WD 01/ 69530 PCT/ US01/ 05776 ESTI MATI NG TEXT COLOR AND SEGVENTATI ON OF

| MAGES Background of the Invention Technical Field of the Invention: The
present we@enesen rel ates generally to |ocalization and/ peT@sgusnteat i on of
text in images. 5 Background Art: Existing work on text recognition has
focused primarily on optical recognition of characters (called optical
character recognition (OCR)) in printed and handwitten docunents in
answer to the GSERVMAGEIN@TOEXDACOBORAND SEGMENTATION@HEMAGKES of fice

aut omati on systens. These systens have attained a high degree of maturity.

Further text 10 recognition watkere@kd &Ehé DuREGtien | ndustrial applications,
nost of which focus on a ver narrow application field. An exanple is the
automatic reco C vieptigns d he prepens inveipiog sejatss senptllstheen nade

regar di ng 4 sxtardShans, s@%nén‘ihtz%ﬂg texh Hga(gteg action from conpl ex i nages and

vi deo. However, as can be seen rom reading their descriptions, they are
each non- general in sone aspect. Further, sone do not involve rem)val of

t he 5 | ocal i ZEQC{t e)ﬁ%df romits background Accordingly, a need for a
gener aI i zed ap ext localization and segnentation remains. Brief

Descri ption of ExibthgBr@kion gt 2doghiteoni hay fiotided Priatily o @ptichll escogmitsh afore ful |y
fromthe detail ed descriptjon given  below and fromthe acconpanyi ng

dr awi ngs Ghar%cﬁ%%@?mpslcﬁﬁhﬁr%erlr?ﬁ?g’ﬁ‘fli"b?p% H?Prlnte}ﬁl(i\%\l}%q’dwrgtl‘i’éul d not be

taken to lh&lintentshe ahAMERIthORedt AchBR a'?‘nﬁ%‘drﬁét for%ga%n%%é?s fesgick bed, but
are for explanation and undéerstanding only. FIG is a flow diagram

r epr esent wgmeten ysisme.uhksse eystemsdeteniiningd & high dP@ee ofEnatwipdFerehet ixbf t he

i nvention r. Wﬁ?— [ stages of

I ocg i zat F%:nél}%o'%s/&é%e?fmlleg og%l@rrg'n s S{gﬁp{ﬂﬁgg@%ﬂ ion hé% ‘%% Iaﬁlg trates
exanpl es aérrowbppliadtidadientli Axgedampless the autamatiemegenitionaf tardivense plawksng t ext and

a background. e 69530 PCT/ USQ1/ 05776 FlI G illustrates exanpl es of
vertical and héﬁopasgﬁjbé elfﬁeajfr@ T8/ gxﬁx,g(gqml ?tﬁ:éxon 1n and text extractlong

complex images and video. However, as can be seen from reading their descriptions, they
are each non-general in some aspect. Further, some do not involve removal of the
15 localized text from its background.
Accordingly, a need for a generalized approach of text 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.



FIG 5 illustrates vertical segnentation applied to a portion of the text
of FIG 3. FIG 6 illustrates horizontal segnentation applied to a portion
of the tex@oué9sB0 G 3. FIG 7 illustrates an i nage on a ReDUSItES7t6hat

i ncludes text and a background. 5 FIG 8 is partially block diagram
partially flow diagramrepresentation of color estimation through

guant i zat i on aft@rdilngrates esomiesafiverticaiand borizbnt’a]lmojiemoerptdfding. FIG 9is a

flow diagramr nt i a.relatio bet vi deo i tori d text
tracki ng accor gr‘%g‘sﬁﬁ” %grée‘gﬁag(%%ﬁ“}?g%f@n g Fﬂ@aﬂw&%‘% @Wm’ﬁo?‘f IC? “is a bl ock
di agr am r epr es et .&tiligyiraeh harianpstspentayst @pliddiat p@ﬂﬂan pEME ehivf HIG. B.unct i ons
according to sone enbodi nents of the inventiaon, ai |l ed Description 1.

I ntroduction VEIG-JUdustisissan iease on afvep ke thatdaclpdes rq?ﬂ/@wﬁ R3gkgronpgl ve
l'ocaki zation apgsh aris Evét@lﬁgmt(ﬁégré?ﬂ prtl&Il?ﬁEW ol éfaﬂﬁgﬁ%senvgﬂgﬁ &t idche i mages

may be still or notion 1rages, such in video or pages. Vb pages
may i ncl u@etlmatdméhrgugfrmﬁnmaﬁ@baqcmWsto sofreenbwdiments of thetinveatjon. red to be in a

Dar UL el oIS 2 B MR SR BB S Bl Sl R R e e

background (al so ‘ca a Si rone) or
conpl ex hackigy autoding20 sdhdé émboiithentsialkd ingenditgl retri eval of di gital video
is an inportan mul ti medi a dat gbases. The text in vjdeos is one

spect  of
power ful  hi gh- F@éﬁ 1§ fplagk diggram agnreseiiation of pepmpytpyRystera that amerf@%nd

recqgni zi nghdiexd aceHing'dh sfhe i dAbntsRi % indchignabl es a user to submit
sophi sticated queries such as a listing of all novies featuring John Wayne

or produced by Steven Spielberg. O it can be used to junp to news stories
about a specific 25 topic, si nc%egaql%b%&% tllg newscasts often provide a

condensati on of the underlyl ng news )P For exanpl e, one can search for
t he term "IFi nahgiodhctidews" to get the f| nanC| al news of the day. The index

can al so be used to rec t he broadcast tine n te of comrercials,
hel pi ng t he peg(ﬁfl%us\ﬂ‘fg’ 8‘%@815 O?H‘re pfff?@?trmv@mi“é’dfl‘éo 8? ZonRBYPT commer ci al s
havesbeen sbypagRabr Bkt h hxﬂag%‘é ARG e ifBre® hay B&staf SrangRf ihSles\su&i 4N
channel . Many other 30 useful high-|level applications are inmginable if

text can b@vxde@@rg‘ﬁ(plzweauw@brmgeémay ynchide videepr ngptwdeo imagesi Thd texfiigleo.

Segment | ng’gf?‘%“&e%qg g@ln Sﬂﬁgcllcﬂl% ocbtﬂ)n 15'@}}6 eo@ﬁ&ve%?cu%fr ég’gxb oty 01/ 69530

PCT/ USO1/ I ssue nore web pages
present t ekt balcklgrblnEiQ(elso called non-text) may have a snnple (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-level index for retrieval.
Detecting, extracting and recognizing text can build such an index. It enables a user to
submit sophisticated queries such as a listing of all movies featuring John Wayne or
produced by Steven Spielberg. Or it can be used to jump to news stories about a specific

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

" have been broadcast at the arranged time on the arranged television channel. Many other

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

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



Exi sting text segnmentation and text recognition algorithns cannot extract
the text. Thus, all existing search engi nes cannot index the content of

i mage-ri oWowespages properly. Text segnmentation and textPerBOS@ISTIooN m ght
al so help in automati c conversion of web 5 pages designed for |arge
nonitors to small LCD displays of appliances, since the textual content in
i mages carpape is @sa dngwmpdrtar? jss@v eviore end BbE. web ppgo\prades text fl imageli agr am whi ch
is useful to giye an _over Vi relative to ..some enbodi pents t he

| pvent 1 on Bt it {lfiEior R ik e Pl A ST RO TR ek Ty e
segnent at iafirexBlicdkatt endReds@maide ddetht Bentapetinfdgeath @b pages popaybodi nent , "
"one enbodi nent," "sone enbodi nents," or "other enbodi nents" neans that a
parti cul arlexXtsgngtaionand fred (Fregnitipn neighfalsothslpiig pytematicsonyden phvetonnect i on
Wi thsthe gaBAddBRE Yo 1frge daHMERAMN IRID biSRASYs o?%lﬁiaﬁ&p,%ﬂicgﬁi%ttéqtué?m not
necessarily all enbodinents, of the invention. The various appearances "an
embodi mentcontentgn @nagapesdibeeeitievedor "sone 15 enbodi ments" are not

necessari ly al ring to the same enbodi nents. 2.1 Text Localization: A
digital i nzput ?#é’ﬁjfl%(v\hi ch typically includes an inmage) is received by
feat ure extracfi@n pobddds adwodiagren twhichdalidefidtd give &l ®©ekvidd relhtivesone

enbodi nents, any ASCI | rel at ed t. (e,g., HIM,  text) is renoved before
or a5 t he soiigpodigs pfihe ey Elyndi B a et bRmiaE iR 320, Not o

thatipa VeheRagmeaubibloay ;. 28fauhdeiiiihe shdtBiesor thain MR dlfi@at afeas separate
i mages. The text |ocalization block finds |ocations of text in inages and

mar kst herpPbypdimeght“sprag empeimenth g opeites embadinenie meappdai ansricylar t hese
boundi g eytes EOMedrChEGUEREELBEOD! if MR ind OGSl AORs ext  colum.
However, as described below, a text colum 1s not Iimted to a single
char act er .inclikded $oatgeastrdoodiembodisments,doiahotnataswanilyi allcimbddimentseoffid | owi ng: 25
(1) Feature extragction (block 20): A l1;%aturg$,,i s extracted fromthe input
i mage, wHi'CH'Thptara" T eAPRFES “Gn Yy e C_EBn?né’xftc.me(e% Oﬁé’ﬁfltonorc PASSi fication
(bl gek 22)embbaiglnie? %€ ot fbcébily MRtciiBnd 0AREsaS eAbaGmehtsed Wwhet her it
bel ongs to text or not. Based on this information initial text bounding
boxes are credtled. Ie@Leaization; & digdahisentisigarli(which bivkelty palidespre t ext
boundi ng hoXes i AL&i8hl RS Mfef o) REA ok 1976 Ldnte and
col um ot Tagy 5% T} PEGEH el PR EPRLAIARAAI 8% Sl
embodiments, any ASCII or related text (e.g., HTML text) is removed before or 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

each contains only one line and column of text.



(4) Text Tracking (block 26): If the input is video, this block is added to
the processing. Here we exploit the tenporal redundancy of video to inprove
t he preciwdonesdo text boundi ng boxes as well as to renpvRCHERYL/(SAT6S e
alarnms. (5) Estimating text and dom nant background color (block 28). 5 2.2
Text Segnentation: The text segnentation stage (bl ock 14) renoves the
background ( nos)tText Tratkied GlocRnd): Cithaings iavides) tublodd igadded tdthe out put

signal on output 44 is a{1,i mage text representation. An exanple of an

i mge t extPRERIBsERAEAYS FRlidheempgipl redundarey of yidgo todmpraye theggsecissh 9incl ude,
for " exanpligy bauddhoxbOxtdins & Mol embRckaE auash, regardless of the colors
of the original text and background. The bitmap may be used by 10 text
recogni tion soﬁ)\ﬁéﬂ’éa&l@‘?ﬂé‘ﬁﬂgﬁmlr@ﬁé’aﬁwwndmlar(bﬂc@kfmlhat has been

| ocal.i zed and eg c | t ext
recogni tion 5012 t§ war? Bl S ol ﬁ%ﬁegt %gﬁe‘i‘%ﬁ“\%gaﬁg,&‘%ﬁgﬁ@?b’%% € bl ack
text on a babligr@nb fcdogexilpict]s) ahd dreatgpantdagut signak NThearutpus sipwdl oh butbiiteld t 0
produci ng .such an outhut ?i.gnal. To ingtrov.e segnent ati on, each text box is
scal ed t o BIHEIGHIELEPTPBIAEL AP FEAMPIRY A1B2E, KK TPTPSIBER 88Xt Next , t he
backgr ounditivgp ! EAONRC Qe SnchidcaRtd edfiple, ABGiCE BRE & fiBite bdRREKEHOUNd pi Xel s
starts on the border of the text bounding box. For video, this may be

preceded Bgeasdiess of the colamsadtheraaigine] igrmaa backeroupnd Hiethiase nesty bemeeddwme t ext

(bl gk 34) I icnj j . j i . As
men ? |8 oned ,textt E%gg%l{slﬂ tin 5 R%Io E%eégfygﬁl%ﬁ@ﬁr (Eé Al Eﬁ%feﬁag g%én?é\%ggesd?ag&ril dard OCR
sof t war e tsegmendadyrbldess | heid 14c dwtaprekampit,ahe ferirreagaitiph eqftv2e ADChd . The

i nvention |s,n estricted.to th articul ar. bl ocks 0 and 14) of FIG 1.
oot el AR R Shich BB PRE b o1 Rl BRETRl sfNendd T, e
di fferent iandtisoigBot IFh@eks pfautitl ieh eh bihiatLdl. consolidated, or have a

different order. 3. Additional overview |nformation and sunmary 25 Sone
embodi nents of TPHBPIOE teepsBialion sachdext Rpvdissealerein pdeighiPisips exmplieléhg to a

class of R8N IPPINRE %%acl?g?(fﬁ@ti%t@lng@é?&lo%l&s@%ﬂ@@@). rﬁ%k%& foff case of

video by ‘exploiting its tenporal redunda section b). e In the text
| ocal i zat ibagkgraune pixelststarts ey therboater offtherieyt wiusdingibex. thoe vidempilns alay bedundancy

of video to improve the segnent.ation esul t . veral b 'cgci ions are
Tnvol ved PSS B HEATES S FLYAT R P e s 6Tt ooy Rk SEhCde Tt oxt 1 s
consi der ederfdifiié € pixBis $ndyDe bindfizddqbiobos 8. ARaEnB I Ohe Rshitin@binhdd/b&maps t ext
occurrences. Experiences with ol der systens, which considered any witing 4

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

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

3, Additional overview information and summary

25 Some embodiments of the text localization and segmentation system belong to a
class of top-down approaches. Potential text lines are refined in case of video by
exploiting its temporal redundancy (section 5). Like in the text 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



