WO 03/ 007126 PCT/ US02/ 22205 Met hod and System for | nproving Conpressed

| mage ' Chroma I nformati on TECHNI CAL FI ELD [0001] This invention relates to
vi deo conwoes®bone and nore particularly to nethods, systeEmasoanzbosonput er
prograns for inproving conpressed i mge chroma information in MPEG i ke

vi deo conpression systens. BACKGROUND MPEG Background [0002] MPEG 2 and
MPEG 4 are | mat onal video, conpression standards defining a video

synt ax t hat d .Sy stam Y oL MRF OVhRg nGQIPXRS®RRE i n the

formof nore conpact cqpiﬁagigt ThilvmhamnFesraiatieonoded bits is the
"syntax." For exanple, a few tokens can represent an entire block of

sanples (e.g., 64 sanples for MPEG 2%. Both MPEG standards al so describe a
decodi ng (reconstructl on) procesEEC tFFEEERded bits are mapped fromthe

conpact gb&&iﬁse”t%Bkgnlh{?éﬂt?BnaPB;L?ééga{bo ﬁéo@ﬁmﬁ%&%g%%‘k fopgat of
t he i mage sequence. For exa , a in the code I ream “signal s
whet her thefphkbmbngabnystarmetbobe psgsedmd wahd @omptiedir chrograhgori t hm

prior to_being decoded with a discrete cosine transform ( gorithm

The al gof PEht pEB‘rﬁBP?sFﬂBpr‘?ﬁ@eﬂe&’aagﬁchF%ésénS?E‘“"F‘Eb?ﬂla%’éo&%v;f%é ke

semanti cgigehi eglqugsswgsg VMPEGs st andards. This syntax can be applied to
exploit common video char acterl stics such as spatial redundancy, tenporal

redundancy, uniformnotion, spatial masking, etc. In effect, these MPEG
standards define a progr ammi ng | angyarearewnpe! | as a data format. An MPEG
decoder nust be able to parse and decode an incom ng data stream but so
| ong as MﬁéGdaaakggpnedm conplies with the correspondi ng MPEG syntax, a

e OB bAa o OBk LY Sh LR SEa SRR g egebcci ques car
compression standards defining a video syntax that provides an
efficient way to represent image sequences in the form of more
compact coded data. The language of the coded bits is the
“syntax.” For example, a few tokens can represent an entire
block of samples (e.g., 64 samples for MPEG-2). Both MPEG
standards also describe a decoding (reconstruction) process
where the coded bits are mapped from the compact
representation into an approximation of the original format of
the image sequence. For example, a flag in the coded bitstream
signals whether the following bits are to be preceded with a
prediction algorithm prior to being decoded with a discrete
cosine transform (DCT) algorithm. The algorithms comprising
the decoding process are regulated by the semantics defined by
these MPEG standards. This syntax can be applied to exploit
common video characteristics such as spatial redundancy,
temporal redundancy, uniform motion, spatial masking, etec. In
effect, these MPEG standards define a programming language as

- well as a data format. An MPEG decoder must be able to parse
and decode an incoming data stream, but so long as the data
stream complies with the corresponding MPEG syntax, a wide
variety of possible data structures and compression techniques

can be used (although technically this deviates from the
_1_



-1 WD 03/007126 PCT/ US02/ 22205 standard since the semantics are not
conformant). It is also possible to carry the needed semantics within an
al ternatiwe o3gyne@x. [0003] These MPEG standards use a varpiCatysowb220s
conpression nethods, including intraframe and interfranme nethods. |In nost
vi deo sc%h@@darﬁesba@Rgtbanaeméﬁﬁlﬂ§ aeeandvetgnEonmart while ismcalom t akes

I d, b deal of th
Ccane | PheSiRBRnEoHRecy RRectERRtodtnlR L Oy Trunel i R efRie g o

referenceyfitage called an "intra" frane or "I frane". | franes are

conpressed wi thout reference to other frames and thus contain an entire
frame of [9PB3b i nf SRAELI YREC) SERRAREADr B9F dR BAFEGTYoPht SOTRERSS EORat a

bi t streaa{ R6q5 IR BGSRSS inPYh £ FARe OBhY Pﬁt@P Péﬁée$¥th8 §Erﬁ§%ﬁ9
Typically, the data repredenting | franes is aced 1n the bitstreamevery

12 to 1SVidanesc€aEShough backgroandoremafus rﬂlsbneebyr@U@hlannbsleo use

much w der Ln bet ween Ther eaf

portion ®fct $ g%ﬁeg ?ﬁgthaﬁé Bg?%%%ﬁo?%g t?%r%%% {ogQ%d%%ydp%ve,
dlfferenbufr@“@té@tbﬁéﬁKEbfnghé §tanesisopbyuhdignt Megiees4iMbes ences are
captured, conpressed, and stored, Two types of franes are used for such
dlfferen%EéndaﬁgédFEFéH EPMPLEFBHRR, byaﬁﬁe%Flﬂgr%c¥$€%5$n¢%t%¥%@$ated or B

frames. [0D04) Enfx ﬁ€§a9e@95ﬁé'¥raﬁ@ epgpded §ﬂ£ B4 €4 POCEo 0 855085t

frame (elther an rane or a previous rane in gene are used
as a ref%xéhoetfnefsubsequeqtoﬁhéraﬁeameP dndnesus ecenvaim dmiehyihe gh
anopunt o e the hi he t anpunt of COWE%eSS|on

Ut T equf FENBoPh SLaRRsEnSRERACiefurk FEPBPERESYTahec I Dot
encoded.a Bhtgi peektonah Epanesnase HEYEEsUSBE: fO4n T 6h By ePE mbderB®sel

standard conpression technol ogi es. [0005] Macrobl ocks are regions of 1nmage

pi xel s. rorPRPEesd. Typically, the data representing I frames is
placed in the bitstream every 12 to 15 frames (although it is
also useful in some circumstances to use much wider spacing
between I frames). Thereafter, since only a small portion of
the frames that fall between the reference I frames are
different from the bracketing I frames, only the image
differences are captured, compressed, and stored. Two types of
frames are used for such differences - predicted or P frames,
and bi-directional interpolated or B frames.
[0004] P frames generally are encoded with reference to a
past frame (either an I frame or a previous P frame), and, in
general, are used as a reference for subsequent P frames.
P frames receive a fairly high amount of compression. B frames
provide the highest amount of compression but require both a
past and a future reference frame in order to be encoded.
Bi-directional frames are never used for reference frames in
standard compression technologies.
[0005] Macroblocks are regions of image pixels. For MPEG-2,
a macroblock is a 16x16 pixel grouping of four 8x8 DCT blocks,
together with one motion vector for P frames, and one or two

motion vectors for B frames. Macroblocks within P frames may
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a macroblock is a 16x16 pixel grouping of four 8x8 DCT bl ocks, together
with one notion vector for P frames, and one or two notion vectors for B
frames. Mxorobbmeks within P franes may -2 WO 03/ 007126 PETTuS02228205 be
individually encoded using either intra-frame or inter- franme (predicted)
codi ng. MCm@im@@aMYhencgdedauésngraglmer| h@twdﬁmm@ @ncbuledi usi ng

intra- fr 0 di k redlcted codlng
or both ggr\r}v%r gﬁp %Iég %Efﬁ ﬁggglgglglgfg%t‘?’%tﬁg %I n{)er poI a%a*?
pr edi ct efind coddngl 1 A ehtghéayudm{;emﬂtabﬁfam %d)@:[ng?,t rectwdedi s used in

MPEG- 4 V|deo codi ng. [0006] After coding, an MPEG data bitstream conprises
a sequeREedbFted Poding, BPRFhwaEd EF%%h%%%@eC%%yn%on%¥é@oEﬁ farvsd any

pattern ghalpaliyapd Bifbames: (Lhece: 868a f1) ¥ EnOraBEPL Gaf eaty! ot ons
? ust

on their acenent). However, it is comon in in ria practlce to have
a fixed padiegn A(elgghtlBB@BBPBBBBBme,sﬁmilhfxﬁtmuémwne Reprsséntmt i on

[ 0007] 1, MPEG 2 nd MPEG 4 all utilize a Y, U V color space for
conpresgﬁgﬁé %h%?gé?scﬁgﬁﬂ%rce of |um nance equation, but a typical

conver si pa0b6pNST OR FBé F 0BoBEh YL esin REBEG (d£€a g@:@@@tbéam)cé@pﬁis\(éy a
representation is expressed as: Y =.59 G+ .29 R+ .12 B U=R- YV=2B
- Y The SeRuPRFanee facforandoB ﬁFéféﬁsrazhg%e‘W%rh‘?@ Y (PR BLEE 7BE

dependi ngupon Lhe geLoE-fystem Fhe,fack obsator [GMLangs, {ramo. 2 to

0.3, and t | ue range ron10 05 to
t ransf ormahoonsemanbec cagsst aschioms r o tmeanspra¢mmemw| vawﬂves,altlnear

?P:Lg;g;h%?%%ﬂggd EgrlnggsgPla 'B?gétlc§n€$ 'ave \%ixeéfggkggggﬂe

(e.g., IBBPBBPBBPBBPBB).

MPEG Color Space Representation

[0007] MPEG-1, MPEG-2, and MPEG-4 all utilize a Y, U, V
color space for compression. There is a choice of luminance
equation, but a typical conversion transformation between RGB

(red-green-blue) to a YUV representation is expressed as:

Y = .59G+ .29 R + .12 B
=R - Y
=B -Y

The Y luminance factors for green range from 0.55 up to 0.75,
depending upon the color system. The factors for red range
from 0.2 to 0.3, and the factors for blue range from 0.05 to
0.15.

[0008] This transformation can be cast as a matrix
transformation, which is a linear operator intended for use on
linear signals. However, this simple transformation is
performed in MPEG 1, 2, and 4 in the non-linear video space,

yielding various artifacts and problems.



performed in MPEG 1, 2, and 4 in the non-linear video space, Yyielding
various artifacts and problens. -3 WO 03/007126 PCT/ US02/ 22205 [0009] It
is typi cawoios/oMRBE& t o reduce the resolution of the U andP¢raisoperoghannel s
to achi eve higher conpression. The npbst commonly used reduction of

resol uti b@00%]to use hal fypiesbl inidrEGoth xetud¢edihy marbhoricomal | y.
MPEG 2 s ts . full, resolution chrom, .as well.as half resol.utio

hor 1 zont BMTy? TefeVernEoRE FBRTNREnmon SR MEE S pr i ee Ol e
Profil e méstvbtdmheney (M @dcansh Maf ned¥ofut voratidigh udeved1{ P @HL),
use half resol ution horizontal li/ and vertjcally. MPEG4 versions 1 and 2
use hal freeebrbieonPolr YeERLF§L AN HMOrF OB A 3L L Not PR Frad  FURROEHT oma

resol uti ll@e%&i@f‘i&fgl t}glfl?rﬁé,ﬂf:gfs el f chroies I"&Oégc%m%nresol ution is

often called 4:2:2, an vertical and horizonta resolution is often
cal | ed 4h@rdzoftalihouHdwdeenpt elde tiasgt tdemmen ky xusetrefitl Gt Arerosi¥dawed in

descr bt in ProbhLe  seelthei BRvebi W oD wh Madfarterd B ot o} Fothe
filter whigdiredpcesythe hosi EONE ate SSTuvESH | 166U 1 z SriK r&sol uti on under

the various MPEG standards is applied to non-linear video signals as
transf orvedtipably heMRE@nd VeredPdsd I epr@serntst ivmlf wrselHelethver se

t ransf or In%pgaify_é‘ﬂ@ﬁﬁf‘iQQnﬁngy.erN&C@tﬁJ'@ |éﬁ&e&lﬁa?% aq¢ the

filters eract"in such a way as to produce artifacts an ens.
These probl efisecanabkedehiet atj zieall fisclixores st et k2 oroed Wweess ¢ het Don | isn nance

and the U and V chr hannel s, n it h atial aliasing. [0011
Further ?hFoR n‘ﬁ?fﬂ%‘ggﬁzgfﬁeﬁm%e}?ﬁg ‘g%llrllvtl-}? g‘?né %é‘b‘?le%%’h igon[s and]
transf or pasbpneisRYyiHeotosndcanedhe: Yse, oft Lowaiid hvd chaeh Denst tyhdnits

for Pixels" by Gary Denps, presented at the October 1990 SMPTE conf erence,
and publ 4 shey nomenclature is flawed in its meaning and derivation,

but it is common practice to use it to describe the chroma
resolution relationship to luminance.)

