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PREC! S| ON ENCODI NG AND DECODI NG OF VI DEO | MAGES TECHNI CAL FI ELD Thi s

i nventi onwigRabPSst 0 video conpression, and nore particul shPody T ove &
quality vide O i 0, i gé e encodi
and 5 decodi E\i-glj systlgéné.iﬁ@@ q‘ﬁﬁﬁ%@@@@ﬁ@% I G4 are
i nternational video conpression standards defining a video syntax that
provides an efficient way to rediRGHNICAIHJELIDEquences in the formof nore
conpact coded_dat a. Thegﬁﬁanguagjg of the coded bits is the "syntax." For
exanpl e, a f e JRIEAUORLEHAL 8 FPMBFFSHPR.iand nire patiplady fpimpsoyed. g. , 64
sampl es. §inMIBE SmpBaldh WEECoShoIRsls it 80
(reconstéuclt}.{\@n) prrg%ess where the code Y |?§S§?§P%§g§(ee n?(?%ﬁg%rﬂfg conpact
r epesendepdiog sysieros.an approxi mation of the original format of the inmage

_ sequence. For exanple, a flag in the coded bitstrea EM@W’W whet her the

followng bits are to be preceded with a prediction rior to

bei ng decoded with a di screte cosBAEKGROILINDM ( The

al gorith rising the decodi ng process are regul at €#°89* t he semanti cs
defi ned %’Eﬁﬁg@gw standards. This syntax can be applied to exploit
common vi deo ofpEARs bid MEEGS 2Adinbr@fioRRAlided conffl it i
redundancy, uniform notion, sapati al 1r?askilérlléggh’l,c et Céygiiaﬁ@ga%ﬁfl%@? @éaevmng

st andar dsyntiasfthatprovigeseg ef{iomntyay torgpraspnt asagestqueasesan thetfarnt afimaere copadvPEG
decqder 2 S ble to rse d . decode an incom n ata stream but so
I orfg as Qﬁsg‘ég{aalf& ?W%eo?{gtﬁf’ égd‘%n‘?‘ff ‘tsﬁge cHP s %ﬁ%&lpfaae%ewyﬁk%{s@,caa wi de
vari ety 1eprebas ah Bhtfre BRICR oBlaimiIdsUE.8S 62 BAnSINRF BEEMD). BRAMIPEEASHafls Afoused.
It is also possible to carry the needed semantics wthin an alternative
synt ax. desershe avepwling Gaennsiuctionppracesa whereyhadodedbipraze Biappedrfamh thespmpact

i ncl udi Lptrafr i nterframe nethods. .Ln.nmost video,.scenes, the
backgr o{}%%llegéenrtr%lror? gﬁqir?)é’?‘ g&? régﬂ/a@néﬁ 8Eﬁh§m ligFlefjgg%%st Pgh‘e {HRESSOPIRES F?’ﬁe’iaﬂ?é’le’

f or egr ounflag Tib éhdoemied rsigtiehniaignale Wehettey tthe flodadig BRabreoh BdfressRASNilLS a

redundant. These MPEG standards start conpression by creating a reference
frafre cairPdgtiomaleerithpmgprar igbgingdeooded wiha discrels goging srapsferns GpT balgedthm. t hout

referen - ' ([ > of ~vide

|t or i PG AR e dedod R B M S Ao o e,
random aM@ESsstaraiatdscEhis apityx ban beoapptied & exploin@nessedided yipirgcdrisyics leh adat a
representin frames is placed in the bitstreamevery 12 to_15 franes.

I
Ther eaf tsé?ﬁt}aqg?%lémeﬁ% (gmpowal radundaney,ugHogy moHan.spatib masking. efain effct.thess t he
ref er encgpk j ol i
021 071 790" BT SRS Slfug! Bl Aihin 18 Y AP MR b, ANTPEG delfler
corgfr esspust bemable topade afduwdedodpas indoniihgriets sireemybetdsol long asdle dith fiseeances -

Predicted or. P f s, and Bi-di tional lLnterpolated.or B franes. P
ranes. donigs Wi PECoraRidie SPHES pban sidk B8 lnocsiols ditasbpenics aad |
franme orcompRéssion@ uke§ &diEbe usad) d is 4o Bﬁﬁﬁﬂ@bcas&%é&ﬁﬁge@s%nﬁnﬁgﬁirﬂﬁﬂ% for

subsequent P fl anes. frames 5 receive a fairly high anobunt o

conpr essAlmatige fyrddes provi de the hi ghest anopunt of conpression but require

both a past Iﬁ"ﬁ rence.fra in_order to he encoded.
Bi - di recti ona| i ‘?arne*sdijg’it%?réc{a?\}(I Sué? ANy ?gfompéqsgpg%eéh ARguding intraframe and
25 interframe methods. In most video scenes, the background remains relatively stable while action

takes place in the foreground. The background may move, but a great deal of the scene is
redundant. These MPEG standards start compression by creating a reference frame called 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
30 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. Thereafter, since only a small portion of

the frames that fall between the reference I frames are different from the bracketing I frames,
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Macr obl ocks are regions of image pixels. For MPEG 2, a nmacroblock is a
16x16 pi xel grouping of four 8x8 DCT bl ocks, together with one notion
vector f R s, and one or two notion vectors for B

Macr obl Oo%gtg‘%ﬁﬁ?ﬁ .Pefrarreasf ggp\(ugg cion %%E%Jgrlldé{ %récgde ug’lﬁ?}@’/‘{“%‘r

i nt r a- f rame PEMPRY dfferencers T predr et RdP edar Ay, S REEr ob? BPRE W FRFS B dames
may be ifaglkwohdifibreNcss NAREdEtet 9t P @raiviehaad Bialifeckndi hi¥erpblateda B R4RL ct ed
codi ng, backward predicted coding, or both forward and backward (i.e.,

bi - di r ect i onal frgmps gencrallyaare gncqded ity tsferensaito g pagt frame (ithenan | SAMKREG dat a

bitstre - ' equ P ~ equ e nay
consi ot IpTSEE 83 Ao IERERL B, buog's a3yl KRB eoian PIFER PP mor
semant i oreceted rai BHitlprisglonniduai of poapesssion) B frigney provide thes hipGBHDdmbUIt of
i ndustrial practice to have a fixed patter n%t{ e.g., | BBPBBPBBPBBPBB). It has
_ been kndRREATESIORbH requite bofhta pashpnd & fubie irefercaer) Samevinadrderctochareroded.
noti on wechk: | 1,2 ' | I on search. For exanple, the
MPEG al \é%lr{h?cf]cﬁg}?%gﬁgteisgﬁép F@uéﬁ?%’@@%ﬁﬁ%@%?a@g%men "macr obl ock" regions.
MPEG t ype andMatrbblocksdre o¢giasyfenagd sigelDXEDr MPEG2¢h enacablovk i & a68Ic0piRg]

coders attenpt tc h. macrqgbl ock region in a current frane with a
posi t i or8™PYP! gﬁﬁfgngfg’i%k@@&ﬂf tﬁSF‘e %&089? B%OTJHHP fapsegnd pre HRe (B
frage). hoMsYRctork for BB friAts. RNRHToRE GEBSAD Yratls xfn'a?Ge ﬁld?ﬁ?%l%&ﬁg?rs%e

MPEG can code a new nacrobl ock as a fresh stand-al one | ock
in this ethee iMB-fumé ootintesframe fpredictads codingusempbiarks fwithire B frimessmai beot i on

ac T obl QR BGI S RIF NBRENS v preine SR L EprefE e Sogingo Recpuaipredicied

Cor r €S poidind of BotR FErwWaRLART bacRWar8]ED, &&ﬁrercﬁ‘&i%g iﬁﬂerppo@atgd) pledi@Ed &dinger
macr obl ock) 1s al so an optional codi ng node. EG Preci Sion 30 The

ref erence MPEEE codingVREGIPE dafte bitserse comprisserarsequenon of Lith, pid B frames. A

fol l.ow ng encodi ng net hedol oqy.: \Wh converting,.from to YV col or
spete. oRAGeEREtaY Sriin SEHRISR IRy pRls T PR KM A e R A T e e,
MPEG 2 irgsthictidrdsash théir gld&bﬁléntb.rl-ltﬁmieﬂgt is@BfhnidaUA iAdBtridVYracats! BShavEQ Bledo
limted to 8 bits). - WO 02/07173, PCT/ US02/ 0078 b) When encodi ng and
decodi ngpattgr (¢.&.HEBRBRAFEBREBEBR) t hat have been coded are preserved, with
careful roundi ' ' i ) e nverting back
to RGB, the glrtg%l Qﬁ%gn@?‘gg@ﬁrﬁs ﬁ'ggﬁ)ndét@géf%ﬁ}rﬁé&llo%%C{CEP?egn‘gﬁ%f&%%emrluéfoer of

bi t s whimbtioveveetqrs by atilizidg 4 hiegdicldsal @ndtiohSearelx i Rov exdrople MRESIPBG afpofiftimsl is a

Pt e soande e bebisen raropliek aonsMBEGaee appoietmeRomn
RGB- 1 o- Yaolﬂgfeagbw DET (43frete OB trhfsBHERVAEs Yttbrh i toGhhtliPedin MdcSorddckPr €Ci sion

per color on its output. The
region in a current frame with a position in a previous frame (P frame) or previous and

subsequent frame (B frame). However, it is not always necessary to find a good match, since
MPEG can code a new macroblock as a fresh stand-alone (“‘intra”) macroblock in this case

25 without using previous or subsequent frames. In such motion compensated DCT systems, one
macroblock motion vector is needed for each macroblock region for MPEG-2. In MPEG-4, a
set of 4 motion vectors, corresponding to one vector for each 8x8 region (i.e., 4 vectors per

macroblock) is also an optional coding mode.

MPEG Precision
30 The reference MPEG-2 and MPEG-4 video codec implementations utilize the
following encoding methodology:
a) When converting from RGB to YUV color space, only the number of bits that will
be coded are kept (for example, MPEG-2 is limited to 8 bits in coding, and thus the YUV

values are also limited to 8 bits).



result is applied to a DCT function 106, then to a quantizer function 108,
then to an inverse DCT function 110, with the final output 212 being stored

at the Sf\gg()%iﬁéfi on as the input data. MPEG 4's referen;gw%m()&oder is

i mpl th h | t-h h_the i.nl di
P Dyl g R BB Bl i "

t abl es dgedipledSWRRRhefill $Surling Bednd applicd B ¥@@)ce al@fabiei ques for randomy

dithering the [imted preci sion values (8 bits per color ~ 5 conponent

maxi mum i n VREVPhenggoaventing badutotRGB e peecision 18 putied due toi the bintifatignsaff the ep

changes. wever. npise and artifacts in.coding ar due to this

ai ther . PR oo Bl el et Gomand hiBI e By MAREL: reci ar e

" progessing prEG siPdblotidiageint 6 pric ali MPEE®D teférendenidadlRchdifg fRiediodd
precision, MPEG 2 and MEG-4 allow the inverse DCT él DCT) al gorithm used

~during dkeBdnpH frasios dA2 padnddrsriuismineh pericolor26¢ ppdied &1 REBdat YWY poi nt

represe L.on) ] j 3 . i Lng

Gecod ng LT A yHEh I Furoqs@tinniad aRik'a% plotlontBbtot BLEBERut e

unpr edi akesiM ie appliditala RICT fiinckion 1 66 tlséngoal quantaer fundtivn hes, itindneo de thvdeseodi ng

val ues. This is cqonyentionally reduc py use of random dither of the | ow

order biPCHTfurgtion|ligywigh %?wﬁ%&?éﬁgymeﬁwm%%w Brggision@s thednpydl 8x 8

chobl ocd%téi ze used in MPEG 2 and MPEG 4). 25 Such dithering adds

additi onal noise and artifacts to the signal. FIG2 is a block diagramof a

prior art MPBEGPEG-£F esferenee videecoddesanipiegnemtatdhweith thasame oeted, although the

bitstream 202..is appl.ied to a dequntizer. fu iop 20 avi n limted

preci si JRterrediatgpreaen ?aﬁbbep?xé%ﬁ?:‘%lwt%g l?‘ﬁe(grtf‘ﬁﬂggt }A}gar‘_e‘éﬂ‘ﬂ%k’%}ﬁ%! ly 8

bits forcJ¥REG dbles dB%of §DPbit usSo@RPRIIEGNnEd. an | DCT function 206 (which may

not match the IDCT function 110 of the so encoder), which output signed

8-bit val ues ToBniques for andpmiy dithepng thedineitedyrecisian vales(®ebits per cader i s

conmbi ned_ei ther, wit.h dat a_previous fra 212 or a.subsequent frane
5245 borsrronea bR BB APl ee P re TR AP S TS | fe
MPEG- 2 d&ﬁﬁ%&sﬂHoWé@&?ﬁ@sd Andl ArefabtoiieEdRAE &t Crdaicd @RS §d this AIfIRE iafid ok i a
maxi mum of bits. SSmlarly, the internmedi ate processing precision for

MPEG 4 wirdated desclodhapseof limitad infermaediafe prpcessengimedsipn.of bits used in 35

encodi n a ' : i : . R T

50 09175, o ab Bl iftel Ir‘ﬁ'I‘t?%“aela%&%@‘%@%@‘ﬁ@ﬁ’%@‘%ﬁ@ﬁ@%‘% PR@Ec4 My 1 ¢ s
dynani ¢ thafgerseiDET (IDGTB algsiibm veéd deitg eaceding (Flehiimglehteateddianighe
represented for_ an i nage) and contrast_ range gri.e., t he nunber of distinct
| eVl s aseIgiAB dlopling pIBeprgridiony o diffes qh&gtlx Ay the IPCT algastiynpggdy, t he

encodi ng?@qmgaq@e&m%%mm@ﬁ oWt il 21608 hbkirer A REAVEE L e

pot enti Ity of output, deconpresse mages conpared to the original
i nput i magpeadictable gradasledrift imthe sighalavwag droesthesntededaletodimg valuesnThis BUMVARY

The i ti .' di ted t i it i d I LqQn b d
AR NN RN T N
aspect, ﬁ%eh%ggﬁ h&tthoRIcOHk ﬁ%ﬁyﬁcﬂ%&@%’f Block biQé‘hJeUQﬁMI*BGJZrHHH(MPEGA)mge

quality from style video coding by preserving a higher nunber of bits
durdsng i Suchrdithdiing addsradditiong) reoise arld edfagigtophesignali ng st eps. Surpri singly,

this inprove i.n i,ty does not r i n roportional l reater
overal I nanb ek i Pk diakrRr s Ber artREED-2 efahteciie dtafus nodisif AEr

t he pr obéaBedinpiithilseam 202 iPdppled i RRuntizet Amtesh 204 ievaptd imi@t ching the
| DCT function nunerical algorithmof the decoder to the | function

nuner i capregisigaithat matehse therpsecisine ofide drnun bitgsesam (Expiestly SrutsdpcMBEL-2). The
Bl m nat 0 fpphiedh 4F HEY fillcid A WAkN RS 8738 nE IBRTIERARA 110 of the

30 encoder), which output signed 8-bit values 208. This output comprises either an I frame 210,

or is combined either with data from a previous frame 212 or a subsequent frame 214 (both at
the same precision) to generate a new frame 216. Thus, the MPEG-2 decoding process limits
intermediate processing precision to a maximum of 8 bits. Similarly, the intermediate
processing precision for MPEG-4 video decoding is also limited to the number of bits used in

35 encoding (a maximum of 12 bits, but often set to be 8 bits).
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rati os by reducing the nunber of required | franes. In another aspect, the
i nvention includes application of high precision conpression to 20 w de

dynamc r BQ)‘?/O%%‘QGS by extending the range of the "quant Eé%‘sﬁ?ﬂooﬁ@f aneter”

