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vi deo frames are conpressed using "spatial" encoding.
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spati al encodlng, frames are broken into equal sized
bl ocks of pixels. For exanple, an unconpressed frane
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each bl ock of pixels pi xel conponents are separated
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Edﬂ%gﬁno ggdo{*cﬁl?lgr)with many of these standards, video frames are compressed using
“spatial” encoding. These frames may be original frames (i.e., i-frames) or may be
residual frames generated by a temporal encoding process that uses motion compensation.
During spatial encoding, frames are broken into equal sized blocks of pixels. For example,
an uncompressed frame may be broken into a set of 8x8 blocks of pixels. For each block
of pixels, pixel components are separated into matrixes of pixel component values. For
example, each block of pixels may be divided into a matrix of Y pixel component values, a
matrix of U pixel component values, and a matrix of V pixel component values. In this

example, Y pixel component values indicate luminance values and U and V pixel

component values represent chrominance values.



is applied to each matrix of pixel conmponent values in
a frane that is being encoded. An idea
wop@sdoitensi onal FDCT is defined by: L, . ! pP@rus20pk)72169

t{k)= c{k) s{n)cos v ' ' where s is the array of N

original values, t is the array of N transforned

val ues, and the coefficients ¢ are given by for \ <k
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Mﬂﬂkrgn 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:

()= S el )oos X2 1K

k=0 N
where s is the array of NV original values, ¢ is the array of N transformed values, and the

coefficients c are given by

c(0)=1/N,clk)=~2/N
for|<k<N-1.
An ideal two-dimensional IDCT is defined by the formula:



unconpressed frane is a predictive or a bi-predictive
frame, the decoded franme is nerely a decoded residua

wo e@a®05787 conpl eted frame i s generated by conspeTtsiong072169
a reconstructed franme using notion vectors associ at ed
wth the decoded frane and then adding the
reconstructed frame to the decoded residual frane.
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SUMMARY

[0011] Techniques are described to approximate computation of an inverse discrete cosine
transform using fixed-point calculations. According to these techniques, matrixes of scaled
coefficients are generated by multiplying coefficients in matrixes of encoded coefficients
by scale factors. Next, matrixes of biased coefficients are generated by adding a midpoint

bias value to a DC coefficient of the matrix of scaled coefficients. Fixed-point arithmetic



pi xel s deconpressed using the ideal inverse discrete

cosine transform ("IDCT"). [0012] In one aspect, a
woreaoRoas76Dnpri ses scal i ng each coefficient in BOT/8%KB07/072169

matri x of encoded coefficients by one of a factor A a

factor B, a factor C, a factoryD, a factor E, a factor

F, a factor G a factor H, a factor / , or a factor J
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piebfdceerapressed Iuﬁlnﬁdléﬂ idpd Anverseedispseth sesieoiprsiaes(IDCT”).
faqr | .
[A0A3} 1 B i, o AR RS RE Wil TP bkl TG 'k matrix of
eredot ek c@rffﬁaiéhus iiy&dlecnfe]f facor et FactbdBha SatjarsC edfactor D, a factor E, a
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Icients. Furthernore, the devicé conprises a
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Fralcad agt-est arfifcbéfriethisi Whtdke aet 1024, gt ppﬂgustﬁqim D =1609,
coefficients zg proxi mates a corresponding value in a
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in the block of pixels includes a pixel conponent
pafrpeofifpstorapd seefheicnist Earteaarors. dhedrviGeroppsispps Fight-shift module

fat ﬁghtgﬁlﬁﬁsdtr%?grﬁiealcggﬁﬁlents in the matrix of transformed coefficients in order

to produce a matrix of adjusted coefficients. Each adjusted coefficient in the matrix of
adjusted coefficients approximates a corresponding value in a matrix of values that would
be produced by applying an ideal two-dimensional IDCT to the matrix of encoded

coefficients. The device also comprises an output module that outputs an 8x8 block of



[0014] In another aspect, a device conprises neans for
scaling coefficients in an 8x8 matri x of encoded
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paisidpeltobbifiant & thOOhakixl vrangulied asPR&itats t Bfproximates a
invention is directed to a conputer-readabl e medi um
e@RsaPIiRg VRING tin @empigrsof vrai@es st waeldi knprodaeedebyaapplying an ideal
§\5§ fn?q@;%?la 19(2 PAESh orn&atggl SI o ecﬁﬁ oe%%ﬁfe];l C Fn %%P Qi Nthe device
fompridea@icans For @tﬂlﬂi@ﬁ@ﬁn €8 Bloﬁﬁ“olf@l’xe[@, Eacﬂlqﬁiél rln Ehe Block of pixels
factor F, a factor G, a factor H,_ a factor / |,

mghidss a pixchoqsprpaent vlys based an an Adinptes contiigicny iadhe matrix of adjusted
&ﬁﬁ%%g&kents wherein A = 1024, B = 1138, C = 1730, D

= 1264, E = 1922, G = 1788, H = 2923, 7= 2718,

pOd 5P I aRAbR8: afpeet,i tiet imvehii@ngs alisotedatosa tdr@puter-readable medium

progr ammabl e processaqr to .use repeated applications a
’F‘?%@Bmﬁolf“ﬁ{ucél%? efﬁlmsﬂaﬁcmwﬁ [ HTP%fﬁg‘Flgﬁb tf prgeessor to scale cach

ESARSER M 4 8x TRlakrix o PEn &Sl %gefﬁ‘éfems' 6 61 8f LNhQoR 4, a factor B, a

matri x of transformed coefficients. In addition, the
faegr i etfedns De atiséort e fpectogFamimbires,pr bces shr faador /, or a factor J in

shi,ft transfarned ficients in t ri f
pidiniey St £ HRMK S eERrL SRTPlsrhGelsrba 02T fehiafoc = 1730, D
of] ¢a9lj AIstieds qoefibpzi@rt1g8s Facinoad] usbem, el BENITht Mstructions
the matrix of adjusted coefficients apprOX|nates a

elop rcewysohdipreerymmablei roeespait toi yoe aepaataduapplieations wofikeg-point scaled

?xge-ﬁlﬁge%ﬁéﬁ& tpé{ls ! t%ltgp%a%?ml ﬁ% %atﬁ \r/:?f géaﬁ(ﬁ gde?fn cqgntg IPCEI a matrix of

rx or enco coe I Cle
trivgdférucddi B icdsd Draudktidh) @hd imghaioms khesephe pesganmiable processor

toul}lglgcfshlsf![ rgl?slfosmgelgi ctoefﬁcwnts in the matrix of transformed coefficients in order to
produce a matrix of adjusted coefficients. Each adjusted coefficient in the matrix of
adjusted coefficients approximates a corresponding value in a matrix of values that would
be produced by applying an ideal two-dimensional IDCT to the matrix of encoded
coefficients. The instructions also cause the programmable processor to output signals that

cause a display unit to display an 8x8 block of pixels. Each pixel in the block of pixels



cause a display unit to display an 8x8 bl ock of
pi xel s. Each pixel in the bl ock of pixelsincludes a
w@Roosloozmenponent val ue based on an adj usted cor€T/U8208T1072169

in the matrix of adjusted coefficients. [0016] In sone

cases, the conputer-readable mgdiummay formpart of a

conput er program product, which may be sold to

RAERE hHCBESMARRAOTalUSEMRed Bn 8n YHjHRed 684TiPEnTGBhERatrix of adjusted

The conputer program product may ‘i ncl ude the

eenipciceis- r eadabl e medium and in sone cases, may al so

' e packaging, material s, 17] ,The details of e

Wb S B8 et Bo Bl B SackP R RS si Rkl ity 7 computer

poayini @Soduiee Whigh dese be oldfo BenaRctucdrb emdfoealsed 68.a video coding

obj ects, and advantages of the invention will be )

apypes ehbe eemapyiehrogest pogustonaaielusiedhs aeeputantrafztdenmedium, and
| ai R .EF | P DRAW NGS [ 0018] FIG

%nﬁg&gﬁgﬁggﬁ§gﬁggﬁgﬁﬁ CE@%&%%%EEQEQ exenpl ary device
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a plock diagramillustrating exenplary details _of an . .
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j ' 1 J<Sa R ing nodul e.
% 85&1? E‘é%ﬂaﬂﬂgii@@‘ﬁg&?%%&'%ﬁési ?@u%??g%ﬁglhgh exenpl ary

operation of the encoding nodule. [0022] FIG 5 is a

flowchart ill ust ' r er.at | of the

decodi ng nodul e. ﬁ%ﬁ%&%@%ﬁ&&@%&% am
illustrating exenplary details of an inverse discrete

W4 BLEIG érﬂéf%rbllﬁﬁ" dipgrpmy ilgserating apogeRplary alevicej thap encodes and

ichlustrating an exenpl ary operation of the
%C\?)\égsglgg%lﬁgr%sform nodul e. [0025] FIG 8 is a block

fhoagf Bra. i2lik & dtocktdiapgare xibuyphamgy oxteipdark sletails af froemwadohg module.
di screte cosine transform ("FDCT") nodul e. [0026].FI G
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Is a flow diagramillustrating an exenplary
a2 HFHe Agb e hlalvcharanbkwatmg §n0G28ipldey Gperdi@B ¢fstha dédodmg module.

ORI L B oTBAS6 BRI gt o dirt

bsagy @dhsformystn@thngodule. exenpl ary scal ed
one-di nensi onal transformused by the inverse

10024 FKs.nT ol e ciET AlusEDimESCRIgemary operation of the inverse transform

module.

[0025] FIG. 8 is a block diagram illustrating exemplary details of a forward discrete cosine
transform (“FDCT”’) module.

[0026] FIG. 9 is a flowchart illustrating an exemplary operation of the forward vector
transform module.

[0027] FIG. 10Ais a flow diagram illustrating an exemplary one-dimensional transform.
[0028] FIG. 10B is a flow diagram illustrating an exemplary scaled one-dimensional
transform.

[0029] FIG. 11 is a flow diagram illustrating an exemplary scaled one-dimensional

transform used by the inverse transform module.



[0030] FIG 1 is a block diagramillustrating an
exenpl ary device 2 that encodes and decodes nedi a

w0 20085057BRVI ce 2 may conprise a personal conpuP&r/USA07/072169
nobi | e radi ot el ephone, a server, a network appliance,
a conputer integrated into a vehicle, a video gam ng
platform a portable video gane device, a conputer

workstation, a compuipTAIIGSs DERCRIBIIGN ghage, a
mai nfranme conputer, a television set-top box, a

g@g ig%a:ni: ll% Iagl??%r r%?agpa% Si@ﬁ%%latlﬁ% %Bt SJSP%%IZ’#’ ’S’(fegﬁh 62n2hat encodes and
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decoding module 12 may comprise specialized hardware within processor 6 that decodes

the encoded media data. In still another alternative, decoding module 12 may comprise a
combination of software and hardware that collaborate to decode the encoded media data.

[0035] A media presentation unit 14 in device 2 may present media data decoded by
decoding module 12. For example, media presentation unit 14 may comprise a computer
monitor that presents image or video media data. In another example, media presentation

unit 14 may comprise an audio output device (e.g., a speaker) that presents audio media
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component values of a pixel are the values that characterize the appearance of the pixel.
For example, each pixel may specify a Y pixel component value, a Cr pixel component
value, and a Cb pixel component value. The Y pixel component value indicates the
luminance of the pixel, the Cr pixel component value indicates the red chrominance of the
pixel, and the Cb pixel component value indicates the blue chrominance of the pixel. In

this example, when encoding module 8 separates the pixel component values of a block of
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where s is the array of N original values, t is the array of N transformed

values, and c(i,j) is given by c(i,j) = c(i)c(j), and with c(k) defined as in the

one-dimensional case.
[0042] After deriving a matrix of scaled coefficients, encoding module 8 generates a
matrix of quantized coefficients by quantizing the coefficients in the matrix of scaled
coefficients. Quantizing the scaled coefficients may reduce the amount of information
associated with high-frequency coefficients in the matrix of scaled coefficients. After
generating the matrix of quantized coefficients, encoding module 8 may apply an entropy

encoding scheme to the matrix of quantized coefficients. For example, encoding module 8



val ues, and c(i,j) is given by c(i,j) = c(i)c(j), and
with c(k) defined as in the one-di nensional case.
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[0044] Decoding module 12 may perform a similar process as encoding module 8, but in
reverse. For instance, in order to perform a spatial decoding process, decoding module 12
may apply an entropy decoding scheme to each encoded matrix of quantized coefficients in
an encoded video bitstream. Decoding module 12 may then de-quantize coefficients in
cach matrix of quantized coefficients, thereby generating a matrix of de-quantized

coefficients for each matrix of quantized coefficients. For each matrix of quantized

coefficients, decoding module 12 generates a matrix of scaled coefficients by scaling the
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These blocks of pixel component values may then be reassembled into blocks of pixels and
these blocks of pixels may be reassembled to form the uncompressed video frame.

[0046] After generating the matrix of adjusted coefficients, decoding module 12 may then
clip the adjusted coefficients in the matrix of adjusted coefficients in order to ensure that
the adjusted coefficients are within the permitted range for a pixel component value.

Decoding module 12 may then reassemble matrixes of clipped coefficients into blocks of



c(q) = V7 V,c(k) =/2/Nfor 1 <k <N- 1. An ideal

two-di nensional IDCT is defined by the fornula: These
whb@skes76T pi xel conponent val ues may then be PCT/US2007/072169
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may weompatse rigevaeiaedvase sk apfong nerodiorry spaselipgr®se hardware.  In

another alternative, these modules may comprise software instructions and special-purpose
hardware or firmware.

[0050] As illustrated in the example of FIG. 2, encoding module 8 includes a frame control
module 20 that controls whether encoding module § processes a video frame as an i-frame,
a predictive frame, or a bi-predictive frame. For instance, when encoding module 8
receives a video frame, frame control module 20 may determine whether a bitstream flag
associated with the video frame indicates that the frame is an i-frame, a predictive frame,
or a bi-predictive frame. If frame control module 20 determines that the bitstream flag

indicates that the frame is an i-frame, frame control module 20 may cause the video frame



Encodi ng nodul e 8 may conprise a set of "nodul es.”
These nodul es may conpri se subsets of the software

w0 p@B008767 ons of encodi ng nodul e 8. Al ternati veCHDS2007/072169
t hese nodul es may conprise firmvare hardware such as
one or nore special - purpose haygdware. | n another
alternative, these nodul es may conprise software

tonﬁé (ﬁ))%‘éhs%ﬂsoyaﬁ‘ deseesioalcp Lﬂﬁ&‘lﬁﬁnéﬂi@d}gw&fo% s;iaﬁm@fcsdmg on the
ustrated in the exanple

émic@ zﬁuamg rdie etlgr ihaed.utiGema cmtmiren@bm ZQ) ﬂetnmmlnbsethzothe frame is a
i)/pe }Ctl(\;? r?%{rpgel %Syglﬁf)r%?i{c‘rugggr%%{en %ram)dl’lotnI n{%plglcﬁe%)srélgy gause the video
Bumpheé pidc¥Red bRBBet oT%odu[b%ttk'm @esfoitfl &gl @dbdting.

nodul e 8 receives a video frane, franme control nodul e

PSkhnenshing mpdee \ﬁh@@lﬁé% msasics of medrics fappnis seatiahersgding to video
ﬁ{a{pgs t'ﬁ?esg 'n%%ﬁlgg epl‘rf‘g&%pqﬁtef Hl%gulte% i £ oﬂe‘ﬁ% ?}Rractlon module

edic
P4, 4 f(ﬁwarctﬂmﬁslf@im mmdulee2(2& @e:h&zamonerﬁodlhalz& fel an entropy encoding
bi t st r.eam g i.ndicates that the frane i -frame
g %,Oon{?fi k Sﬁhﬁ%ﬂ Bogye r?&ym&%u%?@“‘ceh‘@e@i: @%ﬂ%ﬁl@%&om media

RGeS, Sd%gxf@dé ideiBle &, oPRAMthE&SohRat Wﬁ@ﬁeﬂbﬁ{a ﬁJlﬂftepﬁlroﬁﬁ’lre@Q receives

spati al encodi ng on the video %rane
managncpded videefremnt otk spdiditat moﬂ@ledétreatmerpe@td 1h1atfratnteemto blocks of

fr [s .a predictive frame or tive frane

PiElTe BB vl bl T Ryt SuBERES (58 4 B sl pent extraction
BRdRrogessed by a set of nodul es that performtenporal
encodi ng. [0051] Encoding nodule 8 includes a series
HWS%meéscqmpoapm gxtEaston anodne ddi Wgelm ¢ideek pf aiveods, component
%’gﬁﬁg% FI]I%OdéIXet r% ?I:Ifaplgc%nﬁ%ra B xe? ﬁﬂmB%nefnté rv\a}\lgF:s t‘l F%lcrlllsglx?l into a different
6316t FcRma6 , Far cSibidplel Z@hp&fénﬂ@dtalcﬁoﬁzﬁmdallé@4aﬁa}eéﬁtfv@ﬁ)éach pixel from
encodi ng nodul e 30. Bl ock splitter nodu

? &cdrrecinRbvc dteR) golge éorfr}aaﬁﬁsﬁleﬂ?@fﬁ%@pa f@’é@? céft@r converting the
g&%fﬁ’%kthé %ﬁ%‘k @5 MteRht 8510 Rsihnat é&hg)%aeﬁ’t\hegc@r i@f bodule 24 may

tter recel ves an unénco Vi r ane,
bdpafzke st pixbbboﬂf[pdmflne vaRicpray thepatadd én tlive bfocknatol miagixes of pixel

bl ocks of plx Bl ock splitter nodule pr ovi
BIBRUE Y2l psk gﬁ% ef‘%n%l%%%&“réﬁtt eX&ﬁW%’c@P%‘ﬁ ﬁga%ﬁyee%ct a matrix of
KOQR&k, MGG, st Atk OF CHRANS Rt Sﬁtﬁbé’keéf Pixels. TheY

bl ock of pixels, conponent extraction nodul e 24
vdnesespecipy ded breghtpos oh pixedd, Qe svabfes epedifypicst eihrorrmnmca of pixels, and

e S RGP SOy 40 B e QRS TGP tgetion module 24
E&deﬁa@&a tBE Weatkik¥sB0r ﬁl@bloéorﬁﬁngﬁtt vélQest REMYSHEED c&@h@on module 24

format. After converting the pixels in the block to
iae pehvidesashiof thsirertrikes seperateboiopoRisatcteesizg Fiapsform (DCT) module
?ﬁdule 24 may separate the pixel conponent val ues of
e pixels in the block into natrixes of pixe
[0053] When forward transform module 26 receives a matrix of pixel component values,

forward transform module 26 generates a matrix of scaled coefficients. Each coefficient in
this matrix of scaled coefficients approximates a coefficient that would be produced by
using an ideal forward discrete cosine transform to transform the matrix of pixel
component values.

[0054] Forward transform module 26 uses fixed-point arithmetic to apply a one-
dimensional transform to the matrixes of pixel component values. Using fixed-point

arithmetic may be advantageous in some circumstances. For instance, smaller devices,



conponent val ues. For exanple, conponent extraction

nmodul e 24 may extract a matrix of Y values, a matrix
wo@Roo037at ues, and a matri x of Cb val ues from PCEUBL00T|72169

of pixels. The Y val ues specify the brightness of

pi xel s, C val ues specify red ghrom nance of pixels,

and the Cb val ues specify blue chrom nance of pixels.

WanaCRITBRE @A NS %ﬁgmol&btmﬁ@huh@ a2floiAg Sotht At 86huiRE to perform

matri xes of pixel conponent val ues, conponent

élmtnmqu@trarlmlﬁd@nce memniytrqms@wmdeoché@% ofaytbhglnrﬁenrpcesegf generating

par.at el.y scret Tr ans
SRR B SR For G A FRRL M AR b B! Goues. For
mBtant fofwdd ¥ehsfoarpaRN 26/ ﬁiay%&nerfaw aNatadhit 6ﬁ£t§ﬁ§tédTboefﬁ01ents by
nDduLe‘26 enerates a matri x of scaled coefficients. =
EActhitiparcrele plthe nixel camgorgit vpluchby g vambgr ebbits plopresision (i.c., the
MB%% g S 1?2%%&")((%31 g&{nt ?%?ésemwngs &‘cnulﬁ{b% %‘3 op\xard transform
using an gal rwar I'SCrete cosine trans
todnlef 26 mets h;ehamaztgpllwng)fthqomxeetimmmpﬁﬂematnsfmhmplas a[lﬁﬁ)ﬁlﬁr of bits of
Forward tran forn1n0d |l e 26 _use

orLn
BWP&SM%EGWVF by spingt nféﬁ}sﬁ%ﬂ@ac?ﬁﬁ qungmgh@brwktcﬁqrﬁ@pplymg the
?1 HES @ffterplefteéhlfﬁﬁg%@ﬁ: Y ‘[Yl@lﬂl?ecl coh@oﬂ&ltf Jve?fl?é% RO transform
arit rTEtI C ma be ad nt ageous 1n so Cl rcunst ances
ﬁmduller%trampe;rfm‘naﬁhb manifenn oesamhasowmbcptbls of the matrix of adjusted

tel t t I d f | qat it
FEERPES (ST ognr rF B PG BPRNOG POHAGE (o0, Mg yapgors of the
aans beauird Uéd%ff?c@eﬂ@)geﬁ@gﬂe@ aArRfrBC 88 Snt@ifmélﬁaﬁ@ rbffdeknts. Next,
the matrix of scaled coefficients by left-shifting

tawhrdotansfrempingéyle 26 mpormeniormahegansigroy on prohardles column vectors of
I g r\IAlle?trl()j( d)t i gtgf’r%?odé? S ﬁpgﬁ"fulglenf S f]?’agoﬁ‘%%r% att?a g ma]Eornt %aézg of the column
péc)t@k &Uﬂ‘ﬁoﬁiﬁﬁtx %ﬁhﬂt%ﬁmélﬁata ddiéfm&nts)fresﬂlltb Smozf matrix of transformed
precision (i.e., the nunber of mantissa bits) of

£otBeicHSi nt representatlons of nunbers that forward

SRRLY

Ldﬂ%ggA‘P{ep'g%g%{+negttrﬁ§ IR Ix” ol pFrréf i r(11u nEfeﬁrc‘iégl?s gorward Fansforrn module
pé excalss annsfermak dodficeaal atndiffchemt tpoaitiohorinete matrix of transformed

coefficients_that result froma transfo
Séﬂet?é?leméi’ﬁ’ dﬁﬁ?rﬁﬁ waleeéetﬂrsofA% ﬁi‘e?p EL%Fgew rRdme module 12 may use
MRl 48D rochRr ¥edhdsd §c%ﬂ§fa@foﬁ@ AP £y 2iBatiBRY oPER Vel hsform. When
transform on each of the row vectors of the nmatri x of

fdjvast te@smmo@le A6 bas Peishcl srhimg e diagsioaned wﬁ’melts by the scale
each of t f the tr

%&Fﬁ%é{ 8 ftﬁng 0L 419 gigl,?e?gt \é@@;‘%ﬁ@ rresu ng rnatrlx of scaled

LoUrBEiBRY kg inG 2R {ohi o RN 38. Next forward transform
nodul e 26 may performthe transforn1on each of the

HOSahW heacquangzasfont medulgt 28 Xewivasng enatni aft eoefficients from forward
ﬁrgf ff(grjrﬁ: |50 c{ 2F6’er u?{1 ézaﬁg trﬂgdulé s th TH S éclegct eosfcaleg coefficients.

umm’ vector s of rx o
QoeitiZagbenhsdule€ DY heyl Guantizatthe Xsc@lfedt é@lﬁﬁ(ﬁ@{tﬂﬁﬁ a variety of ways
depending on the coding standard being employed. For example, in accordance with the
MPEG-4 part 2 standard, quantization module 28 may use the following quantization

matrix to quantize coefficients in a matrix of scaled coefficients for an i-frame:



coefficients. [0055] After generating the matrix of
transforned coefficients, forward transform nodul e 26

wa@ eca@Bess7sT ansf ormed coefficients at different POFUS200TI672169

in the matrix of transfornmed coefficients by different
scal e factors. As described bejpw, decodi ng nodul e 12
may use the reciprocals of these scale factors in the

application of an i[gvérse. I Manskof orward
t ransf or m nodul e 26§hai§fﬂ%iiﬁeé?s e
transfornmed coeffic¢ients |by 2% ( prs, forward
transf orm nodul e 26—Aay—guHpu— —Hng matrix of
scal ed coefficient3$2002tuantRz a4 q

When quanti zati on nqoUyiETZ28(TETE

28. [0056]
coof 11 i ent s from ol W2t | ahgro] et potupe | 26,
guanti zati on nndule238?§n¥4q§§m gzggtgf s | ed

coefficients. QuantiZzj nay - quianti ze the
scal ed coefficients2zmra|yarn et yo082wWays3gependi ng on
t he codi ng st andar ¢—betng——efptoyet—rF exanple, in
accordance with the2MpEG 32| 8% andlafd,

quanti zati on nodul ¢ Z8_pay U . T 0l TOW Mg

quanti zation matri 2fozghgﬂt§2eggoé%fﬁLig%ts in a
Radthdrinoad, irsthi edmpie tjhiartizetibrsmbaiile 28 may use the following quantization
i -frame: Furtherppre, in this exanp] e, ﬂuantizatio . .
FREHLN 1@ PantizgFog @lqn#emfadmt&wﬁ@c Goief et o e rstegr bi-
gHﬁﬂhgggaﬁ@efficients in a matrix of scaled

oefficients for a predictive or bipredictive frane:

[0057] After quanti;@jhﬁhl @9I902§1$ggfggtes a matrix

of quantized coeffired ¢ entdopy @ g nodul e 30

may conpress the i7i X8 ofl9 gR@nei 722 |2d¢Rdi[ci ent s

usi ng an entropy efcoWi MY _SCHEME, [10[CO PSS t he

matri x of quantize$1%oé?f?Qi8ht§2u§$m§4ggglntropy

encodi ng schene, emﬁéogy §P(§9i59 ggd§$e2§0 may

organi ze the quantilzed-coetrflicilenysS jintg-afvector by
taking a zigzag patpenni ob2tbe|ecoedbfijiecrengs. |1 n other
wor ds, entropy encedimg—rotite 30 ray—atr+amnge all of
the quantized coeff2ti|éatd3i A4 RAe | w24l Ansi ona

matrix of quantized . COelLCIeNTS-I[RT O

one- di nensi onal vec?grséfb%ugat?zeggcégfﬁacients in a

predi ctabl e. Entropy:engddi 1] y then apply

an entropy encodingyécgi Q? 97138 E§P€?fg§m codi ng or
arithnmetic coding, to the vector of quantized

WG - 5 ' - I i_ngl -

[ ARl iz RoRb RO A8 Lo alTP d thfil oF gRlhulBE LUESionts, antropy
vicddmgf madds 30 Asayi tdmstssathe anatnix ol quaxeni lcecfitichisGsirg, an entropy
encgdin nodulﬁ 8 includes a noti.on estinatupn nodul e

grodie, SBEMEt r (R COIPFISRTRS Fuet of i99ANAGH oS TEACNtS Hyfge an entropy
é&%ﬁﬂ%%ch@&@,%tﬂ??%n@&diﬁ@ FRAW 80 3Ray MphhR8 RS hhdmiEEP Roefficients
nodul € 32 attenpts to identify a source nmacroblock in
mto ef escterchy itrage af ogzagapéttampef dbé eokfficrens. ¢ dm roger words, entropy
\ellllc%gglgfrglgg{ﬁé 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.

[0058] Encoding module 8 also includes one or more modules to perform temporal
encoding of video frames. As illustrated in the example of FIG. 2, encoding module §

includes a motion estimation module 32, a reconstructed frame generation module 34, and



Motion estimation nodule 32 may attenpt to identify a
source macrobl ock for a macroblock in the current
wo e@s®017§7 sear chi ng for nacrobl ocks in the ref PCEOSH07/072169

i mage that contain simlar pixels as the macrobl ock.

Motion estimation nodul e 32 may search areas of

different sizes in accordance with different coding

gha&ndAl femb reREdtdn MBd@cizde rMbtfldh SOHTa6i8n WRIILRDS D&tkerd S to identify

a macroblock in the current frame. For instance,

oowen nestabheki iore rederanas lmgﬁrétyr @@hrrnw@ldockams@ auizent video frame.

robl ck Wt hi rea that is pi |xels

%31 1§51t18 ulﬁI mgy ta}t]te{nlg t8urd:(9nt1 Y B iQuIes” L rot{lock for a

hﬂ&o@ﬁi&keﬁ tif cdnféﬁt ﬁr@@é <b|9 s@ﬁt@ﬁhng%ﬁﬁaﬁ@blo@ﬂs @sthé At image that

nodul e 32 identifies a source macrobl ock for a

pedBIsiBidN Nixcls petheunscehlogk. aMetiopsstinicasmpdide ddrnay search areas
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tﬂaerohmck ofok ac knacrobldek mutheeairrdnt siens pdirf inst@na@) nXOtlon estimation

val ue that indicates the dif .In horizonta

POdrEi Grmpet of ﬁéOWTB%WPWLgﬁE SO RN AR b okela Ag pixels wide
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metbn rest)matms rrlmeiah: Ghatéreiftee a daumté fyacepbdanlr foe a macroblock in the

nacr ock f ch nmacr t he current

R0 daBS maes SRSt oG4S ﬁ%ﬁal BT 8 a8 esot i e gacroblock
Hpﬂhb RUrr¥RHMMSE TRY mblien GE¢tbLfdlr thd MABobRCcK BE MRJubrést B8ine specifies
frame generation nodul e 34. k0059] Reconstructed frane

gtem aplae it mdzmﬁ%thsdlffmynqwe phHeonig tnosition detwses tlmdentlﬁed source
Flrag r?éleoc @%lg rglﬁ% ng%cl% Ioa eenc%q*ra%s fr?m%ﬁgqp Stn}rolfllog fstlrnatlon module 32

Me genera

pandthat ealtiietcd eCmBsd Uedt@dor iR Yinaflp hy ide@tifhe source macroblock
notion vectors for each nacroblock in the current

far seh macrablockgn it cwrsRt SBIMse KIOtoR shBaties Bognlsed2 may provide the
%%‘F@d gﬂ&loﬁf\fegf(‘)"rs for %ﬁ@@ucﬁénlt' %\zﬁ% th @ﬁﬁs@&&&{ E’% ene Ftlon module

creates a frame in Macr o
Bhe reference franes have been "noved" to the

ositions indicated by the correspgondi ng nption
BB3bb Recamntrisied diice nef%haﬂémf{@@%g]m%gﬁ%d& mpfigpnectors and the
AeOhAL FAMIMIU BBk TR SRRGERE Srdhe rl@@doﬂk‘tﬁlct&f #TBe generation

by subtracting pixel conponent values in
modulesidrmey gencirata e lfep@uﬂtnuotled dponlli mlg)lpmg elhe wotipomesiors for cach

val u [n_the curr ane. ln gener e, resjidual

FgiBackan st st drims b TG soubetRARO BptRe haekieite fames. 1n
EREANSEIELEE] Frh AR cralidieme it 8B erdated MBrart¥ fn&Uhich the macroblocks
resi dual frame generation nodul e 36 generates the

P defarente fames havsi bygm( mpredieto dlehegsaiang mndierded oy e corresponding
%@9thgﬁdgqg{ h%ﬁgh?ﬁgane to block splitter nodule
I'n or

€ process of
[0060] 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 generates the residual frame, residual frame generation module 36
provides the residual frame to block splitter module 22 in order to begin the process of
spatially encoding the residual frame. Furthermore, motion estimation module 32 may

provide the motion vectors for the current frame to entropy encoding module 30 in order to



spatially encoding the residual franme. Furthernore,

notion estimati on nodul e 32 may provide the notion
woe@Booxstfor the current frane to entropy encoPCTyS2007/072169

nodul e 30 in order toconpress the notion vectors.

After the residual frame is spgtially encoded and

entropy encodi ng nodul e 30 has encoded the notion

Y&RHRES the bR QU B UTA fRAHE %es%amn{qu @Bauatu@,eencoded and entropy

spatially encoded residual frame and the encoded

pcoidng meditlo s hasensaded b nzotiphdeetobs, stmameauvtput[ 190é4¢ 38 may format
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BdRainse an entropy decodi ng nodul e 44, a
dequanti zati on nodul e 46, an inverse transform nodul e

HWOTLF i xlis p ddesksdipgram bhstiping ecsplary deralset bi?fsq’@ng module 12.
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fmlala%goggyl% '%é sa PG cpptreln@ogyft Warde reference frame
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or al ese nodul es y conprise
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on alnlng a video frame, entropy decodi ng nodul e 44
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Ef ocﬁoef fddG1 ey i t N8eo fr t
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schenme to apply the matri xes_ of quantized coefficients
Fepfhigiantyipsthe ea¢ho framgddirhe &ﬁstreeam mwylwb@@da walugolias) edicates to
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code the notion v
quanieed OEBIenif ihethe ebitstregpy. decaiditivg, rRoGopye dédbdargohiodﬁle 44 may

ap_pjy] slpetzségl%)éé gfd? %gregﬁq@r%gg r&%:{%i?ggf gz Sl’Inlg Ittqr Igé(ceoge the motion vectors of the

Q§@ygﬁhkzatlon nodul e 46 may dequanti ze the
coefficients in each of the matrixes of quantized
[ﬂﬂéﬁ]‘ Adiice rtigopyDépeddigngrodnlet 4t appichs rhe ﬁn‘émpba dd¢oding scheme to the

ant| ati e 46 .m e ze th
ROERER et B BOu e Moo e M dhdifipiigationymodule 46 may
asfRhEANGE cYéfibichien MARGrthddhtixds St RRAAF, coefficients. Depending on
dequanti zati on nodul e 46 may use the two quantization

thatooilingstandaide decapotization mogylate may dequapkgesthe Epeféipients in a variety
g]:e 9/91 it gélta 'éxa%gprl? o%uelcgfélg%é}? %(Jltﬁ e Mﬁﬁ? 4. 3{15 s%a%tdlilrn[] dequantization

mat r Xe e dequantl Zatl on.

