WD 98/ 28909 o ' .'l o N PCT/U897/23774

'APPARATUﬁSA% THOD FOR - -~ HYBRID COVPRESSI sPp3TER DATA

BACKGRQU E- | NVENTION' ' 5 Thi s invention relates generally
‘'t o conpression -and deconpression of data, and nore- partlcularly to

. determning different types of structures that nmay exist ~in rasterized
data and sel ectively applying approprlate conpressi on schenes thereto.
10 - . I'n a display-oriented environnent, pictorial ~data. ‘is
presented in a t wo- di nensi onal . page - representatlon A page is
typi cal |y conposed by a user - - on.a morkstatlon with the aid of a

- deskt op- publlshlng ' appllcation ' The page may contain-text, line art
(al so 15 call.ed "graphic") ﬂ&&% ijects and is

usual |y output by the desktop publi’s |ng apﬁ? icationin .. the formof a
page description file as EIRRAD iQQMRRESSION OPRASTERCPAPA| on | anguage
(PDL). Before a page can be . rendered by a rendering device such as a
printer or a 20 display screen, ‘the data nust be presented to the '

- rendering device in the formof a rasterized page. The conversion to a
rasterized formis acconpllshed by a PDL ‘interpreter specific to the

EPLauBde by means of a tmogg%ﬁ%héﬁgﬂ Fhiyﬁﬁﬁ&%hﬁgP%represﬁftﬁt232h25

pi-xel ass®im ng a part|Ehhsrlnvéntloﬁhsetates genei&&iyituamgmmﬂenﬂﬁdhng on
t he nunber of t e p| of bItS
ami Sd%é gfﬁgsign £ ésba iﬁ'gggt %Aﬁﬂﬁ%}l# t er |

produci ng a resol ution
appl i cati ons, d?Fe¥§1§%EQd¢éﬁﬁe¥%ﬂ%I%&Eﬁﬂyoﬁfﬁ#ﬂﬂﬂﬁﬂﬁ?s thaﬁnﬂ@&f@BﬂSt ,

Conponents COiﬁeﬁ@@ﬂétﬂﬂeQOdéﬁwraﬁ&ﬁ%éléé*fvely applylng approprlate
- . compression schemes thereto. _ '
0 - - In a dlsplay-orlented env1ronment_ pidtorial
" data is ©presented in ‘a two-dimensional page
representation. A page.is typically composed by a user |
.on a workstation with the aid of a desktbp publishing
application. ‘The page may contain text,'line_art {(also
15 called "graphic") and imagé (e.g., photo) objects and is
' usually output by the desktop publishing application in
' the form of a page description file as spécified by a
'page.description language (PDL).' Before a page can be
_ rendefed by a rendering'devicelsuch as a printer or a
20 display screen, the data must be presented to the
' . rendering device in fhe.fofm of.a”rastériZed page. The
conversion to a. rasterlzed fornm is accompllshed by a PDL
‘interpreter specific to the - PDL used. , _
A rasterized. page is a dlgltal representatlonﬁc
25 'of a page by means of a two-dlmen51onal array of plxels,
~with_ each pixel assuming a partlcular color. The color o
has a range depending on thé_number~of bits assigned to -
each_pixel,-with'a_largér number of bits producing a
highér color resolution (color depth). In printer
'_30"-applications, it is expedient to classify the colors
into four components corresponding to four basic inks:

.
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cyan (0O, wd B8 (M, yellow (Y), and black (K). For -
¥ %@)ﬁal ned from

connerC|aI appl i cations typically has a col or : resolutl

using 8 bits (byt e) of storage ‘assigned to each- coI or corrponent SO
that each pixel has 5 4 bytes assomated with. This WI||
produce approximately 4 billion ink conblnatlons

Printers, . Rydn ctpy Iagehese(m), pyémisf:sm, ankly Bi16K ymave F’bﬁ)“ nt
ok that Uiy Comiercimhaentisatipen ?xelsaiég'tg“%@b?ag Frea
rrn engi ne

Brlnter ° resoluii oty bbtadnet feomrusiAly Bhbiver (biytayt off topage
oUtpUt ting A P5EioTemae SabR. o1tk bRRBOPeRE' Bo' ks cach HINAY Fo veen
i-nput datba rdtelambﬁprlmsetngahedISWltbut pbt rat Fhis pwmiidil bpifoduceal so

. referred to agadyidfely 4%§if{én iﬁk ésmﬁfﬂéélohe accommodate  at

| east one rasterized page at a The '
t wo- di mensi onal naturé?lblfn'%ﬁrf%sterpilé'&lﬁb}éérly (LR%eY s lesrrrermry

needed to tg?'lﬁaltlbehaﬂ'éga BPinti 8R§eASI aaaﬁSpt:Eﬁtéqa%r a eonstant
.resol ution and/or t

duct di f th
For - Cexafité- 1 ApskerodBER Bhrhi ke Fedobh: FBR. PEIOE S0aidsagt &
(dots peuo i nclate) commensutratedwithpthe coltpst appte afk teélse a pripge 8.5
inches by 11dgis Chxby wiaOokodl: © £0)chd ¢Rcy 3Lo8e [ IRTRIRNK

required for a page anounts nega Wth
the hi gh cosengingmay, not betﬁﬁéeaﬁﬁumﬁhﬁ ﬂn#qustenldatasnhytbest mor e

than the cdﬁﬁ@éﬁbﬂﬂduﬁﬁﬁﬁil S?Qﬁea | RREE, pEb”EEEo mAddateufhenot
be conner0|ally or comon ,sol ution

! to mnimze £HES ?g gﬂgg}ig Lexwﬁ?ﬁ‘n%mb‘b?f%?‘t? Fate &ﬂﬁiprpé's‘é" FRIiRE or dat a
before 15 swtpng lratet, a ﬁhﬁ:ﬁtoh&fﬁér rrpﬁscpamﬁﬁed;mmraes&ectrame raster.

data have be .+ 4 he ressed ontrol led rate
appropri ate ?’or th lént %r‘éﬂg’ég& _ ccommoaﬁgePa?Ent § 498587
di scl oses a Eﬁﬁ#@ﬂ@ﬂﬂdﬂpage aﬂrarﬂnma4on ~method in mhlch the raster -

data is - ‘The two-dlmen51onal n#ture of a rasterlzed ‘page
' _ results in the memory needed to store the page -
20 1ncrea51ng as the square of the resolutlon and/or the
. product of the 11near dimensions of the page. For
- example, for a modest prlnter resolutlon, such as 400dpi
(dots per: inches) (i. e.,_157 dots per cm) as. applled to
a page 8.5 inches by 11 inches (i. e., 21.6 X 27.9 cm) in
25 size, the memory required for a page amounts to as much
as 60 Mbytes (megabytes).VjWith the high cost of memory,
.'this amount of memory could easily cost more than the
- sum of all other parts of a laser printer, and would not -
- be .commercially or economlcally viable.
30 One common solution to minimize the size of the
| print buffer is to COmpreSS the -raster data before
"storing'ih it. Once one or more pages of compressed
raster data have been stored they can be decompressed'
N - at’ e controlled rate approprlate for the print engine.
35 . 'Us Patent No 5,479,587 discloses a print buffer.
_mlnlmlzatlon method ' in which the  raster data is -
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conpres |ng dlfferent conpreSS|on procedures . easi ng
conpressi%g)n&?éﬁﬁ os until the raster data - is comresseﬁ#@ﬁﬁ*@%nt ly to

fit in a given print -~ buffer. Each time, a conpression procedure with
a 5 . higher conpression ratio is selected froma predefined. _ o
repert0| re of such procedures ranging fromlossless  ones such as
run-length goaplidibed Oby! €8§ingO WS ferent Q‘iaﬁﬁi‘ébhoho REeEpding is.

eff|C|ent on_t.ext .and line art data while |lossy encoding is_effective
on image 10 &  ANCTR3RADE, °°¥‘HF§sﬁ%?ﬂoﬁa%?s Py %cﬁaﬁﬁ% Tdata o
qual i ty whenisheconpiressed tdeffdsientppgaecaklis fin a gﬂr@ﬁslpﬁ@i’di)reSSl on

because onty SBAESH- -nebecf' SRICTe | compb R BRokBiYRe ELk A 11

applied 55 hdgbss csmpressan ofatie pegeehadtaﬂeﬁrbheaslpmqnlefmectont ai ns

both image d

conpr essi on ?).Trt'a ﬁ"lﬁli? ?f gener rféég&u%%fu ﬁ?q‘q"?l I'hes. %z"t%&l?ssusal |y
del i neat e t epnes |SWeh aras runuherag'@h nepcpdingdute uﬂ,@sﬂ!r algines .
artifacts. 2@enerally, lé%EIEE@nengaaﬁﬂb ﬂ%”&ffiﬁiéﬂt OR- tex®oAnmall

di'scl oses a pgt-hod i n _which t ect in a page are first

es of
‘extracted analf‘ﬁeam}uﬁﬁ&?ywﬂi"‘rﬂ%aﬁcﬁgﬁﬁj %‘E‘Pd ng t%tee?‘?ﬁ‘-'rféd’eoé’r’brl@age
rasterizati odataAppr crpuswawa-portpuss methodsmm‘y ppﬁoaduelespcedsﬁ ‘paliedd ively
applied to e bj SS ess npr.essi on
plrogcedures ‘?ﬁ IthbéI%%%e %Pt xt or O% ggﬁe&e o
while | ossy é@ﬁﬁb{ew@rﬁﬁMULEsOWQ?rb@Qamﬂhweoa predmb;ge'mmje@cts g
Essenti al | y, cbh@rEidish opsEabes aphibejs béﬁéﬁéy?tht thfw@ heh is an .

i nternmedi ate formbetween 30 the page descripfion e rasterlzed

page. = oFELESLEN CABPreFFien PECEREVFR n’e‘ﬂ spmmai iy appkied tne -

hi gh- Ieyle afm'hlolsetb}idhbj eeik-:.ﬁs\;dafn ﬁihé:oﬂi'&@&dﬁaﬁﬁ vtvhexﬁlha-.lfélgLstgl&hg
di splay list_ Thi s uires.kno e egparticul ar brand an :
vergl o% of PBEnt&‘H: g‘% £a11§ "rPe3 a%gs %V\W?%)S'I’EC?O T aJ‘&B?tEF obj ect

fromthese datapplthet lpesyl esimuression| praceduxee, will a

3 V[)gﬁiagggﬁarp lines that usually delineate text J%:E Hégg&%3774
. data or may introduce unde51rable artifacts.
20 ' . European Patent Publication: No.'.0597571

discloses a method in which the types of objects in a
page are first extracted and the boﬁndery of each object
determlned before rasterization.: Appfopriate compres-— _

sion procedures are selectlvely applled to each type of -

25 . objects. 1In this way, lossless compression procedures
may - optlmally be applled to text or line art objects
whlle lossy compre551on procedures nay be applled to
1mage objects. ~Essentially, the method operates_at the
dlsplay.llst level which is en intermediate form between
30 the page :descriptiOn__file end.'the"rasterizedf page.
Objects and their types=are_determined_by parsing from
the,high-level}_implieitly_object—defining commands of
the_PDL in the dispiayzliet, This requires knowledge of
the perticularfbrand and version of PDL commands as well

35 as how to . reconstruct a certain object from these
_implieit manifestations. In any case, it appears all

3



but the. si npl est boundarles such as ObJECtS encl osed in :. : reCtanguIar
bl ocks are fracttcally deterntnable from - . such decipheri at. 't he s

di spl ay - MG$8/28 I n general,..the displ ay B S9|7’§3774 .
interpreted by 5 a specific PDL |nterpreter to generate raster data.in
page representation. The interpretation process is i kened to a
"bl ack box" in which the display list is input at one end and out

comes the A8 Sl :31HAE pounaftREL Sn HOBRIEIEIARIBLPSLET ] 2o

it is in the an arra sora er's' are
‘no | onger anyesysnatlanndlacks d@m nBUaGleGatl@m oimmlnablel rfaiom dual
conpr essi on. RhRGLHE S N 1 1 ECTS AND SUMVARY
OF THE | NVENTI ON Pﬁg Accordl n p{ay 115Fs gvsg\]rieral -obj ect of the
15" present invention D 9ANRFade é‘hﬁeﬂ%&ﬁ a¥dlifbaist dotegpreted &Bti mum

data conpr essl cgp@élfﬂetem.damembtermw 'geherate Ofagtbe daghada i on.
It is another object of B&S? esent venti eterm ne the -

different typeF%fTEPFGEE FRat ezolngergretaﬁloa RERSLSS adfer i zed
data and - sdlidEned| o a "bdppkybox"appr oiich etheorispiagn lisecddur es
thereto. . ﬁﬁ?ut at ohb EEdagﬁhh%PQﬂﬂéﬁé ‘ﬁhé*@%&%&?eaétsng %ﬁ%ﬁ o5

to mnimze requi'r enent
It i's anot hepté'lﬂre(ﬁn § tﬁécﬁr @b@nﬁattnvelrﬁ izpsterized, pitsisi by, tgﬂa/en a

~ desired 160D U At I&rxp%f oplxelbabfnaebﬂe%&ﬁenantiO%ﬁ'e%'és

| ossy conpression roced é we as contr ol the armunt
of . . |ossi ROsIPNGETH 2H£XP Frﬁ?'Es P‘Snw?:bl a‘%ef’é'é&q et itedhdeh rat o
is achi eved. individual comfﬂ‘t&seuﬁm(bmkehduﬁélad:aﬂbbeciﬁpaiédaCCOFTD| i shed

by the following features of the invention.. - The i nvent.ion
seeks to - apply optimum - conpressi on procedures to different. types
~of objects 35 that nmOBEEGCTS AND SPMMARY W"fTKEtINYEHTEONcorrpresm on _
_4 WO 98/ 28909 'Accordlngly, it is a general obj@gg ng?lt%%774 |

- 15 'present lnventlon to provide a method and apparatus for
: optlmum data compre551on of" raster data with a mlnlmum
_of data degradation. o .
. It is another object of the present invention
"to determine the different types of structures that may
20 - exist in already rasterized data and . selectively
applying appropriate'compression procedures thereto.
It is another object of the present 1nventlon'
to minimize the memory requlrement for a prlnt or frame'” -
_ buffer. - ' '
25 It is another object of the present 1nventlon
'~ to prescribe, given a des1red compression ratio, how to't'
balance between _1ossless_ .and lossy compression
procedures (as well as .to COntrol the amount of
lossiness) such that compre551on to at 1east the desired
- 30 ratlo is achleved. '
_ "~ . Thesa and addltlonal objects are accompllshed:
. by the following features of the invention.
' . The invention ‘'seeks to apply 'optimum
compression procedures to different types of objects
' 35 that may exist on a page. A first type of oompression..
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subh as | ossl e'ss run-length encoding is pr ef er abl y . applied to data' :

t hat i w%b@ad as text or line art. However', el,(ff..ﬁbgmtsyﬂe of

corrpre55| on may not. be ef ficient when applied to data

~recogni zed as 5 i.mage or - photo I'n order to meet -a targeted conpression |

rati o, a second type of conpression such as transform encoding is-
preferably applied to these type of data. I'n the preferred enbodi ment

t he tranSfOf@iﬁl’POdsngldJ§sBess, rhesSendiic encoding Wb Clhhrerarpbipd to
i ntegral bl ocks 1.0

“conver ted ttﬁ’e d%%&e%hggcrﬁpf?899¥ﬁlrz§d?g‘csr65ﬁ’%? %Z"e 5 bee

all history |Hﬁvmveur; ortrreegirmslhg type il mpu:tess‘idrhemay nuﬁrﬂmzs
obj ects conpr | e t feature of
e 2] o lgﬁgﬁ aiﬁlqub to data that (0 ghé.%% g |

the present inve y to anal yze th
“rasteriz& imagepiom phpiios |§na9€dﬁpl tghmeebyarbengﬂted r@plmrmmres in

the raster dgidtid, !hesbebRuokybll Uz F@érﬁﬁ‘@éssfb{)%ﬁﬂh as_trpndfhagded as

a spread of connecI A%, gl xel s of "the sane e patches are

recogni zed, 8 PUPSErPRLYatEPHad\er Bheaspet IPGr of B@a%a2 patch,
dependi ng on Imwaelpx@fe&eedt bmbaaiﬁéneaﬁheetetahls@o%m leicoding a@re£ssed by

moasur cd by’ BRESHUMREE SFCSABPCUALCH §RoPBRioh el SHSSEIA HACOEE  Type

1 pat chlohas ofa 8%8 pRxediski xEb@ever, gonaeer pageghals been prcardtﬁmtred ned-

number, Gul¥BS PaB' BsDR3pRIER1 PUFLXELCURLASRA paod AT 1N @

_preferred | npl e rom6 corrpre’ssmn
procedure i s 2dfeRigtoryedntormationypegarding Hexpamnd mourgo e ddr essi on

procedure isv3@icuwldwykdis -Btﬁ@pﬁiélﬁ h@ﬁe age is lost. Ihus, even in -
rasterized form text or lJ ne obj ec enerall be recognl zed

and distingui shed ﬁ&é‘torfeﬁﬁ & 85 Egles TSr essi on
procedun&s cdms tties bbia;ipyl dnb tanzbydet Yhe @faqkatmtﬁhSSra@srﬁeﬂmlécy attain-

efficient co%gﬁs& %l\gnlgeaggbﬂbg\ighgg % rd g‘#i%lé ué/\Qu_QBJ 909

PCT/ US97/ 377 AT e 0
present - thenyaaten dakovinide i Sormderf Gplnanpaltngeshe d&rma‘hqiry
' is ‘regarded as a spread of connected pixels of the same
color. Once the patches are recognized -they are
. 20 discriminated between a Type -1 or a Type 2 patch,
' depending on whether or not the patch can be efficiently
compressed by the first type of compress10n procedure. :
‘Each patch has a size measured by the number of pixels
- therein - ("PatchPixelCount"). ~ Type 1 patch has - a
25 PatchPixelCount greater or equal to a predetermined
number, D1, _and Type 2 patc.h_ has a PatchPiXelCount less
" than D1. 1In a preferred implementation, 'Di is . from 6 to
8. The first compreSSion procedure is then applied to
Type 1 patches and the second compress:.on procedure is '
.30 applied to Type 2 patches. o .
Thus, even in rasterized form, text or line art
objects can generally be -recognized and distinguished ._ o
' _from image or photo objects._' Appropriate compre551on :
) procedures can then be applied to each type of data to.
‘35 -optimally attain effiCient compress:Lon while maintaining -
- quality.



_boUndary bet Ween t he two types' of patchés'. The ori gi nal _ raster data

has a granulsggl ty at -the pixel |evel. 5 However, the pg&ﬁgﬁ_ﬁ%ﬁ‘gcond

corrpress B2 edur e, bl ock-ori ented JPEG . conpr oarsens . .
the granularity of Type 2 data to the block level (8x8 pi xel s)
which is larger by an area ratio of 64:1 conpared.to that of Type 1
data associated with Type 1 10 patches. The mismatch in-granularity

botween - Type 2 anqerrdis! £8 bRofplks MEHGILL el e CpPguaReT Y
codi ng the T&«Bﬁ@tbﬁﬁchﬁ%mﬂﬁpﬂ ns rade goyhandbing| the argaﬁﬁamru ty as

Eranspareni Bbﬁﬁ‘h&r beel&én thENwd &ypks diogarﬂaabsl S frBeoBgigyphed, the
ransparen

one or t he decoppressed Type
Y Gatato PasERBw 8ﬂ£%ug*rﬁ$nat G RBROATLFHe (8h dRanBIKel | REVERy
preservuslg t Howavegi, nathé i peefermedursecdnd heompuresaiyn prollslea\;eep Type 1
and Type 2 2 ry, re PEG
bl ocks ds%git:karg]erlgnl y par t'jl%a y leagﬁggggggType A}ea < Eha]; When
JPEG conpr esgranulsrapyl iedl fypeuch diadekstot frbier blockur]m:talr al(8xand
di scontinuo % %%‘-}Ctﬂfﬁchcaﬁeﬁaﬁ&&' py ARl rOAICt iR wedeghtgbl e

frequenci es tend to 25 decrease t conpression_ratio. To reduce
this effect, °°mParB€f &Pe theh pihFvRse ch?ﬁﬁaes%ﬁ%ﬁ’f-’%%@‘%l‘ﬁbtl'lVWBEsll n the

unfill eﬂoporﬁaaahefs t herrd qaxsﬁaecmemhagednm.a&he betwREH 28ige Vekge of the

'Fl)'g{:) ghz_r ELESI %E!B‘? g’ggsgic%%sl? H %%@Wﬁynai \%E}Fk?’f? ﬁgo%#g%g%y ?ow

and ©  pi xBypeby2 pané| Typehin @ata. row,hazmdprebbgm ies Hdrdled bypat ches.
AfLer the PA6RERARPHBEI O uecily Ao in CRERMALEFLLR CpTyag 1 and

Type 2 patches a pat | Scriminato r essor
conpresses Typentlarity x%‘FstF'P@ﬁ-PP}'ﬁ@tl pixehds asLaker, ayhemanthar ent

pixels 15  d&PERERAL hagrb&enm%t@a ,0fthE) RE-ah Sl acdric f%ﬁ@&i@pﬁoﬁm :
6 W 98/28909 S97/ p3774

patches. A SRR B rERVE Sk gﬁ?%’fiﬁ%lwe FERKEBy bl oek

The two typeshod ddmouwesisedncotiee ateronstrirttedddbodmenttyal tyereby _ _
conpressed RaagsQubifl: t?;@e%&gmalarﬂn%e%%&iﬁ%d J@Sﬁ?&%g&ﬁe{apy afi rst
- .. between Type 1 and Type 2 data. :
20 Also at the boundary, there will be JPEG blocks
"~ ‘that are only partially filled with Type 2 patches.
. When JPEG compression is applied.to such blocks, their -
unnatural and discontinuous structure causes the
- introduction of undesirable frequencies which tend to -
25 decrease the compression.ratio.- To reduce this'effect,
:before'applying the compression the pixei values in the.
unfilled portion of the block are replaced by the
average value of the Typerz_piXels_in the block. _
. In a preferred.embodiment,_a_patqh'recognizer
30 scans the pixels within a working window row by row, and
'pixeL,by pixel'within each. row;-and recognizes  the
_7patches.. After the patches are parsed out, they are
. separated into Type 1 and Type 2 patches by a patch type
'discriminator. A first compressor compresses Type 1
‘35 pixels from Type 1 patches as well as transparent‘piXels
representing the position of Type 2 pixels from Type 2