" : | , i | T hi gh
@ sor bri gnio P BRER R E B R pRo PO B e hB i o R B et by

i ncr easiigneh 6f leelg @ f DENRAR tHatroad bk yepresented dorandinlaye)tdnt @ugitast ra@8 (1 4. NBAT
transformation (such as a function or |ookup table) which maps a small
range offugeyaf %nqtéevslwsagn?déﬁg@a%resmpeg sigplayenyast) fAscogtingluithy 25
(corpr estloRthe M4 SlilieRhdhOR P ROPERSS kANl A0OLORI: ASBFE! quilP

i nvention Tncfudes applfication of exten I nternmedi at é process

" preei si oif caht,alkcexprsstd dmaktsraampercd ao thedwuipieh] apit inkeples. M@ pResenohvéitionmage
to extend the precision with which the | owcontrast portions are

conpr essiddreseesdese mita§@nP can be utilized with | ow contrast (often

" distant) regions, whereas a high QP is utilized for 30 high contrast

(usual ly foreground) regions. In this way, for exanple, if a canmera sensor
has sufficient bit resolution, distanSUMIMARY in the sky or on the ground
on a hazy day_can be fully distingui shed when deconpressed. In particular,
in one aspeptT'i%EV?’HWQHig ?’Ft‘?d;tel"iﬁ‘g@é’e GpRLLY ¥iep SPmpIsETPR Based gn go¥dquence of
di gjgt i Zei%pYb\‘i:%&nts%%PEGﬂﬁde%b&ﬁng?‘mﬁﬁ%SdlﬁE sﬁfterﬁsﬂ M Eke 55%9&?&_@’?6\%?1&8& a
first 35 precision in a first color space, the nmethod including

t r ansf orproviges hmethwdfemagnifitartlyampwoving image Winlop flon VREGPSyleUSARY @68
representation.in a.second, col.ot ace at a.second..precjsion greater. than
the T1r ot BFECYLE 8 hichier Rumbiof Pite REIEnEomeUat rctitis piyl dicepiodaroteming econd
preci si OflegsOSEpAsihElythiOmprSEhRet Pullify dotdaéthedulan REépdRtiondll§ drdtgntion is
a nethod for conpressing a sequence of digitized video inmages including a
sequenceovsfalk ruphes of bisy requisedie eacode ¥ seguencp péimages Further the preblemsobr space,
t he et Lnel udi t . ] equenc r s to a..

re |o1 Pese %1{ rgﬁsngagélg&geb%gegﬁélg%t?%w g%alaag% %ﬁtgc%g’{%@g @?ﬁﬁfré‘? Igégllog i"on 8? %lat er than

t he firsdlgaithei cfithndecpaeritoting I Bfumolidronuraerivabalgarthh whed €orahe dendi
transformat the second _precision on the se&gence of, franes to produce a
first erRUHEyothe gugoder Ehintinatingghe RCT mistpateheliysangnensase incompeessiak ond
preci si : . GO P rform ng an inverse discrete

cosi ne ?@gﬁg?)g{e?ﬁagﬁg?ﬁe secegéggﬂgfg%:l 5|%nr11&gn the quantized output to produce
a conpr essed Inuinptifer adpetththespvention prckdesapphication afitighhprecisivpeoinprdskien to
invention, jincludes a nmethod for conpressing_and deconpressing a seguence of
di gt i zew%?idgemcrr«a@&fslmaﬂeq by bg FRiee of Bie ﬂpgwggg%mré@eﬁfe% %
first proghHhiePadeR Rehbibf us& 1B @Mﬁaarﬁﬂagioﬁ?aﬁhoyhﬂ Qe Y ﬁ%g&%&g the ~
S sequence of franes to create a conpressed bitstream and pgrfo m ng
decodi ngTha expensmm af{gP meybe esarplishddstithetlny mereasisg therdnge efdQR divectlyr et er

than the fir recjy sion.. Anot hex aspec ft inventign i met hod for
compr esoPFahdRieEh AP Biseg s bag i osh ot bRy 1oikieda gen

i ncl udi ngiags SaAMERMEe 6f QPNANRS td ERTR MY otpubQPivakiles Bsrafividingn in a first
col or space, the method including transtorm ng the sequence of frames to a
20 Bepr ecemprassion) and mulsiplyingidgesmapressipage at a second preci sion greater
than the firs reclk si.an: f or-m n equent codi,ng. st eps. at the
second preci Sl{n()a%ofh%% (§:4 ggﬁ gﬁg{l‘(’:e%'riﬁg? é’%lsut?gggmﬁlsc trl%naefnex%r?ge(gg %ﬂ%ﬁﬁ?et he

conpr es spdcdsing pevidivbindianixastided QRPYatideo cedRecaAstreidhs 664 inlagk e second
precision to create a dequanti zed output, applying an inverse discrete

cosi ne t Pderkihe progisiamuity phichdhe lostcantgst RostiansareRumRIAtsionsededitdlaw 08

pr oduce g L ! &l? g)ejg i i . second
preci si o@%%@%@@gg%‘%?ggésgg}%&?pu : E{Oﬁ%r@%ﬁ%@g‘%ﬁe ?ﬁ%ﬁm egtf%venti on
i s @ net high contrast Quspalbsforepgowand) regtononinrikis svaygfoa esanplenic @ camerdisgndor Ayl vi deo
i mges i ncludi a sequence of frames represented at a first precisjion in a
first cotth wl&ﬁﬁ)@b{%@ﬂ@ S obifets mﬁiﬁakx PS8 BFURG onrdhazy dae riebolly r anes
“to a r epaiegeifisheld Wheh dedondste@Bd col or space at a second precision greater
than the first precision; 30 perform ng subsequent encoding steps at the
second preci singrartienlayy weans aspesotheriwestion biclusies @ methodifot conprgssaggyd yi ng an

i nverse discrete .cosine.transformnunerical al ith and rfor mng
subsequeIHsEs Rt e R aTRa 5 ienfe Ao eneSouiitedilly

bi t g8t r eapiecisionlin'difitg cBRR Isyidegthd niBHoAhdl8dihE WaRsTemithg Betegu&Rs bNRahbffdsf or m
nunerical algorithm Another aspect of tfhe invention is a nmethod for

i ncreasing the average conpression 35 ratio during conpression of a
sequence of digitized video inmages including a sequence of -5 WO 02/07173




PCT/ US02/ 06078 franes to a conpressed bitstreamthat includes |I franmes, the
met hod i ncl udi ng encodi ng the sequence of franes by applying an inverse

di screte \98%%%7?{ ansform nunerical algorithmthat mat cheﬁcfr}aﬁd/&éﬁr se
di screte _cosine. ] ' subsequent

r.ansf orm nunerical al gorithm applied, duki a
Gocou ngeiestiaion if Aardy HlERspace Aha Secd0 bicP BRiRedsftud ths s duseiion
| ncr easemdsRaGHMgRabvgesht lenédd@r['gaﬁeps/hlﬁ_ﬂie!'s@éorﬂgﬁélﬁéio@fq dréte b BYBPsQR 1S a
met hod for conpressing a sequence of digitized video i mages having at | east

one of aulhWe dynamic range or w de contrast range, the video inages
i ncl udi f : ' i Si each f i ncl.udi
ol arali Uy of RapEaRRERErlE A ledyRbnBt 1 aResnBR 5 SeaoRE oo m i ng

" a qeant i vaéd @dmgpaineuEingra seghends @Y frages expeSeiitbd@bt 4 B3t H2€ibionh b fiedt calodi T ect
correspondence to_possibl e values or an extended range of possible val ues;
det er ni riPAge, sheapethad ineluding Eansforming Bp sepurnestofdeameste arpresepigieRisa ng each

" frane at eGi.Si Welt ' Y create a
compr ea SR TEEASPRER O Urlibn bl 1af e 3t mBUiGH M Rrh el BEASH 2
val ues fompensded discretetcosine ttansfornhat thelisdeend pleciviohnrtkesequettetod flaneeee such

frame; assqciatjing QP codes with ~ 5 the deternm ned QP val ues used during
conpr es grﬁéucea@n%%wa%ﬁdt q%gutéamﬂélgmfefg%ﬂlcwwt% @t the secpad prscaiantogp

codgs. Thei ' | . - [ 9
oot it BEAR oLl HERBiRk i TS N R Upn AP second )
enbodi mentsisioh ohltiee quantzad anputte psdicd ocdripressed hetpaca dinpsecaal prgeisigndr awi ngs
and the descrﬂ'npti%g bel ow, O her. feat ures, (}lt()} cts, and. advagntages of the

i nventi on wi |17 38MepReEentheaRysRfipn Mckhdes p Msthod foreioRiessing9€, and from t he
cl ai ms. JESERIRSh RRAV dYG826d Gado infagds BcRngdli RG0&HEE OF framps i or art
MPEG 2 ref g&gncel %lgggeencpdi_ngzrret hod. I%esé 2 'sggu_%lqoqk di agr gm of a prior
art MPEGepresesited atraclrsipreeisiod e o first goler sl themethpdigludingensodiog thé agr am of
an EG i ke encoding method in accordance with the .present invention. FIG
a1 preatReR oL SR T e R RRE S iyt RetaiGulk ER0ing SREREE Bt n ¢ ne
present domvaBdstdBbitstichia at 2 second précibd gichtef thah tieURrBByrkdsdena preferred met hod
of extendi ng dynam c range 30 and/or contrast during inage conpression.

Li ke ref er encAnethernspest phtheriaveptipn inmmethadifergomprrssing ard fedompa¢ssimgrat s .

It or medanehep oL SRR CHdeb oAb e fSetish Pk el B3 8 58

t echni qusscivioh lin & fikdPcélo? spaed, iPetlbddncudiag tramdsiniing theRbdicace dhRamegxgat  of
menory needed for storing I, B, and P frames,  However, 5 frame nmenory is
pr ¥ent | FPEFSFRtEION i Grsgepndesolorispacs ab a sspong piesisiqnameater thastbg first MREisonn t he

performing subsequent encoding steps at the second precision to create a compressed
bitstream; and decoding the compressed bitstream by dequantizing the compressed bitstream
at the second precision to create a dequantized output, applying an inverse discrete cosine
transform at the second precision on the dequantized output to produce a decompressed
25 output, and generating image frames at the second precision from the decompressed output.
Yet another aspect of the invention is a method for compressing and decompressing a
sequence of digitized video images including a sequence of frames represented at a first
precision in a first color space, the method including transforming the sequence of frames to a
representation in a second color space at a second precision greater than the first precision;
30 performing subsequent encoding steps at the second precision to create a compressed
bitstream, including applying an inverse discrete cosine transform numerical algorithm; and
performing subsequent decoding steps at the second precision on the compressed bitstream,
including applying a matching inverse discrete cosine transform numerical algorithm.
Another aspect of the invention is a method for increasing the average compression

a5 ratio during compression of a sequence of digitized video images including a sequence of
—5m



di scovery that a significantly inproved imge quality can be achi eved from
MPEG styl e video coding by preserving a higher nunber of bits during

i nt er nredi @ifRPER4i Ng and decodi ng processing steps. Surp h§jl@9}[/(ym7§ hi s

i nprove Inquali [ r rhianall reater overall
nunber o Q’hfﬁtg aracé)&mr%%%‘gﬁg&g%gt&%%?%ﬁ%aEgrﬁ@ggéﬁgﬁlﬁglﬁgéﬁhf%ng 8!&c[o1dmtgﬁge nunber
of bits icguerbdlf iMmeeByapslyingiafdniche didcegetdsidetymsior@hunterical a3gdrith@ thatock
di agram of an MPEG | i ke encoding nmethod in accordance with the present

i nvent i omatchesshe ipygeseidisgrae cosor tansfogp pumstical glaenitimoapplied dnug @onver t er

304. Bec dern.. e [ Vi C -\ [ and

i gi- dof TACRSNE JoePing By BPEBY Bl sty bt AR AAARa A

" bi t 8/ pi xgacipgbetdenl franfgeges, such devices are ~ 5 preferred as the input

source. However, the input source may be a conventional MPEG 2 or MPEG 4

- 8-bit devi ce. Anpfberaspeatof the IRYRIIPRE & HetRoDESF COMPEISHIBE aseBienemoidigitzed er ves
nore bits 0f: LS i : I i-ql nal
Mput si B8y g hBAE et Faone 4 DldehnddiR ot iBe Enak hghg o VBT, .,

f unct i onind8s incheling fraraes repEdentadrat taifost pdddisionyeacthfrageine]lydigsepegityrof e bits

of precision (e . 16 bits han are present in the original input 20

i gnal - (SECRbIREKS ooy heriepd e R sog S gendhaben PEATELEs ores,

16 f3i ts Bei Ry GRIRY Bl RPfestARIRGiRkt Qtrebfindeh th Pbssik Y¥RESoaRd SOf tware

systens).” The final output 312 is typically a YUV signal stored at the sane

preci si oextersled mangerof posselile szloep detennivingg QP walus faneackimacnoptock afitach

charactepistic of such increased precision in.the output.is .that it permts
| npr oved THPEAOBITER G oL FRTG A eI G Sop Mgt thas okt prarisigR o preateicT

M smat cheyhipredsed Frafidhadh @ImipPesNRE fackidaiptapyRitg the\dePRined GPehlie HAGRH ON
the assunption that the conputatron used for decoding may differ fromthe
conput at frame taseedugasthe nhmbercaiduts mepuired tq ¢ods sush dtsanen assomstingQPicodesdviiibov e,

thi 7 m S%fi%gm\%nlel éﬁa \gaﬁlt?ﬁg{sé{ él\%rlinac%%pir&sihge s %&R§I?g ?a{chj[cgr% gci _f{J arem)ni ¢

| ow-bi t m Sia SO adds noi'se I'S n actice
i n MPEEGard the ag¥oaaeedIQF cadves near each 30 other (approximately every half
second) to re-correct this drift, and tolimt the extent of the error.
However, | fr&hedvantionigelydes corrgsnondmeicompiicr Piogram inpplemsntationsamdut 3 ti mes
as many ?éggat@ssmﬁ’ﬂ%ﬁm%n&and 5 times as many bits as B frames. | franes

al so formpoints of restart and reference during "tune-in" to a notion

pi ct ur e sequeThedethitsafiome or hfvee émbalimonty obfhetiivention aiser oathen dre Keoanps
medi a coul d ysefully be increased to veral secaonds .Qg., int range
7. \Aolxlazaﬁtmv&s ethe dpsrisiamision. Giber a@fﬁ*&%ﬁ%&éﬁ‘fa&an@ﬂ% gge) to

| mprove GREhRIERAYYe MBhfent fromThe QEriMM dBGawhSBhE Fom e ol i smat ch
can be elimnated by exactly matching the nunertfcal algorithnms of the |IDCT
function of the decoder to those of the IDCT function used for the decoding
S5 portion of the encoder. Apg&CRfPFl dlj-ﬁktﬁ@ph?@g in these matching | DCT
functions are automatically corrected at each P frame due to the natural

f eedback nechBHEdns & batckalidgses of apgai axgMIPEGR? oafereRed Videeertcodingenethod. vi a

di its di i gnal ich i t di ff. of |1 DCT
o eci a1 on' || mFIGeTBAGIck WSt Sha B HOMESE-2 HlersOhfeY Pesiecat Q8 ANt means
thajs those pogid; ang aBlockliagfdd OF ki MIEG-NRE edcbamaimdd MRkEorlighc@ Wil e Shoul d

apply the sanme definitions for multiply and add functions, the same nuneric
r epr esenpesenymaventiol sane preci sion, etc. However, the nunerical algorithns

d t be i ti.cal t i nt ted ci i.
ool emont at i of - frigd MRS A o MRER R Ao Rlpm st B Pasffutas s nar
gener at i pgeseM@@&enfién.g. , i nterpreted vs. conpiled) may be used. Thus, high

qual ity codi \r,:g can be_achieved by sufficient precision in the IDCT ~ 5
function. HowEl@rS isaflowabart thay semmerizasaaetaaed methed of extending dyranpic sangsi on.