Hlod613- 4$3trﬂziy3usﬂ&hﬂt:baﬁ@ailﬂkétﬁiﬁ,mﬁﬁﬂmmedze&bw@ih R FfereAbways. First,

obt ai ns
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:

0, ifQF[v][u]=0
|F"[v][u]| =4(2 x |QF[v][u]| +1) x quantiser _scale, if QF[v]
(2% |QF[v][u]| +1) x quantiser _scale—1, if QF[v]

F [V][u]: F"[v][u]= Sign(QFv][uDx|F"[v][u]],

which involves only one multiplication by quantiser scale, and

[u]# 0, quantiser scale is odd,
[

u]# 0, quantiser _scale is even.



reconstructed coefficients F'[v][w from quantized
values F[v][w as follows: O, i QF[v][u] =0,

wo BioB®di7e]\ = (2 x QF[v][u] O, quantiser _ sceCEHUBH07/072169
odd, (2 x - 1, if 0O, quantiser scale is even.

Folviful: F-[M[U= Sign(Q[v]{gu])x\F"[v][u]\ , which
i nvol ves only one nultiplication by quantiser_scale,

888! C&ea]t ant%ﬁy@ﬁfoua@wéqaaméwh@seIé\l}gaﬁ%u% fhati}RS 0 perform MPEG-
quanti zation matri xes to perform MPEG 1/2-style

da-sylarsiciquaniization] dn ME@G 112 3tydt g¢-quandizaficmntdeguantieation module 46

dul I
AR SRR A O R STl SOl s mav
Weeidgxused: being used: r O, ifQF[v][u] =0 F " [V][[U =

[ ((2 XQF[v][u] +k) x Ww][v][u] x quantiser scale) I
16, if CJ:[V][ (] 0 where : f O intra blocks k = {Sign(

QFL V] ful ORYIA=B) ocks [0064] As described in

det ai | be ow ((nv@ﬂa@]tk)anﬂwnv | vpdulser 4&iscad, EDrpgeh- o0
of the deguanti zed coefficients by specific scale
factors and adzs a g dp0| Nt RirRskt ermto the DC

coefficient &fF3the rix of scal ed

coefficients. n(lgréﬁﬁg]%f Oncimer%%l °%% the coefficient at

FOBGU| AQNdcsEHKR Bf déthie byRIW,i Mverdse sLabRemcneddle C‘48€‘@da$es each of the
Next, inverse transform rmdul e 48 uses repeate

desprentized; copticienty '%é&{leﬁﬁicnica]@rféﬁt@ﬁsr?@ﬁ§ﬂ%%ml@90&ﬁsl?lé?‘i‘?’r’m to the DC
E&fﬁ&@ﬂs{)f) i 'ir ﬁltm%'e@'afflx % %&ﬂ&?%o ¥ Ci %ESDFnE&:fﬂcwnt is the

matri x of trans coe |C|ents. ter transtformn
tdudtiomtr atpositios ¢AJ0¢ df dwembirod @fhdcsled rmefﬂclmltsmaN ExtxX 1n'yferse transform

ransforned coefficients, rse transform npdul e 48

PiogHe.Brives SPeeds AT A CGDaT oPE g A i o transform
{Iﬁt Fla¥ri:Ofoft §ANYT B6TRE AR & @iSx | &F ALAGHQ EB&ﬁHi%ﬁts After
a matrix of adjusted coefficients. Each adjusted

trasfidringng fte matrixhe sealed icgefbiticatyj insy bd noavek oil (t:namrfolsned coefficients,
es a

813’%{}%;%1”1% {H\,\g’ﬁﬁ ‘@Sggfgdl n Val ugw?wgac‘é)ﬁ%fx cdgglm the matrix of

truesfetniianedef@bntl DeTorti@ tN@roMate iaxm@frixeBf @dRAted coefficients. Each
coefficients. In addition, inverse transform nodul e 48

adiysted icpeféiaisht b thehmatsid] of sadiuestesoederfieipriatappionimates a corresponding
DRLL fa %{atr%g bP %lﬁgs h3EW, f f | lﬁlb%rgrgduc%d% da%%lfir?g an ideal two-dimensional

IDCT to the matrix of encoded coefficients. In addition, inverse transform module 48 may
clip each of the adjusted coefficients in the matrix of adjusted coefficients in order to
produce a matrix of clipped coefficients. The clipped coefficients have values that fall
within ranges appropriate for the resulting pixel component value format. For example,
the clipped coefficients may have values that fall within the range [-256, 255]. After
inverse transform module 48 clips the adjusted coefficients, the resulting clipped values are
pixel component values.

[0065] After inverse transform 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



produce a matrix of clipped coefficients. The clipped
coefficients have values that fall w thin ranges
wappsop7sat e for the resulting pixel conmponent PORUSE07/072169

format. For exanple, the clipped coefficients my have

values that fall within the rapge [-256, 255]. After

i nverse transform nodul e 48 clips the adjusted

aR&f fhir&d @R Xes RS iK@Y 1ké19:oﬁlﬁoﬁ&ﬁ§j forad di8sle @&g bRICK® pixels. Each

conmponent val ues. [0065] After inverse transform

abthe| rexedgmentipdeds @ Ynpike Gonmonpmtn@lluec erfpopigat carapanest, value, and a
|er reconstruction quuIe eratre. a mat

A Fatihi

BBt PRI e AT s Do B B Pihiaii feconsiructon

mhu%own& raRide iteislo & opixeh td:lﬂaaoaﬁﬂmnmhme 52.
associated with eqU|vaIent positions wthin a vide

1004hk Whes blegka ppmbincpi medule 2o FRsEVaL t2) bk?clmsﬁulpléelgobww combiner
Fn?ﬁ@bvﬁ A e{rﬁﬁffé?(thgfbl ckpdf)iaeﬂcelg ﬁfmgﬂ %\{%M&S@o@lﬁﬁ rr%f%lves some

oRent val'ues,
GIOﬂ'DthlﬁB blocks uéplxéls i vitee fimenct réefisfregciningdud er mane of the blocks of

Eac Oﬁ(Q ?ggglgingg%dﬁ ' Xes Ly ng\lﬁﬁg‘a&%: epligd% fptgsa video frame
Bﬁlﬁnﬁ&)b%lt + TRY vidaG tHde & f{arﬁé )Bﬁffel‘:?m)%@ Rfide6efrhife n@ayqpe stored in

pi xel onent val ue, and pi xel component val Ue.
Ahtne rbu@%n &l atritihgt tShéSlmlayerd hy mrﬁedm resetatminkedit 51. In addition, block

rec stru t|o nodul rovi de t ck of .
ETRORE fgdbl ceiRo BB theraen SO 00 H86E W gl 54 Video
SRR BEfra® il Re IR0 duBE $4 MRS 1R REPEKreBreRicXPirtos B @€keconstruction
conbi ner nodul e 52 may buffer the bl ock of pixels

gﬁpﬁeﬂlctwea elkd blom@ﬁwéve g eIeRlditareividss fvoras infragld stgpge module
%Jﬂ ﬁoregl %lp#rﬁr%e%’lt%ag kag’e\cl)lse% t%g re%(?ng rt%cetlonr SF%r o (flcggve and bi-
pnﬂuheeﬁamﬁgy conbi ne the blocks of pixels into a

video frame and may output the video frame to frame
K967 grder thEccopsdidist f PasICtgyOr e bisPisisHvE Hameafgcoding module 12

P Jd@g féc Hﬁkgé flalmd Q%rfci:(l; a}ﬁ% ulRYsdre d%@ﬁoﬁgtglgc@&f ‘ﬁtahl%ngeneratlon

unit I tion, I ner

oiotlplet 5& hecived dw focated htmtlanfvreaﬁm Soor agfbplyndhabémgélrnodule 44, In
Video franmes in frame stor be used

%c? 14T (REOTS PUsiREs TR qeRgrafiah Eeu%fte e %9 EdFERGe, Bames of the

A raceeld A iR gt&%g@?nod{lfé AR Ldod Byt L8 E BB S d module 56
frame storage nodul e be residual framesthat

éaee ‘s matcttﬁ)lwcésdrmtlrthclt iponitiohs pn el ct¢fcneacaidimes into positions

e fr 0067], I n order ta reconsfruct a )
DA BY othE - RREE Neclodit ot i koPufied, dely ROUHS i “moving the
ﬁﬁcﬂoﬁ[ﬂcl&ﬁﬂﬁtlﬁ@ﬁﬁﬁﬁéﬂ UG Fredrdo b it c 28 el gél{brﬁﬁﬂuﬂnﬁdlﬂ@ .56 generates
Reconstructed franme generati on nodul e 56 receives the

thec dereastiustédorfranest mcgnstﬂ@mderftampygea@r@bm ngodwdupe provides the
geéo IR Habh O 1 grécﬁ?t?v%sﬁ‘ar S ée%%r &ﬁ'&f dtgﬁnseg" ation rodul e

r| eves erence ranes
[0068] When predictive frame generation module 58 receives a temporary frame,

predictive frame generation module 58 may retrieve from frame storage module 54 a
residual frame for the current frame. After retrieving the residual frame, predictive frame
generation module 58 may add corresponding color component values in each pixel of the
residual frame and the reconstructed frame. A reconstructed video frame results from this
addition. Next, predictive frame generation module 58 may output this reconstructed

frame to frame buffer 51 for eventual display on media presentation unit 14.



current frame fromframe storage nodul e 54.

Reconstructed frame generation nodule 56 then "noves"
wore@somi7etks fromtheir positions in the referpeEs2007/072169

frames into positions indicated by the notion vectors.

A reconstructed frame results 4y om noving the

macrobl ocks in this manner. After reconstructed frane

gm9r aic on 1§“adﬂkln$clﬁ§t Hﬁ@@&tﬁige% teasmﬁl%cwattfo%ﬁ@ncodmg module 8.
, reconstructed rane(?eneratlon nodul e

Ntbvmghe@e toperatie dasstibed trell G Hapdescoibpd erdmwwt@l ffashiom, it should be

%tﬁ #{hgﬂop% ul ?na%% IJgofoles\s/s%sd I\Illﬁaelfqg 1“85 ot VrGaInre ane

gmed] olitiMB), %ﬁ@i&&g}ﬁhﬁ@ﬁl@@l @Belmdé,lk@luéﬁcermyuﬂeﬁéddeawdeo frames (60).
fromframe storage nodule 54 a residual frame for the

Eor ¢xaplq, casasingmpdyle Sapay WPW@ atSpuoned plwenceded fames in the form
f i40

BE LGNS, oo BLAL Lo OWRBE et MBYER Gecqivgs thg sequence of
tulecodsi ﬁﬂaiﬁd:s fakeoatiel Itldildillﬂf ee Qn&tcrodmfgeﬁiocﬁﬂfaﬁrmay/&etermme whether
reconstructed video fr ne resulg‘ from hls(ggaltlon

REkrent Sag 18¢he e appngTe gl@ﬁ%qoé?ql AR HUP £ 5BCOASY 25 AR ffiame or as a
g&b&nbé899§&%#&E@9ﬂ&£@@§2to frame buffer 51 for

vent ual on nedl resentation unit 14.[0069]
FI0G1] ¥ fréﬂn@CCfdtI@\lt\mmdule 20 detm’mtilms itheg tlancuescanPhme is to be encoded as an

HESEF: BBk i oo G dntddisymon B dS Dakpli e iRt frame into
Bl@@i@g 8Npixkls (@Inp UFsk Sanipis, edcddidd niohaleomfa?tspﬁmwnleﬁt frame into
Eer orned in pi pel i ned fashion. [0070] Initially,

ﬁ%dﬁﬂngfhﬁ&MM§SefP@©@lves a sequence of unencoded
F
rdﬂgifAfter Plttlglén%lg o n?xf?arrmpe nato E%ﬁe 9 rpl%(% %orn%gne t extraction

ve a T ehddde

aRtsled4 My @é}ﬁlr%fté €1 pm@ll @nFRMERE adues \ %Elclﬁ@iCmdl‘tﬂkg:ks of pixels (66).
nodul e 8 receives the sequence of unencoded franes

i aﬁ@%bﬂlereomahb@ three Blocksrpfemecd Gﬁ)fﬁBOI}?BHMfFléeSSfoﬁﬁ%ﬁh block of pixels: a
ARLED ?‘a{ngalﬁi@etg hr@ﬁre?en? %e{)ﬁrq%htﬁésgg? pix%l Q%IOQ‘W %al%gs to represent

unenco rames i's ncod ame or
meﬂﬂmlclﬁbm\dtanw obplxals,eaild(:at bleek bf @rrﬁal(lés?‘bo repf@faht fthd 1fed chrormnance
éane control nodul e 20 determ nes that the current

PYRIFESi s to be encoded as an i-frame, block splitter

‘[ﬂrﬂgyj Bordard %ﬁﬁ&%j hﬂ)ﬁufé%l{h%n&(ﬁﬁé’ moRbicts ﬁllé‘f tHeH Jefithte a matrix of

ne 1nto blocks of pixels (64). For exanple
sndwldiontficnangiufoe c& hnethepkirtxes héplwquoemonemmes f%. Coefficients in

x2, 4x4, 8x8 bl ocks of pixels. 007 fter
G4 i Bh ol RSy Sms A AR Bk o1 Splust it would be produced
BPOFAR aR idRKEWREIh@RioiRId Heard 4Hid¥Pte §@s@@er @sxﬁfdrﬁeoxpfeg@écnve ones of
conmponent values in each of the blocks of pixels (66

fhe raatrisesufpixal Bemponeay véucs hr ee bl ocks of pi xel
ﬁfb%fﬂ?t%} % |211Lﬂiet§ansf)or er?ﬁ%ul%?? ggr%e%tefthegﬁmxe% ol? sga%(d goefﬁcwnts for

ues represen ness O
BAcBcdf thé n@ﬂrlﬁle@df gexdl @QormpPh&@BE Rfuantization module 28 in encodlng module 8
may quantize the coefficients in each of the matrixes of scaled coefficients (70). Once
quantization module 28 has quantized the coefficients in each matrix of scaled coefficients,
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 ecach 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



the bl ue chrom nance of pixels, and a block of Cr
values to represent the red chrom nance of pixels.
wQ 0@38p57Fpr war d transform nodul e 26 i n encodi NECTDS20B072169

8 may then generate a matri x of scal ed coefficients

for each of the matrixes of pixel conponent val ues

(68). Coefficients in these matrixes of scaled

g&%&m ﬁféteﬁuaw e&mq@pmsb QM allf madhuESsqlRakcddBients, stream

e produced by using an ideal two-dinensional forward '

dutsutr arodulsodt e cne lsg oraAudm Sr@eqo@ddlthe copedsdomatrixes of quantized
G o Bt IR Bl iosh R 09 e gream o

ﬁf@a{ﬂ@dszc@@dsf thel @tb8ed efatr®@s ho ahe ttht@trmﬁ rfr%@s cohtrdll ¥ekule 20 may

conmponent s, quantization nodule 28 in encodi ng nmodul e

detarming idisthicr & praTend ERPICcVEths sk vidgonirgne phéhe sequence of frames

ri [ ” »
(Rhn 3 Blnaf ik FOR) G’ GRLS o 10 edRE of finmey (YES of 76),
ccodaghmaodhile i8xhasfcospddted tlreom‘cbdmg eifttse seutn@pyl frames (78). On the

BihG, Bl BB e TG T Bt BPG 94AKG lence of Trames (“NO” of

?@?Eﬁdoﬁir%%?dlﬁg Sma gFI gﬁrgﬁh%ete%ﬁfg%ﬁbgh&gqfébﬁcu%eﬁ?ﬂame is to be
apply a Huffman en gsc eme or an arithnetic
alm:)ddcilmsgarsicfnm(&&) each matrix of the quantized

g I E@g gct“?‘% < nt i y et? © ofgqlqgg% %;3 9 %ﬁi%g{{ﬂ% gt IQSK’ of 62), motion

sttﬁ%ﬁﬁefﬁodi% BQtlnre@ééﬂlhg 'n‘ibdiﬁbeé% I 855 dRidd 1hE QUubRhi BBme into a set of
Afterperform ng the entropy encoding process on each

rmtsl‘rOb 01§$ (Hla ¢xz,emot;@ief:$t1r@4t@mr§0dtéc Peani attgpt tagdentidy a source
m@cr& Icggo Qg)ér er??rlecrlefe%einge %ﬁ(r)ames of g%cﬁlggf?n ﬁilfeed nc?(%bloéi(s in the current

fequeRTe Mbtivi d@indtioamBseduls’3) maifthed catuleRm @utigiiector for each of
nodul e 38 adds the encoded matrixes to the bitstrea

thegnecrelpglsan the aureat Smeglpr sdidr mpHen GHBpation medile 32 was able to
G50k LR IERE 5L AL SR A SBRaiph HERA s e

oilotibh evcstogl) abcmsoictéd drms géndESionofod@}, 34ens339dﬂhl gnotlon vectors to
nodul e 8 has conpl et ed the encQdi ng, of _t S 0

BFIGHRS 2(TPEYISUEFIN (R85, Wor TRAKAG, (% I4eRn Fregnlacka e reference
frﬁm@é)tlntB hRsttas 1ﬁJ1@d%@d i hb %10?1%9“\96@?0@5 0d6)f I REBSuAl e generation

76), encodi ng nodul e 8 may | oop back and determ ne

mdulhe% mapdherc gemegatt of residpali Karheo firethenioded frame dry subtracting the
i-f arreo,(ig’z’;' 1LOO.?S | f thecgu rent frane is na to%e ¢
8?1‘8 Kelpes infhg recauerudded §3inc T icgHeRanfiRgtRIgel componen
Rdel @ B clifer® TRad (88). "REb Rs@uiBarflé YéideatfoRenédié 86 benerates the
frane into a set of mmcrobl ocks (80). Next, notion

estdupbfeos, mefdulyecsRdimgymatulenift may isgest efiyory sneding scheme to
PR OB, Q% Bl IPLEEE EREN66). ' AT ioh fpafiA%hcOing may be
applied to the residual frame by applying steps (66) through (74) to the residual frame.

[0076] FIG. 5 is a flowchart illustrating an exemplary operation of decoding 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.

[0077] 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

(102). Entropy decoding module 44 may perform an entropy decoding process that is



frame (82). Mdtion estimation nodule 32 may then
cal culate a notion vector for each of the macrobl ocks

w0 poosloes7sur rent frane for which notion esti mat PONUS2007/072169
nodul e 32 was able to identify a source macrobl ock
(84). After notion estimation yodul e 32 cal cul ates the
noti on vectors, reconstructed franme generation nodul e
Sduita&s hhee féﬁirb@n eﬁ{@o‘éﬁ%r Brob&sURBE Nt teBodtic! 86 GRhe, UEhEExample, if
frame by "noving™ the identified macrobl ocks in the
edodimgrrgedule Bmses flwffimap erdadingre eheeticcthe dmigyentippy decoding module

tion t or 6)., Residual frame generation mdul e
B R o o B Bl P B ATtk 3P IBH e cntrony
flecaamigbyroseshttd aath mibckhef @itxeh tigoFa@BEBtropd! desding hbdule 44 has

reconstructed frame from correspondi ng pi xel conponent
praduesd 4 5ot phmatixes ehquaptizedecocf@yentf t er resi dual frame

0 . 36 e . eS| f -
EAPSLREAC Rl Rl RERELACE: HBBAT Bl 1Dy floguantize the
sadficrentt on eadode tiichmatridics ofi quentized Tobfiicidne(104)y.r éifter dequantizing
frame 0). .In addition, spatial codi ng may be i
S Peticest it ﬂ*err@:%trlaawf_‘ ﬁlraaﬁéeﬁgpeg%am}wgvegff‘e%ﬂse‘m module 48 in
?%Lgoe hn{o%)e tie ?%rét@sc"rgé{ﬁkesf r@MBixel QB %né:ﬂtebalées' $16). Pixel

wchiart 1llustrating an exenpl ary operation of
daupaticny vatockuineort2of tAb sy lof el op@pantcnod malies erci dpprbximations of
in FIG,5 is, described.i.n sequentjal, fashion, it )
et diRe 1BES Ty S PR BRI b e SRR B 95 Atk patries of
%&ﬂti@@d tdeeikib@s DiifR an [&Ql?tz\]o-Jliﬁieh&i@hél)fmve@@(‘(ﬁgrﬁg cORELHrnsform.

recei ves an encoded video frame (100). After '
H978] Wheg nrerse trebsferm vierde 8 drie commutagpy napsio @if rgxel component

g@g%sldfieoﬁ gé"chi oF tgee 2 r%x%% ng(gegﬁgi]@%tg, R rB%eqr%l}cs%ﬁcipho%nmoe&utle @ Yo decoding

[
process on a w e encodg

fiodoR 10402) corbihé appropieae eafdk i Rd i@l demparnPedlii@rifodder to create
entropy decodi hg process that isequivalent to the.
blegkopl peslsodORY Aebesyspigs derodyizenedee 2nway cambinemyblock of Y

S&‘iﬁé@%ﬁlg ﬁfé fa?s%@lﬁ%qi Hﬂ&k‘%ﬁj \3111?65 gﬁ& 3n Mg@ﬁﬁeﬁﬁ@ﬁ@&' A@viifes in order

encode rane, entropy decodi ng nodu uses
tduértamn Wedodf WErCh pietodafichpixtl awenstrdstien medulet500fias created the

BIARR ookl bRl oPiie G i s BT g <RobnG o b of piels nto a

pﬁgggggg(@uget of matrixes of quantized coefficients.
[0078] Next, dequanti zation nodul e 46 in decodi ng
H980] dedr? frapy avegabmbide 58 he deowlifg wodwle d 2imayedetrnghe whether the

t he trixes. uant i z coefficients (104). A L,
HECRIATETE, 'ng ‘QEEPE Bat [aPERETTh RS it gl G ES. of 114) block
esaRhEZ@ddeeShi they) 8iXbas the WW@IoSRarhé aN&rh@E Buffedlol €1 X8, iGh the other
decodi ng nodul e 12 generates matri xes of pixe

Bandp ohhstcuyighiuGame 198t arpi-kiemeddap direpirraph figats isrp pgdictive or bi-
Bl 5; b0 RSP SHTRAASeTLABR R i py e ceotin
pohethidae dedoylc thicansfied vachgs 0Ntc@lirrbmerangd (11188 SNed, 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).

[0081] FIG. 6 is a block diagram illustrating exemplary details of inverse transform

module 48. As illustrated in the example of FIG. 6, inverse transform module 48 may

comprise an input module 140. Input module 140 may receive a matrix of coefficients



quanti zed coefficients using an ideal two-dinensiona
i nverse discrete cosine transform [0079] Wen inverse

w0 e@s®635™m nodul e 48 has conputed a matrix of PCREE2007/072169
conmponent val ues for each of the matrixes of
coefficients, pixel reconstruciyon nodule 50 in
decodi ng nodul e 12 nay conbi ne appropriate matri xes of
RbtedeqaMBAREN oY Al Ues 1:109 cRISIRE, 111191&15&@1@14@ rﬁ%kfec@lfve a pointer that
pi xel s (108). For exanpl e, decodlng nodul e 12 ‘may
oditalava lacdiiondk aohervoryanedsde of déviem? di sorettbel nighigcaf coefficients.

gflt tl}/e%ly,ui%ﬁlé‘[ta l’l?lg%qul in(l)agllf %%l%gﬁgrlltor%lél ?gta @ (%l[@rlels’l Ctat Fore the matrix
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B}xels bl ock combi ner nodul e 52 may recomnbi ne the
08ek hen ipputenedylp 40 seapigs @ Matsmeof(coghigyenty, gmmgmodule 140 may

ﬁ@;ﬁdg the ﬁﬁﬁ&&’f‘mﬁ?eﬁ#l&ﬁg aescétﬁn%H}o(3§f%olqll2qg 1%95%' t?arn%iﬁ)erm (module 48.

eterm ne curr rane 1s a I -
$da41)n.g rhédull @42 titayy @etfon‘m ap®&atiGnsahati gehérafﬁeve(luek(&&at approximate scaling

é%@»bloc&@conbln dul e 52 ey, out put the videa
oty 1 A i of E9cl Beignis by 5agl fesiprt Abowk YRlgnt pgpifions in a matrix
bf sdallCraEotd. ey A Ak, k@ahﬂgtm(ﬁﬁlé 147 A% g@ffoﬁn muFltﬁﬁwaSmn operations

current franme is a re|C Ive or |pre|Ct|ve rane
(d gﬁbrabé valms thag mppmgynaie(soailnlggcaﬁ:fﬁ:hlld:IES Aﬂtﬂthstsmstranof coefficients by

odi ng, schene to. deco e on vectors
DI PlocS F B MR e B TR g S RS o SelRub ey ol Ahothey example.
%ﬁﬁg alddar rMmadhep&fordsas Jrhﬁm@%G@i@l%ﬂ aH®hi®opéRkioRs. SEach of these
and one or nore reference franes in frame storage

m&mfa@tosm ntay GpeseSdtieindeace valst r\Wber gadly afrhe(scalggpctors is an 8-bit

er,ation en  use t.he
PGS b ebli® FhgRer SHat MBa e thRn@ TN s Hafedd
gmsb] Ater @@dﬂng&n&&lé Q4geRasalce the hﬁﬁ@nsf BwIédEdoeffﬁaHﬁts coefficient

120). [008 FIG 6 is a block dlagran1lllustrat|ng
ipaing madulcgeddan s sarratay @}aér@ of binsed sepificivatn by addingggmidpoint bias

bélhé’% {h%tlsé cI @fﬁcr@é%}( ﬁ{épllngtr&fof':scﬁed %oefﬁgleﬁ{s dA? ceilsti%ged above, the

transtorm no may conprise an | nput
Didpudeffiodnd ef h0mpmik iselypicably ahsrebdefifixicof at the top left position of the

coeff|C|ents om tization nodul e 46. For . .
Hhpl 18 g L h?ﬂ?gfu&é?f? RNt HERTCY BB PELVHBE At e Qtbpgcoctficients in

ﬂﬁqh&ﬁges a Iocatlon in a menory nodul e of device 2

that stores the matrix of coefficients. Alternatively,

(0984} Imodidretol14d magign-adintive bins erbial todticaD$t codticicas in a 16-bit

t hat st th t. f ffici 008:

PR aRaTE s e efuls 37 mabrisg T o B e o s,
I nput D@ng@t/ﬁcz&ﬂt& n@ycwme;ga (tihec ot pix of
coefficients to a scaling nodule 142 |n i nverse

I Gisioomkairer 46~ SBAT DS AidedReDmamiemaydppet bissmP is a constant
BRST A8 Wy BEPSIARS L) U BALRTIRR o g i po

agdlig aﬁ aRhoem applegubiyval @Rtrs®0sdtér @asfori @od®@E 1#6& The number 2 is
added to P because right-shift module 148 may right-shift all coefficients by (P + 3),
where the number ‘3’ comes from the bits of precision added by performing the transform.
To claborate this point, if a number x is generated by left-shifting 1 by (P + 2) and a
number z is generated by right-shifting x by (P + 3), z = %. (Otherwise stated, 2" /277 =
2° /2" =), Thus, adding (1 << (P + 2)) to the DC coefficient is equivalent to adding (1

<< (P +3))/2 to the DC coefficient.



of scale factors. For exanple, scaling nodule 142 may
performnul tiplication operations to generate val ues
WO b@s/0e7pT oxi mat e scal i ng coefficients in the PEl/DB2000672169

coefficients by scale factors at equival ent positions

in a mtrix of scale factors. 4y anot her exanpl e,

scaling nodul e 142 may perform one or nore addition

Emisp ikt coRBERK BASing l%@&ﬂn@fl 44 lg@ﬁé%at%g ﬁ{eema@&t @ﬂ’ Biaf®YcocfTicients,
an 8-bit integer value. Wen each of the scale
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%g&{(’:cl(l_)lé:fo mi Qf@(%t&d IQP ﬁﬁf Iglht([:l SCIN 1ﬁten‘$‘§dlgﬂes&a:ﬂ?e§ € q%ﬁa Q%fﬁpla&h@p eration to

I Cl en r|x [
amey fthecﬁﬁemit-p(ﬁht dchie dmrdulneﬁiwr@d)ﬁaﬁsfom of atvbetoﬂ'af sdaled doefficients is
gener a g’EPC coefficient represents a nean val ue of
P?%FWﬁ i@rF 1 PelP¥nts in the matrix. [0084] In order

Coe??ﬁﬂ%r %&Psea%%' thﬁlsﬁJrﬂlsm%aﬁﬂéel%o% d%?at&cthe matrix of transformed

Icient 1n a 16-bit processor efficient biasing
mmﬂ‘ﬁd:lentmtiglnmshlfusmduﬂm 189 Ithgwigepritoravoiagiix of adjusted coefficients by

cie oef i.ci ent +
PO e R Gdiietieiont Bt s yhucty o fipsprfiblisptficzatsby o mumber
o7 gogiicds Rjuabto el @@b&%ﬂl@%dd@@f(ﬁl’hhg N@pktloh & MYehRhsform and
of fixed-point mantissa bits (i.e., brts to the right

gfringhecatingi X opexameple.uis agplymeathe ttraapforo rrpsudip pn |aed1déryloa@i three bits
EhT e 1B BB BT RS s RGPS Flodtid Fok may v
sHigRbcisbf the cadtticieps bl itbirest @ PYOYHRsition., V\her e the

nunber '3' cones fromthe bits of &fe0|5|on added by

B&sﬁbﬁﬁﬁeﬁglﬁhﬁéhllﬂr aiosulsr S T&?n@ﬂ%?’éo st Batrh of pdjysted peefficients, a
o n@}hg? nu le' §5(9%§,r %énggat&iy {}hx JP Jh‘p?ﬁ@ cgleii?l\éle(lg 2‘%)hpplng” the

er zis'g rated right I ftrng
¢0’33)fﬁc12nt§ I\ the( @atrar of shussédtediicidiy 2n brd2P+3 re—‘stribt _/the? doefﬁcwnts to a

1A), us, %gpln%ré % "(P +2 to t he coefficient
p@xgr&ml \;tho(y_\v ¢ BRge A n@x%l g_orn ‘q_vgl)uj:s / Bori gxappde. mctypical pixel
caepdient eNle RO ALSB2 5Pl S95CI 1B e Ilﬂht"f‘&' dFdd {{E%‘dl efficients were

144 generates the matrix of biased coefficien
tomelude aveefifiorent equab foo2 1, nbphihe mbdelentedy) wané restrect shis coefficient to

et g R B g B drhsies B <PCRietinE R s Afengiping module
1 SWFMBRGEPELSind R m?etfﬁélant@fth@sea&%@ﬁ&&ﬁé fha RPfeSent NBXd1, component

i nverse vector transform nodul e 146 may conpute a
maltws XVhe¢n @lmm wpdld 16@anfshes dmpmeshe egnifigicriy it the matrix, clipping

ﬁel% B8 SfSV @ﬂhorﬂa%nd 'o?‘éf‘@ée‘afb%?ﬁ‘me% Sth %Erguéﬂut Sl%‘&ul/gml 52.
umm vec I'nternmedl ate values.

E)OQB}JWEHGM d@lﬁﬁﬁ@idd@[b 132 receives a matrix of clipped coefficients (which are now
pixel component values), output module 152 may output the matrix of pixel component
values to pixel reconstruction module 50.

[0089] FIG. 7 is a flowchart illustrating an exemplary operation of inverse transform
module 34. Initially, input module 140 receives a matrix of coefficients (170). When input

module 140 receives the matrix of coefficients, scaling module 142 may scale each value

in the matrix of coefficients (172). For example, scaling module 142 may perform



apply the fixed-point scal e one dinensional transform

to a vector of scaled coefficients is presented in
WO-R@8/043287 bel ow. [ 0086] After inverse vector tPERESHONT2169

nodul e 146 generates the matrix of transforned

coefficients, right-shift noduse 148 may generate a

matri x of adjusted coefficients by right-shifting each

SperhtithsCOST fdultiRPtRch rboemlemitlﬁ ithe Matfik éyirséo@m&ts by equivalently

coefficients by a nunber of positions equal to

DMﬁhawdoﬁh@svsa@mUédﬂdgﬂﬁﬁgma@pl|cat|on of the

O MR Rt SRP b o B vising

ﬁﬁ)a{lllenmét heayC o@f fal middid Biddsanre addict DONabeffieRnObf She matrix of

gy%ht shift nodul e 108 may rlghtshlft each of the

figipets dh{H- b/}ft@wqeﬁé@ﬁlt(taasmamo dptss|44 wls. the dom7yalue to the DC
ggdﬁjtf ?ﬁt d&ﬂ?_}% ?A?Jtlfl)g 1@&% @e&?tstr%mga?lte hl%ggﬁ%géte%lne whether a

ci’ents,
gﬂﬂednﬁttﬁds deswatani acmaginain pcp&domﬁef f1i76). emiitgallyythe row counter may be
“clip g, the.coefficients in_ the natrhé of .adju
he f

e
349 F‘FT& SaXENYR 4Ry CPBNtERRRY Pe p Stafe valwahat éy W@t%tge number of
f"ov&@ﬁ'tﬁ@fﬂaﬁlﬂ (ﬁ‘%@fﬂ%lern@" %r%&arﬁ xelr tﬁ@l‘ﬁ@@&%}{cogﬁi{c%% includes eight

For exanpl e, typi cal pixel component val ue may range
forvmrmazﬁmmmo@%unttrhsbmlmmtlghb( of adj usted

BT L 0B Se AT o FESE B k5170,
Q&b thmis M rh@dlld €468l @%fﬂ?@t% laoneBlRidtapHed biye-8@thASioRsl transform

the coefficient to 255. er clipping nodule 150
P i toheccrigigha glattme of eedtfivigite nadicatedh by dhe oy towitentlgs). When
lerg%{,?% Slecfgbg%nsfcprlnﬁr%gd@g e ?oﬁrglf)]tlt%gl J[he%r f\M melnonca roevp Vetc%r of the matrix

i pp Coel PO &t

OBt ddffcicitth,i ipPErHgvEeRsHtk s HBdulpn oy inthe I%blacéTﬂierdriqu]ﬂ coefficients
cli pped coefficients to an out put nodul e, 152. [0088]
s eyt ysator whgastlicient widlcaiveer af agrmediagy cef! ‘fdﬁ‘@éi After inverse

990%; fre?ﬂs?cgﬁfn&?@l'fcfh@&ﬁn W erxt?elnsfo%lip&p g%wv%clt'cﬁsc)f the matrix of

out put no my o ut the matri x of pixe
cafpiaort invadlsel ®8ctblotrms>f@1m medolestdounby am:rasmelultbe 58w counter (180).

