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BACKGROUND EG Back b‘oun 08 MPEG-, 2. and MPEG- 4
are internatiofag6 o¥naihon

defining a video syntax that provides an eff|C|ent

way to represent inmage sequences in the formof nore

conpact coded data. THRECHNEgAAQEIBLDt he coded bits is
t.ax.," For exag%hég a fem1tokens can represent

[oogﬂﬁentl lsbﬂggﬁnﬁﬁan SEe t§ VisESs apPEEsFgPn, and
morMPEQT%hCuﬁ%&ﬁyNEgeméﬁH@@%ar@%s%%%@ daser ickgpatdec pdolgams

(reconstruction) process whére the coded bits are
fOrw&ﬁp@@Vﬂmawppm@r@§@ﬁ§bﬂmaB@pp@é@m@aﬂméwrmﬁﬁéogn1n MPEG-1like

viddRPLY ?E%%' XX%%%g%hlglnal format of the inage

Seq gen a flag in the coded bitstream

S|gnals mhether the following bits are to be preceded

with a prediction al gory [ to bei ng decoded

with a discrete cosineéééﬁ%#éﬁ#ﬁ(DCT) algorithm The
MPE& @ardkigragireonpri sing the decodi ng process are

requl ated by the semantics defined t hese MPEG
(00023 dar HEECTR; &nd MPEE-daRThe lé’ﬁ&lrﬂ’é‘&lf’&aéxml&ep

com@Q@@%&dﬂ d@Q neRRLAC R SlingS aS W le®S sSPRbk@lkhat provides an
r edundancy, tenporal redundancy, uniform notion,

effsgaeM&lWﬁwskpngePQE@enmn1m@99e@eqUEMQ§@ NPEGhst dodar ¢f more
com QEkn%oéﬁﬁr%%E%f"E%% %u % a% 1) co%%dabq% g the

decodér b& albl’E €5 par Sé
» sy@heeadef anri B&aoNg ,dat &est rceacmn sbdtns @ eb@Rrgecas talne entire

t n1co lies with t rres ondlng VPEG
blo§3nf’§xssa£{‘e e r[eegm ey SATR §§ a@pg, ~20 r uBQE P MPEG

st afdd re@NRness dekcre®RNiadueoding (reconstructlon) 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, etc. 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
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can be used (al though technically this deviates from
the -1 1 LELLEEL FEEE VLD VEEE VLD ML THEE LT
*@00002* standard since the semantics are not
conformant). It is also possible to carry the needed

st a9 isGHcd i Rihadltli@isNAldeY 810tS WHrPbrnla@R03] T:h %.%e also
MPEG st andards use a variety of conpression nethods,

posaﬁﬂhkmﬁgC@ﬁﬁwaﬁm@m@e§@¢dnﬂamanﬁyﬂ§nﬂyﬂhym;anuahhﬁnnatlve
S a§$° scenes, the background remains relatively stable
yn%h action takes place in the foreground. The

[OomadkgroumésﬁamenN%tanﬂukd& gisedta dealietfy dfe ceepiRdsSon
undant . These MPEG _standards start conpression b

mety '|ﬁ&C&UFéP€féH€€a¢F§m€ 288l &g ekt rame methodgne Toy most
videb c@fRs, khkl #RKFLANOHRMEISE re\MatttlQ/létlyr %ft%rbqréc @hile

to other frames and thus contain an entire ‘frame
actiioge ¢ akeiso Placieonn thbréwgggpp@m@deﬂhqlb@q&gnaundIMay move,
trea for. random.acce but c onl
but) N g&%FEIy coﬁg}g%?egge?fpF@aﬁﬁéihgﬁgkdaﬁgese Yuehi
stamepmese@tamg kolpaeesiocn byl agedtiifict ke rRifesierr@Mframe
every 12 to 15 frames (although it is _also useful in
caldgfeag rdafEPandda™eo Ods e Imk&RMF dert §§§&eﬁgar§epw@9¥essed

w1thoh%a¥%§kreﬁg%r%@fb%herSEQ%ﬁe%nﬁﬁdat%ﬁglloB?rPEP%n entire

the franes that fall between the reference
frameeOfdwﬁﬁepennfbmmamuba biadkemesg pirofrideeentoyl pailmks into

N X e L -

com@t@%@é&ﬂc¢§p1cﬁﬂg@lCtﬁ@ datB kepiesentatd I frames is
-directional interpolated or B franes. [0004] P

PlaF@Qwé§ §BRePALPy TSR ENESUed 2witth LheffapBsse (B4 thoughstit is
alsgrﬁggfﬁﬁ'ﬁ C5o/E El&&ﬁﬁgtghc@ pE%Vb%%Sch%F%E%ET ?gﬁlng

general, "are used as a reterence for subsequen
betWﬁanei fPameahesTheGeaﬁ@ea f silnicy bngly ansmaﬂloportlon of
anmount _of

thecgg%rgéz%%n b§?E?Z§§?WS Bo ger%E§§Fn§ﬁd a tFaGSe 21
diffetrenengeomr ahe bRaekdeinoIbErameedednly 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 16x1l6 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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Bi -directional franmes are never used for reference
frames in standard conpression technol ogi es. [0005]
Macr obl ocks are regi ons of inmge pixels. For MPEG 2,
a macroblock is a 16x16 pixel grouping of four 8x8 DCT

be RRGKS duallagetdiRioaeid hsqRg @akhar \i%%trer fir@meP o’ 3RS -
and one or two notion vectors for franes.

framec riguesdics et fodlingf.r Mg obapcks biethn@a B doamep may be

h § fra L int f rane
lnd? %%' 1§3f%%0 % ﬁé’ro 56 gghn h.ndgnﬁka§8§wﬁﬁ9 be
predmmbeddwﬁdxﬁgentaﬁ&@auﬁi@@eﬁﬁbtadfb&ﬂﬁngodb&gbokhrw&&ﬁard
predi ct ed codi ng, _hackward predicted coding, or both

and Bhrld -ackRr §LEFCEIOnBLLY ABSEFBRAREPd) Predicted
codl%ber@9%@E%@kl@r%gE%E§@ntC%@En%1mAl§E'%Q&hﬁt@&%fggeﬂked in

but” simlar structure is used vi deo codi ng.
MPEFGGO@PdAtt@pdG®@Ing, an MPEG data bitstream conprises

sequ [ and S. . A _seguence nm
[00%6 S|st%&%% afﬁg§Pgany pa Fgrﬁggﬁ P}tﬁiggﬁ@ BOFP %ﬁgss a
seq@eli’neree ofr & ,a Ff, ewndnBn @rasesBnhl get@ehtieC hb§NsodlikRebE
pl acenent). However, it is _comon in industria

alngiskcBge PPG tREPe O flixBd PREL Br ATapESy (there are a few

m1nb§BP§§B%%P%B@§§kr1¥%E@hgobﬂrtﬁgﬁgegﬁggéﬁéﬁQtatHg@ever it
MPEG 1, MPEG 2, and MPEG 4 utrlize a'y,

is VommOMOnnspad@stquadoppae$scentoTheNe as faxelope¢ttefrn

| um ion, but a typical conversion
(e. Pkan§?§%§§F§§%%§§$%éen RGB (red-green-blue) to a YW
representation is expressed as: Y=.59G+ .29 R+
Y The Y | uni nance factors for

MPEgiégﬁcFéﬁE@cFr 6e§§n56tf8n0 75, dependi ng upon the
[ooogflor sysken , Thertaot onadf prted whangatcifinem 8. 2,te, v
0.3, and the factors for bl ue range fromO0.05 to
colgrlgpace 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 = .59 G+ .29 R + .12 B
U=R-Y
V=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 0.65 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.



[0008] This transformation can be cast as a matrix
transformation, which is a |inear operator intended
for use on |linear signals. However, this sinple
transformation is performed in MPEG 1, 2, and 4 in

[0oble nontki nEAk\Yidaa SPRASREG beE@HﬂQeV%EE°¥§solﬁﬁion of

¥i
artifacts and problens. -3 [0009] It is typical _
thenPEengo Vr ebieomat khanasdisuticoachfievehbighemd compiessaon. The

h I 0 [ iL.gher conpression, The  npst
mos%o%%@ﬁFél s6 %?e%égPEE%oo O%eg% Or5A OPs 10 tqs 8SRaPpL
respésolivhi bothotkreechiltdl bydahdrievnzantgl. | mpEWPEGsdpports

upports . full resolution chroma, as well _as half
£l 3o BBRG0 i oG e SB aPPy vefldueseha lfngeraittéommon y

horﬂ%%ﬁtyﬁﬁgiZHBWQUEEeStheNRBQtPEBREBﬁl?t Manvbexeh éygfiles,
@M.) and Main Profile at H gh Leve FNP @yHL), usSe
MaipaPtofédsl ati ¥aihoLeredt dMPy@aMdl) wedt Meahl ProfREE 4t High

| d 2 Lf Lution . i cal | d
ek BB REPG EhA: “PaPI L BrioF barbeioN SFE
vereofitetleal MpdG4advérshahk chaaar2haskzaalal reesoliutban

is often called 4:2:2, and half_vertical and .
verprpldyt and hexsrertanlys Jptenthat| &yld: ghyomp| resolution

is shedhdche1Bgt gdsthat hhhe ~Ar¥mX gB?ﬁQBhE&Er§eE81£E§8ﬁdis
in its neaning and derivation, ut it 1’'s conmon
oftppnacailéedt é:@s@,i antlohdéscvebeitheé ehdohmriresohiti on

| ati hi o_| um nance. 00 The filfer which
reop SR R8T H e BRb PR, SRt A aaga2eBr i Okl SPCHIOrbS: BBPG FBAC the
4 :xupdaemthelsatreussMPEGwetiandai ds msadRAbl 88d BBrivation,

non-1linear video signals as transfornmed into the U and
PUL\LE 4P oFOFBPReBEAFRLFBNtOVAER EhRetPndepsEibe the chroma

reséiéE§&ﬁfEEEAEthﬁhigpgbiEﬂm§8?£889yef RGB, the
non-1 1 near si gnal s n t he Ilters interact in such a
[00WR) as Thepfdduer whithaceduaad phebhemszonfThdsend vertical

cusBhADLEIR (POe BARE PhLZGd S8y LB AL Gabebaent L0 ca
to mbhhlspebialidebi asgngls[ 881dkafivebhaedi thesNMBhE0D 8AG V
coléinggérggégggtgggjl%ﬂggrthe 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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representations and transformati ons may be found in
"The Use of Logarithmc and Density Units for Pixels"
by Gary Denpbs, presented at the Cctober 1990 SMPTE
conference, and published in the SMPTE Journal (Cct.
deski9be e pHHLFING cK0oga88 tHbQ ar 1B &paces at
Representation for | mage Col or and Dynam c Range
vaniifiush Stadgssaladbitdie limagieo somples s imnd pBacessiiige pipeline,
ndA r the tober 1993 SMPTE
N Sn erence%%ngmﬁﬁﬁgﬁgghed n grf?gféedlngs and
preprints. These papers -4 descrlbe the benefits of
Qaar nd linear spaces at various stages of
Chl{ he |énl%g]gergaén§%prn&5| on processing pipeline, and are