WO 01/ 69530 PCT/ US01/ 05776 direction, suggests that the m ssing 1% of text
occurrences would be paid off by a nuch higher false alarmrate. As |ong
as a per w0 na6se0 of >90% correctly segnented text in vi drROBUSOIDSTTRRgES | S
still a challenge, non-horizontal text can be neglected. (2) Non-text
regions are nmuch nore likely than text regions. Therefore, we 5 decided to
train the dirasohestipgsbattbatiey mRsing 1 BRI teaBodOSSIcE would bépai@efbok nacspeci fi c
size of text at a specific position). Scale and position independence may
be achi ev&igyiake ABENjathgAs B0g 2t eRarfogRInse pH79051 curertiptementehexiin al |

scal es. Amb@ﬁndqﬁﬁ%&iigﬁﬂi Sctalléoe L thoREGM] k&DERDAB Wit ter i f they
consist of a least two letters or digits. 10 The invention is, however,

not restricted@®o tNenat regivns aie nveh siorsslikebrthindpddegitroy @ herefopy, we parti cul ar
appl Lcati i [ . LW . i.n. which
casel,5 i t%(@:%%e té t%@%%%r%o“ﬁ%%%@@ﬁ%ﬁ%ﬁ %S pl%sg 1%1% ﬁ)réaﬁnel\éﬂrgwoarsﬁg?ﬁgglg? Osflt Xr%own about
t he | mage at ¢ hyecifiapbsiton)aScaeraidiositing imbpdnbiace nve bé adhifeveadlyy beppiymed fied to

t ake advant age of that i knowl e.d%fﬁ. 5 4. Text Localization Referring to
FIG 2, afYy tegtor plallpositigns AflsoalEt ti pl e i mage 52, 54, 56, 58, and 60

of different siaager ddRionTRAESRYERRNES bhlly nAMBGE fief EorlsHREE [E4sBRRS 1N
video. Although five inages are shown, the nunber may be nore or |ess than

five. The ldgeordigiént ation of pixels in the image is determined to create

f eayre i mages Tﬁginv%f]ﬁé)gqg ho@?\reﬁrh% %Qtriééc?ﬁ) tﬁQgﬁ?ﬁ%&rg aﬁs &lntio‘ﬁ‘e& éb?&@g s_cal €

text adapter is app to classi pi xel's i ge orientation inmage
t o creat e Formapaticul&, appdcatidis, it By bakubvB0thftsedicsidettivai bd uy, inwhixpease/2- 80 ar e

integrated into one salijen map. 84 associ.ated with an inage (see section
a3y 2" b <l F aSEPm e R BD Gt TOGRUGE BenP YDA Rt o 84 ( see
section 4. duibdlar diddiRedt P Mleftthn RAXRMAINGEIH taRS 8@GhakEsk thiyage which is
the sanme as or simlar to imge 50 are represented 25 by bl ock 86. The text

boundi ng Kkoxekdgst bl ock 86 are revised (e.g., consolidated) (see section

4, 4.1%) ;o4c_:r egtrg}gﬂognggﬂ text boundi ng boxes as represented by bl ock 88

whi ¢ | so r i mge associated with block 86. Note that the
t ext boundi ng Befesmgan €1G.r2otn imaapt SO1s stdled intragetiplbihagers’e, 3 S6,58ateld W th t he

| mage. 30 66 'o% dilfg}ie%? si'z:eeé\.atfjﬁ(re ?n?ag%s nvq\la%/ els(ti?lglISngges %grnéaLé%%%{n(e)SS i%?V?deo. Although

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

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

25 by block 86. The text bounding boxes of block 86 are revised (e.g., consolidated) (see
section 4.4.2) to created revised text bouﬁding boxes as represented by block 88 which

also represents the image associated with block 86. Note that the text bounding boxes are

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

30 4,1 Image Features



Artificial text occurrences have been commonly characterized in the
research community as regions of high contrast and high frequencies. There
are many widhf/easent ways to anplify these features. One wWe@TAUSOI3716s€e t he
gradient image of the RGB (red, green, blue) input image I(X,y) =
(Ir(x,y), lag(x,y), Ib(x,y)) in order to calculate the conplex 5 val ues edge
ori ent ati on i mag#fidial tdxt becudeddenkaye hsenfoominmndy. chimtterged iic th rdseartthe angul ar

coordi nate representation.,of the rtesian derivation imge.Vl,(x,y) of

ol or i aengn T Bbu et sl B dicse Phor® B Y Rt

r epr esent atayofo @iplifi thedeffedrmes. 180y ayds 1, usé the gradieibihay80j the RGBerétpdul o 180
degree is applied to convert direction into ce{r,g,b} orientation. E
serves as 259h, Headinpubinfage IxaXxt kGBoalliat lbny)) Toorderde peulataiheicemplex-use t he

di rectional derjvation Dcx and Dy of image band b to  calculate the -

di redti onaﬁlus%ﬁ%egfl?r&ﬂmm@ﬁ %B&Fn%’a% ws: 11%&:.@&%%,&1@%%&? CE{r,g, b} as

well as its qverall ed strength E = 1/3 Y. 2+ ii2 ce{r,qg,b)
15 4. 5" F e e B o Teatnip T ekt oo BB cal ot ext
det ect or iTheM ¥ dbfthedlad gidarte 8ACRRINGR reprBsentaliéh SUYE pQMddersogt on i mage E
based on its | ocal neighborhood whether it is part of a text region of

certain size, 4, Fopmes a8l &he giodel 180 2€ud0s piplied tor @gvandireatieminedge
orientatiofeti nage E, the fixed scale text detector classifies whether the
regron Com’i%lxt&% t.@(ﬁterv%ga mggea]?u% %o?'#e&t I%'cﬁ%}ti&here are many different

techni ques Tor déveloping a classifier. anples include a Bayes
claggifier, a En¥@ergauss a8 tifl@saionhielerivand DA, HRADALS igelbdnawar d net wor k
(which has a good generalization capability). For our work, we conpared the
per f or man¢elculae tize eanabedge stirfnigdr usi ng t he Neyman- Pearson criterion with
t he performancg of | - valu Rd conpl ex-val ued neural feed-forward
net wor k. The cEm_JI g {Fgaﬁg‘bﬁh"éugl I%Z)g network with a hyperbolic tangent
activation functi ffﬁ’g’lﬁay provi d”é{”ébﬁperi or performance. |In some experinents,
at a conmpas abll 8s i dvefAtAgd fRUth 1ts false hits (0.07% on the validation

set was nore than twice as |ow than with a conparabl e real -val ued networKk.
6 WD 01/ 69530 PETI/BSHL/ @B%I6r (D%))'”.

celr,g.b)

15 42 Fixed scale text detector

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

20 certain size. There are many different techniques for developing a classifier. Examples
include a Bayes classifier, 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 low than with a comparable real-valued network.



Net work Architecture. Various network architecture may be used. In sone
enbodi nents, 200 conpl ex-val ued neurons fed by a 20x10 edge orientation
regi on i w@&or/e®sswve as network input. This size of the recroriose/drsl d
exhibits a good trade-off between performance and conputati onal
conplexity. An input |ayer of 30x15 neurons achieved 5 not better

cl assi fi cat i onNetrguk Aschitbeitrewdsriasmpinosk arcnigkturmomay expehsinseme On t he ot her

side, usin n.in | ayer with |less than 10 ro resulted .in.

substanti & ﬁgi\rﬁﬁPtégibbecgﬁ%[%éiv%(ﬁ]geur?rﬁ5? yﬁeﬁﬁﬁ%‘ﬁ ORFTRURRIHP IR recepti ve
fiel'd det aemvt aesetivbri ispuz eTiif sikdef thomteptied Aigld datibittatbod Fhdeert Bétvedn ai ni ng
text patterns are scaled such that the fonts size is equal to the nunber of
rows. The PPHTRA0FEAPE/COMRUEIRA! Go8piie & dtPUE BYSH ORP S mewrayBichisyed

conpk ex- v abigste @Ak @Rt onkBsuhe Bl wastDnpial i mBlAdBthsREUDAM: Hhdl sfygt resul t
in any performance inprovenents, while wusing only one incr cased the fal se
al ar m r at &sipg aiinpaclesy with lesh thae 10 Taves rasudiedin subsjantiailsworggpsdtsafNete i nt o one
real -val u . Qi el re ri ous to
rcconpt i st A Bbe b oPor ELRNY: SHuBk o INEHA FUR RO-MSEE ' Tre

i nvent i on sinse aAlbtraising tdxrpateehs alhealtd such ittagtha michtd Szevia bquabdol thdmingtst oSet shoul d

be as small a Qssible while still beigﬁdrepres ntative. It should

contain aff“ty edagut {2y gy in Jirp issoprecied £ HpiAdgndgyer g _?‘é‘?ﬁ{%"."vaﬁ‘@@t"'@l"_}‘%al _

i nvest i gatdams udtdBoreHRAIA néihéis dRBMt Bsuld §f O HeForMahde iRBrdRRENE HiG ent, i f
the relation between the nunber of text and non text Sanples in the
traini ng $8Ngenlyresperrasdils flsealpra raid byre fagton dighresaol hgrhdddes layemis t he
applicati ti ) i, i npl es which fulfill this criteriais
obt ai ned. %gge%@lqg@iopg?(eépg%lééﬁllaoélﬁatuplgeru\?\%r‘d how t o get exanples for different
types of text, NetwontaVrahendiortere ak $drioasiviystt@ag@emphshreprel ebinill Tae non-t ext
set. A solwi Qon %0 t.his r,ﬁrobl emis .the so-call ?,d . oohst_r,ap" thod. The
conposi t i G BFNE SRR ST WEySstt Trefyeatm a8 s aitede { haiHRngAid: s

per fior mangglidatibn &Rt MR D ABEGHA] asPossiBOWBIEAL I eing@ept&en@five3 AlBBuibiext
patterns and 140436 non-text patterns were collected. 25 Initially 6000
text patt épaingHdyri@bxteatemaand joatied patees: dheercten! buestigafirosrhgvef or

trai ni ng. the. = . . not her
3000 paci S0 eyl S5 b5Y bR hEE PR W3R Rl Rl L o™ e
starts wi tdxt amd noniteitahmpled inolie tredming &X torreppdndetotse tetatibsi af the thegoepsr al
network. Then, the trajined . network is eval uat iing. a, .validation set

di stinct #1GrPPHEAHqY,; ﬂ‘ﬁ’ﬁtl@&f Frelﬁ@ﬁé?m%}ﬁ Wlb‘g}t‘ ?"iﬁlﬁg‘l%ﬁrﬁ?ﬁ? 't AZPYGi ni ng set).
Somgy 30 ofwiikat & 3hsehiormhddohvith 84 cRAhSISY BSaiftreh§paédFiedati R R elordr €
randonly added to the training set and a new, hopefully enhanced neural
net wor k i iffiewi taget avepigsantitize soiriexided and i nproved 7

A solution to this problem is the so-called "bootstrap" method. The composition of

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

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

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

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



WO 01/ 69530 PCT/ US01/ 05776 training set. The resulting network is
evaluated with the validation set again and further falsely classified
non-t ext Wwavt/esses are added to the training set. This cycPeroboroesaioni ng and
directed addi ng new patterns is repeated until the nunber of falsely
classified patterns in the validation set does not decrease anynore or -

| i ke in oufaimi@set.- TERQOMIHRmetvexk ispailiaed®iththeanlika0ioh yet agiin addurtiat t er ns) -
have been gdqed. This iterative train'nq process guarantees a, diverse
traini ng PArtRrASSEE nogyiqx: Ratlers aRARd o aiing S cYRlsohBRiIRIng 419 0x 10

pi xel W ndmetsd hiRss RUSTatttieis r§RaRd Bk RintRPof RS s JafierfVAl Uat ed at
each position. The network's response is stored in a so-called response

i mage by fthe validgfianset dpss aetidgerease 2@snae pledikenn pur cette 3086 ponisst prOeinfrage Wi t h
t he petwor t Nj PRI P - rk = bet ween
Cana )R el iBRthRkch, T R R ke B b Tve T or
| ar ge i magersertrahiigdpattehafseini t i on t el evi si on (HDTV) video sequences, we use
a step factor of 3 and in the x and irection,. respectively. It may be
hat T he. subsagb g gy hisee Bain 38an » dhERGHE ndoRRER el

speed- up Qfigbxientdbodiakpe Finh & evaRiaRe b BRH Sositlbal Mee AetivBikls r¥apbitets net wor kK,

| ogi stic activation function, at each w ndow | ocation, the output of the
neur al netstEsFdkinjasorcaldadagspppseiimagakyddbing the asecippd20x10 geggm ip Hretrawense0 and

1.0), If s 0x of X fill: he neur netwoy k' s output val ue
ray b aqdte e M Suyl Pl R R Shpme dedet 4 i s ale

