WD 2008/ 002881 PCT/ US2007/ 072039 1 REDUCTI ON OF
ERRORS DURI NG COVPUTATI ON OF | NVERSE DI SCRETE COSI NE
WA BABIBRBRNV [ 0001] This application clains theP@EOS001/072039
of U S. Provisional Application No. 60/816,697, filed
June 26, 2006, U.S. Provisional Application No.
60/ 841, 362, filed August 30, 2006, U.S. Provisiona
Application No. 60/847,194, filed Septenber 25, 2006,
U S. Provisional Application No. 60/829,669, filed
Oct ober 16, 2006, and U.S. Provisional Application
No. 60/ 8BEIEIOTION @H EBRORISIIURINGOO0YIPURATEON OF
content of VINVERSEDISERILTE GCOQIMNIO TRANSBORM
reference. TECHNI CAL FI ELD [ 0002] The di scl osure
relates to conputer graphics and nultinedia, and
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H.261, H.263, and other image or video coding standards.

[0004] In accordance with many of these standards, video frames are compressed using
“spatial” encoding. These frames 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



is applied to each matrix of pixel conmponent values in
a frane that is being encoded. An idea
wo@r@sdiasensi onal FDCT is defined by: N1 '(2n BCIPEY007/072039
t(k)= c(k)ys(n)cos 2N where s is the array of N
original values, t is the array of N transforned
val ues, and the <coefficients ¢ are given by c(0)=
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transformed using the FDCT. This matrix of coefficients may then be quantized and

encoded using, for example, Huffman or arithmetic codes. A video bitstream represents the
combined result of performing this process on all blocks of pixel component values in a
series of video frames in an uncompressed series of video frames.

[0008] An uncompressed video frame may be derived from a video bitstream by reversing
this process. In particular, to each matrix of coefficients in the bitstream is decompressed
and the decompressed values are de-quantized in order to derive matrixes of transformed
coefficients. An inverse discrete cosine transform (“IDCT”) is then applied to each matrix
of transformed 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
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[0010] Errors in the compression and decompression process may result in significant
differences between the original uncompressed frame and the final uncompressed frame.
For example, colors in the final uncompressed frame may differ from colors in the original
uncompressed frame. Furthermore, errors caused by a mismatch between the encoder’s
implementation of the IDCTs and the decoder’s implementation of the IDCT may
accumulate during the encoding and decoding of sequences of predicted frames. These

accumulated errors are commonly referred to as “IDCT drift”.



4 SUWARY [0011] Techni ques are described to reduce
roundi ng errors during conputation of discrete cosine
W@ e@s®0288m usi ng fi xed- poi nt cal cul ati ons. AccRCHUSIPOT/@72039
these techniques, a matrix of scaled coefficients is
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coefficients. The device al so conprises an inverse
fromaina flipg thqeaplili@enth gt the matrix of transformed coefficients by 2 raised to the
power of the first magnitude, without regard to precision.

[0013] In another aspect, a device comprises a coefficient biasing module that generates a
matrix of biased coefficients by adding one or more bias values to a coefficient of the

matrix of source coefficients. The device also comprises an inverse transform module that
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of transforned coefficients by using fixed-point
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transformto coefficients in the matrix of biased
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of transformed coefficients by a first magnitude and results from dividing the coefficients
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matrix of biased coefficients by a first magnitude. The matrix of source coefficients

represents media data. Coefficients in the matrix of output coefficients are approximations
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by transform ng the matrix of source coefficients
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[0025] FIG 4 is a flowhart illustrating an exenplary
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flowchart illustrating an exerrpl ary operation of the
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0029]] FIG 8 is a block diagram
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[0@9@]’ PRs. 54§ 2ASHeRdR ﬁlugt%ﬁg)an@gﬁbﬁry operation of the decoding module.
[0027] FIG. 6 is a block diagram illustrating exemplary details of an inverse discrete cosine
transform (“IDCT”’) module.

[0028] FIG. 7 is a flowchart illustrating an exemplary operation of the IDCT module.
[0029] FIG. 8 is a block diagram illustrating exemplary details of a forward discrete cosine
transform (“FDCT”’) module.

[0030] FIG. 9 is a flowchart illustrating an exemplary operation of the FDCT module.

[0031] FIG. 10 is a flow diagram illustrating a first exemplary one-dimensional transform.
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still another alternative, encoding nodule 8 may
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processor 6 that encodes the rnedla data. In still another alternative, encoding module 8

may comprise any combination of software and hardware to encode the media data.

[0037] Encoding module 8 may store the encoded media data in a media repository 10.
Media repository 10 may comprise flash memory, random access memory, a hard disk
drive, or some other type of volatile or non-volatile data storage unit.

[0038] A decoding module 12 may retrieve encoded media data from media repository 10.
Decoding module 12 may comprise software executed by processor 6. Alternatively,

decoding module 12 may comprise specialized hardware within processor 6 that decodes
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start by selecting ones of the video frames to be “i-frames.” For instance, encoding module
8 may select every eighth frame as an i-frame. I-frames are frames that do not reference
other frames. After selecting the i-frames, encoding module 8 uses “spatial encoding” to
encode the i-frames. Furthermore, encoding module 8 may use “temporal encoding” to

encode the remaining frames.



ot her franmes. After selecting the i-franmes, encoding
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the matrix _of transforned coefficients.
the matrix of coefficients generated by applying the trans}‘orrn is the matrix of transformed

8 %l%alyggeg{ ge%erate the

cocfficients.

[0045] Each coefficient in the matrix of transformed coefficients approximates a
corresponding value in a matrix of values that would be produced by applying an ideal two-
dimensional forward discrete cosine transform (“FDCT”) to the matrix of encoded

coefficients. An ideal one-dimensional FDCT is defined by:
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to each of matrixes of quantized coefficients, encoding module 8 may output the encoded
matrixes as a part of a video bitstream.

[0047] To use temporal encoding to encode a frame, encoding module 8 may divide the
frame into “macroblocks”. Depending on the coding standard used, these macroblocks may
be of fixed or variable size and may be overlapping or non-overlapping. For example, each
macroblock may be a 16x16 block of pixels. For each macroblock in the frame, encoding
module 8 may attempt to identify a source macroblock in one or more reference frames.
Depending on the coding standard, the reference frames may be i-frames, predictive
frames, or bi-predictive frames. If encoding module 8 is able to identify a source
macroblock in a reference frame, encoding module 8 records a motion vector for the
macroblock. The motion vector includes an x value that indicates the horizontal

displacement of the macroblock relative to the identified source macroblock and a y value
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macr obl ock in the franme, encoding nodule 8 may
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reference franmes. Depending on the codi ng standard,

the reference franes may be i-franes, predictive

frames, or bi-predictive frames. If encodi ng nodule 8
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12 right-shifts values produced by applying the inverse discrete cosine transform
factorization to each row and column of the matrix. These rounding errors may be
attributable to the fact that these right-shifts are substitutes for more computationally-
expensive division operations and that right shift operations in fixed-point arithmetic do not

always produce the same results as division operations.



equal the nean value of the other coefficients in the

matrix. Typically, the DC coefficient is the
w@owBlIssent at the top left corner of the nmatPCRUSAS7/072039

described in detail below, the addition of the bias

val ues to the DC coefficient may reduce rounding

errors when decoding nodule 12 right-shifts val ues

produced by applying the inverse discrete cosine

transform factorization to each row and col umm of the
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represen
shift the resulting values by the logz of the denominator of the rational fraction. As

mentioned above, right-shift operations may cause rounding errors because right-shift
operations in fixed-point arithmetic do not always produce results that are equal to

corresponding division operations.



be inpractical to performmnultiplications by

irrational constants in the butterfly structure
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approximate nultiplications by irrational constants

by multiplying values by rational fractions that

approximate the irrational constants. In order to

efficiently multiply a value fgy a rational fraction,
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cach pixel of the decoded residual frame to corresponding pixel component values in

corresponding pixels of the reconstructed frame. The result of this addition is the
reconstructed predictive frame.
[0057] The techniques described in this disclosure may provide several advantages. For

example, reduction of rounding errors during computation of discrete cosine transforms and
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frame to be processed by a set of modules that perform temporal encoding.
[0060] Encoding module 8 includes a series of modules to apply spatial encoding to video
frames. These modules include a block splitter module 22, a component extraction module

24, a forward transform module 26, a quantization module 28, and an entropy encoding
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floating point arithmetic. Forward transform module 26 may begin a process of generating
the matrix of scaled coefficients by left-shifting each of the pixel component values. For
instance, forward transform module 26 may generate a matrix of adjusted coefficients by
left-shifting each of the pixel component values by a number of bits of precision (i.e., the

number of mantissa bits) of fixed-point representations of numbers that forward transform



coefficient in this matrix of scal ed coefficients

approxi mates a coefficient that would be produced by
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transformthe matrix of pixel conponent val ues.
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b eny e P T Pl feCEhE Rapline e

trér@forar. A frdrastshipiftingnaadhl bem%@nmycoﬂapgmdm Ralpeg m&&rd)tfransform
generating the matrix of scal ed coefficients
mpdyle 26 maytnerigra dehirgisiarmeontach of dwipyneaiors e tb%glatrpfo@f adjusted
S
i R R R E T
mefrixtdfi adpnsoedlcoeﬁﬁimm@hem&h lal&ﬁathy oﬁmmtnieéiateocfoefﬁchalts}fNext
preci s er of tissa hit
forwédra&éﬁ%ﬁ%l f’i‘%lﬂﬁ‘eétgﬁ‘@}épfl 1 U NG e?lgnteﬁal ?%F figlugn vectors of
thE 'h?a@r?{ ef me\ﬁﬁe&%%gﬁf%%%s RCTHOHRZRAKE B4203%h od gac'EQﬂL WeEcolumn
uses when applying the one-di mensional transform
Vq@Itcus oftha umrtex obitdyinediatsfcocfircamntsicoul tsrie aunadx by trgsdidrinrg
Ete trtansf ormed coefficients that result from applying
“PRE Y -ansform After left-shifting each of the

[006XEA fte0FEReRERE theahMeis of hrahyiBftkd JR IR @itdNforRReWrgnsférm module
performthe transformon each of the row vectors

may
2(pgcateh drapgformed eseffrdgnis etetifferentatositione it the npdix of winsépracd
of r
RS 6, SR SR AR BRI Bl NN YBBARTS may s
thewddiprscad of tht&r sreldifadiers 4o eefappli€itiog .of hiekiverse fi@anvar, When
transform nodul e 26 f3é¥1pefo rmthe transform gn. eac

fopyardrgansiormmppedpdeciohas fyrished sealipgiths %ar@fomwﬁépﬁ@&eat@y the scale
faEfBFJ fférWa?(pﬁac‘nsderﬁ{ 1%8&1??36 Rg rﬁa?rl \ o ﬂfefr‘eﬁdﬁl m@ﬁ‘&hof%galw) €ocfficients

vectors o I Nt er nedl at e
togmeftizatioe ntogluteeXul t s | n a matri x of transforned
ffici ents .0064 enerati.n matrix o
(PSR SGR Rtrticae motuh ol el it her TR oy
trafBlrESmb& A0 SH Q{d&ﬁfﬂza%ﬁfrﬁdd%leeﬁ ﬁa@huaginfzé ﬁ{ees@ﬁle@ esdtiLRASR.
in the I’THtrIXO t ransf or med coefficients y
Quirftizeti@nimodwla L8 nﬂaafc?[ucanaze the s@é@bmeﬁfgdetb@incﬁ/waraecmfde

I.eci pr.oca of these. sca
ARt ot o TS moh A B erBE BER. et olBR urrEPy e with the
MEEn4 phie Wedndaddr @mileatmnrmﬂwle 28 énaase HeToBoWEgS@ahtiZAbon
t he transformsd coefficients by the scale factors,

mpigiiaadantizaseeibicientega @ineatns ofregpled optitciantiefor as irfremeg
matri x of scaled coefficients to quantization nodul e
28. [0065] Wien quantization nodul e 28 receives a
matri x of coefficients fromforward



transform nodul e 26, quanti zation nodul e 28 may
guanti ze the scal ed coefficients. Quantization nodul e
wQosmg28guant i ze the scal ed coefficients in a REFIUL097/072039
of ways depending on the coding standard bei ng
enpl oyed. For exanple, in accordance with the MEG4
part 2 standard, quantization nodule 28 may use the
foll owi ng quantization matripgto quantize
coefficients in amatrix of scaled coefficients for an
i-frame: WO 2008/ (002881 | PCTA V20074 072039 20 8 17 18
19 21 23 25 27 134392423252+ 28—=20 21 22 23
24 26 28 30 21 221231241262282302322722823 24 26 28
30 32 35 23 24 26 728 30 37 3938 2026 28 30 32 35
38 41 27 28 30 322é52§82gtzj'2é12?h2$m39e, inthis
exanpl e, quantizathpnzgngylg42§6m§g $§e3§he foll ow ng
guanti zati on mat Hx{totguant ogffictents in a
matri x of scal ed (QEfﬁBCQe 26 Q&rS@ predbctive or bi-
predi ctive franme: (16717 19 231227237 17 18 19 20
21 22 23 24 18 1923029126528339432835 188 po 21 22 23

24 26 27 20 21 232325262728, 21. 22 23 24 26 27
28 30 22 23 24 2‘2§v2§ 2% 3@'33 %%-%§ 35' 27 28 30 31

33 [0066] After qugthgdgoogz slube |28 ggnerates a

trix of guanti zed—eeeffiet
Fodlnaresty Hin emRls, sudteion g #HE 2%@%&‘&%1{1}62@@0%“% Quantization

m&R&fthi ﬁhrﬁ%%oé‘ﬁcféﬁts"’m A St Q BY scafAGRAF MRS CdE FBred@ive or bi-
conpress the matrix of quantized coefficients using an

predictiopiramencodi ng schene, entropy encodi ng nodul e 30
may organi ze the tized co"ff.b."nt: finto a vector
by taking a zigzaglﬁaﬂ?%ﬂ& the2toerfgients. In
ot her words, entr¢ LAy e, 30 fray arrange
all of the quantizi% &ge§§i25e34sgym§%hg4tmo
di mensi onal 18 [19 (20|21 |22 (23 (24|25

191201212223 |24 |26 |27
20121122123 125126 |27 |28
21122123124 126127128130
22123124 126|127 128|130 |31
23 (2425127 (28 30|31 (33

[0066] After quantization module 28 generates a matrix of quantized coefficients, entropy
encoding module 30 may compress the matrix of quantized coefficients using an entropy
encoding scheme. To compress the matrix of quantized coefficients using an entropy
encoding scheme, entropy encoding module 30 may organize the quantized coefficients
into a vector by taking a zigzag pattern of the coefficients. In other words, entropy
encoding module 30 may arrange all of the quantized coefficients in the two dimensional
matrix of quantized coefficients into a one-dimensional vector of quantized coefficients in a
predictable. Entropy encoding module 30 may then apply an entropy encoding scheme,

such as Huffman coding or arithmetic coding, to the vector of quantized coefficients.



matri x of quantized coefficients into a

one-di nensi onal vector of quantized coefficients in a
w@e@dioeasabl e. Entropy encodi ng nodul e 30 may tPERUSPT/H72039

an entropy encodi ng schenme, such as Huffman codi ng or

arithnmetic coding, to the vector of quantized

coefficients. WO 2008/ 002881 PCT/ US2007/ 072039 21

[ 0067] Encoding nodul e 8 al soii ncl udes one or nore

nmodul es to performtenporal encoding of video franes.
[0A&7]; quspﬁmgam@@li: A alsréndndanene opmor @pdyles t@m%@rrngemporal
cl ude stl mat d
BRI G Piteb BRI Rl By B BRIt TB froing Frocule

incRgePumbotibii agten gRAShEulOR, Madtdnstrdded ik @Bndi‘@tidnrﬂilbdm@ 34, and a
nodul e 32 attenpts to identify a source macroblock in

regidpgdtfgnpnecacragigp enagdgle %MOM?W%R maqlule 32 atiegpts to identify a
YRl i AR R SRR L FROGCER, T e,
Mokien estimaioh rheduie3bynag taaempm' tngdeﬁmfy aeaurobmacioblock faree

rence i e that . cont imla

r ef xel
mAGEIGER Stikee RBET Ao, WALhH TbPRbisSk niyhe Eence image that

cAMERSmiRk pflcff KtBMhaSbBRek.| MABR QEEANR ﬂﬁb&lﬁc b Hfa§rs8Mth arcas
codi ng standards In order to a identify source

ofhffesht oods 1 a¢coadamae wath | dofterentreotiing stamdares in 61dant. a idomtify source

mpOSHARE B ot s ey TR, For TR mifirbiSlion module
3Phs @ kSartM B2 aRYurde maRiobRick WittGh an Wieh hat REpigals B V\Elxcls wide by 32
macr obl ock at the center of the search area.

pikels high, withtthverreahmaeieblosk 3pthi gemrter ¢f the seprdpargs eWhen motion
cs %5189 lcfﬁrld&lt{ﬁ:‘c% Pur%%? \nqbﬁ&% f§1u£ ﬁl%n}ob[ocﬁr@thc current frame,

oneS|rrat|onrmu es a no ve
mbﬁdsn tdtenativs haddhulecdC ¢atculdies € hhbtiemectdr farthe nldveoiodk mnhe current
vector for the macraoblock in the current frane
frapeciThe @@tl% vectigfiop theymgaroblpekgindhe eurenk fragrespesilichad 4 yplue that

1nﬁfc5fc§ tfcr%ﬁcc‘ 1&1{@?129@[5 ‘r’f‘ogplo'h%%t\#r&ﬁ%é f‘d'cﬁt‘fjﬁe?ps%iﬂ:c% macroblock and

rmcro € nac ock the current
thAfrﬂacrohim:ﬂq anheatrramafrimp. AdiduinetidR cstasatmintrhadule 32 has elthel‘

alcul ated a notio ctor en unabl e t
QUG F rotod sEmbEOThat PE Webla Bideniin 8 stHles BBFBleck for cach
mh&BbBUE [EME clfré8rani® hio®iBn @S rhaf rﬁ@dd'f@gy EI%?O\H@&’ the calculated
provide the cal cul at ed notion vectors he current

mbtigmecct@s facba surrant frghefte mngm@adaftarmwgmmmm n8xlule 34.

10988 o ot o e o B PRI b EDaE Teflighdell and he

re@eRRFHLn R t6 fERASE b Uedoastridta@NBam RER ubakruEsElarhé ad®ration
generation nodule 34 may generate the reconstructed

mpdylgg4 WY&?BPVFQ‘F@G tesensiprctedrirapechyornplying thegaetion vectors for cach
mE‘&SBl% ﬁlct‘l@c cﬂrrcr{l%ra%r ?ﬂé sou{rcac%actrgblcafs nlﬁ %%gcécncc frames. In

macr o he re erence franes

cffee,ebnktredt@lifrima gencgaivarms duds 3soatics a Jdnerie athéch the macroblocks
framg_in which the macrobl ocks of the reference

ofithe FRiQrepenEpesdir ve R droved” thide pegitipnuindicaisd .baéb%@rwpondmg

m?ﬁgne&%rggpg{g(&ﬂgm%é_on vectors of the current
rane.

Residual frame generation module 36 may generate the residual frame by subtracting pixel
component values in the reconstructed frame from corresponding pixel component values
in the current frame. In general, the residual frame includes less information than either the

reconstructed frame or the current frame. After residual frame generation module 36



Resi dual frame generation nodule 36 may generate the
residual frame by subtracting pixel conponent val ues
WO pooslee28seconst ructed frane from correspondi ngP@i/K81007/072039
conmponent values in the current frane. In general,
the residual frame includes |ess information than
either the reconstructed frane or the current frane.
After residual frame generatipn nodule 36 WO
2008/ 002881 PCT/ US2007/ 072039 22 generates the
ganewitehitbe reﬁﬁaﬁlefram@gmwﬂ framg genqyatien mpida 3&@&}[@6833@ residual
frgtaoyo ‘t()jlgcrstlasepr Stteg renfgl l(illlu %|2t (fle}r oocteo ngJ o%ll(rocse ﬁ( ! gtrlaelfngo (?mg the
rebild@al fra2sd. duﬂ{hef’rﬁ@ﬁ?moﬁ@ﬁ I:si’ﬁ@riaﬂli@ﬁ G}nodliIIH 3231ﬁ1a$3 pidvf@tth@ﬁlotlon vectors
nodul e 32 may provide the notion vectors for the
fog ther iient frafpe ta toRY cagdingwadila g0 wbardicetospmnicss rﬂaa%motlon
0 r
Rt ERREFRS oo @R epd ifoddl drlonkly G ogule 30 has
etﬁﬁdd&b&e nmmod/edotsh streant owputveedude 3§ naly feamt diet gpatially encoded
nodul e 38 na for t he spati al | coded. .resi dua
rep s R ERROgEb BIoHEY .Veﬁovélé phie! 341qgq pftstpgany
[0069iEPIRItish 'B%ﬁ]dla[%%%ﬁ Uuskhfihg Sdnihidy QK oﬁﬁﬁgﬂﬁ@module 12.
illustrating exenplary detaj%s of décodi ng nodul €
Dgadlod mgdwtod Im;tylc@mpmye @mﬁrprqpszeieamdlag modplg ddee ddquagtlzatlon

ul a de ntlza e 46 n inv
PP et G020k, RSESeoi i MSGHF So.ggrame
i AMBoclbEdrhsiheDhodfit 82 e BAABLARFO] ARAUICS 352 referché@Bme storage
control modul e 53, a reference frame storage nmodul e
mgdule 34y erespmtiuoet é@m@n@rag@m sodilcad. psbupiedsgye faae generation
mp{%@g éjgtm?é%]e gﬂ%f gl%gee &%Bglgy?ﬂgggﬁggo s%tbﬁq?? Q o \%%@gllre%structlons
ofl sbdibig hicdnk 120fA1€t&ﬁaQﬁzleI}g sardelut €1 d2thedd thedutét yetomprise special-

some or all of these nodul es may conprise SfeCIa|-
ptgn%ﬁd%iwa? anEmawgic. 7 ppathgreltemating dhgse moguics matgopwrise

sofRESEinTRAU 5S aﬁ'@%pa %ﬁ?@% E&/\é\@ro‘? ﬂr&%%@%m ions and

speci al - pur pose |rnmare 0] Wen
[08&ejoVihey dowdidgemd@ule é2 eéoea&s a bidstreinr eantaigiog taaiiddonfgarae, entropy

eo fr entro decodi nodul e 44 I n .
AP BT Sy SN enen i idofe et et uanpied afuantized
ccfc@ﬁéléﬂ@ {BME $ideB ﬁta'ﬁ% vittd@ftsfE AT Rray TRGudd 4 Si1HERM MBXates to entropy

i nclude a val ue that indicates to entropy decoding

davodink enatidil et whlcb rhiropydatedingdisprnsrioenplyttbe a}apbg@s phguantized
i zed gefficients in th [ strea
cqeRiants i B oIFPI 75 20 Sy OhE Anosttha Ay C 4 By PRy the same
orSaad[IEfereﬁf cratroly fdeEs Bt scBink @P Y6 el M6t GTRRIRs bpthe Qf@‘dé@&‘rame
he nmotion vectors of the video frame. [0071] After

