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codi ng standards enpl oy conpression techniques in
order to all ow high-resolution i mges and video to be
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E?gﬁﬁﬁﬁﬁfggégﬂﬂ%f64/Advanced Vi deo Codi ng
("H 264/ AVC') and other image or video coding
standards. [0004] In accordance with many of these
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generated by a tenporal encoding process that uses
gisphishdataonpensati on. During spatial encoding, franes

are broken into equal sized blocks of pixels. For

exanpl e, an unconpressed frame nmay be broken into a

set of 8x8 bl ocks of pi ch bl ock of
pi xel s, pixel conponentgigtgxgggbk ed into matri xes
of Eixel conponent val ues. For exanple, each bl ock of
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|l um nance values and U and V pixel conponent val ues
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ransform ("FDCT") is applied to each matrix of pixe
€ thpeHANMC yalduigberiimage br adeo tdrhng standaedsng encoded. An

B3] 5530 PTy 1Dy PoBE SO TG g Tigmic eycomppgeged using
Sspafikl) en&ddME OBheddNframes may be original frames (i.c., i-frames) or may be
residual frames generated by a temporal encoding process that uses motion
compensation. During spatial encoding, frames are broken into equal sized blocks of
pixels. For example, an uncompressed frame may be broken into a set of 8x8 blocks of
pixels. For each block of pixels, pixel components are separated into matrixes of pixel
component values. For example, each block of pixels may be divided into a matrix of Y
pixel component values, a matrix of U pixel component values, and a matrix of V pixel
component values. In this example, Y pixel component values indicate luminance
values and U and V pixel component values represent chrominance values.

[0005] Furthermore, during spatial encoding, a forward discrete cosine transform
(“FDCT”) is applied to each matrix of pixel component values in a frame that is being

encoded. An ideal one-dimensional FDCT is defined by:



where s is the array of N original values, t is the

array of N transforned val ues, and the coefficients c
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[ 0006] An ideal two-dinensional FDCT is defined by the

formula: N1 N1 r(2m+ 1)I Tc(2n + 1) j t(i, j) =
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reversing this process. In particular, each matrix of coefficients in the bitstream video is

decompressed and the decompressed values are inverse quantized in order to derive
matrixes of inverse quantized coefficients. An inverse discrete cosine transform
(“IDCT?”) is then applied to each matrix of inverse quantized coefficients in order to
derive matrixes of pixel component values. An ideal one-dimensional IDCT is defined

by:
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where s is the array of NV original values, ¢ is the array of N transformed values, and the

coefficients c are given by

(0)=vI/N,c(k)=2/N
for|<k<N-1.
An ideal two-dimensional IDCT is defined by the formula:
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3 The resulting matri xes of pixel conponent val ues are
then reassenbl ed into bl ocks of pixels and these
whb@sks2oof pixels are reassenbled to form a deporEs2007/082291
video frame. If the decoded ¥ideo frame is an
intra-coded frame, the video frame is now conpletely
decoded. However, if the decoded video franme is an
i nter-coded frame, the decoded video frame is nerely
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val ues. [0010] In one aspect, a nethod conprises
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| DCT out put val ues associated with the encoded nedi a
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of IDCT output values based on the encoded media data when the maximum dynamic
range of IDCT output values associated with the encoded media data does not include
an IDCT output value that is outside the given range. In addition, the method comprises
using the set of IDCT output values to generate reconstructed video frames associated
with video frames in the set of video frames. The method also comprises causing a

media presentation module to present the reconstructed video frames.



4 [0011] In another aspect, a nethod conprises
recei ving, froma decodi ng device, a nessage that
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decoding device.

[0014] In another aspect, a device comprises means for receiving a media object that
includes encoded media data that represents a set of one or more video frames and a

range indication element that indicates a maximum dynamic range of IDCT output
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users g §t oye{ t10 enera (s:fl:troglfll)bT ou%put CRMBL LREF on the encoded
media data when the maximum dynamic range of IDCT output values associated with
the encoded media data does not include an IDCT output value that is outside the given
range. In addition, the integrated circuit comprises circuitry that uses the set of IDCT
output values to generate reconstructed video frames associated with video frames in the
set of video frames. The integrated circuit also comprises circuitry that causes a media

presentation module to present the reconstructed video frames.



presentation nodule to present the reconstructed video
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circuitry that receives, fromfa decoding device, a
message that indicates a maxi rum dynam c range of | DCT
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causes a media presentation unit to present the reconstructed video frames. The
encoding device comprises a second communications interface that receives, from the
decoding device, the message that indicates the given range. The encoding device also
comprises an encoding module that generates, in response to receiving the message, a

second set of encoded media data that represents the set of one or more video frames.
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response to receiving the nessage, a second set of
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| DCT out put val ues associated with the second set of
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of one or more video frames. IDCT output values associated with the first set of

encoded media data do not include an IDCT output value that is outside the indicated
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DETAILED DESCRIPTION

[0031] FIG. 1 is a block diagram illustrating an exemplary system 2 that includes an
encoding device 4 and a decoding device 6. It should be appreciated that system 2 is an
exemplary system and that many other arrangements and implementations are possible.
[0032] Encoding device 4 and decoding device 6 may comprise personal computers,
mobile radiotelephones, servers, network appliances, computers integrated into vehicles,
video gaming platforms, portable video game devices, computer workstations, computer

kiosks, digital signage, mainframe computers, television set-top boxes, network



ki osks, digital signage, mainfrane conputers,

tel evision set-top boxes, network WO 2008/ 052007
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assi stants, nobile nedia play&rs, home nedia players,

digital video projectors, or another types of

el ectroni c devices. [0033] Encodi ng device 4 may

include a nmedia source 8 to generate nedia data. Media
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amera . that.captures jmage data. Media source 8 may
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device. [0034] In the exanple of FIG 1, encoding
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.be a digital,signal processor (" DSP" .
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[0036] Decoding device 6 may include a communications interface 16. Like
communications interface 14, communications interface 16 may be any of a wide
variety of interface types. For instance, communications interface 16 may be a network
interface, a device interface bus, or another type of interface. Communications interface

16 may send and receive many different kinds of data. For example, communications

interface 16 may receive a media object. As used in this disclosure, a “media object” is



16 may send and receive many different kinds of data.
For exanpl e, conmunications interface 16 may receive
W(azmle/a‘iﬁmODbj ect. As used in this disclosure, aPCHES0A7/082291

obj ect" is WD 2008/ 052007 PCTIUS2007/ 082291 10 a set

of data from which audi bl e and/ or visible signals may

be derived and pl ayed back. For instance, a "nedia
object” may be a video bitstream an audio or video
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nmedi a dat a. en encodi ng nodul e 12 encodes a
B@Bemathmhm@r 22rmag coingheiec § denresdriivee loudibdr sdaftward thatexdicates on

dat ted b dj 8 di
Aty SEnaE g ol T RuR Sttt e anES bR b chipes modia
ﬁ&gé&@&tmnqh&ﬁﬂ@wt&ﬁégdﬂenfeaﬁr&faorm( FDCT") on bl ocks

i xel conponent values in video frames in the set
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nf I:fn{e kS genera & 1%65[0 Csl(l)’llllr%e %,2 en%géfmgenedu Sy ma{/%ft:nrelra e
matrixes of coefficients by performing a forward discrete cosine transform (“FDCT”) on
blocks of pixel component values in video frames in the set of video frames. After
generating a matrix of coefficients, encoding module 12 may generate a matrix of
quantized coefficients by quantizing the coefficients in the matrix of coefficients.
Quantizing the coefficients in the matrix of coefficients may reduce the amount of

information associated with high-frequency coefficients in the matrix of coefficients.



quanti zed coefficients by quantizing the coefficients

in the matrix of coefficients. Quantizing the
w@o@BOs®IENtS in the matrix of coefficients nmaRCT/E/00T082291

the amount of information asHociated with

hi gh-frequency coefficients in the matrix of

coefficients. WO 2008/ 052007 PCT/ US2007/ 082291 11

[ 0040] After encodi ng nodul e 12 generates the set of

(0] Adtsr cxfcoqimgnncbcméejllbgﬂfefdtm' tbase of fretrixes o quéntiapad socfficients

n t et of video.franmes, encoding ule 12 :
bt s Th EE RO GBS PAGMBdpoRly &f 885 fetpisee
FRARINNEN Uy RRsit 24P Of felse)di QUi b'(gsu\/eatlréiﬁﬁ)rma(sﬁﬁ@'l"’&)tcﬁl ut values
with the matrixes of quantized coefficients. The

