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Docunent | mage Encodi ng/ Decodi ng FI ELD OF | NVENTI ON
The present invention relates broadly to a nethod and
waymsem2idr encodi ng a docunent inage, to a nePtDEGZNEH000366
system for decodi ng a conpressed docunent inage
stream to a conputer readabl e data storage nmedi um
havi ng stored thereon code neans for instructing a
conmputer to execute a nmethod of encodi ng a docunent
i mage; and to a conputer readabl e data storage nedi um
havi ng st oRoctuheent imayke BrecodingiDécedingt i ng a
conputer to execute a nethod of decoding a conpressed
docurent i mage stream BACKGROUND As el ectronic
storage, retrieval and distribution of docunents
beconmes faster and cheaper, digital docunents are

,FIEIHBiOFgINVEN'Em ngly used. Typi cal ly, docunents are

t
P St B B GRCHoBi! €. e 6 %icoang o
docuﬁi@@ﬁgnage an a(n@ﬁbd taAd kpstamefonBycdaigus ednpms@mu@mn@t image

hard co f a unent .into a di
streqiiy 5,2 iR By Sad S R st e irrod B e o godsemeans
for instucfingancemptiebteedeeutef Aviettfodl cbf)ent:d)dini@ babcmgem |8|Ggél rerd to a
i n e,. an e Vvisua

comfEETBAMA 112t StErPRE G Rta. S Proeb Aprver 20 opans for
instriRetingnd tomputerigesxeastech mpihodat desodiny a cgnpadsselb dosupmdrns image
S,[rehave been proposed. One such "inage-based approach” to

%ﬂ"'gital docunents is to store and to transm't

docunents as one or nore imges. Traditional inmage

conpr essi on standards such as JPEG and G F are found

to be inappropriate for docunent images. Although such
BACKGROUNDpr essi on standards are suitable for

conti nuous-tone imges (i.e. for nost pictures of

natural scenes), these standards are not suitable for

shéseleniigsis sd:fragehaemiet/a! rangd misgrésutio®of démintentebedoares, fagter and

one R 1IALHOSHIRL o205y HEDEgBY, ol 240al! QIR ORR oo
re-typrdvdreid genvefted He Ié'fi\zllteornﬁmbefmé’(ﬂ)l:balrk@t ouklerratislely, an Optical
Chaf"a%f&eﬁ@cc‘ognition (OCR) technique may be used to convert a hard copy of a
document into a digital document. Unfortunately, these techniques are still found to be
far from suitable for faithfully translating a scanned document into a web page, and
much of the visual aspect of the original document is likely to be lost.

Recently, image-based approaches to digital documents have been proposed.
One such “image-based approach” to digital documents is to store and to transmit
documents as one or more images.Traditional image compression standards such as
JPEG and GIF are found to be inappropriate for document images. Although such image
compression standards are suitable for continuous-tone images (i.e. for most pictures of
natural scenes), these standards are not suitable for sharp edges of character images.
On the other hand, a scanned document tends to be quite large if one wants to preserve
the readability of the text.

It is with the knowledge of the above mentioned background and concerns
that the present invention has been made and is now reduced to practice.
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that the present invention has been made and is now

reduced to practice. SUMWARY n accordance with a first
wazpensc2ad the present invention there i s provPdESGZ04/000366

nmet hod of encodi ng a docunent inage, the method

conprising extracting one of nore picture areas from

t he docunent inmage; extracting one or nore character

areas fromthe docunent inage; obtaining a background

i mage by subtracting the inmage and character areas
SUM@Q‘R}\I he docunent image; classifying character bl ocks

of the character areas with reference to dynamcally

generated tenpl ates; and encodi ng the background i mage

utilisi iy agcsa@neawdtrern dirsfoaisnect THehexipreaeni imyeofion Hbere is

' r - t RIS :
prodic W G BF AR o REUEIA e, P NI o TR Weracting
one loa swde pictire Areasekon fthavdoelimentivwde ekiganting afnet dremore character
arearsel’r%ﬂ?ﬁb'dé%ur%ﬁtcihsage;-%ﬁaiﬁﬂg{gﬁgé@%ﬂd Jn'ég? Bg%LH{rgaing the image

areas may conprisé€ a hierarchical extraction
and qbaradieri agas Xtaradhe rigcpiment rimape;o classifyingncharactbo chioakst of the

chart B8Pt R0l Rop ool obhdlfls REGHACE, B¢ Bpano e
backgreungrimage wilisingaal SACevavelet errpodeni ti al picture areas.
The extracting of the character areas fromthe

docunent image may conprise utilising a custom sed
defThaiexireatingf of the pielHree@reas andior théshatagtsr areghenay comprise

mar I'B%kg%r@‘itobﬂaa GFonf WP dGRInHR jfn%hé NehsShYoi§ fgzﬂ[%ge.saéfhglavelet

lescription the tenpl ates an aracter bloc
coeffi¢ierfs of (herfgsnastiveblagksct er bl ocks may conprise a

hi erarchi cal mat ching conprising matching the style of

each character block based on the style data and then

matl B&i sxdrastiich ot fiag Rtwesbiiser Mgui semprise| @ diendraiiesd extraction
combfind SRS BIATR IRE TR U Yo Sl TR, L ra® e or more
initiad Pigtyre: dgasg@pdcisiiping dBe nivitish Pidiec areagehyt Bxinactngepicture pixels

adjaBBHt RO MRS HictiRi£84d1g May conprise mat ching
algorithms and M, Different structure elenents may be
utilised for different types of docunent

The extracting of the character areas from the document image may comprise
utilising a customised definition of the connectivity of the pixels.

The method may further comprise generating style data as a description of the
templates and character blocks.

The classifying the character blocks may comprise a hierarchical matching
comprising matching the style of each character block based on the style data and then
matching each character block against selected ones of the templates based on the
style data matching.

The classifying of the character blocks based on the templates may comprise
morphological matching.
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I mages. The nmethod may further conprise bit plane

storage of a conpressed stream of the docunent inmage
w0 pooshes203 der of character areas, picture areaP@mnsG2004/000366

background i mage for progressive decoding. n

accordance with a second asgect of the present

invention there is provided a nethod of decoding a

conpressed docunent imge stream the nethod

coffpeinsirphplegical awichigg o1y asmptise engichjog algorihessMi andrivy,

the conpressed docunent inmage stream extracting one

or nore character areas fromthe conpressed docunent

i miféerentr gausiurexalemenisnay baokifjseslifier diffegnt fiypea ohelocument
ima éypressed data i mage stream identifying character

ocks of the character areas with reference to

dynan1ca||y generated tenplates in the conpressed

ut Paraindd S i ARER Pk 2foraBs bRE R R S ream of
the doatiwrsntivthogdi theeortlel ahgjwrastenargpagpicthee picatamddagkgraynd image

areas and the background i mage. n

Mrééﬁ' %@%%%%aﬁ Ph a third aspect of the present

invention there is provided a conputer readabl e data

Stqh Q%r&%@b%ﬁh@g&&dsésg; %fjof {P@ e&@@erﬁ‘?ﬂfen ?%r&‘?&r rov;ded a

instructing a conputer td execut hod of "encod
methodi of daeasting Wpremwpme@dmﬂg@swﬁyr@xﬂﬁa@ﬂhﬁg @m@prlsmg
exterftlngDJn% & b BicRir&asrehE FOnt e 48 'd&gﬁ-ﬁnt image stream;

acting one or nore character a eas rom

extragiograsntorimerg eshatisteti areag f@nbmvgq'nmrﬁlse?drﬂ@@mmnt image stream;
extr &mbré‘%ta%rém | CHd tl%h @5@1 fRked' Eé’énspggm identifying

