2 3.AUG 2004 WO 01/69530 PCT/ US01/ 05776 ESTI MATI NG TEXT COLOR AND

SEGVENTATI ON OF | MAGES Background of the Invention Technical Field of3w#t&200
| nvent i oo oT/bes3pr esent invention rel ates generally to | 9%?}&86%5*.799 and/ or
segnmentation of text in inmages. 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 asmrmamgmreéldi@m%@@ﬁtm p‘!ﬂ& fent readers for
office automation systens. These systens ave%@?zﬁﬁg a ﬁlﬂgh degree of
maturity. Further text j re iutoiuﬂﬂo\“ﬂ{elin&%n be found in industrial

y

applications, nost of which foctis on a ver tlH?il’l’OW application field. An

exanple is t hMM@oﬁm&ﬂﬁndehmﬁtephﬁkﬁ?m Proposal s have

been nad?orﬁzt%gr ding text detection.i.n and text extraction Trom conpl ex
i mages and Vi den NG eeREataton of IX lJmEgeSn £ r om readi ng their descriptions,
they are each non-general in sone aspect. Further, sonme do not involve
renoval of the is localized text fromits background. Accordingly, a need
for®a general ach of text localization and segnentation remains.

Brief Descri pglief i Lnvent.ion wi.l |l _be understood nore
fully fromt hgklgﬂg%é;??%gﬁé%%OB@?%%Q%}{)}EF}JC‘ ER °§r?\#lfar] SrPeHEe e onpanyi ng
dr awi ngs clfracterh (rdlleeoritsalahatabter recogaition QACRY) i rinted ddd@dwrittRoul d not  be
taken to limt, the invg)nthi on t‘{) thg specj fic enbodi nents described, but
are for SYPIMSALIT BRERE TOf SEPLEemEY ﬁ’{:ip IB#KSH forelogyment readess for gfficgi agr am

r epr esentidghalias dyoudmsf Thaki DRwvE HATRE alhiphHRERe ofina Of|,fRN G, Of the

invention. FIG 2 is flow diagramrepresenting inmges al various stages of
| ocdl i zaf§e8eRifion weikfan berdryad irindustrir! apisations, ewast efiwhigh focusnid Yeost r at es
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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 ea_;:h 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 localization and

segmentation remains.

Brief 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 diagram 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.




PCT/ US01105776 FIG 4 illustrates exanples of vertical and horizont a{e
projection profiling. FIG 5 illustrates vertical segnentation appli a AUg 104
porti onWOft16#BOt ext of FIG 3. FIG 6 illustrates hori zangasoimegigent ati on
applied to a portion of the text of FIG 3. FIG 7 illustrates an i mage on
a web site that includes text and a background. 5 FIG 8 is partially block
di agram par thl€l 4 Ylutraios ekempleaof veerrbsehbfitdnen pafiectoh profiligst | mati on t hrough
guanti zati on ﬁécgngi nigestv%nscopts enbodi mara‘tﬁé of the invention. FIG 9 is a
f1ow di agram'r 8pt eSemt T ng Sar SPLETH P ERP LN 2 9otien oftbatedei HG. and t ext

tracki ng acc i hlutentadeizailasReniion Bfpiih  BHER {QR Fl Prid.i s a bl ock
di agram repr%i%%ﬁ.{tgi on of .a conputer systemthat can per% orm ‘functions

according to AERIER aRamAage Qfa Wehosite that includes teDand iz lbacdkgResdr i ption 1.

| ntsr oduct i on gyar ¢ RuanBib e of . & nt i nvention involve

1 ocal i zat i_on_and/o;ﬁfSms?efgi;’rrlgﬁi{a tfnb%ar%?gtf%&fa?Wﬁ?é‘?g?mWéPlﬁ't he i mages
may be ststimptigythraygh quantinatipe @¢cosdingtoasme embadisients of th¥\elemages. VWb pages
may i ncl ude \ﬁlge&isgrﬂor&,on-vi deo images. The text is not required to be in a
particul ar |6cati on in ¢ RS e CHeRslaton belysen videgmosigping andtext her,  t he

backgr ourtdkipnglacrding foadme embb&irkits BBie RA¥Rig. Si "pl e (e. g., nmonochrone) or
conpl ex bacgﬁround. 20 Efficient indexing and retrieval of digital video

i's an inport - %iﬁégbiocwiagm@prmmaomafmm@rsm theixdan jperfarindeos is one
poyer f ul el be¥find e LRBodi L AL jnverPBRECLI nO, extracting and

recogni zing text ca such an I ndex. enabl es a user to submt
sophi sticated queries such as a listing of all novies featuring John Wayne
or produced by Steven Spielb .. it can be used to junp to news stories
about a specific 25 topic, si ﬁé‘ga‘&ﬁlﬂ?‘is%%“qﬂn newscasts often provide a
condensat.i on Isfodubnunder | yi ng news story. For exanple, one can search for
the term"Financial News" to get the financial news of the day. The index
can al so be (4&EiQus gnbaskiments efithe pressatiovention invelva htalim@tien afd/orconmer ci al s,

he! 1 kB RAR 40 RGEL DA on R R AR R
channel . inVidey coWrbmadB. Wéabfpakeshnaytindledealidedpp hors didtdinsagad, erhet@@inabl e i f
text can bhe 'rec i zed aut tically, and reliably in digital video.
Segnent i ??8 "’&Hﬁ“‘f‘g@(‘ig’h? E‘i"ﬂaﬁ?ﬁ&%"?w"t%wgﬁ ot haxe a partiewargplage Burthep, 3 AUG 2994
WO 01/ 6908 BacRirblibé@soRallelbhon-text) may have a simple (e.g., 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 imaginabie if text can be recognized automatically and

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

2




pages is also an inportant issue. More and nore web pages present te&‘ iE 004
i mges. Existing text segnentation and text recognition algorithns M 12
extract MhU/6838t . Thus, all existing search engi nes canwot/usn@exst he
content of inmage-rich web pages properly. Text segnentation and text
recognition mght also help in automatic conversion of web 5 pages designed
f or | ar gB2&%HHiaiserag importang issuel Gliord asinarg webfpages ptesannersin imagse t he text ual
content kQ:j: e retrieved. .2. erview FIG | provides a flow

di agr am &%ﬁéwgssﬁ e&t}%{mtnoanait?/ re&?gnbt{})&a%\/?f‘gws &gt PXRECt e teXonuenbodi ment s
of the i aVexistingrsearBh Ehgiresicamotingsk Me t@xdnt bﬂﬁﬁgé-ﬁ@m%a?&sqﬁls iy and a 10
text seg r{t ation block 14. Reference in the specification ?o "an

enbodi menf*seERRLAtIORBRY erkiseoanition snghtalsp belp mbsitematicspnvessioneof veabb odi ment s
means t hgigeddddthbd EHiBbe mbeRS oSmafilk : racterjstic described in
connecti gin W tfgnt.he e %glli r_rer{ts? s Hdr‘?c#‘ﬂ{é‘ga°?#P§?&F§§@f°@85%&?ﬁbodi nment s,
but not AYYES FRimMages @bbeggitiodidnent s, of the invention. The various

appear anges " odi nent," "one enbodi nent,"” or "sone 15 enbodi nents"
are not %’ecesgg'cr@l—g?' all referring to the sane enbodi nents. 2.1 Text

Local i zat i on: FI&. dipgividds aiflopudiagrarg Raich (e ttol gl sadhvbovid FlIANES, @aN | Mage)
is received by feature extraction block 20 of text localization block 10.
In some SENLThadimEnds ofths inxeptrop. BIG. I dnclydesia texkiocalizatipn blogkNQ andat ) i s
repoved Ref REReMbtictSblbéels. | K ncE iPHakpe L QAL S, EXLTact i on

bl ock 20. Notr%e that a Web page l}:oﬁ[?@ géizcggj%%laﬁgﬁﬁédénﬁg%eémfhat are
treated &gbadipentd ‘somerembalimding” orothet outmidinzents! oradsithala phitiediar | ocat i ons of
text in i gl r ern t.i ght text. boundi ng bgxes. In sone

embodi m%@%?%esee’%ﬁﬁgf‘érltg“%%)aéelsgné%dﬁFcﬂ’“ﬁ‘fi‘r"&'ﬁ"r‘r@ G PYOFINSFTRe text |ine of

one text inchdediimmat lehitweme kmbadimeats Wit B dededaAl.all 3mbSdinef@) ik i S not limted
to a si ng\lve character. In sone enbodi nents, |ocalization includes the

fol | owi n§iveen( Iy paripuspBPeasaneead e Bnbadismesblk ‘e pmbadimentt"or &same ext r act ed
frem t heehnbitithettdBGE not ﬁ@,@ésgz}il)gﬂpltci’gn‘? gtg?ﬁe%%ﬁ§ Mgéa%fgnéo text. (2) Region
22): 15 A the: fea

classification (block Fach pi xe ure 1Tmage is classified
whet her it bel-bngslexbLoeakiation: AdigitalBame eigoal (Whitlstypiodlty ineludenani nitial text

boundi ng; bax; r reated. 30. i on consol jdation (plock 24): The
t ext bouh%gﬁﬁ%fﬁgd §¥ gcaﬁué? f%ﬁ‘é‘ﬁ%‘?&ﬁﬁ&f tex lﬁiﬁi'z‘?ﬁﬂglﬂcﬁéooﬂl $?™Sne |ine and
col um otmb@itments ardy 3 SAHor261kdd 1 @11 GE3B01eRET relablddbefofEor as the

input signal is received by feature extraction block 20. Note that a Web page could have

20 multiple 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

cach contains only one line and column of text.




(4)  Text Tracking (block 26): If the input is video, this block is z%dﬂﬂ;fﬂﬁ
the processing. Here we exploit the tenporal redundancy of video t

i npr oveWOHa/6p¥3eci si on of text boundi ng boxes as wel |l asdw©usameyeg nany
false alarns. (5) Estimating text and dom nant background col or (bl ock 28).
5 2.2 Text Segnentation: The text segnmentation stage (bl ock 14) renoves the

background ( n@nTéxeTtacking€@bisok 28)0if eHeARHR & vAdboOMisUIck H £HABY 1o (e out put
signal on Outgé,l 44 is an image text representation. An exanple of an

. g > ]
i mge t eRPT¥ Ehive EXRIRH the temnasadiredupdangy pf vidteeo ireprovathe preepisioayofi ncl ude,
for exanRkehouadiRe B&es bEXLI Ao FertibVel d, regardless of the colors
of the origi rL;aI! t_ext.sand bacﬁgrﬁgﬁuﬁdﬁaﬁﬁgﬁg{l%p may be used by 10 text
recogni ti on <éf Estiamaging text atshdonfiyant heckpmund ealbrablotled®). t hat has been
| ocal i zed an segend d by..bl agks 10 and 14. As exanpl e, the text
r egsogni tion Szc‘) t.mm—f%]%%“—o%?g}fcfﬁ’?‘dcﬂﬁﬂm%?F%@gcﬁﬁ)dﬁmé%ﬁé@ s bl ack

text on beckixotrel (hec-kext piele) andlctdatd @R obitb@ sidnBY ek b@But sfendPdn édt}ﬂ] gd to
pr oduci ng such an output signal. To inprove segnmentation, each text box is

scal ed t B 28 "RECIRY rareseRgione A peplerdon image iexk edpees¢rititions 88Xt  Next, the
backgr ougitndps The MY BRmAPIAF hR1udé, %ﬂ%ﬁ@@ﬁba glgg\ éﬁ%&%mtgtge{??cl{éﬁﬁ.ﬂr ound pi xel s

starts on the border of the text or Vi may be
pr ecededreggrdissppf ghecsloraelshe atiginal lté:y andickgrburid T hb bitmapmaphe hidee byame t ext

(block 3 The... r i ni i.xel,s may be biparized (block 38). As

rrelr?ti one%?(t rteﬁogglrné’gg%faﬁﬁpc%ldﬁﬁ?{llhﬁiﬁaﬁébgr teXthathes ’?eé‘élchﬁlﬂﬁd étdndard OCR

- sof t war esdgmehtebpblotiBa otaheils. A0k emmdldam,tcaa‘t%o?mmo&war%qn I'l. The
invention is not restricted to the particular blocks (10 and 14) of FIG 1.

In diff Sk QRR seftwarmhich apegia black textom a whitsdatiigruied, although tB8) nay be
di f f er enfnyvéifn JHE limpe @S 0GR g%ua?ar%&m[&gﬁaﬁd, consol i dated, or have a
n

di fferent order_. 3. Addi t'i onarH overvi ew | ormati on and sunma 25 Sone
enbodi ment s ofo impeovesrgméntatmh;j eaal teanbaxrisiscated neaheittitof) forexhmplepridoong to a

I f_1ops h i al | i fined i f
i oo oy X RERAOROREREEY Bhaeind Retrivadigeie S2e0d R aheseamhdor n (h 1 oxt

| ocal i zabdckgrourdixdiithrts GRBEBGHIE JE@E BRboMER BEXE FBMdéo?ﬁPﬁh%L bd €dundancy
~of video to i rove the segnentation result. Several basic decisions are

i nvol vedPierfdehhesubriivd ipsruraiesalignmept ofitky hitweaps glthe sameptyblack 34)odhal text is
consi der gg,a$; Sy bShi e lhan.99% of all —artificial text
occurrencesa.mI pe%l?@a%gibl\% t dg@éce%'yé% g‘ﬁ{g& ,ion\%gitc%rc%u(l)thnéﬁ bd’é% IHQPRF witing 4
2 3 AUG 2004 fs0n®lst6da8®TRCIvRYBEE (oQbahsdibe 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 bf
exploiting its temporal redundancy (section 5). Like in the text localization, 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:

30 (1) 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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.direction, suggests that the m ssing 1% of text occurrences would biggwmm
off by a nuch higher false alarmrate. As |ong as a performance of 0
correct MP 988¥8nted text in videos and inmages is still rCTbsdilesmge,

non- hori zontal text can be neglected. (2) Non-text regions are much nore

i kely than text regions. Therefore, we 5 decided to train the raw text

det ect or digestitr, gitggests tHao®s ntibsing(1% af Bedbci @fenes SRR el RiSHE By Phutiext at a
specific E‘gqil ti on%. Scal e and position i ndeEDendence may be achi eved by a
appl yi nghBess falteAlRrmdatee AsdeneAs apeiomsers 98 % qorrastly ssernsenied textrint her

deci si oNyi&ostal@imdgRy s sAA GEhAIRAEE SR BbYzofB] {eff cah be B%?ééte@lani st of a |east
two letters or digits. to The invention Is, however, not restricted to the

particul ar ddihi | Novetaxtiregiens aapmyeh morgdikely thpartext cagicus. Apptlowatveons, it may

be known verl | il 1. _be used, ..in, whi case.. i.t can be
'accsl(;rrrmd% Cg%& tcigﬁ%{' F\hgé%%wituﬁégft\é\éé?r alsgl ARRPISE ﬁ‘?‘“ﬁﬁg‘m SRl sitpl e ge, t he
par ti cul atra spedificipasitivin). S catelend ipbsitigt indebertryicdRayRetichieesl By atpgi?ﬂ-lgadVant age of
that know edge. 15 4, Text Localization Referring to FIG 2, an imge 50

i s scal edTiIRE BCFTPE R Bl @ositiansdn stbscalsa. 56, 58, and 60 of different sizes.