[Oémlr BT adropdidagpdinsinpéula 44 appligsdle erieopasiceasiiye scheme to the
f
rng& g?{nﬂ tan ﬁpe%,%effﬁ 1%1956 1 tH@%{dFZ)é ?’%eag e%a étizo%tqnodule 46 may

coe I'za
datahti 2 t%cdﬁﬁcwﬁi& c‘m&mh lof ehetrharie@adfiquantédrtd ot ficash Mdpending on
[ quanti zed coefficients. Depending on

the matrixes
the wedipg diaRgaret cgﬁqa%&t&aﬂ%ale%lﬁ A9 BP S IHBY IFE éh%e#é@}ents in a variety
oﬂﬁ%a%k éﬁuﬁﬂl@, iff Q€dordfrlc 8 Wik th@l\/ﬁ’]i\@'zl'pgﬂﬁ standard, dequantization

module 46 may use the two quantization matrixes listed above in two different ways. First,
dequantization module 46 may use these quantization matrixes to perform H.263-style de-
quantization. In H.263-style de-quantization, dequantization module 46 obtains

reconstructed coefficients F'[v][u«] from quantized values QF[v][u] as follows:



of ways. For exanple, in accordance with the MPEG 4
part 2 standard, dequantization nodule 46 may use the

WO M986038L | zati on natri xes |isted above in twoPCT/US2007/072039
di fferent ways. First, dequantization nodule 46 nay
use these quantization matri xes to performH. 263-style
de- quantization. In H 263-style de-quantizati on,
dequanti zati on nodul e 46 obtans reconstructed
coefficients F'[v] [u] from quantized values QF[v] [u]
as foll ows: | 0NDIZB0[DH2881 PCT/ US2007/ 072039 23 0,
P Mk | (Ex [»J][E%w}&w}qﬁser_sé&,x EBFM] L0l grnidser Xcale is odd,

quanti ser- ss By if+ kLMLl H#uDi1 GYBRLASIES o ¢RERALL e is even
uantiser- scale- 1, 7 f

odd, (2 x IQFV u}l + 1§§X"

OFL v iyl £75 L Srent Qi@ g even. Fo[v] [ u]

F" [ vivrigh :ail s ok et raglyiRliction oy gy jniisensicels, dndvol ves

only one multiplication by quantiser_ scale, and
SRR g ROURH BRI 30 oD AL Pt oL, HAGRE, 1 perform MPEG
l/detydededjhaatzaoon. InfMRVPEG/2 ifyRe &i-glaatidaonudetfuaa@tation module 46

oS RS S B R i B S i s
bl ghagi ng matrix is being used: F' [v] [u 10, if

vl ful =0 ((2 x QF[v][u] +k) x Ww [v][u] X
quantiser_scale) / 16, if QF[v][u] # 0O where : k O
intrqpb%@ﬁg 0,3 GTYHA QR v] [u] ) non-i ntrabl ocks [0072]
VWhen i nversd gr-amgfiog monodulgr48./ueGei iese) aldratgwupf o
de- quantwized coefficients, inverse transform nodul e
48 generates mat fi x of pj onponents, As
descri bed iw=?det PI b Ioﬁ#&%ky§&se transf orm nodul e
48 generates thE IR B8P PPt onponent val ues by

[0072SWhek MR tRASHRA AT ful CAERESvEI fBRiIxBHdeLghartized coefficients,
de-quanti zed coefficient, adding a bias value to the

inpgse tefsform madulgStdeacrates pimatriapppiyElmygmpogents.eds described in
ner di mensional discret osi ne, tr.ansf.or .
o Elo TSR Gun sy BBhfte KGR0 AR LR AT pie sognponent values
by figbbcasing i@ ot cik@ss inahématrhkedt Ruuabtiddn@ctfiteent| ddaRed bias
val ues. [0073] After inverse transtorm nodul e 48 ]
vadug outhe DY ¢estliqisat of thei marix cappbone scrigs(of eae-dimgngiopal discrete

L L N B S 1 R
the@butpattingttie ctgtped xelacof pi xel conponent val ues

[0%%§]ogiftg§ i?lger\gg ‘Eransforrn module 48 outputs a matrix of pixel component values,
pixel reconstruction module 50 may generate a matrix of pixels by combining the matrix of
pixel component values with matrixes of pixel component values associated with
equivalent positions within a video frame. For example, pixel reconstruction module 50
may receive a matrix of Y pixel component values, a matrix of Cb pixel component values,
and a matrix of Cr pixel component values from inverse transform module 48. Each of
these three matrixes may include pixel components for a single 8x8 block of pixels. Each
of the pixels may include a Y pixel component value, a Cb pixel component value, and a Cr

pixel component value. After generating the matrix of pixels, pixel reconstruction module

50 may provide the block of pixels to block combiner module 52.



equi val ent positions within a video franme. For
exanpl e, pixel reconstruction nodule 50 may receive a
woreaosiosesef Y pi xel conponent val ues, a matrix BET/TR2007/072039
pi xel component values, and a matrix of Cr pixel
conmponent val ues frominverse transform nodul e 48.
Each of these three matrixes may include pixel
conmponents for a single 8x8 biock of pixels. Each of
t he {))Vxel s may include a Y pixel conponent value, a Cb
e

[0874eWhen ﬁb}@h @mnbm@r m@dulgrﬁa rgeagyes agiloek] of(mm_},s@ rb&_qqk cornblner module

5% r%lau%u BIO%E n%r a4 ql%gg{}l%clg@érﬁ 1)1(1elrof o{l) l)e(%g ecefRleX orne or all of
rec ruc ron no rovi H ['0¢ 15

thp fbkﬁ:k§ of pixblk GCk Vﬁi@ﬁ’lﬁiaﬁ%r Avedl lﬂéc%lﬁﬁg ondr2068/0® @%&ﬁdcks of pixels,
PCT/ US2007/ 072039 24 [0074] Wen bl ock conbi ner

blagieeqrebiner pedds g gay cem@&@ the biorkeolsnixqls Bk eisiepifisgte and may
Jfg&%@m@@ g%fn% Toubfs P! PEkyiako ﬁhlfﬁ? Infa]y%t kdrecﬁ e buffer

ner no e recel ves sone or
5 ofintpiitie Idﬁ;plalyediby nedm ﬁre@n&hoﬁ\hﬁﬂe 51r &cadditiorg bluek comblner module

re of the blo pi xel s, bl ock co er _nodul e
SEBayRYPELIRGY HLP 'Jﬁaén NGOG Blodulemd n‘r\égw fames ame
st&afe ARYulcOUiRA bd %d\éh A8 chéREmd Orof flﬁq@c&%&fon% predictive and

The video frarfe may be stored in frame buffer
bieprediktive fraimesdils pldélylenl \bgteqn&@tnas 1prf@$r®rﬁt<a1ag©m0dm116t54511ay be residual

I di t nbi th
(e i e B B EraRa v o i B Ao E erlites
[0075]f IndoT8er 6 rQoAGELIR PHIdectRA ofBYi-BRIUSIEE fide! 8ERHRBGRodule 12

frames for the reconstruction of predictive and
inpjudes isgpnstriugted fiamesssnepiomadilelc 5, Recerstrusted diamej ggneration
moaﬁn%6§%p%{v%9?}$rﬁ%g§%egin1§ t} A ecgoﬁs g gﬁll rgb% tdggo%‘@nra&tﬁﬁg 44. In

addlitiqa, estoastiueedffranegencfadior plodule fmrﬂé&revte@the ecforate famedof the
predictive or a bi-predictive frane, decodi ng nodul e
cment fravp Gigas frame siestacredile 14 aRkecogatiied irgne &wmt@n%odule 56

g% b ‘ﬁ?&c%l&rk@%ng&féﬁ BLikiBhs m”ﬂ?@'&! Gon@ FHG&); ﬁspeo"sfﬁ%ns

eco not1 on vectors om ent r opy eco i ng rm
ind&atet ivy thadlohiotioomectorec dnstonsotietdd frameweqétn éoat moving the

nodul e 56 retrieves, fhe referen franes of th
R PR B e et B Gr b g GPeasbn module 56 generates the
reBSERASHEA BahRdr &b RR Q8 TRLRL %eﬁ@raﬂ&g HoBuRG6 grbGes B Y&Snstructed
macr obl ocks fromtheir positions in the reference

frima freprediotive rawi gemamstion mddtd@ﬁ&d by the notion

tors. A [ structed,.f mrmwn t he
DGRt A e AR A S A Il
pro@iRavafrh0p gomaitich R6dIE Be hRkestrithefromeeansitbtact afbdule 54 a
frame, reconstructed frane generation nodul e 56

repiduali frsee fon ghorquersnistramet Affer fefrigving §e prsediiatirpme rrecigtive frame

g&%&%oﬁyo%ﬂlew %12 (g(gCOrﬁeggc?n%]l nggb%Le rng)r &Ilt V¥aﬁle£ 1P 0h pixel of the

enera recel ve
re@ﬂ'd&dl fednhevandf tharseogene tedtfiaoie. rmdwoﬁstﬁ&tdai&yderoefraimemeults frorn this
fromfrarre ﬁ%orage nodule 54 a residual frame for th
it ne Xt ERECHYVEF RS BRSO PRIU G0 Pak oripst thfsrrﬁﬁ‘iélsmted frame

torffa‘?ﬁjé Rtk e 1 b A Rntual display on media presentation unit 14.
[0077] FIG. 4 is a flowchart illustrating an example operation of encoding module 8.
Although the operation described in FIG. 4 is described in sequential fashion, it should be

noted that the operation may be performed in a pipelined fashion.



generati on nodul e 58 may add correspondi ng col or

conponent values in each pixel of the residual franme
W@rwsnbesst econstructed frame. A reconstructed RCHES007/072039

frame results fromthis addition. Next, predictive

frame generation nodule 58 may output this

reconstructed frame to franme buffer 51 for eventua

di splay on nedia presentatiomanit 14. [0077] FIG 4

is a flomhart illustrating an exanpl e operation of
lﬂéﬁ%]o@ﬂtrﬁélymgd@ggnodum § rrocigrhs 2 Bﬂﬂuélpf@ertul‘fl@FPOdé@;mdﬁ% &gmes (60).
FOI‘ €Xa Gl enco i desg({ gd ! r}ecse?\%uem Iuealllce 0 u enco 4%rarne n the form

Shot'd be"Onotea’ that "t'e operati SI6H B orne&
oft Satsa fPiiedy ﬂr@kﬁdné‘d@eﬁiﬁu@ctb 4, Wh@@@lﬁdoﬂﬁ%&ﬁddule 8 recelves the sequence of

PCT/ US2007/ 072039 25 OOH%%)Inltlally, encodi n g .
unepgRdcd fpmesclpme sonfrad spdalcd ivrengeing B@dule\f mundeterapae whether
a é@rpént fraﬁ%r %‘ﬁlll gplgﬁ-&lcg& SqS l;g %{lCB &F AS a?l 1% ame or as a

sequence of ‘une rames in the form o sets o
prpdixevsorf bignedretifcafrant (¢ 4. When encodi ng nDduIe 8

0G5l i ectind 995 S0 feisutiig: Mot evBSHenuet & By soded s an

i-Bat NBSck Pl hEM™He B &BrdoRinkhRo REIS BRGRp LS the RERGRFRthe into
franmes is to be encoded as an i-frame or as a

blpeledifpizole(6d). Bir-predlec tiopdingrmaodil¢ 8 M)ay spOOh fuirént frame into
f cQn | nmodul e 20 determ nes that the current
2¥#gg§(¥§ %%Rﬁgsgﬂ@égéd as an i-frame, block splitter
[00BOIUA Brer2shliktTheBRE Okrétd fARRUKS tﬁodmwfgpdelst cdrﬁlﬁbﬂéﬁf &@Rktion module
frame into Dbl ocks of pixels ( or exa

2%emep g¢mapterdguiiec] gomagnasp vilpes lﬁ@a@meﬁtéﬁ blOka%\ﬂfspliXﬂﬁ §06). Asa
r I t

regl)ﬂf ’tl%ef%%( rAﬂay% éﬁ)cé:% Pfr%g%%: gf@%&é&*ﬁﬂé@% lV%ﬁJ%? Polr feAéh §5 fk of pixels: a
blca{mb‘ﬂ enmeeootm@esem) therteibhbess @Fpixkely, asapek @ﬂceo tzah@esrlb x&resent the

conponent values in each of the blocks of pixels (66).

blpg chromigange of Pixplsr andrallogleok G wadngs te Egpsesent the igd chiominance of
m$ ggponent val ues for each block of pixels: a block of

val ues to represent the brightness of pixels, a

[0OB b]cRomzfarcGnansﬁtmemodlde Pemr esedingtrhaduldf veychenogano@ncematrix of

d a,bl.ock of. O valyes to represe t he } )
SCPL@& BRDHAACEACHOT s Rariaes T%B’Sﬁ‘;i]m@a%ﬁ’ﬁ §alp?sa@§? Eﬂ?fﬁcwnts in
th@&qﬁﬁtﬁxg@oﬂ ddaleff GQQ’ﬁelgnﬁQgéJiﬁ)r&(lfi’ﬁMoﬂsmaﬂl%ﬁ‘ ﬁfa@%ufﬂ be produced
matri x of scaled coefficients for each of

bymasting aaesiedfthrdtmlenmmmb dorenatd dna¢ra@$o$1@8)ranxﬁ@tem fm cdspertiye ones of
rixes o{ caled coefficients are

thgﬁlbalt%ﬁsﬁgp XSLE%OIEI?OI\?Q ‘é t hat woul d be produced by

[0082 NS ftaifolw @@l trah\orrd inidisd T@dnefdWAE thallies bEIRILaDEMRients for
transformon respective ones of the matrixes of pixe

cagh wpBisanatrivey efasxel copgonenty ﬂé&nﬂrzata%m@dulﬁ a4 eraeding module 8
rngg g#%n%zgﬁlegc%g c"flén?ssmteﬁal ?F't{h% 'rﬁ%?ﬁ f §§a"ilé(fé%efﬁ01?nts (70). Once

Cc I'crents eac r xes
quatipaivanhedul@2@hds @ahiisd the daelfﬁmar&s imeaeh @mﬂmm of seatbdlcecflicients,
entropy encoding module 30 may perform an entropy encoding process on each of the
matrixes of quantized coefficients (72). For example, encoding module 8 may apply a
Huffman encoding scheme or an arithmetic encoding scheme to each matrix of the
quantized coefficients. The entropy encoding process further compressed the data.

However, entropy encoding processes do not result in the loss of information. After

performing the entropy encoding process on ecach matrix of quantized coefficients, stream



may quanti ze the coefficients in each of the matrixes
of scaled coefficients (70). Once quantization nodul e
wQdokassguant i zed the coefficients in each matPCKRUSE007/072039

scal ed coefficients, entropy encodi ng nodul e 30 may
perform an entropy encodi ng process on each of the

matri xes of quantized coefficients (72). For exanpl e,
encodi ng nodul e 8 may apply ag¢ Huf f man encodi ng schene

or an arithmetic encodi ng schene to each matrix of the

01tmlgtml¢®é@j38:@eﬁfn&p@ng mostuleThmag add mwnetmﬁddngisr@g@@@lzed
coe%me&ﬁntgo ag‘tr)ngszt:rge%zlesr E]le Se 1iaen?eeosfu }_g ar{l%s (%H%;K;Régfstream output

mbaiile38RtdOhe cAfdded malﬁ&’;fefs% ﬂief‘tﬁtstr&&n eRimO@nteNEediiRR0 may

process_on each matrix of quantized coefficients,

d ?%WW%@GPWE érﬁnmws Getryidsphage O%Ieéeﬂtrfaﬁe of frames
e 3 @Pfr%@ ‘i’sdﬂh@ % fﬁle’E@ wdddof ﬁlgm (tC of 76),
itri xes o quantlze coe |C|en s 1o a ream

erichéing epdaicc® haf conipdeaod ﬂrewtm@dl(lg df the Afquencesdf fecanesq G p L(Dn the

ul e 38 adds e encoded natrlxes to the bit trea .
o Pt bt RO E T Hity o e HE SR GIeR G TS ( NO of
765 5ﬂc€ﬂﬁlgfnﬁcﬁfﬁ?e %ﬁrtl&ﬁa bR land USEAHE VIRHRE 2 hB® cAROMERHE is to be

frames f the current frane is the | ast
eIfcpéftrbaSoinltﬁmn@@DJence of frames ("YES" of 76),

nodul.e 8 ha | eted the. nco Lng, O he ..
0BRE R 0K e 85 o BFBarDpiRes STRERSRANIS” i 6Ppigorion
eséidfabiBA mdduRM2 ihenffing ﬁ@dﬁl@%tmﬁ;r @NRIcQhe EltRonS BAMBNRE aQbt of
frames ("NO' of 76), encoding nodule 8 may | oop back

magrgbleekseBM- nlt%e&w?ph@m CcInksiAN drduéai? fpy penpt to adapafy a source
- 6
?&881%‘8]? 1na(§nead} | Q@f‘ﬁ%gé%é’%mgi f%g%i%h 4?; tgérr%lgfn%%g:ﬁ%# tgi Sal’u'rent

framt (8D). Nﬁ&iolnmtlmatﬁbﬂmddhhle 33Zndyrtheneelilatg amustione cBtomgy cach of
divide the current frane into a set of nmcrobl ocks

the gaperoblgsks in W cnBRn S r e hrBefiprecsgmatigy meduleris wasgible to
1dlfa€t§ﬂe ol olirc@ n?a%%b‘f@c# (t%’ﬁ‘)é Rl %t Bﬁﬁu&{ {11% 3&%%&'[1?4%%e

or eac macr o s In e current
mbtianmecot@R)recdvistricind &8t Iganeralnmrmddﬂle 33 Ztsematye tlo&on Vectors to
cal cul ate a nption vector fqr_ ea t he rob S
e P B RO SROVIRE GH T O] BSFTOBRE b the feforence

fré‘fﬁgsulln% Agc%lt%§ i fed 18 the %@fohfv)éct%rss(@w CiesTRal RO GKneration

nmoti on estimation nodul e 32 cal cul ates the
mnd»mlr: 3 meychar generatc o nsiduatfratc forahecgeme framic by snbigactiog the pixel
tion vecto ener a

corné%o(slﬁgttvaﬁ}tets o, rrgcf%st&l/cte %ﬁtﬂg 51‘.0%} %Oéres%oé],ﬁqgf I?lé'al component values

infBE £ @RIn@ Bl ci(B8 ) Dt efsediRN G8me fxb@diBiSon MbuIP 96 igbh@MSs the residual
i ndi cated by the notion vectors (86). Residual frame

fr@t@%eqnérppb ﬁncmun@d@@3wywﬁ@w gy sneoding eabicpg4¢ encode the
mo{lmectcg'% fcgtgﬁu&%é’n?ﬁta IR%?&HQ% g&#dl%gcgcﬁﬁ%& §§EE applied to

es |nt r construc
the @dssﬁc&&pfmﬁib g apply@lg stepIpefiahtouyR( T4 so therreditheal Eanteent

frame (88). After residual frame generation podul e 36
[Oggﬂe]l? I&% égg ¢ Hewehatt @]&griratllillg an exempla?y operatgoln of decodbllng module 12.

Although the operation described in FIG. 5 is described in sequential fashion, it should be
noted that the operation may be performed in a pipelined fashion.

[0085] Initially, decoding module 12 receives an encoded video frame (100). After
receiving the encoded video frame, entropy decoding module 44 in decoding module 12

may perform an entropy decoding process on blocks of data within the encoded frame



frame, entropy encodi ng nodul e 30 may use an entropy

encodi ng schene to encode the notion vectors for the
weeooseossf rame (90). I n addition, spatial encoRCTyS208Y072039

be applied to the residual frane by applying steps

(66) through (74) to the residual frame. [0084] FIG 5

is a flowhart illustrating an exenplary operation of

decodi ng nodul e 12. Al though+t he operation described

in FIG 5 is described in sequential fashion, it ,
(19RbuErirape depestiegimorale 4teasoprsfosm; aarentrapy Becogmefspenssithat is
e 055 AT OURD apd B30 b Wk HEE S e
erlcB@idp \hdtlld Hescs Midheth sticdéiag td en®de eiRtFaRy cAeeBddddgding module

nodul e 44 in decoding nodule 12 may perform an
4emic Bingacdsardipg B dreedathsiramcs dssa ssulfiat apnlyitg the cnfepy

/

o B B A BT S TR P mod e 4 has
predtided pysctieltmatiring @f pressdidoafficicaits. equi val ent to the

ropy encodin rocess used to encode the frane.. For
W@Qé&%ﬁ PY, dqoanigaelimag i kgtun ée@%%@omﬁ A AR rEB g fhe
cdePri QMO A abh B fHe M Rrix RV AR A8 CONHBInIRIoY e A FAf dfRRtizing cach
Huf f man decodi ng to decoé% the frame. As a 'result of

cagpdigrit my thehmeata nesr ad yrantized edifhigicprsomesise trandaimh moldolekd 8 in

f data j f t di dul 4
adpirmeiile ofenst T Ren e SERP u Ruth (Rl 8 component
vdI@Q8R bndBXihe nelbx 8NpikglaionPonsMad | Rs 4R dpProx@aeing Q)rf] corfresponding
0

nmodul e 12 may dequantize the coefficients in each
valpgs theitrquid e produerslity trangfosmetef onsiod prasmptriogy of qfapized
| Z1 C i.cient in { | f
oA LA E R RREE R Ml b Al ER R B 1
[008TjoWihag invReke! tendfdrg eneiudd 455haFRbhipued aahatpix € pixel component

component val ues (106). Pixel conponent values in gne )
vedgestfppeach of the ragtrizesed] cogigirate Atxeligrorsirugien module 50 in decoding

. . . val
mg[ri’@égg'éngg@[bdyﬁ?ﬁ%eg%)ﬁag@rfa%%@bpg I%lﬁ% C#a oflgﬁ‘tva Hndorggr to create

m ng one o0 rxes o
blqaiardfippeds @ O8Y. fFaricemhpleuddicndingmadidal 2 tnap cokinbian sibdordkl of Y

inverse discr.et 0Si transform [0087 en.jnverse.
PTG LR RACT EORPUA b Bf (B eTucs n order
toQRERON Bk of FICYES plxRls. 2fed? plel t8nMRIibX &R dRfe 50 has created the

coefficients, pixel reconstruction nmodule 50 in

bldeesadipgls, gk cembhenmpdulofBimay mppmbipe itk Woekataf ipkeds into a
.gf ixek ﬁﬂnponent values in order to create bl ocks
w’?)§W?8Ig (108). For exanpl e, decoding nodule 12 nmay

[008S[ONBE, fratdb 06krdmodukas yi_%&ie%diﬂ% HodaRSIQGhat @derdtliREWhether the
of G values and an associ ated block of Cb values in

cusregeframe s &i-Game (Bl D1 dctke eprroptiimeps gei-gamaf(t BES ppkkl4), block
CEBOSHNL TR 085,FEER B 9, B s
hdaldpitkise @frrept feis id mit @n a-fravied@e., thean®rehtlfifhe is a predictive or bi-
predictive frame) (“NO” of 114), entropy decoding module 44 uses an entropy decoding
scheme to decode the motion vectors of the current frame (116). Next, reconstructed frame
generation module 56 uses the decoded motion vectors and one or more reference frames in
frame storage module 54 to generate a reconstructed frame (118). Predictive frame

generation module 58 may then use the reconstructed frame and the frame generated by

block combiner module 52 to generate a reconstructed frame (120).



