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| MAGES Background of the Invention Technical Field of the Invention:

pr esent WOrBi&@sidon rel ates generally to |ocalization and@rusegssnt atl on of
text in images. 5 Background Art: Existing work on text recognition has
focused primarily on optical recognition of characters (called optical
character recognition (OCR)) in printed and handwitten docunents in

answer to the greatggReRAdIZR® TEXFel0¢QLIKIOTIOR D ieaskes s for of fice
automati on systens. These systens have attained a high degree of maturity.

Further text 10 recognition wouk. samh 88nd ABskdd? i ndustrial applications,
nmost of which focus on a very 1farrow application field. An exanple is the

aut omati ¢ recoferhhicg¥igd ofthe Invergens dhppmieasinverfoo pdaed gnhau;etobeen nmade
regar di ng t ext det gtl on | ggand text.extraction fromconpl ex i mages and

‘vi deo. iation andfor seamentatign Ok (eI R IMARE- g t hei r descriptions, they are,

each non- general in some aspect. Further, sonme do not involve renoval of
the 15 localized text fromits background Accordingly, a need for a
genet al i zed apBadkgenndAdt ext | ocal i zati on and segrrent ation remains. Brief

Description of F& gﬁuﬂ&%‘oﬂﬁt %Qoaﬁh?‘on'h@%g,p%;ceg Ilrv 09%{: e?'ge(rc:: C%.ﬂfb‘i’. dgrore fully

fromthe detai cription diven npanyi ng
dr awi ngs oharemd:m)Chahmiﬁ;ﬁncdfchﬁrkﬂcnrmgmﬁbm{@@ﬁw mpr:ntddmrsﬁhmfdwrsﬂamul d not be

taken to limt the inventj ontothesemfl s desgribed, but
e for e SBRRalS B AN NGB P SR GHPAP: e feserent Gouert oATHF agr am

repr esent hf@méasd §@mbs.UNkdst SREMRAATOIARE b Righ @BRece dtmATRYIFirRRF &xOf the
invention. FIG 27is flow di'agram rePresentl ng 1 mages at” various stages of

| ocd? i zat irenegnition workeag hh@@hql@ntl@ma spplicdtiops mosiorf whighdoc\s opjajvast r at es

:X gg‘é:(gf 03{185"0 Ea%gm%%ng ofglg )%)ﬁ?sl/s %g&@ﬂmhmgggmtﬂm%f fcz[r%?nse BﬁYc's ng text and

Proposals have been made regarding text detection in and text extraction from
complex images and video. However, as can be seen from reading their descriptions, they
are each non-general in some aspect. Further, some do not involve removal of the

15 localized text from its background.
Accordingly, a need for a generalized approach of text jocalization and

segmentation remains.

Bricf Description of the Drawings
20 The invention will be understood more fully from the detailed description given
below and from the accompanying drawings of embodiments of the invention which,
however, should not be taken to limit the invention to the specific embodiments described,
but are for explanation and understanding only. '
FIG. 1 is a flow diagram representing various functions performed in some
25 embodiments of the invention.
FIG. 2 is flow diagfam representing images at various stages of localization in
some embodiments of the invention.
FIG. 3 illustrates examples of initial bounding boxes for an image in a frame

having text and a background.



PCTI USOL/ 05757 FIG 4 illustrates exanples of vertical and horizont aF_3 A ngm

projection profiling . FIG 5 illustrates vertical segnentation appliedt
a porti¥@opkIRhe text of FIG 3. FIG 6 illustrates horgczousmlosrs?
segnentation applied to a portion of the text of FIG 3. FIG 7 illustrates

an imge on a web site that includes text and a background. 5 FIG_ 8 is
partially bl oGkGdd dysmaes grampleabf wertidabanddiosigsrashpraitios enffiling.on of col or

estimation through. quantizati on according.to sone, e di men of the
Cventi on FI G100 IESEH 6ol Bar e PR o pag e ST SR BG deen vi deo

noni tori ng angi&ey stk ChdrRontAGEQH HitdiBn bep1=ANE 2 poRes b tex: AfFIGHE
invention. FIG 10 is a block diagramrepresentation of a conputer system

that can perf dilfh 7 Udrsiratpzan iose et Bekisiigghat sncdwies teahand @i bagliramgs ¢ he
i nvention. Detgjl Pt gdﬁﬂ i jnents of the
“present inventlﬁghggﬁ@gb%}égﬁ% F%ﬁgl n 0?8%§¥2r(% rﬁ%&ﬁ&aﬁ%ﬁj@g&% text in

i mages, wadmaiion thidughrmgeiatimyactrediag td domerentvotiinentsiofitigdsvensarch as i n vi deo

or Wb pages. b _pages i ncl ude vi deo or non-vi.deo inages. The text is
ot Tequi ed” (HCHE o FREEUGPEET S A PFVERb SRR B Apies

par ti cul aadklgQeeorfiing tii@ime eriti@inREKERUAMEN(BL. SO cal | ed non-text) may have
a sinple (e.g., rmn(_)chrorLeR. or conpl ex background. 20 Efficient indexing
and retrieval 6. dP i a bpckdiegsan representatiop of g sAMpuiswetem diiat cap perforredi a

dat gbases ; 1.0V [ - hi gh-1evel index for

retfnl eval @nI@stgg%Eﬁ%%gtoeg)??.‘r%%g}b%)%én%gﬁ8‘9?\\3?%‘%&%“#ng text can build such an
index. It enables a user to submt sophisticated queries such as a listing
of all novies featuring John Wayne, or roduced by Steven Spielberg. O it
can be used to junmp to news sto#@é‘e‘égﬁg’f‘%“’ﬁpeci fic 25 topic, since
captions iin negygeaskisnoften provide a condensation of the underlying news
story. For exanple, one can search for the term"Financial News" to get the
financi al newsVangustembodimentsPitheiprasent invgntier isvolpelopdlgatianand®eor d t he

br oadcast _ti ne, an f .clal: it.0Q,: ck for
thert or i SHergRat LRk Cndoaecf SRS S Tneeg BB oB Sl Win BRI Gpel B E
arranged fin vigecosr Whie pages aWgk gagee may iislude vitlea onedn-villdniynagdsh he 83t wsef ul

hi gh-1 evel appl.icatjons are | i nahl e i.f text, can be recognize

AUt ormt | CBP TR 1o bEm BB Gl P B e ke el RRROPS G FEDShni 2i ng
text in the Nekrbeid (aR8tiiRd Abn-NRE rtaydavde £4#%apk0@4., monochrome) or complex

background.

20 Efficient indexing and retrieval of digital video is an important aspect of
multimedia databases. The text in videos is one powerful high-leve! index for retrieval.
Detecting, extracting and recognizing text can build such an index. It enables a user to
submit sophisticated queries such as a listing of all movies featuring John Wayne or
produced by Steven Spielberg. Or it can be used to jump to news stories about a specific

25 topic, since captions in newscasts often provide a condensation of the underlying news
story. For example, one can search for the term "Financial News" to get the financial news
of the day. The index can also be used to record the broadcast time and date of
commercials, helping the people who check for their clients whether their commercials
have been broadcast at the arranged time on the arranged television channel. Many other

30 useful high-level applications are imaginable if text can be recognized automatically and

reliably in digital video. Segmenting and recognizing text in the non-text parts of web

2




WO 01/ 69529 PCT/ US01105757 pages is al so an inportant issue. More and3ndlodilh
web pages present text in inmages. Existing text segnentation and text
recogniWPEWe¥28ori t hms cannot extract the text. Thus, a@drewisiisng search
engi nes cannot index the content of image-rich web pages properly. Text
segnentation and text recognition mght also help in automatic conversion

of web 5 peegesaldesn pmeditafitdssuk aMpe: amdmdromwsb pages prbdnt {eQ0n diageb.ays of

appl i ances,. .since the xtual, content in images can be retrieyed. 2.
Oor v o e 6 scsreateioh 58 s g et R SR BeaR o) Y8t over

vi ew rel afliiexgtih@ seaschngRiEbasth e Ades 110 cohlftat divesd-fidhwebigages plopeflg] udes a text
| ocal i zatjon block 10 and a 10 text segnentation bl ock 14. Retference in

t he speci FoEERSTEALen engiexfprognitan might alse belp irpipratisconversional wshbodi nment s,

n h H u .- e y
or ‘ot erpagg%)dgg;&ggd;fr& Eaé%ﬁﬁf}ﬁ-ﬁtoméfsmﬁu Eébtdl%)@"ﬁgaﬁgﬁg‘g:g{, rﬁrigcééxé Hehyf €. or

~charact eri I connection wth-t nts 1s 1ncluded in
at | east wotest @ritneghsmembsretdayed.not necessarily all enbodi nents, of the

i nventi on, Th ‘yearii Qus appear ances "an enbodi nent," "one enbodi nent," or
"sone isTenb s" are not necessarily all referring to the sane

enbodi ments. XIG. Teidvidesa AbivaidizrONwhidh 6 Gefudto diviatoved Ghvateldibich typical ly
includes an image) is received by feature extraction bl ock 20 of text

| ocal i zat 981 smhodicents ofithe igysnption.oRiSo dinriyres 2 texhlpeatigation Weckl@and &d t ext

(e. g ., HT | e : LR ' »d.S. I ecei ved by
feaﬁur e e@tﬂr% tit:%t?\ﬁog‘l %ﬁm\goqic%{[% ?htg'% s‘?“\%%%ﬁé%;% (L‘%nubl%gﬂﬁg!\'/e 0% mul tiple

i mages t hembcdireent) & atmelcralodiepas, avre ' othengrisndirients” inesans thgt@glaiticalai on bl ock

finds logations of text in i es_.and marks.the tight text bounding
boxes. | nieasle Sufirs o tharpde R S68 B0 FRsisbal &Y st scr i be - on y

one text inchdedin a0 RAstlsoxt embodiBis, oD hedessadisy diamtotpRdisPeity, a text
colum is not limted to a single character. In sone enbodi nents,

| ocal i zat IRYPAtioRc [T ¥AIQUA EPRBINERN RitEmbRgineny,” PRASEMbEIERDY 5 $F (bl ock 20):
A featur ezﬁzlgocﬁ%gﬁ@cgrg of PB4 all R .lré tg%&esasnp‘é’ﬂ:'bﬁ me@pt ure features unique

to text. Region classification (block 22 Each pixel in the feature
i mage is class?di edlexphedaligationt A ldigitehigsuttsignaldwhicb typimetly inBadesdnon t hi s

LT Pt R BAR E  BEE G PR BREL e
each cont ghbsdi@Bhty, MRA IO réladd et E) ML @xt). is emoved before or as the
input signal is received by feature extraction block 20. Note that a Web page could have
20 muitiple images that are treated as separate images. The text localization block finds
locations of text in images and marks them by tight text bounding boxes. In some
embodiments, these bounding boxes should circumscribe only one text line of one text
column. However, as described below, a text column is not limited to a single character.
In some embodiments, localization includes the following:
25 (1) Feature extraction (block 20): A feature is extracted from the input image,
which capture features unique to text.

(2) Region classification (block 22): Each pixel in the feature image is classified
whether it belongs to text or not. Based on this information initial text bounding boxes are
created.

30 (3) Region consolidation (block 24): The text bounding boxes are refined such that

each contains only one line and column of text.
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the input is video, this block is added to the processing. Here we exploit
t he t enpér@fe95¥@dundancy of video to inprove the precisi orcoisonrmsxtr boundi ng
boxes as well as to renove many false alarns. (5) Estimating text and

dom nant background col or (block 28). 5 2.2 Text Segnentation: The text
segnent ati on s@aFext(Trhckidg (bbrk 2@Nedniun e videacthdrbdeuids {ddedtdtext pi xel s) and

creates an output signal. The output signal on output 44 is an inage text
r epr esent BOFHNE ATTEYehfsPlat e ERPITEETIRRY of Witode BRpaYs B Pregiinioby

bi t map. The: fRxbinDicbRBasRRY ak kMo mifalexasmlse, a black text on a white
background, regardless of the colors of the orifc(;)ipnal t ext and background.

The bitmap nmay(ShEstimatnasyxtppd deminant ackgiouad eplosBiockd¥e to identify the
partd cul ar tex,th o) j . I 10 and 14.
“As agn exanpl e,ﬁ'g he. S’H%g &%mh' ?@nﬂcéggﬁn}?aémﬁa@%g%@g&gtlg%ﬁglro dfg gﬁ? sof tware,
whi ch expbéaikgraahd (donttexttpixeis) andviedtas ab actpglr sigratl, Thelcutpousiimat brecutpuividnt i on i s
not limted to produci ng such an output. si.gnal.. To inprove s ntation,
each t ext EIMARS EXLIERHSREMAN HAT GHAMAR Of ARG ARhEHEFESSHURT s 1EXN; vel's (bl ock
30) . Next pinhhe PROKE QD rhsy iRATIRY R exalipRS & $la3R te’i\sh 3Rhite Tabiggre@ay ch for

background pixels starts on the border of the text boundi n% ox. For video,
this may beardiaseebdiegoloys ol giginel tertand bapkeroand. gHirdntmagmayhe ussidthyaps of t he
sane, t ext I .34 I kNI I i ! (bl ock 38). As
rreg?? oned t c(x? H:ggg" é@ﬂr? %‘f%%?ﬁ%@kﬁf‘{%&géé’ te (k:egcﬁ{ﬁg%hap g%é?'i Iﬁct%gﬁédﬁgﬁdar d OCR
sof t war e tsegnidneddstortlbekstl D@nd 14 Qi anreixampie,ahe fer reepgaitiph eofhvéfe MSChd . The

O e SR IR R Wk el Bl o1, L

di fferent jaRdisPRBot BinRekS raikidg Behah ontbiaigdi. consol i dated, or have a
different order. 3. Additional overview informtion and sunmary 25 Sone

enbodi nment s of Telapraygsegreratativn geshomtandissegjerivdeiebholsips examnbell8hg to a
clags of tp‘?&lﬁd@’&@k%??ﬁé&[lﬁébacﬁ’% Stk ﬁh&&%&é@:ld{k?ﬁ%ﬂ%@%&ﬂc‘g?ﬁ% oo case of

video by "exploiting’its tenpor redun section e In the text
| ocal i zat ibatkpréune fixats starsagtbaboaddr ofitheeext Bdunding ex.t Fre videnptbis alaybedundancy

of video to i ove the segnentation .result. Several basic 3 i.sions are
"nvol ved IHEOREA TS SRR LG B 0 “eR S Rk PRhe e toxt | s
consi der edepbilf@ ditdiSmhybd K@ (HIGERAE). LARRRKed) the@bsulting birafy itn@lps t ext
occurrences. Experiences with ol der systens, which considered any witing

can be fed into standard OCR software to transcribe their content into, for example,

20 ASCIL
The invention is not restricted to the particular blocks (10 and 14) of FIG. 1. In
different embodiments, the details of these blocks (20 - 38) may be different and some
blocks could be eliminated, consolidated, or have a different order.

3. Additional overview information and summary

25 Some embodiments of the text localization and segmentation system belong to a
class of top-down approaches. Potential text lines are refined in case of video by
exploiting its temporal redundancy (section 5). Like in the text Jocalization, the text
segmentation may also use the temporal redundancy of video to improve the segmentation
result. Several basic decisions are involved in some embodiments. They include:

3¢ : 4y Only horizontal text is considered since this is true for more than 99% of all

artificial text occurrences. Experiences with older systems, which considered any writing
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m ssing 1% of text occurrences would be paid off by a much higher f

al arm r'¥PdeL62R9| ong as a performance of >90% correct!|y PEFHHIOFText in
videos and images is still a challenge, non-horizontal text can be
neglected. (2) Non-text regions are nmuch nore likely than text regions.