The i mages mayndacerdbditibn isTRA St 8cutBRIEY A é’iﬂﬂe%&oqg?tof%ll h five
i mges are shown, the nunber may be nore or less thhan five. e edge

ori ent at leBers ef digiid.xel s in the inage is determned to create feature inmages

62,, 64, 66, A S 2 CcLlo .1). A.fixed scale te adapter is
applied to cﬁé‘s??fr‘%?‘g‘.‘ g?é %vclv'rg\)r’ﬁ ergsérdcgeed‘l%ﬁeﬁéﬁ"'%ﬁga'?%ﬁﬁmf‘@%%%t e i mages
72, 74, Férapéicubinapmidatdesit SEEbd Bibwh thak vertioB 363 willbSikedlif whichlce@r ated into
one saliency map 84 associated with an inmage (see section 4.3). Initial

text bolief PrpceR@edaled Turther Hotter infarmationsis kyowmgbogiithe imagesthet i on 4. 4. 1) .
The text i ] : | '@33@@ ' ' he sane as or
simlar F%Q?mn%ge g%@??@%ﬁé%@ﬁ?é%?%ﬂ%gﬁgpoc %@h%tﬁ%é%éxatt boundi ng boxes
of bl ockk@fvledge. revi sed (e.g., consolidated) (see section 4.4.2) to

cr sat ed aevi E:dt ext._houndi ng boxes as represented by bl ock 88 which also
regresent's tf\i—‘l—;‘%@i‘é?goci ated wth block 86. Note that the text bounding
boxes are noRefding tOFIG. Dear iRGES50 Qu&alﬂriﬁto&s@@%i:ﬂﬁ@d S 44) 56 38, dngrge. 30 4.1
| mage Features 5 2.3 AU6 7994 WD 01/ 69530 PCTf SO /05776 Artificial text

occur r ene@ef ¢centsizss Thrimagesmankestill iraages erimage framey iayidsec Althewghmuni ty as
regions e B8 £OMWAS the ML ALY o' RAYEELGRan AV TRe Bide JRMMSH Iff €7 ent
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 bour;ding boxes as represented by block 88 which
also represents the image associated withi block 86. Note that the text bounding boxes are

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

30 41 Image Features



-ways to anplify these features. One way is to use the gradi ent 'mg%ﬂwﬁ?ﬁk

R&B (red, green, blue) input image INY) = U (X Y), I&Y), Ib(X Y))

order twoOodlégisoate the conplex 0 5 val ues edge orient atp@nusiTRgeésE. E i s
defined as follows: Let AjrT) be the angular coordinate representation of
the Cartesian derivation imge VI, (xy) of color plane c. Then, Eis
defined as t hetiGaiat ®si anucacedianabeenrcepreabrthahitairedfn thé resérctnod 180*) =

Y,4,(r, q7 nmod 180). Th dul,o 1 SQ,d ee is applied to convert direction
Vo or | SRS Neiarg Al bR S S S e es s R MOEHRY SREIBh. 10 Aot hor
way is tRayideampfydhése ah@nalOmderdysio 0ot eradieAlithalk ¥ 104 REBRAA, band b to

calculate the directional edge strength E~ = Y ID:xlI and Ey 1Dryl. as well

as its ogresrabluckinget istageliyyh= E 06y R AZEX Y, DEx.Y)2 inorf@oy Jaliulatthe témgle? Fi xed
scal e text detector I n sone enbodi nents, a fixed scale text detector .i s

‘uséd t o Altessrgsorisatiopimage . (F isdeBnadog doltowischat der.oh bt tagrgulrbased on its

| ocal nei %hcporhood whet her_ it Jpart of a text region of certain size.

.of &
For exanffl rdingle (RpFPsentaitnp obths g?léﬁ?’s'?‘ég?'aﬁt‘?”nmﬁ‘ﬁe g&ﬂé’éﬂd%fi"'@ﬁf plefcR i mage E,
L% X OhACRNCHEE 1B O3 lanCoRRRld ER-WRBLNPLC ADE BdaB NI 21 10 1 eX!

of a certarn size. re are many eren ues for developing a
classifi eEAE(X,?Fmb@ESO)i Mat Hiddula 1BaYESTecik astiel kdonvert dlic¥isirig@uUssi an

cl assifi efrgsiand a neural feed-forward network (which has a good
generalization capability). For_our rk, .we conpared-the performance of a
Bayes cl S&iatiog, %Wﬁﬁaﬁﬁfmﬁﬁ’ﬁ%gg@&ﬁ“%i terion with the perfornmance of
a real - val ue = wal ped. - .o . THe

coi?pl ex-val uegn%g%r a g’qﬁép&%&bﬁﬁ‘r@ﬁ{?ﬁyb% |$F§%§%¥Rgiétt?vati on
funct i oncditwatpthe\didetichapeige ettenpthr f Ormarim I n some experinents, at a
conparable hit ra &00/0 , its. false hits (0.07% on the validation set
was nore thanEtWi dia fiap WA a conparabl e real -val ued network. 6 2
3 AU6 2004 WO 01768830 PCT/ US&1#05776 Network Architecture. Various network
ar chi tecture nBi)és bv%mglsc%gé | gone enbodi nents, 200 conpl ex-val ued neurons
fed by aasz‘t!jxif)S Goge r BRI AT FON region in E serve as network input. This
size of the rpecepti F(Dexl)mgxrﬂwts a good trade-off between performance
and conput at'i onal exity. Ani i nput |ayer of 30x15 neurons achieved 5

not better classification results, but was conputational nore expensive. On
t hes ot hef-2si dBixed scale text detector

In some embodiments, a fixed scale tcxt.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 dctcctqr classifies whether the region contains text of a
certain size. There are many different techniques for developing a classifier. Examples
include a Bayes classifier, a 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 [ow than with a comparable real-valued network.



~using an input layer with less than 10 rows resulted in substanti al In?/ Q@E%ﬁl
results. Note that the nunber of rows of the receptive field deter ;\

the si zWf/96® font being detected since all training peruspaistrr ns are
scal ed such that the fonts size is equal to the nunber of rows. The input

| ayer in turn is connected to a hidden | ayer of 2 conpl ex-val ued neurons.

10 Agai n, umﬁﬁ&@dzf.éﬂll@ﬂ!m Nemtcsmstmbrldardmecuumiﬁbcuﬂecanysméformance

| mprove one in e false alarmrate by a
fact or g?‘%idr"é]\é{% CHmB "’arsﬁyfa"r“f?'? fe%g’?@éﬁ?%% CioREBatRdes RN E al ued

out put neuveds. needriatripat. TTHs Eiz6F thd Redpavéi@d Hﬁ{:buglhsgo\ﬁ@ﬁdet&ﬂ‘ﬁ&&n?é}ip' i sh
network tr |n|n%_fiﬁ he foIIovmng descri bes sone ways, but t I nvention is

not so | PyiYr@gne CPMBRANGNG! complgxaty v AR inpat lays Of é@tngeuromhiedcd)e as smal |
as Possi pht@edl d\Rsisikitldn BE n.all
typical text pattselr As and ;ltg%u{‘g%(%ﬁl t[}[tggédr?}s{ﬁm ‘tvc §f' °§ls &atlons
have shusirg mhmputdwwnhri@smﬂg rtvwdrhsuhed mtssbstm’uﬁllycwas& resulfs. Nae rel ati on

bet ween and..no t sanmples i e training set
corres po{hgfa F ér qu w{ ﬁsﬁhc refc‘:flﬁ%P'flagéaF'B elsr‘lzct“%éhcg bewgdeiseied A
quant i t ysiae dlhﬂalmhglg:xsmhﬁ%rev\d&hl@@sﬂcﬁ kifat the fdrM §z&cl§ eduBl fodhd munftie} 8 ned. 20
Wile it is stral ghtforward how to get exanples for different types of

text, itT9ey 196 NAYE Byerdn f4n ésAopnactsd det hiddandpives e Eheomplerevated neenbs.set . A
t ot t ho
conbost 1 gan i RERBIER hawrbild fo ol itk B0 b Alimoli ety miE

per f or. nansieg orly osoimereasel digk ﬁahmlann mtertgrprfmar&faﬁree/ ertzaiddes (23180 t ext
pattern s and 140436 no t.ex atterns were collected. 25 initially 6000

text pat paerrRate B‘ogﬁﬁf’f’a el PULBRY ¥ n were sel ected randomy for
training. OnkwwoReTAfInd ePterddd (R Tols §8js thaSoRbl anot her
3000 patterns col I ect edn“ﬁy {reans ofstﬁ)faSt bogt gtlﬁggm&ﬁuﬁhgﬁl ?ﬁl s met hod
starts wialiewing deserities Fomewaysi byi e ipesrtion q@aottserlmstf:do'fhcr twdining hmd neur al

netaor k. oJdihan u using al.j datj.on set

di sti nct érron?nh fréxﬁh@%gag%b?ﬂﬁjszm&ﬁbl? lcp&{lt & °prrn "Fné{ S?‘P'éll ning set).
Some 30 odéntiihall bypiicabiext p}ittaasmﬁdmcda -psttpaeris Theodetieal ml:sn@iﬁdn@ﬁa\&et are
random y ,adde e tr I ni, n set nd a'-FeW hopeful | y enhanced neur al

t
net wor k~ POV ‘?’tﬁ‘gﬁr "'ttﬁo |“§" S et gtheieah of '?T'ﬁaé'% etyeen the mugbep0b4 WO
01/ 69530 teRECIMBAILAZTABled IndhSirdIFing &t coJéagonrdgwhe Mo smgboe%% yfval uated

with the validation set again and furthe al se y c assi non- t ext
pat t er ns indthe appigatipn: oA aerstityrofitaining sswples Whick fulfjit this oftertarinobtainegt. and

ol 2861 71 SRR PREREAES b bel RRR e sn B o TR Pt & or -

like in dtfﬁctﬂasget-aﬁﬁﬁ@emmhaxtcxp&tterns 5 (and only non-text patterns) -

have been addﬁd This iterative traini Qag process guarantees a
solution to this problem 1s 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 Uairﬁng.
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
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diverse training pattern set. Gven a properly trained neural netvvor-zk3{ A6 2004
20x10 pi xel w ndow slides over the edge orientation image E and is

eval uatwe aate9sach position. The network's response is SgE@reshifodr®
so-cal l ed response image by filling the associ ated 20x10 region in the
response to image with the networks output value if and only if it exceeds
t h" et wor faining Get( TaE vézelfing Ret@Bt is daluafidVEeh tBe SAIRBLSH %Eagdin HATuMRY be
computatjonal |y prohibitive for |large images or high definition television
(HDTV)  vislies ctifiedrestextgetieaea added o frademnaset Thiarcloof peioigand and  y

directio b t: : L. not causes any
decreasemfer?{cgzig%ﬁ?gg‘glp%%cfﬁsz;s ggggaé - ur%:'ﬂ%%: n%@?eﬁcg?%ﬁegsgélh%ﬁ%g%% y0di ment S,

usi ng a theaklidatiby et doestnabddereabepagiysiorecor adike inaduir oaxe £ AORY Acdrtext patterg@ch wi ndow
Iocsati on EQ@ out ui tpehne ral ec}vxﬁ]r.k. is.tested if it exceeds

thr’, et wor'R° °BY é'gf‘%fﬂ‘ PREER’ 0"4R eef.a&?‘? - IS LAty e RN Prfe SS@URRNESEF R ed by t he
neur al neitvievet kaifing htuth setval ue may be added to-the associated position in

the response jmage. 4.3 Scale Integration. 20 In some enbodi nents, the raw
fixed-scal e t@¥eT getapety BHngddwial actwerkgs 20O pixes windpyresljdes oper the 80) ar e

i nt egr at IRk RaBE S8t ESREY tegeﬁ; ' r initial text

boundi ng 8>?es. a( See, "FI G 2,CU%P%§{<M8 : p#ﬁoﬁhﬁ%%#‘?ﬂg??%ﬁgﬁ ext |ocations
i dent i f ystoteH éms ed-cadled sespayse ineage bhifillingale asedditgl 20x3€ edgiom, in teirtspodisel se al ar ns
appear | ess consLstent over méllcgéa%ge sc.?l es. A saliency map may be created

by'%r oj etag5HIithe HIWRES PYtEYR onbygt B sxceedsithipmok =0dbetweenotiagd nal  scal e

of the i | ~heing text is ,an activation
| evel of irfﬂ'ﬁncr?(eaﬁ% g%)f%regt? \I?\ger[gg%%{%ﬂﬁ) Q%tlﬁ%ﬁgig?hﬁéﬁgefo%bgemgesé)r I"ﬁFti alized by
zero. Thesfnidawteleaision (HDEY) eidedseqidhces) wh @Xe AtteeRAECHr SLPAR J ih$hexOdHd dence

val ue of gei nig t ext 'if %dded]?t t he gal [ ?_ncy map over the size of the
boundi ngY BEXCHRR: TEsRsCivelyyilapy beagdhesuitampling Hegsdiohsapses@nyfeceeasniin one
boundi nga&g;&gyf}utaﬂ Qedel steal € within the vicinity of a 30 particular area.
In sonme enbodi nents, the saliency map may reflect the total nunber of
boifndi ng boxeUYndar gthentmbddiragyds, ysing @ realwaluedmetvwoek, Jogistisiattyvatibn funptiort, i cul ar
area. .8 2 3 AU% 2304 MO 01/ 69538 PCT(US01/ 05776 4?:'1 Extracti on of Text
Boundi ng B8 ¥ ncgwocatipy,;the oytpuiglthe B’E‘H(Fa chpretetedif it excestsdinempk Sus ways to
Create t [ e T i ' ' for sone

