WO 03/ 065708 PCT/ US02/ 40646 1 CODER MATCHED LAYER SEPARATI ON FOR
COVPRESSI ON OF COMPOUND DOCUMENTS FI ELD OF THE | NVENTI ON Thi s i nvention
rel ates twotddmesoel d of data conpression. In 5 particul ar parise2uosdent i on
is drawn to representation and conpressi on of conpound docunents.
BACKGROUND OF THE | NVENTI ON Conmpound documents may i ncl ude col or i nages,
text, and graphics. M xed raster conteﬂjt (MRC) is an International

Tel econmmuni cati on 10 Union standard (I TU T.44 04/1999) that specifies a

il €1 pl o 1 ayers. e GPLPCREA HHOD e PR SEAHRASHAREEER o T ne docuren
using pre- determ ned @REPRESSION OFeoMshyiNbabocayRreNTSN t hough the | TU

T.44 standard sets forth methods for efficient 15 representation of the
docunent once the layers are identified, the standard does not address

deconposition of an MRC docunent into the individual |ayers. The
deconposi t | GRERPEPDBAIRE INMVEONmay have a significant influence on the

conpressibility .the resulti | ayer d.t,hus the size o t he

conpr essed docun@hﬁs’: S T rteltlu%gﬁﬁo ﬁﬁr@?gﬂgf gﬁgﬁ FHEPTSE YcGhposi ti ons of
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conpression. Trying each deconposition to'identify the onewith the

opti mal rat eompugdadiocymients.nt ract abl e.  SUMVARY OF THE | NVENTI ON I n vi ew
of limtations of known systens and net hods, nethods 25 and apparatus for
deconposi ng conpound docunents for m xed raster content representation and

conpr essi OnB%@(@R%WOPATFﬁE mq,gl@h(ﬁqcorrposi ng an i mage includes the
np e

step of deconposing I'mage into a plurality of stripes. Each stripe is
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Mixed raster content (MRC) is an International Telecommunication

10 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.

Although the ITU T.44 standard sets forth methods for efficient

15 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 compressed document. Thus although numerous distinct

20  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.

SUMMARY OF THE INVENTION
In view of limitations of known systems and methods, methods
25 and apparatus for decomposing compound documents for mixed raster
content representation and compression are provided.
A method for decomposing an image includes the step of

decomposing the image into a plurality of stripes. Each stripe is



interpolated to nodify values of irrelevant pixels in order to achieve nore
efficient conpression. The layers may subsequently be conpressed with the
coder. 5 wo mnmes7esrbodi nent, a perineter finding function iPETUS®/40646 h a
comon area reduction function to identify a base color for each |ayer and
of fsets to common reduced areas thus effectively separating the stripe into
foreground and background | ayers for all,regi ons except where the
foreground and background conmon reducedzareas overlap. A coder 10 matched

I araljon procgess s applied to the overl|l apped conmpn reduced area
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and in whi Chh Figure 1 illustrates a multilayer representation of a
tc%ﬁ%ﬁ%‘ Figure 2 illustrates stripe deconposition of the

conpound —do q = L aded, g backgr ound
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strates one &nbodi nent oOf an coder

layers of a stripe. Figure 4 iflustr ‘ :
process i n€PuUNeR ar¢rergtudiion unatipsits identifss bads cbiog Yoe ebeli ldyestanat es t he

[ i .pdi f tion, Fi 6 Illustrates one enbodi ment of the
Conmon ar ea T EHIGEI DA T PNERLGH 2Rr s H14chySbr epesean ehe peipd Tioa

i rs after common
e et R g Bl R o I ARG AL RS B e O

separation frégeend wWiddBcREEN0R] BGRMISO P24di0Bd6areds Evgxgag. l’Qfd:)diéLUSt rates
i [ i t] nodi 1 cation.
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reduced area to separate it into the foreground and background layers

before interpolation.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example and not
15 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.

Figure 2 illustrates stripe decomposition of the compound

20 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.

25 Figure 5 illustrates the perimeter finding function.

Figure 6 illustrates one embodiment of the common area reduction
function.

Figure 7 illustrates a stripe with a common area decomposed into
foreground and background layers after common area reduction.

30 Figures 8-9 illustrate the coder matched layer separation process.



Figure 11 illustrates one enbodi nent of a bl ock oriented conpression
process. 5 Figure 12 illustrates a zig-zag processing order for entropy
encodi ng woasfo63708 ents. Figure 13 illustrates a nethod of poadishyiosde t he
spectral content of a selected block of pixels subject to a plurality of
constraints. DETAILED DESCRI PTION 10 I n one enbodi nent MRC represents a
conpound docunent 110 wusing three IayeEﬁ (background 130, foreground 120,
and mask 140) as illustrated in Figure“l. The background and foreground
are image | ayers ..and sk layer i s binar i.e., 1 bit per pixel).
Once repr esent ed FAEHT @@r‘g?raﬁ?e%&?m ‘Plfak}%b‘és npixek srigrpotadonack gr ound
and foregrousdikRakidyers my be encoded at a | ower resolution than the
original, but the mask is always coded in a | ossless manner at ful

resol ution. The Figwe 11 diustratesdete ampodémext efdeslotio oNehayer s by addi ng

| ayers in (i ma%% masg; %ai rs. To reconstruct the original docunent, the
backgr ound SAAPIBSHCR FYPEHRd | ayers are reconstructed from their
correspofdi ng coppsaesiedilub@YRs dabaaoT . tgoki efher. a pixel
of the reconstr_ugllged docunent is %oageﬁ%rcowllt%gg%éy} Htokee%?reognnesl}cpg?ﬁ%d
backgr ound eeeffisients.econstructed foreground | ayers. The standard supports

t he use of JPEG EJoi nt P@ot ographi C Ex(gerts 25 Goup) or JBIG (Joint

Bi l evel |mage ExpEdE lEriligirdatesmetiodpf madifyias thesegeGaherrdert ebakgr ound
i mage | ayer seledtBe B1bANERPHheBURRSEL @n p4 (&), and JBIG
conpression for the maskﬁl aeyer. O?J%%g?l?? é:o H?gt:]r%rﬁ[g' docunent as a
series of stripes. Figure 2 illustrates stripe deconposition of a conmpound

docunent 210. The 30 docunent is striped for analysis. The stripes of the
striped dochFdAILEEDDESCRIPTEBINOS PCT/ US02/ 40646 4 are anal yzed and

data o0 each st Bl Bué stnad el MR it scthEousd dewresnsaidul ated i n
the MRC bi tusihpahfee?hfedS(batkgRandaldd, 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
15  layers may be encoded at a lower resolution than the original, but the
mask is always coded in a lossless manner at full resolution. The three
layer model may be extended to N layers by adding layers in (image, mask)
pairs.
To reconstruct the original document, the background and
20 foreground layers are reconstructed from their corresponding compressed
layer data. The mask identifies whether a pixel of the reconstructed
ldocument is to be provided by the reconstructed background or the
reconstructed foreground layers.
The standard supports the use of JPEG (Joint Photographic Experts
25  Group) or JBIG (Joint Bilevel Image Experts Group) compression for the
foreground and background image layers. The standard supports Group 3
(G3), Group 4 (G4), and JBIG compression for the mask layer.
MRC supports coding the document as a séries of stripes. Figure 2
illustrates stripe decomposition of a compound document 210. The

30  document is striped for analysis. The stripes of the striped document 220



242. The MRC standard does not address the specifics of the analysis or 5
deconposi tion provided by bl ock 230. One goal of the deconposition process
is to obtwion3mesresv opti nal deconposition in ternms of conpaaiuseysosas the
coded bitstreamand quality of the reconstructed i mage while staying
within a reasonable conplexity constraint. Optimzation of the coded
bitstreamrequires consideration of 10 the characteristics of the encoders
applied to the individual |ayer data. | ﬁl the illustrated enbodi nent, bl ock

230 uses JP 0_.encode .t he foregroun a backgraound | ayers and t hus nust
consi der thggpé?qlﬂﬁ‘?ﬁpg %qcoms %Eﬁb?%‘g‘d:g%'mﬁ}é%gﬁgfgépﬁpﬁi%é{ how stri pes
shoul d be deseprased28gtad H\%sk@gll\fl![ag&‘?é éta%M%hﬁT?é 8 AR Gopeon. 1o The MRC

syntax permts a set of paraneters ransm tted each stri pe.
These par anpeE&rsetentPediarespatapaiilatdd sretee MRIC bitzetseano 2d6fas Baripdiatasi ze and

posi tion of e foreground and backgrqund | ayers. The foreground and
backgr ound ??}}e?ggmscbsgag%dr%?estw&ﬁﬁ@g%f specitiggo! thaapalysipedt, however ,
i s al ways fdb&ompéﬂlti@himvm Bylbllocqg 7% 20 Figure 3 illustrates a stripe

310 havi ng coded foreground 320" and background 330 |ayers that are snaller

than the stripe. Onggqedodrtbe elesompepitiemeptoctteisf tor sgairuaheandpfiaekgr ound

base col or that are .used to fill u t he faqregroynd and background | ayers
in porti onsISPIMRAGtigRIN tepms ﬁé&PF&@CV}eSBLﬁg stﬁ@éoaﬁg bitsereamy end gpgligpeci fi ed

by the of f set tw@cghg@uaédma?ﬁﬁﬂ@ stafIfig Whfil Bk aBR LYRBleAt N, the

foreground and background |a ave caretpixel s
cor r espondi FRNERIRPE. xSIpsimization | thegotled thitstwabe redudyer casidehioniofed by
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individual layers for compression.

15 The MRC syntax permits a set of parameters to be transmitted for
each stripe. These parameters include spatial offsets and sizes to define the
size and position of the coded foreground and background layers. The
foreground and background layers may be smaller than the stripe. The
mask layer, however, is always full resolution and full size.

20 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

25  parameters.

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, .
30  there is a corresponding hole at the same location in the background layer.