[othexleby iTHeOMeeIsaired diy reafuriieRrC ehroi=0 e s3Ikt IHd19 U and
[0012] The reason for reducing chroma resolution for U

V IghGFhap jthe hymam & isddn SYisSeR 18y deem isenisdddve to changes
in $LR%d WeHa qtﬁa'lg;e%o c@laHg%%d i¥ tll&?rﬁnatnc'es 0 ‘gﬁﬂ%e is

in lumnance, Y. Since Y i nost 'y green, ‘and
mosdrly mosteny eed, taraicbVuarer E@[&@dlyl \reldy aldl $lo@n al so
as. a_hu bei n

bed tivit .
reahEaV ALY, G e AR IR PFoneaid et ® AORTER visual

serﬁiltﬂi@/u.gﬁ/ Bedmdy Miahert reat gaekhe chame fo MREGahnd blue.
MPEG 2, and MPEG 4, the human visual systemis nore

Howsyied) t pjéhoughyl @ingh Vi pxer areasRpotdst Samear it HPEG-1,
MPE@MZth nb§N§%H§4 CQ%QOQE Bh vh%géﬁ] ?%%%ng%fﬁ?%%égengltive

chroma sensitivity 1s’ e odle
to tol(eitdt dndared camposnensed than tel &vi(siiah itNTBTu2
uses % YI Q col or space, where | and Qare simlar to U
ComQHEGG' Wwith slightly different weightings). That is,

[ootl3g | Qﬁ@@nahfﬁék6ﬁ6b|an@ﬁ&%ﬁﬁn%%n%Q@1WhQ951s embodied in
| um nance and the channel grlnarl y repreéesents bl ue

thepilggd WE§Fn§n€€1°FnSN¥Sé32d thRé PﬁnPﬁ&ﬁcéOFst@ﬂ@QﬁSlon
NTS@ o) y?éﬁog @&%HQQIQQ gEh’wﬁggetEe h? Eg@aﬁﬁRﬁﬂg%'to U
. gb dth hée channel’,
andr&pﬂ@s@htBﬁgghhéybﬁuéfyebh@wwaxght1ngsg|v@hamnﬁy,Othe 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 6.5
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, énd 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:



MHz of anal og bandwi dth. [0014] Thus, the NTSC 2
tel evision systemall ocates three tines as nuch
information to the | channel than it does to the Q
channel, and three tines as nuch information to the Y
[0d1wy nance channel than to the |I channel. Therefore,
the bandwidth ratio between the Y | um nance channel
and the Q (blue mnus |um nance) channel is nine.
Ratmese MPEG YWV and NTSEW rel ati ofighi ps ar eYUV NTSC-

summari zed in the follow, able:, -5 10015], . Ratio
YOV YWV YUV NTSC 4: 4: 4 %'21%244: 2: 0425'5Red, U‘,l'gﬁél |2

Red) XBl D liphxe1k 4ol 311 ¥ Blue, Vioand Qprxels to 3.1
1:1 2:1 4:1 9:1 Y Ratio of Chroma Resolution to
Y Luminance [0016] Clearly there is a greater difference

in tre et the lLLumi nance channel and,the U .
Bh%ﬂd\Q,%E%P@3pf%%¥£§Q> @PE ch, tp 9:1

annel’s un t he G standards than the
Y lumnance and | and Q channels in the NTSC 2
standard. SUMVARY [0017] The invention is directed to

nmet hods, syste apd . conputer prograns for inproving
conpr essed r%%_ écﬂfoﬂ%rongf%$ﬁ%f? HOm [ B0 181" ce
[oop®Nt i culcardagly RHRAR aTPRCigrefatdie ditMdRR iR tGR:a®Mhent

video image may be inproved by increasing the red
betwess! thicod WdmanesRBanasle sast &ico¥ E®d hehgnnels under

the' %Gmét%%dfaqrd %th\b/trh%m %q.%@ltc] o%.)ndakilmé%dt Iage channels in
resol ution used for blue 6br .eUslng ower
ther 8g@IQR2I @tamaartche bl ue col or conponent neans | ess
i nformati on needs to be conpressed, such as in a
notion conpensated col or video i nmage conpressi on
system This aspect 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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of the invention includes a nethod, system and
conputer program for conpressing inmage chronma
informati on of a color video inage in a video inage
conpression system by selecting a resolution for a

iR Gl CHBUMNG Bfr FNE L ARig IR0 f¢iRge il | S
< rgli{géher t han t he resol urtl on ggor aeb | ue co%r conponent
acosmplishes &y vitddd dimeye JcO@IOIvadnmt fnef Ofs et tdfe tthe(=R-Y)

ven [ techni .educi t Ievel
Chanﬁl ngtal'J h%gll s%rt e Iralgsq‘atnnef o ARy °gi r3\%’én %\F 3f iRf the
V (G| 2disiner Ipaiagnelleso (}:QD)Lntjﬁ:Qﬂre!ﬂiJfbyngltla.lzlng a lower QP
conpr eSSI on ther eb)ﬁ1 i mprovi ng quality. This is

valye daf ithre HRg: §qr0\}6é’%e &al%@fel(}’ for the
[00gdof=R- Y)Anoc‘t@@?cn%.l p‘erl‘ft‘:n d‘fortHehQ.n\(reanﬂells % rgébcgﬁllyque

the quality of the V (=B-Y) channel nay also
usqfna@.r ot By glpein ICZJﬂm?g?@a;SIl@mn.sQ?eqwaJnmi fdm tei sV aspect, a

h
posi AW r! BRe 8 PEBIYERLRN Se et fhangs channel

forC aes edshoRiithereq Heth LF tthies Iﬁ%@ﬁ?tv cfhrcﬁr{?ﬁ'ctﬂa\f&els.
ogD bias is applied to the QP value for the Y channel
[00£dd use ARCERSE BISRECEr Mottheofl nvieatdomnd sy uaer ¢fa 2

log%&%%ﬁﬂf% rebQ%%EthQQEEEEc@§%%%%1%f Hgge%engﬁﬁf n is

use of |'6garithm ¢ representation t i mage
LOQ@ardltﬁngllc lg@glalnlgt hwbemd@a:sgblMermaﬁ:eamplxloere canling

o BEALG, 5501 Sy SLiLl shen QL XOLCOLY ShRce e,

orlglﬁaauyR@Bp&leé%ht\éal W8S 1ifeadt ReB pAKRACS/ING ST QRS other
conversion to and fromlinear representations can be

PTOGEREANg; SItEePFO022FORNEERaPNaspeendoff rone lilm@ant i on i s
rep@e@%h%ggégﬁg cbﬁpﬁgvb%%e%qglﬁﬂdeo characteristics of a

col or i a video conpression system
[00|'2ﬁdl udi AglothetreaSpﬁgtaoietthef 1nwnmg&o@harsnel smetthod for
resen&1 t he .col

im i og a % WEE % o i i e in
O GV AR HAARE! CHATH RIS CEhng § eMdIRq dmag
a vhd@&tcobb&%%81@ﬁds?@ﬁﬁh@s§hﬁauﬁﬁﬁg|U%bﬂ@@%&n%h%n@@t of

1maggdchggngls 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.



addi tional chroma channels to a conpressed video

i mge. [0023] The details of one or nore enbodi nents
of the invention are set forth in the acconpanyi ng
drawi ngs and the description below O her features,

[oo2uect s, r1and 2adAnt #evc@hrtt REWARENEROA 1MWl |txja%1ve method
apparent fromthe description and difaw ngs, and from

(whileh olaai e CORBORICRTILOK lemeDRAM NEST] 6pR4lyiRNGa OF bias for

I ovmng an illustrative nethod (which may
Chlfom%%% erlgi ‘mpl enmented) for increasing the

[ouassolutmmm'forlu abAlewiche rite $blouti nan ans ¢d 1Left r¥tiikedmethod
col or space representation -7 [0025] FIG, 2 is . a
(w Lcjgiiem{ eZn implemented)e fRet Ho@aTikbMdR FRing of

1udy%a%%@pwaa‘dh&%h%ﬁq%k%éhaEqanapplylng a QP bias for
chroma channel s. [0026] 3 is a flowhart show ng

[00271i | | usiTGat i4vé smet ﬁd@wcmtcﬁhwwngeammauemratlve method

Nt | d) forloari lLum n
(ol BT K i Bl pherirat] e o AR 1 O
chnammMcmgnaglsihusbmaummgenebh@&es@wbhcBy@aémbe conput er
i_mpl enment.ed) for coding additional chroma channels in
[002%]i magdikenpieéssranes Famoml <[ dD28heL VRE 1PEFeAERWENTS

aAyakel § ik Lhenuakisous drawings indicate like _
e ent e DETANCED DESCR PTI ON | nproved Col or Codi ng