[0088] Next, frame control nodule 53 in decoding

nodul e 12 may determ ne whether the «current frame is
w@20080028€ (114). If the current frane is an iPET/HIW07/072039

("YES" of 114), bl ock conbiner nodule 52 may out put

the video frame to frame buffer 51 (114). On the other

hand, if the current frane is not an i-frame (i.e

t he current frame is a predicig ve or bi- predictive
frame ﬁ&} 'NO' of 114), entropy decodi ng nodul e 44 uses
[04B9 kG- Gy a@é@lscﬂmgam slhserang oxcgrdad elctale ofipypisp transform module
o S8 ALk L SRS HETR DMt noguis o oy compris n
infecad@de mp.i Bl@ut\/lﬁﬁﬁtﬂé 34@ﬁﬁy@&%lx®ra et & ofebeffieftass from

frames in frame storage nDduIe 54 to generate a
dqquanirstipy Brodulerida fier exapgyle, ippwdneduls, H G mahéecewe a pointer that

t

A Ao B b ARt oF e 52 R PRSI e hicients.
Ahradatielh2niw ngelngr Bt0emay inetudn &ttemal dela itmlmfes( th20gtore 2 matrix of
2 %g/ 002881 PCT/ US2007/072039 28 [0089] FIG 6 is a
COSHIER ™Y agram i | | ustrati ng exenpl ary details of

[00DYEVEEn tltﬁﬁl‘f‘ #0010 1B B cs 48natAR of hd- Hﬁéﬂtﬁ@@ Qoéfﬁc&f;;'t@ input

exanple of FIG 6, inverse transformnodule 4
modwipr #8 enagmprovigptne nuasdxibecdedficicntn e sqabidg hedukol 4&&9{ inverse

re ei ve X of ¢ ents from de ant
e e g Mot Bl i MR e G R Y
scﬁﬁhgléa&h coBffcient Hth6 Ma@$x &f OGO doRffeci SRS ALIAR HddBle 142
of device 2 that stores the matrix of coefficients.

may sestte icoelifipientsrp the mfaisloé deqoantiapd coefiigigatsibytleft+shifting cach
ty
coE e e AR ob B Sh B uicd e Tl Muafrpumadysdege
remént )ﬁX@ﬁ-pdﬁrt m;msbntaednmfeﬁﬁntﬁrse NI Sntiskitl are tRde! bﬁs thdDare to the
y provide the matrix of coefficients to a scalj

lefilaf ey paipiibs.s e fEaCHSR BPHHOMSM i1 iEhersdaIthing §yay scaling
mg@qg h&2 %fgfgctﬂf%g)e{]o%(ﬁ% ft?e %&eﬁtaﬂ&ﬁie Sahé goecff?@rglﬁtk &l B0 Satrix of de-

scaling e coeffrcrent In mat ri x
quiatigrdarvictzachtc med ﬁkm-m_msrepﬁsaitatmgls nothuthe aﬁpﬂfﬁprla‘myumber of

scal e the_ coefficients in th uanti zed
magart Pl drrexbph R e raanrul B e PR bGP Humbers thar
inBIHAL &re OfnafBh bR AchlideSnéthed1 @?g&efﬁ%@ﬁ@ Bratl@SSRedoe ficients
modul e 146 to répreséent fixed-point representations

bwfeﬂrwhrfbeg sach\vifithe exdfitients irathe matios ef di-geantined caeffeciergs by three
e left side of the radix point (i.e., the
m¥r5%§ronal portion of the nunber). In this way scaling

[009 Ul Rerltaligf iBElleVab Yeh@veiht mdthe of &alRseBtfRidne)Sodficient
the coefficients in the matrix of de- quantized

biggeg modplerlttd man genpiajeerimpixmf iaspd eedficignts bieddingls midpoint bias
Vaéﬂ?ggn%pa{ é@ﬁ;ansﬁ{ﬁ? Blas Qf%luls {FE' @ogﬁ” %L%nt A(:jtqﬁ I%)é?{g%f% alecfl

I nverse or m no uses f1xe
cdeffadients. n&b dideusséd sy vapiht DESeodfiidisnt of ¢lad mm@xrm@tphcallgzﬂﬂe
qug@erates the matrjx of scal ed coefficients

Glen f theitpiyledinanition of the rayEKs iR gt 15 Dy éoerﬁé%lr:rlt%epresents a
m@hn A8 IHARL bARASPRLEAS PR Sndtx t N1 ee

[0092] The supplemental bias value is a value that causes positive errors and negative
errors to be, on average, equal in magnitude and to be, on average, symmetric about zero.
For example, the supplemental bias value may a sign-adaptive bias value that is equal to

zero when the DC coefficient is non-negative and equal to negative one when the DC



positions. [0091] After scaling nodul e 142 generates

the matrix of scaled coefficients, coefficient
whe@simgsnhodul e 144 nay generate a matri x of bPEEES2007/072039

coefficients by adding a m dpoint bias value and a

suppl enental bias value to the DC coefficient of the

matri x of scaled coefficients. As discussed above,

the DC coefficient of the matyg x is typically the

coefficient at the top left position of the matrix. In
cqgéipaendlis negativdncedritp efé psignedpptewrias wluatedhe D& agefficient in a

. the other efficients in the matrix, ~[0092].The

b bREsRE I fREL! bEHTR A (ARIPHR e eAGILE oifie

POsi DCVeondfidions RO ogadrt W& 1 <.T (POF 3))HO(JX colfficient >> 15).

average, equal in magnitude and to be, on average,

synnetricﬂébout zero. For exanple, the suppl enental
I e & O S BR L B Pl 15 sgntant
re&rdng quiak nimbelegfdixed @odmenantiesa Hitsdi. OO Do 200842 8RIradix point)

PCT/ US2007/ 072039 29 coefficient is_negatjye .
u %@1ett@né'!ﬂané)egfplaﬁe-da%ﬂﬁwré%w%str%m@ %Au}(% E‘%@T he number 2 is

a8 td POL&Nke FPh@shifl BioRlle PRIEESIA-shFPA! EdFi&Bts by (P.+3), whete
bi asi ng nodul € 144 may use the follow ng fornul a:

the pgfmbeci3énomes fo@ndoebity afi peedision dddedby(erfering the (M@se discrete

SR, 5l b Mg S oS B e v
+OPaEd AAimbdrefiekédoRded By Fpe-shimiBeh bof(PH XetreRe=NY%. (Otherwise
mantissa bjts i&.e., bits to the right of the radi x
Stiol) ) Lioed 2} 2tk Thws hding porf 6P e bythi M passicient is
\Y, r.t asf ar e r 2 is added to
eﬁ‘%&%&ﬁ%@ﬁ%ﬂt{%{??EB)&%%%G ﬁggcorg}aﬁﬁﬁeﬁ%tg ht-shift all
0098 Fni foiruit §1 ) yhe(tBm (B3, cosfiRid@: >tNe) riphtshifts tBe 1 6-OITa3C
[froﬁfkhe bi?gppf pregisT%n added by?pgrfor;inz t he )
cqeiided dydidgwsisioas. Elrsicriningprg bif mdicptes dhope af B D gocfficient.

' i i - ot :
S T T DT
exaipid, wathi dign ergensidmy siRing tB DG dveffident right by O hevitdrseesults in the

t at ed, P = 20./ 21 =_[2) Th [ 1
o By P Ly i T fimrienh sutauitoi ER cobfncion Vs
O%g%ggl % %1 1:1;1 1R, shifh) the BCt@citeenPashOSf 4 fdstiftins results %n the

romula (1), the term (DC coéfficient >> 15
valugdit 0bHR0P G0 GH01BOBI(decdaal, Bpef fi ci ent by 15

ifions. The renmi ni ng on it inpdicates t.he sign of
10B3%) 0y TR Mefbofipfar Bl vaOsRRLE AR dsdbtue. The
digRehk ibeds &akuewas viRe thhi ik o400 00840 Ofdrded 18 ailaSign-dithering bias
exanpl e, with sign extension, shifting the DC

vadgetorthe Dénoctiigent iy 1eHitmsesessasnd ¢ eagduls 34mashese the following
Y@l pe of Obi 111 1111 1111 1111 (decimal, -1).
imTarly, if the DC coefficient was 1 1 1 111111
1 1 DClcdefficient EIDCstuidffidiang +i(he<@ €DptH didieent | 0)i g2y by

15 positions results in the
In fomlcl)ula (2), P indicates the number of mantissa bits in DC_coefficient. The term (1 <<

(P +2)) adds midpoint bias. The term dither( - 1|0 ) indicates IDCT module 34 selects -1
or 0 on a psecudo-random basis.

[0095] Cocfficient biasing module 144 may also add the midpoint bias value and the
supplemental bias value to each of the AC coefficients in the matrix of scaled coefficients.

The AC coefficients of a matrix are all coefficients in the matrix other than the DC



val ue of Cb0000 0000 0000 0000 (decimal, 0). [0094] In
anot her exanpl e, the supplenental bias value may be a
wa@lraokee288y bi as val ue. The dithering bias val Rer/US2087/072039
value that is equal to -1 or 0. In order to add a
sign-dithering bias value to the DC coefficient in a
16-bit processor, |IDCT nodule 34 nay use the foll ow ng
formul a: DC coefficient = DC gpefficient + (1 << (P +
2) + dither(-1 10). In formula (2), P indicates
ieninBedingftheravdriosy l%mableu and B sselst iasivehie. to Tagh of the AC

adds. mi dpoi nt bias. The term
“ﬁﬁiﬁm&?nwy{m& rfaﬁ%%ﬁ%%’m§e nodul e 34 selects -1

[0096]0A frbr @cpceid GidspdasdudasdbeenB8QThe aetd dfHigwal coefficients,
bi asi ng nodul e 144 naﬁgﬁlso add t he n1dp0|nt bi as
inyygfIs¢ ¥e Wdratnﬁ@rm ganeraesasmytaip pf tiapsfarped eoeffigients by

f {
AU PR P U
ofi iade eoeficicnts. doh eXarmlﬁa,rin‘tzdirm RCtoNFraR O BA @rﬁﬁﬁ&:ll 46 rnay generate a
PCT/QSZOO?/O?ZOSQ 30 coeL i ent. d|n ? i nt .
mgirixof jnfermaediaie velHes BewigixgGROM LT RmEtc a?é’ﬁ Yoi Olt%gm}&éslonal

treﬁﬁ?(frfﬂ Bic8H DWRKtdrHrichETiclRRUR trd B IRYi8Ed Dc$ficients. Next,
[ 0096] After coefficient biasing nodule 144 generates

invgree medter transforiniragdide téfemhy comptts the matvisrod ¢ransfotroed coefficients

trans nndu 146 tes mat ri x. of ansf o
o R QiR Y il I P B S st e oG R Esfumn
vdceReRHRAhMriR PP interth AR ¢HAEN %x@ﬂ%lary bAQSn&nRIoh el thdh&forms are
matri x of biased coefficients or exanpl e, inverse

illpgteatert int FKaSflQrandrid dglos. 146 may generate a  matrix of
[Oﬂgz]ez&ﬁgldm%rge ¥&t&e[§an§%ﬂsl”{n&gﬂg Af(()e%nter%t&tth ﬁl'a{r&rroefttf%sito?med

I Ona rans row ve

cc&fﬁcﬁaﬁﬁ fright-etiftsnoduld M8 ey pencrart abhasedf sdedtéd cicefidionts by right-
i nverse yector transform nodul e 146 _may conpute
sltﬂﬁl@g eag oikhe poafHigisals dt the anatdie pf frenstormed cpgffigisngihy @ number of

pJSllti%%g fegﬁl g th%rﬂu"xﬂ)'gﬁéﬁ GitstRdaP Qllll‘:{ Igttilﬂg ﬁﬂ?cagbﬁflﬁlb ‘B?ﬁéform and

trans mto eac vecto e matri X
durntgesmﬂmg dloe ex:ahpxlesl.f aﬁxlgmglthxr tramsifiendica ssh analditional three bits

S8 P Lot oot dt YLt Gonel s it pda 198 may right-

slﬁh%@%haéﬁﬁe &Jb%ﬁé‘{@ﬁtﬁ b%fl sRIGtrARteLAed coefficients,
i ght-shift nodul e may generate a matrix of

[Oatﬁluﬁtgé&slu&emdlm M&mabpenfwrghﬁns wglitfshifingy cembktitofe fohdividing each
ef figi.ent A the trix, of tran for .coeffici
off€ SostHERS Byr™ ibSs PR Ly PGBerRE RREER vih SRR imverse
vaieeinghdfh Rebduhel 4amhd matnuﬁllbelocﬁf Hlﬁad&ém&ﬁ@ﬁﬁhmd portion of
during scaling. For exanple, if |ng t he transform
cqedlaqignis by peading awdile YRaluring semdingi ﬂ£ crgpersdeydengovge image data

an%, %%\{R %L%Etdgtﬁo | oec%ga@g?rtg;tﬁe?iﬂgﬂﬁ{e&@é g@[v&}%ﬁ %n /2% and x, >> b, where x,
is a coefficient in the matrix at position n. Some of these differences may occur due to
rounding errors attributable to the fact in the limited precision of fixed-point arithmetic, (x,
>> b) does not equal (x, / 2°) for all values of x,. For example, encoding module 8 may use
sixteen bit fixed-point numbers and x,= 63 (0000 0000 0011 1111 in binary) and » = 6. In
this example, shifting 0000 0000 0011 1111 to the right by six positions results in the binary
value of 0000 0000 0000 0000. Hence, 63 >> 6 =0. Meanwhile, 63 /2°=31/64 =



shift each of the coefficients by six (3 + 3)
positions. [0098] Right-shift nodul e 148 may perform
W poog/oeasght - shi ft as a substitute for dividi ngPEEUR200T672039
the coefficients by 2b, where b is equal to the nunber
of additional bits added by inverse vector transform
nmodul e 146 plus the nunber of bits added to the
manti ssa portion of coefficignts by scaling nodul e
142 during scaling. Differences between source imge

0.884%>5. dhg difeesence het‘mf@é O ) Aefymarcwwlt duevisidle ﬁéference between

af SLELRES BANERN K oc2D and Xt >> b, where xt s a
coerricl ntne matE X at position n. Sone of these

[0009]f at&iAg B&s WEMG@GJCIDC cduiiciont radaeddhd@ifRfon0EsSduc to rounding errors.
attributable to the fact in the linmted precisiagn of
Foricxaep[soropfiigientthgnstg wodylg144 msly@yid éé@§P‘HB‘E biagyaipe ¢ orxn.
r £ ) X n(b-1F l.e.cen 6
MidRi hvalld ) URR) 2, 2 or SXBRpleCir o 602 20 2 = 6412
=R2. | 6B e(x@ﬁ@t]'b ODQG 6 1HenBB1132 A %u(omqm) 0800 0b0 =1 BL1)J A5 right-

sty poRiigissol (11008 op@R DU 28 ey mns Palyel peodsped aficr

acﬂig%oth@%@pcggtocg a QO isRNRGE o tB3cotrecbyvatulof %W'tﬂleﬁr thB3alue 0
/ = 31/ 64 WO 2008/ 002881 PCT/ US2007/ 072039 31

p@d@@dmﬁmuﬁ iddinlj it enidpaiet et vden 0 and 0 984 may

ff bet
DFRHe anqncddiead fedihkabisor Gudor ke et e eEt b medule 144
mh P als6 285l BdttalRuaas th i OCfbefRNGE SFElUKatPle, cocfficient
roundi ng errors. For exanple, coefficient b|a5|ng

bipgag medalgq 4&&9@&&& asign-afsoiive bigh salug d0ub Sige-edaptive bias value

d@bqﬁ% &fuap IE\%hen%c lllsel% élﬁ%é an?(ﬂ%gy ?(%1%16 éf/r‘ﬁ%g bA%émE%#n adaptive

blhbvﬁu@d(amﬁhﬁy rekiilt ¥’ vatudd hat tabeetietteBappradnmmtiOis thed OL10Es w1thout
0000 0101 1111). 95 right- shifted by 6 positions =
sigiepdrtioe 0 72 big g6 ol ipsangienytgut siemeadgpliyrebias value d(xn) the
ed aft ijsgr'nﬂﬂ [ val ue 1hSs —
fuBth(g{; tqjg?t h?lcs:gr rect etEPeEi SBog ]Sbgfg 1tehf:ia}r)gnt ﬁg Q/al6u%ndc
37) thqor(@cticpe> W=t hoHbwavdd] ifig, Fh332 nbl dpaindtc b3 Agharalxye.c) >> b =0.
%02%20% I n addi él on to add| g m dpoi nt bi as val ue Cy
Thiy GekioE P URMCBY 289 HEIo0aRY Bsuliin PREtrssy Jy SLafr grrors when
ca?éi@ﬁh@ﬁﬁ@ée@éw@bl%ﬁlcﬁ% YRich Grahleg p@tlfe‘?ﬁ%fé ﬁif?e%ncef@étween Xn>> b
exanple coefficient biasing nodule 144 may a
atsiwgn/ Zadlaq)gne&t@r bhesxaialgeated (th@tn)zercslhglm V&dadlam sVess tﬂna@szero This may
v %[ % may equal -1 when x" is negative and may
aéoqﬂrg Nerwi se.  Addi ng sign-adaptive bias val ue

[0dfed]) naySighsidhptivebissalal@sd(k)) MaydotrebehéRMroblems. For example,
approxi mations than val ues wthout sign-adaptive bi as

supaPseehet(o =)32, Eor6.icrrs3Alecn dwi) tH udensieq éd?a*ptiﬁva >5ilas 1. Now,

t E unot C S _ :
su @Lééet{lgt( 2 5|) B%I’b[po I % %‘éb{rhgg ggc,xﬁ)pl f—IFnce + 27[]8 xnl) >6>, b=-1. This
e@ﬁﬂ)l@ﬂl—ﬁstr:&é’s thhihae ﬁ(n)ctlori' er e dbcn)a >k b fslmwgfrmmethc uqu 0 and

6, .and ¢ = 32, then (x" + c) > b = 0. hl% ,
dqeéélgt ]g)‘qodg f:r,eg)ceé Blg)aalarezgpgewg)eq Jbd$) Bfcatep than zero than when (x,) is
1N @95 8551 vel y greater errors when

[00102] In an alternative implementation, coefficient biasing module 144 may add a
dithering bias value e instead of adding sign-adaptive bias value d. When coefficient
biasing module 144 adds dithering bias value e to the DC coefficient, coefficient biasing

module 144 may select either the value 0 or the value -1 to be the value of e on a pseudo-



cal cul ating successive predictive video franes.
Furthernore, differences between x" >> b and x" / 2b

W@ e@shoxsat er when X" is greater than zero thanP@ITER20R7/072039
is less than zero. This may also produce errors.
[00101] Sign-adaptive bias value d(x") may correct

t hese probl ens. For exanple, suppose that x" = 32, b
=6, ¢ =32, then d(x") = 0. ;ﬁpnce (x" + c + d(x"))
>> p = 1. Now, suppose thatx =-32, b =6, c = 32,

rapgem bagix" jn ardertto selepicthe vilue of dithering @(a,s V)ayue»goeﬁﬁmg_nt biasing

This xanmp| ustrates.t the function (x" + c +
mﬁ?mﬁ14$§§W5n§u&%éﬁﬁb“%%% ngu%(%ﬁt 0 and does not

pr odéi=gidé fifser ences that are greater when X" is
greajglriLhan,zero than when (x") is less than zero.
[00102] In an alternative inplenentation, coefficient
bi astd Hodire’144 may add a dithering bias value e
i nstesdiod 1@deli 1Bg032 gn- adapti ve bias val ue d. Wen

coefgkghgggmsQl%Chmgxﬂgggle 144 adds dithering bias
value e to the coefficient, coefficient biasing

nodul e 144 nmay sel ect either the value 0 or the val ue
-1 tecdbectheiyaddieonf ieean =aopseadorAND 2008/ 002881
PCT/Eﬁ?gQ&QQggQgQ 32 random basis. In order to select
t he val ue of dltherl bi as val ue e, coefficient

bi asi ng h%dﬂF%*h&4Hﬂ§9 { ncl ude the follow ng
instructions: #deliae (LBledl~ wded i ne 1) BR 121; #defi ne
IB5 16 #defing | B18 .131072 #define MASK (I Bl+l B2+l B5)
static un3|%ned long i seed = OKAAAAAAAA; int
ditherBit{)*'fci¥ (iseed & IB18) { iseed = ((iseed
MASK) << 1) 1 1BEd <a=etwrn 1; } else { iseed <<= 1,

ret urn O, } }return 0;

}

[00103] Many video encoding standards use what is known as a group of pictures
(“GOP”). A GOP comprises an i-frame and a set of predictive frames and/or bi-predictive
frames that reference the i-frame and/or other predictive or bi-predictive frames within the
GOP. For instance, a media file may include an i-frame that is encoded using a set of
coefficient matrixes. To produce a video sequence, decoding module 12 may produce
predictive frames based on this i-frame. Errors caused by decoding the i-frame are
reflected in a predictive frame based on the i-frame. In addition, errors caused by decoding
the predictive frame are incorporated into a next predictive frame. If errors caused by
decoding the frames are not symmetric about zero or tend to have greater positive or
negative magnitude, these errors may quickly increase or decrease the values of pixel
component values in successive predictive frames. For example, if errors tend to have
greater positive error, these errors may add up in successive predictive frames, resulting in
pixel component values being higher than the correct pixel component values. As a result,
pixels in successive predictive frames within a GOP may improperly change color or
brightness. This is known as drift error. To avoid drift error that is too severe, only a

limited number of frames can be generated from an i-frame. Due to rounding, errors may



[00103] Many vi deo encodi ng standards use what is

known as a group of pictures ("GOP"). A GOP conprises
w@roos/0628ahe and a set of predictive franmes andP@F/US2007/072039

bi -predictive franmes that reference the i-frane

and/ or other predictive or bi-predictive franes within

the GOP. For instance, a nedia file may include an

i-frame that is encoded usinggya set of coefficient

matri xes. To produce a video sequence, decodi ng nodul e
bejgreptgy/ingnaghiftde wherp¢réarmyeg fhﬁémsfomyémg drxed{pout numbers that
harvghr th“?‘i & %{b%%;o 61?&121 %se dblpsy e dregl(})rrgle 0 nﬁs&;a bifs than wh{—;n gerforrmng the

trmf@deﬁngofmmmg thﬁshaﬁza lgs@@erlpyecﬂ@@ro diHage, & eﬁbﬁﬁihji bt ¥ecially
frame are incorporated into a next predictive fra

proplegratip pdicg aaré@@nag/t edéa@é@mglsmﬁéﬁxrefim nyfmborsghat have limited
nﬁﬂﬂﬁ?&fﬁﬁmﬂQQHﬁszero or tend to have greater positive

or negative magnitude, these errors may quickly
[00he4lease Selcdmgrraseud dicdithatingbiasfvalpie xein a psemlmnﬁdbm basis

val ues i n success redicti Faor exa
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g@ﬁt&%&slt% qjtuH@oﬂ Grord %@ﬁé}evﬁeeﬂ&eﬂ@ GliveiBaddiREE S Thus, within a
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grohe ofpictueest pgitoed ermmpmhmgatlvm:m@s tenddo he eqeal lin rnagmtude and tend
i xels in eSssSi red c ive franes within a
to W’fnr‘?‘beii%‘bi?quy “¢R a)?’@% o P8 1‘6? CIyp F“S‘EPT‘%&%G epf?ﬁsfrﬁi gn average,
sy c @Bodzbfd an@Igolitive ERoRUAH Gegtivbter@ry R, dnhﬁrteraﬂgé dq@8l in

severe, only a Ilimted nunber of frames can
magtitidat the crrpisrramotilikelyawe panagated ped, W@ﬁgggrateérln onbscarpt

o ROOBABSEERRs BT PR R TR Tl ot

ertar¥ @dthpepativentiigaétide tnabtheh fdme| and iedlvarsuriesse djecause the
manti ssa bijts (e.g., three mantissa bits) than wh

dighering bias yglue fgnds tt‘? BWK$ i ors S¥EMAtHLFRoEF 2T pad teﬁéw make positive

erflir§ Qﬁ@ﬁ?g{ﬁﬂ@@ E$hi8 %gua{"[";ﬁ? ﬁﬁ%l%def thefdi§ ‘H[(elg%’ Rp foss drift ferror
especially problematic When perform ng the transform

thusighgutfa G- ‘p“01r this masvbemsrd fetirdsawe bt inviuded in @ G rBecause more
of mant ssa Selectln t he val ue of

Pigiusrenn hg Tl S @%%@%@9&% SUTFSRDAES @ s

c&nﬁ]ﬁ%ss%%tep EEU L, Y8 dihG %1?@§daﬁ‘)‘ﬁv@ a1 hNe rddo®Y h errors within
chance of having errors that have greater positive

eacrh@rameuu@ tond terbe@qgsaltin ataghdwds @déhétt@ndm@)atsymmetrlc about zero. As
magni.t ude. Thus i Ct os .t

o R bR rorati S nbiiePsRanf R slin gy e ons BREASvE Frames.

