Method and System for Improving Compressed Image Chroma Information TECHNICAL FIELD
[0001]This invention relates to video compression, and more particularly to methods, systems, and
computer programs for improving compressed image chroma information in MPEG-like video

termational vile FE Fbadt e RIS St e bR X T oL SR ey t
represent image sequences in tﬁg@éﬁ %%%%31%1 ac[kg}c")g%c:ﬁ%gtagthe language of the coded hits
resen e

is the "syntax." For example, a few toOkens cante A c‘-k%%amples (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 & BB GEE Bitd &R signals whether the following bits are
to be precepieglonith a preticton algerithiw prieetosheing tecoded withangisereie casingdrmnsform
(DCT) algorigq:m. The aI.gori_JLhmi comgrising thgcdecodin rocess are regulated b\ﬁ the semantics
defined byrfhesee ﬁf’]EtGlg%n%ﬁr S 'Fhlsrg%t%& nh 5¢'8 gi%é%’toa& IGEESHTTn WdES ERE acteristics
such as spétial redpndancyy temparakreseddaneyyeinformnmotion; spatialitasking, lebEdn eifest,
these MPEGi teagdggqr? q:efinsei% roscr;}r,asr@(rennilgg language as well as a data format. An MPEG decoder
must be ablé fo parse and decode a INnComing 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 thig dexiRéradsom the standard since the semantics are
not conformant). It is also possible to carry the needed semantics within an alternative syntax.

[0003] Thed& P EE Stembarduse a variety of compression methods, including intraframe and

interframe medheds. In mastyideo-seengsghe pagkgroundsemainsrelativelyystable while action takes
place in the foreground. The backgroundénaﬁyl move, but a great deal of the scene is redundant. These
atir

MPEG starrtifas SEift O6mpreiimiife G EEfte NS FanErEHiRY dritaht @UPAmMeED? "FRame”. |

frames arecompressed withodyeferpres tmethern iamesanthus £ontain e entire framenghddeo

information. | frames provide entry points into a data bitstream for random_access, but can only be

moderately"€8RpfessEd d?ﬁ)ié%lg‘?the%ﬁajréﬁl%‘é@ﬁﬁnﬁ ffrafRsIS PRIt the BitstRsam every 12

to 15 framessalthaugh itds alsexusefuldn samesircumstancesstn usegnush widerrspacing-between |

frames). Th%;ea er gins?e or:LI;ég smartrl]l%;)ortion of the f;ameﬁ that fall between the reference | frames
G | it

are differer]ﬁ 2 nglf ames;/ oﬁglil/ th&Wh &eg diffétehtesare cap%’r@ﬂ, Ié%’rﬁﬁressed, and

ocC =
FOrn the bracke
stored. Twe typeofiframésarelased-forsueh diftererices -(predicted onPdtames, mnsthisdirectional

interpolatedor B rames. [0Q041R rames gengrally are gncoded with reference to a
representation into an approximation of the original format of
the image seqguence. 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 appiied 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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past frame (either an | 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

technologie® - fotBTiAatrobiotks &fe FERIERS OF inddeE piels. EBRMBEERL a- mAtrobfodklis @ 1.6x16

pixel grouping=af fpuSxHDOd iocks; dogribarwith anerpotien yeetar for B frames,-and 9pg or two
motion vectors for B frames. Macroblocks within P frames may be individually encoded using either

intra-frame &Y Tht8Fframe (predicted) coding. Macroblocks within E frames may be individually

encoded usiog rara-frametcedingy ferwasd predieted cosing ba&kw&@p@ﬂifé%ﬁgé@si@hbgth
. A i . . \ v ¢
forward and 2%%%"&%“ (|..e.d;\£|1|_’1 glrectlonalué in err%glated) predicted coding. A slightly different bu

i G vidfeo g So506 At E6dhgMan MPEE Hata bitstFEsh

similar structure & Used'in
comprises & séquenrceokls P, ahd BofratgscArsequened mayreansistof almestasy-pattetn of |, P,

and E frames (there are a few minor semantic restrictions on their placement). However, it is common
s B Ve PIRaT paliont(e & TSP EEP LB EAf AP EE olbr Eieye

in industriaﬁpra%:tlce {0 have &
Representation [8097R4REC< MPEG:2carstMREG 4 alkbdtilizézanY , UrNecalonspaee for

compression. Thete is.A ehaige of lyminance equation, but 2 typical conversion trapsformation

between RGB (red-green-blue) to a YU represen%tlon IS expr sSed 85 Y "S5 G UG R +.122 U