@ﬂ&@«p@med wsathdbg rnaa@@@ of aueékﬂlzvd edeffacients.r The BPCTHoniput szeé@les

gs?s&% i ht fttr egﬁt gg)r 18165% r%psre?etn? ﬁ)g’fl outpu{TH 0dsSn a

SRR DT @Jtﬂ[ﬁt\faldés qfat WOVRI Bsult Bodch&etn € fafri:CoftiRt & se
by inverse_ quantizing the matrix of quantized

geatizedeeshigenth ay IRVISEYS IYRRETRA § ﬁgnattmomaml%edocfoeffmmts and
t
b B 5RO AR LR R AR RIDES e s

abidutee dantiayd d&ifﬁ(flaﬂtmeFdithactampld;)ﬁTCGHUiglnbdulallmﬁ&y deterrmne that

associated with the et of matpixes of —quant
é?%ﬁuémlgesaﬁsgomw With (e bR Renot %@BZ@@C%@“%@MS are
g@gﬂllg]ra gggmeng@gjfonggogpdul e 12 identifies the maxi mum
nam c range of |IDCT output val ues associated with
t(lﬂéllseifteoéncndmglm@hﬂmm gleainfi ¢s2bd mepefifm d'ymmis range of IDCT
encodi erate nmedi a ,ob
SHlER s amer i wi Pse TR et SRuFRcplse Sigpding
fidailei 1286y coebFHCh BRERD BRTOMaBINGHd¥ érnroﬁa?%né&ted%mons of the
video franmes, notion data associated wth the set of
matiees pf aw@zechmffacmaﬁ g@ommd odth the setloé ivisep frapss, motion data
C rate n NP 2
ERRTRISS v S Sl PR T LA TG R, D CaiD Faffexamte.
Mﬁfoain(griﬁocﬁﬂe lilﬁlamtaﬁermeanqxﬁm@amﬁrmpm s@&int that @olugles the
associated with the set of video franes and a )
ﬁitf%re@aﬁéq@e‘@aSé@nsafélh%em@trtXﬁ%@f qusaiiesst @sfigntnasipgitiad with the

%?O}d%o flafHg S &8 pltddhind Q%% (J:IH BiPat ﬁﬁﬁ%ﬁ?}ésﬁl@&aﬂrﬁlﬁn dynamic
e coe e range

Matrixes of quanti z CI ents
fange oAIDOT oeﬂpetmﬂﬁesl assbctatdEwith titaxatnnes @[Smmnﬂimdroan@“ments The

of I DCT outp tva es in the matri xes of i zed
FB8¢s diqatinp §iJ gg?gb ek aﬁlalxllimfl‘i%fygé@lcorﬁn% %ﬂ@@? QpYt values in
{hg%ﬁhx%hﬁ l%%%ﬁ%d 'cag'ﬁ‘éﬁhisodgs&ka@mfth RYset Heliiga arthbe

range of output values in a variety of ways. In
E0H2} $he emgﬁpideqatlbtn elemengmay ndiicét tho ma@eaﬁélaCTmyput values in a

einc'tI ecif or . ot.herw se . indi

RaiRase o o', MRS Hrlenpte” i s BT R R Sy specify
M@étﬁ&wlgb hhRatdRrha (@8 mOfuntbéa BF befd geR&! tfol r@;lb@mns any IDCT output
associated with the set of video franes. n a second

exlaapl e matrexos gh geantized eeaffigants B@sﬁ@ﬁtedmyh et wdep frames.
f’rp eé:ech)Xd eg{an(l)ptler:] f\:/\%a%ng? 5'8%]9% iSRL lee{n linu% exp c&t%eﬁg)( M otherw1se
m‘dldawmmdmc meTi loqtpanbau@slﬁm nmlﬁﬁnv\mdtfr bﬁi@uﬁﬁﬂu@lfn the
}/nla‘(cjrg%s 2% gﬁ?med coefficients associated with the set of video frames.

[0043] Encoding module 12 may perform a variety of actions after generating the media
object. For example, encoding module 12 may cause communications interface 14 to

output the media object to decoding device 6 or another device. In another example,



[ 0043] Encoding nodule 12 may performa variety of

actions after generating the nedia object. For
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interface 14 to output the n¥dia object to decoding

device 6 or another device. In another exanple, WO
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podughyen range, decoding nodule 18 may then perform

an ent ropy decodi ng process on the set of encoded
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module 18 may generate reconstructed residual pictures associated with the set of video

frames by reassembling the matrixes of IDCT output values. After generating the
reconstructed residual pictures, decoding module 18 may generate reconstructed
versions of the original video frames using the reconstructed residual pictures and

predicted pictures generated with the sets of motion data associated with the set of video
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wor@ensfopanmes using the reconstructed resi dual PEI/US200T682291

and predicted pictures generBted with the sets of

noti on data associated with the set of video WO

2008/ 052007 PCT/ US2007/ 082291 13 franes. Presentation

driver 22 may then cause nedia presentation nodule 24

fremout Presentatiogidoiver 31 gapkientdaase mpeds preserttiteon module 24 to output

: 'elg) né}gﬁa e%%s% Igl%?rggﬂ%%qr%g%\?%é Bs %&a Opﬁlnfllrﬁelggp video frames.

fioas| @ﬁ&fe%hﬁauesme@ema IS VARt IoARY BRY FEKTde E&Eral advantages. For

exanple, if a decoding device attenpts to apply an

eaple.of admtdmgde@fce @tenbisdd emls an T tg lagudtdx pf eepdicecnts that

Sut device is
PR DX P WPl T GO0 BP R Rk SR
prodgting) seﬂs@b cﬁffé@h@es&i&dwééﬁ&h@&@giﬁﬁdnaﬁﬁ H@a afl@thR dasadded media
result. Such differences may S|gn|f|cantly di m nis

date mpyapsulty Seh dHErensep ey gt hydimnishr e Q@bﬁmfc}h% decoded

r o)
R R
dméec@omsiewmnhg mctlia dataodiuaetht hecodlr@@Evmehpmmb\kaﬂoqﬁsduce the
ociated with the ed vers on .of {he nedi a data.

E?}ltp?hzs,al%ﬂ ey BRAMR @opiaderyian e e bithe . A
a .

fr?geﬂr: girlleg gﬂ?&?gg@}!m@ 'iggﬁlité%bé"@u uﬂb’mt A F‘y?iéa}'@o #Bdé):f]ﬁ Ent value in
¥ adsulmahpigtubemayp nmgeifrom ]256|t<b £8&5. eﬁhuspa@mebtmpmieub@lue may be
For eason, e required. to repres
ool U SRR R Plsaeu BofliR bE%H fige ol TR papresen

adthigleRlse 6 8B Bossle VaPiek (BBOM H512)0 In bR igaPXABRINEDCT should, in
produce | out put values (i.e., pixel conponent
thad erespla produes ilaﬁailoutmu‘t velues()-ct hixel mn@meﬁfrmheszse rgsgdual

d
B RAARL it TR0 TR GHR RS BT Db e
tdudtfici oM ID(Hfﬁnajl §ﬂﬁlub@llj@@ Sutpufl les tBit rhl%-rfr(ﬁidt— PBO5 to 1805.
val ue na&be one of 3610 different E055|ble val ues.

Tl ve [BCT outrnd tirlae By e qur pE&0 HbdiFfapsmerenidl ebesofTwelve bits
%ﬁﬁi%%@&&ré&% %%}?és%gy ale ﬁgg ke S61 1k9 e&)%glbl?: vallf ?(1 2 = 3?8 is

nsufti crent require “n or
tn@uﬁﬁcmnmsz e”c:esm%amy b@mqmm)t yn order ﬂi:mmiMZeMsmrgh:‘bmplemty,

use 16@? regls s to store numsrlcatIY al u
NiPFeso mégl]t ggq géglstg]s tQ,pforq wqr{cﬂ % eover, a last stage
gesodb Rl 8y 48cddhARBIY . 38 td %é‘- Q@YDC?%}I €q ﬁr% right shift

right shift by seven p05|t|ons or this reason
e soeth pgsitroniu| fer 18s exsay vésn dacqlinresdde 18 2®¢cultd$emqorocessor

only nine. bits renaining to re
St ot Ging bt reri g 1§ oo S REFIET butilf il 16- 7=
Nl BecRhftahBletae &ty hERILES e@ieptré@@ntltﬁﬁﬁ)@v foRtput Valatethe IDCT
the I DCT output val ues ngéﬁ e no greater than 255 and
aggahe

AP iegducs gy beaBazregonts ncyno Iehrethan p}56c dserquently, when
executes. the instr.u e
BTOC?Sg(r)rmeaenxelﬁlrl]t\?Se ﬁlseems {S%(()JI}SG decocﬁn% ?]rﬂnq%l{o Iper:%orm an anGI‘SG

giseaes®Pine 2QAnsogh tpr@éd@@ﬂ#@ﬁ BiighNprbt €Nl grefi ¢t Srrov &hen
proce53|n? val ues that are less than -256 or greater
presessmgeyalues that are less than -256 or greater than 255.

