WD 02/ 30104 PCT/ US01/ 29176 METHOD | NCLUDI NG LOSSLESS COWPRESSI ON OF

LUM NANCE CHANNEL AND LOSSY COWPRESSI ON OF CHROM NANCE CHANNELS 5
BACKGROUNID @/300E | NVENTI ON The present invention rel at espeDUSoIgio =l

i mges. More specifically, the present invention relates to conpression of
col or docunent inmages. Conpound col or docunents may contain text, draw ngs
and photo 10 regions (sonetines overlaid), conplex backgrounds (e.g., text
boxes), watermarks and gradi ents. For exanple, magazines, journals and

t ext books usual i I ge of a
magazi ne may be %L@%%ggﬁﬁgﬁgds@%&gegmggkgﬁgﬁ@ﬁscanner) and
the resulting di [A\@ X G BR |QB| QFcorrput er
hard drive as an el ectroni CHR@MINANECEECHANNELES|I e can be rather |arge.
This makes it desirable to conpress the digital image into a smaller file
that takgs | ess space to store. Conpression standards such as JPEG are
suitable for conpressing BAOKGRAMDTF PHEIRYENIMORUND col or docunents.
However, conmpression 20 standards such as JPEG are usually not suitable
for conpressing tT8RtPreegtdnention fplatesstootigital dmaaess Maie ispasificadlyTthe &4 and
JBI G are sui : : ' y gi ons of the
conpound colptcgé‘sq:l &i@m@%&%ﬁéﬂ&@%g%ngg?%éiuﬁae;nggﬁa ee‘sSuch as CCTT, 4
and JBI G are usu&dmpoundt calon tabtlreeritor mapngomésis i tagt, tdrewiplget and ehbtins. 25

SUMVARY THE | NVENTI Accorﬁii.g to one sgect oJ t he presept invention,
corrpres§ on 'ggiogs (sometimes overal)c*,] complex backgrounds (e.g., text boxes),

watermarks and gradients. For example, magazines, journals and textbooks
usually contain two or more of these features.
A page of a magazine may be captured by an image capture device
(e.g., a scanner) and the resulting digital image of the page may be stored on
15 a computer hard drive as an electronic file. The electronic file can be rather
large. This makes it desirable to compress the digital image into a smaller file
that takes less space to store.
Compression standards such as JPEG are suitable for compressing
photo regions of the compound color documents. However, compression
20 standards such as JPEG are usually not suitable for compressing text regions.
Compression standards such as CCITT, G4 and JBIG are suitable for
compressing black and white text regions of the compound color documents.
However, compression standards such as CCITT, G4 and JBIG are usually
not suitable for compressing the photo regions.
25
SUMMARY OF THE INVENTION

According to one aspect of the present invention, compression of a

digital image is performed by truncating bit depth of a luminance channel of
the digital image and performing lossless compression on the truncated
30 luminance channel; and performing lossy compression on chrominance

channels of the digital image.



digital image is perforned by truncating bit depth of a | um nance channel
of the digital inmage and perform ng | ossl ess conpression on the truncated
30 | um nameezshannel ; and perform ng | ossy conpressi on onPCHVUSEN/29ATC e
channels of the digital inage. -1 WO 02/30104 PCT/US01/ 29176 O her aspects
and advantages of the present invention wll beconme apparent fromthe
follow ng detailed description, taken in conjunction with the acconpanying
drawi ngs, illustrating by way of exanple the principles of the present

i nvention. 5 BRI Tl ' - ' tration
of a nethod of c?zrtr%%ggﬂrfgs aagglia(galita a{agfe%\ghlgﬁegé:@gb%ﬁ@émm%éatohgpresent
I nventi on; Fpgparent Zrons trenfollbwing tdetdiled rdestrigtione tdked imfconjeactivst witic theng t he
digital image_ 10 in_ac or.danc.ﬁ V\néé.h t he greO?ent ipv ntion; and Fiqgure 3is
an i | | ust r atiCGAMBANYNG FLRWIREP TUHANPG RYcWanOl FXERE'S MESRIICPIH OB G on.
DETAI LED DEQf&At ifInfdn. THE | NVENTI ON 15 As shown in the draw ngs for