ocument assi racter
chargigter a@@@ﬁﬁ afr qmataq:tﬁereﬁé?a@n @étht eefaRange t@ariyrgvamlca"y generated
temﬁlgfég rlml‘%dc&ﬁﬂ@&%ﬁ%c (5 %S%éj %ﬂé’eﬂ%hge&ﬁ!ﬁﬁgﬁ@ UREKABBAE image

l'i'sing wavel et base accor dance

utilising A “@vel@hbaseda%‘}sﬁémetbpd,tw ¢AnsdEeiing & deprdegrdacyeest jnaage by
addffg @ BeflParasTd BhareRA AR 7f o HaekdondRligem

havi-ng stored thereon code means for instructing a

conmputer to execute a nmethod of decoding a conpressed

doGY RS rdhAERARIHS b BRE) adpRet Hﬂﬂéogre%@m)ﬁ‘l\/érht% there is provided a
extracting one or nore picture areas fromthe

compyippr eadade didy n%?rtagﬁnﬁg@'@f' r BaiRg esteredciherepromedgr means for
instiefiify & BahpGibelo SetaR & hthdd8f encoding a document image, the method

comprising extracting one or more picture areas from the document image; extracting
one or more character areas from the document image; obtaining a background image
by subtracted the image and character areas from the document image; classifying
character blocks of the character areas with reference to dynamically generated

templates; and encoding the background image utilising a wavelet based SAQ method.

In accordance with a fourth aspect of the present invention there is provided a
computer readable data storage medium having stored thereon code means for
instructing a computer to execute a method of decoding a compressed document image
stream, the method comprising extracting one or more picture areas from the
compressed document image stream; extracting one or more character areas from the

compressed document image stream; extracting a background image from the
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conpressed docunent image stream extracting a
background i nage from theconpressed data i nage stream
WO d@svid2ys ng character bl ocks of the charact er PEI/8GH04/000366

with reference to dynam cally generated tenplates in

the conpressed docunent i mele stream decoding the

background i nage utilising a wavel et based SAQ net hod,

and constructing a decoded docunent image by addi ng
comprieesqul dataiireage slagam;titientityieg abbectarkdesksarfidhe blearacter areas with

t
refel%ﬁe preu;ﬁ@gwkc%ﬁ\gggpgra?&cfﬁ rﬁé‘%ﬁegs “.Y’} ot\Be M&&a@f‘g%@m&t image
streaamcaatiodipgathd dmgkgnotind imggs btthsngw;mnelebbpseds&@ nestingd; and
rac re reas,fro

constt %tm%Eg fe hg%(g dggl?rg%@t igg e B r A E{”%g“ ﬁlé:t!.];r? épeég'ethe character
areaelaadzh‘n:etlmckgroetad irhagam t he document i mge; neans for

obt ai ni ng a background i mage by subtracted the image

and character areas fromthe docunent inmage; neans for

cl bs scdoydange chitir acfifthr aspeot lof tbé présent hiavemtive thereeiaprovided a

ce t A j I ;

syotghh 10t S g Al obiRaBh 1B s BAEH AbEng FRBNE i 3xuBttho one
or mese glichtrebarsasl ﬁSAcheeﬁh@dnen’c mcays; deerre furtdxtractiigcohe or more
chargg‘tereglleag ffromﬁew(ggﬁﬁlgﬁt |H£ Sﬂﬂlsegagatfgre&?tafnﬁ}gpé Bgé@%{mﬁ image by
subtsacteeiame umagsmdenh\areupr iaseag fnanthef dpcm@n’cau:mageg rog@ns for
clasé?ﬁ;ggo E:ﬁz%rabtg Widek8' gla?h cﬂg}é&ﬁgr ca?ég%r %\ﬁﬂ"\e gefgr%ﬁgg%t dynamically

[ e stream neans for extracti
generhigd demplatest ead nfelaoqurmCodmrtbsmdkgrouudmmga wiiliging a wavelet
base%té,@@ MetiGpns for extracting a background image from

conpr essed data i mage stream neans for
| dent i fying character blocks of the character areas
o IaE SRR 8 A AbEa by rHRLah O RER AER%! Hovided @
ressed docunment | nmage Strean nean

syst@l"eo‘odudﬁgodlmga abearriyeetatd degugentuiniades pieara, tb@v@yséw comprising
meaﬁé‘?&%x%@i gr' m@ﬂedf)l%?@ rE&Y GANBET 40 r@&se@ d%%ﬁﬁl@ﬁfjlmage

ocument ng the picture are
Stre%aﬂ”@@ﬂérfoér%ﬁ'gc’tmﬁld ONGIeOTH BENGT @hLmactrermaJ@as mnEFthe compressed

oo e P e Sant o oer e Bodt Ay Peaipimage from the
compiiggegdfiatatimags étrQﬁmdF‘Gﬁ'ﬂﬁiW idgatifying ﬁhﬁ'ﬁéteélbloof(?’ efihereharacter
areab AilhOrUFIEN Y 1ot §yPRNAEHG 'JeRti=RBd tAYipi4a% RAfthe compressed document
image stream; means for decoding the background image utilising a wavelet based SAQ
method; and means for constructing a decoded document image by adding the picture

areas, the character areas and the background image.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Figure 1 shows a block diagram illustrating an encoder process in an
example embodiment.
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exanple only, and in conjunction with the drawings, in
which: Figure 1 shows a block diagramillustrating an
wepmstenr1pr ocess i n an exanpl e enbodi nent . Fi guP€I/2G2004/000366
shows a bl ock diagramillustrating a decoder process
in an exanpl e enbodi ment. FiSyure 3 shows a bl ock
diagramillustrating an i nage bl ock extractor process
in an exanpl e enbodi nent. Figure 4 shows a bl ock
di fg}glamz shayet a blackgliagrano diestafing aclesstier progess in an example
fer i mages in an exanpl e enbodi nent. Figure 5 is
a sc%emﬂtl c drawing illustrating a conputer systemfor
i miligurerd $imyve & blavktdimgtaem dlusiratiegran fimage étaskpddractor process

LED DESCRI PTI ON Enbodi nents of the
in aﬁ'&gﬁ{ ?ﬁegaﬁeﬁn provi de an i nage conpression

tedmurqué $tmwsc Iaabbpkydlagramnatlkubtramgaraj proesesi fori olgstering of
WLyl ' eI et conpressi on met hod.
Cha%%l?s m?ﬁ%ﬁ%@%x%@&ge \é as a wavel et docunent
i miggUreoMpriessi smhe@WcC)dramm@dlllusﬂmtmgspmcccﬁmpmier ysystem for

mo NGRS iedlod ARG R Al haBhmbbivElfi fe

backgrounds of one or nore original docunent inages
and di fferent nethods used to conpress each of those
onponents. Mre generally, enbodi nents of the present
DETN&&QDE&Q&?TE\)NO be applied to other special
documsnts such as particularly i nport ant historical

e‘éﬁgﬁrﬁ?rﬁ% rreé “r*t { m?‘é‘gaggé%ﬂ% %@ c&%ére%smn technique
for ﬁ@ﬁ@ﬁf/wfig,t matczl;lirgn andlr identifgrigo diocemest oﬂhagéﬁa mesedent a wavelet

comBFBé@BW {RBthBA OYihid %é?ﬁ?cf ﬁ?‘é&/o B% r}ef%e?nredctlgr%é; gs\ﬁé\%ﬂat ocfocyment image

cunent | mages enab version o
compEggeionf (WDH@)C unashed. | h‘@gee spedifically,airs f @mbedimentsy ef ythe present

mveﬂilé«ﬂ1 BRTRHERRE aﬁé‘}f biire TI&S Sfé E n%rrym% pgrsated Jrom  the

nprise a nunber novel
baci@%@lﬂnﬁbmf QNea@emeenyiciad d@n:umwh O”dagéalxmd'rdlff@r&l’ém@b@d%esed to

comPfesB! &ddH' 67 Ho88&Scomponents. More generally, embodiments of the present

em

invention may also be applied to other special documents such as particularly important
historical documents, scientific papers with mathematical or chemical formulae, software
documents and some handwritten signatures.