[0048] FIG. 2 is a block diagram illustrating example details of encoding module 12.
Encoding module 12 may comprise a set of “modules.” These modules may comprise

subsets of the software instructions of encoding module 12. Alternatively, these



[0048] FIG 2 is a block diagramillustrati ng exanpl e
details of encoding nmodul e 12. Encodi ng nodul e 12 may
weomwpiswer a set of "nodul es.” These nodul es nMaBCT/US2007/082291

conprise subsets of the softWare instructions of

encodi ng nodul e 12. Alternatively, these W

2008/ 052007 PCT/ US2007/ 082291 14 nodul es may conpri se

ASICs. In another alternative, these nodul es may

IIIDd]D]IGiS sy cemptivaASI(Can dh rocthios srztice ABE€snodudd483y dsmprise
ustrated.in th anple of FIG 2, encodi ng nodul e

ﬁ N ii: VA bB@Fvﬁaﬁdzgﬁé one or nore unencoded vi deo

[00RDEAs i ARG theRUMPR FF-FIGNE cA&diRS myHEIBQ2iAMRSeive a set of

may 1 nclude a single video frame, one or nore groups

@me <rm rgengruastcoded Vmi@h érames ey medih somicel80 The aghwf videadrames

rna% 1nc1uc¥$gans?né1§ Vide amFagrqc] (?Te d('érg %?ouugs of Hg{m %/ ) a?reotff?r fumbers of

didsé rrafnRs. pPRAdh aido Kﬂim& hReivtd@ont madie SI)LH@& 8 tn&@ﬁhélﬁde one or more
i nclude the entire video frane. For instance,

flipganEeeishiges aba Uggp Hgme aaAisgretq PREoNS 104 ﬁtfa\fl@le%%@”@‘i: thagtpgether
WAL RS, ) SEp (Rl vERSR AP

(“AVREG/H 284 staadudadspbctfg shardlicre maglbu dac bhﬁlocfosﬂrcepfor @bchavideo
lice. Rather, in the MPEG 2 st dar conp
fdeo OWFX?FE@GGM%UM‘WH%F@H’G“F &M t# ??H% ﬁi“éd FF{ does not
fenfe %é dobhceftdrs sHES kaé}ﬁéfr f tH@ R/fPE(? 2 sEa%ﬁE'Pd OIESIQBHI fete video

to refer to an area of a video frame that nay

fr@mes arclcouaddrbe hlrmdereto mdigiein genenabty, t@@&@@lomenses the term
ul e receive ture

R P Banatsh SEOS Sude af i B bies St Pl thoengire

$Rto @hm¢i deo frames generated by nedia source 8, an

intra-prediction nodule 28 in encoding nodule 12 ma

Hlﬂﬁﬂb@yheh@nmdm&mpdwdﬂmmweﬁtawlcaures(e@ @)f‘cwt PltCtlklifn

%sggﬁgﬁ wi hlfat \|71 f?]oi %ram% 1 a eg L(I)If g%%% frarneé %gﬁe a ﬁ% b¥ Hle%‘ha sodkce 8, an
ﬁitl@tpiécﬁStlcbmmbdilﬁe getin @ﬁcoﬂin@&ﬂodm@lmmay divagEc e dafe picture into a
with the MPEG 2 standard, |ntra-pred|ct|on nodul e 28

peapf BRrtifiges. t Hese parfiaons rﬁﬁscbw%equﬁ orgaetyal sgRs Fenatample if

%rﬁcgﬁkﬁ%é&ﬂ% gfls cicllﬁg tEhL §larcliPhhe sbib AR 2”1%16%)91 al ordance

stan se partltlons are reterre
asth 'tinaeiPdiel- @Gfﬂﬁdardj mtra-@oédmiron&n@ﬂmd: 28 may divedehdi Ictlg‘ent plcture in
pres in the set '

dul 2 t
PR t%ﬁt a'a% SPaZhcY ewm? W phe oK Isggh- ins %C%%tﬁ@gmvﬁgﬁg 2
kRt dAd, Rﬁ@sg' GititdAs IRJUtRed W%&k%l%st”hﬁl &8 Bkample, if

pi ctur’e |nto partitions that may have the dlnenS|ons
cﬁcomil)glﬁoduifﬁ kBis Brdding Sxdictdne8 in Bret cfnadeodkatnes in accordance

it LR 26 e S GpRE p R of il 3R b Gorrent picture
vm& Partifiens WM& b P BA cthadid@intiond &t TR BI BIBCE11$N RO AR E8x4, and

may identify an intra-coding node for each of the
fbel% nlfurfheéraor,@anftequ@m&m@dulﬁ He ixencoding the piciyres.in ﬂFﬁbﬁet of video

gra]lfl]tcsz ﬂlgaﬁcfsorda ecre';\‘)vvl(%oﬁ é&g%r{glt d arngiardp 1encf\rlaf Il)rgglctflgﬁ’l hodule 28 may
identify an intra-coding mode for each of the 1dent1ﬁed partitions of the current picture.
For instance, the AVC/H.264 standard specifies four different intra-coding modes for
partitions that are sixteen pixels wide and sixteen pixels high. In addition, the
AVC/H.264 standard specifies nine different intra-coding modes for partitions that are
four pixels wide by four pixels high. After identifying the partitions of the current

picture, intra-prediction module 28 may provide the partitions of the current picture to a
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[0053] If motion est1rnat10n module 32 determines that the current picture is to be
encoded as a B-picture, motion estimation module 32 may, for each partition of the
current picture, attempt to identify a corresponding area of a first picture in reference

buffer 36 and a corresponding area of a second picture in reference buffer 36. If

encoding module 12 is encoding the set of video frames in accordance with the MPEG-
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constitute 64 pixels in an 8x8 block. Forward transform module 30 may then, for each
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scalchiagiors afies apnlyiage ﬂaf‘o%@ﬁf@r?psmarra@ﬁom Borwigrghgpnsggrm module 30
Blak So0brRE ARLRKORR IR R 6300 ¥ 09 10 H\ SGHRIE URITMAS of

S orns an number o preci sion renove
bocfficivitsi Rerfdayning e diserefean‘JdSIIieSraaﬁﬁ)ﬁn oapptlyofitfec tdve vectors of the

di sc){)(gfte fOS| ne transform. Farward tranﬁformm) ul e %O

el os R g eraise rayEix b termediate valke- SNk fBrvar

TN REMBAS e 8D rhdYep k! Xdi Qrete €0GH ir&ﬂs%ﬁnson ERK P FHE 3imn

a discrete cosine transformon each of the row vectors

Wctcbrh ef thmzrtrlx obintgoeflfatacvadidss Pggneniag eslisratatosine toefnsforrn on

' te val ues rward ,.transform nod
SRS HROS R e R PR G SRR i of

M&ﬁg@ﬂlmﬁhesvect ors of the matrix of internediate

val ues. Performng a discrete cosine transformon
Ewéﬂ] Bfhen Herweed tramsforar modele gl generatenr matrippf coefficients, a

112.'!1"{9 o%l rralt (?u\}% lﬁb E’Inegnc[)gi%glntlosdulle 1A mg?tggﬁe)§atefal matrix of quantized

coefﬁ01ents by quantizing the coefficients in the matrix of coefficients. Quantization
module 46 may quantize the coefficients in the matrix of coefficients by dividing each
coefficient in the matrix of coefficients by a number at an equivalent position in a
custom or a standard quantization matrix and then rounding the resulting quotients to
generate quantized coefficients. For example, quantization module 40 may divide each

coefficient by following standard quantization matrix:



[ 0060] When forward transform nodul e 30 generates a

matrix of coefficients, a quantization nodule 40 in
wep@ssog’ nodul e 12 may generate a matrix of gReEnUB2eT082291

coefficients by quantizing th¥ coefficients in the

matri x of coefficients. Quantization nodule 46 may

guanti ze the coefficients in the matrix of

coefficients by dividing each coefficient in the

matri x of coefficighttslbylh Hantldr af! ardlequéilv Ient

position in a cusfidniy B si@nddrd Sguandi z &b

matri x and then roundi 1g tiheax esyl tiyrg qMoth@n s to

generate quanti zed ﬁpefflﬁieﬂés s {Forg-exappl &

quanti zati on nmodul ¥ dLVlQﬁhefﬁg 1@§$f icient by
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#dojieedtmaesron doeta matriafof quanttzed edefbioehfsite ae amtsqpy encoding

ugnti zation . nodul rov ide the.matri
SeanE 230 cRGith eparle 12 BT dn PuRRF SHy CALGBImRG e Ad du FRcoding
#ddhR 1encodi ng nodul e 12 and an inverse quantization

modul e 44 in encoding nodule 12. [0061] Upon
96&] Uipag rezcivitg 4 mawfx afypantized goefbisichis angarftrzgmn module 40,

%&%ggeﬁgmmg oS BLG RE B DR gty

fp?r@:tnﬁ&ﬁﬁg SUhGA@itH theSENERBT G RarftRed BRIfFiti¥ntef Fertiakkhdeg entropy
coefficients. For instance, entropy encoding nodul e

o Ty 4 e Rppie Iy Tmat ot estedddptivearithmetic coding

e
gcglgﬁnlfg Fgg?ﬂgﬁ?&ﬁg _P@ guatﬁ(igc? g(?]effé cle étg 0y Tg%h@g/gm%gltr &{c'oaﬁ]% scheme
® mtamx)«)fmlﬁlammﬂtcoaﬁﬁdlemeéxftrapy@nt@dmgmbdmlpwzeimoghnngte a
nodul e 42 na¥ generate a vector of the qua élzed
¥dyrrafthemaatizedd qogficients Wh%fnaafaa?ﬁq%azegd@ﬁ ficisngnys

foriifrhid £ El?le!bigsc%n AF A% aﬁ‘t?z%a BEFALRGAH AN hZ 6 of quantized
oefficients

nthe matrix of quantized <coefficients.
toefotibes. Wwootts:, wends rernpmpﬁ mmdmggnuhﬂl@ H2mdg anaygcaalt afitge

all .of th antiz oeffici |

Avngnd ttegicinis fl E oFo Guasoiopetega iied Spsigioqs into a
anedithrBiBakIARBor Bﬁ&ﬁa%ﬁz&f cddentiitg B eQRS dnk&digR hiddule 42 may
Entropy encoding nodule 42 may then apply a

thgn aplelmgtrhnémgddﬁmgdmgtsehmne sudtasdsuifpaf mng:@mrﬁ@m@tnc coding,
& the Vgn%or 0 q%%rqtlze% coefficients.