" enbodi rregigg ,%fgtdr}%d:q%éﬁﬁoégg?é@nigw rI gg%lgfgf%%pﬁgal%@g@gg@gﬁss. To

creat e amalumingy bt addet tothe asrtiatbbposdiongn hexespomedmagt. r egi ons of strong

sal i ency, jthecal gorithm

20 In some embodiments, the raw fixed-scale text detection results at all 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
themseltves as correct hits at multiple scales, while false alarms appear less consistent over
multiple 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 reflect the total number of

bounding boxes from all image scales within the vicinity of a particular area.
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starts to search for the next not yet processed pixel in the sali ency 3 004
with a value larger then a pre-specified threshold thwe. The choicé o

t he t hr&oWokes38 val ue is determined by the goal to avoirdtriweios@ati on of
text boxes for non-text regions. Non-text regions should to be |ess

salient. For our classifier, thcore = 5.0 worked fine, however, it may have
to be adjusted (e.g., if a new neural network is trained). A nunber other

t han 5. 04gouléix betious%drex ce a i xel, called core pixel, in the saliency
map V\Ath‘valu?%i‘y%ﬁ—'tﬁé&m d, it is taken as a seed for a new
text box4.efl heitighTexdBouMiighioxks This new text box is then expanded

iteratively. The follow ng pseudo code (called Pseudocode Exanple 1) gives
an t5 exanpl BCETare WEioR MRYSAp crealgtexy srundingboresn ThE foilomiendesdribies i al t ext box

creatio i 1) for t.core pixel
SRt OBl KA ESRUIRARHE LEXAEINEbh s etk RRALD R it g P
ext endNotredig drotajtial geq pf Ext bonodiag bse apund ffioaxs fndGpsalibfdyptiy algbithm

t end\\e whi | b h d),.Th ) i nt it f th
o el's ot S ol R o aP o N SARE 1y S s RReROORR Wik € ke Bt e over al |

edge st r@lagﬁ cl.slﬁ@(gﬂcd ‘tﬁrc&@cﬁ&ﬂ] aS 'Ithla%h&Eé #f%é ﬂ&Slfl(ﬂH'S %1ﬁ% H&cﬁﬂn%t t he row

direction. If the average infénsity 1s larger than thnsion =

i s addedtht god! heavmidthe 8fatldn of tasaboees ifer noh-oae Fegions NoRtdxt feflogs fiobidsmal | er
than there in order not only to get a text box including the core of a

t el regholfss splignt aFqrous CI%%%EW&M eidbnprhiesne, howevsaiitmaydfave todet ext . Next

t he sane ] ion.is used, to expand the, box,to the |ef tto and

ri ght. T?l[ﬁ&sﬁctdﬁ{a@}’ gttal n\%‘e’\'r ‘B’grxa{ & pgrrxlu(sff gﬂ“?@pé&u?bgrsmf‘%gi&ngs& '%%Bﬁlfd'ﬁgadi ng box
keeps gr owtd Wik 8RB 6RO R tRXalRh -with vahd 5 2004, VR, [d/i6R530

PCTI USO1/ 057 6l FIG 3 illustrates dar'?éﬂ%grml time in an iwﬁ%llg\gu?n’ 1agvi deo
frame 110Gkemat aseethiol @ sewfext bax dfihaightnd redilthd . Thisasw tetttbboisghent he i nventi on

is not restricted tqt rtjcul ar, ex | e The background of frame 110
coul d be®HE i‘ﬁ"’_&'&ﬁ?ﬂ‘r ?Ees@@ﬂw% pﬁﬁd?é"%&%ﬂ“ﬁ@é"t“ﬁ%@é‘& xﬂPp"é?) B¥T@Nconpl ex
bagkgr ousgmpild Jf thd InftR RRE bk @kedFiSn AkoritAfi OUs shapes. The text bounding 5
boxes are illustrated as dashed |ines. There could be additional text in
i mge 110.

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)
s (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 thygion = 4.5, the row is added to the box.

30 This value is chosen to be a little bit smaller than th.,,. 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 Example 1).



4.4.2 Revised Text Boundi ng Boxes The initial boundi ng boxes often ﬁos ROG 7004
optimally frame the text in the image: In practice, sone boxes contd n no
text (fWMG@/@53rns); others span nore than one |ine and/ eeTnselasivg of text,
and in many the background nmake up a large portion of the pixels. 10
Fortunately, these shortcom ngs can be overcone by an iterative

post - pr ocessiFi§. Briluseeies date ad fina inng ithege ihafvideoWiainon 1€ gt xamgRs bn so- cal | ed
proj ecti OntH?éOfi lecsq.? A é04 %ﬁtf} an Er.ofj | e of .an_inmage region is a compact

r epr esent™4" SRHTGInS éc%g Rqugh the daxetionis ptmgtrigied othpRArticHar s¥amplefas been
successf Whd backgpleyelirdnte HOGUDRBE als6id col TREFBRL AhiM il Mlded) St Ogr ams only
capture the frequenc};(/gdi stribution of sone inmage 15 feature such as the

pi xel i nFersTomplexharkerpund with diffesniagiaroef vagousohapes. Tiet textdiotndipg 0j ect i on
prafil esypr, fi ti ' | bution at .the c of an even

‘hi gher aggregggtly%g%%?agtgﬁg&pﬁ%% T@%ﬁ?‘é‘%@ i.;é %ﬁﬁgpﬁggﬁf%ﬂa\gg?f ‘cal projection
profil e AdyR bReviwfliTegtiBamdingdBoxect or of the suns of the pixel intensities
over each colum/row FILG .4 shqws an exanple_in which vertical_ and

hori zont al pr@}ee'ef"ia °“5‘P515ib%%‘ °§F%d°2‘?}"a%‘ﬁt‘)t Eemeide pat indhmimageialiong t he x
and y axgcide, dda Hokaed sin@in ARBRE(fal arkPP 6he RQ tk fan oﬁé ‘iﬁéﬁq}o xt lines
are marked by steep rises in the vertical projection profile ITe the

| oner  beRlv@nef ©st, apdinraznydhe bagkgroensnaks|upa largt portier ¢fithe pikels.r i ght and | eft
boyndar i f | i.ndi ed by. steep rises and falls in the
noft zont st Bese ARHEGh DR AL 1 ALEAT YT E PodarEae oot

i dentifi etilizisg the rdfbineation whredited ihcopallliprgegicaphbfifsosses an 25 adaptively
set threshold,line.. DOV\@: ug transitions are signified by a long |ine and
up- down t r anSiPFYETHON RFIie PLan imageiregipn & atogtpact reriescqtation ofithn seatialn FI G 4) .
The t er myibRahtcRbUiEibltidrand 386hRS siRbds At single inmage, a
t ext og},gct i§ a lt ex?l_boundary ng (isnc G‘é‘#’%’é‘g‘ﬁé’(&t atﬂpez}gstf;l been t hrough

t he revi steorenistion eWdyjle histogramseontysmaptucef the freponcyadistbutioo bf smte imagd udes

multiple i . (inclyding those 30 .t hat have .been through
thcl’a5t  ovi 5%“@?1‘; %u?ﬁc%%;@g%%?%?h&gﬁ el seate! Promatonis "Fﬁﬁﬁ?““%‘?’é’f‘é‘&“‘?b > 3 AUG 2004
WO 01/ 695aMild3@idskiyd HeQbughtspaiidl iRtritibyat thecdst T 26 8% HheV agdf@atidd T t ext

obj ect incluydes different instances of the sane text fromdifferent franes
(i mages) heRrel somente Adrorzontalivertical prajscsion profile sy bs definpd asthe wectpreén in
pseudocog <Ak BY $h8 pi e?&%?i‘ﬁ%eﬁé&%ﬁgblﬁmﬁhoﬁ.” exanpl e of a ‘horizontal

segnentation algorithmis given In pseudocode formin Pseudocode Exanpl e
3. However, tF&.drsbews arosxamplenotwhidhrvettieal and hotizvntapprojeiciar mofildesrai | s shown

'n 263 seud%g&c &d a%"b%?@ﬂa?% a on% tde x4 é.nd-l;'ha?(rcse oﬁ{nee fcggupcelgna\gl,\g.yahg gppcr boundaries

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

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 rises 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 (including those

30 that have been through the revision process) from different frames in time. Stated
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I mpl enent enbodi nents of the inventions. Note that the term "segnent Blb@@ 04
Is used in this section in connection with revising initial boundi ng Jg
and in 98xq1y68m06 to refer generally to renoving text fremisageaekground.
10 Vertical segnentation algorithm (Pseudocode Exanple 2): (1) expand box

at the tg&ﬁ%n bottom by the m nimum of half the height of the original

text boxUEAENA S the kasesiyicen) the terbabisst includes diffareh instanges ofithe shrat texver t i cal
proj ect i §m Rifedrédt raiks {;g,guelﬁl 15 (3) get m ninmum and maxi mum profile

val ues (4) calculate the segnmentation threshold (5) set change = fal se (6)
for all rows 4 cxampleeiefvertical sepmeftatiqraiddritied sigiveann pseoddcode fohi@shol d) 20

(8) if ( r 9 et er _boundary .= current row (10)

el se (11?£P¢&?§%E%mgibéﬂ%gé{%wg 9%:? ﬁortzfgt%o%@?erﬁ%mF[%Bilj’ﬁb'éﬁy'e'i”burrent r ow
25 5(13) pdeudaspgpeforh ouPstaachdd Edmple 8aHewORY tRONvSANG ol dege Of the
(16) " sttt actly hanc Pypbare baaprlocbavdy Dol oo bmmtaro al
segment afmpMnetk eRbddiReatt PEGY AR DOYslint he left
and right _ﬁgé;n'ghe_ m r:i m_Jtm of hal Wﬁ?ﬁgﬁgﬁﬁ)&?&ﬁﬁ%ﬁﬁ?‘ggwﬁs ext box and
hal f t heth§osgian in copgetingl withaeyisingiigjHal bo@)ding toutsend imectiaroftoakfepr oj ect i on
profile : / . i nd maxi mum profile values (4)calcul ate
t he segngér?tsltgp?f)dn%ﬁ?lg‘éﬁ%gg%x{'gw%{r&gqoﬁmgoI ums of the profile
(exif(profilefcurrent colum] > threshold) (7)if (no | eft boundary yet)

4 | ef n = rren | unmn
0(8) set Ve lCEtll sggonlljenga?{ox algogtlf)m &séud%god% Example 2):

n 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)  setchange = false
(6) for al! rows of the profile

(M - if(profile[current row] > threshold)
20 3) if (no upper boundary yet)
® set upper boundary = current row
(10) else
(1) 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 lower boundaries
(16) set change = true

) 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 threshoid
(5)  for all columns of the profile
(6) if (profilefcurrent column] > threshold)

(N if (no left boundary yet)
40 (8) set left boundary = current column
)] else if (right boundary)
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(9)else if (right boundary) Il 2 3 AUG 2004 WO 01/ 69530 PCTI USO|/0577§ gll}?ﬂ}ll
I f (gap between current colum and right boundary is |arge enough) ﬁ
create MEQXOE6I34 rom |l eft and right boundaries (12) unset pbgfidsoppstsé i ght
boundaries (13) else 5 (14) unset right boundary (15) else if (no right
boundary) (16) set right boundary = current colum (17) if (left && no

ri ght bouhdary) (£ &gaprbietyteen borentieniymsrardaddht BOINdB is ke eAdDenj I (1 eft and

ri ght bodhbaries) ¢28F neptat Fopnataristtt bamdh@scurrent right/left

boundari 82) (21) elssetle22)d fglt@bendari@cessed box 15 Wth reference to
Pseudocod&s)Exanplese2, in some enbodi ments, the vertical segnentation

al gorithigigppl i ed tsseeagtbbgxhryPOX Works as fol I ows, although the invention
I's not |i(ndt eeisé T (héA mbg@&ﬁbl) . The box is enl arged at the top and bottom

(l'ines (@5)and §etkighi gbuﬁwdggggﬁcgﬁ@gpl es 2). The enlargenent is desirable

because { cgf([cgc&& QuUidas e outside the current box and
thereforeﬂg)he I htt ) dzpﬁ n&f%&lgs) accidentally may cut off a portion of the

texd . 0 f co MATTY arles correctly, some rows outside the original
erati. W& set the top and bottom

box shoul

enl argen’%g Elgat%gro%saﬁd%ﬁ%?urﬁawg IR boundasies of the original text box
and hal f sible maxi mal text height. Wiile half the height of the
ori gi nal ( %e BREREet R9%he a good worst case 25 estimate for
|rrperfect|on in the initial vertical boundaries, the restriction to half
th& maxinmal possible text height is used because the or| gi nal text box
coul d contain referdngnito RsenglobodedExample@x in san cibediafens ahdiddficdl he hei ght  of

the vert FaairBY R netu PRt 28R el bor Hotinma s o tenevbiatur o | mage
tEJ is ®0natdimited amek.caiatauelThea;@xﬁmlaa@eﬂla@ﬂi@taﬂ%d%ﬁbmm&{ﬁ)‘éﬁ& (dexp, of il z
and m npe Of’scudoco&c 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
offa pprtion of the text. To recover these boundaries correctly, some rows outside the
origi:;.al box should be taken into consideration. We set the top and bottom enlargements
to the minimum of half the height of the original fcxt 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 MaXprofile 04 MiNpog). N the

- profile. To determine whether a single value in the projection profile belongs to a text

line, a threshold threshy.,; may be calculated as thresh,,,, = Mifpesfte + (M2 profite -

Mingege) 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 é

s vertical profile value exceeding thresh,., is classified as containing text.
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- profile. To determ ne whether a single value in the projection profi lfAUGZUUL
belongs to a text |line, a threshold threshu,n may be cal cul ated as

t hr eshtWO,41/6833% npo, l ale + (maxproslic - mnpnfile) x 0. FEUKNOEE6] | ne (4)

i n Pseudocode Exanple 2). The factor of 0.175 was chosen experinentally

and may be different in other enbodinents. Every line with a 35 verti cal

profile val uendine@s{ Nt PrrudededoExqmple B.absalgirdhm dsginotatsadrdi fogtheext . 12 23

AU@004a1}{\Qt firfn ﬁ&sPQI/&ﬁ e/ a8 1del F}J}‘é&#é&g\%ﬁsﬁot&% tigpgode Bxanple

, the egins to Searc 1Ts
starti ngbdundmfarnatba)cp(]ma'a) érhem,vmtmextmps-amh aa:smoﬁdntsemthailmeer bound of a
t ext box 1 H} gef %?t u down ransition is searched in the
pr o] ectlBr ge 0§13 Hyfoundea ney heg vathihs cupisnt WaPE AR IW S ur r ent  upper and

| ower 5 b@maﬁiaash@ﬁeat@ cnﬁaé@@h fof B 8erd BaF 5ﬁuomtupaan3@wdeah kraf¥itigi@Wn- up and
~up-down transiti.ons continues until all elenments in the projection profile

have beefPibifuEdstiall elements ipyhe prajection npfie havedssn M%@S#dyl’ble“)d&ﬁet ed. The
text DOXoligind Qi BPY inby bOddferbd. STHeqek bbk Ry 3Btk ifithfs pek lindl W@ Niovs verti cal

segnent ati on applied o a portion o *hat
addi ti onarhmhehmm wrisabirgmkatatim qpphefdmmpdrtmn of ﬁne ﬁlamumﬂFlIg 3bodkesthathown i n

