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WO 2005/ 046213 PCT/ S&2004/ 000366 Docunent | mage
wohe9sksng/ Decoding FIELD OF I NVENTION 5 The pica®Riz004/000365

I nvention relates broadly to a nethod and system for

encodi ng a docunent image, to a nethod and systemfor

decodi ng a conpressed docunent inmage stream to a

conput er readabl e data storage nedi um having stored

t hereon code neans for instructing a conmputer to

execute a PRy émg.. A %dl and to
a conputer rea ﬁ'ﬁ%@?E g?’%*ewrre I um E%l ng st or ed
thereon code neans for 10 Instructing a conputer to

execute a nethod of decoding a conpressed docunent
i mge stream BACKGROUND 15 As el ectronic storage,

di stribution of docunments becones faster
'F’ELQe%{: 'wg}a‘@ﬁ digital docunents are being Increasingl

uskis: prégeniciaiextion ezlates ireadly do banethod ard sygien fanencoding a

T

streaigtous eshpuieicreadable dathstordge opdiund havigdstdredtheneon icad® mgans

for il B RGUIE BA RIBEGL B B oo

compmeanebaébl@ odaitas etorayed nikniunietrdvingn storexd \tiedregra gendeanbans for

A T W A T e

strearfll gi tal docunents have been proposed. One such
"i mage- based approach” to digital docunents is to
store and to transmt 25 docunents as one or nore
i mages. Tradi ti onal inage conpression standards such as

G F are found to be inappropriate for

'BAC%M i mages. Al though such image conpression

standards are suitable for continuous-tone irmges

e, for, npst pictures of a scene

S i lasirabic FRarapB, S RVALANINRIIEN 3 AUFTFEL bgcomes fester and
cheaﬂéh gl Gécdrﬁ&lﬁ@&re béhg Iﬂ&%aétrﬁﬁfusbdn ¢yplea|§rpmlmbnts are being

docuhent ten be quite | %pq:te ?\l thl Otical
re-typgg @gvérwve»é@d ttﬁeHw&o%Aﬂ?lt fogmioy velyypp Optica

. Chardch? Réto%h 6(( OUR} RhARQQY Einé??'bb' lﬁéﬂ%baﬁ'h@ﬂcw rdieBpy of a

concer ns resent invention

t he bee
document p{gq\,ar@@tﬂ! é:{pcpmepg dinfortunately, these technlques are srﬁcﬁ?oun%nto 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 approémes‘ fo digital documents have been proposed.
One such “image-based approach” to digital documents Is to store and fo fransmit
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 sultable for continuous-fone 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 fo be quite large if one wants to preserve

the readability of the text.

it is with the knowledge of the above mentionec_l background and concems
that the present invention has been made and Is now reduced to practice.




2 SUMVARY In accordance with a first aspect of the
present invention there is 5 provided a nethod of
encodi ng a docunent image, the nmethod conprising
extracting and encoding oné or nore picture areas
from the docunent inmage; extracting and encoding one
or nore character areas fromthe docunent inmage;
obtaining a background inage by .subtracting the inmage
SUMMARY act er areas from the docunent inmage;’ encodlng
t he background i mage and generatlng t he ericoded

docunent I fromth encod icture areas, the
encoded charg&f égn Br ﬁ’]& @‘ﬁ'da? é’f]g'i‘ﬁié‘&eseﬁa'ékﬂ?“%ﬁbem i
PRided amethedhaf ensoding lal dmcmemf‘magee tiodh method ebmﬁfse@Sexnaétmg
a8 @cdamy fdrechrhblt HIELR SO5E b mgyd%gﬂﬂa%g' J ading €l nd

he background I'nma

| at es.
°g‘1?1‘%| 8’ éﬁ?ﬂecmsﬁf@?ﬁ affogbrth*t rdvpumame:n@e@ obtaining a

' lmv;lvqromssmme dHyosubtrhdiing Wm@@e%&%@h«:@?%ﬁés oM tht %ocument

har ac
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e t%@ﬂm Pleterge at@as.etﬂleoencbea:t haractef anRYeh&l the encoded
weRirbirdii@Bges of the respective blocks. The extracting -
of the pictures areas may conprise a hierarchical
extraction 25 conprising extracting picture bl ocks

f'rorithé ehﬁadémﬁékslm%hhﬁcﬁ?&%%@ﬁ%g %ecla%&f é?‘{rﬂq referenoe to
Hérhk&l{g}g% '%tégg aréas and refining the I'niti
reas ?W‘H | cture pixels adjacent to the
initial picture areas. The extracting of the character
areashé b
utilisi nﬁ@ﬁ%?‘%ﬁgﬁ%&ew flqg%mg %%W??@@Pla{ﬁ"wm

of the pixels; The method may further conprise
- genemras SAQ chinptedsifR bgorftfim ﬁna?%é%a%&&ﬁ%@e@ f the
e

tenpl ates and character bl oCks Classifying the
character bl ocks may conprise a hierarchical matching

conpFhe iexgpctivg of thegpittve @bad endidr tﬂé%“aﬁéﬁl@l‘ afeh® may| Qfdbrise
GRS bdBk B&hﬁ&n\éh q’ro?r‘?‘il% gocglment image based on features of wavelet

coefficients of the respective blocks.

The extractlng of the pictures areas may comprise a hierarchical extractlon
comprising extractmg picture blocks from the document image to generate one or more

| initial picture areas and refi ining the initial picture areas by extracting picture pixels
-adjacent fo the initial plcture areas.

The extracting of the character areas from the document image may comprise

utilising a custornised definition of'thé,oonnectivity of the pixels.

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




mat chi ng each character bl ock agai nst sel ected ones of
the tenpl ates based on the style data matching. 5 The
classifying of the character blocks based on the

tenpl ates may, conprise noBphol ogi cal matching. The
nor phol ogi caI mat chi ng may conpri se matching :

al ggﬁ-‘é and M, 10 Different. structure

el e gﬁ%ﬁ?"ﬁe‘“ﬁt ¢herasted Hasks dndyf evraprset y fesarofical matchrng

Cdnpmﬂh'@matchr@ﬂﬁ%tyleTJSﬁaﬂr‘rm&ém ck%%\hjs&fén tﬁg gﬂg' data emdt then

stre

BARRE SR BBl R, 5B apioged cvas 4 thrtempltes, based o the

' Sbleoletﬁmatahiea and background i mage for progressive

decodi ng I'n accordance with a second aspect of the

pres_gh invention there is provided a nethod of -
decoihgaesEBesF Bwseharagiec blvekst baseeigm e teaptes ey, comprise

mmqm'bmgucgmgn,@ ng- 20 extracting and decodi ng one or
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nore picture areas fromthe conpressed docunent inage
stream extracting and decodi ng one .or nore character
ar eashef maphdlbgical m@hg&&?%ﬂ%ém&hlﬁm@&n@sf rﬁ,aéﬁd 2
‘extracting and- -decodi ng a background 1 nage from :
conpressed data image stream decoding the background

i maddfferapidstrustisn slamentsi mgy Hehetilidet estedificion Uit of aRafent

infagesn t he decoded picture areas, the decoded. character
25 areas and the decoded background imge. In
accordance with a third aspect of the present

IEIV &Fiei oethochmag furmepmxﬁrid@&é @{arr]le %Rim_:}ét& ﬁ@?&%fst%}.ﬁof |
S WBLAYS, ore ereon co :
thr ng%ructt I'n egm @8%4?{ gré‘?@c@ké@ﬁflé"‘aurﬁ@fwd@ﬁ%mdim@e
foppragréssivadecodinge, the nethod 30 conprising extracting -
and encodi ng one or nore picture areas fromthe -

‘docynent g@ extracting and encodi ng one or nore
chara 8?‘&"’%’!’% h pregpandiasperd olithe rpresentigesntiorothibm is iprgided-a

méthok gf dermdlingn@@mer)és@dbddcﬁr%hﬁﬂrabQ Strb SR IR Hdho of comprising |
,{E_Q&LS dﬂa@@g@ f‘rsomthe _docunent i-nmage; enco :
r'oun &N 1n e picture janeast frem dihg: Gerapressed ment

impgie iresmp raxtrieting naratl edeqaingt ure @ BRfe chABCEN GRM8fom the -

coRTpPds8Ed dcurleRBitag@Rrbah? Sxtm%?ngear}m%%ggdn?gaac ifagcfér‘éﬂ% ||mggeg fom

‘the compressed data i Image stream; decoding the background image; and reconsfructing

the decoded document image from the decoded picture areas, the decoded character_

‘areas and the decoded background i image.

