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
compression systems. BACKGROUND MPEG Background [0002]MPEG-2 and MPEG-4 are
international video cqmpression standards defining a video syntax,that provides an efficient way to
represent imagg[%ﬁ%ég s SRR S0 Fldre pa@%d%aﬂﬁ&t&g'h A ZFePRE coded bits
is the "syntax." For example, a few tokens gan represent an. entire bJ;?ck of samples (e.g., 64 samples

for MPEG-2). Both MPEG stan s R 150 BEZd 'r%]fméo g't%ion) 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 pRGHS ey Be&5®ed with a discrete cosine transform

(DCT) algoritivoaThe algorithmscomprisig the deeosing pracess arempadlatedbhy thehsemantics
defined by these MPEG standards. This syntax can be applied to exploit common video characteristics
such as spRfAIGeBaRGaTeY FrhBoks r@ﬁgﬁﬁ%ﬂﬁy, SXEGTT FriotS s FRH HiaSkiRg IE AR frect,

these MPEf»standprds,/define-ampegrasyaingragguage-asavel hesoawiata taimat. ArhtRPEGkdecoder
must be able éo arse and decode an incoming data stream, but so long as the data stream complies
with the corre Sgncﬁﬂaﬁ\ﬁﬁﬁél%ﬁ%%tﬁm% variety of possible data structures and compression
techniques can be used (although technically this deviates from the standard since the semantics are
not conformant). It is also possible to carry theg)gegdegsyappantics within an alternative syntax.
[0003]These MPEG standards use a variety of compression methods, including intraframe and
interframe Midfifodia ¥/ fsstvilleo scenes, the background remains relatively stable while action takes

place in the fygground. fibgdackgrpyungsRay meue, but agreat deal-of the segne is redundant. These
MPEG standards start compression by creating a reference frame called an "intra" frame or "l frame". |

frames are<IMm3TeESePHithbaRAREENCE TS baIH anEBd ARA tAYS EBitaii ak eptirRYrdRe Gfvideo

informatione £ framesproyide eriry-peintsite adala ditskeprfor ndont RecessRUb Eanoply be
moderately compressed. Typically, the data representing | frames is_placed in the bitstream every 12

to 15 fram&LEMOEgR RIS igerulsohie SedRshcE8 %o teeFud niiet $pElfg between |

frames). Thereaftet: sincecanly a-spalk podion=af the fames-that falbbetween the reference | frames
are different from the bracketing | frames, only the image differences ar a’%tured compressed, and

stored. TwBH15es S r&RBR HFE uséd for'se ﬁﬁ%%@sﬁ%?emgt%%'&?;f R, W Di-directional

interpolated osBdl@MesSalso describe a decoding (reconstruction) process
where the coded bits are mapped from the compact
representation into an approximation of the original format of
the image sequence. For example, a flag in the coded bitstream
signals whether the following bits are to be preceded with a
prediction algorithm prior to being decoded with a discrete
cosine transform (DCT) algorithm. The algorithms comprising
the decoding process are regulated by the semantics defined by
these MPEG standards. This syntax can be applied to exploit
common video characteristics such as spatial redundancy,
temporal redundancy, uniform motion, spatial masking, 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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[0004]P frames generally are encoded with reference to a 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 fr in stapdard c ression nologies. [Q005]Macrablo are regions of image
el For FIPERLS s Horh i LA SRl Sroubing SPHALS DR T bke OB Lier wit one
motion vecksrser P ¥eares, caridrond betwe adtidnassctors fosBWiames: Macrebloeksafithire P frames
may be indjyidually encoded using either intra- frame or inter-frame (predicted) coding. Macroblocks

within B frames may be individually encoded using intra-frame coding, forward predicted coding,
backward pre8R3d codiffeseh dREEnFdrantdRIrBackivs ddi. &abi-directiohafipimegsoidted) predicted

coding. A sfightlydiffergnt by simiarsiruciyredsased dn MREGH ¥ideocoing; {0006jAfigLeoding, an
MPEG data bitstream comprises a sequence of |, P, and B frames. A sequence may consist of almost
any pattern’éfieP, afg B famelg e gE At MRt Kemdrfitabsirrligns bARAEr plakément).

However, ikisicospmenia indystrial practicedohavep-fixethpatierd (S.4.xIBRRBBPRBFBRREB).
MPEG Color Space Representation [0007]MPEG-1, MPEG-2, and MPEG-4 all utilize a Y, U, V color
space for cofiprés§isRaFnéledd adhdit ofitfitRarice E§GANIPBEt ath5iEs cBRErsion

transformatien hebivern B&E-(redgigeabiur)iom, Y bvepieserdatinris;edressesbas Y - .59 G +

-29F2+.1%J2116d 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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U=R-YV=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 noRfindBVHYETEPALY, FBIARF Faticlid GrifidtE ahd IEBR AT 3PBOSTR i$ il in MPEG to
reduce the feseldtiopetiredd and e ehiema arappelsite aehiayednahe RCENRIRSSI O f BdMOst
commonly used reduction of resolutian is to use, half resolution both vertically and horizontally.
MPEG-2 suppbH& il edaiufidy et Sa3 W et A HalrredBRitiSR Hd onthy “Bbdever, the most
commonly psed MREEQ-2-ptifites, MaiokRuefie atdaicieve! (MeieyMLgandddaintfyofilerat High
Level (MP @ HLQi, use hal(fire olution’gor_i ,ntg#lcy and vﬁicall .tMPEGl-4 versions 1 and 2 use half
resolution VBHIcAIN AT RSrizontally. Note AT tRTSA Yo S0 TR 5 6f&T Lafeca A, #uf chroma
horizontal resdliutign is.ofteén galiég 422 fand halfvettical ahd dorizontat tesotution swof@nicalled
4:2:0. (It s Ig% n_\cf)che tha('g tkﬁﬁ:x:x nomenclature is flawed in its meaning and derivation, but it is
common practice to use it 10 desciibe the chroma resolution relationship to luminance.) [0010]The filter
which redu¢@9 &t horizdritalkeand-eeiiicgl, clronipiESotidion undes the yaricesnMPEG@ standards is
applied to -li Vi igngls S |nto,th \._calor repr tion. When the
inverse tra%%‘g#r%%%rgn %%gp)idligg ’tog?elgc?\?ertp é%gg%eoﬁog?%ggg gignglég/ar?cgo t%%qf%ftgrg r|%nteract in such
a way as teprodeiceartifaps-ded probleds. Phesagrdblémarcan begemerafized as ferosstalk”
between the,Y, liminance and the 4 and M ehyoma,chapngls, alang withspatighaliasipg. [011]Further
information on linear versus non-linear representations and transformations may be found in "The Use
of Logarithffc SREIERs) UndUsE Pidls pchinfDehtod presentdd uethdcalober 1990 SMPTE
conference( ang publishesibiesdMEHHE Journal (Oct. 1991, vol. 100, no. 10). See also "An Example
Representation for Image Color and Dynamic Range which is Scalable, Interoperabie, and Extensible"
by Gary Demos, presented at the October 1993 SMPTE conference and published in the proceedings
and preprimt®Ethelelpapessace Representation

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

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

Y = .59 G + .28 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 0.05 to
0.15.