Such holes or don't care pixels are irrelevant to the reconstruction, but can



Bl ock 230 nust anal yze a stripe to determne the followng 5 information:
1) offsets and sizes of coded foreground and background | ayers, 2)

f or egr ouroandeizag kgr ound base col ors, 3) full resol uti onpoagksp2/46b6
interpolation values for the don't care pixels in the foreground and
background | ayers (i.e., JPEG matched interpol ation), 5) JPEG paraneters
for the foreground and background | ayers; and 6) JBI G paraneters for the
10 mask layer. Figure 4 illustrates one enbodi nent of an MRC coder process

including t tILpe: | ysEsS, process. The I:}/RC cader process is operating
on stripes gﬁ Vt%hgelﬂgf\ %@%2‘& agléer?*ﬁgﬁn?rﬂ@é%ﬁ'é’ﬁ‘t .e%?rgﬁnﬁl‘ﬁp%f}éfflfﬁvﬁ S- whet her
there are arjivenrthastid pelsiet rpliAeRSant kb r8Qnstileidnt 'Plﬁ’%pﬁfagﬁﬁé I's 15
conplete in step 490. X herw se step 420 obtains a sfripe r anal ysis. The

stripe anal y8P<iisdr ta achigge mese piicoantcammpressiprsubdi vi ded into three

conmponents. In s 4 he | ayer offsets, ,sizes, and se. . colors are

det ermi ned. St eptBZ@%( %%’Or fxg)ursr?}sang}l}@(?oaeﬁtrﬂ?ft Eongﬁtelrﬁ’g}%‘? ?}é% ?%“t’lrﬁn. In the

i | I ust r abed iefobadiiorntl) dffets ad 8i2ePBEHBEE IStk BYS 2HEPRI At Alhd f’t egpégo
D acilitate

20 then i nt?rpol ates the irrelevant don't care“pixels to
conpr essi on 2YRi® 2 HRERSTORpAebhackgandnd deke colors)3)l fayleresohtionkiiEek, coded

and the nas ' oged, i n, st, 47Q. The process continues until
all stri pesﬁhg@éﬁ{)oeléﬁoré?)&%éés:ssetf.qhﬁgeorbgg‘?frecﬁlx?]ﬁemf&‘stt%’r%ré?ﬂnafa%e stripe
anal ysi s pr badgouadtlayésdques JPRE maAkheQ4RErsbES: E( 5'? [S

t hrough appr o?fgliate se ecgi o(r?\]of brgse col orsrﬁbl?aaﬁlo?gp'a%)g? Sl g%nlé% Iesoffsets.
If a corrpouﬁR)r sdaragiound andabagkgzound layarssiraht) fRiCopsararheterseefoarthb e, such

i nf or majg on re economcally conveyed through the use of offset
and base cofrg‘rgﬂpgf%lrﬁrgt ers as opposed to JPEG encoding. The first step can

be further subdi Figted 4 illi@tratdicorddBmbbaife’CoLhn AR c?errtéljog sng and
conmon ar ea, rle}‘(‘zlucti on. The functions may be perforned substantially

si mul t aneou8IC 1dipg) tbQIS_OGBEY 98319@'5_/ }QlS@QSMO%MK'ﬂodepprbmsésroﬁémdhgg _
that - cons: 508 carPsn A RrB ST g0ty Srmtle deberditeagion i the
i mage | ayerwhatieerthetetarkethy thot¥ $h¥P&! Ifprocess. If not, then the process is
15 complete in step 490. Otherwise step 420 obtains a stripe for analysis. The
stripe analysis portion 430 may be conceptually subdivided into three
components. In step 440, the layer offsets, sizes, and base colors are
determined. Step 450 performs a coder matched layer separation. In the
illustrated embodiment, this is a JPEG matched layer separation. Step 460
20 then interpolates the irrelevant don’t care pixels to facilitate JPEG
compression. The image (foreground and background) layers are JPEG
coded and the mask layer 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 encoding. The first step can be further subdivided into the functions
30  of perimeter finding and common area reduction. The functions may be

performed substantially simultaneously.



anal ysis of stripe rows and columms is perfornmed for this function. 5
Figure 5 illustrates the perineter finding function. Step 510 selects an
edge to swero/oed7osr gi ven the set (top, bottom left, rightrkr/usot/4deear will
eventual |y be processed so any edge nay be selected initially. For purposes
of exanple, the top edge is presuned the initial selected edge. A scan is
performed on the stripe beginning with Qpe sel ected edge 10 and proceedi ng
to the edge opposite the selected edge as indicated by step 520. The scan

continues until countering.nmpre than two distinct. golors,  The first two
di stinct colors E@go%rl?ﬁéerc%ﬁgﬁn@a{L@CHQQ@tWBES_ tp?aflf‘.g b ,t?‘f‘i;ﬁe“ exanmpl e, the
top edge is maginghlongsbkeacized o'f@Vgtﬁgaffﬁt &ﬁ&ﬁé’!@bf‘@nﬁlﬁ tw8%old?P so gHgEe and

P

proceedi ng toward the bottom edge are perfornmed until 15 encountering a
third col or thegesidwal ¢adacheegion s thoimage JayePs evesunimizadt i &lsystemati

anot her ed I e ed in step 522. If th to dge. was j.nitiall

sel ect ed, ?%ghﬁfg%&fgg%@ei %OVY%gnﬁRe@megﬁﬁés PﬁSBH@er%gﬁﬁsﬁﬁftlo@canni %g i's

per f or me8l begi nniFn%xwi 3 NludieteeWmepsenang fifdiageRdichent e 810 fséle@%pOSi te
ni ng

edge in step 530. the left edge is selected,” 20 scan proceeds al ong
col unms unt RN esigedaritatiwigh giverothe seit{tdps bottona, leftenight]. oAlltfber ealidi dat e

base col or j hs marks t.he second boundary. . Proceedi anti cl ockw se,
athird edgggléétugielipeb&%r@ CFereg‘tsé)pa@’S?.ﬁlgei ay st%‘fft%‘&é%‘ ¥ iq%’lr PUEPPSES

sel ected, tbeekdthplk, eHgeop $dERes PRl EAEeini HalMatectédTb@gé Ment . Scanning is
performed beginning with the third edge and 25 proceeding toward its

opposi te edge i nAst@p is4@rimmad entheistrird beginnig with thet selectetbedge nember

f th di : ir. Thi. Kk hird b .
2 ocoeding AT PTpSRHiRE R Ble PRI opPehifedTF scBetedaddr tindb@PE R biapr ¢ ne
top edge wa520.nThealchd @akielesdintil %cﬁﬁﬂfeﬁ'ﬁgeﬂﬂﬁeitﬁalﬁ ngo][ aghhﬁﬁgﬁsré.“ one

30 enbodi nent. Scanning is performed begi nning wt ourt ge and

proceedi ng {Badirst twe d?ﬁ;ﬁb@t coloreigepme thwt eandibateuvasel coborcpaint & forg a col or
VO 0310608, U RPLAORSe b A b s T 2o
obtai ned t hedgdiné pr0MMIng tOWEEL W Bottom edge are performed until
15  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
embodiment. Scanning is performed beginning with the new edge and
proceeding toward its opposite edge in step 530. If the left edge is selected,
20 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 edge was initially selected, the third edge is the bottom edge in one
embodiment. Scanning is performed beginning with the third edge and
25  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.
Proceeding anticlockwise, a fourth edge is selected in step 542. If the
-top edge was initially selected, the fourth edge is the right edge in one
30  embodiment. Scanning is performed beginning with the fourth edge and

proceeding toward its opposite edge in step 550 until encountering a color



and background | ayer offsets and sizes can be determned in step 552. One
5 of the two colors of the candi date base color pair is assigned to the

f or egr ounwola®es7o®l or whil e the ot her nenber of the pair iPETAS92/g0%a@6 t O

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 optimal. 10 For exanple, a diffferent initial scan edge may
result in a different candidate base color pair and associ ated offsets

that producendt is ok lathenttRE o the OhAida0e BRI YairS TR ARAIENRY! €5 1L hat

the process is repeate until a can or pair and associ ated
of fsets arefaetterbvureldryor each possible starting edge. 15 After each edge

of the stripe hag been a ,starting edge there will be four candi date base
color pairs wt hgé&‘gef‘:ﬂ‘éd’%f tes.0 ﬁ%dat&%ﬁ‘g}élsFamb‘Bgsf%egr@% ting

edges have bggn, ggg&qﬁ@eg S rm S ? - 23S ts the
candi dat e base c?ol r pail ry aﬁggéatgggl&n%?eesgéégft%&;g?% IQ‘%%%% i?r{r)%tsegls)t%z' ??ﬁ%he

smal | est5 codéthe bgd ankors 20 thid cartdidateobase,coldrepdinieaysigrad] snthebackgr ound

| ayers are the sanme,  size and have the sanme offsets resulting in a comon
area for thETeBEEY Baﬁ?d@ﬁavﬂagg}%‘aﬁ*&r I%VEB%FO H&E%‘ﬁﬁ%ﬁssdg’é%‘?ﬁ%ducti on
function am@gﬁg 58nd 8dLEEollhe size of the coded foreground or background
| ayer beyond t elc%éogn?mnqar e%TO 25 CGenerally, the conmmon area is columw se

scanned from oneTkddefortatiznmndsbaired pp dai represtyes ofibe ohe aahdiziatopapi xel s

havi ng t he bgge color of  the, selected |ayer 1's,tabul ated for _.each col um.

Thi s val ue PSPR¥NRIPERANdREsCiAted 0dsRb: dlhisotufiancmayynaldie eptimars. . A
vari abl g) NEb efarhBIE ol diffelnd iffaI ARGHTRRE ey it Ala diffefii. embodi ment,

NF is selected to torrespon nnber’ o ums required for a
0. 25 i nchescanditlhte Besesobor pair andessddigiedusifsetstioft piodacd annmllsher e t he
fraction of pixels. havi ngot e WO 03/?505708 PCT/ US02/ 40646, 8 sel ected | ayer
base col or FHIGEIEEAPRWATEOTAIRGLY: step P60 esypethal te precesyiciegeatedd | ayer is

adj usted t Ouﬁhf‘%‘caﬁai&a'?@b%egé&@% @ggﬁ%&n A&okiiRed GHIME Gr8 detdiihihbass one

enbodi nent o € conmbn area re
each possible starting edge.

15 After each edge of the stripe has been a starting edge there will be
four 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.

20 At this point, the foreground and background layers are the same
size and have the same offsets resulting in a common area for the
foreground and background layers. The common area reduction function
dttempts to reduce the size of the coded foreground or background layer
beyond the common area.