Ther ef or eiirf:w@rk‘;?smgm@dt thomissiag h¥tdidext eppuirences Wet!d ot paid af blviagrmchas possi bl e
(trained.f specific si.ze of te cifi 05|t Scal e and
position ]11 &e%ése gaﬁr@erate ﬁ éog gsc?ﬂ) &("é'a‘”b D%ﬁpﬁfc’mcay? d‘et ector at

al | posi tulaH&Sanmmadobs seﬁlll Eshallén‘galMFhoﬁE@tSIt@dncarﬁbdd&glectbnﬁxt occurrences only
matter if they_consjst of a |east rs or 0 The invention

e t
is, however, rdt r EOPFPE{EPNS Brerpe ﬁ%Pr"E ‘“&ﬁ 'gf‘“ Gé't‘ﬁ@P%s iBhHSE above. For

a parti Ctﬂeeide@&qkalﬁa{clrsw&m ﬂétecf@)is@?n KM bk lpdd mé%H?p%l:nﬁE@ﬁE ofMekd be used,
“in which case, J1t.can be accommvdated. Further, if other information is

known abcate spéséfi pration). t¥selepad pasisionandependontic mantbe g¢hicvse by aveplyingn may be
nodified to,t V. 2. Of . now edge. 15 4. Text Locali zation
outr tex Fg«ﬁ% a"ilgtl] %algs?rtéogxfé lr&s%lastcah%(

Referrin I's scaled into multiple i mage 52, 54, 56,
58, and 60 ofAtitlidr@ecsion Bitkesxt ckbardno@gaty maer fehytcohdistiofmBes tes i mage
frames in video, Although five imges are shown, the nunber nmay be nore or
| ess t hanef§rger digis edge orientation of pixels in the image is determ ned

to greate featfqnlIBOLS, Mcv@mot%m% (S pAQiclaet AR nfkée@Rbdvel) . A
fixed scale text adapter is applied to cIaSS|fy pi xel s in the edge

ori ent at i B a partizylar epplicaticas,dt hamhydaown thayverticabtextygill berigedd i whisk casect i on
4.2). | gB?gasn HeachomA) Eﬂcc{)}rﬁuﬁﬁ&aﬁgﬂﬁ 9 %&ﬂq@ iSal '“ﬁ.%%éuzflﬁe"m% ggsociated with

an i mg SEROCECTTOR oundi oxes are created from
sal i ency parficuddt c(rﬁﬁ&m&ﬁﬁéﬂtb)ﬂn«cnﬁorl)nay BemodiGixd tohﬂwudum@gebﬁﬂ'ﬁs and an

associ ated i mage which is the sane as or simlar to imge 50 are
representb’lf"’ﬂ 85y bl ock 86. The text boundi ng boxes of block 86 are revised
(e. g, copsoligalediiaffs Section 4.4.2) to created revised text bounding
boxes as represented by bl ock 88 which also represents the inage

associ at ed wi t Refbirimgko 883. BI\JQIlmﬂthﬁlJSlSw@dt!etmmLﬂfmlnmasg 5hodedd, aBeandnot part

gf AbgGZIO 0 of dl%urcnfa Jises 2 TR O%a%ésezgayvgc snllgrrrl]aeg ori agc éamg& L% wdng.gﬁ]tﬁ&% ures 5 2

five images are shown, the number may be more or less than five. The edge orientation of
pixels in the image is determined to create feature images 62, 64, 66, 68 and 70 (see

20 - section 4.1). A fixed scale text adapter is applied to classify pixels in the edge orientation
image to create images 72, 74, 76, -78, and 80 (see section 4.2). Images 72-80 are
integrated into one saliency map 84 associated with an image (see section 4.3). Initial text
bounding boxes are created from saliency map 84 (see section 4.4.1). The text bounding
boxes and an associated image which is the same as or similar to image 50 are represented

25 by block 86. The text bounding boxes of block 86 are revised (e.g., consolidated) (see
section 4.4.2) to created revised text bounding boxes as represented by block 88 which
also represents the image associated with block 86. Note that the text bounding boxes are

not part of the image, but are associated with the image.

30 4.1  Image Features
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characterized in the research comunity as regions of high contrast and

hi gh fr®QYME#%8s. There are many different ways to anpl PEVUBHESE eat ures.
One way is to use the gradient imge of the R&B (red, green, blue) input
image | (x,y) = (lr(x,y), lg(x,y), Ib(xy)) in order to calculate the conplex
5 val ues edge Atifisial ikt ensuirenegEhare beeni@magn|yfdaraslsrises|it BiRdesea &t Ajr,ip) be
the angul ar _coordi RS R Al Wy O echbR BT haS LA Agid Ak on | nBge v
1c(x,y) of°RBIY aﬁlr%%%n%cqfﬁ%ﬁgn, |g{l1%@$? gﬁ(}las t he _Cartgsi an coordi nate

r epr esent a&jan andhli(these ffeatoes. 1B@)waytis to(usg thegravidait 18y of thh&GRoawl. o 180
degree is applied to convert direction into orientati on. It?lﬁservies__ as our
feature fereen,dkie) inpetinagailan={oxAhdethed sy’ ondgr tg Salcwipts T BRI )
derivation D x and D y. of i ba b, t cal cul ate .t i i onal edge
'strehgth Eves At ARy tﬁ’ﬁdm%r}ege%'ﬁ%?fm?d aég?l}o“g']ﬁ( &Fg*r."@.bg?mgisrlg%l as its
overal | edge strength E.= ok 27 6t ddi 45 4.2 Fixed
scal e textcg‘ﬂg?‘%tgt © cﬂgg%"n%ﬁgﬁé%rgﬁgﬁgét&éﬁgﬁ P?ﬁ%d égg?e te(;{%gt ector is

used to Chassid ¥ d8A aBithetartekifn cdodinRel@preseritaivh af AaTy inodg&0°F=based on its
| ocal nei ghborhood whether it is part of a text region of certain size.

For exanpl €} giy@mod 120)x Ihepnodslo kédgieame [srepplfedetel genvertidEpdti®R iBA i mage E,
the fixed «€ele text detector classifies whether the regi on contains text
of a 20 certain size., Ther i fferent techni ques for devel oping a
cl assifi er".r“’%ﬁg%l% cwelsncP’grdfggtgmggj;}é’gq%ﬁfag%gﬁ%?i er, a m xed- gaussi an
clasgifier, andyRiReWapls thaacthé Oirastibch BeivatiskD  (ank D oflimsgeebagdbtb
generalization capability). For our work, we conpared the performance of a
Bayes cl asmidilaerthedirengiondl eddesjmegth Pear son criterion with the perfornmance of
a real - val ued and X-\al u yural feed-forward network. The

conpl ex-val ued E'xe"““uriloqggfﬂ@t\%ﬁr ﬁimq]s "a hyperbolic tangent activation
function may provi@esuperi or p"é’r‘f"brnance. In sonme experinents, at a
conpar abl e, &y L8 @vérd ge sirbioth al se hits (0.07% on the validation set
was nore than twice as |ow than with a conpar abl e real -val ued network. 6 2
3 AUG 2004 WO BAAE5ZY ((D%) + (D))"

cuir,g.b)

15 472 Fixed scale text detector

In some embodiments, a fixed scale text detector is used to classify each pixel in
the edge orientation image E based on its local neighborhood whether it is part of a text
region of certain size. For example, given a 20x10 pixel region in an edge orientation
image E, the fixed scale text detector classifies whether the region contains text of a

20 certain size. There are many different techniques for developing a classifier. Examples
include a Bayes classifier, 2 mixed-gaussian classifier, and a neural feed-forward network
(which has a good generalization capability). For our work, we compared the performance
of a Bayes classifier using the Neyman-Pearson criterion with the performance of a real-
valued and complex-valued neural feed-forward network. The complex-valued neural

25 network with a hyperbolic tangent activation function may provide superior performance.
In some experiments, at a comparable hit rate (90%), its false hits (0.07%) on the

validation set was more than twice as low than with a comparable real-valued network.




PCTTt JSOL/ 05757 Network Architecture. Various network architecture ﬂa@%@sm"
used. In sone enbodiments, 200 conpl ex-val ued neurons fed by a 20x 10 edge
ori ent PIN?8Fion in E serve as network input. This siPAET0IPHSETrecepti ve
field exhibits a good trade-off between performance and conputati onal
complexity. An input |ayer of 30x15 neurons achieved 5 not better

cl assi fi cat i oAVehuerklArshitegiyre. \Wasionpmpyuerkardieduranag bakiséndl g8 On t he ot her
side, usj Wy} [ M r o
ubst ant TS s 0 oor By Ak SRStk BPR 26 o BRE ot B R E . | ecepti ve
field detserveiamestwblieinpitz §hofsizt hétheorreptbeifrnlyl akbibis & gobd tsidaed batweetir ai ni ng

text patterns are scaled such that the fonts size lS.equal to the nunber of

Fows. | ThePFHBURCF AYLCTAERH B GGt BB oo oL A ot

conmpl ex- Vi Yetkr BRI fidSion ALulAYRit fvas dSthAdatiBRkEndtt S8@Asi 0E LD S othefsidt 1 esul t

‘in any performance inprovenents, while usi nq&onl y. one increased the fal se
¥

al ar m r at einganangui dayst with lessihare] 0 rpivs rose eddin sitsipatiallyavorsefgulisalle’d i nt o one

| - val : b t
real -va ;llﬁgtntfe?%l{‘/\lgﬁcr QPHWRDE t%&éﬁ@ﬁ\%%&{l didrfihes HAGTE gfl{h@ fOr bkifl deided> O

acconpl i training. T oW ng descri bes sonme ways, but the

i nvent i onsinc alidtairing fektpatteds ar€henltd aicinthatthe fratsiszevsndqualdo ttemumbsitofset  shoul d
be as small a ossible.while still being,representative.,lt should

contain aff"st j.B‘?H‘zRP{ Bstn gusg?rm?ctgﬂﬁ %}Bﬂq@j&cr ?)f:‘_{](fog}pr!lcsvaa‘lﬁggtr’uer I!lstzfal _

i nvest i gapkaRSushd\Rore Slia¥wndubiak dRBbE AlsulD BV pkiSoritfahde iBOrovBRéntgwhilei ent, i f
the relation between the nunber of text and non text sanples in the

traini ng Bueg ey presipergersd the falprealera) mieiby @ fagtoryod ghrespolhg hisldps laygrrs ¢ he
applicati J i of Wl npl es which fulfill this criteriais
obt ai ned. 9%56%?@9%‘; ?égp\éath%crg%&dﬁltupgﬁum@fd how t o get exanples for different
types of text,NetvorkaVrabdngnihere ack $driooinvaysttoagempbshmepyosls tahmgi ¥he non- t ext
set. Asoluytion to this problemis .the.so-called."hoqfstr.ap" thod. The
composi ¢ 1 GHoBmE defeites Sor WSSk M) REut b BNy Mol RS IRPE AT <

per {91 ManGRidalith &0TRt HEPABE ABHRA) asthosdiROWABL M Belngaeieden@five3 QlshBul et
patterns and 140436 non-text patterns were collected. 25 |Initially 6000

text patteenianah@PsRbEXhRMcmeaad RReE Aty o hsprcieal EyestigaliRpRhgver or

trai ni ng. t - : AT Ta N5 o not her
5000 pac; S darl 0P BB LD L DR MR AL, BE QUMD 0
starts wi tdxtami nonitextahmples indhe tming est torrgsportde tathe redation af the thegroeps al

network. Then, the.trajned .network is eyal ua i.ng..a. valjdation set

di stinct f# @fﬁai’mﬁarﬂ?‘hi‘%ﬂﬁa@t'?&f\{\%ﬁ‘é’?ge?mmcf; Wﬁ&b?@ﬁﬁ?"h&ﬁﬁ?‘?ﬁ@&“@ai ning set).
Somg, 30 ofwiiker ifs%{rﬁiﬁhﬁfor@la@sw& @6k dxadhpRE RE differdnbgpasalfitekatii iy teahorar e
randomy added to the training set and a new, hopefully enhanced neural

net wor k | giffiell teeast avepresertative agn-tadiesd and i nproved 7 2 3 AUG NN
A solution to this problem is the so-called "bootstrap" method. The composition of

the training set may seriously affect a network's performance. In some embodiments, a
representative set of 30180 text patterns and 140436 non-text patterns were collected.

25 Initially 6000 text patterns and 5000 non-text pattern were selected randomly for training.
Only the non-text pattern set was allowed to grow by another 3000 patterns collected by
means of the "bootstrap” method. This method starts with an initial set of non-text
patterns to train the neural network. Then, the trained network is evaluated using a
validation set distinct from the training set (here: all patterns minus the training set). Some

30 of the falsely classified patterns of the validation set are randomly added to the training set

and a new, hopefully enhanced neural network is trained with this extended and improved

7



WO 01/ 69529 PCTI | JS01105757 training set. The resulting network is 23 AUG200
evaluated with the validation set again and further falsely classified
non-tevacb%]t"igé‘?9ns are added to the training set. This cyeC®Usbi/437#1 ni ng and
directed addi ng new patterns is repeated until the nunber of falsely

classified patterns in the validation set does not decrease anynore or -
li ke in ofifining sxte The M5piing Setvorkis cyaliatedrvith the yalidationrset agaisrand dxthepat t er ns) -

have beengaddeshssifiBl ford feRf RitleMS afela@idd 15 theRQGESS1. Q'Hﬁrc?{fée ?ﬁ%ﬁj’%“g grixcger ¢

training pattern set. Gven a properly trained néural”n 0x10

pi xel w ndiosstesiaddiag now gatterneis repdgfed antil SwtnambenpiifaiwgeciEsidied pitereval uat ed at
each posi Ehieq{n.idame é‘{%t yor | 'dg [esponse is,,.stored i n3$@so-ca] | ed response

i mage by FIEVPTRGOT RS I8t feyree 5 ¥ 5o M 94 ct5he 3YWI08HEE P PSage wi t h
t he et wo(dsd oplytnphittext phttegnd) t havebeanddded. fTHi{ it ¥R EAMidd brbcebPnardlietPet Ween -1
and 1). Since a-step size of one may be conputationally prohibitive for

| ar ge i naBY¥ESHIARINGRANBFF N ti on tel evi sion (HDTV) video sequences, we use

a step factor @fve@a%ﬂg)cay trfintdfeukal BtGorkYa 5'(5{1@@E)iep{'}indfs\g%ﬁ@c%tobgrqh Lt ! ; may be

that the subsanpling doeS not causes any decrease In accuracy bu

speed- up. edzgegxrientatormbgr Ecint éy eveluitodiatreaeit (ositins. fige retwarkk respdnses net wor k,

| ogi stic agtivation nction, . at h w ndow, | gocation, the output of the
necr al - netaistt SOl bR e py R Y RS GORL PR PP 1 ) 11
S0, 1@ box irﬂichchXh&Qerfubms%dgphyvaﬁdéﬁfaﬂ%wifiaeiee@c!s‘iilgmg,yilégsemé/&'Jt'%namy be
added to the associated position in the'response I nage. 4.3 Scal e

| nt egr ati dh.Siee a stepsiresofend odiy be odnsputatiosal iy protibitiedfos aadeémbgex or Kigh ect i on

results at, al.]l. scal es i es, 72 - 80) are integrated inta one saliency
mp-of -t efetitere b PERa S Sreeredh vkt SRl o wede Peoed @ o,
bl ock 82. y dirBcti¥agspselctiviy. | iRy bé @4 the Abadning dbekglt éduYes ahEFRALY/RS as
correct hits at nultiple scales, while false al arns appear |ess consi stent

over nul B¢qyrasy Beted sed-wp 8% ency map may be created by projection of the
confj dence of ﬁﬁhé?%ﬂg;cﬁ%qi?@ﬁ%lﬁsgga%gfvz}?ééd%c%ﬂ%%f@%lt%.aetfivaficgr\le/ g.inctgg'n?' (An

exanpl e of the confidence o i ng-tex an act ion t he

neural netyatk wiidoptlbcation tRe S@bit e nBBBI idBYork @ thsfddtif Rkkce@dd thy, .28 0- Then,
for each detected boundi ng box at each scale its confidence value of being

text is Qdddbetveenhendskd) elisy afbap obLX 10 fided by ihe pfuralmetivdindutpgt box at t he
ori gi nal ivgﬁ one boundi ng box in a given

scale w thi ngﬁﬁzgg%@cﬁitg&% -5°g‘%%8ggsér“f“.riglﬁ’]t"g"?sr‘]’g‘r‘sééﬁ’a “h some enbodi nent s, the
sal i ency nep nByal¢ Bitdgeationt he total nunmber of boundi ng boxes fromall inmage
scalzg S within hseom\é:,i e%brg)id}[ cn(t)g, th% ¢ \9 %E{édgslcj:‘!alggex?cricett%tior? results at al] scales
(images 72 - 80) are integrated into one saliency map of text in order to recover initial text
bounding boxes. (See, FIG. 2, block 82.} In many situations, text locations identify
themselves as correct hits at multiple scales, while false alarms appear less consistent over
muitiple scales. A saliency map may be created by projection of the confidence of being
25 text back to the original scale of the image. (An example of the confidence of being text is
an activation level of the neural network output.) The saliency map may be initialized by
zero. Then, for each detected bounding box at each scale its confidence value of being text
is added to the saliency map over the size of the bounding box at the original image scale.
There may be more than one bounding box in a given scale within the vicinity of a
30 particular area. In some embodiments, the saliency map may refiect the total number of

bounding boxes from all image scales within the vicinity of a particular area.
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2 3 AUG 2004 WO 01/69529 PCTI USQl / 05757 4.4 Extraction of Text Bound hdUb 2004
Boxes 4.4.1 Initial Text Bounding Boxes There are various ways to create

t ext boWRHHWBoxes. The foll owi ng describes 5 techni quPETTEH0185T5

enbodi nents, but the invention is not restricted to these details. To
create an initial set of text bounding boxes around regions of strong
saliency, the algorithm starts to search for the next not yet processed

pi xel in !ﬁ y. § ﬁ g%ue | arger then a pre-specified
threshold£{h %ﬁh th f%@&é%u & B8 reshol d' s val ue is determ ned by the
goal to auondlmhafhmeabananm¢ext boxes for non-text regions. Non-text
regi ons should, k10 be | ess salient. oyr classjfi t hcorc = 5.0 worked
[ e hovever T YA a0 68 i bdire PR The Bl el net wor k
i's trai negdhniqledMerbsthe ShBRAmENABuBhOineaitod id1Rt HSPFied tdMER Rtalk xeh, called
‘core pixel, in the saliency map with value P(x,y) > thcorc is found, it is

taken as Weasewvinitighseh by hourdingboxentropns igpionsafaironecielienty, trnalgorithy t ext box