I ntegrati an. Sile 4 feSareofRmb afdl BB Bdritputdtid8al 3o libae@slfos q‘a?eﬁniagestor gphection
results at al|l scales i&gp es 72 - 80) are |nteg%ate into one saliency
map of t exdefipifopfedaisiand wédeo iseupticas, Weaiee a stgp astiir af3 wubdis thxsad, FIG 2,
bl ock 82.), J:n sman It [ ' i dent i lLyes as
correct hpyégggﬁhﬁ?ﬁ#%ﬁgﬁéggﬁﬁg%ﬁéﬁ?%gﬁséﬁégﬁgf%Pﬁ%E%%%g% ﬁCeeglgé/%onsistent
over nul tacpirecydosd geed-Bp sBdx. ency map may be created by projection of the
conf i dence of i,ng 25 text back to th riginal scale of the_inmge. (An
exatdl o of t he LROTEREAEEOURCRE e csel vatied e crl P s VAT BB ¢ ne
neur al net . i . Lol ti-al l zero. Then,
for each é@?%ﬁFgﬁkﬁﬂﬁﬁﬁPﬁgﬁ%ﬁghgﬁ@gﬁgﬁﬂgggﬁﬁm?ﬁgkﬂ%%¥?géﬁ%§“§§w@5 of bei ng
text is addgdetiveert handsiad)i elfisy amap oHUEX 10 idled by the aburhlnetvankraditpge box at t he
ori gi nal inﬁ es alg There may be . nore than one bounding box in a given
scal e wi t HARC0HE by addefite (hegpsogiatse PRsition ig egFsPanssdmagsn some enbodi nents, the
sal i ency nEp Mayai& Bhde@flont he total nunber of boundi ng boxes fromall inage

scales within the vicinity of a particul ar area.
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
themselves 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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8 WO 01/69530 PCT/ USO01/ 05776 4.4 Extraction of Text Boundi ng Boxes 4.4.1
Initial Text Boundi ng Boxes There are various ways to create text boundi ng
boxes. Tweohobdsemi ng descri bes 5 techni ques for sonme enboBCTERIHS7HUL t he
invention is not restricted to these details. To create an initial set of
t ext boundi ng boxes around regions of strong saliency, the algorithm
starts to search for the next not yet processed pixel in the saliency nmap
with a valéy rger. then a pre-s eceified t hreshol d th,ore The choice of
the thresho d @%@%‘—By the goal to avoid the creation of
text boxest4.or Lilgal-Te@XBoun@icBases Non- text regi ons shoul d to be less
salient. For our classifier, theore = 5. however, it nay have
to be adj ust edhpi& g varipys %ayﬁ&/@r??éﬁieé‘l bc’Hé‘ﬂ‘%P%‘eF sTlterfﬁp?t‘@é& desgribfsnber ot her
thans5.0 %U}'lhﬁ';u&efopsﬁﬁfé emboRRRnR, Rt X! invenftbd ﬁ%oﬁ@gtﬁctpd %8hese H&aﬁShQ"osal I ency
map W th val ue P(x > thOore is found, It is taken as a seed for a new
t ext box @teatﬁeanghltlaéqﬁof\tmtohutmlngﬂw@ aneuwd regtanslofirang salfeaey, thepigedtan

iterativel I L.e cod | e 1) gives
an” 15 exarnr Spe i Y R RSB b RO SR B M AP L et box
creation ah@carpléla;sec(ﬂ%aweﬂamc{ew,gxaﬁeﬁ&ewébﬁhe MreﬁgﬁrsQEluE %rdetb%ﬁae&:w e pixel
and create a new text box of h and height 1. 20 (2) do (3)

ext endNor tthy gskio avpid)theoreatinu E’é‘@tﬂ(ﬁmw) for Q@)temxwmiiS@{mh@b oegons EBuld

ext endWest ( bo (/) while_(box e average intensity of the

pi xeéP's of b%;ﬁ Séﬁieﬁtce:ﬁ% oy S%tg% g‘ﬂtﬁhe? Eg‘t"ﬂ%ed%lnﬁthﬁwﬂert‘h@ay P9 B¢ the overall

edge stre er

directi on%%lgJt eaE@Qggéerﬁ%‘gg&?ﬂtngﬁ?}d?%tﬁg{e?) Afé’t?nl% gtrltlg{ éﬁH] Cblﬁdw&éd t he row

i s added tGnctheixdehxalledQorEhpil, \iﬁthﬂealleﬁicﬁﬂﬂﬁ)@ﬁﬂh ValudR(xd) bltﬁCLrLfsf&lrfd smal | er

than thcore in order not onlé to get a text box including the core of a

text regi d#kenpgee segd fenamnepgwxtionx of kaigho pishwisihs! . aftis pray text bok igthen t ext . Next,

the sane t t and
ot Thickbh b At e PES el BB e (R el TobpB BTG "box

keeps gr owxagpl¢ sEthe Regal ot botecrEat@malgerlﬂn)n

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)
@) extendEast(box)
%) extendSouth(box)
(6) extend West(box)
25 (7)  while (box changed)

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

box in the overall edge strength image is taken as the criterion for growing in that
direction. If the average intensity is larger than theegion = 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).



9 WD 01/ 69530 PCT/US01/05776 FIG 3 illustrates date and tine in an inmage
in a video frame 110 and exanples of initial bounding boxes, although the
inventi ow081/68580 restricted to the particul ar exanples. RTapUB@cISgroound of
frame 110 could be a solid color (such as white as illustrated) or a nore
conpl ex background with different colors of various shapes. The text

boundi ng 5 boxEK:. dribustiatesiddte addiinas adamhgzdn kivives frafié t Garslenhdploeofaddi t i onal
text ining 110,. 4.4.2 Revjsed Text .Bou n Qxes The, initial bounding
boxes. of t SO AR o PR e B A R el B8t Rl e,
sone boxesrheeﬁﬁkgionnm@fﬁraen@t11(ofoahla®ealsatcr®)or (@t:h\@sr@hlmamummed)tdﬂan one |ine
and/or colum of tex and in nany t backgr ound ke up a large portion
of the pi mrgcontléewtttﬁw@ dlffFfé’%té’OE%? teBtHs s a e o iitie by an
iterative b%%r&[l@&ﬁ%ﬁ'a@gasﬁé&ﬁ%gU‘Tﬁere Buitd bezdd'aﬁtohﬂféex!t 'IH ApRijon contained in
so-cal I ed projection pro il es prolectlon profil an inmage region is a
conpact r dpr?sRatisa B gbonet i al  pi xel content d| stribution and has
been successfu t gIE e..hi st ograns
only capture tEléé/ ?%Ph(gﬁggl eg ?%Or% Ogﬁalfrrig |n§£%&{1§% }qag‘% eInsuch as

t he pi xel piraattwscirﬁeybc(xa:t éonmaho tekt (lfatiemtmk)l; others Spdnoﬁdré thah phelivei dnyt/opr 0] ecti on

profiles preserve the rough r|bu on at, the cast of an even
hi gher agGPBEROL &t ghd Iy yﬁ\%: 9‘58?1% ke ”Raﬁ?dg‘? BR3HS /t%l?lt‘%l%al proj ection

profijl e Wn@&téﬂﬁf’tﬂe@@%o%orﬁtﬂgs ea%ta@ter@éme tt}h&t iBpi®e Wﬁést RReRink Blockdi:ensi ti es
over each colum/row. FIG shows an exanple in vertical and

hor i zont alutipziog étetlrtf@mmﬁlp@f:@nt@sedanéo C@@d@émcép@ﬂroégs bar charts along the x
and y axes of N})@(ggcef %?cgilc% gn?azgtﬁtzla%e-rlja iont R QHQ%%sblﬁilon%ff tﬁer& t xt lines

are marked by st e cal pr ron profile e the
| ower  bopbdhcdnest astﬁbtmml@ad hbwybest a&pesﬁfally manSymlhaodumentﬂaﬁ ri ght and left

boundari es of text cts are |ndicat by steep.rises.and.falls in the
hor i vont arcaesian; BTk Ratars opdentrpa e cEhior B SR iR o

i denti fi edeadfie hiRBAL ttfé@%tem%fnﬁt}l (ae sputiaf ihfoemBTAREIo6 t?%&@l%&y ahvjetbomdapt i vel y
set threshold Iine. Down-up transitions are si i ed a long line and

up- down tprafiesirresers therreugdy sgafial ﬂlétylbbvorta@tﬁmoﬁt iamveeétghma%éteé@thnmf FIG 4).

Loxt obj Aol G, A HoRRARcAR R B et MR RRE L R REBRLE, Cao

t he revi sitiersupis o€ s p)xel mtelﬂsmélseovemh odlumn/den, a text obj ect incl udes
mul tiple text di ng boxes (i.nc t ho hat have heen through
t he revision ppﬁggssb?‘g? PORAEP f”é?”gl*?g Vet ﬂ@g‘fﬁ‘ﬁl rojg‘ftéﬂ“é’doa ©s are

20 depicted as bar charts along the x and y axes of the feature images. The upper 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

10



10 WO 01/ 69530 PCT/ US01/ 05776 differently, in the case of video, the text
obj ect includes different instances of the sane text fromdifferent franes
(1 mages) wanressanpl e of a vertical segnentation al gorithnPCEUgINMBATE N
pseudocode formin Pseudocode Exanple 2. An exanple of a horizontal
segnentation algorithmis given in 5 pseudocode formin Pseudocode Exanple

3. Howeve e endly; inhsaseonf videoriBe text pRigck incluges dillerenydnstanges of thefatng tex§  shown

i N PseudogdeqiFapitfes dinpps)4. There are other ways to inplenent
enbodi nents of the inventionS. Note that the term "segnentation” is used in

this section i Anesamee of vyertigal fegmentiabomajeqrithn isgivasdu peiudesodoios® iand i n
section 6 # rall r i . d. 10
Vorti oal LeQubElERRARY An phRe i TNl S AR MR box at

t he top ampseudotdde forlmyinPheidniade Buamat 3 héllofvetdnghhmivetiion f nat imited iogheal  t ext
box and hal f. t he, possi bl e. npximal, text height, (2) calculate vertical

proj ect i oR*HEYR ﬁiegm%fsh‘ﬂbm?a udoi@e%?mggﬁé%%ﬁ'rﬁﬂeaaﬁﬁo FREM profile

val ues (4hpleakeinitoinici® of 6@neRhaddsO Notdtha sieabeh ¢Bgmaiticahangelm fal se (6)
for all rows of the profile (7). if (profile[current row], > threshold) 20
(8) if (ndhigpssEen BEaneston Yidh yevise el hoppriing pryghendriy seetien,p figterr ow ~ (10)
el se (11) gbferfiRQo hQMRInAOURLAL e ¥&Ikrolid®) Set |ower boundary = current row
25 (13) ifg (upper boundary) (14) create new box using the val ues of the
uppe? and | ower boundaries (15) unset current upper and | ower boundaries

(16) set c\}}?t%glesegm%tgt?on aﬁé‘o?i)chtrq ?Ilsg&a%ccpd’e%(%%ﬁﬁ%:b ox 30

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

) if (profile[current row] > threshold)
20 8) if (no upper boundary yet)
) set upper boundary = current row
(10) else
11 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

(17 delete processed box
30
Horizontal segmentation algorithm (Pseudocode Example 3):

@) 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
) calculate horizontal projection profile of the |E]|
35 3) get minimum and maximum profile values
4) calculate the segmentation threshold
(5)  for all columns of the profile

©6) if (profile[current column] > threshold)
@) if (no left boundary yet)

40 (8 set left boundary = current column
€ else if (right boundary)

11



Hori zontal segnentation algorithm (Pseudocode Exanple 3): (1) expand box at
the left and right by the mnimmof half the height of the original text
box and WadDH1/64580 possi bl e maxi mal text hei ght (2) cal cul apeT/se1/wsoTst al
projection profile of the JEI 35 (3) get mninmm and maxi num profile
values (4) calculate the segnentation threshold (5) for all colums of the
profile (&)0) f (priffgabépisween ententallummindrighhb@abiol i)largé éouigh) (no | ef t
boundary yet)) 40 (8)restehew bt frvaUstladyight sawhdeiRk colum (9) else if (right
boundary) (1) WO 01/ &x@b3eft BRATYighS0ddrdarles6 (10) if (gap between current

col um and13)i ght bgundary is |arge enough) (11) create new box fromleft
and gi ght (ppundari egnsefrloh) botagdy | eft. and right boundaries (13) else 5 (14)

unset rlgm5)bog@gﬁf(yorléﬁlt ))urﬁjl |f (no right boundary) (16) set right
boundary FQurregd; R Wda&l rénftc(gl{l fit & no right boundary) (18) right

boundary = &aSEf(&?wmor Qi Boh f (l'eft and right boundaries) (20) update
processed £ Ju Lllg{: ﬁt boundaries (21) else (22) delete
proge ssed iﬁﬁ o%ga%‘ to Pseudocode Exanple 2, in sone

embodi msr]t( u al rogesﬁs d ho 900 ren 1%t/le%tlg)un a{[rggn appl i ed to each text box
wor ks as fﬁ)lo pa?PS ehbtﬁ et on TS WOt limted to these details.
The box |s( ged at th top and bottom (lines (1) and (2) in Pseudocode
Exanpl es é% Thg ?ﬁpg}cﬁsé i s desirable because the correct boundary 20

may |lie outside the current box and therefore the initial boundaries

accildental |y rra“}/ cut
ith reference to Pseudocode Example 2, in some embodiments, the vertical

segmentation algorithm applied to each text box works as follows, although the invention
is not limited to these details. The box is enlarged at the top and bottom (lines (1) and (2)
in Pseudocode Examples 2). The enlargement is desirable because the correct boundary

20 may lie outside the current box and therefore the initial boundaries accidentally may cut
off a portion of the text. To recover these boundaries correctly, some rows outside the
original box should be taken into consideration. We set the top and bottom enlargements
to the minimum of half the height of the original text box and half the possible maximal
text height. While half the height of the original text box seems to be a good worst case

25 estimate for imperfection in the initial vertical boundaries, the restriction to half the
maximal possible text height is used because the original text box could contain more than
one line of text and therefore half the height of the text box might be larger than the
maximal possible text height.