- Ih accordance with a third aspect of the present inventio'n there is provided a.
computer readable data storage medium having stored thereon code means for
instructing a computer to execute a method of encoding a document i image, the method
comprising extracting and encoding one or more prcture areas from fhe document
image; extractmg and encoclmg ohe or more character areas from the document image;
obtaining a background image by subtracting the image and character areas from the
document rmage encodlng the background image; and generating the encoded

document image from the encoded picture areas. the encoded character areas, and the

encoded background rmage
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4 1n accordance with a fourth aspect of the present
invention there is provided a conputer readable data
storage nedi um havi ng stored thereon code neans for
instructing a conputer to exgecute a nethod of decodi ng
a conpressed docunment image 5 stream the nethod

~conprising extracting and decodi ng one or nore picture

areas fromthe conpressed docunent image stream

erxf)r a?ﬁ%@?éﬁnﬁ‘gﬁﬁéﬁg“ﬁ%sﬁesﬁﬁ St PUSHPR dhere Bppvded o
r'%’é deRfakls datasterage owediurn neying stored t fiereG e SrEiGhs for

ldﬂmngrw@mmtdr Wéﬁec&e qgétg&:r c&ﬁ’r@ ﬁs?%ﬂg?q%ﬁrgnt Image
SRS ek o by St e
cFofryEes skl ddemnémakrgg@ w&eamﬂeﬂtﬁamw 204 C&Hcgﬁﬂi Snd b ndre

t {
- d‘?‘é&?&%‘%@iﬂm s B SE bbimen et aacbagend donein

RACKEANI MRS fﬁglermmpees‘a@idmmagékiré% areeod[_ & BhdRGround
uum. Gihd ﬁﬁédhs@il&ihg e Ak Qﬂ?n&g i g fhe”%ecgged prcture

n enco
é‘?ﬁaﬁﬁ’éd thedeneded .bac_lqgggred imagens f or

.obtaining a background image by subtracting the inage

- and ﬁh@&gﬁ e romth docunent inage; means
for encodi ng t‘ﬂi{h %}gﬁ |W?ﬁ@‘§se"&ﬁﬂ'e@t&ﬁeth@ﬁlﬁ@fqvld§d a

& ancodivg m@numenmmgef thersystan caﬁpreﬁ%dnéansweﬁtracﬂn and
eadsoﬂﬁ@ oné BﬁmSﬂ%‘}ﬁcﬁﬁrQ 5&4}@% ttﬁé d Bt’ |w%$e1 "SFQ'EF ¥ %é‘.gr&qnd

eh)%%nﬁ gund | A I'n accor
THETpPEYRkKC F%ﬁ?ﬁeéﬁ frot dheeddcompntdmagks cheans ﬁ')yﬁbtemng a

backgrogad onhgag)}asmaﬁrng&ﬁﬁ%ﬂﬁcwaﬁrdc@%?eéyf S s éocament

insagal [ ans for extractrng an
Ione ﬁ&ﬁ%g@{ ﬁéﬁ%g‘ﬂe{ﬁgr E%grf’l"éﬁn"f‘?ﬂ? Endpgenesding the encoded
dersEeRtimegs fmgéhesencedm picla@BedsPthe @KEdRE tché}ﬁct@vnﬂreas and the

efRESIbARBGrANRY iRgdlOr € Character 25 areas fro
. conpr essed docuﬂent i mge stream neans for extracting

and decoding a background |rmge fromthe conpressed
~dat dnll ck
at dn armmn&é WA sitRaBed OF 1 %89?1‘1"%% t@ égg,,%%ged a

sgfgprg BelyEaNS Lor reconstr uc
ocument 1 r[ﬁgga PrBIESEed °‘i5‘€@66@t?99|s@?€methar%§m Ccdmaprising

MeRNsJae Exteaictingnande deadingsor@nst héie ﬁ&ﬁ@%&sb(?&# WL U&Pﬁpressed

ddolRENR: mﬁ@e stream; means for extracting and decodmg ohe or more character
areas from the compressed document image stream; means for extracting and decoding
a background image from the compressed data image stream; means for decoding the

- background image; and means for reconstructing the decoded document i image from the
--decoded picture areas the decoded character areas and the decoded background
tmage '
30 |
BRIEF DESCRIPTION OF THE DRAWINGS

. Embodiments of the mventlon will be better understood and readily apparent
to one of ordinary skill in the art from the following written descnption by way of -

. example only, and In conjunction with the drawings, in WhICh
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BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the

invention wll be better understood and readily

apparent to one of ordinary skill in the art fromthe

fol lowing witten descriptign, by. way of 35 exanple

only, and In conjunction with the draw ngs, in which:

5 Figure 1 shows a block diagramillustrating an

encoBlignrepil ostems anblsk digri| ifutABRasia Eﬁcgﬁeﬁ r6ceds in an
er

eXAa diagramillustrating a decode rocess
In %e@@nlﬁ%lét enbodi nent. 5 Figure 3 shows a bl ock

di agFigwieid shewisrablookdiagraimitigstralihg s leeder pRdCRES IV RAFS&Mple
einbodifhepkanpl e enbodi ment. Figure 4 shows a bl ock

di agLam illustrating a.process for clustering of

char 281TEr3 $heMGLiPeK dingemniliustiatingran inagertitockresdractor Procsss
incarsetaeid érmbetlimehing i |l ustrating a conputer systemfor
10 i@ [ t thod and system of an exanple
oo PEE o 4 eshoitaater oo cprmentss o g of
charadierimages ioran emnmplosthbeiasnt mage conpressi on

Lepes &> o Yoo ok, uiBRERL"S Sar

. ident ] ocunment 1 na om fRvRyter system for

~aD

' fyin
'"%%?%@gﬁlﬁf%m &89 system ofret kxemptagmbedineher red -t o as

a wavel et, docunent inmage conpression (W C) nethod.