purposes of illustration, the present invention is enbodied in a nethod
and appaPatus for conpressing digital inmages. Robust |ossy conpression of
si mpl e and conpound doc 'é@ﬁ ' ' ut generating

noti ceabl e irrecoverabl ?@PE[%E; T uﬁlbﬁiqﬁgﬁ%l%%%ood conpr essi on of

conpound col or déumentis andliestriatiev efla 26ethod bf torgpressing redigitad image iros and
wi t hout noticeabl e ar tt.hf acts in.the text and non-text regions. Moreover,

the conpr es;aicBﬂrdiaQC?)@’l' 5P%BES&P&'H\S%ﬁﬁ°aha| yzing images based on hard
classifications fFguge 2 it dfMiustrifidiiof £MetitRAIbArexdnsicting the digital image

10 in accordance with the present invention; and
Figure 3 is an illustration of a system in accordance with the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

15 As shown in the drawings for purposes of illustration, the present

invention is embodied in a method and apparatus for compressing digital
images. Robust lossy compression of simple and compound document
images is performed without generating noticeable irrecoverable distortions.
In particular, good compression of compound color documents is achieved

20 with high compression ratios and without noticeable artifacts in the text and
non-text regions. Moreover, the compression is performed without analyzing
images based on hard classifications (e.g., identifying text/non-text or
background/features and using different algorithms to process the different
features).

25 Standard lossy and lossless compression engines may be used. Use
of standard compression engines allows the compression to be improved as
new lossy and lossless compression standards emerge.

Reference is made to Figure 1, which illustrates the method of
compressing a digital image. The digital image is made up of a plurality of

30 pixels, each pixel being represented by an n-bit word. In a typical 24-bit word
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background/ features and using different algorithns to process the different
features). 25 Standard | ossy and | ossl ess conpressi on engi nes nmay be used.

Use of svannario4 conpression engines allows the conpressiparasoimiienpr oved
as new | ossy and | ossl ess conpressi on standards energe. Reference is nade
to Figure 1, which illustrates the nethod of conpressing a digital inmage.

The digital image is made up of a plurality of 30 pixels, each pixel being
represented by an n-bit word. In a typical 24-bit word -2 WO 02/30104

PCT/ US01/ 29 I [ i gh its
represent ajrgrg(?é r%e)?):&@;\e%t @&oﬁ@ﬁ?&%i @; E’gﬁaﬁggeﬁﬁdhé Elifsteﬁ&%grrrgo%ehqband
ei ght bits roepipesent, eght lblts:eepcresmﬁaegmen EEdmpdmemttamU digrd dpits iresprpsent@ ocessed

and convertg)(il into YCb color 5 space (block 102). The pre-processing is
performed t @ YeHIRON Gt ures that take many bits to code but are

irrel evant to thqnhped i@alvmg\él BUge-(tuddskd &Hd bbﬁverte"c‘!a% YOurecigat ur es
I ncl ude random noi se Gaussi an noise, "salt and pepper" noise),

di t her patt &pase (kle QZX n TR BLATBIACESHRG: nBeIfarmes torfemeope deatyres; that nal s,
etc.), "blegged FHaﬂWﬂs t@r #)Hé Bt Sre |ﬂf3{$v¥‘ﬁ't' thhQ?)%%'d:}gT%a? qEQI'itg of e C: The

pre-processing may'b ormed o ce or YChCr
col or space.imBgge. 'étxexepﬂeaturdsasic&xﬂengnm rtmsep(erg oGaEdsiam notslee“sbltgprtcnl I mage

RGB col d-t | f d th
(i'gial | magEPRR vERGR s OEE AR deUT R ol nedRRRy  RPed) £8Mkhange

l'i ght col or sen@pBpérs, \lirhals, ehey, eBleealthidught iaRgaktac bﬁfmﬂédbaé@rMcﬁe
Al though optional , pre-processing is preferred. The | unmi nance channel (Y)

is pr océ@se&ok%p%tﬁat@%/p@mfﬁ?qqﬁwg TORY 8/iResiorecd varthe iagein BRP ¢olpr
Edge- preser \,ode APRRIS O spaaE PEBI BRample, deskewing may be performed on

the digital image in RGB color space, and bleed-through removal may be

performed on the digital image in YCbCr space. The bleed-through removal

may also change light colors to pure white, thereby eliminating background
15 noise. Although optional, pre-processing is preferred.