0089] FIG 7_.s a flowhart illustrating an.e l.ary
8PS 1A Hﬁn%fmmgeulﬁvﬁgwaﬁh? mbéclsal% 147 ﬁ%{%ne whether the

fd%@l:’&un@%%qyi&s thaf (HEASlIMERM AwWBuhicr (Pleycoefficients
(17 When 1 nput nodul e 140 recei ves the matri x of

Uhﬁﬂfi&memowcmsmatwmgndmduh@1m42lﬁgymsﬂahalea@nwWaDuhenwxhnmﬂ

kB PTG 7 135" Mg ot wopkirh mafie f A ideierping whether a

EAGMnCOQRIdr Gb a8ds thAn tahﬁ’laﬂﬂﬁlfrh Xoffmi€ QSﬁﬁtbﬁ(M? Ritially, the column
equi val ently positioned values in a matrix of scale

fentarmay P@@@Gp Zqu eifhﬁs gukingm eqbime eantgrananbe arstatigevalue that is
);1'1 '(tao dt(l]18 g; o cr? i Isalg tﬁ/ea faIr éofe Ct%%fef}%t%? g%rgo é %glﬁe matrix of
thugficiaiits ilﬁCILQfeS cight columns, the rnaxirnurn column counter is equal to eight.
[0093] If the column counter is less than the maximum column counter (“YES” of 182),
inverse vector transform module 146 may compute a one-dimensional transform on a
column vector of the matrix of intermediate coefficients indicated by the column counter
(184). When inverse transform module 34 computes the transform on a column vector of
intermediate coefficients, inverse transform module 34 replaces the intermediate

coefficients in the column vector with a vector of transformed coefTicients.



coefficients (174). After coefficient biasing nodule

144 adds the bias value to the DC coefficient of the
WOoros8i093757 nver se vector transform nodul e 146 nBGT/US2007/072169

determ ne whether a row counter is |less than a nmaxi num

row counter (176). Initially, 4ge row counter may be

set to zero. The maxi mumrow counter nmay be a static

[’(FB|9I4FAtft|Eﬁ'inde§see\%éﬁllr ttRAsfoh8 Medhe r146’fco Weesithe §88sform on a column
matri x of coefficients. For exanple, if the matrix of
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y@@ﬁ @étehﬁﬁ@&f/l@dftmrfmél lébﬁmilrﬂﬁom s Q&Su’h@n & h¥empicBtumn counter

scal ed one-di nensi onal transformon a row vector of
)matrix of coefficients indicated by the row
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b(gbtfﬁ&?ﬁdf&?ﬁteshﬁ@ﬁfofdhfé' 198 ttﬁ'ay Mitt e c'o@ffﬁ{e%?t VIRE H %ﬁt by a certain number

trans nmodul e 146 conputes the transformon arow
vEpdsaronsf Thhecsohitof rlghtasfhlftmgfehclcoféthc s¢cond veeeediede taafficients in the

0y S L Gt T R TR Rt e 6 SO shined cach of

{HRoParRAfncaNde ARG, GEbFINDT MEIMOIaE08hayt BIgy FIRWaEALHEd %Befﬁments in
is | ess than the naxi mum row counter (176). [ 0092]

orsler ﬁ@\ﬁmmg rﬁltleé rthe sldmstedl @@ﬁimm aye wethin g agprealtl@tﬁ range for pixel
(ioh]‘(% nonoeglt uge (tl 8(3 riieo 1n§(ta 1%&§F§B§§8 may chp the adjusted

nve tor rans

ckeslfﬂélem@enwﬁ&rrn@ lenguré€ et e @&aum@ boéfﬁcﬂeﬁﬁsaré kxamuathe range -256 to
maxi mum col utMm count erzf(182) Initial % t he col um

gounPen ghpping moduler 150 &tighes Thipipg i st apsHicdatnoatput module

@&L@ er of
2%%/{#3 pﬁi%g@s%ﬂg%ﬁaﬁ- ?%tfgix? I Cl r%lte}slf.)V or (ex mple, if
[(]1]96ITEI(EI & iofa bwekfdiegremt ﬁlmﬁmﬂmgd escrepladyt dﬁ@iﬂﬂjﬁﬁiorvtdndé transform

m cou ter Is e el ght 0093
PR EoRimTAS QLB 1 (1S s R ABlhese MHCoFEform module 26
Q&Hﬂﬁs%ﬁ o i¥pR mBHu1d 8D, thhMREREs Y&RIAK Jff Iﬁf@@lf éyiﬂ'ﬁonent values from

modul e 146 may conpute a one-di mensional transformon
eorgpdngnh evteastion rocbdltlhé4naﬂﬂlen ioputi mpeéulpedDatcecives a matrix of pixel

coefficjents lnd t he col,u ount r.(184).

GRErOTCRL B, PRhEPATIR AT i SRt BT oFiputet Ehponent vatues to
haEnsfiamdRe 21X ol dBhitesddile 22 may shifldi $tBe pixel com onent values
coefficients, inverse transform nodul e 34 replaces t

imthe mpasidk af @X@b@fmp@eéh‘faéu%rtotthfeletftdmthﬁ npgbenp! mntissa Bits used in
Vaﬁué Ofhafly f ftoiv%}af ec{B?d[ra%gj%ntn 8&1&?61[4 %4]\>~{I{A1fset }%eeﬁfgrrmng the forward

I nver se VeC or transform ITD
tragsiehO rMing the Calnulsen Meeﬁatﬁﬁssaf bithaefiBi¢d Yoyoberforming the forward

frglgs:cﬁ;r:qg:q%%tr Sexarlnglvee rlfs teenvr%grtlt?srsa tbrltgnasfé Cl)lrsg]i Eﬁjg,gllugs ]Gxﬁl?len&){rformmg the
forward transform and three mantissa bits are removed by performing the forward discrete
cosine transform, left-shift module 212 may shift the pixel component values to the left by
seven positions. In another example, if three mantissa bits are used in values while
performing the forward transform and three mantissa bits are removed by performing the

forward transform, left-shift module 212 may shift the pixel component values to the left

by zero positions.



the col umm counter (186). Inverse vector transform
nodul e 146 may then | oop back and agai n determ ne
wob@sloes7st he col unm counter is |ess than the ne&i/mEI007/072169
colum counter (182). [0095] If the colum counter is
not less than (i.e., is greatejythan or equal to) the
maxi mum col unm counter ("NO' of 182), right-shift
rmmi A A GeBYift hi@aheshi fsh@@cﬂﬁe oglxélh@orﬁls&h@ﬁtf oamssd forward vector
coefficients in the matrix (188). Wen right-shif
reehlivren mogdulei2dAtmayhapplysa doroeed frsifent to qacky Iqohigm quctor in the matrix
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exenpl ary details of forward transform nodu As

racinuecateefedic |S¢ﬁ1m§efa<é€(rém§¢<ébbﬁcafhln&m®ulef MZN@rl@VGrSG transform module

Erlge?glg}; fe%lr Lo ancek 1 scahn%Fn g es%%% F]heeﬂ og%ﬁ 1en(tjs Jb¥ Fhl%’ung tﬂe coefficients

fbom@qeﬂrtty Ehxéd PéHitiEMg, BMUF enddhle Phe rﬂnaynwate tHecingfo2h@d values by
receives a matrix Of p1 Xe conponent values |nput
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& pi xel Tonpo val ués 1n
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renoved by performng the forwar transforn1 For
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pi xel conmponent values to the left by seven positions.
tocfheionther exanple, if three mantissa bits are used in
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where v = 0..7, u = 0..7,; where S[v][u] is an entry in the matrix of scale factors, F is the
matrix of scaled coefficients, and F’ is the matrix of transformed coefficients.

[0099] After scaling module 216 generates the matrix of scaled coefficients, an output
module 218 may output the matrix of coefficients to quantization module 28.

[00100] FIG. 9 is a flowchart illustrating an exemplary operation of forward
transform module 26. Initially, input module 210 receives a matrix of pixel component
values (230). When input module 140 receives the matrix of pixel component values, left-

shift module 212 may generate a matrix of adjusted coefficients by upshifting each value in



forward transform left-shift nodule 212 may shift the
pi xel conponent values to the left by zero

W@oEBNIIRE. [ 0097] After left-shift nodul e 212 BET/UER07/072169
t he pi xel conmponent val ues, forward vector transform
nodul e 214 nmay apply a forwardhgransformto each
columm vector in the matrix of pixel conponent val ues

{13 Rt o Bk PEQHPGR nBVATRES 232pf1:drr&§1&1m%dle@¢§nﬂ %{dﬂﬁﬁe 212 may shift
Next, forward vector transform nodul e 214 may ap

@llh of thyr ewmflacients i ther laft thy teacphsmow vbcthey examnlhelegﬁi:ﬁ seodule 212

{nra Ing11t1 L rre%ltl @{oez zﬁiﬁlﬂg&tﬁl 0 t@ﬁd rghft ny eqlggql';sgtg%ng bne%glgslexfor\fvard vector
tramfisdhOmad e @uk en ke dixel ipeit blginicdic Wa kvthidhr ramsfedy #fete@coded using
a vector, forward vector transform nodule 214 may

ppPifs tohiher Grokional POTHABS oFsd Y hifliag the, opgfacients to the left by ten

g@%lt?&lfs ALt Hl%tdufe%g ?%Q&Je%'; Qarﬂ%ﬁg Eﬂggaggerllcgmgh&nt %%l&es into fixed-

OW IS a reverse o transtorm
Bt nfrfRI8jvithftéremafitdssaitd vect or transform nodul e 214
roduces th trix_of transforned coeff|C|ents a
Eﬂé’&ﬂflng noégﬁeg?@fmhlﬁagg ?ﬂ?& RIXElcCAMRAGeRiaglEs dn (the g of adjusted
%lﬁ{&s %&WV&Q&]C t@dn%fo%tmdéﬂ?lé 5?4 %kade%'enqﬁnet \;/Hé}ﬁéroef %gmn counter 1s

coefficients. Scaling no apply reciprocal s

ks thae asoaiimng foac t@mser(224). Hylt@ﬂal thﬁ golnnnhLdoentmﬁlambe set to zero.

hﬁverse traqéforn1nn ule 4 %¥ ﬁ} S ali%g ber of
QRIS CQIUMBSCQURET TBRY Pt SIS We aﬂ? ﬁ&uac h@ tht number o

6818Mhb Gh @R fatrk bhadjuskll B¥ficiin@e PeSskidns, ifSRAlmaEx of adjusted
nodul e 216 may scal e the transforned val ues by

etriffieipitg inchusles eight ¢dvmasdl maximes QOblth@oumwghs el torgighd.
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epf ffowiaedtvectoy tiaftliovn dmaduls CZi|4emE1§iCdoﬂ{Iﬁ1td A éndditich¥onal forward
of scale factors scaling nodul e 216 nay scal e_t he
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en s g the resulting va ues to t
matrbgoli ddjiekeed doeflivices, foovaé @Bﬁas&aﬁsﬁundmngule Qﬂél‘rsplaces the original

scal i dul e 21 add a midpoint bias value to
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VERRSEALIRE YBHUESD 183cohPRteI 3R Forhdfd RiSsforbPbn AR Sector of the

scaling nodule 216 may use the follow ng equation to
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matri x of scaled coefficients, and F' is the matri x

68340.r ansformed coefficients. [0099] After scaling
E%qp#]e 216 ﬁn gn %ﬁ}s ?erq?%&l I)éssoIhaﬁ C(?é?% greater than or equal to) the

i Ci en S,
maximum column counter (“NO” of 234), forward vector transform module 214 may

determine whether a row counter is less than a maximum row counter (240). Initially, the
row counter may be set to zero. The maximum row counter may be a static value that is
equal to the number of row vectors in the matrix of coefficients. For example, if the matrix
of coefficients includes eight rows, the maximum row counter is equal to eight.

[00104] If the row counter is less than the maximum row counter (“YES” of 240),
forward vector transform module 214 may compute a one-dimensional discrete cosine

transform on a row vector indicated by the row counter (242). Because forward vector



nodul e 218 may output the matrix of coefficients to
guanti zation nodule 28. [00100] FIG 9 is a flowhart

WO doamo37at i ng an exenpl ary operation of forwarPCT/US2007/072169
transformnodule 26. Initially, input nodule 210
receives a matrix of pixel comppnent val ues (230).
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RA tléoﬁﬁlﬁac? 'ah? 3%2[19 gé-tgl]rlnn@fv&th%fhelr ﬁfe roﬁh:'oﬁﬁﬂef‘& I&?Cfﬂanot'hé ‘ﬁ{ammurn row
conmponent va In the matrix of ust ed val ues,
E@HMr(@H(ibector transform rmdul e 214 may det erm ne

BIRES 5o Toar BTy R St cm e Gl cawl o) e

fRkinhifin %%Cbouﬂéﬁ (TRG” M40 | Al C RAISBEIBI2 1BBMaP 8cAe cach transformed
static value that is equal to the nunber of colums in

t3¢f:‘éﬁ¢mltltr inxthefmafeix eft Eenséweretli eicmiants Kt6).exWhp ecaling module 216
% S coeﬁx n%grfth%% 1u%trn$ %H%%L];ﬁ“gf elﬁ%t thl%1 @g?fﬁ?%%t Fo tﬁ? right by a certain

hﬁlﬁﬁ&%f Ipbsitibes. C olfiMscalmh tn@sdul s 2|1681§15t§¢alédt dsueh NGX iU Fnsformed
colum counter ("YES' of 234), forward. vector
@qeéﬁglﬁ@ﬁ,n?%%n@d@wh%agnaw%mtteth@ TeTveling FsHE) eharaled cocfficients
i rd transformon a colum vector indicated by the

ol counter (236). Wien forward vector transform

[m]d(]’V]e 214FBonplh es 4 Hew diagesnd itluanshgram exengplagl onimdlrnensional

vecisr, oo, ot e B g8 Vel coelLeTem e
BsifiStRd af@ChubSLE R, sz,' A, If % 969' 400, VESE QN %t&)ﬁt values of transform

i nternedi ate coeff|C| ents. After forward vector
26(hn§h©waium@mbletezlmnlc@rhputa&sr 4 hecle shatendormpassst o111 symbol is the
vector, of the. tri,x,of a

Rt b R B sl ar Ao Bao B i B 4 BBt it cisgly. The value

L RAGEGITR N ith NSO 10BN aCAN @Fat (cA3Shpaskey WArd” U§&IHeI is the result of
transform nodul e 214 may then Ioop back and again

thedten ying ehogestiivagnt ppatiersidunent ©dhetisele prd vdyes aspearatedhwith the lines

g oufﬁ{% Mo h“{ﬁ‘té ?8%'“ ?haéﬁﬁé‘()l - { ggﬁqg ]an a{row ?}F]r%génltjslq] negation of the

'S No ess grea
egluahssboirtcti Réth the arrow. For example, 1f the Value “10” is associated with an arrow

[T [T 13

before a symbol, the value “-10” is associated with the arrow after the symbol.
[00108] Transform 260 uses fourteen multiplications by seven unique irrational

factors. For convenience this disclosure refers to these unique irrational factors as a, f3, v,

d, &, §and . In transform 260, o = «/Ecos(37r/8), B= «/Esin(37r/8), y=cos(m/16), 6 =

sin( / 16), € = cos(3n / 16), { = sin(3x / 16), and 1 = V2. Note that a, B, v, 0, ¢ {,and n

are all irrational numbers. Because a, B, v, 0, €, {, and 1 are irrational numbers, tolerably



maxi mum col umm counter ("NO' of 234), forward vector
transf orm nodul e 214 may determ ne whet her a row

w@owaes7sis | ess than a maxi nrum row counter (2HO)/US2007/072169
Initially, the row counter nmay be set to zero. The
maxi mum row counter may be a sjptic value that is
equal to the nunber of row vectors in the matrix of
sQefdid %p@&%ﬁatlg&roﬁ% PR 8, ¢, '(‘;f aﬁd‘ﬁ R felpfir@h relatively large number of
coefficients includes elgh ws, the maxi mum row
bistinCensequendlyu abmploanse ghith tl{emeqmm]mqms ohtypreelcedugsendards might
i’,l%S)t ]?ll\gﬁ%s mb%c nhen 1%51n%naf§>fegiugr§11rltor¥}v1nf Oeyg\%&e{fl nélatlve &hﬁm{ﬂl Izllgr%%érs of mantissa
prRetodtomnst aa@éfoﬂm 860 etFarth@Hione HetanRs fo@ BMy,08) &2 f W m are irrational

vector indicated by the row counter (242). Because
PRDRIP.it VEEhioRatr benRessI HoERduee pdtipdiationsy ady Bs 7. 9, €, ¢, and 1 to

%e%eﬁ%ﬁeggfélﬁﬁ op&fa W@l{isd a@(&@{iﬁg@%@o‘%ﬁ JCor Q¥ YEGh %gg‘rﬁgcf)ns.

I'Ci ents now cont
[(103199]m=.‘d| aFHG. Cd)(Bfls cd €lotrs diagfeen iflastweing anectadtplary one-dimensional

nsf or nnd le 214 co tes the. forwar tra sfo on
e&v&r%ﬁé "B 2% Tﬁfl%fpﬁ%%ﬁﬂ%aéaag?@ VIRt . In transform

ﬁ?ttﬁ’é vilheR ﬁEQBéE‘n@&Hlleﬁ At 8r FERFFRESOL Q%alu@t(?/gf?'ﬁgé B be factored

coéfficients I1n the colum vector with transf
owtedff vatissnt, 9, £ 9011067 traftferm £60.wendda vaot §t/¢b hanbéar factored out of

dul e 214 co t di ret si ne, . transf a
TR ot porr PrbTRmt 0 MG Y PR R OF BRL Bl oft of these
Y&ghgents rtﬁ@ $$1Wvﬁh§@gétblere%%elﬂ§l¥7alh@§ beRRIdh XPE; ﬁl‘éVi/nultlphed prior to
counter (244). Forward vector transform nodul e 214 may

trivesforvd:back and agaln detern1ne mhether the row

counter is less than the V’—mJ ounter (24 ?
[00106] If the FawBunt/®. (va rﬂ&su Wb/ i 18V),>i s

?,Elﬁ%&,lﬁ%sf [% ‘WSS %g Iglrll% Ir]?r)lo aﬁ {}% g@g)hgﬁjgf/gg% @19@2 eﬁrE factored out of «,

Bramnst, candé;d Foo elifposéserficonvertidnec,nht valicod, f, yadss, andrédfier (1/y) and

oefficj ents (246) . Wen scal i pg dule scales a B
(et e peifted QU A1 KETRILAI38 518 oy y shi fu%dl E hebor example, when y =

?@9@?08@5@%&? 4 besoielto10y & §e5bas ngnumpAN RS = 679/512, 5 =
positions er scal 1 ng nmodul e 216 'has scal ed each of

1 he512, ahsH60ad0G erd £1 ©il 83/20480ut put rmdul e 218 may

toth |t L le f ts

F‘E’i@?ﬁ [ 00YABES el TTOR 1 4% £ oG RRET I JG0P G Mg such tha

%‘I@hﬁfr&x@ﬁ%ﬁbﬂ@d@bm% vi& Qn§1{d3<g<3§7 g&QGSpbﬁkhEé factors yor ¢. In
10A, the val ues e,

&meéqér theevalugsmyfufaciose it ans @rﬂnd eS| ﬁes:y xé ax,\f; ay be selected
1th0ut>é%a1ﬁ§<§%81%rb¥ﬁéwa% Eso? ﬂrtans(f rtéj? 9%0 Vﬁ'{lﬁl%g g‘%od Valu ofr these factors

PTARSTor e va associ nerart

tha¢irepresent RadonGN&o ﬂpt&lﬁ&@ﬁo@ problers R Ghigh$ yid® niu@$ple tsolutions with
of _addi ng the val ues associated with the arrows that
61(§feﬁqn§ cppplexity@resisiqn wadepffs. \Egr jiestance, multiplications by some values of

o', B, v, 0, ¢, and {’ may be more convenient to calculate than others. Furthermore, the
values of y and ¢ may be important because they serve as the basis for scale factors, and
some scale factors may be more convenient to calculate than others. For example,
multiplications by a first set values for o’, B°, v’, &°, ¢, and {’ may approximated by a
series of addition operations and shift operations that are shorter a series of addition
operations and shift operations for a different set of values for o’, B°, v°, 6°, €’, and {’. For

instance, when v = 1.352708058 and ¢ = 0.959700091, vy’ may be approximated as



associated wwth a line after a circle that enconpasses
an "x" synbol is the result of multiplying the
w@o@BNITFENt positioned next to the circle andPORUNEE7/072169

associated with the lines that pass through the

circles. The synbol "-" next ty an arrow represents a

negati on of the value associated with the arrow. For

67@9’91 €, Thiee 448t VletiRiond Cind! &hr&S 208itiBh Sshoptids %ayar‘tfeo\f‘équlred to
before a "-" synbol, the value "-10" is associated
aprrpxintaes armdvipbdation the79/512. s Yirbbérmara 01 s deb&wMﬁ and ¢ =

PRPLTIORa 7 P i R SRR LAY <Pl Bl fmions and four

ﬁ&flﬁétﬁoﬂ@aﬁdﬁ@ Sy regiErddrd approRidhatd aaﬁmlﬁlcaﬁoxaby D8983/16384.
z and h. In transform 260, a = V2~ cos(3;r/8

b
HW@L]su n( 3Arngyix of seale fstaps may § computed by epliiplye, t%%transpose of

BBy = 1900 B APl o T 1 virilig: Gl B M Vector. This

Fé%ﬁl%ean%XSk?natﬂx oﬁval&es z, and h are irrational
unbers, tol erabl yaccurate representations of a, b, g,

d, e, z, and h may reduiB¢Cal PelratPyél Bl arge nunmber
of bits. Consequent| yg COMR T@NGE M| &N £ Me

requi renents of typi ¢call codinglstandards|{m ght not be
possi bl e when using f<xed] Bloj 't Cnicfhér |sF Wi t h
relatively small nunber|sGof jmannD [ssaibj¢&¢s to conpute
transform 260. Furthe e ——becatsera, b1 g, d, e, z,
and h are irrational ﬁh eF%?S ;§qﬁi %ot be possible
to reduce nultiplicatibons |by| &, Db-IqI dG |e, z, and h
to sequences of shift L roms, p fdi tFon operations,
and or subtraction operatiions. [TO0109]1L FIG 10Bis a
flom1d|agran1lllustrd@| ngy | &n| @xEnpt afy| be- dinensiona

Bl ed L ansiar ggfca%gh%d PRELM2(P S B peaj ed o b1+ (3 |

ran ntran

F’l??s A LY, 2 B0 /BYR )2 (V3

Zn®f =Y K/an 6Q, and a value (1/f) has been
#actoged §%$*g¥?vgpues a and b of transform 260. Wen

(01)/19!;] and Btédupe drcesdabc fagtoesl agumubiiplicthewgth the coefficients prior to the

B EhS PG DT A FBIOFE O B Knh 7y B78h T may be et

§Iﬁft¥a by (P]ﬂdfs)tlonﬁ \J«Ll/le%e /P ¥ )a,coﬂstal{t rbfedidg #)a nldbdr)of fixdd X’)bmt mantissa
. The val ues of e, z and h may change

bitehio( biyp. Ginaieht o4 hc e paiRDovedlinguN s foah. g higsragively converts
% 8 gﬂt&gl COG?ﬁCl%lLEg Ff ef%xe%f%ﬁr%;] Mlletﬂ%ﬁ%%] %ﬁe}t ﬁavg I %1 (Lf]t%gsa Blts In other

ter ( ) are fa
%fdsaéaﬁbhrcﬁ‘fﬂ@d é&@ﬁdl@htﬁ&l the matlbx is m@ltiplied 8y 2. ®he resafidg values may
For exanple, when y = 1.352708058 and f =

@;eg @g?gp;@gll'nat%fl by.infeggr gao-lges prhus, 398,658, EoF,'G, H, 1, and J in the above
P60y 548" rfré%ff%rﬁ\é den 218 P90 Fgn b= (2 1w
NGz ey «be gel ggted |0 ¥3f"(?“§(1">'a¥§ (\/ECP\V I‘E‘I’ H = (1/g)2 * 2%, T
= (L) * (N2 /y) * 28, and T = (N2 / w) * (V2 /y) * 2T

[00113] For example, let y = 1.352708058, let ¢ = 0.959700091, and let P = 10.
Given these values of y, ¢, and P, the scale factors A’ = 1024, B’ = 757, C’ = 1067, D’ =
1071, E’ =560, F’ =789, G’ =792, H’ = 1112, I’ = 1116, and J’ = 1120 may be selected.

Thus, the following matrix of scale factors may result:



wo a0ames76f factors y and f and val ues a'

they woul d approxi mate products of a, b, g, and

z by corresponding factors y or f.

d, e,
In general, the
, b' PCTUS2007/072169
d , e , z' may be selected without changing the

overal | design of transform 27 Finding good val ues

of these factors may represent a conplex optim zation

gr?]?l emthat n ghi yg;7e|m6”_mu_[(t7n pllez4sqlolult|pmsIE w7lh

i fferent conplexity eci-s5-onrHEages Fort

I nst ance, rrulmt) Wi Zg(%l 07;% ofésoﬁguv %Je /53¢ | 3% , b,
g' , d , e |l1&anhd7%¥ | by | bie6noved cl@tﬁveniléwt789to

cal cul ate t han! RITeys: v TIBHMORA | e Vb ies of Y
and f may be ippartant! becauselthey serve as the basis
for scale factp%4|aHd ]é)é?nelos?édll%z“f al@florgm?nﬂ/”be mor e
coln;/.en: _enttto CanC{ival e han 201 hens. 117of 118X anpl g,

mul ti plicati ons—by+a—Frstisettvaldes o b
. d!o , e a]r95712789na]3ﬁ%051|\’% ii?;égt elaléo Méfséﬁ% es ofg
addi ti on operati6nsS@nd88h| 192 op&r gtPdNS78hadslar e
shorter a seriesof—addirtionoperations and shift
operations for a different set of values for a' , b

g)0114] d'

, TR falloasl
352708058 and f

0. 959700091, may be

@bles si@matins &:0nGRary WA fattts and values of o,

Bpﬁfr,éx,lsrrmné& ﬁ%my@msedm%éra%&fmgm 2Z)(ber ations and

three addition operations nay be required to
approximate a nultiplication by 679/512. Furthernore,

when y = 1.T8l1034€oastdnt factdds GppAixiMatongusedrinnldoeithm A.
approxi mated as 18981/16384. Four shift operations and
f oliFacsidi| Vae odefigiritiins nmay be required to| Com lexity | Times
approxi mat e a myls=kph). Cation=xbyo, 18981384 .| AdAO[Ldnltks |Pused
maf ar X of 26mal e [frenhg=Sx+my be conputed by gl t1plyl nos
t h¢Bt ranspose of| bhernewi,or < I, (17y), (17}, ([4 T |3
y)1 1, (| | y), |(&H2rx2¢B),y) > by the sane vyector.
This resuylts in |ad=@x8)matrix of values: Infthis
mafrix off scale [fGEBOrgST)=21 * 1 B =1 *|1/( M2 /
y) C = 126761/ f, XI?T*IEI";@)I y), E=(1/y)2, |E = 3;L/y) 8
* — =X — 4
Al (e M T B (D)2 3T (VD)
rruPpll tht] e2’§1ef|0|ents prlortothé 3 8
appl i catijon of tr;(g Lg@hsform the scale facfors A B,
C D, E, |F, G Hxkpyandiudrmy be leftshifted by| P
PO$ETT ONg, s@her qd P—i&sa constant referring 1@ a panbefy
of | fi xed{poi nt rMantissa bits (i.e., bits to|the right
of [t he radi x poijn#yx3uged in an transform This
effectively confedts=4,he original coefficients ipto
fi xed- poilnt nunt]ex §EDHad+(E¥E: P manti ssa bifls. |
ot h&r word%2> eadr2of<Phe coefficients in the3mtrfx ifsd
multiplied by 2R.*TH&edul ting val ues may then pe
appr oxi mat ed by |’%§TY§% val ues. Thus, A B, |C, DO E,
\'/:\/i G A‘H -Izl"g‘?ng" <); >?1+>?55’>°>§e mitl‘l >1</ fmax'_\be,mr ep zlce:j :
MRS VT (1/y) (1) 2P |& ~ {1y
(V217 y) 2P, Hu= Xﬁ+l){2f<):§ 2P,

X *G’) =(x3>>2)+ x4,

H’ 3496 X2=x<<3, 3 3 4

x3=x2-x,

x4=x3<<],

x5=x2+x4,

(x * H’) = -x5+(x4<<6);

r 3147 X2=x<<9, 4 3 8
X3=-x+(x<<4),
x4=x2+x%3,




~(2/f) * (V21 y) * 2P, and J ~ (V2 y) * (V2] y) *

2P. [00113] For exanple, let y = 1.352708058, let f =
w@2@80008091, and let P = 10. G ven these val urCT/U52097/072169

f, and P, the scale factors A\ = 1024, B = 757, C =

1067, D = 1071, E =560, F 789, G =792, H =

1112, F = 1116, and J ' = 1120 may be sel ected. Thus,

the TolTow ng nyiwx+0f scale factors may
regul t:[00114] The*{ptixewipgst abl es sumari ze

exempl ar y28xeal e |fxaetee,s and values of a' , b3, p3' ,|4
d|], e | and z'|=Bhatx, may be used with transform 270.
Tabl e 1: |Const arftx4fdctrs approxi mati ons used in

al gori t hm A. Tabl|e®22™bnst ant factors appro | mat | ons
us f f w 6<7),{"nnef 2t f acl-of
ap.m i / {&d |)nXAI gorithm C.[00115] Té 3 2

il [fstrafé how I X _Xr_rp ule 48 may use the scale

fagtors, [const artX4\L%ugs and al gorithms provided in
the above tabl eq,epysider sable. 3, above. To app]y an

| nyerse di$enet q 8ol pe-IHansform using the[yalugs 1 n ;
Tabge 3, [iifput |;|=IX3+1;4:Q>7)n | DCT nodul e 48 |may
regei ve an 8x8 nakrbox=ef>cnefficients. Next, scaling
noqlul e 142 scal gaxaycoefrikd.ci ent at position|[0, 0] of

thesmatrilXx by a [f@Et'orxA; scales a coefficiedt a3 2
po$iti on|[10,Zf cfx2rN?e>?ﬁ§tm x by a factor B; |scalps a

Cogffi ci ent at ddsitieaTd of the matrix|by a

fa bt or G Sca! s (2.‘- g)’\n#} (Xﬁf e>n%), at pnel tl oh [ﬂ 21 nf

t hé _ﬂ%ﬁl@ﬁﬂyowl‘ﬁﬁ 1D;1;r:a]ilsﬁlnnh scales 3 coeffigie |4f1 J:u 13

pos Tptpquﬂm lﬁ(ltm)fZ(QfscqhHga .”Etlﬁ i x |;§! t he factor 19 0 5
coLEPTRITXiN P atpmplele P1P IOy 51 0f the natri v |BYL ¢+ has?
factor D; scales a coefficient at p03|t| on [O 6] of

h f C |
e tron ofahé BFCHRIMREaftars BEPERURAGRT yoedi 2\3%%@%3

Coeff|g| fr|v h\l

rC

A — oS0 A—{1—O—6F—-he—Hwt

f apFaftorg; Valgy) e‘Ag‘"E‘B@F“fl cient at position [mp e’“&f Times
the-nca-t-r-i-.)_b?«_a_.éﬂ"r g ogpely BB igb'ﬁi oi Emdd§t Shifts | used
popition £ 2] b fﬁﬂk_m_x_b%a_f_aa_ox_&_sga“ ds o |4

fagtor G scalep a Gogfficient at position|[1,4] of
the matrlix by t 1(];@5:1 15 BiyfGal es a coeffijcient| at

cogPficilent at 36?3%”@26){1 3] of the matrix by g° 8

POt T O 1hds 51 LZ_I}QEKQBIH X Dy the factor (G SO& €S dg
cogefficilent at 39;51;@(;@&25,1 6] of the matri X by tlhe
fagtor H; scal epxa cpefkkgikentxsat position|[1, 7] of

t hepmat rlix7by t he=kaet or E; scal es a coeffija ent| sat 8
pogition [2,0] pf3=khe matrix by the factor |C, sdales a
copfficilent at pesSi?)omHA<H): of the matrix by tlhe

fagEor F;56¢cal epx2rxedefficient at position |[22, 2]| 2of 4
the matr|ix by a 1‘%&1&? H scales a coefficilent 4t
po$i ti on [2 3] 3& f‘]? )&HKI’IX bx a factor / |; scalhss a

CO 'FJ'FI\JIA T C T UTT "l‘ the natr:)\ IJ_)’ tIC

fagt or Ccfgéscal i X<<3effl cient at posi tion |[*2, 5] of 8
the matr|i x by t1§4f§ )[2Q£5 ; scales a coeff|icient at
pogi tion [2,6] pk *tfh)e:;ma@ﬁ«)g by the factor |H, sqgales a
coftficilent at poski(keB) |2, 7] of the matrix by t|ke 8

fagtor H; scal epxaxpeefficient at position|[3, 0]l of
the matrli x by tphst=kaesor D, scales a coeffifcient| at
pogition [3, 1] b&*tGie=xEtkix by the factor |G sdales a

cogfifi ci|dnt2 at pusiktidon [3,2] of the matri N 3by t|He 4

fagtor /| ; scal p&=a2>%
x4=x2+x3,
X5=X3+(X4<<2),
(x * H’) =x5<<3;




coefficient at position [3,3] of the matrix by the

fa

ctor J,
wo b@swei7st x by the factor
position [3,5] of the matrix by the factor J;

scales a coefficient at position [3,4] of
D; scal es a coeffi ciPeI/U§L007/072169

coefficient at position [3,6] pf the matrix by the

fa
th
po
co
fa
th
po
co
fa
th
po
co
fa
the
po$
co
fa
th
po
co
f ag
t he
po
co
fact

the matrix by the factor
position [6,2] of the matrix by a factor

ctor /

scales a coefficient at position [3,7] of

scal es a

brnatr
5i tion
pf fi Ci
Ct or

I1X10y t
[4,0]

ent at
scal e

he-fagkes), G scales a coeffi
bf3=khesmatri x by the factor
poskixen [ 4, 1] of the matri X
5 (g Igeoeffi2ci ent at position