FIG 5. t ousl e h i e ation i thm (Pseudocode
Exanpl e 3j4i§ Lﬁ?g'ls’iogﬂ%{% dgﬁ g‘f’? 'f‘%"}g e s1%P‘f"i Gk does not bel ong
toget her is Sﬁﬁﬂbg%hﬂsi thch@’\h‘%ﬁ@l’scgﬂngnm%ﬁrmd SodelBA@mlel3h G ences may
exi st between Pseudocode Exanpl es and 1) A factor of 0.25 instead of

0. 175 i s2piigditq wswﬁéhaééﬁsbmom|llo¢1wblfchﬂmse19hbeloqgtogem@r Beprardtedent al |y, this
val ue hagDrose Hsmcg{ébgﬁmﬁ{dﬁ%efaﬁr%&r{w &E@écn%% nig@tion. (2) A gap

par arret er has been a e ver segrrent on words in the
'sane" cékampieshand3 not be spl |t up due to small gaps between the
i ndi vidual words. Therefore, g@g@par aneter is needed to bridge these

| ow hori zont a(l)pro’i"ich@m\‘?g?éué@e?‘fo Sig uged in the computatiog i threshenas f ound

al r eady f t nd t us a pair of
po{lintl a P&ch?ail ri gﬁtﬁg %ﬁga%‘gg ar?grqor fg'talﬁghémgr% ?% f‘ﬁ‘e f ound
up- down trans{i onAgmipatrm::teurasbd&ﬁn adddwrﬁnhksﬂﬂeaémealeagih@mnoh Rerdtown- up

transition ound on th colum is interpreted as the left boundary
of a new“’t'é‘ﬁltisaﬂ'lﬁqéﬁlf‘m&ﬁ&‘gg z\ﬁlsb[&klpl © [ sl éav%hcavﬁ%ﬁ'& individpal y found pair

of transijor®NSherkfife, Wéaﬁ%raﬁﬁlck‘%céd%d t&md{gﬁq\@éno@ Haﬁ%mtso%ma al . left

boundary. If the gap is | ar ge enough, e algorithm 2 |nterprets t he
val | ey i nalupsif peagssarye 1hibe plgprigmttas Sovad hlr@dﬁapmns%@u@mn andjugrdowas (del et es

t Ego nggt %@ré |f3$enslaﬁ(§ {hh gQUQ’ dgf ;yotgnggﬂgﬁ 2% ng%t %oun-cll-p:?cs%}x ttllet gg?bgt%%rll fhees with

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 a
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). Tﬁc 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 segmentation algorithm,

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

30 complex layouts.
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. profile. The inventionis not limted to these details. FIG 6 gi ve? a@iﬁa oL
exanpl e of the result of the horizontal segnentation algorithm No é Z(ﬂ
addi ti ®ab1/698%0 si ons shoul d be perfornmed to the boundi ngCioasesofar nore 30
conpl ex layouts. 13 2 3 AUG 2004 WO 01/ 69530 PCTI U501/ 05776 FIG 7
il lustrates text "DOWJONES Commodities trading is risking and is not for
everyone" i nFHRh 7 ittagetet 26t thaw JOES demmadhine kadiawin diskidgand IFR&Forl 20 is in a

webpage 126.  Backgroun 24 b singl e col or or. a conpl ex background
(e.g., ®WHYaRAn 13%36;120 é‘F’t 185?4’%?3?@?% ped) Imagp L20 i it 3 weltPagegnent at i on

al gor i t hos MByckaRiunk 124 d) b¥a S8ABEALELrR bhpiivabigr&nl (4 £)Vitd nags of

"Commodi ties trading involves risk and is not for everyone. The reason
for thi soleescddifferentshapes)i Thpgertiepd geomentaiipmelgontbmreaytriot mitiably sipetatd on profil e
for the e ' " I:ke. ext hox kn _the left colum may
bk nAhGERRRER 1Rt PR oINS Ay BRI e

t her ef orlhe caasdrdfon tiis bezompd ¢leariifftine ihagines evhiat the iveareisal pfajectibeprafilkdor hand, the

gap betvyeen these two text .colums is |a enough to be 10 spljt up after
The. hor [Aesr g dras kel v har e et mas peK MRl y (1 turns
out, thgkomédBrhe ﬁi«(ﬂfcﬁckﬁﬂﬁ%@ri@@@hi&ﬁtt@kéfbr@%gulhﬂbﬂbc'st)ﬁt ih@tvo s and col ums
If a few cycles ( asses) of vertical and horizontal segnentations are

or

appl i ed lmss-t%ﬁlcé&hcrgmdeﬁw gamhbaiwesnthese twex textealygmns is lardervnoied tabe wel | as in
vi,deo fr ' LA [ ' t.s,:.ho ] L$ . helght <

i 0t P e Holiabhol srAliRon ARDAMTFR uPplicd KRBl R i 2

cl assi f icat] thees almorst ¢vexy layey conts dvided iherisftext eovel aid acldmes iflelieveopetss, Since
hori zontal segmentatipn assures that text boxes coptain text objects |ike
wor ds. orCTRERES Tigical g honzenial segmentationsrs aRpliFy todhi ROt t ext boxes
shoul d be sMglic@lihd Rt heldhEinimbbedab well COMSEALAGRANeY is HAAKASInWbhE hei ght >

wi dth may be discarded, too. Finally, text boxes which have the same upper

and | oweambediments; hoxesmdthar e cl ose enough to.touch or overlap each other may
W R B LA AL
Col or ang Background Col or -
height > maXexineight = imageneighy/2
are classified as non-text regions and therefore discarded. Moreover, since horizontal
segmentation assures that text boxes contain text objects like words 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.

443 Estimating Text Color and Backeround Color

In some embodiments, estimates of the text color and background color for each
text bounding box are made The estimnates may be used to determine whether a text
bounding box contains norm.ai 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

‘ 14
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In some enbodi nents, estimates of the text col or and background col 2:3 %Lﬂirlﬂ[]h
each text bounding box are nmade The estinmates may be used to determ“n
whet herwa o1/69s80 boundi ng box contai ns nornmal text (dark pcarxisoptsibgi ght
background) or inverse text (bright 30 text on dark background). |Inages are
typically colorful. Even a visually single-colored region |like a character

in a vi debrd. ARrdis ithd Gonplexity ¥1hs cOlbr dBMBuktinif 848 Rdxt BindHeokar 14 2 3
AU6 2004 WO 01/6930 PCTTUSOL105776 col ors. Accordingly, the conplexity of

the col SRaycRegeRucpiby arpfirngHistsolorsde. otitaipisg thsdsur mmaydnmingisgseldrsby
quant i i 1gaAoGRERE §udnfzerd Rhy 6XAEB! & ouk Word wusmskt'%amﬁ,%tg% colors. A
work, we used 4a

variety of vector quantizers Tay be used. 'R our f ast
vect or ouhaeit arz esadilyvinadlablar e readily avail able. 5 A text color histogram

provi des a neasure,of .the ampunt of the ntize | ors.. i.nc]luded text in
-a goundi ng g%i(.exﬁﬁ?éorr?é%%?% p%’i/dte%“ﬁs"ée ?%0%?°‘ﬁﬁ%q“[aﬂ§‘fcfj °PSF exanpl e,
the fourincledddaextioaBonidinghtex! Thé meaurdhfhduds samifie o£ @k @5k ferRastpied by the

text color_ histogramwould typically also include sonme background
i nt er ni ﬁg?@ar BROf e ¢ ‘t'é?"stéEH‘?j“SL?f‘siHE cglppemeasied pythegmgeolor o) - Of

cour se, RQkdrhaRoutf #&5:131ﬂﬁmah&@{oﬁ%&%&ﬁdﬁﬁgﬁiﬁﬁmﬁh&ﬂ @S goul d be
or COl or |

used for the text co hi st ogram A backgroun st ogram may provide
a measurigsiéd samedetderp(ag., "of). teourgu pattiozeof thotest ghdr e tltkefdui centeor t | ons  of

t back 4 LEFOr ex he.portions could be two rows directly above
ang bel or\gv&?gglﬂ?g‘;( scgo?(r F?%gtrwﬁ%&'é&? ag"?:\'t her). Note that this background

col or hi st ogr/abackgmuid €dlorttisteram oy preyide Dfiedsure obae k@obomtngtheol or 15
one fraom above the text and the other from bel ow t he

hi st g, !
Lext f . aqrgagﬁtifﬂﬂgP'iovénglPdﬁdneP@r_tlﬁvsgfrﬁthwcbwpgnda Foaeagplra g Pewiony cawidst r ogr ar n
from aboyawbiiews &¥dct!9hbov@aRd 6AbW khe th:i1Had (BH %wmgbmkr?m&!a%a&%- In sone

enbodi nents, a difference histogramis cal cul ated between the text and
backgr ouragkgrpendngioaestogrine caneiré ndemsosplonentofrom iwo bickgreneivoborhi st ogram i s

VST o Bt D, G RO b e BBV B o 11 ©

the difference ogram m ing

met hodol ﬂ@@fnytﬂ&lypﬂmete&ﬂigﬂvm&fnﬂ)r’@lﬁﬁcﬁérbynddbld@mswgmm ffonl abale Sie ket or
hom)geneousl‘é colored text, O course, it may fail for nulti-colored text,
whi ch i sonegplor histagrm BAmbslowate ekt ed text col or and the nost doni nant

background cohQfm¥Bmbedimens, I BfGeitaGisia istc‘?l?&hla?f?"d eLlPthP @t ANt i ns
normal text or I nverse text, described™ above. If the grayscale val ue of
t he t extbaskgronnd lstbgwass. Thamaxiouinrahdr obthekdiffesenee histagram is very likely to
20 comrespond 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. Ifthe grayscale value of the text color is lower than dominant background, we
assume normal text, otherwise inverse text.
FIG. 8 is a block diagram itlustration 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. .Refénihg to FIG. 8, block 130 represents a

bounded text box and surrounding background before it is vector quantized (VQ). Block
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-assune normal text, otherwi se inverse text. FIG 8 is a block di agrir? !
illustration of the use of vector quantization and the use of colo AU 200
hi st ogrwest1t6933®st i mate the col or according to sone enbodpdBDEE /RF76t he
invention. 30 Oher enbodinents have different details. Referring to FIG
8, block 130 represents a bounded text box and surroundi ng background

bef or e i 134 @presmtthe Gowided z€kbr Q¥atizedibaGlendiand backRtind OR&e W) A 69530
PCT/ USO f 677G 134 represents the bounded vect or guanti zed text signal and

backgr outfdt Sigat wecluging hapkeround ues enlyfeat cdlets| Adéx goloatikiggremrHpias only four

colors. Ate color histoqgra is created from for examle, a stri

(e.g., f%rﬁ?teaééﬁq'ekorF’(‘)?/{B@e’ta%lﬁﬁirﬁﬁﬁ%’é c?f‘é?ﬁtr%‘?’s)él_i‘m‘t‘@kt?? ciﬂ&ﬁéftexgpﬁﬁ’ﬂebw col olro

hi st ogr agt 16k\do R Histdgranty €HG LRAEBark Eﬂgﬂ)e@gﬁfnraj s@rié}@:gtg,'tWO E‘W%%Qc}/\\%)theabove the
S e ext, r

5 text and froma strip (e.g., two ro ow t spectively. In
-t he exantskeand4ramwh strip (¢.a5; evaiols)iethw il esxeresectiveipe bk exankpl& UQEIATS provi de
a represgrgtﬁti%p f the tﬁm)%nt .of each qof the.colors C1, C2, C3, and (4

i ncl uded® TR PHE" stirParealfe &olonfistosans prpefe A Bpresetaion of therampuatafoHD i s

creat ed, eather te GORrC OHR, C3GHR C4 ifdtlded ASths YOS 8- &V @DR\WGre &L B510r Di St Ogr ans
CHU and CHL may be summed before being subtracted from CHI. to Ri)te t hat

t he est i hatogdmcGHpris eragted avham diHers Cle s ©HybaCH] . nA sagbésedabéve2calorand 6. 3,
bel ow. However, in section 5 to section 6.2.1 and the first part of section
6.2.2, ihegeems\itinand il senbesusnesibsiore being subtradied froma§21188 in FIG 2) may

be used. 5. | Qi ti.ng J.nformati on ,Redundancy..in. Videos Vi deo is

di & i ngui shegﬁ&lg gfﬁﬁtéti".gﬁs*"“ﬁﬁ%gﬁ “5%‘(&%‘8?&7%8&%‘*’6@19 SFARE 6 5y "f‘gﬁﬁor al 15
r edundanbglowT¥oieatd i seamlB thextioh 508 AP ARAS pad BF sRBMES. b, i7ABLd guous
frames. This tenporal redundancy can be exgl oited to: (1) Increase the

chance oith BEaIsF3F Aforsdiuch ap the inaasS8dmbls. 2bwey bawsedppear under  varyi ng

condi tiogs frpmib#alenthndibA REdunifcy § y& false text alarms in individual
frames since €y a 0 throughout tine, (3)

i nterpol ate tWalebaxdistingnshaf fronastdl idmpdsand yon-wides b papes by iempsral n i ndi vi dual
Holbver , FOURBRE | R e PR B A Ay D kDU PE LR e IBEnSi Vo, and . 25
appl yi ngtempordl eedunlifieacarztidxphitécigene of section 4 may be prohibitive. To
see this, suppose the inmage-hbhased text |ocalizer needs about 5 seconds per
MPEG-| Vi deo 85) dngrease the chance of localizing text since the same text may appear under
varying conditions from frame to frame,
(2) remove false text alarms in individual frames since they are usually not stable
20 throughout time, |
(3) interpolate the locations 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 Pictur_cs and Associated Audio for Digital Storage Media at up to about 1.5

30 MBits/s," ISO/IEC JTC 1 CD IS-11172 (1992)), MPEG-2 ("Generic Coding of Moving
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-conti guous f

, . . . |
Processing a mnute of video could add up to 2.5 hours! MPEG ref ersg|t38%lg] 004