Precision [0029] As the quality of images inproves
with respect to Rt Besdie Jﬁgﬂyced noi se,
Cc

ext ended dynam ¢ range, and exten ol or range,
human sensitivity to color also increases. In

ImpRRREL WAr Q?g?’, %‘;gg ;ah g rved that red in an RGB

repr esent ati on representation) often
[002&qGui r eashitgleequprletysooin magesl amptypvebawich cespenkyto
theu%%%rhgut%gd% %% Ee Shggse, extended dymamic 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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[0030] Unl ess blue is being used for processing (such
as blue-screen special effects conpositing or inmage
anal ysis), human sensitivity to the bl ue-yell ow
chroma axis, as enbodied by either blue or V, is

a ﬁﬂﬁ&‘é@ix@s&érﬁz%l%?ﬁe%ﬂ&(fé"aéﬂe TRIAMEI RN FAPI WY blye (or

horlzontally and vertically. Thus, one quarter of the
-t Ghsdingn dheer Gfeqﬁlxéil@bffoah tiheadd usr o ldes component means

les%Uf fﬂf@x‘ﬁ&tt %lﬁallggteﬁsf Q'_’ %D CE)%H q:ess%& he bl u%gorﬁ.ﬁvfa motion

Chrioma axis 1GE Sard <V,
compesaltisico rcded] ngﬁb mmiganmbhpréésrbnsQﬁ&hkmﬁs
ingufficient in quality with respect to |arge

10033 dy F&nPE RHGEE HHEY $hsnd piesitdOror sthe[r@osij_r]e three
preFldSehdtiRER T3 nl28 it ed 1@6fe%ge%la§:'e@ g}e ed

resolution for an REB representation (
respdelion o thorespech Yovar @]mwsfemtane@n)blai@ov(@xt e
l;ution used for blue (or V). Using | ower
resogégﬁu i'on for the blue col or conponent neans |ess

i NfLor watl dulneedsolathent Fpr eesedndywahvds in a
nDtlon conpensat ed color vi deo i mage conpression
sy<t eMEe GO PALE FESOLYAICE Wit Pe Sy ERTOBRR, a8tiar e

eltﬁé% %@&%%faﬂﬁ§f%&rﬁgrnggﬁgilgf %%h“&%bﬂb%%/‘?CEﬁa§ﬁg

résolution wwth r spect to a ['t'ered
blaé Use H)flﬂ@smbdtm@ﬁplhﬁ1U@ebkmMeeme§@ﬂatBamefamd one-

ha T SRt 2/ 22 bEnar 4oPr BH § oPohty FRRATE Fpes gpr red

andVed gnd/or U, or 3) Use a filtered resolutlon bet ween
full size and one- half, such as 2/3 or 3/4, on one or
[0083¢h chFéfa dxés ﬁorflpéf&haaﬁdﬁapwwng[ wsaplpserarlvg gethod

wh&EH“ﬁQ?rEeSEB ﬂge§n1 Eh%ﬁ%ﬁ?@ﬁyeugﬁﬁngng(WHg%E

be conputer inplenente utilizin ution
reSPéPtUOnhéﬁrtﬁethegotbel@ﬁsagg@iboruvednf@rYMV1@oboNUV color
be_.a

I
coaB°SEoeERHERERDR 02 T bt RO BB 0,308 189,

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.



[0034] Step 101: In an inage conpression system
utilizing a YUV color space representation, downsize
filter the V (=B-Y) channel of an input imge to
one-hal f resolution horizontally, and optionally to

[00¥®- hal fsdegsalout.i @y ?‘Vets'sc%lﬂey thVOQ.%é]geSt @RS lumlnance Y

Downsi ze fllter t he channel of the I mage t
andy ql‘@séiqms(m%lfg}ﬂérerteldarﬁl talm@l V EBova dndiommiation) usmg an

MPEl;ﬁet qf;erabl ¥, i}%ls]rggogln%y%&el a) full resolution; b)

Ween one- ‘resol ution horlzontally, but

[003]l r esalegt i107 :V @eidomdidess thebamaren dme-dhal,f tgnéind v
ful |l resolution horizontally and vertically; d)

chagne dse l Ysve 1y frafd dfl§|f|erﬁél§olcmwe\¥ért ically, but
[od3d] resQly QB . h%'n%z%'itta't'h)é U%n@%%g%h%ﬁslg%t full

Conpress the YOV i mage (havi ng |um nanc
reamimﬂﬁome'Msmmer@@eua@@ddvrahmenaasmﬂumawmlamxreamﬁg(&ne.,

I|ke onpressi gn system [[0037]._St e
thﬂage nﬁ?§§§ﬁtﬁg %nag S gerlﬁgegn agkoghgﬁﬁgl§n'8tep 101
abo(vldaSlfaJlﬂ W iamda sttiefof aroentabeﬁ@plfb@{b [ 0038] Step 105:
nvert the U and V channels to full resol ution,

[°°es9|1ng t R SBpp08pr CR{d oPaddut CORVIEREr e YUV, ®ictugge to an
i |
RGH“%Ha@%p%@r Qi W1 gd WRsh ig& g Of@% %%&U¥&%?ﬁﬁ%6?&Fp

above for V Ste
Step 106: Optionally, convert the YW picture to an

Di AT f dﬁ}@ sis, or further
proéggggﬁgcgffﬁfsérentl Bi as for Chroma [0040]

[00@@]pendmnngnS;nEaUESt RppbmmamppﬂlNat16%/N%8 84G.798, 3456,
itle h Pr.eci sion Encodin Decodi ng of,
ntdides g eleni g abs Rhroaing tre Besrauod aF Phgeo
Ima@%%s’eﬁtndl A¥eALhen toWihehaks iheeeby fi rava@r %%@tee@ linventlon
reference), teaches various aspects of e use of

(thGQnPFzQ@F@FYpéﬁﬁﬁEP@FaGeﬁ)bﬁuF?ﬁ@rence) teaches varlous

aspects of the use of the quantization parameter (QP) during
compression. Another aspect of the preseﬁt 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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conpressi on. Anot her aspect of the present invention
is a technique for reducing the I evel of chroma noise
that results fromany given value of the quantization
paranmeter (QP) used during conpression, thereby

LinliFRIOUNG iIgYRGE iUl valhies dfS 1a0%ﬂoltih%h%%p®ied oP
utilizing a’lower value of QP for the U (=R
valagigannel than for the Y channel. Simlarly, the quality

1V (7B e ifmproved by . uti]izi.ng a | ower
[oo%g]val uél%c?r ;{%hé)%{/%g Tannel”t A tg%tt IsPléJ Va&%%ﬁnélv.arlable
bit] G4AH) A s> meihed 0f wolll amntiaid adbllediCce@lues (e.qg.,
, gﬂézna QP value js to subtract a constant value from
n ?tgﬁ%atl%%%@ g ae Pil dRttamoblth gerplensated

j \ sepRar 0 I a
conpRAIe] St SRAALE i At Bl L i Ran be
biagedrdy evinplastity' anisgiecilfd esutifdfetrethder omluehErQOR the QP

val f Y tq vield e val ue for U, d "1" m ght

vaif! #90 ¥ e et o St f oot &5, TR e o
[oovallue f ofurtWherAnythes efatigevdfue nefset g raeeRic it chroma-

. Subtract can be used, -10 limited only by a m ni mum
biaggd,QFcfvalpes gamny he spenegdomsing &é.e EOG£PHethQP range

t F ; val u (wariabl It

i SRR R - i e B e
Encpeligg, anidn Dectold iognstfaiviidaed Ivaniealyl @ altiehtr ape Liiotkitdaon

conpensated conpressi on systens), since the .
refFﬁ%&ﬁﬁ%@ﬁ%ﬁﬂ?'CP val ue can be biased by subtracting a

[oozreci fi ad disf hecereavaliee sfigemit ReeD avdl wephiak YValltes
yield a QP value for each of U and V. [0043] Further, .
frophgheaggecsert keséhg Preodst anlessoraPrgi-ageanged value is

al an,_he,ex U he -ext
wecfl 58 sERB oL LERSAT 45 BT B RIS 8008
sespreti; sigorupEedodiinguaed DSORi, ngrafmeVi deo imaggestgion.

oofont A8 cation, releisieed 2horg: Ol ol Sy mechon
(wheedoaak be thepieegdempiehensed)prerabppngedqval B® bSas 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
1.