Ql ent
A; sd

[4, 2]

sat
al es
he

of

by t

Q)

b 'mat r
5i tion

2y t
[4, 3]

ne=fxgetor:. C. scal es a coeffi
H¥3 f‘%*é"zﬁé%)fl x by the factor

ef ficl
rpor A

gnf f

13%’5@ e

'\@c Jf) r%(% /I /I1 of the netiti
‘XQaX>c> efficient at position

b Bmat r
5i tion
pf i Ci

i3%1/BY t
[4, 6]
ent at

§ g D; scal es a coeffi
{rix by the factor

u;@ Lé)% of the nmatri X

ci ent
D; sg

[*4, 5]

c

C sd

3at
al es

Q)

Yof
at
al es

he

i ent

by t

Q)

,g,or b,

0,679l €

>X2azxggerr| cient at position

Jlbll.l
Pt on
pf fi Ci
ctor /

'
ent  at
scal

I &:aigtor D; scal es a coeffi
bf4=khe, matri x by the factor
3(z§i6t)i=om3+p8,>2]); of the matri X

[39, U]

c

G sg

30T
at

al es

he

i ent

by t

[al}

bs'mat r

i4R0YAPO4

P& "y ) ffx Ed’ent at positi on
ne2 factxor 13; scal es a coeffi

5Lt i oon
pf fi ci

5528
ent at

. nv'

coal o

¥3T¥?e+(f?5§tﬁg?l)x by the factor
Jéél r)noﬁ‘F ,,\IL of the matrlx

ci ent
D; sg

I
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by t
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Complexity of ZPitrapﬁﬁ%mMVOnS&a g
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vt

L Coypolgxity afia.gprudiete 21) jranpfpiny: |

ent __at thI tiaon

i s

F;

scal es a coeffi CI ent at
H scales a

coef fi ci entTake po€onstamt fabtoB$ approxihmatiaisrused iy Adgorithm C.

fa
th
po
co
fa
th
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Sp

ctor /| ; scales a coefficient at position [6,4] of
PFacRr | Ivaldy t Nealp@ahly: C, scal es a coef i c| eshplédty | Times
i tion [6,5] dfx=khe, ndtd ivx;byxtihefactor / | AedsdlSaftsd used
PAT I clland4 at gdaskarek<kf, 6] of the matrix py thea 4
cBor Hilismcal eq .a-geef,ficient at position [p37] |of 8
e mat i x by the3faetdr F; scales a coeffic)ent |at
sition [7,0] dfx4tkexhatrix by the factor B} scales a
3fficient at post&i-gh 7,1] of the matrix py a
CLor—E; t at position [, 2] |of
Crmat || 1%3%y a f"%o’fl«l scal es a coefficiept at? 8
Sition [7, 3] ’fi imtnx by a factor G pcales a
ef fi cijent at %L3+Qp[7 4] of the matrix py the
ctor B, scale (Q*@qefxfzjr(gg&@)t, at position [[7,5] |of
EpMat 1i1¥Py [ NexLactnr G scal es a coefficlent [at 8
Sition [7, 6] afxstqhg&matri X by the factor F and
bl es g coeffi di@ati+at, position [7,7] of the matrix
the flactor E.| ¥henx4cal i ng nodul e 142 scal es tlhese
pf fi cilents, sddki®) Tdnbeold4?2 may use thel val ues A
= [1B24, |B2&4 1134, *2&x!=<3730, D = 1609, E = 12p4, F3= 4
b2, G|= 1788, |HP=83, | = 2718, and J = P528, as
I ; x4=x2+x3,
bcified in
x5=x4<<6,
(x * E’) =x5-x3;
F’ 1922 x2=x1<<l1, 2 3 8
X3=x2<<3,
x4=-x1+x3,
x5=x4<<7,




Table 6. These scal ed coefficients constitute a matrix
of scaled coefficients. [00116] After scaling nodul e
wa2@sseabes the coefficients, inverse transforrehOs2002072169
146 may apply a transformto each row vector of the
matri x of scaled coefficients 49 produce a matri x of
internmedi ate coefficients and apply the transformto
eafh collum vect]ak *ef)=khasmatrix of 1 nternedfate
copGiicijanmtss to [ppeduer a matri x of transforped |3 8
copfficilents. |nusese<t,ransform nodul e 146 npy apply
thp transformtqgx@=x3eW. vector or a colum veftor |by:
ca| cul atli ng a vdldex4xsd. by addi ng x0 and X ;
calcul atling a vadl@&GR=x54y: adding x0 and - X4
cal Hul at|i?hg a v P@éﬂfié*a) by multiplying x2/ by a3 4
val ue a;| cal cul Pu_ 35 Iue (x *b) by multiplying x6
by| a vallue b; c IX_ (élhg a val ue (x2*b) by
mul tiplying x2 (X}@% %QLQ%)Q calculatlng a| val ye
(Xpray Oy YLNU-X0 by a vatue a, calculsting a [g
value X2' by ad b@gggxﬁ*a) and -(x *b); calculatiing a
val ue X8' by addisngéxb*a) and (x2*b); calculating a
val ue xQ" by addixigxaxcu<amd X ' ; calculating a val ue
X4l _by addi ng x4 x&fo=%3<5)-xTal cul ating a val ue X2" by
adpi’ng x4528and -Pp&=xl<<xal cul ating a value X [2by |3 4
adfi ng xo' and -|*X=x!*x2,cal cul ati ng a val ue X7' by
adfling 1 and - X7~alftul ating a value X1' by addi ng
X1l and X7; calc VQ;??_ gggalue x3' by nultlp ying x3

A EEPSIRY- TP - U-X ] axlacual ot o oo o Nt Ko
a.n.J ;Ju|u(. 4;/{%2 \J\JL

\YA %] uul aull Ily L&Y Vul uL, \3J Ly

nu ﬂjp!\ ?% root of two; cal cu atir@ a
va| Be X @9@§;ad ugg )6+@gg)x5' . calculating a val ue
X3 by addi ng X (Xaggﬂaxgs ; calculating a yalue X5"

by[addi I’gljﬂ/zg al"lq(z =x53)-(x>>pal cul at1 ng a val upg X1 40y 2
adptg X3 9/ Als=i2-@alicyl ating a val ue (x7| *e) by
mu| Ti pl ying x7" |ardsa=xeakirele; cal cul ating a| val ye
(xf"_*2z) by mul t]ieFy)meg2x7" and a value z; chal cullating
a pal ue [(I8B720¢f qy eret®xpl yi ng x3" and a val ye g;|3 2

cal gul atfiing a vjl éngsmﬂqz by multiplying xB" and a
valle ri; r-al cul é,(yc"* ri\ h\/ aalll inlxinn
X5 . : 0_& _- (YQ'Mg) 28y
nu ?@ﬁFVﬂHﬁ“&gnDéﬁﬂm%he val ue g ; calculatlng“ﬁ \

( X[ COmplokitPHf aRbthfiPIyaAgorkl  and the value z;[8e5 | 576
(o8 e e e s a1 - el 2 o= 8 s =SV = - M S o e PR Pe T P T
value e; calculating a value c7" ' by adding (x7" *e)

(X1" %3); i s

Fdﬁi,ﬁ]g) an 56 1 lu ],aa!tef gﬁ)b@} ilﬂ?TﬁFX@}IQQSX%a 1hs§ t)l(lg%ghlggfactors constant
agdldes) gnd{ X@"oﬁtl@‘[)s @odidedk in' th’édl)aove:a:bmg @inkidgr dabial uﬁo‘)@. To apply an

%e%sﬁ ad&%qt?] @0%)%%; tr;ne (ﬂ%ln(yj@lgé( Z"ec\éq ng?l:"aﬁg: gtlgalll L@og{ﬁe 50 m IDCT

ﬁf@q{lﬁgﬁli%xlﬂay rec@ﬂf@ aﬁ58x8 matri HrCBbAcidng:, aN Yl &t%hﬁg nmﬂule 142 scales a
addi ng x2" ; calculating a value X by adding x

tocdincenrt 'ppsmam Eﬁ;ﬂ)]alf thgmatrixabyue faxtbr iy seedicki angpesficicrdatiposition [0,1]

ofdge mianGEpEaTGTTe Solfar o Ry Hadrign fudFof G atrixy a factor C;
scalesCALSMTiGbANY FosURNU®, I iMhadehitig by £ factoraMdscalél’a coefficient at

, Wherein
position [0,4] of the matrix by the factor A; scales a coefficient at position [0,5] of the

matrix by the factor D; scales a coefficient at position [0,6] of the matrix by the factor C;
scales a coefficient at position [0,7] of the matrix by the factor B; scales a coefficient at

position [1,0] of the matrix by the factor B; scales a coefficient at position [1,1] of the



Xo, X1, X2, X3, X, X5, Xe, Xi are coefficients in a row
vector or a colum vector and X1, X2, X3, X4, X5, Xe, and
wXZo0a/0e576ut put val ues of the transform Wen preT/ORI00TI072169
t hese cal cul ations, inverse transform npdul e 146 uses

the fractional values a = 41/1%8, b = 99/128, g =
1533/2048, d = 1/2 , e = 113/128, and z = 719/ 4096,

Hfaﬁgdv'&t 8 fdYorWMisedles?d _@oe@%ﬁta@goﬁﬁloﬂ‘fﬂl %idf |t1ileeﬁ1aﬂr&9c§1 a factor F, scales
al gorithns as specified in Table 3. [00117] The ' -
& sbtfdwicnyatcpusdicnoltdiaishamative bp ldrgtoCUl agrderag eocfticient at position

mpil ntation of transform 270:../* fine t caling, .

| R STECY bRl & R BR 460 miurTtipe Mol 15aPSht Bl by
el e séalck73QoéMicicnnat Poﬂiﬁ@@ [#deoif nBe maletbbyHllef fatrer F; scales a
1922 #define G 1788 #define H 2923 #define | 2718 o
epdficiget & ppsiign/[4,7bef ithrematix brathei factef £s sedlgsny coeffigighisat position

’Ei,(’)]scgqflé @a%r&%ft%%lfifct%%;gsléal’%s écééf&ci’%nti_:at?ogti?n l[:2,’{5] ?_f til?e fnatrix by the
facfor, Fl scaldd a doefficient a5 position [2,2] &F theJmatrix by @ fackor, H; scales a
Eoe'éﬁge@ a?p’psiéo@_'[gﬂ of,c%h%:m%trix Ey iilfa,%tdpf I!; sc’@lq\.]g a’lcogff@i%lt’@t llzosition [2,4]
5t thes matrix by the factor C; scales a coefficient at position [2,5] of the matrix by the
factor [; scales a coefficient at position [2,6] of the matrix by the factor H; scales a
coefficient at position [2,7] of the matrix by the factor F; scales a coefficient at position
[3,0] of the matrix by the factor D; scales a coefficient at position [3,1] of the matrix by the
factor G, scales a coefficient at position [3,2] of the matrix by the factor /; scales a
coefficient at position [3,3] of the matrix by the factor .J; scales a coefficient at position
[3,4] of the matrix by the factor D; scales a coefficient at position [3,5] of the matrix by the
factor J; scales a coefficient at position [3,6] of the matrix by the factor I; scales a
coefficient at position [3,7] of the matrix by the factor G; scales a coefficient at position
[4,0] of the matrix by the factor 4; scales a coefficient at position [4,1] of the matrix by the
factor B; scales a coefficient at position [4,2] of the matrix by the factor C; scales a
coefficient at position [4,3] of the matrix by the factor D; scales a coefficient at position
[4.,4] of the matrix by the factor 4; scales a coefficient at position [4,5] of the matrix by the
factor D; scales a coefficient at position [4,6] of the matrix by the factor C; scales a
coefficient at position [4,7] of the matrix by the factor B; scales a coefficient at position
[5,0] of the matrix by the factor D; scales a coefficient at position [5,1] of the matrix by the
factor G, scales a coefficient at position [5,2] of the matrix by the factor /; scales a
coefficient at position [5,3] of the matrix by the factor .J; scales a coefficient at position
[5,4] of the matrix by the factor D; scales a coefficient at position [5,5] of the matrix by the
factor J; scales a coefficient at position [5,6] of the matrix by the factor 7, scales a
coefficient at position [5,7] of the matrix by the factor G; scales a coefficient at position
[6,0] of the matrix by the factor C; scales a coefficient at position [6,1] of the matrix by the
factor F; scales a coefficient at position [6,2] of the matrix by a factor H; scales a
coefficient at position [6,3] of the matrix by a factor /; scales a coefficient at position [6,4]

of the matrix by the factor C; scales a coefficient at position [6,5] of the matrix by the



void scaled Id_idct (int * , int *); void idct (short

*P) { int block [88 ] , block2 [88 ] , i ; [/* Scale
we@awhk/0af75T he i nput coefficients */for (i=0; i<PdT/US206)/072169

bl ock[i] = scale[i] * P[i]; /* Add bias to the DC

coefficient */ block[O] += 1 "3742; /* Apply the vector

i nverse discrete cosine transformto each row and

Pa‘é{dﬂrm s@fllei RecmGnt at/ pds@on( f L6_ off ff; nﬂaﬁ"f‘;‘c) by the factor H; scales a
scal ed idct (block + i*8, block2 + i); for (i=0;

p@fsfﬁcmntﬁt rosigiond617dl of dhst m@mxolmk ﬂ_he#actosF ls¢ad@ska eoerf)"lmentk at position
E)O 33 tﬁ%lnia, rg%ﬁy qxe Eaftob : ]sca nfﬁf goreﬁcflj:lﬁ.??f gslﬁ E{ﬂ (?fl the matrix by a
fHéfo_' kysdales{a |d®t3fﬂ(‘26ntya3 po¥idior [7A2]" of3the rna(ryx by 7a Yactory &, scales a
Mﬁglﬁ@(mpm‘g@% 7’23] qf theh{na‘syg(‘t}ly a factlor )G ‘scales a coefﬁgent a}[ position [7,4]
of the matrix by the factor B; scales a coefficient at position [7,5] of the matrix by the
factor G; scales a coefficient at position [7,6] of the matrix by the factor F; and scales a
coefficient at position [7,7] of the matrix by the factor £. When scaling module 142 scales
these coefficients, scaling module 142 may use the values 4 = 1024, B = 1138, C = 1730,
D =1609, E=1264, F=1922, G= 1788, H=2923,1=2718, and J = 2528, as specified in
Table 6. These scaled coefficients constitute a matrix of scaled coefficients.

[00116] After scaling module 142 scales the coefficients, inverse transform module
146 may apply a transform to each row vector of the matrix of scaled coefficients to
produce a matrix of intermediate coefficients and apply the transform to each column
vector of the matrix of intermediate coefficients to produce a matrix of transformed
coefficients. Inverse transform module 146 may apply the transform to a row vector or a
column vector by: calculating a value x,” by adding xq and x4; calculating a value x4’ by
adding xy and —x4; calculating a value (x;*a) by multiplying x, by a value «; calculating a
value (x6*p) by multiplying x¢ by a value B; calculating a value (x,*B) by multiplying x, by
the value B; calculating a value (xs*a) by multiplying x¢ by a value «; calculating a value
x;” by adding (x;*a) and -(x¢*B); calculating a value x¢’ by adding (xs*a) and (x,*P);
calculating a value xo’” by adding x¢’ and x¢’; calculating a value x4’ by adding x4” and x,’;
calculating a value x,”’ by adding x4’ and -x;’; calculating a value x5’ by adding x’ and —
Xs ; calculating a value x7’ by adding x; and —x7; calculating a value x,” by adding x; and x7;
calculating a value x3” by multiplying x3 and square root of two; calculating a value x5’ by
multiplying xs and square root of two; calculating a value x;”’ by adding x;” and xs’;
calculating a value x3’” by adding x;” and —x3’; calculating a value xs’” by adding x;” and —
xs’; calculating a value x,”” by adding x3° and x,’; calculating a value (x7’*g) by
multiplying x;°” and a value g; calculating a value (x;’’*{) by multiplying x;’’ and a value
{; calculating a value (x3”’*y) by multiplying x3”’ and a value v; calculating a value (x3’*0)
by multiplying x3’” and a value 9; calculating a value (xs’’*d) by multiplying xs5°’ and the
value 9; calculating a value (x5’ *y) by multiplying xs5>” and the value y; calculating a value

(1’ *C) by multiplying x,”” and the value {; calculating a value (x;’”*¢) by multiplying x;’



y2=(y"9) -y, z=y"1;,y-=

#define mul _3(y, z) { int y2, y3 y2
WQ 2008/0§257 2 ; Yy y3 + (y " 4) z

scal ed_I d_idct (| nt *in, int *out) {

X3, x4, x5, x6, x7, xa, xb; x4g = in] ; X3 =1in [3]

; X6 =1in[5] ; x 7 =1in[7] ; xa =X + X7;xb = x1 -

Eﬁgd the ‘J,éah:re >éacatcm§tm§x§ valué%*” 76? ad&m@ (7'%’;@@) *an&5-(x1’°5<§)“ calculating a

X mul :
xijue x5’ :by)@@dmg)(ag”*wm FlndZ ((69(]*8) g@kp)llatlng a value x5”’ by addlng (xs’’*y) and

(x377*0); calculating a value x,””” by adding (x;’ *¢) and (x7”"*(); calculating a value X, by

2
y
y2 - y3PC"}/US21)I)‘d’072169
nt xq, xI, x2 ,

|

adding x;”’” and x,’’; calculating a value X; by adding x4’ and xs’’’; calculating a value X;
by adding x,”” and x3’”’; calculating a value X3 by adding xs’’ and x7’*’; calculating a value
X4 by adding x6’” and —x;’"’; calculating a value X5 by adding x,”” and —x3”*’; calculating a
value Xs by adding x4”” and —xs”’’; calculating a value X7 by adding x¢”” and —x,”’’, wherein
X0, X1, X2, X3, X4, X5, X¢, X7 are coefficients in a row vector or a column vector and X;, X5, Xz,
Xa, Xs, Xs, and X7 are output values of the transform. When performing these calculations,
inverse transform module 146 uses the fractional values o = 41/128, B = 99/128, vy =
1533/2048, 6 = 1/2 , ¢ = 113/128, and { = 719/4096, products by which are computed by
multiplier-less algorithms as specified in Table 3.

[00117] The following code contains an exemplary C-language implementation of

transform 270:

/* Define the scaling factors values */

#define A 1024
#define B 1138
#define C 1730
#define D 1609
#define E 1264
#define F 1922
#define G 1788
#define H 2923
#define I 2718
#define J 2528

/* Define the matrix of scaling factors */
static int scale [8*8] {
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void scaled 1d idct (int *, int *);
void idct (short *P)

{ int block[8*8], block2[8*8], i;

/* Scale each of the input coefficients */



mul 2 (x7, xb ); x| =x1 + xb; x7 = x7 - xa; x O=
in[Q ; x2=in[2] ; x4 =in[4] ; x6 =in [6];
wOon08B0(7x2 , xa); mul _3 (x6, xb) ; x2 = x2 - XPCT/KB2087/%72169

6 + xa; xa =X O+ x4; xb =x O- x4; x O= xa + x6;
X6 = xa - X6; x 4 = xb + x2; x® = xb - x2 ; out [0*8 ]
=x O+ xl ; out [1*8 ] =x 4 + x5 ; out [2*8 ] = x2 +
X3 ; outeof3t8-d; <646 #+X7 ; out [4*8 ] = x 6 - X7 ;
out [5*8 b1scXPitr X3caleut] [6*8lij7 x 4 - x5 ; out [7*8

=x O- xlI ; } void scaled _|Id fdct (int * , int *);
voi d fdet Ashastas*Pp {he DC coefficient */

block[0] += 1 << 12;

/* Apply the vector inverse discrete cosine transform to
each row and column of the block. */
for (i=0; 1<8; i++)
scaled 1d idct (block + i*8, block2 + i);
for (i=0; 1<8; i++)
scaled 1d idct (block2 + i*8, block + 1i);

/* Right-shift each of the transformed coefficients */
for (i=0; 1<64; i++)
P[1i] = block[i] >> 13;
}

#define mul 1(y,z)

{
int v2, y3;

yz = (y >> 3) - (y >> 7);
y3 = y2 - (y >> 11);
z = vy2 + (y3 >> 1);

y =Y - VZ;
}

#define mul 2(y, z)
{

int v2;

y2 = (y > 9) - vy;

z =y >> 1;

y = (y2 >> 2) - y2;

}

#define mul 3(y, z)
{
int v2, vy3;
y2 =y + (y >> 5);
y3 = y2 >> 2;
Y y3 + (y >> 4);
Z y2 - y3;

}

void scaled 1d idct (int *in, int *out)
{

int x0, x1, x2, x3, x4, x5, x6, x7, xa, xb;

x1 = in[1l7];
x3 = in[3];
x5 = 1in[5];
x7 = in[7];

xa = x1 + x7;



int block [88 ] , block2 [8*8 ] , i ; for (i=0; i<64
; i++) block [i ] =P[i ] " 7;for (i=0; i<8; i++)
wag@eaBmas7sT_fdct (block + i , block2 + i*8) ; fRPeT/52607/072169

i<8; i++) scaled Id fdct (block2 + i , block + i*8) ;
for (i=0; i<64; i++) P[i] = (bjpck[i] * scale[i] +
OX7FFFF - (block [i] "31! } void scaled Id f dct (int
*in, ingp*ou) {x7rpt x O xI1 , x2, x3, x4, x5
, X6, X 7, xa, xb; x Oi n[ 0*8; +i n[ 7*8 ] ; X
i n [x0*8xa+k3p [ 7*8 ] ; x4 i n[ I*8; +i n |
6* 8 ] x3%%a -nxp;1*8 ; - i n[ 6* 8] ; x2i n[2*8
;o+ 0 nx75*&H +;x%; 31 n[2*8 ; - i n[5*8] ; x 61 n
[3*8 ; #A5i=mx -4%8;] ; x 71 n [3*8 - i n[ 4*8 ] ;
mul | (x3, xa); mul _| (x5, xb) ; x3 = x3 + xb; x5 = x5
- xa; nmkl 2 &8l, xaxa); mul_2 (x7 , xb) ; x| =x1 -
xb; X7 muX7 &k5xaxbxa = x | + x3

x3 = x3 - xb;

x5 = x5 + xa;

mul 2(x1, xa);

mul 2(x7, xb);

x1l = x1 + xb;

x7 = x7 - xa;

x0 = in[0];

x2 = 1in[2];

x4 = in[4];

x6 = 1in[6];

mul 3(x2, xa);

mul 3(x6, xb);

X2 = x2 - xb;

X6 = x6 + xa;

xa = x0 + x4;

xb = x0 - x4;

x0 = xa + x6;

X6 = xa - x6;

x4 = xb + x2;

x2 = xb - x2;

out[0*8] = x0 + x1;

out[1*8] = x4 + x5;

out[2*8] = x2 + x3;

out[3*8] = x6 + x7;

out[4*8] = x6 - x7;

out [5*%8] = x2 - x3;

out[6*8] = x4 - x5;

out[7*8] = x0 - x1;

}

void scaled 1d fdct

void fdct

{

int block[8*8],

fo

r
block[i]

(int *, int *);

(short *P)

block2[8*8], 1i;

(1i=0; i<64; i++)

Pl[i] << 7;



X3 =X | - x3; xb=x7 + x5; xb6=x7 - x5, x| = xa

+ xb; x 7 =xa - xb; xa=x O+ x6; x6 = x O- x6; xb
WOE200840575K2; X2 = X 4 - x2; x O = xa + xb; Xx 4PET/K82007/072169

xb; mul _3 (x2 , xa); mul _3 (x6, xb) ; x2 = xb + x2; x6

=xX6-xaout [ 0] =x0CG ouwi[ 2] =x1; out [ 2

] =x2; out [ 3] =x3; out [ 4] =x4; out [ 5]

= x5; ombr[(i60] T=<X6;iv0yt [ 7] =x 7 ; } [00118] FIG

11 is addowadiagrad iddivskrati nglagkexenplary scal ed

transf oren 28G-oyseds pyiforward transform nodul e 214. In

FIG 11, s$heesabuesdoo, (:XbekX + X3p1Xdx X5+9(;, and

Xhrepresent output coefficients and values x0, X1, x ,

X3, X4, fxb, (%0, andsxhrepresent input val ues. The

val ue asswlilatedbWbthiid Ixi peasdd tigr +a0eiFEF® 4 h@tlock [i]1>>31))

eacohpasses a "+" synbol is the result of adding the

val ue$ associated with the arrows that points into the

circle. The value associated with a |ine after a

ci rcl ectdhatcadrdompasdes @nt" xinsyimbolous) the result of

{

int x0, x1, x2, x3, x4, x5, x6, x7, xa, xb;

x0 = 1in

[ 1+ [ 17
x1l = in[0*8] - in[7*8];
x4 = in[1*8] + in[6*8];
x5 = in[1*8] - in[6*8];
x2 = 1in[2*8] + in[5*8];
x3 = in[2*8] - in[5*8];
x6 = 1in[3*8] + 1in[4*8];
x7 = in[3*8] - in[4*8];

mul 1(x3, xa);
mul 1(x5, xb);
x3 = x3 + xb;
x5 = x5 - xa;

mul 2(x1, xa);
mul 2(x7, xb):;

xl = x1 - xb;

x7T = x7 + xa;
xa = x1 + x3;
x3 = x1 - x3;
xb = x7 + x5;
x5 = x7 - x5;
xl = xa + xb;
x7 = xa - xb;
xa = x0 + x6;
x6 = x0 - x6;
xb = x4 + x2;
x2 = x4 - x2;
x0 = xa + xb;
x4 = xa - xb;

mul 3(x2, xa);
mul 3(x6, xb);
x2 = xb + x2;
X6 = x6 - xa;



mul tiplying the coefficient positioned next to the
circle and val ues associated with the lines that pass
W boos0gi1st he circles. The synmbol "-" next to aPCHUSZNI/072169

represents a negation of the value associated with the

arrow. For exanple, if the valge "10" is associ ated

with an arrow before a "-" synbol, the value "-10" is

associ atedioyM thxbhe arrow after the "-" synbol .

Furt hers®t g, £t xshoul d be noted that the techni ques

descri beg: ghovexbp reduce roundi ng error using

negat i veek gekf kg ents and subtraction nmay be used in

al gori tbum Q0= k@P119] In transform 280, the output

val ues oot thireugh; Xh are nmultiplied by the factors 1,

f, f, youauy =V2e6y, and y, respectively. Notice that

t hese fact oOrls =ake; t he reC|procaIs of the val ues

fact ot ed out of a* , b g , d , e , and z' in

transform 270. [00120] The techni ques descri bed hereln

may be inplenmented in hardware, software, firmiare

H]ﬂ%ilg]onbl n&tG o ltsr?eﬁ@Wfdla%V lrllwfqﬁmésand@se@ml%cﬁ%d transform 280

IRAUB LR RIRAAGT RS 12 1h TRE T %ﬁe%lh&gﬁt DGLXL X, X, X, X,
an integrate ogi c device or separate as drscre

) 11 () mémesnp‘eoatbhteedecﬁﬁmentd aud cakies Ixf, xlmnj enent ed )a6,r1and X7 represent
oft he techni que eali.zed at least in

B S 061 [}wwﬁ%éﬁﬁw%g#gaﬁ Ph LY [hef FRpompasses a ™+ symbol

isr’[ﬁé fééﬁft b Q@dlﬁ@ e vatee Rs @Y REMAIEh (HRFLAS 'fﬁat%%t@fnt@ﬂfe%lrcle The
of the nethods descri bed above. The conputerreadabl e

wrddqz ammagedfw.)uthm piae taftof a girclortaiteacomppasgesan ' ogudo] is the result of

' terials. Th
T B RS RRGNGAR R PYE d R ssoesdad with the tines
tROPAsY tl{r%h% EBled's TRY BEhBAOU Skt aﬂlaﬁovv&eﬁ@gen@sc@ﬁ@g%uon of the
nmenory read only nenory non-vol atil e

vanel W@@@é%t%ﬁﬁfrw( ﬁvmzwnpl@llé kgl 1) israsspgsited with an arrow

LG Pm=bl gogient Y B! Y. LEREAM (ELAR, TRIDI - symbol

nagne a storage nedia, and
Fﬁﬁhd@@@llqﬂ&ﬁllcaﬁdlnbtedﬁahﬂ t}he tedhniuke deafribeéd laovaryrddgce rounding
realized at .l east jn part a conputer-readabl e
e%wmgc%gawdrf@affwﬁnfw S@é&r%t@g g7y Reghrdl Hl dgeedmcbie

I(ﬁg?b}gaf or i} fhndOh$d &lggt RNGutHS PR B Gl r%—f{ a?enﬁilultlphed by the

n be accesse T ead, nd/or execut

eRmpYtely, J QPLIR]y, TJ@\VC@H@ qnefxsﬂ%@u@fyec WNede hMatOﬂﬁ@seOfactors are the
nore processors, such as one or nore |g|tal Si

peresdorishg m@@)factgmd@uabf PuBpaSe’ n’ candpy oresstrrs 274N

f@g#@c Str |o gﬁlgs pegl{lnghlfeg %chﬁ?éﬁéer%%%; g@%&%sﬂé?ted in hardware,

esfHiaral ffhwaidl 60 aRf @Qm@fnaﬁdn‘é eeedoT. | Al Cebirks dbdckiPed as modules or
Accordlngly, the term" processor," as used herein my

e@mRenchiy mpy befimplemonindeigesther t an itegraicdlognyicyener separately as

ECiltsEI%Fet il qnt%gfé)te&meblo el dév%g eﬁfﬂﬁ@g@&%}e&) fn E(In?ware the techniques may

echni ques scri herein
Bspedized at lest in part by a computer-readable rnedlurn comprising instructions that,

when executed, performs one or more of the methods described above. The computer-
readable medium may form part of a computer program product, which may include
packaging materials. The computer-readable medium may comprise random access
memory (RAM) such as synchronous dynamic random access memory (SDRAM), read-
only memory (ROM), non-volatile random access memory (NVRAM), electrically
erasable programmable read-only memory (EEPROM), FLASH memory, magnetic or



functionality described herein may be provided within
dedi cat ed software nodul es or hardware nodul es

waeomBiogirsed for encodi ng and decodi ng, or i ncoP@EDU810eT072169
in a conbined video encoder-decoder (CODEC). [00122]
Various enbodi nents of the invgntion have been
descri bed. These and ot her enbodi nents are within the
SpRedah sfoh«?gefrﬁédlé)véﬂnﬂ GhCliiad, MBn G hdRich ad(ﬁtlﬁﬁél N alternatlvely, may
conprising: scaling each coefficient in an mat ri x
bé reahizatatdeesd et patt E@t@nmut@ﬁeacbbleacmumcamn raedlamttbat carries or
B mi 8%1%%68 gmfé’ 1n%h Gt °le 1f1gm%ct1fpn§c Bro at tguacft%%%: ! Gl glat %an be accessed,
ﬁkradeerndt& eﬂé@ﬁé&]@ aacdfﬁpatep( of scal ed coef ficients,
wherein A = 1024, B = 1138, C = 1730, D = 1609, E =
194211 F = Theeodegnay by geccuigdipors, orvm&re Z’YQC@SSO&h @dugh as one or more
SR B Do SRR PR LTS, BhorukSiPRl Hvticaton specific
madgrated Ofrcmtsa(lAﬂﬂCs:)o Gtldi o gminsnabid kmga: a’fﬁiyls I(RPGAS), or other equivalent
transf&rned coe fi.ci ents; i ng transfor

S ned
B e Péﬁit%“itfh qalf‘e CIREHIY 4}1@0{%&1 i CBROFFISRY et ysed herein
by OFG&r t& OaIB)' Ut %r@%&ﬁ XstRfcaidl b‘ISta‘ﬁ Sﬂ’lgf' f§t191'c§1% suitable for
mhereln each "a Justed icient in matri x of
aiplostedtioo of fthe itehtsjuap desxibpdhthessia dor achistpmn din m@me aspects, the

Sty BaPineshefiin phERsERdrd PHUEh SBfhEEERaRY modules or
WAL Mbaned @dhfﬂgﬁnéd%]r chedding BRd B8dding, of 1&6%2&% in a combined
coefficients; dIZf écng an 8x8 bl ock of pi xel's,

Mﬁ@@éﬂ%xbhéﬂméﬁ% Yhe 8x8 bl ock of plxels i ncl udes
cogponent
RRRHE ) oA hut Rt T R Bl HlBi R ooy These and
Jiner srabdichetk afd within the Wops 6f the feipsahgdlaymapp! yi ng t he
fi xed- poi nt scal ed onedi nensi onal transform conpri ses:
appl yi ng the fixed-point scal ed one-di nensi ona
transformto each row vector of the matri x of scal ed
coefficients to produce a matri x of internediate
coefficients; applying the fixed-point scal ed
one-di nensional transformto each col unm vector of the
matri x of intermedi ate coefficients to produce a
matri x of transforned coefficients; and



3. The nmethod of claim11, wherein displaying the 8x8
bl ock of pixels conprises displaying the 8x8 bl ock of
w@Roosloss7as part of a video frame in a video SePUENSMN7/072169

4. The method of claim 1, wherein displaying the 8x8

bl ock of pixels conprises displpying the 8x8 bl ock of

pi xel s as part of a still image.5. The nethod of claim

1, wherein scaling coefficientgng the matrix of
coefficients conprises: scaling a coefficient at

position [0, 0] of the matrix of encoded coefficients

y the f scaling a coefficient at position
FO 1]g gtgﬂ(gc ]?rlsfn>1<g of encoded coefficients by the

f act oscaBhg 8&@l dobffiotert @A 868 @Bfrixadf eﬂ@&deﬂlc@éfflen%]bnyne of a factor
the matrix of encoded coefficients by the factor

deafacky Baadedor ¢.ci @ator & a fresored, @rfafter Bja B@Etor ke arf@fttér K, a factor /,
Nt t |

B P B o o B Bl P S A e 2 ot " odted

coef f iwbeeint 8 =b1)02t1h& flaGB,o@ =1,738cRIH IoaF coEX6l| Ei=erR2a6 = 1788,

0S on [Q, 5] of t e matri x of encoded coefficients
% #% (ac?t7é§ :FP%Sr'ag a coefficient at position

[ 0 6] uﬁf‘(llg I’%%a@@'éﬁ lf&agéns%qg&g p%?[ﬁfsgél@d @ﬁg &nﬂ%‘)ﬁs&?ﬁ transform to

caling a coefficient at position [0,
trhu&famt thicxmapfix ehgmtbddocridniscingrd matmx Qﬂt@nﬁbtm@d ccB;fﬁments

of “enbatau gok b an s e Pt By el RREEAcodcients in

6RF {0 Frb&Ite adhatPQDI bhlljaktel dodkticiehtst he matri x Of encoded
coefficients by the factor E scaling a coefficient at

posi t Wberefmeagh adjfustcth goeflieientinghe entodfcdisteidoeffisranss
fﬁpr%zjlmaie%%thcg{*rﬁ%ornlﬁx g Vfaﬂ% ﬁt? 6102 1]:1;( |8§ é%ei}l%sl tgn \ SId %% Rroduced by
htyiap afsideal two-dimensional inverse discrete cosine transforrn (“IDCT”) to the
matrix of encoded coefficients;

displaying an 8x8 block of pixels, wherein each pixel in the 8x8 block of pixels
includes a pixel component value based on an adjusted coefficient in the matrix of adjusted

coefficients.