[00®@s]i t udeaapdridieRdift ,0dlE 18y FMIBLEHi%s ABQRUETTIERAB; a clipping module
Because positive errors and negative errors are,

1 ¥vmragdip” thy erebliciens Hberder tpepsirieiiee predlieiente tosy m@m@ﬂ% gllowable
rapgeg&‘ eéﬁé& offpBhént ‘%{aﬁ]el ke?rae‘égﬁl%%ém ) % {%'Sla { LG an%%' & 89§ component

rors are no

veatxagge Falge droinh-256 s e fiielftthe paedi dftcb@’iﬁcfeh%nﬁ@re tol- imicﬁldia a
bgﬁguse errors with positive magnitude are |ikely

Q¢

@t cgual to @7 Q. GHRPRE fppdnisg bl Wkl dsgstict (hje C‘Pﬁﬁﬁ%iﬁ@ttﬂ ébe
mh&ifEn a@tchbyd Lhgd Y ?e%lucﬂf@ MEeoc ARGAH TS 2591€A frer clipping module 150

finishes clipping the coefficients, these coefficients may represent pixel component values.
When clipping module 150 finishes clipping the coefficients in the matrix, clipping module

150 may provide the matrix of clipped coefficients to an output module 152.



dithering bias value tends to nmake errors synmetric

about zero and tends to nake positive errors and
woe@aniasel errors equal in magnitude, there is PCREF2001/072039

be less drift error throughout a GOP. For this

reason, nore pictures can be included in a GOP

Because nore pictures can be included in a GOP, the

overal | video sequence may haye a better conpression

rate. Likew se, adding the sign-adaptive bias val ue

lﬂﬂé&ﬂl ts i When paipyt mpdlhlp 52 eecehves p amirix pbgoctiegients ovineh are now
[ i tude and a end t S bout

plxe compﬂgenqavgﬂle%)u Pltltputt 8@126 t(lé?ir glra ou u? ﬁlgtn\{ﬂgg Fo)g leg cd)rnponent
vaam t@pagURcatieticlion subslegoent pr edl ct ive f ranes.

%00105] After rlght shift nodule 148 right-shifts the
[094QFf i ci ehGs 7 ina Hpweharhilupiirgingen %@@pwope&@tﬂ? oftipgerse transform
mbQGE Bl C Gk ?y h{kagfn%ﬁﬁletl% rr@c%#x"ek thﬁttll'ff oP&’ee a{n?lzg@%oceﬂtiaents (170).

a naxi num a ran I Xe ent va
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m%?&of%bél@c%&&ﬁ&%k’kf”72}5ﬁoﬁ’@<‘é{1ﬁ$ler S&dlink Ghoduld 1542 may perform
coefficient to the maxi mum al omable range by

opreeations gt trvdtindp eddhi aicBivicnt m the Matf pede-qhdnpipechepafiddenteby

150, finishes ¢clippi.ng the c |ents t hese
o aE S sy PR P bt B el BfBonent val ues.
[0ghes) cli pﬂft%cﬁ‘@u‘i’%ﬂn@dﬂl@@@ gBhENESthe IndRk B8sdalt@ coefficients,
coefficients in e matrix, clipping nodule 150 may

cqsifesied énatsm@ medul¢ kdbmay il patdraetisscyadim andiapsugplemental bias

agﬁt ﬁghﬁﬁgﬁj 1&?1% 0 %ﬁ@t&&p g ! ?an?%coeggle%?sz Ql%zébﬁga%e%%%tlgg a matrix

en ou put o és a

ofttaedetl icotfEivicats (W) A far eodTlvienihixehg modpienantddsahe 88} value to the
out put .nodul e 152 nmay out put the matrix of pixel

DEgrplisesnt of g mpsdx.iipvasseceictar d@pserm madulen 4e0n detgmine whether
a £OQ&Q}”%1 er 1§ fe:’ss tYlah i n?axtlj{l%m%uﬁtle} Qslk}t aitnﬁtﬁgl%atﬂu I1roew §911.1nter may be

exe ary operation of inverse tr orm

sck tu zaral Thg mlampulm rmzdwtmtdrétﬁ)aylm:asj;th@éuemr us xtqmdl to the number of
de-.q ntlzed efficie ts q When |ng fn

ropRGH HiaB R O EPRITFISHS %? dEihe AL ploeaef Cd?l&m@ludes cight

ro& @b Kigh IR Bounld4s BRI &FALIR. €ach value in the matrix
of de-quantized coefficients, thereby generating a

[06409]i x of Ifshcatomdcawst fid 1@$sethamth@mmu@apvv@oampt €YES” of 176),

. scal i n 42 may, perfor erations t

MHEPEI'D éaélé#?“@ $94'e ?/‘é‘ﬁ‘?la?( Hsﬁawfg‘eﬁé%oﬂ‘?t;?“ inft5 apply a one-

dlﬁﬁnﬁbﬂdlt‘cﬂaﬁﬁdrtﬁ eafafrb®ivRBioS oPthe nRfAkik ¥ AL diynt Rl dakctBthe row
values in a matrix of scale factors. [00108] After

coyatar (h) nithenanvicase vpstee transfern modpet 1r416>@pnh68stbgtré@sform on a row
VG%?O%f Eltl‘i:e' rﬁ%ﬁ% of 08&‘? rt,leh&l ﬁ%rsg b@c%ﬂgangf% ciluzfe l%ﬁge%lace the

and a pl enmen |as

orﬁg)ndlheeﬂl&e@@aflfthd:ﬂoe«l’l‘tecw‘r of b@efﬂ&bﬁﬂs Xvithf a majrexﬂ intermediate
§§Ff|0|ents t her eby generatln a matrix of biased
coefiignty afercnyaryyyectostiags fopg drqquls o ampiastha graptfatm an a row

vorftst R ASmARS of 'c@éfﬁ&%hfé,emtv&sé D&tor transform module 146 may increment

the row counter (180). Inverse vector transform module 146 may then loop back and again
determine whether the row counter is less than the maximum row counter (176).
[00110] If the row counter is not less than (i.c., is greater than or equal to) the

maximum row counter (“NO” of 176), inverse vector transform module 146 may determine



DC coefficient of the matrix, inverse vector transform
nodul e 146 may determ ne whether a row counter is
WO 2®8/00288h a maxi mum row counter (176). Initi ab¢HUSI00E072039
row counter may be set to zero. The maxi mum row
counter may be a static value that is equal to the
nunmber of rows in the matrix of coefficients. For
exanple, if the matrix of coefficients includes eight
rows, maxi mumrow counter is equal to eight. [00109]
whethertecalemn eoumieras ldss thap ggnaximmam: dedurm gounien (1 3. Initially, the
iRty Srenibe SL % I B KR ol bR BT sagic vatue
ure IEGmn% Used”F |xe - poin arlltﬁmct ?’a
th@tnl@ oqhl W@ﬂ&ltﬂﬁﬁier bf @nehey i thematrixoyy c‘()eﬁ‘{cwntstFdr féﬁarnple if the
matri x of coefficients indicated by the row counter
matyixgdf cogffisientsipeides oy columng othe MY ¢alugm epamter is equal to
% plies the transformon a row vector of the nmatrix
‘coefficients, inverse vector transform nodul e 146
[06RY1]r epl akfehd dvdumpcowiterak lasodfahitiod @atisunncdlmanrcounter (“YES” of

vector of coeffi | ents a vector. of ipter medl at e
%?Selflr?ré? Bl tra}&ﬁ qﬂv@ﬂr i@ PRE LY the et BmAnsigg, fransform on a
colfhfin 3PRb SStht Hﬁitﬁ{ SafcAn BN cBefiRWntsURGLAE] 9? tH®lumn counter
matri x of coefficients, 1 nverse vector transtform

(Lgbéd uWe dcrsayrapsforme medyle 14hae>phgwhc tnansferm 1 8@plumn vector of

t f I back
R NG A S A o
cdeh@diert B BN Vet GAMNL @eto& la?ﬁhnsfw%l&bﬁ‘ictentshe row
counter is not less than (i.e., ?r eater than or

[08& LI to)Afthremvwawwmtra@ﬂf%@umcbﬂe 4noplies the pepsform on a

e 8 Ban S ol b IBS g ot Rl e L Bl 16 may

inceuithetheicslungscuhtranl &) Mhxiciisd Vecto! ttamyf@aimbeile 148 2&)ay then loop
Initially, the colum counter be set to zerq. The
bagkenfhaedie detgrming sthsthsr theesplusen %Plg%/eétls lessthpythe mgmumseolumn

co%ﬂté?f( §29 t he nunmber of colums in the matrix of
coefficrents. For exanple, if the matrix of

[000E3]f i ci elfttlse ¢adahndesteiighot lewl tham@ ¢, ihgreataxihan or equal to) the

| t | L ght. 0011 If th .
gl dgunar e RELE G KIh e HELEoH L) Bk 8 pach of
tht tr¥Fstorr®dd cobBientd MURE ﬁﬁtﬂ’)@@%@)’ WhansERCIRMRBALR 144@ight-shifts a

may apply the one-di nensional transformon a colum
coglediont, mghtishidt madule X 48 maynhit the dpefficicoviefthe oplkritys certain number

ndlcate coun
o SHERSr RSt & SR ERbRE it RSN RS Hfients in the
mYEELiOh ntitrix bNAGEARINVA®. gt tighi-eift SnodulVEIBSIR:s right-shifted each of
transform nodul e 34 replaces the internediate

thg éféfl$fpﬁlil@rﬁ0§fﬁ%eltth ¢lippihg meduksck>S9rmay ¢lip the pdivsted cedfficients in

orhéﬁﬂas}&[rg‘ﬁ%t ad llf% eé%%ﬁ” CJJn(t) %I’%%]ltth%{ éne%pé)rréh\{rgaﬁg%n¥§ f;otr%ﬁxel

trans orm no u rans
ccmqidmmm wadeds 0190 f thmsmter lcxpp)ﬁg andhifel 160entysclip thy edjasted

coe fg t1gnrts }nroiggrftg relrlnsur{g gh%l[ ‘?he]ééc‘rifustedycoefﬁcwnts are within the range -256 to
255. When clipping module 150 finishes clipping the adjusted coefficients, output module
152 may output the resulting matrix of pixel component values (192).

[00114] FIG. 8 is a block diagram illustrating exemplary details of forward transform
module 26. As illustrated in the example of FIG. 8, forward transform module 26

comprises an input module 210 that receives a matrix of pixel component values from



i ncrenent the columm counter (186). I|nverse vector
transf orm nodul e 146 may then |oop back and again
wa@l2a080msse whet her the col utmm counter is | ess PEEOSI0NE072039
maxi mum col utm  counter (182). [00113] If the columm
counter is not less than (i.e., is greater than or
equal to) the maxi mum colum counter ("NO' of 182),
right-shift nmodule 148 may right-shift each of the
transformed coefficients in the matrix (188). Wen
cqrm@mpntsqmtm@tlmgdlée 24.8 Wheghnpu mddute 20 reesavdsiagnetpix of pixel
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illustrating exeqplary details of forward transtorm
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2 (%X\?% transform nodul e 26 conprises an input nodul e
2 receives a matrix of pixel conponent val ues
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| eft-shift nodule 212 may shift the pixel conponent
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tramfirhed aoéiifb&nalmahas eanisest thinspemtd coarfigcttbe Scdlmpwaddlile 216 may
transfor left-shift nodule 212 may shift the pixel
n'llsvoa-ﬂ thescalipg fagtors pyed b[yyscahngymodule 142 1 1neerse transform

rnodule 48. For instance, if one or more values were factored out of the transform in order

to improve the efficiency of the transform, these values may become the basis of a matrix
of scale factors. Coefficients in the matrix of transformed coefficients may be corrected by

multiplying coefficients by these values.



zero positions. [00115] After left-shift nodule 212
shifts the pixel conponent val ues, forward vector
W@ e@s®0288m nodul e 214 may apply a forward tranR¢DUsMD072039
each columm vector in the mtrix of pixel conmponent
values in order to produce a matrix of internediate
val ues. Next, forward vector transform nodule 214 may
apply the forward transformty each row vector in the
matri x of internedi ate values in order to produce a ,
(0841 7]i x of Intarderdp deeraebe rewuting @r@ﬁtasqoefﬁﬁewt%msmmodule 218 in
oS ARSI RH) Sof B BRI B8, S bR vis vaue
torgdefficeendslif thamaixufscilbe cddfiviantd. Mdamgfaasign-aepeve biad value or a
in FIG 12, below. Note that the transform described
dithripg bjas pplue e thegopHicinteipdhe watix afffansiopmerd sastHigients has a
sid@RCLFReds {VH%;F %o%‘ff%c}iént tlxe%%l@l)dﬁ%ﬁﬂ inf BLURL asfSihPhodule 48 adds
transtorm nodul e 214 produces the matrix o
a tipaadipivedbihsoabicfdraidithtsng bias ealic. NGhardg theeadditonnaithe bias values
aﬁgl%éfsc.al ing factars to each transforned coefficient, .
tojthC Pl GHERLRRSCS POFIFNR SO AR NEBENF FEPIP & a8cayerasg, cqual in
mIBRHHIIE aRd & BB %N aPBLYe, 5GHRERCA oSt Kro ! MRest GRbkWpresent differences
factors used by scaling nodule 142 in inverse
betwaers¥aduan thatwehul tgrotd righeshiftmgtimmted, prédisiom & xed-pomt presentations

al yes were. factor ut of..the transformin order 0
of Tt PEI et e et eRi b EMEhn T Beg i gulstrom
diNRn @6 @OEfitRAtsRA St ix df BBl oefficriEBY @ rdifdd t81tfe power of the
Coefficients in the matrix of transformed coefficients
firshpagritugigr wekeus degdeyd toniPeibiphyi ng coef fi ci ents by these
es. 0 0074 072039 0117
OB Se  PheRR PR sl er PR el e
cdeiffad ety anichiskifth8dule 226 o foak skdttraa et hoduo2d @ay GertRate a
add a m dpoint bias value and a suppl enental bias.
mytgix Rl outnyt erdtieicets btight-phiftig eatiicisatoin thempiy of biased
ol SR AR P B LRI Rl HE iy of biased
caeffidieramnby dremmdhbeo ef mhntisabas mabe aodftioichtanf dfcfragtix @f biased
n coefficient. biasin dul.e 144 in inverse .
cqbPiiatiop b R8T SRR (L iHE RO IEINE T REmig g wansform.
(00119 di t hegd RAoRIRScqualdtBsuntifizek $he R tAAdLAIRM&ule 216,
the bias values to qt he coefficient causes positive

casfioeny baasthgregdtlé ¥E8, end oght-shoft e duter? 28ver thg ematregefaranstprmed

i tud d be,. i b _
SRR S Ref CiPen St b FUP T sl Dbl 8P 68
t hat Frgey (AR R *isphiid shilf4< @g-@) -MFew)R] s<05? 01 1)) > (P+O)
n e

fixed-point representations of %)oggfi cients | .
whererix Vot ust Al 6dvkase Sbille srnsenby in th mafrixpdgedle fagtoradais the
‘ A ; 2 ) h iy
e ey L L
ndrhbes tof rAagHssh bite in vadfficiits irehamnthttiooprasi@med cocfficients, and Q

indicates the number of bits added to coefficients in the matrix of transformed coefficients
by applying the transform.

[00120] The following equation summarizes the effects of scaling module 216,
coefficient biasing module 218, and right-shift module 220 on the matrix of transformed
coefficients when coefficient biasing module 218 adds a dithering bias value:

Fv|[u] = (F’[v][u] * S[v][u] + (1 << 19) — (dither(0 : 1) ) >> 20



[00118] After coefficient biasing nodule 218 generates

the matrix of biased coefficients, a right-shift
wore@ale2s8220 in forward transform nodul e 26 mayPQENS2081/€72039

a matrix of output coefficients by right-shifting

coefficients in the matri x of biased coefficients.

Ri ght-shift nodule 220 may right-shift each

coefficient in the matrix of 4§ ased coefficients by

the nunber of mantissa bits in the coefficients of the
wherepix 0ot ubt 8s&avhare Ebliud iseamt antry| iy shotthetrin gdiseale Eictass, tfsis the

adde oeffl ci o] erf t orm

0o Ao SRR T oS RS b P IR FERPL! o

[00f2Hcal i ngftegdulig Adbule 2¢6@tidratbeiht niitas ble:a[dejébﬁicwnts an
218, and right-shift nodule 220 on the matri x
oytpEaedN may, gnippicthe pragrixplespciddents @thtlﬁtlagmgiule 28.

le 21
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nmber of maritissa bits in coefficients in“the nmatrix

1ndhe atrséignxe domperfidnt gileat €32 hnkbr@xampldi kcétsbst module 212 may

: f Dbj dd ff t th
st SREF 4 rag sy Pare S By Pt t e et b modute
2120832 Hift B iR dRidiéhte@uAt | h?ﬁ‘t @k@ﬁ@éélﬁ&% Bbguseffé@kSvector
of scaling nodule 216, coefficient biasing nodul e

tramsyrmanedyle gid mabiiupe finestdiet @rometic infrehiphpymierg fire encoded using
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pdskidny] IEfidshift SpardIE QJl 2 tffécllvélir cbByerts the ptpd&ﬁdfc(r@poneﬁt) values3nto fixed-
20 WO 2008/ 002881 PCT/ US2007/ 072039 38 where v =
paint numbgrs-wih tep mygKispaebis v [u] is an entry in the

coe:{fl X Of A REALR- bﬁ&&é’%i@hi él%mtn Snen! glﬁéﬁl tgn?‘a‘;&%l( Sfiadjusted

ficients, |xo transt or ned
vahosf foreheintestor EI@ﬁ)s’fdfh} méﬁtlkemé maziyl degermigtuivietRarG: column counter is

legﬁg% ? tn}e{%mt}lprg rg\gtfroh%r &ég)p 3%15%},}§Oﬁ,gfgélﬁﬁglgztpﬁnter may be set to zero.
TE@I%f(l,;lhﬁfr@%lﬁHﬁlQOgM@pﬁlh% 8L L QN AREME ehat ?S equb 08 ¥E2huribdFof columns

9i1s a flowhart il rating an exenplary operation

inghe fgirivarichdjustedreotBremntso dior ex@aple] i itte radtriy of Rdjpsted cocefficients

. ule 210, recei ves a trix of pixe nent

ing Tt S R O i B iR s S S RRE e

[00®24]i X Of Ifphe&@lukR IP@NEE 18éatHaaShe e ihmuns bdlfuban FOGMEE(“YES” of
212 may generate a matri x of adjusted coefficients by

234+ ﬁor\gwdﬁﬁctﬁgtr@ss&m@pd@e 2il th mayecoprapute) aonstdigiepsipnal forward

RGP B P B LSO PR o
trémsforpoabdulen$4 codmpithd the émawnpd gandf@ii e1s hcdlumioduloe of tht Znatrix of

may shift all of the coeff ents to the right b
a(bléséqc{ qu§ iy doreard 8q;qxgr1%pnl\§gggldpodule 214 replalcgs the 01y1g1nal adjusted

coefficients in the column vector with intermediate coefficients. After forward vector
transform module 214 computes the forward transform on a column vector of the matrix of
adjusted coefficients, forward vector transform module 214 may increment the column
counter (238). Forward vector transform module 214 may then loop back and again

determine whether the column counter is less than the maximum column counter (234).



transform nodul e 214 may use fixed point arithnmetic in

whi ch nunbers are encoded using ten bits in the
WO e@8Md8srl portion. Thus, by shifting the coeP¢T/TbMNT/672039

to the left by ten positions, left-shift nodule 212

effectively converts the pixel conmponent values into

fixed- point nunbers with ten mantissa bits. [00123]

After left-shifting each pixelg conponent value in the

matri x of adjusted values, forward vector transform
[08d2R]1 e 21U theasoleran epunterds whidesseham(igoliugsatevihan er equal to) the
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oo hEhERbS of V% vAUER (E oG FOFFc(ER. FUFLEMAMETs the matrix
oftaouffiotmtd mcludsseiglitanws the maxinnumreo coumerce aaqiat to ¢igMES"

f. 234), forward vector transform nodule 214 .
W@éﬁ&lut o AT SHLO ST i8S thelt S RANTREEH SOHShC & ES” of 240),

PRI 168 frhNforinD Hlo8 Al @ 4 Bayt dogh @ HomL-GigtentiBhal (B3te cosine
When forward vector transformnodule 214 conputes the
trérsfoner @h 4 reengdoterrmdinatad by themoweonhior (232).t Becamst forwamdfvector

adj.ust ed, co pcients, for vect or . transform nodul e
uSPTRLEAIEe 14 hE Sy remb U e B sepstias SRS TR Vekiors of
tht MtG0theadBRCI o e flictdAts dbiwesdiRslhaineermeeiald WefTtidhts. When