Next, the vertical projection profile over the enlarged box of the feature image [E| is

30 calculated as well as the maximum and minimum values maxof1e and mingofe in the
profile. To determine whether a single value in the projection profile belongs to a text
line, a threshold thresh;y; may be calculated as threshiey; = minpofie + (Ma8Xprofite -
minprofite) X 0.175. (Note line (4) in Pseudocode Example 2). The factor of 0.175 was
chosen experimentally and may be different in other embodiments. Every line with a

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

12



off a portion of the text. To recover these boundaries correctly, sonme rows
outside the original box should be taken into consideration. W set the
top and oo voemsenl argements to the mninmum of half the herCHuBoS716he
original text box and half the possible maximal text height. Wile half
the height of the original text box seens to be a good worst case 25
estimate for i iplteseot@bef Bspudopaieibzrmplel3, thertzodtin tygina tasches fortthe

restricti qﬁl ttdg H%&)ftraﬁ{lﬁoncgg%?f’é?ﬁgm FP[’?GS(% b+l’?18 FO%VXitS n{%ﬁéeg Qt ?. p?ten %a?lgpﬁ)glefﬁg? g f E)tlg

ori gi nal text “box cou nor e han oné ne o
hal f the heiughdf aotxttbhe (lirexd). Bloon, thie ghatt upelolvatgasitidnaseatdhed inthxi mal  possi bl e

text heigh Next he, v rojectio rofile over the enlarged box of
the featur® éOJFWBQij% 8'in§%)sdf§&'i“£%11 5 &%FV”%WH’?@W?W%m and mi ni mum
val ues Wﬁ)ﬁ@ﬁﬂfaklh:ﬁls ardied] TRY Rbich €oriametiRir oPESIN-l®and hD-HRhaFAbiAGasWhet her  a

single value in th rojection profile belongs to atext Iline, a threshold

t hr esht extOREyeHen it all aﬁoélﬂnatlféal the Projfctiahprasite havefﬁeﬁw@f:«rw Finaothe of | e
m nprof i | &}igaftedifox n(a@@%%el'eﬂe@eTﬁé‘tlﬂéﬂ%xgsslg}e&!\g%?? f RYEE0E g%] eFIGhg factor of

0. 175 was chosen experinmentally an erent in ofher erbodi nents.
Every | i nevhighshows veaacalwgmeo‘attlolpapwﬂmdeamrm&xlmnierng’ FlGre Mtetat i s

| assified t 1/695 0_PCT/ US01/.0 In Ii
(65 (8) ormCelibuBl st itoats oo B PR FBEL MR L i or the

first down-up Wnﬁlﬂ§cbdsly9ﬂw$1bﬁidntaﬂlgagf‘rfeﬁﬁtubmzﬁgdrﬁmn (ARiidocodeMxahfplaliked as a
potenti al upper bound of a text box (line 9). Then, the next up-down
transiti ofPPledde sisirgdhRtitect fihene i &’hgétdpﬁsrp%la@pl}g tégflﬂllqr fesepagted.| £ f ound a new

box Wi th tgeGH! [1e0khe YRIBBAHINRRE, tlzx/%‘ﬂﬁ'ferélcps%{%d@éét Bstwbdh BkERLEE The search

for a new pair of down-up and up-down transitions continues until all
el ement s ibxamhlgs peeg &cti on profile have been processed. Finally, the

I gi | text lLeted. . T it t ts text
T ne. "See A1 G (8, "Midt hgna e P EATS B ugan PO E I i Poria por ¢ on
of the fragBe@heddifs thd vahRiHEs Ha%n to B8 gt!lptehmf' thE ﬁ&’lz% §Fﬁg&#‘& be performed

to the boundi ng boxes shown ih Anal ogous ori zontal
segment at i on a[%)orlfxmap p@smddd@@@eenadémﬂéll@% thegertiagipbglmtattmnmsdﬁre t hat
text in one.line Whl not, bel Qng, ether i.s However, in
sone en‘nodrlthe qe CO mcrill 3?‘598%%%%5?‘ 31? m egt"l‘?\?ebeeﬁ’V gg 8%5188311 Exanpl es 2

and 3: (1)woAds ammforafth@gag@araneteﬁadxeafed@o Br‘{c@eit}&saﬁequohﬂoﬁtml&mmut ation of
threshtext =15 Experinmentally, this value has proven to be superior for the
hori zont alva@%ﬁﬁ?ﬁe%Tyo At the algorlthm has found already a pair of down-up and up-down

20 transitions and thus a pair of potential left and right boundaries and if the gap between the
found up-down transition and the current column is large enough, the down-up transition
found on the current column is interpreted as the left boundary of a new text object and 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). The algorithm continues with the next value in the
profile. The invention is not limited to these details.

FIG. 6 gives an example of the result of the horizontal segmentation algorithm.

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

30 complex layouts.
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(2) A gap paraneter has been added. Unlike the vertical segnentation words
in the "sane" colum should not be split up due to snall gaps between the
i ndi vi duay¥o owensés. Therefore, the gap paraneter i s neededP€DUBOIVWEI® t hese
| ow horizontal profile values if necessary. If the algorithmhas found

al ready a pair of down-up and up-down 20 transitions and thus a pair of
potential | eft FERd itlughtes autiban FNEdominotikies gaingietiveenandhenot faund

up-down transition and t ur.r rge enough, the down-up
transiti o ¥R %nlaﬁ%?&f?‘?tému%éﬁg g‘iogn‘? #t #%P@t@ﬁl%@ 2 WOPREST t boundary
of a new tigs! BadeRfihd 2may bd@%ﬁé}@wbrsor%@ﬁbleﬂbidkg@hw@gfcwlfmﬁéwy found pair
of transitions. The current colum is marked as new potential |eft

boundary. cplors ¢felifgpsgnt slapedt Th%ﬁ@@%éﬁf‘@ﬁl@ﬁtaﬂwégoaﬂlgb Piay R pBialintepppicet s t he
val ey in tﬁmﬁ%&ft&t%neéofbeba&ohgle§g@dl¢g AL MR EANERL 4 bafRhee (del et es
the potential left boundary found s heagorlt m conti nues with
t he next vidkeueasomiot thés bepproés dlear lthEImammWhamha ertinat projentidnguiofile farhese

detail s. F n, exa e t he horizont al

segnent at i ﬂée%e%ecgéetgﬁ box I%§§ {e]iPet text( QOX[ g%;ﬁfa& 8%5?%%?%%@&"81%5%1 per f or med
to the bomnﬁllesg)fblmlléﬂbxtﬁﬂﬂﬁ r@ﬁt @marpihepefdlay@w 1ot bd Spl VAL I HRH30

PCT/ US01/ 5776 FIG, 7 ill %gwes text "DOWJONES Commodities trading is
ri sking and®§ Ohibe ofsr handng gipbetissn Hiess trpgext Polympp idares, enqug® b8 backgr ound

124.19 | mageplidfp dfisr tho h@n%ﬂl@@%ent&% al BRRIS KA@&J%héd?“ExgﬁMm@ﬁa lﬂd?&kl e col or

or a conplex background (e.g., with many .colors of fferent shapes). The
vertical <ubhshelmopicvery|lgort eh e dixjded dntd itnieki ram gndseopamnstiba Bwayelesli f f er ent

text |l ne o fuseGATTRLY 8 AL L ob ONALNE b Bl A0l igles of  ever yone.

The reaso becones ear one i ma e verti cal

proj ection pr oSnrﬂcethfeMxt heibk m é8qpechs wel etsémvldhnﬁam@okﬁmitedseq sobfee text box in
the left colum nmay mask. the vertical proflles of the smaller text to the
ri ght whi (‘?H“bf"flf@reéﬁsobroé‘e%‘@md not be split into two text lines. On the other
han t he gap ot hese _t text colums is |arge enough to be 10 split
up g?t er the hggéﬁ??m&e@ﬁm ation algorithmwas applied. Experimentally
it turns oout, that alnost every layout can be divided into its text rows
and colums if a few cycles (or passes) of vertical and horizontal

segnent at i ons h‘?léhtgplpf‘%t@ﬁjelélm*%elte@%? boxes. Since the text height in

:Mr?gei 5afsl éar:’ge %ss@'gd Iasn O\Il’ll t?)gt %ﬂl}%r{lﬁg gle{efore Hl séar(ge’d Moreover 51ncen}?orlzorgelnt s, boxes

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 estimates may be used to determine whether a text
bounding box contains normal text (dark text on bright background) or inverse text (bright

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

region like a character in a video frame consists of pixels of many different but similar

14



or height > maxtextheight inmageheightl2 are classified as non-text regions
and therefore discarded. Moreover, since horizontal segnentation assures
t hat textwhoxes3dcontain text objects |ike words or text |PawESONI5E76 20

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

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

Fi nal |y, tcekts. bxedinghy, dle chapkexithef thatotor diyntbutiamth dachvekt fxandidabyx and are

cl ose enough to touch or overl ap .each ot her m e joined.into gne text
box. _Thi < M FehHES SoRTIELT i IA . Sy e e R E AoB St dBe ¢ oxt
tracki ng tAwieghgubetbi dRntiArsdnad TeSbédTah biGn R Xke fdol @ fastRdtBacigizaund Col or
In sone enbodi nents, estimtes of the text color and background col or for

each textw}b%’lﬂ*i%ﬁeﬁ@lw%la&rlee made. The estimates may be used to deternine
whet ber a text o LOuBR RgB %'QQH%'tarlﬁea@&E %Piheta&gﬁnt(o?'ggc ubrRigkd %?OIQI“ ght

background) or inverse text (brig 30 text on dark groun mages are
t ypi cal | y inadidsd faxt in ahvaandiag b URicInyeasira glap be of aseagle af dyi text, for kel har act er

i id f i f .pixel f diff iml
SO R RORSh Sy B B R PR L T ot

TS the col or

di stri but ihistogram eacld tgedlly aid hdiudg stipxback@yulieinteanivgled b&weenlatdrs Zidg t he
colors to, for exanple, the four nost dom nating colors, A variety of
vector qu é‘?ﬂf?@% ??r{‘g? B8 U éd&?%“&ﬁ?orv\ms Q?g\ﬁée"g §é8r Tga? the fouy gentesy

quangi zer rowdhufdbealsd forafditky ca¥philighh@: 5 A text color histogram provides
a neasure of the amobunt of the quantized colors included text in a

boundi ng box. THackaseundreelomhiptogamofaspradph measure dighe amaunt ¢fghe exanpl e, the
f our cent : t I d t he text
ol or SChi Shaliote el WRE N PRIG AF bRl R SRR TRARIAGA g 12 LK
bet ween | éttwes svaniitectiynebodeansidew tht tegt ox((ugrowshtxether). otecthatrtbie, porti ons
of the teif)t ot her, thalar}l the four rugnter 10 r sed for the text

ld b
col or hi st’8Y1EHNd FOIBLNRIGEBTHFAR LGIUEF CHPRAGYS g\é\ﬁsnrjf’%;%ﬁ&(g(ﬂ%agc %hreasure of the

anoymt of pisRran@RL, oae€HomabeVethd el Md e diler BOmideRRsthefexiyne background. For
exanple, the portions could be two rows directly above and bel ow t he text

box (four Aewstivdydkeiemyjght Reewy & heaketonndcolerdisigeisimisone abayie theitgtiogr am can
include copofstiSodha RV RIRAaEUpuUNd col or

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

bounded text box and surrounding background before it is vector quantized (VQ). Block
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15 histogranms (e.g., one from above the text and the other from bel ow the
text). Alternatively, there m ght be only a background col or histrogram
from aboweo vhie9ssext or one col or hi stogram from bel ow t hBCT/@%e1/05/'$ sone
enbodi ments, a difference histogramis cal cul ated between the text and
background hi stogranms. The maxi num col or of the difference histogramis
very | i kellg4 tapresafls the boesied nebtirqubdtized ext sigial ard bacidrdung. wiftet iQnthe ol or  of
the difference histogramto the dom nating background color. This

met hodol od§xt mgalﬁmw@% Raglompynddas amly Your golpis. (elpxt colog hisigarag €y is

honobgeneo or, o & oeourse, | [ r | &1 ~calored text,
which is lrégérage.d Cf%zlransi gﬁ%égﬁl%ﬂ%’ea e {%r%gt@ﬁ ¢ lléténtrggxl%@h%hn%gf %{g&rﬁggef; £ gjop eﬁant
backgr oundng @votolahist@Bats CHRA@CHh etchdated ffoXd sthp (e the rbeY aBORIEd NS
normal text or inverse text, described above. If the grayscal e val ue of

the fext doitend fremiagivr(cighawo v briew thsdekgemeeivelywdn thasxumpe.dooked t ext
ot herw se atd MBLRE @‘ﬁ@f&foreﬂ?@{cg@r llggtggral(?l% Bfé)gidg'a %fr&?ﬁtﬁéic&n%sftﬂﬁea&rﬁo% tcﬂ‘]c the use

of vector quantization ah r Histograns to estinmate the
col or accaead ofghd @i, EhliBdamietn mclofedtih éheistripsafterdviQ. A3bff@edrecolenbodi ment s

have different details. Ref errié}%hto FIG 8, block 130 represents a bounded
text box AMIPEUR CEbridrseh et ima Glr-&rbu 1 ¢Hi sAy sugeestedbayh rded (VO .