=R-vBycalled an “intra” frame or “I frame”. I frames are compressed
without reference to other frames and thus contain an entire
frame of video information. I frames provide entry points into
a data bitstream for random access, but can only be moderately
compressed. 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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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 SigB@SiH@WY@hatﬁié‘ySi@Hl@‘oﬁﬁ%@s@gﬂﬁ%ﬁé@t@f‘é@r%& MEEQL o and.4 n the non-linear

video space, yielding various artifacts and problems. _[0009]It is typical in MPEG to reduce the
resolutiorf 6Ffhe URRESH ERRfa ERAARES Y aeKRYe PrdtfercbiiprasSiofi rFRE ekt cohmonly used

reductioniefdesalytian istodsse-halfiresolution;beth yertically andhafizontally, MREG-2 supports full
resolution chroma, as well as half resolution horizontally. However, the most commonly used MPEG-2

profiles, MR PO NS Cev I WP EF ML 2R MARCP Rkl BGHIghL e IMPI@MRER use half

resolutior harizerdatsaad vertisally IMPEG-doersions 1and:2 use balvesolution yerically and
horizontallé.(iVote that full chrome resalution is often called 4:4:4, half chroma horizontal resolution is

often calls843'3 ahd Falf VBHical dhG HorzBhta rHsoRiibhlig ofthdaEt 2205 (IH8R6LIdDe noted
that the 47ex@omenciaturecisdaweed in its meaning and derivation, but it is common practice to use it
to describfeO hroma resolution relationship_to luminance,) [0010]The filter which reduces the
horizonta agl(? t\Sﬁerticalaérfr%(?ﬁfa Fé%%ﬂt%n GRderthE vgﬁ(‘iﬁs %ﬁ%ﬁé tantdrds e apififedfto non-linear
video sigralgwsriransidrnied into el Uparfo-Wneodor representation. Méhercthesingersetransformation is
applied tq recover RGB, the non-linear signals and, the filters interact in such a way_as to produce
artifacts ang11 é%%lgnﬁlg 'Fﬁe%s%epr%b?ej?nsf ’carri?beaéléé%al#z%acfngss"c%%}sﬁg " ngeaenff?f@ Y luminance
and the Uaney elsoatdanresis mlong with spatishalias ingal@eidiFurtherinferraation.on linear
versus nanslinear representatians.and transformations may be foun% in_"The Use of Logarithmic and
Density Units for Pixels" by Gary Demos,%resentede at the October 1980 I\zillf—’ﬁé e(3:1cf)fﬁll‘erence, and
published i the SMPFEBRRBREEEREB1991, vol. 100, no. 10). See also "An Example Representation
for Image Color and Dynamic 1,-Range which is Scalable, interoperable, and Extensible" by Gary
Demos, presegntgd t the October 1993 SMPTE conference and published in the proceedings and
preprints’ These papers “RES TR TREBETRART¢ABgarithmic and linear spaces at various stages of the
image cobqiression promessing, pipetice,anchare hereby incorporated by sefgrencey Chyoma
Su b-Sam(PCLI Tgl{‘oos:lng-(l;ge J'E%%‘Socnojf:’f%glli"%%uscl!g% Fh%%rg%gesi%utéo ank(l)Ct; :H:%n% f luminance

equation, but a typical conversion transformation between RGB

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

.59 G + .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,

vielding various artifacts and problems.



V is that the human visual system is less sensitive to changes in U and V than it is to changes in
luminance, Y. Since Y is mostly green, and U and V are mostly red, and blue respectively, this can
also be described as a human visual sensitivity being higher for green than for red and blue. However,

although Lbana ¥/ are treated the, samein MPEGHL MBEGs2,aad MRE G4 dhe Auman.yisual system

is more sensitive to U (with its red component) than to V (with jts blue component). [0013]This
differencE T chtoRT sensitivigre enGousd i the RBAINTSCRS SBRT sEARIE B8 usédFor

televisiomndMERS C-2nugnsia IRQeolarspace wherer anch@iareisimilastold angkV fwith slightly different
weightings). That is, the | channel primarily represents red minus_ luminance and the Q channel
primariIygrrgﬁr%géjrtft%Cf)]f'ué3 Riihus ﬁrﬁ%iﬁgﬁ‘ée)‘(ﬁn NS GO HreRiMihdr ce 1FGiTer 48 RRYF Gfanalog
bandwidtfmand thestahromanchannehis, gisen tei MHzsofranalog dasdwitibaThe Q channel,
represengg%the blﬁgiyfllow X|s,‘;%g|ve{1h%nl 0.5 MHz of analo b%%dmdth. [0014]Thus, the NTSC-2

television Systern allocates thres times asHudimforfiAiBA16%hE T thahnei than Rdbes Bthe Q
channel, ¥ad:threedimeés as muchiinfarmadivn turhe YMuminarteehannet-thanite the lichgnnel.

channel e, These MBEE YOV atdf NSt 2 SR04 RaE b ST oo th following table: |

0015] RatovU A4y RMEEG: andd pixatsitn 111 Bhk, 3/, @l Qapiiels tahluYibh
vertically and horizontally. Note that full chroma resolution
is often called 4:4:4, half chroma horizontal resolution is
often called 4:2:2, and half vertical and horizontal
resolution is often called 4:2:0. (It should be noted that the
4:x:x nomenclature is flawed in its meaning and derivation,
but it is common practice to use it to describe the chroma
resolution relationship to luminance.)
[06010] 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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4:2:22:12:1 YUVNTSC- 4:2:0 4:13:1 4:19:1 Ratio of Chrome Resolution to Luminance [0016]Clearly
there is a greater difference in treatment between the luminance channel and the U and V channels
under the MPEG standards than the luminance and | and Q channels in the NTSC-2 standard.