2. The method of claim 1, wherein repeatedly applying the fixed-point scaled one-
dimensional transform comprises:
applying the fixed-point scaled one-dimensional transform to each row vector of
the matrix of scaled coefficients to produce a matrix of intermediate coefficients;
applying the fixed-point scaled one-dimensional transform to each column vector
of the matrix of intermediate coefficients to produce a matrix of transformed coefficients;

and

3. The method of claim 1, wherein displaying the 8x8 block of pixels comprises

displaying the 8x8 block of pixels as part of a video frame in a video sequence.

4. The method of claim 1, wherein displaying the 8x8 block of pixels comprises
displaying the 8x8 block of pixels as part of a still image.



scaling a coefficient at position [1,4] of the matrix
of encoded coefficients by the factor B; scaling a

w@o@BlITFENt at position [1,5] of the matrix oPCEOSWAEE2169

coefficients by the factor G scaling a coefficient at
position [1,6] of the matriXx ofs encoded coefficients

by the factor F;scaling a coefficient at position

[1,7] of the matrix of encoded coefficients by the

factor E, scaling a coefficient at position [2,0] of

the nihe methotl of ﬁg@dédeo@m sceliemeasigicnth en fhaenagrix of cocfficients
scnqlrllsrég a coefficient at position [2,1] of the matrix

81 RNESded coefficients by the factor F, scaling a

coef f baligft caéffipRat itipasitiba (@D] &f tht ArutiBsf dnso@dd @remskats by the
coefficients by the factor H, scaling a coefficient at
f?@ﬁllftAioon [2,3] of the matrix of encoded coefficients

by th |

13, 4] Sesl P effcientilobin foF 6 b Rl oPincBRS cocibionts by he
faatrd; C, scaling a coefficient at position [2, 5] of

t he rratrlx of encoded coeffjcjients by the factor

scal i #gla8 8 SRFFF @P&ﬁtpoahtw%@?i Fohe p@?/r ofgnep ffrqlfspts by the
pf.tgneoded coefficients by the factor H scaling a

coeffl cient at position [2,7] of the matrix of encoded

coef f sailiegt sotfyicicheatfpmsition [(53] eittht magrizaofcamebddddodcefficialts by the

og,i}é‘on [3,0] of the matrix of encoded coefficients
&f e factor D; scaling a coefficient at position

[ 3, 1] s@fing BRo Mk IchXatPositiBh POl8 o A6 hfakidd SMNdnodd doREficients by the
factor G scaling a coefficient at position [3,2] of

fdstorefiat ri x of encoded coefficients by the factor / ;

scaling a coefficient at position [0,5] of the matrix of encoded coefficients by the
factor D,

scaling a coefficient at position [0,6] of the matrix of encoded coefficients by the
factor C;

scaling a coefficient at position [0,7] of the matrix of encoded coefficients by the
factor B,

scaling a coefficient at position [1,0] of the matrix of encoded coefficients by the
factor B,

scaling a coefficient at position [1,1] of the matrix of encoded coefficients by the
factor E;

scaling a coefficient at position [1,2] of the matrix of encoded coefficients by the
factor F;

scaling a coefficient at position [1,3] of the matrix of encoded coefficients by the
factor G;

scaling a coefficient at position [1,4] of the matrix of encoded coefficients by the
factor B,

scaling a coefficient at position [1,5] of the matrix of encoded coefficients by the
factor G;

scaling a coefficient at position [1,6] of the matrix of encoded coefficients by the

factor F;



scaling a coefficient at position [3,3] of the matrix
of encoded coefficients by the factor J ; scaling a

w@o@BlITFENt at position [3,4] of the matrix oPCEOSWAT2169

coefficients by the factor D, scaling a coefficient at
position [3,5] of the matriXx ofg encoded coefficients
by the factor J ; scaling a coefficient at position

[ 3, 6] s@fing a%om’efehxat%s@laﬁ odefoaehfantl &MtRoBN éolaﬁments by the
factor / 7scaling a coefficient at position [3,7

ﬁWéHdhtrlx of encoded coefficients by the factor G

scalln a coefd. ci 0
of - envaBaeBer ol DineStigf PFRLOFle Pt o ehi GREHihis by the
eRefrfd;ci ent at position [4 1] of the matrix of encoded
coefficients b the factor B; scaling a coefficient at
posi t Phng 2 cogfligrent d@omiion il | beT thpawiEdowepdqdgosHitcients by the
F%K% factor C, scaling a coefficient at position
‘of the matrix of encoded coefficients by the

f act oscabDng s catfifio@gnaatgoeitibnh ¢2,2 hof tht npasi o acoded], cbeffafients by the
gge matri x of encoded coefficients by the factor 4;

fﬁg a coefficient at position [4,5] of the matrix

of e ng&ﬂﬁ% 208k IRt 8%§ltlFM 3 ?Foif tRE hﬁ'ﬁmpof él%@!iéd%eﬁiments by the

coefficient at position , he matri x of encoded
Goefrf/i ci ents by the factor C scallng a coefficient at

by e sporadeatainonton [Eale B R o ABotiiesicints by the
Feiddlc;of the matrix of encoded coefficients by the
factor D, scaling a coefficient at position &ﬁ&w
t he meaating agpeiéinsptizicdosivieni?.el efrthe mayrix plecnca ctficients by the
factor 7,

scaling a coefficient at position [2,6] of the matrix of encoded coefficients by the
factor H,

scaling a coefficient at position [2,7] of the matrix of encoded coefficients by the
factor F;

scaling a coefficient at position [3,0] of the matrix of encoded coefficients by the
factor D,

scaling a coefficient at position [3,1] of the matrix of encoded coefficients by the
factor G;

scaling a coefficient at position [3,2] of the matrix of encoded coefficients by the
factor 7,

scaling a coefficient at position [3,3] of the matrix of encoded coefficients by the
factor J;

scaling a coefficient at position [3,4] of the matrix of encoded coefficients by the
factor D,

scaling a coefficient at position [3,5] of the matrix of encoded coefficients by the
factor J;

scaling a coefficient at position [3,6] of the matrix of encoded coefficients by the

factor 7,



scaling a coefficient at position [5,2] of the matrix
of encoded coefficients by the factor / ; scaling a

w@o@BlITFENt at position [5,3] of the matrix oPCEOSWATE2169

coefficients by the factor J ; scaling a coefficient
at position [5,4] of the matrig of encoded
coefficients by the factor D; scaling a coefficient at

posi t sccanng a.codfriefent ﬁ%o@i@ﬂoﬁ X 7P(f>f tﬁé‘ aRdedocaRbdddoR M Sents by the
by the factor J ; scaling a coefficient at position

f®t8]G;of the matrix of encoded coefficients by the

the misel kP BRBabuaREba T ETUHEE B e abusbbaients by he

searimg a coefficient at position [6,0] of the natrix

of encoded coefficients by the factor C, scaling a

c oef f peaiipap caetlissat atinepitips [4.] | of the matriwpefaneodsd @elisirs by the
tgclents by the factor F; scaling a coefficient at

p05| ron [6,2] of the matrix of encoded coefficients

by t hecatiagteocfificicata!posigioa [4,0p6f the hanix aff cnpoddd doafficients by the

% 3] of the matri x of encoded coefficients by the

agkoyr & ,; scaling a coefficient at position [6,4] of

the n?éaﬁhg @b f?i@féﬁgﬁ?;ogﬁ%fl @Fﬁlé nﬁ)’r& g‘@enc@ﬁédocroeﬁ'iments by the

scaling a coe ficlrent at p |on 6, of the matri
Gicteedtoded coefficients by the factor / ; scallng a
coeffici.ent at..posjti t he nat

coef f ?°€:118ﬁf‘§°%f;ﬁcteﬂ R [‘f‘l‘] Sony MRyl oA BHRIGRS by the
RR&rt4;on [6,7] of the matrix of encoded coeff|C|ents

by the factor F; scaling a coefficient at position

[7,0] S@img REoPRiicichkatgfosiding dtié Hofctbe ifairei efmnsodsd qoéficients by the

Ipacgor %,

scaling a coefficient at position [4,6] of the matrix of encoded coefficients by the
factor C;

scaling a coefficient at position [4,7] of the matrix of encoded coefficients by the
factor B,

scaling a coefficient at position [5,0] of the matrix of encoded coefficients by the
factor D,

scaling a coefficient at position [5,1] of the matrix of encoded coefficients by the
factor G;

scaling a coefficient at position [5,2] of the matrix of encoded coefficients by the
factor 7,

scaling a coefficient at position [5,3] of the matrix of encoded coefficients by the
factor J;

scaling a coefficient at position [5,4] of the matrix of encoded coefficients by the
factor D,

scaling a coefficient at position [5,5] of the matrix of encoded coefficients by the
factor J;

scaling a coefficient at position [5,6] of the matrix of encoded coefficients by the

factor 7,



scaling a coefficient at position [7,1] of the matrix
of encoded coefficients by the factor E, scaling a

w@o@BlITFENt at position [7,2] of the matrix oPCEOSWATE2169

coefficients by the factor F;, scaling a coefficient at
position [7,3] of the matrix ofg encoded coefficients
by the factor G scaling a coefficient at position

[ 7, 4] s@fing H%o&%fehf(at(ffosﬁlaﬁ psleflo e tfan®l &R0 Jo'%ﬁiments by the
factor B; "scaling a coefficient at position [7,5

fdstorfmt ri x of encoded coefficients by the factor G

of “entolibu B Definf TERLO Ml infyr o Rnghih R hcidhes by e

eRefrfd;ci ent at position [7 7] of t he natrlx of encoded

coefficients by the factor The met hod of claim
5, wh&gedngagp wleﬁgatm&t@né%é}@ﬁrthﬁ ytiey efpacoded qogificients by the

ﬁgﬁﬁgﬁ or a colum vector conprises: calculating a
ue’0" by adding x o and X; calculating a value X
by adstatigg ¥ cocffinttnt Afjosiciah ¢01R hdf thg matrsadinchdedagoetiicients by the

tlflylng x2 by a value a; calculating a value (x b)
g; tiplying x by a value b; calculating a value

(X2*b)caRye %béfﬁe e}ﬂ 5’[8)0§1%09¥6,§E§f t‘ﬁ@h{é?mpof &1@6&&}'&1 QcFiGerfs by the

val ue (x67) l'yi ng X val ue a; cul ating
&wumvue X2' by addlng (x2*a) and -(x *b); calculating

Val e SR b YRGS AR dD o1 1 B R ARG by e

Kdtorky adding x4' and X2' ; calculating a value X2" by
adding x4' and -X2' ; calculating a value X " by '

addi ngrakiog agaefficknt at;pogisioe ($.at ¢ifge mapray efecnxgdedgpefficients by the
%Tgl ng 1 and - x7; calculating a value X1' by adding

scahng a coefficient at position [6,6] of the matrix of encoded coefficients by the
factor H,

scaling a coefficient at position [6,7] of the matrix of encoded coefficients by the
factor F;

scaling a coefficient at position [7,0] of the matrix of encoded coefficients by the
factor B,

scaling a coefficient at position [7,1] of the matrix of encoded coefficients by the
factor E;

scaling a coefficient at position [7,2] of the matrix of encoded coefficients by the
factor F;

scaling a coefficient at position [7,3] of the matrix of encoded coefficients by the
factor G;

scaling a coefficient at position [7,4] of the matrix of encoded coefficients by the
factor B,

scaling a coefficient at position [7,5] of the matrix of encoded coefficients by the
factor G;

scaling a coefficient at position [7,6] of the matrix of encoded coefficients by the

factor F;



calculating a value x3' by nmultiplying x3 and square
root of two; calculating a value X5 by nultiplying x5
w@r@ssorar e root of two; cal culating a val ue XFCT/Dg2007/072169
addi ng x7' and x5 ; calculating a value X " by adding
X1'" and -X3' ; calculating a vgue X " by adding x7
and -X5' ; calculating a value X1" by adding x3' and
X1 sccaﬁhg ] Icaéﬂﬁe&naat\@kl%n (%71 of*tﬁé Yk it éﬂcsdiedl defficlents by the
and a val ue e; calculating a value (x7" *z)
fagtarifpl yi ng x7' ' and a val ue z; calculatlng a val ue
(xs"* g) by multiplying x3" and a value g; cal cul ating
a value (x3" *d) by multiplying x3'" ' and a val ue d;
6al culra¢ heehod of alaitd 5( sherefrdppdyingthettiapkivkmgo &her a ro@R@ctor or a
the value d; calculating a value (xs"* g) by
ﬁﬂummﬁﬁ@phgnxgmwand the value g; calculating a val ue
(X1" %7 nd. the val ue z;
cal cuf %ﬂg%%%yggk (ykg%déigfo ﬁUItlpIylng X1" and
t he vaﬂuﬁwmg%wﬂuéﬁtbpgd@ng&bm&h&4 " by adding ( 7" '
*e) aqg X1 é cgl uIatln lue x3'" " by adding
(X " oggulaing a yalse (i \DyaREnRg R Vilius xs' - by
addln L { t value X1'
" by g&ggl?%ng(ag(%légg @r?g ma}lplyﬂ%)%%gl \{:au ating a val ue
Xo bycaddatmg xvilu¢ (atft) by rotltiplyow )Qllulyahft vguafyal ue Xi

by addi.ng x4" L cal atln | ue by addi ng
o 2 Cuadie A0 (Rt aRiigh B Al 384K aarng e
and XZ'lEulatﬁfg @%l@ékzﬂgyad&ﬁﬁg@*mndby éa@dl ng x6' ' and

; cal culatlng a val ue ding x2" and
- x3' " calewlpteng zavalngaabyaﬂdmgkcaw) %@dwﬁ@),m" and -X5'";

and calc latin 18 valu L b ing x0'" ' and X1
: mhe?e %ﬂﬂ?%( &&(X35y%é‘ ;% %¥9§re coefficients in a
row vedé@itiny a aala@k4u é/cm@ﬁgm, ander.ei n

X1, X2, X3, X4, X5, , andX7 are out ut,values of the
transF%?lﬁ?U%VWQelwéé’mZBWlQ Xps= 99/128, g =

113/ 1g%ﬁculgtmg aJ 3*3{164’969603’ acﬁhng )955% —%%528’ and z =

calculating a value x7’ by adding x; and —x7;

calculating a value x;’ by adding x; and x7;

calculating a value x3’ by multiplying x3 and square root of two;
calculating a value xs’ by multiplying xs and square root of two;
calculating a value x7’” by adding x;” and xs’;

calculating a value x3’” by adding x,” and —x3’;

calculating a value xs’” by adding x;” and —xs’;

calculating a value x;”” by adding x;” and x,’;

calculating a value (x7’”*¢) by multiplying x;”’ and a value ¢;
calculating a value (x7””*{) by multiplying x;’’ and a value _;
calculating a value (x3’”*y) by multiplying x3* and a value v;
calculating a value (x3’”*6) by multiplying x3’” and a value 9;
calculating a value (xs’’*d) by multiplying x5’ and the value 0;
calculating a value (xs’”*y) by multiplying xs’’ and the value v;
calculating a value (x;””*{) by multiplying x;’” and the value ;

calculating a value (x;”’*¢) by multiplying x,’” and the value ¢;



1/2. 7. The nethod of claim6, wherein using repeated
applications of the fixed-point scal ed one-di nensi onal
WO e@ssb35™M conpri ses applying the transform t oPCT/US2007/072169

coefficients in one of the row vectors or one of the
colum vectors wi thout using mggtiplication or
di vi sion operations. 8. The nethod of claim?7, wherein
cal culatiineh A ¢ %4%8din ARl i, ngeyXl and t he
val ueb e&gnd %Xr{é?]% cgs%cgiaa?ﬁmﬁe&vgluec%xi *z) by X1
and t paculatingesa yaleonpr ibyeddipg(£:0r'm angl A& b1 | ow ng

' rat | ons; culating a val ue

sequence .of arithpmeti.¢c q S:. C

1, =( Culatg}g%v%‘i?xscaﬁ)gﬁﬁ%fl%ﬁtﬁ)eana te (X1*z) by

ri ght cabilhtingngvaide by’ opadgiagict " o) aring, cah.cul ating the
value (X1*e) by subtracting y \ from(y \ " T); and
wher ef C@%IWQ1P%§OWMI%X7¥X?H@¥O By mul tiplying x7
and t - in_G at.ing the value (x7
z) bypﬁcfﬂgtjrl{%e? aelﬁ%g}%%z(ﬁ% M ?}lingie% perforning the

f ol | ovdlagatseprediceXoby addindgoet anel x3°7;
operations.calculating a.valye 1' , wherein J 1' =(x7
v g) cal ?tl%%&ﬂv%ﬁgaf%gw%xcxwz) by

ri ght zghiifdddngvaide BYo posktjQn., and cal cul ating the
val uec(x7*e)g1g§/ s%%%/r}ggﬁlﬁ% éJ 1" from (J 1' " 2); and
wher etalcdatingd wtlings by sddingex xdnd'—x5'8), by nul ti plying

X1'" ' and the valu a wheyein cal culating the

val uectiuaingy Yy S by Bffind B Gidue s Bbmpr | ses

per f opqrtnIgiddevdied kowy Raiseapente ot ari t hnetic
operations: calculating a value J 1" , whereiny \" =
(X1" wheigin xoxas; x7, Xg &h.ceH Xat i7rate edséficientaan ¢ 5P vecgr dsy column

{zic%hrt -shifting X1" by one position; and cal cul ating
{He’val ue (X1" *e) by subtracting y \" from( 1" " 2);

and whaeeinxgab.cyl at ingxa anduere(oafput YelieHyf the transform; and

mul tiplying x7' ' and the value e and wherein

cal culVAgicHye THa/ W& B P28, 371 b/ 1380 /0RO ¢t 23372048, and C =
¢pnprises performng the follow ng sequence of

arithnetic operations: calculating a value J 1" '

wherein J 1" ' = (x7" " 9) - X7" ; calculating the

val ue_(x7" z) hy right-shifting X7" ne . posi_tion; .

and czf‘%meﬁwﬁﬁg i Oy AhERIT Yoo m@?at?fszﬁﬁfﬁi‘tﬁcgﬁtof Hiy Tyieg-point
scalddWRelditnensional trédsform comprises applying the transform to coefficients in one
of the row vectors or one of the column vectors without using multiplication or division

operations.

8. The method of claim 7,
wherein calculating a value (x;*¢) by multiplying x; and the value ¢ and wherein
calculating the value (x;*() by x; and the value { comprises performing the following
sequence of arithmetic operations:
calculating a value y;, wherein y; = (x; >>9) — x;
calculating the value (x,*() by right-shifting x3 by one position; and
calculating the value (x;*¢) by subtracting y; from (y; >> 2); and
wherein calculating a value (x7*¢) by multiplying x7 and the value ¢ and wherein
calculating the value (x7*() by x7 and the value { comprises performing the following

sequence of arithmetic operations:



9. The nmethod of claim7, wherein calculating a val ue

(x3*g) by multiplying X3 and a val ue g and wherein
w@ad080bssT ng a value (x3 d) by nultiplying X3 Pemus2007/072169

val ue d conprises performng the foll ow ng sequence of

operations: calculating a valug J 2, wherein J 2 = (x3

"3 - (x3" 7); calculating a value J 3, vvherein J 3=

J 2 - (x3 caléﬁlﬁtmgcﬁlfeﬁh'e ﬁt”\ﬂlgar&'ﬂﬁ/ vaf x?e>(9§&*)9 =J 2+

(j3 " 1); and calculating the val X 3*

subt r act i neglgulatirfer tbmeglue émacmyen@tﬁhxffamuﬂ byt vagpoaltlon and

val ue (xs* ng t.he v Lue d,

wher ei n caf%l lF%[tn}gntg e g&a tlngr‘ﬁu I(Vl ng 5and

and t h@enad M@atﬁ@@&raih&ﬁ(% FTQ:I) 59 rrri’(llﬂﬂyin@@cl’f’ @hdi qu’ag;e ¢ and wherein

sequence of operations: calculating a value y2'

girlerleing fhovakue (x5 *8) gy xi)” qndshe vatye C eomprigea peimgrming the fellowing

- (x5" 11); calculating the
§a“S%Ce%bm”p%f’yé%géﬁﬁ“ﬁﬁgyz' and (j 3" " 1); and
cal cul ati ngaltietinged ugug %3™ helyn stbt ()at’t»n@ Jx12

f dwh | cul I 3"

mrj HTT( ; ly laﬂgalg( %t%gntg% galglg @gt @gtgra N sﬁ){{‘gp% v by one B/osmon and

cal cul ati ngalallé(tﬁ{gutﬁe (73,1% r?b(}ﬁr {rﬁétﬁl N ero)ﬁ?’g dand
t e uenc

a value d conprises p foI vvlngs
of opwhaltelmvéculaiaigmaata (rx@f *cB) ba Inugtii@ying xahend ﬂw valR's and wherein

i ol B SRS SRS s v

enct dfdAthm etf'e)opeﬁdﬁ@ntﬁa' culating the value (JCG '
g by subtracting J 2' ' from X3" ; and wherein

cal cul at i ngﬁlﬁdlmgﬁew(luﬁsyl ”d‘)/hﬁﬁylnwm iﬂ(vhyl?ﬁg%csm and
t he val ue dlc rei

b,
by multipl$ nlgat}@t avalﬁlafz%hgg)vbg r&%r}g sﬁlcftélﬁ%)rwe l:éy ofie posgaon and

per f or m ngcdlbgatiny thowhing ()qu’ﬁlklﬂj}ﬁﬁlb&ﬁctﬁfg@ﬁ at frems(y,”” >> 2).
calculating a value y2'", wherein y2' " = (x5" " 3) -

(x5" " 7); calculating a value y3" , vvherel ny3" ' =

2" s VN cal cul at| ng the value (x5" *d) by
g’ddi ngh%‘(ﬁﬂéd"f& 3377 "o and cal cul ating the

val uewhdoi calcd@)ngkhyva:’outk(bcg m by ngutdplRing 'x; haidbavo{se y and @herein

e net hod of
cgculgt?ng a value (x;J‘BISl by rnultlplymg x3 and a value 6 comprises performing the

following sequence of operations:

calculating a value y,, wherein y, = (x3 >> 3) - (x3 >> 7);

calculating a value y3, wherein vz = v, - (x3>> 11);

calculating the value (x3*) =y, + (v3>>1); and

calculating the value (x3*y) by subtracting y, from x3; and

wherein calculating a value (x5*8) by multiplying xs and the value 6 and wherein

calculating a value (xs*y) by multiplying xs and the value y comprises performing the
following sequence of operations:

calculating a value y,’, wherein y2” = (xs >> 3) - (xs >> 7);

calculating a value y3’, wherein y3” = y,” - (xs>> 11);

calculating the value (xs*9) by adding y»’ and (v3’ >> 1); and

calculating the value (xs*y) by subtracting y,’ from xs; and



wherein calculating a value (x2 a) by nultiplying x2

by a val ue aand wherein cal cul ating a value (x2*b) by
woreiosiopi7yt ng x2 by a val ue b conprises perfor mP@mUs1ve7/072169

foll owi ng sequence of operations: calculating a val ue

1, wherein 1: X2 + (x2 " 5); cglculating a value J 2,

wherein J 2 =J 1 " 2; calculating the value (x2 a) by

addi n@hére%l @dlkdne{tﬁ% a Va4ao (xémey) W Insaﬂid@!yin@% tRRd ¥3hME y(2kd wherein

b) by subtractin wher e

et wating 4 vajua(dw’a ?&)éy(mﬂtlabyntg/xs Hlﬂnﬂuamawmmyseapv&meng the

ﬁg@ lxhgreul §ch%9t|ng a value (x b) by nultiplying

glgéfwg?dg(% 8% Pses performng the follow ng

sequence Otaloyediald @eﬂﬁe yLamtidtodt {:NT=&c;Vabu®) Jxt’ >» 7);

wherein J 1 X2 + (xb" 5); calculating a value J 2

. wherei n geloulatingga yalue v, Wélﬁre@mat Thg the vallde

(x6*a) by (%6, ne cylating
t he val ue ?ﬁgg%ﬂgéhgvgggg%t 22"?%oﬁ??&f&d; and
wher ei n catdollatiigtde aavalue *(/)d&;}' subahcting }r{UIﬁdnp)lxyi ragd

x2" a val aand mhereln | cul ating a val 2"
*b) bv RS 9%%%@ aPIUys g @3%@@4@%&;&&5. gadt i JofiE s and
RAEL A S OGatiae: \fa%é 3 gﬁl gcfs” and the valye y_ comprises
oper at1 ons: cal cul al ue i a2 3
pafauiigg thedolowial u@mbnce effvpcsitionst 2" = 1" "2;

R G B b Ag 1y
X g’ ue

sulbtrac(:tu pgal?ul%ﬁnggﬁﬁwl?,y wh@f@ﬂl%h%%’”’l c@ ’eui>qt1) ng a
val ue X a nmu | a val ue aand

wher oi 1 cabdelatiaibe saalue *ox by sddnzty  rIKG'pl yn: xnd

" by a val s g ses pert t.he fol omnng
sequence. of e G I8 BT CUPL R M e OIS,
mhereln J 1" ' = x2 + (x6" " 5); calculatlng a value J
2" ein 2" ' = 1" ' " 2; calculating the
@%IueTbﬁgwﬂﬁwfﬁyhﬂaﬂbng i 22 " and (x " " 4); and

el UL A LA B P A i
vatwasngOyahie (or83) by3nulkiplyingdx, by a vakik, B edihpriséd perforsidhg the
ﬁlozwir:lg g(@f‘rﬂu'enc:e oégpétra‘éiori(gg:- : ;((; | . Xqu:' " Xé(l' . ’ X)2(5" o
X7 caloulatintZa véllie y1, wherein v = x + (x2 >> 5);

calculating a value y,, wherein y, = y; >> 2;

calculating the value (x,*a) by adding y, and (x; >> 4); and

calculating the value (x,*p) by subtracting v, from y;; and

wherein calculating a value (xs*a) by multiplying xs by a value a and wherein
calculating a value (x¢*B) by multiplying x¢ by a value B comprises performing the
following sequence of operations:

calculating a value y,’, wherein y;” = x; + (x6 >> 5);

calculating a value y,’, wherein y;” = y;” >> 2;

calculating the value (xs*a) by adding y,’ and (x¢ >> 4); and

calculating the value (xs*p) by subtracting y,’ from y;’; and

wherein calculating a value (x;’"*a) by multiplying x,” by a value o and wherein
calculating a value (x;””*p) by multiplying x,’’ by a value  comprises performing the

following sequence of operations:



(x6*b), (x2*b), ( c6*a), (x7" *e), (x7" *z), (x3" *Q),

(x3" *d), (x5" *d), (x5" *g), (xi"* z), and (X1" *e)
wae@snepsesent ed usi ng fixed-poi nt nunbers thapCi/nstoodar2169

P bits in the manti ssa portions of the fixed-point

nunbers. 12. The nethod of claym 11, wherein P is

equal to 10. 13. The nethod of claim1l, wherein the

met hogy 1 E WA vAROPr 1 $8Srdis el Vi Nyt @ bitssty eam t hat

i ncl udes tﬁgﬁiatgggléf coefgﬁcigﬂts§m14. Sﬁe met hod of

cl ai nealgulglire ®vaiue e, mhcreotlyf U yHer>Eonpri ses addi ng a

m dpoi_nt bias,termto,.q coefficient, of the matrix,

wher orHeu R SR 2 Paty AR b BN Ceguad T8 2 1o

the pemeilatfg the valhd (x,Thp) Beidvadctdfe b atdm 1, wher ei n

the nethod further conprises : right-shifting each )

coef f WFtsHt cal¢nlating anepdyd GXe oo by ame Hiply igdrs C dafer Yadiceard wherein

L b at i o] :
e A FPuPRE DI R BRIEET R PR BSnfis rEomyine e
Bllowit®squaemiciofgpgiatieds: conponent val ues in the matrix
of pix?l conponent values intQ pixels in the block of

pi xel SMUEANERVHEG Hod: WRETEINl m 122 Whsr eih*scal i ng each
Coeffkﬁ&ﬁ&h&4{%&@9’8¥§h&?&5gﬁ’Q%fengpged coefficients
e

conprises scaling the’ coeffi¢ients in the matrix of
encodeadcdatafy the velnt $xsWi tohlogusddisg wd'” aod Oisgl>>cait amh or

encod Givanb i thiguudd it
Scal | FUCHORT Bt Atk CecaPbl SRIHCGEERT BoBE o an axe

matri x of encoded coefficients by one of a factor A a
factor B, a factor C, a factor D, a factor E, a factor

Fl. a Themsthogof glajrmdt wheudin thevalsenro, £1, X2, or, Xa awt oy Xa, X1, X2,
i PLde! 5t Ochroduce & RLE Ik ol Sealed COTLELSN 51 (v,
&2 8ph, (F* 3, kI, (xG”%),l(%‘B%‘iC)des'—”*?/?’,Zﬁs"*3),‘x‘x52’7‘<3§,(xsa’f*@*),ixf—‘*C), and
2528; an inverse transform nodul e that uses repeated

Bppl P Feprsesed Bsing ﬁé@d’ﬁ@mﬁ]@u@?ﬁiﬁ that BebBuUgiRitsdn diranantissa
%%I@?ﬁg S f1L 'ﬁQe&-h@ﬂ‘?flﬁﬁﬁ&E.he matrix of scal ed

icients 1hto a matri x of transforned
coefficients; a right-shift nodule that right-shifts

ansformed coefficients in the trix of transformed
ﬁ; of 1 1B Byt diﬁ%C[?ffaé ’Wgefﬁ el By x of adj ust ed
coefficients; and wherein each adjusted coefficient in

the matrix of adjusted coefficients
13. The method of claim 1, wherein the method further comprises receiving a bitstream

that includes the matrix of coefficients.

14. The method of claim 1, wherein the method further comprises adding a midpoint
bias term to a DC coefficient of the matrix, wherein the midpoint bias value term is equal

to 2 to the power of 12.

15. The method of claim 1, wherein the method further comprises:

right-shifting each coefficient in the matrix of transformed coefficients by thirteen
positions to generate a matrix of pixel component values; and

constructing the block of pixels by incorporating pixel component values in the

matrix of pixel component values into pixels in the block of pixels.



approxi mates a corresponding value in a matrix of
val ues that would be produced by applying an idea

WO uw8@diTensi onal i nverse di screte cosine transPCI/Is2007/072169
("IDCT") to the matrix of encoded coefficients; an
out put nodul e that outputs an €x8 bl ock of pixels,
wherein each pixel in the block of pixels includes a
P6 xel TRORRARANT claﬂhqewﬁa%ﬁﬁscenngéhcﬁ%yﬁfce%%@ﬁé 8;&8‘ Bitkix of
in the matrix of adjusted coef ficients. . The device
@iCOdtcécqnfﬁmentmemenwsﬁhﬂélmgﬁheﬁ@éﬁwlmaﬁ gf tbp matml of encoded
(?&hélggt‘s %1&8{1’% Xe rng 1p11% {aolneoq 8?Vq%elﬂlg Ioﬁeﬁ?ts ?!n)%nal

ead or of scal ed

coefficients to produce a matrix of internediate
coefficients and applies the fixed-point scal ed
dhe- dﬁﬁﬁﬁgﬁéﬁamﬁﬁﬁﬁnsforn1to each col umm vector of the

matri f

ot 11 &g ELEAeC Ot BT i SUHES o encoged

cocdficedts by whepfa factdireel adiqort B, uloe Coa Sqekays, atfhgoBESa factor F, a
ock of pixels_ as part of a video fra in a video

g@%ﬁﬁéﬁ adadln? iy Gt e BFOET 5 g0 Niptbice Amatie of scalod

Q&gﬁgkngndule di splay the 8x8 bl ock of pixels as part

a still image. 21. The device of claim 17, wherein
t he swakieng4 rolddl el =slddBes =al 730eP 5 Hodnt —alz6|éo€|#]9@a = 1788,

of t mat,r encoded coefficients by the
kgcg%P ﬁ 2&2% ‘} %§%¥f|0|ent at position [0,1] of
the g [ﬂvérs@ftraﬁﬁEﬁﬁi ﬁﬂ)dﬁ%&ﬁiﬂ&éﬁ%b&a&yaﬂpﬂ@at{cﬁi‘é 0@k fRed-point scaled
scales a coefficient at position [0,2] of the matrix

ore-gintadietaldtesiornite rasfoyn theengteis vbpcatsd aoefficientsinto a matrix of

oeff i ci.ent osition [0,3] of the matrix of encoded
coe ngpéﬁgﬁ%b§ﬁ¥he factor D; scales a coefficient at

posith ?m[ Q}lﬂ}nd&[fuletth@t iyt S hifts @fan OEBEEEhcEREEfts Hi th8hfutrix of
by the actor 4; scales a coefficient at E05|t|on

]E@n prmer copidiciats inerdar te pvdHer BETY ofcdisted aggfficrrats; and
act %h&ems&gh %@C §t§8 g&éfﬁ'c@?ﬂtth%aﬁgi&h gﬂ Jd%@&ﬁcgnts

the matrix o coefficients actor
approximates a corresponding value in a matrix of values that would be produced by

applying an ideal two-dimensional inverse discrete cosine transform (“IDCT”) to the
matrix of encoded coefficients;

an output module that outputs an 8x8 block of pixels, wherein each pixel in the
block of pixels includes a pixel component value based on an adjusted coefficient in the

matrix of adjusted coefficients.

18.  The device of claim 17, wherein the inverse transform module applies the fixed-
point scaled one-dimensional transform to each row vector of the matrix of scaled
coefficients to produce a matrix of intermediate coefficients and applies the fixed-point
scaled one-dimensional transform to each column vector of the matrix of intermediate

coefficients to produce a matrix of transformed coefficients.