[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 “1”).



used. These can be specified once, for exanple, for
each session, group of pictures (GOP), frane, or
image region. [0045] FIG 2 is a flowhart showi ng an
illustrative nethod (which may be conputer

005! enertced) ofoer. @RRIVWHAY 13, R AT HeOlde il a ,
[ gﬁgnne|s 0046] @?Qb 201: %in an i mge é%np#%gggiﬁw images

or spet ¢ipe dagges tfee addivdlone lf prosasisigly ore abadnbiv .

oM l.s S d. val whi ch
(oo B At er e?f‘?l 21% e&¢ e%ﬁa%ﬁsgl%)%% OO lﬁeﬁszﬁzrga%thqﬁq?ee
usetfl’lmls whedl e ghel cahpe-efsei onhe sUreafd réchrema ciRaniglect, a
co ressi ons, respectiyvely. 004g¥ Step 203:
VEn&E P13t iga APRiiedgsay ar@Llugs £@r dhsure channel

foxt Fh%‘é twliehr edyeed Bra%t\{ @ U 9@ | 28%na channels

Step 204: Unless a pre-set bias is to be use
prgf@ﬂralblm C@@mkeylgt hela@sxtalau@Pr edudiuon vatmentoft @ t he
ten chan Qnce

confiEilibn BYsBhe" 130 Al T EEAdNIE 1A1R0 Bl B jupeg for

eacti bffelt(hlét U epdput Q&J)anhﬁﬂssl Otdlervbisey tthe apRERPHRAlRiIch an
QP value for U and. 6 V_(again ensuring that the reduced
embeﬁhv‘&me Wyt Lk bleeééf“l'lff) to thpspoebepnsien FI66:
Optional Iy, view the deconpressed images, or use the
i mages for additional processing or analysis. [0052]
LOgﬂﬁ”dt%lli‘éllcaéb’éépgoP f hemipneses &g §hé”qf@chn| que usef ul

00%4R§N hi gher ‘é AR 8581199 clgS WaUiHLR "iL ﬁ oiah ’n?a
[ pogltlve CP as %s éppeled t% the 85 varae Fbr ?h%
Denshangn®hitkoif ous ®iwietlls, elmbéeremcbdlhb@heth@e@amm&éé the

els referabl ch ckln
T e Pt e o S R e range.
LogSepphakenbhas ogan oe ausgdchahg @ qu trlaelg@ m Yomewhat
channels. Otherw se, the steps of such an “enbodi nent

S imidaFd tBe COTRPRAY PEoFhTseon6RATEASF] eun;_rtlons Even though
51mEQQ§r'EBg'§o§QQE@%QQE E@g?gggﬁ%aﬁﬁgn. r%ogé%hmgﬂein

paper entitl Logarlthn1c an
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:



Density Units for Pixels," referenced above, describes

the benefits of a logarithm c representation for

dynam c range. Log representations of a matching

dynam c range are sonewhat simlar to comonly used

video transfer functions. Even though simlar, the

| ogarithmc representation is nore optimal in

extYdmg 5 ILiagy,( @& i*biRatt iy ds&ge, Wand Bl ort hogonal ity
color &Qann s than are the various commonly used

V|é%o i entgtlons [ 0054] Anot her aspect of the

I nwert iIey (B9 uselelg a |ogarithmc representation to

benefit inage coding. It has been discovered that

| ogarithm c coding, when feasible, can .inprove coding

whegs Wielldy £oF Yvaes ot &hes fadE are HedSBtiagRokOT bhe red,

gréerﬁig P Y1 Q‘Jo'nﬁboh%?lrt%s & 8dhnA%ahni-Rean nRCRHR LR | G and B
values (such as at the sensor of a canera). At othe

regneﬁﬁ@gs@ndlnsﬁ@pd19@IC@@@@ES|GMES@ aﬁdatn@mshu@saare useful

I tions can be nef.i ci al 0055] As
in gggﬂS%ggh thepeﬁ|gﬁfPE§C|S|oﬁnEﬁ8 di ng and
[00Basqgodi ng‘I@‘ \zf deo al FageshalPat ehbwARRl a@atilQlistrative method

referenced above, chroma crosstalk with |unm nance is
(WhiiGhy Fiede PSWRONPULEY ¥iggemensgd) Wer+ IRgarpghmic soging of

luminBhceVand e8Bha iHfegmitiokQd(B) - Yl og where W,
and Wb are the linear weightings for the red,

[00§7den, &terbi3@8 : cémpenciragel compreasion aysteher peRform
G present a l.inear h pace. These
thergFggFg%s |§§aQF§°5?gF&Pn Of &B%F&iﬁ& -Fhir s JAEFEELYof rom a
vidiele ciafmeesl)i 0inep@0RG] GFl Gnd3Bi piaefll pwahast. showi ng an
illustrative nmethod (which may be conputer
i npl ement ed) Y268 Fo&&8i tthifirc *c8dirn§Jof* Gl untRaric®) and
chroma i nforgati ey (R§0S7k18kep 301: In an inage
conpr essi on systen1 perform “the foll ow ng
transf or mat i & =obogriput -(&lgg, directly froma

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 ¥, 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



video canera) linear RR, G and B pixel values: Ylog =
Log (W *R+W* G+W * B) U=Log(R - Ylog V =
Log(B) - Ylog where W, W, and W are the |inear

wei ghtings for the red, green, and blue conponents of

[00esY nanged GOPA] oFtRNINA Yy CRIIIRAA Yoo IRIEE ik o RaB

resolution of the U and V'chroma channels (as
repy@s@ritsdd casovie)l t ropagivedtyp m8Q3 bePalder min 1ieu of Step
1, QN nsat ed npr.essi on_, this Y, U and V
306:?&%%5&61 %oﬁ%o%qﬁg:lr%lvi r?g%l?:r%’ge:;.o%}OOGO] Step 304:
Deconpress the conpressed inages to restore Y, U, and

G057 GRhonent s of the noving imge (usually in a
Ad%% éF%%t céﬁ%h?g?sf [0061] Step 305: If optional Step

[003@] was mappkxtethdd® \@imanid hairees Glnd ieait SrRIMEC tdcRit et
restore full, U and_ V resolution. [0062] Step 306:
rangss i giadSche 45 Aear bR herefigidpibeelaugpgnie ¥ igsid¢@ t he

I i s forjmty ' :R= fql - + .B=
e et omll e gt A0k U s
inforgatGee3d] bsttdn v3G1blepinghaldny vicdiler.t to ot her

iz§eo representations (alternatively, may he done
oa8STT oL o SARFS S00 CPAETE: U AP SaddicH Gt G siegp et of
red306G)re et diatnico B ueChyramma rA%es dde@b4bt! nrextRRded 1 possible
. dynam c range and extended contrast range inmages, it
VisgRyehEPOFSfi Al copldigimsh oty pgioplor t igagelodngeld, green,

andFQQQQe §jﬁ%&@ %@QBEEOQQ c%%%&%ebih%& Pg%g%lfbﬁggfr?hguch as

I nformati on, “both visible and non-vis
'yeldamge oafngel, ocyaay aianabberofnomiany gpiroperigt off theethuman

visdngen, gd alge prin% i es,_does not_uqclude al | _

g@gsﬁgl mV|§|HPeaéolgF . MPhETEGH™i'ng of proportions
[00@6]red, Agl @@Anted 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 wavelengths. This
is why smog can appear brown, giving a brown tint to all

objects in the distance, having reduced the blue contrast and
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and blue primary colors to create other visible colors
such as vyellow, orange, cyan, and brown, is a
property of the human visual system known as the
"metanerisnt. [0066] As pointed out in the paper
dyreiMid |RthgeAn TRl a1RRPWESLRIRId AR d JHBQY
andl Dynar% c Range V\:hiaCh is "Scalable, I ntﬂeroperragt?lrfei{ can
APRARY BASATSI Hllare - gusfasy.efgedlalioveinae the peshidnc afp the
. idd9nal ssolr iJrarjies to the thre r.imari es
vi oé reg , eggdrteen, las(rjldroeoqusc{?drﬁﬁl par qrgumarﬁn%éﬁf%lc range.
[00egdent a,THnd ogeld imknciel cﬂelwdﬂmférﬁ;pégleid&fmrﬁﬁ,em they v,
col or . gamut beyond the range avail abl e from nost
as éigeiﬁﬁiﬁ 2RVEen W1 ldn @RS 35 ithsr Foddinge £ madSter
Mol Slsraih Wdy aMibifle 1GYHch brightens
e phospﬁzrg§%ent col ors) cagﬁglso be conveyed. [0067]
[00Bddond tTve thisi Wspest! orfs thenvinsiepitd dmf ralddional chroma
vel h V. royen useful. in _penetrating clouds
Cha\é}%(f%hsgz%,e Saan dler'f% sgcéené:ﬁaﬁel%g &éfﬂ?%elagt rté\fi%& &rimary
waweE\ealgngl, hayeareadl1lso dadodisefl Wy REB $LEIVIY representations.
| ow anpl.i tude visible imge details, such as _
Furtifitfer plisht SaR@ @uﬁffl’é{céog@zt iSRgse [ G668 PdEch@ossible to
chaf¥f tHe hidelipsidH & neave!l Qughils s AT i@USinJTBLY ifdlSyr the
(€.9., snog and underwater al gae) often reduce the
highesiintamgfl icowder detager sdgmatisc Mnge dorsexample, the green

. | t hs.. Thi LS wh .can . ear brown,
iV Sl Wik S MheRTR0, 600 BPERE B10M channen,

wi thaviurg needec ab ke Rloueteen kasklandtr HqdWaadm This
range. This is also why underwater photography can .
co (€3G &&n eXheREegr éon wherepYudundnggse He dadraxgd. with
f ViS4 UM d I Qs tra _
red S B e M & FEPIE She e
vigidtlge@rivariesangavh hayidgsthiebed oafmovdromal channels.

i mze_the coding of .col . rel ati onshi faQr :
ooy, b1 & 5 dreotiagte, vk i shesRertoph hoe apuRRAtRn, for
eactddielv @habomahcoamnegharnel FoanewaadednbalheecliaraehSned:
encodi ng three prinmary wavel engths, typically

eniddifb@uly RbB 6havpylr br €9€acaiidfsrentially 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



Further, when using a YUV col or space, it is also
possible to change the nakeup of the Y (Il um nance)
channel to favor the highest anplitude i mage signals.
Thus, for exanple, the green visible channel mght be

ex&@m&ysn% HHS AP GIM0HR GRERAls (r 4.h hefdynancs
movi ng to other wavel ength regions. Thi's concept can
EXATP 1t drife Pato afhered e tiqghiimagse diwnngfl=amed, cprprise a v