Bl ock 15 01/ 69530 US01/ 05776 34 represents.th ounded vect or
quant i zeq NBEE GHaP G HL BRRG AL bHE BF TRESERE) VB gnal | nel udi ng
background has \NQR tHat iR stimHeQESlor 1ﬁ‘a}1 Edse S A REcribed QLR Gh dng 6.3C1 eat ed

from for exanple, a strip (e.g., four center rows) through the ¢enter of
text. Uppéelowardtbweyw, dodeotionti tetsegion e IGHU theerfdhst@iatt ofisestion deimagesom a strip

(e.g., two .rows bove the 5 text and .f Stri e.g., two rows) bel ow
the text | ERIRLREE G Pondn it A rB b Bike 21 owed. Thet erore.

t he col or 5hi st ggpleimg Piiforndien ReddaesenValeoon of the anmount of each of the
colors C1, C2, C3, and C4 included in the strips after VQ A difference
col or hi stogré(_r‘ﬁe@llh%ﬁé“g(‘:‘}sgféf% ,S%ﬁ‘é‘?aée%ngn'@q?oweéﬁ@@ bﬁﬂE‘_PorA% suggest ed
above, colgunddhcst ‘Pﬂfié’eﬂfl? &bl hegicheGhbeafBW PR vEHITIRGRES #hiRePEHRY Subtracted
from CHT. 10 Note that e estimated col or may be used as described in

sections @emp@algedindangy carhle exploitedigever, in section 5 to section 6.2.1 and
the first part  gf,; i . L ] (such as
the i mage 88 | FﬁFlIné%gs )tﬁepr%lgn%é)%bos?g%%téyﬁ% glletg %Iﬁ%te?ﬁ?%ﬁ@? %rglﬁgeﬁedundancy

i n Vi deos 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 Pictures 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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Video is distinguished fromstill imges and non-vi deo web pages by
tenporal 15 redundancy. Typically, each text |ine appears over several
conti guowODr/eases. This tenporal redundancy can be expl oPCEETSWN57161)

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

i ndi vi dualPufturamsi Adsndiated Aegio ATSOMBUIFTC y (MD13838 aisioe); anOMPEGOﬁU(ghenyt tinme,

(3) inter thelo at i acci nt | 1y" ne3|n

i ndi vi dual ?I%S' §\Udéﬂ1 ispgh\Co, éﬁ‘ﬁaﬁt@ 5t% Orsl%‘@q%ﬂfg][ ?‘gﬁﬁ‘ﬁiﬂng % integration
over tine.11ldeyeviRse areyifleint veddorsht MIEELY ARERNPEGORYV AR RIFRLE BtheOMal
expensi ve, and 25 applying our text |ocalization schenme of section 4 may

be prohi biNPKe may e gad-  hi s, suppose the imge-based text |ocalizer needs
about 5 secondg.pab,:MEG | video franme. Processing a mnute of video could
add up to 2.5 hours! EG refers to Moving Picture Experts Goup. Current
and proposed MbeEBefancwhstd] imgesuelblonMPiE! Ex{ BoGoding hoxsh arel\@m'radgf Pictures and

As i at t di to a 30, MBits/s,

oo e 5 T ) o RO IEALR bl S B PG 18 vo
01/ 69530 I%@Mdﬂ%)ﬂdx%&fftﬁe saRieCbhitetSn amdlgé«a&dmt edy B&ldlnﬁnanzbcgioaéd&ﬁ J'gC 1 CD
13818 (199 MPEG 4 Bitr o] a i ng" Status:
cal | ff)r If’?%ﬁ sefl pnghe 5‘%?%% Hhegtext Ou‘ﬂ«“gg)@}‘es 'ﬁllg’reéaséroé"’éilg‘? fer ent

ver spons @dxt WE@'&S@TBQS MeEGme ové{arrﬁeoay%flﬁagé&taﬁ regr&%ﬁtaﬁMQ g, VREGpsyRYy be

used. 5 5.1 Text Obj ects In the case of still inmages, ocal'i Zed text
boundi ng §ER¥Adpositigasis il vapious fragees envelhes @rtqmmraléme@éoqcarr@a@h other. To

eXpl of t 1 R fgLdAR¥sd @3@3@% bflralofl B0 tloSthec HROUAGH BRARXERON L Ne same

content in contiguo e sunmari zed into oneé tex 0 ject based
on the vi sumbutatmtaém®1®dityt i):§ foﬂxWinlgmlasmdbesga_pbmasm sbmebﬂneochmmﬁs of video, a

10 text obj scrlbesate i.ne over tine I.ts. | m Xt

repr esent ﬁﬁe h(glbelﬁvennBli”tsr?ﬁb lmlteéll E‘é%yghﬁa%?og?"a&bﬁ%“ailﬁ“? O’i‘f A %us frames
as wel |l agodrbStenpbRPauiANER FIG. HC EF ih8RESE; the HUFRIbEE tdxEibkal@B) €Cts in
videos are extracted in a two-stage process in order to reduce

conput at | da¥ribedimsediontlyis orlrh@ppleﬂdn@wqmgﬂaleﬁ@mp (res, feqyens §89.91 00,47 186 me
enbodi BNt} in FIG. 9). If text is detected (e.g., in frame F120), the second stage of text tracking

“will be entered. In this stage, text lines found in the monitor stage are tracked backwards

(e.g., frame F119) and forwards (e.g., frame F121) in time up to their first (e.g., frame

20 F115) and last frame of occurrence (e.g., frame F134). This stage uses a combination of
signature-based search of text lines and image-based text localization. A 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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al t hough the invention is not so limted. In a first stage, a video signal
is nmonitored at a 15 coarse tenporal resolution (see FIG 9). For instance,
t he i mgevbaredst ext | ocalizer described in section 4, iBCDURY/&pW ied to
every 20th frame (e.g., franmes F80, F 100, F120, etc. in FIG 9). If text
is detected (e.g., in frane F120), the second stage of text tracking wll
be ent er echi theibegilmisg, sit thg eniddlet at klierrad of thein tbriporal b&urrete! Of angtcagethar e

tracked bac r.ds e.g,, fra F11 and forward e.g., frame F121) in
time up t eﬁ‘ﬁ%?‘?“%ﬁtégft"gyé@@‘f?r E‘r}?eraﬁ%? ')?@p‘l’fillrg‘}ge qaqn é’it lifg-amme of occurrence
(e.g., frame FIBdaxihfal fossbRIGpUEEMag b6 QBN BRthk Minital asShigdBEMpGabased
search of text |jnes and inage-based text |ocalization. A signature-based
search is dugagign Ef)tﬁﬁd’cnéf PRSHAEFTICGS: MhICB T AFBimeria Re Priatgeia dddon sseerdhocal i zat i on
(seckion 4)gicaes thdt GRALN R PESHELNSEAA SRR ¢ 'r&@és%%m‘f)%?&%&ﬂen@hﬁggtes or
areas of the text wwth things in other franes. It cou I'nvolve "‘an edge
map conparseeesTeaspiagbleziomsaimephad taxt gwuldeppar blearBSocaigmar 28 of Hsetort! iWi deo

Moni torin Text. Q epces enbodi. nents, videa s nonitored for
t ext occug)rrde:eggoebse e)aé%llygg %&éé{esggrtae3nd5‘%rvz%%‘%}r1%§%?suatt%§%?S%?IZ??n' SO% Bose, the

i mage- based t ekt soneealtodierenty] ifite ilhegeotkad agtibdatickridoesaidt iy anRltaxt ipaced frame
subset of the video. The step size is determ ned by the objective not 30 to
over see anyfra@st the meaitongsogessesontinues yifly fismenmi Apbowerat atlpest prertextdive | i nes
are | ocali,zgd 7 WO 01/ 69530 PCT/ US01/ 05776 t the gi nning, at the
m ddPe or '&PUR% ee‘ﬁ’ﬁg%fl’ agT " ﬁ' 5’§ Q%

asehiet lotalirgsonay be geRlif te Hemmer1 Rd Apead¥ext e t ext
t racki ng i L recover.the actual tenmporal range. of each text |ine.
The maxi n%%&%g)g\gfing Imeffrastﬁeé\[éhesai1 oé&rrrna§/ea%:§esgflto{/aggrl)o%e§p ({nﬁlélg%xﬁ 1%1pq’gg1§%8 t enpor al

duration cf?arﬂeﬁﬁ.t Chk ARG HefRBE R text'MAEGHaA SRR ah %reg %v&%ﬁ opgcond.

Vision research 5 indicates that humans nee et ween and seconds to
process a lesnjiedBhdcenectiidiosnding boxeeertbeir @asoladiioas, abh@agh utter t hat t ext

shoul d appear clearl at least 2/3 of _a second. i order tag be easily
readabl e. VEYFS %?“gﬁ?er}ée‘ll%é&nfl rgpregeqty diefoid S‘ftdle%rlg‘cngghesrteé?n&qanﬂégq‘ rames. In
songs embodbdmBi bsundiny toRGedpeBORPREE e HBAINARGRLIZRP nB9BS dited b Nd any text

line in framer, the nonitor process continues with framet+20 |f, however,
at | east oOWerlapet\Bl/e. Campequentiimihis castetwnesgesivadiod boxss catnocdifferzer may be
applied t Gudid 350 perlBlfud AT occlPit bne HBE pEHih ihE8TdbGiraplls hi AL the
al gorithm searches Tor a correspondi ng text tine TH Transt L and “franmet+ .
Cor r espondsneky diletwae enbd sdightixdhifted ngdnsreachloehed #fthayddveathe samesiza Saxdr | ap of

at |least 80% of their respective bounding boxes at their frame |ocations,
al t hough Shiffe pre 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
€)) if no text line found
30 %) continue with next t
6) localize text in frame t-1 and t + 1
@) for all text lines in frame t which do not belong to any text object yet
8 search for corresponding text lineint- 1, t+ 1
® if search successful

18



val ues could be used. If A and B represents the point set describing the
reference and the 15 second boundi ng box, respectively, then the percentage
of over!| aponuyske defi ned as overlap = JATBI/IAl. ConseqR€nUB§1/057T6 t hi s
case, two correspondi ng boxes cannot differ nore than 20 percent in size
if they occur at the sane position in contiguous franmes and/or are only

al l oned t ql®e sl i gltehte neivitédtebijectgai nst each other if they have the sane
size. Smal(ll1) shi ft sraek exiobjeettbackwakd non-static text. |If correspondi ng boxes
in framet-12)and fr aaed et odjeet REvfround for a text box in framet, a new text
obj ect (conprising these text boxes) is created and marked for tracking in
ti me. Pseudocode Exanple 4 gives a summary of the video nonitoring
proceéss. W'H%olﬁéﬁl%g al gorithmfor text occurrences (Pseudocode

Exampl e 4): 2%, (ke éfﬁl%‘aﬂnents{ EdoR Bt iject jsth therl éﬁéﬁ? (%r %.a l(fga)gxefs 95nt§1?1n%g ]E guT q

step 2/ 3 seconds (3) localize text
30 (5) corth¢ resreciie thxtiisg based p@)helxm‘camtme Commtledlnﬂflertambject-s cka@ddh the+ 1 (7)

for all t%@eo nﬁ&&tﬁrﬂ&%s‘cg rear(’Fhl{ p‘ne num c%il%ets gﬁto% %,-5&38“ obj ect yet

(8) search tor corr ne i A f search

successf ulcodd@icW MGJ%BI) P&Ef trh&(i}ﬂgj 05766 er O U@ﬂﬁﬂbl@zvdi@%mﬁ%aﬁi@h@ﬂ (11)
track textob ct backward (12) track text object forward 5 5.1.2 Text
TracRi ng 10 Vp BTt QUr ds3EiRtipnioforrdircking onlysince Racknaed to al |

frames corﬁeaamﬂ%a@es b @FEEHRE &rivie uta@mhg bicl 19%%%31&%@ b QAR on
contained in the text objects created in the video noni onn& stage. (This

reduces t hédequrtbebasisfided ebllﬁ@psfaETGE%érafzi@owltd@die M‘text tnelinchoewredd in FIG 1)
Text trac k\,uﬂa% H{?‘Y : Ca?cu?a% ; aga%%rlgt?c S O%na 1cld oavs 0 g éf( s%ilﬁlf Pexﬂ)%ec e

However, we re our escri orvva
backwar d franawki Ihgs dﬁxﬁ@th‘wton@ﬁnfsf@d séarehnfof the vadgd rég’x@ﬁd@sﬁh@e exea$ibn fon t he

dir eCt on the nex?\/ld;[:oh{la Whitcg| Eest matches the reference signature.
The vertical and horizontal projection profile as defined in section 4.4.2 serve as a
compact and characteristic reference signature, although other signatures could be used.
The center of a signature may be defined as the center of the bounding text box of the
associated text line. Similarity between two signatures may be measured by signature
20 intersection (e.g., by the sum of the minimum between respective elements in the
signatures). In cases where signatures capture an object of interest as well as changing
background, signature or histogram intersection may outperform L-norms. To find the
precise position of a text line in the next frame, all signatures whose centers fall into a
search window around the center of the reference signature, may be calculated and

25 compared to the reference signature. If the best match exceeds a minimal required
similarity, the text line may be declared to be found and added to the text object. If the
best match does not exceed a minimal required similarity, a signature-based drop-out is
declared. The size of the search radius depends on the maximal assumed velocity of text.
In our experiments we assumed that text needs at least 2 seconds to move from left to right

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

directly to the search radius in pixels. In principle, we could predict the location by the
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vi deo. The basic idea behind our fast text tracker is to take the "text
line in the current video frane, calculate a characteristic signature
whi ch al VvoOw1/6953@i stinguish this text line fromtext |inRPeTASeI50I6her
contents and search for the inmage region of sane dinension in 15 the next
video franme which best matches the reference signature. The vertical and
hor i zont alinformjt@atcbmaingd dfthd extadjadedd el nanos dowh 0 séardh paschoveevas a
conpact a[}g char%teri stic. rqfer(&nce signature, although other signatures
coul d be USBHMEY PHEC CUPRUERFIBY "% at ure may be defined as the center of

the boundi ng t ewte BR%igaktutMsePREAGR Rekch @X%brithinRay relefiblcthé bicibet ween two
signatures may be neasured by signature 20 intersection (e.gg, dby the sum
)e

of the mi An¥EHIEAERERA franagsishpredetion.cermt that the simdlariainpasire s PR cases
wWher e si gnglibifsieRdRd #5:f a 3huRPlifk oPlhel:BhANif5te, @S wel | as changing
background,” signature or histogramintersection may outperformL-norms. To
find the preciltyeayduppdn that tlyf signatuescbastd teut ling sedreh dnex hotfde@ete textlline si gnat ur es

whose centgr. | h g ¢ i nd around e center of the reference
si gnat ur e,f%r%g%/&géiog} A %ﬁﬁe;{?%%g%hés rbf\é\édg%lorr&pﬁveasrlé%%fr%Oﬁtﬁgt‘?{@l‘%erlg He& i YRat ure. | f
t he best rfehehnéxceedsedixad aiddetivedaeasterebtotgpadignatird. YThetchsgbekém! i ne may be
decl ared t.o be found alng added to the text obLec . If the best match does
not exceed 3P ﬁ?ﬁ?ﬁ@% Biospaditops %ﬁt‘?clt%,le' & VERg Fﬁ‘lg’é@t‘ﬁa?éﬁd&’rxébn%ut is
decliared. sfdien Sby Rilb trhdkofR3b&Hink AbUB o BRENIBXO Tl REHBX ia® assuned
velocity of text. In our experinents we assuned that text needs at |east 2
seconds t dinpniians; thesigneipre-kagedr eyl mapbe replaprsl aypecth figmg b thetimage-ane si ze
and the plg : f I LS I i t he search
adi us. i b e depltes Borbct ARGl b bR AT MAETEE B0y T he ™ T0 Vo
01/ 69530 REEtkeBRLt BT, Gowevel,onayetei diwardedheaat.ned in the text object so far to
narrow down t he sear spac however there mgy be no conputational need
for it. Note t e_gr‘séﬁcég’af’m%gthé’%l& t‘ﬁ%%%f‘i%ﬁea g8 f?:‘ﬂpra’[‘%?)fag"ﬁﬁ‘???& resenbl e
t he 1bl ock andmdiehiligbaloderihfeRAlsfeatild BB hisdan ARkRdinGbin BmbsIa6RS, thehat the
simlarity measure is based on a 5 signature derived froma feature image
of the actbqapdipgeayes ofcorrggppndinpisahlineh sy prraslap by Albleast 8%ased text |ine
search does no ' £ adi V.S . arch is
based on the spagg%%r%t%ﬁﬁéth%g@% F%ﬁ%s\ﬂ% al?ﬁ@%?%%%ﬂ@%@&h@%% not on
one fi xed calos rde ity eqth wEBT) etekfprcolusiby, pempiegriat artifacts, ke cattiangss from frane
to frame m ght..be too small. to be detectable. Further, the signature-based
Lext 1 me RORUEET oEf S Plsin b 5P SE E s SEBHIT Fre60 NIGBHING bt ¢ ext.
To awyer compeactibuSTherefore, it may not be a good idea to terminate tracking if no corresponding