25 Generally, the common area is columnwise scanned from one edge
towards the opposing edge. The fraction of pixels having the base color of
the selected layer is tabulated for each column. This value is compared
with a threshold, T; typically set to 0.75.. A variable N is a function of the
document resolution. In one-embodiment, N is selected to correspond to

30 the number of columns required for a 0.25 inches width. As soon as a

contiguous run of N; columns where the fraction of pixels having the



function. In step 610, threshold variables TF and NF are initialized. TF is
a 5 pixel threshold and is set to 0.75 in one enbodi nent. NF represents a
nunber ofwoastbgroous rows or columms threshold and is a faaiusozv4@hic t he
docunent resolution. In one enbodinent, NF is initialized to a val ue
corresponding to approximately 0.25 inches. In step 612, a layer is
sel ected for comon area reduction. In e 10 enbodi nent, the common area
reduction function begins with the bacKground layer. In step 614, a
e.is.sele one enbodi,menf, the starting

starting ed of the stri te I.n
edge isgsel g%’teggfdf']aé;ﬁ{ ?F@p%’flmi f‘?ilslb ‘?Wcairndtherﬁcﬁﬂtls sopred and theep 620 a
nunber of C(blaulﬂgl%uﬁ@rﬁa?!@ﬂ Ba d tb%tfigtattlg@e 5&@9@‘? ?Eéh%ﬁ”@'?,o scans a

colum to identify a ffaction of pixe vin ase col or
associ ated with tgurech diussrhteaper. enhbodifent T the. qpmmioasareh redudBén of t he

pi xel s are.associ at ed w he round hase lor), then NCOL is

i ncr ement edfm??inosrt'ebl é@ﬁé@wgﬁﬁ@%’q% s@fdy Fi%ﬁgg‘lflﬁh%ﬁdeﬂ“m%@f. St ep
642 det e3 m pece] tWhehbel aNER- <& ; t 1, i t re are at

| east NF 20@contti guogs gol urrﬁgt %97%58?111%@@6@%%@%5?&?%@% agt ep 660

checks whet hembdrertecantiguaddiromonat cololmmnthresholdearmt ace$andtion bf sige St ep

662 sel ects ;the next col umm d the progcess continues with step 620 using
the new col GRAUMERt §85,0cf'tlﬁ8ﬂ' g?‘e?)“%@ Bess Nads HHHéfiz%ﬁ éaagfalipe sel ect ed

| ayer by NFcodBsistdifBso approxindies) bysliyagser eases the amount of common
area required for coding the selected |ayer. Accordingly, the mask val ue

in the di scardedIn pept6l3nadayerhie selertashfcarceauinsn seta redudiny dlnien@ssoci at ed

with t selected |layer in step 652. For a _mask convention of 0-background
and 1 @eg?%\%ﬁ’g{}m@ﬂgttﬁg COMIMOY; U3 T8duCtion SHneten beging witkdtheayer , t he

mask 30 vabaEdrsuAd 3a18redn shoPs (DAY f Fihdlstrifs K& ifjg the
backgr ound VO 73/ Rt el U§82/ Aocye g gcacﬁeo(?,thgﬁblﬁé iét%?i?c\?m@as{eﬂg& ep 660
t hen det er nPnesmMiivetiment,tthe starsing edge isrseteztab Froment ofphedeBsand! f step 660
det erm nes t.hﬁfﬁa‘gere are no nore columms to process in the common area,

step 670 det'® $if there is another starti ng edge to
In step 620 a number of columns variable, NCOL, is set to zero. Step

15 630 scans a column to identify a fraction of pixels, P, having the base color
associated with the selected layer. If Py < T, (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 = N;thus determining whether there are at least N,

20  contiguous columns for which P, < T;.

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 50, then step 650 reduces the coded area of the selected layer by N

25  columns. This effectively decreases the amount of common area required
for coding the selected layer. Accordingly, the mask value in the discarded
portion of the common area is set to the value associated with the selected
layer in step 652. For a mask convention of 0-background and 1-
foreground, in the area discarded from the background layer, the mask .

30 value is assigned to 0 (background) for all pixels having the background



5 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 fwoms/osi®ep 620 with the new edge. Once the common pamazsoe/eeuect i on of
Figure 6 has been perforned for one layer (e.g., background), the process
may be repeated for the other 10 layer (e.g., foreground). The foreground
and background | ayers, however, cannot th be reduced fromthe sane sides.
Thus if the background | ayer has been reduced fromthe | eft edge of the

comon area e e [ ced fromthe |.eft edge. The
f or egr ound, © ltcc))\?v’e?/lfé(?,l %&H&%e. ﬁgﬁ%&gqﬁ?%‘%%?%@lp%mrﬂeégarel}}efre ALE g’éﬁucti on
fromthe ri gidrenadupingvioopisic¥ssl5 been made for the background |ayer. Thus

scans for one or_pboth edges of one |ayer can be skipped entirely. Thus it
i s necessary to HodBPi66) datermaingsshatt trervare hormdieceolumiisoro pravebent ed

I [ | L t t.i ch duct i f th
cdyes for LR nant rhgsd S e bR AR PR SpaPefer e gt fron. ar ea

reductidn Peodesmclfi wots tesretteepiocesteld ouisibaa inddthy 600N OthEARikYheEVen if a
first candidate base color pair yields a Iarger comon area than a second

P €l a:
base col or "Pi§lge esekaciest fos praressing wastep 63 endphierprossssyepeats rasmal | er
sum of for&gg)%@%ﬁﬂthq@&gé%}d | ayer sizes after common area reduction.
g

Perform ng pefinmeter findin d comon area reduction functions 25

concurrently enabhes thaeoiransearéd rafictidn SOFRLRE 6LNE bayepasaRede further
reduced imtwfdi ately after identifying a pair of candidate colors. O the

four possi biok AgHayemtess phrekground), she proeess yiast bie repratedior thetotbem of

ar eas t gr fore nd. | ayers i s chosen. The mask val ues
are nowmas sllggﬁ{e)g&gésﬁg%%g%&? e ?%% g({r?gr%’fmfﬁgd%cgﬁ%ﬂ gi_y €5 O ver,
enbodi ment , crimet lhioghberreficed frofh @hetarhe M aNCRuCHItRE bakk xfonﬁdtlagér col or
pair is considered the background base color while the V\D%3/ 065708

PCT/ US02/ 40%6Pecroresiaedrirens b [pg edgesefddecspmmoperehethiecfoeeground base
col or The b s IR AR Eel! Thel USRS PR EL A o1 o
respectivelweducbitsmehe right! dtipel @Ry fedRESNIRONCEE MENORES pRKIGRION ar ea,
the masllg 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 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
20  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 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
25  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, the one that yields the smallest sum of areas
of the background and foreground layers is chosen.
The mask values are now assigned based on the results of the
30  analysis. In one embodiment, the lighter (i.e., higher luminance) color of

the base color pair is considered the background base color while the



5 val ues are assigned accordingly (see step 652). For exanple, if the
foreground | ayer has been reduced, the mask in the discarded region is

assi gned wo wheai7opi xel s with the foreground base col or ar@cagsogmeds 1 whil e
all other pixels are assigned 0. Thus after processing both |ayers, the
mask values for all pixels other than those conprising the intersection of
the 10 foreground and background Iayerslbas been determ ned. The result is
that the foreground, background, and mask values for all regions of the

tri L On.: ted b I d d
have. beon oS (20 PREREP estO G BRRS Cofats The etk firon o oa

712 before ibercassipnedindhor eduddpearling b wheihRe the cORE YTRAS Sﬁlxé'l M the
foreground Layer 720 with_reduced comon area 722 and background layer 730

wi th reducefaCgiondd bassoraor thedoregrogndimse cethuc eebpeotively. area is t he

sanme as th ; re.reduction, ,The background reduced
comon ar egﬂ%gw ﬂ(}%l\?/ég}a};e?ssgz?ﬁ%ﬁ%?@dﬁﬁg{% f}??d?%rgm%alfﬁagh% n area
20 reduchi omalwees asa(aeﬁ'gﬁé&llacéd)dirtgl? (Sacdtep eund (%’@fa-m}?@,sifﬂﬁ@l ues have now
been assigned to all areas except the intersection of the foreground and

background EUREMRD ANEEasbess rednced:dhe Imaak inatheciesadpd eegioneis

i ntersectiog L I t he background conmmon.area 732. In one
enbodi ment , -t %n%&og%?gér*yé %thql&lteeﬁrdé%é%rggr% ASGQf Y8 Age a%g%ff bolkide ¢ o

ensur e t hat all bthecpixelsairesissighed i MTh@PEREr PRRESIAS Dot By eds YREGagoder ,
t he boundar%; of the reduced common area is adjusted to er?{sure that it is

8N pi xel s f Ydlves Her pdirixelgqther tharethasermomprising the ibéfrseatiarediitité on,
wh i i i i , 2 . .). T t he | ti f the
fwo Carins [orfradHEBRE telicBrountt lopersha e AeRuinited 1 She FRGHT & Wakdge. of

the area 30theofobegimaael] batkegrohing, 688 dnadieahRb tfoﬁgu%_egifonk_*tﬁ tH@%E@%QU“d
common reduced 03/ 065708 PCT/ US02/ 40646 11 area iS adjusted to ensure

that it is XRBEt¢Pertien seprgpsaied by ovenlappddéemmentyeechfcetirmrei®hages ound

comon red . erring to Figure 4, after the stripe analysis block
430 has igg%?‘l ?F’gegn}lﬁgébase colors and offsets (step 440), a coder matched

layer 5 separ at i Figurs 7nBué@aed dtEper1650th cofifbh aseS7D bhidistrate the
coder T Chceo(gnmon area reduction. The stripe is decomposed into foreground layer
720 with 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
20 reduction was successful for the background layer. Mask values have now
been assigned to 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
25  adjusted to ensure that it facilitates efficient coder operation. For a JPEG
coder, the boundary of the reduced common area is adjusted to ensure that
it is 8N pixels from the left edge of the common area 712 before reduction,
wherein N is an integer (i.e., 0, 1, 2...). Thus the intersection of the two
areas is designed to be a multiple of 8N pixels from the left edge of the area -
30  tobe coded. In this case, the left edge of the background cofnmon reduced