Exanpl 6 1Tay s BF e vel BibedsRid U BEnE AR AL E Biiheel P COP P,
Initial t@xaprexspedifad theshad gJJ. tiechdssrdiRan’shoiicvipleas ddternfided tsear ch for

next core pixel and create a new text box of width and height 1. 20 (2) do
(3) ext entditigeal by oy the ceptienaiderd beees fqrmon-fext (egjons XY @ntt}xetsalphs( thould (6)

extendV@st 0X),. 25 il e (box change e, avera tensity of the
pi x¥ s of %% ﬁ%%‘éﬁ“&céﬁ)"“\,\%s gr\}{‘-,w _gaﬁt‘g?’g% %%PW’"&F" 25‘3<t°|bt‘?yt he overal |
edge strepgls Pad' (Egg%al v GHOR n&&oﬁﬂ?n&:ﬁés{)eh‘ fRhbE e ElﬁWSQﬂcduﬂi GJB’%E

di rection. average Intensity Is Iarger than : ,' t he row

i s added Dﬁc&d}ﬁx&@ﬁllc@@or@blxﬂ iethel ealiersey GiEpSAith \Iaﬁxel?@x@ﬂlhtou l@fchhhﬁ isizal | er
than the in order not only to get a text box _includi ng the core of a text
regi on, btakenmasiasged fopa new daxt bm%frhﬁabh@é wifith 1pdhisgewftext Bex isdban.  Next, the

same Cri t@:[ az?rﬂ:dt ratVED. TRe FARAH tsmop.&i% (}:aglcﬁ l??cu'd?%:ﬁe Egﬁ}ﬁé} ) ggl@él‘ckn“ ght

This iter t|ve ox eg ansion r eats box keeps
gr ow ng (mMuﬁbﬁm@tcﬁxmrmm alg@nthm

Initial text box creation algorithm (Pseudocode Example 1):

(1)  search for next core pixel and create a new text box of width and height 1.
20 (2) do

(3) extendNorth{box)

4) extendEast(box}

(5) extendSouth(box)

(6) extend West{box)
25 (7  while (box changed)

The average intensity of the pixels of the adjacent row above the total width of the

box in the overall edge strength image is taken as the criterion for growing in that
direction. If the average intensity is larger than thygio, = 4.5, the row is added to the box.
30 This value is chosen to be a little bit smaller than the, in order not only to get a text box

including the core of a text region, but a text box that encompasses all parts of the text.
Next, the same criterion is used to expand the box to the left, bottom, and right. This
iterative box expansion repeats as long as the bounding box keeps growing (see

Pseudocode Exampie 1).



2 3 AUG N04 WD 01169529 PCT/ US01/ 05757 FIG 3 illustrates date and UG
an image in a video frane 110 and exanples of initial bounding boxes,

al t hougf&dH&%Hvention is not restricted to the particul BET/BS@HFEs. The
background of frame 110 could be a solid color (such as white as
illustrated) or a nore conpl ex background with different colors of various
shapes. The t &X&. hblupiertesglatesng gixesin gn Bnage insvide Bemebl Opadgsempleneds. There

coul d be .additi.aQn; ext_dgin i . . ' i.ng Boxes
The. i ni'ti O abisaRs Sk By TRE Sy kb i St b pERadRlk: BRNRRETD P0G
i mge: | nThepzelgirowd, of Same 1hdx@sd boatdidroloo (et s whirlas dluatrated)prz ot her s span

nore than one |ine and/or , col of text, and jn t he background make
Up & | ar qBOBGPRPIEE CATREr s e rent Golor A i lPet nEE S RO ngs can be
OVEIsCOME §keddte illubfratedl ¥EdABREH S OSSN A HeSABRISHA] Cext uiihia%g ing the
“information contained in so-called projection profiles. proj ection
profile of4an Revisgd Textdayading Bgxesonpact representati on of the spati al

pi xel content -gi.StL:l I RESK : - i.nr. docunent
Pext segmont At ania(lshn g BEEs 87En RERR pAHESRTRINE o o b Eg

di st ri but practicefsosmrbexesmgrinlio ttxagfalsealagug)hothers sipn nuire thian b inesantifpr (al |
spatial information is |lost), ,intensi,t rojection. profil.es preserve the
rough spafqyrn B E¥t i“'ﬁﬁ"f‘i“&’i‘yéj{e bapker L5’§' uﬁlﬁ?aé%ce??r%‘?rg‘?f-o “Bytegation of

t he i xel FeaRbRRYL thede Jh@&b&ﬂﬂ%@daﬁ‘b@ ohdréoe By 4 iRedtivE PospRickdsmig PRoteldfe def i ned
as the vector of the suns of the pixel intensities over each col um/row.

FI G 4 shueiilizizgihejiderpiation eonginedhn gerealled grojeghian pwfliesont al proj ecti on
profiles are j ts.al FE t he
feature imgesg%ﬁﬂggfﬁg%gog“ (?)fuﬁgé?‘gée}gg'sg%saatcﬁggta Eetggpr%gfﬁggo rgore ?%Teld by steep
ri ses in pixel cotteht distribpicd) aad haoveep sakcessilipwampleytdie dbauneant tekoundari es are

mar ked by steep falls. SSmlarly, the rjght and | eft boupdari.es of text
obj ect s aF%‘o’"icﬁgf’E’ét g&"lﬁﬁls?ﬁﬁ"@ﬁ qn}yst@gtugﬁhggaqchcx ST?%“’HBEFWFC proj ection

profile. FhRSEsuchheaR piled AtendiBflaliabdtil infrmBeor id I3 ihiehdiyPojbdeat i ons where
the profil efgqrsaph crosses an 25 adaptively set threshold |ine. Down-up

t ransi t i oneefdas@reserynitife revgttspatial distriputioma taresigian genrhighenraregabiensolar e
signified,hy. Li ne: Ln E . bject" is
used as.f oo EE, i a0 ARG fidelsinioh e oy of Aok Fithe LK 2 PCL
boundary higesufnis B€theghixed) intemeitiehaster bah cblemn/rodar ough t he revi si on process).

In the case of video, a text ohject .includes . multiple.text baunding boxes
(includig t hosgf/d'%(f?‘?ﬁé?“ ﬁm?eb‘béﬁ“‘imvfﬁﬁéﬁnﬁWgn?%ﬁ)gfobcﬁu?ﬂ'E)r(?gg:g)"rcf rom
di fhgrent sbrige®ss b charflongithd €8hdlPaxes of the feature images. The upper boundaries

of the text lines are marked by steep rises in the vertical projection profile while the lower

afgulegiis

boundaries are marked by steep falls. Similarly, the right and left boundaries of text
objects are indicated by steep rises and falls in the horizontal projection profile. These
steep tises and falls can be identified as locations where the profile graph crosses an
25 adaptively set threshold line. Down-up transitions are signified by a long line and up-
down transitions are signified by a short line (as labeled in FIG. 4).
The term “text object” is used as follows. In the case of a single image, a text
object is a text boundary box (including one that has been through the revision process). '
In the case of video, a text object includes multiple text bounding boxes (includir ¢ those

30 that have been through the revision process) from different frames in time. Stated
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2 3 AUG 2004 WO 01/6929 PCT!USO /05757 differently, in the case of ixdglds 2004
the text object includes different instances of the sane text from

di ffer aND ofifeemes (i mages). An exanple of a vertical segmetesonmosrsal gorithm
is given in pseudocode formin Pseudocode Exanple 2. An exanple of a

hori zontal segnentation algorithmis given in pseudocode formin Pseudocode
Exanpl e 3iffermhgvie the dabeof videonthe taxt olgeat atcludendifferdnttiostarioes ofplar taimeud-ar det ail s
shown in PSG%J cotg% Exzﬁjloesﬁ 3 and 4. There are other ways to inplenent
enbodi medPd BEERTIMRIAII45HWs. Note that the term "segnentation” is used in
this section AR eganplect i Odrtivdl bdgnieaatisn digorititié gilerbia phslidogbde@xisinand in
section 6 to.refer generally to renoving text fromthe background. i0
Verti cal Pé@@ﬁ@#&ﬁﬁ@nle%g‘e;mawme(qﬁgéaweg@écga%aﬁw@lwthm13glésmand box at
the top ] ig;g,f;bf hel : t | gl.hal text
-'boxs and raﬁyg%fd Q%ﬁg.?@éggiﬁgﬁgoﬁ%déi ma '?é’k?ﬁ’l“fhé’i"%’%?’%"%g‘% téiﬂgteggdr?likcal

proj ect i @artisnlef detaisshowin ' Bspudotéde(EXpmgies 3 mdit.nlikaraerd otexwansito prof i | e val ues

4) cal culate the seqgnentatian threshold et .change.=,fal se.(6) for all
s of tRBeRe bRt R bR AR Cnbithe B3h; SBRMRi iU i) (o |
(no upperthibedtiieRinycoffdctiof ith selisingoipitial buaudiglg byxes afdlihlseddion Gavreférl0) el se
(11) if (no | ower boundary yet) (12) set |ower boundary = current row 25
(13) if (BGPRS®lY thaTmeMRs iex fiom thebackgiouadw box using the val ues of the upper

and,l ower boundaries (15) unset current upper and | ower boundaries (16)

set change = true (17) delete processed box 30 Horizontal segmentation
al gor i t hnVerfsad spgocodtoralgenthm (Bjeudocode Example 2):

(1)  expand box at the top and bottom by the minimum of half the height of the original
text box and half the possible maximal text height
2) calculate vertical projection profile of the [E|
15 (3)  get minimum and maximum profile values
4) calculate the segmentation threshold
(5) set change = false
(6) for all rows of the profile

M if (profile[current row] > threshoid)
20 (8) if (no upper boundary yet)
&) set upper boundary = current row
(10) else
(1D if (no lower boundary yet)
(12) set lower boundary = current row
25 (13) if (upper boundary)
(14) create new box using the values of the upper and lower boundaries
(15) unset current upper and {ower boundaries
(16} set change = true

(17) delete processed box
30

Horizontal segmentation algorithm (Pseudocode Example 3):

(1)  expand box at the left and right by the minimum of half the height of the original
text box and half the possible maximal text height
(2)  calculate horizontal projection profile of the |E|
35 (3)  get minimum and maximum profile values
(4)  calculate the segmentation threshold
(5)  for all columns of the profile

(6) if (profile[current column] > threshold)
N if (no left boundary yet)
40 (8) set left boundary = current column

)] else if (right boundary)
11



(1) expand box at the left and right by the nminimmof half the hei g Al 2004
the original text box and half the possible maxi mal text height (2)

cal cul a%® mopi2z2ontal projection profile of the IEl 35 (B)TMyst/esiyii num and
maxi mum profile values (4) calculate the segnentation threshold (5) for

all colums of the profile (6) if (profile[current colum] > threshold)

(7) if (noo)eft bdigepereyverrcired coiginnaed righebouridayndlargg ecowghy r ent col um

(9) else (@f) (right clrawmdarbpk fibin i2ft 3nd\tikht BOOa® 01/ 69529 PCTJUSOL/ 05757

- (10) if (@zp bet weeansetltftraadrightdounduriand ri ght boundary is |arge enough)

(11) creays) new bepe from | eft and ri ght boundaries (12) unset left and
right bOU(n r| es (J;J,s%}r tsbguﬁjafyM) upset right boundary (15) else if (no
right bo Sc(, Juhw&) boundary = current colum (17) if (left &&

no right ndargg unrd CIPQH%NINW last colum 10 (19) if (left and
“right bou |§ cessed box to current rightlleft
2 S@ ﬁ

boundari e ( processed box 15 Wth reference to
Pseudoco odi ments, the vertical segnentation
al gdrith W—%FX f“bdrégcl"éﬁo ndm & ) gb@ﬂ%s fol.l ows, although the invention
i s not ed tmgla{ewégcgsﬁg 3* °°”"T’?lél Quidatics qed at the top and bottom
(l'ines (1 hncel £2) in Pseudocode Exanples 2). The enlargenent is desirable

because tﬁé)cor“tﬁl@éﬁp@%ﬁd%? 20 may |lie outside the current box and

therefore the initial boundaries accidentally may cut off a portion of the
texts. To recover these boundaries correctly, some rows outside the
With reference to Pseudocode Example 2, in some embodiments, the vertical

segmentation algorithm appllcd to each text box works as follows, although the invention
is not limited to these details. The box is enlarged at the top and bottom (lines (1) and (2)
in Pseudocode Examples 2). The enlargement is desirable because the correct boundary
20 may lie outside the current box and therefore the initial boundaries accidentally may cut
off a portion of the text. To recover these boundaries correctly, some rows outside the
orié'mal box should be taken into consideration. We set the top and bottom enlargements
to the minimum of half the height of the original text box and half the possible maximal
text height. While half the height of the original text box seems to be a good worst case
25 estimate for imperfection in the initial vertical boundaries, the restriction to half the
maximal possible text height is used because the original text box could contain more than
one line of text and therefore half the height of the text box might be larger than the
maximal possible text height.
Next, the vertical projection profile over the enlarged box of the feature image |E| is
30 calculated as well as the maximum and minimum values max,fi1c and Minprge in the

profile. To determine whether a single value in the projection profile belongs to a text
line, a threshold thresh,e, may be catculated as threshyey = mingeofile + (MaXprofile -
mingogre) X 0.175. (Note line (4) in Pseudocode Example 2). The factor of 0.175 was
chosen experimentally and may be different in other embodiments. Every line with a

35 vertical profile value exceeding threshyey is classified as containing text.