[0010] The filter which reduces the horizontal and vertical
chroma resolution under the various MPEG standards is applied
to non-linear video signals as transformed into the U and V
color representation. When the inverse transformation is
applied to recover RGB, the non-linear signals and the filters
interact in such a way as to produce artifacts and problems.
These problems can be generalized as “crosstalk” between the Y
luminance and the U and V chroma channels, along with spatial
aliasing.

[0011] Further information on linear versus non-linear
representations and transformations may be found in “The Use
of Logarithmic and Density Units for Pixels” by Gary Demos,
presented at the October 1990 SMPTE conference, and published
in the SMPTE Journal (Oct. 1991, vol. 100, no. 10). See also
“An Example Representation for Image Color and Dynamic Range
which is Scalable, Interoperable, and Extensible” by Gary
Demos, presented at the October 1993 SMPTE conference and

published in the proceedings and preprints. These papers
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in the SMPTE Journal (Oct. 1991, vol. 100, no. 10). See also "An Exanple
Representation for I mage Col or and Dynami ¢ Range which is Scal abl e,

| nt er operwbls/00ane Ext ensi bl e" by Gary Denps, presented @&CTiUse2/evdber
1993 SMPTE conference and published in the proceedings and preprints.
These papessridewhespengiss PCT/ Uspar ppizosc ardclimear hepbedefats of

| ogarithplLg. an I a ario S SINo) e.lmge C ressi on
processiﬂ%gﬁ?%gl%%£§Q£a§g gﬁ% %@?%%yéé%gg?%%fgfe%réﬁé?%*%?eﬁ%%?fgﬁ?bna
Sub- Sanmpihdgaf&0A2Fedei heasporavedrieduce Agremcoma resol ution for U and V
is that the human visual systemis |less sensitive to changes in U and V
than it is to changes in lumnance, Y. Since Yis nostly green, and U and
V are noshkymbedubapempligg respectively, this can al so be described as a
human vi sual _sensitivity being higher for green than for red and bl ue.
However , [8P1Rbugh ThanBe#sarel P ehtddcing SRR nrapEtion VpEG B andd

MPEG 4, {heghppap tfﬁéuglhmﬁafs\tzfgr%%ﬁegpg@exﬁepéii%gfg sdQs M { 't@oh%l?aefr;(g s

conponent) than to V (wmth its conmponent [ 0013] This di nce in

chroma sénsVtandty tkaenbbdiedtonchahged bl NISG @nce) oY . sSamckard that is
used for_television. NISG. 2 uses a_YIQ color_space rel and Q are
ool ar POSEEY LBE0 (P ER L rUReT, SR 1TRF oY FeT AR S That s the |
channel pespaetiyelepresest safiedlsbnus destnanse aoda thendd ehanael
primarily represents blue m nus lum nance. In NTSC-2, the |um nance is

gi ven 4. SeWFEto7iBNAPeyNahtaRaE nfoangrede tharhfomer eharmélPlee given 1.5
b o oRBkPEepoTSH Ly USSR 1a00eL 0y S0t a0 LG ha el ow i
tel evi siVREGY8} eandl MBE@t &5 the ekuman nessasl nzght emf 0s madrensdmws i hevé
channel %Qaﬂ %&iggeftgorégecomponent) than to V (with its blue
component) .
[0013] This difference in chroma sensitivity is embodied in
the 1951 NTSC-2 color standard that is used for television.
NTSC~-2 uses a YIQ color space, where I and Q are similar to U
and V (with slightly different weightings). That is, the I
channel primarily represents red minus luminance and the Q
channel primarily represents blue minus luminance. In NTSC-2,
the luminance is given 4.5 MHz of analog bandwidth, and the I
chroma channel is given 1.5 MHz of analog bandwidth. The Q
channel, representing the blue-yellow axis, is given only 0.5
MHz of analog bandwidth.
[0014] Thus, the NTSC-2 television system allocates three
times as much information to the I channel than it does to the
Q channel, and three times as much information to the Y
luminance channel than to the I channel. Therefore, the
bandwidth ratio between the Y luminance channel and the Q
(blue minus luminance) channel is nine. These MPEG YUV and

NTSC-2 relationships are summarized in the following table:



Q channel, and three tinmes as nuch information to the Y |um nance channel
than to the | channel. Therefore, the bandwidth ratio between the Y

| um nancewohamnake and the Q (bl ue m nus | um nance) channelCTisonk2es These
MPEG YUV and NTSC-2 rel ationships are sumarized in the follow ng table:
-5 WO 03[Q@¥3P6 PCT/ US02/ 22205 [0015] Ratio YW YW YW NTSC 4:4:4 4:2:2
4.2:0 2 Red, U and | pixels to 1:1 2:1 4:1 3:1 Y Blue, V, and Q pixels
to 1:1 2;1. 4.1 9:1 Y Ratio of Chr Resol ut,j,gn to Luginance [0

d earlyz%%%%% is a greater differeggg in tregygent beg%ggn t he ﬁﬁ%*%énce
channel and the U and V channels uadgrd the WPEG2st andar:@ds ot han the

| um nance—and | _and Q channel o jn __the NISC2 ctandard SINMARY 00171 The
inventi oteds Wi raedel pbxekshbds, systehs, and 2¢bnputer @Brégrans Bot
inproving conpressed i mage chroma information. [0018] Mre particularly,
in one aspect of the invention, a color video i mage nay be inproved by

i ncreasi®pué hevy esndr@spixéiontdor am RCB repregentation @gen the W:1
resolution for a YUV representation) above the resolution used for blue
(or V).YUsing lower resolution for the blue col or conponent neans |ess

i nformati on needs to be conpressed, such as in a notion conpensated col or
video image conpressi oRa$%3t & chiomaaRBeelut®bnt ke ro¥eALRLeB i ncludes a
nmet hod, system and conputer program for conpressing i nage chroma
informat [P 6] a colear Via@@renﬁgeai%r%amﬁgifﬁwg@@@@meW@m@y‘@tem by

Se|ECt'qge@Ween the luminance channel and the U and V channels under

the MPEG standards than the luminance and I and Q channels in

the NTSC-2 standard.

SUMMARY
[0017] The invention is directed to methods, systems, and
computer programs for improving compressed image chroma
information.
[0018] More particularly, in one aspect of the invention, a
color video image may be improved by increasing the red
resolution for an RGB representation (or the U resolution for
a YUV representation) above the resolution used for blue (or
V). Using lower resolution for the blue color component means
less information needs to be compressed, such as in a motion
compensated color video image compression system. This aspect
of the invention includes a method, system, and computer
program for compressing image chroma information of a color
video image in a video image compression system by selecting a
resolution for a red color component of the color video image
that is higher than the resolution for a blue color component
of the color video image.
[0019] Another aspect of the invention is a technique for
reducing the level of chroma noise that results from any given

value of the quantization parameter (QP) used during
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resolution for a red color conponent of the color video image that is

hi gher than the resolution for a blue color conponent of the color video
i mge. [ O®DIP/ogIied her aspect of the invention is a techni qaanfser222oduci ng
the |l evel of chronma noise that results fromany given value of the

quant i zatdmprpas beet et h¢ GRYy usrplr ot g gl iy © GQOYLRG. PUTL £JS02/ 22205

conpression, thereby I nproving.imge, qualit This | acc | ishe
utilizi n%c%mfl%?vle?h(\e/%l % %11;1‘&9%9 hid ‘E:\fg%le & BB F Y HENE 10 P%ﬂ-e%
channel .cighffhéartyant her quad i tycRinhde. 3inrBaXy chemaeluamyt@l 69 Hige

i mpr oved béﬁgtilizing a lower QP value for the V channel than for the Y
channel .V [ 60207) AFloR el J8pecel P PRelTPLRRT opY i 4t bl iekhhi Jukoves @il when

hi gher ressj j e Chuli hj ct, itive QP bias is
appliedC?%P% eﬁ%gpsgfu% ?%%ﬁfﬁ% %ﬂ%ﬁaﬁﬁgﬁéﬁ§o$ %EEP%%?h either or both of

t he U anfi0@2¢hr oneAcbhainee| aspe¢002i] timotimeentabpecis o tdehniwenti on i s use
of a Iogﬁr%t?nic regreﬁentation to. benefit inmge coﬁén%?. Logarithm c

codi ng, WhehUt %3¢ B1ILGh FHPPLYRSE3Wi by TeFF T @nc IS APRS or Space
represenpasienve 0hpi PRYESSis OapPl Nadl | o I es egeMveth@st bt nege RE el

val ues. At other processing steps, a conversion to and fromlinear
represenf@¥ i #8 ¢hikhbel beekfpEipth[obothe AhormérV seipeeta ofhameel sivent i on

s a methggpdpr | ARoONLROLhEcy I deocabaracter sl £3 9l dopolor vi deo imge

in a video conpression syst including: selecting a s i mge
channel sl¢garephresentepheseot ation deo bemgeit i incdgeli ogding! um nance channel
and n cggona channel s, where n is_at t hree; and conpressing the

| east
| umi nancCEREhRRT AndP eI n VReR FeamPlehr ot THRAMET SR conpr essed

video i nege; 1 0023] rdheydet 8blsr ofpobe PLp DS EneIDOSH JeRE Sipigdhe
invention are set forth in the acconpanying drawi ngs and the ~description
bel ow. CGeheginablvireepropereed, aantinedamcerixgl values. At other

processing steps, a conversion to and from linear
representations can be beneficial.

[0022] Another aspect of the invention is a method for
improving the video characteristics of a color video image in
a video compression system, including: selecting a set of
image channels to represent the color video image, including a
luminance channel and n chroma channels, where n is at least
three; and compressing the luminance channel and the n
additional chroma channels to a compressed video image.

[0023] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and

drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0024] FIG. 1 is a flowchart showing an illustrative method
(which may be computer implemented) for increasing the
resolution for U above the resolution used for V in a YUV

color space representation.



the invention wll be apparent fromthe description and drawi ngs, and from
the clains. DESCRI PTION OF DRAWNGS [0024] FIG 1 is a flowhart show ng an
i Il ustratwoesnetibod (which may be conputer inplenented) fam/tisnzeresi ng the
resolution for U above the resolution used for Vin a YU color space
represenf@®2%h. - 7FWD. 03/ D974 261 PCThASO2¢RGR DAY §100RBluFt Gat Pvé smethod

fl owchart{ show n illustrative t hod ich may be co ter

ol emrent 6 S P uofey PRESUEEE HRRIERERteah ThE HBNrERe S (B0 2t ET 3 i s
a fl owchartoshowhagnansi |l ustrative nethod (which may be conputer
inplenented% for logarithm c coding of |um nance and_ chroma information.
[0027] FI@D26]|s aFfFowdhaftashbarfanh FRPULRY a7 vil hes hsatiyenmerhedy be

comput er (. ipLgnent e GedingagdiLio0g £Ghr P5B. £hAREL S8 AL LERge
%1 0 g@? ﬁlke rg

conpressi on syste erence synbols Tn the various draw ngs
i ndi cat eltimkeaetenmendschPEiAl LEDo BESCRMPTI ON | nproved Col or Codi ng

Precisio 9 he quality. of inages inproves wth respect to . the
attributggé%?frédﬁﬁé n ?éﬁ,aeg%%ﬂaéﬁrgyﬁgﬂY n?a%@e¥1%$ﬁtr g?@%d@%t%%?or
range, hupROcEensytb¥i E¥mpOtes! Ohp BémntHES eaSLScod nPadddctl dalit has

been observed that red in an RGB representation (or Uin a YW
r epr esentR¥PBa) chapeals r buRResMAPYhePMPEREF 5PBNSEFEERl arity than is

common! yhgéggh' n ﬂkﬁ%oré%@éﬁééiggrg%&i’%’?’g% A erz- Pode dpanplag used for

pr ocessi ch as | ue-screen s Ia ects conpositing of inmge
anal ysi sindibdatanlskasetemenysto the bl ue-yell ow chroma axis, as enbodi ed
by either blue or V, is adequately addressed by half

DETAILED DESCRIPTION

Improved Color Coding Precision

[0029] As the quality of images improves with respect to
the attributes of reduced noise, extended dynamic range, and
extended color range, human sensitivity to color also
increases. In particular, it has been observed that red in an
RGB representation (or U in a YUV representation) often
requires higher precision and clarity than is commonly used in
video compression.