6



5 deconpressor before being nmerged to become the - reconstructed
_docunentwo 98/28909 '~ (ne feature'in an alternative e b Qb

that the first conpressor in a first pass ‘al so assunes t he roIe of the-
patch recognizer. In the first pass, 10 the first conpressor applies
run-length encodi ng (RLE) ~ .to-all raster data. Since the RLE represents'
~arun or . - spread of pixels with the sane color, patches are

t heref ore i depatchesd ad. mqqmdeg:mﬂpqﬁSomfcoﬂm'&fes Typer 2cpixels Thi's

et S BRIk B b1diRe A She Wife Yypdl 05 36iipPLaduiCcbatd TREESS ! O

and patch recogniti ording to .
anot her featsktered %h@l’él@‘e@hbl il a Commmgeabtlﬁfe:hol ﬂ'hegeset for

deci di ng whegpgr &ecompr@é@é& resigeds vHiES S?”W e§§f§t andfsécm'rﬁ(:k (8x8

20 pixels) has only a small nunbér_of Type 2 pixels:
Bl ockP2C§>untd?§°¥“3§'§5FFf§n ?ﬁ%t ePRIRGY MARESD dF° tbe°°mewr Fhenot be

cost effectivecbaspeuttem ab&qmum JPEG "~ conpression.on that bl ock.
I nstead, all data in

. t l,
preferred 25 inpl emehf‘&t |fo‘??tu]t%r §nr sarac?: 'Frﬁtr"gg gﬁegmqe’rp?ﬂ%c s °
counter. - that the fArstr diompriessmotihera afjpest pdss helsavassunes
d
during the cogpreagle Ogaﬂortﬁ‘r‘@d#’é;@éh twaﬁogﬂﬁ%essggﬂa eaccihof:{.rstafgégve

to-date is nonitored after e conplefion of FTp Trow of
bl ocks)1@nd EheefibFtc GRAPPESSESY aPPli@samaverienatheneeding ¢REEYed in

order to attecbnatmeraster:eawteed SIREC O RIB i it 8 4hpLR BROS. A

nunber rs affects e orrpressron ratio and this _
i ncl udes’ aac?g é‘&:?‘ ﬁbf‘r ™% o qlr?é'ISSPa&Gm z&8FPon

matrices i n therdf&ﬁeenamhmgsled | asa an 1nte§eaneci:a&r1bodfwarﬁe Rbe factor
Is allowed t e [ 28909
PCT/ US97/ 237‘3’2'18%99' Ihis | Fearyre ta‘?ﬁrft%e‘b%stb?%'é%equgﬁﬁ y
wit hin ¥he proceggesr @c# &Mﬁﬁ ebsmnprassoon amda pavtastrerredognptéannt a- .

tion, this igacesnBihehednby aReadapti ve conpression ~ratio
controller 5 Agcordi ng tQ anot her aspect of the -invention,

a recorrpressr on pr oceBGPErALng i Snatthar ifeathwe dnethe alternative

: embod:.ment a threshold is set for deciding whether a
block is to be JPEG compressed. - If a block (8x8
20 pixels) has only a small number of Type 2 pixels' (i.e.
BlockP2Count is less than a predetermined- threshold) , it
w111 not be cost effectlve to perform also the JPEG
'compress:ton on that block. Instead all data in the

block will be treated as Type 1. In a pref_erred '-
.25 1mplementat10n, this is acc_ompllshed by an in-block

counter. o C -
. ' Accordlng to another aspect of the 1nvent10n,
during the compression. procedures, the compre551on ratio

. achieved to-date is monitdred after the completion of
30 ° each strip (row of blockS)tand a set of compression’

' parameters is adaptively-changed_in order to attain the
required compression ratio for the whole page. - A numberi

~ of parameters'affects the compreSSion_ratio and this
“includes the O factor parameter applied " to the

35 guantization matrices in the JPEG encodlng._ In a
preferred embodlment the Q_ factor is allowed to change



event * that the required - conpressi on 'ratio LS. not attained. A
set of parameters associated with conpres- - sion ratiQ’ |s ad ust ed,

The coané’s?@ﬁ Bocument is 10 - decoded portlon by portion g4
previous set of . . paranmeters and reconpressed using the updated set - of
‘paraneters. o ' Addi ti onal objects features and advantages of
the present invention will be understood fromthe 15 follow ng
description ghabbeyaiel ebrfidi AERA BRI Best inadl’ b adese Uakhiianeglou! ¢ be
taken in conjunctio the acconpanyin g

BRI EF DESCR Pefuires spmppraiscatio. In'a prefepred impiemensasntic
-'system bl ocktibagrasnl?é) isi a&:asﬁpﬂgﬁadab&ymrpaéaae@wwnasﬁbréas%hch the
pr esent |nvent|o 1§ | i cab : I's an exanple _
page contalnrﬁﬁlPeﬁPn To %ﬁZuﬁnc and i frage ObjECtS _' : Fig. 3
is a blosk di agram of Adveralipay ddiamsthed> aspé@edoﬁfthgbindeﬁeﬂahesm on,

_ f : _
RS0 et PR S ion pEORRHLIR A [ hFhOYER I tha Faree, i
onto a firstevester thater the required _c§mgreﬂsudw ushatdbes ishensthemati c
separation O%tégtneae Txpée@ 66%&&@&&9%&8&%&&%@@ E?mhf%gr

Fig. 5 is a block diagram of aefaratus and
conpr essi on, SigBc kIR 1§ AbivR Fhe eFPERreREeed r?émm%ﬁmi hés

inventi 0. ‘decoded portion by . port::.on usin 8the re\()@o%@ 289090 .
PCT/U897/23774 |st| £ schedul of _run-

length codesPREEBEESKS 137% 5?8?5‘?F8858§bd’cﬁ t% d i $R%nf
Fig. 7 is aparaweltexgr.amillustrating the 5 sequence of conpr essi ng a

document,  accor di ng hﬁdﬁ.tlongﬁr 8%‘3&&4?9 ef@é‘gh@gtax?é écﬁ@ax?{;%@&gt of

I nvention.. a’ fir portion o w dragram
o - the present 1nventlon will be understood from the :

15 follow:.n_g description of ‘the preferred embod:.ments,
) which description should be taken in _conjimcti-on with
the accompanying drawings. o '

" BRIEF DESCRIPTION OF '.I.‘HE DRAWINGB )
'Flg. 1 is a- schemat:n.c system block diagram -
.20 111ustrat1ng a tpr.cal environment in whlch the present
1nventlon is appllcable. _' : _
- Fig. 2 is an. example page contalnlng text
_'graphlc and image objects. . o '
F:Lg. 3is a block dlagram of the apparatus and

25 ‘method of hybrld compres51on, accordlng to a preferred
- embodiment of the J.nventlon. ‘ _

Flg. 4a 111ustrates the schematlc separatlon of _
the Type 1 raster data onto a first raster layer.
_ Fig. 4b 1llustrates the schematlc separat:.on of -

30 the Type 2 raster data onto a second raster layer. o

' ' Fig. 5 is a block’ diagram of the apparatus and
method of hybrid compress:.on, accordlng to another
- preferred embodlment of the invention. '



*|Ilustrat|ng the procedure enbodi ed |n the first pass of ~ the first

conpress, in Fig. 5 and Fig. 7. 10 - o Fig.. fﬁk
contlnu % the flow dlagran1that beglns inFig. .’ﬁgﬂ%ﬁ?ﬂ :
9 - MD.98/28909; ' o _ o PCT/U897/23774

_ ~ Fig. . 6 is a table llstlng a schedule of run-
' length codes accordlng to a preferred embodlment of the
invention. ' _ _ ' o -
: “Fig. 7. is a floW"diagram- illustrating the
5 sequence of compressirig a document, according to _a'
preferred embodiment of the present invention;
- Fig. 8a shows a flrst portlon of a flow dlagram
111ustrat1ng the procedure embodied in the first pass of
_ ~the first compressor shown in Fig. 5 and Fig. 7.
10 ' Fig. 8b shows a continuation of the flow
| diagram that begins in Fig. 8a. | '



_DETAILED DESCRIPTICN OF THE PREFERRED' 'EMBODI MENTS ' Flg lis a
schemati c system bl ock di agram illustrating a typlcal environnent. in .
whi ch t 9828009 invention is applicable. A host cif¥23774 '

workstation 5 10 running a desktop publishing application programis

used to generate page-oriented docunents which are - ultimtely rendered
ln printed formor displayed on a - screen. "To be speC|f|c di scl osure

will be nmade w g'm*{[ﬁ' r@fggesg%g ren%rowﬁ R %Mgh it will

be 10 understo éring applica |ons Suc _
plotters, facsimile maR:iﬁnei mdadlquameeyeterne block addaoxapl i cabl e.

A page-ori ent q]que%%&mg de g i‘ES&! &wisnﬁeﬁ& in whieAPLHES pRes@pkstation -

10 may typlca y contain a m xt ure. |l ine art alternatlvely

known as nvgngdienc 1p éHBliﬁﬁﬁeeobJ%eﬁ%St Q?WER¥%HKP§n statdom s :
are specisf i eCidoxmﬁupﬁﬂf a:laié‘éw&p ogubaﬂguaﬂg é%oﬁcaaﬂon programddeunent i's

output as a pa scription i nt erpret 0 specific to
~the particul g‘ﬁ%ﬂl 'sell QﬁratFnt%??ﬁ sPxienteda \P%t |"§'h‘°r?i'f @E‘)’&nd
gener at es thmltlmathnynmmmdenge bin prdated Hdrmep fdisplayed oapmesent ed

scherati cal | dpod, I a5he bEeUoBRTe et A UURAO w1 pe HERE Briged P20C

menory 50 reCeives the ras Fough &h THpl rel ates
it via an oumefergmceotpsa palptentaengiqetion, eihbeughelernﬂlehg ne 70 |

typicalhy  unddhstiodaPBeRelYtPBES: of NPeledioly | A5t RAAS JHRIMBER s .
serves to coll ect one or noye, pages of the docunent bef ore sendlng It

“to the print PektRFsw. fagg1in] rHF@hlnes'o?HQN9#§£ﬁ%¥|Eﬁﬁeﬂaﬁaaﬁdeuced
fromthe PDLdmgdﬂapymxﬁaﬁmh 30 is generally different fromthe intake

rate of the print i ne 7Q eneral | zed 50.a

Gerves to buffer the ChasRe orAcPEFa, APEURBYt FE0RATREE BY FofnbPer,
storage.  computer ozs wexkstabionarld emaya fypitcally astantadn aat a 35
ey redyisre LS hQ h%&dr‘égit‘)f ffﬂé‘bya{f’t of (IRBnat¥fely xnd 2@ and

is there ore Inpractical tore In 10 .
WD .98/ 28909 - “graphlc") and 1mage objects. Thesepayﬁuggheg3¢pgtents o

are specified by a page_descrlptlon language (PDL) and
the document is eutput-as a page description fiie 20.
. A PDL interpreter 30 specifiC'to the particular PDL used
20 interprets the page descrlptlon -file and generates the
document page by page in bit map format, as represented
schematlcally by a rasterlzed page data stream 40. A
‘generalized page memory 50 receives the rasterlzed data
_ through an input 52 and relates it via an output 54 to
_'25'- a print engine 70. 81nce the prlnt engine 70 typlcally
' prints-page by page,_the generallzed page memory 50
serves to collect one Qr'more'pages of the document
before sending it to the print engine'70.' As. the rate
of the rasterized data produced from the PDL 1nterpreter'
© 30 '30 is generally dlfferent from the . 1ntake rate of the
' print englne 70, the generallzed page memory 50 also
serves to. buffer the two dlSSlmllar rates by providing
_temporary storage. . '
As descrlbed earlier, a page of rasterlzed data _
35 ' may require tens to’ hundredS-of megabyte of memory for
- storage and is therefore impractical to store in

10



unconpressed form To this end, the general i zed page " menory 50

includes _a ¢ essor 100 which recelves and ~conpr ess terlzed
page dat 3"%?@ 40 a portion at a ti-me, such as a st?é%hg%ds -
conpressed raster 5  data is stored in a conpressed page buffer 200
Later, it iis retrieved fromthe conpressed page buffer 200 and S
~deconpressed by a deconpressor 300 before being fed to the print

engi ne 70 to\ﬁ%%résﬂé&“?%ﬂ‘mdocwnﬁhﬁg end, BAEC JohdiMSized pddes way,
the menory requirement of 10 -the. generallze page rrerméy I S, re uce by the_ :

sane ratio  MeMQKY t$HQ LBGHREES| BnCPRPFESECK é‘\Pé’d Whiigh,

pr OC€S|S ' g compresses Iﬂ;l(%muf e&ﬂze’ﬂh@faalal_ dalﬁaersﬁrxfﬁaﬁﬁ 9,a apmlrl ti’mh .
generalized p orm part ;0 pr| er cont at
operates wi t q{q% ‘b’r‘f‘?‘l %ﬂﬁpng’?’?& Strie ai. € ﬁﬂ“g’rrﬁ B r%%Ee}t he
conpressd - Hita adixl stidmed in adwmm'lesssdr p@@(e o f flex |2qnenetmmire| t her

as dedi cat ed gyj%r &r 2, [ D66 S%Qé
system 60. J1t Jt%rp‘d{ atter cafgceéﬁ‘S e m c g%r oceisg%I %&Hfg‘%‘gtem 60 1.ncl udes
a mcropr ocesmrdmommsﬁeﬂabw a, decompressosn |3 himfare RennsaLedd

random acces s JTare fBQM englne660 tol bRthwiCld YPisintdla t&&tﬁ@éﬁQ@o

conponents - are nbodi e rocedures stored in 1{ a:: are

execut abl e byPaFR HYCPBHPoceslgbr way goth ﬁAWFB‘Gré(ctrseqé’ﬁlre’%%“ orary
st or age ifoor timee s;emqraqmml walde aenblry is redﬁﬁadEByeﬁheagembui'éﬁo 200.
Fig. 2 is an exapple C n ext grap j ects.
AI t hough t he i sgﬁgs c%%ﬁ%esos.ﬁ.cﬂ% eirrgg E )g ved {ﬁn h'];Iln%be urrder s o'%g t hat
the page is Iroceéssihe context of a docurrent Whl ch-may contain nmultiple

pages. The exanple shays eaeegee% ﬁé fbﬁﬁXin@%rgEe&Ee 30, Wid ome 't

al so has Line art 94 consli Stl ng over aying a.
| ar ger heart IRReFMLIZER aPaFJQJbB‘ﬁler |%Q%rlf9&VedP?ﬁtbé{%én Pr-"i’l‘?é"—"%nal | er

heart 9Gml sedmirdlidr thatf bperates ¥ikhOthedPpridanamsity 7PHOHHe at 't he

t S
STt he page. PolonlORSURFCERE. 30+ Jifun STMRRREPRE| OO and, $OR) and
white, the vaieanmnﬂssmt §00&y:almeb|en1mpllemented either as Wﬂﬁncaw page

90 is rast lz'ﬁ?‘?] dc% 8 reégntlp%q__é)y g tyo &kray of
‘pi xel s. 3{:'51 e I} er rsescfJ Ogl nent , aChOpI xel nﬁs r resent ed by
. system In the ~latter case, the mlcroprocessor

20 system 60 1ncludes a mlcroprocessor 62, non—volatlle,_
read-only memory (ROM) 64 and random-access memory (RAM)
66. . The functions of _the various components are
- embodied as procedures stored in ROM 64 ~and are
executable by the micfbprccéSsor_sz. ~Also, RAM 66 acts
25  as temporary storage for the strip 41 as well as the
ecompressed ‘page buffer 200. | - -
Fig. 2 is an example page contalnlng text,
graphic and image objects. ~Although the dlscu551on
_refers to a page;,it'wi11 be understood that the page-is-
30  in the context of a ddcument'which may contain multiple
' | pages. The example shows a page 90 w1th text 92 at the
bottom. It also has Llne art 94 con51st1ng of a heart
.design 96 overlaylng,a larger heart design Wlth a ribbon
interleaved in between. The smaller heart 96 also forms
. 35 a frame for a photo 98, denoted by "PHOTO" at the center

11
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~four bytes, one byte for each of t he prinery ink. col ors CMYK. As
expl.ained earlier, this will allow each pixel to represent one  of . .
about: 4 WO nk combi nations. ~ Determination ofCTESMYRH es’ And

Their Type From 10 Rasteri.zed Data - Once the page 90 has
been converted fromthe page description file to rasterized page data,
al | - history information regar di ng type and source of- the - vari ous

obj ect s comEskAd phgePadfvin tR%ign riPe 401e LHBRRC eeﬁet.s?tagg of the

'present I nvention ~ o ana
rasterized fannbaagk and %i@?mtﬁetmmqs alt-:mctﬁ AN r!neegn gmdorhei r

types therei n. anginap! Yeddre ﬁ@@éopgbat gscorggﬁ&.%‘procggurg to
each type of structures. 20 is a block df agsram o? the
- apparat us angePresented,Pypra h?‘tb‘?rGlESﬁﬁP-QE‘éﬂ-oﬁrré‘é’ccﬂﬁjle"? a pEBferred.

enbodi nept otheh@nmﬁed)rembdatﬁﬂﬂ,ngeﬁtsCpiaeefl 9s #epresentbd by

general i zed nmory_50 Jn es the c es '
conpr essed pggggbﬁgng'Z%ea N %‘Esrp@?ezgrlm%ﬁﬁ ln)(%hEC’EBﬁﬁr essor
100 recei vesCMEKL erAseelxyhaanedreq;rlier, bthis rewplirabioweeachupikelinto a

w]pr king buffep Lifresent Loc'?)tet g %h%&(g{ 4ﬁ| g%%rﬁﬁl go) :bngt{oRs'. 5 8 rows

pi xel' s anbunti ng an 8-p IMg w.n across the
page. A patch recogni zer 120 scans the 30 pixels W|th| n t he wor ki ng
w ndow row bgetem@heemotpp dfo St%ﬁﬁéeof ahBe wiHadgw) ﬁf‘% DI ¥8bnby Pi xel
W t hin achrow (er mleft to right) and recognizes patches o
" connect —-E-r-%éllé—gfjﬁ;@ same color. Two pixels are connected if
they are adjacent eaclnatehethevhsdder 9bohazohe®n cordrerteal tfE6h| ¥her
di agonal | yg péﬁew' ééséflﬁé%ﬁ' 'R‘ié at‘__gr rasterlze,c&.r/p%/ %4 all - 12

WO 98/ 2890 o in
the pref err eBiskpoai mﬁormereqaadsngr fy@ee and sourognic®dtheter the

-recogni zer 13Qrﬁ%%sacéld§ec¥s5%l{1}ﬁd151n tdienug le el N8s NE3dt. SLTbRe - ~Once

the patches, are recogn a ch type .scrimnator, 130
di scri niRat elmPgTrtapk V\E%ﬁ re okt ?"Eﬁ) Anveation st yEher the| r.
si ze or the ahﬁhﬁtyotopamllyz@'mwg\@h@ltﬁ )rd@t@ﬁi?ﬁed form and

determine the different structures ‘and their types

therein and apply the approprlate compress:.on procedure"
to each type of structures. : '
20 - . Flg. 3is a block dlagram of the apparatus and
| method of hybr:r.d compress:.on, ‘according. to a preferred”
-embodiment ‘of the 1nvent10n.. Referrlng also to Fig. 1,'
" the generallzed page memory 50 includes the compressor .
_ _100 the compressed page buffer 200 and the decompressor'
25 300. The compressor 100 receives rasterlzed data strlp_
~ by strip from the input 52. 1nto a worklng buffer 110.
In the preferred embod:.ment each strip is 8 rows of '
pixels amountlng to an 8-pixel hlgh worklng w1ndow-
across the page. A patch recognlzer 120 scans the
30 pixels w1th:r.n the working window row by row (from top to
bottom of the window) and pixel by pixel within each row
_ (from __,._left to right) and recognizes patches of connected
pixels of the same color. Two pixels are connected if .
they . are adjacent each. _other whether 'horizontally; :
35 vertically or diagonally. As will be explained later,

-12



patch. - | ~The nature of text or line art obj e_c'tsis such '
t hat the pi cally. made up of col or patches of 10 each. -
having a Sﬁp¥erCbunt rangi ng from - several to thoagéﬁ@%m€#£€|xels

A large patch will also be referred to as a Type 1 patch. The pixels
init wll ~ be referred. to as. Type 1 pi xels, pl(i,j) where the .
coordinates (i,j) represents the ith row and jth colum 15 ‘of the pixe

~array of a pi‘ﬂetheThp:Ee%E%&é&t eé:ﬁl&éd.{-‘m&fat patcRe@e $hz8 bP{pPakehes

means there 1s low activity o - high redundancy I n goi_ng ron1one pi xel
to another aRBcognizgdnafbery h%/l"eﬁ‘-?ﬂgn%/ﬁq 130, hagt metueddy ssapredsion by

1 ossl ess conﬁneeaghn nﬂfa:eokué:es - 8frip. once Magee OrpRbghesobpgel s, on
constituted fr

‘the other hand m_caql_or patches of smal | er
Sizer " "ehgkodnErea, mRrpr PG ALsS Aty 3 ﬂ‘éspr&ma o= Single
to a fewspi xXbétweenatnkbaspatwd type of Satehes byreietuedofothem Type 2
patch and pi ag |y XAl TR

characteri stlég;‘%f&fs] hlg? & gP %D?eﬂ ecglgr%écaér})sco & % ig ﬁ?&ﬁ -
activity or pabech. redundancy in- 90|ng fron1 one plxel to another.