For . exa ' ¢ V] erence software, a double-wi dth

fl o?ioti n?%@?%@{‘%%%’%ﬁ“?%@%?%ﬁ%m ation is used. This is conpletely

" unnecessary, &ikecefesent6 sianbolslthe vati@rritdwihizoimdicatedidefdlanens. to provi de the
i nprovenents necessary for coding up to 12-bit dynam c range. Encoder and
decoder I DCT inplenmentations (exactly matching) greater than 16 bits, such
as 20 32=bit floating point inplenentations, can be used to extend the
dynam c range up to 16 bits (which results in greater than a
lbillion-to-one dynam c range in |ess than tenth-percent |ogarithmc steps,
exceeding the limts of human vision)._fhus, by exactly matching the
encoder and decoder |IDCT inplenentations, the present invention greatly
reduces the anount of conputation needed for the IDCT inplenentations while
elimnating the problens 25 of IDCT m smatch. Further, and
counter-intuitively, using exactly matching encoder and decoder |DCT

. o S o Y o o



WO 02/ 071735 PCT/ US02/ 0078 match to the I DCT function 310 of the
correspondi ng encoder. The |IDCT function 406 outputs signed val ues 408 of

T T TP o )
ra 12

conbined either with data froma previous or a subsequent frane

414 ( bot Hightr PheistinWicPmedinfi Imae PRodessgpner at e a new frame 416. In
addition, all_fornms of dither should be elimnated, thus reducing noise and

artifacts. | nlhsdimitedpragisiogjasiEiptionsand sehmaysg Wity MPEGR and MPESsdairei on,

such as - bl , | - dit he h w bit of
the hi gh&ang’ég%?ﬁ r?“*f‘?%ﬁq‘?%%@ﬁg’tﬁﬁg%gﬁ fpristii &éﬁ’eﬁdﬁé %é?%d.*ﬁwegst’ in
"t hespr ef fameerwbpiti presehtly tiee afftdiatlaTile prestetrineahtioh & Hisedin faresmi thkon i s

used during any final col or space conversion step {e.g., YU to RGB or

ot her col¥@VENTh a significandlyymproyed mageuplity cenpe 29@%% fera MBRG-stile | i zi ng,

" or stori : L ' i ng: ' t he final

otep. 1t ST Bt Elan FAer Ab b (LR AR RO m BB [ nor 6
and Fl G decndiyg Ipeocassiup stepseSapdsinglydthisibpeonearent in qalitydipesansitresulicing
precision i nrglut fye. g , the ﬁﬁbit ~_.5. precisjon i n‘gut used by, MPEG . 2). Wile
the resul™PPRIEOPRY SrEatf Qyierg! ‘H‘&Pﬁrﬁg‘t CARRRGIQiCREP AT ea B Phinagehilgher
pregi si ofdci, HiRHumbleP 81 hiRSY bualty lrbditbd Ldin® theFRese ML OMEARNT Over present MPEG
encodi ng and decoding. Furthei, both the encoding and decodi ng process can
be inproved b§IG Ady @blockidipgue of amMBEG-hke ¢ncodingwuithden peardanse mythahel

t .S . i Si 1 i dent,i | t i ., but th
S o a0 R RO PRRE b R s S Rl Dy LR e Ay, Dy P
decodi ngB@ﬁﬁ&tﬁlMddfﬁtﬁ%ﬁe:jgén&ﬁﬁ@ 8vafesD Y., M tarfidtas a{cgﬁ%higéﬁhitil?@hhﬁw ng is a
e (0]

summary of the preferred enbodi ment of the present net for inproving
conpr ess¥aMeEREan guipnt highericplopranged(e.6., 1B bits/pixekpesicolor)dniages suaudaviegs are

i nt.ermed] r SSl reci Si o f. the input (e. g. erve
rors by (2ol ne R RRR e ol BB e R e PR 6

encodi NngMPEWE4 Brigsdsvice. The testit tsappliedroacDET diinctibA 306, ehitiDpres&t&horedits St or e
the increased .internediate precision result, 3) Optionally, utilize an
exact | y HerTensiag (4 £Cho bipitkanaie Brese it theoriginghioprketisnihd heeuiue pf theDCT

Opt 1 onal hiferidtl 308 19abicald o RhdtBcPlundlidi 908, 4R 19 ke HET kR ibRS184piEA O

pi xel precision dur ng the Tina col or space conversion step durl ng

decodi ngagaimprastirng maerk pitabf pleeisionr(alg., 46 djts) théh are PesOrt/in te/@iACTpuS02/ 06078
Dynanm ¢ Ran d trast terai The presenf inyentor has, previously

di s@usseﬂg@a%@w?ﬁa%g% ltﬁfﬂ%’ﬁgg‘trjf ?‘gﬁogﬁf@{"ééwﬁl@lﬁﬂi@fé é%‘F%rli6n=’é‘tser’élgé‘nd

dynam c freti ] trdkat y . Jse of
Lagar £ T R B tgmeE e ol o 28 e
Cct ober 1yeBall GVFTEY signdlstared &, thesamppristisioh asl thennfermediate BiveE&ingqresisibn,( Cct .
1990, vol. .100, no. 1Q). See also "An . Exanple. resentation Far | nmage

Col of A BREEIEE oo e e Cheretd mr  enh pdboEpit et §R6mals ener bl e
by Gary iRgiioeed REESENM GbuBéequéift PAHdEPaMEYI3 SMPTE conference and publi shed
in the proceedi ngs andﬂé%{)(e:&ri nts. The use of a logarithm c representation

f or25pi xel val Tlescangept anismptcl whigly is embedied in MBPESH2 end MAEG-4tvideoYUV

codi ng g - , - ridt-hm c

opt oger gt b A TP KRttt coRBthaliofiie 1 ddlodipe JHS (i Tichn

"i sol umi tharbdhputatidh asedeonihe deagynggortietlof éhcbiiag. JOBerbientE apaRethis " An

Exanpl e Repr eélent ation_For Image Col or And Dynam ¢ Range Wi ch |Is Scal abl e,
| nt er opePAHBL ,W‘éh@“&‘i'é‘%rs‘-’lvﬁll‘ g the pegsencs of dhe lghsharmonicdowrbit Dedimismaighy v
channel sg; : J : r i.af ] i i I I ve a
const ant SERELFLEh ARoBEIRI IR cF ALt MPEGTHGRLECT Sinel REY VP, 0
* andoV chetherdlapprofkumatély eyeryhialf sbeondy tdiergrreétithis deficynd te lintit the eednbyfthe a very

i de dynam c.,r ange overal | brightpess, A logarithnic representatjon also
\pl)mr ovi dgse??frcHg‘gg%rn]g{r%%/fsmBfel%tﬁ)@bg‘ﬁfgﬁiéé??ﬁ r“é‘r‘f’élﬁfgogﬁﬂﬁ abgpt :{)F‘E‘F? %‘,"a%ﬁéf’%l | as
* being pesseRhmad, ladd $MinfeRENANS bitd a¥ BlfanYds dEFARRA8sfbrR hb I St§Sstart 4aP! © 1

i ndicates the range and tonal "definition capability of various nunbers of
bits in refsencgrigangf tugetin” tb4 mwptiey pictued seqhence dioweves denfréquenty of their abl e

e T R

1/ 8 percent steps), can be approached using a precision of |ess than 16
bits using a logarithm c representation,_ Total Contrast Range Nunber of
Required Bits 1 % Steps .5% Steps .25% Steps .125% Steps 165 : 1 9 10 11 12
30000:1 10 11 12 13 700.000,000 : 1 11 12 13 14 Nunber of Bits Required
Usi ng Wiol e, Half) Quarter) & Eighth Percent Logarithm c Steps Table 1



Current high quality electronic caneras and projectors are capabl e of
operating at 35 approximately 10-bits/pixel per color of dynam c and col or
range. Fago%sanpie. the Polaroid/ Philips LDK9000 camnera pp@}lﬁg@%(@s
| ow- noi s& | e W ' : . LS C r: n m cron CCD
el s B dfoRephT Bplleplo ERAAE o Mdlky SO Pndiieh 88 aC 0
el ect r onaismasthger sensor sizes are very feasible, with the potential to
increase the full -10 W) 02/07173 PCT/ US02/ 06078 wel|l el ectron count to
hundr eds of tHsUSHRisgRateh ¢anibgcimipated bycexagihy matohingibe pumeecap plgpatimson
side, m Bii ' | - 13 @gﬁr e r l.e t.0 achi eve a
1000: | égﬁg%ﬂ?:&; %négB%bfﬁE?égos&g%]{ggré%Jgh% 'S ﬁ“ﬁ@@f@sﬁ? fﬁfg‘f?g cfdc!ﬂ:gpr oachi ng
"t hes qual pdriyorodf theenedet. Amy pAcisimulghitatioas rethesef matobing ADCAdhh@ioas wheder

te

$

d i ) i | 00: tth 5 hi t | fidelity and b d
e B T et B9 B B b s e T
rival i NG AEHEMEIRk Yo dne RMAEREN NV doAing IR FAGERG S Sl ﬁflrjaﬁ’{rﬁqld@pﬁ’l e, the

qual ity of Toving inmage conpression can be significantly Inproved by
r et ai ni nyjffeehenafd® @ precisiondindtationg). THracrmatdhiag’eofthe oemsricy]) algbtithnsane

mechani sm ca l.so be utiljzed tao.greatly extend the dynam c .range of i nmage
i nf or mtTWSM{hO&SBO%@H%?#%} ial%qpff&sctgﬁﬁfaggéga_lnaggp '%ﬁ 8‘,‘1diaPIr’]lg4h%i ts of

i ntygr mediafHeQleANRIOLS fd?ﬁmﬁﬁ% 8l i Afctiéfiehe sith& nithbrid ﬁé?%%eﬂﬁﬁbﬁs?ﬂ%%?xﬁ@t a
dynam ¢ range of 700, 000, 80: 1 at 1 /8%Ilogarithmc steps. It is also

usef ul tryeeisiRe afh dlayenryer themumepiseledlgaritinos neadatot beidentichl amta deenpugsirer enced
papers, that bri.ghtness.distinction.is-hocal. Thu it 1S not possible to
G ot nouaBam AR i BEeBROR 00 o cxamieRe st sPBBRa 1 s

i mredi atighghagelj @ddibary (ge@eraftﬁf(?ﬂmﬁﬂeis @&k, mtérpRRidest contpiled) mal be s€in! ¥
necessary to retain tonal and dynam c. range distinction wth respect to the
| ocal bri ght nEs, high gpality sediag eatyboachisved Ry puffigient preeisipn &t datDEdr ti on of
the.i ma ' r m : h_from
thaobr aape ey pl T CT M R te R SRR W Bt EBL B a1 g
cor r espahe MREGHtvaddo referdrize sbfowark, 1 dndie-width Aeatinggintl{64-bit) MASH
representation. 20 These c_onceptRs;, conbined with the use of extended

preci si JMPAIRGRIONTE dsadediig scopricielydinAgcessann siee appibild® G oimpbuneratiorage
conpres : r: : I S

i nt o e et RO impRAEehi e By T pFnE RIS T2 N Uinleng ¢ o
bits, suéivoder abd,deteder IBCT ompleentahions (ehactlyematehinggreaterthan bibikss swdhsas

capabl e Qf . representin i de dynam c, ran i ma . Further, in order to

oy ool B Bt PR Th b B o pTBET e b o Gt ssTURL DS

di sti NCt(wMicH fesilisiifl Heatth ARS aVRiIBBS-18-Bfc @%ﬁﬂﬁ@'ﬁﬂ{gﬂhﬁl%&ﬁﬁ&ﬂ QA ger&dhgdows can
e

be utilized. In MPEG Iike conpression systens, onal distinction is

det er m rlegarghmicstepsgerpgeding thedimitreafhuman visian). Thoe,' by actly nitohingglie i nt o t he
DCT frequen coeffici .to reduce the nunmber of. bits.required to code a
movi ng. 1R &bf oL T BebBitifies PR aReE Sy PlioR it FliES Rres ¢ he oot
coef fi cigndunt pf éathipitatichareptdd 8 tHeTBOTREDlenldhtdionsvhile eBRidaBnk thegRbled i N
frequency (DCT) space, it still represents a tonal precision paranmeter. In
|i gat of ORIRCT mismateh. Fuither; andicounter Infitvaly wswgicxactyanaiching ancodenand a hi gh
QP can b I iheqd ' j j . viysihbl e |1 0ss of
clarity cgerc H{]étgne, sP{r#g%rﬁ{ngﬁgpgg?t{s}%lgjr}g?{e%%g%’g&?lzFﬁclge\?lgyglbe"f@% T g\r’?rgi ness.
However , canipressmndatid) évemgdthdhacsed imgimediate medision, 3$ncBitaestly Derambs tazed to

rovide for fin onal precision, -11
P be spaced f%rther apart I:1)n telme (e.g., in the range of about 1 to 5 seconds, on average). Indeed,

I frames can be spaced apart by virtually unlimited times, limited only by the desire to be able
30 to jump into the middle of a program or to correct errors generated from a lossy distribution
channel.
FIG. 4 is a block diagram of an MPEG-like decoding method in accordance with the
present invention. A high-precision encoded input bitstream 402 is applied to a dequantizer
function 404 having an “intermediate” processing precision that matches the precision of the

35 input bitstream. The result preferably is applied to an IDCT function 406 that is an exact
—8—



WO 02/ 07173s PCT/US02/ Oi078 It is common in MPEG |, MPEG 2, and MPEG 4 to
utilize a linear QP factor in the range of 1 to 32. Wiile this is suitable

for an 8_-‘9't )’{}?{T‘:C range, such as is provided by MPEG 2 Ir '&J eis
el sl bt e L o

from onesps Sighefalhd M%fwstameweﬁnmate?féaﬁhdnyastahepriasgﬁh&ﬂ&lﬁ;l?}é@é%ir I ch

bit rate is adjusted to maintain a constant bit rate. A higher duces
f ewer costeps (bigt,d6 bids). MhissoutpspmEpses csbiercwd frameet 0o drid chinbmed Titbier, wittar yi ng
QP in the range of 1 tp 32 is all.that |s required in order ta . mantain a
i ven cotitt BRECRFEvPut B 42 o fhvesafispL B AN (P arnir et 81 5

© capabi | i paneptte MRGSTnRI41MPEG 2. However, for 10-bit or 12-bit precision, as

in MPEG 4, if the anount of scene change i's widely varying (high scene
stress), and b additicponlb faams opdithersheuld Se ebigginatedgthus radhciag opise and)artifdct2