[0062] In addition to applying an entropy encoding scheme to matrixes of quantized
coefficients, entropy encoding module 42 may apply an entropy encoding scheme to
motion data associated with partitions of video frames in the sequence of video frames.
For example, entropy encoding module 42 may apply a Huffman or a context-adaptive
arithmetic coding to the motion data.

[0063] When inverse quantization module 44 receives a matrix of quantized coefficients
from quantization module 40, inverse quantization module 44 generates a matrix of
inverse quantized coefficients by performing an inverse quantization operation on the
matrix of quantized coefficients. For instance, inverse quantization module 44 may

generate the matrix of inverse quantized coefficients by multiplying each coefficient in



to the vector of quantized coefficients. [0062] In

addition to applying an entropy encodi ng schene to
woredosiosas7 of quanti zed coefficients, entropy BPCDUSI0NT082291

modul e 42 may apply an entropd encodi ng schene to

notion data associated with partitions of video franes

in the sequence of video franes. For exanple, entropy

encodi ng nodul e 42 may apply a Huffman or a

thembank of gaqntizecbcocdii¢ichisby b quobdi atgntequivhlentmdsitom of a

data. [0063]. Wien inver.se. quanti zatign nodul e 44.
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generates a matrix of inverse quantized coefficients
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oefficients may not be identical to the origina
transforxn wbdale dbthias pertracd WeriN ohMEXESkowtpeintalueatforozach pixel

dul e 44 t t.ri foi tized
EBRGTICR WAEOT 4 O QEDISEIriET T3 PO B aP ST 40 gy the
B8 8f IIHET BBt ¥al@fs tb BEEE SR aBISM dfZRekIs RS fob&isBOEtSd residual
to an inverse transformnodule 46 in encodi ng nodul e

pizturg aBediptcdiwaih theverend piatems Moram inpaded tamsBrimgpedule 46 has
matrix of inverse guantized coefficients,, i.-nverse. . .
EPainesitheghPE” o ehar B ax oo &g i tigipged win
whalcuasntPictuiRg iverseitiagsfafin hddhleors hineredahstiust AE résiMAl pieture by
quanti zed coefficients. Wien inverse transform nodul e
e@nbianedbnecapdigcied biacks of pixels pBExb iSRS tiaapliges npegtule 46 may

i xel ; . i
FG b Rl SRURAREG Y BB Bl BbhOFomnlFhBuis s ant
1dDgd detattpomt mydlleié$. t 0 generate a bl ock of pixels in a

reconstructed residual. picture associated with the .
Ef?ﬁgbﬁ\%heaip&wpé@%f@wtsOH\rw@@é # ’&ﬁ%‘f’?ﬁ‘ﬁ? Fesqutecs hydual
peaRE sbhial &e fatork 19851,119@16%%‘[%&&&5&'[1@&011 modul? ﬁg may use

reconstructed residual picture associated with
there@mstripited gsidpali meteresgenenatd dyonvarsmtdariséortbmodute 46 and the

regonstruct the residual. picture b C injng th
ooty R L A S i o ARG A R DR
tcamnsfuelcMVeREH & tHEcurPsht pRERY] BRtIE CochBGRIEDS HOUEK 48 may
residual picture to a picture reconstruction nodul e 48

gengrade theapepasigeatedvirsian pbthelcorsit pigtores] addinerthpresppsteucted
%egl(s:d?lg Lﬁa{{:tll’ll%et e Ir)rr%gl%{e% p411(:8[u1[e§ PN %%netrgt?ngr & (r)fpc%%tyu%tteeddversion of
the current picture, picture reconstruction module 48 may store the reconstructed
version of the current picture into reference buffer 36. In this way, motion
compensation module 34 may use the reconstructed version of the current picture as a
reference picture for other frames in the set of video frames. Using reconstructed
versions of pictures rather than original versions of pictures as reference pictures may

result in more accurate predictive pictures.



picture frominverse transform nodul e 46, picture
reconstruction nodule 48 may use the reconstructed

WO e®Baiseal7 pi ct ure generated by inverse transforer/msmot/es2291
46 and the predicted pictureflgenerated by notion
conpensati on nodule 34 to generate a reconstructed
version of the current picture. Picture reconstruction
nodul e 48 may generate the reconstructed version of
{0966 Bangendetqziion moduleysOamaly igntifyer mexdonst dyenedrange of IDCT
residual pigture to the predicted picture. After .
SR e Suer B s Brashiedon wre gapes in the
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the reconstructed version of the current picture into
vafieyie tloereporfstroeted Gesidual pigiusesgagociatest woh Vicgorfw@mg an therset of

dul.e 34 e the reconstructed versi.qnof the.,
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values in the reconstructed residyal picture
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refer to I DCT outpu values 1 n the reconstructed

qesitidatain quiar oumesimsRatynamedangdsioIDAFout e velsies cant eefound in

" cdbhstrtHend BETaRa it fur 48T sl B MG g coding

absencgighi] F%&@&ih%:%&&@E&I(DMMUNMTKUNP%L valNes, pp. 137-
associated with the reconstructed residual pictures

may f al45, iPechil§0% the entaegenfenpdowhigh 5] her¢hyweearporattddyt o
quanti%%%iqp eryor, | DCT output values in the
reconstruct ed I‘esi dual pictures may fall wthin the

range Y:ReAHk, “UhQiippingrint liysareXanilcanf vhanges MEDECT dins”,
nodul e 50 may ident | f\XI the range [-1805, 1805] as the

mexi Ui amiTE 1 rmgeWsi! it deerrpent MBEGEQ06/M 4097 October
recons C [ yelp :

ot or regts HERE, O, e SIE Byt A horcby incorporated by
error w@feremeei mum dynami ¢ ranges of | DCT out put val ues

an be found in | Zhou N\ nd De Laneillieure J.
me%ﬁflﬁﬁfnqdawgfﬂ ity Weeehw/hee eun gramicgngeqf IDCT output
g’%lggs%ﬁhmmﬂs%@%d CERMIND EFL e VY AILty o}“%%ay&b- 2, pp.

5, Dec. 1997 the entire content of "which is
Hﬁmébylaﬁnmﬁpmmﬂteﬂmbyrmm@ﬂewemmemo@ddSszdemﬁﬁyﬂkknwdnmnl

b uee o7 BT e e B3t antipist g Bighins. anee
&@E&%QQ%M&@@@?%@G@J@WK @ BecotidN@EdAAYsid el iphdure tab®ciated

entire content of which is hereby incorporated by
withdhegigeent picture from inverse transform module 46, identify a greatest IDCT

output value in the reconstructed residual picture and a lowest IDCT output value in the
residual picture. Range detection module 50 may then determine whether the greatest
IDCT output value in the reconstructed residual picture is greater than a previously
observed greatest IDCT output value in a reconstructed residual picture associated with
the set of video frames. If range detection module 50 determines that the greatest IDCT
output value in the reconstructed residual picture is greater than the previously observed

greatest IDCT output value in a reconstructed residual picture associated with the set of