[0030] Unless blue is being used for processing (such as
blue-screen special effects compositing or image analysis),
human sensitivity to the blue-yellow chroma axis, as embodied
by either blue or V, is adequately addressed by half
resolution sampling horizontally and vertically. Thus, one
quarter of the total number of pixels of an image provides
sufficient quality for representing the blue or V chroma axis.
However, unlike blue and V, one-half resolution coding of red
and/or U is sometimes insufficient in quality with respect to
large wide-dynamic range displays and projectors.

[0031] Thus, an image may be improved by increasing the red

resolution for an RGB representation (or the U resolution for
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resol ution sanmpling horizontally and vertically. Thus, one quarter of the
total nunber of pixels of an imge provides sufficient quality for

repr esentwogstoha2él ue or V chronma axis. However, unlike Rorarsagad2205
one-hal f resolution coding of red and/or Uis sonetinmes insufficient in
qual ity & YBVrespeesenbatlianyeanpde- tymanesotangen duspd afjsr anbupr 6pect or s.

[ 0031] @ an_ina g ¥ be iE?rovgd bg ing%ea5|n the red resolution for
an RGB regre%%h?%tl WeFof SEREU LI PREP Tt FBR POYS CBEVD 93007426 means

PCT/ US021 22205nf8rndWibaphesest abi pa) canpres e, I £86h Ui oin Useflof Don bl ue
(or V). Using lower resolution for the blue col or conponent neans |ess

i nf or mat FHRPAREASCE 0CBECE OIS SERAIS UEPMRESF RGN nBY F BRI+ conpensat ed col or
Vi deo 1 PgGsspIPr eeal QBcsyahasy | PPRZENL NI AGEREANCENLED Lhe Lo ;\(@é‘“ on,

there are three preferre ods of maintaining increase
resol ut i pnefiethedespebods oot Mantainem@dlbtnea$@d ¥8d fesolution: 1) Use

full resolutiop,for and/ o 2 hal f sol ution on only one
chroma a&?%?iugf?ﬂeylggrf?ﬁgf?§ o % ébﬁ%ﬁng?§edf% u?egoﬁn Yor U or 3)
Use a fitéesedeienol ution between full size and one- half, such as 2/3 or

3/4, on one or both chroma axes for red and/or U 0033] FIG 1is a
fl owchart sho%ﬁn@sganilu§?$@%??é®ﬂef%bdfe@mh?@hoﬁa be conputer

Lol ement ec) uf i bL21 BReDhGNET - oLE80L L) OB Tt Y ShaNch PG esel i on used

for Vinay or space representation r may be applied
to an RGBthetovespacellgpoeshoratomnallyDOBd# Stepaddlor | B; avri nage

compr esst on SYPLSTLULILLELD0. 8, LY col o apace. Leprgpent all op, dotnsi ze
hori zontghiy, sa8H &stpepabkysye, osg- B@éfof%é)th'téﬁf'oxwréké@' £¥r red

and/or U.
[0033] FIG. 1 is a flowchart showing an illustrative method
(which may be computer implemented) utilizing higher
resolution for U than the resolution used for V in a YUV color
space representation (a similar method may be applied to an
RGB color space representation):
[0034] Step 101: In an image compression system utilizing a
YUV color space representation, downsize filter the V (=B-Y)
channel of an input image to one-half resolution horizontally,
and optionally to one-half resolution vertically.
[0035] Step 102: Downsize filter the U (=R-Y) channel of
the image to a resolution higher than the V (=B-Y) channel,
preferably being one of:

a) full resolution;

b) between one-half and full resolution horizontally, but
full resolution vertically;

c) between one-half and full resolution horizontally and
vertically;

d) between one-half and full resolution vertically, but

full resolution horizontally.



[ 0035] Step 102: Downsize filter the U (=R Y) channel of the inmage to a
resol ution higher than the V (=B-Y) channel, preferably being one of: a)
full resowotidonii2ze€) between one-half and full resol ution remiusoztzb$y, but
full resolution vertically; c) between one-half and full resolution

hori zont B00§6hnd Seepi tEBE yConprbeswelea ViHeé- adfe atith¥ihg lesthanncony

ticall t full. L uti hor i [ly. -9, 03/ 007126 .
PoT] Usort B30 1otae1 £&; Bpt 10900 bR Set FREOTAN T HREBA T HERT ne Hif Aince v
and t he dpwosl Zref tbhptedsibandydcemroma i nformation) using an MPEG i ke

conpression system [0037] Step 104: Deconpress the inages intoyY, U and V
channel s[@@3%hl |y Pher 4Pff ePeremebapst BRG . 1no9es] itkepY 108: @Hvert the U

and V ch o/f esgl Ut jpBRs ing opriate resol ution
increaseé??séé}g éﬁgh%é%?prgcglag? ?ﬁ%hgoaéﬂﬁgggfilter factor used in Step
101 abol@038} V afitleSt £p510Conabere tie W)and003Chardteps 106: £&Xptionally,

convert the YUV.picture to, an RGB image for vjew ng,. analysis, or further
processiﬁﬁ?OlfffgﬁreH??ﬁp Ef%gr?BFlgﬂ?oﬁ%S? YolRo)g C%@%%%%?%g({t%:'Patent

Applicatiga NociPP6EQB, 46the eablihs edle” Hi phe P £6L66 £ E8G OLh NGt &R ch Bpcodi ng
of Video Images"” and assigned to the assignee of the present invention
(whi ch iabpeeeb9ri WcarpoPherdlby akpeeeher)U) t eaches various aspects of

e s JOghSP, JunaiA=i e Bgk RSty { EhMEL e cRp SESLOR, ADobfer
chroma nREBeimbage fesuliswifigpnaaayygi yenovatuetloér t heocaningati on
parameter (QP) used during conpression, thereby inproving image quality.
This 1s Differential QP Bias for Chroma
[0040] Co-pending U.S. Patent Application No. 09/798, 346,
entitled “High Precision Encoding and Decoding of Video
Images” and assigned to the assignee of the present invention
(which is hereby incorporated by reference), teaches various
aspects of the use of the quantization parameter (QP) during
compression. Another aspect of the present invention is a
technique for reducing the level of chroma noise that results
from any given value of the quantization parameter (QP) used
during compression, thereby improving image quality. This is
accomplished by utilizing a lower value of QP for the U (=R-Y)
channel than for the Y channel. Similarly, the quality of V
(=B-Y) may also be improved by utilizing a lower QP value for
the V channel than for the Y channel.
[0041] A simple method of implementing a reduced chroma QP
value is to subtract a constant value from the QP value used
for the Y (luminance) channel. Alternatively, a separate
constant value (lower than the QP value for Y) might be used
for each of U and V. For example, “2” might be subtracted from
the QP value for Y to yield the QP value for U, and “1” might
be subtracted for the QP value for Y to yield the QP value for

V. Any useful value of the amount to subtract can be used,
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acconplished by utilizing a |ower value of QP for the U (=RY) channel
than for the Y channel. Simlarly, the quality of V (=B-Y) may al so be

i nproved wo oatobtieei ng a | ower QP value for the V channel pdrarsot/er2os he Y
channel . [0041] A sinple nethod of inplenmenting a reduced chroma QP val ue
is to subimibedaorbyisbrnd Nahirufroad wdeo P Val fer ushed apoliedheQlY
(Iunlnancei channel . Alternatively, a separate constant value (|l ower than
the QP value f or Y) might be used for each of U and V. For exanple, "2"

m ght bergod2y act ethisomethbe Wbryal fier fesnstdme Yor! ehlies QRramideld or U,
and "1" mght be subtracted for the qD val ue for Y tO%I eld the QP val ue
for V. %9 TREEUI Thl /LSO YPRES afd Ut of QLT EEIPERARheVIRE (909 WD
03/007126, %JMSQ@AQ@Q% ahd WA EHa9TE Vo PY Aot MUY A Yo O satleq for the
applied QP val ue. 42] This nmethod works for constant "QP val ues

(vari ableom;b)ressacvle)syuelaia*so sbnks Blze wehstdmranvesuadR @lumlm e. g.,

in both const variable bit _rat tio ensat SSi

syt o) STATHRePY ne P hEr P AR B UEP D EhTne Chre TUTCD; GoLte by Rh Tactt ng a
speci fi edataé f eoeneetyalueldronpp hea Qe Fed ueadroff t caydeyd a QP val ue for
each of U and V. [0043] Further, the ran of these differential chroma-

bi ased FOUABlies cBATBRCEXt ERRICHRREE nRf t Shifer ot ¥ahgdhrangrct i on or
| ookup, C t "Hig i f Video
| mages: BLaSedcql pALuSs bon ﬁ%e%’%ﬁ%@%éib‘g%le“‘w@ L A

si gnal tHhendt aowl Nrblaekulal ues déscomkbeh@ Bmclz:id@r“}ﬁngn hlérejcewntm unl ess a
pre-arr ed value is d Th specified once,. for example, for
bach  sotr o R o BrCRTtha et (K, T1de B3 CTHagioR b on | 045]
FIG 2 isecpefdo¥ehasboshowi ng an |IIustrative met hod (which may be

conputer inplenmented) for applying a bi as for
[0044] It is necessary to é{;nal the U and V bias values

from the encoder to the decoder unless a pre-arranged value is
used. These can be specified once, for example, for each
session, group of pictures (GOP), frame, or image region.
[0045] FIG. 2 is a flowchart showing an illustrative method
(which may be computer implemented) for applying a QP bias for
chroma channels:

[0046] Step 201: In an image compression system, reduce the
QP value for each of the U and V chroma channels by a selected
value (which may be different for each channel).

[0047] Step 202: Utilize this reduced QP value for the U

and V chroma channel compressions, respectively.

[0048] Step 203: Optionally, if variable QP values are
used, ensure that the reduced U and V QP value is at least
17,

[0049] Step 204: Unless a pre-set bias is to be used,

signal or convey the QP value reduction amount to the decoder
as often as it may change (once at a minimum).