" possi bl e; val . I 1 Cl r ues for bits is
equi val eIn 3&‘3"'@%?2%8@”%? L@xhgﬁk@& St af\g"galge%ﬁ? lg’, Sggfélgsznlgé/%kﬁ S/l‘%i’ r&ﬂg&ﬁ'@ r of
t he range7thbi),laab dghérafShdlotv K6k thghigh hiagnenis fref I TMREmatch, Fieguld Bothibk

encodi ng systens, such as MPEG 4, a range of 32 values is equivalent to a
QP r angeclgpingteqohlsednhy prafemied eabadiment. e additinpabintepmediaternied pregisiandsnt h of
the QP r L -.Ri tvr nd the
Fange of P CuBHERhP R oblty Wuck cBhiardUELETe gy YUY, b R UP G, creSHRETC, (1

i nt er redswhes OO di2nytodYTUNot:2:Aefoo diemgng, mtitizing LorGtoring thd ¢dnvartedi inegt)
correspondence between f.he ran of QP and QP values (i.e., a value x is

t he samdg&&q%éo&é&rre P%P?léfﬂ?ﬁ'ﬁr{{%}ft%?' thus, value 14 equals

represent at i off sRUITRGE ndtell teA thd St blecisionteBigtes SHddh ih ¥IGORHAIGTE #hagnd
deconpression. It is desirable to maintain the small nunber of steps’in QP
(such asb&@sedrto eacodahndsybsequentiyrdecoidernlstandardprdcistamibput)(eigf, thead-bet i on of QP

e om0 e U S35 Sl e o B T o el e
per fr an@eco@fngchrlﬁghd?ﬁgecﬁi&@ﬁp@t[ th"éiréguhta’l}ﬂl'sﬁ%l%@ afi impfovehBnt dveepreldne Mutther of

25 val ues for QP can be Iarge. | f needed, the effective range of QP can be
ext endedencodmgwind deeading: Fortherebath therradoding aeddgcpding pradess azalbeemprivedby

actual ly. applied duri .conpr ion _and .decoppression) wthin a,snall

nunber SPeREafis R MR RRY SR ing SRS s ek ibrhBa B 1

| ogar i t hidefitidd@tdIgfin GhprdyarasitChut dditnpréNaantisiplihized wih thé d@adinkPelkitpst abl e
can be used to map_a snmall 30 nunber of representational QP codes (such as
t he20r angef ¢coding gnd decodingiexagilyimaich imprscigiomaad nyngaeal plgagithiof det er mi ned QP
values (such as 1 to 128, 1 to 256, 1 to 1024, or 1 to 4096). In such a
table, the lo - J : - rm ned QP
Vales. For okaryBe ey A o S ieRE cABBE men0The Breltit et ol

val ues ofmgroving4ombicessadamage Qealitgppi ng wi Il gradual |y becone steeper, in a

169°0P code 10) Piebfite MRS D Sres T GHiresn G cheg BloceSite iR Bl
PCT/ 1 J SO@{eQA# 3. 8N firestvE RRe Bids (ﬂfi;ﬁmisiaﬁ‘ﬂoﬁﬁhg th‘,%’ RBYEY cORverabhiSieg abrindot €

that MPEG 2 does provide for a |linear QP nod rom 1-31, a double-step QP
nModes t hacneedpg, @tagmemmr@ﬁspfmedsmmmméhd IDCYsteme (i.e., to 2-62), and
a non-linear %3 tnpdt% thcat r@og“%%gets 1-31 to term ned values 1-112. In
MPEG- 2, these %lpgee LT HE VIRESRER i n extrenel y crude codi ng
using 5 8-bit 3pO¥Ednavg wikize alrekactydnadtiing DY ahplemethtiSirintié edcbdeCidr espond
to coding only two or one bits, respectively, out of the 8-bit val ues.

Thus, anae“é’ﬁ%ﬁaded i mge using these values would be of extrenely poor
quality. Ate i RIS { ecd f once per frane or slice or other
" large struct u?g,éb{l%rgdhlﬁhe%@?%gfahg?%og{\flfét?] able for QP is not limted, and QP
val sies can beS5j¥ Utiliye the pddisiond] @ikedpretistonwdutiyg theckinal aslgespaté Binvesivn step
appropriﬂte n(i‘?n?bﬁr of bits, including 16 bits, 32 bits, 32 bit floating

" point, afbnRRAsFoRINgOrndingRBlyat die tiaf &teP-However, the conceptual framework
of wide dynam c range inages is such that some portions of the inmage are

hi gh in brightness, requiring high determ ned QP val ues, and other portions
are lowin brightness, requiring | ow determ ned QP values. Thus, it is
useful to use a nethod for efficiently specifying QP values ~5 on a

regi onal basis. The existing nechani smof coding systens (such as MPEG 4)
of allowng QP values to vary t2 units _per macroblock is suffcient if the
range of QP codes is |imted (such as 1"to 32, as in MPEG 4). However, if a
| arge QP val ue range i s needed, other sinple nethods of specifying regional
QP val ues are al so appropriate and useful. Thus, the use of

regional ly-varying QP values is sufficiently general to allow for very 2o

. S



WO 02107173, PCT/USO02/ (1 CO7TR required in this 10-bit exanpl e case.
However, the range of coded values in a 12-bit noving i mage, or in even

wi der 14 zhi,t imges, will often exceed a range |im i as
t 2047. \ﬁfpe&@g%%%fg | itms?nEi tgrsel:oansi |y extended, it is coh%@gﬁéﬁpy
benef i ci‘al™¥G¢ &P CHTPAEH¥L aver age nunber of bits being coded. Both

the average ”ﬂﬁ%ﬁ’és&f ifvbABr hapraveduishpdisduleedTheBoticBptor GRARally BRERsind ik
directly reduced by the use o?p QP val ues. For exa%l e, a QPyof 4 egtends

t he dynessilerimeinigand dxndnaibranggiof pixgl-bysed magsderrcscaptions Seatd on The Usendfude

all possj bl e .cases 10- hi [ 1€ L1 2-bit . nmovin

pi ot ir e TR ERR R Bendt Bphs BP IR 2 Tae Beo WestafR 3R Wrinie b0 o
hi gger rWIPEE ddhferédcdmd publifhed$n kthe SRPTE Jdufnal (@¢t. 1990f Belr 16 heNTL)L he

noving i mage dynami c range that can be rqe](g‘(rz}esent ed by a limted nunber of

~ coded bi 3¢, 2lsn i BxarapleRenteseriips. Foshmpea i ofpefndPypamisdiangs Wiieh I ext end
the ran u ¥ UHas, i i 2 thus
yi el di n?%ﬁ%#’ggth%?)gégﬁbgﬁ %hgnes@’ifgog}tgﬁla‘@ con%ség{es%}{st&fﬁgl?é ﬁ?t&ﬁ&@@\?m ues in
wi de dyn$MiiPT Erconfeericeage puktlshedmphaproceedingaad pegprianss havi ng hi gh
bri ghtness, whjch d ot require fine tagnal distinction. This method of
codi ng wi de d@%‘ﬁa cotp ?@@t%d%ewt%i‘?ﬁ%”&ﬁ NBlueshas Ay B5PEfts i%n f or
. s =~ argr . i BB g P
el s 1 e e L BT loBtnb
per cept uzptegepatidng &k beconien§/ YmdcYi begomesdd/31 bath of whiwhlaee fisammiraet anitig nal .

Thus, the utility of MPEG || ressi,Qn technigues can b ten for
bee’i n' compinslasy gty g s SMETTEIAES » A Gu SRR R osad Hhom EpSibnege Cofor
proj ect oAgq D?y'ﬂﬂnﬁi R ge WHGR [PStafib i, iTiopErRNIe SdE@sBI,, FTolehced2BE e

capabilities, this cor;r;pr essi on net hodol ogy can be aprgil ied to make highly
ef fi ci enThatdasbothsdiapd Vaehamelpeaataimhe sigaal inderigriebempelatumenation sf they have

t heref ore extensi ble. over. genetations of future.t I

| moPoverkRE SRR i S Ug T U AR Qe o i B RE R ehpnsi o

i ncl udesFaapr thidthiud dodihg Bifigienpy BOb%AiA K2r & OERYIVEES UPihntio ravigd ©f Bydrali ¢ range
i mges by extending the range of QP values. The extension may be

acconpl i émn@s-tfn tgapthmie EePESSRIAEOT: Heo praviges for cagy methedsofgystemt |y, or

| ookup 1 PR RS cllRRad S NSRRI, Ber I Cldenitar o

val ues ferigitthassdi ng (conpression) and nultiplying (deconpression). Another
aspect of the_invention is the deternm patjon of 30 such ,a w de-range QP

valies based &#ble &andicaits tharasrand el %?lnwnéﬁmlﬁap RS NURETS DTt n

avai | abl I L0 i -1 G , e Sisi bits

generate tﬂ g?%gg?ggﬁﬁﬁgﬁgl?ﬂ({)? cg?aﬁte:li atﬁéo?ﬁé:}ﬁ%/%})ﬁggé ﬂ%érjlgrrlr%%;\/ﬁ ch aﬁJISlgxfl’

appr opr i whighepansi ssrasgd efcappximatelyal 0gDeI0A011an bughthbss range, ddoerangsand on

met hods.  -14. . V=" 0.02).07173, A PCI/ USD2/ 0G07 t.ended i nternediate .

processi WQaH%”mqr@m £ R Peifsineh Gah wwrﬁsﬁxla%a%eaﬁwa cH&aff by o

codi ng ofisikeh ogRistidmd ehradedtatigdiuced contrast range regions in a noving

i mge. For exanple, it is commobn on hazy days to have high contrast on

f or#ground obj ects, but_ have decreasing contrast with di stance. Objects far

away W || of t SRHEGU TR ow cont rast . O MRS ATRAUEdETAL | ons, such as

t he scene hehi nd he Wi ndo AAn, a S '2 teps ndsheS% 8 0_have

reduced |contrd8f: Hue to the QI ass and 1%flection'lof the gl%ss.

refl ectijons al®8%:xhibit redited contrist. The pl nciples Bf extended

pre%ﬂsio “.'0.7'5 ~Ya¥a 1 - a anifl i od a sHucoed r-nn‘M'ra_qj [ =Ya Tl aYals

an image to extend the precision with which the | owcontrast portions are
conpr essi on codBtnPend Bitp RRaLres UsipgWp %@e{fe‘%{a&ﬁ%#(ﬁ‘ﬁh"\/@ﬁr%t kRgadthmis tene

" values for dark regions and high QP v 5 for bri ght regions, |ow QP

val ues can be wtilized wiith | ow contrast (.oft.en distant), regions er eas

i h- opval ueSuent FER P cleonis B ant Phesoflas 5 PP L Bpiaion 2 et ons.

I'n i s Weproxintatély G BIHREAILEE PSROI0DBS dfrbinfit ah®Edlotiahgd. BSPEMMMHE) theli st ant

objects in the sky or on the ground on a hazy day can be fully _

di st i nguPelueeidiBheips1DERNNOemensavidayrelow-rasn imege wWithre widb selgntangeyTie

ifici : : | i ' ' : I
Gynan o P SN R EBicrb o bR A e TR BTN Bl 1 et o1

10- bi t s @f,000&teatroms. Lagaer sdnborisizes iRartciehdblgcwith telotentialnrindedby thefulli kel y
wi | | have higher precision. Such exten_gg canmera i mage brightness
distinction would be useful for viewing detail in |ow 20 contrast areas, in
addition to extending the dynam c range. As with cameras, as projectors
extend their dynam c range and their maxi num brightness, it is possible to
di stinguish |low contrast details within this extended range. Subtle

o o r . .

alE-Tala B4 D hd virs alal-Wlla ol oY~ aVau




~ 5 relative anplitudes of the DCT coefficients in each macrobl ock.
Macr obl ocks contai ning DCT coefficients that indicate detail and those that

i ndi cate t an be provided nore bits than those macr ks ere the
relative wBidzﬁl?lﬁD EE&@J%"%/?{W%hange

ts of coeffi.cien i ndi.cate..ei t her . | ow det a
(ot i on)v.v\elyfﬁ\%é%‘r‘foupﬁ'é’e}w&p?gs 8# tﬁPH@“é%Wépﬂﬁ%'@%(ﬂec 2186138 aken i nt o
account , prgjeBGéh §18¢, HfcM-mirrdtPRG¥&otsivieh PRI chAAGRptIRE Asdio RAvEGHBbH:1(Ni gh
frequency 20 coefficients). en used with a true wi de dynam c range and

hi gh di shnami¢ wngseith oeasetablaionalsiiginction, tldrely appvesichingitke PElitycofahdviei ent

rel ative.wei,ght i h el v an farm an approprjate indic or

it ormt | ok bR TR, LR acHifh et (R RREIaBEY (Pbrorre 3pB81) Vien

" coekf i cilgph foridl Rldlity aidBroadlblvelaHgs it ida6R pdkdible Yo f@eﬁeapﬁiiﬂaginpigi gel ation
bet ween DCT coefficients and desired correspondi ng QP val ues can be

enpi ri calESentRsioB rivpliegiandoyeuplly exceedjng fag perfogmentenns, such as maxi num
"~ region bright ORt.r 0 t hat, can.be used to

det erm ne (orﬂﬁgﬁﬁgglg%vceéf% g?ﬁty 83&“ e l\)}r\/‘Fl~ E%C%Eél%gsq%%%e{)ﬁis i53caéfﬁkﬂropri ate
QP val ueisprévidityirefaitling exterided preeisicraduriigdntehrediite piateskidyy Thegireoal det ai |
anplitude (picture high f_r_eg‘gency static) neasurenent algorithms. Each
met hod HESCHapsMLAR aé?@ﬁ’&ﬁt“é)@ to greatinatendithedymamic mage pEinzage infarmationdhatel ves
suffi ci ' is : ] .k 0cks.
That | o s SERGHAL bt Eed Bo BLEAe (P14 5 SRRt ph RS AARE RAREES: o
for pr edhen dos bihcangd baoTiepresat atdysampaande af 706080 A0€:1cel 8R4 logrdthutiestepdich as
a parallel infra DCT transfor n help isolate notion, detail changes
(such as rai Eftbsr%fﬁ’su%%“l ﬁCbW‘E%M&loﬂgf'g%er&ﬁ‘oph%o%@?’?f%H)&Ffﬁfﬁﬁeﬂﬁéi det ai |
of the Nihaf ' I C j ; on.: sation,

ChHpeRNthat BridHeinds§BEEn ﬁlQpJ'c\ﬁl’l\A fhisStal hét p%%élﬁlre \;c\gﬁ%{zl?%.\%%% gPaqs n

such as bl ades of grass with a slowy noving -~
PCT/ USO 2prightr8s warmbiony in aidesk shadpivi aréa thatos imediatedy adjadenetoRGErg begliti ci ent s

t hensel ves i ndi cat makes it. rticularly attractijve t hod for

pr a@f i cal J?‘i&rg}“%lﬁfsa?”i?%%eﬁaﬁ togefa atagglam@mlc%ﬂﬁe SRR YHE TSPRT P er red
et hod  ohhe ocaPhridHngsS BT sﬁnfe&?@n 8hnal Hﬁagepﬂhffﬁe?ént%ﬁioﬂ%f‘tﬁ@%ﬁﬁg&omr ession.
5 Step 500: Begin with a wide dynam c range or w de contrast range source

pi ct ur e. hosrevgr, sught haye dakgbalovwsy andmighh be & faeughvieony fialwightiregenahatt he

gquanti zag j [l .code set .. This may be done,. for _exanple,. by one

of "the. PR ARt Rn & FelirS Sotnchuinh e R A 48R in Lo B Shon nad

range (tgipicxal biyghbaesh espedsentafion.a | arger actual range (128, 1024, or 4096

| evel s, or whatever is appropriate for the inage rar_lge%u. Thus, the nom nal
il

valfes di r ect Tese epnesptspionzmnedv ikl theqise gheydended peestsion duripg)igfemmedigte Use a
non-1lin : ' ' - 1.nal .codes
"2 norP e ee in bR bR to PR fhded RohbRRS LR 16 A EL AL SobO B M entiig

t ypi cal | presisioh avhieh is inredatained wiithin the berapresdio syistenr Baxenied ©fHighet nimb&l

mul tipl nd di vi de, st ep. si s values jncrease toward a_typical range
maxi ij myOf%Bﬁs’ %S?ﬁﬁfoﬁ% 143% ¥ %34%_5’63%%6’?}%{1&%@”!9%8 algo Lal’fﬁbvlf‘s‘%/tﬁﬁprﬁ_seﬁ‘&ﬁg ?i near
| ookup OkideRIAAAR rhtdRCitdaBEs. FﬁrtB{érgianJ]r_é’eertf@B%fn hitieldotiprdseidd Shb BBt A

ti
| ar ger maxi num val ue, such as 128, 1024, 4096, or V\(ijha ever 1S appropriate
f or25t he limugfeon efrigmnl diStingidB(n bripht areasivewsus He egPandel destinttidn ia8hadowsban coded
for each?]en&qro | ock of an inmage undergoi ng conpression, preferably using
one of the T8t ow ng nethods: 20 1 ) Determ ne an appropriate QP val ue

using al gori t WHPEG-186) @hiPrétsioh @9@bms, TRORNAICHRILER M detthintli byithe €ach
frame, |ocal dynamic range within each frane, |ocal detail _
quantization parameter” or “QP”. QP is divided into the DCT frequency coefficients to
reduce the number of bits required to code a moving image stream. During decoding, the QP
30 is multiplied times the DCT coefficients prior to computing the IDCT. Thus, although QP is
applied in frequency (DCT) space, it still represents a tonal precision parameter.
In light of the regional distinction characteristics described above, a high QP can be
utilized in areas of high brightness without visible loss of clarity or tone, since tonal
distinction is relative to full brightness. However, in the dark image shadow regions, a low