After forward vector transform nodul e 214 conputes
forwierdfvseting FransferangodulnZdf campuics the foerard trapsform en gaeyivector of
. of _ adi .coef-ficient veetor f -
gD KSR UG R ARSI Mrrmeci
cdetfisiaitslint@e tolunminhaont ot trpdiokac @ dgkflidyntt. hen | oop back

and again _deterni ne whether the columm counter js

[0082F { hanAttriefomysid rsrioE BRIt Badele 2 1¢ semputeyhe discrete cosine
tr%ng 0(912@% E&I&r%@l@@rﬁ%@&%@%ﬁgﬁfﬁ n£sg%}%§1]d \lefcto'ir Iﬁ%nsfo module

um counter 1s not [ess t I.e., I's greater than
26rmey inatentam} thehrew cvanten(?44 & oF arward otondreéranifo@marfule 214 may then
234), forward, vector transformnodul e 214 nm :
088 DA CAIHER S VAR Jucay Crtar x5y i e eSO
cdutWre¢ptpter (240). Initially, the row counter may be
set to zero. The maxi numrow counter may be a static
[00828]e t half thesroveepwater isonat hess thamitee., Bfgreatey thacermgsali tn) the

th trix of ficients, .F | if th tri
iR ol TR oh 620" Siole oSBT ihes sale iRl PitytStmed
coeBfidié R fin the RAHRbf tronFbeitd. cob MR A8 (246). tARer lsOMnGaHeIRE 216
is less than the maxi mumrow counter ("YES' of 240),

gangrajesrthe palborf scalad sodfipients dwclicxau binsipgdaegulg 21&may generate a
o5 RSO35S e 0B B8 e i
off il cokfieieh®n248)r &osnstanvdyookffieicAliadiag maliile@dy may add a
m%d%anlfl t‘bi':)acsj Vtalﬂlg a]; ravs\%rnqadta{)t?\?esgrodritrl?eglrl]g gu?)%lern?evr\lltaﬁ %%ats%ralsue?g cach
coefficient in the matrix of scaled coefficients. Next, right-shift module 220 may right-shift
cach coefficient in the matrix of biased coefficients (250). Right-shift module 220 may
generate a matrix of adjusted coefficients by right-shifting each coefficient by the number
of mantissa bits in each of the coefficients plus the number of bits added to the coefficient

by applying the transform. After right-shift module 220 has generated the matrix of



the matrix, the matrix of coefficients now contains
i ntermedi ate coefficients. Wien forward vector
W@ e@s®0288m nodul e 214 conputes the forward trapSHO82000072039
a row vector of intermediate coefficients, forward
vector transform nodul e 214 repl aces the internedi ate
coefficients in the colum vector with transforned
coefficients. [00127] After fgqyward vector transform
nodul e 214 conputes the discrete cosine transform on
adjusteshpopdieaignts, outpuhamognlerd2 nedy ayrft theicarting magpyefragiusted
“m%%lnw jgzsforn1nodule 214 may increnent the row
COUNY é Forward vector transform nodul e 214 may
(0029 | OOEIGD ac ks anidgagail lnste@ingamistexehpldie bnd-BEndn@i¥nal transform
counter is |ess than the maxi numrow counter

2@0 oidpstrated mehe exgraheat BIG. ilQ trosforasdOmpantake aSempl)ﬂi Vglues X

r r
SRR MBS ) o ERATNL S COUT L otum of
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h@%&&% PES VAR 1Prﬁtr?YV>9 Gpetigignisdn aREypf eqediigignt matrix, values xo
hid Gla§nREprbicash Ry BPHWrRcdh R Wesgm%%ﬁieg)(o RRbAHRCY are

of I ased coeffl cients by adding one or nore bias
valadsue s cpbimgoelfdocficeamts vilnes hehromgh ikxmap fepsesahtericolumn of shifted
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my el igdtioneapeetiong xLetter/mgmberscmmttmm@a l@l@z@va%w by which a value is

S ch b
bR ST barBRCTy SREL SR S PSS oA e RASh
er@@ﬂ@ﬁ@b@arﬁ“mgﬁnlxolofrhgdn&sate;dth@om% fValuk @Atlihie b;y is multiplied by value
right-shifting each coefficient by the nunmber of
antissa bits in each of the coefficients plus the
er ofphi i NG
OEIRET ans T arorRAHE thel ek 1RGN Ny s BRRUMAAS A
@Hﬂﬁ}yaﬂlleldtmrdﬂemeﬂ”Xnayfbe\MQIWé 00RB8%are structure in which a first
PCT/ US200.7/ 072105‘31 ié(USte coefficien out
ORI Ciglla uiplyitest (s MRyt Valts 1 by aﬁr%d‘%%ft%ao creatc a
fisPRbdrh iR a2 ﬁ%ltipl{n% h284orfdlifput YIS 1Y éjée@&[(ﬁﬁbtor S to create a
illTustrating a first” exenpl ary one-di hensi onal
selcomhmmnmndlamlueéxgnd thengdding &g first inteemediatieplebicahd FeGecond

eyl TaL g FRY B ey AP e Rork B e i p OO output

vaiey hRWbLE kale@latédTbyGhuldplying Bt kecoag ifgue v aaé v BRENd fest factor to
Transf orm 260 may out put val ues xo through x When

croatp gé@rc}@terﬂqﬁl@wlw malteplyiag ghesfijshingu vapeot by the second factor S
toccggaté 4 ﬁdu tlﬁtehﬂe(ﬁ&e I\ﬁf&%t an%qgétf §u%#r§£ﬁ g”&ﬁ% Eﬂ &b i ye%lng(flgte)%%lue from
t'hroug sent | nI% er ITEdI aPe val ues.

thv\bﬁ@mhnatdnmsdlm Vfahfeo aglb féq}’ovamg forviall atessiminarizealod mathemhtical result
coefficjents, values x0 through x7 may represent a
oo AT B SUGRfuFg gieration ’ Y e

u=x*C+y*§s

v=x*S-y*C.
Butterfly structure operation 264 illustrates one butterfly structure operation used in
transform 260. Butterfly structure operations have this name due to the fact that butterfly

structure operations appear to have two “wings” because of the crossover of values from



pi xel conponent values. As illustrated in the exanple
of FIG 10, circles that enconpass "+" synbols
WO padBoO6xse1 addi ti on operations and circl es thatPCT/US2007/072039
enconpass "X' synbols indicate nultiplication
operations. Letter/nunber conbinations indicate val ues
by which a value is mnmultiplied. For exanple, on |line
x2 the "Al" synbol is positioned over a circle that
enconpasses an "X' synbol. This indicates that the
tho dirsiénn velua éo the spepnehinput yrlug @ng fropwtha second infugalgeto the first
. Transform 260 includes a set of "butterfly structures
1n8ut value. " " . "
perations.” A "butterfly structure operation" may be
[08130f t war &s QsediatAWeban S60,ukd ffse facforwhaeitha sédohd factor S may be
out put value u is calculated by nul tiplying a first
irfatipuetl nuaibes. Fobyxanfle,rG maf detequal® t& msBat/8) and Sinragtbe equal to
internedi ate value, nultiplying a second i nput value y
VByos(38é8pnBedaast ioverS: vot@rteasora maktohth may esnibdidatont
val ue, and then adding the first internediate value
arfhgrctinm Kebibrgisterpaed %@f@(}l@t e aydf gee frequenthy grafgpd values, it may be

nbut : t rati " d -

o ot 2l ke R UGN, B BRGLRNH B, 0 BRES s renson,
ins@sonektomtpuk fovial medwe b6 inbe ufd rasibndl aader dpproximeads ta C and S.
third internediate value, nultiplying the first input )
Thiese drdeser BPrroREnadieay Ay 5of bie fsrlm(é /cg)s%tde(sa/?éu‘f’li‘%e C"and §” are

“ih‘ﬂ%%@ﬁi@ﬁd Lakony QJ[V é’%n%i %ﬂd3 Qﬁ@k ?fébﬁlfe%&%.' Br é}&ﬁlptl@, & =
Intermedi ate value from-“"the fourth internediate
Veabyer / Thenfthé baihig ih@irsaN @fr SATBFH &R dUREI46 may use the integer
mat hematical result of a "butterfly structure
vARRI@t oN'7 an@jgfﬁtya’ggéoxjﬁ«{aé B ¥6sGr / Btk by17 /22 =
structure operation 4 illustrates one butterfly
0.4 15066 Sn PR 184 (32 N8 S @41 o4 1T ans {10Mhig A@RpldButit Bk that
structure operations have this nanme due to the fact
0.6HB196b Uk aAppirdinatedyt equat ore5HIRE0 264, Oftsus agdediations ofithedorm:
two "wi ngs" because of the crossover of values from W)
2008/ CTO’Q%@TLP »US2007/ 072039 41 the first input
val ug-t.a §hg«gecond input value and fromthe second
i nput value" to the first input value. [00131] As used
may bt replestd bync@6@latiomyeoffthe &rmf act or C and t he second
factoy S A icratienal nunbers. For exanple, C
may Zlbe_écqﬁ{]&y /?g@éi g/@ } 8) and S may be equal to
cos(3i<+x k (8).2'Begayge,/phverse vector transform nodul e
146 may use fiXxed-point arithmetic in 16-bit registers
Ingyderte darthees sapdiy s saedcylptéapsethe djvision apdraticas byad aed?” may be

' . CO. [ I | ! o] VAP
g, s SPRELE LSO, DSl Sy LR e

synibogr se vector transform nodul e 146 may use rational

nunber approxi mations to C and S
u’=(x*C)>> )+ (¢ *§)>> k)

vI=((x*8)>> k) - (v * C)>>)).
[00132] However, as discussed above in regards to adding bias values to the DC
coefficient, replacing a division operation by a bitwise right-shift operation may lead to
differences between " and »”" and v’ and v’’". Adding midpoint bias values to terms in
these calculations may reduce the differences between v and «”” and between v’ and v

When midpoint bias values are added calculations may take the form:

w’=((x*C’+A<<@G-D)> N *S + (1 << (k-1)) >> k),



These i nteger approxi mations may be of the form (C |

2) and (S' | 2k), where C and S are "integerized"
waerogiossl of C and S and j and k are integers.PEDDIS2007/072039

exanple, let C = cos(3ir / 8). In the exanple, inverse

vector transform nodul e 146 may use the integer

values C = 2217 and | = 12 to approximate J cos(3ir /

8) because 2217 / 212 = 0.54259766 and h cos(3,r /

8) z 0.5411961. . In this exanple, it is clear that
0. 5M1964xi*sS’ efp(éﬁfxﬁkrﬂﬁi éW)eéﬁyéﬁ Cto(b<541tPB976B. Thus,

W‘hall (t"llf” acfdlltf)ons £9 mldé&%t i { M udh n_lé(y {eﬁéﬁt }fﬂ the di'f}(eren:c\é% gqtvv(ee.%/ uand u’”’

be rep ace 1ons O orm

arld \Zéln)d VY b’én{gSrﬂaZlekﬂlan the differendes HeBdeny: dnd(C /aﬁd)/ and i’
order to further sinplify these cal cul ati ons,

adgiitiqnsefapidppiat bigs @ﬂgewasza cheramptatioy! ganplexpy ta@etwttsgﬂy structure
ORI, SELHEOFST BT R Ao
aﬂd)v \ﬂhptiac(léad Wheﬁ)usmg flged-po(r(t writhnéSfic>e 1 $-bif[r0€i3BR] The addition of

as di scussed above |n regards, t.o addi bi as
H’é 1315 o “ﬁ%mf%m%é SPRPETRERAR Of ¥ e ptide) ndmgra&p%ngewse the

adRIRESAY i RiApOiNt ’S‘iap%l‘%ss&cﬁfs%lfoé 'fﬂefﬁgh@ BSFRAALRBoRRYudr®Gay lead to
to dlfferences between u' and u "and v’ and v ".

reguitiir oyenffodpoi nt bi as values to terns in these

ul ati uce the differ es, 2en -
10055 bR Ees TR OB S ooy b e ar ang>> b -
((;su* & pdefis Ghokinaid 19 RSroMaY othRK & obdieth Mdih of all values (v ’—y) for all
, _((x*C +(1<< (J-l))>>J)+(( S +(1<< (k-1)) >> k);
Val@smé/yuammxm@rv @emogg damzom the aveyage Qlffe(rqncebetween v

(SR ST R R S - e

appréfipencaso. b@hiweﬁbbcuu@nd and'y’ aamdmyambrummatdbﬁbqigd v’ and
snaller than the differences between_ u and u.
v'arfde glways appyaxingély fheoqquelf cRPERSATISR B aial il fuths Iwaiyomt bias

Wﬁagmggﬁgﬂgékg9§§% ity to a butterfly structure

operati on e addltlon of m dpoi nt bias
vaIueS=ﬂﬁy*nﬁkEmaenph{@deh+oﬁ)kPk)~ and v.

[IPLRCHL 2l I T8 e po et L

val ugs+ agy 2ma|§,g /Qgrr%;t*am oy _O(fm p3*=and v*' inpractical

because the additioh of m dpoint blas val ues occurs

befo@é*@ﬁéiﬁfgmeéhﬂfF and, consequently may lead to

= ((* CY ) - (0 S) > B

where m represents the midpoint bias value. As this example illustrates, subtracting (m / 2%)
from (m / 2) when j is equal to k cancels out the midpoint bias value m. Because the
average difference between v and v’ is approximately zero, inverse vector transform
module 146 does not systematically introduce positive or negative bias into values
generated by calculating v’ instead of v’”” and because v’ and v’”” are approximately
equal, inverse vector transform module 146 may use v’ instead of v’
[00134] The average difference betweenu =x* C+y* Sandu’’=((x * C"+ (1
<< (G-1))>> )+ (v *S"+ (1 << (k-1)) >> k) is also approximately equal to zero. At the
same time, the difference betweenu=x* C+y* Sandu”’=(x *C)> )+ (y * §)>>

k) is not approximately equal to zero. Rather, the average difference between v and u”’ is



regi ster overflow. [00133] The average difference
between v = x * S- y * Cand v ((x * S>> k) - ((y *
W@2008/0098%1 i s approxi mately zero. In other wordBCT/UR®07/072039

mean of all values (v" - v) for all values x and y is
approximately equal to zero. In addition, the average
difference between v =x* S-y * Cand v"'" = ((x *

S+ (I << (k-1)) >> k) - ((uzg C + (I << (j-1)) >>
j) is also gprom mately zero. This is because v" and
anvromﬁlﬂ@lsa#/v\,a? Usap praostivip Bl ipt eqmramma\tely afiepl. v andpe’ are not

al ways rmtel th cause when e
aptpro>i<1 a‘Eeﬁpg e()cialrl] ¢ glé(?pongtl%lljaeﬁ valuey ésn%oélancglléd ?utbe\%tnhwhen jis

equdbforiact i on: v,,,—((x C+m>>))-((y*S +m>> k) z
(x*C +m)/ 21- (x7C ) 121+(m 21) - (y*S) / 2k2k)
(x*@t)|?((x(kﬁs*wifkko"+(©( XSCHYRSPYDE y* S ) >> k) where

I As thi I
1oLt ee™ COB RCt e ng 07 200, Trom (m 1 2) ahen )

i's e(cqn:mc)ozfy+¢mncze)|+s((pamtm§)ﬁmmaff)m bi as val ue M
B bet dv "
anpr Gu1 ot o8y 461 E55 1 Ren G 5L 067 st orm. ol o
146 gdoeg e syshang k&ajdyj ntroduce positive or

negative bias into values gener at ed by calculating v
Bécausmst é schap bpproximadely clyed aug e, v’ "magnuotibe. usedamqalace ofu’’

r oxi mat e t I
ARGRORE BReE in ST pBug "R Sl S Gl i e R
[(NIUS]er enceo @%lwﬁ%rbo%lp?eﬁty and oi'feﬂﬂow is1RH @Iss‘émated-adﬂfné rnldpomt

C+ (1 << (j-1)) >j) +((y * S+ (1 << (k-1)) >> k)
bla%V%Iu@;t@ stm ekduaitoa) hedellaying dorpalpmande upes ingdges of " and u ™

tlme L f ece qet :x*C+y*Sandu"
= ((x * g)()g»ch% ‘é‘?%g;‘ﬂ k) is not
uapmmmtzewxoeguaht he’ Zela(hegcﬁﬁfbhefs,loﬂdfe? ayeyedaad ((v * -S) >> k) is

difference between u and u " is WD 2008/ 002881 .
swewt@ézb@t?/uomosg doe@snoaaéqi Bydinedttdiigp valyes. Hppigyer, ynlike u’”,

dl?f@l%nees bet\%e% Jror ﬁcpi? 5%2(1 IT% é?iI abofdi! aIBecaIIse dl%ﬁtnges bet@dh 17"

appr oxl mat ef y eq ecause the m dpoint bias
andaI are sentsred abowtarane kded impudrroreyre moninagnified shrowgiuat apication of

sqI](F:fquiIl’efzt]’ I)zu(tt%ﬁy%ﬁw L%g glIo( t-iI-qngz )); th?s %eé&@%vp@y Vg(%tﬁ;i téansgrrn module
14_:_62 1%?(% ]§§)6I+L(2¥ﬂ Ide §gl&ﬁaIt€ u ih &oufenly ArudthfYoperatlod) For this reason, when j is
equal to £, butterfly structures operations used by inverse vector transform module 146 to
apply transform 260 may have the following form:

u’=(x*C)>>j) - (v *-8) >> k),

v=((x *8)>> k) - (v * C)>>)).
Therefore, differences between results generated by this type of butterfly structure
operation and results that would be generated by an equivalent butterfly structure operation
using unlimited precision arithmetic are centered around zero and have positive or negative
magnitude of 1 or less.
[00136] Alternatively, when j is equal to £, inverse vector transform module 146 may
use butterfly structure operations in which right shifts have been deferred to the end of the
butterfly structure operation:

uw = x*(C/2+y* (8 /25,



u'=((x*C)>>)+((y*S )>> k). Because u " is not

approximately equal to u "', u "™ may not be used in
wW@k@smossl u "'. Attenpting to use u " in plackCDiS2007/072039

may result in significant differences fromu. [00135]

To avoid the conplexity and overfl ow i ssues associ at ed

addi ng m dpoint bias value to every calculation, the

foIIovvingforrruIa may be usedyd n place of u... and u
vaa s =((xX*C )-(( >> K). u"" is equal to u
except é( §tcgh2$l &lsé/ﬂ)égatlve version of S is
used and ¥ A ? &kLS subtracted. Like u"', u""
does not n?d oi N |as val ues. However, unlike

CLux ff((exer@:’)a&; (}aetsvyee(tl{l%(k.a));i»lkare centered about
O Because differences between u’ and u are centered
about zerb’ (¥ dinbi K (Erf8)S are not magnified through

t he appl i gati nt butterfly structure
QRSP Tl 18

operatlon i nverse vector transform
modul e 1@(5*@)]/25;13(@1)@ *t(ﬁ)tfd‘beul ate uin a butterfly

structure 0 r.th reason, when j is equal

to but § Qfsrvistt&@tuﬁee/%%erati ons used by inverse

vector tr@pefso)rnpnmtg )9/2146 to apply transform 260
f'ol

may have form u, , = ((x * O >>J)

- ((V“f CS{CFE]FSB%;@* Cg+f(l<<(k:1)1)(>§lf s) >> k) S ((y ¢
. >>
‘é:t& %alggg,&llﬂﬁﬁ tﬁ%,ﬁ@ %étﬁ%ﬁlllt?eéﬁ}l P@u%ﬁ% &8{3%? ign rnay reduce the

oRPA[ ﬁ\lrhl%t oR QT e tbtibhs Adrdbd WpHrbrRehIBMESAY SGudtyre@dperation and
equi val ent butterfly structure operation using

M@y POV @ BCqYFAsE | ﬂlﬁhermqrt Hneay audmdy-eeqinatee Hsstr@gtms available on
gﬁ%‘%ﬁgb@é% 108 quﬂgtdh%?“smg) qérg e%§oqrfa£& d?gltal signal

ess erna |ve

proBa4eH1S Em¥ebé tdedtid amf)@temttmﬁdiut efﬁlc‘ﬂfﬁltllyﬁy use butterfly
structure o?er ations in which right shifts have been
[088378r r ed Myltinhisatigny operatipes mpy,be eompytatiqnal]y eypensive relative to

TR ARy B O, 10 BORLORERR i

use (asefity ef{ adtiBlon} /sdkiractiohs; apfl bxwiseGhiftrdperdtisny t{at hasthe same effect
asgal(( @Ptgpgzﬁogope%/a;t(ignx 3 exa%kp%; S?époﬁ 2@;\ C)(2)§/17 Sk(g thls) example, r =
* C” may be replaced with the following steps:

xX2=x<<3)-x;

X3 =x+(x2<<6),

x4=x3-x2;

r=x3+ (x4 <<2).
In this example, x2, x3, and x4 are intermediate values. To illustrate this, consider the
example where x = 1:

7=(1<<3)-1,;

449 =1+ (7 << 6);

442 =449 -7,

2217 =449 + (442 << 2).

2217 =(1*2217) = (x * 2217, where x = 1).



((x *9)12) +((y *-C)I2) ((x §+(Y *-C))/2kz v*= ((x
S)+(y *-C)+(1 << (k-1))) >> k. Deferring the right
W@ RioBH&288D t he end of the butterfly structure PEEUS200T672039
may reduce the overall nunber of shift operations
needed to performthe butterfly structure operation
and nmay inprove accuracy. Furthernore, 4-way
mul ti ply-accunul ate instructigns, avail able on nost
nmodem 16-bit single instruction multiple data ("SI M)
Inﬁhtﬁ@ég@nk hAQG247 gid2aV asd gealaluemrodussd gyéhls AeyichRe Qpseadions when
Erﬁute u* and v* efficiently. [00137]
iplicati ons operations may be conputationally
[oexuanI veTlhiefodlbiwitg thble satighatizean &abiplagt bOiteganthlue
bitw se shifting operations. For this reason, it ma%/
ag@@ogp%q)@rth@tdnvqygeeve&tog éqap@fgrr@fno(ﬁi@}ﬁ k46gnay use for constanf factors A1,
A§L@f rﬁ‘ftdlop? D?nﬂldkﬁiv"' se shift operations that has
e é as a nultiplication operation. For
exan‘pl e, suppose that C = 2217. In this exanpl e, r =x

<< 3) r’iaa%l leéxeg%g,g ﬁg\é\ﬁg}}g thtgti)rx)[h%gy;\f@r}giosnfs ngl i‘rilg(sﬁorm 260

Favior 4 )Orlénﬂil TalleS exanpl of In}(eéer P?lgorﬁﬂlq meﬁfilﬁmg products Complexity
intgrnmedi ate values. Tp ill ustrate t hi $, CONSi der th
exarpl e where x = 1: 7E%< By=4FLyz4§2= 1 + (7 << 6 ;
A42dA4Q. 7.  2217— /|/|o.|.( A2<< D) 2217 — (1 * 2217, :

Ak 218 covlbrerst x = 1). WB200BF002S8Y -PCT/ US2007/ 07208 @adds
45 Hn—t-hi-s—exanpl e, 1 221 w3 224%2 ané), t he val ue 4 shifts

A%Jrocuéé@h( 8t hi s sequen@ézope}[@t}bo% when x=1is2217
[00438] The following table pummari Zes an exanpl e set
of i|nteger value apprpxi mat]@Hd “that3 T #éerde vect or
trarsform rmdul e 146 npy use (fssm *G@ﬂst:am(xfzaemrs Al
/\’7’ LI y B2 | = o allupz gab‘ € <%|§ | € CGnSt ant 5 add

Blﬁ-\gctofzu /égfmatl ons 1288 | & orin 260 ades

B : 1816 x3=x2+(x << 4), 4 shifts

\/Es1n(57r/16) x4 = (x3 << 5)—x,
(3218 * X) * 2 = X2 + (x3 << 6);
(4816 * x) * 2 =x4 +x*2;
Cl \/5(008(7[/16)—008(57[/16)) 2463 X2=x+(x<<4), 5 adds
2 : : 3686 x3=(x2<<3)-x, 4 shifts
\/E(s1n(57r/16)—s1n(7r/16)) x4 = X3 1 (x2 << 6),
x5=x2+ (x4 <<1)
(2463 * x) =x5;
(3686 * x) =x4 +x5;
DI V2(cos(57/16)-sin(z/16)) | 2088 | x2=x+(x<<6), 4 adds
7 0497 x3 =x2 << 5, 4 shifts
ﬁ(cos(ﬂ/l6)+ sin(57/16)) x4 = X2+ x3,
x5=x3+ (x<<3)
(2088 * x) =x5;
(10497 * x) =x4 + (x5 << 2)
[00139] In Table 1, values in the “Integer value” column approximate the values in

the “original value” column when divided by 22 = 4096. For example, 2217/4096 =



Factor Original value Integer Al gorithmfor conputing

products: Conplexity value x=x*Fl, y=x*F2: Al v
W@o®BM02881 8) 2217 x2 = (x << 3) - X, 5 adds APCKBS200%072039

+ (x2 << 6), 4 shifts sin(3,r / 8) 5352 x4 = x3 - x2,

(2217 * x) = x3 + (x4 << 2); (5352 * x) * 2 = x4 +

(x2 << 7); Bl /cos(5,r/16) 3218 x2=x+(x<< 3), b5adds

X3 = X2 + (x << 4), 4 shifts 482 Nsin(5,r/16) 4816

(3218 * x) * 2 = x2 + (x3 << 6); (4816 * x) * 2 = x4
0.54125976ECAndNI2 éas(as( f) ~/0.349)1961. CS)Iﬂ(lEl[‘lyl 5315@}40964%6133&@54@6& and

+ (x << 4), 5 adds C2 r2 (sin(5r/16)-sin(r/16)) 3686
VX Qn(@w BX2 166636296 Xhe forsinilist in thaﬂAhgomﬂlmfo(rxﬁmpsm@ proﬂﬁcts”

= x2 + (x4 << 1) 2463 * X) (3686 * 43 4 +
cqbsmn pImmeEEs msthode that giverse NQ@QBtrwégwo@lil {Wa&e in place of

il A e nr o Peafropshedlabin e s s = 4o -

[00%46{< 3) FIR08& & dmgram iKostratih@43écndexemphady a-lg()mﬂimﬁﬁo As in
Jé%hﬁﬁlgg] In Table 1, values in the "Integer l.ue"
FiS 1 ¥rtAe aﬂa?%;&q et & Ehelavhi desandrts r@msenbmp@t ‘i}%ﬂt%ﬁd values

<S50 e AR T8 Bl vt e e

a Oirdd fRsovedpasss h “d:ésjrﬁbafl i$ tlﬁ)remltmf&'addmg@iﬁ vaBiasiabsuciaged with the
5352/ 4096 = 0664 and. Isin( / 8 . 1. 306562

SR PR BT TR AR RORe L Bibat 4T St L

etfé@hlﬁéme§m’réyﬁﬁ>omttﬂ@%§uﬁ Bﬁﬁlultﬁb‘i’ﬁﬁ@ heV@efrRient pEuNEdRM Rext to
nodul e 146 may use in place

the circle and values associated with the hnes that pass through the circles. The symbol “—*

next to an arrow represents a negation of the value associated with the arrow. For example,

[T

if the value “10” is associated with an arrow before a symbol, the value “-10” is
associated with the arrow after the “—“ symbol. Furthermore, it should be noted that the
techniques described above to reduce rounding error using negatived coefficients and

subtraction may be used in algorithm 190.