[0050] Step 205: Decompress (usually in a different
computer) the signal using the appropriate QP value for U and

V (again ensuring that the reduced QP value is at least “17).



chroma channel s: [0046] Step 201: In an inmage conpression system reduce
the QP value for each of the U and V chroma channels by a selected value
(whi ch mewyolwe/oditeé erent for each channel). [0047] Step 202cThisod/ezest hi s
reduced QP value for the U and V chroma channel conpressions,

respecti y@0511[ 0048t eSt 296 203pt Opha bhal | yiew ftvardeddmp (s sead ussage®, used,

ensure that the_reduced U §nd V(g{; value is at | east N?"\IR/%-W'%%OOM] St ep
204: Upl%%su%epF}é@séTa%?ﬁs PE 2dbe! R LISyt breto e QP val ue
reductiopp@s®@ynt tEnbhgedesodett &6 ©hé emmddnt foiBYs Chapdendonee at a

m nimum) . [0050] Step 205: Deconpress (usually in a different  conputer)

t he si gnasefisl nghehehaphebperapeesionl e Foruiretd IV Yhbaiasresur idig t hat
the red : is.at_| L - [ 00 CT, 05
[0051] Saht b WpereRarts, P biet e g SR PR T R

i mges fbor addétwonal eptbeesstngooh afatlysi$.anhd0b2¢hAned hataraspest of the

invention is_a teﬁgnique .useful , when hi?her conpression jis required. In

this aspERfefarabb¥i cReekepdppradirst apppl B F W he" TP PP for the Y
channel -&@kr&seivht Bygtéherier %Ilgw h 9dpihecd) gk \cLhroas, shannet s

(preferably checki ng agai nst a maxi mum val ue of a conpression system
i f any).eS@ehpapht thei BsardnVbeharedl$ orOtewhi 3¢, thke (SerRS \0 & ekl a0

Q herwi s e p such : i be sim | to those shown
in FIG %?bé’ﬁ%ﬁ%%?tﬁ?n%dc%%i %%%%gﬂj?n ngiﬁ%geeg%y &r%rﬁa#%b%] The paper
entitled "The Use of Logarithmc and Density Units for Pixels," referenced

above, d gcgir?g}slmgge o?% fgp%st%i Illogaéglth&iugoégpresent ation for dynamc

range. ﬁo% represen?a i'ons of “a nai Cchi ng %ynam C range are sonewhat

simlar {ooS3IMON| yhespdpetrdentitbadf erhé unesd i ©A SLodvent iriodldnd
Density Units for Pixels,” referenced above, describes the
benefits of a logarithmic representation for dynamic range.
Log representations of a matching dynamic range are somewhat
similar to commonly used video transfer functions. Even though
similar, the logarithmic representation is more optimal in
extensibility, calibration usage, and in orthogonality of
color channels than are the various commonly used video
representations.
[0054] Another aspect of the invention is use of a
logarithmic representation to benefit image coding. It has
been discovered that logarithmic coding, when feasible, can
improve coding efficiency for YUV color space representations
of images originally represented as linear RGB pixel values
(such as at the sensor of a camera). At other processing
steps, a conversion to and from linear representations can be
beneficial.
[0055] As described in the “High Precision Encoding and
Decoding of Video Images” Patent Application referenced above,

chroma crosstalk with luminance is minimized when:



simlar, the logarithm c representation is nore optimal in extensibility,
cali bration usage, and in orthogonality of color channels than are the
vari ous cwommnbyesed video representations. [0054] Anot e/ aeperzos of the
invention is use of a logarithmc representation to benefit inage coding.
It has been ¥Wlagoveked {har ftogatiWdhnt G codilngt Ehen feasible, can

i nprove codi efficiency § YWV col or space representations of inages
originally rrelgresﬁ%gggpals/ ¥f?|% RGB pi xel values (such as at the sensor
of a canera).vAt pdder) progesgi ng steps, a conversion to and fromlinear
representations can be beneficial. [0055] As descri bed in the "Hi gh

Preci si on Encodi ngwand Decodi ng of Video | mges" Patent Application
ref er encBE®oVe; "Ehrand P o35¢ afke WP TN LRSS nf OF nt e dtsthen: - 12

WO 03/ 00, P 2 S O 1 nce R an e -
10 03 0030 USRS b ok oB ST IS R Bl

wei ght i nzgsptemsemhearbdneagrbeglht amlacbﬁe ueTh:Qﬂmomkmsl@ﬁsfhm reane ey safdl wher e
R G and B fpreseg i nea t/gtht space., These rel ationshi ps are usef ul
in appl ytAg®Yhr 3% p %fso?sft"‘ﬁ% i AV eht T ot Vg "FIG 3 is a flowhart

show ng po05é6] ust retGyes nes hadrl ¢wmbhEht myo@m@mmﬁluémpéﬁmtxﬁ@l&hé@r
| ogarithm c coding of |um nance and chronma information: [0057] Step 301:

In an i mhgel St BsRE oROBYEE &H 1Rt emeRY i hef ¢! + QR PHE R EREA R i ©h on
i nput (el#mlnghigcglka LnPoma iNEGERCRgEra) linear R G and B pixel
val ues: og =Llog ( W*R+W*G+W™*B U-=Log(R - Ylog V =
Log(B) -[005¥] Step 301: In an image compression system, perform
the following transformation on input (e.g., directly from a
video camera) linear R, G, and B pixel values:
Ylog = Log ({ Wr * R + Wg * G + Wb * B)
U = Log(R) - Ylog

V = Log(B) - Ylog

where Wr, Wg, and Wb are the linear weightings for the red,
green, and blue components of luminance.

[0058] Step 302: Optionally, reduce the resolution of the U
and V chroma channels (as described above).

[0059] Step 303: Perform motion-compensated compression on
this Y, U, and V representation of the moving image.

[0060] Step 304: Decompress the compressed images to
restore Y, U, and V color components of the moving image
(usually in a different computer).

[0061] Step 305: If optional Step 302 was applied, reverse
the resolution reduction to restore full U and V resolution.
[0062] Step 306: Restore the linear R, G, and B pixel

values using the following transformation:

R= anti-log(Y + U)
B= anti-log(Y + V)
G=(anti-log(Y) - Wr * R - Wb * B) / Wg
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where W, W, and Wb are the linear weightings for the red, green, and

bl ue conponents of | um nance. [0058] Step 302: Optionally, reduce the

resol uti owoaB/ovhes U and V chroma channel s (as descri bed @ooes)2/2§20059]

Step 303: Perform notion-conpensated conpression on this Y, U and V
represeni@063h of BhepndlVngOphigeall P06OPnBeep BO4otiDer onpiessREBe

conpressed | nage o _restore Y,. U and V col or ,conponents of _the noving
CEERErTetat Sonp FTelERrTanrualir o] QOB 195K e 30550 117 opt Ponal

i mge

302 was 3ppl retherevraneint hediesohutdopepdscsé) on to restore full

y In a

Step

U and V

resolution. [0062] Step 306: Restore the linear R, G and B pixel values
using the followng transformation: R= anti-log(Y + U B= anti-log (Y + V)

G=(anti-h@gi{¥jonaW ChrBna Mket B) / W
[0063] St
(al t er naf

t,

Step 206),ndgini0s! ChrQmp Auesck9804l | my ot erded. dyname. range and

extended co
wavel engvavehangeh scipthe addwitonadld chaomel sclofnnehgeof | ithagerat i on,
visible and non-visib]e

rast range | It may ene

The range of colors available from any

-13 WD 03/007126 PCT/ US02/ 22205
eg 307: tionally, convert to other video RG representations
poe ey bexEBRdeindyPenief raRep andecxbereed tHRARtFastadditi on to

to augnent visible
bot h

h[0065% 2

gi ven sel™HPrMPEHOT 4 BIRD ARhEHBEGed PP i PEP TEESHOES  not i ncl ude al | possi bl e

visible ¢obesp. TheheopBhgengr OkoD6PPOsTAONSHDE £ L6 Qxﬁf—‘ed]j'iver@nge@é'?
ye

primary colors to create other visible colors such as .
cyan, ande®Bro9hcehs aAnPrBpertprona¥hes ipen not siafludestakd kwowhilaket he

| ow, orange,

"metamer sgiy; L0066l -85 AL NLEH, Ol nd Mok NS BAPEL1 SHE | F e g Any Fxaup! e

and blue primary colors to create other visible colors such as
yellow, orange, cyan, and brown, is a property of the human
visual system known as the “metamerism”.

[0066] As pointed out in the paper entitled “An Example
Representation for Image Color and Dynamic Range which is
Scalable, Interoperable, and Extensible”, referenced above, it
is possible to add additional color primaries to the three
primaries of red, green, and blue. In particular, cyan,
magenta, and yellow color primaries help to extend the color
gamut beyond the range available from most common red, green,
and blue primary values. Further, violet and ultraviolet
(which brightens phosphorescent colors) can also be conveyed.
[0067] Beyond the visible colors, invisible infrared
wavelengths have proven useful in penetrating clouds and haze,
and in seeing in the dark. Ultraviolet wavelengths can also be
useful for seeing low-amplitude visible image details, such as
fingerprints and surface coatings.

[0068] Further, even in the visible wavelengths, various
materials (e.g., smog and underwater algae) often reduce the
amount of contrast or dynamic range of some wa&elengths. This
is why smog can appear brown, giving a brown tint to all

objects in the distance, having reduced the blue contrast and



Representation for Inmage Col or and Dynam ¢ Range which is Scal abl e,

I nt eroperabl e, and Extensible", referenced above, it is possible to add
addi ti onawoaeloerizeri maries to the three primaries of redpcgrisenz22end bl ue.
In particular, cyan, nagenta, and yellow color primaries help to extend

t he coloﬁyn@mm@tr@@9©ndTbh% Fangbsavely abhde fyahe rosiho comnaphy eckn gr een,

phosphor BRRERT 451 ¢ &y Sk ‘4 881 oSk abls St el ey R E Wi Dl e

colors, vhyilsibl epéctranets reyetengifschaveapt oved dgedmlcirapgaectrating
cl ouds and haze, and in seeing, in the dark.,K Utraviol et wavel engt hs can

al so be [@Re?4 fo?h%e%?%©r+BQW%ﬁp¥?%%E%p%?§+$§eb¢%%%%nd%tansan uth as

Fingerprintge 806568 256vE 02| NOScpt PRSI FMELHSE i n&VER LH14 e visible
wavel engths, various materials (e.g., snog and underwater al gae) often

reduce thelabhousitip$ fontvasibbe Uy@@hlc range of some wavel engths. This

is why s n appear, br own Vi pg tint to obj cts |n t he
dlstancepgﬁggfng rg u%%ﬁst%%p%%%eogo%??a%?v%ﬁEﬁon14 %€}5§9

PCT/ US02¢R22061 s dypanaddeange. tHdi 6h&1$n@1§0e1\(\¢b’dik|ﬂn§jettl\i\ﬁé@rpphﬁﬁ@gr aphy can
appear green, blue-green, or_blue, since the red end the visible

spectruﬁw?ﬁei%ﬂ%E%ﬂ'|EYEbﬁ?}%¥te%9ﬂdH?%a9¥ cRFBnfe. Y YOB%@%eﬁ?E¢¢%b%?$thnlc
rel ation @wﬁepetwﬁ@ﬂ LYsukg ANghyY, co BSy d%&fé beg, a §V§li(¥\‘ %J) pLig gg the

coding of color’ relationships for visible [ight. T0070 |s aspect of
the inventange tdimnibeap chroma Ychhvmshaneek clukietel ote htavdmanied s

encodi ng,_t I wavel engt hs pi IIy nbodled or YW
represe%?%g?%ﬁg mﬁ%??%%? HAEnH %%?%@i% Tol of* spH P¥IF$§éa$E§Fn
possi bl evigibrdasgenhde m&gﬁﬂpb@fcéda@dYuéim@n NeHcen chRreieh ¢warhvpr the
hi ghest anplitude image signals. Thus, for exanple, the green visible

channel %1@%tl%%l%®@%@ BRYHYJ i €2 %VheéhW%ﬁ%l%%%ﬁmeWQQlons This
concept can be extended to where Y luminance is infrared, with

red, green, and blue (and perhaps other visible and non-
visible primaries) each having their own chroma channels.
[0071] In accordance with this aspect of the invention, for
each new chroma channel, the following should be determined:
1) Should the channel be coded differentially from one or
more other channels (usually from luminance, such as U=R-Y)?
2) Should the channel be given full resolution with
respect to luminance, or can resolution be reduced without
impairing the image quality for a given intended usage?
[0072] The determination in 1) is based upon the
correlation of each coded channel with other channels. For
example, ultraviolet or far-infrared wavelength images may be
relatively uncorrelated to visible wavelengths, or to each
other. In such a case, these channels might be coded without
reference to other channels. However, any visible wavelengths
are highly correlated, and thus can almost always benefit from
being coded with respect to each other.
[0073] Based upon these determinations, a set of image

channels can be selected, usually exceeding (or replacing and
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wi th | um nance noving to other wavel ength regions. This concept can be
extended to where Y lumnance is infrared, wwth red, green, and blue (and
per haps owlbas/oviizé bl e and non- visible prinmaries) each hawcmgSoteizns own
chroma channels. [0071] In accordance with this aspect of the invention,
for eac@xueﬂdtMgbnahehahne$ prhmafpl¢b@mmglshbel@ beY@ex erfemed: 1) Shoul d
t he channel d%d dléfe ent alté fron1on fnre ot her channel g,
(usuallye§? RN et cﬁe glﬁT%ge %%%% THE THEMETS B2 i ven

full relehIHihQﬂcé‘Vl thaheSPEChndion! @m&a@ceeha@ﬂaewn $esP! ¢ 1 oy ber 1 eguced
wi thout inpairing the i 9 quality for a given intended usage bﬁ£0072]
The det e¢Fomei eheimel) fsVbaseacndophiema c¢oaneehi | A AN Shchtlei

channel @ﬁ}@mgtgﬁénggfnnels For exanple, ultraviolet or far-infrared
wavel ength Tnagées nay be relatively uncorrelated to visible wavel engt hs,
or to eaf®074] her. U$nnguthla eaSMplehesedcmaphﬁimgrm@ﬁﬁomec@mpbmbaWéﬂout

reference to ot her nnel s ver ible vel engt hs e hj ghl y
Cor rel ar CHDERES s b CBR SEHBCEoS] TRyREbRet |t et b S Ber AL ot v e b

respect i@s@ﬁ@bl@ﬁheénd[\@ﬂg&]ragﬁéﬁg SR8 t BesEnalet RIS | oS, @ sekr pf
image channels can be selected, usually exceedlng®éor repIaC|ng and ' -15

WO 03/ 007254 FesT/ Ushoe ponbsal by cetdinggpender b seconledmryl Lhehmatel g e. g.
YW). FoL, e&%@fPJr e &E@ §§rh OﬁmoéEJﬁﬁ’%S PALtels Cﬁé‘é‘P&{f o) cg’é){%) ise aY
a rs

Iunlnance channe roma channée suc as roma
channel c@mp/énsstmd st\rm@'auﬁéamslewouh@dbanué@dtf\mr Ge oV 0tBo ICd R ITEY .