| ayer separation process. In one enbodinent, the coder matched | ayer
separation attenpts to deconpose the region of intersection into two
separ at e waywnssohat code nore efficiently than the area ecTiushzn®ecti on
itself. 10 Edges inside of JPEG coded bl ocks yield high coded rates. The
coded rate is smaller, however, if the edges are noved to bl ock

boundaries. Thus high differentially c?ged DC val ues caused by junps in DC
val ues in successive blocks are nore efficiently coded than high AC

coef ficient gefaUsRMH dges L mside . 0GK. Gener al | y .t he coder
mat ched Iayerreseg%ﬁa%t%lnt%pr océéglzéstd]gll%gﬁrslm&pqe&fbg B3¢ ?rl‘?é’}lg?ee];ﬂbf

i ntersecti ordga dfthe dorroandroatden.redhitsd hefa. JPEG coders, the blocks are
processed in row _scan order. Wthin each block there are three possible

| ayer conbinati oh&ferEgentpFigere fagttenthsi sgtipefanalysgs Rleick 430Has bel ong
Co the backer i LR RRELIN' BUCrtockd (A T, A dPHET P TR I9EF ogr ound

to the backgroun ayer; One pi X 6F egr ound

| ayer and oséparatibreb pebleirord BEpt 460)NFibackB-9uNdstta¥ he chlied BatdleeCk i s
of sufficiently low variance, it is assigned entirely to he foreground or

backgr ound F3FESCRRFEINN REPEPonlWARE REIDAdimept tBesogles matthedlayten t he DC

val ue of th I f | ock or.the 25 .prevjous coded
backgr ound g?%a;rgﬁbg@ teglq i gtf? %%%%Q%qg?orggfor{ ﬂ@%ﬁ?@fzggﬁﬂg 0 g’?é?)ar ated into
two groups. séparateclageirothiarentle b éffighehely GlaaUbel syelof@y@ers@tishoned to the

backgr ound laégr while the darker color i§ assigned to the foreground
| ayer. The H&&€k val ues are assi gned accordingly. Figures 8-9 illustrate the

i or sent on or Bee] ot BECESTERRESyieidRie BB k5% it raLs The
DC val ues fmrte iismialive ripolvearliffheagigaunde WO AH ROBRAR BFHdIBNE! 40646 12
360.) The VRPN Gecpialy fod PG rammeousabpoimps IddCorailes pr osent | ng
e g eSS L300 RO UL TclaRIUROAE BSERSL L o0
ini tializedcaused by elpesdnsidattiee bRkl base colors in step 802.
15 Generally the coder matched layer separation processes blocks of
pixels in the area of intersection in the coder scan order. Thus for JPEG
coders, the blocks are processed in row scan order. Within each block there
are three possible layer combinations. Each block may consist of 1) pixels
that belong exclusively to the foreground layer; 2) pixels that belong
20 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 foreground or background layer depending upon whether its pixels are
closer to the DC value of the previous coded foreground block or the
25  previous coded background block. For a high contrast block, the pixels are
separated into two groups. In one embodiment, the lighter group is always
assigned to the background layer while the darker color is assigned to the
foreground layer. The mask values are assigned accordingly.
Figures 8-9 illustrate the coder matched layer separation process that
30  is applied to the region of intersection or overlapped common reduced

areas. Step 802 initializes the DC values for the interpolated foreground



In step 810 a block of pixels is selected fromthe region of intersection.
In step 812, the value RMAX is cal culated. For an inmage in RGB col or
space, RV&® i3@6smoscal ar val ue correspondi ng to the maxi numCTafSot/mes46 anges
of the R G and B conponents found in the selected block. If 10 RMAX i s
greater than a pre-determ ned threshold, TMAX, as determ ned by step 814
(i.e., RVAX > TMAX), then sone pixels wll be assigned to the foreground
and ot her pixels will be assi gned to the” background as determined by steps

820-852. O herw s i f hen the entire  block will be assigned
to either tﬁgd&?&ggmﬂﬂwk? hélnﬁ%r,pg Binig degrseed avigh sespeshtodplogker age

| um nance vagge TRet r ggn e igure 9.

If RVAX > TI\/AX? t he {ﬁ;ﬁ@g’ﬁg‘gﬁ?aﬁdﬁ%%ﬁﬁoﬂ% %@a%?ﬁ/eg%)ég

enbodi nent , r%PIZSﬂEtaIg tla¢ gueiagkemalseuforckath wbpaphire diﬂ1mep;b1>eelcﬁ45i nto two
groups, The e for eac oup, AVG 1l 20 and AVG 2
is then cal é teds%g%éiﬁfzoé A@@rﬁgﬁ%m@ng bﬂ@&%éé&ﬁﬂcgvm&@sm enent s
represeng tb@ctevﬁa@g@u@al&%d Bbaﬂh‘éeaﬁﬂlr_ﬁ%ﬁﬁteal% QPbgéeeéolspé fP{sth'sé?e for

GROUP-1 and GROUP_2, respectivel aver m nances he groups of
pi xel s are corrpaIrealtepnBlOsa thCRBﬂ pikels mlmtb@(ﬂrcmanhe régiendsfr ker group 1s

d to. the 25 f dto th
ook oung. intecton *TR BT I8 valhe NG el eqs. For giroimage #han t he
average | unReBeslopt smmmfs Q%anam&ﬁﬁ @frgs@g\ ’t%ttﬂg?naxm 1is

assigned to the background and GROUP 2 i's assl oréeground in
step 840. Thletheormpgeenf shoR, GoeindrB vempahbats%ulﬂﬁﬁvi bh\éGeBQtai Blozksilgned t he

av?raQ%a#MEa%E%%§> Rek s e roine ?Es%ﬁﬁutagﬁé &8 dtemuiarely, he
conponent s 81 ( l\éarRm)@>w)ﬁVﬁeﬁ% %%f Js?,ﬁgn%}ﬁet rage val ue

for the aSSOCIa ed col or plane of the plxels
PREV_AVG Fderegsozind axd otlmtpivels will be adségraacetatiee lba.tmglﬂ@tlilﬁ@ aof GROUP _1 is

not. g;ggt to [ detBrhiied by Sépe R0, Blrtawice, S RMAR € TMAX then the enfive
block will be assigned to either the background or the foreground layer
15 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
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

20 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.

' The average luminances for the groups of pixels are compared in
step 832. In one embodiment, the darker group is assigned to the

25  foreground and the lighter group is assigned to the background.

Thus, if the average luminance of GROUP_1 is greater than the
average luminance of GROUP_2 as determined by step 832, then
GROUP_1 is assigned to the background and GROUP_2 is assigned to the
foreground in step 840. The components of vector variable

30 PREV_AVG_BG are assigned the average value for the associated color

plane for the pixels in GROUP_1 (i.e., PREV_AVG_BG=AVG_1).



the foreground and GROUP_2 is assigned to the background in step 850. The
vari abl es PREV_AVG BG and PREV_AVG FG are respectively assigned the
aver age vabwa/063708t he pixels in GROUP-2 and GROUP-1 ( PRE¥CANGOBGsAVG 2 and

PREV_AVG FG=AVG 1). 10 After the pixels have been assigned to the
appropriate |layer, step 860 determines if there are any bl ocks remai ning
to be processed. If so, the process copginues with another block in step
810. O herwise, the process is conpleted in step 890. In the event RVAX < _

TMAX, then tdhe; i 5. A 910 of Figure 9
after step gfﬁll%%%ﬁ\r&g g i E& § gﬁﬁér(\)t% s&agfa%qggﬂ{}g\?—%?m 8pt 838RTCY he
average of e¢hehvenigervapiaer tfe adseciat@teolofian@¥e g piloak GROUPapce is

conputed in ste 0. Dependi ng upon whether the average bl ock | um nance
value is cl 8s&r plflgg}]hév elf(é@éq]q;u%\-nance of the previous background or the

previ ous foregro 0:ent.| K_I. SSi t he background or
f or egr ound. Thuslzbln r{l%ugseli(/érg‘geeéfeurgé%g%@éﬁ% Cet?fgeg{g?%@t%&ls BPEE ' ¢l oser
to the aver dlgan Itheranange luafinkhee pf GROUP_bAgkar CROUPL hes bdgked $o assi gned

to the back roklfg_d in step, 00 and the vector PREV_AVG BGis set to B_AVGin
step 932. |the fyggrund and RQHAGR ip arsigand do she bhekgrouadtiadstep 850. i s

I t the. ' f j f d,, the bl ock
< assi gned e VTR FERIRHCREE Bl BV CrlS u ERRRHEE NG o 1 <

set to B_Avessigned e 8deragenctué lier gl pixelPirorCROWEE_baga @RegMad to either
the foregro Q/réd}he ack\%r ound | ayer, step 860 determ nes whether there
are nore bl SCREV_ 20/ eoBlardb¥Gs?2 ppdsBREWV dr¥esFhrA¥Rtilhues with step 810.

I f not, 4 he proc i %QEH%) j . WO 03/ 065708 PCT/ USQ2/ 40646
14 Ref e}?i ng to %?%tﬂrtgeg, a b g{?&‘g ﬁéeﬁgg%gﬁe%gg%eeap?%%p&ﬁgi?:yaﬁra?ti%%%ﬁakes
pl ace in st dptethifined ifehéryaeansr blocks amginheto be éﬁb@@sé@.o If d8)ghpur pose of
| ayer |nterBoIat|on iis to fill up the "holes fro uced in the background

and f or egr oBFRFEFRGRRENYFYILY anqtienblockdnistere 819.0 Qtherwispethel prpeessvist h 5
;?Lues t hat céx’ﬁfﬁﬂtéd [y sF'efpf ég“d'.ent encodi ng. For each image | ayer 8x8 bl ocks
In the event RMAX < TMAX, then the block average, B_AVG, is

15  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
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

20 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, the block is assigned to the background in step
930 and the vector PREV_AVG_BG is set to B_AVG in step 932.

If, however, the average luminance of the selected block is closer to

25  the average luminance of the previous foreground, the block is assigned to
the foreground in step 940 and the vector PREV_AVG_FG is set to
B_AVG in step 942.

Once the entire block has been assigned to either the foreground or
the background layer, step 860 determines whether there are more blocks

30  to process. If so, processing continues with step 810. If not, the process is

completed in step 890.



scanned in row colum order and interpolated to fill in the holes.