[00141] In transform 270, the values of a = +/2 cos(37/8), p = +/25in(37/8), y =
V2 cos(/16), 8 = +2sin(/16), £ = V2 cos(37/16), and { = 2 sin(37/16) may be

approximated using rational fractions. For instance, the values of a, B, v, 9, €, and { may be

approximated using the integer approximations listed in Table 2 below.

Table 2: Example Constant Value Approximations Used in Transform 270

Integer Algorithm for computing products: Complexity
Factor | Original value
approximation x=x*F1, y=x*F2:

o V2 cos(37/8) | 8867116384 x2=(x<<7)-x,
X3 =x2-(x <<5),

x4 = (x3 <<5) - x2, 6 shift
. shifts
B V2sin(37/8) | 21407/16384 0% x = (x4 + (x3 <4 )) <<1) + x,

B*x=(x3<<8)-x4

6 adds

l/ﬁ x2 = -x + (x << 3), 4 adds

sqrt2 11585/16384 )
X3 =x2 <<, 4 shifts




mul tiplication operations by the correspondi ng integer
values. [00140] FIG 11 is a diagramillustrating a

W@ eweneksekenpl ary al gorithm 270. As in FlI G 10PCT/b82007/072039
val ues Xo, X1, X2, X3, X4, X5, X6, and X7 represent
i nput coefficients and values Xo, .X, .X2, .X3, .X4,
. X5, X6, and x7 represent output values. The val ue
associated wwith a line after gg circle that enconpasses

a "+" synmbhal is the result of adding the val ues
assocjated with tlhe arrows |Hat*3péints into the
circle. The val ug associ at ed M\ﬂ'%;tma(xjkm after a
circlp that encdnpasses an [ synmbol is the result
of my tiplying the coeffici ewi/‘/go§| PO Hext to the

ci Tl [ated yg;(m Theytines that pass
es??f}zﬁ’gﬁ% synpo ( )

t hr ou "-" next to an arrow
repre € \‘/gaf‘%e(xaéé)om ated with thg

g
For exanplle, if the pakbe (X3K372),is associ ated |5 adds

U

arr ow
Wi th ow beflore a "-" spyphql. the value "-10" is | 4un
%ass0C {a KK}N@K he>a¥ow af gh %he "-" symbol . T

Fur t hler nor e, houl d be no| #d*{'at the technl ques

HoAo

descrj bed above tlo reduce romdlxmgxzewx@k<m5| ng
ﬂegat coeffi —ay be—dsed+-

mg@@/m ansfori:n 2% t he val ues of
N3 K-8 <3, = /cos(;

fal gor
—a—=3 =

: 6 /si n( c/16), c = X@Q@(ﬁ(dé&@) and ¢ _ .
d sin( 3[/51;1@”/@@)/ €128 BpREAXI Nh gdb: aE%QQ%' 6 shifts

6 adds

c/ 16)
fractj ons. For 1nstance, the C,
and c| may be approxi mated u:(sr‘ig)fh%dxwe@er

L
appyl UAIl IICllI UTl1S Ilbl CU III |au C L UCI UVWV. IG.UI C L

Exanpl e Constant Val ue Approxi mati ons Used in

[OMMJSf or Mn2iifdle 2,aA@Sin Ml FDtedR Bphrokint@BAYES OGN represent
roduct s: gtpl exity Factor Original value

méﬂgpﬁ@di YPELOD Ja&xalms inythg ¥@riginal wabed"Fpiyng). IB8ERATBRE4

X4
Vet 5&14.965 b ey oahborians T faulonin he
“AleBbrd KA drobe col STASPTRRICY iortibaP bty by which
indcrSbivédter s RPRGHENLSE 846 MeN 15453 GT 20 3Fplication operations by the

values in the “integer approximation” column.

[00143] FIG. 12 is a flow diagram illustrating an exemplary transform 200 that may
be used by forward vector transform module 214. In FIG. 12, the values Xy, X1, X5, X3, Xa,
Xs, Xs, and X7 represent output coefficients and values xo, x1, X2, X3, X4, Xs, X6, and x7
represent input values. Furthermore, it should be noted that the techniques described above
to reduce rounding error using negatived coefficients and subtraction may be used in

transform 270.

[00144] In the example of FIG. 12, the values of o = \/Ecos(37r/8) ,Pp=
V2sin(37/8), v = V2 cos(7/16), & = +2sin(7/16), & = v/2 cos(37/16), and { =
V2sin (371'/ 16) may be approximated using rational fractions. For instance, the values of a,

B, v, 0, €, and { may be approximated using the integer approximations listed in Table 2.



47 x4 = x3 - x2, x5 = x4 + (x3 << 2), 11,F2 * x = x5

+ (x4 <<3), 7 -,r | cos;-/16) 5681/4096 x2=x + (x <<
W@ 0080®882 - (X << 4), y--x3 + (X3 << 2), 5 adeiSI/US20072072039

sin (7r/16) 565/2048 (6 * x) =y 4 shifts x5=x2+y,

(y* x) = x2 + (x5 << 3) 8 -52 cos(3Tr/16) 9633/8192 x2

=X + (x <<5b), x3 =x2- (x <<3), 6 adds x4 = x2 +

(x3 " 8), ¢ 2 Jsin(37r/16) 12&93/16384 6 shifts (~ *

= ((x4 + (x "2)) <<1) - (8 * x) = x4 + (x3 <<

[0ﬂ14$]00142Thq gchmagies descripgd hé@lﬁ may heimplamerfed in hardware, software,

roximation' pres inte zed [sian
ﬁBn?ve%rﬁ 2OV lf(oersnblmr?%?% mqexea? i &nxg?au\l/rg geesmgige as o @es or components

mex Berphelemehted Sdgdttct &) arzinfoobAddlREk @Rt @&failzﬁa&hs discrete but
O 54119873046875. The equations in the "Al gorithmfor
ingcopsthle lpeis dtirce s ¥ igwlamanickinTafivarcothedpihaksps may be realized at

S B8 LS YRR KT d PSR

pdrfoems ‘vbaé uemoremﬂth@ni'eﬂnti& ge_%rlh@bz[hmne nihe osrhpwot- tmﬂlable medium

143] FIG 12 is a flow di m.illustra n '
éﬁﬂ by SRR AR AU P N b ggéucf&pa%éa,%@amals

TP{ee&IngiJutérr @?@a&%ﬁﬂ%{ﬁ&%? golé(?rlslg 2211&1)2{7% ?césssrsetggﬁ?&gg%kg\g) such as

synokbhps dmawiarddom lagesss RQMORY (SIB@AMDBreadwnlw@;mN@ (ROM) non-

A St A e PR LGN apsl S B R E pa B ableFead-only

mERSHEEHPROW), D ESH @{em&y NBagiRbabl yMebar@ah §tb felo8 McRliaABAd the
subtraction may be used 1n transform 270. 144] I'n

liken eThexteghpiqics pdditiguallypor alignafizplyemappe seakiz @:td@,&(SBm part by a

corﬁﬁ@gr-t}ein%)%le Cé)nﬁﬁljxné%fgo%lﬁg%&% that %gral“ég %1( 051{11}1161)11(:%‘[@5 ?Qldé)m the form

offaytriveofPET daxd srRicatlcdrsidnbatrcah boe Bédesded pehdl, g/ or EREcuted by a
aﬁgﬁhgpce t he val ues of a,

[00146] The code may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other equivalent
integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein
may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated software modules or
hardware modules configured for encoding and decoding, or incorporated in a combined
video encoder-decoder (CODEC).

Various embodiments of the invention have been described. These and other embodiments

are within the scope of the following claims.



0, y, 8 8, and ¢ may be approxi mated using the

i nteger approxinmations listed in Table 2. WO
wQee8N@32B81 PCT/ US2007/ 072039 48 [00145] ThePCT/US2007/072039

t echni ques descri bed herein may be inplenmented in

hardware, software, firmvare, or any conbination

thereof. Any features described as nodul es or

conmponents nmay be inplementegd together in an

integrated | ogic device or separately as discrete but

i nteroperabl e | ogi ¢ devi ceSLAMMSnpl emented in

software, the techniques nmay be realized at least in

part by a conputer-readabl e medi um conpri si ng
Li nst Ausdth@hcoripiating: When executed, perfornms one or

nore of the nethods descri bed above. The )

Cc onpANETALING 4TS ORRgFrRoCHEC bR gsking ongy orgneus hiastvaucs to a
oREPYEATE RHRRE b SR C] ude packagi ng

al's.

mat er | e conput er-readabl e medi um may conpri se
r andgmiceatiag asndrErof frafsfiiedscocfiicasits 8yustdy xralysoint arithmetic to
dynami ¢ random access nory (SDRAMN), read-only. nenor
TCPREERYY ARRIN pEIdmFTPAL TR R Bege HrPEY tbw& of blastd
cRk@Gtdti.cal |y erasable programmbl e read-only nenory
(EEPROV), FLASH nenory, magnetic or optical data
st or gayeratmpdiaanatax df output dockesicriThiey tighthshiftjng socfficients in the matrix
ddi{iongll%, ortal%grnatively, may be realized at
ofy trapstormid gagfticigits. and. o it er - t eadabl e conmuni cat i on

fTEd! wﬁé&ﬁ%_eﬁ@ﬁdﬂtﬁi% 1R nﬁﬁ[ﬁﬂﬂﬂu@;ﬁh Q8cEe™atsiafe zlﬂib@o;fiﬁlﬁﬂbns of
of instructions or data structures and that can be

vadeesdbyd epul baproduend/ ortrasg weminedthp yagrix eloiepacaectticients using an
idLﬁq&\é'e@le (ili_pc?etg %gﬁngﬁan?c?rmex ecuted b_y one or nore
processors, such as one or nore digital signa
pr ocesisiap s nddPpicsengavaralit tp oupas eudible bopisitesgmisbasad on the
application specific integrated circuits (ASICs),
mairg| of ogfgvalHeiabl e | ogi ¢ arrays (FPGAs), or other
equi %?r@ﬁltthe h&ﬁﬁ&{ &t &d HES ngu§§:foeth$ QLSS a%géé' oS¥ive errors and
Accordingly, the term"processor," as used herein may
nagefies ert@s &nbe, oh avtregé, eqegon nggsitudecind te baronaavgrage symmetric
structure suitable for inplenmentation of the
aROULFRPMds described herein. In addition, in sone
as pegh&reintthe crrbdREFrb QAR ifeYenB &SI\ BED, MRS €had r&RM RN right-
provi ded within dedi cated software nodul es or
shinfing Wairite dpoetudiers fisehpoigurcprd s¢rdationn ob dpaitjciantd inltheaditriyg of

R bBETLBOR S5 BoFRBHREC ! LG, BRI TEEcions

thb e@iridlesedrshethed ThEFRIcARbyT Afked SR PoRAbSthe &l & magnitude,
within the scope of the follow ng clainms. WO

withod raRpd®IPTPaTous2007/ 072039 49 CLAI MBS

2. The method of claim 1,

wherein coefficients in the matrix of output coefficients are pixel component values;
and

wherein the method further comprises constructing a block of pixels that include the

pixel component values.



1. A nmethod conprising: generating a matrix of biased
coefficients by adding one or nore bias values to a
weowBOissent of a matrix of source coeffici entBCT/US2007/072039
generating a matrix of transformed coefficients by
using fixed-point arithnetic to repeatedly apply a
one-di nensional transformto coefficients in the
matri x of biased coefficientgy generating a matrix of
output coefficients by right-shifting coefficients in '
3.t he 'Hea mpthod of cleimaRsWberrd-apeag hinidenpresentatignwni tepwiput audible
orCV(%self)lfeisg in% stbsasei 0 ttlﬂg rnn%tng io (%f tovlﬁlahf%m 0 Corelgefsicclilseiﬁ] ! %Eeedia
approxﬁ%a ions of oval ues ThAL Wour 6°'D8 proauc y
prescagibarnmitng dispry ned floxk of piselsr ce coefficients using
an ideal inverse discrete cosine transform causing a
nmedi a presentation unit to output audible or visible
sign . ri . Wherein
4 e e RE e O 22 h B i o b RRHES:, U
causgicpoiag hifirg veddodiranabyl comeigaigi thebleck of pixtle with otber blocks of
average, equal in magnitude and to be, on average,
PRy i ¢ about zero, and wherein the errors
" epr @§enflbfd QE&RGRSODERUER LR S LitloRSHliLo FEAR that use
right- shifting limted precision fixed-point
the éipst osdpotieanicorss wfcrowefvideoifeames in the matri x of
transforned coefficients by a first magnitude and
results fromdividing the coefficients in the matrix
5.0f trengtooaedcenel f ivEéenttte ByefBeieat i§ 8 BodfiEicMWMEe matrix of
of the first magnitude, w thout regard to precision.
sopreefgeffipiantod of claim 1, wherein coefficients in the
matri x of output coefficients are pixel conponent
val ues; and wherein the nmethod further conprises
6.consThamtinog oficlalmek of pixels that include the pixe
conmponent val ues. WD 2008/ 002881 PCT/ US2007/072039 50
3. Twaecrgdtthe medod fghehcompyipesraddmecaniipatnt Riagdamgto the
a%ﬁﬁﬁ&ﬂtﬁﬁﬂon unit to output audible or visible
signals based on the matrix of output values conprises
causwhegeinheidpeiti hias pales éndgatl tor2” uhivheran & is péeay td the number of
bl ock of.q;x ls. 4. Eﬁe me hoﬂrof %Jainiz, whereipn th
mﬁ%‘rﬁ%altsr TS FpO&IgerlFI} SEsdised n the transtorm plus a number ot bits that are

added to coefficients in the matrix of transformed coefficients by applying the transform.

7. The method of claim 1, wherein the first magnitude is equal to 2°, wherein P is
equal to the number of mantissa bits in fixed-point numbers used in the transform plus a
number of bits that are added to coefficients in the matrix of transformed coefficients by

applying the transform.

8. The method of claim 1,

wherein generating the matrix of biased coefficients comprises adding a
supplemental bias value to the coefficient; and

wherein the supplemental bias value is equal to -1 when the coefficient is negative

and equal to 0 when the coefficient is non-negative.



generating a first video frame by conbi ning the bl ock

of pixels with other bl ocks of pixels; and using
W@ 209p002881 decodi ng t o generate one or nore SubBETUSIINT/072039

video frames that use the first video frane as a

reference video frane. 5. The nethod of claim1,

wherein the coefficient is a DC coefficient of the

matri x of source coefficients. 6. The nmethod of claim

1, wherein the method further conprises adding a
9n1dehmmw%mégf@@nnﬂto t he coeff|C|ent and wherein

cquarhtshEatRedfbd SHifeedutiide e gy s  value
ﬂmu@bq&ﬁt@s@ﬁproﬁmemﬁransforn1pIus a nunber of blts

that are added to coefficients in_the matrix

t r an¥heIeiReenegting thejraatis opPiaggshropfiiicntheomprasss ﬁ‘éﬁl% the selected

of claiml1l, wherein the first magnitude

Vﬂgaéqg%ﬁﬁkﬁagg wherein P is equal to the nunber of

nantlssa blts in fixed-point nunbers used in the

ran formplus a. nunper. of bits are added to

Coef lilecmsﬁ%lpé fﬁla{rﬁ }EfrE?TFWL%Fneth&ﬁh lftfs?rr?@alp&la%%f ficients
by ARRIYIPY rhdifix bF @@aﬁﬁftﬁbd goefﬁ&@nt%gl iequeti&hSh Makix of
wherei n generating the matri x of biaséd coefficients

quotiprd @effiacddi;nagda  suppl enent al bias val ue to the

coeff|C| and wherein th tal. bi as e.
o S e CE O PR ETRAY G Pk o8 cRafn e

m@ﬁibtadf dter;q8 uanthie@Ro bR icaRedyf d Sifhdr off Snal B8k HRYAF FXEI-pME} numbers

2008/ 002881 PCT/ US2007/ 072039 51 9. The nethod of

usgH avhile Benetergeiha matex pbtrtsormed chelficestspr i ses
sel ecting on a pseudo-random basis a value that is
equal to either -1 or 0O; and wherein generating the
1 mat r Tixe @tthbd aseldincoef fi ci ents conpri ses addi ng the

sel ected value to the coefficient. 10. The nethod of
cl ai whareinthe pemherafanangisdtsivirssernd onpr i ses:

geneyalifig ?Rreﬂ'ﬁ{erﬂlﬁr&fof gﬁr%%%tfﬁgl@ﬂs Ctﬁ@infa#rﬁé (@frgu%plﬁ ¥oeffjcients

de- quant’i z a matrix of quantized coefficients; an
sagiefiesr @t disign tdqtmmmbnts »f tfe Iagitnte @f Edeetridat ath]s:cth)gmcs Engineers

akBES 1Y fididagy coefficients in the

12. The method of claim 1, wherein generating the matrix of transformed coefficients
comprises using fixed-point arithmetic to repeatedly apply the transform to coefficients in

the matrix of biased coefficients without using multiplication or division operations.

13. The method of claim 1, wherein fixed-point numbers used while generating the

matrix of transformed coefficients are 16-bit fixed-point numbers.

14. The method of claim 1, wherein generating the matrix of transformed coefficients
comprises:

generating a matrix of intermediate coefficients by using fixed-point arithmetic to
apply a series of butterfly structure operations to each row vector of the matrix of biased

cocfficients; and



matri x of de-quantized coefficients by a nunber of

manti ssa bits of fixed-point nunbers wused while
w@eeeneasshg the matri x of transformed coeffi ci BEE/ES2002072039

The nmet hod of claim 10, wherein the nunber of mantissa

bits is three; and wherein, given the matrix of source

coefficients, the matrix of output coefficients

satisfies precision requirenmegits of the Institute of

El ectrical and El ectronics Engineers (IEEE) 1180

st angkaegiting phe Mpfsixrpd tiapgfomnededogiTrgiants iesisg fAxed-point arithmetic to

PR LA ARG X O o LEANSE B 0ol SREGI LS fhc matrix of

d%prlses usi ng iXed- poin Ntoart t hie o repeat e &

inéppkyiatch@ctiicasmsd ormto coefficients in the matrix of

bi ased coefficients w thout using nultiplication or

di vi sion operations. 13. The nethod of claim1,

1her i 0 fi xedr hﬂq4nunbers used whil e generating the

matrix of transtornmed coefficients are 16-bit

f i xegthgoinnterforrringrasy of the blierfiyedtivothrobparhttdnncdmprises performing

wher ei n erati.ng the trix of transforned
b‘E‘Eﬁ’étﬁX ?tE“ng‘H? SPCIaBeq §%%Pa“§‘ener ating a matrix of

|nternedl@Lq«g@qﬁﬁqqyaqif+py<g§kmg)ﬁb%ed poi nt
arithmetic to apply a series of butterfly structure
oper at i ong= (b:%&Oh%ydvﬂhbt(bﬁ<ékIDhé>ﬁatr|x of bi ased
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genel At t'me HBLATKS RYEHEYRed coefficients by

usi nghéremedandal 4t imyut VA8 4 of £hd 2RBbMtpuheale&f h@s of

butterfly structure operations to each columm vector

of tWherREt (i apd & ajeriptsgeiedi at e coefficients. 15. The
met hod of claim 14, wherein performng any of the

butterfly structure operations conprises performng
1dut t Bhd mythst oo clialni e4,0»plsd‘r61hi ch)ﬁﬁaemfes bbeveen kdBultsigérctated by one of

L Y S )+(1 << (k- >> ki v=((x *S )+(y *-C)+(1
the u‘(tgﬂy)sjr)lgyrq@per g@ élil regultsvthat)gw dhe gelglr@ed by an equivalent
blft{egﬁﬂstg%'tdﬂg g%irgg%t t?s&n f ft&i eﬁ% n Yirif ihren?eetfic%ﬁ)é"&engeqjed‘ﬁ'gund ZEro
mwlmwepomne@ewmgmmﬁnnahﬁmﬂebﬁmdrhﬁ&claln114 wherein

di fferences between results generated by one of the

butterfly structure operations and results that would
1Pe geRemaihed obYlaff 169ui val ent

wherein performing any of the butterfly structure operations comprises performing

butterfly structure operations of the form:
u=(x*C0)>>k)—((v*-8)>> k),
v=((x*8)>> k) - (v * O)>>h),
wherein u, v, x, and y are fixed-point numbers,
wherein x and y are input values and « and v are output values; and

wherein C, §, and £ are integers.