SUMMARY {0014} ENe javention 4 direcied fodmethods,isystems.@itbar spaces at

various stages of the image compression processing pipeline,

and are hereby incorporated by reference.

Chroma Sub-Sampling

[0012] The reason for reducing chroma resolution for U and
V is that the human visual system is less sensitive to changes
in U and V than it is to changes in luminance, Y. Since Y is
mostly green, and U and V are mostly red, and blue
respectively, this can also be described as a human visual
sensitivity being higher for green than for red and blue.
However, although U and V are treated the same in MPEG-1,
MPEG-2, and MPEG-4, the human visual system is more sensitive
to U (with its red component) 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:



computer programs for improving compressed image chrome 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).[\dsingjlower 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 inventir}lp ;:nfloudes a method, system, and %%Q}puter program for compressing image chroma
information 6f a Color video image in a video image compres foh system bglUs\électing a f&&Bfution for a
red color component of the color video image that tsthigher than the resolution:for a bluexcolor
COMPOoNeREaFthe-colerviteo-rrage—{0040 othe g-iavention-s-a-technigue-fortaducing
the level of tHroma ndiSE tHattEERIsr&M any givén Yalue of the ghantization hatameter (©F) used
during cormpression, thereby improving image quality. This is accomplished by utilizing a lower value
of QP for ttﬁu (:F%Y) chgnnel than for the Y channel. Similarly, the quality of the V (=B-Y) channel
may also be |Lr%1€|30‘rovéd 8351 utiﬁziﬁéz’éﬁ eF@P valug for the V chdrirtel than for fHie"Y channgf.*
[0020]Another aspect of the invention is a technique useful when higher compression is required. In
this aspect, a positive QP bias is applied to the QP value for the Y channel for use with either or both
of the U and V chroma chann%ggggzg@ngﬂpﬁn%pggggﬁggg inyention.is Lse a% &Jlogarithmic
representation to benefit image coding. Logarithmic coding, when feasible, can improve coding
efficiency f6P YUAA color Spaes Pepréseitaticrs of iezrpesotighidifaeprasented as4insacRGB pixel
values. At gihiey DEQcessing stepsica canvarsiande andiframdingar feprosentations cag bg heneficial

[00221Another aspect of the invention is a method for improving the video characteristics of a color
video imagelif d¥ili€o ToiptaEsion shsent isclbemyrsslecting g set afvhaycERanmlsS ol represent
the color vigge inage.- ncluding aldiminance 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

SUMMARY

[0017] The invention is directed to methods, systems, and
computer programs for improving compressed image chroma
information.

[o018] 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 guantization parameter (QP) used during
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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 [00241FIG. 1 is a flowchart showing an illustrative method

(which mayniiereqrsputer irmplemeantediior dieraasing shasrageiutionfor drakovesthe resolution used for
Vin a YUV color space representation., [0025]FIG. 2 is a flowchart showing (which may be computer
implemeﬁ‘t%ﬁ?‘ﬂ?rfcgﬁ’gﬁ% ot iiﬁdilkﬁFPG]é’ IO gﬁo@ﬁgfﬂ}?hﬁﬂ?n% Béﬁbmputer
implemenfedhferluniizanceand-chrome-indermations {802 4F1G., 4 &g flqwmaﬁysh@wingl@vhich may
pe computer Implamentedhiof chiama chanRe’s IR mage S e s R OR Bl et nee
symbols In the indicate’like elements.

value for the V channel than for the Y channel.

[0020] Another aspect of the invention is a technique
useful when higher compression is required. In this aspect, a
positive QP bias is applied to the QP value for the Y channel
for use with either or both of the U and V chroma channels.
[0021] Another aspect of the invention is use of a
logarithmic representation to benefit image coding.
Logarithmic coding, when feasible, can improve coding
efficiency for YUV color space representations of images
originally represented as linear RGB pixel 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.