: : Etﬁoﬁ LE LG , in enbodi nents of the present -
,D,&?ég-n |o%#&¥{ﬁ€h§ﬁ[aracter and picture conponents may be
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sepafated fromthe 20 25 30 35 WO 2005/ 046213
PCT/Estginentoss 366 pregert lireventivarprevider an iFRAGE cbMiPreb&on technique

Ay S ARG AR B e o

CopIPLESgion m Thisymefod may be referred to as a wavelet. document image
compression (WDIC) method. More specifically, in embodiments of the present .
iInvention, the character and picture componénts may be separated from the




encoded with a wavel et - based conpression al gorithm
which is suitable for grey scale inages. A background

wogsmsoegtirnl so be encoded with a wavel et-basedPCT,SGzommmﬁ
successive 5 approximation quantization (SAQ

conpression algorithm WDIC, gn exanpl e enbodi nents,

is a progressive code. WDI C provides progressive

decodi ng not only on background inmages, but also on

char déeecharatiegeimaged Mdy b8 ricBlid® WillP ofEkbANashd gporphological

Wed%g%%gi nent s aﬁﬁg descri bed. The features
f XA avEisd campsension: glgsiithie. dppictue imegeanay be
eBegled witit @ wVdIOFbaseddQFFER #@Sﬁm ich is suita \
irﬁzig% sz\fg tion,.a norphol ogiogla natg{,}%(:haﬁdswtable for grey scale
clrust er |%Sgr3‘l'% gthinay Alsa ey eneeded with gewavelekbased successive
apmOdmatiorhamatizationISASY Wp@ggeﬁhwﬁr picture

i mages. Results from an actual 1"npl enent ation

experi nent showed a significant perfornmance 15

| mprWiiGemt ega@pleP'd | spect  of .
pr@.ggsﬁ\tres Fi,r st | bl, mnﬁjgogﬁngév{sei_sg%dmrgﬁrle)%ggé)fﬁ:qee n\{VbY@ provides
FoYwsdscaring BeTenly an askareund ipagas,hub glsossi charactandgmages. -
of conpression rate scalability to be achieved in the
It is assuned that the intensity

. exagpl,e odi ment s.
10 of Eﬁ;tf\?d'& praclions tha example suibiodiments iane des@ibed. The features

of Widlenef I ' i h t .
do@nfeﬁ?egwi g{?&@?ﬁ"ﬁ‘%@?ﬁﬂéﬁpl el kST Raton for o
oot mf??fl H@ﬁﬁ'@cﬂt@npggﬂ@phde@cahn_?_tcaidgm clustering algorithm

-fo ral n T ke + : . <.lo, .
et b i 4 S i ¢ i e,
5 mmﬂbgﬁ cluad \mplementation expemihén_t svumleas aT_sigEﬁcant performance

B ; ng al gorithm i

H F;ﬁ)gr or ned gth aﬁﬁﬁ%u%@%%ggﬁgﬁ%log\%o%spﬁg@( Lﬁ'fsi&.\?mﬂf? allows a
gnseticienteomprogsircforat @nd setorstiy, | o pragrestive mpe foP@bmpression

ratescalabiify toBsh ALt r.(default C= 24) WO
2005/ 046213 %%&ﬁ%%%ﬁ%%mb%@e nd v e S1, {vl
~ }6 1 represent eight neighbor pixels of vin clockw se
- Of ff94 ass : ", v v7}. are 4-nei ghbor .
. pixel gssgﬁ%ét%%%ﬁ%@a@g@u& Rixess has a pgssible yaxingm
20 f’f't-ema’('@/ Yz 81d the intensity of charadlers, pictures Is positive in the example
~ embodiment. Firstly, the Image is posterized info 3 levels as below,
0 whenI(v)21T,
 F@)=11 whenT, <I()<T,
2 whenlI(w)<T _
wherel(y) is the intensity of the pixelaty =(v,,v,), and T, =, /2,
where T, is calculated in step 301.

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

b S=4S=m,Ferxc,
% . Cisslightlylarger than font sizeof most characters/lefter. (dofault C = 24)
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3. forv131=1,-,8, lv,a-uxl<Wand lv,,-u,I<W 5 a. if i
wo2bs@aer1s/, i1, if F(v) =2 and (F (v,) = 2 ordifEG2004/000366

=1 and F(v,.1)+F(vr+1) Z then S1=S1 Wv,) ii. if F(v)

=land (F(vr) = 2 and (F(vr-&)+F(v,+z) Z 2)) then

S1=S1U{v,) 10 b. if 1=2,4,6.% if F(v) = 2.and (F(v,)

=2 and F(v, ,)+F(v,+1) Z 1) then S1=S, U (v,} 4. if

S, * 0,290 tﬁné‘tv%%'l {5: }8A repiédenb’érgﬁt neiﬂjhbdfpkefédfnkm

y.k, <-y <y.} represé& character image b
) c!ackw:se(ordmxmﬂg them $5,,u§w5 §>} are-gineighbbr pixels of v .
max(vz), vy,;,b, =mn{vY rs4 rcS rsS rsS After

C hasmt B)g, ng@sﬂl o k= AU (s}, SxtrHaed and saved into
the character block list, the pixels in this block

age nmardaglied, the, geadngxahdlqndqt €Wal ue of the
pi xel s in the character list bl'ock afe changed to
255. The sagﬁapﬂeggﬂure starts fromuntraced pixels
satisfying F(u) = 2 until no such pixel exists. 20 The

char act er i rrages yi%v}mé.’drﬂﬁvbgbkg orﬂﬁ(ﬁejedtand@‘(mg)+ﬁ'(vm)2
l'ines gggp extracted at step 107 fromthe
resi due [ mhge n t he exanpl e enbodi ment. Process

tep 109 ter
ﬁl efarchl gl}aIuIS gﬁgg g%aﬁﬁﬂg-?ég%?[a &2)+F(v theg)
det ai | them SgE pU{d‘Gﬂl to 413 bel ow. Process step 109

out put dat 1 rising 25 the character tenplate
Iibraré e'gécﬁg‘gpof every character bl ock

F T @r{f%?y??*? a8 turd e E D St S ERE P o
Bl o STARER BRSPS, n aQ?eLh‘L'l”?‘ﬁé or ocess of

S ook N St £ T IO L e aag

ebBaa6ler intade!Hocgxanpl e errbodl ment 30

where %, = Ifgl{ VoA, = %{ Vo b Vi = r'r’:gt{ Voo Voar = rz}ggx{ v, }

Aftter 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 resiclue image 106 in the example embodiment. Process
step 109 clusters the character images 108 hisrarchically. Step 109 will be descnbed in
further detail in steps 401 to 413 below. Process step 109 outputs data 110 comprising
the characte_r 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 Stép 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.
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WO 2005/ 046213 PCT/ SG2004/ 000366. 8 The output 112 of

step 111 is a conpressed bit streamfor the
the data 112 is passed to th

ract . Wile
@B%Q@gogg’gep 118, the data will be decoded by %FT’SGZ‘“’“""““?‘“
decoder at step 113 which isgthe counterpart of the
SAQ encoder used at step 104. "The reconstructed
character images 114 are used to generate the
bac ﬁ{eo&ﬂgltltl fé%g:i C?i%ps? H,S rsgsi gé}:r%ﬁeoﬁ%tgg %ﬁg&ggm fﬂr ls'raracters While

SAQ wave
the datal 12 is patseditoréing prBeés stop 418 5thamtit Will ba. dﬂcﬁﬂmy ®decoder at

d f Vavel et

St o i €788, BBt o eSS | RESadcustd Bt ep 104, The
'emsw'itﬂd Tharactee irnagws-m pre uaéé&o %ﬁéra{m 91et ﬁaoﬁgrodnd ansge 115.
I Cléen

dead tgn%emﬁ?ﬁ ?A‘f'&\@ F%tt ﬁ’"ﬁ?g?ra Ed5ey a‘rica'?r'@éges iny tﬁgexampie
en’ibodmant.o Refarerwsi ss n‘ifﬁ'eafﬁi JSMSSfﬁ-iﬁrof GEmE{bm | Image Coding Using