19.  The device of claim 17, wherein the output module displays the 8x8 block of pixels

as part of a video frame in a video sequence.



scal es a coefficient at position [0,7] of the matrix

of encoded coefficients by the factor B; scales a
w@o@BlITsENt at position [1,0] of the matrix oPCEOSWAT2169

coefficients by the factor B; scales a coefficient at

position [1,1] of the matrix of5 encoded coefficients

by the factor E;, scales a coefficient at position

Izd 2] TRE d&he (mtmlmmﬁwh%f&@ql%%uﬁﬁ@h{ddﬁle%ﬁamefsm block of pixels

factor F; scales a coefficient at position [1,
thearhelfta $titl iofagencoded coefficients by the factor G
scales a coefficient at position [1,4] of the matrix
of encoded coefficients by the factor B; scales a

gpef f ThE enticadf ddgisd 17, @efeln Bk sodlidgh@odmé:r i x of encoded
coefficients Ey the factor scal es a coefficient at
posi t paates[arcogfficemt atrosiipnl Py ] ef themeadde af ensefled eqedligignts by the
F*“%?F factor F;, scales a coefficient at position
of the matrix of encoded coefficients by the

f act oscakss aswalffesend acasitiond 0 ahbf tit nEask bf enrtof@d &eflddicnts by the
gge matri x of encoded coefficients by the factor C

s a coefficient at position [2,1] of the matrix

of encodgd Gefiddnt h@ﬁHsﬁlotﬂgOh?‘ 6 IR ThRfix bf erjoat csoe@ﬁcwnt% by the

coefficient at position the matrix of encode
toefrfl;ci ents by the factor H; scales a coefficient at

posi ti e trj encoded.coeffici ent.s

byt nisfksarcspticn i Bongb S8 e it OLFaed faedfitishes by the
FRistlp;0of the matrix of encoded coefficients by the

factor C, scales a coefficient at position [2,5] of

t he megakdsxe copffisivns denpsitivaf(fidt pEienasix phencoded eefficients by the
factor 4,

scales a coefficient at position [0,5] of the matrix of encoded coefficients by the
factor D,

scales a coefficient at position [0,6] of the matrix of encoded coefficients by the
factor C;

scales a coefficient at position [0,7] of the matrix of encoded coefficients by the
factor B,

scales a coefficient at position [1,0] of the matrix of encoded coefficients by the
factor B,

scales a coefficient at position [1,1] of the matrix of encoded coefficients by the
factor E;

scales a coefficient at position [1,2] of the matrix of encoded coefficients by the
factor F;

scales a coefficient at position [1,3] of the matrix of encoded coefficients by the
factor G;

scales a coefficient at position [1,4] of the matrix of encoded coefficients by the
factor B,

scales a coefficient at position [1,5] of the matrix of encoded coefficients by the

factor G;



scal es a coefficient at position [2,6] of the matrix

of encoded coefficients by the factor H, scales a
w@o@BlITFENt at position [2,7] of the matrix oPCEOSWATE2169

coefficients by the factor F, scales a coefficient at

position [3,0] of the matrix ofg encoded coefficients

by the factor D; scales a coefficient at position

[3,1] sccaiestaft%eﬁménlt %t ISHsm%Ei({@ Gedr aeehdiis bﬁéﬁo%déﬁ’cde@ﬁments by the
factor G scales a coefficient at position [3, 2]

fdstordat ri x of encoded coefficients by the factor / ;
scal es coef ent at [ 3 X
of entBysd cggffic};ei at eQﬂSlStl j? 7:]] 89 {1]13 I‘IJ{ encgg%& %osetﬁgcwnts by the
eRefrfA; ci ent at p05|t|on [3,4] of the natrlx of encoded
coefficients Ey the factor D; scales a coefficient at
posi t pasesposificimt ptrosient 2:0] of the e af ensefled eqehgignts by the
F%K%Q? factor J ;scales a coefficient at position
] of the matrix of encoded coefficients by the
f act oscales;a coefilogsit at goeiohi[2)1¢of thatmgues bf eraodEBeotlfficénts by the
gge matrix of encoded coefficients by the factor G
'ds a coefficient at position [4,0] of the matrix

of encodgd Gefiddnt h@ﬁHsﬁlo*ﬂﬁztz?Sffh%‘iﬁaRﬁx 8f croal Sochficients by the

coefficient at position he matri x of encode

toefrfH;ci ents by the factor B; scales a coefficient at
position [4, of the ded_.coef f|

byt nis ks spieten idifosto 12 gapF 1HEMEARS af 55aed FasifitiShes by the

Fdio3l, of the matrix of encoded coeff|C|ents by the

factor D, scales a coefficient at position [4,4] of

t he megakdsx copffisivns denpsitivaf(2idd Pt nasx phencoded eefficients by the

factor C;
scales a coefficient at position [2,5] of the matrix of encoded coefficients by the
factor 7,
scales a coefficient at position [2,6] of the matrix of encoded coefficients by the
factor H,
scales a coefficient at position [2,7] of the matrix of encoded coefficients by the
factor F;
scales a coefficient at position [3,0] of the matrix of encoded coefficients by the
factor D,
scales a coefficient at position [3,1] of the matrix of encoded coefficients by the
factor G;
scales a coefficient at position [3,2] of the matrix of encoded coefficients by the
factor 7,
scales a coefficient at position [3,3] of the matrix of encoded coefficients by the
factor J;
scales a coefficient at position [3,4] of the matrix of encoded coefficients by the
factor D,
scales a coefficient at position [3,5] of the matrix of encoded coefficients by the

factor J;



scal es a coefficient at position [4,5] of the matrix

of encoded coefficients by the factor D; scales a
w@o®BlITFENt at position [4,6] of the matrix oPCEOSWATE2169

coefficients by the factor C scales a coefficient at

position [4,7] of the matrix of7 encoded coefficients

by the factor B; scales a coefficient at position

[5, 0] sc%iestarb%effﬁ'ién't 4t ﬁsnfoﬁ({@ G dr meehdii beMDIRY cde@ﬁcwnts by the
factor D; scales a coefficient at position [5, 1]

ﬁWéHdatrlx of encoded coefficients by the factor G
scal es coef ent at [ 2
of -ontialid Dot PRy bPPaepift pPbncoy B es by e

eRefrfd;ci ent at position [5,3] of the natrlx of encoded
coefficients Ey the factor J ; scales a coefficient at
posi t pates[asogfficemt prosiipnitP] ef themeadde af ensefled eqedligignts by the
F%K%?p factor D; scales a coefficient at position
of the matrix of encoded coefficients by the
f act oscalkes;aswaffesend acasitiondd ghbf tit nEask bf enrtofl&d &eflddicnts by the
gge matri x of encoded coefficients by the factor / ;
'és a coefficient at position [5,7] of the matrix

of encodgd Gefiddnt h@ﬁHsﬁlo*ﬂ%’[ﬂz?Sffh@‘iﬁﬂﬁnge&%ae Sochficients by the

coefficient at position he matri x of encode
toefrfl;ci ents by the factor C scales a coefficient at

position [6,1 ded.coeff|ci ent.s
byt nisfksarspielen odifosto T ga P 1EMEARE a S55aed FosifitiShes by the
fRiotlp;of the matrix of encoded coeff|C|ents by the
factor H scales a coefficient at position [6,3] of

the megakdsx copffisivns denpsitivaf(fidt pEieanasx phencoded eefficients by the
factor 4,

scales a coefficient at position [4,5] of the matrix of encoded coefficients by the
factor D,
scales a coefficient at position [4,6] of the matrix of encoded coefficients by the
factor C;
scales a coefficient at position [4,7] of the matrix of encoded coefficients by the
factor B,
scales a coefficient at position [5,0] of the matrix of encoded coefficients by the
factor D,
scales a coefficient at position [5,1] of the matrix of encoded coefficients by the
factor G;
scales a coefficient at position [5,2] of the matrix of encoded coefficients by the
factor 7,
scales a coefficient at position [5,3] of the matrix of encoded coefficients by the
factor J;
scales a coefficient at position [5,4] of the matrix of encoded coefficients by the
factor D,
scales a coefficient at position [5,5] of the matrix of encoded coefficients by the

factor J;



scal es a coefficient at position [6,4] of the matrix

of encoded coefficients by the factor C, scales a
w@o®BlITFENt at position [6,5] of the matrix oPCEOSWATE2169

coefficients by the factor / ; scales a coefficient at

position [6,6] of the matrix ofg encoded coefficients

by the factor H, scales a coefficient at position

[6, 7] sc%iestarb%effﬁ'ién't At lﬁfsnfo‘ﬂ({@ dedr geefditic b%ﬁo%d&i’ cde@ﬁcwnts by the
factor F; scales a coefficient at position [7,0]

fdstordat ri x of encoded coefficients by the factor ;

scal es coef ent at [ 1
of en% a qeé &l 088 %cllei at eQﬂSls‘uoEjg 7:]] 89 {1]13 I‘IJ{ encggi: %oetft':l01ents y the
eRefrfd;ci ent at p05|t|on [7, 2] of the natrlx of encoded
coefficients Ey the factor F; scales a coefficient at
posi t patesjarogificemt ahrosHinlp >@] of the pesde af ensefled eqodngignts by the
F%KﬁQ? factor G scales a coefficient at position
] Jof the matrix of encoded coefficients by the
f act oscals aswaffesend acsitiondb Ahbf tit nEask bf entofldd &deflddients by the
gge matrix of encoded coefficients by the factor G
s a coefficient at position [7,6] of the matrix

of engoded &efiddne hewsﬁmh;&z? sffheqﬁaeﬁx 6f e&BQe(fe@e'fﬁaeﬁs by the

coefficient at position he matri x encoded
toufrfH;ci ents by the factor E. 22 The deV|ce of cl aim

L1 aneroimselRish s tisn BT o bEiiar gberBRcericiéns by the

tRlgryl ating a value xo' by addi ng x0 andX; calculatlng
a val ue X by adding x o and -X4; calculating a val ue
(x2 ) sdafesrmroefTisignt agpositiony[6 4] ohthgenairix ef¢nsatied ¢asgfiejents by the
ﬁw{ ’(x b) by multiplying x by a val ue b;
scales a coefficient at position [6,5] of the matrix of encoded coefficients by the
factor 7,
scales a coefficient at position [6,6] of the matrix of encoded coefficients by the
factor H,
scales a coefficient at position [6,7] of the matrix of encoded coefficients by the
factor F;
scales a coefficient at position [7,0] of the matrix of encoded coefficients by the
factor B,
scales a coefficient at position [7,1] of the matrix of encoded coefficients by the
factor E;
scales a coefficient at position [7,2] of the matrix of encoded coefficients by the
factor F;
scales a coefficient at position [7,3] of the matrix of encoded coefficients by the
factor G;
scales a coefficient at position [7,4] of the matrix of encoded coefficients by the
factor B,
scales a coefficient at position [7,5] of the matrix of encoded coefficients by the

factor G;



calculating a value (x2*b) by nultiplying x2 by the

value b; calculating a value (x6 ) by multiplying x6
wbypood/ovsrbue a; calculating a value X2' by addi Pgr/iSB0z)72169

and -(x b); calculating a value Xe by adding (x6*a)

and (x2 b); calculating a valqg)xo" by addi ng xo' and

X' ; calculating a value X4" by adding x4' and X2' ;
calc Ukc%ldsrég:o@fﬁé?énlﬂ 8t poRL 10193{7 %qi oF g rfetrix aﬂalcozfé’d coefﬁ01ents by the
calculating a val ue X addi ng xo' and -

ﬁ@ﬁEdTandng a value 7' by adding 1 and - x7
cal cul aaﬁ osgfvc rﬁﬂll%lfelt >%Ismoné7§$d 1’I>1§1 11X L 1}c8§a Cu'ﬁ? ?’\81{][9 by the

a val Ué'R squa
ﬁ@kﬁulatlng a val ue x5 by nultlplylng X5 and square
root of two; calculating a value X7" by adding x7' and

x5' calculating a val ue X3" by adding X1' and - x3

C%l IC gluﬁ"ﬂ% aéxllpegdacl P@f)ﬁ%f)@llp Mlgg'g\%rﬁgefﬁgfor@%dulé(gpphes the

Ing a va
&ammmhabun@wawmah@ea@nh&nfﬁxub%ynult|plylng x7" and a
value cal cul ng a value (x7" *z) by multiplying
X7 %ﬂ&mﬁﬁ&%Y B % X&ﬂ%ﬂgéﬁﬁﬁb“a val ue (xs"* g) by

mul ti piwamg@wla@a @%\aaalﬁgxgan&%cu' ating a value

(x3" *d) by mul and a val ue d;
cal cubedtularglgaa vaihfué@ Qb?dy migjiplyyngwilbyiaptajieng X5 ' ' and

th lLue d: cal
e ptadis RS AR S & val ve ¢
1" *Z}a1BMatiyl 4 baﬂhé’(x@ﬂ%)%% mum@@ehgtﬂ%y\mé Vud p;

cal cul ati ng a val ue | tiplying X1" and
t he vedledateng a:‘aalw(xam)rbg raulvalym X by @ vahye @ddi ng (x7'

add.n&ﬁ?ﬂﬁmﬁﬁlyd%F%zbYag&nggﬁ &g %‘YaLgﬁng a value x5

" by adeilighd xGalug)s’ dpddding gx6dd) andakeghat i ng a val ue
X1 " by addi ng (Xl" *e) an 7" z); calculating a
val uecaenlpingpidngpo 7oy ad &rﬁjxoxw%ﬁ%o calculating a

val uece&ul@t}{ngaéjgdlﬂ&mx%y Q(ﬂﬁjnggél and x,';

calculating a value x;’” by adding x4’ and -x;’;

calculating a value x¢’” by adding xo” and —x¢’;

calculating a value x7’ by adding x; and —x7;

calculating a value x;’ by adding x; and x7;

calculating a value x3’ by multiplying x3 and square root of two;
calculating a value xs’ by multiplying xs and square root of two;
calculating a value x7’” by adding x;” and xs’;

calculating a value x;’” by adding x,” and —x3’;

calculating a value xs’” by adding x;” and —xs’;

calculating a value x;”” by adding x3” and x,’;

calculating a value (x7’”*¢) by multiplying x;”’ and a value ¢;
calculating a value (x;””*{) by multiplying x;’’ and a value {;
calculating a value (x3’”*y) by multiplying x3* and a value v;
calculating a value (x3’”*6) by multiplying x3’” and a value 9;
calculating a value (xs’’*d) by multiplying x5’ and the value 0;

calculating a value (xs’”*y) by multiplying x5’ and the value v;



cal cul ating
cal cul ating

val ue by adding x2' ' and X3" ' ;
val ue by addi ng x6" and X7'";

W@ 200800357 ng val ue 4 by adding x6' ' and - X1PCT/US2007/072169
cal cul ating val ue X5 by addi ng x2" and -X3'";
cal cul ating val ue X6 by addigig x4" and -X5'"; and

DY DYDY DYD®

cal cul ating value X7 by adding x o' ' and -X1" ' ;

wher egdlciRingelvalde %37 %4 bgiﬁnaftlmnﬁgrﬁ”%aftﬁé Flgnts in a

row vector or a colum vector,

X1, X2¢heulMingxsyakee (xanﬁalbyameltlplmml \ﬂaﬂ tlessvadie ¢;he

transfgr and_ wher ei, A1/,128 99/ 28 g =
113/ 13U it ey 4’6796%y agdmgf@ssf‘b%?ﬂs( "2 = 1/ 2.
23. Thacdemigcevabie € aibfnadding\erg) zihdtJ(b@”l*B)/er se

transform nodul e applies the transformto the matrix
of coedleuletfined walug ¥noby addinggesmilt a8l g atdon or

divis eM im 23,

wher ebaﬁ&#ﬁe g%{]fiel?gg t%g saggrﬁjlnoéﬁ%eo%él éﬁl ates a
val uecdlilliteyg d:)yalﬁw(@bphq(iim@mm aathd,’t;he val ue e and
V\herel cal cul atin e val ue (X1*z) by X1 and the

val ue Y W YHHG hE]y dehing ¥y | xﬁg 'sequence of
a)“ t h%&ﬁl&l@@(zﬁﬁé%‘ﬁy a&fh L1 Bfdd )’}g”a value 1, =(X1 "

1; calculating the value (X1*Z) by
ri ght e@ltulamnngal@eb’yby)mhhpgmd tamn,’’and cal cul ating the

val ue (X b [.n \ from(y \ " T); and
wher eParJrC‘glﬁté‘qg ?h%//aé ‘gl{’ ‘Mi]i*%?% Yeladi e >cal cul ates a

val uecdl¥fatig PYalidilt bPhydiRGx X 7ar@nd the val ue e and
wherein cal culating the value (x7 z) by X7 and the

val ueCﬁglCltig'tHrgefW@u nby adibing o’ 1 o ng seadience of

arithnetic | cal-cul at | ng a,,,val ue 1' , wherein
J 1 Ts‘l i a)"g %ngya(fdnﬂﬁg)tl WG the *val ue (x7*z) by

right Wﬁbﬂefﬂ Fo@h, Xl X ¥4, 0060600 S Ecifficiantsl irCatoaul &tdrig atddBimn
val ue (x7*e) by subtracting J 1' from(J 1' " 2); and
wher eV¢f9he i nverse transform m)dul e cal cul ates a

I i %
;ﬁdu:h“égﬂee |mnX1 ng cuf g?l%g% ﬁ{é&]v g Ou put @Qﬂg : ?ﬂgg WO& d nd

t he vahuoeirzo byl 1Pl P rErHMIP 8t heltﬁﬂt&\& NGl BéePsernce 1 £F3/2048, and { =
j\\Hithneti c operations: calculating a value J 1" ,
ereiny \" = (xi " " 9 - X1" ;

23. The device of claim 22, wherein the inverse transform module applies the

transform to the matrix of coefficients without using multiplication or division operations.

24, The device of claim 23,
wherein the inverse transform module calculates a value (x;*¢) by multiplying x;
and the value € and wherein calculating the value (x;*() by x; and the value { by
performing the following sequence of arithmetic operations:
calculating a value y;, wherein y; = (x; >> 9) — xy;
calculating the value (x,*() by right-shifting x3 by one position; and
calculating the value (x;*¢) by subtracting y; from (y; >> 2); and
wherein the inverse transform module calculates a value (x7*¢) by multiplying x7
and the value € and wherein calculating the value (x7*({) by x7 and the value { by

performing the following sequence of arithmetic operations:



calculating the value (X1" *z) by right-shifting X1"

by one position; and cal culating the value (xi"* e) by
waadsnessing y \" from( 1" " 2); and wherei n PEEUS2007/072169

i nverse transform nodul e cal cul ates a val ue (x7" e) by

mul tiplying X7" and the val ue @ and wherein

cal culating the value (x7' ' *z) by X7" and the val ue
z by perf opibdlgiddevdIRd | QW RGeiagquense~af) ari thmetic
operations: calculating a value™Jd 1" ' , wherein J 1"

= (x7" " cgyulatingrthe valga(oldni mgitshidtingt 1y ¢nepositipnind
0N S 1L g O YRR PSS B G} L, ana

t he val ue fx

2) . whbreinlthe ifleydettnSforia ndd dil 23 culktey £ dlué e’ #4)\be1hdtiplying
transform nodul e cal cul ates a val ue ixg*a) by
wul andghg velge xandndewinedlgatpedhel valhe Pei Ao % ulaad thegvadue C by

. * . ' L NQ: val.ue d by

R R S A S i et
cal cul at i ngaleulatédgrevalu@y,” Wheresiiny,J’ 2 (05"’ (%39)'- 3) ;- (X3

7); calculating a value J 3, wherein.J 35 J 2 - (%3
" 11); cal eqlflaﬁtmggt%? wglw%lﬂé*%(%m ehitig % @no-pogition; and
and cal cul @Jl\b{\lﬂ&iﬁme YIQIIuH%xl(’X.%*I%) su%%a@t?%tl)ﬂa%ddn{‘ug/é J 2 2); and

fronx3; and erein the inverse trans m nD
cal cuivates the vialerre t(ansfodh nmdubadal ¢ubdtys ngalnS(Caiite)tbiyenultiplying

e S U R e e
ﬁ%{fdrﬁ%ﬁﬂle&‘@l@d&@iﬁ%@e(ﬁ{emé@@r %ftlﬁrﬁ&%o ¢ tlokati ng a val ue
y ) = (x - (x

erein y2© = 7); calculating a

val ue y3' calglating ;yvalge yiZ’ gwherein yi x5= (41)>> @at &l at i ng

the val ue (xs*d) by adding,y2', an bogae U LL) s and L.
ol cul at 1 gyt Qe T e\ PR ishirtes My o Wbsiton: and
fronxs; anemb@s@igtht Relut WEFSEDLE SudBaétaig, oAUy, >> 2).

cal cul ates a value (x3"*g) by multiplying X3" and a

val ue g and wherein calculating a value 3" *d) by

T‘?’S’.'“@héfh&gcex@fuclﬁﬁldzﬁ value d by perform ng the
o

| | owt ng sequence of operations: calculating a val ue
2", whercéi the Inv2tsetrafisfdtm'maule calouddtes'a V9lue Caf0 blyatultiglying x;
gn.ofi[\/% gaﬂtel%g g;d er%grgéarfqu?%tm_g- -at ‘;?ahie) (;x!_’pé;)] 839 glé}ﬁtgll?}?ltglg Ir;cg gltlcr g ¥alue 3 by
¥@kdttitg e followihg R¥quRHEL S@fpktgnd 2° ° fromx3" ; and
calculating a value y,, wherein y, = (x3 >> 3) - (x3 >> 7);
calculating a value y3, wherein vz = v, - (x3>> 11);
calculating the value (x3*) =y, + (v3>>1); and
calculating the value (x3*y) by subtracting y, from x3; and
wherein the inverse transform module calculates a value (x5*6) by multiplying xs
and the value & and wherein calculating a value (xs*y) by multiplying xs and the value y by
performing the following sequence of operations:
calculating a value y,’, wherein y2” = (xs >> 3) - (xs >> 7);
calculating a value y3’, wherein y3” = y,” - (xs>> 11);
calculating the value (xs*9) by adding y»’ and (v3’ >> 1); and

calculating the value (xs*y) by subtracting y,’ from xs; and



wherein the inverse transform nodul e cal cul ates a

value 5" *d) by nmultiplying X5" and the value d and
wob@seiitstal cul ating a value O 5"*y) by nul tipCyUs07/072169

X5" and the value g by performng the follow ng

sequence of operations: calculgting a value y2'",

wherein y2' " = (x5" " 3) - (x5" " 7); calculating a

val uew¥drein the iteBetiaRsibAn moduldcatculatedd vatue (x; 2))iby multiplying

cal cul ating the value (x5" d) by adding y2' " and

87 and'a vidlye nantl wherewl catdutaging Revatugl (w’ @) by multiglyingy:™ and a value o

Eubgrrfar(r:&hiln%le &0 i'n frorQnXS"fo. 12291' nT,he device of claim

BPANAET R At REY MY EE T AndF 6 i rodul e cal cul ates

the val ue ¢Aqeul@ingbyvard i phaticign %2 By, & eabugxaand 7);

cal cul ates the value (x2 b) by nultiplying x2 by the

val ue b bycHeratgies vijue e’ PdrTHW NG~ $8quence>dfl):

oper ati ons; q ' akue 1, erelinyl= X2 + (x2

"' 5); cal cﬁailglﬁ%ltﬁrgtgg\lygﬁgﬁg‘ﬁ é)u \Rﬁ%erJre h %E‘)’i‘m 1" 2

cal cul at i ngaltdigtingathe @aljus 2x: &)y oy audbetactingly,?2 faomalx{" % 2nd

4); and cal culating the val ue (x ). by subtracting J . .

2 fr oﬁﬁﬂﬁreﬂ% the iy epitdreas ﬂ%lﬁ@qul‘wf%&t?sr %ﬁ@%i)ﬁm *ﬁ%dm rgultiplying
* | . * . } |,>y . . .

e o N

x@uby by perfomiing the followaefsequdnngof treerdt@inkowi ng sequence

of operatio cal cul.ating a, val ue,,J

: ', in.J 1
A o e L A S L SRR R P

2" =31 cCaldilatGs wahaé;(sng Whaemal,ue=0x *(; by>addi ng J
2" and (x6 " 4); and ca cul at | ng the val ue (x6*b) by
subt r act i ngglgulating theyalpe (x5’ *d kY addieg &’ anddvi’ nver Beand
transform npdyl e cal cul ates .a val x2" a)cby
nul tiplyi ng&i%gam}%/t%g\’g/lﬁ&% Ak S\kﬁﬁ?éetlmr%y&al gﬁ%&ﬁsi hg a
value (x2" b) by multiplying x2" by a value b by

gerf orm ng the_ foll ow ng sequence of

der al hofeviexricddigtihg a value J 1" , + 2" " 5);

cal cu ' : . [ Tt Tt B i
cal cul BieTOE AR AR B MRIENelodtigring vgiog ) pgmliplying
b 2'Valuc4)andanduads e edlin @, 1) dywabltiply(ne2d, bihhe tue B by performing
ﬁ}%bt act i n%‘i}g? 2" fromJ 1" ; and wherein the inverse

e dALPEINSSRBITIPLONEO8e a val ue {x ' *a) by

mul ti pliYbifgheXPvalue v1, wherein v, = x, + (x2 >> 5);

calculating a value y,, wherein y, = y; >> 2;

calculating the value (x,*a) by adding y, and (x; >> 4); and

calculating the value (x,*p) by subtracting v, from y;; and

wherein the inverse transform module calculates the value (xs*a) by multiplying xs
by a value o and calculates the value (x¢*p) by multiplying xs by the value B by performing
the following sequence of operations:

calculating a value y,’, wherein y;” = xs + (x6 >> 5);

calculating a value y,’, wherein y;” = y;” >> 2;

calculating the value (xs*a) by adding y,’ and (x¢ >> 4); and

calculating the value (xs*p) by subtracting y,’ from y;’; and

wherein the inverse transform module calculates a value (x;’”*a) by multiplying
x2”” by a value o and wherein calculating a value (x;”’*f) by multiplying x,’’ by a value 8

by performing the following sequence of operations:



by a val ue aand wherein calculating a value (x " *Db)
by multiplying x " by a value b by perform ng the
wo odoBOE78y sequence of operations: cal cul ati ngPEI/vUst002072169

J 1" ' , wherein J 1" ' = x2 + (x6" " 5); calculating
a value J 2'", whereinJ 2" ' &gJ 1" ' " 2
cal culating the value (x6"*a) by addi ng | 2' " and (x

" 4zalaﬁmlg0aabaué ;sm %eiéelﬁ@ylvai e Lx,h Bs

subtracting J 2" ' 27. The eV| ce of

cl ai maﬂwlawmmlmrzﬁ’e“@atmxz X‘O}/l XE|:>2§<2 x3, X , X5, X
: ;7.. ca c%ﬁn).élthe ug (xz”’)*é)gby add%hg W' h xz” >’>x ?and X>7<7

X ! c&f&ﬂatmg the XBlue (x,”*p )Gy su'btr,actﬁr?gz* &om v’ X@’hb)

(x2*b), (Jc6*a), (x7" *e), z), (x3" *qg), (x3

*d) , J@gremc @y invexss' 'traﬂgfprm(nygduv}e qa)lculegﬁa valug (x@% e}x) by swltiplying x5’
t nh

BRSERER G R0 gl Lihe [RPRISY HIZpIEEL )y Fvatuc pby

perfidretisg th28olloMhiag deyicae: efopetamions:27, wherein P is

equal to 10. 29. The device of claim 17, V\herel n the

dgw cerlewatng %‘é%lu%tylﬁet%‘i"rﬁmlyrht er f@atg‘]q Hat ¥ ecei ves

dat a »encoeed. soefficients is
deri vga[c}&ﬂ%%ﬁg Qﬁalﬁé&gvﬂg‘gﬁ%gmg{z rr?ﬁ? vv%er ein the

devi cealmqumg thesalac Co&f6) by ahhng)yzaé |an@ (xaﬁdﬂ% 4); aiht

adds a . m.dpoi bji as t, DC COfoI cient, wherein

The  nrHpUTTHE BF 48E Biony PLbLSIERCIE S GofE power of

12. 31. The device of claim 30, wherein the device

further conprises: a right-shift nodul e that

£7.ght Thh¢viec eladtimcte mhicedin e viahies he Xrra.rbxcsofs, Xe, X7, Xo', X1, X2,

t ,ansf o,rned coeffl ci ents ,b L hirt een ositions o _ ... , .
Sortrdt e e Hethi X' of Cor Xl Eortontnt varteds akn w7 (2*0)

946’®)l ()«Eﬁg"@@"d')u(@‘%"”m) (ORI & h‘%?? (0113, (UL ), t(Jase’*h?) QK *(), and

f i xels b I Ncor por at i ng pi1 xe n?onent val ues in
3‘h

PG Ieﬁff‘éﬁn%ﬁl wHng éé%ﬁwe @um‘@ﬁr@@ ingfuge i biks| i theymantissa
Wogg&egﬁ ﬁ&e&’@éﬂﬁ RBers.The device of claim17,
erein th |ce?urtF1er conprises a nedia

pr esent ation un| t to display the bI ock of pixels. 33.
gg e .of 17, wherein t cal i ng nodul e

2l o4 fievieh %}81 Todiheice Bt G4 bt us ng
mul tiplication or division operations. 34. A device
conprising: neans for scaling coefficients in an 8x8
A%t r i Yhofleweeradidmcbe fMhicriie thicslciyge compofesa rcawerbrntdrfage that
fact or factor

?_e’ceige% %FE% Brpmdvﬁ]gglﬂgg@%t?ixrq? elacode([i) coeafﬁcwnts 18 deriveg

22

30.  The device of claim 17, wherein the device comprises a coefficient biasing module
that adds a midpoint bias term to a DC coefficient, wherein the midpoint bias term is equal

to 2 to the power of 12.

31. The device of claim 30, wherein the device further comprises:

a right-shift module that right-shifts each coefficient in the matrix of transformed
coefficients by thirteen positions to generate a matrix of pixel component values; and

a pixel reconstruction module that constructs the block of pixels by incorporating
pixel component values in the matrix of pixel component values into pixels in the block of

pixels.



factor / , or a factor J in order to produce a matrix
of scaled coefficients, wherein A = 1024, B = 1138, C
we20380575D = 1609, = 1264, F = 1922, G = 1788, PEL/ES2007/072169
2923, | = 2718, and J = 2528; neans for using repeated
applications of a fixed-point gcaled one-di mensi ona
transformto transformthe matri x of scal ed
coefficients into a matri x of transforned
coefficients; nmeans for right- shifting transforned
ébef f The detiec ofrelaimel Trmthefoin B derignirrameempbess fins¢dinprssentation
ng)? [, 8ﬁqﬁ)%u a natrlx of adjusted coefficients;
er’ei P ea Ui Coeff|C|ent in the matrix of
adj ust ed coeff|C|ents approxi mat es a correspondi ng
value in a matrix of values that would be produced b
appl yiThgdewic efedaim o wdicraih icsading modile &caqué kg enceded cocfficients
" " trix of encoded
g@%?@iclgqﬁg$8 &%&Hggﬁgﬁ%m{8(§% utting an 8x8 bl ock of
pi xel s, mhereln each pixel in the bl ock of pixels
énclu pi xel, conponent val ue based on an adj usted
bef f ‘%HFCPHWFWanatrlx of adjusted coefficients.
35. ThRafewt §c%hﬁ§ cGéfﬁbf%ht%‘}n aﬂ‘@?% Rlafin &een@@@éascogﬁfments by one of a
usi ng repeatedl y applications of the fixed-point
ﬁm&keﬂadMMomwne&smoﬁhﬁﬁmﬁmdshdhﬂntﬁn@ﬁmse§‘aﬁmani?hdhaorH'a

PR o6 LR PR UG oY HEvSHeR kPR B Tgt Rbggin 4 = 1024,

goef fiscrent Bl o -pIesNEe- odmir-t xo0f G :ngmﬂﬂ= abes, /=2718, and J =
coeffici ents andmeans for applylng the fixed- p0|nt

3z, ed one- dlnenS|onaI transforn1to each col umm vector
of the mat X .of nterne # qei; % i ent.,s t.0
nS O a 11X¢C

2 mat PPt By b RARELE FrcE s N Sl e BhOMERsiona

ohnstbrai t&élsfdmethehﬁtrtm BN ST tift tatrhaigx bhea@f&med
bl ock of pixels displays the 8x8 bl ock of pixels as

grafticigntsy V|deo frame in a video sequence 37. The

devi c '

he oasa St Rt ERERShindd oo RadRy e fishBHef diformed
poeffitisntasn paet toqfroducstairhdtrik wégdjustdBcocticicateyi ce of

claim 34, wherein t ans fo scaling coefficjents
conpr MRgKIn ¢4 ﬁ%luf‘fég C%%gﬂeﬁbmé CBes %fgaémsteétcosﬁf@ianson
L&r@imﬁﬁes L@ B dhlitheQfal RN A98Hri€ 8L 41L& BB Wo Y bt BRoduced by

factor A;
applying an ideal two-dimensional inverse discrete cosine transform (“IDCT”) to the

matrix of encoded coefficients; and
means for outputting an 8x8 block of pixels, wherein each pixel in the block of
pixels includes a pixel component value based on an adjusted coefficient in the matrix of

adjusted coefficients.