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

yielding various artifacts and problems.



describe the benefits of logarithmic and linear 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 [uminance, Y. Since Y is mostly green, and U and V are

mostly red, BfPBiLie respéctivi; YRSt diSo BB HEstAbEq W ehihan Vst LEnStviR being higher

for green tharefar rechand bite-driewevenakheuds Usand ¥arenfesied the-sgmeds MPEGrhe

MPEG-2, and MPEG-4, thg huma vi%ﬁl Sﬁtem isegnore sensitive to. U (with its re(ﬁ c&? ponent) than
s &

to V (with ifsHie %8%%%?1 ?ﬁt)l.l 3}f erénce in o t%@ﬁ)siﬁ\ﬁtyt’lg enfido the 1951
NTSC-2 calersstandardrihabisiusestfol telévigioanB Tis§-2atsessl Y0 cuikrGpaceuwberetlsand Q are

similar to Uf%riciv with sllgbtlyl dlcfgerent we%qst’ltl&gi)l That saﬁe_ gfcharlnet_! {)(I‘)IH]al‘lly represents red

. ; Tu oma S esplu
minus luminance and the Q channel primarily represer?ts blue minus [uminance. In NTSC-2, the

luminance Isogiverdts MHz oHanalog bantdddtihparntd thenincromaicleane? issgivep o Midz of analog
D iEEneL 1eR asering dye blusuelon s, S Svan 5 M ol ana

o
bandwidth. %014 us, t evision system allocates three times as much inforntation to the
| channel tB&@v# Hoé¥Ro ¢hélD) charael harldfthres dmesiasmuehizfonmatidy teth Y luminance

channel th%i"c%&iﬁ*&?ﬂ”ﬁiﬁ@-eie@é%stﬁ?&?énﬂ"‘é‘l@;é‘“8?8“@{%%”l?e&l‘i@{!?&?e channel and

the Q (blue minus luminance) channel is nine. These MPEG YUV and NTSC-2 relationships are

summarizedsit the #diibwing taBler joTrs] Rakiv Y NPre VYRAINTSEL 4 gpep gepplution

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.)

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

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

published in the proceedings and preprints. These papers
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Ratio of Chroma 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 [0017]The invention is directed
to methods, systems, and computer programs for improving compressed image chroma information.

[0018]Moré!F&ItEuRFly tRPoRERSpActDI e IAEHTIOR A tBIG Vitleb fitie Ay FRSnitroved by
increasing the-freslieselitipndor an (REB reRmsentationdos the,Ugeselwtiander  YAB/ representation)
above the resolution used for blue (or V). Using lower resolution for the blue color component means

less inform@Hon AEEAE TS BRYCoHTREREF ARt &Yin'&E hfttioRTompensated color video image

compression system. This aspect of the invention includes a method, system, and computer program

for compregﬂgg&gagg&bgggggiggglgnation of a color video image in a vi_deo i_mage compres_sion
system by selecting a resolution for'a red color component of the color video image that is higher than

the resolutibhGdea blue Eblr corponehesf theditidngded inage oo L) Anbtireriaspebt afithe
invention is;a fechnigue forredyging the leyel ofchroma naisedbat resylts from.any, givenyalue of the

guantization parameter (QP) used during
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
QO 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:



compression, thereby improving image quality. This is accomplished by utilizing a lower value of OP
for the U (=R-Y) channel than for the Y channel. Similarly, the quality of the V (=B-Y) channel may also
be improved by utilizing a lower OP 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[&Q%% applied to the OP 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 imagecdding. Logarithmic coding, whewtfeasible, camimiprove codirg/efficiency farsxdJV color
space representations of images originally repaesgn&ed as Ii%e_ajr.%GB pixeﬁl ygl_uoes. At other
processing steps, a conversion to and from linear representations can be beneficial. [0022]Another
aspect of the=inyentjornisia methee gy improving the video characteristics of agcolor videoimage 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
compressirgjlthe lumjnancé chashetasd the n additianal chromaehannels to a eompressed video
image. [OO%B]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. | is a fRavehartcshowWigan ifesteativeimathod @hidamageshe computer
implementegh daigincreasing theyreselitipn forU above the resqlptian used fqnV i a¥!N.splor space

representation.
between the luminance channel and the U and V channels under

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

the NTSC-2 standard.

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

value of the quantization parameter (QP) used during
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[0025]FIG. 2 is a flowchart showing (which may be computer implemented) for chroma channels.
[0026]FIG. 3 is a flowchart showing (which may be computer implemented) for luminance and chroma
information. [0027]FIG. 4 is a flowchart showing (which may be computer implemented) for chroma
channels in an image compression_[0028]Like reference symbols in the indicate like elements.

DETAILEDOERERIPTRIN IMBiEGAY CHIRRCudiRg PrBeigionden 28146 thetlinPof images improves
with respecideomplished by utilizing a lower value of QP for the U (=R-Y)

channel than for the Y channel. Similarly, the quality of the
V (=B-Y) channel may also be improved by utilizing a lower QP
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.



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
compgession.(];OOBO]Unless blue is being used for processing (such as blue-screen special effects

compositing ¥ #hhge anBlfis)2hdfafh el TS e BHEARIRW dHrbieFEas S eMBoaRsd by
either blue oVi imadequalelyaadsassad bybalmes@lution sampipg heirgntallpang mesticadly. Thus,
one quarter of the total number of pixels of an image provides sufficient quality for representing the
blue or V chfEREax S AR, unlike blue and V, one-half resolution coding of red and/or U is
sometimes joswgient inFuality with resgacivolarge wilewdymania range: disployswan chigrojesiors.
[0031]Thus agxl.irg.?ge ma% be improved by in easin% tg§ red reslolution,for an RGBJEejﬁresePtation (or
the U resol&ﬁV it for AU eFe&% Rtation} WBoVE T Fssol dtioh us?éﬁaﬁjr%ﬂﬁrél(%r%. s%g%wer
resolution fonthienbltescdorccorhponent in€anskessanformation needs to be compressed, such as in a
motion co ed colgr yideo image ression system. [0032]In.accaordance with the invention,
there are trmze):e pr ferredlgr%éegtho%sldcf rﬁaﬁg)l%i%aiﬁgre%slg o (grnU)lres% uttl%%tv%ﬁ’r? remseptgk(l:? 0a
downfilteredwiitiefomayrelselutiomput et ) Uselfatteasadiiort for red@iméoradidit i2ndse one-half

resolution nly one ch axis, either verticall ori Iy, £ d and/or U; or 3) Use a
filtered res%lnlﬁ'ggﬁ{ et@vq%é?%ﬁs sizl(fi a%nték (?h%?ééélf%%%%£%£§§%}?3¥X%né%he or both chroma axes for
red and/or [0 0G083]FIG i kea flewehanshorimpan dlusrative methidgus drawings

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 precigion 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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(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* ahd\oteRaR? &5 6AS-Ha re@8B0tEN WBRICERT (B85 RRtel492: Do &iltE %he U
(=R-Y) chapnel efdhadmagade adeselutiondigherthanthe Vif=B-¥) sharreipereierablyskeing one of:

a) full resolution; ., _b) between one-half and_full resolution harizontally, but full resolution vertically;

c) between GHeEhafR ARG TEIF FeldI R ForFortay P vETRER: SUH) BstweBnDrkAdIPEnd full
resolution vestigallys buttulldeselution hedzontaly QN3EIStepi 13: Seapress the YUV image (having
luminance Y and the downsize filtered U and VV chrgma lnformatiorR usir]}lg an MPEG-If'lke compression
systom. [0OPHSRD 104" BoHHSESEHE HaGs i YR H g LHeee ‘are thiee

preferred methods of maintaining increased red (or U)
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.