The Iuminance channel (Y) is processed separately from the
chrominance channels (Cb and Cr). Edge-preserving denoise and sharpening
may be applied to the luminance channel (block 104). Standard denoise and
sharpening techniques may be used. However, a preferred denoise and

20 sharpening technique is disclosed in assignee’s U.S. Serial No. 09/675,270,
fled September 29, 2000 (Attorney Docket No. 10006767-1), which is
incorporated herein by reference. The preferred technique provides denoising
and sharpening while improving compressibility of the digital image. The
sharpening may be performed by variable contrast stretching, which is

25 disclosed in assignee’s U.S. Serial No. 09/676,011, filed September 29, 2000
(Attorney Docket No. 10006310) and also incorporated herein by reference.

The luminance channel is bit-depth truncated (block 106). Bit-depth of
the luminance channel is reduced to discard visually unimportant information
to a level where visual artifacts are virtually unnoticeable (e.g., small

30 contouring artifacts might be barely noticeable). In general, the bit depth of
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may be applied to the | um nance channel (block 104). Standard denoi se and
shar peni ng techni ques nay be used. However, a preferred denoi se and 20
shar peni mgovEshin que i s disclosed in assignee's U S. SeriCT/HS01/0976675, 270,
filed Septenber 29, 2000 (Attorney Docket No. 10006767-1), which is

I ncorporated herein by reference. The preferred techni que provides

denoi sing and sharpening while inproving conpressibility of the digital

i mge. The sharpening may be perforned by variable contrast stretching,

which is 25 Ll ed
Sept enber éﬁié %gﬁﬁ% Flﬁ%r?%zy ﬁ#ﬁ%d ?B%@?i@?"’e%?/ 6%?0%17%004 por at ed
herei n by r dfogezamele, ami@ebit hnmummn:ee;heh:zﬂmnﬂy bestrvdatelb tat fivet bitsncat ed (bI ock
106). Bit-depth um nance. c card vis

o ort ant Pt ofRadioss SoaanaE R RGea ob € HHiRGHed RurlipdS il o Ty

unnot i ceabl gbloek 908). SUBe bf thaQosesdmprassidri pleasives Fpatidl résollitinednd
noticeabl e). In general, the bit depth of -3 W 02/30104 PCT/USQ1/ 29176

the |um ﬁan@é’otfjﬁeﬁﬂYe‘l"sﬁﬁ’E&P”b'B the lﬁﬁ?&?%d’f gBaperdgesn A Iassless comMpRRsien bits.
For exanpl e st4yafq Blikh EyﬂB@r@Qlﬁ&a@ﬁ‘%a‘g’”@é’ug‘d tﬁé&ﬂﬁlﬁﬁ?{%fﬁ fhef b ﬁeg ts.

Lossl ess conpression is performed on the truncate nance c annel
(bl ock 108) .cobpeession ise firebeinayessasigatasteam. preserves spatial resol ution

and 5 avoids any,distortion in th | ocati on of sh | gssl ess
conpr essi on stanﬁg? srga@waggeﬁra&p E? gﬁlw?ﬁa%/m@%&)d@ggﬁ%ﬂgﬁul eng from
the | ossl essiowsREMDRSS remuce5 spatfdl Fetlolutioner Grseiomiiancs chemsls, Bue not

chrom nance channel s may be downsanpl ed (bl ock 110). The downsarrpl I ng

reduces 19patitafients cﬁ%’lhl I UE LR CE‘H’F'EﬁJﬁ mayvcke dawRRaNRIEd Ry a dagtor 9t i t
dept h. Each yggr Oﬁbﬂ/ﬁgérﬁpﬁ*?&?@ﬁctgﬁ& e H?ﬁé%@?ﬂoﬁﬁe@lﬁy@eﬁl@&h@% £f2 Two.