1unt1%%nc%r%%%m%qd hlue {apd f%%Pa%not her Yigl Bl and ¢5rcc
on- | SI

e pri mari és) éac haV|ng ei T oW Ar oma
chrehenndlasine 1,007 1" Isecerbodanem WHahrdli,s aaspeet xof third
the inventioon, for each new chroma channel, the
chroga shaigsdhoul d be deternined: 1) Should the channel

ooy jcodedsdidd- Q:rh%.@ 'e@t.lalm‘iblfer O @1y iHY SoRiiley compensated
channel s (usually from'| um nance, such as U=R-Y)? “2)
comgirgfsd drhe tdiramediedtedyivedmef @] Yr eswiuld be wqdled with full
tq | nance.. or can resol ution be r Coxo
resroﬁ.%% %tn I%rl{lpd;@r]fle vatr’lous rrEcl)gé'le(fu acﬁ o}r/naf glh é].n& %d v,
woullidt emlexiﬂmm%la[m@?a]r Thelegeinddemitlat icodddn 1\)11! fhannels
based upon_the correlation of each coded channel wth

carsirdrl 1dtfartisl $ameoMmotdeRmIestom gl Mgicaobgock motion
compirdatfilod ed RNl vJo‘tTﬁ.gie% elaie £ el onal vuv

uncorrel ated to visible wavel engt or to eac
rep@ﬁﬁ@mtatnogwche&G@@&ethBNeséeahamn@ﬂd.wbghﬂdheioodéd

wi t hout _ _reference.to_other nnel,s. However
chafird 18 FRCRLRSRIN FLaRnRd RS Shar s 2en ety PR e s
resodmtdlotDsii tdl Waypehene tvy fla@mdeteiri@ neadas Wb 2 above) .
respect to each other [ 0073] Based upon these

n gedditiomat PoRS, Paaset(ast desggd bechakrerd can be
1nd%§E%EE%Q’y“%%%ﬁﬁ%dEEQe%gb%gcﬁg% %b%%%%g apgd Sg%ér& that

exceedi ng hree primary channe
theedempred Fﬁ@pgessobnseheemedqmnégeychanaehsewaﬁ

100987 |55 Ryl TGRSR, SIS0 T AR CHE TS g,
addsecdond 1ckhethac khanele] sakenaenSurehnod oﬁﬂ&OQ&tended color
channel . [0074] Using this exanple, and applyin
rangg: pod @8ﬁﬁeﬁ§§P€éte 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.

—16—-



conpression, the selected value of Y would be coded
with full resolution, and the various other chroma
channels (U, V', X) wuld be differentially or

i ndependently coded. All channels can utilize the

[0053TEe NDiGteR eGt.0lANGIHAGRODIREK IR %rcﬁ@mﬁ{élon

structure as woul d be used for conventiona

detiegpriase whetihers 1 texice penafdcitiete wodad d;effaamuu:@ddly with
nel s C nnel mould utili an
tes @%Eo%ruéﬁgﬁggﬁgb Q¥%P W Paspee & ﬁzﬁ?romé channels.
[oom@uernlm&@p 2 0at:epet safd\re) thdltdyﬂﬂdﬂﬂwh RPdi For each
g s descri bed above) can be independently applied to
chr, AfFTe 1906 le AL@Me Ah AP Uth & iddsifesgpect to the

1unf3 QHARICRS S.L'nﬁ@ec @ﬁ% 19uabichy re3 oqcfﬁ' i ‘iize 1[n%0 %aﬁy &Y or less
when appli éd only to visible wavel engt I t1onal
thaghtdea resednglionc af ¢dhsudamigangs,y ae:xi @l}pd:e@rxadllqr apply a
n ccurate color, but also allow
resoggggF%h%F%%blar 'y, detail, and noise fidelity to be

[ooapp! | ed Stepsuals : ogihe s sl & GOlrOIch rdmaTBgRifed signals
.orange,. yellow, and aqua- cyan. These benefits can be

usipgr MREGrRr CPTEEFSRLEtafOTPEeSHI@- dynani c range and
[00\3"2‘?e CORkle ?Sﬁo%anﬁ%cb Ss kP79 . FIG‘E%%ﬁ%{iq$ges

| omchart Showi ng an iflustrative netho
(uS@eldwnp@terduﬁﬁbe&aﬂte@hpmmerdodlng addi ti onal chrona
nne e _Cco SS|on stem [0077 ep
t00fd7 ", S5eB: Rge R FeehHE oty SEBC tadre P EPE

res@btrtermhel @mlgaﬁ@a repbaseibakl o thke dmrof@I@hannels.
sel ected based upon w dest dynam c range and hlggest

[°°f3é§.o| ut B&FP 408l Gamkgnepershalchromay ichirpne lnawis]
d1ffgggﬁtibgnébﬁntekgg%ﬁ] § egn402frgﬁt%E NG ol abogg

addi ti1onal chroma”channe represent the
[00@R&r e nStgpaﬂOBeaQPtuhneélya1§eFG©T&]aﬁwepf4&&e following:

Cptlonally for a oma ch

whet her %t P&Y E %Hg arre8ecs 8HHFPFe$8n9iXPFVlﬂﬁiﬁpace
sucheaBeRGBtOokuanépéeeénﬂéﬂﬁngnQoQé FBae ehkek ?&&&E&les

channel s. 0080] Step 404: Determ ne the resolution
andy¥4dPPe@st r teHghcolor 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



chroma channel image signal froman input with respect
to the [|um nance image signal, such resol ution being
equal to or less than the resolution of the
| um nance, and optionally apply a resolution
arxra@dévbct e d DR He rSli@R 4peciaHH eShd RA gbri thnf N uded
i rage signals using notion conpensat ed conpreSS|on
Em]ofSttépa merm@mgqthenmeramtdm mautrmigesa any
|nad|ffere ut er 0 St ep | f
pa resé‘{fll ]%/ocr?m St i%n < vvas apﬁpl (f?tusl églrttﬁ‘é:uéi various
gergrtedi Al rpaaso imadinge 0 imayh @eC s waltan @ﬂo@raﬂ&@;&‘ﬂtten in
Step 408: Corrbl ne each chroma channel with its

acqq Wifh ddighiteasdyings fesfin f Bmis 83vabs A9Gwe.
coﬂdg¥¥gn€ﬁ€336g¥%tfagﬂ‘M@?é eQﬁfﬁﬂF PR (e g,
lom ng: a) Convert the Chroma annef's to a

lnnﬁmtﬁgi spaseiitssudie gerReBm @ammefummuln@WMus
ree primaries view as a true-color imm
e IHL AR Bl B R A e, e, P e
- proagls igRRgHisiC bR R renbragednanlee bhputkr
Use the chroma channel s w t hout conversion for
SYS&Fa@eﬁq#’g CRTILGS 19 afs ileasto986] PASCESEOHer agpiliegst one
' ‘g@g\n I i.ase I
dat%ggltl ed (e| her .ﬁé@éﬁ?ﬁﬁ&?@r@i%ﬁgn&r g%&tat\}ele
memnxmIandﬁénuﬂhmza@@e@lh@enmmé | ard Aezact oh&nn@buttdev1ce or
i_ev. esired | evel ual,ity for each_ch
i, LSt B RO S Simm OToPSE by oPEGG AT fofle is
app(lﬁﬁde QoOfl np‘i&”'@a%%s it@N e rifidRhne FRR! Fune 1 ch@08ékcH®ed
invention may be inplenented in hardware or software,
hergdny agghigicRstiods G tPBcth lpéog”matﬂp@gr FhealbléPusg |1@format ion

h
is %%%ﬁé%hdtgnb%%sothgf@ %%t %CBBVQQESt qnak%%QEF%%gpﬁon.

art the nt| on aré not i nheré
[OoﬁéﬂatedEb@haﬁwch program may be implemented in any desired

port

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.



particul ar conputer or other apparatus. In particular,
various general purpose machi nes may be used with
prograns witten in accordance with the teachi ngs
herein, or it may be nore convenient to construct
[ooRn € Sp%"rﬁ'rtﬁ%@:d APRAMRIMMe® b of tHY 89 ARARA on have been
circuits) to performparticular functions. Thus, the
desicaidedi-oNevey the liemsl, eignwéd 1i ipeomeder stmoel ctcbmmtv@rrlous
I fing one .or nore
mod&fqg ?g?)n%éghs e#s én%c nglrolustl Sppglr% n{?é)ﬂle the spirit
andptS@:@@&S@lf tale |1mht(iﬁ>el dalra eXa@ipd@s $YHleCWE the steps

éF % din volatlle and non-volatile nenory and/or
desgrd sée dire IRY) PeaProgxs tingR@SrRiSHt defidc s Gy e

per2Bdmal ieash @R8eUERYFIRNCE O R R HILOGR cord-

is applied to input data to performthe functions
ingdgscotbed embodiimeats gewewatdioutiet sicoper wdt itdhe fHidowing
. agngut information is applied to one or nore output
evices, in known fashion. [0088] Each such program
may be inplenented in any desired conputer |anguage
(i ncludi ng nmachi ne, assenbly, or high |evel
procedural, logical, or object oriented progranmm ng
| anguages) to communicate with a conputer system In
any case, the |anguage may be a conpil ed or
interpreted | anguage. [0089] Each such conputer
programis preferably stored on or downl oaded to a
storage nedia or device (e.g., solid state nenory or
nmedi a, or magnetic or optical nedia) readable by a
general or special purpose progranmabl e conputer, for
configuring and operating the conputer when the
storage nedia or device is read by the conputer
systemto performthe procedures described herein.
The inventive systemnay al so be considered to be
i npl enented as a conput er-readabl e storage nedi um
configured with a conputer program where the storage
medi um so configured causes a conputer systemto
operate in a specific and predefined manner to
performthe functions described herein. -18



[ 0090] A nunber of enbodinents of the invention have

been described. Nevertheless, it will be understood

that various nodifications nay be nade wi t hout

departing fromthe spirit and scope of the invention.
wWHAROITsexaxpmep Jene of the steps described above may be

order independent, and thus can be perfornmed in an

order different fromthat described. Accord- ingly,
1. Bdirethedhlen meonrreswing tinage hxewpeinformetion of a color

i cl.ai : ) I S. 1. Ane d
UG e AL 008 M | SRR Sdi o T B hing
se oot impge resclwideo fomge wadrpd st berﬁp’d&tét:il& of the
i ncl udi n selecting a resolution for a red col or,
%%ﬁﬁBdﬁﬁ%?ﬁlTﬁﬁ? Eﬁ%?nl%an&P?¥mﬁﬂﬁﬁrﬁﬁei%@$ﬁ%ﬁ&&on for a