[ 0074] Lbln this exa and ng notion co ensat ed conpression,
o sel GLTRHe GO tRELES PR DEREbABHE o (HOR LA | DE 0t CATBAL g & he

various ofhhghe tHI OfR-KhaRBE! Sndthel MiouXa)ut 1014 d he difissepiial Iy or
i ndependently coded. All channels can utilize the sane nDtlon vector and

macr obl oekspbttopn with respect to Y (as determined in step 2 above).
In addition, a QP bias (as described above) can be
independently applied to each chroma channel, to ensure that
the desired compression chroma quality is achieved.
[0075] Even when applied only to visible wavelengths,
additional chroma channels can ensure not only extended color
range and more accurate color, but also allow additional
clarity, detail, and noise fidelity to be applied to such
highly visible colors as magenta, orange, yellow, and aqua-
cyan. These benefits can be particularly significant for wide-
dynamic range and wide-contrast range images.
[0076] FIG. 4 is a flowchart showing an illustrative method
(which may be computer implemented) for coding additional
chroma channels in an image compression system:
[0077] Step 401: In an image compression system, determine
an optimal luminance representation for an image, selected
based upon widest dynamic range and highest resolution,
including optional non-visible wavelength image signals.
[0078] Step 402: Determine n additional chroma channels to

represent the image, where n is at least three.
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conpensation structure as would be used for conventional YWV
representations, except that there would be additional channels. Each such
channel wwolod/oetied i ze an appropriate resolution with respertusin22¢of as
determned in step 2 above). |In addition, a QP bias (as described above)
can-be iﬁG@EéhdentByeappDBedOpbieaehlyhrﬁun ehannehrona ehsonelfhat the

desired c ression d allt is.achi eved 0 ven mhe applled
only to VASPBEBLnayERahGtRs Tt abePEAar £ s CincRRRrRbF o EaRC SRLLY Svhb
only extendegeet! 06 1uANgEnBBUaAR)Era6hll 8k emE0L 0bthdHt cBESRa abhOihels.
additional clarity, detail, and noise fidelity to be applied to such

hi ghl y V|EPBP@]COIo?EeEs4ﬁﬁgeﬁﬁéerﬁiaﬁgeheyé?F@%PtbﬂH agohredyhar gaeke
b f | f
enefits cAP Qe PALLLEY §&£¥F0%g§T££fg?6% Rk Th??o Pﬁnléﬁééggetgnghe

wi de- contrast range | nmages is a mc art s
i1lustrativeinebthediméghki shgmay, beucbnpeasetut iphebeitgdeqhalt t@dongless
addi ti ona oma_channels in_a e, conpressi gn s ste 0077 Step
201 11 ahhPfnbBCCoRBPLtci O B5orhf T ETRPRG S BRYEWARLHIATHERY o&
represent atkeNut 0bnancliiiBgeonsel ected based upon mﬁdest dynanlc range and
hi ghest resolution, including optional non-visible wavel ength image
signal s. [PO8¥}] St§EeROQQ5DegemﬁfﬂésnthﬁdYtToﬁaﬁhéﬁm@nhmeﬁanﬁeg%ale

represent the i : i t e. -16 WD 03/007126
PCT/USOZ/%%?@% H?gg9grggﬁégﬂiéggacﬁ%ﬁgna ngfor each chroma channel,
determ ne[ob82her i|iBtep beﬁefDetGMptessodEede#ene@hremhylmages respect to
| um nance and/ or one orﬂngre ot her chrona channels. [0080] Step 404:

Det er mi ne (PABa L &¥of Ot PofA1 HEEFFRE FOPPREER) - chroma channel image signal from
an input ybbhajespestebosbhe IkUHegemﬁeleagedebgﬂeﬁ,w§§c§%§§§@&ut'on bei ng

equal to or less than the resolution of | um nance optionally
apply a ¥resbbueibheredugineh. resolutions of the chroma channels.
[0084] Step 408: Combine each chroma channel with its
differential counterpart, if any, from Step 403 above.
[0085] Step 409: Optionally, perform any of the following:
a) Convert the chroma channels to a viewing space,
such as RGB, or to spaces having more than three primaries,
and view as a true-color image;
b) Perform the conversion of a) but view as a false-
color image (such as mapping infrared to green);
c) Use the chroma channels without conversion for
processing and/or analysis.
[0086] As another option, each chroma channel may have a
biased QP value applied (either increasing or decreasing),
relative to the QP value used for the luminance channel, to
achieve a desired level of quality for each chroma channel
(i.e., trading off chroma noise versus higher degree of

compression) .

Implementation
[0087] The invention may be implemented in hardware or

software, or a combination of both (e.g., programmable logic



[ 0081] Step 405: Conpress the Y + n chroma inage signals using notion
conpensat ed conpression. [0082] Step 406: Deconpress the Y + n chroma

i mges (weualoby2én a different conputer). [0083] Step 40PcCTifSoz/exo$ uti on
reducti on was applied, restore the original resolutions of the chroma
channel sarrppe84] Ustegs408hetwibenepreathiedr ohe cahanei tins hincsuded

differen%gabagqu%eERgrahyepﬁ %OFfEOHBERERh Q%Bﬁ€§¥$e}%g0§5%88te 4009:

Opti onal perform-any o ownng annels

to a vi epapgispaee, compabeasoRGBrhek hppapaﬁes hayi pgroveelthpnvihiets
primaries, and view as a true-color inage; b) Performthe conversion of a)
but vi ewJ§BeR2f aPYEPOSE| BAChARGE PalicheadSRapiFY PRPFERBE YBiEERRNIR C)

Use the ghrgpBafBaNpets %h%h955c89ﬂégrﬁéPQlﬁororpi sy Bg godlor anal ysis.
[ 0086] As anot her option, each chro channel ave  a birased QP val ue

applied GetheLenhcteaspnthHCUempeasspg¢;almeéatappar@tuhe €Pgval ue used
for the | um nance .channe a desired | evel of qualjty for each
chroma cﬁaghgfag?d CerP%585n&ooP?rgﬂf%nﬁaﬁg%ggg@Ergﬁgcﬁf%ﬁﬁr %%é?Ee of
conpr esstha) invept eernhayi be ihP08MkniTbe inventi 6A mBYe beohpRtepented in
hardware or software, or a conbination of both (e.g., programmble |ogic
-17 WO 0BF997328 BESFUEHRI29208Ne AP F a_YFe EﬁP%@%m%@hb?mF@%Pﬁbéélfled t he

al gor i t hgGstprbudedn BSmpRLGiA 5991EQ¥€”6h8“??68e996r'“§€r985£¥ sglated to

any partlcu ar conputer or other apparatus n particllar, varrous
gener al patposeonaghlagstﬁmy(becmBédngnVhl@tngeaandwmomfeolanilaccordance

2%22i;??9%§gggbgga{ggrg oGage e emeth$ nngelegggvggéeyﬁpég gggfééu8£ fror e

port, and at least one output device or port. Program code is
applied to input data to perform the functions described
herein and generate output information. The output information
is applied to one or more output devices, in known fashion.
[0088] Each such program may be implemented in any desired
computer language (including machine, assembly, or high level
procedural, logical, or object oriented programming languages)
to communicate with a computer system. In any case, the
language may be a compiled or interpreted language.

[0089] Each such computer program is preferably stored on
or downloaded to a storage media or device (e.g., solid state
memory or media, or magnetic or optical media) readable by a
general or special purpose programmable computer, for
configuring and operating the computer when the storage media
or device is read by the computer system to perform the
procedures described herein. The inventive system may also be
considered to be implemented as a computer-readable storage
medium, configured with a computer program, where the storage
medium so configured causes a computer system to operate in a
specific and predefined manner to perform the functions

described herein.



integrated circuits) to performparticular functions. Thus, the invention
may be inplenented in one or nore conputer prograns executing on one or
nor e progwermsabiies conput er systens each conprising at | eastr/usez2prdcessor,
at | east one data storage system (including volatile and non-vol atile
menory ah@@90] st orageurthenent s¢mbedinheniss ohethapinveltioe mave gegan and at
| east one out put .deyice or port. Progr code is _.a iedtao input data to
per f or m‘?%%% ﬁkﬁ%?i %%v%regr&?f%%s, Jhtér‘g}ﬁina%% Lf]nenee"fsa cgcp%u pah ‘l’a{n]?loorunsﬁti on.
The out pibdi pf €8 tBdéhOMay Sb@ppddedvi thOne dEpdtenut for ey igeisrit N known
fashi on. %0088] Each such program may be inplenmented in any desired

conput eraP@ndtRige ¢ neh@idt REeHELPR nelCasEFII L oTOME g | EVRISt§RDcedur al |

| ogi cal , 4OL. PPHEST 295} EheY 1BE g A0 DEd SOOHAYES )and OipdmANY gt e with a
conputer system |In any case, the |anguage nmay be a conpil ed or

i nt er pr epedf demgdiage. af 0089 r EAThf ettt chnput eratpraggambed prafarabt v
stored on r downl oaded tp a storage dia ar device . 0. lid state
renory ornebln SSPBeS et Fadets chEY oul Bkl e iR i Febidriador
speci al puUspRSe programmabl e conmputer, for configuring and operating the
conputer when the storage nedia or device is read by the conputer system
to performthe procedures described herein. The inventive system may al so
be considered to be inplenented as a conputer-readabl e storage nmedium
configured with a conmputer program where the storage medium so configured
causes a conputer systemto operate in a specific and predefined manner to
performthe functions described herein. -18 WO 03/007126 PCT/ US02/ 22205

[ 0090] A nunber of enbodinments of the invention have been descri bed.
Nevertheless, it will be understood that various nodifications nmay be nade
wi t hout departing fromthe spirit and scope of the invention. For exanple,
sone of the steps
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descri bed above may be order independent, and thus can be perforned in an
order different fromthat described. Accord- ingly, other enbodinents are
wi t hin theossopa2ef the following clains. -19 WO 03/ 007126 TRG2/I802/ 22205
VWHAT IS CLAIMED IS: 1. A nmethod for conpressing image chronma information of
a col or WHAReHS | GeREMER BSvi deo i mage conpression system including
selecting a resolution for a red col or conponent of the color video inage

that is fi %h?r[ft%%%”ft he é!o?‘r%‘}le‘éts'i% fiﬂ\rag% _cﬁ%'r‘éﬁlac%%rﬁB‘E?%eBtf_ af phg col or
vi deo i mage. Z. met ho I conpressing i mage chroma 1 nformation of a

col or vi deddemadeaige drviaded devagaagenpoepsiess ioys st empclindiinging( a)
downfiltering a hlue col or conponent of the cglor vi deo i ma t% a
processed B qE&P@kEbdﬁﬁﬁﬂ@ﬁﬁoﬁaégﬁgaar? r §C °Fe§8pﬁpp8ﬁtaggn§ &t | east

one of the hatrzenlRlo arthgey@Hdtcals hRER rax8anoknkhe el ok i¥hdea i BRge;
and (b) filtering a red col or conponent of the color video inage to a
processed tddiec glodorc erppmeaenthafi ffea codesnd idegsdmagieen hi gher than the

first resolution. 3. The nmethod of claim2, wherein the second resol ution

isin the p{ 9% o %ro'c%rr&ﬁejsFQ.nﬁr ih\@?.ef Wl %S‘ib%ir%@t%nt he red, gql or
conponent al ong at | east one of the horizontal an vertical 1nmage axes of
the col or widleo iimege i4 alTlvedeet Hodgef colmairms?iohustiseem, ndhediudgng:

conpressing at | east the processed bJue color and red col or. conponents to
O opr eoddd SRt BELL Fragas 8 SIRE SerPhd IO Gt FIR tHRAOT AT ng

deconpr essi ng {fege COHPLCESEC OHLHUL1 hdBESL AL OBS e MDOOIPL 85 S£ e PrHcessed
bl ue and red col or conponents. 6. The nethod of claim5, further including

upsi ze filteringsolheipnoebsredabl leashdredtotr honborrial armdthe ful |

vertical image axes of the color video image; and
(b) filtering a red color component of the color video image
to a processed red color component having a second

resolution higher than the first resolution.