Ceneral Iy, .as the &ﬁecBatﬁréeofdééﬁﬁaéfs%ﬁneaﬁfteéﬁ ect FPBE sion

becones |ncreaS|n |y inefficient I ndeed atc el ow a

certain sizethagoddie¥sare Xﬁﬁﬁﬁ%k%lBﬁdﬁayﬂnQ§d°9196m9%§Eh%ﬁ P&ti o of

| ess 't hag 1ar@@:e shtoreceddie Kpging quawhﬁmeid?@uﬂm@dn@ﬂngce&ames
nore space -_than seek

Iy, .
objects are RABYE @ }fg%liﬁﬁtiﬁﬁﬂﬁqﬁixﬁﬁﬁ? @y rPFaF?FEPnV§§3|ﬁ3 4
. procedure, peetreféxréeéd tolassy Type tlypatch.ThiThet pixeds a.nnmtewiléhn S

terned "Il oss 2 o
PCT/ US97/ 237%‘?1 reéferred, to as Type 1 pixel rhag\glﬂld m"?‘%s ﬁg. n. - the

conpressi on- G%%W%%%$ohl@bl@Prqmrth¢ otthrﬁ@é and jbhj eelymnand even

With a gonpregstae fabie ofrddy 1ofhs page.! O éﬁﬁ:@éé@éﬁ-f@tié Bet .
readily apparent to,the rcatlon

between 2 TolErde (FiF 5oL drtendd Siepns thare 18 A0V AGElERErs o8
respect i vel yhidpet hedunhAancy 1nn@mmﬂg(ﬁrqm>oﬂé;pixe&peocamother and

PatChP'Xelcqggﬁeraily yields well to efficient compre551on by
' lossless compression procedures.

| mage

20 Image or photo objects, on the other hand, are
- mainly constituted from color patches of smaller 51ze,-

-~ each with a PatchPixelCount typically ranglng from_a
v : ' single to a few pixels. A small patch will also be'
" referred to as a Type 2 patch and pixels in it as Type

. 25 2 plxels, p2(i,3). ThlS characterlstlc of small size
| color patches means _there is’ high act1v1ty or low
redundancy in going from. one- pixel +to another._
Generally, as the patch 'size 'decreases; 1ossless”

o compression becomes 1ncreas1ngly 1neff1c1ent. “indeed
30  when a patch falls below a certaln size, . lossless
~ compression may yield a compression ratio of 1ess than
one, since the code required for the encodlng_occuples

;more space than the patch it seeks_ to encode.
_Generally, image objects are more eff1c1ently compressed

35 by a transform coding procedure,,partlcularly a lossy
‘type.. This tYpe of compression iS“ termed "lossy"f

C13



equal or greater than a pfedeterm’ ned m ni rum count 10 (" PatchPI M nCount

or. "Dl") " I n other words, the patch is Type 1 if its PatchPixel count
>= DI, aW@Slsﬁé%?atch is  ° Type 2 if .its PatchPixel CountPCI/U$e7237Phis
‘threshol d nunber, D1, provides a paraneter for adjusting the

desired proportion of Type.1l and Type 2 conpre55|on 15 procedures being
applied to a docunent where a hlgher " "threshol d nunber tends to

i ncrease the Qrtion_of £onpr essi.on. e. par anmet D1 is -
pr edet er mi ne e %y -EOHSi derJeR“Ty a‘b’fm‘the antléf’ﬁgt ed Mat u@® and
particul ar mmegamnﬂmpmmmbj eytdeon tHewé@rerdocfmnumaglen .
question angdy b@%t@ar talrgi“afen tv)’ﬂ&; fcom %Qfékeéét%dokoﬁ% 1°¢ ress' on
procedures to er POPLERT Ve, an overal targ :
conpr essi on 1loss P§t FBfOrm@lﬁhak%l%ta\‘— yeadily canpareante tol the tl'mmappl y
sel ect edsl osghess and | ossy conpression procedures to 25 representative
pages to see which thr shol d nunber . yield wi.thin_the targeted
~overal | conpression ratiof emarca*a'rlm‘xb?ﬁ‘é?eﬁa%m%lt kdapEepoPatsh of

1 ossl.ess andOIspl‘IW @. (sidlX)hepateh eis eﬂe@ﬁb@ﬂiffé!ﬂ? wRé!:ﬁ@P' bhe-

Count (D1 t t .a th f As
de:(r:]rl E)ed) eai"l O i eﬁ% :/&r}ho%\%%éc ; 18l St??gcgpb?‘ﬁép°ﬁf‘§h ASves.

strip by str eguwlonorop'rte@.ter thant @n prnediétepmined Ith\meham tount! ow for

the posigbll {"Patchb 15?@&,, p‘?"tc'tbfﬁ?,/nf a4 ‘?%éf%éﬁdg ggeaggﬁ{lcurrent

strip, the cgunting I xel's Wt _
suf ficient réﬁs%@elbégnlﬁ%rﬁﬁ%@iwelcou%P? Manglﬂ“uéihet Detc;hum5| ng

gg%gggg del aypeé heyemd iithe PatchPixelCount < B T 2ias772ﬁ§eshold WO
current w ndBWEPeTe Rbs ¢ RFPHARS eFmB@’&a’PﬁFﬁgho‘T‘F adjustime Fhe patch

size is D1, @asared @omrmmtzmeo;ﬁat‘Wpe 1 drsl orgpeher ecohprasxtba are

. stacke [ . Molp} Thus | erS|n
o patoms | Brackqluel Being aobidhq, rd B uocliiehd; MdfeCh blGaRE ! ©
the patch. Fhrepiodfefnunker cheddentst 1lmr¢%sasthe pPropart ton 80!‘\,h| ch |s

a strip hei ghype Ih@%mp&%sﬂ%&ph The ;Ia&é‘éwé&éf%h'fs pﬁf&%éf@f’m?ﬁe&

revious str af current. strip has_ been scann
P 59 con51 eration of theF)antlcﬁpated ‘nature and

-partlcular mix of graphlc and’ 1mage objects on the

20 documents 'in guestion" and the particular type of
lossless and lossy compression procedures to be applled

in order ‘to achieve an ‘overall targeted compre551on

, ratlo.. One practical way to determlne D1 is to apply

_ selected lossless and lossy compression procedures to
25 representative pages to see which'  threshold number
' yields, within the targeted overall compression'ratio,
a mix that maximizes the: proportlon of lossless
'compression. In the preferred embodlment PatchP1M1n-
Count. (D1) is set to a value in the range from 6 to 8.

30 ' " As descrlbed earller, a worklng window or a
strlp 8-pixel hlgh moves strlp by strlp from top to
bottom on the page. However, to allow for the p0551b11-

| 1ty that a patch may -fall partlally outside the current
strlp, the counting of the plxels_w1th1n a patch is

35. . delayed until sufficient rows have been considered.
This means that the COuntingzcould_be delayed beyond the
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10 Separation Into Gaphics And Photo Layers . After the .
“pat.ches d out by the patch . -.recognizer 120, rat ed
gﬁf s‘)ﬁéan §9$ 6% RS RPRR |

into Typ ype 2 patches by the patch type ~discrimnator

130. General |y, the Type 1 patches will be associated with 15 text or
graphi c objects and the Type 2 patches w Il be associ ated with i nage
objects. The original raster page may be regarded as bei ng separat ed

into a first dﬁ&taﬁt windday.er csmhaénlt@edeewmimaarﬁxmmmd

raster. taini,ng Typ 03 d Fi |
4b respect | vé'} ‘ﬁ C{%’ tg% éizfahé's @h‘éﬁi?‘le(? ?@pfﬁ%e&e—?a%ep%%? dgt a
objects intois onefwheter&hherpﬂm&ss ald) staickedeupndnr astcmltimydbl420 _

The first rasign | ayep 410 ¢qll eféf%%ﬂggre a@%é’ﬁ?‘% secon ‘21%

subjected to™aTirst corrp‘reSS| on pr er Iayer

420 col | &t s shwtld pineladehat leasyr Blt yovs sfbpdaads tfram stheep
conpr essi on RyOCEHEr atch. wiﬁgthﬁem&@%wlﬁéﬁﬁ“ pl Hig. ag the

Type 1. pi_xel's, vl resenting.mainly graphic ob S suc

text 92 and |1IW%.I‘$59«§ éﬁ?}@-qrgt%ﬁ' nBdS 6‘%’%’%‘?’19’& 30Th}1§ye§'3’ﬁn?% Gihe Type
2 pixels, p2(rie¢dgrlif>ﬁi@ﬁ6lisl erformed nby  aheraicud8stpiphasirar tashape
frame 96 are t he second.layer. At the sane tine, the

posi tion inf cﬁ‘ﬂﬁ?’g‘ﬁ %?r{'%ehﬁﬁ%ef? BFQEPEdare preserved . on the first

| ayer in the formof transparent plxels 35 t2(i,]) representlng a cutout

gélzzégog‘lbs 'dedar&idh Into Gra hics And Photo 15 - WO A

obj ects originally redfeebnthacPatrhes, axecpargpes out bﬂi@‘e aﬁ’ﬁF"r‘lhen the
Type 2 pat chefedctfificiert ad o) El:'he&zh@.re sepamedotitrﬁ-ﬁi Sl'ﬁé? Isuatna)uryp@nd '

PLaoe o (e Seoihes b il bl 2oeypp et B RBEESSLEN,
~sent to a fircdnexaplipsstheligpe 1 pé%mhesxeixllbethssﬁgxaﬂkdEWEﬁms :
p2(| ) e Bl & agrapméeSBHQctEOEBEe%ﬁ%r Type2 patihed Rfi15308 tine,
associated with image objects. The or1g1na1 raster page
may be regarded as being separated into a first raster
'1ayer'containing Type'l patches and a second_raster'
layer contalnlng Type 2 patches.
- 200 Flg. 4a and Fig. 4b respectlvely 111ustrate
the schematlc separatlon of the raster data objects 1nto'
"a first raster layer 410 and a second raster layer 420.
" The first raster layer 410 collects those plxels that
_ are to be subjected to a first compression procedure and
25 the second raster layer 420 collects those pixels:that
' are to be subjected to a second compression procedure.
' Using the example page 90 shown . in Fig. 2, the Type 1p'
-pixels,_pl(i,j) represehting_mainly_graphic:objects such -
as text 92 and line ar£_94 are retained on the first
~. 30 layer while the Type 2 piiels, p2(i,3j) representlng _
' _malnly the. photo 98 1n the heart shape frame 96 are
separated onto the second layer. At the same time, the
position information of the pz(i,j) pixels are preserved
on.the first layer in the form df-transparent;pixels
35 t2(i,j)_representing a cutout 412. - Thus, it is as if
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- 10 coordinates of p2(i,j) are sent to the first corrpressor ' V\here they .

‘are treated as: transparent pixels t2(i, j). .= A preferr

' corrpress‘fv 8‘5?39 edure executed by " the fi rst corrpresso?gi‘lo"%;%seﬁ‘IS
run-1ength encodi ng (RLE) in ~ which a color patch is encodable by a
starting color 15 pixel and one or nofe run |engths of pi xel s ‘having the
same col or. The RLE conpression procedure is applied to both the Type
.1 pixels. pl( aén) ob?QQtEhSrE?i‘ﬂﬁPffePé ide ohZthe] flPs'l‘ferﬁsterTﬂS gesul ting:
corrpressed codes a ored 1n t%e conpressed page buf 30 as a
first 20 cofplasifl| Bhep rhe Type 2 patehgscaRfaatad v A
preferred cogpagesi B @E8SC @ SYEC W Aa. (fladdﬂ% GﬁCQﬂﬂe cgepbagsor 160
|s a DCT (Discr te S|ne ~Transform ing such as JPEG - which is

| ossy 25 res§ Y&F &3, . The JPEG corrpr essi on pr ocedure is. :

prorrul gat ed by the Joi nt  Phot ogr aphi c Experts G oup, which is a

committe ung.e&stth%o treer onal St andards . - Organl zation. . The JPEG
conpr ess W‘M‘O‘C of Type 2 p| xel's p2(i ,j ) After the
second corrpr essor 30 Referriag bpekfbﬁr@vg 3 hethe @migiedssiion thet fype :
resulting §eah%%$6$1c@1deﬁ aatfe%&tedtbnatBfrseneaﬁﬁﬁegsaﬁgeso buf f er

200 as a secon ressed Iay JPEG encodi ng.
procedure i sThe| PJ-H»EFFnéB the TYPec%rHi"?%’éﬂsvon(%hé) ?B?I 8&PEgtot Ar ee

steps:: (1) seebnd compressor 160. At the lGame tﬂi&98/ 28609 .
rete Cosine i_xel bl ocks

PCT/ US97/[ 23774 ]
To' o A8yt APROFAnRERRS PO A Loct} A rTent (O BUANT 53 HPBFoss0r (1o
coef fici ent swheme (3eyrmrephrestiedgast hrateipanent pixéls tRE1JPEG

basel i ne Sysheg%sfeij}"ed"‘fééﬁrés@%&@ré’ési& pf@éeﬂt&'@étéiéﬂ £84f byCl e.nt_s

A feature of IS that 1t operat not -on ndi vi uaI pi xel
| evel but onthet E4F&F BPEET@S%‘PI'Slso is gurg-Ignghhs encedingnf(BLE) t d1t hi s

node of Operﬁ‘hh@h atheolor patennd o aéﬁeédaayerb&% l§tai‘a.€t|flﬁi§1t eeabky -
artltlgged 10 bl ocks_ of 8x8 Xf gﬁ ﬁwn |nl|s: 8 tﬁ\egrl d
330 (notoshoRR*PH FIR & B xRy Hfeiathe o Rixgls faving
same color. The RLE compress:t.on procedure - is applled to’ :
both the Type 1 _plxels _p1(1,j) and the transparent
" t2(i,j) pixels. 'The resulting compressed codes aré
stored in the compressed page buffer 200 as a first .
20 - compressed layer 210. '

~ Second cOmpress:Lon _ _
A preferred compress:.on procedure executed by .

the second compressor 160 is a DCT (Discrete Cosine
Transform) coding such as JPEG, which is a . lossy'
25 compression scheme. The 'JPEG. compression procedu're is
.promulgated by the- Joint:- ‘Photographic Experts '-GrOup,
which is a committee uhder the International Standards
Organization. 'I'he JPEG compress1on is applled to blocks

of Type 2 plxels p2(i,J). | After the secon_d compressor )

30 160 has performed the compress:ton, -the resulting -

' compressed codes are stored .in -the compressed page '

' buffer 200 as a second compressed layer 220.

The JPEG encodn.ng procedure is well-defined and

comprlsed - of the follow:.ng three steps: (1) DCT -
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bl ock 432 is superinposed on the entire page. If the number of rows
~(or ‘colu the page is not. a- -~ -~ nmultiple of 8 add ws (or
coFunns)qgfgug%%%nded 15 to- the. page to satisfy thlsbé*éﬁﬁﬁrzﬁ% t.
These . additional rows (or: colums) are replications of the - last
row (or colum). of the page. . - In. the exanple “shown, - Type
.2 .pixels are - expected to congregate I n the region bounded by the 20.

snal | er hear t(f3&creffuiscosingéatrlgsgeen)t bat sgewrsl bixel biduiase taype of
bl ocks can oc bl.ock 4f2) a .

B oo an O e he et PofiR dXBE S one cP' 13)° il iam 6F) and’a
bl ock with the o:umqafﬁieignts“ addTy(3g Zmtxsdy (:od@ngbl(chhle Aefjaul2s -

Each hori zon I ck_r Sy Ioc row
440. St andar Iﬁé‘o er atl%%%igégssgsggg EF g'g #‘ﬁ@%&a cao w by
bl-ock roW®, artdnamquantlzed coef Higients b ock by bl ock. - The two

di mensional = discrgt eqkr orsm ( pl .Iy to
30 Dl ocks whi ch are, elletﬁzfetc%)a ogt gi@%b 18 Q L1 al f'é P?b?ggﬁg ﬂo%dcﬂ{] Type 2
pi xel s. bitdek imsd- et &E‘%yleﬁﬁ%abﬁ “on ﬂé‘tlﬂgé'éas Rocksnehi®beks or

all bl OCkS SHY @Cpaskelle.JPFe conféffOdbNEhis h\&dbh%fsbii&@’ﬂion the
i npl enenitatio ' encod t he %coef fi ent of: current

‘block is 35 (?éﬁqq‘?edra%ﬁﬁtl yen g g?hé's o IB%EJ'C‘B ¥k pantijfdionad:
sequencaoof lindek dlheksigof 08x8 egikebs nast shewhhdnsaiey. 4b. A grid

o o %%/028(% el t %r s?orXt edpf)'f{ockblod{spg[{]gﬁg?s{ P ook

as that during deconpression. a bl ock row
are assenbl e® t4he? i8 sypprimposedoem dihriserbire bagere Mifeythw e JPEG

encoded. . b NrbR8 P& eleAl nﬂgt;od t Skt ndg 5 type
i nf ormati on gfumgcr?er blogI kg on {1 grcée I's al sgg'ég%%%l %9@ 3%8?1?)?20'%' n
'CBG@IEF- B '

conpressed f BPC1PAe) of; 1 fFeues (°rt?%118msi)erﬂr%lwq4ﬁﬂ as
cont ai nitBg ntolPEGeb| pakme, ftew satillifgckthimanyeofuddiement. s campseiel y

JPEG encoded etq ona; OPH‘ %\Q[ ggﬂﬁg%sioya?ﬁbl o&%e"pv%are JP G egloggckis

t he 10 posrtronrng I AT or ma n s grv
in the bl ocklraﬂ? frow dvead %1131111)1 f dfhe [page. ~ positions wi'thin the block

row. Wen "many' bl ocks, arge ex?nﬁﬁé“%ﬁa A qRjde ald a%lgégfses%?@' ng to
all blocks Inx;.:oected to congregate 'in the reglon bounded by the
20 smaller heart 96. Thus, it can be seen that ‘generally
three type of blocks can occur: a block with no Type 2
_pixels (e.g. block 432) ; a block with partially filled
Type 2 pixels (e.g. block 444); and a bl_ock.I with
| completely filled Type 2 pixels (e.g. block 446).
25 o Each horlzontal Trow of blocks forms a block row E
such as a block row 440. Standard JPEG operatlons are
-applied on the page block row by block row, and within
a block - row block by block. - The two ~dimensional.
 discrete cosine transform (DCT) is 'being appliéd only to
30 - blocks which are either completely or part:r.ally filled
- with Type 2 plxels A block row therefore may conta:l.n
no blocks or some blocks or all blocks subjected to JPEG.
~ encoding. In the standard implementation of JPEG
encoding, the DC - coefficient of a current - 'bl'o_ck is
35 defined relative to the previous block, thus the
sequence of blocks during compression must be . the same

.17



the block rowis given with the bit for each block 15 turned on or of f
according to the bl ock be| ng . JPEG encoded or not, respectivel The
transit Y0 9828WBen ‘few and "many' is determined in E 'f”ﬁé’t“

m nirm zes the number of bits required for the block positioning

I nformation. 20 Accordi:ng. 't o anot her aspect of the present

i nvention, provision is nade for handli ng - the arbitrary - boundary -
bet ween the .two t | e on both”
the first ands 3% 6;{-;(19? aeg%mig%%r sloglio 9&% ﬁ}%ﬁﬁﬂt@i eﬂf%ggorl gi nal
~raster data withangraanblaekt yom are: ﬁﬁéepb)leﬁ [tagether H5@e faxm tRe

bl ock- orlent r 7 tv of Type 2 data
plock-of | entelngitous cRATH BB2008 €HALSERS BB GHudad Ly of Typ |

an -ar ea ratlo of ,64:1 -
conmpared to that of T?Eetkedwéferrﬁ?e%&"fﬁt"’(%‘ the RPsHEIoRi 394 pet ween

the twos typ@se iﬁﬁéﬂ'xﬁaﬁtldrﬂ off the mmbnnuhbypageeaehameundeagdbet ween
Type 2 and T Btfbg fJrst. ast yer 410, in
OSI

addition to dhs %E%f%p’é‘ c‘ﬁ%ﬁ’iﬁ?&edt r%nbfc‘? 2 T %SJZ b%?ches 35
in their origheatwireet gshoakt arovt psarcmr;haesemgad-xcasjPEG bloackparfew pixels

£2(i,j). wi er. <. 2
PCT/ US97/ pa Syttt BRadl BILSl He io complBiiy?5RHE encodea. |

conbi ni ng 't henly ‘fewfsblaskssdaord hlaak oW Lo n@%@eﬁmd%@xetgef or ms
one or {Ppre uhagdeysnPRgl BRrbiridilody 8% tgqvtéi'ﬁ‘ Gélﬂéj number ayergpRd only

those portiohs of the Secon Ia er in th be sel ected in
t'he conbi natPdAck Sov&"hgth% HePYar SP&LSY’?ds Ilf’é'pea owlﬁﬁe F SHRBLF ent
Wi ndows in tpesitions iwbthimsies BleX rowt namsmaﬂy' Vibbbek s Pifeencoded

bl ocks wil | thro e ns C whi |l e
t he JPEG con%ﬁg%s %%g’r r%g }‘:r rga% (ft °tr§' fg)gngfo" ggm Bl %‘il ?10% %n
granul arity,thée chmak srpwctis egaven witithetheuiddr yEoxt wash leb'éc}i and
Type 2 fat an% Srh&dt Yrfdor off naEB‘SrEﬁg@nsﬁé ughgd W%Teln JPEG

On the seco raster |ayer t hose bl ocks such as 444 that are
partially fifneadeft H’rTﬂé?é'-'z rﬁﬁm%taselxoveﬁ"hﬁnawﬂnﬁ}é}lqrbg%me%ﬂ the
original pageféwatand ’‘ma@faiigs d@ﬁ”ér)nillﬁéﬂ Gin Bypeayl ek Typeimipexel s.