Al t hough the value of these holes are irrelevant to the reconstruction of
t he | magew(Otobmys7as e masked out), the value assigned to treTa0Ye®pONdi NQ
pi xel s may have significant inpact on the block 10 conpression rate.
Accordi ngly, the values of these "hole" or "don't care" pixels are
nodified in order to achieve greater confgression efficiencies. This
approach will not affect the reproduction quality and does not require

nodi fication of t ' or, dan; re pixels.ar
alternatively r ef%??rgg%)gg gglﬁ‘%%‘ Sftéggi% ;’@%err mﬁ%&‘legial%?lgse R ?akﬂﬁe 15
remai ni ng pipladesinastep 60 etheddyers e infeepelmedt in Step 40N Hinddse of Pi xel s.
As not ed preI\vi ousI%/, ach bl og}g of the stripe nmay consist of "1) pixels
that bel ong "&%T1 TFPRIAFQHIS: 191K dtrelico hries aperducey ipi thel rackgeaurid| ong
excl usively I SRTel e, pi xel s;bel,ongi ng,to the

f or egr ound Iaglgeftr()?a I?ﬁg\'? %S?g%?‘%é?}s{%g’é?lgﬁé‘?’%‘i‘%ﬁé%e‘% E% tlbeaé%qrc}ﬁﬁ Y&ler. For a

20 sel ecbed vialmgethayesult irhef$iciemldnesdinatFon chtioeinagt 1ie S8 m6ted,jommge

| ayer may consi% of 1) rel evan} pi xel s excl usi vel irrel evant pixels

excl usi vel y SCynes) i rosyaglnay epflesrandsindoepnlatgddto ﬁﬁéhet roled. xel s.
Figure 10 illustr, S cied. i e r of a stripe are
selected for int ﬁ%@g‘%}g’%&i ?rggleeg? 3‘;’2‘% ‘fl% lgéﬁqgg?%td%?’ﬁ"est ep 1002 from

25 the set (¢wmstpuctiod oflthekigtagenthey Arevaabiadd eubRiEve AXlad §ss;i]g‘i"lehi@ ized to
either the g?ng round or faoreground base color in step 1004 depending upon
t he correspOHufAGERAKLRE PIKEY dRay hape signibicar ivepactfasy thenblogk| ect ed | ayer

i s sel egh edchmy A f.’ié’%-{ r assified,as relgyant or ,
irrelevant in g?éesgﬂalr%g%tg ﬁég%ﬁgs ’zygrﬁlﬁ%ﬁiﬂ}eﬁﬁ QPE%S‘?% %“E)F?(réﬂ s as 30
rel evant or pixelehevmudified in ogidveto hkigee lg@éﬁitér cHEp@&WZ%i?&Té&SOZ/ 40646
15 If the sg|ected block contains a mx of relevant and irrel evant pixels

as det er m neBSAPRICaEh YoHot affset ther eprosiictionquaditp aingt doksawoti reduirat ed by
S5 10°0, beusal e B At LA Bl bR 211,
5 val ue in sltemati9ély. rdferredeoenbdieldnint” bhensdfidbler Hixard Tad ue is
PREV—AVI% Vm}e%]ailnfngl g&[ellsa Ialrey resfg;reziototar]se”r]ce(l)ezrveea%i’Qg? q’n%;m“?;‘c%?iglrﬂ(y n;;jixglg o
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
20  selected image layer, this implies that a block of the selected image layer
may consist of 1) relevant pixels exclusively, 2) irrelevant pixels
exclusively, or 3) a combination of relevant and irrelevant pixels.
Figure 10 illustrates how blocks of a selected image layer of a stripe
are selected for interpolation. An image layer is selected in step 1002 from
25  the set {foreground, background}. A variable PREV_AVG is initialized to
either the background or foreground base color in step 1004 depending
upon the corresponding selected layer. A block of pixels for the selected
layer is selected in step 1010. The pixels are classified as relevant or
irrelevant in step 1020. The mask layer inherently classifies pixels as

30  relevant or irrelevant for a given image layer.



dependi ng upon the associ ated | ayer being processed. If the block

ot herwi se consists entirely of relevant pixels, then no interpolationis
per f or mredwol3/0é$7wer steps 1050 or 1040, the PREV_AVG i s updatesd2ndcié t he
average values of the relevant pixels in the selected block in step 1062.
No wupdate is required if the selected block initially consisted entirely
of irrelevant pixels. After PREV_AVG hag been updated, if necessary, step
1070 determnes if the selected | ayer has additional bl ocks to be

processed. 15 If ! tQ step..1010Q to repeat itself with
a new bl ock. Inlig%e %%%%P?r)gﬁ?tc Ig%%]%f%lél%f{ﬁeg%va agfielﬁreig‘é@tar%?l@ns t he
irrel evant pisxiterrinedayestapd 088 thenahe bk iglifiapblarix el ﬁqdi&httea%gsel ect ed
bl ock. This int 5 olﬁt lgon procedure tends to be considerably faster than

the subsequéfffl § sl jBe eglerigdhlpek songptspnsicelyafarrebemantgyxalons achi eve 20

the sane ratgi&n; ' I | t.ernati ve enbodi ment, .the .
i nterpol ati on %jﬁ%lg‘gg?}g%‘%?ﬁ @%O’l%gnth?sﬁ lg%ln‘gé}lggsf ani ??i&aep rce,é%tfe’é‘?%i‘flt
frequentdy webut trsstep Hiedatler oo epitesiiinent, thatfretd@brhiiedsiapeqs and faster
aver agi ng %m Ipr; g‘r.%gr to understand thi's alternative interpolation
process so ¥ W lso‘FmtlﬂéYééHfé?r thesfqseersansd pe badegriouad. catbock
Fechni que. f o Pancise BoRH: ReBAAT LoyeP B IR En 1% bBBRce T rmge data
i ncl udes t hetlstrepsetonsiassdraireiyngf rélevapppixels, deemind initéfgﬁﬂ?atﬂﬁ{ & into

30 donmi

frequency doggd'n data. Transformation fromthe spatial ninto the
frequency dBREICA™MESal so referred to as a forward transformation. WO

03/ 065798 PCT/ USQ%{Q?%?‘%% 1059 SP10MY fhd i’@%@;‘ﬁﬁ%%ﬁgﬁ%ﬁfg ogous to a

har moni ¢ anal ysis o source 1 frage. used to

represent theersgatviahiles ofohe rettnviant pixdls redie sQebaMIOANT Heph@BLS No
functi ons. Thaﬁco.effi Ci eat_g for these, basis functions are detern ned
i

during the PPHALISIRAMIrEd ihthecselected biogk indsally eonrgistediemtirelyanfe t hen
quant ized ofrdiyeshobded ARPPREVIHPG SABLLUSAR, I QLA oqppespondi ng
1070 determines if the selected layer has additional blocks to be processed.
15 If so, the process returns to step 1010 to repeat itself with a new block.

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

20  the same rate of compression.

In an alternative embodiment, the interpolation process of step 1050
is considerably more complex but frequently results in greater compression
rate than the simpler and faster averaging process. In order to understand
this alternative interpolation process some understanding of the coder

25  process is required.

Block compression algorithms are prevalent in image processing
applications. One technique for compressing the digital representation of
source image data includes the step of transforming the spatial domain

.image data into frequency domain data. Transformation from the spatial
30 domain into the frequency domain is also referred to as a forward

transformation.



of conpression. The renmaining coefficients are then re-ordered or run-

| ength encoded or otherw se processed to facilitate further conpression of
t he | magewdaBacs7dhe resulting conpressed i nage data i s theoTawar/hehée for
10 storing, distribution, or for further processing.. Typically, the
greater the nunber of zero-valued quantized coefficients, the greater the
rate of conpression. Accordingly, the vggues of the irrelevant pixels my
be nodified to decrease the nunber of non-zero quantized coefficients. The

modi i abl e pi xel q:oﬁlﬁﬁrmfidr{s'f&qnﬁ?oﬁ %Enﬁoéguglgggtﬁ ‘I?['tjexglghv‘}l%rfﬁé 8€ s{orm of
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has been pr in w despread use today. Although JPEG
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Figure 11 il ust Typesllgntheegieatirmibetnunhber bf eeto-baised quatieg for
i i detail. The image encoder 1120 processes a

G acr o1 200 SIFERTS o ePesfan e ah G PETIEmIPRASIOr g, dbe AaaoT
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Each 8x8 soquwlzﬂd)mefhmeatsﬁﬂlm'rmidiﬁablérlﬁb(@lssdrgf’rﬂbdifi&@it sd Ehat a Wo-
15 quantized 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
20  image encoder. ,
The manner in which pixels are modified depends upon the
specifics of the compression algorithm. The Joint Photographic Experts
Group and the Motion Picture Experts Group (MPEG) have each promoted
popular image compression and encoding architectures that manipulate
25  spectral content to achieve data compression. JPEG compression is
frequently used for static images such as those encountered in facsimile or
standard printing applications. The MPEG format is used for dynamic
images or movies. The basic process has been promulgated by JPEG and is
in widespread use today. Although JPEG utilizes a Discrete Cosine
30  Transformation (DCT), specific implementations of the forward transform,

quantization, and entropy encoding blocks is left to the implementer.



di mensi onal spatial function of x and y. The DCT is one of many transforns
that can be used to represent signals as |inear conbinations of basis
functi onswoAistobsagh the DCT is the sel ected transform for PERAGILG0646
conpression, other linear forward transforns such as the Fourier transform
and the Discrete Sine Transform (DST) nay be used. The forward DCT is a
harmoni ¢ anal yzer that converts the 64 ppint discrete signal into 64

ort hogonal basis signals. Each orthogonal basis signal represents a two

dimensi onal spat ipgyudd POHRREALOSE BOLLBENLR: SPEBISU A RB SxGopour ce

bl ock. The output of the forward DCT i's a coeffici entifying
the anpl it udempregacy aof intdgesia grealeogietzil. Thadimgeiegrater 1Tiepwrpsdes udes
are referred t.0 as coeffici elaté and the values are deternned by the
di screte 64%‘%?‘?{? 1?%?“%@9‘%% b &7 PrAYUERYERRPERSS @HE&; flata FhPnt i zte_r
1140 quanti zes t LEh B ; F i zation
Labl e 342, DITf oot e e can e el B 1SR A0 Hinfuit BY 3RS

f r equenc? es sagrded8ncks. i édfobward]mmnsf()zmatmn ts?bdriéorlﬂxztﬂ on;Baeah@uarsbulz@I\t# c(u,v)
may be cal cy| ated. a | | ows: u,v) .= IN¢(uv) g(u,v) . where " " is an
i n%/eger fun@h%nq:taéjﬁé%@ﬂ)é‘r%]éfo%ém ?47@1858156{96%&8?‘?1251#%3 §wanti zat i on
tabl e perm tsmhiibRhPbaIoMngligR o WOInd'y! MHLDETPRYR of Hafip! ONS. The
guanti zation table is thus a 64 elenent table, one el enen or each
spatial fretpassoymsGivaticahlbe, ustelo epresent sigrailghetinbacapabiiatioasiof

i | h h t i f I r frequency basis
o o B g P L £ e e e ISR cshol ¢
for tNe1g0 vbabRbeskRniamblings: RirdhE COIIBRRCIACRGCRSI MR, ST s function.