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

representgdigpdor U inartUVorepresentatigniraften reduires gighier precision and.clarity thap is
commonl)é used in video compression. [0030]Unless blue is being used for processing (such as
blue-scre

HSpetidl 8Heds Comfipdsifity oFPERE Br&fsisy, HurfaP s¥idiivify t8Rhe Hite-Yerow
chroma axis; asmbedied 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 Eﬁj%ﬁﬁ/]for repg)e(gent%glﬁ]eabﬁé%V?F@H?Bn%hﬂfénﬁo%véll, kS Bl 4nd™o EBRE half
resolution eadiag ahsed Badeshbisceametimesirsuificiontio g ualityawith Fespectialarge of

wide-dynflrlnic range displays Ifi\ndnprojjz_acgrs. 0031]Thus, an image may be .improved by increasing
the red resolution for an ROB rgﬁreasen?a O 1B U resolution for a YEV representation) above the

resolutiorf ased for bluerfwr.V): Using lofverwekalutiorsfarithe dluencdldbi cempanertmeansdess

information needs o be compressed, such as in a motiqn compensated color.video image
compresgigﬁjé%glte%%fm%ﬂ N a é%r ance ﬁﬁqﬁg?nev@ntigﬁﬂh%?é are th"’lré((gair %)Féﬂ%ﬁ%% methods of
maintainingircreasethrete(os Uyresolutioagrithrespeettoizdownfiltered blue (or V) resolution: 1)

Use ful regglyqn for red andior . ....2) Usgonehaltresqlition.on.only eng, sfgma axis, either

vertically or horizontally, for red and/or U; or
indicate like elements.

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 compregsion.

[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 providesg
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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3) Use a filtered resolution 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. 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 similarmethod may,be applied to,an RGR color spage representation):

[0034]St%p 101: In an image compression system utilizing a YUV color space representation,
downsize fliter te- 9Y=BYFEh &7t B B B Ut di a8 20 oHesh PRI BRI BAtANy2aRd

optionally tocanerhalf rasolution vertigally: [D035]SteR kA2 Downsize filterdhe. U FR0) channel of the

image to a resolution gher than the V (=B-Y) channel, preferably being one of: a) full resolution;

b) betwe&PBREMER T 16 FeLoIUHGITRor RSy BUPHHSEBRItIBH Verially: c) between

one-half gra Bl resolution herzeatally andvericaly invehbetveenons-balf anddfull-gesolution
vertically, but full resgplution horizontally. [00361Step 103: Compress the YUV image (having

luminanc8 ¥ &Td He d8\wHE2E SiltBred B HhTAF CAFSInA A5 RASHSh) 1hg 8% MPEG-like compression

system. resolution with respect to a downfiltered blue (or V)

resolution:

1) Use full resolution for red and/or U;

2) Use one-half resolution on only one chroma axis,
either vertically or horizontally, for red and/or U; or

3) Use a filtered resolution 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. 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.



[0037]Step 104: Decompress the images into Y, U, and V channels (usually in a different computer).
[0038]Step 105: Convert the U and V channels to full resolution, using the appropriate resolution
increase (i.e., the reciprocal of the downsize filter factor used in Step 101 above for V and Step 102

above forr 0. J0939]Step 4051 Optionalhyp coprertthe YUY pighie tqaB-RAB imagedanviewing,
analysis, or further processing. Differential OP Bias for Chroma [0040]Co-pending U.S. Patent

ApplicatiBn Nt 30/ 7858356 Zontitiad 15HRAPEcRIGh EnEodiRGandetdtiig e Vidés iaga’" and

assignedvprie Bssignesenthe presentinvestion (which is hereby incorporated by reference), teaches
various aiggg%of the use of the quantizationér{)arameter %P) during compression. Another aspect of
18\%

the prese ntion i§ 2techfigie ¥ITRURENEThE Tsvet B EROmMAGise thit redtifs Hom any given
value of thezquasitizationpaldmeten (QPJ ised thiring conression, thereby improving image quality.

Thisis a ished hy utilizing a lower value of OP for the U (=R-Y) channel t%a E(?r the Y channel.
Similarly,cﬁﬁgg(‘q%ltility o] ?EB%ma%Ps\(’)eﬁfgirﬁé%vgdabryl/dﬁt%zi%gaan o%tlie‘? C5I9 v Hr}le or the V channel
than for the st¢hannel., [0041 4y sintppte apgthod of implensentingtai reduced ohseraa QP ®alue is to

subtract n lue_from th lue used far. the Y (luminance) channel. Alternatively, a
separate@b%%s%%?% u%gﬁgwrgréth%%lé%@%ﬁjee fgfL %?nrlghgt cetﬁgedl fc'oer%a%:ﬁ o%gnﬁ . For
example 2R vsightbe Bubtrdctetfrom fize Fovaluédar Vo yield the QP value for U, and "1" might be

subtractefigs 1e QP ¥alug fak o yield e, QR value Jor ¢ Anpusefifivalue ol e armount 1o

subtract can be used, limited only by a minimum value of "1" for the appli QP value. [0042]This
method Wéiks fdecsnstant OPs/aiies, (varablesis, or further processing.

