otro y salvar lo mal que pudieran estar los caminos
por el fango, las piedras 0 la yerba.

Cuantos ingenios para la fabricacion de azdcar 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.

Fig. 11. Text in Spain
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Fig. 12. Handwritten document in Russian

Quanta la Terre, {1 vous la rencontrez
bonne, ce vous fera un grand avantage,&
une grande ¢pargne ; mais rarement en
pourrez-vous trouvez,ou il n’yait beau-
coup a travailler , dautant que telle pa~
roitra paffablement bonne au deffus,qui
¢tant ouverte de la profondeur d’un fer
de Béche feulement, fe trouveraj Argie”
leufe deflous ; ce fonds' eft pire aux Ar-
bres que le Tuf,ou la Roche,a caufe qu'il
s’y rencontre de petites veines ou les Ra-

cines peuvenr._s’étendrc & ?rofonder,aﬁn
dertirer la fraicheurde plus bas,& prendre
quelque noutriture ; mais I'Argileufe ou
Terrre franche ou rouge, fait comme un
plancher qui par {a dureté & denfité , ne
‘peut €cre percé par aucunes Racines, &
qui dans les grandes ardeurs de I’Eté,em-

Fig. 13. Text in French

EETRYY ,

tAmparin nmﬁxa - IS0 LArENA Ak roLLece

. — = —
b0V A EMb MACE, b HARA ﬁé‘lfﬁﬁua\ﬂt}h&t’o
MPBITBAE . HORE WITIOAHIShLE CAMPATTIH HH
SEABA A HAZFABH[L . MARIKE 0V TORAY CIMA
IALCO NG Ly n.;ﬁ'AunE e Yo OVED fhyHMH
BAZMOCHILNCE MAICO WA 0BPAH ceen . Bomik
¢TI0 K € g:}\ro H}'t‘,rrb mmurkrgoﬂﬂu(!, ABLIOMY
JITORO AMALH EIRE METTpTEAs §CH - Ayug
At 1piEAs SCH , yaioce ys AARLIN FALCO RETIpIE
Mb - HEThl EA TOSHAAR S 1T ABAOH |, i
Eh msg-fmros/m rm:)/nA s udhri Fiu FA

e e
HATETRE MOZNANH BaVBLUUIEWFA . HEmial KA
ITPLEARC(H hdffﬂ#ﬂ;‘me/ﬁ'm . HhNTERL y &
it umncmni’fmq_nriiim . UOHERD (J"E AL
HITOCITTHTABY HMIKE HITOCTTHZRA M L'J.}'(L
WXA ; HEBRLMERE HZ’KFA:mE g€ Ch . ra
Azh HCEPA BAGH . NbAH CANK TOYATITEN b E¢i
BEAE M¥APACTIAON EWH o HMATA BARHMY

Fig.14. Slavonic manuscript

There are some possibilities for improvements in 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.

¢ Feedback -- making second search for the same word with a different pattern word.

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

(see [5]).

* Produce a new pattern as an average of all or part of the correct words.
¢ Automatic or semi automatic choice of parameters based on image information.
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Fig.15. Bulgarian typewritten document Fig.16. Bulgarian book
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Fig. 21. Text in French Fig. 22. Slavonic manuscript

In spite of relatively low efficiency of the Hausdorff type methods [4] (the searching

process takes a lot of time) we believe that even the modern, high level personal computers

wi

11 be able to solve the problem within a reasonable time. We think also that the accuracy of

retrieval is sufficient for practice.
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