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MATCHED LAYER SERAGATIGNOR COMPRESSION OF COMEQUING ROGIMENTS FIELD OF

THE INVENTION This invention relates to the field of data compression. In 5 particular, this invention
is drawn to representation and compression of compound documents. BACKGROUND OF THE
INVENTION Compound documents may include color images, text, and graptiese M raster
content (MRC) is an International Telecommunicatibn 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 metho&<& W&HE%&MMPMTd@%%ined encoders for the
individual layers. Althoughadba\APREsédfstasiasrip (arNmatds foree{ficient 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 th ibili %g] resulting layers and thus the size of the compressed document.
Thus aIthoug'éH %%%ﬁ?%’?séﬁc\? ‘clja'(la@c?rvnpositions of the document may exist, they will not all yield

the same level of cbhipriesgtonionyielgeadio deedepdsificlate abenpifietseoonel with the optimal rate
and qualty is,iaciabley SUMMARY OF THEINYENTION.In siew oblimiisions afpoyn systems
and met od?, metods % e apparatus%r decomszmg compoun docUmeEnte for Mixed raster
content represendionchdd aomenession are provided. A method for decomposing an image includes
the step of decomposing the image into a plurality of stripes. Each stripe is Attorney Docket No:
10006292-1 Express Mail No: EV 010308269 US

BACKGROUND OF THE INVENTION
Compound documents may include color images, text, and graphics.
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



2 5 October 2005 decomposed into foreground, background, and mask layers. The layers are

interpolated lﬁtm%giﬁéé@%.s phigsleyvant pixels in order to ach,g%pe;g}ggﬁ il spigssion. The

layers may subsequently be compressed with the coder. 5 In one embodiment, a perimeter finding
function is used with a common area reduction function to identify a base color for each layer and
offsets to common reduced areas thus effectively separating the stripe into Yoregfourtd 3ad
background layers for all regions except where the2foreground and background common reduced
areas overlap. A coder 10 matched layer siﬁgaﬂon process is apg(ljed to the overlapped common

reduced are&85XEPR3AE INIRJRLOIPR R KAEPHALABANa A Berold hiaNsoRAth. BRIEF
DESCRIPTI QIR FERBAYSINGS e piesrntiBvantiqn s i yategsr by wanielexpewe and not

15 limitation in the figures of the accompanying drawings, in which like references indicate similar
elements anffhc\mgﬁpmﬁﬁ?ésiqmgrﬁ?e@ﬁ%m%)ﬁ/ép RELIMEMiBR 6P RBHRRRRRMMI tRocument.
Figure 2 illusiratesgdfipe 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
processincluding tHt AdgRMAPRAINE PloddRer iPaetey fis dima Jaedand HeppskysithrRiing function.

Figure 6 illustrifs e REPeHIRERICHIRBIFOR AR &Hedy) AANHIOBo THPFEPRAEIIIGer Hivgtrates a

stripe with a common area decomposed into foreground and background layers after common area
reduction. 3@ HRAIFS SOMMSNedHehataniiitealfagtivebp apRnsAthRecEws stripe into

foreground and background layers for all regions except where the

foreground and background common reduced areas overlap. A coder
10 matched layer separation process is applied to the overlapped common

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.



Attorney Docket No: 10006292-1 Express Mail No: EV 010308269 US 3 5 October 2005 Figure 10
illustrates thg\t?grl%g%@kglf,@épg&%g% Rixel interpolation or mom@&%@'ﬂnﬂ%f%@&ﬂ%%&@% one

embodiment of a block oriented compression process. 5 Figure 12 illustrates a zig-zag processing
order for 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. DPEIARED DESCRIPTION 10
In one embodiment MRC represents a compound dbcument 110 using three layers (background 130,
foreground 120, and mask 140) as illustrated in Figure 1. The background and foreground are image
layers and the masK®&yfér8 b'ii\%\WQF.PeS. e relertinrenf BiocksdprRiRbtn Y RO document
may be compigertidafibs 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 exteRtBdrfoll IBSEHFRADMEMRRAMMEMNGR, HREKPHINEdro reconstruct the

original docupgihrERSiBAGKEresstd and 20 foreground layers are reconstructed from their
corresponding compressed layer data. The mask identifies whether a pixel of the reconstructed
document is to be prislided BiltHatratema #idea00aKReRRINE BFHAsE FREINEROYI8A98FEEbUNG layers.
The standard supReststhe 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 (dgyrefsullyateaadaiodshpreséfyingtheesprEkabyantft Ofstupports
coding the dggémgat@%&Wiﬁg(@fssgﬂg?gctﬁ[ggr&argWﬁ}r@f%@ﬁgﬂ%rq%g:omposition of a compound
document 210. The
DETAILED DESCRIPTION
10 In one embodiment MRC represents a compound document 110
using 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
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
document 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 series 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



30 document is striped for analysis. The stripes of the striped document 220 Attorney Docket No:

10006292-1 Q%QHQS%MQI,\I,}[%J%%ZQ;QSOSZGQ US 4 5 October %Q&@Sg;l%@m!yg@gl%gzggeggmposed in
block 230. The background 236, foreground 238, and mask 234 data for each stripe as well as stripe

parameters 232 are encapsulated in the MRC bit stream 240 as stripe data 242. The MRC standard
does not address the specifics of the analysis or 5 decomposition provided¥y Bisck 28620ne goal of
the decomposition process is to obtain a new optinfhl decomposition in terms of compactness of the
coded bitstream and quality of the reconstructed image while staying within a reasonable complexity

constraint. GEARalHAE BiRE E5aed BRSGE MBI E0cohRRIBRAHER VD 2RE. characteristics of the
encoders appiieg)ia el ingividHal iaek d8trdiia s Busi siphembadimesttpigek 230 uses JPEG to

encode the foreground and background LL%/ers and thus must consider the particulars of the JPEG

coder when Bet&MmAHeNG BAPER PRSYIAIEski DSbSMBSeRI Il #rBTRdR R ainiRRAR8r compression.
15 The MRGayntan pRIRIESSRFRIAPARAIY ade R dranRsSiedifaro pach S{Rpsid Bese parameters

include spatial offsets and sizes to define the size and position of the coded foreground and
backgrovind R8FGRIRIRtIRRGY RIS d iy BAerkrédhd layers may be smaller than the stripe. The mask

layer, however, is atyyqy g dall 68AR! AR AN Sl RALpLOCEIBULS BivElTAIghevwitpeirTdl having coded

foreground 320 and background 330 layers that are smaller than the stripe. Two parameters
represent thél §SRIGRAAE A dErKasRIrPB2RecEBRsS thREReCoded B telrgp MR igbtYd and

background et FRRRIEAUR AR AN WnilESREFHNGNiBhES dRedidnd cemipna,aegeiied by the

offset and size 25 parameters. Once the mask is derived, both the foreground and background layers
have "holes"c@Nibr M bafeikaizationehbitifRf ey eaat Rsohg s ansstrextiafephs determined

by the ppaskHOURWRERFGIDBF the encoders applied to the individual layer data. In
the illustrated embodiment, block 230 uses JPEG to encode the foreground
and background layers and thus must consider the particulars of the JPEG
coder when determining how stripes should be decomposed into the
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



mask indicates that a particular pixel is sourced from the foreground layer, 30 there is a corresponding

hole at the sgmgnlagcgg([gg W thehaskground layer. Such holesg(gggmaqﬁ(,g:pgwrco%r&ggr@éevant to the
reconstruction, but can Attorney Docket No: 10006292-1 Express Mail No: EV 010308269 US 5 5