Embodiments of the present invention provide an approach for compression of
document images enabling a high-quality version of one page of a document image to
be transferred at very high compression ratios.

The example embodiments comprise a number of novel algorithms for an
improved document image compression method. Two main categories of picture areas
and character areas may be extracted from the document image and the background
image encoded by subtracting these two category areas from document images, in the
example embodiments.
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and character areas may be extracted fromthe docunent
i mge and the background i mage encoded by subtracting
W0 b@se4d2n cat egory areas from docunent i magesPCT/BG200€000366
exanpl e enbodi nents. The character inmage nay be encoded
wi th an extent-based nor phol®gi cal matching,
clustering and wavel et conpression algorithm A
picture image may be encoded with a wavel et - based
conice skarepienl igwmoet mﬁy bhi @fcodsd switht ol extbnr-b@sreelymorphologlcal

be. .enc
ke LIRS o, VAU AP RN B GAORRE ma vo
encq@@qmth@t\i\/@\telféismgedc@rmres&Omalgahgm i witioh is/BMifable for grey scale

' d
ma%?éé‘\'}al? i esgt?es md %Ig% %L 06940‘8?8 thcg ﬁ/\?aalg\[égb?%%auccesswe

appradgetion gyantization (SACt)imrr@masrom aimjélsm n the foll ow ng
sections the exanpl e enbodi nents are descri bed. The
features of WDIC of the exanple enbodinents conprise
spet/Pi, Inmeyampleynembadimentst ois a pmgnassmte mage WDEGt provides
b

proé‘r S5 ééc%@fhgq{bt oﬂ%ﬁrﬁ?‘%@bgﬁgr ac?g&t B0 I on gﬁaragter images.

clustering al gori
wavel et - based conpression algorithm for p| cture

ITTEHQ% foﬁ&)ﬁH?ts%c{ 6%@9&?&&3' Al éﬂ%é“a Iggsncribed The features

eri nent a signl |can per Or anc
of W o dherexample qmbasimants canprises spavial dsyaget sagindntation for a

doc@rﬁ@ﬁqt'r% eFi’aEt?Ha}émflm g Q%S’Pﬁﬁj}l@gl@élgmg%hﬁf férf:d gl[]%tgwé% algorithm

res l'on format an progr éssi v
for @Taf%%'ﬂ@ggﬁ:oﬁw & wavelal-bdsiedi qunresw atdorithne dori picturesimages.

Res@l’f@ WBh‘Ieaﬁ R %Bk?nerﬁaﬁ& B g}'é%t HBlveli g sfgmn{e.gr?t ;5(%/rformance

background pi Xxels has a e maxi mumsi n
Impw@rugnt/ OVgh @rieharti retheds tiy regpechelt tust asnsctspi EnraiuWeWDl@ allows a

hlghﬁpéﬂﬂ&lbﬁtecdn'ibrégﬁoﬁ)fér'?%%tearﬁing&ghgg % Bre él‘\%%éwél ﬁr{%@ of %?essmn

osterized 1nto evel s as
fateSPﬁ'ﬁh'éfbf tg pg pckieved in thgaxampip emquumﬁetSe I(v) is the
intensity of the pixel at v =(v ,v ), andT =/ /2,
where T is calculated in step 301 The foll ow ng
al §dv peswmacdhgtiednieasitaef tzaﬂckgf@ﬁﬂfﬂ aels hsissapessila taximum

interlf&ty)value I and the intensity of characters, pictures is positive in the example
embodiment. Firstly, the image is posterized into 3 levels as below.
0 whenlI(v)z=T,
F(v)=11 whenT <I(v)<T,,
2 whenlI(v)<T,
where I(v) is the intensity of the pixel aty = (v,,v yhandTi =1 /2,

where Tj is calculated in step 301.

The following algorithm is performed at all untraced pixels u with F(u)=2.

¥
1. S=¢,S1={U}, W=;EXCJ

Cis slightly larger than font size of most characters/letter. (default C = 24)
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1. , S={u}, =cC Cis slightly larger than font
si zeof nostcharacters letter (defaultC = 24)2. Find {
wao 2dosnepiesent ei ght nei ghbor pixels of v in cPODRG2®OE000366
order, anmong them[V , V, v , v } are 4-neighbor
pixels of . Definev=v, 7S=5S{v}, =S{v} 3. for
, , Wandi, <wa. if i =1,3,5 7, i. if F(v
) 2and(F(V):r(F(v ) =and F(v ) + F(v ) e =S
li.2if F@End ;zéSgn@v(} E( Yepreserd @ight GBighbor pixets 6 ¥ in)
thenSU{,.} I =2,4,6,8, if F(v) = and
ckvy:seczrc@noenrc(n@ tbwem {-"(,yva), V3 y)} t drerdSneighbdr pixels 6f 18
g to step . kSg <y <y } represents
a ﬁﬁ'ﬁ%@t+&r-Vﬂﬁ§eZbiSCFe U\fﬁe$1e—>51h{?{}v },x = ax{v }, y
=mn{v } , vy =x{v, } After character image block Ais
ex& r actfedvaim/ sav d"lxm%x‘ﬁ%’ @ fe;leWock list, the
pixels in this block are marked a s the traced plxels
and t heval uéisfl3.H¢, pi xel s in the character |ist
bl ock are changed to 255. The sanme procedure starts
from unt raced 8. X ’ls?(‘é)aTlZé‘ﬂgf(ﬁé #ﬁ:?on(fgvuhfﬂﬂnfﬁg(gur)rﬁF(vi+1)2
pi xel ekemsbs=STag{vcharacter inages 108 are the bl ocks
representing the i nes and characters extracted at
step 107 friom t heifr Eéw pué ahdd@; 1662 ami (Hie, gkafph.e ) > 2))
enbodi n@%s E[goga step 109 clusters the character
i mages hierarchically. Step 109 will be described
in further detaipaiggsteps 401 to 413 bel ow. Process
step 109 out’puts data 110 conprising the character
t eyfpi(at)e 2 dhok @y, prd bhe Feode) oF (Byery 1 xhers Sct et Ughock
out putted fromstep 109. The ‘code of the character
bldocks i i¥¢kudgs zolzpdbsol ut e coordi nates of the bl ock

V<||

U
2)
F

in
5. A={xy)|x,, <x<x Sy <y, represents a

max ? y min
character image block.

where x,,, = min{ v}, x,,. =max{v_},y,. =min{ v, H Ve = max{ v, }
veS vesS veS veS

After character image block A is extracted and saved into the character block list,
the pixels in this block are marked as the traced pixels and the value of the pixels in the
character list block are changed to 255. The same procedure starts from untraced pixels

satisfying F(u)= 2 until no such pixel exists.

The character images 108 are the blocks representing the lines and characters
extracted at step 107 from the residue image 106 in the example embodiment. Process
step 109 clusters the character images 108 hierarchically. Step 109 will be described in
further detail in steps 401 to 413 below. Process step 109 outputs data 110 comprising
the character template library and the code of every character block outputted from step
109. The code of the character blocks includes the absolute coordinates of the block in
the original image 101 and the index of the template the block uses. At step 111 the
process of Figure 1 encodes the character codes of the character blocks and character
template library by an SAQ encoder in the example embodiment.