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 guantization 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 wvalue 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 eaéh 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 wvalue for Y to yield the QP value for

V. Any useful value of the amount to subtract can be used,



bit rate). It also works as well for variable QP values (e.g., in both constant and variable bit rate mqtion
compensated compression systems), since the instantaneous QP value can be biased by subtracting
a specified difference value from the QP value for Y to yield a QP value for each of U and V.

(0043 Furihoy heyange ofhese gifferential shraa iasqd OF.yalugs cap be,exiened using the

extended QP range function or lookup, as described in the "High Precision o%mg and Decodir}g of
Video imé@%%m?"atent Application referenced above. [0044]lt is necessary to signal the U and V bias

values from thegncoderitq the.decederunless 2 pre-aganged valye @&f&gsw%g%a%ks specified

once, for example, for each session, group of pictures (GOP), frame, or image region. [0045]FIG. 2 is

a flowchaR shob@ig an iffdstative MEthbE. aive kaytse coimpliid impRimeredsfor epplying a QP

bias for chromssehannels{0046]Step 20%: lar image campression system,educethe QP value for
each of the U and V chroma channels by a selected value (which may be different for each channel).

[0047],St6° 282 ST RUTRE QF VaRR folthel DRI TRFGHE BBnHelcsnsiessions,
respectively a[004615tep 208 Qptionally ifsyariable QP values are usedsensiire that the rediyced U

and V QR valug Is-alegst, 1", [431S1ep 200 Plesg A Pie set Rias [s 1o be ysed,
[0043] Further, the range of these differential chroma-
biased QP values can be extended using the extended QP range
function or lookup, as described in the “High Precision
Encoding and Decoding of Video Images” Patent Application
referenced above.
[0044] It is necessary to signal 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, i1f 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 “17).



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 'Ma: the reduced QP value is at least "1").

[0051]Stefp2eh; ]Optior@ﬂﬁpViQWéhedi%@B}Péiﬁsfﬂ inages caUsR thedmagesdar addijonal
processing or anal)%l is. [0052]Another aspect of the invention is a technique useful when higher
compresg%n W rReqited MR a it 24 PoSiHioe Db BRSFS AP @1tha P vake- for the Y channel

for use with @itber or bath«fithe Unane ¥chsemearchannels{prefarably ghecking,against a QP
maximun?lvalgeff com res%ion s%stem, if any). Separate bias can be used for each of the U and V
channels: Dtherwise, ne%‘[’e% Bf SURHRARSRBEGiment Wodt-BE Simifdt toRASSSSRSHE in EIG. 2.

LogarithrpicsCading: oDEuminancesarcbShierae {053k Eheypaperientitiedy ThedJse eflsegarithmic and
Density Units for Pixels," referenced abave, describes the benefits of a logarithmic representation for
dynamic%gor%gel.lfgg V%&%s%ﬁéﬁ%ﬁs% gb 5 ch?n% Amic PANye afd SSHawWRRESHEF to commonly

used videtrafsferiuhgtiohs dvermthoughsimilar, the mgarithmic vegresentatign is more optimal in
extensibility, calibration u nd in orthogonaljty of color channels than are the various commonly
m@ Léh. 05%\ Qf)angQ gé e g canl£ éﬂﬁ

used video representations. 4]Another-aspect df the invention is dse of a 1r’(’jgge<’5ﬁ§1't
representiioh 1@ beh&fit thagedcotlingaihad beed diseovered thablogatithweic edding; when feasible,

can imprg%g@ggﬁgiWyéogg%\éﬁglgg§p%%e represent tions %{m@ggg 0£iginally represented as

linear RGB pixel values (such as at the sensor of a camera). t other processing steps, a conversion
to and from linear representations can be beneficial. [0055]As described in the "High Precision
Encodinganghrithmic Coding of Luminance and Chroma

[0053] The paper entitled “The Use of Logarithmic and
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] Ancther 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:



Decoding of Video Images" Patent Application referenced above, chrome crosstalk with luminance is
minimized when: 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, and
where R, G, and B represent a linear light space. These relationships are useful in applying this aspect
of the invention. [0056]FIG. 3 is a flowchart showing an illustrative method (which may be computer
implemented) fof {6Garithf@cddilig of Idminalige &n@ chréaainfdrmation: [0057]Step 301: In an
image compression sys| m%)perfom'btge following transformation on input (e.g., directly from a video
camera) linear R, G, and B pixel values: Ylog =Log (Wr*F+Wg*G +Wb *B) U =Log(R) - Ylog V =
Log(B) - Ylog witere WPIWR), and XA/B%re the linear weightings for the red, green, and blue
components of luminance.

where Wr, Wg, and Wb are the linear weightings for the red,

green, and blue components of luminance, and where R, G, and B
represent a linear light space. These relationships are useful
in applying this aspect of the invention.
[0056] FIG. 3 is a flowchart showing an illustrative method
(which may be computer implemented) for logarithmic coding of
luminance and chroma information:
[0057] 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

A\

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



[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 confporsexits of the: mevingyimaget(usuallyLin,a difterertrcomapuiene [P061§sieprRas: If optional
Step 302 was aggli%d,treverse r{lhejégesolutito.n relduction to kr)estgre full U aTd V resgluéign. [0062]Step
306: Restore'the Tinear IE?O%S and %&%ﬁvéh%s}ﬁsm%aﬁ’i foﬁowﬁrgl?rajh%forjmeéﬁo%: R= aerﬁi-log(Y + U)
B= anti-I6g#® +afiEx(antidog (Y - VWL RiNWbtoBEERlg 306) .