Range detection nodule 50 may identify the maxi mum
dynam c range of |DCT output values in the
w0 ewsnstopuct ed residual pictures in a variety PET/WS2087/082291
[0067] In a first exanple of How range detection
nodul e 50 may identify the maxi rum dynam c range of
| DCT output values in the reconstructed residual
pi ctures, range detection nodule 50 may, upon
videe fraings rangealctarson uexleld J0esaydseathepiredtest ED@T smtpuatvelde in the
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ralng B e reenstoriadoaenl perteedeicn has thermaeviewdy ghssaicddewest

| .
LT gy DL HEH USRI BH SR SR may st
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withdles soh of Wideo Gemns andix tomast 18X T oatbut ilwt assariated with the set of
Siml.arly, range detection nodule 50 nmay determ ne
WHE? A8t he | owest |DCT output value in the
[0R68NEL 4 LChRP B8 Bfhow kfilgh d8teborl BE&ult BBMA identify the
previously observed |owest |DCT output valué in a
megionge dyeteid rangsiod U Triugnui veluasassediated avithithhrachestgieted
it AR, RS dorediel e B RS TR R myeiep goviduat
praensdsbeielca tvithehit detalf vilcotftah®si A flcef®civitg@itath€cconstructed
previ ously observed_ | owest |DCT output value in the
Eesiduglpigutressqqiaae with thintrb otieder R@es. wtg dstas Borgpdyle>0 may
bt SR orpran Ry ol BlnS, biifh CORCPRERAGH Sl of the IDCT
butanemlics it bechl ddviestccdridCTcted kaseluahpictuecsrasgaitséd with @k sct of
residqual pjcture. I.n this , range detection nodul e
LR meaeﬁmaé;ﬁ%gwai»% grodule ﬁvé%y e peieyar gdumber of bits that are
RISQEHBESH tha thD ndolesiS@tica biiifags fe G halt QRS one.
| DCT out put val ue associated wth the set of video
Thiamembef, p0B8)ne] in cqua ée theduebanpf @tsabquioed to aepgesent all IDCT

det ecti on.mdul e 50 i denti.fy the i num. dynarm ¢
PRGE R BF FoR Lo e gD AP0 R e v o video
Fre@eN STRGhGehunt AhBl4If bRE Edqulr8s to fepRGet ARy BOETtput value in
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Picaeepnatragerbichiduadiciieh asseelatpdiwidt the isefedd Vidogrfeasnes Apgyeserve as

recei vin ach reconstructed resi al i cture
T e

eetdact pictrayaiscRitdOn iiRthe sgesri@doXrandsempor ary val ue by

erforming a bitwse "OR' operation on all of the IDCT .
F0069] In a third example of how range detection module 50 may identify the maximum
dynamic range of IDCT output values in the reconstructed residual pictures associated
with the set of video frames, range detection module 50 may use the following formula
to calculate a maximum dynamic range of IDCT output values associated with the

reconstructed residual pictures associated with the set of video frames:



out put values in each of the reconstructed residual

pi ctures associated with the set of video franes.
waR2mvgesaet ect i on nodul e 50 may t hen det er mi ne BCTUSOT/082291

of bits that are |ess signif#cant than the nost
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psspgiated gvitifhe pet@E videg didBicat i on nodul e 52. Qbj ect
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Bty i eI E T BT hiek A i iaefiencoded
eogelatf ashddatedwith ldtset‘,\/cﬁi WES fran&0dh disdxarhple debedisgtevice 6
of video franmes. [0071] In the exanple of FIG 2,

BiE daicryingohgther the rangeondisation Jemeny ip Higgaedia object indicates that

IDCT output values associated with the encoded media data fall outside the given range.
For instance, in this example, the given range may be a range of IDCT output values
that decoding device 6 may produce using a 16-bit digital signal processor (“DSP”).
Furthermore, in this example, if decoding device 6 determines that the range indication
element indicates that one or more IDCT output values associated with the encoded
media data fall outside the given range, decoding device 6 may send one or more

messages to encoding device 4 indicating that one or more IDCT output values



configuration nodule 54 ("RANGE CONFI G MODULE") .

Range configuration nodule 54 configures encodi ng
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Decoding module 18 may comprise an entropy decoding module 70, a range checking
module 72, a range negotiation module 74, a motion compensation module 76, an
inverse quantization module 78, a primary inverse transform module 80, a secondary

inverse transform module 82, a residual reconstruction module 84, and a picture
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module 72 may determine that primary inverse transform module 80 is not capable of

producing one or more IDCT output values in the range of IDCT output values

indicated by the range indication element.

[0076] There may be a variety of reasons why primary inverse transform module 80 is

only capable of producing a limited range of IDCT output values when performing the

first operation. For instance, primary inverse transform module 80 may implement an



may be the range of IDCT output values that primry

inverse transformnodule 80 is capable of producing.
wao-008f0s90BNCe, the range indication el enent maRCT/US2007/082291
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media object. Encoding device 4 may use a variety of techniques to generate the
alternative version of the media object. For instance, in the example of FIG. 2,
quantization module 40 may use a different quantization matrix when quantizing
matrixes of coefficients generated by forward transform module 30.

[0079] In a second example, when range checking module 72 determines that primary

inverse transform module 80 is not capable of producing one or more IDCT output



i nverse transform nodule 80 is not capabl e of
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picture is encoded as an I-picture, motion compensation module 76 may generate a
“reconstructed predicted picture” in which each pixel component value is equal to zero.
[0082] If the current picture is encoded as a P-picture, the motion data associated with

the current picture may include a motion vector for each partition of the current picture.

As discussed above, a motion vector associated with a partition of the current picture
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picture by performing an inverse quantization operation on each of the matrixes of
quantized coefficients associated with the current picture. Inverse quantization module
78 may perform the inverse quantization operation on the coefficients in a matrix of

quantized coefficients by multiplying each of the coefficients in the matrix of quantized

coefficients by values at equivalent positions in a quantization matrix.
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[0089] Forward transform module 30 may then generate a set of matrixes of
transformed coefficients associated with the current picture (108). Forward transform
module 30 may generate the set of matrixes of transformed coefficients associated with

the current picture in a variety of ways depending on whether encoding module 12 is

encoding the current picture as an intra-coded picture or as an inter-coded picture. For
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module 50 calculates the maximum dynamic range of IDCT output values associated
with the set of video frames, object generation module 52 may generate a media object
that includes the entropy encoded matrixes of quantized coefficients associated with the

set of video frames, the entropy encoded sets of motion data associated with the set of

video frames, and a range indication element that indicates the maximum dynamic range
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matri xes of inverse quantized coefficients associated
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quantized coefficients in th¥ matrixes of quantized

coefficients associated wth the current picture

(114). After generating the matri xes of inverse

quanti zed coefficients, inverse transform nodul e 46
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encoding process used to encode the media data. For example, if entropy encoding
module 42 uses Huffman encoding to encode the media data, entropy decoding module
70 uses Huffman decoding to decode the image. As a result of applying the entropy

decoding process to each set of encoded media data, entropy decoding module 70 has
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conpensat i on operation, thereby generating a
piced¢ by epblpingtan ABCAgedld st efimairixks bhievense reamitized coafifig@ents

L et ooty on it T B S At Malken AT output
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reconstructlon rnodule 86 uses the reconstructed residual picture and the predicted
picture associated with the current picture to generate a reconstructed version of the
current picture (148). Once picture reconstruction module 86 generates the
reconstructed version of the current picture, presentation driver 22 may cause media

presentation unit 24 to display the reconstructed version of the current picture (150).



coefficients associated wth the current picture

(142). Inverse quantization nodule 78 nay inverse
w@e@snsze7 a matri x of quantized coefficients bRCT/US2007/082291

mul tiplying the quantized co¥ficients by numbers

associ ated with correspondi ng positions of the
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version of. the t.picture (148). Once pictu
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addi tional exenplary operation of encoding nodule 12.

1:>rﬁn_mlgppﬁgratlmfm_ iﬁﬁ- e aqncomisgimndale bcmay geomte heogiurgted media
B IS e ORI B Py Rt BB SR ALk b Hent
pRyure eetived withsthe e WESideb Mra@@ jol fietreQuestat infledda SlEHOEGE174).

i\/[rl)%loﬁ %E)rln?)gnsg‘ligﬁghulte Ig?ltmallynt?llerg génee?atg a predicted picture associated with
the current picture (176). Next, residual picture construction module 38 may use the
predicted picture and the current picture to generate a residual picture associated with
the current picture (178). After residual picture construction module 38 generates the

residual picture, forward transform module 30 generates matrixes of transformed



gi ven range. For instance, comunications interface 14

may receive a range indication elenent from decodi ng
wa@leoB082067 t hat | ndi cates a maxi mum dynam ¢ r anper/v$2007/082291

| DCT output val ues that a de¥odi ng nodul e i n decodi ng

device 6 is capable of producing. [0099] Wen
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the nedia object, range configuration nodule 54 may
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seith@fpictidessdciaagiesitiathel sebsftvideo fpants ibyhqertetad mediaobject,

forward discrete cosine transform on pi.xel conmponent

ol e (1Y I e e T e %ﬁéﬁ“tt PIAHTF giociated

o yhEset B PRYo D985 088 a)r 88), $Goc AbtctBE] Ib88le 80 may calculate

quanti zed coefficients associated wth the current
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Subsequently, communications interface 14 may output the media object (194).
[00103] FIG. 7 is a flowchart illustrating an alternate exemplary operation of the
exemplary decoding module illustrated in FIG. 3. Initially, decoding module 18
receives a media object that includes a set of encoded media data associated with a set

of video frames, scts of encoded motion data associated with the set of video frames,
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for. another picture associated wth the set of video

medigelata. For grarpplgué stterpyrangpding pjodete 42 wagiHyfmga encoding to

t
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theanmege. Aé( ERsubfof 488ying Itl&fﬂ@&ro@@tdeﬁidu(glpm It(EeEEJ(B sBTEtyf encoded

calcul ate the range of out put val ues gener ated

By diagley sRrqnyAl55e P&P}?&HG 5 hag Prsucedre S & mifrixe ofigRntized
EsafEsnts 1982 iat %ﬁpﬁglcﬁ?& ﬁéﬂcia@&i WRAYIRo %%nﬁ@)'n R8¢ of video
generate a nedi a object t I ncl udes t