Downsanpl i ng by a factor be pe rmed by replacing”a 2x2 bl ock
of pi xel s wibldckaofspixg)s avithi a&!ngﬂaapnxelsmreaﬁgtlmm@em@dm ot thelaverags abe of
the four pixels in the 2x2 block. Although optional, downsampling is preferred.
However, the downsampling can cause chromatic bleed artifacts at sharp
15 edges in the reconstructed image (the chromatic bleeding artifacts are
reduced following reconstruction of the chrominance channels).
Lossy compression is performed on the chrominance channels (block
112). A lossy compression standard such as JPEG or JPEG-2000 may be
used. This type of compression retains the accuracy of the color information
20 to the full dynamic range in flat areas. A quality setting for the lossy
compression is low enough to provide high compression without introducing
visible artifacts into the reconstructed digital image. Resuiting from the lossy
compression is a second compressed data stream for the Cb chrominance
channel and a third compressed data stream for the Cr chrominance channel.
25 The first, second and third streams are combined into a single file
(block 114). Other data extracted from a scanned document (such as OCR)
may be added to the file. The streams and additional data may be stored in a
custom file-format. For instance, the three streams and the additional data
may be stored within a compound file implementation such as Microsoft

30  Structured Storage (“MSS”). Compound files may contain a file system-type
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the four pixels in the 2x2 bl ock. Al though optional, downsanpling is
preferred. However, the downsanpling can cause chronmatic bleed artifacts
at sharpw6éozrsiges in the reconstructed i mage (the chronat PCT/k@EEdIT6g
artifacts are reduced follow ng reconstruction of the chrom nance

channel s). Lossy conpression is perfornmed on the chrom nance channel s
(block 112). A lossy conpression standard such as JPEG or JPEG 2000 may be
used. This type of conpression retains the accuracy of the col or

:c nformation s%r%cfu?e W’tﬁlnfé% hg@*ﬂf‘rﬁ\ fherlaggqaﬁ%la le%ld S ﬁécﬂ‘{:%r'a YgSELt ing
or the | ossy npressi on ow enough t grow corrpre SI on

W t hout i nt ramdcﬂtem\glthlmtm Btorage ainef catied “$tl&a1m3 h@omepoom;f les chayccantajnt al

i mge. Resulting fromthe | ossy ..conpressLon_is econd c ress d data
Stream for tHC EHERTHRF SEHELTE WHARREINGS e ThR e Oruatiactale A el i [ cam
for the O qayepRireancRlENanAgh” and® s cff'rb@ttleveﬂ%t‘d?é@bs?\!@ﬂe&éh p@bétreams are
conbined into a single file (block 114). O her data extracted froma

scanned &ocurhentiuly stieam araycroRfain gxtenged medep lapgwage ¢XML) dategi¥ingeans and
addi tional datg,d g@?(sh%‘?r d}ﬂﬁﬁ gg d It?ﬁH%PrarR %cbﬁ fa%lg‘ﬁew OrEa'cﬂ?ag% the

three streans an ore ound file
| mpl ement at |8mrageoha3asomhlora)w¢ SSl@eaStmfuﬁWIUIdatda dgisoribigg tiie te8la) . Conpound

fil 02/.30104 PCT/ USO1/ 29176
ooty ool afa bavete SYRE S306 VA el AeRrtAER ABO o B e | e

"Storages” eMiflehts! Pige Pag&smrédj@msy@bﬁaﬁau@rc@n@m bifgry"steaf e .nonGerpound
files nay contain a file systemtype structure within a single file. The

file forl®at dadd Thevbres steedms ¢anfaining thegempressedilugingngs anghd a series of
oo o B FoaBin it b ol A PSSR, SRR oo
i mage in a dbmrpanalbdﬁdheld@mhmdﬁach page Storage may contain a "Map" Stream
of XM. data deschlgt?J'rQ 9 iﬁuhs(t:“ra]ieesxg H%khod of reconstructing the digital image from the
compressed luminance and chrominance information in the file. The first and
15 second data streams are extracted from the file (block 150), the luminance
channel is reconstructed from the first stream (block 152), and the
chrominance channels are reconstructed from the second and third streams
(block 154). The luminance channel is reconstructed according to the same
lossless standard and the chrominance channels are reconstructed according
20 to the same lossy standard.
The reconstructed chrominance channels are interpolated to their
original resolution if the chrominance channels were downsampled during
compression (block 156). The interpolation may be performed by pixel
replication.
25 Chromatic bleeding artifacts reduction is also performed on the full-
resolution chrominance channels if the chrominance channels were
downsampled prior to lossy compression (block 158). A preferred chromatic
bleeding artifact reduction technique is disclosed in assignee’s U.S. Serial No.
09/676,866, filed Sept. 29, 2000, (Attorney Docket No. PDNO 10007351-1)