October 2005 have a significant affect on compression depending upon their values. Given that the
values are irrelevant to reconstruction, they may be modified to achieve thé¥e-eftietfert®Compression.
Block 230 must analyze a stripe to determine the following 5 information: 1) offsets and sizes of coded
foreground and background layers, 2) foreground and background base colors, 3) full resolution

mask, 4) intBARRidI N IRTRE RN E AR BRI HBRERFLPIHPRHE Ih XY RSund layers (i.e.,
JPEG matcheshigierRatatinah e REaseistoioedbadareananndinsdhagkgeound layers, and 6)

JBIG parameters for the 10 mask layer. Figure 4 illustrates one embodiment of an MRC coder
process inciitAAYftRE Lo RepR/210 iR SEBSEeRTEOUMRECESIAY- process is operating on stripes of the

striped compound ¢Qgke8h Hight AHANSEHNNGS WHRABR HABRE Bhe AOYgMAFRyStripes to process. If

not, then the process is 15 comPIete in step 490. Otherwise step 420 obtains a stripe for analysis. The

stripe afalysi8fesmaH Az hajisritanckprnIgfcnrind Joseats wid ancbRaskedatanth step 440, the
layer offsetsg%iﬁ%; aNehbagR ERIA eI H HKGFBURRA 2B R AIBPP ) Rl T & SRIAFE MRl Ied layer

separation. In the illustrated embodiment, this is a JPEG matched layer separation. Step 460 20 then

interpolates thd Wie/IBeAntiaBvetaes fxdiasipititicateJpels dBiwdosrRaToridiaRge (foreground
and backngHQ&l#@;Mﬁ%ar&yé?ﬁﬁe996%%%1%}%@@!& Effor3!6) Gpeed ?har%{ﬁ%@r@ . The process

continues until all stripes have been processed. The goal of the first step of the stripe analysis
process is tofpEdliecahed reEstaadipackoiainshlyy ¢i§ers ¢heo UG aparaphisier sdrictitm of base
colors gynd Iﬂygglgié%@nd offsets. If a compound document has margins of

Figure 4 illustrates one embodiment of an MRC coder process
including the stripe analysis process. The MRC coder process is operating
on stripes of the striped compound document. Step 410 determines
whether there are any more stripes to process. 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.



constant colors, for example, such information can be more economically conveyed through the use

of offset and AQ%%&BLQEJ?%@%E%@?}S opposed to JPEG enccg;!iggssmﬁ ﬁ,@t@%%%geg%gurther

subdivided into the functions 30 of perimeter finding and common area reduction. The functions may
be performed substantially simultaneously. Attorney Docket No: 10006292-1 Express Mail No: EV
010308269 US 6 5 October 2005 The perimeter finding function attempts't@fih@tRé thitkest margins
along the edges of a strip that consists of only two Eolors so that the residual coded region in the
image layers are minimized. A systematic analysis of stripe rows and columns is performed for this

function. 5 Figure 5TisReEEB &R Jinsine funatiratamrisiof uih hadhickestedge to start with
given the sefiaRyiRO UMY igbsAt IYiiltHRNIIHSY DS IR ERRICBIAE X G Bga May be

selected initially. For purposes of example, the top edge is presumed the initial selected edge. A scan

is performedtBR tR8ISHRICBESH MR Mt HRKRRISI DRIS A6 AN BriEeddify3sie8ddise opposite
the Selected gAgogs ITCIFAIS AR F2NTHRSFAPAIBINLEE A ADGaHBIRSIAG more (han two

distinct colors. The first two distinct colors become the candidate base color pair. If, for example, the
top edg® is initially Eé%{_ft%é iH\H%E‘&?‘i‘é_E'@@)iﬂﬁl_’h@‘%ﬁhE‘ Wé’@ngcfg@‘éﬂﬁrb_r&%oﬁﬁ@ B5VP4H the bottom
edge are peHATBRIUBP0RPLGIERTR LU RAIChI Rt M SLARURIAWifroceeding
anticlockwise, another edge is selected in step 522. If the torﬂedge_wa_s initially selected, the next
edge is the 18K&SHYalY HEPKFERSER N BrBCaABMERYJRE for tReie BdgiHAMY Wit tREReREsdge and

proceeding tgpard, it RORASIESLBBATS ISR AN i IRfi6810% s S8l igge 20 Scanning proceeds

along columns until encountering a Color that is not a member of the candidate base color pair. This
marks the second B $Ea8rE MefdeEddPartidstkpr s RNy Eisteelseleetad REPS32. If the top

edge wgs iniiallyelediarhdie E}P\iéde%g%ﬁg%t%%%@e%’&@d%a@@ LR by saping is

performed beginning with the third edge an
520. The scan continues until encountering more than two distinct colors.

The first two distinct colors become the candidate base color pair. If, for
example, the top edge is initially selected row scans beginning at the top
edge and proceeding toward the 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



25 proceeding toward its opposite edge in step 540 until encountering a color that is not a member of

the candidatgtgg% E9MRL; RAIr 1 hhisqmnarks the third boundary. Ig;g&gggg?g\@nggg%\@g%,&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 Attorney Docket NOZSl@GG@%E-f%QBFGSS Mail
No: EV 010308269 US 7 5 October 2005 that is nof a member of the candidate base color pair. This
marks the fourth boundary. Based on the boundaries obtained through scanning, foreground and

background IR ASASLE HIBEELEIRGeAREtIGATRBASH SR VT ohBISBAKS HY® colors of the

candidate bage e BRaNdargssigned to the foreground base color while the other member of the pair
is assigned to the background base color. The information obtained so far represents only one

candidate pair of bB88EEhRII AR PaLBEaERYUHabRS AritiE UdihisreRRINHof BB, 10 For

example, a ddﬁ@%ﬁbl&}j?‘éhﬂéﬂfh?é’ﬁ@ﬁf@@t@r&%l“’siﬁe% eHfeRRNUctanAIRIG Pﬁﬁdﬁ@gﬁ.p@ihénd

associated offsets that produce a smaller coded region. Accordingly, step 560 ensures that the

processas reffede dEP IO ER RN sandidatidiassicaly RadbisAst IMrditodhedetermined for each
possible starg Gdafd AR IBFIRHREAE BEBYIRR AR PRI ARG 2896 1BErRoWill be four

candidate base color pairs with associated offsets. Thus after all possible starting edges have been
processed at GBS BRss 58RIstep 570 selects the candidate base color pair (and associated

offsets) that result iPe-FBIHSHTPEBELIRGIPES AP ATRSANDLA Seem Ml ARdRaFkaround

layers are the same size and have the same offsets resulting in a common area for the foreground
and backgrofhBasgé orhandmnes died e&gatiion Migmeabition may not be optimal.

10 For example, a different initial scan edge may result in a different
candidate base 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.

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
attempts 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



attempts to reduce the size of the coded foreground or background layer beyond the common area.