Movi ng Picture Experts Goup. Current and proposed MPEG formats in

MPEG 1WO @Oaébssng of Moving Pictures and Associ at ed Audi pctmsoi@dsgist al

Storage Media at up to about 1.5 30 MBits/s,” ISOIEC JTC I CD 1S 11172

(1992)), MPEG 2 ("Ceneric Coding of Mwving 16 2 3 AUG 2004 WO 01/ 69530

PCTI usmmemammmmmm&&ym e Churlises (1908l dFGPEE A {4D 13818

(1994); %r (¥ Ver Low_ Bitrate Audio-Visual Coding" Status: call

for Pro&8§’ ifgaty "@ZP'V%?IIG"%'%D“&‘F‘P qal} for Proppsais 1 irfh orising Diaft frer ent ver si ons

of MPEG1.98drHYREGe diffeMat ¥epdisns &Nﬂ%@l%&ﬁ@ﬁb@r‘varwg%n%ﬁ% o€ tged. S5 5.1

Text Qbjects In the case of still inages ' ocal i zed text [)OUﬂdl ng boxes

are gen aﬁq}Wayl pyedendent and unrel ated to each other. To exploit the

r edundancgy | I n video, text bounding boxes of the sane content in
s 3 | PGl be summarized into one text object based on the

vi sual contehtﬂaeoésctoﬁstlltmagesbﬂUhdalngd tas:mrnndnhg\bm@ax@@s@crﬂfy video, a 10 text

obj ect dec{%crl bes i mage text represent ation

ine. o
(e.g., BTERHPE a“gé‘fmf edé?\ﬁacbﬁ’ ‘Elt(’n Ploﬁt’f‘% \ndancyisherens inpadeesterel | as its
t enpor alboiitMgtEbdXes OGS SAnRNGRtent i BSHNSEIR Haftt mgpbt?ﬁﬁxﬁnirﬂzeﬂ' lfieg are

extracted in a two-stage process in order to reduce computati onal

conpl exit®Xy obipstdases andhy vigpabieastanisiod Shedpd bariding tioness dnthesntsad videnitas,

akg houghek B edeid st.ag i deo si gnal
is nonitor eﬁeatt gd?%ky%ggﬁéng%%‘nér%%é a‘f{"s ?@g tl:’p ‘gbn setéonF(tF %Bx)naps& i nst ance,
t he i magiebamigesitions mlthn:\ahomfﬁ'amedeswclil Bxeich tbrﬁp@‘&l&’amg@mféccurrﬁndém y applied to
every 2 0h flr téb cgs éc{%nes F80, dF100 F120, etc. in FIG 9). If text

i s det ect@P'¢ IEFe I VIHTRS E° POEFted fAtWoRtAgH BTCESsS R OWFT 108Ut r acking  wil |
be ent elbeﬂputhfbrfahbtﬁn;ﬁé)ﬁgeThé flbwin r@ﬁ&nﬁ&”{%@mh@n In@@m%ﬁ\b&&hc%age are
tracked backwards (e.g., frane Jg. and forwards (e.g., frame F121) in
time up ajthough dhe inygntion it gp limitada dpa ﬁGf Fagesy VldmiSIMts mioratoesdaf 2 occur r ence

(8¢Q. S 0 of at ur e- based
sgfatr ch o ﬁ%ﬁﬁ%@\g’gé—g{ﬁ @%‘?Sgg %a?éﬁlﬁf'g'}(wogéﬁ z%stedécr{ﬂc%q F*hnat ur e- based
sear ch |dssdnes¢mcmctmnt4aismntyedpbmdltnbmtmﬁﬁiﬂancgnﬁ:gﬁ:smsee[dot)wquol ocal i zati on

section 4 nat ur.e- hased search_coul d i ncl ude conpari ng edges or
( reas of'% if'e“ﬁeg ?h'SFFFFﬂi)‘E(%Ign g?’ﬂ%? Zﬁymconde%eaf%tf%%%e gn edge

| rrap CONall ibg @fiteredO i HHaze, 18k Ghds! fOSndGR tHeGn PtoLRade QPRI REN baskwhards Vi deo

Moni toring For Text COccurrences In sone enbodi nents, video is nonitored for
text ocdtsEAmes!H) 2ad Gunrde(cigorfipmedi12]) in time up to their first (e.g., frame

20 F115) and last frame of occurrence (e.g., frame F134). This stape uses a combination of
signature-based search of text lines and image-based text localization. A signature-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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resolution. For this purpose, the image-based text |ocalizer mght be s Mo
applied to an evenly spaced frane subset of the video. The step size iIs
det er MWOA1469530he obj ective not 30 to oversee any text |paBysdimsener, it
may be uni nportant whether text lines are localized 17 2 3 AUG 2004 WO

01/ 69530 PCTf US01/ 05776 at the bevinning, at the mddle or at the end of

their teafiertaginoingattenaiidle o asthy eBsheit B@poraPidoukdRE Kinldly Sis808e W | 1
recover ttjgﬁbaaﬁitg | teﬂporal ra%%ﬁ of each text |ine. The naximal possible
step siz& Mgy Beg}ﬁﬁ/‘é{_ KEovERte ATTHe! temposal senee af eashiyost lne. duration of text
li nes occurr emeefaxinihligo5siVie s8s S Raf B #eerORAnSREARD: asMnfdaQnfERear ch 5
i ndi cates that humans need between 2 and 3 'seconds to process a conplete
scene. THRIonof text Hegscpuresensashich wo assume tebe dratsecopst Visimukgagppear cl early
fors at | gagk [ to be easily readable, For a 30fps
video thi ?ttﬁﬁﬁgﬁ@%@gs ;ﬁ %%;mg’%cggz SIIQ égg%?m%do F?Oﬁ?“ﬁég.cx?"ﬁg?&ﬁ@ce%%ftnent s, if
t he i nagecbarasbnabixto haywat thecextdbeasd agtear dieaslydonat 1eaxtt2/3 bfsecdnd i r aMe, , the
noni tor progess cqnti S Wt rapet +20. 1f, however, at |east one text
e oSS B8 Y rondlrets 0 R A1 faseials ot Spmgat 2 fpmend 1o
framet-1 and I safBEmBodiNNett, if thelmDaGhseh 8¢k 1dch s B&sfnbgﬁﬁﬁl{atngﬂ% fhl.egor Ithm
anet +, .

searches for a correspondi ng text Tine in framet., an

Cor r espowndamse thganenden ptogess exitinuesneish fraye o Heoweeet, /ledtomataaliayer | ap of

at least 80% of their respective bounding boxes at their frame |ocations,

al Phoughis &eunérthe masgbaseddentdodglizen oy be arfpliad taidar®:. ept frment,s Neke fgoi nt set

descri bi%g thel.ref g{?enc‘g aﬁg_t he |Is second bounding box, respectively, then

the per c& Kgtlingrin fizare hp algasithmecarshes ferd cosesnonding ket ineinfmings; and

Conseque , A this. cas two corr.espondi boxes cannot differ nore

t han 20 géerlr]%*éh@frﬁs'p&n%%w? Eévﬁwog%h?csﬁéy%ggg%ﬁﬁ’é‘f%ﬁcﬁ P¥lap Af&ont i guous

frames i 80% cRu@iraBlpkcillbouffhd KxBlar el thirlotoclbhd SfhAGRMAS! each ot her
shi r

if they have the sane size. Snal ts are commph for-non-static text.
| f corr e¥AHsAaPHE bbaseds 1 A and B meprestntathd phintiset estribing ti2Gefeenedinficie a t ext box

i n.frane . [ ect ising. these text b IS created and

Imalrsked f%gor@rﬂégﬁﬁl%ﬁéxﬁ%ﬁw cl&’?ﬁ%ﬁé%ﬁ%‘é g5 ?‘écrlﬂf)’( &a\VgéS%?%%?ﬁmry of the

vi deo  nowritpr |ATIBIAD CESequihttieh thiR Rhde OfwoRBrradpBAdihg BeRck Sdnnbiife;OCCUT F ences
(frame 0, , frame T) (2) for t =0

(Pseudocode t@g@gpl e 41)_: _25]'( 1) video = e 0, _, |
to T stef°% RSFRGRL inss i By AcPyreat the game posftioarip centiguqusiffamepandiort | i ne
found  are only allowed to be slightly shifted against each other if they have the same size. Small

shifts are common for non-static text. If corresponding boxes in frame, ) and frame 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 (5) continue with next t
(6) localize text in framet- 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
£3)) if search successful

18
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30 (5) continue with next t (6) localize text inframet - | and t ¢ 1@7
for all text lines in frame t which do not belong to any text obj ec23y 6 7004
(8) sedwoOmW1sEBocorresponding text lineint - 1, t + | @E@rushissEasch
successful is 2 3 AUG 2004 WO 01/69530 (10) create new text object (11)
track textobj ect backward (12) track text object forward PCT/ U501/ 05776 5
5. 1.2 TedD) Tr ackiongte mewstexnbinbodi nent s, each text object is then extended
to all f{layres contaak eixttdject fekwggpecti ve text |ine based on the information
cont ai ned2j n t he tiaekiexpbljjett tsiwedeat ed in the video nonitoring stage. (This
reduces the nunber of bits maps to be provided on conductors 44 in FIG 1)
Text tracking nmay be performed both backwards and forwards in 10 tine.
However , 3@ %&Lﬁ%@bur description to forward tracking only SI nce

backward tr f f [ exce in the

~di rection yoaﬁggﬂ? rougrﬁgl%l o tg)gecr{egtﬁl"ﬂlh g%*?%a%fié%%%@ﬂ%ﬁa tﬁiﬁ' & ast t ext
tracker fthe raspectiskeext lire Basegban the inforinatidnfvenkined @nthe text slgects dréid) in@@ cul ate a
character.i,stic ure ows ,to |st|n uish this text line from
text |indde W?Wt%é‘gﬁ%f’ ﬂ%ﬁ?@cgﬁgﬁ wWimber At fifsmap é"[?erﬁia‘é %4 on of sane

- di nensi ogontitotdrd 44 REFIGEXS TektdRekihg MR bV foimBEEdth BRIGASS awf%nb fnénce

f
signature. The vertical and horizontal projection profile as % ?I ned in
selti on tme Howesepavegsstgct %b%ﬁéﬂtloaﬁmfoé\hﬁﬁé@tﬂ@ng enly singedfackweardée si gnature,

al t houghy, r Ler of ture may be
defi ned a%ﬁ(nﬁéiogée%?g&ﬁ ?ﬁ Fﬁg% g%?“)? m[}%?(&;g iothyeu %32’85@5‘?% t ext
line. Si wdécarTitexbabeidnebchnhdmﬂasgteaﬁttmE& istalleatheRAiHe a8 thaXugégnat ure 20

i nt ersect.,on %rﬁ ggl l ge sum.of. the m ni num bet ween respective el ements
in the YRghTITeEalFulat g chaaeensipsigpatue laws ixgittinguistatls tewiliset  of
i nt er est ra@ R tihesARitCAREEbRENts mg{:ﬁ)m%e ﬁiag@égféﬁ%f%emxaérﬂﬂmm

i ntersection may outperformL-norms. To f hé precise position of a
t ekt |indeingxtiv Orﬁr@mcwmmstraamhesthgmdmn@wmm centers fail into a

R T .
exceeds eonpani anﬂlchirerqemstze&fewmd&\slgaamteyalﬂibhgz cbtbeﬂsxgnhmﬁ:s g6yld beusdacl ared to be
found an K g(letei‘:(rj oI‘ 2 sxénha%ur;[: Fn)% bg Qéﬁ%% as th ccnter of the bounding text box of the
associated text line.” Similarity between two signatures may be measured by signature
20 intersection (¢.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
similarity, the text line may be declared to be found ahd added to the text object. If the
vest 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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- best match does not exceed a mininmal required simlarity, a si gnatuqq—%mﬁ
drop-out is declared. The size of the search radi us depends on the nmaxlm
assumreWoQeL/erBeéy of text. In our experinents we assunecdingdoifoext needs at
| east 2 seconds to nove fromleft to right 30 in the video. Gven the frane
size and the playback rate of the video this translates directly to the
sear ch riafdmustidnroopiaitet $n the mexp bbjBatisp i to Mrowodtveh thE @dichtspdcBolReat i on by the
19 23 AUG2006 01/ 69530 PCT/ U501/ 05776 information contained in the text
obj ect SBF FPY 5 "RSPTBYHRYRIRhNA& ' dbar ch space, however, there may be no
conput at i onalngaegs Jisdatdrd- t &ﬂﬁ‘é - ' tiye search
algorithm may resenble thga‘%?g%l?hmrgtsﬁl ng dé{ilgg??‘?ﬁ%e'ﬁ@rgﬁ%l?%n prediction,
except tHalchingelgerithin far mptiompradiotian, pxceptaba theovimdarith measyreait based desi ved from
a fkeaturg,, . | I happen that the signature-based
-t e>5<t i nsggdg{eﬁg%%%& %?saﬁ’nag?&g%t]%gg%%e&#arf%ge' fading out slowy since the
search i s badedapmpphethai tha aighataredfasddhext ligkieatchtBed dot A&t REQYIigUS frane
and not an onetsiivgled. and deri v,eg mast er/ prototype signature. The changes
from franes Py stpdisings frseaseh & fased pa fhe sispates ofdiedextdr in theprevioes , ¢ he

si gnat urfemiPdRGot 6Xbnd fiRa add j a ing in or
zoom ng out text. To overcongéf\ﬁggﬂgsﬁwrﬁgoﬁghs%g%%&t ﬁgcm g egff%?}g based
search nEamye g mightbedoe pyalitottie deteatable bjurtties, thawgreturdbseditekide | ocal i zer

i ngor der 3 i I: n izes . of the text lines. Newy

d(ra]lt0 ect edS'eztlrg}>l<£n %ﬁ%‘e{s‘? ?&E%g?er{\/éégo,%wﬁ%ﬁﬁgz%’l@'é%\?%éﬁ“hi? YT PEEi cal Iy, every
5t h f r anfenitaions dhexignatwe-based sgehtnaybEpEfites evdrg k e B5nS PE@E imdge- and

reliabi lgﬁ%él’tagﬂt Ver. iEdtervaI s..could be used. Again, in some enbodi nents,
the bolRaTHEBRRLETIR ot todesaliRiatn dpcations apd Ties ofhy W3y lrgsa ey at | east
80% DueicteRted 1@ bbRG! hwevl mah e Misle@adiegnal such as high noise, limted
bandwi dth (e.g. ~colors run into each other), text occlusion, conpression
artifacts, etheurigingily.myenySth fFaneotmedioottodk agead cangjremiss bétwednispesst r i ct  sense
(<., | 5 h [ n., hot ssible or 20 practical. Therefore, it
rrgl?/ not g(?g%g%lo% b?g(g‘)acringert%é% rr?ﬁ’url\d;t ceusgé)‘a%&%“i‘!d” F?m%ﬁ"tgogl‘?‘é‘?p@‘ﬁdi ng text line
can be flaunding hotdsef nerrdspdndiptextRatdvaiy oveflasky tgeastwped. d be term nated only
if for a certain,nunmher, of contiguous franmes no correspondi ng text |ine

can be found.4edP HPg ,cﬁémdhfmﬁmah%mmmmiem tinpitegh jdth g’ may be
used. VAQNSY R idtole8d ot 86k oc&@sﬁ\ﬂf?t:orﬁﬁcﬁ?&%ﬁg%s,%ﬁ. {dafndlpxt frame, the

respective counter may be increnented by one. e respective counter is
reset tJesEPBioniedrayebicts in thestrctsenss éag.cin erey fimhesis oferents posbitde ort r acki ng