30 and incorporated herein by reference. In the preferred chromatic bleeding
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content and | ayout of the page, as well as information about non-text page
el emrents. The page Storage may optionally contain binary streans of

non-t ext wOonatid The three streans containing the conpreBsrUSb¥iTRANCE and
chrom nance information may be contained in an inage Storage, along with a
thunbnail of the digital inmage. Figure 2 illustrates a nethod of
reconstructing the digital imge fromthe conpressed | um nance and

chrom nance information in the file. The fi rst and 15 second data streans

are extracte | g 1
reconstruct e%’c{u; om ?%’Eh Hdreétc“g}tn?ggnr#e(s@} ?gﬁ?tgg%qﬁ%@kagﬁrs'grﬁhitgﬁce
channel s ar edigdsloimsdgeu st ﬂ‘@dffedmacbeilr@tmmdmaanbe: imfordhagion esads chiobatick 154) .

The | um nance channel is reconstructed according to the sanme | ossless
st andard and"@"$& chroni nance channels are reconstructed according 20 to

the same | ossy stpridNrdamplisy (866K 31 O} G/as chot lHepfdiiad GRirif BORYPresére
interpolated to their ori g@nal resolution if the chrom nance channel s were

downsanpl 2d & intefroladapr@oek otpq) panst khe shjomatice biereiag patitact saduriipnbe
per fornmed by 5?68?(3{5 r%n%ﬁ) 5§§H) @ﬁ]g(m{ag Sphaﬁ.ﬁi‘l ng artifacts reduction
u

Is also perf rrred 0 esolut1 rom nance channels if the
chrom nance chann‘éthes rmnetrumied\nhmmplhcmjam cbnomlmanaesérgehﬂr)rpmmls)maybl ock

158). A pref rratl arti f educt i ue is

di scl osed i nﬁl%“e? @“@Eﬁ Prao s Gtrngaréc"'ﬁ r”&f?"é@ﬁ‘ﬂ" 5§ 2000,
(Attorney mﬁk@thi&?nlnawmy&ﬁdnnb)s By @)@d:dnﬂéﬂéd)ﬂf RG@Cd’I@Kﬁja‘&ebﬂ
reference. In the preferred chromatic bleeding -5 WO 02/3010

PCT/ USOl?@91?@”6Pé’@ﬂi@@l%ﬁpﬁ%ﬁﬁhﬁlﬁ’ég'néHﬁéPﬂpﬁ%ce i nformation of at |east
sone pixels in t hﬁefeijérﬂz'et |§|méc§BaQ?Fig%réT§dbvf'\lcﬂdsh%%oé disent B ddegidimace

i nformati on and chroma
with the present |nvent|on The digital image may be generated by a capture
device 212 (e.g., a scanner). The capture device 212 produces a digital
image, usually in RGB color space.

15 A processor 214 stores the digital image in memory 216. The memory
216 also stores a program 218 that, when executed, instructs the processor
214 to compress the digital image. The digital image may be compressed
according to the method shown in Figure 2. The processor 214 and memory
216 may be part of a personal computer or workstation.

20 The file resulting from the compression may be uploaded to a server
220 via a network 222 (e.g., the Internet). A web browser 224 may download
the file from the server 220. The web browser utilizes a program 226 for
reconstructing the digital image from the downloaded file. The digital image
may be reconstructed according to the method shown in Figure 2.