The WO 03/ 065708 PCT/ US02/ 40646 18 per cept ua hol'd are functions of
t he source f{rangforohanddcheDistretesSineditapkyrnc (RSEL Isd 1s8d. Vi ewi ng

[ : h i ce. of ti [ b be application
dependont . Aft er 1HEAPET25A Dbrl isoh PRGBS AN 45 10! GG tvo s o4 BPis: | y
represent  §iskhfe ggﬁtl 'iﬁt%%@@ﬂftf)g&?‘aq "Yalis ggﬁélg.pﬁagﬂ %9@25&0%\%@?@%5 es entropy

encoding table 11 to generate®the conpr@ssed 1 mageée
signal represents a two dimensional spatial frequency forming the

15  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.

Referring again to Figure 11, quantizer 1140 quantizes the DCT

20  coefficients in accordance with a quantization table 342. Different

quantums can be used with different spatial frequencies as identified by

quantization table 1142. The quantized c(u,v) may be calculated as follows:

ce(u,v>=zN1{mJ
q(u,v)

where “INT” is an integer function to ensure the result is an integer.

25 The quantization table permits different step sizes for different basis
functions. The quantization table is thus a 64 element table, one element
for each spatial frequency. Generally, step sizes for higher frequency basis
functions are larger than the step sizes for lower frequency basis functions.
The step sizes are typically chosen at the perceptual threshold for the

30  visual contribution of the corresponding cosine basis function. The



Briefly, the nunber of previous zeros and the bits needed to represent the
current quantized coefficient value forma pair. Each pair has its own
code wor dwassiogstesl t hr ough a variabl e | ength code. Huf f maPCTIR02/40646
Shannon- Fano, and arithnmetic coding are exanples of comopnly used variable
| ength coders. The nore often a given elenent occurs, the smaller the
nunber of bits that are used for the coiq]espondi ng code. The JPEG encoder
outputs the code word for the pair and then a code word for the current

guanti zed c LEl i b var i abl ength coder). 15 After
processi ng g%ﬁggﬁﬁghréﬁgzgiag?%%&égf |ecsf6élﬁ %frg?%eecgé’r@éergﬁ’fgder wites
a uni que endisplaybtimiecrentiesodewitt Hhemders Tioud He &ite obl ock. After

finishing all blocks, the JPEG encoder wites an end-of-file nmarker.
Tabl es 11529%#HZaHiON (e may he appbfatienideperdete conpressed image data to

facilitate recongt i.on T { . ef anti.zatien is that mapy of
the DCT coeffi cié%{eg g\?}glzaégré,n&ﬁ(ra& cght?&(;m gg&seflégpeéﬁflfzgapl afppresenp

coef f i cident theoquareigrancheificientshiExttespy bhestenap0ares eatldps éhcguﬁpgi ons tend
to be zero. gdﬁ ng quantiztgd DCT coefficients to obtain | onger strings

of zero-val & nerpisrigg eempiesseddmagerdateildf@y of the entropy
encoder, particugggaty hﬁuﬁgbpgfp@;{é?%?%r S el ftgglg%ggghézed DCT

coefficients to be ehncoded are a ccordingly ropy encoder

encodes t hereguesenit kel cREFEnt aebhiizéd abeffivlart valie forth @-pAl FABRYPair
pr ogr essi ng zed coefficients associated with |ower frequency

from quant | |
'%f’rfgs ngfk ﬁ@%’éﬁ iasgigned darqugh avasiablsslsegth eadev Huffingher

basi s functh

frequengy j o) il t i i g 12. 03/,065708
PCT/ US03) 40RTE T PR R Brithinbll® B ard Gioolds el oBiontPuRec "Co the
DC term (u,variabd} lefigth ddderer The aherdjbftfeﬂrae%'ﬁﬁeﬂwlé’m@ﬂt? eéletts2gie0ss

ks. The remai ning AC terns represent higher

[ requency GOSN BasTmORAL Pl MALaTeHpdgr dbe - -
quency erisgeldgr &ke coryespanding aode. Iwer ri ght
OOt o1 TEACEE SRR SHERHE S R SO SAIERS o,
Any ot her dbefclrnirgrfiantiaeéd coedikisidalso fReighelby a variable length coder).
15 After processing a block of quantized DCT coefficients, the JPEG
encoder writes a unique end of block sequence and then moves to the next
block. After finishing all blocks, the JPEG encoder writes an end-of-file
marker. Tables 1152 and 1142 may be incorporated into the compressed
image data to facilitate reconstruction.
20 The result of quantization is that many of the DCT coefficients have
been reduced to zero. In particular, coefficients corresponding to higher
frequency cosine basis functions tend to be zero. Ordering quantized DCT
¢oefficients to obtain longer strings of zero-valued elements improves the
rate efficiency of the entropy encoder, particular at the point where any
25  remaining quantized DCT coefficients to be encoded are all zero.
Accordingly, the entropy encoder encodes the quantized DCT coefficient
block in a zig-zag manner progressing from quantized coefficients |
associated with lower frequency basis functions to the quantized
coefficients associated with higher frequency basis functions as illustrated

30 in Figure 12.



The zig-zag scan order tends to group the number of non-zero elenents at
one end of the string of elenents to be encoded. Wien the 10 hi gher

f r equencywioasiossiooef fi ci ents are zero, the zig-zag scan omrdaruspe/esps t he
zero elenents at the end of the string of quantized coefficients being
coded, thus inproving the rate efficiency of the entropy encoder. The JPEG
encoder need not encode beyond the | astijgion-zero quantized coefficient in
the scan order. Gven that the higher order frequencies are 15 likely to be

zero, the zi g 7aUhe tapeRteft ot riIGHE RERCIRIAMIEIAL BT el (g1 ency of

t he JPEG encoder. Theé basic spectral manip at| n encodl ng proce s’ can be
modi fi ed tov—@erﬂil@ Do termcate dnﬁfeméntmligebncmleulearrbbmnchmiuai reakedeht to

t t f .t he source,i ut m ve significant effects on
ate ot fici BARHS T8 TR o PR PHsGEk Mgt deOH o TS - uni
conpr i seflincéiont Weh&iTpk 8&1t8 1 ,
where'y 15 the oot ol Ny T o at iy BRClof uighl ek, THE TR Gy

i rrel evaht eRRRY encqdher BepdsanhemBOTlet um s the highesh fregtienxy 1'n0n zelne vect or

;;p?gggthe?n %ﬁ%“tbze%f%oeggf‘\?ng‘SﬁO??e G By ST PEbloCkiATY abrhos€icieme aner gy
of the AC caefpiesh@RHSIoMY 2&0l €eavi ng the known vector vy una]_c fect eq_ The _
cost function to be mnimzed is then given by 63 =C2 J( :K) Yi=1 30 =
l1cl1Z - Coe WO D3¢ 055748 sROTH1dS0 2LAGS 46 grAp thd h@hilkér-of@An-zero
S AT 74T Y el 20378%nd dfzt#els\{rllrll{lg _o(t:celfements to be encoded. When the
10 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 encoder need not encode beyond the last non-zero quantized
coefficient in the scan order. Given that the higher order frequencies are
15 likely to be zero, the zig-zag scan order thus increases the compression
efficiency of the JPEG encoder. |
The basic spectral manipulation encoding process can be modified to
permit modification of pixel values that are irrelevant to reconstruction of
the source image, but might have significant effects on rate efficiency.
20 The 64 pixels in a block are denoted as vector z which is comprised

of two smaller vectors y and x such that
Z ={y".x"}
where y is the set of N, relevant pixels and x is the set of 64-N, irrelevant

pixels. The 64x64 2D DCT transformation matrix for the vector is denoted
25 T so that the coefficient set ¢ is given by ¢ =Tz.
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
) 63
J@ =2c
=1

30 =l -’



i =0 The DC coefficient for 2D DCT is given by: 1 635 CO=s > 1-0 1N
-1 1 63-Ny =gLY,+8 Lx, =0 ;=0 When J(x) is partially derived with respect
to each eemsnstsmg of x and equated to zero, each el ementrdrarshnwsds t O
yield the sane optimal value given by: 1 N-1 10 xi yi NY r=0 Thus the
optimal interpolation for the nodifiable pixels in terns of mnimzing
energy of AC coefficients is the solutipm 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 p0|@ﬂ but it ignores the effects of 15
differential DC coding and the partic ar%)of the bl ock conpression

al gorithmentropy encoder. The goal i find,z that mnimzes the rate by
maxi m zing zero runs along the reveT m& Z8g scanning path while
satisfying other constraints. For ex qple any nodifiable z; nust be
assigned a pixel value 20 within the éleﬂﬂge range and z; for
nonnDdlflabIe pi xel s shoul d not changg ‘g:=y; i={0, 1 ,Ny-1} 0 S
z;, -< 2551 =/{ , 63} Consi der thé’DCT coefficients for the modified

bl ock. Some 25 ¢ beﬂ(élceﬂftfmméoqﬁﬂa@CTesigt\aenzleyo while others are
quantlzed to non-zero WO 03/ 065708 PCT/US02/ 40646 21 val ues. The |ocations
(i.e., igndices) of the coeff|C|ths thz} can be quantized to zero formthe
set |Zero such that 8