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 for U). [0039]Step 106: Optionally, convert the YUV
picture to an RGB image for viewing, analysis, or further processing. Differential QP Bias for Chroma
[0040]Co-pERERRY U.S. PAtERt ABplicatIRENIG 459/788, 348" e AfiRH HiGR PraSisibrERddity 4nd
Decoding efhddeadnagessand agsigaeadathe assignee pi-thespreseatinsenton (Whiichis bereby
incorporated by reference), teaches various aspects of the use of the quantization parameter (QP)
during con%}?gsés_i 5(Eno @ngﬁg’@t%?tﬁé/ﬁ}:eeé%ht invention is a technique for reducing the level of
chroma noiseaBaf results trom any givescealpe of thecheartizaties panameter (QP)asédwuring
compression, ther improving image quality, This is accomplished by utilizing a lower value of QP
for the 1 (T A T i SR Srmtass TR ity of v (o) may also be
improved bja@Biging a IawerQR0alucortee V dianrigl drah for dhearehbaineb [GOAT]A simple

method of im@vpgleTe@Eigg a reduced tcﬁroma QTP vaI.uetis to sub&r%%t.a constant value [rom the QP value

r U usin a opriate reso 1011 lncrease 1.€&.
used for the 8um|nanc’e) chanrel. Alterrative , a separate constant value (?ower than T QP value

for Y) mightbe usedifpreaell ob U aitVdFonesample; 12emidratdecsubuseted frofittie QP Value for
Y to yield the QP value for U, and."17 mjght he subtracted [fﬂr’the QP value for Y to yield the QP value

for V. Any useful value of the amount to subtract can be used, limited only by a minimum value of "1"
for the appli€® 8¥H valueS[oaa 2] Pifis nvathdamorky forasonstait healliéd (pagablee to an

RGB image for viewing, analysis, 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 quantization parameter (QP) during
compression. Another aspect of the present invention is a
technigue for reducing the level of chroma noise that results
from any given value of the guantization 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 wvalue 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,



bit rate). It also works as well for variable QP values (e.g., in both constant and variable bit rate motion
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]Further, the range of these differential chroma- biased QP values can be extended using the
extended QP Targe fumetidn BY IGoRED 8 YR sEabEs irfthe "High PredignBRdoticy 3Rd Decoding of
Video Images Ratent Application referenced above. [0044]lt 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 he specified
once, for e@ 6%] for each ses&fo ,%?{ofﬁ? B%Sicﬁﬁ”éscf PRt oY?iﬁféag rgé’l%ﬁ.l BIFIG. 2 s
a flowchartishowitagan illustradive snetbod dwhichsaay beceomputes v pleprentad)teos applying a QP
bias for chroma}ocht\a?nnelszégm Satte%201: In ?ﬂlm ge compression s stem reducecghg QP value for

each of the'U ahd V' chroma chanfels b‘f/aalf sérected va ug?wﬁicrﬂoméycf ecé)lf?gr%%?or each channel).

[0047]Step20Rp tititize duis sgducatsQP waloue ¢ortthe Uaadahchronmash@etabnspressiohs,
:}S d%%‘g%ﬁg%ﬁﬁg’;ﬁ&%@ tipnally. If variable QE,valvies are dsed. ghsire fagheyeduged U
value for Y to yield a QP value for each of U and V.
[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, if variable QP wvalues are
used, ensure that the reduced U and V QP value is at least
“17.
[0049] Step 204: Unless a pre-set bias is to be used,
signal or convey the QP value reduction amount to the decoder
as often as it may change (once at a minimum) .
[0050] Step 205: Decompress (usually in a different
computer) the signal using the appropriate QP value for U and

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



[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 18) ﬁ[OO51]S,tep 206: Optionally, view_the decompressed images, or use
the images1oP 24ditionaPirResdiAg SPRNARRTS 1005ARYherasHECIRRE TR tidRIF§Technique
useful whea:highes aamepressigads requiteit it thisaspeeloadositive QP kiassyapplied to the QP
value for th nnel for use with either or both of the U and .V chroma channels (preferably
Sahees i bt it

checking againsta QP AU VAITRS 2 & %s?olﬁlvﬁfé’férﬁ,rlif Jaﬁy)i.l Steep% s can be used
for each ofubke fhandMechdanhglse Othenpise sthesieps ot sueh ar @ mhndimehswarisklee Sinailar to

those shownainilj—cl% ez.d%)gggthsmig Cadin gf (Liurgl(i)nacq{:g Z%d ggﬁ%rge %%%5?é£he‘§)agﬁr egteiIJrLed "The
Use of Log%nﬁmic an ens@ Units forPixe S," referenced above, describes fhe'benetits of a
logarithmicfrepressatatiorhfoe tdyhamicranget hog fepiesentatiods of eaimatchinghdynaeiis range are

somewhat §§@£ag d9 %T%U%@J% é&?%g vi%eo t‘ir%g%fgr f tigg;{.i%\ﬁ%n th&‘&@ sci)rPiI%r,.the logarithmic
representation I1s more optimal In extgns%ﬁ'lty, calibralion usage, and in orthogonality of color channels
than are thewapivas conmenlyused videarapreséistatiogg. §0884]Anoterlaspestdt theinvention is

use of a each of the U and V channels. Otherwise, the steps of such an

embodiment would be gimilar to those shown in FIG. 2.

Logarithmic Coding of Luminance and Chroma
[0053] The paper entitled “The Use of Logarithmic and

n”

Density Units for Pixels,” referenced above, describes the
benefits of a logarithmic representation for dynamic range.
Log representations of a matching dynamic range are somewhat
similar to commonly used video transfer functions. Even though
similar, the logarithmic representation is more optimal in
extensibility, calibration usage, and in orthogonality of
color channels than are the various commonly used video
representations.

[0054] Another aspect of the invention is use of a
logarithmic representation to benefit image coding. It has
been discovered that logarithmic coding, when feasible, can
improve coding efficiency for YUV color space representations
of images originally represented as linear RGB pixel values
(such as at the sensor of a camera). At other processing
steps, a conversion to and from linear representations can be
beneficial.