Bhae ddtor esshpbndait foF the RidiRoLal ieSoipanent of the
col or video inage. 2.A nethod for conpressing inage

chroma i nformation of a color video image in a video

2. R PRI RGP AR et inawe dirgra Ymjormation of a color
. . . | . .
\Sil)cz\%g : in‘i%é g, & Wﬂ?ec? %n%@%owﬁﬁfé%;%snén ,OII:]J.aI’\l/(IL']hLédlng':

eOIrraetoaprocesse | ue ¢
taf dognhfidesolingi anbaliengoabrl| easpoapatobft bee color video

hori,zontal and vertical, K Lmage axes of the color video |,
| 8895 4°( B) PFPFEEFFAPAUFeBOLOF of BBABERENPRGE BN Eirst

col ges¥ide9ohNBIBngt Ata1BRAEessadoFedneohakicarPaneaha
havi ng a second resolution higher than the first

r es¥eutierl 3magreawechef thectailer2vidher éimageheand
CcQn ut.i [ [ ran from0Q.5 to 1.0 .of .
PR 2RREEE3851H, PRa, ) Br, LRehROEE, BETLE Bche" Rl amace

col or conponen
at keaat paneesketiheeliotbzopt abmpbtdenvehbivéaly hnBgeond

axes of _the color_video image. 4. The method of claim
2, FGPPRBFIPRCIUENRY EaﬁﬁrégéiﬁgraF rpEQdtting -

processed blue color and red color conponents to a

3. THHASERT CUtdIin MAYehdreitha Htdibpf A Mtdion is in
further including deconpressing the
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.



10.

11.

12.

13.

conpressed out put inmage to obtain unconpressed
processed blue and red col or conponents. 6. The

nmet hod of claimb5, further including upsize filtering
the processed bl ue and red col or conponents to the
full resolution of the color video inage. -20 7. The

. TReh@dtRbdcbai BBalm8r 12orWher gharENR Ehg991agagfma e

conpr ession systemis a not i on- conpensat ed vi deo |nage

EBMBFEssien system ig, apmaeipBdcpopengdtiednyidap oimage

ggwﬁge Ut Lposcappyession of a color video image in a
eo I mage conpression system utilizing a

qguanti zati on paranmeter (QP) during conpression,

.Anmeuhbdgforirédungng threta (Rovatudut bngt bempresbdon of a

f I d and a second QP val ue
FOPOErviate, Ingde tp Bnedy Hhiey BFoF crEmRersioR ehgtem

GOL i zVhgeq qaaﬂﬁlzaﬂ@@ﬁe?ﬁréﬁétéﬁc@@ﬁ Cﬁh¥§ﬁ$ecbﬁpress1on
| ess than the first QP va . The net hod clai m
ncipdirgnuthéizéesnd Epreal OB valudefernthedYbyolor channel
plLy Y, to e_f al u
ST ResP%eP TR0 B PandPa pbiong R ni s Agr AR teast
cnéoofvtueoU|angeV abler apphhedsi ofn oﬁetheléfrﬁid@@dlmage
second val ues, 1o a conpressed output inma 1.
W%%rﬁb?hgg o?e%?%ﬁngaova}%?th%rl?ﬁﬁlE@?%gthe Plist QP value.

deconpressing the conpressed output inage using the

. The she 883 SEE0RTa L 8 ValiheSelR OBt AEH-EHY L@ﬁ%:[@é sgdl

vi deo |n§g 12. A nethod for achi evi ng hi ghe
dSHPFBEAEEPY APREYiRgnpriesas ovabie ateotie f/i:d@@ QPragrelue .
in a YW video image conpression systemutilizing a

quatlel FRHRY B@f%&%ﬁﬁ{s(Q%Lr %%&'Qchgﬁﬂﬂﬁs%' ess1ng the

including utilizing a fi'rst value for ~the co
@NmmwumomWM©rwﬂmnamxmaamhmsammﬁﬁ%twmm$ammi

h d V col h I f th
et focte M eShnddfatn MAE e A Vol ue s

greater than the first QP val ue.
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.

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 wvalue.

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

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



13. The nethod of claim 12, wherein the second QP
value is determ ned by applying a bias value to the
first QP value. -21 14. The nethod of claim 12,
further including conpressing the color video inmage,
after application of the first and second QP val ues,

14 .1 0 TheC EMRTS &F QUIAW 12TaGRrtHer The: 1Rtihed &fmﬂéﬁsmng the
14, further |nclud|ngEdeconpreSS|ng the conpressed

80Pt videgelnagng 2heer| aBPlafdtseBond the Garaesand second
ghtgin,an u 8%‘%&?@?@ %(é&ec‘.?utéﬁgem& A met hod for
|nprOV|ng the co & T T Ci 8N or a“color space
representation of a video inmage originally represented

15 .as Then@wthR@B ofi xdlaiwalldes furtder dew liudkigey decompress1ng

ression ystem . including.transfo i near
B GPREF Dar LG R  TEdF dbaipfmbact bLEST oBa: PRAPRS 0P
V&DHEs end abbeaiRf an | W ORPEEs 384 Ghdiéﬁalnﬁaﬁé ne!
information. 17. The nethod of claim 16 erein

transform ng i ncludes  applying the fol | ow ng
16 .oqdtafMesHO% & OFbtlapr ox 1ngy thsg sodime ef fisgreasantiay @ color

Qﬁaé@er¥b9§9eﬁ fbn\/Pga v£?g?( M%?ogg%}%ﬁgall§;reB@esented

U chroma channel =
@ﬁahn@¢at R@@(ﬁ@xele@@u®Mexn Avyidéoe amdg&%cempress1on

Linear weli nd bl ue conponent
STl e Brs L trEEg T g orha of egs WEeRcBLEr L values
of at e IvVidddlr ihege | 06| a101 Hgh ¥ BElEL OOrd ﬁeséﬁﬁgt%hoaf

of the U and_V chroma channels of the YU/ |ogarithmc

}eptraree aazril%n@hq@na THeanRe hotnEPreabioni7, furt her
i ncl udi ng conpressing the YUV logarithmc

17." ERR@S %%ft%aoBfOfcﬂafiﬁl ‘i'sde%'e%% tt‘}a% ?cg}rln%:%.%%ludes

video i mage. 20. The nethod of cl a|n11
amlegtm@o’mapkmmmgeqmmet@sstam deoYUvaegénithmic

FepfoLOl el MY LPOALd NG, [Rpresentation of the
video 1 nmage.
Ylog = Log ( Wr * R + Wg * G + Wb * B)
U chroma channel = Log(R) - Ylog
V chroma channel = Log(B) - Ylog
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.



-22 21. The nethod of claim 20, further including
transformng restored YUV logarithm c representation
of the video inage to |inear RGB pixel values. 22.
The nethod of claim 21, wherein transform ng includes
applying the follow ng equations to obtain the |inear
21 .RGBhepimeehovabifes1aRm a0t i thedh¥rtiHk1uBIngNtirahegb¥ming
V) G(anti-log(Y) - W * R- W * B) / W. 23. A _
et Heerd ofUY n%?%lfh"ghfﬂffé wRicseaberresttihs widep image
I I j i i deo conpression system
?ﬁc?ﬁ%%%g%% ;Eg seejf 2‘6%%%% set of inmage channels to
represent the color video image, including a |umnance
22 .chd@beemeshddnofhcdmam Chanwekeseinhéraensfosmahgl easfiudes

t hree; an b ressing the | um nance, channel ., and
HRETing dthd craf TORIE Attt 00 P g cUear RaB
pikeD vaRges: 24. The nmethod of claim 23, wherein at

| east one chroma channel represents non-visible
watsl engihdogds. +THe nethod of claim 23, wherein the

[ uglLn _ el, i t he i mage channel having the
higheggegyggggg FaXZe and resolution. 26. The nethod

of Gel(antmi23pgf(¥) t heWri AcRudi Wy ¢oB) ng wgch chroma
channel independently from each other channel. 27.
The nethod of claim 23, further .includi ng codi ng eac

23. 0B Bt BRG or afPRRVehe: hhry VR FHapBEFeToshIcE of a
ssl@eteiedtiRigehannelviddd cHipraddicsh ofy el Middluding:
further including reducing the resolution of at |east
Gheseheekanghanfgl. of23mage FhanpelfoBoorepraFanR3the color

F U VhaEo! Bhald) N9nBPRLYHAY A AYARLLEALhORNRE" 2HE! ' chroma
(QP) value to at lTeast one 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.



29

30.

31

32.

33.

channel biased with respect to a QP value applied to
the |um nance channel. 30. A conputer program stored
on a conputer-readable nedium for conpressing inage
chroma informati on of a color video inage in a video
i mge conpression system the conputer program

.COMNd Hdthdd P WaldiaNS I, Ore GAYRING 1 % gp&ﬂ%/lng a

permt selection of a resolution for a
QQﬂpbhéﬁthOfpah@mebEDr(QPHewaluagEOthatleashlgherchroma

b f
A A
bampﬂaﬂCerehdﬁhéB medi um  for conpreSS|ng i mage

chroma information of a color video inmage in a video

ge _conpressi on system the conputer program
oD AT St ST AN S Bk A oh R RUSRUTGA qa e medium,
far dompribiengaihhye SRLOhaCONBORRALiOh Lbe, CQEQSr video
video image to a processed blue color conponent having
wmagesin aesblieri vnage ongnaresedsn syeten, t hee computer

t r e_axes of the color
PregE R SamBEf= 1A LhSBryofT iR OTSE opohanie 01 SomEutE? co
petwoit vidbect fageot Oa ﬁe@dﬁD@ES@ﬁdféfda CHEQr c6DHPOBSHponent
having a second_ resolution higher than the first
sttt FoHOT 391d9P el BRFPUERAL ptBgRagheF EBhannthe, resolution

wﬁrsl]alwecéf&ﬁngom}iwﬁ&wta@nthé wlwev{&@ageﬁ%gg.

