WD 03/ 061292 PCT/ US03/ 00580 CODER MATCHED LAYER SEPARATI ON AND

| NTERPOLATI ON FOR COMPRESSI ON OF COVPOUND DOCUMENTS FI ELD OF THE | NVENTI ON
5 This i r'werioenoz el ates to the field of data conpressi onPcCirruspaodsscul ar,
this invention is drawn to representati on and conpressi on of conpound
docunents. BACKGROUND OF THE | NVENTI ON Conpound docunents may include col or
i mges, text, and graphics. 10 M xed raster content (MRC) is an

I nternational Tel ecomruni cation Union standard (I1TU T.44 04/1999) that
specifies a nethod for efficient representation of a conpound docunent as

a union of nulti rs., i £l r npressi ng the
docunent wusi ng Eﬂﬁ%@%ﬁ&ﬁ@%ﬁﬁ@@gﬁwgﬁéﬁmﬁﬁﬁ rs. 15

Al though the | TU T. 4ot EONATRESSRIN drcoMPBURISIBS@veNTEi ent
representation of the docunment once the |ayers are 1dent il;siced, t he standard

does not address deconposition of an MRC docunent into the individual

| ayers. The decorr&osi tion a&oroach, however, nmay have a significant
i nfl uence onFIHD 5@#5%@?’@ 117199'] of the resulting layers and thus the size

of the 20s5conpre fsﬁ’ﬁg ri{g%&ﬁg‘ﬁ %lateg-%’ﬁ\eq{eichgﬂge?ﬁ gﬁ#%§nq 5 g%li?lﬁﬁlar,

deconpositions o ocunent may exi st, not yield the sanme
| evel of congrigssiention isldrgivmgtoeepresahtatimposi dongpression distoimpountlne one wi t h
the optimal rate and quality is intractable. W 03/061292 PCT/ US03/ 00580
SUMMARY OF TPRSYRRERTI ON In view of limitations of known systems and

nmet hods, nethods and apparatus for deconposi ng conpound docunments for

m xed raster content representation and conpression are provided. 5 A

met hod of pr 8pHGEROWND CAJEHE ANVENTIONENt wavel et transform conpression

i ncl udes the steps of segarati ng the image into foreground and. background
i mage | ayers, andC@MpRYRd degements mayipeiHile golpr inpages; Ext gt Baphics:

10 Mixed raster content (MRC) is an International Telecommunication Union
standard (ITU T.44 04/1999) that specifies a method for efficient
representation of a compound document as a union of multiple layers. MRC
also specifies methods for compressing the document using pre-determined
encoders for the individual layers.

15 Although the ITU T.44 standard sets forth methods for efficient
representation of the document once the layers are identified, the standard
does not address decomposition of an MRC document into the individual
layers. The decomposition approach, however, may have a significant
influence on the compressibility of the resulting layers and thus the size of the

20 compressed document. Thus although numerous distinct decompositions of
the document may exist, they will not all yield the same level of compression.
Trying each decomposition to identify the one with the optimal rate and
quality is intractable.



interpolate irrel evant pixel values in the foreground and background | ayers
for coder efficiency. In one enbodinent, the snoothing filter is a weighted
10 Gaussiwp oBiob12ez wherein the weights are a function of g @syessat ed

pi xel causality and rel evance. A nethod for deconposing an inmage incl udes
the step of deconposing the inage into a plurality of stripes. Each stripe
i s deconposed into foreground, background, and mask |ayers. A snoot hing
filter is applied to 15 interpolate irrelevant pixel values in the

f oreground aBUMIMARY OHTHE BYEENTIONr wavel et transform codi ng efficiency.

I n one enbodi nent, the snoothjin ilter is a ighted Gayssian filter
wherei n the wei ghI(rS‘”éY’é)?émFtﬂﬁ’@f‘?%Lb‘fW’? ﬁ@te%ﬁvggw&swﬁ Odg%é{]@al ity and
rel evance. B Efra%ﬁgﬂj&l; b R NER AR (PR RIEERSRE cdiygntion is

illustrated by way of exa Ig gnd ot limtation in the figures of the
acconpanyi ng refrrasintaion and cemmphssidrkare prefideénces i ndicate sinilar el enents

and in whpch: Figuyre il lustrates a nultilayer repr ntation of a

conmpound k‘documan _maté%pgmegagngWd@ﬁggﬁo&e%wyﬁa@iﬁrﬁﬂ%ﬁwi on of the
conpound docepm@ptessiohiifiHi@esdhb _Eﬂe?§ bf fpafatn@dREirhQeafifenchrant RRgKkgr ound
| ayers of a stripe. Figure 4 illustrates one enbodi mrent of an MRC coder

process i ncbadignoundiamagerlaysss,andlampsk layerc &s smoothigg filtgrds apgiied to

PCT/ US03/ 0058 Fiqure .5 illustrates.the perineter finding function. Figure
6111 ust r at oE e EeIP P Y ERE LR SR B e Rl g G on. i gur e
7 i1l ustrat egordodbs éffiiekéyt. Tn@dne MBI iBERAHISERITREAE dilteN s wligh@degr ound and
background | ayers after comon area reduction. Figures 8-9 illustrate the

coder mail@he&auasian filferyahereinohe preights are a fungtipwofithe ppsogiatedhpixel t he
sel ection of c?&s%ﬁ%rsaxicﬂel&iaé@. i nterpol ation or
A method for decomposing an image includes the step of decomposing
the image into a plurality of stripes. Each stripe is decomposed into
foreground, background, and mask layers. A smoothing filter is applied to
15 interpolate irrelevant pixel values in the foreground and background layers
for wavelet transform coding efficiency. In one embodiment, the smoothing
filter is a weighted Gaussian filter wherein the weights are a function of the

associated pixel causality and relevance.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The present invention is illustrated by way of example and not
limitation in the figures of the accompanying drawings, in which like
references indicate similar elements and in which:
Figure 1 illustrates a multilayer representation of a compound
document.
25 Figure 2 illustrates stripe decomposition of the compound document.
Figure 3 illustrates coded foreground and background layers of a
stripe.
Figure 4 illustrates one embodiment of an MRC coder process

including the stripe analysis process.



nodi fication. Figure 11 illustrates one enbodi nent of a bl ock oriented
conpression 10 process. Figure 12 illustrates a zig-zag processing order
for entropposnerdt ng coefficients. Figure 13 ill ustratesPaTrsosromsof

nodi fying the spectral content of a selected block of pixels subject to a
plurality of constraints. 15 Figure 14 illustrates a wavelet transform
based i nage conpression process. Figure 15-16 illustrate a coder matched
| ayer separation process for wavelet transform based i nage conpression.
Figure 17 il ust rBigese aillwstrhied thef parimheteplihding figndtionel evant pi xel s for 20

wavel et transformbased jnmage conpression. Figure 18 illustrates
i nterpol ati on of n%‘ﬁ?‘é‘f g%ﬂéﬁfrgtﬁFQBFEmg? ot e HleéPHB’F‘O%areé%%‘lcltn‘Pﬁg filter
progressi ng as{@os. the image in a raster scan order. DETAILED DESCRI PTI ON

I n one enbodi mnent MRC represents a co&?ound docunent 110 using 25 three
| ayers (backgr ounbigtg?y ilfustratgs e stripe12ith agauhomesdred dejomagsosedl lintet r at ed i n

Figure 1._The backgr.ou d foregrou are image | ayer.s and the mask

| ayer is Di ngcfrflgr(olu?‘g.a,nﬁclkagﬁyoﬁgg? 5 ge.f Cmor}%ﬁ?ées‘%ﬁpgﬂ as layers, the
document may be Ei@uRs®SSBRistrdRehdasded nitelkdanferfsepAdtion piodestyer s may be
encoded at a lower resolution than the original, but the mask is al ways

coded in a 3 WO OBigosibiflusicates e 3elsoigoof blods|fexpixpkinteapolatiorn of |
resol ution. Hb%iﬁ&%%% | ayer nodel may be extended to N | ayers by adding
| ayers in (inagé, nmask) pairs. To reconstruct the original docunent, the

background and f oFiggfolintlustrétgeoste @hbodiGranst 4 biotledriéritedcdb@rdssion
correspondi ng conpressed | ayer data. 5 The nask identifies whether a pixel
of the réRonBf9EeT ed document is to be provided by the reconstructed

background or th eFi%ﬁfé)fbsiﬁlhgﬁétgga E&Efa%r}%&@sml; & rSor entropy encoding

coefficients.
Figure 13 illustrates a method of modifying the spectral content of a
selected block of pixels subject to a plurality of constraints.
15 Figure 14 illustrates a wavelet transform based image compression
process.
Figure 15-16 illustrate a coder matched layer separation process for
wavelet transform based image compression.
Figure 17 illustrates a method of interpolating irrelevant pixels for
20 wavelet transform based image compression.
Figure 18 illustrates interpolation of irrelevant pixels at the center of a

smoothing filter progressing across the image in a raster scan order.

DETAILED DESCRIPTION
In one embodiment MRC represents a compound document 110 using
25  three layers (background 130, foreground 120, and mask 140) as illustrated in
Figure 1. The background and foreground are image layers and the mask
layer is binary (i.e., 1 bit per pixel). Once represented as layers, the document
may be compressed. The background and foreground layers may be encoded

at a lower resolution than the original, but the mask is always coded in a



The standard supports the use of JPEG 1 (Joint Photographic Experts G oup)
or JBIG (Joint Bilevel |Inmage Experts G oup) conpression for the 10

f or egr ourwoansetzazkgr ound i mage | ayers. The standard supp@®@CTaUSCs/onsgo 3

(&3), Goup 4 (4), and JBI G conpression for the nmask |layer. M nimal

nodi fications to the standard woul d be required to include support for

JBI &R and JPEG 2000 conpression which are nore efficient than JBI G and
JPEG 1, respectively. 15 MRC supports coding the docunent as a series of
stripes. Fi glgsslegs mahhersit fall esokatiohpéhelueerfnyst miodal may be exapdedhd docunent

210. The doc nt i s ri ped for. anal ysi.s. The stripes of the striped
docunent 220 X%ﬂ?éﬂ?gf?%‘&ﬁﬁé{ﬁfa“a%&sb 5ﬂsipﬁ1rﬁl ock 230. The background 236,
foreground 238, amng reddRstfuctte sasidal WcutRal (B bAdRErAAmdMd folGretuid Pe
paranmeters 232 are 20 encapsulated in the MRC bit "stream 240 ‘as stripe data

242. The MRClaysraardaecdndoucted fromphgiraosresprndingedhpressedflayeralagmal ysi s or

deconposi ti o royi.ded. b | ack 230. e goal  of ¢ deconposj tion process
e o ot 3 n The Rtk WhelRs s pik of R A pubich MpedBRaERT RS s "or "t e

coded bi t st r packided b§lad debynsbiuctedTackgrouad O S réedetrucrigeradibdul St ayi ng
wi thin a reasonable conplexity constraint. Optim zation of the coded
bi tstream re&lYleFfes consideration of the <characteristics of the encoders

applied to the ingiyi I 21 ok . ifrent , bl ock
230 uses JBI & toﬁé#éo @rgﬁg}gﬁgrsf ﬁ{gﬁlc?egggig@%ggytﬁ% 4 egtﬁggglrt%‘raegr ound
and backgr outitoupy@f]BI@ (JoiritiBilsvehisiage BrpértoGrazp) thrappasioh ¢od thes of the JPEG
2000 coder en determ ni ng how stripes should WO 03/ 061292

PCT/ uso3ﬂ60gg§egwnd@é@%%g@eupﬂflaa%@wmi P diaaflardspeperts SrowB Apr essi on.

In an alter ngcrt%%éo@ggg@m BIE! AfibredRa B MelfldR bk WiguRck and IPEG

for the back f'oreground [fayers.” The originhal JPEG standard is
descri bed i nniddifjcatiains tothersessiachwantil béreqaited ¢ michalestippon e JBOG2 sti l |

| oges. PR e TRRL ST S NESS o0l LEC PR Bic Sedeattd,
respectively.

15 MRC supports coding the document as a series of stripes. Figure 2
illustrates stripe decomposition of a compound document 210. The document
is striped for analysis. The stripes of the striped document 220 are analyzed
and decomposed in block 230. The background 236, foreground 238, and
mask 234 data for each stripe as well as stripe parameters 232 are

20  encapsulated in the MRC bit stream 240 as stripe data 242. The MRC
standard does not address the specifics of the analysis or decomposition
provided by block 230.