35 QP must be utilized to provide for fine tonal precision.
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anplitudes within each frame, and | ocal notion between one or nore
sequential franes (as descri bed above), froman analysis of the noving

i mge st r@@r&,@)”g}eterm’ ne a QP val ue based upon informatip& @g@g ﬁ,;ed in
t he 25 conpr on oC b n f bit eneg Tor a
nurer-ber of rrEan ;lssl é’tngg (5/’51n32[§}5gf ?WEE%G@]%@?? P{’ifdzéasaa af di‘%ﬂgy the DCT
coef f i Ci ranigesofflr ioB?2. WhiliUBR1E @AtableTor 23) 8-k Nanfic ¢ATHR] Hidh i@ i!;H%viBQc?B)( )

oc

information from1) and 2), determning a val ue for each macro
utilizi MYPEGt thisgngeas inshifisienhior bighasnumabers efbitsr(sushmstl Deitsgen2ibatsgar f r om

the co i : ext end reci sjon for all
_interme P{;?’Zdeggéé‘g%@g?%?,e' I}SM?E?E% ?’@?%@é?@%@@ﬁ@%&ﬁ%@%ﬁ&ae usi ng
t hesdet enadroldckdo tahew( Fhis fs il ehe 20Ehamifi by WRIEIESIS Bfe [sTTRERIdGHONY Wi t h
t he associated nom nal QP codes corresponding to the determ neg QP val ues

used durPHEELHERRELET B Fatﬁwﬁlhiﬁbefﬁ%?@du@s fewerrsoded bitss whils adewénQR. - 17
V1" O (1240dikLSmorEdddeipas O/Q ,%?&iﬁ?g%ﬁﬁ uheg?g& ergfrlet%gfi?elé ﬁ{fggsgg‘a‘géeg Bpove.

transmtted | nage, using high prec ressi-on
to a w dedayoamintainagjecn sand@niddntareiat linitgiepredisigh systa® butihi 8hd sopge for

2% e AR I b sact, Bh L i

q Nty . . e . Cat

o vt oo b unt osRrR R, ATy kil 0 gf UBhe 3 TR 10K LT RN, | 0o

i mage priesagpired.itbersy QoaegernfBa possildt valaes magbé msofficieat) AVOPingeoe32mi | i ~ary
d d t . t.c.. Th i ) b i d

conman i, SETHEL)y iyl (BECrpr 2ey, Lmaps, can be v eved on,

anal ysi Sans Avgilablo 8y 8 biteedink Isyé%%ri%@m%ﬁ b MBEGR( P6; 1&%&&%&1:@?9@@@3@@ y

w de-dynam ¢ range inages in order to provide optinmal ana
al gor i t EMBEG-4 atrange 33 bjakes isequivhiest tdiasQP vmge of 2 valupd fomBittitadodaig, The

i nyent i . i i n rdwar e..ar, softyware, or a conbi nati on of
boyﬁ (e%&?%@é}}gg}eaﬂrgﬂa%%&tt%g{%eQb}@%ﬁ)avalﬁ?lgios %{\'ﬁ’érs%ﬁt%‘@' specified, the
al gori t hns i Mcisubechsaful pRedpand theftended €)X inQRe SérRralhse] HB@Ef‘é?,tche fifal @deed to

any particular conputer or other apparatus. In ~ 5 particular, various
gener al 95highguecising pteranedinig ensedingand/ar derodinggn aenjunationtveth 4 dirext cor dance

with th i rel i e convenient. to construct nore
speci al ?Sggﬁ’g’g%%%?tbgg‘”‘%g%‘? @Egénéfe(g?é?déﬁpcqﬁg@(%{%tes)a VB3 gdy %lk?rsﬁﬁnfﬁét}?eequi r ed
met hod stgpsentationswmbbey;i thiwe vilue 14 BgualsIepicsat AiBRHuRber 14)QAR réhlt TR hish
conput er prograns executing on one or nore progranmuabl e conmputer systens

eaé co@?ﬁ@icﬁﬁl%?ssﬁoéﬁgdB‘PPé“PpS?SéEEssor, at | east one 20 data storage system
(i ncludi ng va{ Atdekitat? ﬂﬁﬂfaﬁ%@%hﬁﬁnﬁﬁ?&rﬁ s?eggérngfgu%EAQE@Z 51 gﬁaﬂhgg at
and at |east one outpu ot .

| east one input device or port, device orp
Pr ogr amsewd simidarsppallinahtien) if variatiod af QPtvathie a frammis tesired,iride olmsbigiescr i bed

herei n and.generat e-qut put informatjion. The.oytput jnfarmation is applied
to one 5?ql‘r\’%_§§° Sﬁ‘iep(af) Vﬁ‘géhogég?r W?Frﬂmﬁ%a?é‘%waﬁggEQ’&F“SMEHGM- d6RBr# may be
| pl emeriagied biltydi¥e FESHAnRE] of BRTRPef lide 3R IHAGR 1drbSthidelird IhasthBRERLE oS .
assenbly, or hi gh | evel procedural, logical, ofF object oriented programi ng

| aRyuagedlues fr edates.- with a conputer system In any case, the |anguage
may be a conpyj r..1nterpreted | uage. [Each such conput praogramis
preferably g}[i f)lrl%%eg’r{h%? ¢ 61&/% fa61§88&6? %még% F’SF’&% t5 @ wide range of detbrmined

values (i.e., the values of QP actually applied during compression and decompression) within

a small number of representational codes by taking advantage of the perceptually logarithmic
nature of dynamic range. Accordingly, a non-linear lookup table can be used to map a small

30 number of representational QP codes (such as the range of 1 to 32, or 1 to 128) into a much
wider range of determined QP values (such as 1 to 128, 1 to 256, 1 to 1024, or 1 to 4096). In
such a table, the low QP code entries would map nearly one-to-one to determined QP values.
For example, QP codes 1 to 4 might map to determined QP output values of 1 to 4. However,
the mapping will gradually become steeper, in a logarithmic model, such that QP code 8

35 might map to determined QP value 16, QP code 16 might map to determined QP value 64,
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medi a or device (e.g., solid state nenory or nedia, or nmagnetic or optical
nmedi a) readable by 30 a general or special purpose programmble conputer,

for confi '\96 9 -30d operating the conputer when the storag ETHEQD& %{} devi ce
RS et A B A R L R R
conput eralﬁtﬁbﬁﬂ@bhﬁoc&tf%@g%m&dbm -s@PIP Metiethaiinbps éuch @BMITrBH 103 PR @e Where

the -tg WO 02/ 071735 PCT/ US02/ 01078 st orage medi um so confi gured causes a
conput eritssiplitedfies & ) andanan-ineggs &R mode thabmppseepsies hrdd todetammined valees or m

t he funct |b f Q of he invention
~ have beenllf?;scrl bed > ﬁg B{%eﬁggél&ﬂqulﬁesﬁgsnﬁngggg maﬁ ©odingiusing
modif i ce§-bi p&enaadu&semmwld IQPutalubs PE 6L and 1 2 frdsPendsibichbiing @mi/ twexre of
t he |nvent|on For _exanpl e some of the steps described above nay be order

i ndepend¥t ltSerﬁépqcm@y,@é}h e St vlwasdThus, any ecaded image upiagthese valneshat
descri b%mfﬁ\ ?ggg*t%é{yp%}@f}lgnbodl nments are within the scope of the

follow ng ¢ 7173s CLAI M5 PCT/ US02/ 06078 1 1. A net hod
for conpressi Anlgeraamtw €QR isabediigl biceqedr fiamie or slirge sthientdrgelitnghae IpgUENce

of 2frarre esent.e firs Ci in a first color space, the
Tt hod | HERSAPRELS Sa8Hle SR oGt RS pe il areeiel over a

reppese S g er than
the f) “Ee?%m ‘aflgWRERORY bfoPla® “%@%eﬁ%f@aﬁﬁi‘gﬁééﬁ%éﬁ%é MSEFBE ot The

second pilaating pomt,tand evermbigher rampergdsts ddowemepube canceptudl figndvantk bbwide
conpressin a seguence of | zed v .deo s incl.u .8 .sequence of 2
franes rcb’ﬂ eau%a[ge%xsfqudlégl E;?Oé'l&f} ROTHRANS f 1a° ?r}arggtareclggg &b&ﬁ@ss’t he met hod

i ncl udi maqulﬁag highad@ﬁérmmsdr@ H]ﬁ?ess SSRGS PhiorlsaPTRW IbrshiRR, ?ea%mr?gt b@N in a

second col or Space at a a second precision greater than the fir
pr eci si ofetergiqag) QDEalpes: Fhng itds nefulgn uee)arp@ﬁ@dtf@defﬂmnﬁseswcdmg@ valegssf or m

h d . 8 h f I f
andBea G paiohel o P e EnaRANLESae st et MPHED ocona

preci si CHlloR@ngJQPaffaﬁleﬁtm?&QZlﬁds perehacmﬂlocmadufﬁc(eeli if ey Ifaﬁ%%ﬂ'(gl’ adddsqyer se
di screte cosine transformat the second precision on the uanti zed

out put  tlmisediguetbasl @&%F@B@MBEQU‘DpHPWQYCTt e lage R vapiegangs is needrd,aothem

nmet hod f zed V|deo
mges 2 RETANEEA AR RERIROP SR B SROUTRERAE ofld el Ly eci o1 on,
the nethod i rfDHusdthBgsé%oﬁi&g@d&lﬂ}gvirb&g@%ﬂ&;ﬁs aiffitieane gertraldo silbs0 st very
preci sion, %reater t han t he flrsta%%$0|5|on to a create a conpressed

bi t28t r ea¥fide fynamigangedENGEEIAtoRs Fan pg highb cqmpiessed, r@@dcyéhbfawﬁgﬂlwhe
conpr essggishh éﬂasl%rﬁ&ﬁtﬁ% a2 ffofHE iffag€l Sion. 1 5. The method of claim 3,

wher ei n encoding the sequence of franes i ncludes transformng 2 the
sequence of fAtemonmuushbe ppdds thetmatribonof bitsavaitabdafor tied axded ppessettiohe

second prfF ¢ Idisvncﬁn'g b% determined QP values (dividing the DCT output by QP is also called

quantization”). After quantization, the remaining bits must be coded into the bitstream. The
25 coded bits, except in the case of intra frames and intra macroblocks, represent the difference
between the best motion-vector-predicted match in a previous or subsequent frame, and the
current frame and current macroblock. The coded representation of this quantized DCT-coded
difference will determine the compression ratio that can be achieved.
In MPEG-2 and MPEG-4, the maximum coded value range is £2047 (limited by the
30 VLC table representation). This corresponds to an unquantized precision of 8-bits. Thus, for
unquantized (i.e., QP=1) coding of 10-bit images, it is possible to exceed this maximum
codiﬁg range by a factor of four. This could happen if the best match predictor block contains
a full-scale black to white transition in DC, or the equivalent full-scale AC coefficient change
(such as a sharp black-white edge predicted from a flat-gray region). Optimal predictors

35 rarely will provide so poor of a match, and thus full-scale coding will rarely, if ever, be
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-20 WO 02/07173s PCT/ LJS02/ OX078 6. A nethod for conpressing and
deconpressing a sequence of digitized video images 2 including a sequence

of frarrpswf)ﬁ I(fﬁ?{lt ed at a first precision in a first colngéﬂgiﬁz{gozst hs 3

net hod i ncl. ng.. 4 trapsform ng the sequence,of fra : k
r epr eserdf&HT ni%?‘ls éO-é)g)Ce&ﬁprEeoqager ouen e T Cho“’gé%‘?‘iidv%‘feéé?gil PUGPRERSr t han

the firshaptafiis b widek P oPRI-biP[MAJE, WilRTRHREHed ARER mﬂnﬁioﬁrgﬁ%@&s the
second precCision to create a 7 conpressed bitstream and 8 (c) decoding the

conpr essEP4Bi Wile o947 linit B)eagibypxsandediinig comepishpbensfisth! i atsmpetom at t he
d .Sl t i - 211 ) | yi
secon A SR RB-AROR P R EOH s Bl RN 6

" degyant i medmaut fided tehgel & directy rd@eREPYessed of QPPrilues.For ekahpRENOPRIF4NY
image franmes at the second precision fromthe deconpressed output. 7. The
met hod oftendaithe dynaggreraagnayalabls WthertrMY cedrdogpissensationdo inedudgadl negsiblgi ng

“an 2 inv InSG ! : e . orl ein
Gecodi ng eSS EldEg 04 B kP REL LRI PHTHO A i Rfodhllh AT HIEES. 0.
di scr et ebecyeen thaat extemdifig QP values red highér rinther of Valuad)suchas de,p2ast 64 esh out put .