0.5to 1.0 of the fu resolution of the red co
conponent al ong at |east one of the horizontal and

-velt COIPUteiyPragearef stiegedolonr avickaputiorageadd®lelmedium,

fﬁ?n%%ﬁﬁréggﬂégplﬁg g'@ﬁP%ﬁ& 1£H5£ §t1|nC|Hding0105tvideo

I nstr I ons e conputer 10 conpress

irﬁagé i he Wd@@sﬁwgélmpﬁémlmdsygﬂerﬁw'@he computer
onents to, a, ressed, out put inmage, -24 34. The

R PRI SR LT ST S50 L R eF ATRLPE f rigomputer to:

(s HowalriQRerf ar biads kbl od deRPERLESS 0PN LTS tQdeo
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.

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.

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.

—24—



34

35

36

37

38.

39.

40.

deconpress the conpressed output inage to obtain
unconpr essed processed blue and red col or conponents.
.35. The conputer program of claim 34, further
including instructions for causing the deconpression
conmputer to wupsize filter the processed blue and red

Colmfe RN pricyraheff Wilairesal utden el tihe 16i%ly

vi deo i mage. 36. The conputer program of clains 30 or

3ystypeképnst fer Grdebng nugeeconpression syspenersta
gg&b@\ﬁiéggpfﬂé a&S@%i‘éQSé’d SUBSE CJ%'Q%SSE'& Oy Phem

. conputer program Stor on a tonput er -readabl e
oedowpresfed perduessed Chlvebandi sed dtblitg COMpPORSELON
of a color video image in a YUV video inage

conpression system utili zi .a quanti zati on ,parangter
O S S PG OF (1 iformfar St sTi5gT ARCLading

£A8PFh &L D8N NBSF USHH 9SG f Oie C@@é&r@gr@ssf&@p&éﬁﬁuﬁgr to
utilize a first QP value for the col or channel of a

ebsbEevidbeer nblge, preresse@dohide Gmdated ¢olontcompenents to
f11h .\ cOok o h S he or video

?ﬁ%gg?li %%%?ﬁ %%% g%c%%% %ﬁﬂgleég?é }%sgéthan t he

first QP value. 38. The conputer program of claim 37,

whéhei aompeteec prdg@Em wdl gdaiimsdéteom Bad kheagnhy itig

a.%ias.value to the first val ue. 39, The conputer

Bt OT? ahf' o€ cFAMRT 375 19r THRY ST e Wi AYE L9 MsE P TRERBREed video
{04 g6 atkshPBe £ HEoK OSPeit &R . t 0 conpress the color  video

I mage, after application of the first and second QP

val ues, to a conpressed output inmage. 40. The conputer

‘pr By CRMPYE S RIROTIM. f GEOREF PRcPufPARUtRHstracabdes medium,

FOF f@&'@égxg% %ﬁﬁ&%&?&é o&hf%gﬁ)l":}&n}gpf@ssigé ?% a_color

deconpres he conpressed out ge usi ng efirs
ahdeo sbragel QP aafllésvideobimage aronpossngpt @s seyks tvémleo

RIS o AR 81 L ! B P compression,
EI0EE QRSO Qb dFERIE GRS ES iy Ofnst ructions 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 value.

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

value.

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.

The computer program of claim 39, further including

instructions for causing a decompression computer to



41.

42.

43

44 .

45.

color video image in a YUV video i nage conpression
system wutilizing a quantization paraneter (QP) during
conpression, the conputer program conprising

instructions for causing a conputer to utilize a
&éé@hpEEEMaEHS ESﬁpEQ@sgaCShQﬁuEh§HQ§E uging ERLOEirst and
vi deo i mage, a second QP value for at as one
secongd QPaﬁalweaot@rObhanneas vhcomprested vndeo image.
i mge, wherein the second QP value is greater than
the T4 C uter prLogram.o

1,%‘ vﬁ%@%t@ ﬁ)\e{tég ecoﬁd%égm\?ialogg% ere?n: e (i)abcil.e medlum
ﬁpplgthgealhgahlghénecbmptéesibnsﬁuﬁfhgvabMﬁreéBloﬁth a

comput er _program of clajm 41, further including
gg?u%f@gﬂs ?6?ecéﬂs?nEUthlé%ﬁpﬁW%Qet6°%Bﬁﬁ?§é§ntﬁEStem

ﬁ@i@£21ﬁ dgoqhgﬁgﬁzaéiéﬁrp§PQﬁé€§£'@@prdﬁané'Eéﬁpf8951on,

second val ues, to a conpressed output I nage.

The computer Br@@ramw@@mprasnng41n$UruhELonacfgd|qguS1ng a
usi d [ ess npyt

&Qﬁ uy§%5§8 égéﬁggr%sggﬁg%u puY toﬁsﬁﬁa %O}?¥s?hannel

aﬂda serOﬂdvgﬁéaaimagetOaﬁ@tal@e@@nangpnvagﬁéeﬂoylQ@01east

i mage, 45. A conputer progganl stored on

WFpRt eF B¢ B odBf eV gl oF Chamre { fppbyihg ?%%omﬁgo image,

whet &L 8NEie f OE-EREOYPTvEPRE IS ?PégégPt LONeRE Birst op

video image originally represented as I near

vike¢. val ues in a video i nage conpression system the

conmput er program conprising instructions for causing a

co t I t | j,near i xel ues. of

Chate, Bork B RS B2, B & cpPk Bl iy SgPona o2

Vahheahe edamlrmi:ﬂmé@may cayap el ndy nd Oib has | Vil ue 260 46he Therst QP

coyrput er program of cl aim45, wherein the

Fuctions for causing the computer to transform
include instructions for causing the conputer to

.apmhe chapleleowrdgraedvdt icQBSm @ 10biairtnarYWeluding

logarithmc representation of the
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.

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.

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.



video image: Ylog = Log ( W * R+W* G+ W * B) U
chroma channel = Log(R) - Ylog V chronma channel =
Log(B) - Ylog where W, W, and W are |inear

wei ghtings for red, green, and blue components of

| um nance of the video inmage. 47. The conputer program

46 .0f THaaidBmput g ran JUHIRG m 14¥St KHdAOns iy

causi ng the conputer to reduce the resolution of the
LPahEuTE EARBNBRCE heRnel BT okhe heowpnter oar trARFEorm include
iﬁgffﬁgeiéﬁéofor4§au§bﬁg°9ﬂ@“&8ﬁP8E89r981Qgpgkahﬂé4§ollowing
further 1ncluding 1 nstructions Tor causin e

equpuienst boconpaessat eV YLygatbghmithnepresentation of the
representation of the video inmage to a conpressed

V%%@% i : 49. The computer program of claim 48,
furtikey 4 nRIgudi mg « BRSLr Yt i=01s 4f @b Gaygi ng a _
deconpressi on conputer to deconpress the conpressed

vi deshnesge chanaelest dosd YUY Vlogar i t hm‘hc
ti f th ' [ .. 50. The conputer
oy el Mo De IR iRy, 0e

program of claim 9, ing instructions
VhereaWisi Nggt hendewlonpresiinearonpiyktihgs f6ANSEQI yreen,

tored YUV logarithm ¢ representation of .the, video
IR D FOTRGPCRED OF xLEMLArRES, OBt RTHE: dfpimage

program of claimb50, wherein the instructions for

47 .CatTieN @ ok te@MREHORal0 Jfr ansfial Mel, NG H48%r including

48.

I nstructions for causing the conputer to apply the
FoF Four htene ot | 7igs ied obhai sonpet ¢ near TREBCi Kot

- B aptind 09(Y; 2 BB a] Q94Y V)
VoS T8 nd g, Y pnErenilel 0807 oy
brygr anhmsd oreplresert ctoiqut er - r eadabl e nedi um  for

I mproving the video characteristics of a color video

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

51.

instructions for causing the decompression computer to
transform restored YUV logarithmic representation of the

‘video image to linear RGB pixel values.

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)



52

53

54

55.

56.

57.

58.

image in a video conpression system the conputer
program conprising instructions for causing a
conmputer to: (a) select a set of imge channels to
represent the color video image, including a

| udnanpe chyprels and n chroma  channel's, where n is
at least three; and (b) conpress the | um nance channe
and@t (et dad (WomalWr ¢hfoma Whan®l ¢ Wy .a conpr essed

vi deo i mage. 53. The conputer program of claim52,

.Wh%[ %%}%}teémqgg%g},hgyo%%ﬁ %:%n%on% req:s—q:%ta%ablef medium,

non- Vi Si conput er programo
tbai imp2pvwhgr eha théebuchaanceeribabhael of sat beloregideo

channel havi ng the hi ghest dynam c range and
FBREFLiPon, VE4SO THATRARBALER  BYBEFEm BRS CFaMpMEST Program

EShpPEEihGCi HOL PAcL i DAL BEE1 088 IRy £asshpar & cpgput er
to code each chroma channel independently from each
o2herelardnmelsets @ Tmagso mhamare sy ¢gr awpafeseindi mhs2 color

fur ' in inst.ructigns .for. causin conput e
togﬁ%%%acr%%hﬁﬁ%&%W%ﬁﬁ%éW%%ﬁ#?ncrmm
r espAeinried sg s@leaet ed iat her 1eal@nnelrech7 anfhe conput er

ram of claimb52, further including instructiaons

Yo Yotirzdns 4 heopiioencs coamael Rac, s56! d PORLL taprad
| eagh R CH2MR1ENRNE corPre R ITRLLER %E;%gr am of

claimb52, further including  instructions for causing
a conputer to apply a quantization paraneter (QP)
vallhe computiegaProgenc mfond adhakidel whiexsdd aw tleast one

t | i 0 | um nce
EREORG| chinfe Br S LEARD L - $ Ol ife WIVARIRSRS - o
information of a color video inage a video image
.coffjree sompm teys ewgramnolfudilagm 62) wekamgihothe luminance
elect'ng a?resolutio f or f red, col onent of
Y,

TREIEST of S ViR ot TG e R AT S sh?‘ffjgrll%r%%aﬁfg est dynamic

range and resolution.