[0055] As described in the “High Precision Encoding and
Decoding of Video Images” Patent Application referenced above,

chroma crosstalk with luminance is minimized when:



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 witbduminaige (iswpinimized wherk ¥log wbog (AVr*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 compongntE of ﬁ‘?anf:e:f;ilﬁ’g where R, G, and B represent a linear light space. These
relationships are wsefultio@p)ying 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

PR e g g G R LT AN
(Wr * R + NgeeB + Wiyk BYue 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
V = Log(B) - Ylog

where Wr, Wg, and Wb are the linear weightings for the red,
green, and blue components of luminance.
[0058] Step 302: Optionally, reduce the resolution of the U
and V chroma channels (as described above).
[0059] Step 303: Perform motion-compensated compression on
this Y, U, and V representation of the moving image.
[06060] 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



U =Log(R) - Ylog V = Log(B) - Ylog where Wry 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

compressedd&dts to rédtBR YOU: afB A CBIB! LmpomBRELST the rdwiRg iMags sy in a

different copepten ef0081iStep 3051 Haptwnal Siep, 3Qd Wascapnlied, reversesthegesottdion reduction
to restore full U and V resolution.,[0062]S,te§)_ 306; Restore the linear R, G, and B pixel values using the
fonanUiHébﬁﬁ5ﬁ§¥ 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 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
yellow, orange, cyan, and brown, is a property of the human
visual system known as the “metamerism”.

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

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

objects in the distance, having reduced the blue contrast and



R= anti-log(Y + U) B= anti-log(Y + V) G=(anti-log(Y) - Wr * R - Wb * B) / Wg [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 Wavelen%g;] channels with

additional HARABICOfATER infatiTation, BoMibBle HERBHATSHePROBSFHPMRAGES colors

available frapgpany-gyease! obiet gfeeengndklusipiinanas,dees net ineluderall passtie visible
colors. The combining of proportions of red, green, and blue primary colors to create other visible

colors such’as veiSw SHange Ry art andBiotimn, iva Proferdrsr RBhUmAR UisGalsya®m -Known as
the "metamprisey’] [0066fAs posyead duhitiberanet eotidad HAN xewyde Represeniaidpn/for Image

Color and Ia)én eic Rei% %whki)chvis Scal lile, Interogerabg%, and gxtensibjl_e", rciferenced above, it is
possible to ad Sdditionai ¢o oroprﬁnar‘iqels to {RB A ezﬁrimaﬁeg of et gcr)eenc,oan%rblue. In particular,

cyan, magertaaancyeldw coftspriviarigslleelp iglextend the color gamut beyond the range available
o o T 1%, P 1P e AT O MY ) briens

channels are added to the channels encoding three primary
wavelengths, typically embodied by RGB or YUV representations.
Further, when using a YUV color space, it is also possible to
change the makeup of the Y (luminance) 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?
[0072] The determination in 1) is based upon the
correlation of each coded channel with other channels. For
example, ultraviclet 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



[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 aalﬁ%e) often reduce the amount

of contrast SF UHRATE faridiForLure W ERHgh S PRRE TshRhy Sniby caiy EbpedBrown, giving a
brown tint texalh@hjectsihéhe distayices dnyingeduead dhe hileneanirasi andodyianis range. This is
also why underwater photogra can appear. green, %%ge- reen, or blue, since the red end of the
visible spegtﬂmﬁr}g?gﬁuééﬁ%ﬂ{%%raﬁfl nd d§ %ﬁﬂ@ra I?%Tﬁél? aarﬁhr?\icurela%orn%%ips
between Y cHyrand \klasrdestribad aboye cwikopiimizedhekadinglof catat retationshipsfar visible
light. [0070 Iﬂrtg%aas&%}lof qlwe invention, additional chroma channels are added to the channels

e

encoding thrée primary Wave engths, typically embodied by RGB or YUV representations. Further,
when usingl& 04V color@pang, itlsiaseypaspibie tackargeiheimgkeur dbthecYrilparisarties) channel

to favor the highestamplitude image sionals: Tiys, Jorxample, theoieen visile glianpel pyght be
coded using its’own chroma ¢ annel, With Tuminance moving to other wavelength regions. This
concept candmrextendad tanherdy lumidanse istiharech withaedhgreen! andWblue Yand gerhaps

other Vigb'ﬁcﬁ?ﬂd”%"f@!@é%QEQ}?E@QWCBP&‘YW&&QSH&ME omughannels. [OZ1Un aecordance

with this aspect of the invention, for each’ new chroma channel, the following should be determined:
1) Should thethahhellEe cobied differe My TroMorecsr mofk Bher eharsdsasdally from

luminance, SYEHARHERSY) %t ructure as would be used for conventional YUV
representations, except that there would be additional
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:
[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.



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 inges may be relatively uncorrelated to visible wavelengths, or to each other. In such a

case, thesel 8Qdiels mi§iehe £8ded WrhoaPretdiéncé I offsierarhels: Hohaee lany visible

wavelengthseare-hiahly corietated, and thiiseansalimost alway<-berefi frora beingicodeg with respect
to each other. [0073]Based upon these determinations, a set of image channels can_be selected,

usually exceBaRR(or FEpIAERYHC BxBEEHIRG) HeSthde PBRHMGNPERSIMEIETEY? YGRSt 2xample,

the set of seteréad imagesebanneala makeepplise avhdumnpptechanngk andducremasghannels,
such as a U’ first chr%xﬁélch nnel, a V second_chroma channel, and an X' third chroma channel.

[0074]Usin§ g %ka APBISngShaREH cOfPRnAteti EohTpraLsint #EPs8Ected ViR of v!
would be coded mdthdall tesaleticn, amnalihe sMatious oHaanahtemaehiangetsgfld 1V X')ovould e
differentialI\{k?érilnc{;eﬁ)endentlx 1cl:;C)ded. Alécté%réngds can utilize the same motionl\iector arld macroblock

motion compensa ioh structure as would be Used Tor CdRVeriticha Y?R):rleopr%%ser%aﬁt&?s,}éx%ept that

there would-becUditiomal channals.dBach such channel would utilize an appropriate resolution with

respect to ﬁ{ termined.in step 2 above). In addition, a QP bias (as described aboveihcan be
independe:lft yegpgglied to%g'aec% ghgrgma%lg%m%n%isio%q%%u%e fﬁa?tﬁeﬁ 5(Cegrsn|?edl rclngr%&pa)resslscrg‘}lac froma quality
is achieved:$00iZ5)Eoén whepcapsiedadriyl ta visible mamvetengths, additional chroma channels can

ensure not tende r e I urat Iq_r, ut al lo itional clarity, detail,
P&%% %&%% f%%rs%gchﬁr%%ﬁﬁ ]?e%cﬁg cc?}(%rg%s m%gtce%t%a%n%ar%% éeﬁ(:)w, and

and noise fidelity to be appli VISI
aqua-cyan.(PiseselBenefits gafd befsatodladysighifant for wide-dynamic range and wide-contrast

range imaggsy [0 6]FIGs il aflowchart shawing.an,ustzative. msthagd, dwhishimay be computer
implemented) for coding additional chroma channels in an image compression system:
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
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