10

15

20

25

30

the original imge 101 and the index of the tenplate
the bl ock uses. At step 111 the process of Figure 1
wenmster13 he character codes of the character PCDSER04/000366
and character tenplate library by an SAQ encoder in
t he exanpl e enbodi nent. The o®itput 112 of step 1 is a
conpressed bit streamfor the characters. Wile the
data 112 is passed to the process step 118, the data
wi | Thepeutprdcld@ed stsp 41 tiscadempeesssd bjf streamvibr the dharadters. While
r f e
the 992 |QE£§seg to ttﬁ@gr%‘?:@sct erse&ngd' %%%%ga‘?\'}énllzréeecgacg)ged by %ecoder at

reconstructed char
stegyetidr whight hethﬁacioglntﬁmm’tlﬂa@e SAR) apcoderssised egd 4tep 104. The

recéﬂs'trju 88 SharacfRiNRYEL Q4486 ARH 6 engFa%( 135 8h .me‘?hage 115.
oh MRS 14 1S Ysed Jo endlatd ic Bafhds

e exanp
Progesm Sempl 6 QtlllSEErﬁogél@e\Ma\raHg&mC@deln fog gtsm mleZmages ére theogxample

omiERLRLIEobel e o i SR RyRaaid imege godp Using
Zerelfrpst af Veavelst Goeflisgnts!, IBEE Trams, On ﬁlgmwmssngmVol 41, No. 12,
De(ﬁf@b@'pgﬂi%ég?@%?% g@ﬂ%l 3 %q%d‘w ,ﬁebegrghght“ ogb\gﬁ:(?spand Efficient

Mierar , EE
Imagg Stogies Based vhdBel Rartitioming iy Hievarchical, Trises”, $£EB Tinans, on Circuits
I f €, LNG A ,
338 A TER R 00 5 5L g Do RIS St o
SUItB‘d@I@gﬁQﬂJﬂ?ﬂjpl‘pﬁmﬁ 115 is passed to the process step
118. The process step 118 organi zes the conpressed bit

stream of picture i mge bl ocks, character inmage bl ocks
andrhereontiessge deih streara Jd 7tfer thenkackowunt dmegendi B4s passed to the

proég%fs%téy 118‘3‘&55 %ﬁ’o%s@%ﬁetﬁr Egsmﬁﬁb%h&eéwmf)re%&gsﬁ stf&4 of picture

npresse dat a S IS or
'maa%st&mkﬁe&harﬁcteheme@m blacksy andatns! éa@mmsmdrmmge Thegenerate the

@éé@&@lhté m&é&ea%forwwﬁ%f&%ﬂenm?%% of character
bl ocks and | ocation i nformation of picture inage
bl ocks are saved first. Then the conpressed streamfor

t herHel domhprbyded@sth bil GRtiahd 9391s dean&'e@'b%sdégcn@ed in the following
character tenplate |ibrary are saved. t he conpressed

examee%'ﬁbwmsmct Jﬂ‘@sd%ﬁﬁlw%ﬁﬂ@@%hﬁ%ﬁqrr?@@é‘é‘aﬁ\% ales af character

blodckgfaﬂd”'%cahén %f@ﬂﬁ&ld’ﬁ"‘%%lé‘tﬁ}éﬂﬁné?e Qﬂ@&geéreoéa\?éliuﬁllst Then the
than the val ue of the second fircant bit

Conmf%ﬁ%sd SfregRdPatiefirshiwe mas sm*@avb*a ﬁ@k‘?s oﬁarmarqp@rﬁemplate

Ilbrefr?%i?é BRVEH. GO R RSApFestbleBani of p%hﬂéé“éh@rb%ck oﬁﬁél”nﬁ§ges the
e are added one bit pl ane l o

a round i ma
Sfrelv fahH\eﬁgi plppeshRgS Yale i jogeates S agUab kAR Ber vabiq efa&»te second
mosii digtiffdaBie it e i0h dMAracter pictures is saved next. Finally the remaining

compressed streams for characters, pictures and background image are added one bit

plane followed by another from the most significant one to the least significant one in an
interlaced manner. This interlaced pattern saves compressed stream of character
templates first and then the stream of pictures and background for the same bit plane, in
the example embodiment. Such organization may ensure the progressive decoding of
the document image in the example embodiment. In other words, one can obtain the
document image from coarsest version to the finest version.

The picture image block extractor process step 102 is described in further detail
in the following, with reference to Figure 3.
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interlaced manner. This interlaced pattern saves
conpressed stream of character tenplates first and

w0 b@s/osd2e3 st ream of pictures and background f oPCT/B€2004/000366
same bit plane, in the exanpl e enbodi nent. Such
organi zati on may ensure the %rogressive decodi ng of
t he docunent inmage in the exanple enbodi nent. n other
wor ds, one can obtain the docunent image from coarsest
version to the finest version. The picture i mage bl ock
extractor process step 102 is described in further
detail in the following, with reference to Figure 3. As
seen in Fig. 3, process step 301 estimtes the peak

T B Reb L. S8 AT e o{RictRE B b e, P 87 R ogram
of AR ARifiard TRRAAAT, 2 (oL 21 9Vt MEbr KL Rt Ras
T, a\?@bkwgﬁapgymr%&%feﬂ, B%r%rplxe@ka?re %&;tbréarl?oepikélgg rl 4

ere W- r is at scanned resol ution.
Process step 303 classifies blocks in to two types:

PR PP S0Aeiogse e 8aP o d B Bhdaaeiipydocks i size
statistical PB%?M es of wavel et deconposition of
prdoce

W < opkRe wThgl procedyr@ # & ASchAheéPMsBEItibm the exanpl es
enbodi ment. Using the wavelet filter to deconpose the

bl ock once as conventional wavel et deconposition of

| MpgSoesE Qe B3 CREBIEADIRRSs 9h ftd GhE BFpbs: E)i&ﬁjré WBRE marked by 1
filter coefficients is and the suggested filter for

. 2 the sug ]
and pRNRIcYFeRIBels Barked &Y fadihe\giarsifisatian iIstaped onéneiptativtical features
of WRRbRWd8EEMBodiftinS oPbRERIUTRe prbceduib idds BNSWiRY iRl et &@mples

not ati ons of | owest frequency conponent to highest
embofdimaitncy conponent as will be appreciated by a person
skilled in the art. L HL H n general, a docunent

Gl B VB g B B2t e bR B St vl
decdrpaitionadf ¥maga | Hoe thesBrhp 0fatien eficiRRBERB®YSM of filter coefficients is 2
and the suggested filter for this procedure is a Haar wavelet filter. The diagram below
shows this procedure. LL, LH, HL and HH are the notations of lowest frequency
component to highest frequency éomponent as will be appreciated by a person skilled in
the art.

In general, a document image is typically composed of a large portion of
characters and edge regions, together with a relatively smaller portion of homogeneous
regions. Homogeneous regions have the least variation. Characters regions have
moderate variation; and lines show the most variation.
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regi ons. Honbgeneous regi ons have the | east variation.
Characters regions have noderate variation; and |ines
WG had/osd2e3 nost vari ation. 10 when ¢ > A where APCEHSG2004/000366
predefined threshold (default ,4=16 for O otherw se
i mges with 256 as nmaxi mum fltensity val ue, in an
exanpl e enbodi nent) and c is the wavel et coefficients.
The statistical variable used in the classification is
as foll Wswhgﬁ p.gount =, whereH = HL[JLH HH \.5W
aveg@ye ere Swhere Heis et predefinesle thresholdaydsfaalt A=16 for
coef fi ci @t SPEeL "t count < B and average < (2 +
. e n .
ma%éeszwévﬁﬂ\’a% e ﬁ]éxl?mlﬁlﬁ’ '“ﬁ@ﬂﬁ’%@g ﬁlnsé% g@inqélg po:’é@'ﬁ%t?% and c is the
wavglep ereflicirriier wi se the block is marked as nonpi cture
bl ock. Swi tch 304 checks whether untraced picture
bl ocks exist. f the answer is NO all picture blocks
ar eThestatptical vadakle 34seddn tf@@lys&fmatl@mes gfolmes 102 of
Fig. 3 fln@trg.se ((3{5:, O herw se, the next untraced picture
bl ock is i dest i ed in step 305 the mark of the next
untaaane,d—ﬁiiéefiu%—theHs:HMchUtm‘Izero and the
pi cture ared 3% initialised to the nininum rectangl e
containing c ent bl ock in the next process step 306.
The process %l:gp' 317 a s seen in Fig. 3 extracts the
r ectvarigeg af wingrep$ gtis the foted gembedofowasiatteseffitients of LL.
two steps in the exanple enbodinment. Firstly, process