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

channel independently from each other channel.

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.

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

of at least one chroma channel.

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 resolution for a blue color conponent of the color
video i mage; and (b) neans for applying the sel ected
resolution to conpress the color video image. 60. A
system for conpressing i mage chroma i nformation of a
color video image in a video image conpression system

59.1 Nl WYisR@mTEYIS cfoﬂipre@.@;)lngzo%fa'glet HrthaA RIS ne?®i¥n of a
conponent of the color video inmage to a processed

P Ler cWéJr‘éfFO cORp@Rent Vhde? nimage | eenpreesbont fyateahong
9% iﬁ one of the horizontal and vertical inage axes
e ¢ol or video image; and (b) filtering a red
to) oreansmiore e lektlile aoresoliddon fage a r@édad color

processed red coI%iconponent havi ng a second

r es GPIPCER™ PP &R 10Fe Videst e8! diadn 1sehighes than
SysStke@ %s@l@.‘t@o@ofo\ﬁh%.r et Re138CeRe, o?r%QJtUto'fo RHeS color

inthe range fromO0.5 to 1.0 of the fu resol ution of
t hevideg dokge; c@@ﬁonent al ong at Ieast one of the

PO B e gt55 hd TSR e 15 60 1 MR

nmeankef ebloconpdessiinggat. | east t he processed bl ue
color and red color conponents to a conpressed out put

0 ingge. 3. Ehe system of, claim 62, further including
‘meAnSYFEEM §O%0RHFREISERd EhaTagfp chToma &Gﬁﬁﬁﬁaﬁ&ﬁﬁeOf a

éc@l@xbt\aidle UGB B9 SE 0y RIS e5Resk b 4ifp ADgs 164
nfonents(D -29 64. The systenwég(;geclée)flﬁlp > fur%ﬁ fem,

neluding weams for: upsize filtering the processed
E#Péﬁaﬂ?l %grﬁglor %RGEOQ%Qgr f%%p%%% fuII tEfO|ﬁ%k%gv1deo

e co or Vi I'mage e-sys SOt

or 6&agﬂhEDeanptbeewsédobﬂm&geolaﬁﬁﬁbm§®héﬁtsﬁ&hdﬁgl& first
a notion-conpensat ed vi deo I mage WETESSIOn system

66. TRSSyYtd F°P8d66|ﬁ§a§ﬁr8ﬁﬁ A6 §&edhpragontal and
CoNpeesscAN Qhage 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.

61. 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 color video image in a YUV video i mage conpression
system wutilizing a quantization paraneter (QP) during
conpression, including (a) nmeans for utilizing a
first Q2 value for the Y color channel of a color
vi deo i mage, and a second QP value for at |east one

64 .0f THe dysech b1t BaNNghus- et RR1c16R1:91g Wl for
i mge, wherein the second QP value is less than the
FPEsEe P BenEng akige (Byoreapsd fbluappngi igdt felor components

I e [ [ ol or

(PQEaeTRast Y8, nL0h 08 cKETPORAr PHass hHfafy The
second QP value is determ ned by applying a bias

65 .vallle taystem fofr stla@Rsv&louer 668. whesredysttédm ofidexiimage
66. further inc{udin nmeans,. for _co ressiag t he col or
CPIREEFRACE, SUFTEP Lot i BACLIOR GITPRRSAFri oY drg inage
8enpRds§Ponasyetemt 0 a conpressed out put inmage. 69.
The system of claim 68, further including nmeans for
deconpressing the conpressed output image using the

66 .1 AstSYSHRR SOFoRGIEP NG GEIOMG atisien du itsc sepassedon of
41 €800t "RPgeo f_agé‘fﬂséeﬁﬁéo&i@§@'fmg QoELssion system
conpression during conpression of a cofor video inmage
il hi g vi deeai bzt 1 oo npresse ber s QP endut ihg zéogpaession,
qua &'fgtion paraneter (QP) during conpression,
Imeradrng: -30 (a) nmeans for utilizing a first QP
va) weaher fokeu¥igakahg ah@&irek ob alQkOkoH @@ WMRGQOr
and a second QP value for at |east one of the U and V
col GhegRgdnefs polRE Vigesr ifrgeo PREgE, SRIsONS AR Walue

secead QR vahue bheObgatek bhﬁngEJ@e cbb! BBt oePkne
means for applying the selecte val ues during

conprédssi ondeb timegeol wheviedao thengecond. QPheajyet a@m less
of aim 70, wherein the second QP value is

det%%ﬁphé eb§l§65I9?n§a§u8Va§ alue to the first QP

8 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:



72. The systemof claim 70, further including neans
for conpressing the color video image, after
application of the first and second QP values, to a
conpressed out put imge. 73. The system of claim 72,

fle) theind rcd 0 didiol eiap o ofi RC PIPRRSSIF I8 he Y color
conpressed out put image using the first and second QP

val ([@¥nebtfaig el amcoiffedsagai ¢asl iarggsond7 QP Aalue
SYSURIP T IOV dNGHOW LN I RO AHINA £ APl ene
space representation of a video 1 mage originalrly

r epragslent edidegs dnagegr WRERqpirk edhey alatesmd @ waldeo is

i mge c ression. system including: (a) nmeans for

i np%%%%%gepﬁi REB PEEH Fal'Fedof a video inage;

ABY r{dindTERIS 1 RN e ddid Idenea1 RSB Ririsly
values of the video 1mage to a logarithmc

r epressmnegsion off thariarsivse vdiseac himaige .channel
i nformation. 75. The system of claim 74, wherein

71T AR QO e ldidan APPLAALIDR O op value is
equations to obtain a YUV logarithm ¢ Trepresentation
détehminedebyi apgedyiyog bidogvdlie toRthe Wits6 gPWbalue.
* B) U chroma channel = Log(R) - Ylog V chroma

channel  =.Lo - Yl o - where W, . and Wb e

72 AR ST S TP r18d, TPERT UG Son Srts
obmprstStAGetBé EHBo¥i WEQeb NBBLge /Bardbe %ﬁﬁlf@&@ion of the
claim75, further including nmeans for reducing the

FLE8F LRRSSBFORAEOD) BRHUSE chF@na ePEPREs e@f outhiet Yinage .
| ogarithm c representation. 77. The system of claim

73 . 75 rHUI R RE WdiNG W%Qn%u%Q ercqggﬁ%%ihﬁgnkg%sYggr
| ogarithm c representation of the video 1mage to a
donpressesing dele | pompereFged Thiet syt Bnagd ¢ imgn THe first

t I pcludi ng neans for_ . deconpressing th . .
el O G RO e A EE B TR o0 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



| ogarithm c representation of the video inmage. 79. The
systemof claim78, further including neans for
transform ng restored YUV |logarithm c representation
of the video image to |inear RGB pixel values. 80.

vhersyatenygf ghai ib79reRELELD &é?&ﬁE@ﬁ?ﬁn?ﬁgn Engﬁreen,

applglng the foll owi ng equati ons to~obta I nea

bpﬁeFOWEPn@BtSbeahumlh@g€¥ of UtheBvidabi imageY +
V) G=(anti-log(Y) - W * R - * B/ W. 81. A

76 SY SN Al dof IO 1A of hz%,v'fqle& ArAERId i GRels For
col'or vi‘'deo 1 mage in a vi‘deo conpress on ﬁ% T
radhaiihggtheeaasolatiofapf sehecti agdavsehrohai 8Rgfnels of

chanpel s_.to represent the color, video inage,
Fﬂ%lﬁﬁynboganﬁﬁﬂéﬁcEeEﬁ%ﬁﬁ%FaEHBHn chroma channel s,.
where n is at least three; and (b) conpressing the

77 .| UnMiheARSRs tehavEelc1ane the Faddidd aRl1udGHPMeans for
channel s to a conpressed video i mage. 82. e system

SPMRT@FHiRI, thRe¥ 'nlgfarébbmignéephe@ﬂatabhannef the video
sent I -32 83. The system
LPRAESERIS OSRALEIh e RE Bl 2 O

erein t un1na cé channel is the
i mage channel havi ng the hi ghest dynam ¢ range and
78 .r eSleutsiysiten8 b £ Eﬂalsygﬂemﬁmruﬂem mﬁﬁludﬂnglmaans for
énc udi n chroma chann

B s TS "ot R TR o T an S Brge se ArEesteres YUV

Dbg&t ot HnBd, répféﬁ@ﬁtw%ﬂdbﬂgtﬁsa@ﬁdé@rm&§QI ng each
chroma channel differentially with respect

sel ected other channel. 86. The system of claim 81,

79 -t uTtRe PYSHEMU @En § LRdENd 8 o £ ULitEGiciimg Ludd nde Fsiams T
©fad £éARBhg OREs CHF OBy R O& rithmic 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:

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

8l. 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.



83.

84.

85.

86.

87.

87. The system of claim81l, further including neans
for applying a quantization paraneter (QP) value to
at | east one chroma channel biased with respect to a
QP value applied to the |um nance channel. -33

The system of claim 81, wherein the luminance channel is
the image channel having the highest dynamic range and

resolution.

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

channel.

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

selected other channel.

The system of claim 81, further including means for

reducing the resolution of at least one chroma channel.

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.