One goal of the decomposition process is to obtain a new optimal
decomposition in terms of compactness of the coded bitstream and quality of

25  thereconstructed image while staying within a reasonable complexity
constraint. Optimization of the coded bitstream requires consideration of the
characteristics of the encoders applied to the individual layer data. In the
illustrated embodiment, block 230 uses JBIG2 to encode the mask and JPEG
2000 to encode the foreground and background layers and thus must consider

30 the particulars of the JPEG 2000 coder when determining how stripes should



about the JPEG 2000 basic encodi ng system may be found in the adopted
standard "JPEG 2000 i mage codi ng system-- Part 1. Core codi ng systent

(1 SA' | EC wbhdMe292001). 10 The MRC syntax permts a set offCparsasetsers to be
transmtted for each stripe. These paraneters include spatial offsets and
sizes to define the size and position of the coded foreground and
background | ayers. The foreground and background | ayers nmay be smaller
than the stripe. The nask |ayer, however, is always full resolution and
full size. 1beHeguiposddiihtouht iratieidual layers frrr Bidprésidndnanddtdrmativegr ound 320

and backgroun 30 | ayers_that smal ler than the stripe, Two paraneters
r epr esent thé“&’Bagﬁ‘?rHu oty ‘E&Eﬁg&fﬁhﬁ‘%’&% aé‘gllg]%ctfﬂ’afheé?aékgfé’éﬂdto fill up
the foregrougg %}gg%lagg pd layers in portions 322 and 332, respectively,
out si de the cogied eqgi onsﬂgpeci fied by the offset and size paraneters. 20

Once the mask i s Ter ongidal JFEGstarntard ¢r dggedbaddinditgitel choypoessbnlamder s have
"hol es"” or "don't care. pixels" corresponding to pixels that belong to the
ot her | ayér_ égélla‘éf’gf?ﬁ _ uﬁvo?qﬁﬂl:fﬁ@g. St ﬂgﬂem@ﬁtg\?@& ng‘FQ‘HE%k i ndi cates

that a parti gebIMEEL¥SIS-1:F0aPMERoieAMel RerdrOd EHIOPRE 1 AYESrmdHdg € 1S a

correspondi ng "hole" at the sanme |ocation in the background |ayer. Such 25
hol es or donabowtgdhe G200 kasis encodihg gyatemnaayt besforad dm tteradoptash, but can

h ignifi t, 4 i d di t heir, val .
G ven that O ERESSH TBECZho R GraBife Siebh STBRCE itk e bRy be
nodi fied to @ghj/e}y/@wmtm@ﬁj_i cient conpression for that |ayer. Block 230

nmust anal ¥ze a stripe to determne the following 30 information: 1) offsets
and si zedVof codebhd ¥REgpaviRdPamitsioek of pruaeetess torbe trargnvited 81r@adlp 92

rosol utyon nadiee Fre ERAMIDT: ARRLASER iR, SRR BuElk nete L L < 11 e

f oreground aafd pasikigh otitié dodyé feregtoud ,and PatkgtOtfd tiyed’HEel nut ched
interpolation), 5) JPEG. 2000/JPEG 1 paraneters for the foreground and
background | &regwund spddpckgropndiaysrsapay he spallerthan ghe styipe. rhlganpgl oy |

layer, however, is always full resolution and full size.

15 Figure 3 illustrates a stripe 310 having coded foreground 320 and
background 330 layers that are smaller than the stripe. Two parameters
represent the foreground and background base color that are used to fill up
the foreground and background layers in portions 322 and 332, respectively,
outside the coded regions specified by the offset and size parameters.

20 Once the mask is derived, both the foreground and background layers
have “holes” or “don’t care pixels” corresponding to pixels that belong to the
other layer as determined by the mask. Thus whenever the mask indicates
that a particular pixel is sourced from the foreground layer, there is a
corresponding “hole” at the same location in the background layer. Such

25 holes or don’t care pixels are irrelevant to the reconstruction, but can have a
significant affect on compression depending upon their values. Given that
the values are irrelevant to reconstruction, they may be modified to achieve
more efficient compression for that layer.

Block 230 must analyze a stripe to determine the following

30 information: 1) offsets and sizes of coded foreground and background layers,



Figure 4 illustrates one enbodi nent of an MRC coder process including the
stripe analysis process. The MRC coder process is operating on stripes of
t he stri pwo osoepeund docunent. Step 410 determ nes whet helPCTiUse3/@0580 € any
nore stripes to process. If not, then the process is conplete in 10 step
490. O herwi se step 420 obtains a stripe for analysis. The stripe analysis
portion 430 may be conceptual |y subdivided into three conponents. In step
440, the layer offsets, sizes, and base colors are determ ned. Step 450
perforns a cadpforegratntedd bagkgrograbbasgicolons, 3) fullwesolatibodiaskd), this is a

JPEG 2000 ma%lﬁthedll ayer se r@{i(@n,t [n an altg}rﬁgative{gﬁigbcggi ment, this is a
15 JPEG 1 mat'BREGIGIGRerRIeEAaT Hie Rt el PRdrroertE ittt es the
irrelevant dehékgro@id RiyBis(Eé STHEG 1080 bl JREL-@ mAASHEY @8spORtioh))sOPEGeTbodi ment
step 460 int E&?q(} ates the irrelevant pixels for JPEG 2000 ‘conpression in

whi ch case t elefe-1(Hagamgtention thnfaragaewnyt andhbyckigegumdslapers, adFE 2000 coded
and the skéé%]&}sﬁﬁ]ﬁ}n%%rc%g%gel nsklzo step 470. In an alternative
e n

enbodi nment, erpoT at es & 1Y Fel evant pixels to facilitate

JPEG 1 conpr essi ORigufe #Mliusta®a $fe bhbod @i bOaNNRDEoddR geb@eopund i mage
| ayers are JPEG 1 coded and the mask is JBIG coded in step 470. The
process cont imslieking the strige poalysip pracesss e MRG cpderrresess is opesatingaen of t he

first Step obule oPhid ApaNUNISPIRRERTL! S 210 BUAFbLGnedn, cOUSd ol ze

of the imge ers thr ropriate selection o ors and | ayer
si zes and of tiseé are drfy motstiipestd progssTeEhot) dsenrthe Protesoils compiitta@iii col ors,
for example, such information can _be nore economn cal b& conveyed through

the use 8P offeRdP0-aRthasydse step 0 QPiginhe t1&irs forsangbysis ddesgripealysinne  or
JPEG 1 encodi,Ainnl I : 8 YA i.n e 6 WO

03/ 061202 PCEP %180613%0&51%% goHcEph AP S‘g%“fél{éir%? @éﬁ*"??ﬁﬁi"%ﬁg‘aﬂﬁdhﬁ%ﬁon ar ea
reduction. TH40,thmlayenoisetnyizes apeé bhseraoats srehltenndined.| Stepddul t aneousl y. The

e TeL T Lo i o LLPERL L0, 0 ShERty TG, 2000 L1
coded regi ONJPREG bH® MARGE IA¥LESHafAtRNTIR kA& Gatife EMBLENRIN GhRANALYSI S Of
15 JPEG-1 matched layer separation.
Step 460 then interpolates the irrelevant don’t care pixels to facilitate
compression. In one embodiment step 460 interpolates the irrelevant pixels
for JPEG 2000 compression in which case the image (foreground and
background) layers are JPEG 2000 coded and the mask layer is JBIG2 coded in
20 step 470. In an alternative embodiment, step 460 interpolates the irrelevant
pixels to facilitate JPEG-1 compression in which case the foreground and
background image layers are JPEG-1 coded and the mask is JBIG coded in
step 470. The process continues until all stripes have been processed.
The goal of the first step of the stripe analysis process is to reduce the
25  coded size of the image layers through appropriate selection of base colors
and layer sizes and offsets. If a compound document has margins of constant
colors, for example, such information can be more economically conveyed
through the use of offset and base color parameters as opposed to JPEG 2000
or JPEG-1 encoding. The first step can be further subdivided into the



stripe rows and colums is performed for this function. Figure 5
illustrates the perineter finding function. Step 510 selects an edge to
start w tWogBwen9t he set {top, bottom left, right). Al {Pewruses/hdsso
eventual |y be processed so any edge nay be selected initially. For purposes
10 of exanple, the top edge is presuned the initial selected edge. A scan
is performed on the stripe beginning with the sel ected edge and proceedi ng
to the edge opposite the selected edge as indicated by step 520. The scan
cont i nues unfinctions ofiperémetayfinding anHapmmen aies rédustionollbe funclihes fi rst two

di stinct col ors beco t he ndi.dat e _base color pair. If, for exanple, the
15 top edge inéayil?ﬁQ?r%‘%wg?gﬁ%%’i‘%%@r%%ug%ﬁﬁ?gs eéginning at the top edge and

proceedi ng t owar dThépeld@bied FhaBgFuAE PR IS HRIfiMD Hid thRRESGUALPIHNY a third
color. This marks the first boundary. Proceedi ng anticl ockw se, another

edge i s sel eelang theedgespf g3iip that gensists efprdyi feo velers seithptdheyesiduadct ed, t he

next edgecis ’ ] egﬁggi. mEntx i i.S. performed
begi nni ngsvvi £ %‘tj%%}e(%ﬁf}enwﬁe gle[h%?gg}%ﬁrggf:eee I'ng tbv@‘a? ge?{‘]a{s)‘kgag‘;%‘!ﬁs%stog edge in
step 530. |f strij® do@fstanddgrinuss iS pedoirmel for $hia fimdtignpr oceeds al ong col ums
until encounteri ng_ a color that is not a_ nenber of the candi date base

color pair. This k%o iliystrates thrpesbnetsatiydingeedion: Rippailiselesteioni se, a

third edge i T ol f . initially

sel ect ed%J thgdgﬁllore%&gggg{?lgéfﬁlgggg{t?%ngog@gléq%ﬁ n(%%@ 9\e ggl?‘rﬁrlént . Scanning is
performed begvemtiialy bé ptocedsed b anyledgigman ibd selpeted aatdallyy Rooywatposes s opposi t e
edge in bep 40 u}gl:eitb encountering a cgl or.. that i.s not a nenber of the
candi dat eYbaSESXBN0lF- 8P eqas 18 PrasPRedthe nifidlsglectsd sAgery. 7 wo 03/ 061292

PCTIUS03/ 00580 - Pracesl iiffoRfikl therk ke befinh@iiin BGRIIRavelpgehad 10 step

542. If the top edge was initially selected, e fourth edge I”s the right

edge in one pendsedingdnthe Slgrropiposite thepeletted wdge aeigilivatedgyte52the fourth
cdge and . ProRSSEng. LOUar 1S CoRost! o 98 0 SLER PO ML fitc ot o
pair. This meykdidtiRt éQbrstbacome the candidate base color pair. If, for example, the
15  top edge is initially selected row scans beginning at the top edge and
proceeding toward the bottom edge are performed until encountering a third
color. This marks the first boundary.
Proceeding anticlockwise, another edge is selected in step 522. If the
top edge was initially selected, the next edge is the left edge in one
20 embodiment. Scanning is performed beginning with the new edge and
proceeding toward its opposite edge in step 530. If the left edge is selected,
scanning proceeds along columns until encountering a color that is not a
member of the candidate base color pair. This marks the second boundary.
Proceeding anticlockwise, a third edge is selected in step 532. If the top
25  edge was initially selected, the third edge is the bottom edge in one
embodiment. Scanning is performed beginning with the third edge and
proceeding toward its opposite edge in step 540 until encountering a color
that is not a member of the candidate base color pair. This marks the third

boundary.



boundary. Based on the boundaries obtained through scanning, foreground and
background | ayer offsets and sizes can be determned in step 552. One of
the two wolisns120f t he candi date base color pair is assi gred/uso3/Hi5eo
foreground base 10 color while the other nenber of the pair is assigned to
t he background base color. The information obtained so far represents only
one candi date pair of base colors and associated offsets. This solution
may not be optinmal. For exanple, a different initial scan edge may result
in a different caPmcelatirg batidockbviss hdountabdgesiodelagtsd & stepd4Dflf sled s t hat

produce a smaller coded region. _Accaordingly, step 560 ensures that the
process is r&ReteEIHInta Sﬁlgﬁtdfid‘;‘ﬁgourﬂéé%gedéﬂlﬁ'nﬂétﬁdgﬁh‘ao’é"ssoci at ed

of fsets are gﬁﬁ)@&ﬁi‘\é}ﬁﬂSéag{rr?%%e%?ﬁ&?g%h@mﬁgr&iﬁp&quﬂﬂhfﬁ& &hd each edge of

the stripe has been a st edge t | be four O”candi dat e base
col or pairs prodeedingdowartdeits apfffcsite sdgelimsseppiilamtihehcquméeing ®colst art i ng

edges have been.processed as determned b tep. 560, st 70 selects the
candi dat egbag@t&g‘l‘%a Iﬁﬁlpger(%fﬁge ‘?tﬁgé’ify"(??qr?p@frs)aﬁ‘ﬂmﬁge@ﬁ @rth the
smal | est coggﬁlndanfgj ons. At this point, the foreground and background

| ayers are the sane size 25 and have the sane offsets resulting in a
common area for thased ondghe bowntlagied obwinsdghovmgh scayning, foldgeowwhamh ar ea

reduction function aftenpt o _reduce he size qf. the ded for.eground or
backar ound | RyE BebeT Hibe S S b GeB kb el SRp B2 SR i ea 1s
col unMmwi se s eRPEsIdrd GfaRk B4R1i@sE Basteol VRIS aésithedRB Ak RFe@ddfd bAie fraction
of pixels having the base color of the 8 WO 03/061292 PCT/ USQ3/ 00580

sel ect ed 1P ay eelor whilg sig ethermesibepatthe pairdnpssigngido thy kaskgroupdiese ed with a
t hreshol d, TR, ypi cally set to 0.75. A variable NF is a function of the
docunent resolttion. In one enbodinent, NF is selected to correspond to
the nunber of coTheinforedisnobthihed s@fad refivesentity vheltdnhdidste pafrvfas a

contiguous 1 lf;arllseocfolol}lslz and associated offsets. This solution may not be optimal. For
example, a different initial scan edge may result in a different candidate base
15  color pair and associated offsets that produce a smaller coded region.
Accordingly, step 560 ensures that the process is repeated until a candidate
base color pair and associated offsets are determined for each possible
starting edge.
After each edge of the stripe has been a starting edge there will be four
20 candidate base color pairs with associated offsets. Thus after all possible
starting edges have been processed as determined by step 560, step 570 selects
the candidate base color pair (and associated offsets) that result in the smallest
coded regions.
At this point, the foreground and background layers are the same size
25  and have the same offsets resulting in a common area for the foreground and
background layers. The common area reduction function attempts to reduce
the size of the coded foreground or background layer beyond the common
area.
Generally, the common area is columnwise scanned from one edge

30 towards the opposing edge. The fraction of pixels having the base color of the



5 colums where the fraction of pixels having the selected | ayer base col or
falls below TF, the scan is stopped and the background | ayer is adjusted
to start WD o3be9begi nning of the run. Figure 6 illustrat @sTarses/esdodi nent
of the common area reduction function. In step 610, threshold variables TF
and NF are initialized. TF is a 10 pixel threshold and is set to 0.75 in
one enbodi nent. NF represents a nunber of contiguous rows or colums
threshold and is a function of the document resolution. In one enbodinent,
NF i s initiabéledted tayeniswtabulated doreash golaiony This valpp isoconmpered with. 25 i nches.