st t C the pi r rom t.he
e e A G reedGef S ER T it R g ieformines
thre@t%l& W@% H@ﬂul?'vél@ésls'ﬁ‘ the BfoeR s ?ﬁa@iﬂao?’éﬁ pictur8 S@f’h\érwme the
as seen in Fig . Switch 307 checks ther there is

blocg'%@aﬂﬂ%@érmﬂp'é%'@ Bfockhe current picture area whose
mark is 1. f the answer is YES, the nei ghbour block is

marked Q in step 308 and
Switch 304 checks whether untraced picture blocks exist. If the answer is NO, all

picture blocks are saved in data 316 already and the process 102 of Fig. 3 finishes.

Otherwise, the next untraced picture block is identified in step 305 the mark of
the next untraced picture block is changed to zero, and the picture area is initialised to
the minimum rectangle containing current block in the next process step 306.

The process step 317 as seen in Fig. 3 extracts the rectangle area of the picture
image and consists of two steps in the example embodiment. Firstly, process step 318
extracts the picture blocks from the picture image. Then the rectangle area will further
grow to neighbouring pixels in process step 319 if necessary, as seen in Fig. 3.

Switch 307 checks whether there is a neighbour block of the current picture area
whose mark is 1. If the answer is YES, the neighbour block is marked 0 in step 308 and
the picture area is extended to a new rectangle area ‘containing this block in process
step 309, the process step 318 returns to switch 307. If the answer is NO, all neighbour
blocks are not picture blocks. Process step 318 is completed and the process of Fig. 3
proceeds to switch 310.
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the picture area is extended to a new rectangl e area

containing this block in process step 309, the process
WGEL@p/08e8 returns to switch 307. f the answer PGI/BGE2004/000366

al I nei ghbour bl ocks are not picture bl ocks. Process

step 318 is conpleted and tHd process of Fig. 3

proceeds to switch 310.11 Switch 310 checks whet her

the rectangle picture area is big enough by conparing

the length and width to the preset value (default 2 ).

f swer _j there, is tueareafound and the
pr?&@ﬁ@ FOpecls W@Pﬂ@rt@%%@?%w S3PACIUIE; REFANiIS DI tgIough by
confpasingthe BnYESanddith fethkQRaddt 9aIuE Th&aaR bR nOéns%? i NO there
cture area is stored in step 311. Process ste

s nplddienates firpgd and the ppraess 19 Figr fuon m\e«ﬁl@chswg@thenmse the
ansWe¥ is 'Yt 4R tRAk (ddatien & haltibn bi@ieDidim fc& M%ngteﬁ 311.
Switch 312 checks whether there is a forepi xel in't
nei ghbour pixels of current area. f the answer is YES,

pr CFQ*@@&-:.SSét@p 3AD3 28RS Fi S, F&bFerHEﬁg Qﬁ@%lﬁ)@/ﬂgh&eﬂse\%ﬁnes the
rectan Icture area containing the found fore-pix

POty RCETERAN i SEaBPIS SN HIARS BUTGNAI2Isheds Whelbpciiore i a fore-

pixeR TS WRY neighbbdr gikéls st BAUErERl ¥ehs é?fsw%l"-“‘sr ?Eb BPdHeQé Qtep 313
areg are back-pixels. Process step 319 finishes and

extangs & Rictuss gred fﬁ. the DpW recargle pistys aéeap‘i’Qﬂtﬁ‘JF'ég itheafgund fore-pixel

and&h@@rdo@asﬁ@l@%ﬁjrﬁé &Dsﬁﬂc’h 312 Qﬁﬂ*}%sar%%l@ isSND, aPReRABour pixels of
icture ima to the |ist of picture images

Cu"s%P'?tﬁ'@ preaas bagk-via PiXPE PEpCREs SieRS1PNSAPE GRY Y redlnglp picturs

is sawidedacsiciute frhald 8red. in Fb”r@é‘e%§%t@ﬁ 3’&:1] @%c%nﬁéﬁtﬁg dppBnds this
plcttdfellmaggf %{%Qaﬁoa te onlctérg %")E\Qﬁ%raé’d/t}‘? /proqgss, %f Fig. 3 returns to
switcinBefisi ty of pi er at coordi nat es (i,)) 1n character

i mge block I and bl ock di stance of two pixels is

defined as (i , )) =\i ~1 | ~J\ Then the style of

t huwnmfmr@at;e to Fi@udﬁiﬂ Ip’n@@bs@%te(pl\lldm geneflates thedstgle Whethdacters
gg(d{(( (Z J)ZJ mhn 1Ol((o h- 1),(i.])) n(
e (adf(% ifhla g Odi- SV (1) JJs

fi f cess ste
Whei‘?)él.éllﬁi i§ lqtﬁgs@oﬁ' @@Lfiaéﬁxg'em% esI ?Zej moéharr)er\c(’zer image bl(l)ock I, and
block distance of two pixels is defined as d((i;, j,), (55, /,)) =l i, =i | +1 7, — J; |-

Then the style of this character is defined as (w,4,d,,d,,,d,,,d,,) where

rt?

d, =min (@(0,0),¢.1)) » dy = min(d(0.h~1).(i,7))

(i,/)eQ (i,j)eQ
dy=min(d(w=10).(i,j)) . d,, = min(ddw-1,hr-1),(i,j))
(i,j)eQ (i,7)eQ

Three sets L, L,, L, may be defined for process step 109. L,is the collection of

character images blocks. L, is the collection of the character code of the character
image blocks consisting of the index of the matched character template in the character
template library and the locations of the character image blocks. L, is library of
character templates used to save the images of character templates. Switch 402 checks

whether L; is empty, if the answer is YES, all character blocks have been processed,

then data 403 comprising L, and L, will be outputted and the process 109 concludes.
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character images blocks. L is the collection of the
character code of the character inmage bl ocks
weonsising of the index of the matched char acP@r/SG2004/000366
tenplate in the character tegl ate library and the
| ocations of the character ge blocks. L is library
of character tenplates used to save the i mages of
character tenplates. Switch 402 checks whether Z is
Othenpis, thefartshier snN@en step 4RStheahdxt chamaiet BlockITaa kS B aé'tﬁeved in

been processed, then data 403 conprising L and L wi ||
prog%ssos@ﬁppﬂ-pftelar o&Res AR 4pf dcBsPra®@ss ebmetahingschiacter block T against

temﬁar a'éwlt%r'g B ocnk&fl}gwﬁlﬁ hl‘sasaglr%étllr‘ll %bgﬁ( Yvﬁztﬂ?o lggegnéiqtgﬁm L, have

beehQsbed Bt 80485 496ep 404 is the process of matching
character block T against tenplates in L . Starting
fromthe head of L , check whether all tenplates in L

havietheesnswisreid YES, ShistLhevt @fpe f dha%c@é?smesrtegb 207 FSs aEEpended to
is a new type of character in step 407 T is appended