25 GeneralIyAt;Qgegqggm%gr%dégplumnwise scanned from o%ggg@ai}%amm%&gpggng 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, TFtypically set to 0.75. A variable NFis a function of the
document resolution. In one embodiment, NFis selected to correspond to>36thefimBeP of columns
required for a 0.25 inches width. As soon as a conﬁguous run of NFcolumns where the fraction of
pixels having the Attorney Docket No: 10006292-1 Express Mail No: EV 010308269 US 8 5 October
2005 selectef 18§EAJYETBRSEEALRERID BEICHETscHIFiS B AP stPRRE & B dBRground layer is

adjusted to siaeiQirieerripping ahjnsteintdignref thiskalpa ang emiedimant of the common area
reduction function. In step 610, threshold variables TF and NF are initialized. TF is a 5 pixel threshold

and is set to 0.75 irf §He"ERIHREHE NINfeprRReRiNE ALiRbE RBHAGIOREE PolRSIBF BORIMNS

threshold ang| s BciiaRRidisa 0dasHBsBIdssIHINES b anfiebarimetalifels itiglized to a value
corresponding to approximately 0.25 inches. In step 612, a layer is selected for common area

reduction. InRIne! Ty ashisdeiaishisthet dofnier Rl RARIBHIBAEIDR HRRYiRteRIhahe background
layer. In stem 6l SREE RIS bR SHPEIRRRISS B ih ABCHAROA A LI sfamking edge is

selected from one of the left and right edges. In step 620 a number of columns variable, NCOL, is set
to zero. StefaGBRONMCERSD HERIIMANP R AIRPAdIZREBH Y pikdRitiptzes\tARMalbEse color

associated v@g},tg@pgﬂgm @Xﬁbﬂéﬁﬁﬁ@ﬁ/(@.%’iﬁﬁe@an 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 lileemines alayelelselented Nerpa B aTieMEE AHetesT thBrenge at least NF

20 conjiguousGosHTIR IR MY Mo 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

15 630 scans a column to identify a fraction of pixels, P, having the base color
associated with the selected layer. If P. < 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 so, 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



If not, then step 660 checks whether there are additional columns to be processed. If so, step 662

selects the ngxt calwnnaRd: thgsesess continues with step 6!%8#&?4%5%:”@\‘?"09@65%@'% so, then

step 650 reduces the coded area of the selected layer by NF 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 withP & sefstted layer in step
652. For a mask convention of 0-background and 19foreground, in the area discarded from the
background layer, the mask 30 value is assigned to 0 (background) for all pixels having the

background P8 &) &S REINW 1980562550 ERBR-A8 1o 1185 M BHRI0RIES &8 8V October 2005

color, and 1 giBeswisrimiePteG8) Brerdetermines whether there are any more columns to process. If
step 660 determines that there are no more columns to process in the common area, step 670

determines if there {6 HSBHREP H8HEHE HtRset RIS RER 858 NEHBHOEREHR MBPRER B 96RSBleted in step
690. Othervigg, {0f ARG S SRS IR RIAFESSI I S R ALAIBRPIgRRFeIRpeals fom

step 620 with the new edge. Once the common area reduction of Figure 6 has been performed for

one layexr (e Brosaskglb M) thed sRscREQGRS/ I HEARPAIEH for TP APl @EhRRISR. HNeforeground).
The foregroyqid, fBE RAKE RIBEI FY RISy IRUEHRY i 539 6RO RREFRIPFSELEORR Sgisareprsides. Thus

if the background layer has been reduced fromthe left edge of the common area, the foreground
cannot be reti§BeRPMtthEneMRdRAIthe foreground, however, may be reduced from the right edge

if no reduction fromdhez sigfht BBRPHRYICUTY AIRREDMABREIEE%S PaCkSERHNSkIaYFR2luS Scans for

one or both edges of one layer can be skipped entirely. Thus it is necessary to identify the edges for
which reductieh 96€d@e f6ea | DASKEe $he @ enesmaray aecrppanAteden FBawieh for the same

edges gy theHR¥! (QYe rdReiB G OHME Ry Eof REHINSHRT BAAERBURRN I AR SRR,
cannot both be reduced from the same sides. Thus if the background layer
has been 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
15 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



20 functions are performed substantially concurrently. Even if a first candidate base color pair yields a

larger commggoﬁ{gpogggg RuS66RRs pase color pair, the first caé;girggstﬁﬂgﬁgg G RRLNgY 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 pait-of®stdidate colors. Of
the four possible candidate pairs, the one that yielb‘% 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 SIREKFhSBHRIMISEOMRIdNIRE (A Be HisHor sonaractERB A8l tHE®&BaSKNr pair is

considered thgehagdarenfdass 9%%%%%%%%9@&% B AAPRYInleFigrrrss Mail No:
EV 010308269 US 10 5 October 2005 darker color is considered to be the foreground base color. The

mask is theR2LSHABEY BASE £Al HePEHBG GOTMEIA PR (IR GEIRETHENS the background base
color or the fRfggseyRE lPﬁﬁ?e%@éé%@?Qﬁé@McéH%%%ﬁlﬂ tHER danEa\Vared adieceifieyond the
In

common area, the mask 5 values are assigned accor (see step 652). For example, if the
foregrotthd Ié()?ék'%yﬁe%ﬁﬁ'gﬂﬂftéﬁ?%g'H&%(ﬁ?ﬁfé@s@%iheﬁ%éwlﬁsﬁﬁ%d so that pixels with

the foregroungbgas o RasigRer fouliledaiintRrRISRESRSSIBARH PediBHSi@fter processing

both layers, the mask values for all pixels other than those comprising the intersection of the 10

foreground a#f8iBACKLPOURI BRI hadthddls detearmmetdl trasererlat Rrtasstapgdrbyrbuiled,
baCkground’aqutﬂl?rsbi%@%?é‘%fs@lk?:ﬁ&ﬁo@.s PhiREFEPH rEXesahE & AP HQPIRP BRI LY

overlapped common reduced areas have been determined. Figure 7 illustrates a stripe 710 with

common are‘éa’!mﬁgcféfb?éh@Mﬁ%ﬁbféaméﬂwmﬁé@iﬂﬁéﬁﬁd@é@ﬁ%@ﬂ pitéTereground layer
720 wifpredyged FOTHAhE Backer AMHPRRAAOHAY el deRwWiiherfused CRIMRY AL 732- The

foreground reduced common area’ls the same as
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
15 common 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 to be coded. In this case, the left edge of the background common reduced



the common area 712 before reduction. The background reduced common area 732, however, is

smaller in Si?ﬁtmi&%%mét &Rk area 20 reduction was Sé;&:ggﬁg;, fos. the hasdgsouad 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 th&FéaGeéd €dmon area is
25 adjusted to ensure that it facilitates efficient codey operation. For a JPEG coder, the boundary of
the reduced common area is adjusted to ensure that it is 8N ?ixels from the left eds%e of the common

area 712 befyiedrkReiisie dirasuELRa! idsRmidtinleo D3N piglsfiimdRedsttion of the two

areas is desj do R a Blerf 8dhmiels Ferimndbe kel £dge of the area 30 to be coded. In this
case, the left edge of the background common reduced Attorney Docket No: 10006292-1 Express Mail

No: EV 010308269Re&e1Hirgdebi reohRH It he stfiRtan@) ¥his o pat 30 d@smultiple of 8N pixels
from the left Q8 MEdN® EBRSEHIE SUREBFHEEAUGREAIR8) RASEMRTaiEtIgaferter the stripe

analysis block 430 has identified the base colors and offsets (step 440), a coder matched layer 5

separatidn iSpRAGHRHIBRSs fasr)ediGires43D) i higriestB dbystiatathe godgemaishedion process.
In one embo@gﬁ%ﬁ%mrﬂ%@@dlﬁlﬁe PRSGR AL At aRP e eRateRRER AR region of

intersection info two_separate layers that code more efficiently than the area of intérsection itself. 10
Edges insidS@ParationaHedmbTke JrIaMBASEINEr pAEY) Phendatrastiafei Rtaialer, however, if the

edges are mayedfociackiaanadteR Hovs driahatifirentiaineosed DG VRIKas Garsed by jumps in

DC values in successivé blocks are more efficiently coded than high AC coefficients caused by edges
inside the bid&eIf5 Generally the coder matched layer separation processes blocks of pixels in the

area ofjtersectionggy e £RG8E BFAPEEIESIERUSI RKIFFRI 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
successive blocks are more efficiently coded than high AC coefficients
caused by edges inside the block.