25 The compression and decompression have been described in
connection with standard engines (e.g., JPEG, JBIG). However, the
compression and decompression engines are not so-limited. Non-standard
compression and decompression engines may be used. However, use of
standard compression and decompression engines allow for performance

30 upgrades as new lossy and lossless compression standards emerge.
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range. |f downsanpling (block 110) was not perfornmed during conpression, 5
the interpolation (block 156) and the chromatic bl eeding artifact reduction
(bl ock 1580 ozrobe ski pped during i mage reconstruction. TheTnse@stor uct ed

| um nance and chrom nance (YCbCr) channels may then be displayed (bl ock
160). Prior to display, the reconstructed |um nance and chrom nance
(YCbCr) channels may be converted to RGB col or space or 10 sone ot her

col or space at the original resolution. Reference is nade to Figure 3,

whi ch shows a sy j a | - Rr t J.avent The digital
i mage may be genﬁ@%neé&gél%ggégp% &?e d‘@'gé@%&é@gﬁﬁ%&@g.t}"egé s%f:eggibeer hﬁThe

capt ure devi cenriztBommittudsesmpodingid dibitaliimage into visalklly signifiBaid ahahnelsspace.

15 A processor 214 stores the digital i e in nmenor 6. The nenory 216
oo Dores oy dimarsssatdided’ S biug GhanaNGE. Ehaliods) arl PREBg L 214
to conpress ifferehit SbinpledsiBrdfigortifsdb e RmindREQNIEhr&RiNaAE ERSFRY.
according to the nethod shown in Figure 2. The processor 214 and nenory

216 may be pdlaweyerathpaosuiessiern Ape CeromprassioRAra b limited taiy and eb

resulting fr ) .0 r La a
netvor k 322 {FoneriREHaARSL] EAFRRIGHO B I RB HE dodoliboted 2 (| ¢
from the serintr YA2Q uvidrd abedoldyrspase (where Lirepesantsiurginagiy 26 f or
reconstructing t digital jmage, fromthe downl paded file. The digital
oo,y beor oM BEARSAR Qb AN ViHa! MeTHDt S BIARE PRGNS 5 25
The conpr essiaihtaiAd hdBCc epRiifSatQ@Radid\ve heeluriifgsdd Rednhd, WIARNEpAIAN W th
standard engines (e.g., JPEG JBIG. However, the conpression and

deconpr e@i oﬂc%@Wn@g”l?r ghregtinange| ¢hanpelg. maw hesemeranised dap the othel and

deconpr essi Oﬂaﬁd‘giyﬂﬁﬁiérﬁéfc&ﬁmédthé'g@ﬂ% of éﬂﬁ@ﬁﬁé&%t bitd) A8 ARE ifipSRe RSS! On

and deconpressi on-engl nes a for
for the chrominance channels than for the luminance channel.

The present invention is not limited to the specific embodiments
described and illustrated above. Instead, the present invention is construed

15 according to the claims that follow.



30 upgrades as new | ossy and | ossl ess conpression standards energe. -6 WO
02/ 30104 PCT/ US01/ 29176 The conpression and deconpressi on have been

descri beavon2/sannecti on with deconposing a digital imge parosvi®dusl |y
significant channels (e.g., lumnance and red and bl ue chrom nance

channel s) and applying different conpression algorithnms to the |um nance
and chrom nance channels. 5 However, the conpression and deconpression are
not limted to Cr and Cb chrom nance channels. For exanple, the digital

i mge may be deconposed into Yuv, Luv or Lab col or space (where L
represents lumnosity). Due to properties of the human visual system it is
nor e i nport aWHADIS GhAMBDAShi gh spatial accuracy of the | um nance channel,
while spatial 10 accuracy of the chrom nance channels may be conprom sed.
On the other hand, dynam c accuracy (i.e., the nunber of significant bits)
i's nore inportantq, Ghethdd of BoMPicsinga aibit NRbge, thamekifdd éd}ﬁpﬁﬁ%nar\ce
channel . The present invention 1s not limted to the specific enmbodi nents
descri bed and i |ttigtceting it deptheof a IHminange charene) pétherfigitaliraags afd i s

construed 1 ' i oz 4

PCT/ USO1/ 291@%%'0%6%55\{’@&3%%@rgf.th%%ngtﬁ%gmg?mgicr%&eagﬁeﬁg@ di gi tal

i mage, the net hodpertommingslossy. conpressian bnghtmninaieget ¢thaohels df dime digitale channel

of the digital i mmge and performng | ossless conpression on the truncated
| umi nance’ chA## : and performing | ossy conpression on chrom nance channel s
of the digital 5 inmage. 2. The nethod of claim11, wherein the bit depth of
t he | um nance

2. The method of claim 1, wherein the bit depth of the luminance

channel is truncated to between five and seven bits.