In step 612, ,a l.ayer.is sel ected r,.com rea reduction. .ln on 15
enbodi nent , #HSS}E%%HYBF% ?‘%g‘ﬁgﬁ)oﬁ VPHﬁnvE][gi ?Bé&?ﬂ?“ﬂf?ﬂe tomeY e or ound
layer. In steRofitibn. andhabhibbdin®GUENPis sbldetedtd Ldedpdnd b Bfd Mfinbdribfone
enbodi ment, the starting edge is selected fromone of the |left and right

edges. | n st egluer® requiterbler adf25dnthermydiharAsivion as REontigiausgun of drzer 0. St ep
630 scans.a colum to identify a fraction of pixel PE, havin he base
col or 205 as 5@8 Ia ewoh W gl-ﬁeér Ceu\é g @fg%:xt%gs(}l ﬁvénﬁtrh.e SF]?dﬁé’laé'e’ﬁt—’a?eec.O&rga ess than

75% of the pbXeWsTR R 56 B0tedRd atidithe bldk la9einig alpsRdae i) at t hen NCOL
is incremented in step 640, otherw se N is set to zero in step 634.
Step 642 det HepeginingREtEEHNNCOL = NF t hus det er ni ni ng whet her there are

at | east NF Cont%igﬁpyéﬂﬁlgéggp?’gég#‘b%%%ﬁgfﬁ‘é%@mgf?aﬁe&r@ﬁ tio hen step 660

checks whet her thefe are a processed. If so, step
662 sel ects thetioexin step 610) threshdlt @ afitble€TsarbNE hreigtialived.Trsd £p 620 usi ng
the new colum. |If so, then step 650 reduces the coded area of the selected

| ayer by lRF Pe6l thrasholdand isset ol g ope gabodiment. Npgeptatsiit a Bembsimon ar ea
ey 1 : ' et
L o SR, b sl Aol et v

t he di scarde portion of the common area is
set to the vadsobitizmsdoioat eshbodinfertt 6r sahitializmd foayseduée corsdsppnding to For a mask
convention of O- back%{ O(!ﬁgf!d' a.Ed 1-foreground, in the area discarded from

t he backgr ouRBPTOXYBREM he WE8$- val ue is assi gned

In step 612, a layer is selected for common area reduction. In one

15 embodiment, the common area reduction function begins with the
background layer. In step 614, a starting edge of the stripe is selected. In one
embodiment, the starting edge is selected from one of the left and right edges.

In step 620 a number of columns variable, NCOL, is set to zero. Step
630 scans a column to identify a fraction of pixels, Pr, having the base color

20 associated with the selected layer. If Pr < Tr (e.g., less than 75% of the pixels
are associated with the background base color), then NCOL is incremented in
step 640, otherwise NCOL is set to zero in step 634. Step 642 determines
whether NCOL = Nr thus determining whether there are at least N
contiguous columns for which Pr < Tk.

25 If not, then step 660 checks whether there are additional columns to be
processed. If so, step 662 selects the next column and the process continues
with step 620 using the new column.

If so, then step 650 reduces the coded area of the selected layer by Ng
columns. This effectively decreases the amount of common area required for

30 coding the selected layer. Accordingly, the mask value in the discarded



to O (background) for all pixels having the background color, and 1
otherwise. 5 Step 660 then determ nes whether there are any nore colums to
process. WD 03iep9660 determ nes that there are no nore colPaFMES03/605p0 OCESS
in the common area, step 670 determnes if there is another starting edge
to process. |If not, then the process is conpleted in step 690. O herw se,
the next edge is selected for processing in step 672 and the process
repeats fromstep 620 with 10 the new edge. Once the comon area reduction
of Figure 6 hedidresfrtheeorhoromaged igset totlee Valyensspeiated with thegetagted) , t he

process may be repeat for the,other |ayer . 9., [for ound) . ; The

f or egr ound aﬁaéf e’bﬁ@%&? gﬁ% Gr 2|k CORETRRRE o? (':%ﬂ%ﬁ%‘g’uhggpﬁﬁ%rgr‘?géaé%%d fromthe
sane sides. ke arfa dR€rAEE kEHOUE BaligyBind B eh @RNMASK vAdb etdsighedn t he | ef t
edge of the common area, the foreground cannot be reduced fromthe left

edge. The fotegthegkeroundivey el pixpiyhaying thedackgrrrpcolorand;Ipthesige i f no
reductiong from thg Ttﬁér%’&étepn%%esg&,ﬁgﬂh%}’ﬁ{de ?rgea'ﬁ RIS LRImdNS rQ?e(éLSgr ound
gns (6] oXe t?e S

| ayer. Thus ScC or one or edges o ayer can i pped
entirely. Thus i tIfisfeps0eetaiyndsthatdRéYeiakynd Atore dglagnk @b pydiesdin tRO
reduction for a selected |layer is successful to elimnate attenpting such
reducti on f ofOMAONHAR S detsrmings i ibere is apether startigedgRid BT9REHY . t he

perimeter an i f. PTAS rfar tantially
Concur et Ly Eaneh L Bl O (0 OB RS SO IRE S o ger
common ar ea sdlanedfaquocdsing srestepbd2 agpdhithe, probess Pépehisrtaim crepdi2fatieh base
col or pair rr@y yi elg a small er sum of foreground and background | ayer
si zes af t@r €3%%a reduction. Perform ng perimeter finding and common

area reduction fupgptd %%oW&r@EPéd&ﬁSﬂ%P#@%r&@ﬁaé&eﬁgﬁrfo&&e&@dr or both of
the | ayers can be further reduced I medi atel’y after i1dentifying a pair of

candi dat e coboe kyetXe.g.hmckguoung) glsé prioeessamali btatepeptad far, the OthaDly@t 061292
Sl TN ST A TR R
assi gned basggost felficdPBbmithe &dmé Sife@MBlUEST fhe background layer has been
15 reduced from the left edge of the common area, the foreground cannot be
reduced from the left edge. The foreground, however, may be reduced from
the right edge if no reduction from the right has previously been made for the
background layer. Thus scans for one or both edges of one layer can be
skipped entirely. Thus it is necessary to identify the edges for which
20  reduction for a selected layer is successful to eliminate attempting such
reduction for the same edges for the next layer.
In one embodiment, the perimeter and common area reduction
functions are performed substantially concurrently. Even if a first candidate
base color pair yields a larger common area than a second base color pair, the
25 first candidate base color pair may yield a smaller sum of foreground and
background layer sizes after common area reduction. Performing perimeter
finding and common area reduction functions concurrently enables one to see
if any or both of the layers can be further reduced immediately after

identifying a pair of candidate colors. Of the four possible candidate pairs,

10



In one enbodi ment, the lighter (i.e., higher |um nance) color of the base
color 5 pair is considered the background base color while the darker

col or is wongiogesred to be the foreground base col or. The PaETRSOF0ESREN
assigned a O or a 1 depending on whether the color of the pixel is the
background base color or the foreground base col or, respectively.
Moreover, if the |layers were reduced beyond the conmon area, the nask
val ues are assigned accordingly 10 (see step 652). For exanple, if the

f oreground | theemelthat yields theshodlegt sunhef ancaséf the batkgraustandied region is

assigned so }hat glﬂé? s wth the foreground base color are assigned 1
while all ot HBFEISPREIY AT E Qe yned 0. Thus after processing both |ayers,

the mask val ues fpRe Mhbk PANES fredoRefssighadbhdeasfh the P&mlts SF MHe dnhRsis.
intersection of the foreground and background | ayers has 15 beén

det er mi ned. Wheneembedinentithalighter(irehighes imminaned) kgloo ohthe basticalesk  val ues
for all regions isocl,conts{%:reseﬁ-%%%c %gﬁﬁi bﬁ@%aﬂ)?rtﬁifé%g‘égrrlj%?%@%)?% by overlapped

conmon reducg?iuar eas hnav een erm ned. I gure | ustrates a stri pe

710 with convaisidiredto BtHeabRigeodRIBEGe colaf.€Phe REsICIIthéh aski@edbilidie i S
deconposed into foreground | ayer 720 with 20 reduced commpn area 722 and

background | ayeélepyadingionivhethercibe celshfbiie pired ip the backgreundpasgicelaid r educed
comon ar ea b?tﬁer}gre c?‘ﬁasteféglog%glﬂ%@ iv@} ERMotedveRal eEia)?quWéH on. The

background reduced conmon area owever, 1s smaller 1n size indicating
that common sgdemed deyaid thie comsnorsares, abs nakk falues e dsighkegt sacortihglyer . Mask
val ues have now been assi gned %o_ 25 al I%ar ealsf except the_ intersection of

0 or

the foredf oukige aie B2 KiGr GsrimP TeEEARE FY St Baseenieduredi theust r at ed
exanpl e, thenldk & BRALARIES rpfth if Widred BEhitditels WiVh RafBLAURG ComDn

area 732. In one enbodi nent, ary of the reduced co n area is
adj ust ed t o bamuobrtanabssignefldcivhild @t etheepixelsiaenassigred 0. dpes afteron. For a

A TR TR R e N SR
edge of the G&ﬁﬁﬂﬁngrtﬁ@m?é@ec@@hwf thd BTSN and BREGRSIhdNal&sRRs | Nt eger
(i.e., 0, 1, 2...). Thus the intersection of the two areas
15 been determined. The result is that the foreground, background, and mask
values for all regions of the stripe except the portion represented by
overlapped common reduced areas have been determined.
Figure 7 illustrates a stripe 710 with common area 712 before common
area reduction. The stripe is decomposed into foreground layer 720 with
20 reduced common area 722 and background layer 730 with reduced common
area 732. The foreground reduced common area is the same as the common
area 712 before reduction. The background reduced common area 732,
however, is smaller in size indicating that common area reduction was
successful for the background layer. Mask values have now been assigned to
25 all areas except the intersection of the foreground and background common
reduced areas. In the illustrated example, the intersection of the two is
actually the background common area 732.
In one embodiment, the boundary of the reduced common area is
adjusted to ensure that it facilitates efficient coder operation. For a JPEG-1

30 coder, the boundary of the reduced common area is adjusted to ensure that it
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is designed to be a nultiple of 8N pixels fromthe |left edge of the area to
be <coded. In this case, the left edge of the background common reduced
area is Woadjoerprd to ensure that it is a nmultiple of 8NPeTASbI0dSBOM t he

| eft edge of the foreground common reduced area. This adjustnment is not
necessary for JPEG 2000 encoding. Referring to Figure 4, after the stripe
anal ysis block 430 has identified the base colors and offsets (step 440),
a coder matched | ayer separation is 10 perforned (step 450) and then the

i nt er pol at i ofs 80 pielAEan the lebeadige ofiBk. cofimon g &2 befoas wediuctiorand

interpolation.praocesses wll pe disguss flyst, with respect to JPEG 1 and
then DPEG 200BRrRR A Fe toger (Fud T ara: Thes Msdarirchon el IiaarSspar at i on
process for jslifsfandd tb Be QRRUIBHRASHSNEPikels Flden BHeASM: OB 610 at@UBbeSEPAr ati on
attenpts to 15 deconpose the region of intersection into two separate

| ayers that cedisl dprthis case th lefiefige eftha backgrewmhcarhmontreduesedtaremisi t sel f .
Edges inspde_of JPEG code l.ocks vi.eld high. ed rates. ;The.coded rate
o onal Ior . AGMETER efpE it eIt Bl s S SR R MR & P8 “Thus “hoh
differential kd&egﬂﬂ@d Omnéh vefucedbead Thi adjisRsentls Rt vatkssasy fon PG
successive bl ocks are nore efficiently coded than high AC coefficients

caused by edd¥ercadinge the bl ock. Generally the coder matched |ayer

separation proces ; in t f 1al Lon in the
coder scan or der.ﬁ&%ﬂ%ﬁ%rﬁgg%é’?{}Lé&g&lg(S:%ﬁ)eeraglfglytg{?gﬁ%ﬁ%ollgEgltdg;cge%%%%%essed in
row scan or detie badé tblors @atbifdetoEteptdde); & cdderanstclidit lagermepstadion id ayer

conbi nations. Each bl ock nmay consi st xel s that bel O%Ig ﬁ}éd usi vely
: e

f 1 i
to the faPegPetiptmed(pésp 458) apd thandhe Hg%rpﬁgt’glﬁéﬁé%ﬁ?)é? panfgrny

background | ' R Mlﬁlt&. Sfakion PRIRLAL 01 bO dilfssb@Eedpund | ayer  and
ot her pi xel s%ffﬁ%ﬁ%gqo t he Eac grrlgun(g l'ayer. IE tsﬁ’e E]Foéﬁﬂ?s of

suf fi ci ent | yréspectitajPEGdeand then $PES200ned entirely to the 30 foreground or
background | ayer i ixels are closer 12 WD

lependj upon whet her its
03/ 061292 PCT/ USO! 5900 Do elpeodrma i lara SBPRFHOMETUSHEE" f or egr ound
bl ock or thejmi@9 @48ne embodiment, the coder matched layer separation attempts to

15  decompose the region of intersection into two separate layers that code more
efficiently than the area of intersection itself.

Edges inside of JPEG coded blocks yield high coded rates. The coded
rate is smaller, however, if the edges are moved to block boundaries. Thus
high differentially coded DC values caused by jumps in DC values in

20 successive blocks are more efficiently coded than high AC coefficients caused
by edges inside the block.