[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. [007.9%Slte 403: Optionally, for each chroma channel,

determine FRETHET itis BehefiiaPiCauE- &Ry Yith respBcAbIGmitdte aftfdierstor more
other chroraa chapnels £[0089]Stepe4d detarnaingdhe Teselvtion desired foreachshsema channel

image signal from an input with respect to the luminance image signal, such resolution being equal to
or less thaR He resdfitfon HHhE firhirdh B Afid opHBARZRAply ﬁ’re@ﬁﬂ%ﬁ?&&fdﬂo\ﬁ?{dﬁﬁﬁswp
405: CompgesssthelY purghomainade sgnads usiaguaeliDweampeasaiedmwenpressien [0082]Step
406: Decompress i Y My Eiroma images (Heyally In a different computenye more
convenient to construct more specialized apparatus (e.g.,
integrated circuitg) 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 least 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 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.



[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 ROB, or to&sgaces having more than three primaries,

and view ad 20P8d-color imagEPer of BMPeddiittHe coiverEdnidr s bt oRwWaY S RRE%olor

image (suchcascirapptly iNfrated-taaresn); it wilc) Use theqdwamadehannets withauigonversion
for processing and/or analysis. [0086]As another gption, each chroma channel may have a biased QP

value appliBd{etH&ahdRatintrer RserBasifg) HERavE (S fRFOP U HSBd Fitth&Rdmirance
channel, tozaghieve-pdesifed tevel pirgualityfor each ehramsl ehanehd. e Firatisg oikeglyoma noise

versus higher degree of compression). Implementation [0087]The invention may be implemented in
narcware O SR bR RO BOT fo 4 DR GGTANHableHGgic CPLE o B2

performed in an order different from that described. Accord-
ingly, other embodiments are within the scope of the following

claims.



arrays). Unless otherwise specified, the algorithms included as part of the invention are not inherently
related to any particular computer or other apparatus. In particular, various general purpose machines
may be used with programs written in accordance with the teachings herein, or it may be more
convenient to construct more specialized apparatus (e.g., integrated circuits) to perform particular
functions. ﬂ%?tﬁegin%ﬁﬁgﬁ]?ngfbe 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.sgsteatlindludiong valatie eselingn-volagie memony and/for sterager|enentsy,ctdeast one
input device or. part, and at least one qutput device or port. Program code is applied to input data to
perform the fURGUOTS ABSCTbed hefein AN OBABLAle SN Mioration, The Hutput Hformation is
applied to one e Increimgpat devcdsttin @noimfashioad[0088iEactosurhisroyrarn ntdgbe
implemented in any desired corppister language (Reliding maching, assermbly. ot highdgyel,
procedural, logical, or object oriented programming languages) to communicate with a computer
system. In anycdase, €d fanguage enayibe @fcdmpilatbépintarpreed jamgimge. [0089]Each such
computer program is preferably stored on or downloaded to a storage media or device (e.g., solid state
memory or meglid, SF g Riic iapicakmesia)ieadabledtdomgenared ohspecial RHPAS@olor
programmable computer, for configuring and gperating the computer when the storage media or
device is read BYIRE coMisifter-Sy Feriid G riofidfie (BREG T ES URsEs P Rerei Hit higntive
system may alsa baseensideted-ttnbe inplemenied as aceappulenteadaiestarage medidse
configured with a computer program, where t%e torage medium so configured causes a computer
system to operate N §5ecifc And FRETTEd Ao ® FamoH PR Rei A ddbrbod HeFdin
[0090]A number of eatddiments eflibednwantibadayedveerodesdibvedoNexerthelzssitiwill be
understood that vagifo%striné)éji'fications ma)g/ebe ma %\Vé/itré%litodrep@r@e%frg@athg .spéiirit c‘fmd scope of the
invention. For examﬁe, some oJfTﬁLgEsate%s deseribed above may BE Brder mgeﬁencpent, and thus can
be performed itkanorderdiffererst froed that describegohectrdimflyt btherehobodiméats areawithin the
scope of the foIIowi@g callaimrso.c\évsl-lsﬁé'lc'ilsr Col[_AélglfODrISC:O%ﬁ Orplgglgdﬁg(] g%mpresgien&in ge chroma
information of a color wde% image 1n a video image compression system,gfncafu Ing selecting a
resolution for a red cetsrloomsonént @fithe tdlenvidee imagetthakisMlgiierahan the resolution for a

blue color component of the color video image. 2 A method for compressing image chroma information
ofacolor 3 The method of claim 2, wherein the second resolution is in

the range from 0.5 to 1.0 of the full resolution of the red
color component along at least one of the horizontal and

vertical image axes of the color video image.

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

compressed output image.

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

blue and red color components.

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

resolution of the color video image.



video image in a video image compression system, including: (a) downfiltering a blue color component
of the color video image to a processed blue color component having a first resolution along at least
one of the horizontal and vertical image axes of the color video image; and (b) filtering a red color
component of the color video image to a processed red color component having a second resolution
higher than thegjr%st res Iuté;)n. . The. method of claim 2, wherein the second resolution is in the range

from 0.5 to 1:0% h@?ﬁﬁl% oitich 6P HRE réd Coldt cofoiiert aldhy Ari8&St A& 8Fthe horizontal and

vertical image exap ot thel colosyideenmagea 4mdhe snethotpt clainey futthexinthugdg compressing
at least the proccessed blue color agd red color components to a compressed output image. 5. The
method of claimogﬁ%retﬁg%%%lusdﬁfﬁg 8‘&30mpressing the compressed output image to obtain
uncompressed processed blue and red color components. 6. The method of claim 5, further including
upsize filtefingthegrbessseelblie dndirad colsraatimporiaits HHa | Tespluass 6Ptheodoldr video

image. 7. Thedgethod AfLlams,, 9L 2; Whereifhe yideo Image Cpression system s ay ,
motion-compensated video image compression system. 8.A method for reducing chroma noise during
compression dt&ldciGlfifled ifRge i a2RIV ViR AT EormpRes st dyste FAIRRIZRRSE §lantization

parameter (QR)Quring:cRmpression; including piilizing a firsh QPrvalugfar thet elpr channglof 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, RirfheVecohdtIr VaRESis 188Stfarthednst OB vaidé'. fitle mbthdtPsttclaim 8,

wherein the segead 2P valuerisdetermined by aprlying Bsbigs velue tedhefirstiQRyalugdo; The
method of claim 8, further including compressing the color video image, after application of the first
and second QPRARGES! & A onfsrelde #ButR HRadE. 18 SFhd hdfindd6t EAT G 0RRurtfRet Wcluding
decompressing the compressed output image using the first and second QP values to obtain an
uncompressediidenemage. of claim 8, wherein the second QP value is

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

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

QP values, to a compressed output image.

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

values to obtain an uncompressed video image.