_After L S gr%&h er J¥31¥@ re gggggsfor thé“%fg%ﬁ”bé ftioﬁfﬁg
' ' 1nformatlon .
20 : Accordlng to another aspect of the present'

1nventlon, provision is made for handllng the arbitrary
boundary between the two types of data by specific
_ .features 1mp1emented on both the first and second raster
_layers 410 - 420. ' . .
25 , The original raster data has a granularlty at
 the pixel level. However, the_block-or;ented JPEG_
compression coarsens the:qranularity of Type 2 data to
the block level which is3larger by an area ratio of 64:1
compared. to that_of'Type_lgdata.. The mismatch,in
30 granularity between the two types results in a
. discontinuity at eadh boundary between Type 2 and Type :
1 data. _ o
- On the first raster layer 410, in addltlon to
_ ' the Type i patches, the pos1t10ns of the Type 2 patches
. 35 in their original flne granularlty are preserved as-
transparent pixels t2(i,j). As will be shown later,
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raster | ayer 410. The Type 2 batches will end up. on fhe - second Taster

| ayer 420 | artially filled bl ock; 20 with.the conpl e block .
[ %839@”%P$ ﬁaiﬂk'&gagcer,

‘bei'ng a ginally occupi ed by the Type 1 patches DCT
can not be applied to a block where there are undefined pixels. '
One possibility is not to renove the Type 1 pixels from the block in.
the first place so that there will..be no 25 void. The di sadvantage S :
that when DGlhdis @Rfddditkthicted dddieslt ks Foxadat hyeeombhhsngnﬂnéur al and
-di scont i nuous structure _causes Hg i ntroduction , updesi rabl e
frequenci es THrsh BBAd SETORE AA¥RFS hetREnFaDSPaT et |Fb"xe1 QrRE| |

i nt roduci ng emelesicr aldre apimdmi;SonTmueadtm*éBOlayhrs tef fdnt , sbebnde
appl yi ng DCT, t he pixel ) e of .t bIock
dlw c? onvla)} 3%}"5 p\?ﬁ&gn& o) ypegén& 95 Qr E.n

are repl ace pi Xers in thé bl ock.
Dependi rgy mndmhew1lledple| seiguted b theheomblnad:em natQwingletdce, the

JPEG encode%rpgoaebﬁmrpﬂseh@g,é%f LRt etk aaLpd rantd idRicw iR éheck

bl ock row or : -
VWO 98/ 28909 first raster layer, not necessarlly p@gl};g‘lﬁ%mcoded _ The -

DtecorrgreSSI ¥l ocks will show QHEROUYE i ﬁw%&ﬁﬂﬁﬁﬁéé@ &@@wgegt. hf‘ﬁ been

stored in co resse ressed print buffer ey '

are ready IPSpeW c}té :ﬁ;ﬁges#g% o P’f’ﬁESlgp’ EBEGﬁﬁP?s?é’rp%O%).gatafhe

gecorrprmsorfﬁﬁﬁ) pixeli sesbdock granudfardeaygnpites shine aziﬁrmmnesetond o

econpr essor r r sses e
mp Seijou dar 'rTween[ H&g)rrp 1 %%dj%rf f@ FS&QHP&S

encoded dat a ore ressed reécover the
pi xel s pl (i,in tixel reeonsttedndOpumem@ 10 t2(i,]j ) that schematically

reside on the first rggtehe secdrﬁ’efaééé’r IQ?eP' ﬁ%'os R:Jhd/fé ebié&fbt he Type
1 pat ches - and the transparent  pi xel were . fromth '

pat ches reprdid@niasd4hehak @qeeﬂarﬁ?atlﬁ-é’ f}&éeé H&FEh‘@gPe 2 P%ﬁ%%shad been
renmovedg o tdwveeCdlinaisdhedl | @¢giohd). ohS the originble pagendthat

CoroEasas oA o5 IPLESERL L, e ' AHE UL YR A0ERRT
o I oss;sepm@wn.ortrazm 1t lpedehresc ovist lmtdadasploml'dlarélrst not
necessarl 1Y A8 ClydiO 4 Ol R3pePi2*Patches will end up on the
_ second raster layer 420 in a partlally filled block;
20 -w1th the complement to the block being a void orlglnally
occupied by the'TYpe 1 patches. However, DCT can not
be applied to a block where there are undeflned plxels._
One possibility is not to remove the Type 1 pixels from -
. the block in the flrst place so that there will be no-
-25 _v01d. The dlsadvantage is that when DCT is applled to
B a block of mlxed types,,lts unnatural and dlscontlnuous
structure causes " the -1ntroductlon of unde51rab1e
frequencies which tend to decrease the - compre551on ratio
‘as well as introducing unde51rable artifacts. To reduce .
'_30- this effect, before applying DCT the pixel values in the
cbmplgment region-ef_the:bioek'are,replaCed_by_the
average value of the'Type 2 pixels in thexbleck..
' i Depending ';on ~ the requirements ‘of the
" destination device, the'JPEG'encoded photo data may be
35 = interleaved on a basis of a block,.blbck row or the
entire page. SR ' '
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20 p2(i,j), representl ng the Type 2 patches that schema-- : ticél'ly' |

reside-in the second raster Iayer 420. - . The decorrpreSS| on is
per f or teWO8E88209r ow by - bl ock row, each bl ock row bei n&CFYHXEITT4 o~
“high. Only - .. the last pixel row of the previous block rowis needed 25
for the copy and repeat of the |ossl ess encoded data - (the previous °
- pixel rowfor the first block row.is . ~ assumed to have val ues
correspondin t'oDno-.i nk asoer o Menory space. is allocated for

a conplete b the bl- ock row under reconstruction contains
30 - JPEG encoded bl ocIOsx,cet pRes or ondre qpages a3t dthel dootwent hashbeen bl ocks

into their n r 310 :
‘decodes the gﬁ%%ggdiﬁa?&“??%%%ﬁkfémjfnrst comg]r essegdﬁgg'?re %?geréow by row
“and pi xel by2pPxel they wiaren veadyroke Hee Haromprssasd pbyi | Fhere
decoded 35 dbebﬂtﬁxj?ﬁ%sox‘ agpe! poﬁhé'ﬁé%dﬁt?ﬂésédﬁ”%@r Ynp¥2l$  a

t2(i,]) are repl aced by the correspondin PEG decoded
20 WO §arg§ogecompressor - 310 and second decompreﬁﬁorE%%923774

pi xel s p2' (i ,.J) Thi s;'htes ﬁbeﬁaaewrdprdsemewmememompreséés Ahe gate
330 and, the OR ' '

a |ve Preferre nbodi
Fig. 5is a 3P88§eé g@F%n?B?r??‘lel%p‘B?ﬁ er.t &m%esﬁﬁghgal’ﬁ ﬁg@
conpr essi on, reeoverdithe tixebs hpt (1;5) pndf daihvee cexeamis PR et pﬁ.xeme _
inventi @ d r re n V\q:#@ S |
appl i es PossﬁzgR lJf) qﬁlra{}{n %elheltl tlenco éé?lﬁ%b 9 Sﬁﬁfﬁgtgsggﬁg the’
second - d8¥Bredddr 1@@‘%;!&’4@35 IRﬂs%B@E—@@hc‘é}ﬂ‘Pn Pe ¥ypatches data.
Simlar to thfgerdesli ms&atnsiiaeeiw Npfkx@1s 3t2t hgere fragnetnbi dage nmenory

50 includes. th onpressor 100’ the .canpressed pa 200 and
t he deconpr eg’ggflﬁﬁﬁorepreseﬁ’en%o% € ﬁ i‘gﬁe\/gé’%ﬁagt Bnggﬁsdat a
strip by 15 thati pafir beerheemoved 32 itited secmrdkiruste flaydn 0420 The

rasteriggd data 1S L haRdrgRasIPCabofoPaLERy! 509N dlinprosed?Otned patch

t ype di Scrim nator her a F eSSor
or a second ggﬁgﬂggsgpta stopgi in the second compressed- layer 220

to recover the reconstructed pixels p2'(1,3) - In a

- lossy compression scheme, these reconstructed pixels are

not necessarily identical to the. original pixels

- 20 . p2(i,Jj), representing the Type 2 patches that schema-
tically reside in the second raster layer 420. _

_E'The decompreSSion is performed block row by

block row, each block row be1ng 8 pixel row high. Only

‘the  last pixel row of the prev1ous block row is needed'

'25gr5for_the copy and repeat.of the lossless encoded data

- (the previous pixel row for the first block row is

o assumed to have values correspondlng to no-ink paper).

Memory space is allocated for a complete block

_ row. If the block row under reconstructlon contains

.30 JPEG encoded blocks, the second decompressor ‘decodes

' these. blocks into their pos1tlons in ‘the block row. = The

first decompressor 310 decodes the encoded data_from_the“

- firstlcompressed layer 210 row by row and pixel by pixel

_ withiﬁ each'row. The Type 1 pixels pl(i,j) are decoded

.35 into their-raster positions while transparent pixels

t2(1i,j) are replaced by_the correspohding JPEG decoded
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20 3 . One featur'e in the al tefnative' enbodi nent is - th'at pat ch
“recogni a first pass of the first CONpr essor. prfydeRb ey at ed
i nto thre"@gsnéggérocess The =~ first pass of the first conpressor (or _
. patch recogni zer. 120') applies RLE to all raster data.. Since the RLE
25 .represents a run or. spread of pixels with the same col or, patches o
are therefore identified as an i ntegral ~ part of the RLE process.

pleregfter hﬁ:ﬂﬁenat Eiwomej ydi semiig n:laéoécﬂé’agatlcallﬁﬁfépréﬁbnﬂ:ba bype %BSnd |
Type 2 patc SIS | atch size conparator
the b?‘HEk aal%g)t di%gp # 5%0%14@1 ze conparator 132 . -

and an .in-

performs an |n|t|al separatlon of the Type 1 and Type 2 . patches by

" virtue, of . h ™ Pat chPi xel count >= D1 or < Di.
| f PatchPix atﬁ rergj‘sﬁmﬂ i1 tded Type 1 pixels are routed
to be : ~ Fig. 5 is a blockzglagram 90 bheogpperatus and .
PCT/ US97523744tnoa  of rwﬂffés% @gﬁ&eco%mﬁ e Bhbther

conpr essor 150' . These pi-xel]'s wl]l survive in .a Iossl ess

Ty
form - If PaPEﬁf’F‘ZEP@oﬁﬂP°@1M ’E%eﬂ? egntigne sihmediried firstie
second conpr gsfptet&or inlhese pageb& laa@amlaamadpwﬂéssmambe%sy

conpr essi on. tu t alternative enbodi ment . -
i's to set a FﬂPesﬁﬁgﬁhfﬁ?Cﬁé}i’@ géﬁﬁ’%)eafs ]ar% kanla r""lh & £85%Cock (8x8
pi xel s) ‘has ocomprassoma |16ndppliesTmssy JPEG perebdingt to | Typet 2be.cost -
effectlilg todgggformthe 10 JPEG corrpressmn on that bl ock. In a

preferred I npl enent ation, the in-block: conpar at or 134 perform; a
further screening of ﬁlyélérpf-?ef—be enbedipet aovhein FigTyge Ebgi xels

directed frogehbfapdted §éu§@ ﬁ&ﬁ@ﬁf%@rlnclude]@%@% s@o&eiobhe number
of Type 2 pixels in 15 di-vi d% PEG bI ocks. . If_al pe 2 gl er sin a
JPEG = bl BBR C%Bﬁﬁ‘fse oPag &PO @t mﬁ‘fc&ﬁﬁ"mp esgor

- (appr oxi mat efe 1 C¥mphrgeE=soat S1O6 7 thecelmels) rhls&:;en&zldd hiata stripl Bysi f i ed

gfs Hg |rst;g%§%ressorgﬁ% g’lé‘getgdlﬁ-érw s%ork{) | ar fgrb%%bperﬁﬁgond Pass

enbodi ment, rasterizedydata pmtiers processédripy o pabtebodedoghiser p2(i,j)
will be routggobn 'a{‘dpé(téﬁa|tyB°£G&QEEEKﬁ1}thBQe fﬁ?ongnd routed to

either a first compressor 150’ or a second compressor o
| " 160. | |
.20 .~ Onme feature 1n the alternatlve embodlment is
.that patch recognltlon and a flrst pass of the first
compressor are 1ntegrated ‘into the same process. The_
- first pass of the first compressor (or patch recognlzer )
120’) applies RLE to all raster data. Since the RLE
25 'represents a run. or spread of plxels with the same
color, patches are therefore - 1dent1f1ed as. an 1ntegra1
' part of the RLE prccess. ” '
| Thereafter, the patch type dlscrlmlnator 1307
. sorts out the Type 1 and Type 2 patches. This is
30 'accogpllshed by a patch_slze comparator 132 and an in-
~ block comparator 134.'.Thefpatch size comparator'132
_performs an initial separatioh ofethe_Type 1 and Type 2
' patches by virtue of whether ' each patch -haS' its
- PatchPixelCount >= D1 or < D1. If PatchPixelCount >=
35 Dl; run-length encodediType-l pixels are'rbuted to be
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conpressor 160. . Similarl y, the position information of the
25 remainin Q/pez pixels is routed in the formof - tran_ﬁ 5_2{“
pi xel s {¥¥PP8 '?’590 to be conpressed by the “second pass ofCTA®YP

conpressor 150 : The .second .pass of the first conpressor 150"
essentially rrerges inputs fromthree sources. One is 30 the first-pass -
encoded pl(i,j) fromthe patch size . corrparator A second one is the

tially T | h " s b
the ine ” yﬁfoéﬁg%éﬁp}#ataﬂl%%cﬁﬁi BRE, AL ERG H | JuRBrdsefyel S DY
pi xel s t2(i,}50f hat me;seh?merhnpn@ﬁgﬁhweﬁéoquwm% lesedbp8Spass of

~the first Cofaﬁﬁssofflﬁgtcﬁﬁﬁfgftoﬁﬂﬁ“k D1, Type 2 8%xels are slated = 22
WO 98/ 28909 [ US97/ 23774 '

merged with TRE dhiter SEGEN GAPTEFSTe SFfer t'ﬂ]é‘éﬁe Plxe&%(ep%c%ﬁear on - -
t he docusrentc@ingédates for 1ossy Coppregsiom table listing a schedule of

run-l ength codes acco ref er,req.enb |nvent|on
As before, a pixel E"RBEB 5sf 5: s o q:he %7rrb%t’d%?ﬁo?lgla°‘g§m
which is in tsl tlansptofa tbweishold fok EREG ]cqmpaeésssomiemf)tadbbgclpl (| ,j ) -

oy T anshh S ponk (SO Ry LUa1"nRBRE) 8 p7RE°TI T

by transparent

above p(i, | )Z(Bbx?ésanétl Hélll(a\dnﬁ’(} rhﬁwqﬁslta %ﬁfeﬁc‘éb’we tomerfm th® to and
~includipng pixekc) -éoinﬁréewlbh W8h€ that abi88HY €ncPHelda preferred In’

t he | ossl ess, encodi cess it I S assuned that the -
rasterized dﬁﬁﬁiﬁﬂ ?’?géﬂf‘ gﬁ g“ﬁ%’ X Sk compAr aka¥ferid4 BRAESE PR3 ence i s
bei ng made tmntnerelscreen.mq sofleType Goquiwslls bouddarexseivds tieor is

assuned O}‘Yﬁ% . §1xe G é&s Jﬁg%eth' Sﬁta W eé}ﬂéé] S&g%gl?gtgy

"~ repetition or W e curre ying segments
. of the previbdd rand oﬂeieémmeﬁattbﬁ giunlger t jod tWPe Shebiixelsodt® are

bei ng reser vaghieidlell FPIMEB1ocks COMY SLIIRE ArPikd s Vi 0h OFPRE32- bit)
or alimted nunber of %ﬁ’l ette col ors (optlon z The run Iength |s_ :

ei ther embedteCkn (ARCMe rud | STRRIMRAA 1 Gount
(approximately 10% of plxels of the block) they w1ll be -

reclassified as Type 1 patches and be redirected to be
processed by the secoﬁd passTOf the first compressor
20 . 150’. Otherwise, similar to the first embodiment, the .
Type 2 patches in the form of unencoded pixels p2(i,3J)
'will be routed in individual JPEG blocks to_the.second
compressor 160. _ -
_ ' Similarly, the pos.1t10n 1nformatlon of the
. 25 remalnlng Type 2 plxels is routed in the form of |
' transparent plxels t2(1,3) to be compressed by the-
second pass of the flrst compressor 1507. _ '
) _ _ The second pass of the first compressor 150'
. essentlally merges 1nputs from three sources. One is.
30 the first-pass encoded pl(l,j) from the ‘patch 51ze'
_ comparator. A second one is the initially ‘I'ype_ 2 pixels
that has been redirected as "'I'ype 1% pixels by the in-
- block 'comparator 134. A third input is the transparent
' _plxels tZ(.'L,]) that are flrst run-length encoded by the
35__'second pass of the first compressor 150’ before being
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- pixel of a color) or explrcrtly defined as short run 25 Iehgth or -l ong
run | engt Essentially,- each  run- Iength t he
“syntax. 3¥°£&Z”BPt type code that may be followed by a - P%&ﬂﬁwpgﬁgth
paraneter to encode froma single pixel - p(i,j) to a run of pixels (R-
= run length) inrowi. 30 The run-length paraneter can be short or |ong.

A short run-length paraneter is a 4-bit nunber. It represents runs

“of 2 to g‘f“gi’ ¥eks wmvehuesotﬁa‘r é-waomyéfts 1nr€ﬁBeQ5rd’&i'YtﬁEQQed

paranet er value”1s actual run g . m nus one). run of 17 pixels
or |onger |st¥§??t§ BBPePé'pP@s&ﬁFe °S9m§qt0|i{?%n | engt h pararreter with
4-bit. . " Fig. 6 is a table llstl\f@ e 28&ﬁ%du1e of

:PCT/U897/23774 ' follomed 16 b f the_actuyal. ruh
| engt h ¥an t})erégtlbfcn}%e%%)%cqqﬁ( gt %%{ mBodinent” ot
General |y, atlpati:iwentlmnt i Xs aebfthard N rprmel as Wehytarsemtedcngotl rst by
| ooking for I Urg\e W s pat t hen

| ooki ng for ‘glifgl?)%sr e con bricﬁ@o’ri) Q*h]tc%e rsf)vJ\'/npl'ft:tccQm‘{l 3 % atent gpatch

of the sane AdFypeih pixebvisdenotas died¥ 6hibn.and a Type 2 piwede

speci ficall s WefotdRe nbz(tsg)be&fw its ééiﬂi‘éﬁ rlefvctafnée&raang pi xel
by pi xel In each row’ 10 _ and terrporarr i’@ run- | Iossless)

encoded. = tYRRIRILERY BFXS LU Ndwcolidr IS deipg éssugngrithg aldew
run.in gopi xeixeDs)abova pojz\;j))atpip tﬁwtanmﬁrtmauamgorow i-29r aniota nunber

of dependent |er S, £ ich are r | ated to the
NewCol or %5%ylgﬁg repea & r?inq fpjt’f‘r r%ﬁp’&?cﬁot"nl h¥Efrrent
pi xel romlreadm anemie'do anot her patch of the sanme color in a

previously encoded r eﬂhoghé' 16581485 té}f‘céa‘iﬁg Q:l}d/dércodmgaB%b:éeEQel’EOW

patch, they are coal esce orma |arger pat ches

are recogni zk9 ﬁsﬁlh%dpﬁt%‘h the rastayiizad dmmeaﬁdlehéprreu@éedr éYt erns of -
the nurjsr o—;Qﬁk A6bS. | Hdie PA<HerdmelgebEingdmade to a pixel Fig. 7

- o
5 o oY L e e Eabenge O G sl S docurent.
flow 25 d|agmaﬁ1nk"besmhangeasma@¢|Mayarn15ununﬁﬂemgthtencb&edkby L
' repetition of the same color within the current row,
‘copying segments of the prev1ous row or a comblnatlon of
20 the two. Special codes are being reserved to define new
.colors, - either arbitrary colors (32-b1t) or a limited
number of. palette colbrs (optional). The run length is
elther embedded in the code (a run length of 1, a single -
plxel of a color) or expllcltly defined as short Yun-
25 length or long run length. '

L Essentlally, ‘each run—length code_ has the
syntax of a 4-bit type-code ‘that may be followed by a
run-length paramet_er. to encode from a single pixel

o p(i,j) to a run of - pixels'(R = run length) in row i.
30 The run-length parameter ean'be shért or long. A short
run-length parameter is a 4-bit number. It represents
runs of 2 to 16 plxels by values of 1 to 15,
”respectlvely (coded parameter value is actual run length
. minus one). A run of 17 . pixels or 1onger is being -
- 35 represented by a long run—length parameter w1th_4-b1t'
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di agram shown in Fi. g 5, ' X Generally, a docurrent |s processed

page by e, and. vmthlnapage strlp by strip, and within Ip
row by ME\? 3’&3&' within.a row pixel by pixel. A 30 pi erP(FW%‘P@a”ét the

it_h'rowandthejth columm is denoted by p(i,j). A strip has 8 rows
| abeled by i[err] ==  1.to 8. . The strip currently being processed by the.
patch recogni zer 120" wll denoted by "StripCurrent”, and a strip

processed | Ul Pihle 15 419 il B 13! iBs33r YhL! aaeugg\gqgrg%%

" StripLast” _
PCT/ US97/ 237(& total of 20 bits fﬁnetbhéoﬂaﬁgmsmess fromrecognition to

type separ ati on @éﬁe@&lﬂrewﬁd p%ﬂ:c'h hog | meaehf%adawm\g Yan- from
top to bottomon the p of “a stri.p of pi xel” rows (a JPEG

|
bl ock row heiepgih ?HE%WOW%%H?Y 3°°kr1§9atfqrea%trﬁﬁ pIRBY ithe 4
least 2 striguivent. rd\itqu e. rbWe papck) riand StheaLamdkmg s

tenporarily enco the eyLous ste Sion.far the final -
m x of &Qﬁﬁfﬂ;}ﬁ’g gﬁ o B gpc?ﬂ:clthb% & Sty dat ~at
| east Pat chfiM tiied usamé D&olonv\snbaypndvb.buséydenboﬂ&dsregﬁ.bmt t o guarant ee:

that all new col or COﬁigﬁel Ng PSlflCﬁlQ&Othil%W W Sé“n{%g‘tg: \ieﬁn fm%lfiance to

def end t hensel ves dependent process
in - the graneed rapl @aem iand piwelr Péﬁ@lsvﬂ-tb?-nd@a&}l row uas

sel ectegp. T%diec"ﬁéﬂﬁoi'ﬁrliys'[rrﬁnt-QEﬁétPﬂ aceualssll%sst he aiptgded e fi rs't -

pass of the f| rst cO Thi s sel ection
conpl i es wi tAf a@ﬁféﬁ/o ith aé:}’aﬁ'&&'cﬂef’ﬁycﬁéel Zﬁg eas BATHAMH@R Nt i s not
great er rm’na.’an 8. pix@iceow)hds enaoew ngatoh thhe msyrh[almstfrons ' '

finalized, &egprgedntnﬁﬂérpgf Btenggﬁ%ge?ls%“ Ef’{?ﬁél% t?p% d W ndow_ |

noves down rows exposing t e new
Stri pCurrentcolor which are|pelsted tBi0thet h@WQOdq:Ierime copyrtandwith a

docunens t 0 N&£0EPEEASET) If the row batEhChnSHle Buburiagiieace with
an NxM 25 array of_pixels is being considered Initially, 1 =0

and al | 't he A% etSs a}%a&‘-’ﬂtpli‘é’stan?&hﬁ Ratchy of the same °°1°|1h rbtaep 530,
‘a new striprevicaslyr éinicled region (i.e., to the left and/or

above the row patch, they are coalesced to form a larger
. patch. In this way, patches are recognized by the patch .
20 . recognizer 120’ and their 51zes in terms of the number_
of plxels in the patch are determlned. _
Flg. 7 is ‘a flow -diagram 1llustrat1ng the )
' -sequence of compress:mg a document accordlng to- a
preferred embodiment of the _present invention. The flow
25 diagram is best understood in conjunction with the block
diagram shown in F:Lg.- 5. | _
Generally, a- document is processed ‘page by
page, and within a page strip by strip, and within a
.strip row by row, -and w:l.thln a row plxel by pixel. A '
- 30 pixel located  at the ith row and the Jth column is -
| denoted by p(i,j). A str:_.p has_ 8 rowvs label_ed by iy =
1 to 8. The 'strip'. currently_ being -processe,d- by the
patch recognizer 120/ will denoted by "Stripcorrent“
"and a strJ.p processed just prlor to the current strJ.p -'
35 will be denoted by "str:.pLast"

24



(Stripcurrent) is retrieved into the working buffer 110. “In
step 532 row count in the page and 30- the row cou Stl’l p
i s ‘bei ng“{%@}e@ﬁ@nt ed, the - next row in the page is bei ng‘EE’QR”?JéZ?