L, g8 al_nea/sclaarﬁétﬁr &avaplater Er theemeam’@rmatlort ofeT agajast TL is saved to L,
forrratl ainst TL is saved to L, and T is
and, £ gOBRVER G Lo (B HoCvRbEs Feitnd0o owi t ch
402. O herwise, if the answer is NOin 406, the
character tenplate TL is retrieved fromL in step 4C8.
T i Qthamyishei theganiswer isTNOLy 406,0hs tcbmaptef tensplatesflcl rdtrieved from

Y N O
pro@%fst@%wtlﬂ@%be%k)éte% 459 Wead&np‘ifté/ {h% éHsolme val%éd 5f‘m‘ferences of

process one

cks t
all & rée&l Q??\é’e\sér‘al %ﬁ% Q?J @?%étﬁ/@rOfeHﬂaﬁwlt%ﬁ%P%ﬁéhwwﬂ of process

409 ifr @herl the bbsolaasyilied & %@aﬁ}?ﬁg?rﬁﬁﬁﬁe@mﬁﬁlﬂed fhre%hold the

ansREE RI0: 6 B0GRr R eI BECean e HOBalr dhe AGOHET ROEES, then

match Trigaines TL.YyaRorphdlogRapeEsadtt ERatthihg Ws&Bodin process. step 411.
nor phol ogi cal approach in the exanple enbodi nent with

whi ch the matching of two characters is fast and

ac Rrogdse stapTdat edet & mMﬁﬂkﬁg?l@eﬂ adppfgtichih Nl "BGRPIS embodiment

. SUC s mat chi ng b r scale simlarity. The new
it e, P8 BRI TR 4 PGS RGP S5gHa EompRod econventional
matehingrplethodb aotiest mmlr@eﬂiyf oF &ﬁﬂé Similafify ThHeCAdw @R%Asurement
bas%%ééance asu aerrent and, Haus Erﬁgsur ement in the
HB0RaRe] SdOre DR el on mepbEAY ipeyo better than
Euctidemnndisteuince masdsurement and Hausdorff measurement in the case of a noisy
environment due to the stability of the measurement.

The morphological operator in the example embodiment measures the size of the
difference image of two images (i.e., one is the template and the other is character
block). Assume the two images are f and g, the difference image f-g is defined as
follows:

(g ()= {; F((x,y); )+ F((x,y),)<4and |f(x,y)-g(xy)> Gy

otherwise
threshold C,, =32,
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The nor phol ogi cal operator in the exanpl e enbodi nent

measures the size of the difference i mage of two
w0 pmge$62(3 . e., one is the tenplate and the ot hB€T/562004/000366

character bl ock). Assume the two imges are f and g,

the difference image f-g is 1@fined as follows: |,

F((x,y) ) + F((x,y) )<Aand\f(x,y) - g(x,y)\>C [0,

ot herwi se threshold C 32.13 The difference inmage f-g

i s dheifigrencerimgee o ipbHenarwimage. It léhediwidrdy, gine differsnge image
-y T O knary set. The size of set A of structure
fgi:eslég!r)r@ﬁ@%t'nay be defined as e(A) = sup{A aB f},a where

B i $herorsizel ofor gtiol Adgiof alstraptere oplenanbr B anBiie beewdefined as

asurenent of  fhe difference _between two hinary sets
e( /ﬂgy— B?U sf(fd% é&dé }ag esiﬂ ( w’h@re) ié@ if nqrngzr}fno’ip%{@gz@zl BPgrsoperator.
square structure elenentof sizel. The simlarity
neasure of two sets f, gis Mf, g =mx (/ - g), S

(9 Thd héw: A i ' UL ihSry daid i
sense ofwtnlaéelégglr st ort {6? g%ﬂ'@%@%ec%%‘gégi S %H‘ fé:a/ns'%(t)sr ng be defined
as §plex) ikl org)y omherowBNesquarheridans dlanieht syeasUr ement

is not synmetric, as will be appreciated by the person

ski Thegmiarityneeasre oRwosetnt ¢ it I (hdd < wasis,Gong), @ (g - )}
hele ool Lo BB n TR0 GEROTR Bkl dtorion
or deavey d:stcirtimn; homeverfz,thegﬂauﬁﬁﬁﬁ ﬁmuw,is Eht&eymhmetric, as will be
: , e .nea is less than t .
2prRXEIED N8 persbh el §F S BT R Grlehend® atiohy Farg, 0. v. s
andsMe dbsEheny, fSteipeargoimademmattingebyl eé rof dnorphélbgy, hl?roc. 11" Int.
t tchin
Corf AP e REAh e S7ie Sralus BOGhe g nelBorbumcioo2
is nodified as Mf,g) = S (f - g . For the matching
f ' .t h | uti I .
o1 15 SCRKAE ol BB i b0 RS B ohFpin o
sucegssc ifafast iigorityainmeyt be elefihed & ife exaswe essbodithent based on this
thedﬂl@&rméﬁmnw a%ﬂa%%tér%?gnlgrﬁ. ']"I‘Pé %%gg‘dre of the difference is modified as
M(f,g)=Syz(f—g). For the matching of the character image, e.g. with resolution no

less than 72, if the measure is less than 2, the matching of character against template is
a success. The algorithm may be defined as follows:

Algorithm M,
1. Suppose (f - g)(x)is a sequence with length m. x < 0,
2. if (f-g)x)=0gotostep5
3. F(f-gx+1)=0 (f-g(x)<0,gotostep5
4. X<éx+1
5. if(x<m—1) x<x+1, gotostep 2
6. end
Algorithm M,
1. Suppose (f - g)(x) is a sequence with lengthm. x < 0,
2. ¥ -g)x)=1and (f-g)(x+1)=1 gotostep5
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Al gorithmM 1. Suppose f - g)(x)is a sequence with
lengthm O, if(f- g)(x) =0, o tosteps 3. if(f-g)(x +l)
wWe2005086213)) (X) 0,90 o0 step5 4. X r X+l 5. if(xXP&IsGHP4/800366

-X +, g o step2 6. end AlgorithnM 1. Suppose (f -

9) (x)is a sequence with lengtém x - 0, 2. if f -
g)(x)=I and (f- g)(x +) =l , o to step514 3. if(x <m
) X -x +1, g o step2 4. character natches agai nst
tenpl at e,3.go tif(skep6 13 x <char Bodoad sepes not match
agai nst tenplate,go to step6 6. end The condition is
weak or dbes ndfar@dperdiches againstterpbiter g felstament used

in the algorithm and the associated part of algorithm
Min the %xanp? e o‘gqeﬁﬁﬂ’f’.”“ eI deTEftn EPéhstprs

strong mggns thgt matching a character against
tenplate is difficult. On the contrary, the conditior _
s waaR GeBdiien imwenk vh daet Rel dapeatl oadthk stuctara elepleat esed in the

: Dbt r ) .
kA e 0GR St S0 e, e
theg@:}&'tﬁ’ﬁés FHPRE MeaNE ma%gn%tﬁung Rehpeastai aoainst tethplate is difficult. On
theC BtRRY, &he EBKAINOH. id ReBR Mh&t ﬁ’l‘&l@ﬁ\ng I%ec%fé'tf{&eggém& plate is
i mge qual ity is very poor. The order of line) clrclhe
Ve&yoe‘g%Yu%t@r@oPP@Eﬁhd@" tdecteqee chadeamrrassion aatic slighly bat weak

con®i@dh wilhgeh&raled? YIS0 mtchRY &fhd tfheatlegeﬁé'tltdagdpagr?&tgi may not be

row direction, the structure enen

ly al
COFE%tmnﬁg SRAMpdAsemenhimags qualityrie very pesr.i Thenerdpr of line, circle

to stuaes torespoAds fb&h@é@ﬁ&ki&lﬁfﬁ?ﬁgwﬁj&fo-w is element is
found to be good enough for e.g. Englis