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

than the first QP value.

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

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



12. A method for achieving higher compression during compression of a color video image in a YUV
video image compression system utilizing a quantization parameter (QP) during compression,
including utilizing a first QP value for the Y color channel of a color video image, and a second QP
value for at least one of the U and V color channels of the color video image, wherein the second QP
value is greater than the first QP value. 13. The method, of claim 12, wherein the second QP.value is
Cetorined by aphging & DS vle 0 ot OF VAL 14 TR o o Ger e L fanae
including compressing+théeolamvden insdge aftepappticatiomofdiie first ahtrseromidQBadues, to a
compressed o&p%gﬁ)ggg. 1% OTP}_E @gr%h(}de(%g%lair%d} {lutrthf&ér%;%uding decompressing the
compressed oUtput image using the first and secon values to obtain an uncompressed video
image. 16. A method for improving the coding efficiency for a color space representation of a video
image origthaty régtesBsiedcsd fieat RSB phéel valieshifa \?iaéé‘i’ﬁ%ﬁé CORESIERF SySBm,
including transfermnipg:ie-ineaiRGB el viales ofliiengdes inaqe-ta alegaribmig,epsesentation of
luminance and chrome channel information. 17. The method of claim 16, wherein transforming
includes applylifgHieSoliGwii tEgiatdns 1 oBHRA 29F6 ¢ I5GARANMIEFITesentation of the video
image: Ylog = Log (Wr*R +Wg * G + Wb * B) U chroma channel = Log(R) - Ylog V chroma channel
= Log(B) - Yéog wheresWWhoWd/ o @ndiwbrare lingat weightidgs doreretl] gieers anflditue comiponents of
luminance of tgeé/icdeeoriéna es.e18 g@ metcr)lgd of&:lLaciLrgol7mflgrtréeroigglud;]r]l%lr ducig tge rtr-:-l%%l tion of
the U and V chifoma channers oPttf'ne oV Iogaralthmlc represeﬁtation. P9 "fhe thethod of claim 7,
further includirg cdmpesssiREhep ¥ llogarithasc teprasentdtion ohdwevidenpmage toa compressed
VIdemmage'system, including transforming the linear RGB pixel values
of the video image to a logarithmic representation of

luminance and chroma channel information.

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

Ylog = Log ( Wr * R + Wg * G + Wb * B)

U chroma channel Log (R} - Ylog

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.



20. The method of claim 19, further including decompressing the compressed video image to a
restored YIN logarithmic representation of the video image. 21. The method of claim 20, further
including transforming restored YUV logarithmic representation of the video image to linear RGB pixel
values.-22. The method of claim 21, wherein transforming includes applying the following equations to

obtain the linear RGB pixel valyes; R=_anti-log(Y + U;EB: anti-log(Y +.V G=§anti-| Y).- Wr*R - Wb *
By Wo. 23k metieh 7 TGty Sir e o koS s BTt ot TREGE TR0
compression sysietyiecluding: (ecsetactingia sekofiamgeceaimelotd repeesenithe colageideo
image, incIudinLgOa iuminancg\ annel elnd n.chroma channels, where n is at least three; and (b)

. inear xe aluesg.,.. . .
compressing the luminance ¢ AnRerand the i additional chroma channels to a compressed video

image. 24. The method of claim 23, wherein at least one chroma channel represents non-visible
wavelengthd225. The niahoedf efairh128. whekeinthedemin driceiehizpinelisthé nadgeenannel having

the highest dynamic,range and resehutignn 26 <Hhe methed of claisp 23, further including;cegling each
chroma channel independently from each other'channel. 27. The method of claim 23, further including
coding each chdiffalciantet differentially with respect to a selected other channel.

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

23. A method for improving the video characteristics of a
color video image in a video compression system, including:
(a) selecting a set of image channels to represent the color

video image, including a luminance channel and n chroma
channels, where n is at least three; and
(b) compressing the luminance channel and the n additional

chroma channels to a compressed video image.

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

channel represents non-visible wavelengths.

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

resolution.

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

chroma channel independently from each other channel.

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

other channel.

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

resolution of at least one chroma channel.



28. The method of claim 23, further including reducing the resolution of at least one chroma channel.
29. The method of claim 23, further including applying a quantization parameter (QP) value to at least
one chroma channel biased with respect to a QP value applied to the luminance channel. 30. A
computer program, stored on a computer-readable medium, for compressing image chroma

informationof a colg.videoymage in &video imagé compression.ysiem, te computer program
comprising instructions for causing a computer to permit selection of a resolatiorn fora red color
component of theaecdlerviteoimageahatts higheh thaa theeresolutionlfes athlveeoloncomponent of the

color video im%@%xﬁ}ef %@%Qgtgr‘p{% ra, %rgg %gﬁo&pu\;%ri@gd eéelrllggi%, fm% ompressing

image chroma information of a color video image In a video' image compression system, the computer
program compHsingrinsipectidrarfoe sausing a computer to: (a) downfilter a blue color component of
the color video image to a processed blue color component having a first resolution along at least one

of the horizoptal andaw@fiical dpage sxes®f t@%@@QEV&QoéW@&ﬁpﬁﬁéfb)r@Iﬂaﬂﬁéi aRler epmMponent
of the color video image to a processed red color component having a second resolution higher than

the first resolufiGlf. $LTNESSoMPGtet PRGGafFsr8dint 31 CiRa i thé SeCorftPredbIuiibAss in the
range from 0.5tea10 of the fullikgselutinnpé thergd-eelar sampppestalongat eagbapesof the
horizontal and vertical image axes of the color videg image. 33. The computeropro ram of claim 31,
further includifg RSt altiSHEMRF tEAEAg 1RE CORPUITIS conipreds &t ishst tHe pricESLed Blue color
and red color grapdnenis le atcosapressed eutpplirbage. B84rThe compitarqrogepsiietaim 33,
further includingfin Huctior? for causing a decom regsion omputer t%ldeco press tgi com ressed
output image toob ain u%%o%%rgéseeoo prlo“(‘:%%ecff ftie afd rEPESIr & r%%oﬁ htsT 35°The ¢ ﬁ’\puter
program of clafim34a furither incllidingdnstpuciens forfcalsing tie-tecampressisgemputer to upsize
filter the processed blue and red color components to the full resolution of the color video image. 36.

The compuigr programg,pf.¢laims, 30,0531, whersin.the yideo imaae caMPIession, SYSREKIS &,
motlon-compensated video Image compression system.
for compressing image chroma information of a color video
image in a video image compression system, the computer
program comprising instructions for causing a computer to:
(a) downfilter a blue color component of the color video
image to a processed blue color component having a first
resolution along at least one of the horizontal and
vertical image axes of the color video image; and
(b) filter a red color component of the color video image to

a processed red color component having a second

resolution higher than the first resolution.

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

image.

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

compressed output image.