In step 534, processing will begin fromthe = first col um by setti ng
j=1 In step 536, the patch recognizer 120" finds 35 the

' next r ow patch by recognizing a new run along the current row and .
possi bly connects it tfh@déRe6@ing ¥BbEess from recognltlon to type . 22
WO 98/ 28909 : S97/ 23774 of

the same col (ﬁeHﬁfatwlto‘ba%rb?eV%eﬂth R& Puﬁ°rlz°ntlfs]sé‘f&r?‘%9‘t'y“°‘f¥f§3 patches -
existing in &txfdnp(ﬁdp’ﬁﬁi bottom on BReSphbe X! etrepiy dff ansiriplestgare '

. recogni zed. art recogni t ces rup- L engt h, odes of .
the 5 pat ct?e’g‘eatr é"owo ?Pgét &o‘:ﬁ 9 beﬂgﬁéfredﬁéﬁq‘ﬁ% Qw fpedght ot ch
--r‘ecogni tison uid Iaﬁ)dammsbe'dwsat(er. ei. natomeastl 2nstrip hidgh) Fi gsftda and

8b. ' n I : lielﬁp t he
page, i. the 1l-'C%I{Jgrea %ﬁr#’kﬁgge ?rétgl Ble)é% 64“3?“,‘&% ned to s(%deepd 536 to
recogni ze thelrhéshe um'@vmus skep, the| éesugnm fioxr tthe fomalanikeof

processed, CQHddHin method’é’Vf‘ﬂC'@Hetﬁo tﬁﬂoéﬁgrow is being deldyed ep 539,
control is returned o] ste 532 nt Rrocess next row i n tthe strip

until the | a&t rbGast } oFops t]?ﬂifP%vﬁhEeGnldo of ep 540.
“In step1940, smlm.ast Otfo eg:mdm_—mtee tnaagauedew coliotr desStin mmst and

| StripCurrent .i.S_av tch, t %3‘? 13Q'  exam nes =~
only the patche 1 C@{ ?Ok)ag}%‘i%t t!b-%ggf"vﬁpygg g#,@ ol %ﬁnﬁaéﬁﬁ%ﬁ ®%nd 20 -
separates o@s MﬁélTylﬁethﬁlxndeﬁypéeHQSpat‘Eheslmalu:lfy the eﬁlsmss eich pi xel s

both in encodeh PubIENCORSTed kBB oheS 390 ad gy i 1 st
conpressor in its second pass 1]5'%n an ges the( transpa nt p1 Xel s and

nerges them ¥Was sglerteg. en'%‘b%le@!e¢§'§E°E SP?{'ePss ripe takemPldhralssor 25
160 commsessahe kddlvFe thepifiekt phsskobythé 0§:Krst'd§bmpres§$!!' Sof\@he t he

{hon compr 65 S8 e HEEEB ed TALE FANGAAG | SOPRLLES S6Mst oEbed TRAE bur fer
-200. The statmv rdeska aspbamgdasaPatchPmMédCDnnthashnuﬁ gruqtessed
~ than 8. Once the ‘encoding of the StrlpLast is
_ fihaiized, the present.strlpCurrent becomes Striplast
20 and the window moves down by 8 rows'eXposihg the next
- strip whlch will be the new StrlpCurrent. :
_ In step 510, the sequence starts w1th a
_document to be compressed. ' ' _ )
_ _ "In ‘step 520, a new raster page w1th an NxM
25 array of pixels is being considered. Inlt;ally, set i=0
‘and all the pixels in stripLast to be no-ink. -
In step 530, ~a new strlp of raster data
(Str1p0urrent) 1s retrleved 1nto the working buffer 110. -
In step ‘532, .as the row count in the page and
'_30 the row ‘count in the strlp is belng 1ncremented the
next row in the page is belng considered. B )
_ In step 534, proces51ng w1ll begin from_the_'
: flrst column by settlng )—1.. _ : _
' ' In step 536, the patch recognlzer 120’ finds
35 the next row patch by recognlzlng a new run along the
' . current row and poss1b1y connects 1t to adjacent plxels
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-30 “layer 210, and the conpressed Type 2 ‘data is stored in . the second

corrpressed Iag”r 220. : In step 560, with stri E:Last co ressed,.
an _ Pconpression ratio (CR) for the data corrprg to date -
S corrputed - As will be described in nore 35 detail later, an adaptrve
corrpressr on ratio controller 170 corrpar es CRwith a target ed
conpression ratio and : 26 WO 98/ 28909

- PCT/ US97/ 237§ﬁe secon ti Yﬁlo¥ u WaFﬁﬁer# ?.le?@ pgf ar:Eelt er psuch .as

Q factor in conpréessor hat corrpr €3si on
‘ratio begi nnEAgentipliye ftde mt'mﬁﬁr egisting ig SpopGurmrent and -
In step 570, %BQQEBQ& 'e?cﬁéﬂ&ﬂribedff&nsséflﬁﬁgst areV'&c%g%ﬁzrﬂd? unjgss the

end of page 'has been reached n the latter _.case, control is advanced -

to step 580.Part of the recegnitign mcesawcéuméeaarté FRAesr PELERE has

“been conprespgtiches ster edlsd diwatElpr @5 Mok Papetdiiédrsdguend@lof and
~StripCurren hro t.he recogni zer rocessed

StripCurr entp?ggﬁef?ﬁﬁﬁ’ﬂb%’lon uvg%[]r |bpﬁ_ais§0$%§%ﬁﬂr ate:g f’ét%‘?% C{Ibogt ep 530 '.

to process withaFngw.SBai pOdr Bént . : In step 580, the | ast

strip of the page as téﬁ rrept S n u t |
‘recogni zer . %? I's the a{stﬁs]ttr-jrfé nQ?@ &2{19] g%t %?ﬁ%}fpa‘?ch si ze
~di scrimnat o‘lﬁhw tPRue, t he- &isuall onetstgrea’eeray:han N, controlThi®, the -
fol | owif}§ SteesubSea £84stap Biclto. recﬁ%%%@%ﬁespﬁttﬂsl y.- 20

In step. 590, ral |sret ned to step 520 t gin a new page until -
‘the end of d%%ﬁgeﬁ’tl’ﬁesl r’e‘acﬁéﬁ row has, }P?r%nl 8?98?55399 qwliﬂﬂrrpf’éssr on -
process ternamaneed to stept 839592. - Fig. 8ais a first

~portion of a ftow di agha&gg 536! I&.}t&agi ng, tljée__up:éggng §%§gb|:ggée . in the

first pass of conpreéssor shown 1 n Fig.
8bis a conth$-‘E)nﬂe¢ newt frayy it ddveargatiztin Lb'éghltsthet last ¥9y. isa.

‘The rasigr cpeaeeeéeas beba&reqaaee%heewaewamé% a.-aeépmsw by pi xel
wi thin each Tow. i s assuned r ows to i-1 of the raster page

"as wel.l - as pixels 1 {p step ]‘-’4‘10 |W“l’ oﬁrﬁe\eﬁ@a&%mthrlr%@mzed
General ly, e:Hﬁhboth Striplast and ‘StripCurrent is available. The

patch type dlscrlmlnator 130'_exam1nes only,the patches
existing fully or partially within StripLast and

20 separates out the Type 1 and Type 2 patches and

' “associated'pixels both in encoded and unencoded forms.
| In step 550, the first compressor in its second

L pass 150' encodes the transparent pixels and merges them
_ with the encoded Type. 1 pixels. The second compressort
25 160 compresses the Type 2 pixels block by block. In
" this way, the raster data in StripLast'is'separated into
Types 1 ‘and 2 which are then compressed ‘and - stored
individually in the compressed page buffer 200. The
compressed'Type 1 data:is Storedtin the first:compressed

- 30 layer 210, and the compressed Type 2 data 1s stored in

the second compressed layer 220. ' '
In step 560 w1th stripLast compressed

- updated compression ratlo (CR) - for the data compressed
to-date is computed. . As_will_be described in more

35 ‘detail later, an adaptive compression ratioc controller
170 compares CR with a targetedicompreSSion ratio and
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patch wi Il have a NewCol or pi xel and a nunber of - | connect'ed pi xel s. of

t he sane ' dependents") Each 35 - pi xel pi',j") i dy
encoded ‘s’@%%ﬁt‘t hat- is - 'not defined as :NewCol or WI I I tr%ét/’ie)es,%zg?ﬁt ér to

a 27 . WD 98/ 28909 L

PCT/ U_897/ 23774 NewCol or pi er which is the origin of a copy and
repeat chain leading to-p(i';j'). Wen a row patch I s adj acent - an

al ready encod@dpidivaly t taa;;uetzspaa ch:qmpmﬁmceﬂat:ameter t heueki ws ng

pat ch by one _.of__t un ngt odes wi ect. ,t.o ef, erence - p| xel
(REF) 13 om ¢ Retacieryih B0 fedtid  albprestnr, LRERS il Abddagidiee P xe
"NewCol or pi xe:tompress:ttqg'eszqtitasbegmnnngrwn.hht tpei n'extt stirtip Nem@;l,or pi xel

of the patch tripCurrent. ) The above procedure is described in detail in
10 the fol l'owi rfig ste : I.n-step 600 a new search begi ns
for. the RAext rowlg’at%hebyﬂﬁeclﬁqﬁ'—ltﬂe ¥srreburnedr tghsteP &AQUm j .

T[“ St det er{n RAa rdsp | 572 hﬁnll%és' ?’ﬂ&é@rﬁf P X aéeoﬁashﬁeéﬁmi'eachlecfm or :
starting a sitio and ext endin col um | :

al ong I‘gWI %éhc‘&‘ ﬁ:?t(tt't%‘% FBEGy( | c?1}tro:9 l?o?d}’QR‘EFq-r{'—er FFeP $80-run Iength -
can be as small as 1 flirxestep 572 @incer gﬂlanata+ﬁnpstleln.pLa‘dteltﬁs\l is the
nunber of r n the oW

adj acent ' pi ng e%' égjfnﬁ’gegﬁgd 3 reagor%%cbﬁe?%a??m%eﬁﬁﬁé)(ﬂﬂqmgﬂtééﬁzg be| ng

searched0 . 20100r md:hlstg:m@m dfas hdemur r dhraqugh | &gt h partwh .
cpatch) . 1f 2.Rie de ,f OvRd, ;SPScéQEE&e dppé@fréBEF)ls regfl gﬁe fopy an o

mar ked and the carrent run l'ength, 1s encode uslng ene
r epeat codes tyipLast. Conyrpliis ¥paburnedptp, prep(F390, jtp, PrawesEl | s
appl i cabl e, auhgwotsﬂiq_fpmﬂ-nmﬁe. conpact codes such as. copying a

segnent of the previ o ro %% 4 are f.irst_ checked.
El se control is passe gleét o, 8{‘%28asl_te striR) of( |tl? kP3G Fck<j +r
(obvi oudby, Stmpéuﬁﬁenhahaheheenqtﬂmoeghnthhepptehl pesognd/zexrs atAd east

1 d
't)he previ ous rowrél g{lfaét %%gt Qt'f"?ﬂ] qft ﬁ_gj%&&}%@é ﬁé”tﬂg BARLH sf:.z th R=r,
and set C=2 GAseximdaadam@itheuteth ?1 one-gfripecdehay. be code 4 or

code 5 (Cis a variablmnid)atthe following steps 582, 584 parallel
steps 540 and 550 respectlvely. : -
20 . In step 590, control is returned to step 520 to
' 'begln a new page until the end of document is reached.
In the latter case, the compre551on process termlnateS'
in step 592. . o _
Flg.nSa is a flrst portlon of a flow dlagram
- 25 1llustrat1ng the procedure embodled in the first pass of
| the first compressor shown in Flg._5 and Fig. 7. Fig.
1_8b is a continuation of the flow diagram that begins in
Fig. 8a. o o . _ _ _
The raster docuhentwis heing scanned row by row
30 and pixel by pixel within each row. It_is assumed that
roWs_} to i~-1. of the raster page as well as pixels lato
'jfl in row i were:enCOded_already."Generally, each
patch will have a NeWColor 'pixel and a number of
' connected pixels of the same color ("dependents") Each
35 .plxel p(l’ j’) in the already encoded sectlon that is
not deflned as NewColor will have a p01nter ‘to a ;

'_ .27



35 will Iater be converted in step 660 to e|ther an even or . odd code |
dependi ng on whet her -the run- Iength R = 1o R '

28 © WOBSBB#NIs909 PEEESETT93774
> 1) -and - each pi xel p(i, k) vl have its ' '
REF[ p(i, k)]=p(i-1,k) for j<=k<j+r. Control is passed ~ onto step 660.
If r < r[err] set C=5 (which neans the run- length 5° ‘code wi | be code

), b AR Srlihen ("L prgin SRS BERAED.

checked (code chaim a)eadalngeto P(lcont’DoI Whenpaszew wpatchstisp agBRrcenty | t
has the same aél%:%'aqy en%%heﬁ-ﬂaatBEr[%hb] r%@:dggﬁépp(la lcdahe ce@"l‘.td ol is

passed onto step ) =p( J 1) the |
pi xel - di atgmaﬁxystbngheat% lpiéfenef Otfhehteuﬁ'umslene&kle d(E@ooe 6
or 7); else Coddgdct Staa%eﬂeeeienééelplm (kﬁF?t flszm heﬁet k@ ey col or,

o T R SR b mieeao 1 Sy B, A S *o

checked (Codat&elrf 9)has| fa poihter| that poinls tio. ¢he deWwdomlor pixedt
beyond .the p%&e)thet 1 f 20, p(i,j)=p(i-1,j+r[err]) set C=4, R=r[err]

and the reference pi - "REF=p(i-1,j+r[err]), and control is passed _
onto. step 660. - El SEhe @bmvelprecedesedlendesgrepe%on detail in In
step 650, pset i [£811owly fd¥ebs t he furt hest mat ch on the previous

row (code 13) by repeatlngth 5 f ol I owi ng cycl e: =p(i-1,j+r-1) .
then set.C=6, - r ImdSYER=pPP- & new se th%%l’é%ngéﬁ }"5 g‘f@%"ed onto
step 660, ot hafcw qsau&cwl tacklhgdthenﬂunf tbheheewét?gt o¥aldd uimnl 5 cycl e
once nore. tro i S pas ont Q. st

step 660, a rol&ﬁ?at% eﬂ‘dtnﬁﬁl :ﬁ%‘%(ﬁur} yLen 3’0?&&8%81‘ 8n e SRS ch an
adj acent pi xelcolsat sbarting at postidnidR=1( Jo,rj)codnd:zémpdn.hgrmose:he The
referencqgpi xglijgnt dBEgoi XAk 96fg rbis (I";'{é EHEKS@BEI'(HF‘ hel %fcode

‘then Ris bein adde to t count of-1ts ents erence
pi xel REF is T @%ﬂ(‘:@bor Tlﬁtel?‘}n? tlength H-‘ei’é‘ é’epé‘lsnﬁé‘?ltloatshé- lﬂé\?a'ﬁit
.reference P X&r Gisti&rge as N-j+1 pixels, where N is the number of

plxels in a row. _ _
' In the follow1ng steps, adjacent plxels in the
20 already encoded part of the document are being searched'
for'matchihg the coior of'the_current'run 1ength (row
patch). - If a match is found, the reference pixel (REF) . -
- is belng marked and the current run length 1s encoded
. using one of the copy and repeat codes.

25 - In step 610, if p(l,j)—p(l-l,j), code 11 is
applicable, but not before more compact codes such as
copying a segment of the previous row (coaeﬂ4'or code 5)
are first checked. Else control is passed onto step
620. Let p(i,k)=p(i-1,k).for_j<k<j+r (obviously, r, the

30  matched sequence on the previous row, is at least 1). If

Cr o= r,, the number of pixels that can be copied from
‘the previous rov is atileest-ro, then update the run-
length R=r, and set C=2 Whibh means the run-length code
will either be'code'4for code 5 (C is a variable that

35 will later be converted in step 660 to-either an éven or
. odd code ‘depending on_whether the'run-length'R = 1 or R
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patch w o9 case, the REF'is repl aced by _the__ - NRWRRde9h3ARd the
count of ‘depéndénts of the patch is - - “updated. In the case of copying
pi xels fromthe: ~ previous row, which are not necessari | y of asingle
5 col or, each p| xel falling under this code will be subject to the
above procedure for its .own reference pi xel . Control is passed onto .
Step 680. . ankin Skaph670pikée sep(ﬁhkjor wilThi ngawelj aciens

_ I's h b f. 10 tart t
ey ciﬁnof‘i#éﬁ‘asﬁa«é%sf 1<t 8 ofBr 9 e P [EpRrg8y iF Hdadku
froma pal ett endfo el @80 od : coI ors, set code=1 with the pal ette

i ndex of the mat Ch_tf‘@; g@d:% ?Ett E§5P3f’f*%h%e %hq._rh\@ SR rHQhW' e

be defined as NewCol or,” cod col or repr ese on as
~ the ‘par amét er code| wigdt hbeasede A1), 'R=r,( anfy REFFDY{dI-Indld -coRantinel hi s’

nmode) and the jcOusLig onto d@@gﬁd@g]és for the newly defl ned new color is
bei ng set t0 zero._ Control gassed Qnto step:6

In
- step 680, at this point rR%"i‘%léz?lav fhRéhID"PéAedddd rb)}‘l’t%é’lf’iq]sttﬂ)ass of
P. p

“the first conumssherendE thet @Dl k€| chelckied {code bei rtg:upqiat fide | +R
and if Rer[err control t ur ned to st 600 ess next r ow.
pat ch. ontrol I%ssBﬁE g sé’?q:t %g? J#O ][el%gﬁ 25
not exhaasx ed.co]]dr,r[se:t] -G0, Ry Iaﬁcl_ow’f‘aps(ne,mcdded ascontroh is :
_repetition in r code=2 or 3, run - length is r -R and
REF=p(i,j-1). e(ajac{srﬂ{gné%v%%% © if REFis not a NewColor, its
pointer is reset to a In SKERCEREN. 1f Biihal )R (i-1sIThLs eitbet Q}’ﬁﬁj’a

now by 30 r ﬁBﬁ oﬂalﬁj(to:ﬁhéetépnféftooftEﬁeGQQnWE%r%Héaked (code -
processi na of dhe T Lyne! 83kRAY e SOTIEIES s sten e e
row bl ocisat &as -thé i same Aolorgt s @3} her@sangnMFHpr(-JJ-engﬁt-kl)c.odes as -
- 35 listed i rboﬁtq_016 l@eﬁfég)é)&l éxtn‘?o P@{gﬁ%g@l Count is easi I y
determ ned.-
In step 640, the pixel dlagonally to ‘the top
rlght of the run 1s checked . (code 8 or 9)._If j+r0 <=
_ - (i.e. column is . not beyond the page), then _1f'
© 20 -p(i,j)—pkl—l,j+rh) set C=4, R=r, and the reference pixel
REF=p(i-1, 3+r0), and control is passed onto step 660.
:Else, Control is: passed onto step 650. '
In step 650, set r—ro and find. the furthest_
hmatch on the prev1ous row (code 13) by repeatlng the
- 25 '_follow1ng cycle° if p(l,j)—p(l-l,j+r—l) then set C=6,
"R=r and REF—p(l-l,j+r-1) and then control is ‘passed onto-
i_step 660, otherwise decrement r by 1 and if the new
- value r>1, cycle once”more.. Else, Control is passed
onto step 670. _ '" e | .
30 - In step 660, a xow patch beglnnlng at p(i,3)
'has been found to match an adjacent plxel, set code—z*c
"when R=1 or code=2*C+1 otherwise. The reference.plxel
REF is examined. If it is marked with NewColor code,
then R is being added to the count of its dependents.
35 If the reference pixel REE'is not a NewColor, then it
has a pointer to the NewColor reference pixel'cf the
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Adaptive ngressr on Rat I O Cont rol ' : Accordi ng to anot her
aspect oWVOPRE8I8vent i on, ' during the corrpre55| on pr o®&F(SRY2374he
conpression ratio achi eved to-date is nonitored after the corrpl etion .
of 5 each row bl ock and a set of conpressi-on paraneters is - :
adaptively changed i n order to attain the required corrpressr on rat o]

for the whole dg gi.nnin encqdi ng of a
docunent , p%? esr r 5B etht%rrr?ragss’l 0 hP’r :ﬂt‘)% gpﬁ?ce b%pgzgﬁ ied.
10 Several Nedgrloe| gndadjesteshmpar afietiependentsr 3f the patchatisai nnent .
of this goal. I‘%:Igaé ar amet e _ e ) P la
paramneter, (b) "t t %‘FgckPg& %%ﬁn?’céé@ c(fa crrg?é'rnbh E é Jgt %@ﬁi’or
paranet er applHERVIQRg hgow, whidht Arat mt: rrﬁ??ﬁéééritﬂr}lt er‘- JPEG ingdsdi ng.
‘The first gl5 dmﬁaremﬁrﬁlﬁetu rﬁélii‘ﬁgrQirﬁiér/eﬂ?h%ooébdgnswﬁlt e
Type 1. and Tlglqp ﬁ essron pr ocedur es I n : enent ati on o
of the presen ib ql?qu% phgee urepgrogne’tﬁs%:ﬁr%%n%l y the

Q factor parapdEixl. s Contrcﬂllimqihéﬁeahﬁﬂﬁe steptsgoly to . mal ntain the -
best image 20 quality within t re e fPeession ati

I'n the JPEG encoding, #ﬁ] &rréeb nélg%{rr 8garc fPﬁcB‘ﬁgf:F‘& i &‘?Jmts is -
t he quanti zat pdrxeds t hasDOreen unamfdesam,s theA sesomdar y, famxdlssual |y
negligi bh@) = star¥OiHEeat Spihey§OBaNNk CH@' a:{rﬁt’é@ e&fleéf?; ighboﬂ an 25

I mpl-enent ation of the current |nvent|on ned to the
Q factor paradt & 1('§r)eE‘P1tF’B&5b? golor f%??“e@epal%éf-ﬁéeﬁfopé'ﬁ@eiec&&@ed in 3

bits). \Wen dblors ‘Qsfeact ebdreahuewus:hsetﬁet qslaléttéruliﬁd&x eSoﬁvetﬁé .
el ement ' CP‘ ‘or | ga gugﬁtlzgtlon nmat r| eterm
present quant F%t:t &Hgn'&?:l EcBS the,parppeter, ggf‘ﬁ‘é'g’lse' Pldnd S small
to large val ube (Gefined 22%) Newicollor, codesnd! aticsh i the. ffmblt codoar se
?gggtlrstz?t&gelnoﬁ] %éééﬁg%% res ectr?‘#ﬂ%{:’éﬁl ° 1h %%E%%ﬁgghe desr rabl e
‘conpr essi-on r dOM3YCH enquelr dras. COd%@reldo'éhh%nE\Odah andebpe couvsi of made
~to maintain tHépendents for the newly defined newlcolor is belng set ”
. to zero. Control is passed onto step 680.
_ In step 680, at this point R pixels have been
20 encoded by the first. pass'of'the first compressor and
the plxel p01nter j is belng updated to j+R, .and if R.—ro
_-control returned to step 600 to process. the next row
patch._ _ ' o _
_ In some cases the complete run length r, .v.:as
- 25 not' exhausted. If ro-'R>O" this leftover is encoded as
| a repetition in the current row with code-—2 or 3, run
_length is r,-R and REF—p(:L,j-l) Also, as in step 660,
“if REF is not a NewColor, its pointer .is reset to a
- NewColor. Finally',l j is incremented. a'gain;- now by -
- 30 . r,-R.  Control is returned to step 600 where the _
' processing of the next. run length will commence. '
In this ‘way, ‘the first pass of the first
compressor: 1207 encodes the document one row block at a
| time. 'All patches will be assigned run—length codes as
35 listed in Fig. 6 whereupon its PatchPixelCount is easily
determined. | -
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i nst ant on ratio CR Wi t hi n a margin bounded by m'ned
| ow: and * W mts defining a tolerance . = |nterval [CRFSFR’}S err]]
In an inpl e_msntatlon of the present . °  invention, the low and high linmts
of the interval were 5 chosen. as CR[err] =1. 05*CR[err] and -
CRlerr]=1.10*CRlerr], respectively. =~ Fig. 5 shows an adaptlv_e

conpressi on r aghdfptive € . gggbnlm I‘dﬁﬂ in cooperat ion Wt h t he
second .conpressor 160 a

se e buifer 200. The |
conpression ratio contr FF@F ?gp @%‘?’ee r#%%‘é‘ﬁt%% E@e 19¥eB§P-Pnof t he
m cropr ocessordtlmmgl ‘thatcatpressionvproceduressi g:helconif:u:'@msalaml rattiol /2, -

eti it ong o WEREE0RA" ca-aat ATREREOHER ARcSHl Sid o qRbibtLon B, o1,
it - séfveseaghcopwr Hlacke anshpr esetonts sanprgssinn pavmmetérs is
conpr essor 1605y é@bh‘i&" %éﬁ&‘e& frf'iCBQEie?é' a8 fa@f%ﬁfkthe régﬁg %o s