Generally the coder matched layer separation processes blocks of
pixels in the area of intersection in the coder scan order. Thus for JPEG type
coders, the blocks are processed in row scan order. Within each block there

25  are three possible layer combinations. Each block may consist of 1) pixels that
belong exclusively to the foreground layer; 2) pixels that belong exclusively to
the background layer; or 3) some pixels belonging to the foreground layer
and other pixels belonging to the background layer.

If the block is of sufficiently low variance, it is assigned entirely to the

30 foreground or background layer depending upon whether its pixels are closer
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coded background bl ock. For a high contrast block, the pixels are separated
into two groups. In one enbodinent, the |ighter group is always assigned to
t he backgwouwadeéizayer whil e the darker color is assigned t®cThsos/eseground 5
| ayer. The nmask val ues are assigned accordingly. Figures 8-9 illustrate the
coder matched | ayer separation process that is applied to the regi on of

i ntersection or overlapped comon reduced areas. Step 802 initializes the
DC val ues for the interpolated foreground and background bl ocks.

(I nterpol at i ththeP@alugs the pievivus cefritioregyowndblock e0the previpe vari abl es

PREV _AVG FG an AVG re.vegtars re senti ng.. the aver val ues
for each col 8?&186%3 %Eggroof“ntdﬁ%go%r evi gﬁusg | %({nérrag%ﬁﬁg‘ﬁ(éghec%éga arg %%Pébﬁ?%gnd and

background blgskso giG§Re Thioviekihbodi&e, the tigRfes gt islalivhysiskighed t the
appropriate | ayer base colors in step 802. In step 810 a bl ock of pixels is
sel ect ed frothabaskgwyinddaysr wiledthe darkes golor ipmssigned topthg foregravadval ue RVAX

is cal cul gt ega}&eg%ea&agﬁ@ggeg ﬁFgﬁ%‘%& é%:rcoéd%%q% RVAX is a scal ar val ue

correspondi ng e maxi mm o ranges the R, G and B conponents

found in the sel eEigatesid-Ditlastrafe /X dr snagetrdtieyertsbparation piaresiethef 81 ned

t hreshol d, TMAX, as determ nﬁig\ by step 814 (i.e., RVAX > TMAX), then sone
pi xel s wi || BBEPhektiothe segion phistersacHign o ARCTiARPed CABYMGN sedusecdbareds-| | be
assigned to 3Gk ] ; : andt herw se, i f
RVAX 5 TMAX tg%gn%t eaé%{g‘:gglé@g oC @Jvafrf){si%el}& érsﬂ%ﬁgé‘ﬁﬁg’ arhand™ he

backgr ound obad¢kgeodrat blgrkar(thteippdationds ddconedwithwesggetd blogkdadge val ue in

t he bl ock as, deter.m.ne 91Q- of Figure 9. If RMAX > TMAX, the
pi xel s allig_ separ éﬁlg‘b‘e? ﬁ?g%;%&g&;}s‘@@ﬁgp%%—&veé— ST PSR eSeRUDE npans

al gorithm i s gsgRrdR wERAEE @ach%loli"pl‘aex‘!e%f Wi Srelitfors b PbRted - 1 and _
GROUP_2. The averade for each group, AVG 1l and AVG 2'is then calculated in

step 830. AVrégmmadavid lackground blasks redpestvely| Bhesatvsctosparesent the aver age

pi xel val ue of. the associ ated .col.or plane.for -1 and GROUP_2,
respecti vel y.““%l%%%%@l@%“?;@ﬁﬁé%%?%ﬁmSltﬁB erage | uni nances for

the groups of piXglsteP8R £PIBBROEFIxEI isideRRted from the region of intersection.
15 Instep 812, the value RMAX is calculated. For an image in RGB color space,
RMAX is a scalar value corresponding to the maximum of the ranges of the R,
G, and B components found in the selected block. If RMAX is greater than a
pre-determined threshold, TMAX, as determined by step 814 (i.e., RMAX >
TMAX), then some pixels will be assigned to the foreground and other pixels
20  will be assigned to the background as determined by steps 820-852.
Otherwise, if RMAX < TMAX then the entire block will be assigned to either
the background or the foreground layer based on an average luminance value
in the block as determined by steps 910-942 of Figure 9.
If RMAX > TMAX, the pixels are separated into two groups. In one
25 embodiment, a 2 means algorithm is used to separate the pixels into two
groups, GROUP_1 and GROUP_2. The average for each group, AVG_1 and
AVG_2 is then calculated in step 830. AVG_1 and AVG_2 are vectors whose
elements represent the average pixel value of the associated color plane for

GROUP_1 and GROUP_2, respectively.
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832. In one enbodi ment, the darker group is assigned to the foreground and
the lighter group is assigned to the background. Thus, if the average

| um nancewofo3@RAIP- 1 is greater than the average 5 | um n2atase$/olGROUP- 2 as
determ ned by step 832, then GROUP-1 is assigned to the background and
GROUP-2 is assigned to the foreground in step 840. The conponents of
vector variable PREV_AVG BG are assigned the average value for the

associ ated col or plane for the pixels in GROUP -1 (i.e.,

PREV_AVG BG=AVG_1The Srerageunyinandee fardhpgroems of pixelsact ormpaneilabbtep 10

PREV_AVG FG ssi gned the aver val ue.for. the assqci ated col or pl ane
of the pixel Srnivarenmibodiment thedfgikeraTpupisartigney © MedarRta iyl it ¢ he
average |um tef SR> nshidned M@ theRR&®nfihan the average | um nance of
GROUP_2, the%ﬂ% IS assi%ﬁed to thgé foreground and GROUP_2 is

assi gned to the b&kkyifdhedviragetuapingse of GROUB_l/ig gredt¢rctbapHieavaageBG and
PREV_AVG EG are. respect.i assigned t.he . average for the pixels in
CROUP. 3 ang Biiseha O‘E(E"ﬁé@f%&/éi @?Eﬂ%fﬂ% 74 PF%@\E‘R@Q@KV%&). After the
pi xel s have hs@fneissithaBatkgfouriEarRPEROVE_2iaskigyed to GegpreddSndiet er m nes i f
there are any bl ocks renainin% to be processed. If so, the 20 process

conti nues wi 8t¢PS48+ hae coynpenenthofstesior yagablePREMWAYS_Blharemssigredsthes
leted i , :
oA s | cathiBe Batle Nt AGEHEN oMMt LG pA AP BROPE AT SVELT 1

el enents of PREN V(G BEAAVED!)e Sanilarly ehesonipgenssf ofa@clor eatiable pl ane of the

i mge. The 25 average bl ock | um pance is conputed in step 920. Dependi ng
upon whetlfer P@Ne%f@%reﬁﬁ%ﬁkeq theianensee V@‘&Fg‘é‘ the aggosiaksd ¢alorplaneyyer age

| um nance of  thg &é@ﬁ{@ﬂ@[ﬁﬂgﬁw'ghm AvENRGPAPY 9us foreground, the

entire block Is assigned tothe background or foreground. Thus if the
aver age | um nanceAbttrrtabigelysif tecaeaags looiinarse of GREYUR 4 it het greateaten um nance

o the eyl g beckar vt 1 RS9 O01285 BT UR0s 00%p e bl ok 15
foreground and GROUP_2 is assigned to the background in step 850. The
15 variables PREV_AVG_BG and PREV_AVG_FG are respectively assigned the
average value for the pixels in GROUP_2 and GROUP_1
(PREV_AVG_BG=AVG_2 and PREV_AVG_FG=AVG_1).

After the pixels have been assigned to the appropriate layer, step 860

determines if there are any blocks remaining to be processed. If so, the
20  process continues with another block in step 810. Otherwise, the process is
completed in step 890.

In the event RMAX < TMAX, then the block average, B_AVG, is
computed in step 910 of Figure 9 after step 814 of Figure 8. The elements of
vector B_AVG represent the average of each color plane of the image. The

25 average block luminance is computed in step 920. Depending upon whether
the average block luminance value is closer to the average luminance of the
previous background or the previous foreground, the entire block is assigned
to the background or foreground. Thus if the average luminance of the

selected block is closer to the average luminance of the previous background,
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PREV_AVG BGis set to B AVGin step 932. If, however, the average |um nance
of the selected block is closer to the average |um nance of the previous

f or egr ourO oBloe12bt ock is assigned to the 5 foreground i n PCaFEWSOsMsand t he
vector PREV_AVG FGis set to B AVGin step 942. Once the entire block has
been assigned to either the foreground or the background |ayer, step 860
determ nes whether there are nore blocks to process. |If so, processing
continues with step 810. If not, the process is 10 conpleted in step 890.
Ref erri ng t othe hjockeis 4ssigrddeto thébadkgtmmdnimtstdpeBOlaayidhe veqtar at i on t akes

pl ace in ste 0, ayers_are_ inter ted in step 460. The purpose of
| ayer interBgégt—ﬁtytﬁ?—l%g’t“éetftf)!ﬁ‘q&éWgeﬁﬁ%ﬂées" produced in the background
and foreground | gyigSwevth e PVetRESuMiBaR@ Ut URER IR IS0 RJserd @WRE Wt
values that 15 result in efficient encoding. For each i mge | ayer 8x8

bl ocks are sewragelluminancepftld preniausderegeithd, ttedrpdd ianssigned thith¢ i n t he

hol es. Al though the .val ue t hese hpl i rrel evant e

reconstr u%t i gcﬁe%‘founflﬁlé Sﬁ%?gé al(‘? ﬁbeyveéfoé %m;kéﬁ\&%t% 15 Sa{:té’ ér%?\&(g D¥&Pgned to
the correspopgh.ng pixels my have significant inpact on the bl ock
conpression rate. 20 Accordingly, the values of these "hole" or "don't

care" pixels are K¢l theeatirablogy hpsrbeen agsignesite eifhenthe foregraimnd<aithe

ef ficiencies i i . r i quality and
does not rqu?Cr (?I‘Dgl ;&g@?éag‘#égpe{éﬁ%meggh% |eﬁtgtﬁle§f36ge$1:h§ﬁelrjr\&“‘llﬁgodon't care
pi xel s are apt®esatlf & pyodesdigy c@dinues asth stép 318l @&motf the@roces®ni f i abl e”

pi xel s. The remaining pixels are referred to as 25 "relevant" or

"nonnodi ﬁpabF@“P]gﬁt%’e‘F‘ss.teHﬁ%%not ed previously, each block of the stripe may

ist of 1 [ - tr I ;2
consist of 1) piXglgyrid Elgﬁjle%f‘?fctfﬁ)t&ﬁlee Hﬁde‘f‘?ﬁz}fcﬁeﬁ dlkfeg f;@?%x%g?ﬂ sl ayer; 2)

pi xel s that belong excl usive ackgroun e some pixels
bel ongi ng t opldee in §tep 450, thmnlkly ¢ra yer intergolatdukin spipd®i0s The lpangpsa @f tayet he

T | e o D SRS e b g™ *
foreground layers when pixels are assigned to the other layer with values that

15 result in efficient encoding. For each image layer 8x8 blocks are scanned in
row-column order and interpolated to fill in the holes.

Although the value of these holes are irrelevant to the reconstruction of
the iﬁlage (they are masked out), the value assigned to the corresponding
pixels may have significant impact on the block compression rate.

20  Accordingly, the values of these “hole” or “don’t care” pixels are modified in
order to achieve greater compression efficiencies. This approach will not
affect the reproduction quality and does not require modification of the
decoding algorithm. The don’t care pixels are alternatively referred to as
“irrelevant” or “modifiable” pixels. The remaining pixels are referred to as

25 “relevant” or “nonmodifiable” pixels.

As noted previously, each block of the stripe may consist of 1) pixels
that belong exclusively to the foreground layer; 2) pixels that belong
exclusively to the background layer; or 3) some pixels belonging to the
foreground layer and other pixels belonging to the background layer. For a

30 selected image layer, this implies that a block of the selected image layer may

15



consi st of 1) relevant pixels exclusively, 2) irrelevant pixels
exclusively, or 3) a conbination of relevant and irrel evant pixels. Figure
10 il lustwatoametrzow bl ocks of a sel ected image | ayer of a PCAIYS63/60580
selected for interpolation. An inage layer is selected in step 1002 from
the set 5 {foreground, background}. A variable PREV_AVGis initialized to
either the background or foreground base color in step 1004 dependi ng upon
t he correspondi ng selected | ayer. A block of pixels for the selected |ayer
is sel ect edconsistoép) rebevent pikels prcletivelyrd inplasantipirads exsluysévedy nd) ar
irrelevant in_step.. 1020. Th sk .| r.inherently classifies pixels as
rel evant or 9??%?%98“PFF%?mQ?m%gu8?$%%§PH% e layer. |If the selected bl ock
contains a mx of FigaleMpilistpdtes hdw Slerkabt a filecd Bindfge 184R4L F Hishgsk 44 St ep
1030, then the block is interpolated as indicated by step 1050. If the

sel ect ed bl oeledtedhfirdnterpolatiore| An gnage laperdy sglectes] ineftep HY24earathe s06d by

t 1040, t hxel £ ' [ t
157060, Tn BEEdAE AR URNCS SAAAFRED ByR ST LB i 071 &
initially sebadkgroded bofoeghroundibase coRe kg stepndoLddpendignesudi thg upon t he

associ ated | ayer being processed. If the blqock ot herw se consists entirely
of rel evant crsepordingselected layare Adlpek oigrixele tqsdhe splertefl laxetisr st eps 1050

or 1040, the \V/ e p i . ; f e
rel evant pi X8 gﬁlé/dﬁﬁ% ﬁ%ﬂa Z%w'eg?%g)%e‘#o%e leagﬁfsl?ielgg 1%6?gﬁﬁﬁﬁggat teﬂll sgé required
i f the sel ecti@2). Aheakaskriaydrahheremtndassified pereld asalelevadit drrirreleesairfor pi xel s.