8. The net hod of cgeai m 6, further includi generating P frames_at the

. n
second pHERFgXEN t mmélgﬁg@%@mm%raasﬁ#@?cmmrﬁwsq Rk gtednwenbs ng B
f et _ (
rages ajr bi&d 68C g RrL0i0sy %h&.e.lﬁlchﬁug}lﬁ otk ngpcgw ﬁa hd'@e gﬂ'%e but

deconpressing a sequence of digitize deo i nage cludin sequence
of fr anedsaeguesthe bedtagt manbar o§bitpbetng sided, thus weldingdtigicadropresspace, the 3

met hod i ncluding: ( transformn e sequence of franes to a

representat i oét?‘?}‘ltoat%ecé’l}ﬁ?té%ﬁli‘%tr}“ébégé’ aE'FS y %‘%g%ﬂﬂlcﬁf“&?ilg‘iaé?? QeSS ¢ han
the firsp iRagSHEiNS hading MghPRich@iecsd, WhichtdSRA H&i{?ﬁre @ine RsiaNdisthcRion. Alis t he
second precision to create a_7 conpressed bitstream including applying an
i nver se wetbod of eodiugwrde dynamyf ranga isnagesiey ingmtaining extendatpregision for djames,

' ' h d i sjon. h
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11. A nethod for increasing the average conpression ratio during
conpr essirem tag omgisdquence 2 of digitized video i mages, the digitized video

compr essfion (b d i ]
| nobudes | 11 Sgs e b h e B  E R R e

appl yi ngcontipressugymevidg sddelmaaisrange imnages f A¢ canidiis projetiorsy| 40 otHeh ithsget hat
mat ches the inverse discrete, cosine transformnunerical algorithmapplied
durPng aSYS!CBLERIBRANEAE CHE’BS&%W@%‘é‘!‘“?s‘h@?%‘Eﬁ“@%ﬁﬁ&n&{'?‘h@fﬂ’é"&y&%rbéssed
bitstre L ; I g of
ol & m 1 Pepc i ale hgRh AR THARHATORRLAREIL, I eBlITe cdiprelith FRERR, Ny -
appl yi ngtharefora estessbltioyer many goerations offutifre techmmlogyr impadvealentrin imaginpat

mat ches the inverse discrete cosine transform nunerical algorithm applied
during eRé68Ing. 13. A nethod for conpressing a sequence of digitized video

i mages havi ngiadunin®a§! orRNBp&t ofthd iVedfortiBRIIELappABARNYT hBdReGaBA I ast
range, the video images including franmes _

25 compression to wide dynamic range images by extending the range of QP values. The
extension may be accomplished either by increasing the range of QP values directly, or
indirectly through a non-linear transformation (such as a function or lookup table) which
maps a small range of QP codes to a wider range of QP values for dividing (compression)
and multiplying (decompression). Another aspect of the invention is the determination of

30 such a wide-range QP values based on regional information, or by examination of
information available during compression {(e.g., DCT coefficients, or the number of bits

generated for a given number of candidate QP values, from which an appropriate one is

selected), or a combination of the two determination methods.



3 represented at a first precision, each frame including a plurality of
macr obl ocks defining regions, the nmethod including: 5 (a) determning a

quant i zatygn,R#-adeter, QP, having codes that represent e'b E gj’rect S
e dk e ORISR O R R
(b) determ nifig a f :

CoNpr es spappHadtv dddapEo fottPe:8 @R dndFRGES @Rt IRRE rEhams i‘h@?mé*iﬁ%ma e.
udi

it
precision to create s a conpressed frane, such conpressing iInc n
appl yi ngFarssampleett i epspmaoyppory hadyedays tor haye dighfooatrest oo feregonad bhjectsybmber of

bits requ . S . . (d SSOCi at | codes with the
det er m ?(ragd e %gcrégﬁl@é&g@sét&% ﬁﬂ?‘%‘%ﬁggﬁg) rt?%ﬁp PgS@ﬁ Ny ‘gﬂlaor}%fﬂzgf V?)ré'ﬁ?)‘ﬁtcf’ﬁltﬁﬁt'eac h

" compr ess@thef canmMon Situdtidas, AEEOM thé SstnéFbebidaie witdowshe aRiIIRG oph cqf @i m 13,
further including directly extending the range of possible 2 val ues by

i ncr easi YideHeldnilsmbavegedised sonteast duedn therglassmnd seftestion sf theiglassdtieod of
“claim1 L0 | I vel y extendi ng the range of possible QP
2 val ue?fgéa%}algg{sﬂge%}{g%@gg %c%&%gt\'/vi der range of possible QP val ues. 16.

The net hod of Thel rimeipl&s ofinndedpréeition and QP atue@aEngedat defapplicire Reded obl ock
of each 2 franme .is based upon re%i onal information with respect to one or
mor e f r fpBiast regons %f%lmzz 1ex&endserpregigion With shichy thetpw-qoatras @orfong e m 16,

whepei n ' e ' | . - [ ast

W oo e f?%%ﬁﬂiﬁ%{%f%% e ftict (RO OF Ahel 20N

i nf or matliegions igk € s folybreghit cegiamngewQRwalnencandehutilizadwith 1@v- The

nmet hod of Iz%i 16,. wherei.n thﬁ regi.on &) I pf or mat j on incll_udels | ocal detail
2 anpl i t‘i?_&@és \Kﬁ’nf}‘?ﬂ ﬂstaaﬁﬁegr%% NeTsey lglhé olies arcgiiigechfanhigh contrastGpsvallne _
regi onal fofdpt RindREdgfinhs! BGhidGRS, IfACRIneAREhEN? hQﬁdgﬁﬁ@nt%i%?olQ{io [Gppequent i al
frames. t Z21. The nmethod of ¢laim 13, wherein defermning a val ue for

each mactbitstoisitheskyearem the groand on g hbzysday aap b filly distirguishad ghaer at ed duri ng

h ' :. 22, Th hod af  cl ai , ' he i nf '
gorter ot Surcapion Flie GimdEn Ripeeiienty F Al srbigey Betshgreveuiies of

di scr et ecle@ sl hdvaipsd Asrat@pfahiictages for each 3 nmacrobl ock. 23. The
nmet hod of claim?21, wherein the information generated during the

conpr essi ng sVBpe gurrend icarmergs and Bl asp limifgértreappodxiiately Hsbitsjefegintroa encode

h ' frame. .24 Th t hod of i m 13,
Furt her PRI RN dirkSicrfled BB kaflorsd it FRET wif finu M Eint 5ok " op
val ue f coxtanded c4ghera delegeisrinbmicss didtisctioh WbusdbduseAPsBEswRe demiEn 1nd (b)

deconpr essi ngi each conpressed frane at the second precision to create a
de@Bnpr £O8HEF Areapdn Rdditiap toygxtending the dnagic zangeds With SAINEras s Paojestorsi de

contr ast - ' ' ' ' . - rm ned
P val ue T RaE iy AR SRPLERSh b TS, RRhts B TG 8481 7
conput ercopiragdatails sithirettiisentendedrappe. Subtie vatitions it ghraesd, guchcanplliagsi ng a
sequence_2 .of di gitiéed Vi dqo | mages idECchdei ng a sequence of franes

r epr eserftBgrops 4C Muclmase gasily;sge o1 3 {1 AIRICTARGERIOISHIQL thanora lupitgslt er
pr ogr am GMERId Ghpdviewsig HEtiideNEn bBfectcRdptiyRd b3 awide EPRHNGE r&ge PojEAdr i
transformthe sequence of frames to a represéntation in a sCond col or
sp&ée ateagily distinguished because it has a wide range of brightness variation to the observer,

whereas there is a low range of brightness variation on a computer CRT display. Thus, as
cameras and displays expand their dynamic range and tonal distinction (i.e., add additional
bits of resolution, beyond the current 10-bit capabilities), it will be desirable to expand not
only dynamic range but also contrast distinction.

30 Essentially the same techniques that support extended dynamic range also support
high distinction coding of low contrast regions. In particular, QP values are applied to AC
coefficients of the DCT output in a manner distinct from the DC coefficient, which is usually
coded specially (to improve DC term coding efficiency). The scaling of AC coefficients is
therefore naturally ranged about the prevailing DC value. For example, a low contrast region

a5 in gray haze will have low amplitude AC coefficients about the DC haze average value. Thus,
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6 second precision greater than the first precision; and z (b) perform
subsequent encodi ng steps at the second precision to create a conpressed 8

output. t, onputer program stored on a conputer-re edj um for
conpr essi‘ﬁg’%zmﬁﬁ‘ ' P ?}?}Sﬁzée’ {’:Juence of

a seguence 2 of digitized vid mages .1 ncl lg ‘”ﬁ
Franes riaRe RAuqT s pif obluiplysh&ienys b oBE PRfaions withio W g conure
conput erreploRs! AWRR FRIch@dd @mafisd faHgd, SQP Qﬁlu@@ﬂﬁiﬁ‘ﬂorﬁmﬂc&ﬂ:@f’wlﬁéh to: 5 (a)
transformthe sequence of frames to a representation in a second col or
space atcantrgstferegranndregiprd.on greater than the first precision; 7 (b)

performa not{o npen Lscrete cosi apsform at .t he second

preci sion on glé}ﬁérqgélgwgﬁtégq’%ﬁle&r%abr?ea?pfognﬁ e?a{éaéfggeg??qﬁsapa BRYIGRRIS Ut . 9
" (¢) squangtlrise suiable fostiorAt estedstaul] PribhitbsstrBgofis QPNhiues S6diid B rdgdbnaligat e a
guanti zed output; and 11 ( erforman inverse discrete cosine transform

. d) p ) . . .

at the seaerungt with s¢spect 4oy therqentrasp and, brightness obeach pictyrs regioni Jdis eanadseheessed
- out put a ¥ i: SAEN A on

comput er M SARIERE WoRIE' FOP Vel aretetiOF Pt Hias AR BRPREA riliblonkc of
di gi ti zejgh avegivn gen@rgRs approkindlitely tie asguander ofbifsr Pores idagehvasewided at a
first precision in a first color space, the conputer, programconprising 4
i nst r uct 1¥REIE Bgednelpdigs dakgisions s w6llen iy eontret sgiqne sbvngeachy ames at a
secgnd 5 S . f . | Si . ssed
o1 0t r comrggloRl ARoRaR nbDAbIISIAN shloBadPAIR TR IR 1B it GOURRE
i nst r uct emgims rdnge of hughtnepstané céntpembloverer, o iddsodiesirhble tepropidessad bk tst r eam
at the second precision. 29. The conputer programof claim27, wherein the
[ nst r uct Pendeereiana Py < Ry detiEERRS 259 5 BRUAENGTR RiTS BqTRABL SO T anes
i ncl udesiphpgiatibeddigys for causing the conputer to transformthe sequence of
frames to a representation in a second color space at the second 4
preci si on. - 2@ecteriyningld Qr VREA8EcaRTIACT Icd pO A& oBRled Aycaapuurg thpr ogr am

D ' QP VEREA| T hiadcrabdaekicag b dA unireg thy

stored on.a. co er-read i.um .for. conpressi a deconpressing a
ceqtionceriivgagnsleso T RETCT prgiueh it fhah Aepet e Meb ey Foife

repr esenped @effreidrits thlat MARGIedeRN dnf tRosk tHa® indiAtoBRRER. belisvi§QIMYESits
program conprising instructions for causing a conputer to: 5 (a) transform
t he sequthaeghase macenbéerks wharerthpradavetwaighinof eeeficientoindicats|csherdpwalstailtora s
second p 1S t £ ] SLon: ) r f.ar m.subsequent
encodi ngfogt%e%gggp%tﬁ%)‘glg%%%ge?ﬁbgg?é‘% éf?\th? ggrg‘?gljg E%nce%g%mé %r‘ﬁ%#gbs? st %(CF d mﬁi tstream
and 9 (caccdassiacd dscwilpbshaselikdbdts thage(tytior) bhd degil diigh Feqgntie
conpressed bitstreamat the second precision to create a 11 dequanti zed

out#ut ; coefligipnts), \yRanpised withateieswdeg dypanye gange apd, bigh digtisetignseasorohe second

pr eci 1 00iQB1d 16 nbielBrARE DEIhoRitiduth rdiiR MR HfiARANEY ERTEM Q! PUL; 14
(3) generating I nmage franmes at the second precrsion fromthe deconpressed
out put . Ziprofiiide cwiqatdrdor priagataailpsetthg@thevale ofkdP: &i partitudars labgee PEEHt

encodi ng steps include 2 instructions. for causing the conputer to apply an
i nverse ﬁ?%ﬁ&&?@%‘if%ﬁdﬁ;@?%r%@f%&%?Elgpplag BF‘?’TW?HO%H"WQ%Tn t he

i nstruct boupfcibAk af@H&ired cbh@spfa@mgb@rvams decodempiRalfy &Rdmigssed bitstream
i nclude instructions for causing the conputer to appl’y a matching 5 inverse

di s2r et e cosi funple zegional phgotithers, such aaimpesimharh megion biightukss)aracheantrast, anat put .

32. The co ter am.of claim31. further, including instructions for
causi ng ?‘ﬁogg ; n(’:eot}r]r%[@gic obedl(gﬁ(ifo:a eéerﬁﬁqeréﬁé%p gftlefrﬂlélg’%%%“% Vﬂb\e%ﬁ%r: on. 33.
The conpieelianikn®y appropfiate IGP valgeh, AlitibhainfoRfdtioni daf aisd Bk pHFAdeADY rESibnal

causing the 2 conputer to generate B frames at the second precisSion.
detail amplitude (picture high frequency static) measurement algorithms. Each method has its

own advantages. However, the DCT coefficients are themselves sufficient to determine QP
30 values in the case of intra macroblocks. That is, the DCT coefficients are a measure of detail
combined with motion for predicted macroblocks, so the use of a separate detail measure
(such as a parallel intra DCT transform) can help isolate motion detail changes (such as rain
drops or moving water waves on the horizon) from the detail of the current frame image

macroblock (static after motion compensation, such as blades of grass with a slowly moving
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34. A conputer program stored on a conputer-readable nedium for
conpressing and 2 deconpressing a sequence of digitized video inmages

i ncl udi ngyg,s69ysnce of frames s represented at a first ppepi8iRRois" 2
first color ce.. the conputer 0 m ¢ rising hnstrucktion or. causi ng
a co rrputcgfnefag':pﬁ%e g("é‘fﬁflﬁya?gﬁ%?ﬁ (ffﬁfée gg&fg ﬁ@igpeg# t*‘?rgf‘%‘éestt% "h‘ﬁ?agepég Juakest i on
in a sequgmﬁgﬁlgﬂ%%@@ggv@,hemo@fc;g%?%gggﬁ%?m nfifioglr eater than the first

precision; -25 U2/ 071736 P i Ur8 7 (b) perform subsequent

encodi ng steps at the second precision to create a conpressed s bitstream
i ncl udi ng apgil{a- Ads afowahest hat ymirgrigesa predirred methedolomxigndingedynemic range

al gorithm, an 0 for guent decodi ng steps at the second
" precisi oaﬁld/é)rrlC?%tgasééﬁpnr@&aégc(gr:nﬁrlsé?sﬁ(g%m i ncl udi ng appl yi ng a mat chi ng
inverse di scr§es5emBegth Withd Widd dymamidtanpe ooaldeabgivast tdnge s@lrce picapaput er
program stored on_a_conputer-readable nmedium for increasing the average 2
" conpressi on r¥eR 04 df nerged srisne dhs dlschye vrluegngnelthe Auantigrtionraganetge o
i mages, L i L I NG Sl S¥9né s T=TeleS rames, into a
conpr ess 6??%%6?%5?%5#?%’uges%l%p%e?g}rres, the oglg)nrp ergmgé%é;]sr am
conpri si ng i nstr uch)ibtendftbe sat al @Progdes frmmambsrind rénge érypaddy 8hdevebsyjteemce of

Al gor 1 e ataguss L LS.y A IE G S oF SeeRT et s ABPIEPEAE AoF HE HUNGS | cal 7
al ggri t hx‘ﬁhgeggfdﬁfgth‘é%Bhﬂ&l JaREPSRRAUS @éeprs’s%ﬁpgﬂ iR FAiDE of bOGIHEDYalg&Ner at i ng

a s conpre Itstream having inCreased spacing between | frames. 36. The
conput er program of) lddeai mondinearf lopkiretableror magpmg fiumedion b toneiste homimd QN ng

the 2 1 t d h d bitst ; L udi -. . g
For caustR P DR Rl FBFRISARE ol YRl e b B SG P
nuMer | Cale @APkIoHNaliabuBicRASSin' Rk VMOP SIGIS AheURiRARBzd dsAnlear

nunerical algorithm applied during encoding. conputer program stored
on a comporease-towariablyplcabiangmmaigiuns Gepersile §20r §4 godasaraybeogxpdndfidt i zed

vi deo i mages havij.n t .l n i d r W ontr ast
VB0 TR B i Rlotduf B2 g Mnellallc ot IR EoFRN0E e Wl 8011 (0
each fr apset Makimlin aldeHudki ad 138y 1014, 4096, 0b Wwbateserds bpprbpriate &githdEnagehe

conput er program conprising 5 instructions for causing a conputer to: 6 (a)
det er m nE@NgE.quant i zati on parameter, QP, having codes that represent either

a direct 7 cog/t , | v, r
possi bl e val u‘gtg‘[? §QRI(T%§ &%g?éefr?lﬁ‘i e&gg)é atv%kg@%fe g:ro dgd;fgﬁ)é%@cr}g g‘g?%g‘i‘ggg&gach
frame; Oinfagk undérpoRg sompdasibm, preferablyausiigame df firecfollewing nthddsr t han t he
first precision to create a 1 o co ré sed frame, such coppressi ng

i nd%udi ng appl yi nglk%e@mmwéepr@ﬁ B Vatie using alggrithine {0 delemming 8 educe

the nunbﬁagefreg%ﬁ Soft S5 ehch ﬁﬂﬁé{‘l’@caﬁgﬁghﬁié Aifiige within dddh ARROMICA! et

codes wi the determ ned QP val ues use uring conpressing; and ~ 3 (e)
out put esoplitudespridius eachs frame and thcahmotershrtvesneahe@P nwel essjuentia framap(as

02/ 071735 PCT/ L1 S02/ 06078 38 The conputer program of claim37, further
i ncl udi néesf‘%etdr%?é’t’? oﬁgmfad‘ra“é%Y&‘éPﬁ&’et‘ﬂ ying imdge 3Hedm

2) Determine a QP value based upon information generated in the
25 compression process, based upon number of bits generated (for a number of candidate values
of QP), and the amplitude and frequency of DCT coefficients prior to quantization.