18. A wireless communication device comprising:
a coefficient biasing module that generates a matrix of biased coefficients by adding

one or more bias values to a coefficient of the matrix of source coefficients;



butterfly structure operation using unlimted

precision arithnetic are centered around zero and
wh2008/0p88i t i ve or negative nagnitude of 1 or |RBESEUSDY7/072039

The nethod of claim 16, wherein perform ng any of the

butterfly structure operations conprises performng

butterfly structure operations of the form u((x*C) >>

K)-((y*-S)>> k); Vv((x*S)>> k33 (('*C)>> k), wherein

u, v, x, and y are fixed-point nunbers, wherein x and

y ar# infgrse trorsferasmadelc thad gancratgy @ metipef trapgfoymsd cegiéicients by

us\{\l@ﬁeﬁgeldj%ocl;{lt a%th%a}gtgc t% r%pgeeateld%? agp%? ' _g 'onel-éirn '%fsygnaletlr SRform to coefficients
C nicati on device conpr [ .. a coerticlen I asSl ng

inbelagix Statiasg@ oesrateatsa matri x of biased coefficients
by addi ng .one or nore bias values to a coefficient of

t he wiightrshifomodplerthal sepwntes 8t of etpwisosiisepsey right-shift
odefilditre AORE %%%?&traﬁgf&&ea @g&ﬁér%g{s{ mfsf orm modul e t hat
g of trans oe

enerates a matrix orned ¢ ficients by
usi nghéreinadeffaiants arthd maetx af dugput epefltiedtsaragplryximations of

ne-di nensional transformto.coefficients in the. )
Vq?ﬂéecsrtﬁ% “&u?%g%g@éu LT 12 the maging QQSMHFCF \§1c@ts using an

idbhaty Q&NBI@E R o@ndBhfdrmPan@ut put coefficients by
right-shift coefficients in the matrix of transforned

coef § prcbamatmn durvdr thheeaises acmedif ipodsemtaigor ynit toeoutmit pirdible or
.of - out put, coeffjcients are approxi.mations of val ues
gl S BEO Gt 0By TP ERE Mg e ratr 1 x o
sour gRBereRehé hddiged Sf tHE bRG vaRies ot kod YVigh1SRuSHs ki€ errors and
cosine transform and a presentation driver that

NAEANERE TS ekl NPV eeah eaudlon maghtudeand (ie peitonaydiage.esygymetric
visible signals based on the matrix of out put

abcogg %‘?!l)’ca}nénts; wherein the addition of the bias val ues

wherelnhte eoekfréprtent ditRipess Rosedn Wwhuss i F&umtbm right-shifting
negative errors to be, on average,_ equal in nagnitude

limaffe prscision fixedRouN agRscseaipingt of cifiirty ilnztw BatriRf tinsformed
HARBI0p} A S5 R RdCRISIL ol LETGRERR SRR i oo marc o
trprséoined cocfliciced-yd nised épthe peontadi thoirdimagoatdd, eiithntisregard to
in the matrix of transfornmed coefficients by a first
PIFHHPt ude and results fromdividing the coefficients
inthe matrix of transfornmed coefficients by 2 raised

to the power of the first magnitude, w thout regard to
19. A device comprising:

a coefficient biasing module that generates a matrix of biased coefficients by adding
one or more bias values to a coefficient of the matrix of source coefficients;

an inverse transform module that generates a matrix of transformed coefficients by
using fixed-point arithmetic to repeatedly apply a one-dimensional transform to coefficients
in the matrix of biased coefficients;

a right-shift module that generates a matrix of output coefficients by right-shift
cocfficients in the matrix of transformed coefficients; and

wherein coefficients in the matrix of output coefficients are approximations of
values that would be produced by transforming the matrix of source coefficients using an

ideal inverse discrete cosine transform; and



precision. 19. A device conprising: a coefficient

bi asi ng nodul e that generates a matrix of biased
w@o®BhIssent s by adding one or nore bias val uBGI/US2087/072039

coefficient of the matrix of source coefficients; an

i nverse transform nodul e that generates a matrix of

transfornmed coefficients by using fixed-point

arithnetic to repeatedly applsg a one-di mensi onal

transformto coefficients in the matrix of biased

coef4 p@ﬁfémtgm daiver gt casiRgsfa magdid presentaEan yuhierautmy apdible or
vi I“ Xnas ({QILIIE eG4 M{I %!)l?t?)l‘.:l coeyﬁcw ht-shift

c:oeefs'f1 C|ens |nht he " matr X transt or med

coef Whet@nhs addifich vh@e 6ian vame§ fol the esdfficichit da0sesibitiv errors and

of output coefficients are approximtions of val ues
NQZREYC BT & PR OpraBeaER $aBYl 1R PHEBIICHNAJo PReNIEraES. ymmetric

efficients using an ideal inverse discrete

a@gggegg atq@ansf orm and WD 2008/ 002881 PCT/ US2007/ 072039

54 awhereseht atroi mededcnedifctvate Clatsas alum dha result from right-

0 nt.ation.uynit to output audible_or _visibl .
Shé‘i'rt iliﬂg @m@aﬂ%ﬁw@p @P%S%tatms glieotBeirpts dp gﬁtrgatﬂx of

trm%rﬁieﬂ chi¥eicRAIdy OfrsOhathifidRiang rééﬁfté"ﬁ’ﬁmt(ﬁ’whﬂl% the coefficients in
coefficient causeés positive errors and negative

themragiis of arbéyrmed cacféicrgs, byehyuied tnthewgmict abibe ding nagnitude,
symetric about zero, and wherein the

Wﬂﬁ‘?%?%gaff%f? g‘élﬂp di f f erences bet ween val ues t hat

result fromright- shifting |imted precision
fixed-point representations of coefficients in the
2Gvat r The davicerafgrmmdOred coefficients by a first

i ngn‘lfvh&gl% %@f‘hm l ttﬁe Illfle{n oqf{ d)ult t?gef%&%nﬁé%g{% yl%l%gltnﬁon nt

ransforne i'cren
vdl@est el povver of the first magnitude, w thout regard
to precision. 20. The device of claim 19, wherein
coef Vherwrhe devicq fiethaigqmeises a awwowmrbmemlg thes enstructs a

blp iCAURRP tude R H&ST oﬂﬁ)%ngm%raﬁfep the device
urt

er conprises a pixe constructi on nodul e that

const ructs a block of pixels that include the pixel
val u oﬁ)l The devi ce of claim 20, wherein
21( he ]ileeieé’h"(eé)tfcg’ﬁm Pver causes the nedia presentation

uni tywhQefi BPpRYedthifon RVREKaREs Ak %Rl presentation unit to display the
block of pixels.

22. The device of claim 20, wherein the device further comprises:

a block combiner module that generates a first video frame by combining the block
of pixels with other blocks of pixels; and

a predictive frame generation module that generates one or more subsequent video

frames that use the first video frame as a reference video frame.

23. The device of claim 19, wherein the coefficient is a DC coefficient of the matrix of

coefficients.

24, The device of claim 19,



22. The device of claim20, wherein the device further
conprises: a block conbiner nodul e that generates a
wo poogoo2s8deo frane by combi ning the bl ock of PCKRER207/072039
wi th ot her bl ocks of pixels; and a predictive frame
generation nodul e that generates one or nore
subsequent video franmes that use the first video
frame as a reference video frge. 23. The devi ce of
claim19, wherein the coefficient is a DC coefficient
of t Weerait the goagficicidussinginedinls geptatesTHe nepsnik egbigsed cocfficients
m 19 008/ 3 S2007/ 072039 55 wherein
&&%§ﬂP¥®%¥%ﬁymﬁﬁé§%ngﬁﬁé%ﬁ%méé%ghates the matrix of
bl asebereidahé ntd@iithiasoahrddeqgl & B dpehakinbP asequal toehe number
to the coeffjcient; and wherein the m dpoint bias
ofyaaniissy lgltselalﬁaqed-tpgmz pu@bem@cbqnﬁh@trp%sfm@us g gumphear of bits that are

N

to coefficients in the natrlx of transforned

oefficients the transform The L
evi £R dpvicq %{b Jainng % wltrelr%g} the figgt magnipd %ﬁ@ﬂmlaﬁg j wherein Pis
e(ft‘lg%l thd Ruriber dmnﬁhs@ Bitsii fix€fPGint henbE uiHdnh @ﬁe t?efnsform plus a
manti ssa bits in fixed-point nunbers used in th
nitmizanof bitsithet ars addedarbefficontshin tlse mhtaix of rtlana"dtte@ﬂ tagfficients by
?eff |ent in the matrix of transformed coefficients
MAYIGHSITANG Phe transform 26. The device of claim
19, wherein the coefficient biasing nodul e generates
the matrix of biased coefficients b addln% '
2 upplendavicsi ofislam Wambercirnte cpeffisignabiatiog mpdulseasnernies the matrix
tiV n
fctﬁgsfed %f? Q}Cenjtesn Pf%%gﬁl Rgﬁg}eha?ﬁla% §a198 TG 13;@}1%1 etwgfwhen the
coeffadiont i9negaties endthhiie eqm&cf 0 eihenthdaoasidignht hebhl-gegative.
generates the matrix of biased coefficients by
sel ecting, on a pseudo-random basis, a value that is
2ﬁqua+hg&“§ Hﬂ%ﬁu Jgor 0, and adding the selected
value to t coé?flélent as a suppl enental bias
val uwhereﬁl&he &'di’ﬁffﬁcieﬂtl lasigf modwle rg’eﬂdiatemﬁle medtnx bﬁbiasmivdoeﬁ"lcients
further co uanti z |on quu e

bsg%q%f‘ecﬁlaseogl LDy Q-F%Pdafﬁafé oS FatiSeautirp eiinsir i‘059 g adding

thd¥aRkibd Ve & t‘E@"cBéﬁ‘icféBt eQ;ea s%&?l%hieﬁt%@' bla@¢hibgi ent's; and
a scaling nodul e that generates the nmatrix of source

coefficients by left- shlftlng coefficients in the

f .de-quant.i.ze coe i.ci.ents. by a nunber of
o T i iR 7 ek e ER BRI B P o
genes ad-igihtizigormbdlX ik géﬂe@zﬁé&f Oaetk srartduasiifdt®efficients by de-

quantizing a matrix of de-quantized coefficients; and
a scaling module that generates the matrix of source coefficients by left-shifting
coefficients in the matrix of de-quantized coefficients by a number of mantissa bits of

fixed-point number used while generating the matrix of transformed coefficients.

29. The device of claim 28,

wherein the number of mantissa bits is three; and



29. The device of claim 28, wherein the nunber of
manti ssa bits is three; and WO 2008/ 002881
WERMBBBO07/ 072039 56 wherein, given the nmatrPXI/6§2007/072039
source coefficients, the matrix of output coefficients
satisfies precision requirenments of the Institute of
El ectrical and El ectronics Engineers (IEEE) 1180
standard. 30. The device of cd@i m 19, wherein the
inverse transform nodul e uses 16-bit fixed- point ,
nunbehercighgiyel diergattixpé doyses eactagipnthrtae matrixgof output coefficients
satish esaptrgcqlsix an %rx ¢ Il:l]tg o?{hee.'l%tﬂe QA %ﬁ]eack icai L& lfe(c)tﬁrom iésoE incers
COeT ] €T ERE ST HTRE fat ik of b1 ased Codttircrents ~F
(ITAE) UE80 esndafd. cl ai m 19, wherein the inverse transform
nodul e uses fixed-point arithnmetic to apply a series
of butterfly structure operations to each row vector
3@f tﬂ?e ide of cla%ld]_@c%%i&tﬁ‘gfiﬁdeﬁeqﬁﬁlﬁobﬁq RS RAHERs F6-bit fixed-
matrix of internmediate coefficients and uses
pdintxaaalpod when aving fixeel-paint aithippti/totrhpeaselty ggplpthe one-dimensional
butterfly structure operations to _each colum vector
Rarito chaficl Rt therp iised edRfiFiSent s to produce
the matrix of transfornmed coefficients. 32. The device
of claim31, wherein the butterfly structure
3loper Ehd davscearfelanh IOnwhemmthe inpe(se(transfo@n nigduteises- fixedegoint

ar&hf@%%% ?gl) %)?)1352{1 sg{lt/eg&ﬁﬁu@;g% gt%qtl:%r_g gp%%-lii%?;tﬁ &%@éﬂ%}% zfec?o>r ol%’the matrix

ofagle@ichefficiRA t pRydcd N RMtriveH iHRSmad Ske YodMidictsdnd uses fixed-point
out put values; and wherein C, S, and k are integers.

argBmetihto appli tbe seiics@f dutierdly strypfarceansraions &y @gk ¢glumn vector of the
. . f.1h t fl -
mgﬁc‘%?%’teﬁ&édﬂté %(8(%?191%&@1(? Sl;o*eaéaﬁot{ﬂg n?aﬁré)% oﬁ%&aﬁﬁo@%ﬁ coéfficients.

ucture operations and
generated by an equivalent butterfly structure
operation _using . unlimted precision arithmetic are

3%2ent BhetrviicqistriPetlo and have positive or negative
wnor Sy ORE° by pFfae e 0B AEKFER Bin LR Tor e
form (g x(@%C K (95 SYBS<Kkh-D)) v=( x* ) >>
k)-(('*C) V>z (@*S’\{\Q (.%QQ%/)OP 18§<1 (}E%'% y>8%,007/ 072039 57
wherein u, v, x, and y are fixed-point numbers,
wherein x and y are input values and « and v are output values; and

wherein C, §, and £ are integers.

33.  The device of claim 31, wherein differences between results generated by one of the
butterfly structure operations and results that would be generated by an equivalent butterfly
structure operation using unlimited precision arithmetic are centered around zero and have

positive or negative magnitude of 1 or less.

34, The device of claim 33,
wherein the butterfly structure operations are of the form:
u=(x*C0)>>k)—((v*-8)>> k),
v=((x*8)>> k) - (v * O)>>h),



wherein u, v, x, and y are fixed-point nunbers,

wherein x and y are input values and u and v are
W@oiop0288nl ues; and wherein C, S, and k are iPCEYS2087/072039

35. A device conprising, neans for generating a matrix

of biased coefficients by adding one or nore bias

values to a coefficient of a matrix of source

coefficients; neans for genergting a matrix of

transforned coefficients by using fixed-point

ar i t Whereings, vox, rap e aretxsd-pgpl suebeshe- di nensi onal

Lrangfarm & Go8Lel SALS 43 L 18 MRLLLK, Pl R Aged
coef Y 1'Erént € nean or generd%lng a ondt'r 11 ot out put
wh&eif € 3, and & akyintckelt - shifting coefficients in the
matrix of transforned coefficients; wherein
coefficients in the matrix of output coefficients are
3fper%kURE%QB?'BE, val ues that would be produced by
transform ng he Tatrix of source coefficients usi ng
an mdaslfor ganerasiag dirsarie bébresi sveffidiansbpaddingot sraams bias
for causi 9.2 dia presentation unit to output
Vel REOBHICLP A o *iapurce GAEQICRis: t he matrix of
out pMEaﬂé%Pgéﬁera gra%aﬁr& e rasdbdlAnotfricidi® B @dng/RldiESoint
to the coefficienl causes positive errors and
arrtbati¢ toercpeataily apdy benc-dmensemalyeanséyoato doaffivegs ndlkematrix of
ban%{toﬁbe, on average, synmetric about zero, and
R QFHYNE errors represent differences between
val u@adsttet gdn@fding afrh Ak bF 8tbut GRFAdiEAILY HEhtBekting coefficients in
preci sion fixed-point representations of coefficients
thi matipe ofgansformetl coefifigigstsor ned coefficients by a first
magnj ng- r | r i vidi h | Gl
B RBPfe Rt pBR  pVA PRe B 3R rSb fblany of
vdlgestthae vaaiebe plodtdeal Byl tkgisfommgy theleefrix 9 doneudtcot Fgdontk using an
.to . precision. 36. The device of claim 35, wherein
idgdldpyqres dipfreie CASIRhBaRFERTP: RNSf out put coefficients are
Fur  her o e ng ST pre SRR b By AN E isipe signals
bgsedkeh shetrhattix off notputtenltdse pi xel conponent val ues. WO

Sone Q02 SETLUSeoRr (072000, S8 ST phe Sent <2 B s
ndYaBSERTAS kPBe, WRiabethe, cqual in magnitude and to be, on average, symmetric
about zero, and

wherein the errors represent differences between values that result from right-
shifting limited precision fixed-point representations of coefficients in the matrix of
transformed coefficients by a first magnitude and results from dividing the coefficients in
the matrix of transformed coefficients by 2 raised to the power of the first magnitude,

without regard to precision.

36. The device of claim 35,

wherein coefficients in the matrix of output coefficients are pixel component values;
and

wherein the device further comprises means for constructing a block of pixels that

include the pixel component values.



out put audi bl e or visible signals based on the matrix
of output val ues conprises neans for causing the
wore@smossesent ati on unit to di splay the bl ock BET/US2007/072039
pi xel s. 38. The device of claim 36, wherein the nethod
further conprises: neans for generating a first video
frame by conbining the block of pixels with other
bl ocks of pixels; and neans fgy using tenpora
decodi ng to generate one or nore subsequent video
frames that use the first video frane as a reference
?élogfe | E:(Iﬁeé]ﬁ ¢ olf‘;?:?aé é% B og\” ICtC Ie gnL ar% rrpﬁgs?%%%{isg)?estegt%tlon unit to
oRPutraaibtoGf fisibleaiinals thbed dihde @l@lﬂu@ ef @ftp@t alu¥s 3mprises means for
wherei n the nmeans for generatlng the matrix of biased
caugiag themadia prosempiionswyt toehsiday the blogh@f Rcels- mi dpoi nt
bi as value to the coefficient; and wherein the
m dpoi nt bias value is equal to 2P-1, wherein P is
3% qualhd devidean frelaitneio, whérei’naﬂhb inssteodofiutther dmnf}iri)sefd poi nt

nunbers uysed in the nu r of bits
t hat mﬁ?%uf%%f‘d“@fft% acf[%tf‘fl %%W@LY R %&ﬁ? plockpt pixels with other
Mbagqgfg&mpqn@oefflC|ents by applying the transform
41. The device of claim40, wherein first magnitude is

equancary pr,lsuvg]@nmoml Eecpqginegqtugenemt@ ank@r menbhgrbseduent video
poi nt. nunber,s sed in the

t
PG SR Brst Mk, e 0k PP TG HARE dento

coeff|C|ents in the matri x of transformed coefficients

applying the transform 42. The device of claim
393,5 Mﬁé’“ﬁ? affstaimeidnwheisin e seefricayispHeC gegfficienosf the matrix of

[ icients conprises neans for adding a
yﬂw&:%%ﬁ%h?g{ bias value to the coefficient; wherein

the suppl ement al bias value is equal to -1 when the
coefficient is ne atlve and equal to O when the
4G oef Fhedwite afsla@onegat i ve. WO 2008/ 002881

PCT/ \;:}l'?grgﬂht{elg Knétgﬁgfgr ggner??‘]tf;hig tﬁ@ﬁlagﬁivéfﬁoqasg cgéfﬁhféhé%omprlses means

wherein t urt conprises selecting on a
fopsédidg a nadpmm hasvaduatovhd ceeffitibat ands equal to e| t her

-1 or,0;.a ei.n the neans en at i
ot TS B A R AR IR O AL P BBl AR daig)to the number
o8RG BifCin FREGLRA nAbHE k& fNfe ﬁQt?sffcﬁﬂrerlﬁﬁ]E nufhber dMAts that are

device of claim35, wherein the device further
adslodr caxdigcients in the matrix of transformed coefficients by applying the transform.

41. The device of claim 40, wherein first magnitude is equal to 2”, wherein P is equal
to the number of mantissa bits in fixed-point numbers used in the transform plus a number
of bits that are added to coefficients in the matrix of transformed coefficients by applying

the transform.

42. The device of claim 35,

wherein the means for generating the matrix of biased coefficients comprises means
for adding a supplemental bias value to the coefficient;

wherein the supplemental bias value is equal to -1 when the coefficient is negative

and equal to 0 when the coefficient is non-negative.



means for generating a matrix of de-quantized

coefficients by de-quantizing a matrix of quantized
w@omBoIsBEeNnt s; and neans for generating the nmaR€i/KSWH7/072039

source coefficients by left-shifting coefficients in

the matrix of de-quantized coefficients by a nunber of

manti ssa bits of fixed-point nunbers wused while

generating the matrix of trangformed coefficients. 45.

The device of claim44, wherein the nunber of mantissa

bits is three; and wherein, given the matrix of source
4§oef{i§&é%%é%fagﬁﬁj§atrix of output coefficients

Satis¥|es precision’requirements of the Institute of

El ec¥héreml than@tHoddattha@toaprikageretfigon 4 bsdud)-rddddh basis a value
standard. 46. The device of claim 35, wherein the
thaig §gual & cigherel ak 9:r#gdt he matrix of transformed

coeffiCi ' ' f.] [t :

ot tnEERhg Qb B PRARNG BB Ml KRR compriscs means
foc aédifig dicesatested ivaluaeo thetaokictdnt.bi ased coefficients

W thout using nmultiplication or division operations.

47. The device of claim 35, wherein the neans for
A4eNeTRE i RGect T IR Whefeid hBRSTOE MBther EARHALGI ents

uses 16-bit fixed-point nunbers when using fixed-point

ar i tmaatsifor gancratippeanaidk pf dpghantizheé canibeidntmby slicopantizing a
transformtq coefficients in the matri x of biased
MATETWrEHES CONDEB8I 02881 PCT/ US2007/ 072039 60 48.

The gleMisT8r ncktial MSRatrtTIsEhrde S6TERALs BY 18L.6hifBio do¥fficients in
of transforned coefficients conprises: neans for

thy arpdiiaef dyqeantiaed ¢oeflaicitbe p mpaibar of myrissd bifseafifexegpoint numbers
i fi ~ DO0J, N [i ' a series of
w%§3?§$é¥§5§?@%%$3%%3%gé?%ﬁ?%ﬁghﬁgaggL tSrowvector of
the matrix of biased coefficients; and neans for

ﬁenerating the matrix of transformed coefficients by
si nGhg IvEE- Yot 44ari thnetic to apply the series of

but t ek BL LULW R (PRARLAYHANSULG: sAFh col um vect or

matri x of 1 nternedi ate coé cients. 49. The
devi whkeroin, givan thedBatrivtoé s@iroe tdedficremnghé matrpceusffotmltptit rgefficients

any of the butterfl tructure rati ons, _conpr.i ses .
s Se R HOB B FmERS ob e Brtths ol Piasarsal hcbBlsr ity iogineers
(1EBE) | 050 ancil (X * O +(y *S)+(1 << (k-1))) >> k;

46.  The device of claim 35, wherein the means for generating the matrix of transformed
coefficients comprise means for using fixed-point arithmetic to repeatedly apply the
transform to coefficients in the matrix of biased coefficients without using multiplication or

division operations.