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



coders, the blocks are processed in row scan order. Within each block there are three possible layer

combinationg, Fachhlockimayspnsist of 1) pixels that belong é?é?é‘s'ﬁl)(ﬁ%%@ EW%{%@&EQE‘J@C' 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 depétidif§iipat? Whether its
pixels are closer to the DC value of the previous cbéled foreground block or the 25 previous coded
background block. For a high contrast block, the pixels are separated into two E(;oups. In one

embodiment2E IR YHGBOSKT af N DG REEPR e iBelReRE M TERSPRFI R4 rker color is

assigned to {pp foragEapad dayes. Prewmasy galdesa18 WGA@QQ@WE-@G%% 8-9 illustrate the
coder matched layer separation process that 30 is applied to the region of intersection or overlapped

common red(RIFESEAIHIY $05,265aaRINF S IHRTRERRRIS KR BN iRfdiR IREEY RMEground Attorney
Docket No: JARQBRARdosIERRbfelieifARAIRAGABLIR HAG Qe elapea0Bignd heskaround

blocks. (Interpolation is discussed with respect to block 460.) The variables PREV_AVG_FG and
PREV_ARVG VB&4Faadibisakigsbie thA G R CRERIG ANaH £2581504R s dBISIRRL of the previous

interpolated coded faregy9¢nd Q'm&@cbgéﬂ%@% aglia ctegRpSHYehe MdHsh Bivectors are initialized to
02

the appropriate layer base colors in step . In step 810 a block of pixels is selected from the region
of intersectibiterseetionl IntatepHle Riveasalse MRS FicHipiedge M FTIB88RIBpace, RMAX

s a scalar vilSReasIROBIAHIMAR MAUBAME ORILE EAESRIHBME 16 odiRaamppnents found in
the selected block. If 10 RMAX is greater than a pre-determined threshold, TMAX, as determined by

step 814 (i.e0ftivearngevEihaid(SHANnE Breaswmnss sty id the spdestreuedndlbther pixels
will be pgSigpgd Jodhe Hackerawah asp ACGERINGT R SITRS Ao R8T/ RIDEIWisEF RINEK < TMAX
then the entire block will be assigned to either the background or the foreground layer

by step 814 (i.e., RMAX > TMAX), then some pixels will be assigned to the

foreground and other pixels 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

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).



15 based on an average luminance value in the block as determined by steps 910-942 of Figure 9. If

RMAX > TMAX, the Rixelsaresepsyated into two groups. In ong embadiment, 3,2-psanssalgorithm is
used to separate the pixels into two groups, GROUP-1 and GRSUP-Z. 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 fGfFEROEP-4 %and
GROUP_2, respectively. The average luminances ¥8r the groups of pixels are compared in step 832.
In one embodiment, the darker group is assigned to the 25 fore%round and the lighter group is

assigned to BRI rdbBECRBENe e al ¥R AR BRAVLIGrEa @i skHifthe average
luminance ofeRILIRGR %ﬁﬂﬁ?ﬂ?‘i’ﬂ@a‘@iﬁ%@e@%!@?%l%@ﬂ%& piassignesRo e background

and GROUP 2 is assigned to the foreground in step 840. The components of vector variable 30
PREV_AVGE'BQB’ &RE siﬁﬁé@.tﬁé;;i\é}é@e%lue for the associated color plane for the pixels in

GROUP-1 (i.e., PRRYeAYEIBRTAMBe By AgmRINMABRENT: ARRIGRIZ- & Rurrgrsdiail No: EV
010308269 US 13 5 October 2005 Similarly, the components of vector variable PREV_AVG_FG are

assigne@ thEhaAFRESVEIRY thUt RaReRAEARBIBIPpRNIBN RGN hisresigned Tge.,

PREV_AVG th&mdfroghd RENEROIYPT R A¥eiGaEUBIIMRGEREFSR AN inkstgpasgreater S than
the average luminance of GROUP-2, then GROUP-1 is assigned to the foreground and GROUP-2 is

assigned to thee¥ekdlas iR E\ep 886 _Breangi e /PREAB AGama esrerRely AVG FG are
respectively a@§§%ﬁ%dtﬁke%%\yé\wg 16F the PRI TP2 28 FERYDA 1

(PREV_AVG BG=AVG 2 and PREV_AVG_FG=AVG 1). 10 After the pixels have Been assigned to
the appropridRREYerAYEp_Ho=dormhas & R FVard Y&, Hieckd M¥malding to be processed. If so,

the pragess continygsapithApRBRI IO L AERF e PIBENYSH IRGINAEE RS, step 860
determines if there are any blocks remaining to be processed. If so, the
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
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.



completed in step 890. In the event RMAX <_ TMAX, then the block average, B_AVG, is 15 computed
in step 910 %@gw%&@{tﬁg:s{gdaég.ﬁlof Figure 8. The elementggﬁe%qgggr@eyﬁo%y@s@t 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 i& &5sigR&d téthe background
or foreground. Thus if the average luminance of tHetselected 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 isRefe B 9d0Eiguse f sdEnineatndrs MAECHEE e LSRRI B @S elected block

is closer to Zpdfieinvaegpesonansepf e MevipyRictetaysg 466 bipekdsassignead to the
foreground i%ﬁstep_940§ﬁd the vecrtég?PREV AVGQ FG is set t(?% AVG in s?e 942. Once the entire

block has bel@ HisEiRERPIBRARdS d:fiHrefr Sund P e BERAYRSEhNE)RPatke I Getermines

whether thergiedRePoRlAekR AR WHBR§SR etk 3PISG8PRING SRREBIAB WG SIERifHO. If not, the
process is completed in step 890. Attorney Docket No: 10006292-1 Express Mail No: EV 010308269

US 14 50ct¥pEiesoimReifng ®ffidend anepdingeryrRacnAPREE layer SXSALH @ies place in
step 450, the layRisAIR IRIRIRIFTHHEERR 400 ierPwiRess & faysh kHemRglatson is to fill up the

"holes" produced in the background and foreground layers when pixels are assigned to the other layer

with 5 values that réstii oy efficimvahee dhenes lbalas naderripaaskd Bidtas are scanned in
row-column gecl e SFROIAURY i e e e ARG e ol s elep are elevant

to the reconstruction of the image (they are masked out), the value assigned to the corresponding
pixels may h#\ecaiEfrfipandngaeteisthzay bay e GiestitansivRprags . oxctardMe®K the values of these

"hole” gp"dopd idi€ssion rate. 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
15 remaining pixels are referred to as “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
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.



pixels are modified in order to achieve greater compression efficiencies. This approach will not affect

the reproducAigg},gyglégxeqm:qggoggag_g require modification of t@pqgsgmirllgkglggr&glagggzwgsdon't care

pixels are alternatively referred to as "irrelevant” or "modifiable" pixels. The 15 remaining pixels are
referred to as "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) pixel§ #&t¥5&lonl exclusively to
the background layer; or 3) some pixels belonging 18 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 ¢f 11¢SR\PHR PRSI COREIRR2 37 i OE(RISVERERNIEISLRYADT BIX§1S combination
of relevant aggl dselpnARLEIKSStEOMISHL ArbrstrRiespwingipelaae asipd itasae igyer of a stripe

are selected for interpolation. An image layer is selected in step 1002 from 25 the set {foreground,

backgroundStaR/afabiel PRE Ve lgtied Dok rans itf LRAEF ehe Hhivke YRR XSl Gdund base color in
step 1004 depaprinthdiPeY Bie o0 RPRARESpIReBFIRIE afeioctodd Breiddriviitheelected layer

is selected in step 1010. T eé)lxels are classified as relevant or irrelevant in step 1020. The mask
layer inffere M) SRbESEPIREIE AN I ERIVPRIMARTe VAR 1IHR-SICEMIRREG ¥ MY e rSAttorney Docket

No: 10006298REGXproas MAINe: FYPA0528269 18 AdrEAsiaRe6RRRBAL s FRlegiRst block contains

a mix of relevant and irrelevant pixels as determined by step 1030, then the block is interpolated as

indicated by SSiRpNEHH0. WPPR taaseer iRt yiesibeiramedgessrebidiane fledk as determined by
step 1040, thpdhg RXRLYAIES &% Ral o ArRiviRIEBHaRd kAR ihiisp 4R dnone embodiment,

the pre-determined value is PREV_AVG which is initially set to the foreground or background color
depending upeH&iEngskociated layer being processed. If the block otherwise consists entirely of

relevanfgpixels, then\p fURIPOIRHaN & RAACHEBREY AVG is updated with the
average 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.
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.