Af ter PR%V_AV_G has been updated, if necessary, step 1070 determnes if the
sel ect ed Y ay8IVeRAQagEHYET onal bl ocks to be processed. |f so, the process

returns to step FQOsdQtddBNEAL cdritfifs h oWk bbreleva@Pattl Rfdfevate plxdlsOfRRe
enbodi nent the interpolation of step 1050 assigns the irrel gvant pi xel s

the average detenmirgfd bynstep H136ythen ths lxletls§5iintetprdatsélae otdachtéd b ktepThi s
R T T RN T ST T S
sane rate of by GRIPAINESTheNthe PaxdWaR34 B1séPR b d&8Er34iABDBRtue in step

15 1060. In one embodiment, the pre-determined value is PREV_AVG which is
initially set to the foreground or background color depending upon the
associated layer being processed. If the block otherwise consists entirely of
relevant pixels, then no interpolation is performed.

After steps 1050 or 1040, the PREV_AVG is updated with the average

20  values of the relevant pixels in the selected block in step 1062. No update is
required if the selected block initially consisted entirely of irrelevant pixels.
After PREV_AVG has been updated, if necessary, step 1070 determines if the
selected layer has additional blocks to be processed. If so, the process returns
to step 1010 to repeat itself with a new block.

25 In one embodiment the interpolation of step 1050 assigns the irrelevant
pixels the average value of the relevant pixels in the selected block. This
interpolation procedure tends to be considerably faster than the subsequently
discussed interpolation procedure, but may not achieve the same rate of

compression.
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In an alternative enbodi nent, the interpolation process of step 1050 is
considerably nore conplex but frequently results in greater conpression
rate thawotoheerppl er and faster averagi ng process. |n ordgrusepoossaer st and
this alternative interpolation process sonme understanding of the coder
process is 5 required. Block conpression algorithnms are prevalent in inmge
processing applications. One technique for conpressing the digital
representation of source imge data includes the step of transform ng the
spati al domai n i nagen altbahativersnabddimguiz theyintbypeliation araressTf shepf 1060t i on from

the spatial domain 10 into the frequency domajn is also referred to as a
forvard t 1 anSrBRIEPS Pore gy AL SPRE BT G R FTBLS S & har moni ¢
anal ysis of i the ikSIer hitRBSter Avé@Eingoddsa NSl R foSurkikefat PHiEPT €sent the
spatial image data as |inear conbinations of basis functions. The

coef fi ci ent sakemnatinevenpalition progess samme undersigadingrdf Meeicatier prasessie
transforngti on prgcess. 15 The basis coefficients are then quantized or
t hreshol d&d tol'eltii nate contributions fromthe correspondi ng basis

function to achi eBlecks esrpteeyich alporitliasmicqasident ifigagepRiceisig coef ficients
are then re-ordered or_run-length encoded or otherw se processed to
facilitate faPPiatiops Qnedechuguefor coraprassigs thedigital repeesentatiph phg conpr essed

i mge data i i I i i i i r far further
rocess ng. Tyt eanfardd f Rl i LE bMan g Whd Bl fonn i b0 | Do
coef fi ci ent sdatatirtofirepicaty thmairad#ta oTransfopmetdsn flom hecpatiilripmaint he val ues
of the irrelevant pixels my be nodi ieaitto d?crea e the nunber of

i

non- zer o 10quiei eQUSECY dePain s alspigterisdite A%A i &ragstormationi fi ed so
that a quantized Pow08Bhdoctnalst fé_ra%‘a%tg]gﬁ?ﬁ) m&l&ﬁd&@aﬁlfﬁéé?ﬂf}ﬁea greater

nunber of zero values than a quantize orward transform sel ected
bl ock. This eperxatmage. A éstweed tiahsfotmad eseddd refpresantd tipr gmsiebimagage, wher e

LR RN R RN
of the imagengReBHSEre dele MhEBARAAL B8R tFnbFI/RABOAPRERss.

15 The basis coefficients are then quantized or thresholded to eliminate
contributions from the corresponding basis function to achieve some level of
compression. The remaining coefficients are then re-ordered or run-length
encoded or otherwise processed to facilitate further compression of the image
data. The resulting compressed image data is then available for storing,

20  distribution, or for further processing.

Typically, the greater the number of zero-valued quantized
coefficients, the greater the rate of compression. Accordingly, the values of
the irrelevant pixels may be modified to decrease the number of non-zero
quantized coefficients. The modifiable pixels are modified so that a quantized

25 forward transform of the modified block has a greater number of zero values
than a quantized forward transform of the selected block. This operation
reduces the “rate” of the compressed image, where “rate” is a reference to the
storage requirements of the compressed image. The operation thus increases

the compression efficiency or rate efficiency of the image encoder.
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The manner in which pixels are nodified depends upon the specifics of the
conpression algorithm The Joint Photographic Experts G oup and the Mbdtion
Pi cture Bwpesel2® oup (MPEG have each pronoted popul ar i PEFaISO&GISEF €eSSi on
and encodi ng architectures that mani pul ate spectral content to 5 achi eve
data conpression. JPEG 1 conpression is frequently used for static inages
such as those encountered in facsimle or standard printing applications.
The MPEG format is used for dynami c i nages or novies. The basic process
has been promul gaTh&jmbyneIPEGB’laddPﬁXslslane wodéindrdepdnds epemtheyspecifies ¢fough

JPEG 1 util Di t t DCT fic 10
ol ement at | BRCCBPERET SRR s RO P P RTAS BTG rodRathPs opy
encodi ng bl OMiﬁldnavlbt%}é E&ﬁertsftefduwk/mm})tt@be eddhgptomhotdd pbpiulat @RS one

enbodi ment of a bl ock-based (ﬁoocess for conpressing an inage in greater
detai | . The {ompeessinnaudenqoding pichitectures that manpulatd spedtralognteat tavage 1110

o produce CQURLESESSLARARAAR! FrddQonl P ERRATRL MR RERGS IR, Lhe source

I mage 1110 as a plura sourc scf ormati on

is perfor rrednﬁsigeeaﬁm%&os@m&antebécbmlqacslﬁaﬂho&tan&mr th{gock is a 64-point
di screte signal that is a two- dinensional spatial function of x and y. The
DCT i s one ofPREGHons ahag MPEE formalis ussd o8 dysaniq nageppremeniessThaal s as

| inear conbi Batd g% eAlhadBetdy fdﬁ%‘lkbt@ﬁ%?r TRRG/ A HNOUENide0E: R Tsl e Sel ect ed

transformfor JPEG 1 corrpres I on near trans such as
the Fourier AlthoagbjPEGiditilizes DDsscrade €o§ne1é“rari§fc&n&\ftionr¢DC[D§'Epecnﬁg/ be used.

The for d PCT. is a har c. analyzer that converts the 64 point discrete
si gnal 100 w%m%mvag?ﬂ&sf%ww formMEgEANtRHRBBILENRRSi s signal 25
represents aehMAick PRERY i1 toBaihplenfehfquency form ng the spectrum of the
8x8 source bl ock. "The output of the forward DCT is a coefficient block

identifying the athhretljldlﬂust&atefacrlm ahbadizest off ¢ blogohadedimeiess firgnal s. The
anplitudes are referred jents and &he | ues are

DCT cqef fi
det er mi ned B?F‘PFF@S’B%‘E‘%E‘PE‘* Ehgrﬁﬁ‘ieﬁge'?ﬂp © EPPFRI"CO1E WO’ 816282
PCT/ US03/ 0058fcretized source image 1110 to produce compressed image data 1190.

15 Encoder 1120 processes the source image 1110 as a plurality of 8x8
source blocks. A forward transformation is performed on each 8x8 source
block. Each 8x8 source block is a 64-point discrete signal that is a two-
dimensional spatial function of x and y. The DCT is one of many transforms
that can be used to represent signals as linear combinations of basis functions.

20  Although the DCT is the selected transform for JPEG-1 compression, other
linear forward transforms such as the Fourier transform and the Discrete Sine
Transform (DST) may be used.

The forward DCT is a harmonic analyzer that converts the 64 point
discrete signal into 64 orthogonal basis signals. Each orthogonal basis signal

25 represents a two dimensional spatial frequency forming the spectrum of the
8x8 source block. The output of the forward DCT is a coefficient block
identifying the amplitude of each of these orthogonal basis signals. The
amplitudes are referred to as DCT coefficients and the values are determined

by the discrete 64 point input signal.
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Referring again to Figure 11, quantizer 1140 quantizes the DCT coefficients
in accordance with a quantization table 342. Different quantuns can be
used wi t hwaioBfoerzent spatial frequencies as identified by @oaniSozetsson

tabl e 1142. The quantized c(u,v) may be calculated as follows: 5 cQi4dv) =
N7~ C(UM \9(u'v)) where "INT" is an integer function to ensure the
result is an integer. The quantization table permts different step sizes
for different basis functions. The quantization table is thus a 64 el ement
tabl e, one el enenRefeming ageih tePigtiell, fnadirentl40 qBantre thy DGE ep si zes for

hi gher frequengy .basi.s 10 functi.gns are. |l arger . than the step sizes for

| ower frequeﬁ%@xﬂggtisénﬁfﬁ% ?Il‘fﬁg\fla‘ al'ﬂ‘éang-{zggogfa}’éesyér é‘&%ﬁ&ﬁﬁ?ﬁ“ﬂﬁosen at
the percept ugin bdiiahRitH diffdrehtiPatihiFHRfuen&BN itBMifiQNbPEuddiLatOR r espondi ng
cosine basis function. The perceptual " threshold are functions of the

sour ce i magetabiat et dhegquantzeddi(sy) apy be kalcalatesk dsfollews: vi ewi ng di st ance,
etc. Thus the choice of quantization tabl 15 may be application
dependent5 After quantization, eptnopy s @#hy is used to effici ently
represent the quantized coefficients. Ent#®py encoder 1150 uses entropy

encodi ng tabl 1 4.0 generate the conpressed i e data 1190. Briefly,
The number - of ISFEVRTN s 2 BeB e an e Beree daue Lo FLpeEn | 20 the
current quanti zedTrOGhdritza86h tabdd p@nfiQ diiféreRPdtEp siEaClOr BdfdreMBasist S 0WN
code word assigned through a variable |length code. Huffman, Shannon- Fano,

and ari t hrret functions nfhaqeardication tables thusmidilgmentdablesonelementdayt h
coders. The nore of. a give e occur the smal |l er..t he nunber of
bits that a?e"’lechuS élglgffg?quteﬁg 'cdg’?féergﬁgygg% ric’glgzegtf)ge}.ugﬁ'lfﬁef%ﬂyﬁffylbaeshscoder out put s

the 25 cade Waictiohoarellifyepdian thadiepRiids fordower eguibnt P badififuretbnent
guantized coefficient (also assigned by a variable |ength coder). After
processi ng aThe 8ieR sizes gialypically chrwsen apdienegseptiaa thieghold ¢ visgak oder

L oAk AT TGSt L0,
threshold are functions of the source image characteristics, display
characteristics, viewing distance, etc. Thus the choice of quantization table

15 may be application dependent.
After quantization, entropy encoding is used to efficiently represent
the quantized coefficients. Entropy encoder 1150 uses entropy encoding table
1152 to generate the compressed image data 1190.
Briefly, the number of previous zeros and the bits needed to represent
20  the current quantized coefficient value form a pair. Each pair has its own
code word assigned through a variable length code. Huffman, Shannon-
Fano, and arithmetic coding are examples of commonly used variable length
coders. The more often a given element occurs, the smaller the number of bits
that are used for the corresponding code. The JPEG-1 encoder outputs the
25 code word for the pair and then a code word for the current quantized
coefficient (also assigned by a variable length coder).
After processing a block of quantized DCT coefficients, the JPEG-1
encoder writes a unique end of block sequence and then moves to the next

block. After finishing all blocks, the JPEG-1 encoder writes an end-of-file
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WO 03/061292 PCT/ US03/ 00580 nmarker. Tables 1152 and 1142 may be

i ncorporated into the conpressed inage data to facilitate reconstruction.
The resulwooB/oguanti zati on is that many of the DCT coeffi @Canises/ase been
reduced to zero. In particular, coefficients corresponding to higher 5
frequency cosine basis functions tend to be zero. Ordering quantized DCT
coefficients to obtain |longer strings of zero-valued el enents inproves the
rate efficiency of the entropy encoder, particular at the point where any
remai ni ng quownkérz dabReT15beid 11d2 arysbetincdrpomieditdo ther@napressedr o.
Accordingly, .the qtrogﬁgﬁqgoder &n ogps t he quantized DCT coefficient

bl ock in a ZF89€H§iafb REFEPTOGT e ng from quanti zed coefficients

associated with | pNefesuftofUANENHORS thaf MBEY bOING DOT tdfidépdhhved
coefficients associated w th higher frequency basis functions as

i1lustrated beerFiedueed topzerqhkn pRspetal, epeffigiontseprietpandingtotaglercor r esponds
to the t e%r@ vééeh(fy C%Ei(r)% ba&%%n@%&ﬁset%ﬁﬁ tc?f)g zedrlof rgigrpugn% E’?}Lalxﬁ’ﬁz%ﬁ d across

i ndi vi dual enc I"ocC e remi ning A represent  hi gher

frequency cosddfficibasits obtaiclongaSstihigyof Bt dlasd Bpricdvingsotiahb exver ri ght
corner. The JPEG 1 entropy encoder need _only encode up to the highest
frequency noRtfisisngy ofthefntiopy enersteri Rartrilatrithe ROt MieFRANEBINBE bl ock

Any ot her Cogg&itxt#eeﬂn%é c@éfﬁfigﬁﬁﬁ&'ﬂggnéoﬁe Grd &l Qero2Acdfiirkdid th@Y_Scan order

tends to gro unber of non-zero elenents at one sétid of the string

of el enents totrbpy enwodeencodbethetquantizghBCT cheffigieanblpclasa sigemgf fi ci ent s

are zero, the zig-zag scan order he zero ,%Jgna ts at the end of
PRGI

[ oups
the stri ﬂ% oPAGREHPTCEERF SIS I G 'i‘%elétfé’F eRgTRsgoc I9pbvi ng the rate
ef ficiency Ofrehlgn§HabRRINGRAS HSthe qﬁ'&ﬁﬁﬂéﬁ%ei‘ﬁ&é?ﬁ@%&dgéd%ﬁ%i fky encode

beyond the | ast non-zero quantized coefficient 1n the scan order. G ven
t hat t he hi ghequenaydrasisifenions aedluatrateliik Eignre 42.be zero, the zig-zag scan

order thus [ ncreages | he conpress) n el engdl f BE DEES, enceder . 20
v=0). The DC terms are differentially encoded across individual encoded

15 blocks. The remaining AC terms represent higher frequency cosine basis
functions when progressing towards the lower right corner. The JPEG-1
entropy encoder need only encode up to the highest frequency non-zero
quantized coefficient before writing an end of block. Any other coefficients
are presumed to be zero.