12



original box should be taken into consideration. W set the top and Tob b M0t
enl argenents to the mninmum of half the height of the original text box
and halWOth&238ssi bl e maxi mal text height. Wiile hal f tAog/ussigsns? of the
original text box seens to be a good worst case 25 estimate for
inperfection in the initial vertical boundaries, the restriction to half
the nmaxi mal [imﬁséstiﬁle(&)eﬂ?sch@cgdﬂEiasmgmb@dﬁ@mmbmﬁe topgagpinfad the ext  box
coul d cont aj qre h If t he hei ght of
Che text Tadsurgi stpar§are et ioe Thine o HELE APl BIPhEr gt Next.
the vertiwgahd efﬁeecadannw)ofnhhretmem dhdovardasigediskescet i fhe feature inmage
IEl is 30 calculated. as as the maxi mum and m ni nu al ues maxp, nflc
and m nerSPJCE“qﬂrPf?Wé(hfﬁ’rlétliféo‘mffé ngwibax H‘i“ﬁéhev%‘gffl‘fé’Ppcéa%%eé value in the

projsect i uﬂ&zﬂ ¥ es%t O sddPchP¥ol E?féw pdid aedoﬁutp%@ﬁﬁl%wdn Msﬁﬁhﬁ cxt may be

“cal cul ate as t xt = mnproflc + (maxproult - mnproik) x 0.175.
(Note | i r@n(m:)cmunnlﬁéleqlm‘wmmMW‘@HZ’)OHE heve pegnt popcessed. OF inglly, thgs chosen

et T A Ay UL 8 b RoFin RGBS, SELBig o e Wi h @

35 verti cd® & excee 1S el 2SSl Tied as “tont ai ni ng

text. 12 Qhﬁh%s&@&kawagﬁ&ﬂtﬁtﬁﬁ%pmm@&ﬁﬁﬁﬁﬂhb framné 0EBIG 8) Not)thaf
Pseudocode Exanpl e 3, the algorit begins to search for first down-up
transiti offditiogp "°W@1°f‘§ Frenid PFESW“"?H‘? g‘gthWdl”? boxs gﬁw%tg‘ Fa[E:’ gt ential upper

boupd of a texkneﬁ% bltﬂ@h&)ng%ﬂ%@mcﬁtﬂﬁm%ttﬁm(ﬁ@lﬂ@cdd'&@iﬁ:hﬁlle(}ﬂtsl s searched

in the projection found a new box wt e current
upper andappdingto Sstwo dired taxt e@np@newbuhd@bs uPhkelengdpgstict issepgratedy pai r of

dovn- Up. el hc I0U0 L LABRELAD S SRRIONSR I brplly LRGS0t he

projectio i pr 0eesse orirginal text box may
be del etegxaﬁ[ﬂsqesﬁeﬁaa :box |s now split into its text line. See FIG 5,

whi ch shows vertical segnmentation applied to a portion of the frame of FIG-
3. Note that &ddi thd'mrqféxlﬁﬁs&ﬂéog&b'lﬁ ig ugrd I@etefcer\n%twfthteshboundl ng

b h Fl Anal | t h t t at
DErSs, ST I Sy Bind B SRS g AL AP BRIRALL , onc

l'ine which doeg)not Ahap pitgmeedek Bedn dd&ccﬁﬂmﬂﬂ(amd/emcﬂ(swmuoh wosdse
enbodi ments, two differences nmay exi st between Pseudocode, E@P%}pl es 2 and
30 (1) A finthedsams’ colupm sholdld ealpespliupns tq gnallgaps beveeRdneIBEBaL i on of

(hreshtw . ohds BHRRIBERE Blol phrapfeltr & itBhddR0 BATeehQY A HoPizbRaipaRe | OF Tor the
hori zont al” segnment at I on. (pzlﬁé! A gap paraneter has been adde?mnl i ke the
vertical sapeeifnatesauny. iftheslgorithm has found already a pair of down-up and up-down
20 transitions and thus a pair of potential left and right boundaries and if the gap between the
found up-down transition and the current column is large enough, the down-up transition
found on the current column is interpreted as the left boundary of a new text object and 2
new box is created from the formerly found pair of transitions. The current column is
marked as a new potential left boundary. If the gap is not large enough, the algorithm
25 interprets the valley in the profile as being to small and consequently ignores (deletes the
potential left boundary found so far). The algorithm continues with the next value in the
profile. The invention is not limited to these details.
FIG. 6 gives an example of the result of the horizontal sc.gmcntation algorithm.

Note that additional revisions should be performed to the bounding boxes for more

30 complex layouts.
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in the "same" colum should not be split up due to small gaps betwedrd Abel0li
i ndi vidual words. Therefore, the gap paraneter is needed to bridge these

| ow horW&onteas29profile values if necessary. |If the al gardtrbsikaz7f ound

al ready a pair of down-up and up-down 20 transitions and thus a pair of
potential left and right boundaries and if the gap between the found

up- down transiRIGoﬁilhlnmiattitexté‘m’éMDNESIQ;pmmdcki;tielsma¢9g enrcbnh and hewotdan- up

transition fou,nd on rrent columm i s i as the |left boundary
b 20 hew eRPREnn a8 gk 28 et Bffun e ok Bt i TR RS aPREHES. { ound o 1
of transitig fﬁckéfb@)dqaﬁmﬁi?tbcﬁ@ingm'toloﬁ or ABUkREk RSkGouRe BOWaANaaY | eft

boundary. If th egqap is not_|arge enough, the algorithm 25 interprets the
val l ey i ncal9aopdi F{enteshagcsbeﬁ?@/e salsrgmentation algsHYEHTIBNRN yoIiYHSERAAE del et es

thes pot e{ﬁE'dﬁ’l‘crénﬂé( 3(?6{-?41&}#{1% t38inf Hvbjved RS ﬁ%dgé)ﬁ&?ttf&}@v&g%é ques W th

“t he next val ue I n t e inventionis not limted to these
det ai | s. Flhﬁeaﬁn@lmhs bawmxahm léomflmmetsr\dmthc vetticelpeojhwion poxidefor

segnent at orit t i t.| Vi Si_ons ul d.be perforned
Co the. holdrRi s lBode bR’ 2B Rl B Ra ity Beg et Pro

01/ 69529 RicTiles/obike 3maliof t&iltfathzngﬂtlvuﬁcthrtﬁéref@retmtd nobENpIIOMSwGaesrodi ti es
trading is risking and is not for everyone"” in an jnmage 120 that includes

a backgr olifrg: £24he ptherdwend, Str §ag betiregn Wé%‘ﬁ%t’@é‘m E@anqaé(’fﬁ&’r%%‘ 5% may be a
si ngl e co} ah Pl tﬁpﬁmizea&amgrkaﬁamqlg@ﬁm& wasld bm&wﬂuﬁa{twﬁt @fnsdi f f erent

shapes). ertical segnmentation algorit may not “initial'ly separate S
t he di ffepunﬁlat%mpstlcwméayoﬁt caChndiwdid mltsttpadowgandrmblnm;sf gfewicyeled i s not
for every for this becones c gi nes what the

Lot Peel Y Bl Sasse D Serirl AT b Rap Y Bt BT e BSRE 1§ e BREOMIEDL PP 0oL

text box in thginkefht tex@hdighn inRyagePskvelllae indtdéd fahes iiimfiéd, 8ssofle t he smal | er
text to the right which therefore could not be split into two text |ines.

Ch t he ot KBPodimaets. howes Yilp bet ween these two text colums is |arge enough
g 10 spli ty ugmajtler the_hso[l zontal segnentation al gorithmwas applied.
Fimental |y 78"t Urfsregtit *Pt hat al nost every layout can be divided into
i ts text ppws and colums if a few cycl es (or passes) of vertical and
hori zontal segnentations are applied to the text boxes. Since the text
hei ght in i magbsghts meldadgs 5 magedge2frames is |i m ted, in sone
enbodi nents, boxes wth 15 heig
are c\assnﬁeg as non-text regions ané thcrc?g)rc 31' tj;arécd Morcovcr, si?ace horizontal
segmentation assures that text boxes contain text objects like werds or text lines, the
20 height of correctly segmented text boxes should be smaller than their width.
Consequently, boxes with
height > width
may be discarded, too. Finally, text boxes which have the same upper and lower boundary
and are close enough to touch or overlap each other may be joined into one text box. This
25 reduces complexity and may later enable a more stable text tracking throughout time.

4.4.3 Estimating Text Color and Background Color

In some embodiments, estimates of the text color and background color for each
text bounding box are made. The estimates may be used to determine whether a text
bounding box contains normal text (dark text on bright background) or inverse text (bright

30 text on dark background). Images are typically colorful. Even a visually single-colored

region like a character in a video frame consists of pixels of many different but similar
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or Height > maxt eight = i mgeheig, (/2 are classified as non-text rebddws 10
and therefore discarded. Moreover, since horizontal segnentation assures
that te¥OW6ERE® contain text objects |ike wads or text |BqwssSoHtoles7 20

hei ght of correctly segnented text boxes should be smaller than their

wi dt h. Consequently, boxes with height > width may be di scarded, too.

Fi nal |y, dobx¢ Adawslnghhittetrohglesity hEths arter digpeutioandedchbwat bbodmdapry and are

cl ose enou to,touch or _.averl ap, each. ot her be joiped into_ .one text
o ST e Pt B o e 2R EAE T ARRITIY 18 plof! et 0BT < e
tracki ng A RaigbOukiol hiltizeds dapbdassed NMatouh gorke we usHdl afkst aedorBasttgegund Col or

In sonme enbodi nents, estimates of the text col or and background col or for
each tex¥hipbupacadly ptlalife made. The estimates may be used to determine

whether a textm&?&miumogmfr&m%mwmemm 4R duab®tl cOBrsdT i ght

‘background) or 1nverse text (bright 30 text on dark background). imges are
t ypi cal | yinclofiertextiin 2 Bownding beis b ingasyiempyee®b k sarerle ot thyiesh fariekamplechar act er

in a video frame consis of . \pi xel ' r pmlar 14 2 3
AU 2004 Brts st s beciie Bty RbFhg o TREoR e B BEhy Qe otle B o3 ©) o
the col or hi&b%bmi Wollld 8Rically Aacihcliéxdomebatiddugd nsminged deevees thttesdnty
quantizing the colors to, for_ exanple, the_ four st. dom ating colors. A

variety oftsidesams leherafis 2 ors GRepuise PARIERS of the kot fhan REOWSER®Y  ast
vector quaikl gSit oe WD, AL %x{&@&iﬁiﬂog&?‘éﬁ%i | able. 5 A text color histogram
h

provi des a neasure of the anount of e quantized colors included text in
a boundi ng boxA batkgrowsd solpehistegramanayfprayideamptasursiof thiaempentiof theor exanpl e,

the four center, rows. of ,the text ndi box.- The col prs by the
text col oﬂumh??tcﬁgq’%ﬁcwsﬁa p?§‘8f‘sc(gﬁﬁ'§/ga§*2§r ml’d)r‘(lcploﬁﬁ’gam? gcﬁeclgggggg%ﬁd;

i nt er m ngbefvdeivaaREctlyabbRrand Belgw thatsktdex §fonerole tdgether) ( Hog that thdd ) . OF
course, portions of the text other than the foureﬁfcgter 0 rows could be

used for brrkerounRd C@@I‘B?“ﬁ?@ﬁﬂbi“&%ﬁ“?—?“&&&%?@?fﬁﬂw FoWRLr am may provi de
a mRasur eh%ﬁ%dah%?s (2EDUR 0 b8 thete@thi AR bitePkrofbeioncheided. i n portions of

ackgrou exanple, the portions could be two rows directly above
and bel owAlfamatiesly, throxmfghbbr onlpabackgrgendeniyr histiegramt fram alioye $e Ok gr ound

col o hi st ogr A Ao GofReAENt s from two background col or
In some embodiments, a difference histogram is calculated between the text and
background histograms. The maximum color of the difference histogram is very likely to
20 correspond to the text color and the minimum color of the difference histogram to the
dominating background color. This methodology was proved experimentally to be very
reliable for homogeneously colored text. Of course, it may fail for multi-colored text,
which is rare.
Based on the estimated text color and the most dominant background color we
25 estimate whether a text bounding box contains normal text or inverse text, described
above. If the grayscale value of the text color is lower than dominant background, we
assume normal text, otherwise inverse text,
FIG. 8 is a block diagram illustration of the use of vector quantization and the use
of color histograms to estimate the color according to some embodiments of the invention.
30 Other embodiments have different details. Referring to FIG. 8, block 130 represents a

bounded text box and surrounding background before it is vector quantized (VQ). Block
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15 histograns (e.g., one from above the text and the other from bel A AHe2004
text). . Alternatively, there m ght be only a background col or histrogram
from abdP¥eEt ext or one col or hist ogram from bel ow tHE/YWIO575F n sone
enbodi ments, a difference histogramis cal cul ated between the text and
backgr oun? hi st cl)_g{)‘arrs. The maxi mum col or of the difference histogramis
very | i k&P repgsendiihe Bpyndet eripr ubantized teshaisrabingroagkigmounie AfemY Quthe col or  of

e ot She0as: Rl aanAR L E: SATHORRT. RAEKILRY Aot

met hodol ogy™ Was pr exper i nent a

honogeneotsstey 6@ @ efar B ta st (cGQUEH RentbrlroWsMdoBbH thh Bdnte Sk eke GGLRF €d text,
which is rare. Based on thenqegstfgonat ed textw?gl grgand tnhe m;:stqgimrnant

backgr oupet o¥ cotor lwstogpdnseCSH i aed €Hphetcrmteddrotiexitrip L divo goves) xbeentili Ns

normal text or.inverse text, described above. If the grayscal e val ue of
Bl e P R £¢ PSSR PO I GIREHIGY. b SEAToRte AloRml ¢ ext

‘t he” t ext
ot her wi s@rel AM¥RES ETHePAbre, ik GoloBhibidgramb b e Aird Bt Riftidd dfhd Aldufyof the use

of vector quantization and the use of color histograms to estimate the
col or ac&¥hdIf iy olprsehC f3otidiehingluddd in the stripsafier V¥R A dffer@icheclormbodi ment s

h di f ils. f I FI 8,0l 0Cck 130 bounded
Loxt box "SECLEFBOh A BARr O0md Her ol PIL; &% SBrd FhUnEZed (V0.
Bl ock 15 0 J1097457 1 he b ded
veotor oumrdi P R R R R I A et G B T ot cional

i nad udi ng backgteahdathdwrsmaret yolbomby 6hsed 8s deforitRd in £EtidaE 6Pisdnagriam CHT is
created from for exa a strip four center rows) through the

anpl e, ip(eg., . .
center opcbé’xtﬂoﬂgﬁﬁeﬁ’sc‘ém51'Q\RP‘ZS@P@&-lhﬂl‘ét%ﬁréhﬁ@ﬁ@lﬁl@cawﬁ-muﬂmg@ created
froma sty Se colol¥TslRYS dhedld : froma strip (e.g., two
rows) bel c;w ﬁgsct g)?(t), yg{r{éscpectl}cve?%//e.esg}lﬁ%{(ﬁ'ezt)gﬁ% r?gp%d 4 colors are allowed.
Ther ef or &, t hExploiti avign Redundenoyiig ¥ ideos epr esent ati on of the anount of

each of the colors . C2 and. C4 included,in the strips after VQ A
di f ference coIQII('J#230 '%$§Y%P5?ﬂ%ﬁbsﬁrhg"ﬁa}g§ﬁ'@d§°nm‘9@é“ @LWP-‘" U - CHL. As
suggest ededupgatey. THliGlly, Atk teRONR Hppédrd-byvanskvedal coXBudde raHearagishef ore being
subtracted fromCHI. to Note that the estimated col or may be used as

descri bedcm?P%‘é%ql’i"Sﬁ‘é’Yﬁf_?nzt?eZ“&W&e@%, bel ow. However, in section 5 to
oL O 5,2 (0 eGS0 PR 9,0
| nf or mat iveryirigedoditiamsciyon fraivie tefhamne,
(2) remove false text alarms in individual frames since they are usually not stable
20 throughout time,
(3) interpolate the Jocations of “accidentally” missed text lines in individual
frames, and
(4) enhance text segmentation by bitmap integration over time.
However, exploiting this redundancy may be computational expensive, and
25 applying our text localization scheme of section 4 may be prohibitive. To see this,
| suppose the image-based text localizer needs about 5 seconds per MPEG-I video frame.
Processing a minute of video could add up to 2.5 hours! MPEG refers to Moving Picture
Experts Group. Current and proposed MPEG formats include MPEG-1 ("Coding of
Moving Pictures and Associated Audio for Digital Storage Media at up to about 1.5

30 MBits/s," ISO/TEC JTC 1 CD IS-11172 (1992)), MPEG-2 ("Generic Coding of Moving
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Video is distinguished fromstill inages and non-vi deo web pages by 7 3 AUG 2004
tenporal 1s redundancy. Typically, each text |ine appears over several
conti gulifP¥tes. This tenporal redundancy can be expl®iTEsDIt06757( 1)

i ncrease the chance of localizing text since the sane text nmay appear under
varying conditions fromframe to frame, (2) renove false text alarns in

i ndi vi dudlictineasrasAsspeiated Ahedip,"db@/TES UACI1YCIn b33 ISt(a34e an@ OREG-6(Gfeout ti ne,

(3) interpol cat "accl m t ex
ow

t e the.l sS_of, ( al |y d i.nes in
i ndi vi dua lﬁrgtﬁep’su%méﬁasu?l O%énrghasha(t:ues' ‘fael%%lnl'gsrgﬁ?%ﬁtlétglﬁ’g\ﬁ%kﬁn%l rta‘hérb i ntegration
over ti nel.l.9gnvENSSY are difrant VérBignd ¢ MPE G d uind MRBG-0RY atdeusdorimitd @lidr oial
expensi ve, _and 25 applying our text |ocalization scheme of section 4 may
be prohi BYEFGé&ayPpsu this, suppose the inage-based text |ocalizer needs

aboyt 5 serondsxigkiedPEG | video frame. Processing a mnute of video could
‘add up to 2.5 hoursST MPEG refers to Moving Picture Experts G oup. Current

and proposed MPHGcassrafsatil inmages, al docidrdtaxt bowngiisrhgxestare gangially Pi ct ures and

As i at i i Qi | t QI i . its/s,"
s e SRR it Bradt b FaeplhR i bedtRedely BRGM AypielollD 65
AUG2U 4 WouRdihgB&e oPtht FihOddn@mt moRMigious fanantayAzsommatied ifwdine, " | SO | EC
JTC | CD 13818 (.1994); d EG 4 (! Vi L Bjtrat di 0- Vi. | Codi ng"
St at us: ct&’FtI°JE’§°6'$baP?do‘%fbt§‘glr‘}§“ﬁf9'§3‘,‘m Efr%bb%gg‘f‘s h‘?’?r?g' g‘l‘ﬁ%%%sgo%g%gaar e o
di ffoer ent e ¥iedbdcO3critfes Ve&Etide RGN Eﬁl@ im%@ﬁéx}?%re&&ﬁﬂﬁh%&.@.ﬁ l’ﬂﬁﬁap}sj}an MPEG

may be used. 5.1 Text Objects In the case of still inmages, all localized
t ext boungitesgndpositipna irethg sariqus fiupes asrdlns i éamposal drngn pEPGEEERNCE.0 each ot her .