At the begi nning of encodi ng docunent ctor isre
initial val ue, C%rar}r?ﬁﬁlPPn@Flo f°rqm %L%ﬁlq@qrével =0).. At the end

of encodi ng each 20 bhﬁckhé%giﬁyﬁﬁ@rweafé%doﬁn@ R Qchbgﬁﬁgn{-‘o date
Is . determne and%i la_another.in u%__ 176tothe ada tive _
conpression rati o Coht Ferc?ﬁeres?f'lf’g i SARE r 46 feifiiefe

‘nunber -ofl®i t sSeeepatedadaptipedygenadjhsted panaineﬁér*shecentgbual tHat a

fromthe top ogtggfnﬂgﬁgng@t tﬂ? gBQlt he o8 I%éﬁ%%@&seﬁgdsg kr%?k row

di vi ded by t consu essed
represent at i orFIEﬁF ?ﬂtghsamncwnt parameterA @oddwirBlockR@inedunti n

the adaptive arame'@éﬁmiﬁsﬂcgn tH@"Q Facky rﬁfaﬁﬁeté}.dléiﬁfle& hgo Ghactor )

30 accor di ngl e inStant conpression ra | S not
good. enough, gﬂé‘fﬂﬁzﬁéﬂ‘o?‘aps'lﬁﬁﬁ ap the AFRAkNG | (Bhej fiFshse
Qactor tiS it stwexpahameters contﬁb[lethénd'dlﬁﬂ:l’l@iﬂafﬁr@dﬁﬂm@)’oﬁ- thel f

t
?eR;ﬂgdr]?:S t i Mg lapgr ggyperrorre%%‘%]?Fe%g%{%gr#?ﬁeéﬁﬁesrosgﬁ’ an.

encodi ng, theninglegentasian afothet pPresemtesinvegitiion, the first two
32 parameters are fixed. Only the Q__f_actor__parameter is

allowed to change adaptively to maintain the best imdge
20 quallty within the required compression ratio. _
' In the JPEG encod:.ng, the main source for
reconstructlon errors is the quantization of the DCT
.coefficients. A secondary (and usually negligible)
3 source is the computatlonal round-off errors.  In an
25 | implementation of the current invention, 8 v_alues were
assigned'_to the Q-factor parameter (specified -by a
'Q_level between O "and___'.'7, -coded in 3 bits). When a
Q_factor value is selécted_,- it multiplies évery element
in the original quantization matrices to determine th_e”
30 present guantization matrices. The Q_factor values
rang_é. from small to large values (0.25 to 2.0) whic_h
- translates into fine to coarse Quantization,' low to high
compression ratio or small to larger reconstructlon
errors, respectively. _ '
- 35 ' . Given the des:.rable compression ratz.o CR, for
. the document, an attempt is be:.ng made to maintain ‘the.
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decr ease factor to its next. | ower vaI ue-and decr ement by 1
1f CR |s %WP!W limts of the tol erance i nterval, no"&& /%.Jﬁ‘f
‘required. Conpression will resune with the current_ Q factor

unti-l. further 5 adjustnent is 'cal led for. =~ . ° Even when the

instant conpression: ratio is hi gher than required, no attenpt 1is

de to JW&I sgke e
{Tﬁeedocarrent ot ogr aphi C%s}%%gp%é#éB F ﬁtﬁ?ﬁpé ﬁ?tggnlyo encodekg;
t hough the Q ﬂoa’adﬁt%mn% ‘swm angi highndipits defmhnghaqltmetrpnce

reconstructi ointerval [WJCI%QQK Ehoﬁﬁdﬂfnﬁlementatlon of "E‘Héor é&r{ﬁ)
anot her- aspect, of the iny ntlo

res ,0 ed
i mpl ement ed” i FVRD GG &%Infmdt Hé?htﬁ §q8§r gge Bﬁ?rer atio
is not 5 atdhwgwd.adher  &1COGHOR, PandedRy=<1 oteotmmobed-eaipuﬂ:iwély.

‘generally obtain reasoriaf y 5e é&% %%rrpgggéigger aé?@%%ﬁ%%for rtrgﬁ:s.t

docunents. However, thi’s arget
opti mum set ofcqmnmﬂéiee‘r 470 bperatsng01necenp¢raheoaswughedthst smgmdm | l. be

consumed be‘corc:%nfﬁ}%ssor 128020k tHe ﬂ?ﬁ?ﬁ&&%ehsﬁéﬁécﬁ gfe\ﬁa ?t()ot hi ﬁ' pi nt

t he origi na ata for the part o ready
conpressed i s SPFRTeFHIRID XARHR %9%??%151%1' is preferable Iﬁ@lﬁ@e&ﬁiﬁders

t hat- canilpe a@sugh&& loF th@rﬁﬂ&ﬁoﬁﬁoc&éeoﬁoﬁaééasb@ﬂtfalnéra%ﬁown in
Pat chPl M nCour%I ckP M nCount ; t he range val.ues of

& actor. re si nS‘F TPt BRpI¥E u?'l?z'aﬂa" TRET AR n§°m§f"(?(,sl§|3?
M nCount . wil | mem esuchnasle at @Res iarid dbﬁlnltlohsssqfnﬂﬂm

o aaar ' A e 0 S LSRR Lo b AL TBR 4
Appl yi ng the GEFMER &P Fﬁ@tﬁﬁ‘}l ﬁgewqmmeﬁm@n ratJe@nefetrbedsmomdof t he
docurent i | | d&ﬁtpﬁl"é%@%%l h¥o by ad§G8tefg tHel BUrhBeoPr §1hOHS FeRlapalck .
.Io?rarret ers) ind 3174recorrpressed (ugl ng the updated set of pararret ers).
. At the beginning of encodlng a document the
Q_factor is reset to its initial value, say the finest
quantizatio'n (Q_ leve1=d) At the end of eﬁcoding"ea'ch' '
20  block.row, the compress:.on ratio CR achieved to date is
| determined and fed via another input 176 to the adaptive
_compre551on ratio contro_lle_r_ 170. = This is the.rat_l_o _' |
" between the number of b:.its. required to _re'present 'the_
pert' of the original data from the tob of ‘the  document
25 - to the end of the last encoded block row dlvz.ded by the'_
number of  Dbits consumed for the  compressed
represenﬁation of this part. o o
| A procedure’ embodied -in the ad_apt:i.Ve '.
- compression ':at_io'_ ,co'nt'ro'lle'r_' adjusts -'Ehe Q'_fector_ _
30 accordingly. If CR<CR,, the instant compression ratio-
 is not good enough, then if Q factor is not at its
highest value, increese Q factor to its next higher
'value and 1ncrement Q. level by 1. If CR>CRH,-'
1nstant compression’ ratJ.o is h:l.gher tha'n required_
'35 causing larger errors than necessary in- the ‘lossy
encoding, then if Q factor is not at its lowest value,
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there is ge in the aSS|gnnent of | ossl ess/ | ossy |
shortcut“@%ﬂﬁ% taken for a JPEG encoded. bl ock © but trlc %§k§%as to be

reconpressed with a higher Q. factor. This block is entropy decoded,
the quantized 5 coefficients ~ are mul tiplied by the ratio
old(Q:factorl/new(Q factor) and once. again entropy - 'coded.

Wi | e the embogl sl se Q) f.-r&a@rw%@% smfer valﬁ@eaﬁae&sefemaﬁentlon
t hat have been descrlbed‘are he 10,  preferred, | ppl enentation, those -

skilled in theRakeved by 1. Eﬁd&%t%ﬁwd’%%n Vel g %o%fth%?e*e?lﬁ’é?n‘aﬁso be

possi bl e. inbervay| cacaad;uethehtddsc rndapﬁhﬁémr el ComfpLe8PPOh CRbL B
“to conpr essi on of - raster, ata i n gener al_. ntion is

t h
entitled to protEEReon hitthi ntPhe FUFESTE Tge% SF tﬁ?%ﬁbeﬁﬁénvﬁ?ﬁlns.

5 adjustment 1s called for.

Even when the 1nstant compressxon ratlo is
higher than requlred,__jnOﬂ attempt is made -to
unconditionally apply_lossless compression all areas-of

~ the document. Photographic image data will still be JPEG
10  encoded, though the Q . factor w111 be small yleldlng very
' -hlgh quality reconstruction.

" Fall Back Procedure |
According to another. aspect of the 1nventlon,
. a recompre551on procedure is 1mplemented-1n the rare
- 15 event that the requiredd compression -ratio is not
attained. The encoding_procedure described-above will
generally obtain reasonably required compression ratio
for most documents. Howeﬁer, this target'is not-aiwéys'
‘guaranteed with an optlmum set of parameters. In this
20 event, the assigned storage w111 be consumed before the
end of the document is reached. At this p01nt the
or1g1nal data for the part of the document ‘that was
already compressed 1s most probably not avallable.f
_ _ The_parameters that can be adjusted to increase
25  the compression ratio are:.PatchPlMinCount5'BlockPZ-
MinCQunt;' and the range of values of . Q_ factor.-
Increasing PatchPlMinCountd'and'_decrea51ng _Blocsz-.-
MinCount will. push lossless encoded patches into the
1ossy mode. Coarsenlng the wvalues of the Q factor
30: -parameter w111 increase the compre551on ratlo of the
JPEG encoded portion of the document. '
- Applying the concept of the moving w1ndow, the
'compressed ‘part of the document will be gradually
decoded (using the prev1ous set of parameters) and
35 recompressed (u51ng the updated set of parameters). If
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| T 1S CLAI MED: A, An apparat us - for hybrid conpressjon of .
raster. ONO48728P 4 raster data being an -array of pi xels - PCT(H@W@E h pixel.
_ representl ng a color at a position irn = the array, conprising: 5 _
-a first storage for buffering subarrays of 'the array of pixels; _
a patch recogni zer operating on-individual subarrays and recogni zing

patches of CORRSGILG PP Shlge 3 in LhE ;égfgﬁﬁgﬂe beeh 8l 827 dLd N

having a deterin fab ty'pe -
di scri mi nat or pn@dpar at shgrtcut £an; bf—'dﬁ%]telpaf%@ JRR® em dlockst type

patch or .a eeﬂad LIRS pﬁaeh tdiesen%&ﬁﬁ%éav%xnonawaq@%& or
not the nurrber of pixels in a 5 is-at |least of a_15. predeter,m ned
nunber ; - Q fa°t°r°a fhist b BfﬁSr 48 SBRLERPY 0P PRGAETy | F§F gheptigec

procedur est o Quaeade diesls of de fi ww:.maawtcheﬁr thento eatdded data
fafirst t d
encodi ng 20 y%ﬁ&@fﬁa@wmﬁg@ﬁ%ﬁ% PR SeBORd PORETpLERREERE

‘into encoded. dwidedaf a second type S - t hereby al |l ow ng t he
-encoded data of the fip Y, eac%# fforage .
in conpressed forn@lg'r?dttho be ecogie1 %Iée)f:ll-] g‘g% ‘% |nvert| ng 25 -

the respectithe prassnh ripvenkirrdthat have beent éfeﬁcrlbedr e@mmct ed

pi xel s 0f psai gn%"f'ea*ed implementation, 2thod® SRPEIEHUSNS tBe A¥R wd11l
.conpression o as. in. claiml, wherepn: said

raster data
first encodi n&"&%ﬁ&&@ﬁe%? aVP5§§Fé9’§ theregf, Ba¥ngisqnle gossible.
‘said second eumwldegrmeaeaﬁuurmeﬂsom descyibed tkereflhngre applicable

‘to compression of raster data in general. Therefore, '
the invention is entJ.tled to protect:.on Wlthln the full"
15 scope of. the appended clalms
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2%525%3"@5@% cceauro I mﬂmﬂﬂ”ﬁlﬂing?hc'eﬁ'c?d.lng““e_i’e‘fﬂlsﬁ‘?’w S

An apparatus for hybrid conpre%sﬂbnsof* raster data as .in claiml,
wherein said second encoding procedure i ncl udes a transfornrencodrng
5.. An apparatus for hybrid conpr essi on -of = . raster. data as in claiml,
further conprxgrng CLAIMED: an adaptive - controller that nDnitors
a ' conpression ratio attained by said apparatus at 5
predeterm ned instants, said conpression-rati-o being . - given by the'

nunber of bits requi red.to $iror appheatus for t hybrdfl restpressiant et has

been, Subl oot PReRRtoUat  said TN, hALEoHIb ! F iR O it

required to s COrrespon énco e 9 85t &
sai d adapti vewditht egidlerpixel argpveﬁennsnama COIQIesﬁiener pesntlanccnparr son

bet ween a CONRLES 3y, Alddhprisifiyyd tored and a targeted conpression ratio,
adapti vel adj usti-ig oné or nore conpression_ paraneters affecting

t he conpréssron of sar@-§E€§ﬁdS@@Fﬁﬂ@s§P§nbﬁf86€aﬂgeSPBPrI9Y5n9€tt#@ the

targeted conpaggayoafr@mghls, o 6. An apparatus for hybrrd
conpression of - . raster Ln_clai n11 wherein said.a g av

eaponsive to a set of oRBEEDs ERCPEPIAEF e PHHELNG FH iRy
conpr essi on raubarraysdandnpeeegnnm1n§ patuhestnﬁrqpnpeuhedxpﬂweas mdhber of

bits requireduhQ caneSkBiBe! iekash o odd Tafiut datb NG U ARLIAIABh o1 S

required to store enco appar a us
further &Bnprhymhgr °f pixels; g reconpressron controller, responsive to

an-10 indication thataarugggﬁﬁly-ﬁyﬁgrnedlgggpﬁgﬁgtgp ragégaratﬂﬂg
meeting a targn51v1 ”%% c e£E¥Aé£ éf%her a flgst type patch or a
second type patch, depending respectlvely on whether or
not the number of plxels in a patch is at least of a
15 predetermlned number, '
a first compressor employing a flrst encoding -
procedure to encode pixels ‘of the first type patches
'into'encoded data of a first type; and .
a second compressor employing a second encoding
20 - procedure to encode’ plxels of the second- type patches
' into encoded data of a second type, _ o :
' ‘thereby allowing the encoded data of the first
and second types to be stored in a storage in compressed
form,'and ‘to be decodeable substantially by inverting
'25_'_the reSpective ' encodlng "'procedureS" to obtain
. . reconstructed plxels of said array. - |

2. An apparatus for hybrid compre551on of
raster data as in claim 1, wherein: :
said first encodlng procedure is a 1ossless
encodlng, and’ '
5 said second encodlng procedure is a lossy
encoding. '

3 -



the encoded raster data to be decoded to the raster |

36 WO 98/ 28909 m 3774 dat a and al | owi ng
"sai d appg’rnag[‘segg‘t’o recorulllm “l“ m ster data with’ anditchéq g’@”ﬁf _
conpressi on paraneters 15 hat produces a hi gher conpression ratio than

sai d " currently attai ned. 7. An apparatus for hybrrd
conpression of - - raster data as claim 6, wherein the set of

conpression parameters gncl ugg a?ﬁr‘%{tqfset e r}%ﬁ@bgﬁmpxessi oG f\t ed

with the nunber of pixels in a aratus for
hybrid conpresgfenfdata aﬁaéﬂeﬁléé:!ﬂa laswiherdig) maid vhiaret nencmilng

sai-d first en%é@d@fgcgﬂglﬁdégcguggﬁ ieh@t‘_h encodi®®dt h encoding ;- and 5 -
sai d second encodi ng procedure - includ es: .. transform.encodi ng that

operates on a plurality of bl ocks to formtransform encoded data, each
bl ock being a predgfi neﬁnmatpparaﬁus)i foks fbrie ebmpyession of

9. An-a arat ri ast data as.in claim8,
wherein Itoﬁe trlanst{% m a% rc‘?’ ng:lﬁ m | g a'fhfﬁ?éner?&ﬁ'dfr?gecort‘ﬁa‘?n% ll‘sﬁes on
a - plural ipgocddureckecludésr a ﬂ?&&ﬁnmdedwduag.each 5 . bl ock bei.ng
an 8x8 pixel. bl ock of the array. - 10.. An apparatus for -
“hybrid conpr essi on of " raster data as in claim8, wherein said patch
type di scri mi nat or5f ur thRr abRaratas aforn hyrkysid ceampEpssign of .

det erm nes whetdite®raded as is élﬂfmtiﬂf;lt faréheekcoapreea ;ns at | east ‘a
pr edet er m ned thres_hold nu s?, %&gr gg Z of t econ )égespatches
and if. not true, PPAY SN CYRBEPELET pi RBRLTRE belabngr ng
to _ the‘chnprgﬁanntchatlo attained. by  said apparatus at
| : -1 'predetermined instants, said’ compression ratio being
- given by the number of bits required to store the
portlon of raster data that has been subject to encodlng
“to date divided by the number of bits requ:.red to store
the corresponding encoded raster data,. _
10 - said adaptlve_controller,'ln_a given instant
| responsive to. a comparison between a compression ratio
 monitored and a targeted compression ratio, adaptively
adjusting one or more compression'parameters affecting :
. the compre551on of said second compre551on procedure for
' 15 meeting the targeted compress1on ratio. :

6. An. apparatus for hybr:r.d compre551on of

'_ raster data as in clalm 1, where:r.n said apparatus is

respon51ve to a set of compress:.on parameters for

atta:r.nlng a given compress:.on ratio, said compression

‘5 ratio. being given by the number - of b1ts required to

store the raster data divided by the number of bits

required to store the encoded raster data . said
apparatus further compr:.s:.ng' _ _ _ -

a recompress:.on controller, respons:r.ve to an

10 __1ndlcatlon that a currently attained compress1on ratio

-not meet_lng a targeted co_mpress:Lon_rat:r.o, for allowing

the encoded raster da.ta"'- to be decoded to the raster
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An appar at us for h br| d corrpre55| on of A raster data as in claims,

-'-32?53589%58%“9""“ Hlﬁlll ] Illll M e 0

PCT/ US97/ 23774 partlally filled with plxels of the -
second type.patches, - : ~ said block's conpl enent plxels
~individually have a col or . " 5 wvalue substantially given by - =~
averagi ng the 4t8)! ‘@Hd)eallow1ng sa:.d app@.i:a%%'sd @oxﬁe&oﬂ@ﬁ‘ésg |t’hé| I1ing
t he bl ock. - An_ appar at us, for brj
“conpr essi on offaster data with P&%&Frdaf—& £ {GPMRTESFion vﬁ’i%’i’%‘?‘?nters .
sai d pat. q(tjs t'y pehait sqmddutaee‘.)r aal Bbgnaenereﬁm_ ession ratio thEﬁSI.samdt ags
associated wt L X o cond type . 5 patches, said :
position tags %‘bﬁpﬂéﬂd?}'e f}'ggf%asal dfirst : .. conpressor to -
“be -encoded by ‘the first encoding : procedure; and

 such that when fhe encoged dgha rﬂ) brid
type are decoded into reconstrucétggtf{ pi x% r hy ri c%'preﬁ%&% ra‘g er
-data- is redorSEeHct8ata fasm in hé’é—é‘-lm 6, - wherein (thensseticted

pi xel s of the ddmgitedsitn Rrirehrgeand qu&aes the predetermih€&OREhbest ed
pi xel s of the second %Z& E@ﬂcgﬁs haviD g : assom at ed

posi tion tags.associa e number of;pixgls ﬂ'}S‘alaa PaEshor hybrid
conpression of - raster data as in‘'claim9,. wherein:

- said patch type discri nénat oimal ?g)ag_ga&q{sa fgr hybr:.d g°‘“B§F5%3§'nt !Sé,l dt ags

associated with pixels of the se

posi tion tags HAStRE ddatetad in Gaﬁdmfﬂ-sswhereln. compressor- to.
'be encoded by the f&488 rePSRUbRBoding procedure Mo%%f&g
such t hat .whe he encoded,data of .the f II‘SP and second o

type are deco qi?ﬂoe‘f“é‘e 1R9r 1cBBE pi xel s, - 10 the raster
‘data © is5reconstruct esaidf resecond h(mﬁ:odlng procedure  EXREBRdest a4l

BXES OF L he bR HREIRD. bl Sherates on @ oyutRIIRLIAF e
position tagsblocks to form transform -encoded data, each block being -
a predeflned_ matrix of plxels of the array.

_ . 9.. An apparatus for hybrid compressi_on of.
‘raster data as in claim 8, wherein the transform_
encoding is a JPEG encoding that ~operates on  a
plural:.ty of blocks to form JPEG encoded data, each -

5 block belng an 8x8 plxel block of the array. : ' .

_10.- An apparatus . for h_ybrid -. cOmpres_sion of

raster data as in claim 8, wherein said patch type
- discriminator further. 1nc1udes an 1n—block counter that
~determines whether or not it is true that. a block

5 contains at least a predetermlned threshold number of
plxels of the second’ type patches, and 1f not true,
__reclass1f1es and separates these plxels as belonglng to
_the flrst type patches.

11.  An apparatus for hybr:.d compress:.on of -
' raster data as 1n claim 8 ‘wherein for a block that is

o ___'37



14. An apparatus fOT—hbeTd_CUﬂpTESSTUﬂ of .f . raster ‘data as

In clai. tus s first .
onsc or RghghRol’, Comm ,iﬁmmm B
38 WO 98/ 28909 - PCT/U897/23774 -
al so as said patch recognlzer such that said first pass 5 of said first
conpr essor recognlzes pat ches of connected pi xel s of the wsane color

and al so encog,gi-tf 57 ng' w1tﬂa?ﬂ2§§sd6‘f|ﬂ9et£l§cc§r?§q%§i§ P%st nes, tato.