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

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

signature—based image—based

two thresholds max ;37 °0 and maxj, o **“ 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

signature—based image~ba.

max i o or maxy, ®5 *“¢_In our experiments, the threshold for the image-based

image~based

text localizer was set to max 2o,

= 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

signature—based

30 threshold for the signature-based search was set to max;,, 7 =4, e.g., the distance
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limtations, the signature-based search may be repl aced every x-th franme by
the i mage- based text localizer in order to re-calibrate |ocations and
sizes of whel/e%sa |ines. Newy detected text boxes, howeR€T/USoES71ve

di scarded here. Heuristically, every 5th frame turned out to be a good
conprom se between speed 15 and reliability, but over intervals could be
used. Agaihawebmtmmﬂbhxdhlrmmfrsmest, het otlﬁouﬂdésn@aytb@meai of valor sfeéspondi ng t ext

| i nes may qver 0% .Due t ectio n th |deo si gnal
such: as. hiegH BT Seckind S Bt seH rsoned Bath o e ST ot er)
text occl usbtihg i€ HROAKE csmnteaf tHsE@:ra)b&ie Bb@ipleGORIbW BRESa sun@ERgBf theon of text
objects in the strict sense in every franme) is often not possible or

20 pract i ¢ifeo mEREPELRTacess, taccr?&vn&'@tso‘ﬁéel&b ents ofcthe nyentioRnFIR¥E! r acki ng i f
no correspandi Elﬁgodlﬁrxgﬁﬁ of hOBvERdn l?i’f‘ayfbg H’rﬂﬂeﬁ]&témlt}p%& defaie. Rather,

tracking should be termnated only if for a certaln nunber of contl guous
frames no corresponding text line can be found. For this, ignat"re-based

b d. W
| a0 b e A PR PRV AR PR Bbeqpoes, Mhenever o

may be i ngienesizBasebyDopOuts =26 The respective counter |s reset to zero
whenever i(2s r e¢hfleBaked EdopOuteetthod succeeds. The tracking process nay be
aborlt)ed as) somllaﬁotqs@lgﬁngtmtehdgmaeoqqs exceeds its threshold

"g"at ure-basg; ngedmlgfu@gqmp@ 82sddnDRIPOuRXPer i ments, the threshold for

the i mage- based {X-QBRNY MOPBONE hAXhadeBsRHIBBpoYRS Sset to maxo, opot 6aaed =
3, but ot; valuescouhd: be used. Thi's kind of drop outs nmay be caused by

very noi sysvi dege fﬁgﬁ@ﬁﬁst%rbetl&gﬁé%ﬁ rily occluded text. The 30 threshol d for

t he §| gnat re ba g “15 é to max' Dgopo,, ba.+e" = 4, t he

di st ance El} 0 ocal i zed

fr anes, ot herse’?%l 8 784X HY Xg}éag ZCg i/tg%ffvpéfmﬁ'mgafsfgg}ge ?tf)tﬁ {?ﬂackl ng of

t ext ImesOWr:i re tu re- balsed search is very difficult such as for

zoom ng |r§8)or zodhi csEYY - pseudocode Exanple 5, bel ow gives a summary

of the vil@eo rmm*ldé éﬂ%’b@d’&%@%toéf‘@‘bor ding to sone enbodi nents of the

i nvéht i on.({Powever resg sigbped_1ippQuts aadveset pageResell dYepP#dn nay be i npl enent ed
with otherlbet ailele Forward text tracki ng al gorl thm of a given text object
(Pseudocode)ExarrpI acBment ifmageBaseBaseDuwr opQuts = 0 (2) i mageBased_DropQuts

=0 (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 sl of the text box in t-1
(18) for (each possible position of w in a)
(19) calculate signature s2 for w

30 (20) calculate error between s2 and sl
2D 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 DropOuts.

40

5.1.3 Postprocessing
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10 (3) while not (beginning or end of video | sigBased_DropQuts >

maxSi gBased_DropQuts | | imageBased DropQuts > maxl mageBased_Dr opQut s)
(4) get meavvéssame t (5) if (frame has to be localized) RET/6)1/450alize
text in frame t (7) search localized text box that matches to the box in
the last frame of the text object (8) if (search successful) (9) add text
box to the textlopbyperta 20 obitd)for leststgBimmhms ctmby bpiitnsedatodnrie getpart

I mgeBased ,Dx ts 1 el se (12).increnment i.mageBased. DropQuts (13)

el sg (14) Wc*ﬂ‘f@%rsog?eé‘ dfegegi%é rwétlhishh%\fémgi%eimef' rjj'r‘?ée??re’ég S%ﬁ%ﬁm@?”f‘%{@%é‘aﬁich ar ea
a for the dbftiskdnperdldGimeeeaten & thé AEOMIaMEERe tnehich e NBiRmagdd t he text
box in frame t - 1 signature sl of the text box in t-1 (18) for

17 t |
(each posdPBilesalizss fl?ti(’%‘ﬁj) tB?gteeW fing.” ANext, thedyxt ehjeetis discarder ifn for grampla for w 30

(20) scal cul at e(grrof; ob&k YREMaS 2Bl & (21) nenorize minimal error (22) if
(mnimal error < threshold) (23) add text box to the text object (24)

reset si gBased(®r oplbhesa §sp-eRBjteslf soreth8)25%cr ement si gBased _DropQuts. 40
5. 1 3 POStCﬂfxé}%ﬁlgé &)glldzléle %é%of‘}{qugt%gnﬁggr{ l‘lejgl(?‘%/fr%g‘ioél? ObS-Ie_?VElHC[)IE eal‘trt%%tqintes? Xt
object for text segnentation, It nmay be trinme oWn to e part

are usually visible for at least one second and shorter text lines are usually false alarms.

The second condition removes the text objects resulting from unstable tracking with which

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.

€ Text color of text object. Assuming that the text color of the same text line

15 | does not change over the course of time, the text color of a text object is determined as the
median of all determined text colors per frame (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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whi ch has been detected with high confidence. Therefore, in sone
enbodi nents, each text object is tenporally trimred down to the first and
| ast frameopnedsbs ch the i mage- based text |ocalizer detecPetuUshgdstext |ine.
Next, the text object is discarded if, for exanple, 5 (1) it occur |ess
than a second or (2) it has a drop-out rate of nore than 25% O her val ues
coul d be uUsed. TeheSebmesthtieaondi ti on results from our observation that text
lines are usualjggye vi si bl e .for | east, one secongr and sh rter text lines

I

are usually fa f%ﬁgﬁ’gnta“%@V@E‘??dﬁ‘aovd%lﬁﬁckgr@ﬂ‘dﬁ }g i§ RELO ¥bj ect s

resul ti ng dofifaseduiiat M6 k&nidna€ikh Blkevidnlt. 4/\Q1| ch 10 subsequent processi ng cannot
deal . Unstabl e _tracking may be cause strong) conpression artifacts or

d
non-text. O nalegolut o@{oﬁbi?@%dﬁgl%rl nore of the follow ng gl obal
featyres may be tq;e B &8 r details
may vary in dif f%r e%t rg!lt%qlc%rg?’l 5& &r?‘é&g@{gsco %g(t éx? %gé ‘ielct Assum ng
t hat the tigiReolagporsudf thattbe eawmgfmftht fereobidst umbscqmtdemhemm ad‘med the
course of text ect is,determ ned as th
medi an of htgigma %Fetogrgﬁ%e% lt% gb?(ela 5}?@?5 & ra? ?grpéesfrve% heJeasgBt 8F frad thr ough

section 4.sdaliy.are thoefoldext col or does not have to be chosen to be the

medi an. Anot her_.ave age or ] =asure could be used. éZ) Text
size. The size(Bf t SR X ! er 20

timag | iskorhétdtion @&ultyve det erm ne |ts W dth and hei ght by neans of the
medi an over the set of w dths and heights. (3) Text position. The text
line might be $ngofdeimpiepeobdimpwithcusisalrtentsairassion ad textxecoghitien ins r egar ded
as static jif n rect frame s
ase ¢ han ARgbRateB 14 Seolinth! £ MO budklif RUES AR ARUETE R B8her | P

di f f er encéavan Riglitof kbd than bepivelenAltomgh texsis salmcbcbmztablee“mt hupeaystrteiece of

that text |ine mal i z nbero frame | f hetex line is
static, WP szdggl?ﬁ?sl to aé’)?ls%‘ﬁéﬁﬁﬁ YRERes 1‘39 tlfq‘?e%h‘éga §Yé39tns B¥undi ng
box.is The eeh @Righ@Xio resddhidé Rt 1Q%cdn§en§sh®h1l@ﬁ”6veM'c%eJl aif d esdnafah ok gp/ bot t om
border is the nedian over all | eft/'rrn@ght/top/ bottom borders. If the

posi ti on ilepsiii0¢piftp R@QHDI resEingine rainineal taxbheighi ehatdenst Hevixelpdn grderdes, t he

a0 R 0y AR i 3

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 resolution) in section 6.2.2.

(2)  Computational savings for large font sizes.

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

6.2 Removing backerounds (including complex backgrounds)

As discussed, backgrounds may be removed. (Note block 32 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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6. Text Segnmentation The text segnmentation involves renovi ng backgrounds
fromtext. This is not to be confused with the segnentation of section
4.4.2. 6 MOREewBWti on Adjustnents. (Note bl ock 30 In FlI G PAT/USE/0F&%t
segnentation acts nmay be performed on reseal ed i mages (by, e.g., cubic

i nterpol ation) such that the text height of the text object under

consi der athadkprbias). aHdweses as h@tditovafif paitiilae kdsnplagion EQQowh XRJut Bd t he aspect
ratio is preserved.. The reasons for re- scaling are two-fold: (1)

Resol uti oﬂaagf?ﬁ Shisiags a%?fﬁqud“'f’%PF@F pyentignmeight by magified te ussdhdto pet ter
10 segnmentjgfoi@stionesul ts. One of the major problens with current text
extraction and text recognition in videos is its very |low resolution. For
MPEG | encotibd #@g880s, individual characters often have a hei ght of | ess

thans12 pixel s 4l 50@19%@63'[&8(&5%&36%{& Jght&%g%ﬁg H{e?r%%l%r{%lg? gh(?{'??rrgéb t this

resolution, it gives today's andar syst ens hese OCR
syst ens haaslyrsadoblen THisdeage o used reeciogemee largx parisf tecumpleks, whi ch were
scanned at resql uti on of, at east ,200dpi to0,300dpi resulting in a

i ni mal t e <grr1%u|%§h?n éoolm eaetmqoglg?sep{sﬂgwﬁfkfgf g".?‘ofvﬁ agﬁﬂ@g%eomved’g?%isﬁgb‘?od results
Wi th standasictdOTRe Bastd i€eis kd intiBasd e te:aBbending RRACICEatb et pEels Wi @n of  the
text |ines Enhanc%&g the visible quality of text bitmaps is another and

even ror e PHPBATZAE 10O fp take,cash Pixglon fhe kevadary gt Bedext bauading bp #eprseedhe
hi t hQF -0 . i t .al i L i th t
roltBe O g e PBAAPS, St BeRh Hle BLSGNSRuTE B HERTEIbuleI, (PP o,

| ar ge f ont(Nsie2s in dnicpibodpidahy the aKHes oitthaﬂlgcch\ﬁxélé %akk hiRk&bBind(Blgis 100
pi xel s) does not inprove segnentation nor performance. Reducing its

H e . .
si ze | owerBsthaleBaBezed iahagt aomalligirpusse anthe bigrars iFxasittiop maxse e t hat si nce
our appr oaghoinsedtatid e tdkidis b i rat ) ) and HDTV
vi deo seq?gn(():és v?,i th ?a resolsu?i%gJﬁ%ébp%P%ﬁ%glzl(@%% %fg%b%o\gg éﬁlg‘ggger f ont
si zes ar e bagsgyounidkeloyis ble fyiixekss téxs aivitelfbridrodl texte Sincathe'pselsainght . 6. 2

| b1 et Sincay
pacRbr oundl Ry RY5 aitsEnb & AR EP IR 13 b g S P iR e

backgr oundeduasl! higodim widlmeadrir@fioveanclarficpixelsb sek@nundrithidweyer, the
invention is not limted a ;})larti cular type of background (it may be conpl ex
or sinple kpgwn in the art.) We call this newly constructed bitmap B (x,y).