PrAcess faichS TRBRE:E T maFndi 32 6854 ABfto Umihd iR il uoRiGonting 1 S
, 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 maxp570""**" 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

max ot or maxprso** . In our experiments, the threshold for the image-based

text localizer was set to max 75,2’ = 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

30 threshold for the signature-based search was set to max},’f‘;;‘,’:'“"" =4, e.g., the distance
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- Max, i"-6a7ed or max a" "~ . In our experinents, the threshold for tf@ UG 2004
| mge- based text |ocalizer was set to maxD-pOw '' = 3, but other val eé
coul d bWQelg@s30Thi s kind of drop outs may be caused by permsé@issy Vi deo
frames or tenporarily occluded text. The 30 threshold for the

si gnat ur e- based search was set to nmax ,,,,p,,, = 4, e.g., the distance 20 2
3 AUG 2004wWdé B/ 660 RETfABA1M0S Bthie Viteamiwe S elig dracal i zed
franes, blitmﬂther val Léles ga%gg@ used. A value of 4 allows for tracking of
text |in8WH8EEackingplfgst do tF YEafuEnbased garch inivery diffisnit seabeh fars f or

zoom Ng kdbrfifhg 0N EbOHEin@ Wt feR¥ tRse ((eteTe) BB Sives : jyes a summary
of the wvij deogrrpnitori ng processs@g%%ordi 2‘5%%(0 so%égéarr%gl{d%\r%ﬁ{%gof t he

i nvent i oMideeMRBIRINE PO eecorditmigisema tmbedimetteof thyimmerition. Hawetwre, | npl enent ed

wth oth ' L 1 acki al gori t of a given text
‘0bj J(;ct (I%gigu otf:l'!é)jl e?n Exarrtg?fé’\o%tgn%%;bcgrpégggégj_ﬂigﬁt&ftgggs'o (2)g | mageBased
DropQuts = 0 (3) while not (begi-nning or end of video sigBased DropQuts >
max Si gBasged ts. | d,mageBased DropQuts > nmaxl nageBased DropCQuts
get ngxt §$W§‘E?{et%gtcgrlarcﬁlf’\grag‘?@%€feat%V‘B‘éaft(?ggf;‘i @%jmm%%ﬂﬂg%ﬁi ext i npf r arrzs t
search | gigal i #eBhst® DropOxs &fpgat mat ches to the box in the last frame of the
text (4)(2)(5)imbgelfdd mrépoubicect (8) (9) 20 (10) (11) (12) (13)
10 (3)  while not (beginning or end of video] |
sigBased_DropOuts > maxSigBased_DropQuts | |
imageBased_DropOuts > maxImageBased_DropOuts)
(4) get next frame t
(5) if (frame has to be localized)

15 6) localize text in frame t
(’2 search localized text box that matches to the box in the last frame of the text
object
(8) if (search successful)
) add text box to the text object
20 (10) reset sigbased_DropOuts and reset imageBased DropOuts
(1) else
(12) increment imageBased_DropQuts
(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 s} of the text box in t-]
(18) for (each possible position of w in a)
(19) calculate signature s2 for w
" (20) calculate error between s2 and sl
21N 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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(14) 25 (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) 35 ﬁg@inm

(26) 40 if (search successful) add text box to the text object reset

si gbasew et s and reset imgeBased_DropQuts el se i ngtewenioshigpgeBased
DropQuts else calculate feature image for frane t estimate search area a
for the text line create a window wwith the dinmension of the text box in

frame t -1 g&6 pspgratienebjstt foftettheghandtiohQkmbybd rirdmddHowh 3882 RASSI bl €
position_ of in a), . cal c%%’c signature s2 for w calculate error between
s2 and swf“‘:h o SisteRter Wik ‘ggr’:P denge. (hersfaralin samepmbodimgngs hashdyxt add t ext

box to t bEedt@xfemPbiat rimm 8 wPlodRAARLAPHS in WAL DELR BRI

si gBased_DropQuts. 5.1.3 | aostprocessing
fext localizer detected the text line. Next, the text object is discarded if, for example,

5 (1) it oceur fess than a second or

2 it has a drop-out rate of more than 25%.
Other values could be used. The first condition results from our observation that text lines
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

10 subsequent processing cannot deal. Unstable 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.

(1)  Textcolor 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
media}n of all determined text colors per frame (e.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. Ifit is fixed, we determine its width and height by means of the median over the set
of widths and heights.

3 Text position. 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 left/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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.21 2 3 AUG 2004 WO 01/69530 PCT/ USOL/ 05776 To prepare a text object 1;505
text segnentation, it may be trinmmed down to the part which has beg Ub 2004
det ect OMBH3AI gh confidence. Therefore, in sone enbodiPoarisissach text
object is tenporally trimed down to the first and last franme in which the
| mage- based text localizer detected the text line. Next, the text object
i s di scaf-ded Yot Sggmpentationpl e, 5 (1) (2) it occur |ess than a second or it
has a drop-o # re.than 25%. Ot her val ues coul d be used. The first
conditi on reglfj °tt§&$? rﬁ“gg‘g‘P“é‘B’é’g’F%?WB‘H%ﬁ%E%?&ﬁw ket Thiyis nattadel y vi si bl e
for at |eabisedwih tecepdemaibniiedction48ext |ines are usually fal se al arns.
The seco&ng{lI C dilt .on renpves the text objects resulting fromunstable
tracki ng”wi tﬁﬂﬁiﬁ#@?ﬂ—é@‘-’é%g&iq&'&?ﬁ blorloddladiliigl-tannot deal . Unstabl e tracki ng
may be causedrelysegineffafion &%WHE:%% I.f on-text. Finally, in
:some enbodi ments, one or nore of t he %H’é@ﬁ%‘i ﬁaggsa@yTe&Tﬂpﬁs may be
det er m nBHEROGAtoBLsh thak the et beight of the texapbjka whdar coesideidtion Ry Fady | N
di ff er ente; | . or .of. t.ext object. Assunming that the
t ext coqu)erlg%o f?t rre& %gﬁrlg’ Eoéﬂ))&l ﬁ??éldetﬁg PR B pre g&LB{Féfonﬁlf%fE‘our se of
time, tmsalingare val-fold:of a text object is determined as the nedian of all
determ ned tex cIors.(E)er frame (e as obtai ned through section 4.4.3).
The text col do &% dSLes OISR tegepwhichm tumdeadn to Yattet her aver age
orienon- @pmedgenreastdr e coul d be used. (2) Text size. The size of the text
boundi ng box may be fixed or change over 20 tinme. If it is fixed, we
det er ni ne i t ORfaithe maigr preblgms with cuneahtsxioixtradtionmad teanrecnppitionhe set  of
wi dt hs ¥ LbEen.. The text |line mght be static in one
or bot haggkgg géilg;e:\{e gysl.ogi)c%o-efgﬁnl ?ﬁi*‘.i’ge?e“&??a%&‘%s"é' ?F%qu”gi ‘iq’ﬂra{“ﬁ’é ®™nd/ or y
di rect i drave & heiglt ofiless tige 10pixele Alithpeih it &S| ré@gh@éﬁc foPBlmhs 2PinRi xel s. The
aver age no ul ated based on the difrerence in 25 | ocation

/ o!nﬁmené IS c%l (
bet ween ‘FIa oM & B1VER ippys tandasdiOGR: sxsteme adarddime. HHese QRR systomes awe nal i zed by
the nurbeen d&fgnkd 8 RSognize text in documents, which were scanned at a resolution of at

least 290dpi to 300dpi resulting in a minimal text height of at least 40 pixels. In order to
obtain éood results with standard OCR systems it is desirable to enhance the resolution of
the text lines.
Enhancing the visible quality of text bitmaps is another and even more important
20 reason for up-scaling small text bitmaps. The higher resolution enables sub-pixel precise

text alignment (with respect to the original rcsolhtion) 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 backgrounds (including complex backgrounds)

As discussed, backgrounds may be removed. (Note block 32 in FIG. 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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- If the text line is static, we replace all text boundi ng boxes by t{zﬁSA 6 7004
medi an text boundi ng box. The nedi an text boundi ng box is the box CH
| ef t/riyX0e6es0bott om border is the nmedi an over all | efgdrugitostmp/ 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

medi an vbdckground)s Fleetelsreisyhoted2baved i AKACRIROH FOMRa Bk 6 RRcteh edd thiS01/ 05776 6.

Text Seg{;rerp:t at i Ne The text segnentation involves renmoving backgrounds from
text. ThPERpRURLef the impage, qnembndmentphithe inventioa gretibamogifiedfo wsedhdton 4. 4. 2.
6. 1 ResolnfdrinafiorAdj ust ments. (Note block 30 In FIG 1.) 5 Text segnentation
acts may be perfornmed on reseal ed i mages (by, e.g., cubic interpolation)
such thaf-2tlhelmagss hei ght of the text object under consideration has a

fixed height i xel and the aspect ratio is preserved.
-The reasons f%?‘f‘.P%‘{”P‘%%%?’%L@é&f*&&g?% d‘?’ﬁ}(%’" ﬁ@%@f‘ﬁf‘gwrgﬁﬁ%ﬁ’&emnts of
smal | f oersilpicadableatiTiohfeaturd is nsed herds rdmove ddrpepartt Of e @AMPleRt i ON results. One

of the TTEJ %r Béﬂgb@ens W bh current text_ extraction and text recognition in
vi deos i STEENR Y SPBG CMBUMGREdhvond ps - PItargb hednventienis nof sedi vi dual

char act efimited. UEtit babigVdads BGhGbike BE téﬁséuddl}%lrboi 2udh t%al?%mé tcx‘\t?‘éié&gg Pt EXt 1S

still recognizable for humans at this resolution, gl oday" s

st andard deyanddhen ta tikgreach pixgd on Hecwundagrofths teettmuhdiug boxt 45 tixeeerad desi gned
to,recogpi ext, i n.docunen whi ch re scanned at a resolution of at
X5t D OBEat it Pt PR iyt oMo S (Hckaghgrow calor) cast 40
pi xel s. OTHE; | | : r stens it is
desi r abl gﬁtoﬂgﬁﬁasﬁglg °?‘ﬁtéﬁ*r“§‘s“g1q§‘?‘?*%§§%§m’f ﬁl\fééd[bel)?(%]?ﬁg%%ebgf:%wgﬁgfoﬁﬁ t he

vi si bl e §isty oply mefmarigrd ag rotragien|ly sxenuedivarthealithagy Exeqmtioe magpor t ant 20

reason f - [ . text bit s. ,The hi r resol utign enabl es
sub- pi xeﬁé%%gg;‘;g@r ﬂ?cgsf? &Igllf iéarY%ﬁ“tn a(pﬁj‘?q?toraggﬁ‘él:qt°“?‘€°e?°|’fé’08?4a@i')n§h° resol ution)
in secti batkfron®colérd} blaokfor irveisO Rt afdoWHiRRSr doPhall @it 8inkOMhe pile@R: A text

i xed hei ght 100 pi xel s) does not inprove

hei ght | rerrH%ha the f (e.‘%_, |'s)
sefent ati®GRUMEH tg@PP%@ﬁ%‘Eﬁ.énﬁéﬂ% A eantrasty with gasbackenohed, the S
conput at k|| algrithR WAl §&ek chﬁvg%)f dHafRfel ﬁ(ixel’s\!ofs%e&-ﬁﬂralgﬁli@&% artl appr oach is
truly nmulti-resolution and

known in the art.) We call this newly constructed 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 fitled 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. T.hc 8-neighborhood seed-fill
algorithm may then be applied hypothetically to B (x,y) in order to determine the
dimension of the region that could be filied. Background regions should be smaller then

text character regions. Therefore, all regions with a height less than minge;gy pixels and a