20 The zig-zag scan order tends to group the number of non-zero
elements at one end of the string of elements to be encoded. When the higher
frequency basis coefficients are zero, the zig-zag scan order groups the zero
elements at the end of the string of quantized coefficients being coded, thus
improving the rate efficiency of the entropy encoder. The JPEG-1 encoder

25 need not encode beyond the last non-zero quantized coefficient in the scan
order. Given that the higher order frequencies are likely to be zero, the
zig-zag scan order thus increases the compression efficiency of the JPEG-1

encoder.
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The basi c spectral manipul ati on encodi ng process can be nodified to permt
nodi fi cation of pixel values that are irrelevant to reconstruction of the
sour ce i ne@a3/obep2 m ght have significant effects on rate eChiusozmsye The 64
pi xels in a block are denoted as vector z which is conprised of 5 two
smaller vectors Y and x such that 77 TTi Z =LV, XJ where Y is the set
of Ny relevant pixels and x is the set of 64-Ny irrelevant pixels. The
64x64 2D DCT transformation matrix for the vector is denoted T so that the
coefficient set CThsbgﬁmgmmhwjnmﬁpihﬁoﬁ@nﬁhﬁn@pﬂkﬂﬂ&hﬂNEQMMHﬁaikD sol ve for

the vector x in z th m ni m ze he energy of the AC coefficients while
| eavi ng t he PROM ifiggtiopn OT&’H?? V%@F%ﬁ‘at Wé%lreltﬁgﬁntftﬁﬁ‘é‘iqnéﬁuftﬁ’rb%f ni m zed

i's then gi vegobe ﬁna?;%(exin ht'ha've mgnﬂm&ﬂt?effeg@%n]rﬁte‘efﬁﬂx?c cot =1-112
+11Y112 -Ca2 63-N, -C0 DC coeff|C|ent for 2D DCT i s

given by: 1 66) SEhe G)pmhmznabB)CkzrﬂiMOIecB&wtcﬁ& whicliiis éeemprised & i =0 8 i =0

When J(x)_is parti ‘y derived wt espect to each elenent xi of x and
5 0 sma er ectors y and x suc tha

gT - {ZT,ET}

where y is the set of Ny relevant pixels and x is the set of 64-Ny irrelevant

pixels. The 64x64 2D DCT transformation matrix for the vector is denoted T

so that the coefficient set ¢ is given by ¢ =77z.
10 One approach might be to solve for the vector x in z that minimizes

the energy of the AC coefficients while leaving the known vector y

unaffected. The cost function to be minimized is then given by

I =3

i=1

=l -,
15 =l ~c,

2 2
=l +e e’
63-N,

- Z R R

The DC coefficient for 2D DCT is given by:

20 =l}fyi+

When J(x) is partially derived with respect to each element x; of x and

equated to zero, each element is found to yield the same optimal value given

by:

L3

y i=0
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equated to zero, each elenent is found to yield the sane optiml val ue
given by: N'" xi = NLYi y i=0 21 WO 03/061292 PCT/ US03/ 00580 Thus the
opti mal iwDaspel2ati on for the nodifiable pixels in terns @CTAISN3/M580 ng
energy of AC coefficients is the solution that sets the values of all the
nodi fiabl e pixels to the average of the nonnodifiable pixels. This
approach m ght be a good starting point but it ignores the effects of 5
differential DC coding and the particulars of the bl ock conpression

al gorithm efhosthe @rioaddénterpiaiadeal thesmodifiablecpizels materms of m zes the rate
by maxi m zing .zero runs al t reverse zjg-z scanpi n at ile
satisfying o g}gsqqegyn?fg‘gg ﬁ%&ﬁa@ﬁ%ﬁ‘ﬁfog‘%&?n %HSF?S;}E? ?ég‘t‘gs be

assi gned a pipEholdflabf rpﬁ&él? tduheferh@e bﬁéﬂeirﬁﬁm&iiﬁﬁﬂgﬁix@m This for
nonnodi fi abl e pi xel s should not change giving: z;=y i={0, 1 ., Ny-1}

0<-7: - <255 | apppach mighsbeGogmsidisarting@odThut daghores Breteffeftonft he nodi fi ed
bl ock. So coefficients,.are antized to_.zer il e others, ar. uanti zed
to non-zegg fggﬂfﬁli"ilfgﬁ] qoling %@ﬂfe&%éﬂqfi@.of @%@P%@%%mgﬁes?%alé83ﬁf“ﬁci ents

that can be gﬂ@gﬁ@ﬁ&d@g zero formthe set lzero such that Izero +l-E <c,
<2;i c={0,1,...,63} The coefficients are scanned in reverse zig-zag scan
order to find theThq geadis torfind g thatmpntmizes theratglbarmadedzing zererons | f it s
possible to "ﬁ)us + the 20.coefficient ovﬁﬁro wi.t.hout, vi ol ati. \}ilhe ot her
constraints P88 PREFES LG GRS WATE FRORNE P C?‘hs}%ﬁ’qg 1Bus
constrai nts: ezampl; any=h@dikiable z Mirsdbe addignad a-pad vhkk Within thé3} as wel | as

the followi ng constraint obtained fromthe |Izero set:
realizable range and z; for nonmodifiable pixels should not change giving:

z=y, i={0..,N, -1}
0<z,<255 i={Ny,...,63}
Consider the DCT coefficients for the modified block. Some
coefficients are quantized to zero while others are quantized to non-zero

15 values. The locations (i.e., indices) of the coefficients that can be quantized to

zero form the set I ero such that
[ ]
IZC"() =|-l }J

The coefficients are scanned in reverse zig-zag scan order to find the

Lo <dic 01,63
2 2

first one, cj, that is not quantized to zero. If it is possible to “push” the
20  coefficient to zero without violating the other constraints then there is a
solution z which satisfies the previous constraints:
z=y, i={0,L...N -1}
0<z,<255 i={Ny,..63}
as well as the following constraint obtained from the IL;er set:

25 —&<c,=t.T_z_<i,ieI

2 [ 2 zero’
(i.e., no zero-quantized coefficient may become non-zero quantized that also

satisfies the following constraint:
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25 A < C =t;TZ<21, | Elzeror (i.e., no zero-quantized coefficient
may beconme non-zero quantized that also satisfies the follow ng

const rai w0 022612 03/ 061292 PCT/ US03/ 00580 -2 <ci =t z<2PCRAISOBO0TBA ;
represents the ith row of DCT matrix T. Each zero quantization constraint
is alinear inequality constraint. The existence of a feasible solution is
a Phase 1 |inear programm ng problemwhich can be readily solved using 5

t echni ques such as the sinplex nmethod. Mdification of coefficient val ues
will not affect the value of rel ey@_écp_itxael sqas a result of the equality
constraints limting such nodificabi ofis. LRet gvant pixels in the selected
block w Il have the sane val ue as correspondi ng pixels in an inverse
transf or m of The fENHERPTeseatsthett 1ey ehPCmatkix TT%@‘-’hﬁ@’é’r%@“t“?&‘?@f orm of the

nodi fied 10 L ci-ent. . 5; Ll e - I ol ution
exi sts, thenE?‘?etjﬁdgghggirﬁﬁééldﬁg\%aczdg}rggh{é{ﬁ'aﬁ}tl?%!éﬁgﬁc%cehff ? if%fsg’%l% L(;llugmgdded to
the | zero sets @Plhse lilneapph@igexnining probleaa sihidhecandleutadily. sdl¥ed wsing S not

o ocead! ng | IFeHHAUFBTARGS B G BEAOR: MR SO Db Aueat ed Unt 11
all 15 non-Ze\riﬁnguﬁ%&mm#ﬂeﬁb%ﬁxa@x@a%ﬁﬁ&ﬁ%@&ﬁan@{though the

resulting solution satisfies all the constraints, the solution my not be
optimal in thenstete lipfiting sua modificationse Releygntgfixelhin destlected dhick. |1 n

addition to imzjng the length or nunber. of .zero runs, the energy of

the non- zer o IAAYS BEd EGeRM e RAUEREP e A Arettr Yo FEaA ( he | ovest
20 rate. The tid RbAMHRBEHF@¥nEBlobk. PR Al eRaEAnSbAGSf MdmblgRa: 8 N -1 2 & 2
C+1lc, NY , =0 ,=1 subject to the previously established constraints: - _

<Cl = t, 107 eodfficientpblodeais @ rrodifieq selpcted blpck., ... NN - 1 }

If a solution exists, then the index of the new zero quantized coefficient
is added to the L,ero set and z is updated to the feasible solution. If, cjis not
zero quantizable, then the method proceeds to the next non-zero coefficient
proceeding in the reverse zig zag order. The process may be repeated until all

15 non-zero quantized coefficients have been tested.

Although the resulting solution satisfies all the constraints, the solution
may not be optimal in the sense of minimizing the energy of the coefficients.
In addition to maximizing the length or number of zero runs, the energy of
the non-zero quantized coefficients should be minimized to reach the lowest

20 rate. The minimum energy solution at each stage minimizes:
8 Nyl 2 63
E(2)= [co ~ N Zyi] + Zciz
=0 i=1
subject to the previously established constraints:

_%L <ci =ig <-q2_"1 € Izcr{)

z=y, i={0..,N,—1}
25 0<z,<255 i={Ny,..,63}
The dc value is considered differentially with respect to the mean of the

relevant pixel values. The above problem is a quadratic cost function subject
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25 0<-z;<--255 i ={Ny,...,63} The dc value is considered differentially with
respect to the nean of the relevant pixel values. The above problemis a
guadr at i cwoasiwefanct i on subject 23 WO 03/061292 PCT/ USO3/PC@BES03/04580 a
series of linear equality and inequality constraints. A quadratic program
may be applied to identify a solution. The quadratic solver needs only to
be invoked after the successive Phase 1 |linear progranms. The successive

| i near prograns yield solutions with increasing 5 nunbers of zero quantized
coef fi ci ent stovhberfeswhlinearequaliymndhineq@mditiggonsfrainite A qeadiabic pgogain

coefficients becom ng higher than.that of the optinmal average, |nterpolated
bl ock. |f th&‘%ﬁ%&%’i’%%ﬁ’@%& ?%%“H%hﬁ‘et‘l’r@%r’% Ceso%rﬁeﬁ‘isr%‘g?éé(’{"’even i f
zero runs hayg JregaftBPhk ¥:éR6kive Phad¥ AilfhehlprdgPiths:0Me, the quadratic program
may be invoked at each 10 stage after a feasible solution has been found.

In this case, thelhpsgressive linpatppogransyigldssobutinmgiwith icteasingon based on t he

ratio of the coeffigient energies.af the.newest di fj ed bl ock,,versus that
of the aver aBRTIERTe FeToguan tzp sog¥iCpts WhiATHEY restit ipehe gnerey Bl her

sel ect ed bl 0gémSKEREDVST 2odffitrentitieedindatgiirARAH tHa0bf the opfibial hvéhgé he ener gy
Eo of the average interpolated 15 block then the optim zation is term nated

to avoid | eadttarpolateiblockhH the gresgy increpsestoe anyqhy therratemay ingeease

pre-conpressie?&@%‘{oqju;’%hg‘(p@b&kqﬁgaﬁﬁge&r bl ocks having a m x of rel evant
S.

and irrel evant pi xe eirrelevant pixels are initialized in step 1310.
I n one enbodi ment To awsd ithis @uevaiy, tha gualdsatikipgogeim iy be inadked at eadtespondi ng
to the average pi xel valuye of the relevgpt pi xels in the 20 sel ected bl ock.

In step 1‘312?tagﬁéft%frPe‘fe@?b]GfSOJfo@“s}@F@E?ré_ uﬁfloé‘kt}(‘%ﬁa_tséfrthe AHR5aHE | zat i on) is
conputed as EPO %&&E?Qsﬂaﬁé% fﬁt@ﬁ&‘ﬁf) s%&%&tthmé%ﬁ)‘%f'tﬁe&?e@ﬁ& ¢d by applying
t arg ormon t §e ected .

a forward | oc In step 1330, the |ocation of
all zero quantigirsdf deaidwest pwtlifiddsblsdloverslisi thataofithy averegoint@poltaiceedi ng i n

(he, reverse 1870 orer, 115, SCRll A 1 A BShestedian: zero quant zed
determined proportion Tg (Te>1) of the energy Eo of the average interpolated
15  block then the optimization is terminated to avoid leading to a higher rate.