3) Apply a combination of the information from 1) and 2), determining a QP
value for each macroblock utilizing both regional information as well as information
generated from the compression process.

30 Step 506: Use extended precision for all intermediate processing, as described above,
to compress the image using the determined QP value(s) from Step 504. The compressed
image, along with the associated nominal QP codes corresponding to the determined QP

values used during compression, may be stored or transmitted, as desired.
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2 computer to directly extend the range of possible QP val ues by increasing
the nunber of s bits representing QP codes. 39. The conputer program of

claim37,whyshhess i ncluding instructions for causing the gcﬁﬂﬁ%@fo@{s to
effectively gsxteﬂ%, e range, of ogo si bl e (%3 val ues .bg m?]p |n$ codes to a
3 wider range’dt-os?t WF‘BIC%Jh\cI‘ﬁ or tiangyitied mage, BSie big p‘ﬁﬁfg '8 of claim
37, wherRbsmpRESENTAI e Bed@BovVa ki€ wid-dhRetc %gé,mhee&t?asprfange@ﬁ%a‘ rane is
based upon regional information with respect to one or nore frames. 41. The
conput erresplwipnamagé farvanausiappliggtone, Thetdssociatest nomainali QF codesdieconapped| ifides

| ocal 2 inmage region contrast w.thi.n h frape. 42. The ca e rogram
of ol ai A Bk cGrBopAThe St MR AR el b ERF su{tpsdPPrscaRR ] s o

" range Wdppiichtidas thefude Memehad tHeaei caPivestneitioR b Hio@i®s @hd SloMsMrélvinghr ei n the
regional I nformation includes |ocal detail 2 anplitudes wthin €ach frane.

44. The stapgipages,JusEHessHses olnaying agajheseaiationss govesgneniapplicationsiéeg. on

" includ I anY il .al f 45. Th
comput or> et ey BorREAF R BEof) ofey I REPHERARimy TR e el

macr obl agkwideafyngdiirahgeadigplipddvacs dnd/ppisednt aksmte O igesednlyeld Wig Ng the
conpressi ng, step. . 46: The conputer, programof claim45, wherein the

i nf or matalgwitias shighdynefut from (?IHECI‘E”%[; blﬁ%f%hiynyd%@wmlﬁéme@ag@ igordes

a itu -1 0l ' I r i G - h macr obl ock.
3770 rho BRrAIEbAREA WRlGAS (G, ipBRRBRYAR FAGh WEIERL A MBS ey ot ed
during the 2 conpressing step includes a constant nunber of bits assigned
to encoggz ‘%7gﬁﬁr0b|OCk 3 wthin a region of a frane. -27 WO 02/ 07173a
PCT/ LI S P%?? 8. The computer program of claim47, further including

i nstructi ons Therineautioh Rghytbeamplentonydtia hatdvaraor(saftwhd, oeR eSS Hdth

frame, re-determne a QP value for each QP code associated a with such
conpr esdéd.-Pregiammahle lagic girayfd ddnlprseshervasespecaling: theadgprithmpinclded geparecond
preci si : f : i I wi de
yna ¢ SAEnTERRRGEndERIRR AR A0 bh (R Oher of Biler BRGRRl: By

appbyi ngatrtivmlarevatebe penend putpdsy alavidaes rasy Bemded fwithnprogrdhs whiteysh em f or

conpr essi n(?rga se‘g‘ﬂjence o;inlcgli itized video inmages including a sequence of z

frames raSEYTERATEN the teachings herging 0% i Mgy be noge Fonvepicplip SPNRSEIONG he syst em
i ncl udi ngecidiideR)apPRARS (4.8 iftdAted Skl Piol fRFfoRR SR r&fméth@@ﬁﬁpst. T,
representation in a second color a space at a second precision greater than
t he fi r sthe prveuticn may baimaplsméined imeenesorfnagre gempytenprograsisizs equiegonenc odi ng
steps at_the second, preci siton to cregte a_s. conpressed output. 50. A system
for conﬁP%@&r‘F@a‘EmﬁBfﬁfé’mPé‘ GFYHTET FCD SAMPIYBS ) i) GBS PYOEPIeR AYC3St SBGuence
of 28 fr adEesSst6@PE Syxtimh Bfclalling vbialifd andmR&Lval il inBmBryf dndfdr skRAdRlel GRAMRS; att he
systemincluding: 3 (a) neans for transform ng the sequence of franes to a
r epr esenleast PohInpAt devis s Partcdidat lepsispngoutpat deviecearott. Brogeans cede igappliedr t han

i <or ot SR P Berto (b SPRARRS AL alPedholRe ARy SRERAIRAL IR,

franmes teutpoafoarationfis asiliedns onkeor Mote@utput deYicdspmnGobharfaghichnt i zi ng t he
first encoded output at the second precision to create a 8 quantized
out put: and sEAHPUGRERIRETHMAY B {HPIgERted in Ay Assised eamapuierlangsags Grcludiagsf or m

at Ahe SREASL, RERAbR) BPniB IGAPpRLAINK 2Bgicat bPiied: Bribfted BornfiigP" essed

out put at the second precCision.
languages) to communicate with a computer system. In any case, the language may be a

compiled or interpreted language.
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
30 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
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51. A system for conpressing and deconpressing a sequence of digitized
vi deo i mages 2 including a sequence of franes represented at a first
precisionwh% tiyst color space, the ' 3 systemincludin

ﬁ& an the

encodin uence at .a SEC0 reci

first p%&rfi%cilg 1 e ggfgurgggﬁﬁﬁr % SJS'gttm:?letg% §;’§gﬂn$h§ Q%f"é of claim
51, furtﬂi@deﬂn@@ht&dhé‘r@o@@ﬂ&ﬁnﬂﬁfurﬂﬁ@ﬁ@laé’s@mﬁdﬁﬂaeﬁaﬁﬂpr essed bitstream 2 at the
second precision. -28 WO 02/ 07173a PCT/ US02/ 0C078 53. The system of claim
51, wherein the neans for encodlngqthe sequence of frames includes 2 neans

for transfornREmPFefsBMedimRaatsAT t aye P%‘r%‘é?ﬁegt Neyerihgless, dewidhd
color s qﬂgp nd
' deconprgggﬁﬁésg%gggﬁgaﬁgﬁﬂﬁ ﬁﬁ |t?§§§y §§§6?§%§E§ nglu |ﬁ%%§hggagence
of &r amopeeq;ﬁthsewbmnbmﬂ?oaex‘ampa‘ﬂ spune of Ehe(steps desaribed ahoveaxhayrbesq:ndc:re the 3
systemin Iudln ans for t.ransf e f fra s toa
" represenf! ?HCBﬁeq ’na“ té‘é)é'@ ¢ pgifeymeg ‘E%@@%éalf%g@ég@ nA§i %4t er t han
the firshoRr &fédntbdimedtd dre FREBRS the REoRTTHIY 1H1IBHI :ﬁﬁﬂuent encodl ng steps
at the second precision to create a conpressed bitstream and 8 (c) neans
for decoding the conpressed bitstreamby: ( 1 dequanti zi ng the conpressed
bitstream at the second precision to create a dequantlzed out put; (2)
appl ying an inverse discrete cosine transformat the second precision on
the 12 dequantized out put to produce a deconpressed output; ~ 3 (3)
generating inmage franes at the second precision fromthe deconpressed
out put. 55. The system of claim54, wherein the neans for performng
subsequent encodi ng steps 2 include neans for applying an inverse discrete
cosine transformnnunerical algorithm and s wherein the nmeans for decodi ng
the conpressed bitstreamincl udes neans for applying a matching inverse
di screte cosine transform nunerical algorithmon the dequantized 5 output.
56. The system of claim54, further including neans for generating P franes
at the second 2 precision. 57. The system of claim54, further including
means for generating B franmes at the second 2 precision. 58. A systemfor
conpressi ng and deconpressi ng a sequence of digitized video i mages 2
i ncludi ng a sequence of franes represented at a first precision in a first
col or space, the 3 systemincluding: -29 w0 02/07173a PCT/ US02/ 06078 a
(a) nmeans for transform ng the sequence of frames to a representation in a
second color s space at a second precision greater than the first
precision; s (b) means for perform ng subsequent encoding steps at the
second precision to create a conpressed bitstream including applying an
i nverse discrete cosine transform
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nunerical algorithm and s (c) neans for perform ng subsequent decodi ng
steps at the second precision on the conpressed bitstream including

appl yi ng @0@4}%@5@9 i nverse discrete cosine transform nur’rpéjr&g&/&h%ori t hm
59. A systemfor 1ncreasing the average conpression ratio during

conpressi on of a sequence 2 of digi téﬁﬁjiM;si deo images, the digitized video
i mges including a sequence of franes, 1Tnto 3 a conpressed bitstreamthat
includes | franes, the systemincluding neans for encoding a the sequence
of firanels Bymethpd farcgmpressing @ se@iedesef dipitizebeide®imagassichrdingwsagueelor5

al gorithm g_hat mat ches .t he_i nverse di s%rrete cosi ne transfarm nuneri cal

al g8r i t hm HAPFT BRreseried ahg It BispstoquR Adirdeclodrprsepng Bethod ipeludiagy
~ gengratingg_GRRfofRiRthb kbl QAT RS R feprQEhBASEH ' HEEd !
frames. GO@The sfstgf%qof cl ai m 59, fu?(?ﬁeerﬂr%%ctﬁgﬁfng%%d;&#% ecogi ng
t he4conpr essedebindgireasion gieaten thandhafirshp@nisionpandappl yi ng an i nver se
" discrete cqsine transform nunerical al gori,thm 3 that .matches the inverse

di sgrete c i,Pe@f{OPH%fS{}[’?ﬁ*IHﬂﬂEP?%@?g %?I%cﬁtiﬂ}eﬁﬁ?(ﬁmr?céﬂo’a RY®4 encodi ng.
61. gA system fRine&s®d &sphtng a sequence of digitized video images having at
| east one of a 2 wide dynam c range or wi de contrast range, the video
i mages including frames 3 represented at a first precision, each frane
i nchudi ng %rHétHBdifdrchm?&esEiﬂg%@@é&ﬁkéoﬂﬁéﬂti%&‘ﬁdé‘o ffPe®MRIudiAs SRR Eof
including: 5 (a) neans for determning a quantization paraneter, QP having
cod@s t hat framps espessented et a fiest precidionge & fustreols spavdethe metlwdposlsdioge val ues or

an extended.range.of . possible 7 values; s (b) nmeans. for deferm ning a QP
val te for g"aeﬂ“ @PBH%&@%S%%W%C&%%W%?a?"(‘%?ﬁ%ﬁ%’él ¥ SFOLRYRH 2each
frage at a secebshdyresisidh@reaktr #@thd RAPplebRBioh rst 1 o precision to create a
conpressed frane, including neans for applying the 11 determ ned QP val ues
forSsuch f fAmeperiormisgacBotioncompeneatedisesetesosing transéernt @ the secend préeisionc h

hd A MEALSst %gsltj‘?‘gﬁoldh}%gﬁghﬁ?’cgég@,og%atns for associating QP

frapge; -30

codgg W th th\e/ggdte%er neol‘0 val 'l used %Orrpr essing; and ~ 5
(e) 7reans {Qr quahizihg tHedirstestbodsdrqutns aetie kécdne padtibidme cesasosiaintidedP codes.
62. The systemof claim®6l, further including neans for directly extending
t he8range of 20‘{516%'84‘15“ e QP values by increasing the nunber of bits
repgesenti . &H‘% o { ng means
for lé)ef fecti el%;r%gﬁ @%cﬁnﬁgv?%é;&g%%tggﬂ#@gm%gsm tlfﬂée %Sgbk\{/&aﬁéelgloﬁg)hlr{rgéppi ng QP
codes to a W dpmantizadgatmit tppediudd ecdgiprestd estputat thelireosymeasionf cl ai m 61,
wherein the nmeans for determning a QP value for each 2 macrobl ock of each
frame includes neans for meking such a determ nati on based upon 3 regional
i nf ar mat3.on methbd f@papressing @nd dedonippéssinfglaagidenc bf digitiees yidle€ imadescl ai m 64,
wherein the regional information includes |.ocal |mge region 2 contrast

wi t Ri n eacHciydinga sqggencapl SERIENPNER af st pregmavie e eefiod Bgluging

i nfQrmatiop,d eﬂ@ép T ia) : . The
sys‘t'3 em of (@:?%c{a?n{géﬁ%%lgﬁg% t he raggig%%gﬁpfcﬁ%%n .‘?tgrﬁﬁ%}ln%lgmg r%osé% {bdet ail
anphi t udes c@atgi 4 tompressedbitsteam. 68. The system of claim64, wherein the
regional information includes |ocal notion between 2 one or nore sequenti al
franes. 69. The system of claim 61, wherein the neans for determning a QP
val ue fot. &heimethodeofretdiind; Kurdfer ambilidg doveding cheudbapresahbitsieammaktieng such a
determ nati on gased.upon s information generated during the conpressing
steB. 70. FHONEPEBIAf claim 69, wherein the information generated by the
means for conpressing 2 includes relative anplitudes of discrete cosine

transform ;r%effi cients .for each 3 macrobl ock. -31 ) )
1 5. e method of claim 3, wherein encoding the sequence of frames includes transforming

2 the sequence of frames to a representation in a second color space at the second precision.
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information generated by the neans for conpressing 2 includes a constant
nunmber of signed to encode each macrobl ock w thin 3 a
frame. 72WB hg’ f’sayyg/stem of claim®6l, further including: 2 (g @g’gﬁ@“g
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at the sec axmdhqon@c scsquamcetaf foneatrepresebted cat:mﬁmt essabnfin arfastwalirsgagt theeast

one_of a w m,c range or wi de contrast 6 range, such deconpressing

i ncPudi ng HFEIF%y gl 0¥ re-determined QP val ues for such 7 frame. -32
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}oagl! & # 1%’3& }@rforming subsequent encoding steps at the second precision to create a

7 | compressed bitstream, including applying an inverse discrete cosine transform

8 numerical algorithm; and

9 (c) performing subsequent decoding steps at the second precision on the compressed
10 bitstream, including applying a matching inverse discrete cosine transform

11 numerical algorithm.
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itstream, inclu

2 applying an inverse discrete cosine transform numerical algorithm that matches the

3 inverse discrete cosine transform numerical algorithm applied during encoding.