30 width less than miny;qe, or larger than maxy;gn, are deleted, (set to the background color).
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- operates on web pages and HDTV vi deo sequences with a resolution up.,t 19@%

by 1280 pixels, larger font sizes are very likely. 100 pixels is or2|33Alif7

of the Wwoams9essohei ght. 6.2 Renovi ng backgrounds (i ncl udi m@regiipse

backgrounds) As di scussed, backgrounds may be renoved. (Note block 32 in

FIG 1.) A 30 conpl ex background has larger variation than a sinple

background.2 Hgiley &hacekhe invention is not limted a particular type of

background (it mmy be conpléx or sinple 23 2 3 AUG 2004 WD 01/ 69530

PCT/ USOI / 057 78 Vifsereit abisehd i, e @singledmags test oblirstis the wspgetrthat dtul ar

i nformat i i QU LA : enbhodi nent of
!r@[hdbssmﬁl'ﬁg%’mnﬁg@t@it rE;S}@scmliﬁ&{%QE.b.f ﬁg’FQJs? %{tg? %%Q&t lxﬁ%ﬂ? P

the invention mg be nodified to use 1 on. ITImagesS
Text occinst entc & semeemndjrumits the dolboying methodistappliddead exgiaittkgr ound in order to

be . easi [ le. This feature is ed here to renpve | arge parts of the
conpl ex %ﬁ%@g%@r{ .o‘fen%%%o a}%xth)acc)ﬁgrﬂ’é'ﬁtssgfmi‘rtd"%tb%§°né'{1ggl?afﬁ°¥°6ﬂ7vs, al t hough t he

i nvent i oilovavdrathe &ventlon'ts it dimitth @ hesidetailsl€bhe heth@ daR 66 Bgptied e t ext

boundi ng box such E,hat no text pixels fall on the border and then to take
each pi x8MYSHLE FFEL byt AReIP jroynedsd becapse Wolavaselyed b prablemins satepiel 10 to fil
al | pi xehguwhd ehe 18R aNeimgief fer nore than threshol dsdFli with the background
color. (Note that in sone enbodinents, the change of the filled pixels to
t he backgr oundheeriginal imagefmaydeirsioasiad in awrapscaledormzat dHovtven tenatbtby execut ed

he bi i b d after th -fills have b
api i o pbERRsd VERTEH & B0k B eye BB BRI A" beSartn S ierotmRed 1 < ol ack

for i nvetsecdlexds dasgibbdbdl@v.f or normal text. Since the pixels on i5 the

boundary do not belong to the text and since the text contrasts with its
backgr ound, tHesomssatbodimentsgit yorks an fpllaws.| Assemeroy piipthavarioghar act er

pi xel s. - ¢ I B S 1.y . this newy
construc?gﬁggﬁ({ﬂﬁggtﬁi%ﬁt%. Iaﬁﬁgﬁpgrgg%}gﬁc%ﬁ,ﬁﬁ%w%ﬁcﬁ éxgrﬁ di st ance
bet ween RGBlsdslongmewatxismbitoasrytdnty slightiy throeeh fimecwhikpixettaionpiag keed fil |
al gorithmused.a 4-nei or hood. NMbr eove to.ensyre 20 that all letters
o 82 Comp el R0 g AR ENRRI RS veR BB imiel R Scks itk Beaten

hor i zont & duaticliyie 2OMHe alighmwar i siedid are Ryt s‘ﬂ%cﬁoftﬁﬁng\ﬁam&&hﬁﬂ%ﬂm@@gﬂls ed. Not
al | backgcrxtl)u'nd pi xel s need to be deleted, since the sizes of the regions

filled by isupraseritorhestatic this? man ke Hiaycharees fism famayy freme.) iagkereindal | owed
col or di fpiﬁ[s%?@@er?ﬁkégﬁmh&gc%éﬁzjmm ih plélblwﬁglng@& $8tion ot SkdfeOf the

remai ni ng col or regions can be used to remal ni ng regions of the
background wi We dehize baapkegerdative texd liog bitmhap fooemeh enxbotgéateGiven 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 tuned 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
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-each pixel may be as a seed for the seed-fill algorithm The 8-nei giGoAirmg,
seed-fill algorithmmay then be applied hypothetically to Br (x,y) in
order t¥QevesM ne the dinension of the region that coukdrhgofmirhed.
Background regi ons shoul d be smaller then text character regions.
Therefore, all ions with a height |ess than m nhei ght pixels and a 30

wi dt h Ieé%‘“ﬁwahb‘?ﬁ dtsrrpvdy in fadegioror fada putndiguiatirdomy Ractileebed resh8e t o the

backgrou AVG 2004, WO 01/ 69530 PCTI USOI /05776 6.2.2 Video
| mages A%\%%%Qé%%rgb%b "ecin ?U%e?uchf?%?h a single inmge text Obj ect in the

r espect that iThe fommmmscrm houptoamgﬁ&g&nﬁxﬁas; ess @RS RMeal Y, Okt T-
bltmaps) sane text just one. In sone enbodi hents, the

fol | owi ng Fﬁgcﬁ Images Sp¢ ?’Vélapztgﬁs QQW”&F"P%W goxgs Péﬁ@hmymﬂbbﬁr emove t he
conpl ex bﬁ&h&fdofﬂi@x 16, e RE ity 1) @ 0 R H Bk rt the
invention is not Ilfnﬂ%ed to thgs?g det ai | S.,Eé]ﬁf@%@f aﬁsp’ﬁf”f ed to not
only st atp eopvegted twysaalganﬁmmmlmg mmmﬂj@tﬂanok:ecmprham asﬁth&tﬁd t he

probl em of I ne.al i gnnment The i g i mge may
be rel oadehél%i&t%u? laé:r%efo #&?%I Orhﬁfg c\?\%’\tlg'rtcng%%t a\/hé%‘ﬁ)‘ie "kfg%{hti zed

ver si on icglomsswch as)mdbetfamnumzwﬁmmhh@rsat,tnsd:al e color is the sanme as the
estimated text color as described below In sone enbodinents, it works as
fol | ows. AssuFrE Bl 1- @NuB‘-X)Wé"q}%ﬂicé‘h%ﬂmimsﬂln@psonsfdcanenalukB (opjteet such

that the char pers. are ned perfectly to each other. Pixels belonging
"i‘é ext tr%orﬁfe?S Va?‘?“@n‘f’@crk'lgt‘{:ﬁ‘ﬁ‘f?‘”?‘ﬁ?‘\ﬁidﬂﬁdﬁsh‘ﬁ“alm 108 gxwbF Bobaongi ng t o

15 non- ¢ etanERaSSATIUBAY HOBS SPERANIR SRIERYAUS el AN LIS, ST e the

text's location "is static due to the ment 5 5?@ not supposed
t o changditmapid(e,y,Hat {lev.ersot, h&ugﬁyschl%xiforlﬂ&&Hﬂlﬁgﬁ&&nérﬁ(@?d@t@ﬁnhﬁ there may
be tiny changes fromfranme to frame.) Backgroun pi xel's ‘ar'e very Ilkely to
change duminiwzesshe difference trebrvdsa BR@ryd embB;0y)with espeaito tHaeexd exlbrs| &, %e

derive a represent atl ve text |line bitmap for each text object. ven the
pile of 20 perfect]talignedbitm gaxi frund m ni num operator is
applied thr oug‘#‘tl ﬂ% dn & %B ra sci@ I'Rﬁg}’ést(é#dﬁdf'h@{)h nverse text. Note
it is not necessary to use evEF t"Hﬁ’B"B“F’ a text object, because the
bagkground ustgl teasdogiy thrfch:ﬁ [ tyeen t consecutive
frames. It turned out, tIr'i}at a sgﬁﬁ‘éﬁ%ﬁl fs%gyﬁ%{rki(é f?ﬁﬁ%?’ﬁof"ffdévenl y
spaced Mldﬁe)siwmmea@mwghcqountgwbcrvémye:goﬁidrme;shﬂmsmlﬁmcdemmbe, if 40

(e A RLAS] £ 220 1B Fne AIG A RRbl R i by 3P S ik 2™ cou @ be

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
Bi(x,y) = max (B.1(x,y), B; (x + dx™, y + dy,°™)) for normal text
and to
Bi(x.y) = min (B'1.1(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 1o 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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.40 frames could be spaced by 15/4, which neans the spacing could rou%nﬂébﬁ) 0
or down to an integer or the spacing could be in consistent, sone t §U
but nowowi/desse® nake 15/4 on average. Note al so, sone fpcan®eesrt he

begi nning and end of a text object may be skipped to avoid potenti al
problens with fade in or fade out effects.. As suggested above, image 3.0
based | o3l i Méﬁm&@mm&mﬂ@sew every so many frames to avoid having
characteri sti % AUG 2004 WO 01169530 PCT11US01/ 05776 text col or be
changed sl owl “‘F?“ Haars B i) F%@Wﬂdﬁﬁgmgw%@@hwd@wa@@hg coul d result

in the o0 The f.ol | owi ng descri bes
how t o gn [ﬁ%%f&rgﬂgg%&tg*h@ﬁgﬁ P{/m ebrefcég rég?oi@acflﬁqﬂs‘yh? i kewi se for
i mages abvdkgnelbldpé@ss"olddwmg)dumheag Wandﬁm&aMéﬂﬁcsh&mtvame drethafmy be 5

ext_ended,,, for ex %and vertically by 40% Next, all
.bi fraps ey 8% ?%%‘PFE@S?&%P%%HH&’%P% gﬁ’&%dﬁ‘@“ﬁ%"“ﬁﬁf‘é Stable to
col or conpkeSeiheRstahited eﬁt @lor the B88hani ibhekgi RO AXHRH %ﬁth@%ﬁk%% thrs
represent |nten3|tY at a higher resolution than colors such as in the

q

fanous 4dez! Wit appgal et %fc'ﬁ‘éfr‘r%‘— texte Singpmestpf the backgrnng hgsbepd reoned e t he N

bi t maps éﬁgq,g entative, bit map which
is to be erfve ar??i& ?Ahq%éc }dg@f&n%élg %rénrfd Co&’ t{@l%lfi%r 'r'ég(s?(tc%and As an
exanpl e, tolwttitalfbrdidnmalétexts(’fhtmergeocabieant@tldmhmm fstochodt: the angsity faen, for

each bit arch _for the best

di ¥pl aceldh malg) %ﬁ%f‘%ﬁcw ‘éfil?he el 2%‘%“‘? H@E&OF‘F $oloTc Eapfepitifl dhtheT( x| y) and
(B:B (%, %/) (ﬁ)?dcﬁ?t}n’ia@&ﬂﬁ@tz ,smhtemart @ébmﬁﬁ&aﬂ?@th_rraﬁgrgﬁ emaagszgﬁ&t% whﬁlé’foPiéorrn flggmbrock
mat chi ng‘t’-%feﬂalﬁicbiﬁcmquf@ t@écﬁ@@@*tﬁhhfgﬁhfﬂcxeb@nap\mhurh rsdaower@ottmnl thare t aken

into acc I t lor from
section %E%Hgﬂi‘%& xe{h%}dtrﬁ%}t | negba@%avemi %gl‘gﬁ{cq? dé"’&%’ﬁy if it does
not di ffEinall)rmrieret:hmmeadedeo tlakrumthe bintry fbitmap bh&:s:taeddhg mdzlbfcgldest @etmi ned for
thetext opj ect. Note h this distance .is cal gyl ated based on the RCB
values. ‘R%E@kgmf“e# ﬁql?réﬂ’aﬁ‘ﬁfa('% W3y ”iszleﬁﬁﬂh‘?i’tl%acm%gﬁr om the previously
stated equat i QaditiehaBlnfbrma¥ipn = Max (B . 1(x,y), Bi (x + dxt Pt, y + dye p)}
for normal text and fo Bi(x,y) =mn (Br. I(x,Y), B, (x + dxtOlL ,. y + dyi
P)) for |nve'l:%'éa‘%}e9<ﬁthcﬂé’c'@5tah% the lrerentenvsmﬁrenttd tecthe pastienlirdletails i ed to be
static 'H\ﬁt?o%{i n4- 3, we do not 25 have to search for the perfect

transl ations ead the transl ati ons between the various bitnmaps may be
all set to nu$dmc embodiments of the present invention are not only able to locate and

20 segment text occurrences into large binary images, but also to label each pixel within an
image or video whether it belongs to text or not. Thus, our text localization and
segmentation.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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Through the process of section 6.2.2, the background may tend to 9e 3 AUG 200
brighter and brighter for normal text and darker and darker for inverse
text. HMEWAISIGt is possible that the first frame is teerhrsopghdrest or

dar kest, respectively. 26 2 3 AUG 2004 WO 01/69530 PCTNS01105776 6. 3

Bi nari zation IgNote block 38 in FIG 1.) The text bitmaps Br;(x,y) is now
prepared for Y&cagiustrates byorspaerdasten CRRhaying angscessde | ©F od hdigorgn gy scal e

t ext bitﬂﬁgﬁ onverted to bl ack op white background. The foll ow ng
descri bes a \%ngélstrggﬁ‘e?cﬁlés %’esoﬁﬂoéao?fgavtaﬂ!?(tégﬁ%’??f QfSiemery waratusdecluding | ows good
i f not opMAMmarddpasTh ROMS e el RxnoaNd nbae kay awhd. MERBR) SRCtion 4. 4.3
we know thFdesti rp&ﬁ'ged f#gtét col or, the dom nant background col or and whet her
we have {U5'ROERBRCHIRG (GRS Rgditasqn which ingiawctians en be stereddeperfam thé t he

backgr oungidus surRAEHs deSErREe NYABN6 ] - lded to set the
‘background col or.to bl acE fg%orvei nver g}efﬁsﬁkfgﬁgo@td%m( ] ‘L’g%ﬁ%}rv“ﬁe& mal text.
Then, a §68Hs)BP hapiogeasedandtintennrdaitaanddinaloenit o§ protdasing. Nt eilsbé y hal f 10 way

bet ! ] . 4h t_color.and the back d col or. Each
ool 1 nofee b EBa b, 11 Ebb R TPl et TR A0 € e csnol o

may be sethet welhknidven domponertsral text and bl ack for inverse text. Each pixel
in the text bjrt rra%k\#m ch is lower or equal than_ the binarization threshold
may be set tol® Gk TABE isigiendad tp bate afrepdpsaning: Epr gamelesis deesyot  Fi nal |y,

I 0105 T eqAREBAtat: itGs Mt@RIVdR: hOE 1ALy hP B LY afll $iG&Y Sk A 5iIR! | T egi ons
th as dIESCI’I bed

(set 15 to the background color) in e sane wa I'n section

6.2.1. Aldbeingrpatted hrogdlyaNo@articolar foau#t ivfeqtited. sect i ons above, the invention

is not limteguto rtjcular details mentioned therejn. Sone

embodi ment s oﬁﬂi%sé’ggﬁ‘éaggﬂ%ﬁ?cﬁ\%ﬂ?P%%kcé‘mﬁ%tsmb':ﬁ‘frﬁ’ O5 GRS SIS TBRE and 20
segnent t'aightoectiotidn demciudtd) tha pgechimampoidNBdasure Rithetdesg to | abel each
pixel within an, image or video whether it belongs to text or not. Thus,
our text CPEREGTISHG IS TORregHiged o dg insiidsd i B ithe specifigstignersclaimrrefors to daltbrf or
objigCt - bage dieHieHE tra BSQHol Wean e § snRPRE Sf I DidSudhgwn to

achi eve a _rrugh ebgt taer v_i_deocac?ualri tyonat aqﬂﬂfg TR Q?@?éﬂ%g‘h%%? %to

exi st i ng clesmgoetes & ‘o addisbred| degnes,. thatideesnst preclndethart beiag esye thagomy obl em of
extracti je automatically is not solved yet. Qur text

| ocal i zap?%’ﬁggﬁﬁbqaiél?msc%nent ation algorithnms solve this problemfor text

occurrences i Thosedleitisd inSheErt RivactheBetesit stfthit BRclofVERT HRrdcRahie a

mul ti-resol ution ap{gro ch in which the text |ocalization and text
segnent afl2BhOGFGGRHRR %WS‘?‘ 1he fyrgraipgdeserintipn apdgrawmETmay be made 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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vi deo sequences up to HDTV MPEG 2 video sequences (1980x1280) w t hout an%/
30 paraneter adjustment. As an exanple, character sizes can vary betidedH &0k
pi xel s and half the frame height. 27 23 AUXR004 WO 01/69530 PCTI US01/ 03776
FIG 10 illustrates a conputer system 180 having a processor 184 and nenory
188.  Mer¥rayisk@Bmedipr esents one or nore of a variety of types of nenory
apparatus including RAM hard drives, CD ROV5, and video nenory to nane
only a few. Menory 188 includes machi ne readabl e nedi unms on which

i nstructilons camethed simgrienigt o performthe 5 various functions described
above. Menory . can.. r a 4Q....digital video signals) to be
processed and r%cﬁ%én%%edd?%fgna%%c Fﬁgﬁex}%@u %‘%gr%lpg’processi ng. It wll be

appr eci at ed t hvattofquantizing thesdipita) irhage sichelnn thedigitabimiage o divided drgo véuaind | ncl ude
a vari et;aoof,, ot her well known conponents. The termfranme is intended to
have a broad’ meani ng. For exanple, it does not 10 matter whether it is

i nterl eaved orcraabtg a exteolir bstogtaimerdnea petibmaiybe @xichnd b dieso patien bfithended to be
i nterpretbggl( poru%\dl y. No particular format is required. If the specification
states a cor%pone’nt, feature, structure, or characteristic "may", "mght",
or "coul d" be creaghgigtdehst dnhdickp@ntd wildrdistopompiioe atecohdpdrtisreof thd r uct ure, or
char acterbiaa(ti %nh,sanaot required to be included. |If the specification or
claimreféreto "4" or 15 "an" elenent, that does not mean there is only
one of the el enatibg a diffetehe ®ppe bisfoigmat froma differeatabonseen éfeaextcaloan addi ti onal "
el ement, that es,, not eclude ther el ng. _nor han one. of the