3. The method of claim 2, wherein the second resolution is in
the range from 0.5 to 1.0 of the full resolution of the red
color component along at least one of the horizontal and

vertical image axes of the color video image.

4, The method of claim 2, further including compressing at
least the processed blue color and red color components to a

compressed output image.

5. The method of claim 4, further including decompressing the
compressed output image to obtain uncompressed processed

blue and red color components.

6. The method of claim 5, further including upsize filtering
the processed blue and red color components to the full

resolution of the color video image.



resolution of the color video inmage. -20 WO 03/007126 PCT/US02/ 22205 7.
The nmethod of clains 1 or 2, wherein the video i mage conpressi on systemis
a noti on-wompenHat ed vi deo i mage conpression system 8. ARcmatSozeR2hdHr
reduci ng chroma noi se during conpression of a color video inage in a YW
vi deo i mage conpression system wutilizing a quantization paraneter (QP)
during conphessgieshod jofclaldiimg dt ok 2i, ngghe reiins thePwidlege ifrgget he Y col or
channel of l_Qr. video.imge, .and.a secand al,ue.for at |east one of
the U and 6o§§ﬁ%5%&ﬁ§h%&s§eg¥ hé g%F P“JF&&BeggaéSF Vﬁﬁgpeﬁﬁaﬁﬁe second QP
val ue is | essmplriramidie sfistetn.QP val ue. 9. The nethod of claim8, wherein
the second QP value is determ ned by applying a bias value to the first QP
val ue. 0. The_ nmethod of claim8, further including conpressing the col or

vi deo i nagé, Meed 581 it SUCHR Yo FPERESF PPdEea Rl Td8g0RETPERSTArGeSE o a

conpr essed QUiRUL jidROEmatt iThe Fevheddeb eha® E8mphekihen ispelkddi ng
deconpressing the conpressed output inmage using the first and second QP

val ues to oitidiiriag encowpitdéssdd on gesameige. (02) Auménodofpreastioavi ng
higher compr esSLAR-IUI - SO GS9nosl 21601 06 ieo. tage t 0,3 Y

vi deo i magé “conpr ession system uti i zing a quantizatiton p

duri ng conprtessicolor Rdldedi Agauiel, | iadidng sekiohstt QBPvealike fber att hea¥tcol or
channel of a color video inmage, and a second gP value for at |east one of
the U and 9P€olodr tofainénd H?CPHQr ChHraNeYSdes thEgeClRkeVérRot RBag€eond QP

val ue is greabelin than dhenti o3t vARukalive1.13. thhe wekhed ok epaim12.

wherein the second QP value is determ ned by applying a bias value to the

first QP value. -21 WO 03/007126 PCT/ US02/ 22205
9. The method of claim 8, wherein the second QP value 1is

determined by applying a bias value to the first QP value.

10. The method of claim 8, further including compressing the
color video image, after application of the first and second

QP values, to a compressed output image.

11. The method of claim 10, further including decompressing
the compressed output image using the first and second QP

values to obtain an uncompressed video image.

12. A method for achieving higher compression during
compression of a color video image in a YUV video image
compression system utilizing a quantization parameter (QP)
during compression, including utilizing a first QP value for
the Y color channel of a color video image, and a second QP
value for at least one of the U and V color channels of the
color video image, wherein the second QP value is greater

than the first QP value.

13. The method of claim 12, wherein the second QP value is

determined by applying a bias value to the first QP value.
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14. The method of claim 12, further including conpressing the color video
i mge, after application of the first and second QP values, to a

conpr essewoadtpute i mage. 15. The method of claim 14, furt Per/isezwkazds ng
deconpressing the conpressed output inage using the first and second QP
val ues to obtain an unconpressed video image. 16. A nethod for inproving
t he codi h§- ef TheimatoflopLactainrl2sphicethepr tvehtdihoncofipreys te® thage
originally repre ed. as |i r i.xel_.val in a.videag_imge

conpr essi o g’fs?’éﬁe% r%c%@cﬁ’ng%%t%reé:% r r%i)é%&ltoﬁe%l%isr%éer afliéé pia>r<1éj1 Sv§lot?éjs of
the video iQrgaliesy |tegar iddipressepr esepuat iieagef. | um nance and chroma
channel information. 17. The nethod of claim 16, wherein transformng

i ncl udes_ _applying the follow n uations to,obtain a YUV |l ogarithmc
representat O%M%flg?ﬁgogi anCwﬂhlgeﬂw% re ‘EBgl‘%C]tde*n‘?? ‘Ie‘\?%mpg%"’srl% * B)
U chroma chaanelomp A2l cutPRg iVl o8 nehamrels i T sk0ghB) sec¥ned gihere W,
W), and W are linear weightings for red, green, and blue conponents of

| um nance ofaliuss Hadebtafmgen 1S.coMpaepselod isfeoc|imagel7, further including
reducing the resolution of the Uand V chroma channels of the YUV

| ogarithpc rgp aklon T h claEm.; fu er | di ng
corrpress?zrs]g t%eﬁgﬁﬁﬁl%)ggrw%%ﬂélggp?ﬁéeﬁ %?Ilfl nég#P%%%anfe%Pi%a%gf{)% a
conpr essed spadeo riepagsentit ithe ofetshod defo dimaigrn b1 fimatlier repaleseintgd
deconpressing . the caonpressed video image tqQ a restored YUV | ogarithmc

r epr esent atiSort BEAHE A deS tj’g.ue-szzm\/\é Y3667 196 ISCFPUBEEFS2985 21. The

met hod of Gaitdn?0,i fidi®ly IthGENEGJHehiRRHONTINAG I @3EORRGe YUY hogar i t hm ¢
representation of the video i mage
of the video image to a logarithmic representation of

luminance and chroma channel information.

17. The method of claim 16, wherein transforming includes
applying the following equations to obtain a YUV logarithmic
representation of the video image:

Ylog = Log ( Wr * R + Wg * G + Wb * B)
U chroma channel = Log(R) - Ylog
Log(B) - Ylog

V chroma channel
where Wr, Wg, and Wb are linear weightings for red, green,

and blue components of luminance of the video image.

18. The method of claim 17, further including reducing the
resolution of the U and V chroma channels of the YUV

logarithmic representation.

19. The method of claim 17, further including compressing the
YUV logarithmic representation of the video image to a

compressed video image.

20. The method of claim 19, further including decompressing
the compressed video image to a restored YUV logarithmic

representation of the video image.



to linear RGB pixel values. 22. The nethod of claim21l, wherein
transformng includes applying the follow ng equations to obtain the

| i near RGBO opiosAké val ues: R= anti-log(Y + Uy B= anti-I| ogP¥€TAS0)/22205
Ge(anti-log(Y) - W * R- W * B) / W. 23. A nethod for inproving the

vi deo characteristics of a color video inage in a video conpression
system Zhcl UBhegretiied sklekt2imgZ@ stergier nogel ehiamhel s2ndioupirgent t he
col or videq inmge,. i ding.a.l uni nanc nnel _an h nnel s,
where n isrﬁﬁﬁééggtypﬁiggga%ﬁgh l) 58#5%3%5%%&lfﬁeoguﬁp%a&ggggh%ﬁ%gﬁ and

the n addi ticondheaghrema pikannelag uee .a conpressed vi deo i mage. 24. The
nmet hod of claim 23, wherein at |east one chrona channel represents
non-vi si bl e wavel engt hs. 25._ The nethod of claim 23, wherejn the |um nance

channel %%- theeiRebeod ndhnetaHave hy Wi it hesd ARt 9 r Ak dew

r650|Uti0”ap%§yi %et%%tQQQl%%i%baEGh%%ioB%rEBebbEQEBUQEQQl%%@h@gR%@Ch
chroma channel “i ndependently from each ot her channel. 27. The nethod of
clai m 23, Ppdrederailnyesudi ng codi ng each chroma channel differentially with

respect to adﬁglected oghel g?annel. 28. The nethod of claim 23, further

including re uEi%%t%ﬁ£og BsolUtion of at |east one chroma channel. -23 WO

03/ 007126 PCTBLUSKER2E 22285(Y 20.viThe net hod of claim 23, further including
appl ying a quanti zati on Earaneter (QP) value to at |east one chronm

channel bi asedr R B TERPEEL T8 TR valtR apgpl ied'9o the | uni nance

channel . 30. A conputer program stored on a conputer-readabl e nmedi um
23. A method for improving the video characteristics of a

color video image in a video compression system, including:

(a) selecting a set of image channels to represent the color
video image, including a luminance channel and n chroma
channels, where n is at least three; and

(b) compressing the luminance channel and the n additional

chroma channels to a compressed video image.

24. The method of claim 23, wherein at least one chroma

channel represents non-visible wavelengths.

25. The method of claim 23, wherein the luminance channel is
the image channel having the highest dynamic range and

resolution.

26. The method of claim 23, further including coding each

chroma channel independently from each other channel.

27. The method of claim 23, further including coding each
chroma channel differentially with respect to a selected

other channel.

28. The method of claim 23, further including reducing the

resolution of at least one chroma channel.
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for conpressing i mage chroma information of a color video image in a video
i mage conpression system the conputer program conprising instructions for
causi ng awoaapoties to permt selection of a resolution f@®cTasozek20dl or
conponent of the color video image that is higher than the resolution for
a bl ue col or conponent of the color video image. 31. A conputer program
stored of9a cBnpunethedadfibtiaimd?am furheeohprbedimy apmbeinhromm

i nformation_ of ,a_cql.or videg .inm n i_d i_mge ¢ ression_system
the comput SRS GaTAmTcSRBATS TG 1 1RE0r GGt Gne ot 8 a5aSInG 5 SBADlEer (o
(a) downfi ldhehna lblniesee orittomeeperit ab the@Pcokhllievia@pdicdnge thea
processed hlue color conponent having a first resolution along at | east
one of the WBEPAGHCaIchamd®elvertical inmage axes of the col or video i nage;
and (b) filter a red color conponent of the color video inmage to a

processegly I edn CObRELEOFPHPESEaRAVE PIréd S O UcofySi$0d LU + &34 Bhefe d N, t he
first resolution. 32. The conputer programof claim31l, wherein the second

resol uti on fiog icemplre ssdmge imega Ghxoma indogmathenf gifl a cedokuviideoof t he

red col or cqmponent _al ang at. | east qone of . the horizontal and vertical

i mge axes 0P the el grlo%odé%na %ngé)&prfg.Sl?%eggg(r%rﬁu ertthﬁr 88%“5}#81; claim 31,
further inglrediragh dorgiridingons sftafucedwsisnGorheateipyt ar compu@BRr €8s at

| east the processed blue color and red col or conponents to a conpressed

out put i maEIT™IE4 SABTE 0T P26 PEFPASHE 222687 84 X ThELERpGPBPOPLEG am of
claim 33, further dNJUdiRed NSEg4CihaRs ifs0h i6RUS RY 8 BCOMRLRIHAdn

conputer to deconpress the conpressed output “inmage to obtain unconpressed
processed Hloxe aaid ueed daimcorprgpendgntos. t3%. cPlercodpgoerimpgegr am of cl aim

34, further including

31. A computer program, stored on a computer-readable medium,
for compressing image chroma information of a color video
image in a video image compression system, the computer
program comprising instructions for causing a computer to:
(a) downfilter a blue color component of the color video
image to a processed blue color component having a first
resolution along at least one of the horizontal and
vertical image axes of the color video image; and

(b) filter a red color component of the color video image to
a processed red color component having a second

resolution higher than the first resolution.