10 After steps 1050 or 1040, the PREV_AVG is updated with the average values of the relevant pixels
in the selectg\qtglgglﬁj)@kg{%:%&%zyg update is required if the&gtgggtﬁ,gip,{ggl&{p&t{gsl[%z%g@gisted

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. 15 If so, the process returns to step 1010 to
repeat itself with a new block. In one embodiment the interpolation of step 2650°48sigNS the irrelevant
pixels the average value of the relevant pixels in thEfselected block. This interpolation procedure
tends to be considerably faster than the subsequently discussed interpolation procedure, but may not

achieve 20 the sarhi@ PR 8r 8RS RISBRIOTHI AR BRIGBAHS @ ABSEMRING ARANRIRBIdSN process of

step 1050 i%égﬂégjﬁf@\@&”XQ"I%ﬁ%\@%aﬁﬂfﬁﬁﬁ%ﬂi%fﬁw|F§ﬂﬂ&@ﬂt@ﬁ@§ﬁmﬁ§$$iﬂﬁg@te than the
simpler and faster averaging process. In order to understand this alternative interpolation process

some under§aiAv| BiaRe QIBRina g edLrste dunet oBRock ke ARFELSRALAIRIERRSS are prevalent
in image progasaTarRBRIRAlPR SRR RRRNIUA fef SRMPARSHIGRHigial sepresentation of source

image data includes the step of transforming the spatial domain image data into frequency domain

data. TrAnsformatiohedPasifecostialesttaradientaunatizar endprshaldes A8 HEMARSE to as a
forward trangfeRmaiiRTb ARVt RO ERT NP HIIRGA 25 Ts FfREG R MB hligieR Y S9/A308<EP US 16 5

October 2005 Forward transformation is analogous to a harmonic analysis of the source image. A
forward tranStbfRIMPIBEH 80 rephesein B igsatas fficigatears A8amEarUsIRARIbRYbT basis

functions. Therqeienif{PbiGtetaRis piaclensils flettitaias AHeradpdracsgnragton process.

5 The basis coefficients are then quantized or thresholded to eliminate contributions from the
corresponditblsiade ftaien tohacrsvlissheeBpepsseeomaesslatn rHd eanixirilal oticients are

then rejgrdeted i §UBistribution, 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
guantized coefficients. The modifiable pixels are modified so that a

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,

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



length encoded or otherwise processed to facilitate further compression of the image data. The

resulting CO@BE‘?&@%@Q&W& deyais,then available for 10 storin%rpqggr,\igﬂti@@,qud‘%gg%g%rsprocessing..

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’tft&@ 25 quaitized forward
transform of the modified block has a greater numbér 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 referencEifHiscldidiMGE AleRIRBmEMB R ime RbRfRdUock Rasgd. ANacess EPhtion thus

increases thg(iARMRIESHIGA R TIRRHEYPg f@é@&fa@i@rmyﬂﬁéh%ggeim@aﬂjﬁﬁqw@rﬁ?ds&ga@@ner in which
pixels are modified depends upon the specifics of the compression algorithm. The Joint Photographic

Experts Grouf isAtetHefistsrepiciags {9 Bregy ¢RIEINRERAIERAYS MGt dd9Bopular image
compression and eppreiier rchilerires saahmaninulalmagSpectab coplarRyashisus data

compression. JPEG compression is frequently used for static images such as those encountered in

facsimil® or SALHERRIQFkRInG APPIEIGLHSNPHY PN fisrRRARN 1R 96y B BAYB SPYHE.S or movies.
The basic prarsge NasReSE RIIFEGARK Y JBEBGARE dfsinetddssREFaA 4SS IofaY. Although JPEG

utilizes a Discrete Cosine 30 Transformation (DCT), specific implementations of the forward transform,
quantization SAE BRPEIR) eRebainPIERs iefixrafthie ihhsidehisropeoiErMbcket No: 10006292-1

Express MailNasFYALARABZE] bIS LA Q50MRIsRAPSiGIRk -1 HlbalratamISRA GBROgiment of a

block-based process for compressing an image in greatér detail. The image encoder 1120 processes

a discretize_ob@éiﬁr(fé wﬁg@sn&tﬂwp%um@ [P selecig deansfoom Eﬁd&féﬁ 1120 processes
the soyige IrnaamiddAats BiEFaTheaF BXRmaraLCHBIBFKSs SUfaiRrehiansieraation is performed on

each 8x8 source
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 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
guantums can be used with different spatial frequencies as identified by

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

c®(uv) = INT@M(j
eq(u,v)e

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



block. Each 8x8 source block is a 64-point discrete signal that is a two- dimensional spatial function of

x and y. The Q6T ISRNGQIdMARYe-HRANsforms that can be used g, [pIGSeRL SIANASASINEAr

combinations of basis functions. Although the DCT is the selected transform for JPEG 10
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 analyzerthatEehérté tHe 64 point
discrete signal into 64 orthogonal basis signals. Eakh orthogonal basis signal represents a two
dimensional spatial frequency forming the 15 spectrum of the 8x8 source block. The output of the

forward DCTPRISERHHidlarssHlk e AU ol HRRIY 68 ERA9e ChRSSSRIsEESnal basis signals.
The amplitudgg s rafaraddnasd Glevoriferaisraddhe yaleswerigierained by the discrete 64

point input signal. Referring again to Figure 11, quantizer 1140 quantizes the DCT 20 coefficients in
accordance HitATHigatiniERIR Bk 212aPplitaidan §8RARAREan be used with different spatial

equencies s denyifie BTGB Al Lafitod iy uarsieee iid any bessalared as

follows: cc(u,v)=IN c(u,v)) g(u,v) ) where "INT"Is an integer function to ensure the result is an integer.
25 The uantifsRMABIRLEPRTHES @iftsc RSO %i2BEABE BB MIBESB LIARYRMO GG quantization

table is thus @ 61 ¢'E5pepiJaRte BN EH8IBRRPTBaTHRRAlat redsency. Generally, step sizes for

higher frequency basis functions are larger than the step sizes for lower frequency basis functions.

The step sizes are By ifosemAeihafjaReiruazeres o tHethE3088684 Edntribution of the

conespondinng sRsiBRE'e i AcHP GuERE AP ERRYRAGKEL biRicRANRRSEak Expraspipl No: EV
010308269 US 18 5 October ZOOSA)erceptual threshold are functions of the source image

characteristif@s HisNERFaMNGTstiassidarfhE aRiaRce Vet abkute it ieide. oH gifandRation table
may be @pplgUIRAASRSRIEMNd 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 encoder outputs the code word for the pair and then a code word for
the current quantized coefficient (also assigned by 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
coefficients 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 inFigure 12.



After quantization, entropy encoding is used to efficiently represent 5 the quantized coefficients.