47.  The device of claim 35, wherein the means for generating the matrix of transformed
coefficients uses 16-bit fixed-point numbers when using fixed-point arithmetic to
repeatedly apply the one-dimensional transform to coefficients in the matrix of biased

coefficients.



v=((x *S')+(y *-C)+(1 << (k-1)))>> k, wherein u, v,
X, and y are fixed-point nunbers, wherein x and y are
WO p@ano2ssl ues and u and v are output val ues; aPdI/US2007/072039
wherein C, S, and k are integers. 50. The device of
claim 48, wherein differences between results
generated by one of the butterfly structure
operations and results that waquld be generated by an
equi val ent butterfly structure operation using
48l i Phe dvigrad slamay?, whetehhgancratiag éheoapriarod draasff@rmﬂ cocfficients
C%gg%egnd have positive or negative nmagnitude of 1 or
88851, The device of claim50, wherein the nmeans
for me&ﬁsdbﬂgd”m@raﬁlﬁg aGhattik of hisdridfate/cortidi@itsib@using fixed-point
operations onpri ses neans for performng butterfly
arghmgiae t?raé)pbb%?eéteﬁ ghButtsrily plaugtyie ipperatjeny tj@a«e@? row vector of the matrix

ofhs)las{egﬂéoefﬁ):l%ntskzn V((x*8)>> k)-(('*C>> k), wherein u,

xed- poi nt nunbers, wherein x and y
are mamtfon/@dnlamngmlmh mamd)f\traasferrmd qutficialtubg nsiag fixed-point
erein C S, and k are integers. WD 2008/ 002881
TP UEIOBPO 09s of Pusig fly ATHEfH{F ARSFA085 aBicR calugin ypctor of the

mERRRY iSRS dilts b6 iGLiRRS, When executed the .
I nstructi ons cause a processor to: generate a matri x

of bi ased coefficients by addi ng one or nore bias
fﬁ é efficient of a matri x of source
coef ?:%ﬁﬁeq MePate a matrix of transfornmed

coef {h&eRths nRind St P& férnigLamobMthe BhttdrAPBlrhGule@perations
repeatedly apply a one-dinensional transformto

cangisfsts micans for perfqrmungybutrarity sftudsirg operatiersedffthe fosmt s:

generate I Q ts b
rlght shlftxﬁ% g%%f#fcﬁ%ﬁygl%%%%Egyhggf?x y
transfornﬁd(@9@50qu€nt3)+mme{ekm»pﬁﬁ%f|C|ents in the

matri x of output coefficjents are approxi mati ons of
val uBBCTEREt Vb N Y E IFSRRIB UL ansf or mi ng t he

MR T ¥erQn SO r?gﬁte ?rgb ?élﬁésea{h'd% HR1 "G Bepul %ﬁf’i‘és hiyerse

di screte cosi orm and cause an

pr esehtrain @GrS, and £ atcant@geput audi bl e or visible signals

based on the matrix of output val ues;
50.  The device of claim 48, wherein differences between results generated by one of the
butterfly structure operations and results that would be generated by an equivalent butterfly

structure operation using unlimited precision arithmetic are centered around zero and have

positive or negative magnitude of 1 or less.

51. The device of claim 50,
wherein the means for performing any of the butterfly structure operations
comprises means for performing butterfly structure operations of the form:
u=(x*C0)>>k)—((v*-8)>> k),
v=((x*8)>> k) - (v * O)>>h),
wherein u, v, x, and y are fixed-point numbers,
wherein x and y are input values and « and v are output values; and

wherein C, §, and £ are integers.



wherein the addition of the bias values to the
coefficient causes positive errors and negative
W@eoos0e88n be, on average, equal in magnitude BEIUS2H07/072039
be, on average, symetric about zero, and wherein the
errors represent differences between val ues that
result fromright- shifting limted precision
fi xed-point representations of] coefficients in the
matrix of transforned coefficients by a first
magni t ude and results fromdividing the coeffi cients
st NOSuRlr b Lt SRR EhL G e el
inbtPuqdioBS tise8 préwdssoll ke conput er - readabl e msdl um of
claim52, wherein coefficients in the matrix of, output
coef £9n6Tatnt Batpeofdiiassr ceeffisshihy addingasie or gioge hirerdues to a
cdePBeibMRl b ek i 08P J&;%@ﬁ faHise the processor to
construct a bl ock i'xels “that include the pi xel
conpgaerite ¥ alatreésof tb%@sﬂﬁ%d 0QZBBiEntRGY ukiBg OB éd-Pord 3bthnRic to
he conputer-reada d| um of. ¢l ai m 53, wher
rep e SRR G G R e i Tt cesEtsicnivnd cinat iy Didbed
cdBfillightpr esentation unit to out put audible or visible
signal s based on the matrix of output values by
c ausgemgrattmenptrocmmputtcoefﬁawss byhreghtrebiftan gorossfenerds inghe matrix
n|t of d ej.ﬁ %{the bl ock of pixels. 55. The
B%@F@F FRAHYEMS nedi um of claim 53, wherein the

I NSt RGNSk IArthe AUEE oftduBuR COSESRAS atQappd®NRhab® of
a first video frane by conbi mgatg the bl ock of pixels
el

vakjigsthatvrrld be prokgeasiby tangirmin magix elevppencaoctficients using an
1dgﬁq8\¢er§1¢g(h§c?etg %”S@%&Sns?&% QhqMor € subsequent vi deo

irst video frane as a reference

vi dequb¢ amediagfieschfatiot QNP utpiiteadiid 6r visidicwignafs takal ¢n the
52, wherein the coefficient is a DC coefficient of
Mt GHOUHIU VEECS0ef fi ci ents. 57. The conput er - r eadabl e

medi \%H%rgf‘n tﬁé Qﬂldﬁlé{?of tﬁ’@ %{ag tyglukpﬁ) h@ SOLHET tehto&ﬁs% ogltﬁ% errors and

cause the processor to a p0| nt |as va
ndgheveasdrs tcbe oh;average, wheslen magghieude aidoo be, doi aazsraga,l aymrnetrlc
is equal to 2P-1, wherein Pis equal to the nunber of
abouhe§iesidhi ts in fixed-point numbers used in the

trangf Qe Rt BEoR rBREAT differddbd ShdrRadn B that result from right-
shifting limited precision fixed-point representations of coefficients in the matrix of
transformed coefficients by a first magnitude and results from dividing the coefficients in
the matrix of transformed coefficients by 2 raised to the power of the first magnitude,

without regard to precision.

53. The computer-readable medium of claim 52,

wherein coefficients in the matrix of output coefficients are pixel component values;
and

wherein the instructions further cause the processor to construct a block of pixels

that include the pixel component values.



added to coefficients in the matrix of transforned
coefficients by applying the transform 58. The
W@ 0900288t r eadabl e medi um of cl aim 52, wherei nPETES2007/072039
first magnitude is equal to 2P, wherein P is equal to
t he nunmber of mantissa bits in fixed-point nunbers
used in the transformplus a nunber of bits that are
added to coefficients in the gmtri x of transforned
coefficients by a% lying the transform 59. The
5% onplheeommderaishdn fﬁe@ﬁd}mndﬂff cidimi 5 BRAcrefhibie distrugtiens cause the
RS Eh R AR DRFRI R38N 2B A e on
tht @natiihd o o piplakize BY @husii@ihie padddssot @ danse theedddicpresdntation unit ot
and WO 2008/ 002881 PCT/ US2007/ 072039 63 wherein the
digplay therdorkAf PhTods val ue is equal to -1 when the
coefficient is negative and equal to O when the
coefficient is non-negative. 60. The conputer-readable
Siredi Tim @fmmitaiwadabd]c mbdinei of cldim S3nshereat tho msstduotiddsefurther cause
cause the processor to select on a pseudo-random
ths REGCEssQT iRl ue that is equal to either -1 or 0; and
wher §‘én@ratté‘§ fitdd $1del Flah RN, Jo'ﬂ?cﬁniﬁ@ H&%l&ﬁ@of&fi?&@%ﬁﬁ ot blocks of
generate the matrix of biased Ccoefficients cause the
pipelocadsor to add the selected value to the

coefficient. 61. .The co t er-readabl ¢ nedi,um of. cl ai
52 AP Bl FiEOfiRge EUTTORGNS U PREr CAIUEH g fram (it use the
iRt Piges rafcl9a reBRAtalca M@kl i X of de-quanti zed
coefficients by de-quantizing a matrix of quantized
coefficients; and generating the matri x of source
5éoef 'fﬁecé %ﬁ‘ﬁ %erpr)éa(i %iet ﬁlgﬁ\h&t If?gail%%%f t)vlh‘érleﬁp 2 ch%ﬁ&%ﬁ% isaDC
atrix of &le-quanatlze coetficients By a nunber 0
covefidiérg 9 thel rhétri@fof thoEdep@i Nt nunbers used whil e
generating the matrix of transformed coefficients. 62.
The conput er-readabl e nmedi um of claim61l, wherein the
sUMOLEe Qi LSRRI b diu SOftCMil%%z, and wherein, given
the matri x of source coefficients, the matrix of
out pwhercmehé insiractioms figdter sfuse shqprecéssoran ade guidporetriiiss value to
of the Institute of Electrical and El ectronics
theggeihelrs a0¢ | EEE) 1180 standard. 63. The

CoMph&tm BAAMN Bt RA WAt cGlkdD/52, wibielep iy éqﬂ@l to the number
i nstructions cause the processor to gener ate the

ofrratntisxa s inrfardPomimdmbosfubitinghe Fatpforvaplss Agumber of bits that are

RS8R Faftsi Qs i BERERRL Vv R SRl BRBIBT B b he rmsform
W t hout

58.  The computer-readable medium of claim 52, wherein the first magnitude is equal to

2, wherein P is equal to the number of mantissa bits in fixed-point numbers used in the

transform plus a number of bits that are added to coefficients in the matrix of transformed

coefficients by applying the transform.

59. The computer-readable medium of claim 52,
wherein the instructions further cause the processor to generate the matrix of biased

coefficients cause the processor to add a supplemental bias value to the coefficient; and



using multiplication or division operations. 64. The
conput er -readabl e nmedi um of cl aim52, wherein the
WO p@BH00a88i ons cause the processor to use 16- bPET/US2007/072039
fixed-poi nt nunbers when the instructions cause the
processor to WD 2008/ 002881 PCT/ US2007/072039 64 use
fixed-point arithnetic to repeatedly apply the
one-di mensional transformto gpefficients in the
matri x of biased coefficients. 65. The o '
conpwhereinrtbe sinpleangnsad ibigh vetueds equal 821 witrarthe poaffieient is negative
afARLELS Y 90 FRUSARLNS i« RLPGESRRE, to generate the
Etr X of " transtor med coerticrents by causing the
processor to: generate a matrix of internediate

coefficients by using fixed-point arithnetic to apply
60y seFheeonyrutgsricedablq pedipmpficlpi® Bper ati ons to each row

vect \gfler%fn th@ ﬁls{mét{d.& ﬁ?jthel? iCQl?S? q.jhe n@gggsgé)rct? g&%&;onaaﬂgsgudo-random

generate the matrix of transftor coefficients
basssi angpaldd thetds pguahto aithick et 0;antlo  apply the series of

butterfl tructure operations to each colu vector .
of  t HECTRM(PS IISERCUQNS (I e 1o B ERsSHYT 6 REPRTIC Nggmatpit pf biased

cRPTRLEEalsEARGRO & s SR Y B sElocdVBRe tdMRRBEMicihE
i nstructions cause the processor to performany of the

butterfly structure operations by causing the

6P e T i PRt d Al Tl el afmSy, SR BRI B G Fuher cause
th¥é ptdcgssodtd: +(y *-C ) +(1 << (k-1)))>> k, wherein u, v,

X, and y are fixed-point nunbers, wherein x and y are
i npugenpEitae BagdofideagigniizegrecHisigngt by é¢-aeantizigd matrix of

[ e S k are integers. 67. The
q%ﬁ%elﬂ%re%%% Sa%ﬁg medi um of cl ai m 65, wherein

di f f ganengiag tiehiernlcesut tecffigems batedshifign@ctffcidiiein the
butterfly structure. operations and results that woul d
mpgixf glerdyiertized spctiigicathnanranker iof fragtissapits of flzgdyp@int numbers

u&ﬁ%lﬁ%iggﬂergﬁlj%%e Wi bF ghs?(frﬁféh%b%cféﬂst. hmetic are
center aro zero an ave positive or negative
magni tude of 1 or |ess. 68. The conputer-readable

ding of cl ai m(fag wher ei r}cihe instruction cause the

6%?00 %%Wnﬁ%erpré? _}en’inﬁ Y NS Put terfly structure
oper @hdeRShOYuRBUI MBS RS 8S&OLnd © perform
butterfly structure operations of the form

u=( (wh@pm>given (eymatgx ot sdiree eqefficiG)ts;thnafr{x ofQutput kygficients

satisfies precision requirements of the Institute of Electrical and Electronics Engineers

(IEEE) 1180 standard.

63. The computer-readable medium of claim 52, wherein the instructions cause the
processor to generate the matrix of transformed coefficients by causing the processor to
repeatedly apply the transform to coefficients in the matrix of biased coefficients without

using multiplication or division operations.

64. The computer-readable medium of claim 52, wherein the instructions cause the

processor to use 16-bit fixed-point numbers when the instructions cause the processor to



WD 2008/ 002881 PCT/ US2007/ 072039 65 wherein u, v, X,
and y are fixed-point nunbers, wherein x and y are
WO p@ano2ssl ues and u and v are output val ues; aPdI/US2007/072039
wherein C, S, and k are integers. 69. A nethod
conprising: generating a matrix of adjusted
coefficients by left-shifting each coefficient in a
matri x of source coefficientsg4 generating a matrix of
transfornmed coefficients by using fixed-point
usgriixchrpetnt @rltfmletmé@ ety apply the anodenatiswaplsrassim to cocfficients
]ntﬁanslggo 0.8 %8&%%%' nts in the matri x of adjusted
coeffiCients: genera |ng a matri x of scal ed
coefficients by scaling each coefficient in the matrix
of transformed coefficients; generating a matrix of

63i asblr eusatsicradible Bydinnfciinme. wheisst be prsiycionssause the
geesg 0 g@ﬁerg@ e rggﬁfxfdfq{aﬁ%ﬁnéc{]cc;e?ﬁmémg Pﬂl %a&ﬁnﬁtﬁ@bfo@essor to:

cients; generating a matrix o
coef generaeenm matmc ofi 1gt¢t~m@d1atétcom@icmsﬂfy Lmlr%fﬁ&dl-m)llﬁtl’aﬂthmetlc to

ri x. of.. biased coefficients afrrst i tud
eraﬁ%r seties OR BUSRHY .Ssruerresoesraeenw ek ﬁ?féorr@tﬁ RBRof biased
cd®ilightdaha, wherein coefficients in the matrix of

out put coefficients are approxi mations of val ues that '
woul genetgthe duatiex Obyattsrﬁa’rr@ﬂ@pﬂﬁﬁn@ntsr’ref usate fisederfoigcuitlpaetic to

coeffi ci.ent an__ideal,. forwar scret

o BN D SR iR o o foch gl el Bl e of
intd@cgarf ok Ficemts causes positive errors and negative
errors to be, on average, equal in magnitude and to

on average, synmmetric about zero, and wherein the

6er ‘ (u)p? #0%9 uegrelrg%%a% frﬁg@ fl&coqsc @%t%@gen val ues that

res mrig i ng d precision

f i xedh@eoinnhe BRu&ER0 Caide onsprotessoab pedb@ntsy oftht batterfly structure
matri x_of biased coefficients by the first nagnitude
ongiong by |C@1§Hf% GFRPERCGISAT P eihycstastuse ppergtipas of the form:

mat ri x Q((?&e@i? ﬁf*fg f+ Spgg\gmp_\fpo>ggcl sed to the

power of the irs gni ut fegard to
preci si onv=10.* Ihe (wet- Ed)]l+()lf<<el(lail)))169k wherein the
first g}rﬂtuders equal , ta 2P, wherein Pis equal to

t he WOFFERY &f % RRAYAES X@&r RUNG HRYES G- poi nt  number s

d k u an
gé_er;dwuréézro%l;}rfw ﬁfﬂé’réﬁ@hﬁbﬂhé@aﬁ MRd2088 6B RHucs; and

wherein C, §, and £ are integers.

67. The computer-readable medium of claim 65, wherein differences between results
generated by one of the butterfly structure operations and results that would be generated
by an equivalent butterfly structure operation using unlimited precision arithmetic are

centered around zero and have positive or negative magnitude of 1 or less.

68. The computer-readable medium of claim 66,
wherein the instruction cause the processor to perform any of the butterfly structure
operations by causing the processor to perform butterfly structure operations of the form:
u=((c* > k)~ (v * -5 >> b,
v=((x*8>>k) - (v * O)>> k),



66 nunber of bits that are added to coefficients in

the matrix of transformed coefficients by applying
wao b@snosssf orm 71. The nmet hod of claim69, WheCEUS2007/072039

generating the matri x of biased coefficients conprises

addi ng a suppl enental bias value to one or nore

coefficients in the matrix of scal ed coefficients; and

wherei n the suppl emental biasgyvalue is equal to -1

when the coefficient is negative and equal to 0O when

t he wbatmigventan g apphixqdeppant nenbersz2. The net hod of

cl ai 8%, wherel D e ELNOG FUIENSE (SOIPELISES g

sel ecting,” on Y pseudo-ran o Basi 8, aValue™ that is
whevial CtS) afd L Beyinteger@r O; and wherein generating the

matri x of biased coefficients conprises adding the

selected value to one or nore coefficients in the

trj .coefficients. 73. A device

6%@%@?&%&@&%@?shi ft nodul e that generates a

mat r gencetingdjmegtiedf adjedtéd cootfitisntb Py left-thifmgfcatingoefBacit in a

coefficient in a matrix of source coefficients; a
mpgix e sguice e e nodul e that generates a matrix of

t ransdnafiRg aGRRfL bEIrSSmRY colficR@ts by} @ehPRidipoint arithmetic to

arithnetic to repeatedly apply a one-"di nensi onal
repeaedy oppty aencelehénstirahtrgnsform tohmecffaiantsanghe mdjrusefedjusted

c?fef.fi cients; a scaling nodule that generates a matrix
Co5fIdEUted coefficients by scaling each coefficient in

t he padefatixng @fmdtFiR 05 QIR AREItd 6 @Al caxhCoefficicat Bithe matrix

bi asi ng rm%iul e that generates a matrix of biased
of¢tpapformré pedtipigntaddi ng one or nore bias val ues to one

or oeffici.ents. | ] | X, of scal .

coer T ErfE Ml EBE Giabd dodfigd by alip g5t Snoys piss s o one
oramom@tcoe fficthtsau ttiihae el st e odestidiynts; @t - shi fti ng

coefficient in the matrix of biased coefficients by . a )

fi r SECIREGAB AURRFIX ofpepul Goctitracinby rightowhifipg cegdticients in the matrix

of%@s’;e ic8éf%@feﬁtsfb§/pa{ﬁ§§%§r}i dia data; wherein

coefficients i I'X of output coefficients are
apprweké¢mmtthomatrof of seatcaescffioanhtswopdestnixempdiodateed by
transBorm’ ng ft he n.attéi X of source cogf.fi cients usin

an’ VEREI OBFRE ditke PaiE JSUmE coTiFen S Anjggximations of
vARQINAGERRILEEHALRRAYHOLRARe A ke 6f Buldi oBfiidntARing an

of the bias values to the coefficient causes positive

idealforvearddigcrete cosine transform;

wherein the addition of the bias values to the coefficient causes positive errors and
negative errors to be, on average, equal in magnitude and to be, on average, symmetric
about zero, and

wherein the errors represent differences between values that result from right-
shifting limited precision fixed-point representations of coefficients in the matrix of biased
coefficients by the first magnitude and results from dividing the coefficients in the matrix
of biased coefficients by 2 raised to the power of the first magnitude, without regard to

precision.

70. The method of claim 69, wherein the first magnitude is equal to 2”7, wherein P is

equal to the number of mantissa bits in fixed-point numbers used in the transform plus a



negative errors to be, on average, equal in magnitude
and to be, on average, symmetric about zero, and
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coefficients by using fixed-point arithnetic to
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using fixed-point arithmetic to repeatedly apply a one-dimensional transform to coefficients
in the matrix of adjusted coefficients;

a scaling module that generates a matrix of scaled coefficients by scaling each
cocfficient in the matrix of transformed coefficients;

a coefficient biasing module that generates a matrix of biased coefficients by adding
one or more bias values to one or more coefficients in the matrix of scaled coefficients; and

a right-shift module that generates a matrix of output coefficients by right-shifting
coefficient in the matrix of biased coefficients by a first magnitude;

wherein the matrix of source coefficients represents media data;

wherein coefficients in the matrix of output coefficients are approximations of
values that would be produced by transforming the matrix of source coefficients using an

ideal forward discrete cosine transform;
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76. The device of claim 73,
wherein the coefficient biasing module selects, on a pseudo-random basis, a value
that is equal to either -1 or 0 and adds the selected value to one or more coefficients in the

matrix of scaled coefficients.

77. A device comprising:
means for generating a matrix of adjusted coefficients by left-shifting each

coefficient in a matrix of source coefficients;
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of adjusted coefficients by left-shifting each
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generate a matrix of transformed coefficients by using

fixed-point arithnetic to repeatedly apply a

one-di nensional transformto coefficients in the
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precision.

78.  The device of claim 77, wherein the first magnitude is equal to 2°, wherein P is
equal to the number of mantissa bits in fixed-point numbers used in the transform plus a
number of bits that are added to coefficients in the matrix of transformed coefficients by

applying the transform.

79. The device of claim 77,
wherein the means for generating the matrix of biased coefficients generates the
matrix of biased coefficients by adding a supplemental bias value to one or more

cocfficients in the matrix of scaled coefficients; and



coefficients by causing the processor to add a
suppl enental bias value to one or nore coefficients

w0 poosle2ssat ri x of scal ed coefficients; and wheP@i/OS100E072039
suppl enental bias value is equal to -1 when the
coefficient is negative and equal to O when the
coefficient is non-negative. 84. The conputer-readabl e
medi um of claim 81, wherein tdye instructions cause the
processor to generate the matrix of biased o ,
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coefficients in the matrix of scaled coefficients.
80. The device of claim 77,
wherein the means for generating the matrix of biased coefficients selects, on a

pseudo-random basis, a value that is equal to either -1 or 0 and adds the selected value to

one or more coefficients in the matrix of scaled coefficients.

81. A computer-readable medium comprising instructions, wherein the instructions
cause a programmable processor to:

generate a matrix of adjusted coefficients by left-shifting each coefficient in a
matrix of source coefficients;

generate a matrix of transformed coefficients by using fixed-point arithmetic to
repeatedly apply a one-dimensional transform to coefficients in the matrix of adjusted
cocfficients;

generate a matrix of scaled coefficients by scaling each coefficient in the matrix of
transformed coefficients;

generate a matrix of biased coefficients by adding one or more bias values to one or
more cocfficients in the matrix of scaled coefficients; and

generate a matrix of output coefficients by right-shifting coefficients in the matrix
of biased coefficients by a first magnitude;

wherein the matrix of source coefficients represents media data;

wherein coefficients in the matrix of output coefficients are approximations of
values that would be produced by transforming the matrix of source coefficients using an
ideal forward discrete cosine transform;

wherein the addition of the bias values to the coefficient causes positive errors and
negative errors to be, on average, equal in magnitude and to be, on average, symmetric
about zero, and

wherein the errors represent differences between values that result from right-
shifting limited precision fixed-point representations of coefficients in the matrix of biased

coefficients by the first magnitude and results from dividing the coefficients in the matrix



WO 2008/002881 PCT/US2007/072039

70
of biased coefficients by 2 raised to the power of the first magnitude, without regard to

precision.

82. The computer-readable medium of claim 81, wherein the first magnitude is equal to
2, wherein P is equal to the number of mantissa bits in fixed-point numbers used in the
transform plus a number of bits that are added to coefficients in the matrix of transformed

coefficients by applying the transform.

83. The computer-readable medium of claim &1,

wherein the instructions cause the processor to generate the matrix of biased
coefficients by causing the processor to add a supplemental bias value to one or more
cocfficients in the matrix of scaled coefficients; and

wherein the supplemental bias value is equal to -1 when the coefficient is negative

and equal to 0 when the coefficient is non-negative.

84. The computer-readable medium of claim 81,
wherein the instructions cause the processor to generate the matrix of biased
coefficients by causing the processor to:
select, on a pseudo-random basis, a value that is equal to either -1 or 0; and
to add the selected value to one or more coefficients in the matrix of scaled

coefficients.