32. The computer program of claim 31, wherein the second
resolution is in the range from 0.5 to 1.0 of the full
resolution of the red color component along at least one of
the horizontal and vertical image axes of the color video

image.

33. The computer program of claim 31, further including
instructions for causing the computer to compress at least
the processed blue color and red color components to a

compressed output image.
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instructions for causing the deconpression conputer to wupsize filter the
processed blue and red col or conponents to the full resolution of the

col or vi dwo a3mayges 36. The conputer program of clains 30 ®CTAK02RE2esei n t he
video image conpression systemis a notion-conpensated video image
conpressi on system 37. A conputer program stored on a conputer-readable
medi um 3fer FBEUEPMBUEAFoRECHBRBeCHUFiAgMCoAprEestber oinaledlny vi deo

mage 1n 8 Gdaiden I mas CoTRressION RIS U I2kag.a auant | zad on
ur

par anet er i'ng “conpr ession, & KE <o er progr n1conpr|3|ng
i nstructi ork:dop reaass ithg ator@mmiﬁar durpuit linzgyea tfd roﬁtaG;Ja value for the Y
col or channel of a color video jnmage, and a secqond QP value for at |east

one of theq@%ﬂﬂf“@%ﬁﬂ@npﬁﬂﬁ%ﬁﬁQQSQﬁ“q|ﬂ94xﬂ%9'qﬂL@éoQQ%ﬂﬁ@entﬁhereln t he
second QP value is less than the first QP value. 38. The conputer program

of claingg7, wherebn &h@rsggeegal@ofvayfml§4def@£€h@§dlrb&q@@pwl ng a bias
value to the first CE val ue. “39. The conputer program of claim 37, further

i ncl udi ng dinsirugiticnss fagr cassing thite demIRpres stionc eeped st e col or
video i nag%gustajfzt f fjlpc%lrl Ccitse %?rho(%:fe sts%%l lruset a%@id r%%c oqogD co‘é%lolfllfeeﬁ / st C%:o

conpressed uter progran1o clai ther
i ncl udi ng 1ﬂn§tﬁuumlnyﬁbﬁuﬁldnuﬁﬂruhaadhmunnmmayﬂ dmagenputer to -25 WO
03/ 007126 PCT/ US02/ 22205 deconpress the conpressed output inage using the

first an val ues to obtain an, unc res d V|deo i e. 41. A
conputergﬁrog BﬁlCéﬁé?%ﬁroﬂragﬁﬁﬂpﬂfe?f?%%ﬂa %fun? e?%+n2€ﬁ?eving

hi gher conmpyiefs] GndYe idgnHUEY RSBt as %Oh@)rtl\end%nfg&%t'e@ %ﬂﬁlé\é
video i mage conpression system utilizing a quantization paraneter

during ConpHEss cTPMPngFs ieanpumsdrenpr ogr am conpri si ng i nstructi ons for
causing a

37. A computer program, stored on a computer-readable medium,
for reducing chroma noise during compression of a color
video image in a YUV video image compression system
utilizing a quantization parameter (QP) during compression,
the computer program comprising instructions for causing a
computer to utilize a first QP value for the Y color channel
of a color video image, and a second QP value for at least
one of the U and V color channels of the color video image,

wherein the second QP value is less than the first QP wvalue.

38. The computer program of claim 37, wherein the second QP
value is determined by applying a bias value to the first QP

value.

39. The computer program of claim 37, further including
instructions for causing the computer to compress the color
video image, after application of the first and second QP

values, to a compressed output image.

40. The computer program of claim 39, further including

instructions for causing a decompression computer to



conputer to utilize a first QP value for the Y color channel of a color
vi deo i mage, and a second QP value for at |least one of the U and V col or
channel s w W@Ble71cel or vi deo i mage, wherein the second QP PCaluse2®o§r eat er
than the first QP value. 42. The conputer program of claim41l, wherein the
second QP deslampries dether riawgt deyseab@inripvg dmgicas wsdinge the tfhe st msid QP
val ue. 43. The c ter. program.of .claim41l, further includin

i nstructi onssecfoélr&)%svla}‘}dpet%e Oc@rﬁ%l?t’l o WEGIBPESS SR VE§esT m\%lg(?eo i mage,
after application of the first and second QP values, to a conpressed

out put i #mge. Addompheeeoppoleampr g6 aad obn Ch ac diddt e f tr ¢ @ib 1 1Gherdi Bg,
instructions for causing a deconpression conputer to deconpress the

conpr essed fQJt AANISTHGY FSiHE L KOTRILESS 198d AULdEgh Fomp regisdes ©f Sotain an

unconpr ess%l@ﬁ%dé@&%acfé}?-irf{&%%ﬁe@r QYD B ][r%%sﬁ'anasyfstem

conput er -r eadabl e nmedi um or inproving the coding ficiencytor a color
space représéntzitiopra ofuan biizadd dnmpge ageitgirn dIQPy  deyriege aoeg res s ilonpear
RGB pi xel Vi | ues inta vi_ deo ima%e cQmnpr.essi.on fiY’ts%en}l t he conputer program
conpri si ng T s tFUHY Sifs BRI e S HE T4 S LGB ics 5 1OPEndP5r FAEHE G Rear RGB
pi xel val uesn@pfutdie toviteq iizeage fidsa lQPgakilinire o epkeyerbabirorhdhnel

| um nance and chrooma channel information. -26 WO 03/007126 PCT/ US02/ 22205
46. The cofutfercPrFgrafiest @agiem 494 ghsesond RE Vadteudoirors fleéasausi ng

the conput & Q£ KANRSTPTIAG REIAAS » IRSHHAGE Qs har £3Usi BY gLhe jGapputer to
apply the fcr)]l | owi ng  equations to obtain a YUV logarithm c représentation
of the viddednamgeheYlssrond @ (Value* iR grégterGthavib theB)firldtclprona

channel = Iv%qﬁ@ - Yl og

42, The computer program of claim 41, wherein the second QP
value is determined by applying a bias value to the first QP

value.

43. The computer program of claim 41, further including
instructions for causing the computer to compress the color
video image, after application of the first and second QP

values, to a compressed output image.

44, The computer program of claim 14, further including
instructions for causing a decompression computer to
decompress the compressed output image using the first and

second QP values to obtain an uncompressed video image.

45. A computer program, stored on a computer-readable medium,
for improving the coding efficiency for a color space
representation of a video image originally represented as
linear RGB pixel values in a video image compression system,
the computer program comprising instructions for causing a
computer to transform the linear RGB pixel values of the
video image to a logarithmic representation of luminance and

chroma channel information.

26—



V chroma channel = Log(B) - Ylog where W, W, and Wb are |inear weightings
for red, green, and blue conponents of |um nance of the video inmage. 47.
The conpuwero3potigs am of claim 46, further including instPaatisons22bdr
causing the conputer to reduce the resolution of the U and V chroma
channels of the YUV logarithm c representation. 48. The conputer program
of clainf46, FhetaerPuheruaFagramng r@b@%@n@5fdwh%§%%mn@h%he conmputer to

conpress the %ctl%%“ft JSANP IR Al e e 1Re JIRgRd
S T, Bt AR,

conpressed Vi gran1of clarm
i ncl udi ng MﬂEﬂﬁUﬂtﬂ&@ﬂS:ﬁxﬂ aamsmn@gtmedemxmmmuessm@na@@ﬂput@@ tfol ldedorpr ess
the conpressed V|deo |na% t.0 rest %arlthnl representatlon of

the video i &ﬁl TPF§ S AtRER Pricith@ ng

instructiomidga‘ﬁﬁygg_ng t he deconpreSS|on conputer to transformrestored
YW | ogarithmc representation of the video image to |inear RGB pi xel
val ues. 51. Theogomplueer (pWogt aih ofWel &i ¢ 50fbwheBkin the instructions for

causing the c t for ngl ud i nstructions for causing the
QURYLSha! QukhARET OT L BE udoy, . _ !

conputer to ap OW ng i ons obtain the |linear RG@ pi xel
val ues: R= anV|chﬁgm3'¢h&hne27—VIb@SBDO?lQBo@(ﬁYU802/22205 B= anti-log(Y +
V) G=(anti-log(Y) * - W * B) / . 52. A conputer program stored
on a conputwé‘terree%ablwéi né’djidur‘ﬂb NSy ]1l|‘f‘ﬁ|a(¥V|wﬁdgpﬁé“\9|Sd§8rcH&fiactgé”rele@trl cs of

a color vidgR YITRILdnphHdeR FCaATRISSIRN o3y TheMy il Gyt er program
conprising instructions for causing a conputer to: (a) select a set of

i mge channels to represent the col or
4 The computer program of claim 46, further including

instructions for causing the computer to reduce the
resolution of the U and V chroma channels of the YUV

logarithmic representation.

48. The computer program of claim 46, further including
instructions for causing the computer to compress the YUV
logarithmic representation of the video image to a

compressed video image.

49. The computer program of claim 48, further including
instructions for causing a decompression computer to
decompress the compressed video image to a restored YUV

logarithmic representation of the video image.

50. The computer program of claim 49, further including
instructions for causing the decompression computer to
transform restored YUV logarithmic representation of the

video image to linear RGB pixel values.

51. The computer program of claim 50, wherein the
instructions for causing the computer to transform includes
instructions for causing the computer to apply the following
equations to obtain the linear RGB pixel values:

R= anti-log (Y + U)
._27.._



video inmage, including a | um nance channel and n chroma channels, where n
is at least three; and (b) conpress the | um nance channel and the n

addi ti onawo osloap@ channels to a conpressed vi deo i nage. P8T/Ushm220:p Ut €r
program of claim52, wherein at |east one chroma channel represents
non-vi si bl e vgewedmingt hsg (54t Whe corrput er programof claim52, wherein the

| um nance ch nneI th neI hayi hi ghest dynanlc range
and resol uti on. %tlT%%gg%%p ?@? gréﬁ?of Q?a}gﬁ% further including

i nstructions for causing a conputer to code each chrona channel

i ndependent | yafeompeash ptbgrathasneted S JheomOumpstt efe AP Armed i @h Al m
52, further including instructions for causing a conputer to code each
chroma chérFelr@rrrangntihgl M dgot Fhpespeer 165 18ssefet €a16Eh&ide@hannel .
57. The computer :pr a0rameal Lhalau2ont uiben | REku ARG, ckBSHENGLLANS for
causing a conputér to reduce the resolution &f at t one onma
channel . 5&omﬁhesd@@pamemrpmmgpas16brcbausuﬁa,afapmpememncbudlng

instructions for_ causing a c uter to a a quanti zatio neter (QP
varue re aleLeerSahet (Re S SPTRIRSE R Bl & RANRSA he P LT P
applied to they]qsdnansge £handBhding 8 Wi 0Tl 26n R U024 2122&5ron569 A

system for conpressing image chroma information of a color video image a
vi deo i nage co%%@%%l%n ‘S@@%%n@ inadtudierst thgesrandfor sel ecti ng a
resol ution r t i de is
hi gher thanfo? %&Hé]g%% k?%nl or a (g%]u%ﬁ)cjf:%rﬁ%f %géfrg%}}\éénlg é)(%d ntgle co?

i mge; and (b)cheans a‘,lmaima@m yinga tdemset esdddvidsol itagan. t 0 conpr ess

vi deo

53. The computer program of claim 52, wherein at least one

chroma channel represents non-visible wavelengths.

54. The computer program of claim 52, wherein the luminance
channel is the image channel having the highest dynamic

range and resolution.