Additional Chroma Axes

[0064] In extended dynamic range and extended contrast
range images, 1t may be beneficial to augment visible
wavelength channels with additional channels of image
information, both visible and non-visible.

[0065] The range of colors available from any given set of
red, green, and blue primaries does not include all possible
visible colors. The combining of proportions of red, green,
and blue primary colors to create other visible colors such as
yvellow, 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 wvisible 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, wvarious
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

okbjects in the distance, having reduced the blue contrast and



[0063]Step 307: Optionally, convert to other video RGB representations (alternatively, may be done in
lieu of Step 306 rather than in addition to Step 306). Additional Chroma Axes [0064]In extended
dynamic range and extended contrast range images, it may be beneficial to augment visible

wavelength, ghaniels yith-additional chapnels ofiipage information ,&%M%ﬂ%@w@m-visib'e-
(0065]The range of colors available from any given set of red, green, and blue primaries does not
include af-BBSSibIeHSBR coloisS THESIMbiRing dftop&ridAs of Fed, e s shdPBluErimary colors

to create gtheryisibleolersstich asyallows orange; Syansand Qfginggnarepggyl(?Ethe human
visual system known as the "metamarism". [0066]As pointed out in the paper entitled "An Example

Representdfi& for ImafBeCdioPand ByRhmi& RangQHmeh RS SREEBRE Intéroptrabedand Extensible”,
referenceg=alhnyvec itis passiblewte adg addiigrakhcoier primaresstothedhreepriparies of red, green,
and blue. In partjcular, céan, magenta, and yellow color primaries help to extend the color gamut

beyond tHe rahge REIABIR froth nfoSteoimbhIBE, green, and blue primary values. Further, violet

and ultraviolev (which brightenissphosphotescent kelotsywcantalse. bexcpnveyesh {0067 Beyand the
visible colars, invisible infrarg%wgvelequﬁt}hs hﬁve Brolven useful in enetrating)clouds and haze, and in
cra

seeing in The dark: UIfFaviolet wavelongths can alLo be uSaftPfor Saeiny ow-ampitads visible image

details, suctvas éingétpsints spd saffage enatags JOGG8|RGRhery eveN in-thervsiblerwavelangths, _

vrious Tl o8y Tion gndyrenule st shen educs Ve mpural oot e

the distargeahaginglredueédthe biiietontrastanthinance) channel to favor the
highest amplitude image signals. Thus, for example, the green
visible channel might be coded using its own chroma channel,
with luminance moving to other wavelength regions. 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?
[o072] 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



dynamic range. This is also why underwater photography can appear green, blue-green, or blue, since
the red end of the visible spectrum is reduced in contrast and dynamic range. [0069]The logarithmic
relationships between Y, U, and V, as described above, will optimize the coding of color relationships
for visibledight. {89 AG]in this aspeetofihe inuentionadditional chromaghannels are added to the
channels encoding three primary wavelengths, typically embodied by RGB or YT7 representations.

Further, WRGTBdiRg a®POVEStordpatel f5S 8o FEhIS 16 EREAGe TRYmaRBRF bFtheaY Yluminance)

channel todavardhe bighesh amplitudesimage.signalsc Thus,for example, the green vigible-channel
might be coded using its own chroma channel, with luminance moving to other wavelength regions.

This concept 2&A bE d b Whe REPMRAINamERTE iInff8d Shith F& B ‘arld B1te (and
perhaps aetheevisibierancheon-visible primaries) each having their own chroma channels. [0071]In
accordan ith. this aspect of the.invention, for each new chroma channel, the following should be
determine?(?e{\lwll) Sho%j)ﬁdlfﬁ% c%éh%e?ﬁ@%&lgd dfEte AFAIHDIE JRROr o BIRER ER&RTels
(usually froomjuminance, sucheassBER=Y¥2 va2liShotldithewehabaelke giveadulyiaseolutiomwith

respect tq luminance, or can resolution be reduced without impairing the imagge quality for a given
intended 5§as§e?'}lf030%]Tﬁen§ = f B Siene ot %n Peaicﬁ%ddé(d hannel