3. The method of claim 1, further comprising downsampling the

chrominance channels prior to lossy compression.

4. The method of claim 1, further comprising performing bleed-through
removal on the digital image prior to compressing the luminance and

chrominance channels.

5. The method of claim 1, further comprising performing denoising and

sharpening of the luminance channel prior to truncating the bit depth.

6. The method of claim 5, wherein the sharpening is performed by

variable contrast stretching.

7. The method of claim 1, wherein the lossless compression produces
a first compressed data stream and the lossy compression produces second
and third compressed data streams, and wherein the method further

comprises combining the first, second and third streams into a single file.



channel is truncated to between five and seven bits. 3. The nethod of claim
1, further conprising downsanpling the chrom nance channels prior to |ossy
conpr essivom02/8010ihe net hod of claim 1, further conprisi ngPEEUR@I2YITY

bl eed-t hrough renoval on the digital inmage prior to conpressing the

| um nance and chrom nance channels. 5. The nethod of claim11, further
conprising perform ng denoi sing and sharpening of the | um nance channel
prior to truncating the bit depth. 6. The nethod of claimb5, wherein the

sharpening i s perfo i abl a5 r i nmet hod of
claim1l1, wherei n8t h'géergg@%fs%e%%%%rcg%i?9@%@@5@%{;@&&gﬂ?‘éggg%mggﬂr@r essed data
stream and tdoengrisggyy conpressi on produces second and third conpressed data

streans, and wherejn the nethod further conprises conhi ni the first,
second and ¢ hi rdeAPeledrdm it te et ep & o Rt ORpLO HURCFYIS01) 29176
8. A met hod IQ%iHaﬂ@@ﬂﬁbrrm&Foh%daséb@Utaﬁ‘ﬂd thiﬁdigt@eefrﬁQm @onﬁpr‘e@sed he et h_Od
conprising: extracting fromthe file a first stream of conpressed bit-depth

truncate® |AMPMAABES INTBIAHARI on and second and third streans of conpressed
5 chrom nance | ”fuglfhggatnqogﬂgsé‘ftbﬂgara t{)?éﬂn@t?ﬁct?tlaﬁl%n@etcﬁaﬁﬁéi%% fiact a

| um nance channel Irst stream and using a |lossy standard to
reconst ruct fecstrstneamamod channels fromthe second and third streans. 9. The

thod of claimg, furth i i ing th tryct ed
chr oni nance. chantg & GRERIARIATENP SRrPEUG) CBRT g harifedrarp the

second and third streams.

9. The method of claim 8, further comprising processing the
reconstructed chrominance channels to reduce chromatic bleeding artifacts if

the chrominance information was downsampled during compression.

10. The method of claim 9, wherein the chromatic bleeding artifacts are
reduced after reconstruction of the luminance channel; and wherein
information from the reconstructed luminance channel is used to reduce the

chromatic bleeding artifacts.

11. Apparatus for compressing a digital image, the apparatus
comprising a processor for bit-depth truncating a luminance channel of the
image and performing lossless compression on the bit-depth truncated

channel.

12. The apparatus of claim 11, wherein the bit depth of the luminance

channel is truncated to between five and seven bits.

13.The apparatus of claim 11, wherein the processor also performs

-lossy compression on chrominance channels of the digital image.



t he chrom nance informati on was downsanpl ed during conpression. 10. The
nmet hod of claim9, wherein the chromatic bl eeding artifacts are reduced
after reooms/saicii on of the | um nance channel; and wher ei PCTAURG1CR9MEL | ON
fromthe reconstructed | um nance channel is used to reduce the chronmatic
bl eeding artifacts. 11. Apparatus for conpressing a digital image, the
apparatus conprising a processor for bit-depth truncating a | um nance
channel of the imge and perform ng | ossless conpression on the bit-depth

truncated channe %apggﬁﬁ'%ggﬁ‘ﬁﬁh‘u@d%he%'ﬁ% g}ujoceggb‘? {Nﬂsérnﬁlg?itt ?dept h of