éameopy- encoded sets of quantized coeff|C|ents

i at ed th the set,.of id f rames )
AEBEL . oyt thetehy SR mof Tk BIE e spsepgiending
I)]Ik@at%ﬁlt orPfhe ¥h&RIed nddfi®sa arRtle trdtidRY8tal AEt&REIRPensation module

ment that indicates the HHX|nun1dynan1c range of

Then ddcodingamaiueelSmay usDoT mstiop detavie pedernas swiioaceapensation
errr%r}tborllll glae{e%g/ rgg?nera ngge % gieréi%&rgf %,gtur stsocui%u 1tﬁl%ﬁe cur¥e‘nt picture

@0]6? CSulis¢@bhtly oD thlghzdlidE h@hhbt&)nacd?ﬂpéﬂ@dﬁ@htmodule 76 inverse
|IIustrat|g%éan alternate exenplary operation of the

@%ﬁ‘ﬁ‘l‘t&ﬂﬁ ®d% Hydgsedineanqdulq st may eenarec pise; of matrixes of
1tSl? a{lln?f c‘i"é&&ﬂh@ﬂtg s%ld a?ed]v%ah 5 glgﬁén\f g?‘cuﬁe QES% ﬁte‘&%@ﬂhe set of

I'nc set of encode ata assocl at
Wldbdn framseby ap)fﬁlymgdﬁ@n\fdrm’tﬁmnumbﬁ opéragmc woaatrived dfoquantized
ata associated with the set of ébgeo frames, WO
Wéﬁ igf5 aEpociet gL He PR PItUICd608Ind a range

[(ﬂ'fi bgat ' onA?ﬂeleﬁ@f@ltse ﬁgzggl)zatl(ﬁ{ 1n6u1898 %ghé}gtem%?ﬁrl;& of inverse

receives the nedia object, range checki ng nodul e
euanltla@ct eoctfhaents nsg;ecmwd vt tho nureérs mentgref raoge d;fhaekmg aimmiule 72

Gk Gaert e stismet B il SR oSy BT PR e e

Qfd%ﬁ&% el‘éfhehﬁﬂcl%@és A IRNC oge et vibeH BatddbatsRRA divé Bfge (210). If
of notion data in the nedla objectﬁ§204 Ent r opy

taeo dhasdingoaed ude ﬁ)dﬁatymp@snil@trthﬁ snge Ha@ outmt: @dﬂ@ﬁgmdlcated by
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encode the nmedia data, entropy decoding nodule 70 uses
PRA RO BsBYdiciget of gatiggeof IDCT output values associated with the

current picture by applying an IDCT to the set of matrixes of inverse quantized
coefficients (212). Otherwise, if range checking module 72 determines that the range of
IDCT output values indicated by the range indication element includes an IDCT output

value that is outside the given range (“YES” of 210), secondary inverse transform



the image. As a result of applying the entropy

decodi ng process to each set of encoded nedia data,
wenisofmpotdecodi ng nodul e 70 has produced a setPOF/US2007/082291

matri xes of quantized coeffi¥ients associated wth

pi ctures associated with video franes in the set of

video frames. [00104] After entropy decodi ng nodul e

70 perforns the entropy decoding operation on the

modolded madisa adat@ndaopdratioe torpéricoate dattanf nmvtixasof IDCT output

ensati o ule 76 in d codi n
B OROGHEUAE s T B R OO IBAE S <ot of Thatixes of
ARefsalybatized B&ab¥n@enenating a predicted picture
associated with the current picture (206).
E!%Qé]q uent Kyteoeithen ppmraai ingersquresforo module dfpe nemnday inverse

erse ant ] zat | ecodi

Hglgilfl?rm nglﬁg?& Irlleer?tg? q c ge{ fa matflx%? r IH Smgput Vanli%,rrg%lggal
fildantiuceoh FRENIEISAIBE the 8&Pehadtiad oMU THue WENES assomated
picture associated with the set of video franes

mﬁb IR GHgTeahpich@ fosgengiaging Tesarstigated pesidual pisture awafla%ési agth the

{ t
A T e O e
reodustiected rggdet picese tisecinrtiwikethe ofirrem\pévtse, plqmwltebdtfsd'uction
co gff|0|ent associ ated w “% t he current%ﬂlct

s 8ersekinp gecrpritHetedrssidya piciwe dpdritice e Bictjr gssociated
a9 afrreln%-g &@%&é&lefé?é é’%%oﬁs?ﬁbféatvggl&yof{tﬂ@cq gﬁlcture (218).

I ndication el enent” 1 ncl udes an I DCT out put va
Dsccopmcmrdscan@nuv&mn mardygle 86 2Zt0)ratch fhe camgeuabeedsiog of the

dul t th f t p. .
O e Bich e TE BB Grit 2 g e Y el Gpy 24 sulsplay
MRtred RS utA& @é?fmbp@ﬂh@%hﬁblﬁt plalsgobdat is outside the
gi ven range ("NO' of 210), primary inverse transform

[ﬂDdl!V]e 80 Hale awecngpicturg1s nag ﬁi@rlaﬁtlpmﬁurte@swwéﬁrdawh thesset of
mat rix ,,I Qut.put val ue C h the
N e e N S e e e R

o@hpdns@fonaipetdtivaione fittart dsithted @th fithCdc@Bf Sidéfk@hes that follows
Ot herwi se, if range checklng}nndule 72 determ nes that

Ehﬁéu’f’félﬁg}é“@ﬁa anmmb@@éht Oy Heyherihgad.d hthe gupgntimgiure is the last
éigﬁ% < % E&hféﬁ%l@ﬂhg L& deb Gl NG of %E%&)g#& ﬂ%gule 18 has

I's out3| € gl ven range
&ﬁmmaddﬁyaxmmﬁmseaﬂﬁamkbdhanMQZQOSI052007

PCT/ US2007/ 082 82 may use a secqnd
HﬁT ﬁt i on {rg ﬁ@ﬁwéieéc gﬁ@fi?ﬁﬁe%w g aaplgmep b pate:
VaRhWies MRRRGE Qﬁ%ﬁ¥ WhihBinhfiéh EFHEN AP T&E&Esedeb&‘rﬂ%ﬂpisﬂ&ﬂﬂes or

an IDCT to the se matri xes of 1nverse quantized
welﬁdnenisermsbe( lmﬂf)met{t@btbgéi}lerﬁmtaﬁnntegrtatadrcupmt oratyintegrated logic

IO BE e Y P TSR T a8 e TGS A Firllamggeed in

Ldxar@UhPrchYighdsatay befeh Bkl at 1da§tqﬁ Dakt ?catdoﬁ{pum%dd@b%nedmm
uses the set of matrixes of IDCT output val ues

exysprasiag wdtruciionh thah evhenrexeqiteds petferines ang ofaiese af tvhe ancthods

H&EAPST fpact e‘f“hé ggrlnf)j er-regdégotleu rrn%d%%lsr%%/ (;rrendpa\% tfh a cornputer program

product, which may include packaging materials. The computer-readable medium may
comprise random access memory (RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile random access memory
(NVRAM), clectrically erasable programmable read-only memory (EEPROM), FLASH
memory, magnetic or optical data storage media, and the like. The techniques

additionally, or alternatively, may be realized at least in part by a computer-readable



current picture (216). After residual reconstruction
nodul e 84 generates the reconstructed residua
w@e@sos®oassoci ated with the current picture, PCTUS2007/082291
reconstruction nodule 86 use¥ the reconstructed
residual picture and the predicted picture associ ated
wWth the current picture to generate a reconstructed
version of the current picture (218). Once picture
c@uonsicatiat mohumptiat ceri@s ogeommanestes keds mdbe Strmudtiedructions or
erS|on of t current ture, presentatjon driver
455 gt et errd thrdeeRib oS bbar sonaye
Edi'ﬂ 09]ECONSTHAES RUNKEFSERBURH bY BRe BEMbRBrofissdrdsBich as one or
220). [00107] If t'he current picture is not the | ast
pioee digdal ssgnebpraresdorai( PAPs ngensedl pafpos«vnmopmcm application

%o"ego{c"m%gra%eéiz I_I,—?plch A%@ g%(gﬁr%g%ﬁllngmﬂa Ie fjogmt arraé/s El@ﬁézgs) or other

Mérﬁtllﬁégr\alteﬁfbrHﬁ@reﬁlogﬁfcu\éhﬁ@o Adc@fﬂi‘ﬁgl& hat tcr@l peyessor,” as
e current picture, SO on $206) On the ot her
h@ﬁdlerqm map gefepioraapitof phecorageings Iﬂlﬁ@rq QY obfcE sigpeure suitable for

t
g@@gﬁkﬁéﬁﬁ% UFQ te%ﬁl%ﬁﬁgs degérlb dq}%{)e 1t nl\lﬁhsgﬁgee%gg%s the
ﬂind&cﬁnaﬂlltﬁdmwlbé{ﬂihkem [rﬁh@%&jroﬂiﬂed Wﬁhimrdedwa&ddeﬂwmrebﬁtﬁhules or
may be i nted i.n hargmare sof t war e,

rein
F@rﬁwmrréog%?s CORYEUSHEPTRACPYRE ARG Ao INBARY INFIRPTHdSn a combined
JRss LhRRE-3%0 (ﬁ§E@T conponents nmay be i npl enent ed
together in an tegrated circuit or an integrated
[(lﬂgil&] devNaﬂoumxamimmaV@bgenaksm‘tsdr @hescbnt! other examples are