To expl ol Lol et SHURARANGYy MY Alraditl o458 stabEBboecLRINALNG BES OF Lhe

same cont&nt' 1N cContl guous franes may be su I'nto one text object
based on ¢dmgpuvativnidlcomplekiznt Thedblidviag Hesxtibdyeperdiiongn berxeembddimeddie case of

video, a 10Q text object describes a text |line aqyer . tipe by.its iInmge text
r epr esent AH10YE the inyentigy; is Refiseyimited; E’b"sé’é'ﬁéagﬁo"sﬁ” ?oo‘ll%‘ar'ﬁ W‘%&°R‘7§Pﬁaous franes
as yel | agahdeSerdhSiRQERlutioR (48 FRE. CFAIRRDRE the [FRBNbARE kekEaIRR] €Cts in

videos are extracted in a two-stage process in order to reduce
conput at i desatibedampictii #yis ot epplist toeweny2ldefame (s, ftames 89,411 09,5130 me
enbodi man'ét%., in FIG. 9). Iftext is detected (e.g., in frame F120), the second stage of text tracking
will be entered. In this stage, text lines found in the monitor stage are tracked backwards
{e.g., frame F119) and forwards (e.g., frame F121) in time up to their first (¢.g., frame
20 F115) and last frame of occurrence (e.g., frame F134). This stage uses a combination of
signature-based search of text lines and image-based text localization. A sigoature-based
search is less computationally intensive than image-based text localization (section 4). A
signature-based search could include comparing edges or areas of the text with things in
other frames. It could involve an edge map comparison. Horizontal profiles could be
25 compared.

5.1.1 Video Monitoring For Text Occurrences

In some embodiments, video is monitored for text occurrences at a coarse temporal
resolution. For this purpose, the image-based text localizer might be only applied to an
evenly spaced frame subset of the video. The step size is determined by the objective not

30 to oversee any text line. However, it may be unimportant whether text lines are localized
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al though the invention is not so linmted. In a first stage, a video 7sj ApRIQ
is nmonitored at a t5 coarse tenporal resolution (see FIG 9). For instance,
the | myO@-B&E8EE text |ocalizer described in section 4, pcr/osisapplied to
every 20th frame (e.g., franes F80, F100, F120, etc. in FIG 9). If text
is detected (e.g., in frane F 120), the second stage of text tracking wll
be ent er efthelbBgihhing, stiegeiddtess tit the peboffticdimemparattdoeurroned. tlomnstagehar e

tracked backwar ds 9) and forwards (e.q., frame F121) in

time up tS"‘t"F‘?@F‘PaFtlag%‘tvqkréc?j’e”th‘ﬁtﬁé %’Woﬁqi%?mg‘i’?ghiegﬂrgfrane of occurrence

(e.g., frane Fr%%ﬂax&mlp%sﬁme%p HSEMaPbEO VAN tiahd ARl asw@ndmpoealbased

search of text |lines and i mage-based text |ocalization. A signature-based

search i sdurasion of taxplinestaceuTednrss, hick msiasseme fabe ntarenda¥isipurresterch ocal i zat i on

(segtion 4 siygn 1 I n es or
gillgat{:s thfl! }gm%;']y cdtb%a\? Qn a%g@ %(g?cg?&ré a{%ﬁgﬁ&% tb!gtgrgﬁlﬁtgg@ernla Qh.?sdﬁ

-areds of ¥ i'ngs 1n Invol ve’an edge
map Cconpagek®md Feasdiablezo adsame }ﬂfaofcxi should @ppedr diear@Forco tmar?.é’dof aSedond Vi deo
Monitorin For Text Cccurrenges |n sope enbodjnents noni tored for
text occufPeErie e eag! Yécag?}%l?s oty Véﬁtblég?ﬂsli‘ggé%a gtﬁpo?zct |2§%’5{ﬂ‘ pose, the

| mage- based t%fsoﬂne%bobaﬁ{emm i§1He iRBoekad [BANdaRLA: HesADt fith@hakt ipaced frame
subset of the video. The step size Ts determined by the objective not 30 to
over see aimyframes tthd momitor esvesseontinves witly frimewsni Hploweaer atitest dnertextdine | i nes
are localized 17 2 3 AUG 2004 WO 01/ 69529 PCTNS01/ 05757 at the begl nni ng,
at the ni ddbendothedmagdibasethtgxblbcalinei maybenppliedito Bamun pehEemein Newjs fétase, the
text tracking stage will recover the actual tenpgral nge .of each text

li ne. Thecashientdine polsame the algosith seaechpsplor b@r&wﬁmsw ﬁ'é" HifMea) A%s sumed

tenporal _duratign of text |ljines occyrrenc be one

second. ViTamgmi- (eAUESPUKICRCe; BERTSER IREXY NS mﬂhﬁ%‘ﬁhﬁ%’é&n Bt eta\%crr?pftfo and 3
seconds t ?ea.ﬁfa‘ﬂ‘?eéﬁhé: ﬁgﬁm}leaﬁquﬁgfﬁgom—i—gﬂﬁm frhme RBAMRs, hABGRABMee 10 assune

t hat text oul d appear ¢ or at |east 2/'3 of a second in order to
be easi |y valeetabldebe WSed. ﬁPBﬂlﬂ[;Bsrcwcm thpaintisetdesdribingshe referense &gl the ze of 20

ronee | RSO SO Ion ol LIS ARG Rsat b nd e oes o

rocess co tl nues wth

framer +20 ovériap SAWBIRL|, Cohseqbeasly, innlss t8X ttwb boreespahing bok@wahot iffer
i mge- basedtext | ocali zer, may be applied to framet. 1 and franes+]. Next,
for each tf@t@tﬂanﬁ@ PRISCHLR HES lftﬁhfé Oa‘r»lga‘r‘#% sAmeROsiFiem BLoptiguoUs BHRTSASHSRdi ng

text line Iy Aledto ﬂ@glgg\i}ggﬂg O%amgcyaﬂ?&l?&qulﬁ vD Bl WRADsiO $Baf |ines

may be de |nedy as an area | east 80% of their respective
boundi ng BREXESrecdoniti@ for hdRsmrid teﬁtatl.f @fsspordiihibaxghindtaiey.) and framey.) are

20 found for a text box in frame,, a new text object (comprising these text boxes) is created
and marked for tracking in time. Pseudocode Example 4 gives a summary of the video

monitoring process.

Video monitoring algorithm for text occurrences (Pseudocode Example 4):

25
(1)  video= {frame 0, ..., frame T}
(2)  fort=0to T step 2/3 seconds
(3) localize text in frame t
4 if no text line found
30 &) continue with next t
(6) localize text in frame t- 1 and t+ 1
) for all text lines in frame t which do not belong to any text object yet
(8) search for corresponding text lineint-1,t+1
¢)] if search successful
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val ues could be used. If A and B represents the point set describi n? t
reference and the 1ls second boundi ng box, respectively, then the perce

of over PAO¥AE52%e defined as overlap = JArl Bll 1Al. Conseqmresdiogssi n t his
case, two correspondi ng boxes cannot differ nore than 20 percent in size

I f they occur at the sanme position in contiguous frames and/or are only

al | owed t{o0be sl i ghtateyneshtefitabjbcagai nst each other if they have the sane
size. Snglil) shif tackteatobonmokiad non-static text. if correspondi ng boxes
in frametid) and f nasketekiolée f@afdound for a text box in frames, a new text
obj ect (conprising these text boxes) is created and marked for tracking in
time. Pseudocode Exanple 4 gives a summary of the video nonitoring
prodess. i-decleXbhRelgieng al gorithm for text occurrences (Pseudocode

Exanple 4): 2%@37}-3 Yh 86 8meEnt§ feﬁa{@xt%bjcct is thet? E?EFE!J b all(ggmé(s%r)ntﬁm} go to T step

2/ 3 seconds ocalize text In frane IT no text li1ne und 30 (5)
conti nue mbtdsparuaxe tcttt l(nﬁz)bals@txai the infarmation containgdrin the texq obgasth dreatedlin (ig) for al |

t t | Xt bj t t 8
bonroh T oratdmplifie il (histeaRRim? RiRPob S piess e PRbgEn Yot L9

18 2 3 AURndRAdrs WDinEIH 95 22%x( 43king B@ be péteimtdEidth e&kaeﬁds adlfbrwirdaiak
t ext obj ect backward (12) track text object forward PCTIUS01/ 05757 5 5.1.2
Text0 Tr ackirgHPHC SIS 6’cﬁW‘r€Fﬁ°§Pt“@éEFPr‘f’%’5?t“a%j‘?e?,"clY slacehaglivasdt ended to al |

franes coplaidids nd Pl GRRPEHIAE nhtle kb IASEHbotth Jdiceol (HQEIEE ON

contained 1n e text objects created’in video nobnitoring stage. (This
reduces thldecmu’ﬂtmebasmﬁddalblckmndap!sfambcxmﬁaqhﬂovtaidcbtbntcx?dmdmﬁm@rlscm4 in FIG 1)

T ok UDRY S B SaE B8 GRS BB, SR B BB L
backwar d ghmaskilings W sthedonthinisl20d sdafch %rftﬁd’ WREE reion @K antk dimemdn ihn t he
direction you go through the
15 the next video frame which best matches the reference signature.
The vertical and horizontal projection profile as defined in section 4.4.2 serve as a
compact and characteristic reference signature, although other signatures could be used.
The center of a signature may be defined as the center of the bounding text box of the
associated text line. Similarity between two signatures may be measured by signature
20 intersection (e.g., by the sum of the minimum between respective elements in the
signatures). In cases where signatures capture an object of interest as well as changing
background, signature or histogram intersection may outperform L-norms. To find the
precise position of a text line in the next frame, all signatures whose centers fall into a
search window around the center of the reference signature, may be calculated and
25 compared to the reference signature. If the best match exceeds a minimal required
simlilarity, the text line may be declared to be found and added to the text object. If the
best match does not exceed a minimal required similarity, a signature-based drop-out is
declared. The size of the search radius depends on the maximal assumed velocity of text.
In our experiments we assumed that text needs at least 2 seconds to move from left to right

30 in the video. Given the frame size and the playback rate of the video this translates

directly to the search radius in pixels. In principle, we could predict the location by the
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video. The basic idea behind our fast text tracker is to take the tex3 A6 g
in the current video frane, calculate a characteristic signature which

al | ows tWOAEI2hgui sh this text line fromtext |ines w tAcToidenssoNt ent s
and search for the inmage region of sanme dinmension in t5 the next video
frame which best matches the reference signature. The vertical and

hor i zont alnfpme}iet tantainguriotliel text abjectesb ifardd namove detr the sdbudh Paehorevas a

conpact and characteristjc reference signature, although other signatures
coul d be ﬁ?éed?aybﬁ{gccowgﬁoﬁn%edggﬂﬁature may be defined as the center of

t he boundi ng t Byt thioXighdtureh@sedarbnetiiatestch ebrithinnigay réiefibleahi blyclbet ween two
signatures may be neasured by signature 20 intersection (e by the sum

of the ni MARHMEHECREEN (0 @R prodictian et Hai the ﬁiﬁ@arigiwra?sgéée.d_qnﬁ cases
wher e si GURLULRYAAN B MnPDIREL oPle bithAIRRL:, as vel | as changi ng

backgroun signature or histogramintersection nmay outperformL-norns. To
find the precltsmyheppenition thefsignatuexastd taxt ling stdneh dvex hotfdetznte texddllinesi gnat ur es

ARERROL « VAN E NIRRT T X e

the best mahehnexerMdmeBExtd AidRlivddafibdrRebtotgpddidnaturd. yThelchénge€fbml i ne may be
declared to be found and added to the text %ect. If the best nmatch does

not exceed@eri frmamight faicetraliitabt deteofaple. £ usihente siBBIBESBEFdPE B Ut i s
decl,gr ed. s}ﬁtagii%f fai lﬁf) txjaé]@soﬁl%%lf)&ﬂin A bLRofl g&ép ird fRrcdR% Rd  assuned

velocity o . n our experinents we assuned that text needs at |east 2
seconds t dimitatiens, thersignetute-taged segrab nid@ be replaoed avegooth f@Amedyy thhienage-ane si ze

and t he pl.aybhack . rat.e of the vid is.transl ates.,djrectly..to, the search
A un P AR 1L B et f Bl o b e S ek Y (e 06 5 s
AUG 2006 Vet 65XD B ek GbiwkJerOhaydbe/disdarte@ hérdl i on cont ai ned in the text

object so far to narrow down the search space, however, there may be no
conput at i onal AtesEsticghy.ievery Ribt fmertnmed pyiia b E0NLOBRT XY PEPEEar ch

al 90t t M SR ¥l BABTRL Coe el REdould TRAEEH, el GPLonteLRltb BRI e predi ct i on,

except that e sifhilarity neasure Is signature derived from
a feat ure bowadieg bbxes ln€carospmmding texg Enesinaymyygridranet leasti3fte. t he si gnat ur e- based

text |ine sear does npt .detect .a text |ine  .fading.out. sl ow i nce the
search 1 basedtnioimRsTiRD Gecidhe el wekEs wEnpie BraYIdRE LT ame
and not ONedi}€ runl iXBEadH ShélE, tdxY SEEII¥RML & PERlo bt FR LSS k@ N@htifidus The changes
from frame to frame mght be too small to be detectable. Further, the

si gnat ur e- fseespifioney texf Phiecta i taeHre Renta e §-ainlevery emgrik o8ghert PRSI i n or
zoomyng © ubra&%f. 'Th-g%f&g,q ﬁerrl?ottbQ §350d idea to terminate tracking if no corresponding

text line can be found in the next frame. Rather, tracking should be terminated only if for

a certain number of contiguous frames no corresponding text line can be found. For this,

two thresholds max e’ and maxj=;." may be used. Whenever a text object

cannot be extended to the next frame, the respective counter may be incremented by one.
25 The respective counter is reset to zero whenever its related search method succeeds. The
tracking process may be aborted, as soon as one of both counters exceeds its threshold

maxirenbeed or max/peEst =l In our experiments, the threshold for the image-based

text localizer was set tomaxy, 557 = 3, but other values could be used. This kind of drop

outs may be caused by very noisy video frames or temporarily occluded text. The

signwoivre ~bared

30 threshold for the signature-based search was set to maxi; o =4, e.g., the distance
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limtations, the signature-based search may be replaced every x-th f?an8l6ajlt
the i mage- based text localizer in order to re-calibrate |ocations and

sizes oWOH&9¥xt |ines. Newy detected text boxes, hovwsvEUSO1ImEYS7bE

di scarded here. Heuristically, every 5th frame turned out to be a good
conprom se between speed 15 and reliability, but over intervals could be
used. Agdiebyeeh tws otrepleriadlingitages,ttueothborhds mgy bovses. 6fvab19|0féspondi ng text

i nes may overl a ast 80%. erfectl i deo signal
such as MAUGHS ﬁ?fltgaégxgioh’i"i‘tgﬂwb‘g e g r(%’affd seatdl ' Very%{muntn?u(% a%)ﬁ ot her),
t ext 000'2&%!11% inGPIRTRRS b@e:dr Pichasdode ERintple S%M%ﬁ& sufm@eeosfithd on of text

objects in the strict sense (e.g., in every frane) is often not possible or

20 pract i Yo mEitoriag Grasessi chrﬁylgmomfemebogmtwg& IPYFOt fRVEN t r acki ng i f
orres t rhetddhR e dbhre.  Rat her,,