15. An appar deco essi on of enco
raster data, &aid P&?F&r’ Sdapaplementbemglenm%w%uaatlyb.baéte anicooFach

pi xel repsese&hung %ubstantiﬁh@& éivénpﬁﬁl&veﬁagmnéhehérbéio%n@aiﬁeg
encoded raster ta b n%)seg f%) Jg&p encoded. data of first and
second types, éoﬁﬁﬁ els partially fillingthechy ﬂ%kessor coupl ed to
receive 'said encoded data of the first type for decoding “into
reconstructed pixels of fiJst t gs, associ ated with
pi xel s of a second typé; zata ab%gga%ﬂg ppgi. hg ésdecﬂ%’pﬁ T %pl_ed to
‘receive sai d rasteandatad agntin oflaiwe %eo:dmire:w)e for decoding into-
~reconstructed pixels of éﬂﬁ*é&@&ﬂ Qedlscrln%n tor afd§Ngbhatathase
reconstructed pixels o t he %Ee an ose reconstructed pixels
of the secondP°SlthVpEaﬁﬁvPﬁ§°ﬁha5§§d%% epixelst pEnthagserendetyRed int o

‘their resaectpnecnesltsama pasibgoﬂrﬁaqetnei QixtddtEd to saliesigster

‘data. par at ug _f.or br|d cogpression and
deconpreSS|onc8FpF§§ﬁ§r(kﬁo §'|deP88?8P d& lﬁﬂ?m; st eﬁFPQ}“Ef
~pixels with eBFthﬂnEhwrepmbsentlng a col or at . a position in the

array, comprising: 5 such that @nth'EheSEAMRd YadliILT{Ng FyRaLraYS of
t he array of pixels a pat recagni zer operating on

i ndi vi dual -“and second type are decoded 1nto reconstructed pixels,

10 the = raster data is - reconstructed from those
reconstructed piXels of the first type patches and those
" reconstructead plxels of the second type patches having
associated p051tlon tags.
13. An apparatus for hybrld compre351on of
-raster data as in claim 9, wherein:
_ said patch type dlscrlmlnator also generates:
p051tlon tags associated w1th pixels of the second type
5 3patches, said p051t10n tags being directed to said first:
'-compreSSOr to be encoded by -thel first 'encoding
'wprocedure; and | -
| such that when the encoded data of the flrst
and second type are decoded into reconstructed pixels,
110 the raster data _is.- reconstructed  from  those
- reconstructed pixels of the first type patches and those
'reconstructed plxels of the second type patches hav1ng'
associated p051tlon tags._ '

'14.' An apparatuS'for hybrid compression of
- . raster data as in claims 1 to 13, wherein said ‘apparatus
: employs a first pass of sald flrst compressor to serve
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subarrays ahd recogni zi ng patches of connect ed . pi xel s of t he sane

o bt RO, B EZTJII]HI Iﬂﬂmﬂﬂlﬂllﬂm' ® 0 ndivi S[féﬁf’%%?’éﬁ*e’é into

either a first type patch or 39 - WO
98/ 28909 ' o PCT/U897/23774 : .~ second
type patch, depending respectlvely on mhether or . not . the nunber . of

pixels in a paldEo iss aaidgsttchf racbnigesdesiehnithedt ramigierfirst pass
afirst c r e e

ivel o of PetE Ma R bohpbiokBbrRRb seg e BLREE WP SobnEERE”
and. ' plxehsSséoft@e:cﬁmeesgglovrrpmlaﬂgsa encodegse fdadithgtywe

procedur e tocggggggegl&@+§n3ftﬁgerégsgﬁgtggﬁe patches . . into encoded -
n _

data of a se d type; second storage for: storlng t-he
encoded data - of the first and second types; and first

and SecondI degorm(rjessorﬁscomedp aratius 2br ?gwrith dlfaewoaaﬂ.—dééglon dOi':
respectivel y. decoding-t he ao e first and. seco ypes
into correspor?d?‘?fbé ed r t?é'l %ag-.‘a s‘é‘?drﬁﬁ% e oFRIA urasteE ‘g%"t%r o
‘data. - '~ being an:atra&noappixeﬁsswﬁmh leplohi ¢ ioelp regateserntithg a '
deconpr essi on Iy i e

'said first deé%%ﬁ%ﬂ?égr gﬂ’ eéneﬁg gﬂg”h}?aymgﬁé JS?i?h n?°?% %3 ?Efﬁnto :
reconst r udt ed data| bednga seaoarfablsq inpe @nceitedtdakat @f fdveti ammdl with

pi xel s of : sébdﬁﬁxfybéype¢@@@9151ng. : sai.d second deconpressor
decodes .encoded data a flrsg aecond type into reconstructed pixels_of the

second type, 10 EFORPEISSSh RRRIRDNEPr Feced V& »&aid of t he
first type andrdmdedrendnst ofct eHepi Eekstof type Sﬂ@t)ndiecodlﬁdpe.l.ﬁﬁy' ng an

et oy DB A LS SEEREE ok NhOr ey WOB SRRV gL 0 11
10 assoc1ated with plxels ‘of a second type, and ' ' |
a second decompressor coupled to’ recelve sald_
encoded data of the second type for decodlng into
_reconstructed plxels of the second type,
' such that those reconstructed pixels of the
15 first type and those_reconstructed pixels of the second
type having an associated position tag are decoded into”-
their respectlve positions in the array to: reconstruct

_the raster data.

16. An apparatus for hybrld compre551on and
| decompression of raster data, said raster data belng an
array of plxels with each plxel representlng a color at
a position in the array, comprising:
5 N a first storage for buffering subarrays of the
- array of pixels; _ .
B a patch recognlzer operating on individual
_subarrays and recognizing patches of connected pixels of
~ the same color thereln,-each patch having a determinable
10 number of pixels;. o o | |
' - a patch type' 'discriminator._ separating
individual'patches into either a first type patch or a
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18. An apparatus for ﬁirld conpre55|on and decdnnression of raster-

N TR, ﬂgmlumuummm T TR
-5 -~ said second *encodt ng" pr%cédure is a. Iossy - encodi ng.
19.  An apparatus for hybrid conpression and deconpression of raster

data as in claim16, wherein . said first encodlng procedure includes a.

run-1ength sec 509%1200 atch, de er}dlng R&peé&h@&pﬁr@ﬂméﬁeﬁy&ld

conpr essi on an ressio raster ‘data as Tn c alm 16, mhereln:

said second enebdithe prwekerr ofi RiKedSss 1R 3 PAFGRnis at deash Rf 2
21. f@parﬁ§gae£ggmﬁﬁga]@ugg@&ne53|on and deconpression of raster

~data as 1n claim16, further - Si daptive. f:dfr
controller that noni Bofdrst opmpk @%"é’sﬁl‘gﬂ"yﬂdﬁ oal fnéﬁ‘f a‘f""n‘é‘d‘gl sard
appar at us at procefiugeetias neﬁeddengua:eus c@lthecﬁttpsessw;m rpatchésing
gi ven by the pupber_of b|t q d t portion of raster

‘dat a t hat has™B 8ne§‘ﬁﬁ’ % % o%’ ES(}S% q{yg) da%enddl vi ded by the nunber of
bits required to stor ealeecphd ompmmue@mmmee sgcppd daceding -

sai d ‘adapgi v feetea%kieerto | dhdodd VBikelS! 88 tne SR A NSe | Pabek@EPar i son

bet ween a conpression rat nonitored and a targeted conpression ratio,
adapti vel y 1n§€JG§FPﬁ@doﬁétdr°FbPes€5ﬁEWb§§ﬂﬁh parameters affecting 15
-the conpression of sai @ seehd CHIHRES IO HREhY etli@rencodé&edaﬂﬁ the
_targeted CO”pr?SEhgnf&%Et and second types, and _ _
' first and second decompressors coupled to said
' 25 second storage for respectively decoding the encoded
data of the flrst and second types. 1nto correspondlng

pixels of said array to reconstruct the raster data.

17. An ap?aratuS“for'hybrid compression and
_-decompres51on of raster data as in clalm 16, whereln.
_ said first decompressor decodes encoded
data of the first type into reconstructed plxels of a
5 first type and position tags assoc1ated with pzxels of'
~ a second type; and . o . ’ _
| ' said second decompressor decodes encoded ‘data
of a second type into reconstructed plxels of the second.'
type,- _ _ |
10 L .. _such that those reconstructed plxels of the
o flrst type and those reconstructed plxels of the second
type having an associated p051t10n tag are decoded into
- their respectlve p051t10ns 1n the array to reconstruct _
the raster data.
'18. An apparatus for hybrid compre551on and
-.decompre551on of raster data as in clalm 1s, whereln'
_ said - flrst encodlng procedure 1s a. lossless
encoding; and o ' '
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22.  An apparatus for hybl"ﬂl : deconptession of - raster -
dat.a as 16, wher ﬁﬂ"ﬂ atus i's respon et of .
WO 9328909 SMPuiRnITR

conpression .. parameters *fof attaon nwng gi ven conpression ratio, said 5
conpression ratio being given by the nunber of bits - required to store
the raster data divided by the nunber . _ 41
WD 98/ 28909 - PCT/US97/23774 ' - of

bits requisred to store satederxamnlirmamy apreaiedure ‘isppar 6tt¢§s§urther '
conpr|3|ng - a reconpression-controller, responsive to an 10
~indication that A cuﬁtently attai ned. conpre55|on ratlo E not neeting a
targeted conpression ratio, for allow ng . the encoded raster data to be .
~ decoded to the raster da} 2appltlath %0%19 £18PBRRALLS iR SERPLLSS
t he raster data mnth another set of conpression paraneters 1 hat
produces a hi GIRSORRIRFRLAR oA F@SFathAakai a5 in elpimniby shexeinl.

23. . An appar %Taliﬂfﬂirbtbréﬁbmeiﬁld&em inc19@e8NDs €$5irN igiast er

data as in claim ‘Wherein the set of conpression paraneters
incl'udes the FPEPAMHi ned -  nunber associated with the nunber of pixels
I n a patch : ' - - An apparatus for: hybrid comnpression and
deconpressi on of- rast er,lat S %Qr [

first encodin proceduredj'l n&rgdegﬁggfkgh‘m %Eﬁ% Sﬁﬁlgﬁeﬁsl"gn(fn%

said second ngfqﬁqmeqﬁroaauqntﬂnsa as in claisf 26, eheoitg that
operates on agplir akbi¥nal encodfh§Cltdddd hatdn @é&% hetm enqoded Agha. each
bl ock being % predeflned mat ri x of pi X e array. '
25. An- appar ‘hybrid conpression and deconpre55|on of - raster-f
data as in claim24, wherein the transforntencodlng is a JPEG encoding -
that.operates on.: © 21. An apparatus for hybrld compression and

decompression of raster data as_ih claim 16, further
.co’mprising: . B - - -
_ "an adaptive. Tcontrolier .that ‘monitors  a-
5 compreSSion ratio attalned by sald apparatus at
' predetermined instants, sald compres51on ratio beIng
“given by the number of ‘bits reguired to store the_
portlon of raster. data that has been subject to encoding
to date divided by the number of bits requlred to store
'10 the correspondlng encoded raster data, '
said adaptlve controller, in a glven lnstant'
respon51ve to a comparlson between a compre551on ratio
monitored and a targeted compre551on ratio, adaptively.
_'adjustlng one or more compre551on parameters affectlng
"15 the compress;on of said second compresslon procedure-for
meeting_the'targeted chpreSSion ratio. '

.. 22. An apparatus for hybrld compre551on ‘and
decompre551on of raster data as 1n clalm ‘16, wherein

- said apparatus is responslve to a set of compression -
parameters for attaining'a'given compression ratio, said

5 ~ compression ratio. belng glven by the number of bits .
. required to store the. raster data d1v1ded by the number'
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'a plurality of bl ocks orm JPEG encoded data each 5 bIock belng an

8x8 pi xe of the wn . 26. An apparatus for hybrid..
coiness!“@ﬁ 82’%30 ~ dec ‘“““\ “ mter data as in cl AP Hérein -
said patch type discri r $urt hé&r includes an in- bl ock counter

t hat det ermi nes whet her or not it is true 5 that abl.ock contains at

| east a predeterm ned threshold _ 42 WO

98/ 28909 - . of bits re 1red to store t?e e3¥33é5*?2é¥§¥4aa salaunber
of pixels of the second pat ches, e, retlass fies

and separatesaPPﬂ€§§uspf?€F§era§°mPrlsB§Bbng|ng to the flrst type patches.

27.  An apparatus for hib&iétdi@ﬂﬁ%rprb@ﬁ‘ﬂrollerde% opgive & aAster:
data as |fbclal 24, _\wher bl ock: t hat Egrtlajly filled with

pi xel s of in 1°§E&8ﬁd%b?§e p&PEF@?glyéﬁ qﬁﬂ(?? THMTPFIRIs 5
i ndi vi dual |y have meetlinyg walkacgetks awompridssign arathio, for WEIGging t he

I I al L11gn h
(2:8. o A\paagSZr (a)t%us t‘eorcloch‘igp(i fﬁg%%%r éié—’\s‘:laont%n% de&d% cgng?egéﬁeonrﬁt?’ast er
data as in cl adata4g, awhkr aildowing said apparatuspatehregpmptiess: itheat or
al so gener at eSrasterP@ath! QﬁthaQﬁotﬁE Cls%tte%(f"“éd%ﬁﬁl%rpfpaﬁ%é@ggg d type

5 patch sald position tags being directe conpr essor

R odetha y PRQflices r & hé%%ﬁl RPPPresgiored@tdo afban said
such that whercureesbrpdetdtdahaacf the first and second type are
decoded into reconstructed pi xels, 10 the raster .data S '
reconstruct ed from those ‘reconstruct ed pi.xel s of the first type
pat ches and those 2@con3nrappadqhw&ﬂﬁbxﬁhyhrldecom@r@ﬂsiqﬁuaﬁws

havi ng f%s?ﬁﬁ'i dO+a293 qata as in claim 39 whA‘ réalfxpatl'?t us for.
hybrld conpre55|on
- set of compression parameters includes the predetermlned

number associated w1th.the number of_plxels_ln a patch.

' 24. An apparatus for hybrld compre551on andj

decompression of raster data as in claim 16, whereln'
said first encodlng procedure includes a run-
1ength encodlng, and ' . .
5 : said second encodlng procedure -1nc1udes a p
transform encodlng that operates on a plurality of
'.blocks to form transform encoded data, each block belng

a predeflned matrlx of plxels of the array.. |

25. An apparatus for hybrld compre551on and
decompression of raster data as in c1a1m 24, whereln the
transform encoding is a JPEG encoding that operates on

.a plurality of blocks to form JPEG encoded data, each
5 .- block belng an 8x8 plxel block of the array.-

, 26. An apparatus'for_hybrid compresSion and
decompression of rastercdata as in claim-24, wherein
said patch type-discriminator further includes an in-
block counter that determines whether or not it is true:

5 that a block contaihs_at_least a predetermined'threshold
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deconpr essi on of raste?‘;EE;;:ig_rﬁ‘ErarnrQS,-mhere@ni Zaid'h

.patch ty %,ﬁ mnato ,gﬂ " . position tag Q4 Irﬁ W t

pi xel s o% g(iedcond tme ,I Mal d position tagssﬁéllslﬁg éﬁrect ed to .
a _

said first conpr essor “td PBe s ded by the first. encoding
procedure; and such that when the encoded data of the first
and second type are decoded into reconstructed pixels, 10 the raster

data . is re(mmmetlooECblxéImmf thwsecond type c1:o|_.=./ttchge7s A 3a71;3 if not 43
WD. 98/ 28909 P

reconstructed ﬁf&%fs OFCEHES%F%E ?&g[xﬁ%H%§ Eﬁﬁit#é) é plx?%%ongfructed

- pixels of the h%k@hglngpbopahehésrhﬁvtmpe patchssOC|ated position tags.
30. An apparatus for hybrid conpression and deconpression of raster
data as in.clainms 16 to 29, wherein said apgaratus enploys a first
pass of said . first2¢enphBsapparatyt vEor| by qéds florprassioncandi zer

5 .such that &é’é&iﬂﬁi’éﬁl&iﬂ?@f Qfas&.@xd daﬁastas:qmaeqaiﬁr 24 whéﬁéﬁ?ﬂnféfs

atches of connec¢ted e sa encodes
Plrst type pa gh@fﬂ) lstm?rteri SQ&FﬁQNVfgh plxels of the; A

met hod f.or hylxecbn@r@mzeslpatoheeastsald blotk’as eehplemshnts pikelsei ng
naray o PRIl nafecl Bott LR AL GO dludpnggition

i'n the- arra yIn ted.
pi xel s ofttma%%mﬁaglng(ithCOIOr Valuessofuﬁamdlpgxnﬂsﬂﬁmrtm@hlpatch

has a size thagi1lingbeh@ngsotr.a first or second type, wherein a patch of ..
said first type coOntains plxels' of "at least a 10 predeternined o
nunber and a patch of said second type - contains pixels less than said.

predeterni ned nunber; 28. an amdﬂmsaafsﬂeﬁybehenmﬁésmrﬂ dhast

type by a PpLesston gcegure; and di n at ches
bel onging to s%"?%"@é’& ?9p8 §a§{: ata’ as in claim 24 w%ere rP

- said patch type dlscrlmlnator also generates”
p051tlon tags associated w1th pixels of the second. type
5§ patches, said p051tlon tags being directed to said first
_compressor to be__encoded by the _flrst encodlng'
procedure; and - : ' ' -
such that When the encoded data of the first
and second type are decoded into reconstructed plxels,
10 ~the raster data is | reconstructed = from those
' - reconstructed pixels of the flrst type patches and those_
reconstructed pixels of the second type patches hav1ng
associated position tags.. . :

'29. An apparatus for hybrld compre551on and
decompresszon of raster data as in claim 25, wherein:
said patch type discriminator also generates"
p051tlon tags associated. w1th pixels of the second type
5 'patghes, said position tags belng dlrected to:sald first -
- compressor to be"enCOded 'by the - first encoding
procedure; and '
' - such that when the encoded data of the first
and second type are decoded into reconstructed.plxels,
10 the raster data is' reconstructed from those
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15 second conpre55|onUProcedure 32, - A nethod for hybrid.

A ”fff!lallﬁjlwﬁc'?'e?f’l ”‘ZL?LQ. PR g

second encodi ng procedure 9sta cod[ng. o

44 WD 98/ 28909 . .. PCT/US97/23774
33. A met hod for hybrid conpreSS|on of raster -~ data as in claim 31,
Wherein"SaidrEbb&kt&%%Q@Bnﬁlxels sfOQEQUffrgechﬁﬂsspétéﬁ&b' thdrodi ng.
34. A method for bri IESSIOH of raste data as 1n_claim31,
wherei n second (¥ﬁé; ?ﬁc?ﬁ88§datVP&n§P8FP@§n deyiing

35. A nethodab@bdndﬂedipnstﬂx&mltagsﬁ raster data as in claim31,
wherein said predetermned nunber. - =~ is such that the raster page
"is .conpressed preferentially by said first conpreSS|on pr ocedur e

while- 5 attaining at30.casin sappagates €oapregstih campression and

A hod ﬂp@g f t a I gi,m 31,
?Srt her m(azf)ngr Ffseg{lo é&&queﬁﬂp %é?%g% lrrlrpfggélﬁon%'réaﬁg glg’al ned
by said WB@W@&%tS@%@dW |¢m>hmf§ asaftrebnpasssiofi saido 5

~bei ng glven ?El?gﬁ auﬁbﬁésgﬁrbtéssé?ﬁgH%%%otQSSEQES baeg?erefgggagag of
t a en su 0 )
:ﬁfm:; %bl t§%1°$’q ?S:P@% i Jo drst PRsR &ﬁrﬁ@b@n&ﬁﬁ%n&@ﬂ?deﬁéﬁer

data, . - = recognizesppasthestof acammexsted gt heXsiasm meccamfees:olw sion
ratio ”Dn'tOrggdamafEJargﬁcggegongﬁggé'OQfﬁg'(pAtEhes ‘during the

recognltlon.

31.' A method for hybrld compres51on of- raster
data, sald raster data being an array of pixels w1th_'
each plxel representlng a color at a position in the
array, comprising: ' o .

5 identifying patches of connected plxels of the same
 color; S i 7
g dlscriminating Whether'each patch has a size that
"belongs to a first or second type, wherein a patch of -
_ said. first type contains plxels rof at” least a
'10 ' predetermlned number and a,patch of said second type
' contains pixels less than said'predetermined number,’
o encodlng patches - belonglng to said first type by a
'flrst compression procedure, and ' :
~encoding patches belonglng to said second . type by a
.15 second compre551on procedure.

32, A method for hybrld compre551on of raster
data as in claim 31, whereln.-- _ o
said first encodlng procedure 'ie a loeslees'
encoding; and ' ' SR o |
_5-___' said second encodlng procedure is a lossy encodlng.
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‘a given -instant, ada one or nore . conpféss@onr
par.amet ewggg)‘zggzﬁtl ng tm ! \“F 'sai d. second GHARITSEPH
procedure for neetlng conpression ratio. .

37. A method for hybrld conpreSS|on of raster .. dat a as:LnicLain131[ _
wherein said nethod is respon5|ve . to a set of conpression parameters.
for-attaining a given . ‘conpressi-on ratio, said conpression ratio being

given by 5 t he nunbe3d3 of binethat|fore dhytrist compress iz cf dedster
di vi ded by t h&{%gmur% o nP' 5 ﬁhq“b&ed {Resb?he L% flrSQCO&?Qoéfﬁ&e

. data, said ne conpris
- WD 98/ 28909 procedure 1nc1udes a run-length encpgimgsg7/23774

‘responsive to an indication that a currently attained conpression g
ratio . not neeting a targeted 1Q -:co reSS|on rati o, decodi ng the encode
raster data to  the’%astdmefded Gt COTRNRFS RN QS (FASERY a wi t h _'

anot her set ofgata®stho81ainase!, e'WheIrbdh Bre@dﬂideferﬁ:odlng f]_dug:k@édure
' COprI’eSSI on ratl A

an said cugrrentl talned .
nmet hod for hy&n%#qg%ﬁr%st¥%ﬂs%?r?a§¥8 Ng- gata as in cIa|n137, mhereih

the set of conpression .~ paraneters |ncludes the predeterm ned nunber

associ at ed Wi th t hes nunber Gl Piegg! ?&tﬂ'l@ %%%n?}ess1o of ra\.&ter 39. .