2ol eaF Bt WBbeiet Conriienlsy 1k disns- i SigodProfassing, Vol 4, No. 12,

- Dec,0tq93c pp.c344513426¢ direbiem S4id, émi Wha, Wmmﬂm aﬁ&@fﬁment

p[ocess_ st

t
ImdgpC3Re% Faced on et Bofivat Ju Hlerraioal Jees IEEE: Wmes, onsDiruits
and Sysiemblordlideo TauhholyR, VoIleddo P8, iike 1896, fph943-250 fokl; details of a

to generate the corrpressed data bit

suﬁ%%gﬁ?@nd o ehe whol e docunent i mage. The

conpressed data bit stream 119 is organi zed as

d b d the fol | mbodi
oo AT TSeY s 314 Tor apReoraBddsags RS Bassed ( the

doc

pro@s lstewl% arnd predetisesp 118 Ql“dﬁﬁié%rth@%orﬁb{ﬁs&é&bit Eﬁéﬁn of picture

conpressed stream for

saved first. Then t
magq] Zn?c@p e Juage; @gplgs, @ggt paphgsprnsd dnage to generate the
corrmrws@@aera ﬁitewehm $19 for BiHoR &’oc@ﬁrﬁ@kgr Ou;gei rages

conpressed stream of pictures an
the streamfor the bit planes whose value is greater

Or TRE ¢BMmprdiasy (data Bﬂ'sH%?ﬁlf ?{ié‘?s g‘a‘ﬁ 2d A7 crl'rbed in the following

SI n| f| cant bit plane o ar act
bodimant.y Th‘é dP@#ﬂEnﬁ impgesheanay raeds:haranteremdes obeharacter

blod@hﬁﬁé‘%@éﬁ% ane&#}#u OV\Bd y ang{]%%ﬁr om adﬂgg Then the

one
compy P@ﬁﬂdf ste?@m fos flae igsttiwe mestsslg gifigantf bitplanes ot'ea |cha1anter template

o B 6060 190 oSt L] O iy B 50 B fracs, o

conpr esse
strea{en thenbit planeswhwise pnab.tansegrealn’r droexugl thancthé waluehof the second

most%?%@ﬁc%?gtq& oﬁlglﬁa gdg%tl%]&ef ﬁgé{gregg gbgé)\{%@gﬁ%t ggraﬁpé the remaining

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

plane followed by another from the most significant one to the Ieast significant one in an

interlaced manner. This interiaced paftern saves compressed stream of character

30

' "templates first and then the stream of pictures and background for the same bit ptane, in

the example embodiment. Such organization may ensure the progressive decoding of

‘the document i image in the example embodiment. In other words, one can obtain the

document Image from coarsest version to the finest version.

The plcture image block extractor process step 102 Is described In further detall

in the following, with reference to Figure 3.




30 the docunent inmage In the exanple enbodinent. In
woidiShecey ds, one can obtain the docunent | megeydd2008/000366

coarsest version to the finest version. The picture

i mge bl ock extractor procegs step 102 Is described In
further detail in the following, with reference to
Figure 3. WD 2005/ 046213 PCT/ S&G2004/ 000366 9 As seen

in Fig. 3, process step 301 estimates the peak val ue

P.- of the histogram of docunent image, threshold T. =
(T +Po)/ 2, the pixels of intensity of pixel |ess than

To are classified as foreground pixel, other pixels

155 BoR £ ik IRSHES $4RR;07 REGrales DR poRkvAIe: B (o itporam
W\Wher e W g2 d ' d ol ut | .
of doBiERC RGP IV ) o) BRI CERIATSHY iee fss than

g R e e
5 statistical features of wavel et deconposition of

bl ocks. The procedure is as following in the exanples
‘erfyockasesiep 302 pertiions \the edndire fdopuraentt isagec intp dlosks vith size
bl ock once; as cl%gventi onal wavel et 15 deconposition

f.image. F8& 1Y c tation efficjency, the sum of

W W wheik s £iCi emagai"?fﬁattaﬁmeﬂéewﬁg@st ed filter for
this procedure is a Haar wavelet. filter. The diagram
bel ow sho his procedure, LL, LH HL.and HH are th
STt oR 30 Glpbeted gy o Wortess Mt BipgRagened by 1

10 and nbﬂpilﬁllu@dmmﬂﬁt hlf_kea (ﬁ;l(')wéLblhsﬂﬁcaﬁL Hsﬁ isetfasaaeﬁhl thY sRitiffRaPRAEuUres

S ed in the art. in general, a

of Waé(@@& ferempesiiipn Pgb pec dihey prasefiedn a5t fellowingyip the examples

emboBidnton of characters and edge regions, together with
a relatively smaller portion of honbgeneous

Using the wavelet filter to decompose the block once as conventional wavelet
15  decomposition of image. For the computation efficiency, the sum of filter cosfficients is 2
and the suggested filter for this procedure is a Haar wavelet filter. The diagram below
shows this procedure. LL, LI'-[,' HL and HH are the notations of lowest frequency
component to highest frequency 6omponent as will be appreciated by a person skilled in
the art. o |
20

In general, a document image is ftypically composed of a largs. portion of
‘characters and edge regions, tegether with a relatively smaller portion of homogeneous
regions. Homogeheous regions have the least variation. Characters regions have

25 moderate variation; and lines show the most variation. '
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20

regi ons. Honbgeneous regi ons have the | east variation.
Characters regions have 25 noderate variation; and

e t he nost variation. WO 2005/ 046213
PCT?@@%%% 000366 10 (1 when~chA g(c) O ot heP{F§G2004/000366
where A is a predefined thresl old (default A=16 for

limages with 256 as maxi numintensity value, in an
exanpl e enbodi nent) and c is the wavelet

coefficie tSB’{‘FS?HEIEgt atistical variable used in the
I i (o [ f . < > t, =L =
Cwher ﬁ{obhﬁmf W & 7o 2 B0EIED ol (i efout 416 for

. is the total nunber of wavelet coefficients of LL. u
Images i 256-asanepdavir indensity Valu®) in2an exensle Britodirent) and ¢ is the
wivadedRidiengd threshold whose default value is 3, the

bl ock is marked as. picture block, otherwise the 1.0

bl ock .is marked as nonpicture block. Switch 304 checks

5 TOoNOe sl Y Be R b aallod®s T

al ready and ggcgpocess 102 of Fig. 3 finishes. 15

O herwi,se. ¢ next yntrac j C bl ock is

'idenale M”eﬁl i qvwepsé’?fsf#ﬁs%ﬂ&%ﬂ he next untraced
pi cture block_is changed to- zero, and the picture area
isinitialised €g the m ninumrectangl e containing

curr | Qodslezn t he next proc st 306. The
pr o%ﬂgg? g:p &7 a ??eﬁ'm %tﬁ? gﬁaslﬁ'“@'i{éf gtwavglefcoefficients of LL.
rectangl e area Bf the picture 20 inmage and consists

of HwwostgpSB bpd Wherdpep ez g’?pl.i WoiKre i Siﬁlsﬁ}er Jredetermined

process step 318 extracts't cture b_oc
thresheld whoserrefault valuenist 3ethe blickrig harksceas Yidkre Tdk) Bherwise the

blodki od | i xels in process step 319 if
neg\ggésrgry, @QB%%BWH g. 3. Switch 307 checks
whet her there is a neighbour block of the current

Pi Gk . se mark .is 1. |f the answer is |
_YES, 't eﬁﬁgﬁﬁﬁéwﬁ?%‘gﬂ%"?d Rigtue plasks exist dbthg amswagis NO, all
pioture blocks are saved in data 316 already and the process 102 of Fig. 3 finishes.