'trac%kl ng "gs}ﬁé}% g’ggm{c?%rorﬂtﬂr?g IP?&? (q)ier 6‘13 certain nunber of contl guous

frarres no correspondl ng text I|ne can be found. For th| s two threshol ds

max’ sal Obj ect cannot
be extend@‘&f""ta tFﬂémﬁ%QgB]EP%% Oriaa Vepé?ﬁig%'ﬁt&se%ooﬁﬂ e increnented by
one. 25 Th§ regp@iatd [RopOue-@r is reset to zero V\/nenever |ts rel ated search
met hod su OSnagd edtljr 'tglgoprocess may be aborted, as soon as one of
bot b, coun%rs ﬁ?ﬁee b 0 ,-bs d or max'b"d . In our

experi nent’s, t i g g 113 ll D-pO text localizer was set
tomax' " “d= 3, % g m 36 |§5|s ki nd of drop D POW
outs may lag caus® ? ran'es r terrporarl |y occl uded
text. The 0 thlg gﬁ@fgﬁ i nature based search was set to maxa" , O
-pbard = 40 it dg 3 AUG 2004 WD 01/6929 PCT1USOL/ 05757

bet \l\ﬁaen t\ﬁ@ corrp ?QS‘é‘dPiﬁi’é‘a frames, but other val ue 186 used. A

val ue of 47) all owsarﬁlmIOC%lrza@:Wh@hdhatﬂr@J&hc% torflesbatie ths 1t ﬁ'&?é? ¢#35ed search
is very diobfettcul t such as for zooming in or zoom ng out text. Pseudocode
Exanpl e 5(8%el ow ifj(seaysh sucenssfriry of the video nonitoring process,

accordi ng (9o sone ashkibedibnettbe skt atiesti nventi on. However, ot her enbodi nents
of the inyesti on meesetsigbiased] RropOuscndiestt imegeBasedePripOsts Forwar d t ext

tracki ng ghporithimeof a given text object (Pseudocode Exanple 5): (1)

si gBased_[ppQut s ndierhedtt imdgaBBBARGpOAtOPCUts = O

(13) else
(14) calculate feature image for frame t

25 (15) estimate search area a for the text line
(16) create a window w with the dimension of the text box in frame t - 1
(17 get signature s1 of the text box in t-1
(18) for (each possible position of w in 2)
(19) calculate signature s2 for w

30 (20} calculate error between s2 and sl
(21) memorize minimal error
(22) if (minimal error < threshold)
23) add text box to the text object
(24) reset sigBased_DropOuts

35 - (25) else
(26) increment sigBased_DropQOuts.

40

5.1.3 Postprocessing
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to (3) while not (beginning or end of video sigBased DropQuts >

maxSi gBased DropQuts | | i nageBased DropQuts > naxl mageBased DropO}'(3s)AUE L
(4) get We#6959ame t (5) if (frame has to be |ocalized) paButG)ostsrcal ize
text in frame t (7) search localized text box that matches to the box in
the last frame of the text object (8) if (search successful) (9) add text

box to the texXwo mbﬁmatezmman@fornmﬁmh@b%éﬁn@rwﬁﬁmmsd am toebeemart
i mageBasedj Dr

el se (14)%d ll‘g%%ﬁ%‘é@%%%%%“ﬁn%é@%B?“f ?EFFEPW" » 3559 %6}‘ i F‘i“*‘f‘rtét Q‘E‘éé‘r G

ch area
a for theolij&nstémﬁ@ramlﬁbrnrﬁéd&@m 8 thel ftand Wstiridie iahanidlitieinaketased the text
box in frame t -1 (17) get signature sl of the text box in t-1 (18) for

(each postkipeslipergietecisd ﬁéﬁftc’wlmh Hipxt, the tpxt elject iy %ﬁcéfdé‘? gt exemPle2 for w 30

(20), calculat i1t g‘ § (21) menorize mnimal error (22) if
(m A el error thre% g% %"Sazs}%}gcﬁtext box to the text object (24)
reset si gBasecLDr opﬂ;ﬂss&dﬂ@-@ﬁ@teeﬁserc(ﬂ%)%%crerrent si gBased_DropQuts. 40

2 Loxt  obPBEr VAR PR LRI B SReTH T BN BSOS IS part
are usually visible for at least one second and shorter text lines are usually false alarms.
The second condition removes the text objects resulting from unstable tracking with which
i0 subsequent processing cannot deal. Unstabie tracking may be caused by strong
compression artifacts or non-text.
Finally, in some embodiments, one or more of the following global features may be

determined for each text object. The particular details may vary in different embodiments.

(H Text color of text object. Assuming that the text color of the same text line

15 does not change over the course of time, the text color of a text object is determined as the
median of all determined text colors per frame (g.g., as obtained through section 4.4.3).
The text color does not have to be chosen to be the median. Another average or non-
average measure could be used.

(2)  Textsize. The size of the text bounding box may be fixed or change over

20 time. If it is fixed, we determine its width and height by means of the median over the set
of widths and heights.

(3)  Textposition. The text line might be static in one or both coordinates. A
text line is regarded as static in the x and/or y direction if the average movement per frame
is less than 0.75 pixels. The average movement is calculated based on the difference in

25 location between the first and last text occurrence of that text line normalized by the
number of frames.

If the text line is static, we replace all text bounding boxes by the median text
bounding box. The median text bounding box is the box which left/right/top/bottom
border is the median over all lef/right/top/bottom borders. If the position is only fixed in

30 one direction such as the x or y axes, the left and right or the top and bottom are replaced

by the median value, respectively.
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whi ch has been detected with high confidence. Therefore, in sone 7 3 AUG 2004
enbodi nents, each text object is tenporally trimred down to the first and
| ast f rRPPLERS2R/hi ch t he | mage-based text |ocalizer det ectragot/hsstext |ine.
Next, the text object is discarded if, for exanple, 5 (1) it occur |ess
than a second or (2) it has a drop-out rate of nore than 25% O her val ues
coul d be6used1§[@g{ﬁcﬂ@&Condl tion results fromour observation that text
lines are usgﬁt Vi Si Ite forlat | east Oglf fc1ogd and horter text li nes
are usual |y fal's& AT &@PFE MR 2 ldny” FrHhs tt‘ﬁé"l%')?t “obj ect s

r esul ti ngodfumviiththaddetchthdsikéMRectishtian nhi ch 10 subsequent processi ng cannot

deal . Unstable tracking may be caused by strong conpression artifacts or
non-t ext 8-IFi ngﬂﬂyz‘@&@%ﬁyaiewg’ F&-dp nore of the followi ng gl obal
feafures may t ar details

§ et st aion 8dls iy b§ﬁ&?br§1@d‘5n 8L imagED oy PEL ! LR

‘may vary in different enbodi Text color © ject. Assum ng
that the lrtterpolatxm)cnclvﬁattﬂmetcmht efdhe tckhéajt:bsumﬂossmndnratcdnamgeﬁmcbr t he

course of t he t al gr ate ect erm ned as the

medi an ofhc'g’hﬁd@f EfRe 0@%’)’5?’ angf@r?peﬁé’?t'?ﬁ%evég ﬂ‘c rESO%pPShed t hr ough
section 4cdinghre twblfbldt ext col or does not have to be chosen to be the

nmedi an. Anot her aver age or non- averfage“rreasure could be used. (2) Text

si ze. The siz&Dof Res & sacamaniscplismall fant siges whichap tusp leadsdp deltesyer 20
ting. If E?gé@tfh&%q}t we determine its widih and hei ght by neans of the
rreglgan ove e Sf widths and hei ghts. (3) Text position. The text

i ne m ght beOntaf the major@mblapns with turcotextisrtidotion andl thxxecopnitien ins r egar ded as

stat|C|n he. x. and/,or i.recti L.f .the ,avera rane is
eas ¢ har oy i AR 8V rkpEE cher e kG Rl RS T PSR R e
di f f er encavé fhedfhtlod fead tham 1 Deikyie eAlthdigh kdxt Estsnmuéogrm&bletf@munﬁas:atrtmence of
t hat text I|ne normal i zed by the nunber of frames. |f the text line is

static, VeSORionaibsives qf’dacy'éﬁa“%@uﬁ)&lﬁ'ﬁ&sﬁﬁ‘iéélarﬁwﬂtchérhﬁséd?%S%ﬂS a¥oundi ng
boxs The ﬂ@nﬂhéﬂnE@ﬁre&%H&gtéingmh&é%c‘ﬂ fegemci L.EJ uhg,ntot p/ bottom

bor der di an over al Ieft/rlght top ttom ers
posi ti on least 200ldpi thi30edpi resuiB0g oreemdiimaldet beightod ht Ia&st Mhmxods dmoryleratnes t he

et and B0 ool sl iR BOR et if GBHARE coldhod RErI5Got  U
the text lmes
Enhancing the visible quality of text bitmaps is another and even more important
20 reason for up-scaling small text bitrnaps. The higher resolution enables sub-pixel precise
text alignment (with respect to the original resolution) in section 6.2.2.

(2)  Computational savings for large font sizes.

A text height larger than the fixed height (e.g., 100 pixels) does not improve
segmentation nor OCR performance. Reducing its size lowers the computational
25 complexity significantly. Note that since our approach is truly multi-resolution and
operates on web pages and HDTV video sequences with a resolution up to 1920 by 1280
pixels, larger font sizes are very likely. 100 pixels is only 1/12 of the frame's height.
6.2 Removing backerounds (including complex backgrounds)

As discussed, backgrounds may be removed. (Note block 32 inFIG. 1)) A

30 complex background has larger variation than a simple background. However, the

invention is not limited a particular type of background (it may be complex or simple
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WO 01/ 69529 PCTIUSQL/ 05757 6. Text Segnentation The text segnentatigm AU%ZUUL
i nvol ves renovi ng backgrounds fromtext. This is not to be confused Wt

t he segMEMPHEN B of section 4.4.2. 6.1 Resol ution Adjustrenmusor/sxst e bl ock

30 In FIG 1.) 5 Text segnentation acts may be performed on rescal ed i mages
(by, e.g., cubic interpolation) such that the text height of the text

obj ect ursekgrowndsi Hewater,on nhiad atove, ik paiticultee iinfhtmasion isfkopwaxbenhite, 100 pi xel

and the gspect ratio .is preserved. The reasons f re-,scaling,are
o 1 of o pR o T et R AR e L B B e Sro B D (e
| eads to jRik&%on. 10 segnentation results. One of the major problens with

current text extraction and text recognition in videos is its very |ow
resol uti oh2-1FdM28BEG | encoded vi deos, individual characters often have a

hei ght of 'eSSre&b@aaufra@é %€k Sopoflatih 0dtehs behltndiPuatkirblind ig GREAIARD! e for

|
‘humans at this resolution, 1t gives today's standaranCR systens a hard
ti me. ThessilyOERables tThvisfertareds 18d bere to tawiglacat nads eidboepmptex t ext in
docunent s, i ch re scapngd at .a resolution_of l L 2 i. to 300dpi
resul ti ngchpgam?ﬁ'ﬁﬁﬁ%rf’c F@E?ﬁrﬂg%ﬁ&woor% ’ﬂac’tﬂ51 I:iée‘%sfﬂ%fﬁ pﬁhgéqq,gﬁﬁq"ﬁgg& or to
obt ai N gopgite® Stietbasiniiden isth anarsthOtsRt Symtiagbok such shates texafikes fabl canhance

the resolution of the text lines. Enhancjng the visible quality of text
bi t maps | thedasienund thetodake sachgriee! phsbeupany of ghe textbgn "Eﬁgi]‘;f-sé'b%ﬁ“i:‘;g smal |

bi The_hi gh | b- pi j
a1 1 et G PR RS AR coaBE Rt RARRL BB R le REBRORR ol 5 (2)

Conput at i Aqgk 1A% BHE ehBbdihRhEahE SahgesdfaRshlled phtdtdto firitatkgrbumdgelor ishan t he
- fixed height (e.g., 100 pixels) does not inprove segnentation nor OCR

per f or man&estly Reltuesmayized andsiot actpallnexecuted ondhsrhitimag: EgFRafion DBY Benpl exi ty
significantly. e S [ hdadrE tion and
oper at es 8?1&(;\//\%"6&'%%3&&?%%%%Hﬁ)%c\%?%e@g%%ﬁgﬁggélﬁn? y%d%ﬂggg?aﬁghyup to 1920
by 1280 phokgtdund kalbgiRiblach fifr imierse sexasrel widteyfol ndembitext1Septhephslsan only 1/ 12

of the frame's height. 6,2 Renovi ng backqgrounds .(i.ncludi conpl
backyr oundlid bogadagy g%ﬁ%@ﬁgﬂh@ﬁ&ﬁb%ﬁég‘cﬁ%?%c? 2Yh e %ﬁkgmgﬁ%g ©32 in

FIG 1.) Aeeddfl R05MhE WiRFHHIrOHAE aRfshatRic8 pixeNa (Sead-fil aldofithinsarsi npl e
background. However, the inventionis not limted a particular type of

backgr oundméwh imthy ay Wenad! this rewlysiongtueted Bitmap B (x,y).
In our experiments, the Euclidean distance between RGB colors was used as the
distance function, and the seed fill algorithm used a 4-neighborhood. Moreover, to ensure
20 that all letters are completely contained in the text bounding box, we extended it
horizontally by 20% and vertically by 40%. Other values could be used.
Not all background pixels need to be deleted, since the sizes of the regions filled by
the seed-fill algorithm may be limited by the maximal allowed color difference between a
pixel and its border pixel. The size of the remaining color regions can be used to fill the
25 remaining regions of the background with the background color. In some embodiments,
each pixel may be as a seed for the seed-fill algorithm. The 8-neighborhood seed-fill
algorithm may then be applied hypothetically to B  (xy) in otder to determine the
dimension of the region that could be fitled. Background regions should be smaller then

text character regions. Therefore, all regions with a height less than minpeight pixels and a

30 width less than miny,gy, OF larger than max,q4p, are deleted, (set to the background color).
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firsStly o rized an

2 3 AUG 2006 WD 0116929 PCTTUSOL/ 05757 background). However, as not g®i Ay 2004
above, if particular information is known about the background of the

i mage, WR @sbixdi nent of the invention nmight be nodified groxrusensizat
information. 6.2.1 Inages 5 Text occurrences are supposed to contrast with
t heir background in order to be easily readable. This feature is used here
to renoveé.2lar Yelepdmbgesof the conpl ex background. In sone enbodi nents, it
wor ks as follows, although the.invention is not.so |imted, The basic idea
is to increasé #e tF’@QgJegtoqj op ff@mﬁ&“géﬂeﬁget‘t‘?é‘totbh%t 't“éL?t reSpeetalif ol | on  the

border angditdaghuitpld aﬁ}ﬁge RACRpREkEoN ekl BitRaNeahY sfie teRQink8xd ndtoundi ng box

as the seed 10 to fi all pixels which do not differ npre than
t hr eshol diseere. dn soie pmbdtimens keiprfoliorgng Bredipd is applgtddo expleit this sonme

nbodi f i i . d | i
enbo 'm?%qigdgr?g 1 SRARYEHS m@gx g%:{kgr%ﬁm;éuéggﬁdlﬁggg& heudagdegn@und color is

on the brtmp. Execution
may be [Huowesenrtd idfenton 5ot Igeitl-tb tHebesdeknily.e Thraethapedni becppliedad hotpi xel s on

t he box boundary.) The ackgrou color |s black.for inverse text and

wh t o 1 o HOTE ket SsetEeAt g hepa v hedo BRb g SR ST BB oS! bel ong to
the text ggasieREBnd iRnfn@Mt contrasts with its background, the seed-fill
algorithmw || never renove any character pixels. (Seed-fill algorithns are
known i n the e oyiginal imaps mehbdsreloadidyn & g5k salrcioBarth Homarrashe vs&9F. 1 n our

expgr i meng Sy id | hgased B} i€ RleQhiie UOHe UafeaS the

di gltgance E%téz%?gﬁg%gﬁdgtgﬁ{eb%gﬁﬁ??ﬁ& ori lf-'hm ulseél: a ?1- neicgﬁbor hood.