A et hod for hybrid conpression of raster
wher ei n: ata as ingelainr3i,cWbeurAy 5%@9@&%@ aunber

| engt.h e'nCOdiri.Qs ajgheld  that thesa'ﬂasﬁéﬁondpa@QCOdiélg RAgbEfeq |
blacks to for REEHTE AN, Sed2at 5178k  ABBPECRSbON nar Soekize WA | ned
mat rix of5p|xattaﬁniﬂgaamrhgast a targeted comﬁﬁess&oﬁEthmdé(ﬂ hybrid
ConpreSS|on of raster
| 36. A method for hybrld compression of raster
data as in claim 31, further comprlslng~
. monltorlng a compress1on ratio attalned by sald
method at predetermlned instants, said compre551on_rat10
5 being given by the number of bits required to store the
portion. of raster data that has been subject to encoding
' to date divided by the number of bits required to store
. the correspondlng encoded raster data, _
: ‘responsive to a comparlson between a compres-
10 sion ratio monitored and a targeted compre551on ratio in
' ‘a given instant, adaptively adjusting one or more
compression parameters affecting'the COmpression'of'said
- second compre551on procedure for meetlng the targeted
compre551on ratlo. '

37. A method for hybrld compress1on of raster
data as in claim 31, whereln said method is respon51ve
to a set of compression. parameters for attalnlng a glven

_ compre551on ratio, sa1d compression ratio being given by -

5 the number of bits requlred to store the raster data
d1v1ded by ‘the number of bits requlred to store the
_encoded raster data,;sald_method further comprlslng:
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data as in clal m 39, \/\herel n the transformencodl ng is a JPEG encodi ng '

g 2 AR .15, g

-~ method for hybrid corrpress ontof"raster data as in claim39, wherein
~said patch discrimnating step furt her includes deternini _ng-whet her or
not it is true that a block contains at. |l east a predeterm ned 5. :

threshol d nunber: of - pi é\?éé%&fasibg Teenn] fﬂé’fcé’@i&{fethatbea] St Qié?t he

true, reclassifying an arating these
first type pata,iﬁélned compression ratlo not nmeetingig'a targgbed/ 28909

PCT/ US97/1253774compre551on ratio, dé&odlﬁgnﬁth@o@nfc@déay it LS PN Of
raster ta as m)caa im39,. wherein for, that is

partial by fil 'S Hask 'oP“FhE“-‘é’é’E'Bﬁ&Sa}IB’@ Hfé’sster data Hih) ock' s
conpl ement  pi seicthenli se’duatEI wompress on qsar&meteruethubsb&laiduaﬂésy given

B ocke 20119 Sk orkhEion ran®h ARG Bri8. BpfPebbiy hiainef, "

data as in claim39, wherein: ' sai d patch di s'f:ri (r]n:f nati ng step
i'ncludes gener at i ngg posi t4 5&‘%{" L %n%ﬂt?e%s@o’ﬁe oF
second type patches, sajd posi t%}h ta b |nld| recte To S8 |rst

conpr essor - t 0 GAERNBSISD hGlake BTstW erel@n@b@l ethr o€ e@mpression
such that whe@atxtmeamedeeltcctaaesothbhpréaes;termmeda&@m%%%o R SRR YE

| ?gggggtjrhgt ce)dre. n%ﬂr UCIE‘H%%%XE% P?"éﬁtﬁst?ui‘tég %ﬁ;el gat)? thesfl rst type
- patches ‘and those - reconstructed pixels of the second type pat ches -
having -~ - associated 33)3' A Wit for hyer.d compress:.on of raster
| - data as in claim 31, whereln- _
o said first encodlng procedure 1ncludes a run-
1ength encoding; and _ ' _ _

5 . ) - said second encodlng procedure includes a
'transform encoding that operates. on a plurallty of
blocks to form transform. encoded data, each block being
a predeflned matrJ.x of plxels of the array.

-40. A method for hybr:Ld compress1on of raster
data as in claim 39, wherein the transform- encodlng is
a JPEG encoding that operates on a plurallty of blocks

to form JPEG encoded data, each block belng an 8x8 plxel'
- 5. block of the array. : '

41 A method"for hybrid compreSsion of raster

~data as in claJ.m 39, whereln said patch dlscrlmlnatlng_

. step further 1nc1udes determlnlng whether or not it is

true that a block contains at least a predetermined

-_'5 | threshold number of p:Lxels of the second type patches,

‘and if not true, rec1a551fy1ng and separatlng these
plxels as belonging to the flrst type patches.
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44, ':A'rrethod for hybrld conpression of raster . .-data as in cl ai m 40,

wher ei n: 09 crimnating step gddGhstdBsTs
“gener at |¥1Vg(g)9ps(/)258?t9| on talmmmnmnu Imlfh p| xels of .the 5 ~second type

pat ches, sai.d position tags being #irected - to said fi rst conpressor to
be encoded by the first encodi ng procedure; and . such
that when the encoded data of the first: and second type are decoded

into reconstructed pixets, 18 métisod f@SthbrldjaicﬁnpréﬁldleC@flSi’ﬁﬂﬁﬁﬁ?h N
from those r nstru f th ty t ches,an ose
r data eacé) gigﬂnp kﬁﬁvﬁl g%ﬁo%?c E’EB& a%d

reconstructed pi xels e secon 'ype egte
position tags partlally filled with plxels of the sé@ond typ&\(pascRespo

PCT/ US97/ 2377ASa1d ‘block’s comp, eméﬁt \%Esh.olﬂdi@idgé@iydh%9gpa eéc?i(?f' of

raster : data as'In clains 31" erern sal
first pas® of Ehue fSURgt ngﬁyeﬁr SYcaeraging the mﬂm‘ Wiﬂeﬂ%ﬁ\es of

connected pi xelfs did f‘ﬁlﬁ@l@ p‘@i-'@ialiy Eﬂ@!lihéothg 9'16%@’:9 first type
pat ches during the identifying of patches. - . 46. A

met hod for hybrid conpression of raster . data as in claim31, further
conpri sing:. 43. prowethe xS thylbil & eoapt dsiis of raster

dat a t hat 'nd'dé{tcu’aalsynbaé/faﬂncfére@ﬁ%ﬂdéng array of 5 pitels as the.

rast ér data; i gnf ng Bid first | ayer pixels from
pat ches bel onging to sa#aidir patope digczindoatiog steposmncnhzdeegs

- correspondi ng gehd¥ate] iy ﬁsgéggf&ﬁheégs asseekaeaanwtﬁia WG dgpe; 10

assigning _to.said second I xelS from ongi ng o sai d-
second. type t FeSANf Sommpate e?ay%?lda3851tl°n tags be:mg #irpated
Tepresentatumtdﬁsahd sty dékpré¥sor to be encoded by the first

encodlng procedure,'and
such that when the encoded data of the flrst
| and second type are decoded into reconstructed pixels,
10 the raster data - is reconstructed from  those
- reconstructed pixels of the first type patches and those
‘reconstructed pixels of the second type patches having
associated pos1tlon tags. _

.44. A method for hybrld compre551on of raster

data as in claxm 40, wherein:
said patch dlscrlminating step includes
~generating position: tags assoc1ated with plxels of the
5; second type patches, sald p051tlon tags being dlrected
| to said first compressor to be encoded by the first:
encodlng procedure; and . _
'such that’ when the encoded data of the first
_ ~ and second type are decoded into reconstructed plxels,
10 the raster data is . reconstructed from those
reconstructed plxels of the flrst type patches and those
reconstructed pixels of the second type patches hav1ng

associated posltlon tags.
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-superpOSition of first ahd second | ayers of'-'rast'é_r_ data; ‘15 - Fmd- _ 4 - _
- appl yi ng_sai d _first ctﬂﬁm ﬂ"m Im ure to ~said first |ayer and.sai
second ¢ Won' pr " ﬂm aid second | ayer. YCUTUSYI23774 47

A nethod for hybrid deconp re'ssﬂ"on Sof * : -encoded raster data to raster
data, said raster data - being an-array of pixels wth each pi xel
‘representing a - color at a position in the array and. said encoded

aster 5 data bein ar t qg&g% st second . -
'Z[ypes conpri sing 9 £50%" A0 e%‘g ot co eﬁg’t‘;&(ﬁ“{ f?f?rs}l%ﬁ ype into -
reconst r uct ed ‘?ﬁ@?el%s o é’lfqli"!ﬁ 3t1y|5'19 éﬂd wheTeigh sadgs method /RRRIA¥S with

pi xel's of a segogdri¥pepasedor said first com ress:l.nc_:[Z procedﬁ%e te WO
98/ 28909 [ US97/23
decodi ng encodﬁ?%%yo?aﬁcgﬁﬁoﬂﬁ F?B@eFﬁ'FQ Pl"ellsed?(?né"tl"ﬂl(?ci’e’!'tia (95 of

‘the second typmd also to encodeh flhsstt hogper esabchesctairPhoelthef the
first type andi% &%f&gn&%dg g BI xel s of the second .. type having an
I On

associ at ed posI 'nto-15 their respective positions in

.the array to reconstruct the raster data. - : 48 A
method - for hybrid cogpreslglrﬁgth&pcko H}g_(ao%h%%"él %109{ an :
said raster data being arra¥ | xel's wt each pi xe representl ng
a color at - data ﬁ%l’f’?o‘ﬁlﬁ‘hmt%l&: Fﬁ'?he€oﬁﬁmp§ilﬁgn “ buffering

subarrays of the array phlf'o@i%ﬂhg‘ first ahxﬁiflsféébnat Q.ra%%stog rastler of ‘he
|dent|fy|ng| nd| dual, subarfa ches o conpecte I xel s '
sanme col or, %Lan )é % Jé{ gﬁy?@?ﬁ?nﬁné’tﬂ? ing BFEEYS° f0 B
di'scrim n&t i ng:nazilds a;epahatratgterndata;iual ' patches into either a
first type patch or a SECONh{NPe +o said first layer pixels from
' patches belonglng to sa:l.d first type and associated
pos:.tlon tags correspondlng to pixels from patches
‘belonging to said second type;

‘10 ' ass:Lgnlng to said second layer pixels from'
' patches belonglng to - sald second type to sald second -
layer; and . )
forming a representatlon of ‘the raster data by
superposrl:lon of flrst and second layers of raster data,
’15"'and . '
applylng sald fJ.rst compress1on procedure to_-
said first layer and sald second compress:.on procedure
to said second 1ayer. '

_ 47. A method for hybrld decompre551on of
encoded raster data to raster data, sald raster data
being an array of plxels w1th each plxel representlng a
color at a position in the array and sald encoded raster

5 - data. be:l.ng separable J.nto encoded data of flrst and
| second types, compr1s1ng' ;
' decodlng encoded data of a first: type into :
reconstructed plxels of a first type and position tags
-associated with pJ_._xels of a second type; and

'48_ R



'patch dependlng resBeE?T;ery—Bﬁ*ﬁﬁ‘fﬁer. éhof t he 4 | ‘number - of p;xejér.
.enpl oy %bgﬁ?ﬁogt 2;0 ;@”’mmﬂmwmo Efﬁogteerm nep| ng Ee h rst
and

type patches into encoded®data®f sa =  first type;

enpl oyi'ng a second encoding procedure to encode plxels of the second
- type patches into encoded data of 20 -a second type; S - storing-
- the encoded data of th&iéd:dsdin@néncodgdzaﬁmdf bfp%fwcenaeg:g@e Sirqf@ged

and codi,ng., t he encod ata_o i rst an secon

types-in t he §§§§ﬁﬁ s’f%?t%% QJn’f% Elﬁ%nﬁ?ﬁﬁné Y |Xel s of said array to

reconstruct the raster siutha. that those reconsﬁructednpixnusfof thdri d

| conpression aiider rvpl°GARPRABEEOReBbnkesEod AR B Al:opier ol 1

49
t he encoded d&vpeohayviagd ansaseppéateddpesdsdon tag are denndad unta

- pixels ohga flt&etnt WREspEtsk DAS | bb&Tti6ns | 84S tASS Arraled NVddbdiishi0f 2

second type; and he encoded data of a“second type I's decoded
‘into reconstrﬁ@@b&ﬁﬁgﬁﬁsgiﬁathe second type, | © such that those

reconstructed pixels of the first type and those reconstructed pixels

of the second 10 type ving CI t ed L ti.on ta ar e .decoded, i nto
 their respective posit |Jdgﬁs ih ?‘H%QA? v P rgggﬁ'&flrugf’ ressipn . And, :

dat a. - decompres5don af washed daba, babdi tasterpdetsi deirmndn

deconpr essi ong gdaha | x ai d
first encodlngggfga Pl s a ossFéé@ Bléélegggggtgn 1ng'a5color aé_

sai d second eﬁc@ﬁﬁ%}%ﬂﬂx&ﬂhﬁhﬁ 4%?%V40%@Wpr151n§hcodlng _

5 o bufferlng subarrays of the array of plxels in

‘a first storage; _ , ,
identifying 1n 1nd1v1dual subarrays patches of

‘connected pixels of the- same color, each patch hav1ng ad
determinable number of pixels; _

10 '~ discriminating and separating  individual

' patches into eitherla'firStftype'patch or a second tjpe
patch,'depending'respectivelypon whether or not the
number of - pixels in a patch is at least of a

o predetermlned number; '

115 ' : employlng a flrst encodlng procedure to- encode
pixels of the first type patches into encoded data of a
first type; and _ _ , _

- - employing a second encoding procedure to encode
pixels of. the second type patches ‘into encoded data of
20 a second type; S ' |
storing the. encoded data of the flrst and.
‘second types in a second storage, and _ .
.. decoding the encoded data of the first and
second types in the second -storage into correspondlng
25 plxels of sald array to reconstruct the raster data.. N

49, A method for hybrld compress1on -and
decompre551on of raster data as in clalm 48, whereln.'
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'51. A nmethod for hybrid conpression and deconpressi on of rast er

o s I "2 s R

conpression and *de€onp re%3|%n*of raster data as in claima48, wherein
“sai d second encodi ng procedure includes a transform. ~encodi ng. _
53. A nethod for hybrid conpression and deconpressi on of raster

data as in claim 48, fHﬂié“ﬁncoded‘dﬁ%&'é!rthe flrst t¥pe isMBBEbakEkNg .a
conpression ratio attai ned %ﬁ;aj 5. net hod_at erm_ned instants,

sai d conpressiBS HEGPNSTrugkad Pixets o 2 nELRSH EYPSfaB§t§°Fé&&PPed to
store thes . t/ag@srtassbdifaﬁwtvﬁrtmfpﬁ:émtoflaé DEEoNG UDYISE§ aﬁde?cgd;?gwm
50 WO 98/ 28909

 to date divided by the MinERCLIeR; ?gt?eaglFefqﬁ?Q9cﬁ¥Pe is Fﬁ odg g
'correspondlnglamoodequsﬁnucthdzplxuns of the secasporgpep a
conparison  between gcp th&?”@h%@@(ﬁbéééﬁtrugt%dOEQQéi 3%t@5geted
conpr essi on “ratioin a ghven I nst an Ve justing one or .
nor e conpressféﬁsﬁatxﬁﬁtéﬂé ?%@tt?@P@$ﬁI%@ eBixessopf the ggrgndsecond

conpresshgn pltgg,ednaem oannaeébegaté@ ﬁéslwéﬂe&&e £P8VaEE8488 1AEDO-
54. A rrethogp f.or ression deconpressi on of raster

‘data as in cl kPRiXsT ﬁYe ? s%ﬁ%??ﬁn&?mﬁp?sa¥€%$oﬂglF%cPBSErBSF of
conpreSsion the pasieet @atd.or attaining a given conpression ratio, said
S conpression ratio being given by the nunber of bits required to
store the raster data divided by the nunber of bits required to store
‘the encoded raster dat &0.saird methaeet Har f Uxylieid conpmpxésgion and

'respon3|ve tOdanh@Qb%@¥d51dfmyastérﬂdatg|éé in claim 48, wherein:
' -said first encodlng procedure is a lossless
encodlng, and ' ' .

' sald second encoding procedure 1s a lossy

i
o,

encoding.

51. A method for hybrid -compression. and

'~ decompression of raster data as in claim 48, wherein
- said first encodlng procedure 1ncludes a run-length'-
_encodlng. ' ' ' '

- 52. A. method_,for _hYbrid 'Compression and
decompression of raster'data as in claim 48, wherein
said second encodlng' procedure 1nc1udes a transform
_encodlng. '

_ '53. A methcd for hybrld compre551on' and
decompre551on of raster data as in clalm 48, further'
- - comprising: o ' ' . '
_ N monitoring a compre551on ratio attalned by said
5_ ‘method at predetermlned 1nstants, said compression ratio
belng given by the number of bits requlred to store the .
portlon of raster data that has been subject to encoding -
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10 attai ned corrpress on rati 'g a targeted o .conpr essi-on |

ratjo, degs ghe engmu MH“ ||I| - . _the rast er pgpiRerRMh
recorrpreSS| ng t r ast anot her set .of conpression

par amet er st hat produces a |gher corrpressr on ratio than said
currently attained. A nmethod for hybri d :
conpression and- decorrpreSS| on’ of raster data as-in ¢laimb54, V\/nerel n
the - set otoompee&mmedaduarm"teerrmmber unie sbite :pequleredrrtoedtore

nunber associ aéﬁ% #Lgeégﬁnﬁﬂﬂge’én%d@d’“?a%é& A ch. 26.

A nethod- for decon‘p’ressron of raster data
as i.n cl alfn 48, vvherel nrespons:.ve to sapd ftewpParasoni ngbptveedur ea

i ncl udes a I UNeompresk §BAL Qa%&%oﬁo?ﬁ’t&@d ahd a targete&%ﬁmpf@ggfﬂgn
encodi ng procedure I.ncl udes - . transf.orm.encod dg operates on
a plurality ofratio in a glven instant, adaptively adjusting oneppycks to

form transfor %&%@Qﬁ&ﬁbﬁ@éﬁo@%ﬂéﬁr&@ﬂﬂctlngathéed@fn pedsiBhl b¥ Of
pi xel s of the arrgy

Conpr essi on SeqRRd FRRRF 8RS PR, BFareauTs 4LoFn erérp-wse Ehfier ei n

t he . 15 ansﬁargetedodompressaoﬁPEﬁte.modl ng that operates on . a
plurality of blocks to form JPEG encoded data, each- 5 block being an 8x8
pi xel bl ock of the array. . 58. A nmethod for hybrid
conpression: and . dééerrpAes@ﬁé‘-hO@f fon ethythntisd ascompressiono, anflerein

said patch Ché&éﬁrﬁraééhaﬁ ofl Pasteft BRta ! pHes1aim  4HEL %Héféﬂﬂ
whether or not i{_.1s true_.that a block, 5 contains at |east

predet er ni ned SAesHF PG BESPonsives Eogia ¢ I‘F@tseegnoc?‘?%eiﬁ%EHes
and if not trusarametews|fasidttidihiang = eiven coppireestoni ¥aksoasshehongi ng

5 compression ratio being glven by the number of bits
required. to store the raster data divided by the number
of bits requlred to store the encoded raster data, sald
methoad further comprlslng. ,

respon51ve to an 1nd1catlon that a currently

10 attained compre551on ratio not meeting a targeted '

| compression ratio, decoding the encoded raster data to
the raster data, and recompressing the raster data w1th.

'another set of compre551on parameters that produces a
"higher compression ratlo.than said currently attained.

55. A method for hybrid compression and _
decompression of raster_data as in claim 54, whereiﬁ the
set of compression param_eters includes _' the predetermined
number associated with the number of pixels in a patch.

56. A method for hybrid compression - and

decompre551on of raster data as in claim 48, wherein: -

_ said first encod:.ng procedure includes a run-
length encod:r.ng, and ' _ D

_ _5' ' -said _second encod:mg procedure J.ncludes - a

transform encodlng that operates ‘on  a plurality of
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to the firét'type pat ches. O A nethod for hybrld

Fort =SB oc LN IIIQ Il Zﬁt &r t ﬂaL?fo NP 1 sl

type patches, said blbck s 'coftp neft pixels. 5 i ndi.viduyal | y have a

col or val ue substantially given by - averaging the color val ues of said
pi xel s partially filling the block.: 60. A ‘nmethod for
hybri d ' conprg3skes +8Norm LARSSBER SHAES aeéaereﬂéﬁabﬁécknbehﬁgm 56,
wher ei n: - sald patch dlscr|n1nat|ng I ncl udes
generating po§|PFG@QF&@§da§95?%ﬁeﬂf\H%ﬁ? ??E;§5 second type

patches, said position tags being directed ':- to sai d first conpressor to -
be encoded by the firs .enco procedur _ h t hat
when the encoded data t(g’f th® f i d‘l}"’Czi €1 ?@@%ﬁ‘?t y%%m%’!;'%sﬁei?{}deanﬁnto

reconstruct eddpcompses&iont b rashsredatackaenn dlaim ﬁécomherauneﬁhefron1_

- those 8/. 9 _
PCT/U897/2377Xran5f°rm-en%8%ﬁ2 ructe |xe nco%%%i ?gggt ﬁgtsgtgﬁes and

t hose r egopamnactidy 5k dptogkst ke §ewndf'1’[‘%ﬁpeerpmct¢ésdhhm ngach

associ at eg poﬁlbbﬁﬂb&ﬁ%@ an 8x8 pixel blodid -of AndEifwgly,. for hybrid. :
conpr essi on . déconpression of raster data as in cIa|n157 mhereln;

~said patch dlscr|n1nat|ng step includes gener- - ating position tags
associ ated with pixel s5sf, t de Imtthull “Fort yaeypwidhesomppedsponi t and t ags

being directe r opr. or_1o. d . r st : -
‘encodi ng g 8g§¥ﬁ§§l%§u§f Eﬁstgr d%%%'gﬁ%h $h§§2§%én hewgﬁgggéd dat a

~of the first sald anyibehondlswmemmn@tdembdesteptofmeddnairuine&ugﬁﬁels, 10
the — raster @%E:ﬁum éf“%ﬁ?ﬂotf i 15958 that®GPNBibEk! ed

plxels of the ?lrst ty es a
contalns at least a predetermlned threshold number of

pixels. of the second type patches, and if not true,
reclassifying and separatlng these plxels as belonglng'
to the first type patches._ '

- 59.'-A' method for hybrid compression..ahd
decompression of raster data as in claim 56, wherein for
a block that is partially filled with pixels of the_
_ second'type'patches, sa1d block's complement plxels
-5 . 1nd1v1dually have a color value substantlally glven by
averaging the color values of said pixels partlally

' f1111ng the block. ' '

_60. a methodphfor.:hyhrid:'compression ‘and .
decompression of raster data as in claim 56, wherein:
| said patch dlscrlmlnatlng 7step _ includes
'generatlng position tags assoclated with pixels of the
5 second type. patches, sald p051t10n tags being. dlrected
to said first compressor to be encoded by the flrst
encodlng procedure; and _ : :
' such that when the encoded data of the flrst
and second type are decoded 1nto reconstructed pixels,
10 the raster data isn, reconstructed from  those
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récOnstructed pixéls of the second typé‘patches having'n associ-at ed -

gﬁzl ' on ecorrpre53| on", m "W,MH arsm;[ Eogl ar (r)nr; 4gy'?(r)l gﬁﬁ%ﬁgfgu n

sai-d nethod enploys a first pass sai d f . conpressing procedure
- to identify" patches of connected 5 plxels of the same col or and also to

.encode flrst type pat ches during the |dent|fy|ng .of patches.

53 - reconstructed pixels of the first type patches and those

~ reconstructed. pixels of- the - ‘second type patches hav1ng-
assoc1ated p051tlon tags.-- :

61. A methody_for ~hybrid compression and
decompression'of'raSter data as in claim 57, wherein:
| said_patch'discriminating step-includes gener-
- ating position tags associated with pixels of the second

'5  type patches, said position tags being directed to said

- first compressor to be encoded by the first encodlng
procedure; and ' - '

" 'such that when the encoded data of the first

_ and second type are decoded into reconstructed pixels,
10 "the' raster data__ is reconstructed from those
' reconstructed pixels of the'first type'patches and those
rreconstructed plxels of the second type patches having
associated p051t10n tags. - ' '

62. A method for hybrid compression and
decompre551on of raster data as in claims 48 to 61,
wherein said method: employs a first pass of sald first
compressing procedure to 1dent1fy patches of connected'
5 - pixels of the same color and also to encode first type
patches durlng the 1dent1fy1ng of patches.
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