Otheruise, the next untraced picture block is identified in step 305 the mark of

- thie next untraced picture block is changed fo zero, and the plcture area is initialised to

the minimum rectangle containing current biock 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 pioture blocks from the picture image. Then the rectangle area will further

25

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 curvent picture area
whose mafk is 1. If the answer is YES, the neighbour block Is marked 0 in step 308 and

. -'the '.pi’c.ftUre area is extended to a new rectangle aréa containing this block in process
 tep 309, the process step 318 retums 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

| rproceeds- to swilch 310.
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the picture area is extended to a new rectangl e area
woasias2is Nng this block In process step 309, prAWSG2004/000366

process step 318 returns to switch 307. If the answer

is NO all neighbour blockgqare not picture bl ocks.

Process step 318 is conpleted and the process of Fig.

3 proceeds to swtch 310. - ------ - ----- WO

20051046213 PCT/ S&2004/ 000366 11 Switch 310 checks

vvh her the rectangle picture area is big enough by
tshh $1Ph ehecksgWhetherd the dentanglet n@tlmeeg@ﬁ t$aIbIQe enough by

OOIrﬁﬁﬁﬁ Hd leﬁ de *\{fdthatr He rés@% '\@J Hb%él?t 2175 ng\\flvm&t HLI@O there

area f oun
is ngmicture@werfauade and Iﬂ'@ procegssoieFigi § s, toaﬂvdtch Iﬁ@4 Otherwise, the

anshBESNERS cnis Ratdfimb s G Yofrd 57 dfinod 31,
corrprl sing the following steps refines the picture

Fipdsbeilp 31905 SofMB ¥ Somptie the ipfiAs Stebs senes the
picture ai:ea irethe exampleleinbbummuhsmtchs?»%&hecﬁs aheter é.llm‘p is a fore-

s h RSP B St o S0y 1

extepdstheqictBiancatia themevaestanglepi@d. arkh obiiammgsme founsl fore-pixei

and D3 prdcbed 516 Dtls 4B sWEHE 72 1 B4 ASbiertt Kk o RlgiBollf Bixels of
currand pichurglarepant biwupgeié ggneg? g&pgats zﬁsrgeﬁdd;ﬂagie reatagle picture
is seRbBENE TR 1mhidh atdadR iGoqts dles plar BRERES ol 15 appends this

picturen inqiges @exs to thd-lig. of picturet iizgestand e probéshoiSRi§. 3\Vitums to
[ process step 401 generates the

rence to Figure 4,
smtctaqoﬁe of characters {(i,j)ar1(id4 j) <1Z,i =
..... h -1, ] wl) vvherel(Q) is intensity of pixel

A SRR R ot e

oo ) Then th
] s» {(fz?i‘il-’.l(i%))fz'g =0 B=g AL 0L P b dv.d

thig’chafact ét 1's

wher@ ’;'2( dlshhteWQW 8f pifHl at ct%rdﬁﬂféso '0)& fri chh}ﬁ&ters image block I, and

block Q(},_(b&o 4 e%s)(y ;19ﬁAe ?j? bcg G(fn.h@,cf( aal\e)i =t 1Y ,("i:J Je Py -

( rTham the\style of this character is defined as (w,4,d,,,d,,,d,,,d,,) where
dy —mm(d (0.0, » dy = in(d(0.k=1).(i, 7))

{(i.jjeld
d, -mm(d((w-lﬂ)(w))) ds = min(d(w-1h~ 1)(1,1)))
(1L])ed (i.j)Q

Three sets L, ;L,,L2 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 Z, and L, will be outputted and the process 109 concludes:
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25 Three sets Lo, A L2 may be defined for process
step 109. Lois the collection of character imges
WoW%kTo4cdss | S the collection of the character e of

t he J(’;Sﬁ)ar acter |mage bl ocks consisting of the f&?fgﬁ%&’"w”‘
the nmatched character tenplatgyin the charact er

tenplate library and the | ocations of the character
| mge bl ocks: L2 |s library of character tenplates

Otepflish Qhé?f%g’e? g%go‘{ogc Eﬁ;&ﬁ:ﬁ eﬁq nELgtﬁéhg %Y,“gé retrieved in

402 check

, me&s stdp 40&&%@&@3’ stbdi Q@lg % Jhﬁg?oé%ﬁag@éféﬁ.ﬁ@ L@ggagte&ﬁgock T against

E‘ 403 CO%I ng
bepw?ﬁla o Qéfﬁmlﬁ!zth% bﬁad UDI@OGﬁqdklhﬂ?éltﬁer all temls\)lgtes in L, have
%ﬁ erw se e answer is in
seteg (t%éﬂﬁgxt character block Tin Lo Is retrieved
in process step 404. Process step. 404 is the process

of ing, ch t bl ock Tagai nst enplates in L2
S{@b%: gﬁ'ﬁ bﬁ E% ?Iﬁ%ﬁd‘eﬁ‘f type of Ghﬁf@@‘ﬁr il Steped07aT is appended to

- L tasmphew ehalavtér tehiple TRERE cHIS T ype a@%tgﬁg‘raég?ngf 7 ld is savedto L,,

the answer is YES, T isS a new
and T ipremoved fram dRp tetidle pRcese rddima tc?ag G agACt er
o) agalnst TL is

‘tenplate It, the code Infornmation
saved to A. and T is renoved from4, then the process

o §18R58. i byl BhBLE oRSincle rabRLTs ek By om

L, liry step 4Q&.pT4@8nat76hw afBineh gl BYIE Sdtedd: it gﬁhsf%‘&émst L in

firs rmtch T against 7L in process step 4

Progsy &8 448. dp pip9ss sispdipwe @onmuteaﬂmcdbsbmte/vdlmﬂﬁ‘rﬁerenoes of
all slesGoBREER sffle of T artf i T1° SR 2d ﬁﬁg&gfﬂ% Pasdit af process

409 %yl e of TL.. oW tch
uihone iof thecabso utﬁerawsas \greatenbqesl than mtamtmmreshold the

ansvtréﬁ@ NO, iRt ﬁlgdf&%;eg F@' gfé}géedéﬁttpgstéqs gﬁg tggl[le pflSW@fels YES, then

he process
EagainstsTly mmammogimitohhrammaidﬁn% etidd in process step 411.

rmrphol ogi cal character matchi ng nethod In process
step 411. Prows step 411 uses a norphol ogi cal

plb‘g@%ﬁc tetem 4l eusasaapherpholbgidalappironth i \the eRathpR embodiment

with Q@E’%@Pe =fenind O fYrarAS S%Mﬂﬁﬁ?@%@%?ﬁmﬁnﬂman
mat:(l;mg onelingds sugh s ma?hmngpr oacﬁééli% %Tf&ga eXV\’l’I'i?ﬂé\HrrrﬁEEéﬂrement
Z; ﬁl@;@@ﬂ@i@g&@ﬂ 26 In BBeernie eiphodimsnt s bafosm deder than
ameatmeaslirbineat and HaBas tﬁ@ﬁéﬂrehﬁn{ RE tHePS456%5f 2 naisy

envirdhfeit 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). Assumé the two images are f and g, the difference image f~g Is deﬁned as