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

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

30 width less than miny,qy, or larger than max.,qy, are deleted, (set to the background color).
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WO 01/ 69530 PCT/ US01/ 05776 background). However, as noted above, if
particular information is known about the background of the inmge, an
enbodi mretwo of/6e4sBe i nventi on m ght be nodified to use thatPCT/RR@resats on.
6.2.1 Images 5 Text occurrences are supposed to contrast with their
background in order to be easily readable. This feature is used here to
renove Iarﬁgbzpa/ricﬂesﬂmfagdshe conpl ex background. In sone enbodi nents, it

works as follo t e i.nvention is not so . ljmted. The baS|C|dea
is to increas e\‘lxts‘ﬂg tB%O%%B%%?rﬁaoﬁ&élrﬁ?&lﬁla%t&f“ et 5‘)?!{‘ rﬁ?B?é‘i hatdl | on  the
bor der andndii®p riu@ipleiece astrepeictation &3e bR BS the 9fmd 1B 1le%hd Rrundi ng box
as the seed 10 to fill all plxels whi ch do not differ nore than

t hr eshol dSeaps-|1n soime pmberdmenss fegrfolleeing sedied is pRitddo exaleit ihis some
enbodi rrentlédunazma gee ot ca;rta@e{ bick%‘é R Kfbendi Qgctlpqﬁg#%éc gund color is
rize y t

firstly only rre and actu execute tmap. Execution
may be péi(fvmvnledleali\teeﬁlomheotsl@etbdﬁ@ thb@ detwile B@nethqzrman@d apdied ktd ngdi xel s on

t he box bo n i c Qver text and
white for lé S?art%é % IFal %ce&{“}% ’gb% Qeweﬁ S‘?l hem Ofggb RB‘FI belong to

pi X€l's” oh
t he text alndlr&etb&el11tehae1gh1exrtt contrasts Wi th |ts backgr ound, the seed-fill
algorithmw |l never rem)vea character pix %Seedflll orithns are
known in the arf®friggalinpge gy rﬂg@g pHgey 74 8’@“ Heggrepth ‘3(‘5?‘3% I n our

expqp| rrentq'saandze@végieh qsqﬁ@dwtotaeeﬁlﬁﬂé:@hieﬁFweshl%rqpiheeaneﬂﬁ%@és%aea the
di stance functi on, he seed fil gorithm used a 4-nei ghborhood.

Mor eover , tmcelnsw@scr@@dbﬁew all letters are conpletely contained in the

Lext boundi ng ot A6 SLERRCH bhcORARt Allok i, 22RO ugg L1 cally by

40% O her val ues co bae pi*xels flead to be
del et ed, iitRezes t)ﬁtemmxzelge@tqucﬂthmtltlegihaeaextlafel aelgndnbperfédﬂer ts et oftiel.] al gorithm

be |inted th Ilo f f t | and
T2 bor deP TS nETE” Sy lnbl ‘EOTIG R Fip Eb gt VAGIIHS EIAeHs eed to-
fillsthe %nrtemaekg}wd?gﬁéﬁr&a%% urenlend&gg&%@mdm tdde iR Bagkaagind col or.

In some enbodi ments each pix may be as seed for the seed-fill
al gori t hmis Staée %Bﬁ@ihgﬁbgfﬁmbtﬁs Biwddglare npy sup@gsgbﬁqobmg\enﬁy,ot@ thetevoe thapgh i ed

nyPothet | GaldybfsBl et slicllu@hlobe il AEAEE BN, selI5nBRRaly e

region tha cou rou Ions s er t hen
t ext char Pitedyare eqy tikdy toldhetigefdoe &, matidn in €gibackgraintl lor mohm gfhhe teedimet han

ar e el ot ed, (35 e FPSHIEG SO Do or g el oot BRI pldge T LT

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

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

30 based localization techniques are used every so many frames to avoid having characteristic
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WO 01/ 69530 PCT/ US01/ 05776 6.2.2 Video |Inages A video text object differs
froma single imge text object in the respect that it includes nultiple
i mage tewopggmsesentations (e.g., bitmaps) of the sane teRCTAUSOINSAT not
just one. In some enbodi ments, the followng nethod is applied to exploit
this 5 redundancy to renpove the conpl ex background surroundi ng the actual
char act er gext cplowes/ehangedistovilningpds inior fade ot Signatutesmhlyt toacking seuldedsalt ins. The
nmet hod ca n on ic text, but also to noving text
because Qhﬁg‘g@l&;&%{l&% r{%rm%du dlelle‘é‘r{lncr(?)?ass%b pi er accurate text line

al i gnment. The Tae fcgiowaig dem@&s Incery tolatigit eHle bRk esﬁbnﬁalgr myfeqBalsg firay mat .
However , tor nt| zeg version i s use eterm ne which gray

scal e col &F(efvése %émgwn { barading text boxes t8¥t Ogl?CHB%ycl?q bed bel ow. In
SoNne s enb o dixFERMGS for iekarié, lﬁSnﬁﬁltdilS)'bFl\;Qm andSSUBRIYWOUOR. INext BRI bliBapsahdyous

bi t maps of one t ext obj ect such that the characters are aligned perfectly
to each oth§épnvertpd S@é‘%}’s‘l&?éq BRGiHYST¢s it Bere stabdritotcsloy semypression agifeght | y t hrough
tinme, whil I r hange
trerrendous‘ﬁ})% tbt)tia?o\ﬁ%eﬁ%% I?[rarle%sr% atrllégoer&énmprgie?&(?t&gigga{tﬂgg%ﬁ%ésoﬁtg? %&due to the
al i gnnment dotogs qblplxedlstlmfemnuﬂ Z0ppogled stlershange. (Note that even though

[rame.) Backor SEHRBC:EY coPs- 1A dgwEG e NaSigroe Bﬁ@,{&%gg‘gﬁ@ fromfoam to
b f he
sachghourd. S B I S PR AR P vt |

bi t maps, tA@nrmmgwm BbUNd BRI Q8EBLRIA0I bind Elgfrblﬁdoﬁ“ﬂaﬁl@ygihehlfaﬁea@ﬂ the
grayscal € | mages or normal/inverse text. te 1t Is not necessary to use

every bi t réipapBi(y).ti€xil. obektwe heceusiefr e Hostclkaytaoemaht (budy)lwhidoes not

change significantly between two, consecutive frames. It turned out, that a
sel ect i on TeRinzRRsdke éﬁem@qﬁ@%ﬁenwé%@ndﬁ EpA cat repeet e ixhcdesadugh to get
very good results For exanple
200 frames, %@ng

and 25 there are
oul d By Lf, hhere are 150
frames, the 4 . Shace E %%m§f4%(X§”& K 2%5 t he spacing
could round up or domn to an Integer or the spacing could be in
consstent, SOMBe tdaBRSYHS thid UindBSIoLY mAtchDg Beeh Wérkdis @Bcausii@ilpigels Not e al so,
sone franes at the begﬁgnln and end of a text object nmay be skipped to
avoi d pot Wt IgKt oplopBleasEn e rrepaevioe bp t%ﬂéordmy berthestimatediexs eigrest ed
above, i mgge, 30ihAseS, |%?él'iszrﬁ’ﬂh%oth%@kt%!ﬁ)ﬁf%ﬁﬁoﬁ{??fqt EEhY: Ffermany frames

to avoi d having characteristic
more than a certain amount from the text color determined for the text object. Note, that

this distance is calculated based on the RGB values. At each iteration, B'(x,y) is updated

20 from the previously stated equation to
B'i(x,y) = max (B'i.1(xy), B (x + dx ", y + dy, ™) for normal text

and to

opt opt

B'i(%,y) = min (B'L.1(x,y), Bi (x + dx; ", y + dy,°"")) for inverse text.
Note that if a text object has been identified to be static in section 4.4.3, we do not
25 have to search for the perfect translations. Instead, the translations between the various
bitmaps may be all set to null.
Through the process of section 6.2.2, the background may tend to get brighter and
brighter for normal text and darker and darker for inverse text. However, it is possible that

the first frame is the brightest or darkest, respectively.
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WO 01/ 69530 PCT/ US01/ 05776 text color be changed slowy in fade in or fade
out. Signature only tracking could result in the segnentation being ruined
under suoVOO0H6%30 The foll owi ng descri bes how to align t hPCDUSORN3376
essentially perfectly. At first, |ikew se for inmages and web pages all
boundi ng text boxes of a text Ob] ect may be 5 extended, for exanple,

hori zont al4.3y bmmmdmm blogkadd p Y. UD% Next, all bi t maps may be
converted to gr rayscal e | nore stahle t | Qr conpression
artifacts. J@é?exgi”i?m gge’@‘% TeESPYR EW&"(?P%“E yrsg‘ﬁgggg%ﬁ(i ntensity at
a hi gher re%@fﬁlaytﬂé?aotth@@la s(éﬁ’lla@erx%bﬁHﬁﬁn?a%b'e'aoﬁ\}aﬁecf RBHR ot whit Sanmpl ing
schene. Let Bo(x,y % enofe the bi t maps under consi derati on

and Br ( x, yopckgseund] @he @P@Waﬂbv%a Wit tedpdatsiicble threslwlcb@almpnaﬁéd and whi ch
is initial uId 40 so
therg are eﬂlé@gg§ @B&(Oistl%zlf(sp %%agﬁrreb\sé?w%ent %?10 é%%ﬁﬁ Ero{n ecmﬁ‘ i(3§3y) i E {
1, ..., 39gknosy ti’raystm&rdcéktfcoilor tiealobisint Bickgrbaciarm tand dhethdw)e hakié ©h

ext mcéfircfse”e oG Gty b inee iy e Skt B b e 51 ° (S
dx, + dyghyway i0%edtib 8.2 \Fe dedided, ty )i&ll%a@(%r&fnd%@oﬂ- R1dR ISRt Rh® ki nd of
bl ock mat chi ng search works is because on ixels wth text color are

t aken i nt do abepfmnormghéxe Thea. 3 goed b@@rléﬁtloﬁéveﬂbéldtlh@ cheesk thet inlgngigshelfcol or
fromhsect hoR wnfer heBioiElor iR (LELIBAMI R BBNEhBhIF RN phlot Al ON! Y 1T 1T

does not a certain anount t'ex or det er m ned
for the t gt bﬁm]alewhxchhblulgheritltwtthe Hitwrgatitingbrashol may bmsbt:mlv&medorb@sﬁd on the

RGB val ue h.iterat updated . 20 fromthe previously

Stated equat Ao FRG i Ik 3L mgh bkaih B i hoi@tr e B QT V)
f or nor malthd EixdrizaBdttthte@hdd bnlax by et Fo BThdk f()ll?ﬁdrmil(tééxt)ihd white foX inve@&iexpt , y + dyt
p)) for inverse text. Note that if a text object has been identified to be

static in fdeadly ibis recommendgghtogdsanyp thepinarbinapdysissridimersenll ragions éset ect
trangl ati qpgne blaa%r q’colﬁh% tHe3RRs aby %sc@ﬁ%&‘ﬁ%ctéo%gi Y¥@rious bitmaps may be

all set to nul hr oug process section 2, the background may
tend to get brﬁghﬂ@n@dm@_Jnmgghter for nornal text and darker and darker
for inverse te SSIb

f h
bright est or dig&ea‘éﬁ)\/\?’c}(xg 5%381{13 a\?g}/ eétévemga ion 1s not 1m1pe% to hre%%rtlclrx an;?etad% the

mentioned therein.
Some 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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WD 01/ 69530 PCT/ US01/ 05776 6.3 Binarization (Note block 38 in FIG 1.) The
text bitmaps Br;(x,y) is now prepared for recognition by standard OCR

engi nes. WHepE6w30 t he grayscal e text bitmaps may be converP€tduUsa/dsrzwck on
white background. The follow ng describes a way to find a suitable
threshold value, one that 5 allows good if not optinmal separation between
text and backgF¥and.illystioies 8 eanpuser sistetn 380 heyingragprodekser &%t dndmteathry €8& col or,

the dom n col or t. £le hav nor mal text
or inver sgq%mé%?%g ﬁ%gg]rtrsoé; ©% f%Of/XgV%“tf}ﬁ I ﬁa en]%year?p?%r?ﬁ\}gé&%nyway in
section 6. IQAMy\Imrmémed,e(dDmMS,tanﬁ hizlebaekgryaunaneodlpn fdva Meaoly 1188r i nver se
text and for t ext en, a. ood binarization threshold is
to choose l?cﬁ'éwﬁjtaglﬁgel 'i%%%!ﬂ@e W%W'Bgi Wété‘f‘?“ Treap g? SR {Q PP t ext col or
and she bagk@lsquitiosdREribeEabdveP Meglory B8tAR alsd Gi¥te dlaiat(érgpdﬂéﬁél%ﬁﬂebs hi gher
than the binarization threshold may be set to white for normal text and

bl ack for Sigaeredeprpessedapdrinisimesiat andiiinal reaskis obrosrapingrl ¥hl bes | ower or
equal t harépp&agte@ tHQf"Fl'GZ b bt ggcﬁﬁ]&lc%m piR&ics %ulh%g%ﬁ%&ah% opormal text

and white I nverse text. I'S reconmen to clean-up the

bi nary bi tOIHEprU'kmmmmongltsrmll regions (set 15 to the background col or)
in the sane wa scri.be ctiaon 6.2. 1. Additional. l.nformtion . For
each of the se%:f |%ﬁr§%§1 S&Seln%flﬂ dto ‘grﬁqtil%ﬁ% T8t g?ﬁ%f”i“@% Ifgoetsﬁ tmSartl cul ar
detabls nwmiki @h@hbrﬁﬂi@[rﬁdrl&aveﬂ@ﬁﬁotﬁ@@@ilsﬁm& ferrdf intdae aly |8 re inftvi@éd | on are

not only able to | ocate and 20 segnent text .occurrences into |arge binary

i mages, bl P %’In%prﬁtﬁdg%élb’ g&d’ﬁ“ﬁﬁplﬁﬂo”ﬁﬁtﬂ%ﬁeﬁm%- i mge or video whether it

bel ongs to texifge sﬂ@&hcatl-gﬂlééitesgldf)m &, FAGR, gmwr@gr @Mactoegwt' on.