37. A computer program, stored on a computer-readable medium, for reducing chroma noise during
compression of a color video image in a YUV video image compression system utilizing a quantization
parameter (QP) during compression, the computer program comprising instructions for causing a
computer to utilize a first QP value for the Y color channel of a color video image, and a second QP
value for at least qne of the U and V color channels.of the ¢olor video image, wherein the second QP
value is Ies% han(i[nﬁléa first F/%ﬁjep 3BTRS cggnp%]tgrlbnroggdm %lf%%%%ﬂ%v%{;%g%]tﬁe second QP
value is determinedhycappiviagforias avafientp thedrso@Presdizd. 39. dbremomsputepprogram of claim
37, further inclﬁg@%gg%%tiotr}?efor %%?::g% é@%cgmgrﬁ&etr tgngog%org%s. gi)etg)ll r video image, after

an a

application of the firs second ues, to a compressedoutput image. 40. The computer
program of claim39nfurtssrsdcipdingaastedctivhisdforvdusging acdelcompressioneohfputer to
decompress the compressed output image using the first and second QP values to obtain an

uncompressgd Vi@i@&ain&%ﬂﬁnﬁtlef\ cAmBYaR PEIgram, stored oned semprtereadal edium, for
achieving higher compression during compression of a color video image in a YUV video image

compression sYRfEM UEFZARGS dRntatseH Pardmetel R OPYRIGFHRG Lo T eR&Y: Sthe @mputer
program comprisigzastructions fonsaysing Ssemputendo gtizera fird QR vakuenphhen¥ £otes
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 videdSmaye! wieFehthe ¥cBhd B vaRRIE gféAePHHIAPE first QP value. 42. The

computer program of claim 41, wherein the second QP value is determined by applying a bias value to
the first QP3alue T4®: Thenpornputerprggram of claim #4is frthevindadinghestrictionb€or causing the

computer to cQmpress i lor vi [ lication of the first ) P.values, to a
compressed ot A R pro e of et o Erhes T ealag Aok AR for
causing a decdmpgsssimmpampatermto sieebrpress the compressed output image using the first and

second QP values to obtain an uncompressed video image. 45. A computer program, stored on a

computer-rgadablg negdigander isyygying the coding efficieneyfena e9lor-spacarepraseitation of a
video image originally represented as linear ROB pixel values in a video image compression system,

the computer prograrR CoripEINgHrRchoHS for $atishg &£ eBRPERST 10T ansidnmthéIhear ROB

pixel values ofithgidemirrge to a logarthiiggepiesaniatiamgilegiiaice-gad ehroma channel

information. 46. The computer program of claim 45, wherein the ) ‘
utilizing a quantization parameter (QP) during compression,
the computer program comprising instructions for causing a
computer to utilize a first QP value for the Y color channel
of a color video image, and a second QP value for at least

one of the U and V color channelg of the color video image,

wherein the second QP value i1s legs than the first QP value.

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

value.

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

values, to a compressed output image.

40. The computer program of claim 39, further including

instructions for causing a decompression computer to

05—



instructions for causing the computer to transform include instructions for causing the computer to
apply 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
where Wr, Wg, and Wb are linear weightings for red, green, and blue components of luminance of the

video image. 47 SHEPESHSute P Bt aRr6FASMh ﬁ%fc%eﬂﬁcﬁﬁdiﬁﬁ TRSrUdionS 15ta @ity the

computer to reskieertbe pesaldtieref the Wisndivi chroriacbaprels ©f dher Y& logasithmic
representation. 48. The computer program of claim 46, further including instructions for causing the

computer tg compyess the YUY logarithmic represeptation of the video image.to, g compressed video
image. 49. The com%t?te?%ﬁ%%r/aﬁggfgééﬁlﬁ 4@?&?’&156%5%%iéaﬁllﬁs%ci:u%‘f‘ioﬁgq‘?gracausing éﬁ il
decompressioficonspthéetoiderdnijgess thovpmpressetl Vdeo rgagetwagestored ¥U\alogarithmic

representation afthe videq.image, 50- The copputet prograpuaf.claim 49, fugher, incliding instructions
for causing the decompression computer to transform restored YUV logarithmic représentation of the
video image td!inidarROB pixalVaiiesz &t i Phekarapmfbeprofedn cTEiEinu50 o s i,
instructions forgalising the compuitst ta ransfarm inclides, jastpuctions far ¢aysing, the; computer to
apply the following equations to obtain the linear ROB pixel values: R= anti-log(Y + U) B- anti-log(Y +
V) 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 greater than the first QP

value.

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

value.

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

values, to a compressed output image.

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

second QP values to obtain an uncompressed video image.

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

chroma channel information.



G=(anti-log(Y) - Wr * R - Wb * B) / Wg. 52. A computer program, stored on a computer-readable
medium, for improving the video characteristics of a color video image in a video compression system,
the computer program comprising instructions for causing a computer to: (a) select a set of image
channels to represent the color video image, including a luminance channel and n chroma channels,
where n'is 2% Ieashtlrgee; anddéb compress the Elrgifajr)cezfgan@?lleand.the n additional chroma

channels to a‘comprescs’:gal Rit eorinPa]@%gg?.nTﬁe comaput?er prbgram%?%%ir%h@, wherein at least one

chroma channehsepresentsmwntvisibteawavelgngtis. S4nphe eomputerpnogfammof claidns®; wherein
the luminance.channel is.the image channel having the highest dynamic ran nd resalution. 55. The
computer proglr%rgzralt ot cﬁgi]rﬁ)%i u%tﬂe??r%?&éfﬁg 1|:rli1jls ru%%rgﬁgggﬁrc;{ﬁ%in%pg % m%p%?er%ic%aglena%h
chroma chanrefrirdependetity frotreeactnoftiey chagmet 158nithe tempatspregravm obélairhs?2,
further includi%@ggugﬂ %%f:or causing a computer to code each chroma channel differentially with
respect to a selected other channel. 57. The computer program of claim 52, further including
instructions for calsirg & cbegputerto rédBce- tiEresofiitiondt af Iédst one chroma channel. 58. The

computer prograrg oéﬁ%aS%ﬁg%@%rﬂnqugg}? (iﬁ§tructﬂ}§ or causing a computer to apply a
guantization parameter (QP) value to at least one chroma channel biased with respect to a QP value

applied to the luniinafeecEiFarfierneel 59, kosy/dtemfol é6@pressing image chroma information of a
color video imgge A.Vigeo Ifage SQAMPESUQR SYSIBRL INGHdiIBEt ings for red, green,

and blue components of luminance of the video image.

47. The computer program of claim 46, further including
instructions for causing the computer to reduce the
resolution of the U and V chroma channels of the YUV

logarithmic representation.

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

compressed video image.

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

logarithmic representation of the video image.

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

video image to linear RGB pixel values.