. vVariou S e
etermination in S_L) is based UPON the correta
with othewchathets: Ror Exanmpie,ialfrayiotet of fareipfrareshwayelendidmages mayheatkatively

uncorrelajeg,a,isiplewayglengihs, or,ig.each eher.Jn sueh & gase, oo channels might be coded
without reference to o%her channels. However, any visible wave engths are iaﬁy correlated, and thus
can almoSeairens denefit fesmusting eoded withlrdspectus edchotherof00T3iBasedL updi these

determingligns. aset gtimage channels cap be saledted, uipally,exceeding {gpeplacing and
channels. Each such channel would utilize an appropriate
resolution 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:
[06077] 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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exceeding) the three primary channels (e.g., YIN). For example, the set of selected image channels
may comprise a Y' luminance channel, and n chroma channels, such as a U’ first chroma channel, a V'
second chroma channel, and an X' third chrome channel. [0074]Using this example, and applying

motion cqgoupensated coragression, thesselectedyaluesnf \Lavould hesagdednuithiull resolution, and

the varioys other chroma channels (U, V' X%wo,uld be differentially or independently coded. All

channelSEAT Gt hE 28 motibn Vacks i rhacroblotk Thetort ddrhpE RSt g stuctdre s would

be used iz goaventianal Yk sepresentations, @xeeptrthab there wioud baaddiionakekaiinels. Each

such cha uld utilize an appropriate resolution with respect to Y (as determiped in step 2 above).
[ghypu utlze anapprop Imin

In additio bias (A% Hescribed a%o%gjncl:g‘r? bé m%e%%%%eﬁﬁﬁ %Bp &0 to &4ch- EHronfi channel, to

ensure thatthedesinechcempiessieon elirgnzd adality isachieved: [@Q3]Evenwhen applied«only to

visible wavelenagths, additional chroma channels can ensure not only extend olor range and more
% %HC ? E e_]. 1 % ge S,

accurate clclarflolr,n Ut also allow additiorial c[%lrll(fy, d%?asflcf and hoise fide |%/ folbe applclje(f fo such highly

visible coltrsrastinageris; orangs; yelfiowhand aguaeyar., These ariefitsiedid begmwticularly

significant far wide-dynamig 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

channelslif&hlimage éoraprestion syRmanePo77iStely 4010 ey dniage tompressiormdyistem,
determingﬁh%p%@ﬂgmi%erﬁggpég@tq}%@égg {mage, selected based upon widest dynamic

range and highest resolution, including optional non-visible wavelength image signals. [0078]Step 402:
Determink%? 8ddiitionalHBnléhanteioBepfeschithelintage, WHePE id BR St three. [0079]Step

403: Optipnally,for,each ghroma ghannelcomputer) .

[0083] Step 407: If resolution reduction was applied,
restore the original 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);

¢) Use the chroma channels without conversion for
procesging 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 wvalue used for the luminance channel, to
achieve a desired level of guality for each chroma channel
(i.e., trading off chroma noise wversus higher degree of

compression) .

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

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



determine whether it is beneficial to code differentially with respect to luminance and/or one or more
other chroma channels. [0080]Step 404: Determine the resolution desired for each chroma channel
image signal from an input with respect to the luminance image signal, such resolution being equal to
or less thapthe sesolytionr ekthedyminance, apdoptionally apply sureselutinn seductinng Q081]Step
405: Compress the Y + n_chroma image signals using motion compensated compression. [0082]Step
406: DecdMPress 1ty 5 chibifie finfiy e Gstdly inH'Gierint Eohfpthdy J0683fEp 407: I
resolutiop sediictianavas-apphets resieresthiesariginaldeselutions af the:chrema-channglsi {3084]Step
408: Combine each chroma channel with its differential cgunterﬁart, if any, from Step 403 above.
[0085]StélT 468 2o pkoitaly” pefto éﬁ?%ftfﬁé/fgfl%v\}ﬁge. ER BESHRRThE Thdiig chinnels to a
viewing spacersucicas RGP, atlie spaees havingimereithandhreetprimagries; andnaew as a true-color
mage; ...\ Berform the conversion of 2) but view 33 afaisecolorimage (sugh as mapping
infrared to greerrll) P PP e

integrated circuits) to perform particular functions. Thus,

the invention may be implemented in one or more computer
programs executing on one or more programmable computer
systems each comprising at least one processor, at least one
data storage system (including volatile and non-volatile
memory and/or storage elements), at leagt one input device or
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 sgtorage
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.