Sl o it e SEPHR el GE oA Efort 0 iR et Bimafiecblafof i o

di scl osurtke wext il daxppd Gomaheadifférerice colanlyistogrimer vari ati ons fromthe foregoing
description and drawi ngs nay be nade within 20 the scope of the present
invention. Indeed, the invention is not limted to the details described
above. Ra. her ,Thetmdtlgdtdf elainol,|wharengthe patiomsofi thetestdind §rsapoyrtiamnefitbirent s t heret o
t hat def, . : ipvention. .28 2 3 AUG 2004 What is clained
is: 1. A br‘r’e&fegﬁ%)‘@ﬁé%?répa??%?‘Iﬁﬁwrr%‘év?:{ehlr?/ulghgwgexéi gital image including text and
background; vector quantizing the digital imge such that the digital inmge
Is divi deBd. I ntﬂlecn%tﬁo%' df claim 1, wherein the first portion of the background is background

intermingled with the text.

4, The method of claim 1, wherein a second portion of the text includes a first part
above the text and a second part below the text and the at least one background color
histogram includes upper and lower background color histograms of the first and second

parts, respectively.

5. The method of claim 1, wherein the estimated text color is the dominant color of the

difference color histogram.

6. The method of claim 1, wherein the difference color histogram is created from the

text color histogram minus the at least one background color histogram.

7. The method of claim 1, wherein an estimated background color is determined.
8. The method of claim 1, wherein the vector quantizer creates four colors.
9. The method of claim 1, wherein the digital image is a video signal having multiple

29



colors; creating a text color histogramfroma portion of the text and a
first portion of the background; creating at | east one background cbB a6 2004
hi stogram from a second portion of the background; and creating a
difference color histogramfroma difference between the text col or

hi st ogr anvesessive digitak images Sromowictisxtiobieotaat comatedr hi st ogram and wherein an
estimated color of the text is derived fromthe difference col or

hi stogram 2. The nethod of claim 1, wherein the portion of the text and
first porlfi on Tht mephed opelaikgf, sibengini fodt ledgsome of the mubtiplerdigis! imagesudithet he t ext .
3. The mgt.hogt-Qf nel ARl j fi [ f. lhe background is
background‘%ﬁtérm ngfgegfvcm t 'it erf%lgl%fi.tgjéte.ﬂvﬁ'ﬁg{n{r%@%g%rso te%fgllr(rﬁlﬂm? wherein a
second pdigitebimaggs, adevheesin estimated delars forfthe text objgrts areabereges biithe eaintatednd a
second p - oy ackdrqund .cql or hi stogram
i ncl udes%Efgf)%?lﬁ%\r,\xéieltq%\xér?é%fatg%}g}ﬂtgﬁﬁg?@g# lglrgg'{%if&s)rﬁgﬁrr e oy ﬁté'e&f‘r st and
second parts, respectively. 5. The nethod of claim1l, wherein the

esti mat edt ext [ e ] . of i.ff.erence col or

hi st ogr aﬂnl' 6. %geﬂn%gﬁggsﬁ}ldg%%%%e %‘%&e’f% ehgga?t?’#atéerdecﬂgév%‘é'or hi st ogr am
is created fromthe text color histogram m nus the at |east one background
col or hi stogr cl aj . rein._an.estimted background
col or isSl et eﬁﬁe%&oﬁ%&cl@h@%@kﬂ a%‘%ﬂ?ﬂ“&f'%‘% The grif?l e?!lgﬂ' Vee eoa?

quant i zerleast pagttof ¢heftockgraot] dnom. therespettevenet bigjekcts indwbdrem for thiber ei n t he

digital ig@gg J s ' ' LNe. ndl 10 pl 2 04 successive
digital i gegJl § ?%&gﬁ%&?%%)g?&féﬁft\é%t&gjegﬁ é eca'ri)lglgetdt%ﬁ.o "%%%QSP%?'H%]g of claim
9, wher eisparfloin vetich andpspixelolringfa coloethat it witih e tidtesyokdaf the eatgesedatéxtcblor t ext
obj ect s, a&%@onﬁﬁé pd of claim1 is performed to derive estinmated col ors of

text for ose i'gital images, and wherein estimted colors for the text
objects are averages of the estimated colors of the at |east sone of the

multiple digit j t : i jects. . o Ihe. et hod of
cl aim 10, ﬂ\}\her@!en&t e%zg%%b’ewh&&gﬁ%g%yaaﬁ&eiof i%#ﬁq'glc‘fgtg%\ pé'?c]e\g/gafhﬁgfg“ilz. The
met hod of imegeis adi9stediearfiiehhéighta segnent ati on process is perfornmed to renove
at least part of the background fromthe respective text objects, and
wherein for this segnmentation at |east sonme bl ocks of the text objects are
al i gned t Hr oughn apriseatis coinppinge enment

a machine readable medium having instructions thereon which when executed cause a
processor to perform a method including:

receiving a digital image including text and background,

vector quantizing the digital image such that the digital image is divided into certain
colors;

creating a text color histogram from a portion of the text and a first portion of the
background;

creating at least one background color histogram from a second portion of the
background; and

creating a difference color histogram from a difference between the text color
histogram and the at least one background color histogram, and wherein an estimated color of

the text is derived from the difference color histogram.

15. The apparatus of claim 14, wherein the portion of the text and first portion of the

background includes a strip of rows through the text.

16. The apparatus of claim 14, wherein the first portion of the background is background
30




search in which only pixels having a color that is within a thresholij3 %G 2004
the estimated text color are considered. 13. The nethod of claim1,
wherein in preparation for a segnentation process, the digital inage is
adjusted to a fixed height. 14. An apparatus conprising: a machi ne readabl e
medi um hanérmipgledsyithitbe fewins t her eon whi ch when executed cause a processor
to performa nethod including: receiving a digital imge including text and
background; vector quantizing the digital imge such that the digital inmge
i s dividéd inflbe appatatiisof cloinois whmrbaitsbcugdaomiexbf tbote@rintih@ adiraupart r om a
port 100 Bhovk i ke PO faiSlowRL Ly B of UG SRARKAL QLG ati N at
| east oné b ground cor ogram from a of the
backgr ouhdtogeandinclndestuppay aad vk lmcmwd@oloohlsﬂogramsgﬂhﬂﬁfsr zmhsecodd fference
bet ween thl% }gf)(e 98' or histogram and the at |east one background col or
hi stogra whereln an estimated color of the text is derived fromthe
di fference col or histogram 15. The apparatus of claim 14, wherein the
portlon und in a strip
rove. o ought eaverfiy el 1o BRelell Rlirha8 o PR B Jemp Rl oHOEST 1  5y
port| on ofie dnffaedu:accklgrmsmaams backgr ound 30 2 3 AUG 20R intermngled with
the text. 17. The apparatus of claim 14, wherein a second portion of the
text includes a first part above the text and a second part bel ow t he text
and the df. | edde appeeativad ki I dvheinom estimaedipckgroundeblodssleteppieed. and | ower
background col or histograns of the first and second parts, respectively.
18. The apparatus of claim 14, wherein the estimated text color is the
dom nant 200l orThefappardtes afictaire 1 ¢ rvdereguthedigital sSihaggriamviddSigniHavap paitgldas of
claim14 Eeld r coI r is determned. 20. The
appar at us %gg%éﬁ%a?%néglﬂj%&mgﬁcfﬁg#%ﬂegﬁt r'wrtfq&xgt.dge is a video signal having
multiple successive digital i mages fromwhich text objects are created.

21. The par f i m e h_l E? tiple
di gital ?ﬁnagegfhgﬁip&trﬁgg &é:)‘?t"%gg’ fcm OP i lQaSt sfé 08?&§E“‘ﬁ?(§)@d'§ l ;maegpiquﬂ ormed to
deri ve eshe weatabjkctsothe method of (ﬂaatn ®os perfomled to derive estimated colors of text for

those digital images, and wherein estimated colors for the text objects are averages of the

estimated colors of the at least some of the multiple digital images for the respective text

objects.

22. The apparatus of claim 20, wherein in a segmentation process is performed to remove
at least part of the background from the respective text objects, and wherein for this
segmentation at least some blocks of the text objects are aligned through a best displacement
search in which only pixels having a color that is within a threshold of the estimated text color

are considered.

23. A method comprising:
receiving a text object including bounding boxes of multiple frames of a video signal;
estimating a color of text of the bounding boxes;
aligning blocks representing the bounding boxes through a best displacement search

in which only pixels having a color within a threshold of an estimated color are considered.

24, The method of claim 23, wherein representative bit maps are updated through the best

displacement search.




those digital inmages, and wherein estimated colors for the text obj gﬁugl il
averages of the estimated colors of the at |east sone of the rrulti?lC
digital images for the respective text objects. 22. The apparatus of claim
20, wherein in a segnentation process is perforned to renove at |east part
of the batkgr dhnuethpdof diie 23 cwlenein tepresengative bibjrept ¢ updattd Wireugbiresuftor t hi s
segnment a h L ks of the text objects are aligned through a
best di s%f%@len%lﬁt ggge%%%ﬁpﬁqﬂgt\%ﬁi ch only pixels having a color that is
within a threshold of the estimated text color are considered. 23. A

met hod ceppri g, g'arﬁtﬁsc.?dg%é'n@iq a text object including boundi ng boxes of
rrultlple r ames ? 0 ngnaI; estimating a color of text of the

boundi ng boxesmaalhlngwadﬂglebil@mhwmgﬁ@%ﬂt@m@em&MWbeWdémemmuaehrough a
best dis My;gp only pixels having a color within a

t hr eshol gl&%@‘gﬁg S‘?I rratqgedhddq "gé']e consi dered. 24. The nethod of claim 23,
wherein repr esmwmlavgtbbmctnmbslirwlmunqimoacb affmnadtipgehfrarhes o e sideo sigmpl acenent
search. 31 2 @@ | ai m 23, wherein representative
bit maps are §|Sot éggﬁ?}%%t%xmﬁhgﬁlgﬁggg&gg’m ni mum di spl acenent equati on.

26. An appar atah@lmg)b’rptrldssdpmgcntmg thedliming teackabioagmaebistdisplegemery séancdt r uct | ons
t hereon to performa nethod

i ncl udi néwa@glé}é? ]xgé%gwégi% éﬁgﬁ{%gctl é%flonrc éﬁﬁé} %undl ng boxes of multiple
frames of a video si gnal estl mating a color of text of the bounding

boxes; al,hgni [ h best
di spl acerrgnt sqglglrgé‘%? SOf ?éag%e {}g‘ﬁft’é}gﬁe@ﬁ‘%\%'ﬂ‘g“"g%e fl ‘IﬁeJéﬂPogg?:o are
consi der st di¥placehirat apphr at us of claim 26, wherein representative b| t maps
are updated through the best displacenent search. 28. The apparatus of
claim 26, wherein representative bitmaps are updated through results of a
m ni mum d#8spl dkheppprratespiatainy A6, vi@reiniepresehativelopps atie mpdatedgleiigh ng di gi t al

i mages i .ng: eparation for a segnentation process,
adj usti ng %ﬁgégpﬁﬁ%ﬁk@gﬁﬁgéﬁgvteﬁ%égés to a fixed height, wherein if a
particular one of the digital inmages has a height smaller than the

29. A method comprising:

receiving digital images in text bounding boxes;

in preparation for a segmentation process, adjusting sizes of the digital images to a
fixed height, wherein if a particular one of the digital images has a height smaller than the
fixed height the digital image is increased in height and if the particular one of the digital
images has a height greater than the fixed height, the digital images is reduced in height.

30. The method of claim 29, wherein multiple ones of the digital video images originate

from a larger image.

31. The method of claim 29, wherein the height is 100 pixels.

3z An apparatus comprising:

a machine readable medium having instructions thereon which when executed cause a
processor to perform a method including:

receiving digital images in text bounding boxes;

in preparation for a segmentation process, adjusting sizes of the digital images to a

fixed height, wherein if a particular one of the digital images has a height smaller than the

fixed height the digital image is increased in height and if the particular one of the digital
32




fixed height the digital inmage is increased in height and if the pazgigm;nm
one of the digital inmages has a height greater than the fixed height, the
digital images is reduced in height. 30. The nethod of claim29, wherein
mul tiple ones of the digital video inmages originate froma |arger inage.
31. The eagavlprsafheightdreate shanhecfivel heightethh digiialtimpges soedyoediialhgigh32.  An

appar atus conprising: a machi ne readabl e nedi um having i nstructions thereon
whi ch when executed cause a processor to performa nethod including:

recei vi ng3di giTherpriaratityes claim 3% whengimndiiple ongs gEibe digitalpiidspamages on for a
segnent at Lusting sizes of the digital inmages to a fixed

hei ght , kh%?ggﬁgﬁﬁﬁggggg%?iular one of the digital inmges has a height

smal ler than the fixed height the digital image is increased in height and
if the paptic LaLtal AV i mges has a hei ght
great er ?Ean ﬁEEEW%EgﬁQ%g%gﬁ%gh%h%ﬁﬂ?%ﬁ%g%egﬁﬁgeéﬁﬁgﬁ%educed in height. 33.
The apparatus of claim 32, wherein nultiple ones of the digital video
images originate froma |larger inmage. 34. The apparatus of claim 32,
wherein the fixed height is 100 pixels. 33
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