t he | um nance chann etween five an seven 13. The

appar at us of chtominarick, chalaelgipniot tedopsyomsimessiam.so perfornms | ossy
conpressi on on chrom nance channels of the digital inmge. -9 WO 02/ 30104
PCT/ USOL/ 29176 14. The apparatus of claim 13, wherein the processor

downsanpl es the ‘F@'Tﬂ@‘amaf?a@ué?mﬁi $1, R¥HePin e br‘b’ééé&dﬁ%@%%bl@@d- 15. The
apparatus of claimll erein the processor perforns Dbl eed- through

renoval on tmfougfgretrmvall rade gigitaimage paertlomeriagnioa poMeseIsim. 16. The
apparatus of claim 11, wherein the processor perforns denoising and
shar peni ng of the Ium' nance channel prior to truncating the bit depth. 17.
The apparatus of tb.dhmabparamneeofaslaint e whessipdin pgcessopeefformed by vari abl e

con oot o SOk g AR eSS PR B o

conpressed bigkpghepth truncated | um nance information and second and third
streans of corrpressed

17.The apparatus of claim 16, wherein the sharpening is performed by

variable contrast stretching.

18. Apparatus for reconstructing an image from a file, the apparatus
comprising a processor for extracting a first stream of compressed bit-depth
truncated luminance information and second and third streams of compressed
chrominance information from the file; using a lossless standard to reconstruct

5 aluminance channel from the first stream; and using a lossy standard to

reconstruct chrominance channels from the second and third streams.

19. The apparatus of claim 18, wherein the processor processes the
reconstructed chrominance channels to reduce chromatic bleeding artifacts if

the chrominance information was downsampled during compression.

20.The apparatus of claim 19, wherein the processor reduces the
chromatic bleeding artifacts after reconstruction of the luminance channel; and
wherein the processor uses information from the reconstructed luminance

channel to reduce the chromatic bleeding artifacts.
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chrom nance information fromthe file; using a | ossless standard to
reconstruct 5 a |lum nance channel fromthe first stream and using a | ossy
st andar d wo 02/8|epnstruct chrom nance channels fromthe sepongser$itehird
streans. 19. The apparatus of claim 18, wherein the processor processes the
reconstructed chrom nance channels to reduce chromatic bleeding artifacts
if the chrom nance information was downsanpl ed during conpression. 20. The
apparatus of claim 19, wherein the processor reduces the chromatic

bl eeding artifachs Al Lk GHAIRIAUSHE BFa BlocEr T AATE SorBAGRG! : and
erein the procéssor uses infornation fromthe' reconstructed Fum nance
channel to reathmeertrhemoly; andtipgrodplaaestorey inthe aatosy, thd Prodard2wBied 04

PCT/ US01/ 29176 21. An article of panufacture for a processor, the article
conpri si ng CORPYELr CHHSIRG 3E1€3H@NG %Fr ogr am stored in the nenory, the

program when exfg4d 8smpfeasivhhy witddptelin@iling & lumiranae chaAms|@$ai on by
bit-depth truncating a | um nance channel of a 5 digital inmage and

conpr essiong digital bnagel @pe isompiessindeihe bitrdapihitencatethivalinangechaanely to a

| ossl ess co ' ' : QSSi ] el s of
the digital r%érﬁggjzdg(;@cﬂogg%g P%%B%@glsog% cr)'?}rﬁpﬁ’eés?gil %@%%ﬁ@% ﬁrr?]nﬁan i mge
reconst r uct iahanbgls ex theadigital gnmagé acatrdiag teatossy cohmprebspinhalyorithoated

conpressed | um nance information and secon nd third. streaps of 10
Compr essed chr omEE EeRF IR By TaSyRch trsf Seara ot BurdeRiaEnced
reconstruct comprédicdiatimmaniamisimdtiofandsecbhd shd Hirdedi@an®nst usi ng a | ossy
standard to reconstruct chrom nance channels fromthe second and third
st r eans.10- 1 compressed chrominance information; using a lossless standard to reconstruct

a luminance channel from the first stream; and using a lossy standard to

reconstruct chrominance channels from the second and third streams.
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