%» erabl " 3@“0 devices. If inplenented in
gDPFH }F AV e’ May be realized at least in

part by a conputer-readabl e medi um conprising

i nstructions that, when executed, perforns one or nore
of the nethods described above. The conputer-readabl e
medi um may form part of a computer program product,
whi ch may include packagi ng materials. The
conput er -readabl e nedi um nay conprise random access
menory (RAM such as synchronous dynam c random access
menory (SDRAM, read-only nmenory (ROM, non-volatile
random access nenory (NVRAM, electrically erasable
progranmabl e read-only nenory (EEPROM), FLASH nenory,
magneti c or optical data storage nedia, and the I|ike.
The techniques additionally, or alternatively, my be
realized at least in part by a conputer-readable WO
2008/ 052007 PCT/ US2007/ 082291 38 conmuni cati on nmedi um
that carries or comuni cates code in the form of
instructions or data structures and that can be
accessed, read, and/or executed by a conputer. [00109]
The code may be executed by one or nore processors,
such as one or nore digital signal processors (DSPs),
general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable |ogic
arrays (FPGAs), or other equivalent integrated or

di screte logic circuitry. Accordingly, the term
"processor," as



used herein may refer to any of the foregoing
structure or any other structure suitable for

w0 pBesINT at i on of the techni ques descri bed heP&Il/mS20011082291
addition, in some aspects, th¥ functionality
described herein may be provided wi thin dedicated
sof tware nodul es or hardware nodul es configured for
encodi ng and decodi ng, or incorporated in a conbined
vi deoCéAdddi®er - decoder (CODEC). [00110] Vari ous
exanpl es have been descri bed. These and ot her exanpl es
are wthin the scope of the followng clains. WO
2008/@539ggd5&;5ﬁ§@907/082291 39 CLAIMS: 1. A nethod
conprising: receiving, with a decoding nodule, a nedia
obj ecteceinag, witblatge leg]wde@ regilia Obnmt that fngludes encoded media
ERYES PR HloaReRers TRES bl S LLPEER aShp croment
ﬂMﬂﬁhﬁlc@teE angsidimi dyvl@m&eraﬂges@fnﬁb@s@@@¢re@ dokia® &hfeRm (“IDCT”)
("IDCT") output values associated with the encoded

%ﬁPbVa@&lS&SSOG@f@r%TMh@@nWH@d #a;maxi mum dynami ¢
e oqdernbfl bR el ton ARATL ALEH MO bl yatyes

associuted ivdeh the egioded mediaghata usludes @ IDCH butppte\raaﬁa thar it Outside a
generate a set of |IDCT output values based on the
ENEbH¥E nedi a data when the maxi mum dynamic range of

| DCT Buh PHir %F&%ﬁon ﬁ‘ﬁg%%l‘a?é £ OF BTG %Peaﬁ@sdoaga%@the

dat a not I nclude an I DCT out put val ue t IS
mdecﬂmedﬂaeia@ wihean thangsimws idpgarhieearggetof AP IO v mgs

val ues .t o nerate reconstructed video f S .
SSotERarau i PrU R EAREHLAS ROy eiERen BT iyt vatue thatis
biitsiae $he @G¢h @apsi ng a nedia presentation unit to

present the reconstructed video franmes. 2. The nethod

of cl a$ung the sttt IPET ewpyiniaicn dp g@t@nﬂn@@wm@mﬁwd video frames

obhj ect. wh dynam c range
8 Wl%lu‘fl lﬁaﬁam%sulélétheasses @{: Y ame% hanfi he encoded

nredl acAding o medib gﬁ}serﬁﬂidn[i(ﬁft oW duht tHatdednstidadd video frames.
outsi de the given range; and receiving the alternate
nmedi a obj ect, wherein the alternate nmedi a obj ect

hncl u@ﬁgg]?{htogélzgfaﬁnqnﬁ%% (gﬁlgjllsq\n ata that represents

the set ames maxi mum dynam ¢
r angeregfiestiDgEn alttpate waliaelycasstanitht mexinutn dyienic range of IDCT

gllﬂﬁ)gt{rj L ?&nggg)%{%(g%?m{glg q]sﬁ:pg(i)(%:g ngq%gas dalltan ?nlcvudd%s SI!P IDg”gc-)utput value
that is outside the given range; and

receiving the alternate media object,

wherein the alternate media object includes alternate encoded media data that
represents the set of video frames,

wherein a maximum dynamic range of IDCT output values associated with the
alternate encoded media data does include an IDCT output value that is outside the

given range.

3. The method of claim 1, further comprising using a second operation to generate
the set of IDCT output values based on the encoded media data when the maximum
dynamic range of IDCT output values associated with the encoded media data includes

an IDCT output value that is outside the given range.



given range. 3. The nethod of claim11, further
conprising using a second operation to generate the
W e10805200DCT out put val ues based on the encodeRCTEs2087/082291
data when the maxi rum dynam¥ range of |DCT out put
val ues associ ated with the encoded nedi a data incl udes
an | DCT out put value that is outside the given range.
WO 2008/ 052007 PCT/ US2007/082291 40 4. The nethod of
claim1, wherein the nethod further conprises:

erfo ropy decodi ng operation on the
ncodig]ﬁgﬁﬁa 38@5“5 generate a set of matrixes of
quant {yhedirC@e hditddeniheaonrisal ed W th the set of
video franmes; and generating matrixes of inverse
quant i zed poéirhiing enenrapy slseodingepaniticn artibe e@@lde@fnedla data to
deo fra ver Zin
buant ETSEER aftaf ardtes o aPAhs Yt RS R PHRLY G fhe setor
quant {igesdl fraeet:fangi ents; and wherein using the first

operation to generate the set of I|DCT output values
conpri ses g@w&t@gm@m%@fs@fer@quaw@ﬁd@@@ﬁ@ en&ﬂaqswsatg@wnh the

appl 'y f t
oE YR BTk L B ) H8R GoRuARL K iens
t he s&ks@hﬁhﬁﬁﬁxﬁuﬂpmhmmahwe&ﬁbmngemﬁfate

recons%ructed vi deo franmes conpri

e tin

r econ¥PFIGHY &R 188 figi gpersien Eﬂ%‘%lei%'?‘ CsHalIRe gy s

8l 8he thd %ﬁvﬂﬁcm% gdiia HE SR IDCT to th
aSSOCIag éy gh %ﬁ set ofu | deo %§g%@¥ﬁ%y§ per or%1ﬁb
amnumsoﬁm&mwpqnaamaénmﬁﬁemmmlon usi ng notion data
associated with the set of video franes; and
generating reconstructed pictures using the
seconshé HethRd Jf eRiidUalvhBieht Wigstha ket oftihe TRARSlIt GhREs to generate
pictures. 6. A device conprising: a conmunications
faspestiugied videatiranesseiopwsises: medi a obj ect that i ncl udes

ol S L ARRS BTl ] R By

i ndi caéRgating 1ﬁuarpféma§us@ocﬁa6@emﬁfthé svef slae@l frameebe

cosine transform ("I1DCT") output val ues associ.ated

DFEQMiRRE BYOEeH é@na@wataoru@aeaaﬂoa UsHiggeotitedats wgosiwigd math the set

?@@ﬁ‘yﬁ&ﬁ@ .f§s whether the maxi mum dynam c range of
outpu “al ues associated with the encoded nedia

dat a parelacgsccnstidfdd @iotuptstusingaheieecomsatucicd redidail gretiaes and

ven .ran .
816 predicted 810’[ures.

6. A device comprising:

a communications interface that receives a media object that includes encoded
media data that represents a set of one or more video frames and a range indication
clement that indicates a maximum dynamic range of inverse discrete cosine transform
(“IDCT”) output values associated with the encoded media data;

a range checking module that determines whether the maximum dynamic range
of IDCT output values associated with the encoded media data includes an IDCT output
value that is outside a given range;

a first inverse transform module that uses a first operation to generate a set of

IDCT output values based on the encoded media data when the maximum dynamic



a first inverse transform nodul e that uses a first

operation to generate a set of |DCT output val ues
wha®ems007 t he encoded nmedi a data when t he naxiPCIUS2007/082291

dynam ¢ WD 2008/ 052007 PCT/ USH007/ 082291 41 range of

I DCT out put val ues associated with the encoded nedi a

data does not include an |IDCT output value that is

outsi de the given range; a picture reconstruction

rangel bEIDGEDuipsewaltdsasseiatal withOE awoadt medik dets dbes not include

%ﬁﬁ@ te recqns ruct egs[ia/iotgeo. frames associated with

PHIpHE NG RIS oufsdedpe SIVERENEFT anes: and a

pr esepbrhir® RecBhitMRtioh RRfdukAHARScPthBBEH A IDCISRBAVLRES to

unit to present the reconstructed video franes. 7.