Ny=t 631
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:

10 =13,

N, S
Thus the optimal interpolation for the modifiable pixels in terms of
minimizing energy of AC coefficients is the solution that sets the values of
all the modifiable pixels to the average of the nonmodifiable pixels. This
approach might be a good starting point but it ignores the effects of

15 differential DC coding and the particulars of the block compression
algorithm entropy encoder. ‘

The goal is to find z that minimizes the rate by maximizing zero
runs along the reverse zig-zag scanning path while satisfying other
constraints. For example, any modifiable z; must be assigned a pixel value

20 within the realizable range and z; for nonmodifiable pixels should not
change giving:

z=y, i={0,L...N,~1}
0<z,<255 i={Ny,..,63}
Consider the DCT coefficients for the modified block. Some

25  coefficients are quantized to zero while others are quantized to non-zero



l,rr" =1 -¢' <c; <-I";i E{0,1,...,63} 2 2 The coefficients are scanned
in reverse zig-zag scan order to find the 5 first one, ¢/, that is not
quanti zedwbDm3mes7e8 |If it is possible to "push" the coeffipcirarsv2/iamw4eer o
wi thout violating the other constraints then there is a solution z which

satisfies the previous constraints: z; =vy; i ={0,1,...,Ny -1} 0<z;:-255
i={Ny,...,63} 10 as well as the followzig constraint obtained fromthe
| Zero set: - <Ci=t1Tz< ',iE lzeror (i.e., no zero-quantized coefficient

may beconme nalez.eMhedyaatiorsed.et, HAliced) SOtheatdesfitibstst v i
constraint: -2j<c.=tjTz<qi gS Thelcteg)lr mti r ep#éser?tﬂgl%ttfﬁgﬁib%ﬂ%tlgfedm

matrix T. Escreredosmoiharset 1atisoph thamstraint is a linear inequality
constraint. The existence of a fieasible solution is a Phase 1 |linear
progranm ng probl em which can b_i r dadi.| y4:.. soliyed ilng techni ques such as

t he sinpl ex nmethod. Modificat7’on |of2 (C:‘oefzf’Llséc)i g’%t"’@l ues will not affect the
val ue of rel eva pixels as a result of 20 the equality constraints
limiting such nmoti§ Feefficiends ares@pand ipireersezig-zagscarioedertd fihddkewi | |

have t he saf u j i xel s.i,n_an__.nverse tr,ansform of the
modi 11 0d cobtt LhPem Thf SeROFGRANFGRIAG, Tt lids BBro bR & el e ea

coef fi ci entcdelffdciknt & aemodiifhord vielagieibethed ek cohdtrAngd tREA H‘Q:r@)i%]%t s, then
the index of the new zero quantized 25 coefficient is added to the |Zero
set and z i¥upeR: 2avhish saEsienthaoprevdonsconsiraint®, ¢/ is not zero

guanti zabl e, then the nmethod proceeds to the next non- zero coefficient
proceeding in the reverse zig zzaﬁhrdér{p’lvThé/yprI};cess may be repeated until
all non-zero quantized coefficients have been tested. WO 03/ 065708

PCT/ US02/ 40646 22 Al though t he)§&stdtd n’g=§183l”u-t’¢ n satisfies all the
const r gipnt i1 O, ; - | in.1+he sense of m nim zing

t he engpgySdgf‘k'?ﬁgsStg%)gﬂl(?‘&ug%{%&%aﬁggagﬁﬂ?éﬁh‘toénﬁéﬁ?ﬂpffeig the length or
nunber of zero runs, the energy of the ngn-zero quantized coefficients
shoul d be mininized to -E<ci=ﬁ_§<5”le zero

i

(i.e., no zero-quantized coefficient may become non-zero quantized that

also satisfies the following constraint:

—%<cj=£g<%

15 The term ¢ represents the i* row of DCT matrix T. Each zero quantization
constraint is a linear inequality constraint. The existence of a feasible
solution is a Phase 1 linear programming problem which can be readily
solved using techniques such as the simplek method. Modification of
coefficient values will not affect the value of relevant pixels as a result of

20  the equality constraints limiting such modifications. Relevant pixels in
the selected block will have the same value as corresponding pixels in an
inverse transform of the modified coefficient block. The inverse
transform of the mpdified coefficient block is a modified selected block.

| If a solution exists, then the index of the new zero quantized

25  coefficient is added to the I, set and z is updated to the feasible solution.
If, ¢; is not zero quanti;able, t.hen the method proceeds to the next non-
zero coefficient proceeding in the reverse zig za;g order. The pro;:ess fnéy

be repeated until all non-zero quantized coefficients have been tested.



5 reach the | owest rate. The m ni mum energy solution at each stage

mnimzes: 8 N -t 2 63 E(z) = CO--1 +Jc2 Ny i=0i_- subject to the
previ ouslwoastedms shed constraints: 2 <C =ti TZC 2t , 1E | urreTAG0Z/30646
i={01,...,Ny-1} 0.<z,:5 255 i={Ny,...,63} The dc value is considered

differentially with respect to the mean of the relevant pixel values. The
above problemis a quadratic cost funct2pn subject to a series of |inear
equality and inequality constraints. A quadratic 15 program nmay be applied

to identify a SOM‘MOQ%I? E{wréauﬁmgagblﬁtm é/aetfsff?egea‘iilstheo%ﬁ’stfaqnéemé“"’ked

after the successive Phase 1 |inear prograns. The successive [Inear
prograns Vi @1un§a|ruaym i @htlmd: nedbkeé ﬂgnsenuhhranﬁmmﬁngehe eqa%”yt ok dk
coeffici ent s

coefficients %é&‘Sﬁf%gymﬁgﬁﬁ}m} H’ga[r;(ﬁ%ezr}grg%ﬁgfe%thhe re I rzé runs
i nt er pol at eghebdragly dffthten%rﬁwog% érﬂ?ie%laé@e?fﬁsgﬂt#ﬁ?&ldtlg?ﬁﬂfrﬁlz

increase even if Zero runs have been maxim ze avol I'S ou corre t he
quadr at i pieagh dhe ey eberstay dtedmatimeacinesgagelatidrent aadteamgbl e sol ution
has been fol%nd In this case, the quadratic program uses a stopping
criterion ba%%{:{n%ethe ratio of the 25 coefficient energies of the newest
nodi fi ed bl ock versus that of the verage |nterpol ated block. If the
energy E of the nodified sel egt e bI ock_ Zc az pre-determ ned
proportion TE (TE>1) of the e & [aV Sge interpol ated bl ock
then the optimzation is term nate to av0| | &Ading to a higher rate. WO

03/ 065708 RAibjedbAad/tAeGABviolBleatbRsHed tohdisdingt €S the pre-conpression
optim zation process for blocks having a mx of relevant and irrel evant

pi xel s. The irrelevant pixels e | ni trl %Iq, zed,in step 1310. In one
enbodi nent, the irrelevant pi xejgs réi etztg Lewal ue corresponding to the

aver age pi xel value of the
10 z=y, i={0L..N,-1}

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 to a series of linear equality and inequality constraints. A quadratic
15 program may be applied to identify a solution. The quadratic solver needs
only to be invoked after the successive Phase 1 linear programs.

The successive linear programs yield solutions with increasing
numbers of zero quantized coefficients which may result in the energy of
the remaining DCT coefficients becoming higher than that of the optimal

20 average interpolated block. If the energy increases too much, the rate may
increase even if zero runs have been maximized.

To avoid this outcome, the quadratic program may be invoked at
each stage after a feasible solution has been found. In this case, the
quadratic program uses a stopping criterion based on the ratio of the

25  coefficient energies of the newest modified block versus that of the average
interpolated block. If the energy E of the modified selected block exceeds a
pre-determined proportion T (T;>1) of the energy Ejof the average
interpolated block then the optimization is terminated to avoid leading to

a higher rate.



5 relevant pixels in the selected block. In step 1312, the energy of the
selected block (after initialization) is conputed as EO. In step 1320, a
coeffici ewpDobloesmk8 i s generated by applying a forward tramsfrarsoz/es4é he

sel ected block. In step 1330, the location of all zero quantized
coefficients is stored in array lzero 10 Proceeding in the reverse zig-zag
order, the location of a selected nonfgero quantized coefficient is
identified in step 1340. In step 1350, the value of the selected

coef ficient is qabeil 88 srhuliirel e %éfcgﬂgaréssiﬁl"o?tijfﬁé%ti@ﬁtﬁ{o@&ﬁeﬁ)rv‘het her

the selected coefficient is zero anti zed. o0, then the location of
t he coef fi diledks haviagpemdadoft releveantlanel orel¢Garstepixets. oTherirzvanguant i zed

coefficients in step. 1370, If th | ected cogfficient.is not zero
quant i zed. R B aptRIERd BAIER PNGs IAREHEROACFaSS B TRBIRYRTon exi st s
that resul t5xbR e 26f B a YAAM t@ﬁés%c%ﬁ%% ¢hé a%@ﬂzasg@cfsixkpvmg dinayi ously
identified constraints. In one erbodi nent, a Phase 'l |inear programis
used t o5 destavant piratls in B $edecsed bbockol! It Step 1312 threrenpp df temseledted

si npl ex nethod i s, used.to .identify feasible solutions. If no feasible
sol ut i on eﬁqg&s,(asfberro‘&é %l?%o“ié%f?%ﬁé‘gecfés ep 1380. 4 If a feasible
sol ution exist S1In%tét9@312@ta'c‘éeHE&&‘[%&l@is"g?}ﬁx@rét@d‘@ﬁﬁSrplgﬁxg5|P<?rvfﬂrﬂ' mal

energy solution for 'z in step 1360. This hew z ha 5 "associ at ed ener gy,
E, which i drarsifouhatrethei selatted blgd2. InSitep 133G 4hddveatimmet alMizetdher E > TE,

where T. is an acceptable Eo threshold value for the proportion of E to
EO. If E Sqﬁ‘:a“ttﬁéﬁ “%ﬁa:?‘:d%rétfflf éﬁoéﬁ‘{l_“ﬁ)a”iaé’c{aetoi on is added to the Izero set of
ot her 2z@ro quantl’r%@é’ediﬁgfiﬁ'tﬁé‘%@&e%sé Eiﬁ%%oré&7%@wéaﬁbﬁ?&s§éél'&té@m' nues

with step 1380. WO 03/085708 PCT/ USO 46 24 Proceeding fromeither step
1354 or st epnt3ato, quardiredkcdesfigient isridentified iststgp 1380 IrosteptlSbhi the whet her

there are any, Mt costligientate be erogesset LLenol ) then the 0
Q herwi se, the wiHre35 cRirhlHesS widiRer fHe ffedted coefficient is zero

quantized. If so, then the location of the coefficient is appended to the L,
15  set of other zero quantized coefficients in step 1370.