35.  The device of claim 34, wherein the means for using repeatedly applications of the
fixed-point scaled one-dimensional transform comprises:

means for applying the fixed-point scaled one-dimensional transform to each row
vector of the matrix of scaled coefficients to produce a matrix of intermediate coefficients

and



means for scaling a coefficient at position [0, 1] of

the matri x of encoded coefficients by the factor B
wore@a®0§76T scal ing a coefficient at position [PCRPSmNTN7T2169

the matrix of encoded coefficients by the factor C

means for scaling a coefficiengs at position [0, 3] of

the matri x of encoded coefficients by the factor D

nMeans nfeQis B %ﬁl{r‘ﬁg %&@fédtpcﬁmesemeabn@aﬁﬁéﬂs%al[t%rﬂ}orﬁfto cach
the matrix of ‘encoded coefficients by the factor A

peams veotor gk inmdria o CinedrmicdipteraocHicignosiotnroduck @, nejtrin ot
&mmfna(;&% gﬁze coded coefficients by the factor D
neanln}gr &ca ﬁb a coefficient at position [0, 6] of
the matrix of encoded coefficients by the factor G
nmeans for scaling a coefficient at position

the mibe fevies ofehapdt Wkt theinegans fcwutmlétnfga%@ 8K Bl%fck of pixels
TR SRR S B BB e Bl

means for scaling a coefficient at position [1,1] of
rix .of encoded coefficients by the fact : .
f%ans F%ﬁe‘ge‘a@ﬁ Gy SerS herpeans frauinutigng i%ﬁ E@Pk of pixels

Pl TRl inks BlockBegtle £9RKIUrGIEMRaRY the factor F:

tor scaling a coefficient at position [1,3] of
the matri x of encoded coefficients by the factor G
osition

ans_for._scal ficient at 4] of .
o b s o e athed St I Aoy ns Paisthgomprises
rreansni‘e@ﬁs D€ Halifg aRosMiRfcht £ RBtioAT0,pPSf the tlideSdncolcd
the matri x of encoded coefficients by the factor G

ﬁﬁéﬁ@ﬁmébY§@d@ﬁﬁgAa coefficient at p05|t|on [1, 6] of
the matrix e f i Ci

means TSNS fgc %ciafm% a cogfféo p0ﬁ1t 10ni0 lfz%ft tpe rna?r )iofrﬁncg?ed
téegrinaiits by tigf factae geled coeff|C|ents by t he factor E

means for scaling a coefficient at position [0,2] of the matrix of encoded
coefficients by the factor C;

means for scaling a coefficient at position [0,3] of the matrix of encoded
coefficients by the factor D;

means for scaling a coefficient at position [0,4] of the matrix of encoded
coefficients by the factor 4;

means for scaling a coefficient at position [0,5] of the matrix of encoded
coefficients by the factor D;

means for scaling a coefficient at position [0,6] of the matrix of encoded
coefficients by the factor C;

means for scaling a coefficient at position [0,7] of the matrix of encoded
coefficients by the factor B;

means for scaling a coefficient at position [1,0] of the matrix of encoded
coefficients by the factor B;

means for scaling a coefficient at position [1,1] of the matrix of encoded
coefficients by the factor £

means for scaling a coefficient at position [1,2] of the matrix of encoded

coefficients by the factor F;



means for scaling a coefficient at position [2,0] of

the matri x of encoded coefficients by the factor C
wore@as0§76T scal ing a coefficient at position [RPCLPSWDT/072169

the matrix of encoded coefficients by the factor F;

means for scaling a coefficienggat position [2,2] of

the matri x of encoded coefficients by the factor H

neansfe@fs fof ];%ailiﬁg a%o@ﬁ%feﬁ’% & RBkioAY 1 ,p§{r ﬂﬁie ﬁgu{i;@ﬁanceaed

the matrix of encoded coefficients by the factor / ;

pecahigicite by sleaffartoy Ga coef ficient at position [2,4] of
the matri x. of encode oeff.icient e factor C
roans g ToE s TXOREERF irdhohTr dlat iF sk Sgrcpyed
thugriciehts by tief faelae@gled coefficients by the factor /
means for scaling a coefficient at position [2,6] of

t he nieppsdopscaling @ geefficwat 4tinopiian § 1.6y 0% the nfagét of cnqoded

?«ﬁe@ﬁéie%t@% %eaila'bt%gc;a coefficient at position [2,7] of
e na %

rix of encoded coefficients by the factor F;
nmeansmnicais foe sdaling a@oeffiefeht atipositioaf 1,ppsf the aratfi:8o0dncoded
%&Eﬁm”i x of encoded coefficients by the factor D

@e?téPyélteaﬁaFtﬁéFa coefficient at position [3,1] of
the nﬁlteamopﬁﬁaggg%sgfﬁegfﬁ{ §i ok $1.5Y ot BE nlaBpl Qféﬁngg?ed

means for sca a coefficient at position [3
tdedfionants by tlof fastoc6ded coefficients by the factor /

;means for.scal.ing a coefficient osition.[3,3 f
e R ODFRUE S aBcf T bat time e S A5 OT e HRRat 8 holéd
BRFNSchiQ by SEafatiogca coef ficient at position [3,4] of
the matrix of encoded coefficients by the factor D
meansmcans fot sdaling agoefbiefent & r@mﬂom{%lv)@ﬁ thi sratiixgoBinceded
fﬁ etnctqded coefficients by the factor J;

t%ée%ﬁgl%%tg :b§ ¥ faf or o S
an scaltng a coefficient at position [3,6] of
t he nmalchhsfopbcating adeerficRaf dtipokeinh $2,0Yof the nfaged 6f crlcoded
coefficients by the factor H;

means for scaling a coefficient at position [2,3] of the matrix of encoded
coefficients by the factor /;

means for scaling a coefficient at position [2,4] of the matrix of encoded
coefficients by the factor C;

means for scaling a coefficient at position [2,5] of the matrix of encoded
coefficients by the factor /;

means for scaling a coefficient at position [2,6] of the matrix of encoded
coefficients by the factor H;

means for scaling a coefficient at position [2,7] of the matrix of encoded
coefficients by the factor F;

means for scaling a coefficient at position [3,0] of the matrix of encoded
coefficients by the factor D;

means for scaling a coefficient at position [3,1] of the matrix of encoded
coefficients by the factor G;

means for scaling a coefficient at position [3,2] of the matrix of encoded

coefficients by the factor /;



means for scaling a coefficient at position [3,7] of

the matri x of encoded coefficients by the factor G
wore@as0§76T scaling a coefficient at position [BCDPSmD7/072169

the matrix of encoded coefficients by the factor A

means for scaling a coefficiengy at position [4,1] of

the matri x of encoded coefficients by the factor B

neansfe@fs fof ?dailiﬁg a%osf%feﬁ]t g &Bftioﬁt[&])&f ﬂﬁic ﬁguﬁﬁ@ﬁanceaed

the matrix of encoded coefficients by the factor C

pedneictito by slecafartoty/a coefficient at position [4,3] of
the matri x

f d ficie f ac -
L PRESSSTER] g 0h s Stat DL SRy

rreansmfeor n I Cl Ion

thugriciehts by tief faelaeoded coefficients by the factor A
means for scaling a coefficient at position [4,5] of
t he nicppsdopscaling @ geefficwat 4tinopiian §3.pY 0% the nfagét of cnopded

?«ﬁe@ﬁéie%t?% St Lidg 2 coefficient at position [4,6] of
e MLt X i

rix of encoded coefficients by the factor C
nmeansmnicais foe adaling a@oeffiefeht atipositioaf3,ppsf the aratfixdo7dncoded
%&Eﬁm”i x of encoded coefficients by the factor B;

@e?tégbyéltf‘aﬁai“ﬁ@[;a coefficient at position [5,0] of
the nﬁlteamopﬁﬁaggg%sgfﬁegfﬁ{ §i ok #i0h $3.5Y ot BE nlaBipl Qfﬁn@gged

means for sca a coefficient at position [5
tdedfiorants by tlof fastoc 6cled coefficients by the factor G

nmeans for scali.ng a coeffjcient. a sition [5 of
Than s s RE kg a G HEishl i binf 14 BT i Syt dneShed
coeeadisnt 8 txCakiopa; a coefficient at position [5,3] of
the matri X of encoded coefficients b]v) the factor J;

meansmears for sdaling agoefbiefont atineaitiond4.pbef th srtiixsoiagnepded
A Y R ERE B Coct 1 ol ont at posi tion' [5.5]
g coefficient at position [5,5] of

t he nailchhsfopbcating adeerficRaf dtipokeinh $4,0Yof he nfaged 6f endoded
coefficients by the factor C;

means for scaling a coefficient at position [4,3] of the matrix of encoded
coefficients by the factor D;

means for scaling a coefficient at position [4,4] of the matrix of encoded
coefficients by the factor 4;

means for scaling a coefficient at position [4,5] of the matrix of encoded
coefficients by the factor D;

means for scaling a coefficient at position [4,6] of the matrix of encoded
coefficients by the factor C;

means for scaling a coefficient at position [4,7] of the matrix of encoded
coefficients by the factor B;

means for scaling a coefficient at position [5,0] of the matrix of encoded
coefficients by the factor D;

means for scaling a coefficient at position [5,1] of the matrix of encoded
coefficients by the factor G;

means for scaling a coefficient at position [5,2] of the matrix of encoded

coefficients by the factor /;



means for scaling a coefficient at position [5,6] of

the matri x of encoded coefficients by the factor / ;
wore@as0§76T scal ing a coefficient at position [BCTPSmDT/072169

the matrix of encoded coefficients by the factor G

means for scaling a coefficiengg at position [6,0] of

the matri x of encoded coefficients by the factor C

neansfe@fs fof ?dailiﬁg a%osf%feﬁ]t g I%Bftioﬁt[S,P&f ﬂﬁic ﬁgttr{iﬁ@fi&ncgﬁed

the matrix of encoded coefficients by the factor F;

pecahigicite by slaffartey/a coefficient at position [6,2] of
the matri x. of encode oeff.icient e factor H
roans B Tof kP RE RESEERR] drbiohTs Bt BF sl Stgrichged
thugriciehts by tief faeldeoded coefficients by the factor /
means for scaling a cogefficient at position [6,4] of

t he nicppsdopscaling @ geefficwat 4t nopiian §5.pY 0% the nfagét of engcpded

?«ﬁe@ﬁéie%t?% St Lig 2 coefficient at position [6,5] of
e MLt X i

rix of encoded coefficients by the factor / ;
nmeansmnicais foe sdaling a@oeffiefeht atipositioafs,ppsf the aratfi:-6oBdncoded
%&Eﬁm”i x of encoded coefficients by the factor H;

@e?tégbyéltf‘aﬁai“ﬁ@[;a coefficient at position [6,7] of
the nﬁlteamopﬁﬁaggg%sgfﬁegfﬁ{ §i ok #i0h $5.5Y ot BE nlaBip Qféﬁn%gged

means for sca a coefficient at position [7
tdedfiorants by tlof fastoc 6cled coefficients by the factor B;

nmeans for scali.ng a coeffjcient. a sition [7 of
e mEERTSOLR AL s SeEisat furcrtinn 5o B St e Mhuey o dnebled
BRFNSichiQ by SEafatiogca coef ficient at position [7,2] of
the matrix of encoded coefficients by the factor F;
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t%ée%ﬁgl%%tg :b§ ¥ faf or o S
an scal'rng a coefficient at position [7,4] of
t he nmalchhsfopbcating adeerficRatf dtipokinh $6,0Yof the nfagedt 6f crBoded
coefficients by the factor H;

means for scaling a coefficient at position [6,3] of the matrix of encoded
coefficients by the factor /;

means for scaling a coefficient at position [6,4] of the matrix of encoded
coefficients by the factor C;

means for scaling a coefficient at position [6,5] of the matrix of encoded
coefficients by the factor /;

means for scaling a coefficient at position [6,6] of the matrix of encoded
coefficients by the factor H;

means for scaling a coefficient at position [6,7] of the matrix of encoded
coefficients by the factor F;

means for scaling a coefficient at position [7,0] of the matrix of encoded
coefficients by the factor B;

means for scaling a coefficient at position [7,1] of the matrix of encoded
coefficients by the factor £

means for scaling a coefficient at position [7,2] of the matrix of encoded

coefficients by the factor F;



means for scaling a coefficient at position [7,5] of

the matri x of encoded coefficients by the factor G
wore@a®0§76T scal ing a coefficient at position [FCBPSmD7/072169

the matrix of encoded coefficients by the factor F

and nmeans for scaling a coeffigyent at position [7,7]

of the matrix of encoded coefficients by the factor E

39. ThRaglek sQlink a%b@ﬂfmeasat PURRI N 31 Sﬁh%ﬁ% bOdncoded
applying the transformconprise: means for calculating

eoafatigets X9 thefactatiéi ng x0 and X4 neans for calculatlng
a value X . Qy .addi n
S for ah

cal cul™s af u&"%f len &% Slrtrﬁpt[r Hfaﬂ%a maﬁmb?/f greoded

Mﬁfﬂ@ﬁﬂﬁb?ﬂﬁﬂﬁc&@B calculatlng a value (x b) by

nultiplylj% X by a value b; nmeans for calculating a

val uemeas 16y sejingcpeticignhgs pesitiey [1.Akokhe matix ofgngaded
alue (x6*a) by multiplying x6 by a

E&#ﬁ&gkg%keans gpycalculatlng a value X2' by adding

( x2* ameamfor calihPh codffi@ivat dtquositiah b hdf thy naatradiencsdéd

ddln% &vﬁ*a and (x2*b); nmeans for calculating a
@ey@ y 89F ig?30' and X6' ; means for

c al c u{n%gnllsntgr SeaYidt H%g%%lcwm’ at%gftlragé goistﬂg n?égrlx of éﬂ%@&‘&i

for calculating a v x4" and -

pedinsiciito by tlal facfoa¥i ng a value X " by addi ng xo' and -X
" ; means for calculating a value 7' by adding 1 and -
x7; means for calculating a value X1' by adding X1 and

X9, MPARdcVi&d ofcdifd @Wh@ﬂ:l@th‘é%ééﬁs Xt apPlyidPhht kidhdfbi8 comprise:
X3 and square root of two; means for calculating a

val uemgsns figy cmllll@ﬁlrpg yvalae X6 banddisgoesnd oot of two:

means_f or 3 di ng x7" and
e ol BR SRRSO B By BT ol BP0ttt g
and ?ﬁ%ans. fofedadati a Cale U, ad)ibygmatipBinier, Xy a xblyu@@tdl ng
x7' and -X5' ; nmeans faor cal culating a value X1"

addi nIeR fORFHCHINNG 2 Hilh Gro Ty Byl Yy ‘(ﬁéﬂq}é
X PP AP DRI A e B30 i,
val uenmzansfeandciletingaldut 64T odyanwlablyéng 2% by ag)alinyo;
Ml ol S euid, 2130 Y89 dding (ry*) and -(ig*B):
means for calculating a value x¢” by adding (xs*0) and (x,*p);
means for calculating a value x,”’ by adding x,’ and x¢’;
means for calculating a value x4”” by adding x4’ and x,’;
means for calculating a value x;”’ by adding x4’ and -x;’;
means for calculating a value x¢”’ by adding xo’ and —xs’;
means for calculating a value x;’ by adding x; and —x7;
means for calculating a value x;’ by adding x; and x7;
means for calculating a value x3” by multiplying x3 and square root of two;
means for calculating a value xs” by multiplying xs and square root of two;
means for calculating a value x;”’ by adding x;” and x5’;
means for calculating a value x3”’ by adding x;” and —x3’;
means for calculating a value xs’’ by adding x;” and —xs’;
means for calculating a value x;”” by adding x3’ and x;’;

means for calculating a value (x;’’*¢) by multiplying x7”” and a value €;



means for calculating a value (x " d) by multiplying

Xll

and a value d; neans for calculating a value (xs"*

walroospostat ti pl yi ng x5" and the val ue d; neans POF/US2007/072169
calculating a value (xs"* g) by multiplying X5" and
t he value g; means for calcul ag ng a value (xi"* z) by
mul tiplying X1" and the value z; neans for cal cul ating

a val Hakodor cal@ﬁlatki’ﬂ/g am1hd %V*Q)%}I)fﬁﬁltlg%gtyg aYlala%lLfaee%

means for calculating a valu

ing (x7"

and - (xars fop yalcylatangsa Yane cal’ mlba[tmwgpéﬂwsu eanyda vatuelyy

at | nd..a

dd 3 *d |
val uorsaitor el g ik ou 4 AR e £ SR
cal cuhbhyfRr aalmﬂhth@ akalué (Y * g maltipKiing xs€)andnble (MU §;

*Z)

and Xxoreans fopa#eulptang & uleelx a’t’i“ﬁdvyanwlaply@l%’wd

x4'

addlng

means for calculating a value X0 by addi ng x7" !

iy adee v;
' %grgs ?<?ca1c%1a E%Paﬁué %@ g%&h{%ﬁ%ﬁé‘ﬁ%ﬁ%@é’al e

or c ting a va

X3 bymadd fog cadlmlatm@zndah}(e? (x1 ”*g) byﬁﬂmiﬂpfymg xdal a:'mdlt]&t 'ilamjp 8

val ue X 4by addi ng xb ' ang
cal cuMgrRsHgr aa %lmg %alb?/xh é’l’b’ﬁ&d%é (xvng‘a%%}ld %94 0

”Eansnfe%s %ﬁkﬁé‘&léﬁﬁﬁgv%}g‘?’%" %d@ﬁﬁg%%d**?ﬂaﬁﬂdf ()E”* d -

xO'

are coeffi

means for cul at val ue X7 ddi ng
naamds foi’(Qalculat;mg/meale@ ns”k(byxnidmg (3% a@ds(pcs’)’(’[i,) XI
row Ve a, ol unm v

to
wher ef17#R1 OS(Earl%l at%?g g(%alyﬁ 1 arctféf)%‘fldléllrgéxlo utSJp%ﬂd (%ll s of
the t harss fF B&lcﬁﬁ‘t‘i’n A e416d J’J’o Qy'aCPd]iﬁ%OArS aldx,99/ 128, g =

113/ 128, d = and 'z = 1/2.
40. Tﬁ?@a@ﬁef@r @@Cldﬁtlllﬁ Eanriv@!é’; bm@h@gm tansl yBans for
usi ng ! i catyi he transform applies
Uhe DpRRRrRt Fle Rt b RS DhadibE et | AR PP

usi Ngmiuing foptile@dhtigna Gﬂuﬁpfybﬁh&fin@p&’rﬁkﬂ ons. 41. The
devi ce of claim40, wherein the neans for cal cul ating
a val DaEstor gylcwytinga valps 1 hyaddingwd #eval:ue e and

wher egn%t% &ﬂétn{goe{ VA 5(%?5&1({}9%& hean‘ﬂa')éfﬂe’ (xi*z) by

X1 an

e va ue z conpri se. or ca culatlng a

val uemtansioecatulatinga (Xde Xs hy adding x4 herainscs T 9rand
calcul atin fghcge val ue (Xi *z%y g(){dlrl ght - shi ft; ng X3 by

one pBEHES

1/2.

40.

culating a Value X7 ng Xo ~ and —x;

wherein xo, X1, X2, X3, Xa, X5, X, X7 are coefficients in a row vector or a column
vector,

wherein X1, X2, Xz, Xa, Xs, Xs, and X7 are output values of the transform; and

wherein o = 41/128, B =99/128, y=113/128, 6 = 719/4096 , ¢ = 1533/2048, and { =

The device of claim 39, wherein the means for using repeated applications of the

transform applies the transform to the matrix of coefficients without using multiplication

or division operations.

41.

The device of claim 40,

wherein the means for calculating a value (x;*€) by multiplying x; and the value ¢

and wherein the means for calculating the value (x;*() by x; and the value { comprise:

means for calculating a value y,, wherein y; = (x; >>9) — xy;



and neans for calculating the value (xi*e) by
subtracting J 1 from(y \ " 2); and wherein the neans

wo evosped7sul ati ng a val ue (x7 e) by mul tiplyi ngP&I7US20d7/072169
the value e and wherein the nmeans for cal culating the
val ue (x7 z) by X7 and the value z conprise: nmeans for
calculating a value J 1' , wherein J 1' =(x7 " 9) -

X7, means hihnCrdt eabdhiifiOtht REluY @t ¥ t(yﬂglﬁ)shmng : by one position;
right-shifting x7 by one position; and neans

calcuW@tlng the value (x7 e) by subtractlng J 1' from

(J 1 " and. wherein t a r c | ati ]
val ue ( XI tneau}s f8r cq ﬁfltmrﬁ tli]le ﬁ/a g, 1*%2%(;1 %“% ra?l/J[ nlgd/é {"Ya >>2); and
wher ewneﬁehethmwaﬁs foo rcal@ﬁﬂaﬁﬂé atvalral (5,1 Byahuligipykhg x; @l the value ¢
by xi" and the value z conpri means for cal cul ating

and whereinthg means fgk s¢leplating the V(llug (7O x7 and the yadug{scomprise:

for calcul ﬁltehﬁkgf& E‘aﬁcﬁ’l@ﬂl (z&ihé'* Z)hd 3}ul a{xé@@)t 109

xi " by one position; eans for carl

val ue (xi " tneeys floy ceﬂuﬁﬁmn‘;g:ﬂlb Rglud (x-f€)dm right khlﬁln@% byasi position;
wherei n the neans for calculating a value (x7" e) by

nultiﬁybing x7" and the value e and wherein the neans

for cal cul gfh oot B&ﬁcﬁ’l@ﬂlﬁ%eth(: Xdlue T ?%Qgﬁ)trg&g%t)hefrgﬁl(yle >>2);

z conpri se: means for ca cu ating a val ue
wherein J aid' = (x7" " - X7" ; nmeans for

| cul at th X7 i ght.-shi f X7
one pBrEiEH: RGN, gﬁ‘&ulﬁmg b il e g malped st he value
€ hndP¥Wh&ieh thaedcaRPfod cdiculatind Bvathekx, ”*C) by}, ARl thd P&lue ¢ comprise:
devi ce of claim40, wherein the neans for calculatlng

a val ue (xBweg)s ﬂ@ycmllllﬁfllltg Equdge)@ mr@any1a1uéxlg “and) —x1’;
wherein the B

gulating..a.v og by
mul tiplyi ng af§n8a1%ulat1 ¢ aalélg:q_d g) by rrléht ﬁﬁ?f%m x1 2 by one
cal cup@itisig aad val ue J , mhereln (x3 " 3) - (x3 "
7), neans for calculating a val ue 3, wherein J 3= .,
2 - (x3 " mgyss for calculating the value (x1 *s) by subtracting y; frorn o’ >>2);
and
wherein the means for calculating a value (x7°"*¢) by multiplying x7°” and the value
¢ and wherein the means for calculating the value (x7”°*{) by x7’” and the value { comprise:
means for calculating a value y,””’, wherein v1””” = (x77” >>9) — x7"";
means for calculating the value (x;°”*{) by right-shifting x;’” by one
position; and
means for calculating the value (x7°’*¢) by subtracting y;””’ from (y,””” >>

2).

42. The device of claim 40,
wherein the means for calculating a value (x3*y) by multiplying x3 and a value y
and wherein the means for calculating a value (x3*9) by multiplying x3 and a value o
comprise:
means for calculating a value y,, wherein y, = (x3 >> 3) - (x3 >>7);
means for calculating a value ys, wherein y3 = y; - (x3>> 11);
means for calculating the value (x3*d) =y, + (y3 >> 1); and

means for calculating the value (x;*y) by subtracting y, from x;; and
g Y) by



means for calculating the value (x3*d) =J 2 + (J3 "

1); and neans for calculating the value (x3 g) by
waadsnesssing J 2 fronki; andwherein the neans POF/US2007/072169

calculating a value (xs*d) by multiplying X5 and the

val ue d and wherein the neans 4or cal culating a val ue

(xs*g) by multiplying X5 and the value g conprise:

rreanswherreu%% etladd fol gal@umahglsvm%e (rs* Y BLK }szng g 4n¥3he value &

3) (x5 7); means for cal culating’a vap

mwbq:rnnyhe meaiidor calgylatingarigug Gqs*wdéﬂyaumlaplym Xs hu;d the value y

val ue (xs*d) by adding y2' and ( 3 " 1); and neans

fom@n“ﬁculatlng the val ue (xs*g) by subtracting

fromxy; anghewhiefoetdlcilbend®eadiae §or whatmuh,at i(ng->a3 \vakie> 7);

(x3" g) by miltiplying x3" and a val ue g and wherein

the means mMepnsofar edlpulptinge wlyayuevpergn ysgy vpy (xs>> 11);

mul tiplyin G I ) .

cal cul ati el oy euasifh I8 vific  BITBY b3Ghs IR 05> 1):and

(xa" " 7) nﬁf&r&m&r tadculatadectht abiun @esdiy Mal uubtrd8ing )whﬁomixﬁ, and

J 3" - faor calcul a | the v 1"
*d) +Wéeremf)he naq%as ﬁaﬁgnlﬁe}lg & Xplug K)@E i Efbgbyt Raltiphyi %xs% )><@ld a value y

a&@ wHé’reﬁHQé FRGh 139 cﬁculﬁﬁﬁg‘('a 291'1'16 Sx;amgb Fl%:pgr_lﬁgb%’ THASvalue §

for cal cul atlng a val ue
eordptifee val ue and mhereln t he neans for cal cul ating

| d th 1, .\
3oﬁ§‘rfj§e(xs JOf%%l%ﬁ%%i%l}l%& Wy o7 40 el (17> 7
y2' " (Xﬁleans 131 calcmét%g a vallié y;rmmreﬁ@ﬁg cayg ul @J;v B8 13);

val ue y3'", wherein y3 (X 11); neans
calculatlnQWWM@bVQH@émwxyheVﬂweﬁy”ﬁahrﬂg ¢2y3“>addf@d

3" " 1) al cu tu@ the a ve (xs' g

oy subt racEeny oency s G el rRD RLGREEAR &) Troph and

40, whaeRimtht Iﬂ&aﬁ@ﬂm %aIE@lfatlﬁglh wllua +s n’g 5 Wm\iﬂip%&ng x52 @n)d the value

by multiplying x2 by a val ue a ,wherein the

p 3rd wAPElN BeinRgng fos colgplating & zal@y (35 *vﬁm mpltgpulm@g %ﬁ wi the value y

&ﬂﬁlwglue b conprise: neans for calculatlng a value 1,
ereitny =x2 + (x2 " 5); nmeans for calculating a

val ue 2, wheam for ycwyting & v&ue y,’”’, wherein y,’”” = (x5”” >> 3) - (x5 >>7);,

means for calculating a value y3’”’, wherein y3””” = ;""" - (x5 >> 11);
means for calculating the value (xs’’*8) by adding y2’”” and (v3’”” >> 1);
and

means for calculating the value (xs>’*y) by subtracting y,””’ from xs’’.

43, The device of claim 40,

wherein the means for calculating the value (x;*a) by multiplying x, by a value a
and wherein the means for calculating the value (x,*) by multiplying x, by the value 8
comprise:

means for calculating a value y,, wherein y;” = x; + (x2 >> 5);

means for calculating a value y,, wherein y, =y, >> 2;

means for calculating the value (x;*a) by adding v, and (x, >> 4); and

means for calculating the value (x,*P) by subtracting y, from y;; and



means for calculating the value (x2*a) by adding y and

(x2 " 4); and neans for calculating the val ue (x2*hb)
whyoosobi7sacting y from 1; andwherei n t he nmeansp€DUS2007/072169

calculating the value (x6*a) by nultiplying x by a

val ue a and wherein the nmeans fpr cal culating the

value (x b) by nmultiplying x by the value b conprise:

nmeanswhetitdk %&laﬁi fon ga@ul‘éﬁﬁg‘ﬁlejvalue oeﬁa; By fhultlplyl W% & by 4 value
+(x6 " 5); neans for calculating a val ue

anwherginithe means fop arlsulpiong halvelue £t Apbit meltxp@rlugxc(b@ tkl)e Value p
q%nqulng J 2" and (x " 4); and neans for cal cul ating
Var ue (x2 b) by subtracting J 2° fromJ 1' ; and
wher emgahdfor bEaHIStALOL valad g0 wlidreig y& val ue, 6X3); ) by
mul tiplying x2" by a value a and wherein the neans for
cal cuMsenngr salGelpiieg ¢ xadue yH)whgreipn t T pi' yPg x2" by a
val ue % ne J
| Merrxgaﬁo@l?’l’fh&ﬁén@@@ 11%%,, &gt}ﬂﬂd?%ysz ?& 4abueyJa b
cal cuhehnfgr aalvehtires the 27 lug (WHRY Iy smbﬂraéhnga;z\] fréhm y"l’, and
means for ca lCU|at§ﬁ t he value (%27,.*a g,y
2" an@hesesr the mepns s qalqlatas # gplug Arc ebby ngtt n%ﬂ uy a value a
o J *
B O VUL O e R ARELST By vlue
perhpiiggbyi ng x " by a value a and mhereln the neans for

calcul atin val ue " *h) mul tj pl yj X" a
val e RO B e rio) B ar TRy ACvaITe ) 1
", WhRA® far daldulatinga iiéﬁue #’ { ¥vherein )7 = 5}}3&195 2f or

cal cul ating a val ue J wherein J 2" ' J i '

2, IrlreawgnSf ff@?ﬂ@'fmga@ﬁ wglut: e e b,neactdt@yza) anwx 1de de dnd
val uel g O gyleysfig B S TEAC 5P SRAGHYR "B gy

The deveet t<hf3 nidadd fﬁr391cuwtiﬁg @lvﬁ]lub e’ va) bbeﬁlulﬁplyliig Xg'XBy a value o
,, X4, X5 Xi, X1' X5
an%herem)d;e means)@-r calcg@tlng a Vé){ge (x6”’ *B@y-multlgkymg x6 oy a value

se X7, X" X3 ot X5ttt X7t (X2* a)

%ﬁ% B) (x2*b), (x6*a), (x7" *e), (x7" *z), (x3"
g) fredils fodyalcflataig & dlue (XB,' whgin 1 X1 # X6°Z) (xedrre> §X1"

*e) are represented using fjxed-poinf, nunbers_that

i ncl ubhEas 19 £4° qﬁtntaqaevqlﬁw ss\é{ﬁifsantyzonsyg? Thé

{1 xedmRahor BHERERR: hd 3T NG dEYDRichke 0F Sl i - 4): and

wherein P is equal € device of cl a|n13
wher eimganshfer ddwvile@engtbaprius € I8 ps subtiactierel Vitog a ™’
medi a

44, The device of claim 39, wherein the values xo, x1, X2, X3, X4, X5, X6, X7, X0', X175 X2 ,
X37, X847, X5, X6, X7, X0, X1, X2, x37, x40, X5, Xe L, X7, x10 x3 0, x5, x70, (xz*(l),
(x6*B), (x2*P), (x6™ ), (x777%8), (x777*0), (x377*y), (x377*), (x577*8), (x5”"*Y), (x1”"*C), and
(x17"*¢) are represented using fixed-point numbers that include P bits in the mantissa

portions of the fixed-point numbers.
45.  The device of claim 44, wherein P is equal to 10.

46.  The device of claim 34, wherein the device comprises means for receiving a media

file that includes data from which the matrix of encoded coefficients is derived.



file that includes data fromwhich the matrix of
encoded coefficients is derived.47. The device of
w@b@snv347 wherein the device conprises neans POF/US2007/072169
addi ng a m dpoint bias termto a DC coefficient,
wherein the mdpoint bias termgs equal to 2 to the
power of 12. 48. The device of claim 34, wherein the
gevi cend BELREST GARPIA, $8R1ciiTRRNR VIO Eoﬂhbﬁggs méaﬁb fdriad@ing a midpoint
each coefficient in the matrix of transforned
bigetarindp @2 cosffitient ndercipdsimidpeist bias gemes equal @ 2 to the power of
trix of pixel conmponent val ues; and neans for
constructing the block of pixels by incorporating
pixel conponent values in the matrix of pixe
nponent values into pixels in the block of pixels.

ﬂ@ Thbe dexieeet daimcidaimiesan thgleyise furthes coRPTIYES: f urt her
conpr Jﬂ]%glgsev P gﬁt- Cllng ie%&%(%?éhf}ﬁet{t hr?th% aqﬁx 8? trQﬁs;f(gJPl%d coefficients

50. T erein the means
by dliiteyy eotiodet goefdd £matitxsofyiadl esmpbecne nelace dnd

coeff|C|en s Wt hout [tiplication qr djvjsion
oper ATFERSOT sqnsﬂkcte&%gai?&ckp YA I IHRRIPRIAA BBRISF Snigent valucs
L b xel%?@sogégﬁ Q/Hfu%&ﬁt(h?lxbﬁ%ﬁ EHéOJlbcqa?f s€ a

progranmmabl'e pro scal e each coefficient in

an 8x8 matrix of encoded coefficients by one of a

factor, A, a f ar factor, C factor

1Tttt G B athersh detien Rkt kS haaies fugul Ffisplaying
&e%%ﬂ%ﬂfﬁ&dﬁ order to produce a matrix of scal ed
coefficients, wherein A = 1024, B = 1138, C = 1730, D

= 1609, E = 1264, F = 1922, G = 1788, H = 2923, 7 =
18, S ated a ations
% 3 Tﬁe gewce of2 ?auaq 304f'ln gv%gren? ﬁle mean P(? rsga‘fhr*goenﬁ,]o?e? coefficients scales

i'xed- por nt sCal I 'frensi ona

theansdded ot iR omet witkou® Lisia g aluttibvaedd bicdieRion dpbtadioas.
matri x of transforned coefficients, right-shift

transforned coefficients in the matrix of transforned

§pef f i\l %er It %&BQ%e&l&n%&g}%@{ggnd%Eﬁé@é QbR dTkfthe

coeff|C|e erein each a icient 1n the
nnﬁnMXmsbm&dpqsbgdmngbkﬁnousmﬁSOapprOX|nates a

cor r espondi val ue in trix hat ul d

be pr ﬂ%g}ef?ﬁﬁpwﬁﬁa&é Yl ¢ FREAT Ghta Py one of a factor 4,
h BMESSE 2 FhG6F €1 £1:6R5 D)8 fhdt&NB,; faoﬁa%f Fl l nggt&r d,9 fﬁé’[@r H. a factor [, or
matri x of encoded coefficients; andoutput si'gnals that

e fact@ Jan drdsp kagrodnde a matrdi o] pbaalyd eocfBuignthl ock: of

0! Sy MEL! AR ALl s PRk ST BB 1 - 17,
gpebdixiyent7 g nldhye= pedg:i x of adj usted coefficients.

use repeated applications a fixed-point scaled one-dimensional transform to
transform the matrix of scaled coefficients into a matrix of transformed coefficients,

right-shift transformed coefficients in the matrix of transformed coefficients in
order to produce a matrix of adjusted coefficients;

wherein each adjusted coefficient in the matrix of adjusted coefficients
approximates a corresponding value in a matrix of values that would be produced by
applying an ideal two-dimensional inverse discrete cosine transform (“IDCT”) to the

matrix of encoded coefficients; and



52. The conputer-readabl e medi um of claim51, wherein
the instructions cause the progranmmabl e processor to

wo epsabdt y apply the fixed-point scal ed PCT/US2007/072169
one-di nensi onal transform by causing the programrabl e
processor to: apply the transfpymto each row vector
of the matrix of scaled coefficients to produce a

mat i uidht glg}{amﬁﬁtddaaﬁeea &RshY kit eNd; §[?lay3919%3{8 bIdEK of pixels, wherein
transformto each columm vector of the matrix of

ﬁmhemxrém tedlabahiwlsentludeo predwowoactarhicbagdd on an adjusted
gﬁﬁfﬁﬂ dl%%%&fl%henga Q%, Tge conput er - r eadabl e
U of °t a|n1§T Wit &P fﬁe i nstructions that
cause the progranmabl e processor to output signals
t hat cause the dlsplay unit to display the 8x8 bl ock
6% pi Xb¢ sorppfgiercadiblpmedivanelehtien P setddb thetipstaigipif cause the
[
O%E%rgi?ﬁlg ?foc §s8§{s% Jeg té%f 03? Q}éﬁ% ﬂ%rﬁ}zefirpg)ﬁrgt S?zﬁled?gné glﬁbeﬁél%nal
ﬁaﬂﬁ@mtbycﬁﬁngfh@pﬁ@ﬂmmhﬂﬂepﬁﬂd@bfELnEdIun10f cl ai m
51, wherei.n the_instructions that cause the .
pr ogr ARkHICgIS0ERLe il TBWOXRCISY ot degrairiy 0? pealedecogfisients to
fé Raudl $Rha% dfﬂin&erhggmesdyeﬁyméd%@ 8x8 bl ock of pixels
ause the programmbl rocessor to output signals
t hat ey éhetthrmsbinmpd a&chmulumm vedosyd] thy miatrex @xBtebhabikte coefficients

BB ST B e o o 51 uner i n ¢ he

i nstructions that cause the processor to scale the
coefficients in the matrix of coefficients cause the

é$ ocesboromputesisadablamedaft ¢fcilaip S lawhgesin theohst{ugtl@l}s that cause the
grograrnmab% gﬁclesﬁsnc rg])touggu 61@%211[ %fla% C'El%se%f %1]51()31?}1] gmt[gt) (Iilspla\é he 8x8
Block dEpixen eﬁﬁse&h@@ﬂogralwnaM@plfo@emf toBjutfie 81g@ald that cause the display
coefficient at position [0,2] of the matrix of encoded

Bt dighlanthe 853 blask of ke ascpartsOé aIvadeg frames i cyiden segpence.
position [0,3] of the matrix of encoded coefficients

by the factor D;scale a coefficient at position [0, 4]

64. t heheradmputeefeaddtdomedivanef daim £y tvxéhemi‘n theandtactions #at cause the

scale a coefficient at p05| ion [0,5 the matrix of
BiReGRE" H BFPEPEM By SR Il tcgwseé& dinlg gt 0 display the 8x8

56k bF fixBRLak tﬂ@ﬁﬂo%fa%iﬁe BlocBdsot R UIRI KighaRth £RERASE display

coefficirents
unit to display the 8x8 block of pixels as part of a still image.