Figure 13 illustrates the pre-compression optimization process for
blocks having a mix of relevant and irrelevant pixels. The irrelevant pixels
are initialized in step 1310. In one embodiment, the irrelevant pixels are set to
a value corresponding to the average pixel value of the relevant pixels in the

20  selected block. In step 1312, the energy of the selected block (after
initialization) is computed as Eo.

In step 1320, a coefficient block is generated by applying a forward
transform on the seleéted block. In step 1330, the location of all zero
quantized coefficients is stored in array Izero.

25 Proceeding in the reverse zig-zag order, the location of a selected non-
zero quantized coefficient is identified in step 1340. In step 1350, the value of
the selected coefficient is calculated for the current z.

Step 1352 determines whether the selected coefficient is zero

quantized. If so, then the location of the coefficient is appended to the L e, set
30 of other zero quantized coefficients in step 1370.
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the selected coefficient is calculated for the current z. Step 1352

determ nes whether the selected coefficient is zero quantized. If so, then
t he | ocatwonsetizohe coefficient is appended to the |zero Petr/us8fowBo ot her
zero quantized coefficients in step 1370. 24 WD 03/061292 PCT/ US03/ 00580

If the selected coefficient is not zero quantized, then step 1354

determ nes whether a feasible solution exists that results in a zero

guanti zed coefficient subject to the previously identified constraints. In
one enbodi nent, H thhsdertdd doeffedant progjrzarm quantized, then stdpddd4y such a

feasible 5 sqlution. I.n one e di t, the sinplex nethod is used to

i dentify feaaFﬁF%“nes“cW }Ef’tﬂi“ﬂr‘i‘sf.e%e ﬁ‘ggg8g§i“5‘fséﬁ%td?ﬂ§rsdﬂ aéﬁf%ﬂ"é&}nhﬁﬁ cessi ng
continues to.sdifieABSbiect fo the pRASHBRILIRALHED BShs®Aints. Sin dhequadrati ¢ program
is used to identify the mninmal energy solution for z in step 1360. This

new z has anemdeodimentedlPhasadrlipgar progwm dduded toadentifpswedh 4 feasiblep 1362. 10
Step 1364_det erm nes whet her..> TE,. where TE s .an acceptahl.e. 0..threshold
val ue for_5t héglb‘g‘%'oﬁ ?Ib%elﬁfo%n}e{}gg&s ?PE‘ @S%h?g R tf’ﬂ%er@g%ﬁ“ais’(p!leent 0
location is geld@end. Of hbEedsAAS f1e@dn OlistoPi6es@ifil Qofttankitd 6@pagsd.ficients in
step 1370 and processing continues with step 1380. Proceeding fromeither

step 1354 or st eplfadzaibleselntie existspeanasiratepiogramss wredgo idadity thedet er ni ne
whet her ther %1%&%1%%&@‘%@1?%%%? %%‘Eﬂ%ﬁfi&@ JPﬁﬁnE’&rozCﬁz?ssa das[sbéau@ﬁt , then the
Ss r e f n | ock TS = co eted |

nodi fication proce coe Ci = conp n step 1390.

Q herwi se, t bRerglOE 86Bick &talcaleed it dtép 1382, next non- zero quanti zed
coefficient by returning to step 1340. The optim zation process repeats

steps 1349- 1380 usibhsal HetBMnZE R0 uant LAerk T,o8hh LeBRlsk have been
processed or until the energy of the rédgult exceeds the pre-determ ned

threshol d. I n one enbodi nent, the process stogﬁ_the first tine a feasible
E,

sol ution capmyeshdl vhRidTor he PRoSHrEsA 0P E et e agddineh @haboct@edrti Ci ent s

remain to be
location is added to the I.er set of other zero quantized coefficients in step
1370 and processing continues with step 1380.
Proceeding from either step 1354 or step 1370, a check is performed in
15  step 1380 to determine whether there are any more coefficients to be
processed. If not, then the modification process for the coefficient block is
completed in step 1390. Otherwise, the process continues with the next non-
zero quantized coefficient by returning to step 1340.
The optimization process repeats steps 1340-1380 until all non-zero
20  quantized coefficients have been processed or until the energy of the result
exceeds the pre-determined threshold.

In one embodiment, the process stops the first time a feasible solution
cannot be found regardless of whether additional coefficients remain to be
processed. This approach maximizes the length of the last run on zeroes. The

25 last run has the most significant effect on coded rate for JPEG-1 encoders due
to the principle of operation of the entropy encoder.

The method of spectral content manipulation tends 1) to increase the

number of zero quantized coefficients, and 2) to prioritize increasing the
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processed. This approach maxi m zes the length of the last run on zeroes.
The 25 last run has the nost significant effect on coded rate for JPEG 1
encoder s woa3/0t129t he principle of operation of the entropycarnsosiersso The

met hod of spectral content manipulation tends 1) to increase the nunber of
zero quanti zed coefficients, and 2) to prioritize increasing the 25 WO

03/ 061292 PCT/ US03/ 00580 nunber of consecutive zero quantized coefficients
associated with higher frequency basis functions. G ven the idiosyncrasies
of entropy enuoter of canseaitivenatsl @antined dieERidnte nssodeted with dighesent t he

rel evant i nmage usin data -bef ssui ng. an.end of blqck. .5 Referrin
backvagailn t ﬁ}l{egllﬂfﬁ’g’aﬁls TOng- hg“fegﬁé? (11?1513'3# jes of ‘F%Yseft?ga f or ned, °

t he backgr ougHabléHthe JPRUNCbncSdEt tBRSHrebdy Bhe ©RAMAGIN e RRIHGIERThta | N St €P
470. I n one enbodi nent, the foreground and background | ayers are JPEG1

coded (see Fbgf@relsml)lgan@nﬂh’éblm k layer is JBI G coded JPEG 2000 is based

onadlsc ete wav t.tr rthr

transfornatl ons oﬁfg € ﬁlgall?rtél%\g)mﬁ%mter at ge”ﬁ]ﬁlergg %8[)%%8%?5 for
JPEG 2000 cogeffsrmdd)ehsbatkgtounthfedrdlid) sndrmasl Mok dodindpeA0d@egncoder
1420. Unlike JPEG 1, JPEG 2000 is not a block encoder. Al though the inmage

may be tiledinstepd7q. |h@r@@@myn%@qfﬁr%wmq/wbwbg@amdawsarfy si ze
i ncluding a ?f,ﬂ-@ 1t Pﬁe%sé@F#ﬁerEHt ?]tggmaffhdﬁggmé E%e‘ﬂﬁpl mage is tiled,

the process s per eac EG 2000 coder is
applied to the enmECBZOODﬁgBasadoaasdlmgbte walele trahsfoem (BW T fathed B 1, a
forward transform.is perfornmed. is case, the forward transformis a

di scr et e av erePCl tEamsfosmationsef JPEQC% Kigpge ]|4§H‘2%Tad%%f8ﬁﬁ8%‘éﬂrqcﬁﬁscfoﬂl fferent

deconposi ti Ofpfk@YEdSodle deconposition |evels contain a nunber of
subbands tha?Pcong(? stO of coefficients that describe the horizontal and
vertical spatial Theespmc&:i)!nagedﬂmtsqarbsiﬂbdsoIHEGMOsmmm1t412(Il eUnliRower of 2

dyad ¢ docomORLY) BB Lin noktfod Bhob A FERPP0PRE TS
the tile sizes may be uniformly selected to be any size including a tile the size
15  of the entire image. If the image is tiled, the process is performed on each tile.
Otherwise, the JPEG 2000 coder is applied to the entire image as a single large
tile.
As with JPEG-1, a forward transform is performed. In this case, the
forward transform is a discrete wavelet transform 1430. Each tile is
20  decomposed into different decomposition levels. The decomposition levels
contain a number of subbands that consist of coefficients that describe the
horizontal and vertical spatial frequency characteristics of the source tile.
Power of 2 dyadic decompositions (e.g., 1470) are typical. JPEG 2000 permits
decompression at different resolutions.
25 In one embodiment, the forward DWT is performed using a one
dimensional subband decomposition of a one dimensional set of samples into
low pass and high pass samples. In one embodiment this is achieved using a
Daubechies 9-tap/7-tap filter (irreversible, used for lossy coding). In an
alternative embodiment a 5-tap/3-tap filter is used. The 5/3 filter is

30 reversible and permits either lossy or lossless encoding.

26



25 I'n one enbodi nent, the forward DWW is perforned using a one dinensional
subband deconposition of a one dinensional set of sanples into | ow pass
and hi gh wess/neaspl es. In one enbodi nent this is achi evedPa3iusg3/e0580
Daubechies 9-tap/7-tap filter (irreversible, used for lossy coding). In an
alternative enbodiment a 5-tap/3-tap filter is used. The 5/3 filter is 30
reversible and permts either |ossy or |ossless encoding. 26 WD 03/061292
PCT/ US03/ 00580 After the forward DWM, the transforned tile is quantized by
quanti zer 1440. AAftenthedpywaddd\Wdr theaths{drereddile sdpmntibed byignantized tile to

enerate th onpressed i nage 1490. .In_one enbodi.ment, the entro
gncoder usegyg} %ﬁ’é‘?‘?]&y E‘Ef&gﬁrgﬂ%é%{be%ﬂfl?%% qupRieRd g e pstateach s uB%and
of the quant izeehrhpreSseliNirdge HEGAN UintneRindtimertt) HRCentRPY I c@bdderconsi st ent

rectangl es (one fromeach “subband at each resolution levéel) forma
preci nct 1472sespaghmetiecodiog- is further divided i nto non-overl appi ng code

bl ocks 1474 for entro encodi,ng,. . ner.al | he..compression.rate achi eved

by a JPEG 2000 coﬁ%‘?e'tﬁ?ﬁyowgdi‘%j\mﬁe?ﬂ‘esﬁ%ﬁiof@e' %ﬁ‘if'tﬂeﬁétf)erri ng back

to Figure 4, rd@ul&eNodial Three(sph@slly @Mbisicat rekPaE%le%QQxQe fro@s@dnhencoding is
e

illTustrated in Figure 15. A |layer of the select stripe is selected in
step 1510. THebk epch xesolugiar lgvab domn pipuecingt 147 % fEagh preimt i egi ons  and

associ ated a [ I T | xel | S| regiopn. are a 15
subset of t notoiel fieBH R on R REERg Rl pERRIOAR SRR IASRAEC D 1)
deci si on r egiGenerallyftheabthpasssiotirateedhranad Y aJPEEQ000codek énpisves sel ected i n
step 1530. Each Did al so has an associated foreground (Fij) and background
(Bij) avlraydentheppage i359009th ystrates the rel ati onshi p between the

regi ons. The cont . g, t i t eislittle
variance in 20 tﬁg%grru? e%b%%qgﬁﬁgihg%éﬁﬁgﬂaﬂaa f)ﬁ&sﬁ%@\%ﬁ] Eli:“(n; %ﬁ? wll be
assi gned to ®adddencbitimg if dlusgated il Figuré he: Adajeg b thedeleatedrstrigpendi ng upon

whet her the average value i | oser .t o the background color or the
foreground c8fgste pb?tegié%ﬂite(iaw i fixidedriptor plugliy 026?61%9%%0%9

pre-det er m ngdq bNqeRRY &aﬂﬁ&ﬁe@fbn}&%ﬁe pixels of each decision region are a

15  subset of the pixels of the associated analysis region (i.e, D;c A;). A

decision region, Dj, and associated analysis region, Aj;, are selected in step
1530. Each Dj also has an associated foreground (F;;) and background (Bj)
average. Element 1590 illustrates the relationship between the regions.
The contrast of Ajj is calculated in step 1540. If there is little variance in
20 the area of analysis, then all pixels within Dj; will be assigned to either the
foreground or the background layer depending upon whether the average
value is closer to the background color or the foreground color. For example,
if the contrast does not exceed a pre-determined threshold in step 1542,
processing continues with step 1610 of Figure 16.
25 Step 1610 determines if the average of Dj; is closer to the foreground or
background colors. In particular,

+F .. B.. +B. ..
. .-1,1) +_;_( ij] > 1-5), then all the pixels of Dj; are

E.
if AVG(D;)) >( Rl

assigned to the background layer in step 1620. The background average, B;,
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processing continues with step 1610 of Figure 16. 25 Step 1610 determ nes
if the average of Did is closer to the foreground or background colors. In
particul awp o3Be6i2p2 1 + B 2 then all the pixels of Dy are i PCAXSOENEE0 > 2 + |
assigned to the background | ayer in step 1620. The background average, Bij,
27 WD 03/ 061292 PCT/US03/00580 F.. + F.'_. is set to AV A j). The
foreground average, Fib, is set to F1 2 "' . In the alternative, all the
pixel s of Did are assigned to the foreground in step 1640. The associ ated
foreground avera Fij, | et to AV Dll), By is setFtorEh aver age of
nei ghbori ng b%?ﬂ’ég%‘f‘gg(éu)r rﬁ‘§§ qUergee Iy, isjseqto Fym: —%_ﬁf Bteferring
back to step 1542, if the contrast exceeds a pre determ ned threshol d,
some pixels Nttlinatjee,a!élsthgpéﬁlsmf th!ee ﬁsstmddmuﬂﬂe faregrewndint ssep be40. backgr ound.