Entropy encgq[gpn;}ggckg%:eﬁg&%gncoding table 1152 to gen Fé@%ﬁ]?m%‘?@%@o%%ﬁ?eérﬁ@ge data

1190. Briefly, the number of previous zeros and the bits needed to represent the current quantized
coefficient value form a pair. Each pair has its own code word assigned through a variable length

code. Huffman, 10 Shannon-Fano, and arithmetic coding are examples of comhfisily t48d variable
length coders. The more often a given element ocdits, the smaller the number of bits that are used
for the corresponding code. The JPEG encader outputs the code word for the pair and then a code

word for the current BB eBSAENSH QhRIP s didHR Uy esRANSBILOIERg IR CIEER. Ub After

processing a/klggk phasatieemBPSrE erftidaaaIentoBEd apeosieuiieg mbBitiéiend of block
sequence and then moves to the next block. After finishing all blocks, the JPEG encoder writes an

end-of-file nPAPEkS TEBRECMAN HMHA AL FRS 8P TREBRIAHEBANATEIHERDA R EERASISage data to
facilitate recepagHeiRMWART PRIGRUSRIFHANAZALARIS ot MaghidhecP CTiroRsfigients have been

reduced to zero. In particular, coefficients corresponding to higher frequency cosine basis functions
tend to Be z@r’EbU@Pd’e‘?Fﬂ@)&‘t%m%HWeﬁéeﬂ%i@ﬁt@tél ot RHJEPQUARY dTUER{Rlued elements

improves the, iaiaioEigIencHie]dRE IKTEPOWETIFRE &in RAUGHBI GERNERRIVINBR D Al ren s MAINIng

guantized DCT coefficients to be encoded are all zero. Accordingly, thé entropy encoder encodes the
quantized D@ dyEfitiBae Hdk 789 zig-zag manner progressing from quantized coefficients

associated with loweh{g415a6Y5baa1s fuBFBRALGY v BUBNIRPHUARBLIANIE AssREaled with higher
frequency basis functions™as illustrated 30 in Figure 12. Attorney Docket No: 10006292-1 Express
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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

7 ={y'.x}
where Yy 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 c is given by c=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

JX) = g Ci2
i=1

2
30 =lell - o’



blocks. The remaining AC terms represent higher frequency cosine basis functions when progressing
towards the JQuer.{ighh&PrRS iR, PEC 5 entropy encoder negd QDly.ARGOAS, YR igsshe ighest
frequency non-zero quantized coefficient before writing an end of block. Any other coefficients are
presumed to be zero. 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 10 higher frequency basieeoefiitients are
zero, the zig-zag scan order groups the zero eleméfits at the end of the string of quantized coefficients
being coded, thus improving the rate efficiency ofzthe entropy encoder. The JPEG encoder need not
encode beyond the last non-zero quantized cgeﬂ_ﬂlicie«:gzin 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 man'FpII);tHltiﬂaHuy nccgﬁng process can be modified to permit
modification of pixel values that are irrelevant toesr_%construction of the source image, but might have
significant effects on rate efficiency. 20 The 64 pe€ls in ock are denoted as vector z which is
comprised of two smaller vectors y and x such tft t)ﬁiT:M:"lcf} where y is the set of NY relevant
pixels and x is the set of 64-NY irrelevant pi elsf_‘?'he 64x64 2D DCT transformation matrix for the
vector is denoted 2B¢ Qﬁﬁﬁ?fﬁé'@ﬂéfﬁ&igﬁ 54t is givER BYc = Tz . One approach might be to solve
for the vector x in z that minimizes the energy cif e AC coefficients while leaving the known vector y
unaffected. The cost function to be minim'c;]ed:isétaez; given by Az) 1=1 Z t 30 =llcll -co Attorney
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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:

1 Ng—l

10 = :
X =N ay

y i=0
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={01..N,- 3
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



Express Mail No: EV 010308269 US 205 10 1 NY-1 Xi=-T Lyiy i=0 Thus the optimal interpolation
for the modifmlrgegiﬁg@ephgerm&gzminimizing energy of AC cpgfficiants i$,thg, soluigrythat 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 mififtiz8§thé tafe by
maximizing zero runs along the reverse zig-zag se@nning path while satisfying other constraints. For
example, any modifiable zI must be assigned a iixel value 20 within the realizable range and zl for

nonmodifiabHists SHEURFABE R ErRye 189iRES L PEIR-toafTiciants habran beIuantzed3) consider

the DCT coefjcigpésrinthgnanasiiied bipgkisame 25 coefficients are quantized to zero while others
are quantized to non-zero = l11Z - €oe = 1 112 +llyl1Z -Co2 63-NY xi2 +llyllZ -C02 |i= 0 The DC

coefficient for 2D DCT is given by: } 63:§Fi-g%i 899 101 53}L:
LR 163

zero

The coefficients are scanned in reverse zig-zag scan order to find the
5 first one, ¢, that is not quantized to zero. If it is possible to “push” the
coefficient to zero without violating the other constraints then there is a

solution z which satisfies the previous constraints:
z=y, i={01..N,-3
0£z£255 i={Ny,...63
10  as well as the following constraint obtained from the 1, set:

-ﬂ<ci:tiTz<&,iT I
2 - 2

zero!

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

also satisfies the following constraint:

15 The term t 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 simplex 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 pixelsin
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 modified 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, setand z is updated to the feasible solution.

Zero
If, c. is 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 non-zero quantized coefficients have been tested.



5 October 2005 NY-L 63- Ny pL Ji+ Exi 8i=0i=0 When J(x) is partially derived with respect to each
element xi ofg&&p‘g SAated 88859 £ach element is found to yigld the. sameQRtimahyalye given by:
Attorney Docket No: 10006292-1 Express Mail No: EV 010308269 US 21 5 October 2005 values. The
locations (i.e., indices) of the coefficients that can be quantized to zero form the set 1Zero such that |
erojlit-2<ci<lie{0,1,.63}]The coefficients are scanned in reverse zif:z8§%Scar’8rdler to find
the 5first one, c,, that is not quantized to zero. If 2 possible to "push” the coefficient to zero without
violating the other constraints then there is a solution z which satisfies the previous constraints: zi =yi

i={0,1.... jV,-1} 0 <-#though-the ressdiing selybipasaisiitpath el BRali8d from the 1Zero

set: g - 2, < Gdlgtidremay nbEb@@rsfi@-aanQmetBﬁﬁwmﬁﬁi@ma tPRYPREg B NHEZEro _
guantized that also satisties the following constraint: -2' <c.=t~Tz<q ' 15 The term ti represents the ith
row of DCT fREFHCTERaCH R @A LUAMNKIBAX LBRINANTR ' NABACHBYIBRES ritFaint ithe existence

of a feasiblegplefieryy afRABSfoh Iadr qliaaidrainseprRRT Whish gask haifaasibeseved using

techniques such as thé simplex method. Modification of coefficient values will not affect the value of
relevantpixdl8as hedanvssbiaite daifaminiondiraris IYiSRIRA MEHRREIBAS. Relevant pixels in
the selected blpayydkhave the same value as corresponding pixels in an

& 8 Ng-1 02 g
E(_Z):(ECO'N_ayiT‘l'aCi
e Yico @ i=1

subject to the previously established constraints:

-ﬂ<ci:tiTz<&,iT o
2 —_—

10 z=y, i={01..N,-3
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
guadratic 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 E,of the average
interpolated block then the optimization is terminated to avoid leading to

a higher rate.