55. The computer-readable medium of claim 51, wherein the instructions that cause the
processor to scale the coefficients in the matrix of coefficients cause the processor to:

scale a coefficient at position [0,0] of the matrix of encoded coefficients by the
factor 4,

scale a coefficient at position [0,1] of the matrix of encoded coefficients by the
factor B,

scale a coefficient at position [0,2] of the matrix of encoded coefficients by the
factor C;

scale a coefficient at position [0,3] of the matrix of encoded coefficients by the

factor D,



factor C, scale a coefficient at position [0,7] of the
matri x of encoded coefficients by the factor B; scale
wW@2@8m0675Ti ent at position [1,0] of the matri XPOf/US2007/072169
encoded coefficients by the factor B; scale a

coefficient at position [1,1] of the matrix of encoded
coefficients by the factor E, scale a coefficient at

posi t {4 doctlicieit at Bssm{ o, 49 Afhensedest aarkl 'cGéf%@feﬁts by the
by the factor F, scale a coefficient at position [1, 3]

tictaride mat ri x of encoded coefficients by the factor G

coobe BRGNS ool TR A e Bl g TRy e
eRefrfp;ci ent at position [1,5] of the matrix of encoded
coeff|C|ents by the factor G scale a coefficient at
posi t P § qoohfiCient af pesitien 10,64 ob theamalsiered caended ice¢f@igicyts by the
E%t f-he factor F, scale a coefficient at position [1,7]

The matrix of encoded coefficients by the factor E
scal esalcoafdiidesnt paditigo, 1]iodithd Rabix adfentdied ratfficknsfby the
g@coded coefficients by the factor C, scale a

Bicient at position [2,1] of the matrix of encoded

coef f s&n@@&&f@éﬁeﬁtfa@ﬁsﬁﬁélp[l FTorficahsd FeREdde 'cs&*ﬁcféhts by the

position |2, matri X of encoded coefficient

ﬁyuﬂﬁh factor H, scale a coefficient at p03|t|on [2 3]

of of encoded coeff.icients hy

scal S iR tranpoa o, Gofara ot bptati RaiFiepts by the
g&uﬁqpoded coefficients by the factor C scale a

coefficient at position [2,5] of the matrix of encoded
coef f bagleneastigicntisg position [1,2] of the matrix of encoded coefficients by the

factor F;

scale a coefficient at position [1,3] of the matrix of encoded coefficients by the
factor G;

scale a coefficient at position [1,4] of the matrix of encoded coefficients by the
factor B,

scale a coefficient at position [1,5] of the matrix of encoded coefficients by the
factor G;

scale a coefficient at position [1,6] of the matrix of encoded coefficients by the
factor F;

scale a coefficient at position [1,7] of the matrix of encoded coefficients by the
factor E;

scale a coefficient at position [2,0] of the matrix of encoded coefficients by the
factor C;

scale a coefficient at position [2,1] of the matrix of encoded coefficients by the
factor F;

scale a coefficient at position [2,2] of the matrix of encoded coefficients by the
factor H,

scale a coefficient at position [2,3] of the matrix of encoded coefficients by the

factor 7,



factor / ; scale a coefficient at position [2,6] of

the matri x of encoded coefficients by the factor H
wa@ecaBoozstoef ficient at position [2,7] of the Pel/DB2000672169

encoded coefficients by the factor F;, scale a

coefficient at position [3,0] pf the matrix of encoded

coefficients by the factor D; scale a coefficient at

posi t {4 &cHlicieft at Bssm{ 1, 49 AFhheneedesdt AaRfl ic6é fEiblests by the
by the factor G scale a coefficient at position [3, 2]

tictare matri x of encoded coefficients by the factor /
’o f Sgﬁ% ca 062 dgogegtg?l?llﬁcai? %19 orb@O | tf Itl?enm%tnxsdj encodtgglcg olehfS by the
eRefrf7j cient at position [3, 4] of the matrix of encoded

coeff|C|ents by the factor D; scale a coefficient at
posi t Pt § BCIeNt af ResiteR 1264 ofthemasaed caensed costdgicats by the
F%K% factor J ; scale a coefficient at position

, ‘of the matrix of encoded coefficients by the
f act oscale 4 caxtfdientat padfidr [, Anitf tlat mpwisi dficocoded cddffiofents by the
g@e matrix of encoded coefficients by the factor G

ird-a coefficient at position [4,0] of the matrix of

encoded) COSSIiGERNE ?oﬁﬂoﬁ Be()]]fo@ ¢ Phattix FCRERICR coefﬁmentsclj:)y the

coefficient at position the matrix of encode
toefrf);ci ents by the factor B; scale a coefficient at

bo°t hise posT it B Bolrof e BT Al cpagkticiTEiby the

alctdrite matri x of encoded coefficients by the factor D
scal e a coefficient at position [4,4] of the matrix of
encodexd!coedefiieprrt goion Be2] of the matrix of encoded coefficients by the

factor 7,

scale a coefficient at position [3,3] of the matrix of encoded coefficients by the
factor J;

scale a coefficient at position [3,4] of the matrix of encoded coefficients by the
factor D,

scale a coefficient at position [3,5] of the matrix of encoded coefficients by the
factor J;

scale a coefficient at position [3,6] of the matrix of encoded coefficients by the
factor 7,

scale a coefficient at position [3,7] of the matrix of encoded coefficients by the
factor G;

scale a coefficient at position [4,0] of the matrix of encoded coefficients by the
factor 4,

scale a coefficient at position [4,1] of the matrix of encoded coefficients by the
factor B,

scale a coefficient at position [4,2] of the matrix of encoded coefficients by the
factor C;

scale a coefficient at position [4,3] of the matrix of encoded coefficients by the

factor D,



factor 4; scale a coefficient at position [4,5] of the
matri x of encoded coefficients by the factor D, scale

W@ 2@8m075Ti ent at position [4,6] of the matri XPOf/US2007/072169
encoded coefficients by the factor C, scale a

coefficient at position [4,7] of the matrix of encoded
coefficients by the factor B; scale a coefficient at

posi t y Qi 4 &oPicift at Bssm{ 14, 49 Fhheneedesdt ARkl ic6éfEiblests by the
by the factor D, scale a coefficient at position [5,1]

tictaride mat ri x of encoded coefficients by the factor G
ncocddCORHrERE ePBTRL A Byt O opita TBlietnloy the
eRefrfp;ci ent at position [5,3] of the natrlx of encoded
coeff|C|ents by the factor J ; scale a coefficient at
posi t PG @eﬂ]”m@tft af pesifien 146l ob theamalsiered caended ice¢f@gieyts by the
E%t f-he factor D, scale a coefficient at position [5, 5]

The matrix of encoded coefficients by the factor J
;  Scabml®a coéfidicittiag pdsiddn PIoE)idfitlenmpbix@if cofodecl @odfitichis by the
g% encoded coefficients by the factor / ; scale a

>cient at position [5,7] of the matrix of encoded

coef f s&n@@&&f@éﬁeﬁtfa@ﬁsﬁﬁélp[s Foricahsid FeREdde 'cs&*ﬁcféhts by the

position |6, e matrix of encoded coefficient
btarie factor C, scale a coefficient at position [6,1]
of encoded

ccal o oL TOPAL PRHbEr OB Ba: SEn B sa Frignihy the
aReReed coefficients by the factor H

scale a coefficient at position [5,2] of the matrix of encoded coefficients by the
factor 7,

scale a coefficient at position [5,3] of the matrix of encoded coefficients by the
factor J;

scale a coefficient at position [5,4] of the matrix of encoded coefficients by the
factor D,

scale a coefficient at position [5,5] of the matrix of encoded coefficients by the
factor J;

scale a coefficient at position [5,6] of the matrix of encoded coefficients by the
factor 7,

scale a coefficient at position [5,7] of the matrix of encoded coefficients by the
factor G;

scale a coefficient at position [6,0] of the matrix of encoded coefficients by the
factor C;

scale a coefficient at position [6,1] of the matrix of encoded coefficients by the
factor F;

scale a coefficient at position [6,2] of the matrix of encoded coefficients by the
factor H,

scale a coefficient at position [6,3] of the matrix of encoded coefficients by the

factor 7,



scale a coefficient at position [6,3] of the matrix of

encoded coefficients by the factor / ;scale a
w@o®BlITFENt at position [6,4] of the matrix oPCEOSWATE2169

coefficients by the factor C, scale a coefficient at

position [6,5] of the matrix ofg encoded coefficients

by the factor / ; scale a coefficient at position

[ 6, 6] s@fc 4 b thabd X pSditien@ARH 1160 hix UrRRE el Yol iBicnts by the
factor H scale a coefficient at position [6,7] of the

feetaricy of encoded coefficients by the factor F; scale
e LT BO T Bhy o TR Blnciens by e
eRefrf7j cient at position [7,1] of the matrix of encoded
coefficients by the factor E, scale a coefficient at
posi t P § eHiiCignt af pesitien 16,6 obthenalisiered caended ice¢f@gicyts by the
E%uﬁ factor F, scale a coefficient at position [7, 3]
of thé matrix of encoded coefficients by the factor G
scal esalcoafdiidesnt paditigo, 1]iodthd Matix adfentdied ratfficknsfby the
ggcoded coefficients by the factor B; scale a

EF#}cient at position [7,5] of the matrix of encoded
coel FLENENLs oA e pbabliPlr Forsiahtind FRLIdogcaNTicRhts by the

C
position [7,6] of riX of encoded coeffticlen
bytarie factor F, and to scale a coefficient at

positio 7, .of the.mtrli f. encoded coefficients

byt hislt fasf it gb BOSHE Dot P G adsn e apeTrsRs by the
fdc®rm; 55, wherein the instructions that cause the
processor to apply the transformto either a row

vect opcabra epeiadiontrat pesttien [7cHod éha matrigrad cbesisd coefficients by the
ﬁ%kggyate a value X0' by addi ng x0 andX4;

scale a coefficient at position [7,3] of the matrix of encoded coefficients by the
factor G;

scale a coefficient at position [7,4] of the matrix of encoded coefficients by the
factor B,

scale a coefficient at position [7,5] of the matrix of encoded coefficients by the
factor G;

scale a coefficient at position [7,6] of the matrix of encoded coefficients by the
factor F; and to

scale a coefficient at position [7,7] of the matrix of encoded coefficients by the

factor E.

56. The computer-readable medium of claim 55, wherein the instructions that cause the
processor to apply the transform to either a row vector or a column vector cause the
processor to:

calculate a value x,” by adding x, and x4;

calculate a value x4’ by adding xy and —xs;

calculate a value (x;*a) by multiplying x, by a value «;

calculate a value (xs*f) by multiplying xs by a value B;

calculate a value (x,*B) by multiplying x, by the value f3;



calculate a value X' by adding x o and -X4; cal cul ate
a value (x2 a) by multiplying x2 by a val ue ga;

w@adosbase a value (x b) by nmultiplying xbby aPeRUS®ODY72169
calculate a value (x2 b) by multiplying x2 by the
val ue b;calculate a value (x6 g9 by nmultiplying x by a
value a; calculate a value X' by adding (x2*a) and

- (X *BlculRlaGlRt(§,+d) ¥ hﬁﬁ%yfnégyggg%me (xéXG*a) and

(x2*b); calculate a val ue i ng x0" andX6'

cal cufaewatg awaluge: Yoy adsingadeliongng 4Ccs™ydX2' ; cal cul ate
a valu " by,addin 'and .- X2' ,.c¢alculate a val ue
X " b)c/ﬁ%‘g%tieﬁg%%}lg%a da(i(dﬁgg 866;“)@%%&@*%)% a value 7' by
addi ngaldulaed value sy, ©3laddingts’ sdugl;ue X1' by adding X1
and X; calculate a value x3' by multiplying x3 and
squar ealeyae agrluowe’’ byaddiRar eand xal ue x5' by

mul ti [ » r.oof s0f -two; calculate a
vaIuea§§hg%§&§g%?%g%g%ﬁa§ﬁé& d:Q%hlculate a val ue X3"
by addilagatXh'vahireds> %3 addingal’canldateg’; a val ue X " by
adding x7' and -X5'  ; calculate a value X1" by adding
x3' aﬁﬂ%ﬂate;a"@g’red‘@ll%?t%‘{:dén%laﬂg_(%r e) by multiplying
X7" apfoRatéal \Mfics” GG A &g 2l ue (x7" z) by

mul tiplying x7" and "a value z; cal culate a val ue (x3"
*g) byalenlhteiaplalieng’ kdthultipllying vedndesqgarecadtaditave a

I "xd) . b I tiplyi. 3" d | d;
V2 o etg Sl T R A s Fa B0 dng ¢ he
val Uecﬂéulgt@la%l@tx‘?”%y‘é@ﬂiﬁg xg’xan"dxg’g) by multiplying x5"

and t he val ue ?; calcul ate a valug (X1" *z) by
mul t i palgulatg axpfucand bykddinglyeand.—xgal cul ate a val ue

(xi"* by mul tiplying.X1l" and the value e; calculate
a val 8@23@% a'VaL“f"gd Y RgaingF an%*é“j rand - (X1' ' *z);

cal cutdtdatd avalueer; Xy addidy xqdgidng’; (x3" g) and -(x "
d); calculate a value X5" ' by adding (x5 ' *g) and
(x3" ee&gl’llate a value (x7’’*¢) by multiplying x7”* and a value €;
calculate a value (x;”’*{) by multiplying x;’” and a value {;
calculate a value (x3”’*y) by multiplying x3’’ and a value vy;
calculate a value (x3”’*96) by multiplying x3”” and a value 9;
calculate a value (xs’’*0) by multiplying xs>” and the value 0;
calculate a value (xs”’*y) by multiplying xs’’ and the value v;
calculate a value (x;”’*() by multiplying x;’” and the value ;
calculate a value (x;”"*¢) by multiplying x;”” and the value ¢;
calculate a value x7°” by adding (x7""*¢) and -(x,””*{);
calculate a value x3””” by adding (x5’ *y) and -(xs5’"*9);
calculate a value xs5”* by adding (xs>”*y) and (x3’’*9d);
calculate a value x;””’ by adding (x;”"*¢) and (x7’"*{);
calculate a value X, by adding x7°”” and x¢’’;
calculate a value X; by adding x,’” and x5”’;
calculate a value X; by adding x,’” and x3”"’;
calculate a value X3 by adding x¢’” and x7”°’;
calculate a value X; by adding xs”” and —x;’"’;

calculate a value X5 by adding x,”” and —x3"’;



calculate a value X1' " by adding (xi"* e) and (x7"
*z); calculate a value Xo by adding x7" ' and X o
weadsbase a value Xi by adding x4' ' and X5 Ppel/vsioat/er2169

a value 2 by adding x2' ' and X3' calculate a value 3
by adding x ' ' andX7' cal cul ajje a val ue X4 by addi ng
x ' " and -X1' calculate a value X by adding x2' ' and

- X3' Cédlgah@taevaﬁlemlweadaﬁlg%"@qg’L dg”4and tand - 5" '

and to calculate a val ue X7 by adding x0" ' and -X1" °
. whetdiwatg @, velueXHy, addings’ ﬂnd—xﬂ are coeff|C|ents in
a rOM/%ector or a_colum ve

2/ %nyco, xlaﬁ?d%”f“’ écls é%,o)mar%%d m%ntgl %rotv%%ector or a column
b&@mﬁforn1 wherein a= 41/128, b = 99/128, g = 113/128,
d = 719/4096 , e = 1533/2048, and z = 1/2. 57. The
conpubBpreiediddbi &, Hedisud, 8pd & alierausBit valyey of the fraesform;

| NSUTRELLANG -CANeR gh%?fz%c £2308/138 8@9919’/46%‘3 5= 1533/2048, and { =

trans y causi hg t'he cessor 'to ap

iRansformto coefficients in one of the rom1vectors or
one of the colum vectors wi thout using nultiplication
or division operations. 58. The conputer-readabl e

gRdi U @‘h@g%rﬁfn?téméaablé"ﬁﬁﬂﬁhf‘oft éqeﬁnd 463 WiHdRG A %ﬁn&ﬁfdﬁ?nst Qise the

progr amabl rocessor to calculaté a val ue
pmlct:ssplt i alpglyxlhe agsfoimeby adusmgethaprd) cedser ©i apptyh‘.he transforrn to
r.ucti.ons cause the rocessor
OGS o PRSI G 1SS PP B B bR S S B G e
ﬁ@uﬁjlf@gtl(tm dIiSBh JFBRALEs. Pr ocessor t o: cal culate a
value 1, wherein J 1=(X1 " 9) - X1; calculate the

val ue (xi*z) by rlght shifting x3 by one position; and

glcu&g;elﬁg pﬁmgﬁh eﬂ%%} CQtls,ubg,{actlng 1 from(J 1

i'ons ’cause the

pr ogr avRi the Ms0OESSEBRIcal R thabfdtatiatile YA of to/cabulddy a value
nuLtlpIy|ng X7 and t he value e and wherein the
(i &Py epylEplyingan g8 ffﬁ:e aﬂrﬁ‘ofg%néinﬁ%@e thy peteuciops ease the

gl%ll%%ﬁlnﬂ&‘tﬂ% g{‘beceé’s@{ Haldhfat& ?heb%h?g(x @fbo} J?lean\d%é@alﬁe @ ¥y causing the

atsing t progranna e processor
programmable processor to:

calculate a value y;, wherein y; = (x; >> 9) — x;
calculate the value (x;*() by right-shifting x3 by one position; and
calculate the value (x;*¢) by subtracting y; from (y; >> 2); and
wherein the instructions cause the programmable processor to calculate a value
(x7*¢) by multiplying x7 and the value € and wherein the instructions cause the
programmable processor to calculate the value (x7*() by x7 and the value { by causing the
programmable processor to:
calculate a value y,’, wherein y;” = (x7 >> 9) — x7;
calculate the value (x7*() by right-shifting x7 by one position; and
calculate the value (x7*¢) by subtracting y;” from (y;” >> 2); and
wherein the instructions cause the programmable processor to calculate a value
(x17"*¢) by multiplying x,”” and the value ¢ and wherein the instructions cause the
programmable processor to calculate the value (x;””*{) by x,”” and the value by causing
the programmable processor to:

calculate a value y;”’, wherein y;”” = (x;”” >>9) — x,"’;



calculate a value J 1' |, wherein J 1' = (x7 " 9) - X7;
calcul ate the value (x7*z) by right-shifting x7 by one
w@emsin] and cal cul ate the value (x7*e) by PCT/US2007/072169
subtracting J 1' from(J 1' " 2); and wherein the
Instructions cause the programmbl e processor to
calculate a value (X1" *e) by multiplying X1' ' and

the val ue @al@tﬂ@'te\ﬁﬁbe&ﬁué‘gxﬁ ) rbg}siglhugﬁlftﬁfg%qow%e;%hﬁmn and
progranmmabl e processor to cal culate the val e 7)

by X1" andcaleidatgsgharelye @y”’ﬁa@msn@tracheg pr o@rpmrﬁlrabPé 2) and
processor .t o: %upulate a K bl wher ei p 1 1 1
(X1" W ﬁseln S:dn.s gtl(?ng SRR t ¢ P]rog{/arﬁ]ma % pﬁ_opegsgg Ob%? culaté a value
(i, 9hg)- ﬁltlp@g@w’ A0y tRealRoOs hitd Wﬁereﬁlﬁﬁe fatrGetons @alisB €he
value (X1" *e) by subtracting 1" from ! 2);

earaERallp aracasser pctal e thgyabict(ye *6) bﬂgif netlohe value be causing

%%?8@3851&%6&8 %&Hr%e a value (x " *e) by nultiplying

and wherein the instructions
cause the pﬂagmammahb@qbr®ﬂ&&amyfte:@areuuapanfhe

val ue (x7" *z) by X7" a val u by gausing the
progr ammeaéC‘H?tSélées%‘t‘e LQ%W ?Ié%“élg\i(él (py oxe pesition; and

wherein J 3alculate tl(eﬁyaluc (x?’)*sg bggubtracﬁﬁ 91”" ‘ﬁr(ﬁnt(yhe ¥§|2‘§e

(x7" z) by rig Ttin one position; and
cal cul ate the value (x7" *e) by subtractlng J1r v

5 o Be Compupshtaiomedut SoTRE & oag  the Mo UM of

progr 3ERE Be RPis@eeSSRcaliR théhfdtMBaile YRIHGof Talulddy a value
mul ti plying x3 and a val ue and wherein the

(m?ut)r’cnrdnml@nlsmtgau gadahelug rvoag arhesin éhegrlm@ﬁg@& cauee the

ul at.e a val in X and a,
e B R e e R O
BaudlgURe }Jro,gratfdi’tﬁﬂﬂé protedortol X3 " 3) - ( X3 "),
calculate a value J 3, wherein J = (x3 " 11);

cal cul ate Pﬂ%mﬁﬁﬁu@hﬁwefwyﬂgyJ@yWﬁS333)aﬁ@>6é®culate
the val ue (x37gk a%l&?ﬁt&ﬁé}&hggt #é 5 Bg”?‘l 3 and

wherein the Instructi ons caus ogra

processor tdcwatechd atlee @;%8l e, € K3 >d) 1)byndrul t | pI yi ng

x5 and the value d and erein the .instructions cause

the progr afffepist %?ﬁﬂ@%&g?5$8S@%F@UP%YéﬁQﬂﬁéVW@ (Xxs*Q)

by mul LRl ihBShstRcAR il MahiGranR¥bIE BHRERSr INGIculate a value

progr ammabl e processor to:
(x5*0) by multiplying x5 and the value 6 and wherein the instructions cause the

programmable processor to calculate a value (xs*y) by multiplying xs and the value y by
causing the programmable processor to:

calculate a value y,’, wherein y,’ = (xs >> 3) - (xs >> 7);

calculate a value y3’, wherein y3” = y,” - (xs>> 11);

calculate the value (xs*0) by adding y»’ and (v3* >> 1); and

calculate the value (xs*y) by subtracting y,’ from xs; and

wherein the instructions cause the programmable processor to calculate a value

(x37"*y) by multiplying x5’ and a value y and wherein the instructions cause the
programmable processor to calculate a value (x3’’*3) by multiplying x3’” and a value 6 by
causing the programmable processor to:

calculate a value y,”’, wherein y,”” = (x3°” >> 3) - (x37” >>7);

calculate a value y3”’, wherein v3*” = y,"" - (x37 >> 11);



cal cul ate a value y2' , wherein y2' = (x5 " 3) - (x5 "

7); calculate a value y3'" , wherein y3 =J 2' - (x5"
wa jogoeabtul ate the val ue (xs*d) by addi ng y2' rents10d7/072169
3" " 1); and calculate the value (xs*g) by subtracting

J 2" fronx 5; and wherein the gynstructions cause the
programabl e processor to calculate a value (x3" *g)

by nul tipl yiifdaé3he Valé@ec;a*aaw: ye g @nd-whpngin the
i nstructi ons cause gfo gr anitabl € processor to

cal cul ate qﬂ@d&@émi%ﬂﬂe o) "B Py subtragingivrg st x:3; amb a
val ue % au3|n the‘&E%Erannableﬂﬁgocessor t 0;

cal cul'at rg}/n g élfsug jony.ka & PQBRManIc Drogcesser to gg}culate a value

(%3*8)"by7ﬁ1ult19£}hl€gﬂcsa’t #dahydlues dnBwhereMiBe Qis&udtlo"ns causk the
(x3" " 11);calculate the val ue (x3" *d) J 2"
p@g@mmataly ProgagoE i Galfubtea vaae Gal o) t{»@ultbp{wng)ys and the value Y by

| ns{ﬂrg % ra‘}mﬁ;{blgﬁ% Brio- and wherein the

s cause pr ogr ammabl e processor to
cal cul ate aﬂmﬂhna\@k&ﬁé”d)MEmnﬂyyfrpbyingﬁﬂS%xﬁhﬁ>ﬂhe
val ue d and wherein the nstruyctions gause the
progrannabF%ngS@é@Q@ﬂ%to‘@ﬁ*@ﬁWate ® vallfre Tk

by mul tipl yijngaX%he @igk gx?e*ééatfws@ngoy’ﬁaﬁﬁbgg qu) and

progr ammabl e processor ate a va

wher ei n y2taltulate{ixsvaltle @) ty) bySubttacting veal fm,thag e a
value y3'", wherein y3 " =j 2' " - (x5" " 11);

cal cul ate the value (xs"* d) by adding y2' " and (j 3
60." 1Xhe %}ﬁp&@ﬂ il emhRnyed dﬂzﬁm( 59" *g) by

subtracting J 2" ' from x5" . The
co rrp utvaerciethg apitractiengicanicghe pltoararmlséole nhsessontot qatculate a value

ng uct|9 R cause th cessor tQ
Qﬁl VA % 1pIying )&e y( 4V %‘%) %y mﬁ:relnp y| calése thef %rggrarnrnable
PR3 e vl dal dilatd e valas t, ¥Rt Hyansltie th'le mwm ayomBimy the
processor to calculate a value (x2 b) by multiplying
WQgﬁymadﬂQPU@eﬁme’cau5|ng t he progranmabl e processor

Ca| Cu?éa&ﬁgt%ta%a ger Whgcr @Kg >’|.>§y(2 + (X2 " 5)

te a va u 1" 2
calcuhﬂmﬂmhhemu&b@ewha@m@& by>adﬂlng J 2 and (x2 " 4);

and calc | ate the va b) by subtracting J 2 from
. st lpiRdhevatia ﬁgfe‘l%ﬁgtaﬁﬁ%% fedd5so )k Al

progr @J{&ﬁ@de@h@m&@m) by Qub@dctilh 3 fo )x,aéﬂae

wherein the instructions cause the programmable processor to calculate a value
(xs™a) by multiplying x¢ by a value o and wherein the instructions cause the programmable
processor to calculate a value (xs*) by multiplying xs by a value § by causing the
programmable processor to:

calculate a value y;’, wherein y,” = x6 + (xg >> 5);

calculate a value y,’, wherein y,” = y” >> 2;

calculate the value (xs*a) by adding y,’ and (xs >> 4); and

calculate the value (x¢*p) by subtracting y,’ from y,’; and

wherein the instructions cause the programmable processor to calculate a value
(x2”"*0) by multiplying x,’” by a value o and wherein the instructions cause the
programmable processor to calculate a value (x;’*B) by multiplying x;’’ by a value B by
causing the programmable processor to:

calculate a value y,”’, wherein ;" =x,"" + (x;”” >> 5);



(x6*a) by multiplying xbby a val ue aand wherein the
i nstructions cause the programmabl e processor to

w@ a8t a value (x b) by nmultiplying xbby aPeRUS®0OD072169
by causi ng the programuabl e processor to: calculate a
value J 1' , wherein J 1 X6g4+ (X6 " 5); calculate a

value J 2' , whereinJ 2" =3 1' " 2; calculate t he
vaIuecggﬁa@kwgﬁwqulwgagnl'waqgw@> and cal cul ate
t he value (x *Db) subtracting 2' frontJ 1" ; and
wher epatculhte tlnm@tlwét i thdycddng ytz‘nené Logranhabnde

2 by mE R T R B R PRl e aule” e

x2" Yoné&™tause t he

p rogr ﬁflh”Bini the ﬁk[sﬂ@@ﬁ&ﬁrcaﬁ@ th@pidtatBalile palcusof #Xalculbte a value
nultlplylng x2" a value b by causing the
fis o Jr i BItie R DHEe @b‘t thbe o @af eickeinthy iRsugBoNs e the

é‘\ﬁggagnﬁa@ érocess??to ca, : Ca Cuﬁl &2 ﬁ%%ﬁlt@l}y ﬁé}% *2155 a value B by
aﬁﬂh@ghépﬁ)zﬁmﬂdﬂa@ﬂméaﬁbk)and calculate the val ue
x2" ﬁg by su thgl 2" from 1" g %nd wher ei n
the i t"t%lt@tal"é‘ yeau efeﬁ%yprog’%a | § pYocessor to
cal Cukeﬁéﬁat@a%tdé%(xwher {py |,,t, |>|g|2y| ng x " by a

val ue aand wherei'n the I nstructions cause the
progr aahtdbteehqovabm@(srs’é’i‘a)ttxy addingyb at enda(xyabael)y(and" *b)

o ogr sl et oMby ¢ BOVA e 3 1+ ¢

wherein J 1" ' = x6" + (x6" " 5); calculate a value J
2" ', whereinJ 2" ' =Ji" ' " 2; calculate the
¢kl ue Thxeompyteeadabde mgdiunpof claigmp, psherein theyvalugpdo, x1, x2, x3, X4, Xs,

cal cul.ate the ,val,ue, »D subtrastlng J, 2%, _from
2‘16’{7”’“‘“’““6’% The' ¢ ’cdnpﬁfé“’?ro bre Aeditint 5 * & & 58, 2 -

whergin, (Wﬁ) \(@J*WS(X%B) &*;(XX (%3, *%9 @”*zﬁ(xsﬂv)s (X0*9), (K1*3),
’(xs o, (x1 )(é@)-- and (x4 i*g) atﬁgepresenj@i-usmg)ﬁxed-pq@t nu(r]nbgg; thatinclude P bits
e - , 6*a 7" *e
s “ta?%?sa(pi’&ﬁ’?“ﬁgtfhegﬁx%d%d%ﬂ(“@’g?ﬁ' @ x5, ¢ )i
*z), and (xi"* e) are represented usi ng fixed- poi nt
nbers that incl its int nti.s ortions
h@ﬁ? P%B‘ltﬁroteﬁa %E%WBE%“ tlééalmr‘ﬁ]e% ?’ et g‘t‘@iﬁt’a
medi um of claim 61, wherein P is equal to 10. 63. The

comput er - r eadabl e nedi um of claim51, wherein the
bhst r ibe computéurcadadie madisien of claim 51, wherein the instructions further cause

the processor to receive a bitstream that includes the matrix of encoded coefficients.

64. The computer-readable medium of claim 51, wherein the instructions further cause
the processor to add a midpoint bias term to a DC coefficient of the matrix, wherein the

midpoint bias value term is equal to 2 to the power of 12.

65. The computer-readable medium of claim 51, wherein the instructions further cause
the processor to:

right-shift each coefficient in the matrix of transformed coefficients by thirteen
positions to generate a matrix of pixel component values; and

construct the block of pixels by incorporating pixel component values in the matrix

of pixel component values into pixels in the block of pixels.



the processor to receive a bitstreamthat includes the
matri x of encoded coefficients. 64. The

W@ op0E57 r eadabl e medi um of cl ai m 51, wher ei nP€TES2007/072169
i nstructions further cause the processor to add a
m dpoint bias termto a DC coegfficient of the matrix,
wherein the m dpoint bias value termis equal to 2 to
the power of 12. 65. The conputer-readabl e nmedi um of
claim51l, wherein the instructions further cause the
pé.ocedbo commitelﬂegmblcsmieﬂimegfmﬁainn%lf fwhetaamtheiinstiugtions that cause the
Blgger‘stsi))(r t??;sc%tlrg ehngfr)é%e(p cog ?ntsf' g(aug% t?h&p\f ters]slorttn%%cal ntthe coefficients in
ek oﬁ&d:o@@dl sddraciEnts Rethbliogkn ohuipkedtiontay division operations.
I ncorporating pixel conmponent values in the matrix of
pi xel conponent values into pixels in the bl ock of
pi xel s. 66. The conput er-readabl e nedi um of clai m51,
wherein the instructions that cause the processor to
scal e the encoded coefficients cause the processor to
scale the coefficients in the matrix of encoded
coefficients without using nultiplication or division
oper ati ons.