c) Use the chrome 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 ciwewel (i.e., tradinguecheamennsise: weisus highet degrae ehearmpressien) deyplementation
[0087]The invention may be implemented in hardware or software, or a combination of both (e.g.,

programabRIbER ard§ ¥ UntésSstherwise Ehedified, MBfgsiiRnt inthbed 3 Pt of the
inventionareintt dzherendy relgteddomunyparticiiaicoraputer o athef appatatds diniparticular, various
general puragse machin s.may be useg with prEg)igjgams WritEen in accordaincghwith Ehe teachings
herein, of it ff B&Mdte convenieht to-¢oristruct moré %@gciglizfdj Qspé)ratus EegS ?rﬁesgrated circuits)
to perfolmeparticiterduattions. Mdyspthedndentioniay aedmptementd ddhwonecerrmbee computer
programs, execyting pry ane or mote programmable computet systems each compyising gt least one
processol?, atleast one data storage sys em%ncﬁlj ing volatile And on-volat € ' memory and/or storage
elements)ratllgastaresinpetnteviceenpertpamrd wt leastondeutputdeviceé driportt Progranrgode is
applied t 1@1%ggta 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.qg., 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.
[00901A number of embodiments of the invention have been



described. Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. For example, some of the steps described above
may be order independent, and thus can be performed in an order different from that described.
Accordingly, other embodiments are within the scope of the following claims. MCSLIP Claims 1. A
method for compression of a color video image in a video image compression system, 5utilizing a first
guantization parameter value for a luminance channel (Y) of the color video image, and a second
guantization parameter value for at least one of t g@_rogna channels (U, V) of the color video image,
10wherein the second quantization parameter value 1s determined by applying a quantization
parameter bias value to the first quantization parameter value, signal the quantization parameter bias
value from an encoder to a decoder. 15 2. The method of ciaim 1, wherein different quantization
parameter bids. valués arecbset] foptheaworshremacchanhels (Yo R 203 Tkhe mistiaarkoficlaim 1 or 2,
wherein the second quantization parameter value is determined by subtracting the quantization

parameter bias valu& ffonT tHe firat qGaRtization patamétdrviue 25 4.The method of any of claims 1 to

3,whaegrme utilizing a first quantization parameter value for a

luminance channel (Y) of the color video image, and a
second quantization parameter value for at least one
of two chroma channels (U, V) of the color video
image,

10 wherein the second quantization parameter value is
determined by applying a quantization parameter bias
value to the first quantization parameter value,
signal the quantization parameter bias value from an
encoder to a decoder.

15

2. The method of claim 1, wherein different quantization
parameter bias values are used for the two chroma

channels (U, V).

20 3. The method of c¢laim 1 or 2, wherein the second
guantization parameter value is determined by
subtracting the quantization parameter bias value from

the first quantization parameter value.

25 4. The method of any of claims 1 to 3, wherein the

quantization parameter bias value is signaled from the
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guantization parameter bias value is signaled from the MCSLLP encoder to the decoder for at least
one of each group of pictures, frame or image region. 5.A video image compression system for
compression of a 5color video image adapted to perform the method defined in an @gELaF;ms 1to 4.
6A method for decompression of a color video image in a video image decompression system,
10receiving a compressed color video image, receiving a first quantization parameter value for a
luminance channel (Y); receiving a quantization parameter bias value; determining a second
guantization parameter \(/)a%lé% chroli'%ﬁ\'éle St %r%{ee(r)f %A/o chrom chacnngge(ud)}/) ggttge color video

image by adding the cuantization parame &r bias valug to e |res?auant|zation para?met%]r:%ﬁje for the

luminance channel (Y}; gacompressing thecoppresseckvideg signal using the

5. A video image compression system for compression of a
5 color video 1image adapted to perform the method

defined in any of claims 1 to 4.

6. A method for decompression of a color video image in a

video image decompression system,

10 receiving a compressed color video image,
receiving a first quantization parameter wvalue for a
luminance channel (Y);
receiving a quantization parameter bias wvalue;
determining a second quantization parameter value for

15 at least one of two chroma channels (U, V) of the
color video image by adding the quantization parameter
bias value to the first quantization parameter value
for the luminance channel (Y);
decompressing the compressed video signal using the

20 first quantization parameter value for the luminance
channel (Y) and the second quantization parameter
value for at least one of the two chroma channels (U,

V.
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20 first quantization parameter value for the luminance channel (Y) and the second quantization
parameter value for at least one of the two chroma channels (U, MCSILP 7The method of claim 6,
wherein different guantization parameter bias values are received and used foythe tyw chroma
channels (U, V). 5 8.The method of claim 6 or 7, wherein the quantization parameter bias value is
received for at least one of each group of pictures, frame or image region. 9A video image
decompression system for decompression 10of a color video image adapted to perform the method

defined in any of clajs 6,10 8; 19. 4 £omputer program.prodyctGarparising inglyLicions, whigh when
executed on a computer system, cause the 15computer system to perform the method of any of claims
l1to4and6t08. parameter bias values are received and used for the

two chroma channels (U, V).

5 8. The method of claim 6 or 7, wherein the quantization
parameter bias value is received for at least one of

each group of pictures, frame or image region.

9. A video image decompression system for decompression
10 of a color video image adapted to perform the method

defined in any of claims 6 to 8.

10. A computer program product comprising instructions,
which when executed on a computer system, cause the
15 computer system to perform the method of any of claims

1 to 4 and 6 to 8.

-27 -