inverse transform of the modified coefficient block. The inverse transform of the modified coefficient

block is a m%@!&ﬁ@k&%‘&@%”%‘ézdﬁ@ solution exists, then the éggggg RfINE N8V AELesshdqntized 25

coefficient is added to the 1Zero set and z is updated to the feasible solution. If, c, is not zero
guantizable, then the method proceeds to the next non- zero coefficient proceeding in the reverse zig
zag order. The process may be repeated until all non-zero quantized coéffiéfdrits Have’ Been tested.
Attorney Docket No: 10006292-1 Express Mail No2&V 010308269 US 22 5 October 2005 Although the
resulting solution satisfies all the constraints, the solution may not be optimal in the sense of

minimizing the enefgPBFene HYEHEaEeR<Ne RERIRRIM RS §eiarh PRy MeAidABRTGCRBRISET of zero runs,
the energy obbexaCatar & ATIZGKSRSVEAEIRPOUIG A EINDRCCIIS FRAR i owest rate. The

minimum energy solution at each stage minimizes: N'-1 63 é_) =Co-gLys2LCi2Nyi=0i=1
subject to th@ pivistRINEdalRAdD ehistdiits: g oneemaeginent:dhs 1091e¥A™t(0,1.... jv-1} 0
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relevant pixel values. The above problem is a quadratic cost function subject to a series of linear

equalityind iREYERP behsiniie salgeiesk Bliecks protiernl Ay Wie Snsiey ©f tmstlestsdlution. The
quadratic solyRj-Reafe raRiXiiiPatYNKe LRI ihsassceessive Phase 1 linear programs. The

successive linear programs yield solutions with increasin& numbers of zero quantized coefficients
which may result inlthéteRdgPof ¢reffisieahplo thds aanstriedBpapehying MdABNVEISh that of the

optimal transform on the selected block. In step 1330, the location of all zero
quantized coefficients is stored in array I,,,,.
10 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 I,
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
guantized 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
identify 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.

. E :
Step 1364 determines whether = >T., where T.is an acceptable
0

threshold value for the proportion of E to E,. If EE £ T. then the coefficient
0

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

zero

1370 and processing continues with step 1380.



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

runs have bgﬁgﬂ}g)@g@%ﬁqojﬁo@gg%this outcome, the qUadraEQpPJ&QﬁQjFNH?%X/%?O%BA’é%K%@ 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 bloek €xe@eds’4 >
pre-determined proportion TE (TE>1) of the energﬁ‘EOof the average interpolated block then the
optimization is terminated tg avoid leading to a higher rate. Attorney Docket No: 10006292-1 Express

Mail No: EV 010308566669198 HeipeHEEbateP g1 SR AL S1hReSHe 18 RRHRIEERM optimization
process for flagkp NRd0eRdBRGhIRLE VARG MR ielevant RikeinoTB FeriRYaRtsRiXes are initialized in

step 1310. In one embodiment, the irrelevant_pixels are set to a value corresponding to the average

pixel value oPfREESTRIbvHN PixENeh e B dEticastRrRress farste ensféiceeny BIRFE Selected block
(after initializafiomiscPTPES £250 JRrARAE2h A seRlisian) hintleisARRAIAEsERY applying a

forward transform on the selected block. In step 1330, the location of all zero quantized coefficients is
stored i? arr@PréboLausdEéadirgatitientbyreatuiging, erataP thécation of a selected non-zero

quantized coefficientyis iglsnifiRdilbAteR d4Q ipiar 7R 180vRlEe nhiesselRsHRddaeflicient is

calculated for the current'z. Step 1352 determines whether the selected coefficient is zero quantized.

If so, then th@YaBAtisd soeiielaTiRRaY Sshas PRtRE $6aH O 1286l | 1Besepef Gk thasesudhtized
coefficients i@)@@éﬂ?tﬁ@d?@&e?@ﬁﬁiﬁ@&?ﬁﬁé%ﬁ@id?’ not zero quantized, then step 1354 determines

whether a feasible solution exists that results in a zero quantized coefficient subject to the previously
identified constraintd) AN®ABBAMIGARABINS Messss1sipRatpeddraintimesegasikientify such a

10  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 last run has the most significant effect on coded rate
for JPEG encoders 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.



20 feasible solution. In one embodiment, the simplex method is used to identify 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 determing’s wheaheég > TE, where
TE is an acceptable 0 threshold value for the progﬁ tion of E to EO. If E <_ PHAFhe Qe fficient 0
location is added to the 1Zero set of other zero quantized coefficients in step 1370 and processing
continues Wig‘%@@ 380. Attorney Docket No: 10006292-1 Express Mail No: EV 010308269 US 24 5
October 200 eding from either step 1354 or step 1370, a check is performed in step 1380 to
determine W{@Ehgr thj:re %[ﬁ any more coefficients to be processed. If not, then the modification
process for t dek is completed in step 1390. Otherwise, the process continues with the
next 5 non-zero quantized coefficient by returning to step 1340. The optimization process repeats

A e o i

steps 1340-1380 unti i ef'6 C83%1¥1?&'Q(9 R MaeRicHaPELEn processed or until the energy of

the result exceeds the pre-determined threshold. In ong e diment, the process stops the first time

a fensible 10 solutUTC RO HE TR oML S AL L oo (S e i o be

processed. This approach maximizes the length of the last run on zeroes. The last run has the most
R S <tg dehet

significant ef?gé? B Gl 2ReA0R R (PR (Q,ipﬁgeo%%%?étion of the entropy

encoder. The methqd ofr%pectral fontep) manipulation tends 1) tod'nc[ease 5 the number of zero
81 ec n Set Of at least

t
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quantlzed coefficients, and%% prIXI’IEIZG increasing ?1¥e numeoer OfaCOI¥S€CU Ive zero quantlzed

coefficients %snseog{ﬁtpeéj a/]vlme%%Qgﬁtgeoqus?ﬁggst?ass functions. Given the idiosyncrasies of entropy

separating the stripe into foreground layer, a background layer and a
mask layer based on the layer base color and the layer offset; and
interpolating irrelevant pixel values in the foreground layer and

background layer for coder efficiency.

2. The method of claim 1 further comprising:

encoding the foreground layer, background layer, and mask layer.

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

layer are JPEG encoded, wherein the mask layer is JBIG encoded.

4, The method of claim 1 wherein said interpolating irrelevant pixel values

further comprises:



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{i(gure 11) 3) the mask
layer is JBIG coded. 25 In the preceding detailed 2§scription, the inventionts dzégpﬁﬁg ith
reference to specific exemplary embodiments ther&of. Various modifications and changes may be
made thereto withoyt departing from the broader spirit tnd cope qf the invention as set forth in the
Claims. e speciBi T THBL AR RS HEBAIR G (08 1 Pl heafed T Ruratve rather
than a restrictive sense. ZSrﬁ AI\IM 5 October 20@5 hat is claimed is:ﬁ}%. A megpd of decomposing
an image coFﬁﬂHS%%?‘&%%é’ % Sﬁa R85 5«5 iRt S’ﬁ‘/(}(ré[ﬁ&g& gﬂ'ﬁ)@?f aY&h" lﬂ@&s&%ne stripe of
the plurality of stripes spans qQpposing edges of the image; determining a layer base color, a layer size
and a layer SO %é%?p%ﬁ% S éaggﬁé(qugmy (ﬂ% g{'f'ﬁoe ?5%%3 g the stripe into foreground
layer, a background layer and a mask layer based on the layer base color z?nd the layer offset; and
inerpolating irrelevaREBIR0] SEALES HE TR R UTRPIAEFUNER SLERJPER PS8 5 Hocer efficiency.
2. The method of clai further comprising: encoding the foreground layer, background layer, and
mask layer. %yﬁﬁgﬂdgﬁﬁj%cg%%fpn@g\xﬁ&rein the foreground layer and background layer are JPEG
encoded, wherein the mask layer is JBIG encoded. 4. The method of claim 1 wherein said
interpolating irrelevant pixel values further comprises:

5. The method of claim 1 wherein said interpolating irrelevant pixel values
further comprises:

classifying at least one pixel within a selected block of a selected layer
as relevant or irrelevant;

generating a coefficient block representing a forward transform of the
selected block; and

modifying coefficient values to generate a modified coefficient block
subject to a set of pre-determined constraints including a constraint that the
relevant pixels have a same value in an inverse transformation of the modified

coefficient block as in the selected block.