The following is noted:
If algorithm M, performs only along row direction, the structure element used in
the matching algorithm is a line of horizontal direction in the example
embodiment. This element is found to be good enough for e.g. English
character matching.
If algorithfn M performs only along column, the structure element used in the
matching algorithm is a line of vertical direction in the example embodiment.
If algorithm M, performs along both row and column directions, the structure
element used in the matching algorithm is circle in the example embodiment.
Circle structure element is found to work well for character of most languages.
If algorithm M, performs along row direction followed by column direction and
then performs along column direction followed by row direction, the structure
element used in the matching algorithm is square in the example embodiment.
For the structure element of lines we may only need to apply algorithm M, along
same direction as M; does. For the structure element circle algorithm M,
performs at either horizontal direction or vertical direction in the example
embodiment. For the structure element square, algorithm M, performs at both
horizontal and vertical directions before we conclude that the match is success in
the example embodiment.
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character matching. f algorithm M perforns only al ong
columm, the structure elenent used in the matching
wabk@snid2mm is a |ine of vertical direction in PEESG2004/000366

exanpl e enbodi ment. f algorithm M perforns al ong both

row and columm directions, tte structure el enent used

in the matching algorithmis circle in the exanple

enbodi ment. Circle structure elenent is found to work

vel Refningha theecirecessfof migs 14, bwitgudteshecks ahgther Titatdes against

t fo vved by co
TLERCLE AL AR e A% Rl oL SR R GEDAER, apervse, e
andveer ioWES, informtatiofi of g0 iaﬁﬁendeh&osﬁ raHef sHde o |qu‘?rfbtexlb? @dttern TL
in the matching algorithmis square in the exanple

in épbibenrteatprodess stdpe4t3 rancdves el ¢bemEpnt amf tHehrtrs précedBYOf Fig. 4
only need to apply algorithmM along same direction as

prqgea%%@ switgh 408e structure elenent circle al gorithm M

performs at either horizontal direction or vertical

direction in the exanple enbodi nent. For the structure

el efrighe §c§'l}§¥r§’f68ath@6¢¢qqc?ﬁpmcse$ 200 insthgtexbaple embodiment, that is

theh %\Pdé&‘tﬂbcé‘s@,d oV &ht | &Rloddl M8t | l%h%ere 5&3@62@9 r&lﬁkh%e from a

hat the match is success in the exa e enb
Co'ﬁl%“teﬁ?‘?ﬁ Rt strearn 1201 9 Hisedacuptentingages Presdiss step4202 ssipatsitss the bit

stradhe t208 rinté tﬁiﬁe%l#{% E33H B thé lfornbatd Iaﬁ tr@‘%&?ﬁﬁdei d'\&cumeﬁt image
cess of FI%Z] returns to switc erw s

de{’%@ firfgmé‘iepu T8 eEhesentiyepupartn 268 & qospapssed deit str@am 203 of

bacfk@fbm?ﬂdﬁn@ée chrﬁp#e@@&i( B sBahhenie Thr r?ﬁ flaﬁter |Prﬁéé el BRcks and

roces 413 renoves 7 fromL ,
corpprge b'g?t Zoﬁoﬁ'gﬁ'@éﬂ@g?@'%tch 402. Figure 2
|IIustrates the decoder process 200 in the exanple
Bd t the reverse process of the encoder
100 %enggélé? %Lee%i&wavqb@gmedf PORA éemrwés@dgmarate the
bacskgl‘cﬁmmlraaée dbath D609 G6ERIBY b}lrﬁﬂ%ra&épé?&%aersétep?% gtec? 207 to
tes, the bit, stream 20l into three parts base

geriargtor B ddipameion Hlechampieresades Aadarasiar Imaag dlagks @ndoehgracter
temiptats tibfand Tiata P08 s€dédddee bhBAG @V@Ieﬂdé&@@g §t5§tt€;9| g.l?lr) téo generate
the%&&%?méag,}vf?&#g?% g[é@@ %ﬁ%a%aﬂ mra()elsb?aecomblmed to generate the

document image 213 in process step 212.

The method and system of the example embodiment can be implemented on
a computer system 500, schematically shown in Figure 5. It may be implemented as
software, such as a computer program being executed within the computer system
500.

The computer system 500 comprises an extracting module 501, which
extracts the characters 501, pictures 502 and background image 503. The character
encoding module 505 and picture encoding module 506 and background image
encoding module 507 compress the characters 501, pictures 502 and background
image 503 respectively. The output compressed stream is interlaced in module 508.
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conpressed bit stream 209 of picture inage bl ocks.
Data 203 i s decoded by wavel et based SAQ decoder 204
wo o00geneiint e t he background i mage. Data 206 i SPCESGL®E000366
by a character decoder at process step 207 to generate
the informati on of characterl6codes of character inage
bl ocks and character tenplate library. Data 209 is
decoded by SAQ wavel et decoder at step 210 to generate
t heTpe ccomprassadebib| stodesn 2309 iBatte 2@mpra®&dardbcliient image

ool ARG P ENRMGy A Systom of | he exanpl o

enbodi ment can be inplenented on a conputer system
500t \/sitttbenappbreabteﬁ iIshawserson Bkitled ¢h the trintdst Bémerous variations

tmare uch as .a conputer progra .
and) B BB R e AU i M Ml G TR TS B AE o specine
embodimentsr w&ttymﬂeiap!é&&gcfmrprths@)wmmreedopa(xlfi the irvehtion éiObroadly

e t aracter s. 50 ictures 50

degor iR Theratoha sEielin B i Bior o LR GUFHETaAOB Gl dospects to

be H0giradive apd obtirestrietiendi ng nodul e 506 and backgr ound
i mage encodi ng nodul e 507 conpress the characters 501
, pictures 502 and background i mage 503 respectively.
The output conpressed streamis interlaced in nodul e
508. 16 The conpressed bit stream 509 is the conpressed
document i mage generated by docunent inage encoding. t
wi Il be appreciated by a person skilled in the art
that nunerous variations and/or nodifications may be
made to the present invention as shown in the specific
enbodi ments wi thout departing fromthe spirit or scope
of the invention as broadly described. The present
enbodi nents are, therefore, to be considered in al
respects to be illustrative and not restrictive. 17
CLAIMS . A nethod of encoding a docunent inage, the
met hod conprising: extracting one or nore picture
areas fromthe docunent inmage;
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extracting one or nore character areas fromthe
docunent i nage; obtaining a background i nage by
waealsoaeis ng the i mage and character areas fropCT/b&2004/000366
docunent i mage; classifying character blocks of the
character areas with refererdde to dynamically _
generated tenpl ates; and encodi ng the background i mage
utilising a SAQ wavel et encoder. 2. The method as
MSmed in claim, wherein the extracting of the
picture areas and/or the character areas conprises
mar ki ng bl ocks partitioned fromthe docunent inmage
baséd onAfreethod ebergiding wedceuimentinfdge; thatnsetgcﬁd b@ﬁ;lansmg
res in clains
oo RGietoll 8FfRre Aot e kOB Sl ibesar cas
c onpxiraséig ané pemarectiacadtereeasirom medmnmmelns Innegyye; t
ext I unment | 0
qerorairtde BEkibEn P RS ol AP ochE TR A arbller arcas
fromdine deeugnenhimage;ti al picture areas by extract| ng

pi C&Iﬁés@f@?%ﬁ%c?eqj Qtof {h% dadiy 4 'e%% WE‘] ﬁée%fg r(2)%§r'wlmically

n” any-one
Qeﬂﬂﬁ@ﬁéfﬁmmlh@se&ﬂactl ng of the character areas fromthe

doCHERRIng! B PEKORSTRGIRESe Hhilshd ésﬂgﬁ%a‘i%fegg RE o

deflnltl £ Connett rvity o
nmet hod as clalned in any one of clains 1 to 4, further

conpri si figs ARARIAL an"?écV I cI%ﬁf)? @ﬁergindlﬁécr. %th%gofo tL:ue picture

the tenplates and c ar acter cks
areg$ AN the eharagies, argperagimpriste roarkingi blpckey paiitioned from the

doctihemiRfe His08 Bﬁ fé"é?urfgﬁ 'oﬁ\%wffe %ﬁ@feﬁ% §he Fé%@&&!vgﬁ ocks.