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

R= anti-log(Y + U)



(a) means for 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; and (b) means for applying the
selected resolution to compress the color video image. 60. A system for compressing image chroma
information of a color video image in a video image compression system, including means for: (a)
downfiltering a bIR B darhPBinént'ofthe color video image to a processed blue color component
having a first resottioaralang aleast onm:of the horizental and yewtigal image axes of the color video
image; and (b) filtering a red color component of the color video image to a processed red color
component.having a secand resolution higher than the first resolution. Ql'rTQ% system af-claim 60,
wherein the Sécond resofution isin e range from 0.5 to 1°0 of the full fesolution of the red color
component alofrratiagstonagf theshorizdatal dmainarticad image axes of tle éolor vilkdedmage. 62.

The system of glaim.6q, fudhes Ingluding, @gg{ggcgépgg%ﬁjngcggegg& > dpcessed: lye color and

red color components to a compressed output image. 63. The system of claim 62, further including
means for decERTIPESSiiE thel BEMPressEensuUtE GEinTRESHebtainAavalsEssed processed blue and

red color companeniss £4- Thesysten of glaim 63, furherinelyding meaps for ypsize,fillgring the

processed blue and red color components to the full resolution of the color video image. 65. The
system of claims 59 6680 Wh&Rin e vited Mage Eofigiassion SYsentis #RdtiBndofPensated

video image compregsignsystem6-A systenpior reduging gheama pgige during compression of a
color video ima%e in a YUV video image compression system utilizing a quantization parameter (QP)

during compre$8ibit SHBEERT (B et 1BREffING ATRSLQPI I for the¥ddidrafahnel of a color

video image, and agecend QRyalue for et least ongaf the § and¥colafchannels of the color video
image, wherein the second QP value is less than the first QP value; and

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

chroma channel represents non-visible wavelengths.

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

range and resolution.

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

channel independently from each other channel.

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

channel.

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

of at least one chroma channel.

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

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



(b) means for applying the selected QP values during compression of the color video image. 67. The
system of claim 66, wherein the second QP value is determined by applying a bias value to the first
QP value. 68. The system of claim 66, further including means for compressing the color video image,
after application of the first and second QP values, to a compressed output image. 69. The system of

claim 68, further including means for decompressing the compressed .output image using the first and
cecond P value i SHETan Choo e Hed iHdge 8 X &y Bh o St Higher
compression durihgroniglessidpnaafa eoloridideo image irnanfd ¥ sademinsmgecenmpression system
utilizing a quant:ir%a iggh{)grameter (QP) during compression, including: (a) means for utilizing a first QP
value for the Y color chanhel of a color video image, and a second QP value for at least one of the U
and V color chaaneteofithefcoforsddeo image awhersdhl tHel secohelrQR vadge ogreater than the first

QP value (b) means. fgf applying the sglecied QP WH%%dEHQ%SOEIPé‘ESsi%” &1 te.qolakvideo image.

71. The system of claim 70, wherein the second QP value is détermined by applying a bias value to
the first Q2 value. 7229 hessieiar oteldier7G fodher ineldihgrrraaseotcompressingthecolor video
image, after applicatipnQf t%giég;a%%econd QP values, to a compressed output image. 73. The
system of claim 72, further including means for decompressing the compressed output image using
the first and set®hdreimFalfies tG BBt BH UurkBn it SSEPHdEs FRaYE 1P A Sy SeRPiR Mproving
the coding efficiencyfar a £olor spgggcgegﬁggt_ation 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 imagne;fa\nd , , , ,
60. A syste or compressing image chroma information of a
color video image in a video image compression system,
including means for:
(a) downfiltering a blue color component of the color video
image to a processed blue color component having a first
resolution along at least one of the horizontal and
vertical image axes of the color video image; and
(b) filtering a red color component of the color video image
to a processed red color component having a second

resolution higher than the first resolution.

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.



(b) means for transforming the linear ROB 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_where W, Wg, and Wb are linear weightings for red, greep, and blue
componenlt%cgl of Iurrﬁ%ear%c 0 ?Hec\)/i%de%gl%nla{%e. 6.a§ng%%§ ent I(?F él%lgrrjini%, %er?f%? ir%lfding means for
reducing the resoiition éfithedst and \t chrorma chasrelslof tee ¥V logdrithmiioreprespotations77.

The system ofg&ai%QS,gHglfegggguﬂi%q means f%go gi%srsiqjgi@eoYLlJM aI;)g%arithmic representation
of the video image to a compressed video Image. 78. The system of Slaim , further including means
for decompressing the compressed video image to a restored YUV logarithmic representation of the

video image>79. The systereBf Qaint Y81fFthe? iffudiflg MEEEeBR treRsforkiiRPrebhses Yuv
logarithmic repigsgitatian oh the, wider imags tadpeanR&Rpxakyalues Blidhesystem of claim 79,
wherein transforming includes applying the following equations to obtain the linear ROB pixel values:
R= anti-log(Y Uy E=5R/t0y (TP ¥ B=(anti-log(Y) - Wr * R - Wb * B) / W(g.
66. A system for reducing chroma noise during compression of
a color video image in a YUV video image compression system
utilizing a quantization parameter (QP) during compression,
including
(a) means for utilizing a first QP value for the Y color
channel of a color video image, and a second QP value
for at least one of the U and V color channels of the
color video image, wherein the second QP value is less
than the first QP value; and
(b) means for applying the selected QP values during

compression of the color video image.

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

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

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

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

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

and second QP values to obtain an uncompressed video image.

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

during compression, including:



81. 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 additjonal chroma channels to_a compressed video image. 82. The

system of claim®@1MGABrRi AF 1846t bhd thtora thaRhe PR prédetts high-vilislewadigkgths. 83. The

system of claim 81 cwharein therlumisanes-chadrel is theyimageahanre! havingtbekighest dynamic
range and resolution. 84. The sgﬁtem of claim 81, further including means for Eodig%ea%h chroma
in

channel independehfly foim S&&F bt THahnER 852 THESy Ster b Elaim8  FdrthétinéfiGing means
for coding each chremaehariel difieregtall il sespadi4o asateciedptheriahanihel. 86. The system
of claim 81, further includin means fq{ere%c::riggt resoillJltéon of at least one chroma channel. 87.

The system of clair 81° fdrther m&uctimg means f aﬁ'ﬁylng a quantization parameter (QP) value to at

least one chroifia) chaanel Haged phthyréspedtite as@Pevelee appliedhiothe ldmimarece channel.

compression of the color video image.

71. The system of claim 70, wherein the second QP value is

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

72. The system of claim 70, further including means for
compressing the color video image, after application of the

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

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

and second QP values to obtain an uncompressed video image.

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

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

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

luminance and chroma channel information.

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

Ylog = Log ( Wr * R + Wg * G + Wo * 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.

76. The system of claim 75, further including means for
reducing the resolution of the U and V chroma channels of

the YUV logarithmic representation.

77. The system of claim 75, further including means for
compressing the YUV logarithmic representation of the video

image to a compresgssed video image.

78. The system of claim 77, further including means for
decompressing the compressed video image to a restored YUV

logarithmic represgentation of the video image.

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

video image to linear RGB pixel values.

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

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

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

resolution.

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

channel.

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

selected other channel.

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

reducing the resolution of at least one chroma channel.

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

the luminance channel.