6. The method of claim 5 wherein said modifying coefficient values
includes:
selecting a coefficient from the coefficient block in a reverse zig-zag

order wherein the selected coefficient has a non-zero value; and



5 October 2005 26 determining the layer base color and the layer offset to a common reduced area of
at least one layer to identify image and mask layer values for all regions except an overlapped
common reduced area; and separating the overlapped common reduced area into a foreground layer
and a background layer. 5. The method of claim 1 wherein said interpolating irrelevant pixel values
further comprises: classifying at least one pixel wigﬁ'n a selected block of a ege%féﬁefa%/gégas relevant
or irrelevant; generating a coefficient block repres ﬁng a forward transform of the selected block;

d modifyi ici lues ified coefficient black subj f
ore-dotermined conAS ASG SO LU L IAD ce AAEK MR SR Ao value i ar

inverse transforl%gatiorﬂ]of he mtodti ied co&éﬁcient block astin.the selected block. 6. The method of
claim 5 whefélfi 9516 8Hh{ﬁﬁb RICRi REHETER BN L fefe %'&'@cting a coefficient from the coefficient

block in a reverse zig-zag order wherein the selected coefficient has a non-zero value; and 5 October
2005 26a finding a feasible solution resulting in a zero quantizable selected coefficient subject to the

pre-determined constraints. 7. The method of claim,5 wherein the coefficient values are modified
Subject to & Lonstra I HS Sl RIThn BRIk ERe T nbvalRe L8 008 icient in the
reverse zig-zeil%lﬁrcﬁr is erm{ttedtr:&éb come non- ziro ghjantiz le. 8. The eth?H of claim 5 wherein
values of indiVigal efefheRts OF & mas n8|§§£ﬂyqﬂ&% €Y CorreapoiT IﬂBrsggl 1085 Within the selected
block as relesvéa}g%tga iér&la |c§gﬁt in the reverse zi [ [

g-zag order is permitted to become non-

zero quantizable.

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

or irrelevant.

9. The method of claim 5 further comprising:
providing the modified coefficient block to a block compression

process.

10.  The method of claim 5 wherein said interpolating irrelevant pixel values
further comprises applying a linear program to identify a feasible solution

resulting in a zero-quantizable coefficient subject to the constraints.

11. The method of claim 10 further comprising applying a quadratic

program to generate a modified selected block having minimal energy.



9. The method of claim 5 further comprising: providing the modified coefficient block to a block
compression process. 10. The method of claim 5 wherein said interpolating irrelevant pixel values
further comprises applying a linear program to identify a feasible solution resulting in a
zero-quantizable coefficient subject to the constraints. 11. The method of CI%@] 10 fur:%i omprising
applying a quadratic program to generate a modified selected block having QI & é}§ 5 October
2005 26b 12. The method of claim 10 further con‘%%’;ing terminating further modifications to the

coefficient block if a_ratio of the energy of the modified block to the enerqy of the initial selected block
exceeds ap -det:[ ﬂw%%ﬂ%&f&@)@é(Sfﬁg%%rtﬁ8g18{'§f§9n?%rwmrgi t%tﬂﬁ(/vard transform is one
of a discrete cosine, a discrete sine,. and a discrete Fourier fransform. 14. A methqd.of decomposing
o mage coMBRORB B R S UL bR o LT A Br St B St a lonst one
stripe into foregrpund,and backgroynd.image layers, and a mask |ayer; identifying an area of
tersection BEE RO TG PETRLH ITcLIUEoP B SELR o SRS A PR Bmd areas,
wherein the Wnti&i@g further comprises: computing a maximum block range for a selected block of
the area of NeTS on; and assigning at least one pixel within the selected block to one of the

foreground and background planes in accordance with whether the average luminance of the selected
block is closer to a previous average foreground luminance or previous average background

luminance, respectygly L8 MEP T SIORK MBRAR ORI S HSh RS RRySedsfgrmined threshold
and 5 October 200

discrete cosine, a discrete sine, and a discrete Fourier transform.

14. A method of decomposing an image comprising:
decomposing the image into a plurality of stripes;
decomposing at least one stripe into foreground and background image
layers, and a mask layer;
identifying an area of intersection of a common reduced foreground
area and a common reduced background areas, wherein the identifying
further comprises:
computing a maximum block range for a selected block of the
area of intersection; and
assigning at least one pixel within the selected block to one of
the foreground and background planes in accordance with whether the
average luminance of the selected block is closer to a previous
average foreground luminance or previous average background
luminance, respectively, if the maximum block range is not greater than

a pre-determined threshold; and



26¢ interpolating any irrelevant pixel values within the area of intersection for coder efficiency for at
least one layer. 15. The method of claim 14, wherein the area of intersection is selected to have an
edge that is 8N pixels from at least one of an edge of the common reduced foreground area and the
common reduced background area, wherein N is an integer, wherein N>_0 b gta? d of claim
14, wherein said interpolating any irrelevant pixel yvalues further comprises: s érg ck of pixels;
and classifying at least one pixel with the selectedzé}f)ck as irrelevant or relevant. 17. The method of

claim 16, wherein said interpolatin |rrelevan I valu er comprises: calculating an
average value of aﬂ”ég@%ﬁﬁﬁ%@(}% %l%PWi QSFeX% '%I%&ag?% égi ﬁ? h‘?@ average value
to at least o e |rre r%elxe S th| rﬁhe selec’ed block 18. The method of clalm 14, wherein said
identifying a Sr%Oa e ?&ﬁy %?%IO?H& 85 October 2005 26d computing a maximum block

range for a selected block of the area of intersection; dividing pixels within the selected block into a
plurality of groups; and assigning at least one selected group to one of the foreground and

background planes_in acc danc ith a relative average lumi e value of the selected group and
another oot s ?ﬁ SbElvA, ‘ngh%ree&géﬁ p%e&es?f e SRR S95018 method of
claim 18, wherein sald nltnlg1 chea)%t osn?IS lép rther comp ses ass nrl]ng the selected
group to the %c?(&%u g‘fay@ rﬁ’éS ergroup?g? gg%]uﬁgqéalyer ELR ge luminance of

the reduced foreground area and the common reduced background area, wherein

N is an integer, wherein N>0.

16. The method of claim 14, wherein said interpolating any irrelevant pixel
values further comprises:

selecting a block of pixels; and

classifying at least one pixel with the selected block as irrelevant or

relevant.

17. The method of claim 16, wherein said interpolating any irrelevant pixel
values further comprises:

calculating an average value of at least one relevant pixel within the
selected block; and

assigning the average value to at least one irrelevant pixels within the

selected block.

18. The method of claim 14, wherein said identifying an area of intersection

further comprises:



selected group is greater than an average luminance of the other group, wherein the selected group is
assigned to the foreground layer and the other group to the background layer if the average
luminance of the selected group is not greater than the average luminance of the other group.

5 October 2005
26d

computing a maximum block range for a selected block of the area of
intersection;

dividing pixels within the selected block into a plurality of groups; and

assigning at least one selected group to one of the foreground and
background planes in accordance with a relative average luminance value of
the selected group and another group, if the maximum block range exceeds a

pre-determined threshold.

19. The method of claim 18, wherein said assigning at least one selected
group further comprises assigning the selected group to the background layer
and the other group to the foreground layer if an average luminance of the
selected group is greater than an average luminance of the other group,
wherein the selected group is assigned to the foreground layer and the other
group to the background layer if the average luminance of the selected group

is not greater than the average luminance of the other group.