Tnsrade vdcorstioicted|vadam feamds assaseatedcwitib vidsp figgmes iy diaget of video

e og‘ia%ti on nodul e that requests an alternate nedi a

o%j et %/hen the maxi mum dynani c range of | DCT out put

val ueg pasensidci @t ctabcdlies emeed destR@iién usidiopresent the

i ncludes an | DCT output value that is outside the

Hicoesiuetgd yedeodrmasher ei n t he communi cations interface

receives the alternate nedia object, wherein the

alternate nedi a object includes alternate encoded

medi aTHatlevitdaficlaimeffeslenicemptieinget of vi deo franes,
wherei n a maxi rum range of | DCT OUt(gellJt val ues

dynam
assoct Ftéa "GEUFIPR glodi[aByiatenag BB aRiee Wiradhe
RAkinkHe hﬁ%i@%ﬂ@q 106 TRItpUY BhIMEs 8038 jatkd wIhLiRE BfcobiBPmedia
ge. 8. “The d ep

given ra evice of claim6, further
doaprdgiengn ADEE oot value e istquandd the givendange8and t hat

uses a,second operation t.o nerat.e the set of |DCT .

out pub DS cBagEaions BB tsaede v Al s rplcet

t he NRKERUMhEYAGRLE MQInSH8dt ihdDides QUbRbLe viddbdé@Snedia data that
associ ated with the encodéd nedi a data i ncl udes an

repGhenfe theuet ofatideo frimaes.i s outsi de the given range. 9.

The deyice of claim®6. wherein devi ce further. .
conpr 10ee SireSilEraalt Sl RGBT et it e
glidrh ap¥ndhde@eicdth datpdiedhboifcide b EDETGRAGRE vame that thajusside the
to generate a set of matrixes of quantized

ENER faheFent s associ ated with the set of video franes;

and an inverse quantization nodule that generates a

set of inverse quantized coefficients associated with

8he s®he dévisd efataifor @ feshatcompssihg i Beqartindaysd transfose i@lule®
008/ 052007 .PCT/ US2007/ 0822?11

that uses a second operation to generate the set of IDCT output values based on the

encoded media data when the maximum dynamic range of IDCT output values

associated with the encoded media data includes an IDCT output value that is outside

the given range.

9. The device of claim 6,
wherein the device further comprises:
an entropy decoding module that performs an entropy decoding
operation on the encoded media data to generate a set of matrixes of quantized
cocfficients associated with the set of video frames; and
an inverse quantization module that generates a set of inverse quantized

coefficients associated with the set of video frames at least in part by inverse



42 quanti zing quantized coefficients in the set of
matri xes of quantized coefficients; and wherein the

w0 peogpsdopver se transform nodul e gener at es t he BEL/USH007/082291
| DCT out put val ues by applyi¥g an IDCT to the set of
matri xes of inverse quantized coefficients. 10. The
device of claim®6, wherein the device further
conprises: a residual reconstruction nodul e that
gener qtansizmgepastized coefficicatsiiol tiad sct pf mbtmixesof quantized coefficients;
i ncl ude, the | DCT out put val ues; and a notion
conpeﬁghtlon nmodul e that generates predicted pictures
assoc{abReh Wk st iR r@atanSformintleRd s@RRIcstde R]LE IDOTRGtput
a notion conpensation operation using notion data
adsodiyapptying athIRGE te thie sof ofwnatises efamessse quadtizaghaoeEiaients.
the picture reconstruction nodul e uses the
reconstructed residual pictures and the predicted
Po.Ct UTBS dévacOsMddiat &€ the reconstructed video frames.
11. The device of claim6, wherein the communications
i nt er MAgisIT the devipe BIrtgBCorBRIIEiNi cat i on i nterface. 12.
Rt 00 ORI Aond RERINE A1 1.0 T AECRMuorcd rosidual
devi ce, a nessag tRAL T ndi X1 mum
rangepmﬁumnhanﬁﬂu&t&eﬂB(Hkmmpunehksamaforn1("IDCT")
out put val ues;. generating, response to receivi
the nmessag®MOLoR; .CP@PG%S@P%@O@%&%@%@F%W ifod RiFfipes
repr ez&hlisted ngﬁltthé’get%?%d%[) §V\X gﬁ&rﬁlhgg‘?ﬁotlo\l’ﬁ%nﬁﬂ Rsation
| DCT out put val ues aSSOC|ate§ P the Tirst set F
enco delmbrm ulmatmztodaw tssbeiefed dathathe BEOGT valgd [fmtmeaaande
t hat out e the in ted namc ra
oo BheRi B arcst oo HpE i g REn ot Cu gl
Rﬁﬁ@ﬁﬂldﬁﬁ@‘)@dﬁ@édgnétﬁrds k& g&ReA8 IHRGERNIreRed vilido friMes.
met hod of claim1l mhereln the net hod further
conprlses generatlng a second set of encoded nedi a
gf guffﬂ f*%vdceegrfﬁ@aﬁﬁltnﬁi iy 5%13?#6&0%@1%3@? B??r%?outls fpireless
yahwasicasGoatonaeel Wi th the second set of encoded
nmedi a data; WO 2008/ 052007 PCT/ US2007/ 082291 43
generating a nedia obj ect that includes the second set
9% qﬂ .a and a range indication el ement
that 1 ndica h Xi mum dynam ¢ range of |DCT
out p utecewaigu ﬁSm&Sd;etcod]ag eldviee tdmtBegstbatandicstes a afaximum dynamic
encodFd nmedi a data; . and

range of inverse discrete cosine transform (“IDCT”) output values;

generating, in response to receiving the message, a first set of encoded media
data that represents a set of one or more video frames, wherein IDCT output values
associated with the first set of encoded media data do not include an IDCT output value

that is outside the indicated maximum dynamic range of IDCT output values; and

outputting the first set of encoded media data to the decoding device.

13. The method of claim 12, wherein the method further comprises:

generating a second set of encoded media data that represents the set of video
frames;

calculating a maximum dynamic range of IDCT output values associated with

the second set of encoded media data;



outputting the nmedia object to the decodi ng devi ce.
14. The method of claim 12, wherein generating the

wo progpswer of encoded nedia data conprises: gRCIEDS200TIE82291
residual pictures associated #With video frames in the
set of video franes; generating matrixes of
transf or ned coefficients associated with the set of
video franmes at least in part by performng a forward
di scr gtreratimgianecdia abjsttchaninciugdsxhd secondmpoémicoded media data and
in the residu S; ner at.i ng matri.xes of
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16. A device comprising:

a communications interface that receives, from a decoding device, a message
that indicates a maximum dynamic range of inverse discrete cosine transform (“IDCT”)
output values;

an encoding module that generates, in response to receiving the message, a first
set of encoded media data that represents a set of one or more video frames, wherein
IDCT output values associated with the first set of encoded media data do not include an
IDCT output value that is outside the indicated maximum dynamic range of IDCT

output values; and
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19. The device of claim 16, wherein the encoding module comprises:

a residual picture construction module that generates residual pictures associated
with video frames in the set of video frames;

a forward transform module that generates matrixes of transformed coefficients
associated with the set of video frames at least in part by performing a forward discrete
cosine transform on pixel component values in the residual pictures;

a quantization module that generates matrixes of quantized coefficients
associated with the set of video frames at least in part by quantizing coefficients in the
matrixes of transformed coefficients; and

an entropy encoding module that performs an entropy encoding operation on the

matrixes of quantized coefficients, thereby creating the first set of encoded media data.
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interface to output to the encoding device a message that indicates the
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23. The system of claim 21, wherein the encoding module further comprises:

a residual picture construction module that generates residual pictures associated
with video frames in the set of video frames;

a forward transform module that generates matrixes of transformed coefficients
associated with the set of video frames at least in part by performing a forward discrete
cosine transform on pixel component values in the residual pictures;

a quantization module that generates matrixes of quantized coefficients
associated with the set of video frames at least in part by quantizing coefficients in the

matrixes of transformed coefficients; and
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24, The system of claim 21, wherein the decoding device further comprises:

an entropy decoding module that performs an entropy decoding operation on the
first set of encoded media data to generate a set of matrixes of quantized coefficients
associated with the set of video frames; and

an inverse quantization module that generates a set of inverse quantized
coefficients associated with the set of video frames at least in part by inverse quantizing
quantized coefficients in the set of matrixes of quantized coefficients; and

wherein the first inverse transform module generates the set of IDCT output

values by applying an IDCT to the set of matrixes of inverse quantized coefficients.

25. The system of claim 21, wherein the decoding device further comprises a second
inverse transform module that uses a second operation to generate the set of IDCT
output values based on the first set of encoded media data when the maximum dynamic
range of IDCT output values associated with the first set of encoded media data includes

an IDCT output value that is outside the given range.