t echni ques can be used for object-based vidéo encddi ng 'sed video
encodi ng i“gightibwn“doolddbhirelded thmt pirtibdartcempaniede featppgsirtgpuratora f| xed b| t

rate conpa ed to.. exi t|n re | chno o
cases, theflalract SHeSar {Fq tPI ke Bljfgjf ééfﬁmg%?”&aép\l\%eﬁ%d naotorsol ved

yet .15 Qur t"ax'teldnmakhaza@dsmat aedh thax s cndgine Bt tk icRment[DQE bibiMBatsdlore this
probl em for tex occurr .1 n videos. Sonme enbodi nents of the invention

i nvol ve a MMt ’ie é%c'ﬂ“@fjsl aiped?%%ﬁheltHOWWEWSCIF%}’?Y%??% pes thangneon and
text segnpplirbi®hod 8RMehihm wor ks successful ly from MPEG 1 video sequences
up to HDTV MPEG 2 video sequences (1980x1280) w thout any 30 paraneter

adj ust ment .  As Thesegkifiapinghe erhbavinetthe basefitenf tiyadisclesuye widitappresia® theit xel s and

hal'f  the nIa%? %ep\?arﬁﬁ(gns from the foregoing description and drawings may 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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27 WO 01/69530 PCT/US01/05776 FIG 10 illustrates a conputer system 180
havi ng a processor 184 and nenory 188. Menory 188 represents one or nore of
a vari et wob1/espes of menory apparatus including RAM hardrasenvesgie CD
ROVS, and video nenory to nanme only a few Menory 188 includes nmachine
readabl e nmedi uns on which instructions can be stored to performthe 5
various functions described above. WeEmIMS 188 can al so store data (e.qg.,

di gi tal vi\ﬁﬁo. ﬁi-ﬁ\%ﬁl$) to be processed and internmediate and final results
of processt Ny (¥ 1S be appreciated that FIG 10 is highly schematic and
in practice woul d i AGhaE®R! @dmpdkihety of ot her well known conponents. The
termfranme is intended to have a broad neaning. For exanple, it does not 10
matt er whet her '§e€iving & digitaf jneage égligingriesnt and baeksipuns; the terns i mage and

vi deg are i nt ended quhi G hobEkATEIRIET ARV digDR iRHeGL HVIdRE it T MBL s
required. If the specification states a corrponént, eature, structure, or
char act er icsttdig colpggy" ,  "might", or "coul d" be included, that particular
conmponent, fea 2 S or ~characteristic is not required to be

i ncl uded. |f t%‘leégtgﬂﬁeact%*ﬁ%gkg :ﬁ%tr?ggpa fom Orlé)%]grtzlette tardha 1St Wg&maorﬁheel ement ,

t hat does bacikgreommdn there is only one of the elenment. If the specification
or clains refer to "an addibtional " elenent, that does not preclude there
bei ng nore thafeaMe at ffaskpe %F&&ﬁ%?%?@?rq’éﬂt%ﬁ?‘nﬂﬁﬁ%‘@dé’ﬂt}qn@gﬂien the art
havii§g t hea.bepfhiilan@f this disclosure will appreciate that many other
variations fromthe foregoing description and draw ngs nmay be nmade wi thin
20 the scope ofreatig pYifiersnge coley bistogrem fram dddfrencheetiveandhe festeolas not 1imited
to the detai ' it s t | 1.owl ng: [

| ncl udi ng "ty ERGHhE B PR ARt ko B Ui PRI o,
28 WO 01/ 69880eGTdeisedl frb Thealifféchnk Mdor Métagrains cl ainmed is: 1. A nethod

cOTpr S| 10 TeGelVLag. oLk Ayl TSRS AL 400, Lokt snd bokround o
intqs certofiR vasllg®dund includes a strip of rows through the text.
3. The method of claim 1, wherein the first portion of the background is
background intermingled with the text.
4, The method of claim 1, wherein the 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
20 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
25 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
30 multiple successive digital images from which text objects are created.
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creating a text color histogramfroma portion of the text and a first
portion of the background; creating at |east one background col or

hi st ogr aw®puesaw second portion of the 10 background; anBCTUSEGSAT a

di fference color histogramfroma difference between the text col or

hi st ogram and the at | east one background col or histogram and wherein an
estimated col od9. of Thm@e@e&ofqlém&ew%mm fhr b heasttsemd iof the metidee digltadr

hi st ogr am;. f. cl aj reinethe. first rtiqn of the text
and 11 ot mases PR DB St e bRt L defle Bl B ough
the text. t&tfAtikosadigiteldinagescmli whelsin edtieraeid Rolobsefof the sixt piédtd Baawiagehe

background _.i,s background.intermngled wth the text. 4. The nmet hod of
claimi, \ﬁrﬁg}eeelswn?tﬁ‘gc@%r(?% eﬁ@lﬁ?sf E)Cﬁneo‘%ﬂi‘arfé‘rﬁfl B?tdlgltﬁﬁllnli‘ﬁ%ssfo’élthe FSPStVhar t
above t he t¢:@¥bjeand a second part below the text and the at |east one
background 20 col or histogram i ncludes upper and | ower background col or
hi st ograms of the f?h%linefaﬁgof damdevparin dhe avaragpis pimediap estimatqteoleret hod of
claim1l, whgeein the estimated text color is the dom nant color of the
di fference color histogram 6. The nmethod of claim1, wherein the

di fference col d2. hi Shogethod dislaimdawbereindba fegorentatien proxdss sqedformudse ogr am

m nus the at | east aon ckground, ¢ol hi st ogram ,.7.. The nethod of claim
1, wherei ﬁgg%veeagfﬁasr’?ﬁ? IggP 15@%%(%)8 %%8133{6?ref’péacm%é?’g:omeﬁt@cﬁpg§V.hepF %het hod of
claiim 1, whissainfentatien saedsofon@bditks fthe BRER RS drOMIgn€DIh@ugh a b&t The met hod
of claiml, Y\,herei n the digital inmage is a video signal having 30 nmultiple
successi vEIBAGEREN ssHRGRIGh SRwbrelhay w @ clor Biat is Wil acthesshaldiof thg wo

01/ 69530 RGHAAMSOLLOARTA Gre bBsidelie et hod of claim 9, wherein for at | east
sone of the nultiple digital 1 mges of the text objects, the nethod of

claim1 is perfldr methe wetied ofadnimst whertiadn prsbartgonddr a segrenthigon rbese  di gi t al

i mages, ar,h?e rein _esti. mat olors.for the text objects are averages of
the estina e%xggaéfn&r elsoédj Shgetg f eé%é 1ghé‘orre of the multiple digital inages

for 1ithe respectidve Abapexdtusdoppeitiag: 11. The method of claim 10, wherein the
average 1s a rrggr:ac nmee ;Setaéla%% n?gdilﬁl(‘:l) lhe?Jing 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
20 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
25 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 first portion of the text and first
portion of the background includes a strip of rows through the text.
30 16.  The apparatus of claim 14, wherein the first portion of the background is

background intermingled with the text.
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val ue. 12. The nethod of claim9, wherein in a segnentation process is
performed to renove at | east part of the background fromthe respective

t ext obj ax081/6we@ wherein for 10 this segnentation at | ereT/USams7tsl ocks of
the text objects are aligned through a best displacenent search in which
only pixels having a color that is within a threshold of the estimted
text col or are ldonsildermpdratus 31 clirel fyethhisth thé secorad portign afttertextindludes a
preparati afn_f t ati_qn (o]l the digital, i i,s adj,usted to a
Fixed hei ghe.rarabey ot ool BECRIoy G SaPhe Bessk S baeri e i um
havi ng i nsblondistogresn inhledesamppating oweh Backgsoendidode hitauses ¢f thy fasemgor to
performa net Bod i ncl udi r‘ig receiving a digital image including text and
backgr ound®*PELEEY 'GREHYT i ng the digital image such that the digital image

i's divided intaqg. 20Teeigpatatus 6OLIHS14, WheRln tResBniafY tex® 04161 is RlebRG=aMm from a
portion of the text and a first portion of the background; creating at

| east one BiEREME dHE6E 6?104111%?&5§P~am froma second portion of the
packground: ando25 eheglhithsdr Al £ SAERISA MmALPLARLANI LR diTTerence

f
between the text color “histogram and the at Teast on ckground col or
hi st ogr amdetemdingther ei n an estimated color of the text is derived fromthe

di fference col hi st ogr a 15., The, appar at us. of, .cl ai.m 14, wherein the
first portion (%‘P ‘ thzﬁ? %’)?fl rg][élrsl ?‘f’llalfnsfll’ “@grreﬁﬂh%glggalt“ﬁ%geﬁ%%K‘éﬁ%ﬂgﬂiﬁi ncl udes a
striip of rhawsgnlutpigiuctdisivé digital idked Gom MigclapRabRictd Sreddreatddai m 14, wherein

the first portion of the background i background intermngled with the
text. 30 WO 01/23953611?3@13#@@69% @5“71776%Wl?tellfrfﬁéégéfﬁﬁépﬁlﬁaéthsfn%m&? &gl wherei n

the secondmpdstolr 812 18 obilR&s, ehethNEIfEES 12 if 6&@?m&ﬁ6%e%%¥f§rn£tg&;fél&§t and a

second part bel ow the t'ext and the at |east” one backgroun or histogram
i ncl udes Whprat foaipst diwidel ibagek.gnd wherenaisdmathd stlog fariee tokt dbfeetskier st and

:gfioﬂg t ggraglgr)e(l ersg% 136%%’[%111\13/21 lcf;c"éplog% #18 tH% %tpgasf? S%Pnaero?tth%smlﬁ&plg lclfagllta[l’rl1 ir]ﬁ%ges\?@recflg in the

15 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

20 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;

25 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 22, wherein representative bit maps are updated
through the best displacement search.

30 25.  The method of claim 22, wherein representative bit maps are updated

through results of a minimum displacement equation.
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color of the difference color histogram 19. The apparatus of claim 14,
wherein an estinmated background color is determ ned. 20. The apparatus of
claim 14 woheewssh the digital image is a video signal 10POBWSeISHIS ti pl e
successive digital images fromwhich text objects are created. 21. The
apparatus of claim20, wherein for at |east sone of the nmultiple digital

i mages of the text objects, the nethod of claim14 is perfornmed to derive
estimated colors of text for those digital inages, and wherein estimated
colors for the text objects are averages of the estimated colors of the at
| east some of ©he mAhwpplreudhogiptisihgi mages for the 15 respective text
objects. 22. The appara of .claim 20, wherejn in g segnentation process
is performed E&% %V’é&aﬁe pedivp %f)‘él’f‘% Ingyuctifs t %{E%W]H%HQ?WWLF% respective
t ext 50bj eQJa§s¢aq,meyyepgoqjeﬁoﬁnpgmeﬁlbaﬁlcmglgpnt ation at |east sone bl ocks of
the text objects are aligned through a best displacenent search in which
only pixel s ha¥ciying adeitobiestipgluding hgunding bexes R mykiplediastes phaevidg est i mat ed
text col orgape considered. 23. A nethod conprising: receiving a text object
i ncl udi ng boundi ng boxes of nultiple frames of a video signal; estimating
a col or of texestpfatinhe chloupiiexig! thebewydizDoats; gni ng bl ocks representing the

boundi ng boxes _through,a best .di spl.acemen search in ich only pixels
havi ng a col or aé\% Hfﬁqﬁocakcstrff?}’eég%lgﬁ%oqou %E%é%eﬂé’foéﬁﬂ&?%%gﬁgeme@ nsi der ed.
24. 10he netdrcidinGihicH @ilypizels havitgy i estirh &pd @S@k@donYigerbd.t nmaps are updat ed

t hrough the best displacenent search. 30 25. The nmethod of claim 22,

wher ei n repr eséht at TYAPBRENVERHYAIEY %, WhBrandepreseHpbFht Pasarqwdged a ni ni mum

di spl acemapbugotabdPlisplakmdR LALH9530 PCT/ US01/ 05776 26. An apparat us
conprising: a machine readabl e medi um having instructions thereon which

when executed 28 caliseapaapiue cbelsionr26 whereinfrenresentativt thiothps arelipdiitag: 1 ecei vi ng
a text oblgeh AGhNTF DG AAUABRAF SRl LT Pl e frames of a video

15 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
20 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.
32.  An apparatus comprising:
25 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
30 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.
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signal; estimating a color of text of the bounding boxes; aligning blocks
representing the boundi ng boxes through a best displacenent 10 search in
whi ch onlwoOpi/&sBes havi ng an estimated col or are consi der eBCT/PR01/05MB
apparatus of claim 26, wherein representative bit maps are updated through
t he best displacenent search. 28. The apparatus of claim 26, wherein
represent ati ve3bi t nipsapprigtug pliceists2, whesughultipls ohesf gfe digital viderum
dlsplacene&t %%%ata%%on“§wg%rmé'gethod conprising: receiving digital inmages
in text bounding-box I'npreparation for a segnmentation process,

adj usting si zes4 of Tlﬂfam}mgtu& af cleimedPe syhe@inathe fixedadigheisgho pixeserein i f a
particul ar one of the digital inages has a height smaller than the fixed
hei ght the digital image is increased in height and if the particul ar one
of thke digital 20 imges has a height greater than the fixed height, the
digital images is reduced in height. 30. The nethod of claim29, wherein
multiple ones of the digital video inages originate froma |arger inage.
31. The nethod of claim29, wherein the height is 100 pixels. 32. An
apparatus conprising: 25 a nmachi ne readabl e medi um havi ng i nstructions

t hereon whi ch when executed cause a processor to performa nethod
including: receiving digital images in text boundi ng boxes; in preparation
for a segnentation process, adjusting sizes of the digital imges to a
fixed height, wherein if a particular one of the digital inmages has a

hei ght smaller than the 30 fixed height the digital inmage is increased in
height and if the particular one of the digital imges has a hei ght greater
than the fixed height, the digital images is reduced in height. 32 WO

01/ 69530 PCT/ US01/ 05776 33. The apparatus of claim 32, wherein nultiple
ones of the digital video inmages originate froma |larger inmage. 34. The
apparatus of claim 32, wherein the fixed height is 100 pixels. 5 33
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