conprising matching t each charac
based on the style data and then mat chi ng each

chagact efpd hfé%daé@glﬁﬁﬁecﬁﬁ" 8GR ‘B;ef %er&'netng gerrprlagt ng of the

based on the styl ata mat c
pictires; ffeas CPMARSeSoh ieparchical endr aEtIQrDC@ﬂme extradtihg picture blocks

frong i bdured iRhgd {beg&ﬁ?été%hg or th&E Kisitidd &greo L08nd refining the
P s gogang 1l

| ates conprises norphol ogi ca
mltlﬁlﬁlnag@ aeasbyexeagting pisiuse Bixels agipseatitn thgehlgltlal plcture areas.
nor phol ogi cal mat chi ng

4. The method as claimed in any one of claims 1 to 3, wherein the extracting
of the character areas from the document image comprises utilising a customised
definition of the connectivity of the pixels.

5. The method as claimed in any one of claims 1 to 4, further comprising
generating style data as a description of the templates and character blocks.

6. The method as claimed in claim 5, wherein the classifying the character
blocks comprises a hierarchical matching comprising matching the style of each
character block based on the style data and then matching each character block against
selected ones of the templates based on the style data matching.

7. The method as claimed in any one of claims 1 to 6, wherein the
classifying of the character blocks based on the templates comprises morphological
matching.
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conprises matching algorithnms Mand M, 9. The nethod

as clainmed in claim8, wherein different structure
web@sen2s3 are utilised for different types of PODSGEN$000366

i mges. 10. The nethod as clained in any one of clains

1to 9, further conprising Bft plane storage of a

conpressed stream of the docunent image in the order

of character areas, picture area and background image

for progressive decoding. 11. A nethod of decoding a

CO”'Qr eSSTHe ARRMIEERS CliRES IS EIHRAR) whgtee:r['ﬁ‘fe %grpholog%clal matching

onprising: extracting one or nore picture areas

CO’FW@%MP'@@@@'@%@W%@M Mage stream extracting one

or nore character areas fromthe conpressed docunent

I mage stream extracting a background i mage fromthe

conpr essébe mathed angined baplpin dewhefen difecdrarstrattere elements

th reference to

aregj;ﬁiﬁsfgg&ﬁsﬁgéﬁg%tég%&h F éﬂsl n the conpressed

docunent inmage stream decod| ng the backgr ound |matge

utifgsin meaal uctin .

a dlcledg:odegh%ocunenat%t?lﬁaﬁ%gq%fﬁ%ngbpag |'rr]nsa{‘ ,nggﬁ%rcg r'g'ng bit
plapg, gtoraper ofca eampressed stiegm ethbaﬂ@kvgneummagaag ¢he drBler @ character
are88FlR arb£ 8ARBA oA n%tagéﬁﬁ rd‘% S8 é&\éh{ﬁg St ored

t hereon code neans for tru g a comput er

execute a method of encoding a docunent image, the

et fipd CANRletRUNet d‘éé&dnﬁgfté RBriphéssal H&ru%e%lt ‘H‘n‘é{gg Siream, the

reas fromthe docunent 1nage;, extracting one
me@‘ﬁﬁﬁﬁ@@?'"&r eas fromthe document i rrage obt aining a
backaretimygl cheademB pidhirs aé?&éasdfrbfhetﬂ Ia@&?‘ﬁérﬁrlmage
areas fromthe docunent i nmage; farac

stregMcks of the character areas with ref er ence to
dy nexiaefd ¥ne or more character areas from the compressed document image

stream;
extracting a background image from the compressed data image stream;
identifying character blocks of the character areas with reference to dynamically
generated templates in the compressed document image stream:
decoding the background image utilising a wavelet based SAQ method: and
constructing a decoded document image by adding the picture areas, the
character areas and the background image.

12. A computer readable data storage medium having stored thereon code
means for instructing a computer to execute a method of encoding a document image,
the method comprising:

extracting one or more picture areas from the document image;

extracting one or more character areas from the document image;

obtaining a background image by subtracted the image and character areas from
the document image;

classifying character blocks of the character areas with reference to dynamically
generated templates; and

encoding the background image utilising a wavelet based SAQ method.
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generated tenpl ates; and encodi ng the background i mage
utilising a wavel et based SAQ nethod. 19 13. A conputer
w0 e@dakd2e3 dat a st orage nedi um havi ng stored thBCESG2004/000366

code neans for instructing a conputer to execute a

met hod of decoding a conpre$$ed docunent image stream
the nmet hod conprising: extracting one or nore picture
areas fromthe conpressed docurent inage stream
extracting one or nore character areas fromthe

co e | t xtracting, a

COTR. g Rl TR BASR R ATH il roreon co
meaytsy anpstrugting isf pomputehdo axeeute bh ondrthocmfoftdwogihgr aoatpressed

| e m cally generate

oo e o I Ut T hmge st eam

decdapiingt hee lpackeeopintird meges fiom| thei cam@revadeietument image
streQﬁ'lsed SAQ met hod; and constructing a decoded docunent

I mge by adding the picture areas, the charact er areas

ancexiraelingaeriegeromace chargster rkasAray she tompresead ddéurgert image
stred@cunment i mage, the system conprising: neans for

extracting one or nore picture areas fromthe docunent
i meéractingznisadkgrousst imags frorg theneoroprensededati amaed stream;

ol ; _ ’ 2 .
RS TR T SR
gengliategstemplsties indhelowrapressed dmgetentipsaye steamc| assi ]tyi ng
. | : referenc
chaesaas i el A A U9
enc8ostrgling e tsigcrdacododumeniginage bysadiing tevsittate areas, the
chal@%{%@greaégnﬂgﬁé‘%jckﬂﬂoﬁmd'ﬁnﬁéfét em for decoding a

conpressed docuneft 1nage stream the system
conpri si ng:
14. A system for encoding a document image, the system comprising:
means for extracting one or more picture areas from the document image;
means for extracting one or more character areas from the document image;
means for obtaining a background image by subtracted the image and character
areas from the document image;
means for classifying character blocks of the character areas with reference to
dynamically generated templates; and
means for encoding the background image utilising a wavelet based SAQ
method.

15. A system for decoding a compressed document image stream, the
system comprising: .

means for extracting one or more picture areas from the compressed document
image stream;

means for extracting one or more character areas from the compressed
document image stream;

means for extracting a background image from the compressed data image
stream;
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means for extracting one or nore picture areas from

t he conpressed docunent inmage streant neans for
weisae2ihg one or nore character areas from tPEI/SG2004/000366

conpressed docunent i nmage s%eam means for extracting

a background i nage fromthe“conpressed data i nmage

stream 20 neans for identifying character blocks of

t he charact reas with reference to dynamcally

gen@?%\qs‘e%’r l‘&ﬁy Yit%egharacten kloglsnpl heseharatter areat withagference to

dynatricsiifyenaaed 69 Iafé%Ciﬁ"ﬂﬁen&) Aﬂ@ss@ﬂ‘?ﬁ%ﬁrﬂ@ﬁ'ﬂm mgggﬁ‘e

utilisi n? a vvave et based S‘#ﬁ%ﬂ
c o2 A nEecodNsk Hife adfsoirch imagmgilisivg ad dianelet Hnased SAQ

mefpbdtande areas, the character areas and the background

e.
rﬂeans for constructing a decoded document image by adding the picture areas,
the character areas and the background image.