Mor eover ,tetteolensudescritiz@ beloat al |l | etters are conpletely contained in the

text boundi ng box, we extended it haqrjzontally by 20% and vertically by
40% Oher valmEureBTIE BE LI BT KaoRiede b TareRL

CBP X618 A8ed to be

del et ed, HinfHpe of bRt 18k12BfecOduck 1het th@gHatdtersidrd AlRdedpyerfebifetosaéitbthdrl | al gorithm
may be limted by the maximal all owed color difference between a pixel and

i ts bor deRixgs keipngimmie teit send 39 vary enly shghtly thiguehdimgy whidgpispls belgngisgtoysed to
fil] the 25 r i N i hﬂ‘ﬁim nd col or.
In }gorre er %E)ta)?‘ :@Anctﬂg{%g “‘@3’3’1‘%99?"%8{ u%@@d@%@&g{og seegI %@?é ?‘ﬁé&ggg%@}‘ll I

al gor i t hnis sthtie d&: teehadlizambantdd pbeldd ndt kuppaded oo ¢Hahpa. diptettha e vérethayghl | ed

hypot hetical'ly to B (X, in order to determ ne the _di si,on of, the
6T on ¢ Hie! i BiARGsto b b R RGIeG I APEG] I DB IR SR SRS, hon
text char gglighreves) 108 to ERBIRE BR 18 matioh irf tREbARErovhd & rotiicg e thedige.t han
m nh, ; hx pi xels and a "30 gth | ess than mn wdth or |arger than

max, , wi dt h ar eWgdesyeareplesatative texhiinehitaiap fos ¢adh teg|objert: Gixen the pile of

20 perfectiy-aligned bitmaps, the maximum/minimum operator is applied through time on the
grayscale images for normal/inverse text. Note it is not necessary to use every bitmap of a
text object, because the background usually does not change significantly between two
consecutive frames. It turned out, that a selection of about 40 temporally evenly spaced
frames can be enough to get very good results. For example, if 40 frames are selected and

25 there are 200 frames, then the 40 frame could be spaced by 5. If there are 150 frames, the
40 frames could be spaced by 15/4, which means the spacing could round up or down to an
integer or the spacing could be in consistent, some times 3, but mostly 4 to make 15/4 on
average. Note also, some frames at the beginning and end of a text object may be skipped
to avoid potential problems with fade in or fade out effects. As suggested above, image

30 based localization techniques are used every so many frames to avoid having characteristic



23 AUG2004 WD 01/ 69529 PCTI USO 1/ 05757 6.2.2 Video | mages A video texd AUG 2004
object differs froma single inmage text object in the respect that it

i ncl udewso pUbISEPl e | mage text representations (e.g., bitmrapa)soobssshe sane
text line and not just one. In sone enbodinments, the followng nethod is
applied to exploit this 5 redundancy to renove the conpl ex background

sur r oundieRdotdi®e akdngad siovariacidensor faddoweyBignatiizen|yriveeling eavid wswon | i nited
to these details. The nethod can ag a%pl ied to not only static text, but
al so to HeveEREHadien bpas 51ee WESHYTECAGt ved the probl em of sub- pi xel
accurate t extryd BoRink FBEEBEs hohB aREr @k BRhapBRGAtiABpeEctlyehoficked in a gray
scale format. However, the vector 10 quantized version is used to

det er mi nikenrisector inagps awhved RagesAll Jogndipgtexbhaxenal 4 the oBiSE RHted  text col or
as descri bed ow. 1n [ j: Yl apsAeSAUME you
-pil®e up F’ﬁ%“@g’ref:%%xsam ki"?‘ Sr;'g%osn g? %g%g%? éi?cr{dﬁ]wmgﬁcﬁqc%ﬁgitl gﬁep cha?rjact ers
are al | gpecorvenédcoigraystale samipraysdade is moR stabllstopelo aghpression artdaats-t end to vary
only slightly through tine il i xel s. bel ongi.ng. - t

( backgr odw@yst 3l védeo CABREESIPY %h%ﬁ%ggep?s%P‘gﬂlé}pq?tir}%é%h%%’%%%g%? ﬁ%aqi( ext's

| ocat i Onfﬂlligﬁsﬁ&@ﬂiﬁtﬁéjﬁmﬁﬁsi:ﬁ@s%bmmﬂd-t5 pi xel s are not supposed to

change. te that even though text is supposed to be static, there may be
tiny changes LeoBy(k,ypne Byo(fy)aleroty thBAtkinansndergpysidesatign and R (¥} thkel y t o
change due to notion in the background or notion of theg text I&n%. Ve
deribve a reppseastve bitmaewhisk is to baéerived asvhish isdaigplized o B osyasBol*ddven t he
pile of 20 perfect]y-ali d hitma .1 he i I Ni ator is

appl i ed tAyBFFAPle CBﬁ‘dtbnggS5@5’5?&%@“#’%’5@%%%%@5%@ text. Note
It is no"};&&%@%é%a{)}/i 1,US €308 VEE thaP sdafBRRoCQhe Scstflﬁﬁthcﬁﬁhﬂﬁhd)’p@ﬁi@b'se the

usual Iy

backgr oun oes not ‘change significantly between two consecutive

frames. |hintHizee8e Qifferedct BétweenSB 6 Dlah OB (Rf) @hb uispetOtottivamprtrcalorsy egvenl y
spaced frames can be enough to get very good results. For exanmple, if 40

frames are sel ected d 25 there ar 00 franmes, then t 40 frame coul d be
spaced by S. |(f1xl?"?;é||y§£lh?ergm'5r@ rarregzz@ae(x:llb'aﬁ’é‘hg%yéggﬁd be spaced by
15/ 4, whi ch neans the spaci ng V¢eUf of ‘0 i*Up or down to an integer or the
spaci ng could he in consisten Q L : e 15/4 on
avelage. Note HIe<TE2S08 b i gWé?f@P%’H%‘cﬁggf%{ﬁh%&%ﬁgﬁﬁwﬁ fygmépgit obj ect
may be skiRRest cdlor AY iken RES £B6inG| whereaht RREcoMtrnyfhade dstimaed feat@laut
effects. As suggested above, inmge 30 based | ocali Z\atéd.o(go tegl&n& ues are
used ever fromoestimy.4.3 afenixd i debingddo Ravsiteg cRlvs g epty it qoeseet dife

more than a certain amount from the text color determined for the text object. Note, that

this distance is calculated based on the RGB values. At each iteration, B'(x,y) is updated
20 from the previously stated equation to
B i(x,y) = ma# (B &y), B (x+dx ™, y+ dy,°™)) for normal text
and to
B"i(x,y) = min (Briil(X,Y), B: (x + dx. ", y + dy,°?")) for inverse text,
Note that if a text object has been identified to be static in section 4.4.3, we do not
25 have to search for the perfect translations. Instead, the translations between the various

bitmaps may be all set to null.
Through the process of section 6.2.2, the background may tend to get brighter and

brighter for normal text and darker and darker for inverse text. However, it is possible that
the first frame is the brightest or darkest, respectively.
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2 3 AUG 2004 WD 01/69529 PCTf USOL/ 05757 text color be changed sI OV\A V7 3 AUG 2004
fade in or fade out. Signature only tracking could result in
segnent WO B#%P8i ng rui ned under such cases. The foll ow rrd:"‘iﬁ'é@&’r”i”ﬁés how t o
align the bitmaps essentially perfectly. At first, |ikew se for imges and

web pages all bounding text boxes of a text obj ect may be 5 extended, for
exanpl e, 6Bor i Bomtizdtiop @iﬂteziﬁ%la}%n@é@tll)cal ly by 40% Next, all bitnaps may

be converted to %5{2%‘3‘2%5% i?b@t’s Cﬁ{a Sca%rk&om?ﬁ& tg&?iﬂzﬁd@@“}@o' or

conpr essi on anhf deo conpr essi 6n al gorithns represent

i nt ensi t%ngihesa i gh&he %%?ﬁkl@&éx@ﬂmhgﬁ ayaRlcon®rtediniblak oh whithe fanous 4:2: 0
sanpl i ng 'scheme.  Let N I

x y) deno{hH:F ‘}qu bltngl s under
consi deraiackgmtmddTBe (o&loyf)ﬂawflbﬁ)alﬂébw&@rﬂs&t‘?% ol lhiCBR YRS to be
coubd be HgvEERE: dPirel Grirth Solginded s pepk it Yiom sbmenssiamle, |

coufd be H rom 40 franmes. Then, for each bitmap
Bi (X,Y), Ve Endwlthe estimatedtkxt cofor rmg/dmamhacrkarounﬁeol«tr@@@ wHFSE MERRYEIR  (dx, dy)

which mnimzes the difference bgtween B ( respect to
the text desl withnorgaltext pripyersgext dgﬁ’%i"j’“ 0&} é’g‘)'kg%ﬁ EAS %"%l)“ﬁ%&h (x +
dx,y + dygrhm)(i inYoeBiton 6B Wl declibdlo sé l@Qo@ké@uﬂ’dla)ldSreaBbck fM‘lthﬂ&w mkandd of

bl ock mat cAi ng search works is because on Eég W th te 2 s%%cl)f are
taken i nt o vadiedomormahiexte Thb agesd b’é%ﬂ"@?“"hé? $5112 Be0ps WR{BTTEE" col or
fromsect] OnP%}v rﬁﬂe nt gﬁéfthétcgtecfolld?%gd e b uh&¥d101C Habhi pilké! iﬁﬂﬂ onI y if it

doe¥ not YPR¥ certain amobunt fromthe text color deternined
for the text b\ﬂﬂd;ﬂ@lﬁlch Ndﬁghermlamthe birfarigativh shrashold may besetde Mhite tpr gy on the

RGB val ues. At each i i |
Cat od oqi kb for pystss e gl oyt BRAbEhicER BB Ll BegY TS ¥,

for norma JRY b pd/det fo BIRdR féraxohnﬂ(txxtwdwﬂteﬁvklmmm@t y + dyt
pt)) for :[hnvgﬁr%lézat?@%&cghmte %( ¥ I f a text. object hgs bee |deni ;led to be

static i nF&&(ﬂy,l iois rék:omr&ndvdamdtﬁaﬁr@? thegdrinany higmanPychisst ngﬁglla Tt ect

transl ati ons. st ea ween fidugs. ¥ ari ous b| t maps may be
al | &et t6°m§|b|a° gﬁﬁ{?%ﬁéhe%?%%:g}sa sgs}g%tlon% 2.2, the background may
tend to get brlpgﬂattﬁihalaﬂﬂmnhtanhter for normal text and darker and darker
for inverse text. However,

bri ghtest or dfloké@b of Fl'@ssb%\?fl? %})é)ivgo e;llg\tf)cn o 3ot 1hfi b 'tt(esﬂart LiBFBethifs the

mentioned therein.

Some embodiments of the present invention are not only able to focate and
20 segment text occurrences into large binary images, but also to label each pixe!l within an
image or video whether it belongs to text or not. Thus, our text localization and
segmcntatmn techniques can be used for object- -based video encoding. Object-based video
encoding is known to achieve a much better video quality at a fixed bit rate compared to
existing compression technologies. However, in most cases, the problem of extracting
25 objects automatically is not solved yet. Our text localization and text segmentation

algorithms solve this problem for text occurrences in videos.

Some embodiments of the invention involve a multi-resolution approach in which
the text localization and text segmentation algorithm works successfully from MPEG-1
video sequences up to HDTV MPEG-2 video sequences (1980x1280) without any

30 parameter adjustment. As an example, character sizes can vary between 8 pixels and half

the frame height.
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2 3 AUG 2004 WD 01/69529 PCTI US01106757 6.3 Binarization (Note bl ock 38U§ 1ol
FIG 1.) The text bitmaps B'i(x,y) is now prepared for recognition by

st andar WO@R9528ngi nes. Hereto, the grayscal e text bitnmaCHEPIBE'Tonvert ed
to bl ack on white background. The follow ng describes a way to find a
suitabl e threshold value, one that 5 allows good if not optinal separation
bet ween text BHY Wdlikeassndompyresysee { fbvReA momesok ABWEHRERIY il At ed t ext
color, t domi.pant backaro - &y BBintsQneiGiBRd Wi th

nor nal tgﬁﬁm%?lgﬁm%‘?%“ xetc‘%il |r%%ea%ﬁ%gt?gg%ﬁﬁ%ckg?‘gpund *has bﬁé’en r enoved
anyway i IRS¥ChArearifes2CDWEOMB pind erted mesmty thmembackgriodnMeowrolss o bl ack for
inverse text and to white far nor text.. Then,, a lnarkzation

t hr eshol dngludes machigs gads "emF‘ﬁ’r”Eﬁ%ri‘ Wshwséu%t@n%ay bﬁéEogme/ceace{ﬁp Jﬁ‘gﬂktﬁ ensity of
the text fiAR 0Nt BechRalkBs QUNMEk®Y 088 caRath sfirkédta (el tdigital tided i t map
whi &h is‘%ﬁgﬁ%r than the bi narization threshold nay be ?et, &)o white for
normal  tsiacalshtecbeproesksetl ond inteymediate prodinal gells qiipraspssing: {HEO&xt bi t map
which is | ower ar Iy ot ki 2 ALJ-00 FEN8 sRRIE 2 PRenpsE set to

bl ack forapﬁﬁet‘:}?&?% tP%%aWﬁﬁ%PVé%S@‘?%&é@i “Fext.  Final Iay, iqt) i's

I ecomendgdertveliGireaf-compbdeatsbi nary bi t map by di scarding small regions (set

15 to the background_color) ip .the sa as_descr] N ion 6.2.1.
Addi ti onal | nf 8?{“1:&‘21%‘5@#{;‘?“%5%5@%?‘8%' gﬁgg\%!g?agﬁle&]}ﬁ%gg%“ on is not
i Myt ed t Q. hheviRalel tGihateslRel 8/ dot. Likewist, dne@midialagt md iduvmreinteadedrent s of
the present 1 nvention are not only able to | ocate and 20 segnment text

occur r encesbeiintecpréted broadly.nde partiegliardormabifTeqiied: t o | abel each pixel within
an inage or vjdeo whether J t alddteSisticthayt' e Xt

| ocal i zation a ghe &Y 'wgltggféa{g?l??&erg n?‘at'ufél‘%ﬁ’%%"‘%g‘"ﬂgiéh ?—or obj ectyt-! based

vi deo enceglighe:, o ChjosRlt’ bb askded; itde partie cdnpenent ftehomstreduracii eve a nuch

better video quality at a fjxed,bjt co red to, . .exlisil WGP essi on
t echnol ogiceasactegsiie lidiot r‘qu‘"rf{J‘@ Cw@égé-a’%ﬁ‘é SB%?g%] %’)rfdae"g?!?fg{:stt?ﬁag%ZS obj ects
aut omat i cal |ng s (N Qfar F0ds\HBEm¥A therisonlyeitie of h@@lentent. i16the apudificatian or

segnentation algdrithns solve this problemfor text occurrences in videos.