If the selected coefficient is not zero quantized, then step 1354
determines whether a feasible solution exists that results in a zero
quantized coefficient subject to the previously identified constraints. In
one embodiment, a Phase 1 linear program is used to identify such a

20 feasible solution. In one embodiment, the simplex method is used to
idehtify feasible solutions. If no feasible solution exists, processing
continues to step 1380.

‘ If a feasible solution exists, a quadratic program is used to identify
the minimal energy solution for z in step 1360. This new z has an

25 associated energy, E, which is calculated in step 1362.

Step 1364 determines whether -g— >T,, where Ty is an acceptable
0

threshold value for the proportion of E to E,. If —I? <T, then the coefficient
. 0

location is added to the L, set of other zero quantized coefficients in step

zero

1370 and processing continues with step 1380.



5 non-zero quanti zed coefficient by returning to step 1340. The

optim zati on process repeats steps 1340-1380 until all non-zero quantized
coef fi ci ewns3fesres been processed or until the energy of threTEssniicssc exceeds
the pre-determ ned threshold. In one enbodi nent, the process stops the
first tine a feasible 10 solution cannot be found regardl ess of whether
additional coefficients remain to be pzzﬁcessed. Thi s approach nmaxi m zes
the length of the last run on zeroes. e last run has the nost

Signi i cant eff eploaRarAlAAn aifer 405 13EFG: cnGEriore, Weal & Shfomridci Pl e of

operation of the en enco f spectra

mani pul ati o stepdEB8D)tot@etenﬁfreawhethJe5 théve frerdrgr mofre zeemcqamm(b bed
coefficients, and 2)_to prioritize increasing Sg{J};u) ﬂ of consecutive
zero quantlE@%Feé%?é#flfcn@nfbﬁna@@o@ioét Lfétl\ﬂi‘tmocﬁﬁ ert ?F@ i

funct [ ons. @xBleidsy Sovie oten ol n;JrBPe/ssc%%%@gmg \Sngabl es the

JPEG encoder evan using l'ess ore

i ssui ng &n ros-zeto hh@ﬁ&ze&@oaﬂcmmluygreb@ﬁkn galsfe;i ©348.gure 4, once the
| ayer i nterpol atl on has . been perforned, the backgr ound, ‘foreground and
mask | ayer codi nghePHUIBIZREPREFOressIERpatEAtePy M Hhe3&hwotl Ak RON-34938

foreground )re t he
mask | ayer | Qﬂ%?%f?l% fgklga%téz?(fé ﬁ?ﬁr{eﬁﬁ(}}geg%df ﬁg%glgg ZI? gé%?;crtl:%tﬁ gﬁﬂ t he

i nvention |exdaeelsrthbqﬂe-dmtéﬂmneﬂeﬂhem1dio speci fic exenpl ary enbodi nents

t hereof . Vari ous di fications and changes may_ be rradgnéege to wi t hout
departing from Imenge TMEHir 1€ FIRECSCORRS o€ the Hh Ja'€as set forth

B B mERr e She fiF RO ankenBT
in the ai f i dr A | to be
£ 2 BlutighNErHRE Bel oBRH' 2B A1Gs 0 AWHANe A fiiBRECEMRBleKes |

regarded in an strative r a restrictive sense

03/ 065708 PfehhaitoRy H@@ﬂ@ces?éi Thisl dyfprobett m@uﬁhﬁ&snmé lleﬁgt}iLoﬂtheAlaeet hod of
decorrp05| ng an i mage corr}p\n sing the steps of: %I (zecorrp (z(ggﬁ a§t220) t he
i mage i nto BUpPIZEEPes dhe dastirpadas tbewoﬁe%ﬁ‘m%éﬂ gffect oy ¢ €ripe into

foreground {138k @Pfcoders due to the principle of operation of the entropy encoder.
The method of spectral content manipulation tends 1) to increase

15 the number of zero quantized coefficients, and 2) to prioritize increasing
the number of consecutive zero quantized coefficients associated with
higher frequency basis functions. Given the idiosyncrasies of entropy
encoders, this enables the JPEG encoder to represent the relevant image
using less data before issuing an end of block.

20 Referring back again to Figure 4, once the layer interpolation has
been performed, the background, foreground, and mask layer coding is
performed in step 470. In one embodiment, the foreground and
background layers are JPEG coded (see Figure 11) and the mask layer is JBIG
coded.

25 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 and scope of the invention as set forth in the claims.

The specification and drawings are, accordingly, to be regarded in an

30 illustrative rather than a restrictive sense.



4 background (130) inmage |ayers, and a mask (140) l|layer; and 5 c)

interpol ating (460) irrelevant pixel values in the foreground 6 and
backgr oundd myesmsf or coder efficiency. 1 2. The nethod ofpcalesoamds4é urt her
conprising the step of: 2 d) encoding (470) the foreground, background, and
mask layers. 1 3. The nethod of claig2 wherein the foreground and
background are 2 JPEG encoded, wherein the mask is JBIG encoded. 1 4. The
nmet hod of claim 1 wherein step ¢) further conprises the steps 2 of: 3 1)
determ ni Q) a layer base color and offsets to a coomon 4 reduced
area (722, of each layer to identify inmage and mask |ayer 5 values for
al | regi oWghaxizeglainaed dszer | apped common reduced area (732); 6 and 7 ii)
separating (450) the overl apped conmon reduced area into 8 foreground and
background | ayers. 1 5. The method of claim1 wherein step c) further

conprises.the ste cIassnf 1020) each xel in a selected
bl ock bf & 3 sét g@eﬁgadpéﬁézpogg)o'sg} ﬂ{n &fF 9 %rl%ggﬁ € sﬁepl’ fhgeneratl ng
(1320)2a coeffi 'a?' entdebb g551 p%@@)eﬂ{e' it fr@é‘é?l@tralﬁ (Stafﬁﬁl gm of the

sel ected bl ock; and WD 03/ 065708 PCT/ USO2/ 4064 i nndlfylng (1354)
coefflblent vabyies deagape&agd4é0hﬁdﬂtMe@wlnﬁbéﬂﬁgnhEHi( Oderdsubj ect to a

set of term constraints includi 8 constraint that the
rel eva‘h §P ré)uﬁ‘ @%@X?ﬁea? aafﬁlaf’lhgle“@%é y&t?%‘?tsfornation of the

modi figd coef figi e“tm’éh?&&nﬁg ('4190)t HeclefhRchBE]l RhRES in thebfordh@uirt hod of
claim5 wherein step c 'ncl udes the steps of: 2 a) selecting (1340) a
coeffigi etahdfbankgtdtmd:b@rbfs orendebeffodenay. a 3 reverse zi g-zag order wherein
the sel ected coefficient has a non-zero value; 4 and 5 b) finding a
feasi bl e sol ution resulting in a zero quantizable 6 selected coefficient

subj ecL %et he e qe({ gmcpﬂiltft@ Qérﬁgd%mg th h&eﬂe(;fhod of claim5

wher ei co ues are nod
d) encodlng (470) the foreground, background, and mask layers.

od

3. The method of claim 2 wherein the foreground and background are

2 JPEG encoded, wherein the mask is JBIG encoded.

4. The method of claim 1 wherein step c) further comprises the steps
of:

i) determining (450) a layer base color and offsets to a common
reduced area (722, 732) of each layer to identify image and mask layer
values for all regions except an overlapped common reduced area (732);
and

ii) separating (450) the overlapped common reduced area into

0w N N G s W N e

foreground and background layers.

5. The method of claim 1 wherein step c) further comprises the steps:
i) classifying (1020) each pixel within a selected block of a
selected layer as relevant or irrelevant;

ii) generating (1320) a coefficient block representing a forward

G s W N

transform of the selected block; and



2 subject to a constraint that no zero quantizabl e coefficient preceding
the 3 selected coefficient in the reverse zig-zag order is permtted to
beconme J4woas/aEw® quanti zable. 1 8. The nmethod of clai m Pomesoeios4val ues
of individual elenments of a 2 mask classify pixels in corresponding
positions within the selected block as, 3 relevant or irrelevant. 1 9. The
nmet hod of claimb5 further conprising ?%e step of: 2 d) providing the

nodi fied coefficient block to a block 3 conpression process (1150). 1 10.

The neghod of ¢l i i e : ' t : of 2
applyi%g a Iin%ér g?%ﬁﬁgﬁﬁ J@?%@ﬁﬁff%aéﬂﬁ%%E%%Fﬁ%gﬁFﬁﬁ?Sﬁ%§3§E ting in a
zero- 3 quaeffickahlbdodostibject ©nd ssiudf pretdétermireed omsdtraints sicluding a

8  constraint that the relevant pixels have a same value in an inverse

9 transformation of the modified coefficient block as in the selected block.

6. The method of claim 5 wherein step c)iii) includes the steps of:

a) selecting (1340) a coefficient from the coefficient block in a
reverse zig-zag order wherein the selected coefficient has a non-zero value;
and

b) finding a feasible solution resulting in a zero quantizable

N G = W

selected coefficient subject to the pre-determined constraints.

7. The method of claim 5 wherein the coefficient values are modified
subject to a constraint that no zero quantizable coefficient preceding the

selected coefficient in the reverse zig-zag order is permitted to become

= W N

non-zero quantizable.

1 8. The method of claim 5 wherein values of individual elements of a
2 mask classify pixels in corresponding positions within the selected block as

3 relevant or irrelevant.

1 9. The method of claim 5 further comprising the step of:
2 d) providing the modified coefficient block to a block

3  compression process (1150).

1 10. The method of claim 5 wherein step c) further comprises the step of
2 applying a linear program to identify a feasible solution resulting in a zero-

3  quantizable coefficient subject to the constraints.