55. The computer program of claim 52, further including
instructions for causing a computer to code each chroma

channel independently from each other channel.

56. The computer program of claim 52, further including
instructions for causing a computer to code each chroma
channel differentially with respect to a selected other

channel.

57. The computer program of claim 52, further including
instructions for causing a computer to reduce the resolution

of at least one chroma channel.

58. The computer program of claim 52, further including
instructions for causing a computer to apply a quantization
parameter (QP) value to at least one chroma channel biased

with respect to a QP value applied to the luminance channel.



the color video image. 60. A system for conpressing i mage chronma
information of a color video inage in a video i mage conpressi on system

i ncl udi ngwomaneg7iker: (a) downfiltering a bl ue col or conpomremtusot/212b® col or
video inmage to a processed blue color conponent having a first resolution
al ong at | east one of the horizontal and vertical inmage axes of the color

vi deo i nage; Ansly$dmfforeedmpres ey conage compamennbdrndiel ool of ai deo
imge to rqc r. col_or_. t i .secqn esol ution

hi gher tha%oﬁﬁ% Sﬁ?%% ﬁgggﬁuﬁigﬁ%%ggg%$%§ g%é?%%ﬁ%ﬁgglgﬁan / wherein the
second resdhutlivalinige in the range from0.5 to 1.0 of the full resolution
of the red color conponent along at | east one of the horizontal and

vertical ir@geled@e Pt heleotbrd v deos? Halgken 620 The €Y stk Bf ¢l ai m 60,

further includigghdBans 8! th&0MpIEsSiiGedtiheasttide DL ogegsed Phug col or
and red color conponents to a conpressed output iImge. 63.  The system of

claim62, furthbee rasdldihgnntansaflolue decbompresspamenheo £ onpe esskar out put
i mge to obtain, uncongressgg processed blue and red col or conponents. -29
VD 03/ 007126 PEIFT809193%05°°84. The system of claim 63, further including

means for upsimeahs| f6Fi agplPen@rocessetedted sasb1eti 6ol 06 conpeansents to
the full resolution of the color video inmage. 65. The system of clainms 59
or 60, wherei ntEfheceldeovifRagelm@dPpressi on systemis a notion-conpensat ed
vi deo i mage conpression system 66. A systemfor reducing chronma noise

during cefpregss PB-Oh £ér COLRPr¥s 880y | MRGSGe | dh FoniM YEGERa £ IBYE, £04TPr esSi on
system wutilizing a quantization paraneter (QP) during conpression
i ncludi ng color video image in a video image compression system,
including means for:
(a) downfiltering a blue color component of the color video
image to a processed blue color component having a first
resolution along at least one of the horizontal and
vertical image axes of the color video image; and
(b) filtering a red color component of the color video image

to a processed red color component having a second

resolution higher than the first resolution.

6l. The system of claim 60, wherein the second resolution is
in the range from 0.5 to 1.0 of the full resolution of the
red color component along at least one of the horizontal and

vertical image axes of the color video image.

62. The system of claim 60, further including means for
compressing at least the processed blue color and red color

components to a compressed output image.

63. The system of claim 62, further including means for
decompressing the compressed output image to obtain

uncompressed processed blue and red color components.



(a) nmeans for utilizing a first QP value for the Y color channel of a
color video image, and a second QP value for at |east one of the U and V
col or chawoabBmonbet he col or video i nage, wherein the secead/u32/erbiie is
|l ess than the first QP value; and (b) means for applying the selected QP
val ues during conpression of the color video image. 67. The system of

cl ai m 6664 wheFle¢ nsybeesecHndl @Pnvad uefusthelet enel méthdymepps yfog a bi as

value to the f.irst_. val ue. . 68. The s m of claim66, further including
roans 1o CBRAESSTE TS b S BFCHes SCnGe eaPrEr TR PRae] GAMBPRERE S
first and secemd @Rvalies]udtdon oIMEHeSsesRd QUkdeo TRGge. 69. The system
of claim68, further including nmeans for deconpressing the conpressed

output image using the first. and second QP values to obtain an
unconpr e83ed VREedYFHEPeCt 7H21MS sy2tem POr BRETRVR ngh i GHEFC cMp¥Rssi on

during comMugs3ieQR iQfn & &Rl i\ detdtiREE doheRn¥HY W 48RclMBge geCONPr essi on
systemutilizing a quantization paraneter (QP) during conpression,

i ncl udi ng: coB@rAWBOIMDEYE2EMRCT/ US02/ 22205 (a) nmeans for utilizing a first
QP value for the Y color channel of a color video innage, and a second QP
val ue L\ﬁé at Ieas% r%)ng gf tQ&‘ Unangh}/oﬁolgricgannreiﬁ oé :Ehj? ScoI or %i deo

i mage, reizf\ the-SCcoRt ff’ vatud 74 g?ea‘t)e? t%‘én the"TTHsY ?jfpl\}a? e (b)
means for applotioly Wik s dherfeed QB walvues dddr iifg geC edppessisadnofs yishercol or
video inmage. 71. The systemof claim 70, wherein the second QP value is

det er ni ned Wy ldFdng fg W aBitds akdofe PG aMed ot r(&F) QduFdinge COMPEESTROy st em
of claim7Q,, L‘&rdtiii‘l‘?% i ncl uding neans for conpressing the color video inage,

after application of the first and second QP values, to a conpressed
out put image) means for utilizing a first QP value for the Y color

channel of a color video image, and a second QP value
for at least one of the U and V color channels of the
color video image, wherein the second QP value is less
than the first QP value; and

(b) means for applying the selected QP values during

compression of the color video image.

67. The system of claim 66, wherein the second QP value is

determined by applying a bias value to the first QP value.

68. The system of claim 66, further including means for
compressing the color video image, after application of the

first and second QP values, to a compressed output image.

69. The system of claim 68, further including means for
decompressing the compressed output image using the first

and second QP values to obtain an uncompressed video image.

70. A system for achieving higher compression during
compression of a color video image in a YUV video image
compression system utilizing a quantization parameter (QP)

during compression, including:



73. The systemof claim 72, further including nmeans for deconpressing the
conpressed output image using the first and second QP values to obtain an
unconpr eswed3mide® i nage. 74. A system for inproving theprcadisag22hiici ency
for a color space representation of a video inmage originally represented

as |linear R@B péxes Yaruetilhzangi debiisbgeP coaprestoonthey$tenior ncl udi ng:
(a) neans for jpputting.linear RGB.pixel values of a vide i mage; and (b)
neans for tran%?%?rﬁle%gggh% ??‘Lgﬁrv AR CLARIE rllfgsao?ec?rllfg %fi)d‘é%f'i&?rage to a
| ogarithmic reppesedt akhob 6he bHNLRANTEaBAdV CHs DHR Ehammel s | &f ofmat i on.

75. The systemof claim 74, wherein transform ng includes. applying the

fol | owi ng equatPbPE Y398Pt aRAdar YWReToHar FRdnFeCoR@ RRsemt @t i bh of the

video image: Y,pgQ.FclogninWne R # B * B) U chroma channel =
Log(R) - Yl og J\’/ Chr one c%%nne = L%%?%? ‘%%%\3 31 WD 03/ 007126

PCT/ US02/ 2220 5mesher Eo¥VW apiyinadt M seketieda@P wea i s ndsrirog red, green,
and bl ue conponents of .|l um Pﬁggﬁ of ,the video, i mage. 76. The system of
S

claim 75, furtfA@FPIRefualng CPOPT YEITRi HIR9he resol ution of the U and

V chroma channels of the YUV |ogarithmc representation. 77. The system of
cl ai m 7571 f urther sy seéndbngcdRams7  PrwhE&paPr esisé Nge ddved YO Y HD@s i 1dmi ¢
representatjon of the video_ inmage tg a conpressed video image. 78. The
system of AedieHmined bt REPLYAAUE My aFe ¥Fd UeortO &é‘@orﬁﬁﬁéé@s@g’gvﬁﬁé‘e-
conpressed video inmage to a restored YW |logarithmc representation of the

video impge. ¥9e JhersyStem0hig! abM 78t A t NgE1 hAhYdhdgn srepns for
transformng restored YUV | ogarithm c representation of the
compressing the color video image, after application of the

first and second QP values, to a compressed output image.

73. The system of claim 72, further including means for
decompressing the compressed output image using the first

and second QP values to obtain an uncompressed video image.

74. A system for improving the coding efficiency for a color
space representation of a video image originally represented
as linear RGB pixel values in a video image compression
system, including:

(a) means for inputting linear RGB pixel values of a video
image; and

(b) means for transforming the linear RGB pixel values of
the video image to a logarithmic representation of

luminance and chroma channel information.

75. The system of claim 74, wherein transforming includes
applying the following equations to obtain a YUV logarithmic
representation of the video image:

Ylog = Log ( Wr * R + Wg * G + Wb * B)
U chroma channel = Log(R) - Ylog
V chroma channel = Log(B) - Ylog



video image to |linear RGB pixel values. 80. The systemof claim79, wherein
transformng includes applying the follow ng equations to obtain the

| i near RGBO ogiowHR6 val ues: R= anti-log(Y + U B= anti -l ogP€TAUSY/22205
Ge(anti-log(Y) - W * R- W * B) / W. 81. A systemfor inproving the

vi deo char attegrs §tri,cHpf aand ¢ erevildecamwge ghtiagsi der cedpr gssieon

system includi neans for: sel.ecting t of, i mage channels to
repr esent taﬁiéjd(?g%ﬁ Cqﬂp(?éi?ﬂtﬁa&gf? Y dCTg 03 Iscg‘r'ﬁ Ha4Fee gﬁ‘ﬁ‘ﬁﬁel and n
chroma channels, where n is at |east three; and (b) conpressing the

| um nanceé channel sasteihefncaddit 7onakur€he pMen €hadned SnéM e £oNPr essed
video image. 82. The systemof claim8l, wherein at | east one chroma
channel repFEYSHNY AdE viespivd iway Sfetgend. angs Wohgomgohasnpds/ €02/ 22205

83. The systemwfy cllhoieaé:?éist &%‘ife%ir%stebﬁaltli l,;nance channel is the inage

channel having the ami ¢ range and resolution. 84. The system of
claim81l, further including neans for coding each chronma channel
i ndependént | yThe oayeheh of hetaimhapnefur8ier Theckydimgnmofans afomr 81, furt her

i ncludi ng neans _for. caqdin h chr.qna .channel differentially wth respect
Lo a  sol e CrTR Fn € e Y SR o HETRIE! SRR SER AP HLET. CRuEDRer TR udl ng
means for ingducitig 4 honpsdisdd eldelo amalgeast one chroma channel. 87. The
system of claim 81, further including neans for applying a quantization
paranmeter (QP) value to at |east one _chroma channe| biased with respect to
a QP vala%'ap m?eayFBem of claim 77, further including means for
decompressing the compressed video image to a restored YUV

logarithmic representation of the video image.

79. The system of claim 78, further including means for
transforming restored YUV logarithmic representation of the

video image to linear RGB pixel values.

80. The system of claim 79, wherein transforming includes
applying the following equations to obtain the linear RGB
pixel values:

= anti-log(Y + U)
B= anti-log (Y + V)
G=(anti-log(Y) - Wr * R - Wb * B) / Wg.

81l. A system for improving the video characteristics of a
color video image in a video compression system, including
means for:

(a) selecting a set of image channels to represent the color
video image, including a luminance channel and n chroma
channels, where n is at least three; and

(b) compressing the luminance channel and the n additional

chroma channels to a compressed video image.

82. The system of claim 81, wherein at least one chroma

channel represents non-visible wavelengths.



the | um nance channel . -33
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83. The system of claim 81, wherein the luminance channel is
the image channel having the highest dynamic range and

resolution.

84. The system of claim 81, further including means for
coding each chroma channel independently from each other

channel.

85. The system of claim 81, further including means for
coding each chroma channel differentially with respect to a

selected other channel.

86. The system of claim 81, further including means for

reducing the resolution of at least one chroma channel.

87. The system of claim 81, further including means for
applying a quantization parameter (QP) value to at least one
chroma channel biased with respect to a QP value applied to

the luminance channel.