Sone enbodiairenteseras "antedditinnad helbroent; thaf dpsseaobprseings thes deing Mosnhahpivach in
whi ch the text J.o;{:gl '&zaté on and text segmentation al gorithm works
successf ulOfPeRAGHPRBEETE™ Vi deo sequences up to HDTV MPEG 2 vi deo sequences
(1980x1280) Wi tripgs skay iBhe RAKBYIERYS e badfiusithisdiscionse il eppseisteethalchar act er
St zes can gg?()tiﬂ:?&f!x’v?gignss frgrln)éhecl orcg&gg Qt%lmfiptioyz}ﬁd ];h[a%ri}legs %%Iygmﬁadc within

20 the scope of the present invention. Indeed, the invention is not limited to the details

described above. Rather, it is the following claims including any amendments thereto that

define the scope of the invention.
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27 2 3 AUG 2001 WO 01/69529 PCTI USOL/ 05757 FIG 10 illustrates a co F@ﬁ?ﬂﬂﬂ
system 180 having a processor 184 and nenory 188. Menory 188 repre

one or nore of a variety of types of memory apparatus including RAM hard
drives, CD ROM5, and video nenory to nanme only a few. Menory 188 i ncl udes
machi ne Méwtlisislaemefeigii uns on whi ch i nstructions can be stored to performthe
5 various functions described above. Menory 188 can al so store data (e.g.
digital video signals) to be processed and internedi ate and fi nal resul ts
of procedsi ngA methed ¢f] iodating tgpin digitaltimages.lrampfiiig: 10 is highly schematic and
in practice var | known components. The
termfrane |\$Q+grl1'9%hg§c}hﬁq§la alytg 1%? e%{gg “'n@%ﬁ‘?ﬁ’é‘ or exanple, it does not 10
matter whet hewclassifying vhether piselviadheonultiple respiutiensiamepartiofi e textregion; mage and
video are inte particular format is
required. I|f tlﬂgﬁgmg l%?%%%%t(g%g{aget'ggglg{l@ﬁﬂwmémij feature, structure, or
characteristi clsmggtgc Sahenbjmngh "creatsrml‘helduitbbuddmgmnmswe@gh e@ibmrﬂingaheti cul ar
conponent t t4G. kS i to be
il uded. 1 e Sanstdsa itk rouine of 4R B i Bhpud i of BAEE 12 00,

t hat doesnmbadjawearto theaeatangles,ovhieseinghe grofipsthaee @pasticutar reldtionshiyetosyfesti fi cati on
or clai qﬁre{%degndto "an additional" elenent, that does not preclude there
bei ng nore hhar‘1 one of the additional element. Those skilled in the an
havi ng t he bermehsolidaingthviisitialited bogdmg bakdsl appreci ate that many ot her
variations fromthe foregoing description and draw ngs may be nmade within
20 the scope of the present invention. Indeed, the inventionis not limted
to the détail sTld@qub)édla'mbbwélereimhhem’;imﬂ&r r¢lationsiap fsdhat awiverpge intgnsity

i ncludin that define the scope of the invention.
28 23 Augnggl%\égr%%? °S° Cf g'lrsﬁr@g%ﬁ%l&) . A nethod of locating text in digital

i mages, conprising: scaling a digital inage into images of nmultiple
resolutions: ChASRlod dPoe LISFiPb Blodd othdd, o Litlfin KGR "o are
part of t ext region e€gra ar 0 create a scale integration
sal i ency rm-:tplglmﬂmlgz mhmg#edtarem@yl Mpl '13/01 wxedactanglpi tial text bound| ng boxes
t hr ough expandi ng the

4. The method of claim 1, wherein the saliency map is of the same resolution as the

digital image before scaling to multiple resolutions.

5. The method of claim 1, wherein the digital image is part of a digital video image and
consolidating of the initial text bounding boxes includes creating horizontal projection

profiles having adaptive thresholds and vertical projection profiles having adaptive
thresholds.

6. The method of claim 5, wherein the adaptive thresholds for the horizontal projection
profiles are functions of minimum and maximum values of the horizontal projection profiles
and the adaptive thresholds for the vertical projection profiles are functions of minimum and

maximum values of the vertical projection profiles.

7. The method of claim 1, wherein consolidating the initial text bounding boxes includes
repeatedly performing a horizontal segmentation algorithm and a vertical segmentation

algorithm.

8. The method of claim 6, wherein the horizontal segmentation algorithm includes
29




boxes fromrectangl es of pixels including at |east one pixel to i nclngngB 2004
groups of at |east one pixel adjacent to the rectangles, wherein th

groups have a particular relationship to a first t hr eshol d; and
consolidating the initial text bounding boxes. 2. The net hod of claim 1,
wher ei n F’ﬁ@“‘g&%%leélhoélf'd'%'l’oa‘taitﬁ'ﬁé?ﬂ%dlbgnqﬂhbxa@W"H\&‘éﬂﬁ@ﬁéf thabaigpfthe of t he
group exeREAs dxbBox dndBhIf tHpBSM Haxidal tdN Geigft hod of claim 1, wherein the
groups include a row or colum adjacent to the rectangle and the rectangle
starts as a | pixel by 1 pixel rectangle. 4. The nethod of claim1l, wherein
the saliency mTRPmkmo®br AR 18&.%&%&.9}.&1@ &'il:uﬁa%igé Q:%e oflb:fitioRlto laBR@e before
scaling to mJItlpIeresqutlons 5. The net ho claim1, wherein the

di gi tal imaegdeatusesinthe nyfltinde repQJptiodF- vi deo i mage and consolidating of the
initial text boundi ng boxes includes creating horizontal projection

profil es having adaptive thresholds and vertical projection profiles having
adapti ve 10t hr érghﬁllﬁ@§d ofxlaimHe fusienrompesing psifigrn signapyredragddrirackiag tdapt i ve

t hr eshol ‘i”&nﬁﬁ}rfraﬁrl%?mmﬁingmi ﬁa'atB&%ﬁ&tth%mBﬂ%a La(%ﬁw@rﬁ%u@dﬂaﬁffﬂofms of mini mum
and maxi num val ues of hor i zont'al projection profiles ‘and the adaptive

t hr eshol drame iy whiklethe éaxt hasheengdestidied theough poimdge basa¢ methotict i ons of i ni num
and maxi mum val ues of the vertical projection profiles. 7. The nmethod of
claim1l1, wherein consolidating the initial text boundi ng boxes includes
r epeat edllyl' perThe methad obclpioy |, Auwergompagne etisatingroddr gbtekt inthedmeagea verti cal

Seqrent at oy A L idac 1 0SLARHL 16l SR <uHBSIEnd o, hor | zont al

segnent ati1 on al gor rt1 udes 29 2 3 AUG 2004 expandi ng a text bounding
box at the top and bottom by a mi ninum of half the height of the original
text box yand hgl f,rih@s PRsRishke maximal text height. 9. The nethod of claim
1, further conpri gl ng cal cul dting edge orientation to identif i mge
features in tHenashing resfizble medinyhavéngsnstrugtiony theregp thist when exeeuted crusefaur t her

conpri si ggoéégsbm pRrfodNatHsFindasiggd tracking to identify frames including
text in a text object in a forward and backward direction froma franme in

whi ch the textSCﬁwsab‘&tﬁ‘ imgemintorimages ofmultigls reselutipesge based met hod. 11. The
met hod of cl a'JHs&fynSg%ﬁe'ﬂﬁ:F {,&ElErH{théhﬁﬁpﬁ%éorﬁ%ﬁs% A% 18k (fef¥l 1 n the inage

t hrough creating color histograms in the text and non-text portions
surroundi ng t Hategrating scalgs to srpate gisealaintpgrationr sl icady mepp;

using the saliency map to create initial text bounding boxes through expanding the
boxes from rectangles of pixels including at least one pixel to include groups of at least one
pixel adjacent to the rectangles, wherein the groups have a particular relationship to a first

threshold; and

consolidating the initial text bounding boxes.

13. The apparatus of claim 12, wherein the particular relationship is that an average

intensity of the group exceeds the first threshold.

14. The apparatus of claim 12, wherein the groups include a row or column adjacent to

the rectangle and the rectangle starts as a | pixel by 1 pixel rectangle.

15. The apparatus of claim 12, wherein the saliency map is of the same resolution as the

digital image before scaling to multiple resolutions.

16. The apparatus of claim 12, wherein the digital image is part of a digital video image
and consolidating of the initial text bounding boxes includes creating horizontal projection
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a machi ne readabl e nmedi um havi ng i nstructions thereon whi ch when ex%c%@gzﬂm
cause a processor to performa nethod including: scaling a digital &

into images of multiple resolutions; classifying whether pixels in the

mul tiple resolutions are part of a text region; integrating scales to
create ap@é'éﬂséa‘ilm adgptiveiterashelds prchveytionbipsojeetionpepfileschawial pdantive nmap to creat e
initial %g]o foundi ng boxes through expanding the boxes fromrectangles of
pi xel's inc dll ng at | east one pixel to include groups of at |east one

pi xel adjacent to the rectangles, wherein the groups have a particul ar

rel ationg E.' P tfe Qpé)fal'a'hﬁtof clhil] %Wﬂl&rgm tﬁenﬁaﬁ%%lﬂwhgﬂg Fd?%etl'llaﬁzdnmlt' al text
boundi ng boxes. . The appar atus of cl , Wherein the particul ar

rel at i ongvigstipsprofiles argfungliensad ainimpmand mayimgm valves efrthulpriasteleds the first
threShO'mgro on gﬁaﬁle@%ﬁmﬁ{&dﬁl thrEJh@IdE%l@e v\éﬁﬁﬁlg;'rége&ﬂaﬁ QAR hdgbiide a row
or colu jacent to ectangle and the r anggstarts as a | pixel
by | pi xef mirdoumagd waximgm vilves efiravenicakprofectionarefiles2, wherein the saliency
map is of the sanme resolution as the digital image before scaling to

mul tiple resolutions. 16. The apparatus of claim 12, wherein the digital

i mage is lpart The awamt@Otfalamwilj@(henemgesolléﬁmg@@nwahterabptmgmfbmne initial
text bou 30 2 3 AUG
2004 profi es %w ng‘, ? a% Pﬂgﬁ%ﬁg'& rlgthlﬂ{:a g%%lﬁﬂcti on profiles
havi ng adagmfintaélonalﬁprethmm ds. 17. The apparatus of claim 16, wherein the
adaptive thresholds for the horizontal projection profiles are functions
of m ni num and maxi num val ues of the horizontal projection profiles and
the adaptidve tﬁw@smtwffcmmtlﬁevhs»@mth@mnzmtei segméngaiop plgprithmgneludss f unct i ons
of mni m.!;q I iK% miRiRhEsthh 18. The
appar at us % aim Wd\}f\%gyg?tﬁﬁ){:tgﬁgﬁ g{nl %ml e I ni tlglihe%%mdbf?ﬁendi ng
boxes i rmiguldblsxtrtep@athﬁ!ﬂt!}e prssiblo makimgp! GXﬁGFHhtont al segnmentation algorithm
and a vertical segnent atl on algorithm 19. The apparatus of claim 18,
wherein the horizont al mentation algorithmincludes expanding a text
boundi ng HWox aThqahear%tprf Bafudher bymprisingiseleviptingfedirerientation toddaghfy of t he
ori gi nal &n%?éfe g;gsg.ng l%?itl e idigssi bl e maxi mal text height. 20. The
apparatus o aim 1 ther conprising calculating edge orientation to
identify image features in the nultiple resolutions.

21. The apparatus of claim 12, further comprising using a signature based tracking to

identify frames including text in a text object in a forward and backward direction from a

frame in which the text has been identified through an image based method.

22. The apparatus of claim 1, further comprising estimating color of text in the image

through creating color histograms in the text and non-text portions surrounding the text.

23. A method, comprising;

classifying whether pixels are part of a text region;

creating initial text bounding boxes; and

consolidating the initial text bounding boxes, wherein the consolidating includes
creating horizontal projection profiles having adaptive thresholds and vertical projection

profiles having adaptive thresholds.

24. The method of claim 23, wherein the adaptive thresholds for the horizontal projection
profiles is a function of minimum and maximum values of the horizontal projection profiles

and the adaptive thresholds for the vertical projection profiles are functions of minimum and
31



21. The apparatus of claim 12, further conprising using a signature aagg7n0
tracking to identify frames including text in a text object in a forward
and backward direction froma frane in which the text has been identified
t hrough an i mage based nethod. 22. The apparatus of claim11, further

conpri si MaxiEym; vigues ofghevirgal prpiecteoerrofles he i mage through creating col or

hi stograns in the text and non-text portions surrounding the text. 23. A

met hod, conprising: classifying whether pixels are part of a text region,
creat i ng2¥-ni t Thg methed ofisaaimds righerrin eapsoliglaingtbninéial watodedingleoxeni ti al t ext

boundi NG RRYESepeahrBIyGefortlif: 4319&?&8{&14@%&&%%@ SbMARS andk Gaidapg hori zont al

projection profiles having adaptive thresholdsS and vertical projection
prof i | essezmentadorealegsthnye t hr eshol ds. 24. The method of claim 23, wherein
the adaptive thresholds for the horizontal projection profiles is a
function of m ni num and maxi mum val ues of the horizontal projection

prof i | es26.and Themethad pt qlaim 23 hyvkesein the horigantal mmv@ptuqn@égonﬁrrro]neeydmn profiles

are functj ﬂ&ingﬁ 1ol ISHumﬁﬂ% ?%{sjat tkfzijrigﬁt ﬁd%%ﬁirﬁ@%%)%@%%ﬂ i3 ofthe ¢ €

vertical projection prof 5.” The met’hod of claim ereln

consol i datiging textbox andthalfthetposaiblpmaxiiaiigktbeiehts i ncl udes repeatedly

perform ng a horizontal segnentation algorithmand a vertical segnentation
al gorithm 26. The nethod of claim 23, wherein the horizontal segnentation
al gori t havi nclThelasthodrbelpion 23gwherein she vigdigridegigentadien algonitha indlugdes and | eft by
a mninmu : L L O 1 hal he

possi bl er& xflﬂg%ft‘?{}(}ag@nﬁgk gﬁ% ét%%%w%web%{r%@lﬁggk%#lﬁﬁnﬁ? %&qggl,@q\?\lggrozlﬁﬁ t he

verti cal osigigaldenthox and alfgls postible mazimabitext heigkpandi ng a text boundi ng box at
the top and bottom by a m ninmum of half the height of the original text
box and half the possible maxi mal text height. 28. An apparatus conpri sing:
a machi n@8r eaddipparatsslcemarisidgi ng i nstructions t hereon whi ch when execut ed

cause a processRhink Falid MERARhEIIAGuk ik Hiltddg which 3heh Lk wagther

pixels are part of a text region; Tcreating initial text bounding boxes;
and consdadirgcegsser tegerdoran § methodincluding: boundi ng boxes, wherein the

consol i dating Jlﬁﬁéﬁ%@hettﬁ gLt Y phebf ZRRALBYoPr O) ection profiles having
adaptive threshol ds and vertical projection profiles having adaptive
t hr eshol ds. creating initial text bounding boxes; and
consolidating the initial text bounding boxes, wherein the consolidating includes
creating horizontal projection profiles having adaptive thresholds and vertical projection

profiles having adaptive thresholds.

29. The apparatus of claim 28, wherein the adaptive thresholds for the horizontal
projection profiles is a function of minimum and maximum values of the horizontal projection
profiles and the adaptive thresholds for the vertical projection profiles are functions of

minimum and maximum values of the vertical projection profiles.

30. The apparatus of claim 28, wherein consolidating the initial text bounding boxes
includes repeatedly performing a horizontal segmentation algorithm and a vertical

segmentation algorithm.

31 The apparatus of claim 28, wherein the horizontal segmentation algorithm includes
expanding a text bounding box at the right and left by a minimum of half the height of the

original text box and half the possible maximal text height.

32



29. The apparatus of claim 28, wherein the adaptive thresholds for QQFAvEZWL
hori zontal projection profiles is a function of m nimum and maxi num val ues
of the horizontal projection profiles and the adaptive thresholds for the
vertical projection profiles are functions of m nimum and maxi num val ues

of the vertigal pﬁﬂjaﬁﬁgﬁfgfa% E%%reﬁﬁhgl&ﬁca@&%ﬁkﬁt&%@sﬁ orﬁ{n@inmaxﬁc%’ wher ei n

consolidating the in ext I ng boxes 1nc epeat e

per form ng &Xpadingeriexabowdipgdax atttheoiap andfettomtbsaarigimamof haif thelheigbeafnent at i on
al gorit hm 3ie or-igﬁﬁi_l @Rplﬁﬁ(aah&’ﬁal%e Eé)s@i'blplga%imM%E ﬁéi%ht.t he h_or | zont al .
segnentation algorithmincludes "expanding a text boundi ng box at the right
and left by a mninumof half the height of the original text box and half
t he possi bl e maxi mal text height. 32 23 AUXR604 32. The apparatus of claim
28, wherein the vertical segnentation algorithmincludes expanding a text
boundi ng box at the top and bottom by a m nimum of half the height of the
original text box and half the possible nmaxi mal text height. 33

33