follows
(fmg)(xy)= { F((x,y),)+F((x,y) i) <4 and|f(xy)-g(x7)>Cy

- 0, otherwise
. threshold C,, =32,




10

15

20

25

30

envi ronment due to the stability of the neasurenent 25
‘wo'ddoSodgRiaPhol ogi cal operator In the exanpl e enfegidRedooosss
neasures the size of the difference inmge of two
images (i.e., one is the teqplate and the other is
character block). Assume the two inmages are f and g,
the difference Image f-g |Is defined as follows: rl,
F( (TheYd:ffe\,réﬁéé gl 5% Binhi Ythér Wokd
§ d ‘iervvlg'ge mhapgsﬁgl (:51 ¢ 3919 (Wﬁarence image
Fgi 9(5’3%69*13 PCT/ SG20041000366 13 The di fference i mage
f-THeS &izd! RAT Yo} MAJCof 'élrd&ﬂFE &YB nt hheTgyfber “¥ified . as
image f-g is a binary set e Sl ze of se
e( Ad; Foop{ide aBl=edimt B meherdbe Acdh mm moethd)dgical spupoperator.
aB *%g5), a r=91 where A o B is normal norphol ogi cal
open operator. a 5 The new neasurenent of the

di tl_Elerence between two binary sets nay be defined as
P gy megquremgytof the fierenge be binaryigetamay be defined

o GUTEIE ] ATt A

NETRS ERNRAty hsasEGRiWd Sets emﬁfn axg —f
di storti Onhll s concave di stgrgt ?’on or C _g), S,(g h}-
The géw tresasiucemeittdswsymmetrichia thusenss of thaedstortbﬁﬂsl bom&v@ distortion

o o o, L OORATE 505 Rheh 5 o g v o
appreniatsduby theuperddn dRille@hie tiiy alihReferenud isatz twaWe Bong) anyy. shi,
and %ZCOQI’#%E) %pgggndz%%%gmgl}:gm&hg lﬁ%’ er;ng.%@ﬁj%} lgrrocrg 11 int.
Conf.Nen Ii’attémﬁecoghﬁﬁﬂ udl. 2,1678h878p The Hagus, Tirsiethtdnds, D92

average size of the noise region, the matching is a
success. A fast algorithmmy be defined in the

, exfaﬂnplmeawmw lesnthah ﬂmgwgé $iz6 of tHeawise reglon b lditdMhg is a

succ%%fg %O%Isfp@(: §§“ e ObLeegffﬁ rrg_res gggemg fe,q%p e fr;;:l{aggﬁ? eg this
theorpfor ntetcliihgbfa icharacth grobléin. OFhe/reBsine o7t difétoiés is modified as
M(f.g)=5y(f—g). For the matching of the character image, e.g. with resclution no
less than 72, if the measure Is less than 2, the matching of character agéinét template is
a success. The algorithm may be defined as follows: '

Algorithm M,

' 1. Suppose (f - g)(x)is a sequence with lengthm. x < 0,
if f-g)(x)=0,gotostep 5

I -gE+1)=0 (f-ghx) < 0,gotostep 5
x¢x+1

if(x<m=1) x< x+1, gotostep2

S ;oA N

end
M,

3

Algorith
Suppose (f - g)(x)is a sequence with lengthm. x < 0,

i (- D)) =1and (- s+ 1)=1, gotostep 5

N o
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5.

| ess than 72, If the neasure is |less than 2, the
mat chi ng of character against tenplate is 20 a
success. The algorithm nay be defined as foll ows:
AV@IMHMA 1. Suppose (f -g)(x) is a sequencepidsBr004/000366
length m x 4- 0, 2. if f-g)(x)=0, go to step5 25 3.
i f(f -g)(x+l)=0 (f-g)(x)E-0,go140 step5 4. X E- x+1
if (x <m-1) x E- x +1, goto step 2 6 end
Al gorithm M2 30 is Suppose (f - g)(x) is a sequence
with I'engt h®m xiffx On—12x 4~ x+1, gotostep 2
if(f-g)(x)=land(f-g)(x+1)=1, go tostep 5 WO
2005/ 046213 PCT/ Sharetial neRbSGgass tamplatd 6% Step 6
x<--x+1, ggsto sé,&z% 4. character matches against
tenplate, ¢go to (riar dges et malehagringd tompinse, groctep &
agai nst templ at epggo to step 6 6. end 5 The condition
[ es not depend on the structure el enent

|1 S or I

;;, edh F 'ﬁ; PHEEI . Foweakhen daesard depandacrs el stiedird %lén@ﬁ used in the
. alfyarithmt i enbedi nent, . Here the

Ol ¢ anand theladedEiafSH U df SRPRAER 1k M tpe e mple.smbediment, Hero

ltjon.is strong ne
*@%’ %ﬁ"i’{“’ﬂ Enpiraigemeansdhat melshing @rchatdtercralisiampiittSs difficult. On
g a

- theooohttd i 'cdm}g, in - char,act er agai nst
ool a1 o e cotRlon(Te kBl kit Ritafing & Giiragior adkiestentsnplate is

late_js ery easy.
V%'ﬁcneg%%'nﬁ@%g snfitien w%'&ldmg theitconméissidh r@ﬁm@hg(]mnbut weak

e T I . e
canditiong e41P gahraté st e%@#@%ﬁ&{ﬁ%&e%?é&ga%%c?er may not be

hagact er. may not
@3‘%’9&]‘?@9{‘ thawgannadadacumentimags yualiy ts vel PoBF. A% difier of line, circle
S

to the condition ‘

o . e d
lolstjuare curfebpBndd & tﬁ% E@'ﬁ‘ﬁ%&'&:ﬁ"ﬁﬁ%%ﬁg i? weght ed: 15 | f

fromstrong to wea
algorithmM perfornms only along row direction, the
mtfﬁmﬁé% ﬁéﬁgggnt us_e_d [ n th_e mat ching algorithmis a
H n?fglfgorq%% %ﬁgn;e?flong; ::agicu g ron t'he _examol "
s | y along row direction, the structure element used in
| _{th'e mqtching algorithm iIs a line of horizontal direction in the exaniple
_ embodimept. This element_ is found to be good enough for e.g. Englishr
character matching, - | | |
If algorithm M, performs only along column, the structure element used in the
matching algorithm is a line of vertical direction in the éxampl'e embodiment.
If algorithm M; performs along both row and column direcﬁons. 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.
W algorithm My performs along row direction followed by column direction and
then performs along column direction followed by row direction, the structure
element used in the matchinqalgoﬁthm 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, pér-forms at both
horizontal and vertical directions before we conclude that the match is success in

the example embodiment.
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enbodi nent. This elenent is found to be good enough
_ r English character matching. If al gogidRp
'Wé'gP?SZ?"ﬁ%lsonl y along colum, the structure el e?rg?{?a%ds\%[g‘m“
in the 20 matching al gorith{gis a line of vertical
direction in the exanple enbddi nent If algorithmM
perforns al ong both row and col um directions, the

o o T ) G T S o st

circlé

TLellfetrengnsver ioMQ] the proddss vt IFig. 4 Feiaing rt6 aiwdich ofo6Diherwise, the

T I T A N A
. I I di ti foll d b
o 5 R e SRS e o 7.

proeeads i Qtchypgauare I n the exanpl e enbodi ment  For the
structure elenent of |lines we may only need to apply

algorithm M2 along sane direction as M does. For the

o1 ¥ 2 ARG oLty AORKd ST\ RGP i, i
thet revarseinpbeess 0ok rthe dénvodér. 106w Decedart process e208 degims from a

corf42583 R4l BT POl Bes b 27 Apaith o b
stream 204 defodhien parisebasedioplthe éorinati ofethe co@p2aBEd @ibGAhant image
BTN 50 e Ui SRR e o

backhmmdsﬁmget scondpressed |bitostrsan 0206Fiof. chbhractérurimagé oblocks and
'%&Q] i se, the nswer is YES, information
co §¥ N sﬁg%ﬁéﬁa%@%‘@’%ﬁa%@a f T is index of

pattern TL in Li , then the process step 413 renoves
o 28R o 45 38chdiEl bk auBler HEBF SAC b0tk AR 16 Gererate the

backgrotsd imagi) Data 206 isadetotiddEbealehaiablen decddeiat plocebdstep 207 to