1 13. A method for compressing a sequence of digitized video images having at least one of a

2 wide dynamic range or wide contrast range, the video images including frames

3 represented at a first precision, each frame including a plurality of macroblocks defining

4 regions, the method including:

5 (a) determining a quantization parameter, QP, having codes that represent either a direct

6 correspondence to possible values or an extended range of possible values;

7 (b) determining a QP value for each macroblock of each frame;

8 (c) compressing each frame at a second precision higher than the first precision to create

9 a compressed frame, such compressing including applying the determined QP values
10 for such frame to reduce the number of bits required to encode such frame;
11 (d) associating QP codes with the determined QP values used during compressing; and
12 (e) outputting each compressed frame and the associated QP codes.

1 14. The method of claim 13, further including directly extending the range of possible QP

2 values by increasing the number of bits representing QP codes.

1 15. The method of claim 13, further including effectively extending the range of possible QP

2 values by mapping QP codes to a wider range of possible QP values.
1 16. The method of claim 13, wherein determining a QP value for each macroblock of each
2 frame is based upon regional information with respect to one or more frames.

LN



11" %0%y& ()-!+ %0% Y& ()-! %0%LpLE ()-!" Y0%KE ()-! &F" 10%&' ()-! &F" 10%

& () - 1445P679q9} [ <YNC 1! &

109%&' () - ()-M " & 9%40%~& ()-M 9BA0%E' () - " YBAOYLY Sl )i . IA09BE (
q999999‘§8%2g%g{@9#10fy& ()-110% ()-10% ()- 10 10 10, Zl{%%’;ﬁsé%q@s

$10%&' ()-1:: <y<<t=>aBbC 11 L#10%& ()-!1" , #10%& ()-L! 100& ()-L4" 10%& ()- LS

"109%& () - MLOY& () - >>?V?q2?2#@EDC 1! sf #$109%& () -& - 109%& ()-" 3

109& () -@@bemethod of zm 16y whergindhgregjonsianaaErIANIERdes localiomge ogian

%10 & F 10% () - $10% ()- AAAKBxBBBBBJE: / 10
Ylt()t))/&' %‘3‘&%% %}&%?19%‘59. (@32 oL3 - -
10%&'() *1109& () - 8010% () - BBBSCr OO( DEUV7/ 109: | 10% () -

i%gg/gyé) gr %ﬁ?gg%{ ?O(yﬁ%( %E%.C%}S_ onai m%o%«%tlgg 1ncilu%§EloceL1'le:)fn%(n3achth41ge

109 () - | 1mi,{aach‘fﬁag%& ()-GH | JITLLAE7/ 109" 3
" 040U ()-9, " 109 ()- Y+$100&' ()-9$" 10%&' () - @#10%& ()- 9" 10%& () - Lt MVN/ NON
IN2NNX b @ 10! 9% 0%JU&' () -5 10 10 10<mlO%' ()- LOnt 10%&' () -
L@'! 10%8). The hethd%¥ c{aimNYONREFETh NG FH&E information includes local detail
10! 9$&100& () - 99%40V&' ()-' | 9% 0%&’ ()-' 10%&' () -1t 9940 ()-s! 9% 0% ()-S?VX
{ XY¥YYYYZz[ PEplitiges wghingeach frame.
10<0% () - L6nPA0%&: () - ! L6nPA0%E () -! 9$&10%& () -1 9$&10%& ()- Yp[[]~] " z[ 9PE

iOI 394 0930y Ehe meltisﬂiidf%ﬁim)lﬁl whaehith&rqgonakf@nppen {nclusied Bva! raytidrseraedn f } & (
bNbbbz X7 PE;
$16%%@4 (5’%3 Pr @E’E?%?ﬂ‘é?“(“)a‘-‘fr?‘%‘isocyw' ()-!s%&10%& ()-m s%&109%&' () - ns%0%& ()
-nmbccgchcei ¢cj cedd{\ =

1 21. The method of claim 13, wherein determining a QP value for each macroblock of each

2 frame is based upon information generated during the compressing step.

-

22. The method of claim 21, wherein the information generated during the compressing step

2 includes relative amplitudes of discrete cosine transform coefficients for each

3 macroblock.

1 23. The method of claim 21, wherein the information generated during the compressing step

2 includes a constant number of bits assigned to encode each macroblock within a region of
3 a frame.

1 24. The method of claim 13, further including:

2 (a) for each compressed frame, re-determining a QP value for each QP code associated
3 with such compressed frame; and

4 (b) decompressing each compressed frame at the second precision to create a

5 decompressed frame having at least one of a wide dynamic range or wide contrast

6 range, such decompressing including applying the re-determined QP values for such

7 frame.
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5 (a) transform the sequence of frames to a'representation in a second color space at a
6 second precision greater than the first precision; and
7 (b) perform subsequent encoding steps at the second precision to create a compressed
8 output.
1 26. A computer program, stored on a computer-readable medium, for compressing a sequence
2 of digitized video images including a sequence of frames represented at a first precision
3 in a first color space, the computer program comprising instructions for causing a
4 computer to:
5 (a) transform the sequence of frames to a representation in a second color space at a
6 second precision greater than the first precision;
7 (b) perform a motion compensated discrete cosine transform at the second precision on
8 the sequence of frames to produce a first encoded output;
9 (¢) quantize the first encoded output at the second precision to create a quantized
10 output; and
11 (d) perform an inverse discrete cosine transform at the second precision on the
12 quantized output to produce a compressed output at the second precision.
1 27. A computer program, stored on a computer-readable medium, for compressing and
2 decompressing a sequence of digitized video images including a sequence of frames
3 represented at a first precision in a first color space, the computer program comprising
4 instructions for causing a computer to encode the sequence of frames at a second
5 precision greater than the first precision to create a compressed bitstream.
1 28. The computer program of claim 27, further including instructions for causing the
2 computer to decode the compressed bitstream at the second precision.
1 29. The computer program of claim 27, wherein the instructions for causing the computer to
2 encode the sequence of frames includes instructions for causing the computer to
3 transform the sequence of frames to a representation in a second color space at the s\econd
4 precision.
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1 1096& (30 ACEB®Iufer program, stored on a computer-readable medium, for compressing and

2 decompressing a sequence of digitized video images including a sequence of frames
3 represented at a first precision in a first color space, the computer program comprising
4 instructions for causing a computer to:
5 (a) transform the sequence of frames to a representation in a second color space at a
6 second precision greater than the first precision;
7 (b) perform subsequent encoding steps at the second precision to create a compressed
8 bitstream; and
9 (c) decode the compressed bitstream by:
10 (1) dequantizing the compressed bitstream at the second precision to create a
11 dequantized output;
12 (2) applying an inverse discrete cosine transform at the second precision on the
13 dequantized output to produce a decompressed output;
14 (3) generating image frames at the second precision from the decompressed output.
1 31. The computer program of claim 30, wherein the subsequent encoding steps include
2 instructions for causing the computer to apply an inverse discrete cosine transform
3 numerical algorithm, and wherein the instructions for causing the computer to decode the
4 compressed bitstream include instructions for causing the computer to apply a matching
5 inverse discrete cosine transform numerical algorithm on the dequantized output.
1 32. The computer program of claim 31, further including instructions for causing the
2 computer to generate P frames at the second precision.
1 33. The computer program of claim 31, further including instructions for causing the
2 computer to generate B frames at the second precision.
1 34. A computer program, stored on a computer-readable medium, for compressing and
2 decompressing a sequence of digitized video images including a sequence of frames
3 represented at a first precision in a first color space, the computer program comprising
4 instructions for causing a computer to:
5 (a) transform the sequence of frames to a representation in a second color space at a
6 second precision greater than the first precision;
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10 (c) perform subsequent decoding steps at the second precision on the compressed

1 bitstream, including applying a matching inverse discrete cosine transform

12 numerical algorithm.

1 35. A computer program, stored on a computer-readable medium, for increasing the average

2 compression ratio during compression of a sequence of digitized video images, the

3 “digitized video images including a sequence of frames, into a compressed bitstream that

4 includes I frames, the computer program comprising instructions for causing a computer

5 to encode the sequence of frames by applying an inverse discrete cosine transform

6 numerical algorithm that matches the inverse discrete cosine transform numerical

7 algorithm applied during a subsequent decoding process, thereby generating a

8 compressed bitstream having increased spacing between I frames.

1 36. The computer program of claim 35, further including instructions for causing the

2 compﬁter to decode the compressed bitstream, including instructions for causing the

3 computer to apply an inverse discrete cosine transform numerical algorithm that matches

4 the inverse discrete cosine transform numerical algorithm applied during encoding.

1 37. A computer program, stored on a computer-readable mediurﬁ, for compressing a sequence

2 -of digitized video images having at least one of a wide dynamic range or wide contrast

3 range, the video images including frames represented at a first precision, each frame

4 including a plurality of macroblocks defining regions, the computer program comprising

5 instructions for causing a computer to:

6 (a) determine a quantization parameter, QP, having codes that represent either a direct

7 correspondence to possible values or an extended range of possible values;

(b) determine a QP value for each macroblock of each frame;

9 (c) compress each frame at a second precision higher than the first precision to create a
10 compressed frame, such compressing including applying the determined QP values
11 for such frame to reduce the number of bits required to encode such frame;

12 (d) associate QP codes with the determined QP values used during compressing; and
13 (e) output each compressed frame and the associated QP codes.
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1&! 109 &o( Thd Qo Fitéd program of claim 37, wherein determining a QP value for each macroblock

2 of each frame is based upon regional information with respect to one or more frames.

1 41. The computer program of claim 40, wherein the regional information includes local

2 .1mage region contrast within each frame.

1 42. The computer program of claim 40, wherein the regional information includes local

2 dynamic range within each frame.

1 43. The computer program of claim 40, wherein the regional information includes local detail
2 amplitudes within each frame.

1 44. The computer program of claim 40, wherein the regional information includes local

2 motion between one or more sequential frames.

1 45. The computer program of claim 37, wherein determining a QP value for each macroblock
2 of each frame is based upon information generated during the compressing step.

1 46. The computer program of claim 45, wherein the information generated during the

2 compressing step includes relative amplitudes of discrete cosine transform coefficients for
3 each macroblock.

1 47. The computer program of claim 45, wherein the information generated during the

2 compressing step includes a constant number of bits assigned to encode each macroblock
3 within a region of a frame.
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2 frames represented at a first precision in a first color space, the system including:
3 (3) means for transforming the sequence of frames to a representation in a second color
4 space at a second precision greater than the first precision; and
5 (b) means for performing subsequent encoding steps at the second precision to create a
6 compressed output.
1 50. A system for compressing a sequence of digitized video images including a sequence of
2 frames represented at a first precision in a first color space, the system including:
3 (a) means for transforming the sequence of frames to a representation in a second color
4 space at a second precision greater than the first precision;
5 (b) means for performing a motion compensated discrete cosine transform at the second
6 precision on the sequence of frames to produce a first encoded output;
7 (c) means for quantizing the first encoded output at the second precision to create a
8 quantized output; and
9 (d) means for performing an inverse discrete cosine transform at the second precision on
10 the quantized output to produce a compressed output at the second precision.
1 51. A system for compressing and decompressing a sequence of digitized video images
2 including a sequence of frames represented at a first precision in a first color space, the
3 system including means for encoding the sequence of frames at a second precision greater
4 than the first precision to create a compressed bitstream.
1 52. The system of claim 51, further including means for decoding the compressed bitstream
2 at the second precision,
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7 compressed bitstream; and
8 (c) means for decoding the compressed bitstream by:
9 (1) dequantizing the compressed bitstream at the second precision to create a
10 dequantized output,
11 (2) applying an inverse discrete cosine transform at the second precision on the
12 dequantized output to produce a decompressed output;
13 (3) generating image frames at the second precision from the decompressed output.
1 55. The system of claim 54, wherein the means for performing subsequent encoding steps
2 include means for applying an inverse discrete cosine transform numerical algorithm, and
3 ‘wherein the means for decoding the compressed bitstream includes means for applying a
4 matching inverse discrete cosine transform numerical algorithm on the dequantized
5 output.
1 56. The system of claim 54, further including means for generating P frames at the second
2 precision.
1 57. The system of claim 54, further including means for generating B frames at the second
2 precision.
1 58. A system for compressing and decompressing a sequence of digitized video images
2 including a sequence of frames represented at a first precision in a first color space, the
3 system including:
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8 numerical algorithm; and

9 (c) means for performing subsequent decoding steps at the second precision on the
10 compressed bitstream, including applying a matching inverse discrete cosine
11 transform numerical algorithm.

-

59. A system for increasing the average compression ratio during compression of a sequence

2 of digitized video images, the digitized video images including a sequence of frames, into
3 a compressed bitstream that includes I frames, the system including means for encoding
4 the sequence of frames by applying an inverse discrete cosine transform numerical
5 algorithm that matches the inverse discrete cosine transform numerical algorithm applied
6 during a subsequent decoding process, thereby generating a compressed bitstream having
7 increased spacing between I frames.
1 60. The system of claim 59, further including means for decoding the compressed bitstream,
2 including means for applying an inverse discrete cosine transform numerical algorithm
3 that matches the inverse discrete cosine transform numerical algorithm applied during
4 encoding.
1 61. A system for compressing a sequence of digitized video images having at least one of a
2 wide dynamic range or wide contrast range, the video images including frames
3 represented at a first precision, each frame including a plurality of macroblocks defining
4 regions, the system including:
5 (a) means for determining a quantization parameter, QP, having codes that represent
6 either a direct correspondence to possible values or an extended range of possible
7 values;
8 (b) means for determining a QP value for each macroblock of each frame;
9 (¢) means for compressing each frame at a second precision higher than the first

10 precision to create a compressed frame, including means for applying the

11 determined QP values for such frame to reduce the number of bits required to

12 encode such frame;
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1 63. The system of claim 61, further including means for effectively extending the range of

2 possible QP values by mapping QP codes to a wider range of possible QP values.

1 64. The system of claim 61, wherein the means for determining a QP value for each

2 macroblock of each frame includes means for making such a determination based upon

3 regional information with respect to one or more frames.

1 65. The system of claim 64, wherein the regional information includes local image region

2 contrast within each frame.

1 66. The system of claim 64, wherein the regional information includes local dynamic range

2 within each frame.

1 67. The system of claim 64, wherein the regional information includes local detail amplitudes
2 within each frame.

1 68. The system of claim 64, wherein the regional information includes local motion between
2 one or more sequential frames.

1 69. The system of claim 61, wherein the means for determining a QP value for each

2 macroblock of each frame includes means for making such a determination based upon

3 information generated during the compressing step.

1 70. The system of claim 69, wherein the information generated by the means for compressing
2 includes relative amplitudes of discrete cosine transform coefficients for each

3 macroblock.
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1. The system of claim 69, wherein the information generated by the means for compressing
2 includes a constant number of bits assigned to encode each macroblock within a region of

3 a frame.

1 72. The system of claim 61, further including:

2 (a) means for re-determining a QP value for each QP code associated with each

3 compressed frame; and

4 (b) means for decompressing each compressed frame at the second precision to create a
5 decompressed frame having at least one of a wide dynamic range or wide contrast

6 range, such decompressing including applying the re-determined QP values for such
7 frame.
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