The pixel s a arran 5 . P~ GRQUP_2 sing a 2 neans
A'gort  hm i n e afrotaBil foresSutd Pudhlt Ryl FRREOT P For each

pi xel group in step 1560. 10 Stepl562 det er mi nes g, GROUP- 1 is generally

| i ghter than am@elgmmmﬁmsmstem@%)\(@njage@-e-*dal cul ated for
this purpose. If only a single bitplane is used, the®averages al one may be

conpar ed. 51 f LUM Raferring-bddi(téwep2p42, tifthe pontedss eﬁeemdeﬂefmﬁied are
assigned to the background and the pixels of GROUP_ 2 in Did are assigned to

15 the foregﬂ&fﬁf’kj’ ‘iirrﬁoé‘}edﬂx‘il??‘@ub?ﬁ%“%}f@%@rt%ﬁ‘?aeg%ﬁ“a@%dﬁ%meﬁ%@ecurrent
bl ock is tba&k%r@ﬁéﬁ-l xEIE%rJ gl.ml% ta,y)%ggg @R%JJP— 2 )I n step

1572. If GROUP-T is dark 2, the IpIXESInDIj
are assi gnedusmgtamem{émseaggmnhm e THEOGRBERvrage (EVG_1,AVGR)as e assi gned

AVG 120 and CREUEAREFSHRIME S U 0 o Sot 1o AVG.2 The mask is
updat ed jgccor di ngky1562 determines if GROUP._1 is generally lighter than GROUP_2.
The luminance of the averages are calculated for this purpose. If only a single
bitplane is used, the averages alone may be compared.

If LUM(AVG_1)>LUM(AVG_2), the pixels of GROUP_1 in Dj are
assigned to the background and the pixels of GROUP_2 in Dj; are assigned to

15  the foreground in step 1570. The background average for the current block is
set to AVG_1 and the foreground average is set to AVG_2 in step 1572.

If GROUP_1 is darker than GROUP_2, then the GROUP_1 pixels in Dj;
are assigned to the foreground and the GROUP_2 pixels in Dj; are assigned to
the background in step 1580. The foreground average, Fj;, is set to AVG_1

20  and the background average, By, is set to AVG_2. The mask is updated
accordingly.

Referring again to Figure 4, once layer separate has been achieved (step
450), layer interpolation is performed in step 460 as illustrated by Figure 17.
Due to the use of wavelet transforms, smoothness of the image tends to result

25  inmore compact encoding.

A layer of the selected stripe is selected in step 1710. Step 1720 selects

the next pixel as the current pixel proceeding in a raster scan order. If step

1730 determines that the current pixel is a hole, step 1740 applies a smoothing
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Referring again to Figure 4, once |ayer separate has been achi eved (step
450), layer interpolation is perforned in step 460 as illustrated by Figure
17. Due wo mBhei2ase of wavel et transforns, snoothness of Plo#/USIHYS84 ends to
result 25 in nore conpact encoding. A layer of the selected stripe is
selected in step 1710. Step 1720 selects the next pixel as the current

pi xel proceeding in a raster scan order. |If step 1730 determ nes that the
current pixel is a hole, step 1740 applies a snoothing 28 WD 03/ 061292

PCT/ US03/ 0058§ter fo intezpolate d vitlee fooithe errsent plixed  The ptoeesscontimuxts wypititel . The

process contipues until all_ th i xels of the selecte yer have been

anal yzed (sté@l{!}ie?%’ef?fs Ofg?egﬁﬁ}eéte%é%qr?ﬁg? g?ftne‘g‘abf?@dZﬁﬁf)gﬁr@'nt of a snoot hing
process for interpalald Masiabeom Rboditlenest { fhoanigisbcsowce | mge |ayer
1810. A PxP 5 sanpling wi ndow 1820 centered on the current pixel (pc 1822)

is used to intemobadingtlwle hixebyaluesfor pgiven so8Re impge lagied 1H16. &nfydtli nents, P=5

or P=7. filter 1890,consists, of.a plurality.of e nts . I'n one
enbodi nent, ??IPPg?g wiadey ?éiozceﬁéeﬁ%%f)ré%ef(ﬁr{e@& }SIX‘FL@C#?% é‘c’_rlilsﬁgi?%rpce_ss
provi des _a waitgfpobdte BRY dARtdrE pikeP18222 G VAR ust ditbHiReRB] P48 %P7 WAL hi n the
wi ndow. The weighting 10 of the pixels depends upon whether the subject

pi xel s are " EHeEH90 copsistygha phakity| of elempenih¥Buh by onarmbodimenh filigr pi xel s are
holes (i.e., 1&dd:€l . A.r .wei ghti ng depends on
causality angigérde B%aﬁggelz%?ﬁtfﬂgkeg’&ﬁﬁ%@é%&%se?égm&}ségﬁ%éﬁk%i xel is any pixel
whi ch has al neadjlijedeaivetage\fer the dubjyctipieels Withid theevinfowc dbdiwigghting ast er
scan order. Non-causal pixels have not yet been trayversed (i.e., they have

" Iz

not yet BBenofHe Rizsie eepgsidzaponathathrs the publect pislicie agustlhor wraRow
traverses the,ggl ﬁfxﬁh&@@g&e'a%%{&?d é&@l’s%?éjﬁ(ﬁ}as (k! %&8&?&?&}&’&%@' s are not
al cul at eva

considered for any c Ions. Re nt pi xel s"and causal, 1rrel evant
pi xel s may bé¢relevadt)f @hus titeargightiig depends ahweudatity £#(d reRFahee afithe enbodi nent
the value for the center pixel (p,) is calculated as follows: 1 w V where
subject pixels.
A causal pixel is any pixel which has already been traversed by the
15 filter proceeding in raster scan order. Non-causal pixels have not yet been
traversed (i.e., they have not yet been the center pixel for the filter window as
the window traverses the selected image layer). Non-causal irrelevant pixels
are not considered for any calculations. Relevant pixels and causal, irrelevant
pixels may be used for interpolating a value for p..

20 In one embodiment, the value for the center pixel (p.) is calculated as

follows:

1
pP.= W z PV where
ki=1.P

W= ZwuVu

k1=1..P

[0 for the center pixel andEnon causalEirrelevantEpixe
25 w, ={m, for relevant pixels
Lmz for causal irrelevant pixels
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PC - Pkr kf k! W W=1 W, Y, k,1=1.. P (0 for the center pixel andEnon-
causal Ei rrel evant Epi xe 25 w,, m for relevant pixels [nR2 for causal

i rrel evarwopBnoel2s2 29 WO 03/ 061292 PCT/ US03/ 00580 | rrel ewamtusps/aesBe wi t hi n
INT(P/2) rows or colums of the edge of the inmage cannot utilize the full
filter wndow (where INT is the integer function). For these cases, the

w ndow i s truncated appropriately. Wen proceeding in the raster scan order
fromthe beginning, clearly 5 the process above cannot commence until at

| east one rel evanlrrqﬁwaekplmlsm;itﬂiﬁhrINT(le@)frbM erco/lhmnis\z\fth'lémdgéioftl&zr is moved

in the raster scan order condi tio rs at er Y. Once
the cal cul at "9A&¢ C&F‘Bob‘é%rth%&ﬂf @ﬁerﬁ?’ BE‘QPW\(Wheé?\&”g %H?tﬁ%fr goé‘}ant

pi xel s in the,saRE AL hhmhdHwistAiai-ns ?"Fla\‘é ue as was calculated for
pi xel Y. The process then continues fromg i nt 0 forward as descri bed

above. In one eandnenmnmeedingandhmsmecaswlréeltfe@mtbe kegighingy dealant p| xel s
nor e heaV|lsl y .t han cau |rre{ evant

embodi men?, ~ fe BXOsess4 oYﬁannfo %OW’@‘%II %r‘étff té\?ﬁﬁ'?le}ﬁ?%f@”éejlfwggmas heavi | y

as the causaknd fili@@Enaslv. Ahs#ler ishbedSiRRE Hishy sBIPGRES ufi@Ndichhons the 15
irrelevant pixels so that the layer may be nmore efficiently conpressed with

a conpressi @mbtx@@eg@rmﬁ Pigelal . vianed the cdlorladens are aayfprned farpixdd, pr ecedi ng

detail ed descriptio n on ;s descrl bed vvlth ef erenc
specific exeﬁ‘rﬁygréceg% cfgle a’%'/ts&f(?%selrne%l aorrflgru%re as%ig? cario evagu ifd changes

may be nade h§eaetdchieddut piePar Théigrocethéhe@binaasdebnSidint Y 20 and scope
of the invention as set forth in the clains. The specification and

dr awi ngs 18r eforavaed peifesgriped aboyse regarded in an illustrative rather than a

In one embodiment, m; and m; are selected to weight relevant pixels

more heavily than causal irrelevant pixels such that 251, Inone
m,

embodiment, m; = 2 and m; = 1 to weight the relevant pixels twice as heavily
as the causal irrelevant pixels. This smoothing process conditions the

15  irrelevant pixels so that the layer may be more efficiently compressed with a
compression process using a wavelet forward transform.

In the preceding detailed description, the invention is described with
reference to specific exemplary embodiments thereof. Various modifications
and changes may be made thereto without departing from the broader spirit

20 and scope of the invention as set forth in the claims. The specification and
drawings are, accordingly, to be regarded in an illustrative rather than a

restrictive sense.
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restrictive sense. 30 WO 03/061292 PCT/ US03/ 00580 CLAI M5 What is clained
is: 1 1. Anethod of preparing an imge for conpression, conprising the
steps 2 wD:03862y2 separating the inmage into foreground anacChaskyprsend i nage
4 |ayers (120,130), and a mask |ayer (140); and 5 b) applying a snoot hing
filter (1740) to interpolate irrelevant pixel 6 values in the foreground
and background | ayers for wavel et coder efficiency. 1 2. The nethod of
claiml1 further conprising the step of: 2 c¢) encoding the foreground,
background, ShAIMEKk |ayers with a 3 forward discrete wavel et
transfornatiaglﬁggqger 1420). 1 3. The nethod of claim2 wherein the

f oreground an Ebaékd?b " layers 2 are JPEG 2000 encoded, wherein the mask
| ayer is encoded with one of a JBIG 3 and a JBI& encoder. 1 4. The net hod
of claim1l wherein step a) further conprises the steps of: 2 i) dividing
(1520) a el éct edAimgtbpd iohpreparipg anahmags/fopconprdssiooncodnpriging e stépsd) and
associ ateg anaplysis regions (Aid), wherein each Dii ¢ Alj; and 4 ii)

assi gni ng (18%0, 1640) the entire region Dij to one of the 5 background and
foregroung |ayersy) if s@pmﬁhgaﬁmwgeﬁu@fmgsommﬁmaﬁ cundlifiragh det er nmi ned
threshold (1542); and 7 iii) distributing (1570, 1580) the pixer of Dij

bet ween the Bysrclkeld dadPdardanfask &ayien(M48): ragers, if the contrast exceeds the

pre-det ergi ned thre | ¥§$9 . PCT/ US03/ 00 5..:The
met hod of éncl aim ib)\/\her%&& ??"g% 33&18 u? fl&g’%a%(g)o 5 P{sté@ %faﬁ%rg‘%gvpasn Jf b bxell)
cl assifyiag ¢alG39in thadbrepiowdld atidBicRgduna It efdr ayelet asdereffeyeaty. 3 or
irrelevant; and

1 2 The method of claim 1 further comprising the step of:

2 C) encoding the foreground, background, and mask layers with a

3 forward discrete wavelet transformation encoder (1420).

1 3. The method of claim 2 wherein the foreground and background layers
2 are JPEG 2000 encoded, wherein the mask layer is encoded with one of a JBIG
3 and a JBIG2 encoder.

4. The method of claim 1 wherein step a) further comprises the steps of:
i) dividing (1520) a selected layer into a plurality of decision

regions (Dj)) and associated analysis regions (Aj), wherein each D; ¢ A;; and

i
ii) assigning (1620, 1640) the entire region D;; to one of the
background and foreground layers, if a contrast of Aj; does not exceed a pre-
determined threshold (1542); and
iii)  distributing (1570, 1580) the pixels of D;j between the
background and foreground layers, if the contrast exceeds the pre-determined

threshold.
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4 ii) applying (1740) the snoothing filter to each irrelevant pixel, p, 5
proceeding in a raster scan order to interpolate a value for that

irrel evarwodsfpseet. 1 6. The nethod of claim5 wherein a rommsos/aedo

wei ghted average of the 2 relevant pixels and the causal irrelevant pixels
contribute to the interpolated 3 value. 1 7. The nethod of claim5 wherein
the snobothing filter is a weighted 2 Gaussian filter. 1 8. The nethod of
claim7 wherein each el enment of the snoothing filter is 2 of the form zvkl
VKl , wherein Vkj is a non-weighted filter value, wherein zvkl is a 3
function of Lts soci at ed R xel o al it rel evance. The net hod
of cl ai mg wl%ere?ﬁ\z ?1 % 1‘?‘ twhger(%:gnteﬁ/b)glﬂdthfer‘(oncl?nseséhaﬂep "2 non- causal
irrelevang pixel.jl 1Q1as§1bﬂngm7b0)daa@ﬁ Sledivitthth M&@éceedllawkés relevnt f its
associ ated pixel is a 2 relevant pi xelp wher ei n zvki n2 if the associated
pi xel is & caubmlevant@andvant 3 pixel, wherein J >-1. nz 32

4 ii) applying (1740) the smoothing filter to each irrelevant pixel, pe,
5 proceeding in a raster scan order to interpolate a value for that irrelevant

6 pixel

1 6. The method of claim 5 wherein a normalized weighted average of the

2 relevant pixels and the causal irrelevant pixels contribute to the interpolated

3 value.

1 7 The method of claim 5 wherein the smoothing filter is a weighted

2  Gaussian filter.

1 8 The method of claim 7 wherein each element of the smoothing filter is
2 of the form wx Vi, wherein Vy is a non-weighted filter value, wherein wy; is a

3 function of its associated pixel causality and relevance.

1 9 The method of claim 8 wherein wy = 0 for the center pixel (pc) and any

2 non-causal irrelevant pixel.

1 10. The method of claim 8 wherein wy = m; if its associated pixel is a

2 relevant pixel, wherein wy = m; if the associated pixel is a causal irrelevant

3 pixel, wherein LSy
m,
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