00. .Decoder . proc

- gonb4S RS ARERGR S chamrisT coderion Aeres PORASROOBES PRY character

templatailibraty. Datag209 Erdecodsd by SRQAPAcRE Bbcdcr 2t 6D D10 tolgbnerate .

the 8 okl 5 20 i 4 s o e et e

docurhestiiape 2¢3 roBesy stepp2Onpr essed bit stream 203 of
background i mage, conpressed bit stream 206 of

character image bl ocks and
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.




conpressed bit stream 209 of picture i mage bl ocks. 15
06 fo26idaizs decoded by wavel et based SAQ decme}ff'ﬁ%ﬁﬂ 100366
eco ed

~to generate the background imge. Data 206 is

by a character decoder at pr ss step 207 to
generate the informati on of character codes of
character inmge bl ocks and character tenplate

Iibraqrm}caﬁ{p@e YieS t coder at
st’e %%O to gener ate e gl%(‘:)?ur e%%ng%iﬁél%gggg gl?(l‘ument image
Q%’P& By doerimentinage g. conbi ned to generate the

. 20. docunent i mage 213 I n process step 212. The net hod

an dI Zﬂ/ﬁﬂ B Qﬁprbeﬁtéad( ﬁ‘g@t E? giiﬂéﬁ g}bg-uceagghﬁwétqu&qr?gp variations

5 @H}ém Fﬁcﬂ%rl@as bel mafiayo kﬂm preseetniaverdidnaas shofvhvinrte specific

10

e xecut e thin
eﬁb@&n?gtrsa\g@?@tﬂg ﬁcﬁfggﬂ@og&ﬂ%g é@z}ﬁ,pogtsgppg tﬁ‘ﬁ gnttion as broadly
de -Jbe prpsent mnskodimentsrach, itieersfots, tovbe donskiekedht sll respects to

-béflﬁstﬁdﬁ% Rotresfibhydi ctures 502 and background inage

03. The aracter encodi ng nodul e 505 and picture
encodlng nndule 506 and background i mage 30 encodi ng
nodul e 507 conpress the characters 501,  pictures 502
and background image 503 respectively. The out put

. conpressed streamis interlaced in nodule 508. WO

2005/ 046213 PCT/ SG2004/ 000366 16 The conpressed bit
stream 509 is the conpressed docunent inmage
..generated. by docunent inmage encoding. It will be
appreci ated by a person skilled in the art that
nunerous variations 5 and/or nodifications nmay be
made to the present invention as shown In the specific
enbodi nents w thout departing fromthe spirit or scope
of the invention as broadly described. The present
enbodi ments are, therefore, to be considered In all
respects to be Illustrative and not restrictive. 10
R --- 17 CLAIMS ‘
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1. A nethod, of encoding a docunent inmage, the nethod
conprising: extracting and encodi ng one or nore
pictures fromthe docunent image; 5 extracting and
one or- nore original characters fromthe docunent -
i mage; encoding the original characters utilising a
l'ibrary of tenplates; generating reconstructed.
characters fromthe encodedspriginal characters;
obtalnlng a background i nage by subtracting the

MSe s and the reconstructed characters fromthe
docunent i mage; 10 encoding the background i mage, and

gener ating, th ode urrent e fromthe. encoded
pi ct u?es %WS& ﬁ% 8?5&9& ogHAent 'W&%ﬁ%?‘éﬁhgd ComRgisingre

encod@drablatglagdenmdmgmm&e pidlars froimitieodoasmert maged i n .
cl ai my S wh th
Che. oF varliaBhng s & #nd Gickle) Bt FREAE WO ihded

“to dyfmEy f"@)%é‘?ﬁ’t‘%suﬁ"é'ﬁ%ﬂ%fé@ﬁ@“ﬁﬂﬁé net hod as

c | ai mgeherating teabrestriicta characleReioni tﬁe bhRd HEHBRcerRge:

A t '
> SPGB RO R Sl bl
g‘i‘rﬁ%’ﬁl ﬁ@tlaﬂdchgentlimqgemes ‘and/ or ‘the characters :

CONPr érkddingthe badkgrodhPRiageRaati t i oned from the docunment .

T oapctt PR e °E*n@wa g SR it e goodd

@nginghghatacters, 4nd thiienceded tathgromnd kmgé.i ng of the pictures
conprises a hierarchical extraction conprising
extragti- ng_HEl cture bl ocks fromthe docunent inmage to

gener msthofap elaimed in giaim J; whsiela charaster blegks associated
with thei cngmal leharbcters gl claspified witherefafeAadto neidallpSériched

- Qé,ﬁ;;é{ése pi xel s adjacent to the initial picture areas.

'6. fhe nmethod as cldined in any one of clains 1 to
5 ‘wherein the extractlng of the characters fromthe

docun®nt iTHB GRHeA &R EILIRRY il ddinh i1 E.Qvl‘%réﬁwﬁ& Bgn}!@%qnd nnage is

h
' %ﬁéod@éi H]'ggg glt%eﬂé%nf’#téln;l E)ﬁeoof cl aIOImXZ further

conprising generating style data as a description of
the t£npl ahemeMod a& BAhRE frfdiaih ? fokas,‘ whereln the extracting of the
pictures and/or the characters comprises marking blocks pattitioned from the document
Image based on features of wavelet coefficients of the respective blocks. |

5 The method as claimed in ciaims 1 to 4, wherein the extracting of the

pnctures comptises a hierarchical extraction compnsmg extracting picture blocks from the

' . document image to generate one or more Initial plcture areas and refining the initial

30

ptcture areas by extractmg picture pixels adjaoent fo the initial picture areas.

6. The method as claimed in any one of claims 1 to 5, wherein the extracting
of the eharacters from the document i image oompnsas utilising a customised definition of

_ the connectivity of the pixels.
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8. The nethod as clained in claim?7, wherein the

. classifying the character 5 blocks conprises a

hi erarchi cal matching conprising natching the style of
each character block based on the style data and then
matchi ng each character block against - sel ected ones
of the tenpl ates based on the style data matching. 9.
The nethod as clainmed in ang one of claim2, wherein
the classifying of 10 the chadracter bl ocks based on
the Yenpl Hheduetiasigsciairess imanyxrel cbgaires, furtherchinpasingl 0.
geheratief dhsldAS ach ddsilidlioh Bf thb Rinflates AW B Rdctr bid&ks.

~nor phol ogi cal mat.ching. conprises matching al gor |.t hms

ML and M2. 15 11. The nmethod as clained in claima10,
wher 8i n ditefnestindtasstairosst in cleireT, aviiereindhe dassifyitigithe emcactenr

. muazﬁ ﬁ%lgﬁtseé m&%ﬂ&ﬁ@%ﬁ% {@gﬁﬁﬁa@ﬂ{iﬂ e BRIaARD as:

a

%3’6 'ﬁ/ 9 Yy sfrle date gpd then grtching eﬁrﬁbrcb@'g@er blgck sgginst
safecl&hen@outﬂm&ethplat@meu Bn tHRSHA die mahid) character -
areas, picture area and background image for
progressive decodin 13. A nethod of decoding a -
conpPess eliedutindesclaimasje any onsafiplaintie wherein fiscriassifying of
theehardcter BRcksDabddnith BmpRibstempried Hmeﬁao@éar fafching.
pictures fromthe conpressed docunent i mage
stream extracting and decodi ng one or noreé

r'ecof@t r Uthesektividaas alainesddn Elmioms, wheremahamorpmmbadmaﬂalﬂﬁmt
cbfpiis Hat@hglalg Wmaﬁ@g reconstructed characters are

reconstructed from encoded original characters in'the

. document- Image utilising a library of tenplates: 30

“extr &tti ritheamsthodes alinng in cleincioy wnetad difsRestriE10@ ddifents

Ty eg@.& wherein the background
a?ngggﬁﬁﬁﬁﬁﬁ Rma su %u %‘ﬁ%ﬁbsdf the pictures and the.

reconstructed characters fromthe docunent inmage; and

1ecomstr unfelnﬁwlddfae cdﬁﬁesadﬁ EnyElsHe B RtEns 4 B PE ﬁfrﬁlerfﬁo?d?:ﬁ

d ed
PP Bl S e i R e AP e s o 1. &

@fﬁﬁﬁtﬂ?@asr E!thl@kﬂrg amdtbadg‘mmdgmg&mlpwgrdsave degpodib@r ed
thereon code neans for instructing a conputer to

-execut e met hod, of encodi ng a-document i mage,
- % %‘\met‘ﬁot? of d%ood?ng acom gessed document image st rearn, the

method comprising:

exiracting and decoding one or more p;ctures from the compressed document
image stream;

extracting and decoding one or mare reconstructed characters from the
compressed document image stream, wherein the reoonstfueted characters are
reconstructed from encoded original characters in the document image utilising a llbrary

 oftemplates;

extracting-and decading a background image from the compressed data image |

- slream, wherein the background image includes a sint’:traction of the pictures andthe -
, reconstructed characters from the document i image; and

reconstructing the decoded decument image from the decoded ptctures. the
decoded reconstructed-characters and the decoded background image.
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the nmethod conmprising: 5 extracting and encodi ng one
or nore pictures fromthe docunent image; extracting
one or nore original characters fromthe docunent 7
i mage; encoding the original characters utilising a ‘
l'ibrary of tenplates; generating reconstructed o
characters fromthe encoded original characters;
abt ai ni ng. a background image by subtracting the:
pictures and the reconstructed 10 characters-fromthe
docunent i mage; encoding the background i mage; and

generﬂth%gm encoggggtaor%%d‘c ara 8?elsa]'ﬁelp 3%F'%Oded

C es,
&? 'b%r Fdﬁﬁﬁ“ﬁeﬁagéemﬂ%nelbowmm edosusegtitage,
tetreetisrcomgdsingedi um havi ng stored t hereon code neans

-f [ t t hod of
cacod? ner M6 BT EheBIGRITR ) Hors e ity e orEnent e

met hd¥Tedhe peseripre efjainabehatactgrefui tie dowimedt imags; or  nmor e
pi ct m@drﬁgtﬁ@hrrdner&rafaefeﬁsaﬁ.ﬁém ﬁdﬂéfzo embidBge Stream
of

" ecornenBtal R es Ehractts o nceéﬁ%ﬁﬁégé’éﬁp%mm
i mag @Mmmﬂm@wﬁrmam sumcaatngtherpit:tares ahbthe fconstudéd

','Wﬁﬁﬁ{r@%&h@ﬁ}ﬁgﬁgded original characters in the

- docunent

ng a library -of tenplates;

extr f@??%@%ﬁacﬁ@ewlﬁgg%%ckgr ound i nage fromthe
conpmaeradrgdﬁ@mdeagﬁbumg& irBddedRm the\BRERI Pictul®, the encoded

SRfthatand subtraction of t he _
pictures arr?dém recons 'ﬁ‘(’:’fe"a %ehar acters fromthe

docunent i mge; and , reconstructing the decoded

docunsn cormmes réddam ke sgRee %eum Halibg S8red tHifeon daf0ded

: h t th ded back d
HESRISALES PR BRL brisuSBruohmial srodoe amenr b ge.

@qwmgl}tgnmstremnﬁhememgd compgising: f or extracting and

;;;;%%P%ﬂ%@%hﬁ%@%%ﬁﬁs?Qfﬁg'%?& SodlfRE"

Bk < fromthe document i mage; ‘
extracting and decoding one or-more endoded réconstructed characters from the

compressed document image stream, wherein the reconstructed characters are
reconstructed from encoded ongrnal characters in the document ;mage utr!rsmg a hbrary
of templatec

extractrng and decodrng a background image from the compressed data image

_ stream, wherein the background i image Includes a subtraction of the prctures and the

reconstructed characters from the document image; and .
: reconstruchng the decoded docurnent image from the decoded prclures the

" decoded reconstructed characters and the deooded background image.

16.  Asystem for encoding a document image, the system. comprising:: -
'n_nean_s for extracting and encoding one or more picture.from the document
image; .
_ means for extracting and one or more original characters from the document
image; ‘ E ' '
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20 neans for encoding the original characters
utilising a library of tenplates; neans for
generating. reconstructed characters fromthe encoded

- original characters; neans for obtaining a background '

i mage by subtracting the pictures and the 5
reconstructed characters fromthe docunent i mage,

wher eby t he backgr ound | mags, conprises residual imge
data representing differences between the original

char aoeansdor eaqwmlﬁm ¢ngimpl mmeetarsrmm@ d karporeablags; t he

E%%%*mge PR et B e honded S ¢

ori gi nal char acters, and the encoded :
bac k gneams dorlobmiping abackgébm ﬁﬁa@@bﬁr eﬁbté%@dh@ﬂct&es and the

[aToyanel? ream

co rrp rrlﬁét\?cﬁ &Méa}%g&é fe %Hg‘”eg&lﬂaﬂ% “ﬁ‘ﬁ %H g'@(yPGF'?%"“B‘h mage
FREPINISES 1efi v@ynage@lﬁtaﬂﬁmmrda‘@mes Hefiwecidioa otigint! charagers
siid thafampraans for extract| ng and decodi hg one or nore
reconstru tedcx(;ﬁlg ers from the conpressed docunent
i mage sﬂ"? 11 chgrund Bpags?duct ed characters are

é;g oreeans tr gehefatingrihe ercedeidiocuniagit iRige &?ﬂﬁ%@hiﬁfdsd plﬁurg% the
QERIBLInkIYRES [ tenpl ates
nmeans f%!r extrgﬁ%léﬁg%%&gec%%@%%akﬁ%kground I'mage

fromthe conpressed data inage stream wherein the
backdZouna systagdoridaedding @competiild ddeiih&R Invdge kliam, the

g %Js g? d the reconstruct ed characters fromthe
ocune

and neans for reconstructing the
decodeE@ng fﬂf Gﬁfﬁ‘ﬁmg and decoding one branate piotiees fropi the congeesseche

dheomestimaRraair uct ed characters and the decoded

back ,

7 %e%HQ %r-eﬁara%an angl decoding one or more reoonstructed characters from
the compressed decument image stream, wherein the reconstructed characters are
reconstructed from enceded onginal characters in the document image utmsmg ali braty

- of templates;

means for extracting and decodmg a background image from-the compressed
data image stream, wherein the background image includes a subtractlon of the pictures
and the reconstructed characters from the document image: and :

means for reconstructing the decoded document i image from the decoded
picfures, the deched reconstructed characters and the décodéa background image.




