TRANSFORM DESI GN W TH SCALED AND NON- SCALED | NTERFACES

[ 0001] The present application clainms priority to
w@ewvitsiional U.S. Application Serial No. 60/ 78FCH62007/065548

entitled "CONVERGENCE OF SOALED AND NON- SCALED | DCT

ARCHI TECTURES, " filed March 29, 2006, assigned to the

assi gnee hereof and incorporated herein by reference.
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exanpl e, discrete cosine transform (DCT) is conmonly
used to transformdata fromspatial domain to o '
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decorrel ate bl ocks of picture elenents (pixels) in
incagpesatest hejrindy refcEiES. The resul ting transform
coefficients are typically nuch | ess dependent on each
ot her, which nmakes these coefficients nore suitable
for quantization and en®ACKGROUNIA so exhibits
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nost of the energy of a block of pixels to only
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energy conpaction property can sinplify the design o
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| DCT may be used for various applications that my

support different image and video codi ng standards.
Bafesouhd i s desirable to provide interfaces that can
recelve and provide data in formats suitable for these
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pars Srdvh 8pHlIMIBRYin to frequency domain, and inverse discrete cosine transform
(IDCT) is commonly used to transform data from frequency domain to spatial domain.
DCT is widely used for image/video compression to spatially decorrelate blocks of
picture clements (pixels) in images or video frames. The resulting transform
coefficients are typically much less dependent on each other, which makes these
coefficients more suitable for quantization and encoding. DCT also exhibits energy
compaction property, which is the ability to map most of the energy of a block of pixels
to only few (typically low order) transform coefficients. This energy compaction
property can simplify the design of encoding algorithms.

[0004] Transforms such as DCT and IDCT may be used for various applications
that may support different image and video coding standards. Hence, it is desirable to
provide interfaces that can receive and provide data in formats suitable for these

applications. Furthermore, since transforms may be performed on large quantity of

data, it is desirable to perform transforms as efficiently as possible.



[ 0005] Techniques for efficiently performng full and
scal ed transforns on data received via full and scal ed

w0 ndognisiees, respectively, are described herei PCT/BSI00T/065548
transformis a transformthat inplenents the conplete
mat hemat i cal description of the transform A full
transf orm operates on or provides full transform
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full transformmy al so bgunvedeged to as a non-scal ed
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DESCRI PTI ON OF THE DRAW NGS [0007] FIG 1A ShOWS
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scaled 2D IDCT. [0011] FIG 2 shows a flow graph of a
F%Plaam%w@?ﬁ%@tarﬁnsﬂpaﬁ dascribydistov. [ 0012] FIG 3A
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separa W th rowco
bdaivi ng. [0014] FI G 3B shows a separable full 2D DCT
with I D scaling. [0015] FIG 3D shows a separable
scal ed 2D DCT.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1A shows a separable full 2D IDCT with 2D scaling.
[0008] FIG. 1B shows a separable full 2D IDCT with row-column scaling.
[0009] FIG. 1B shows a separable full 2D IDCT with 1D scaling.
[0010] FIG. 1D shows a separable scaled 2D IDCT.
[0011] FIG. 2 shows a flow graph of a factorization of an 8-point 1D IDCT.
[0012] FIG. 3A shows a separable full 2D DCT with 2D scaling.
[0013] FIG. 3B shows a separable full 2D DCT with row-column scaling.
[0014] FIG. 3B shows a separable full 2D DCT with 1D scaling.
[0015] FIG. 3D shows a separable scaled 2D DCT.
[0016] FIG. 4 shows a flow graph of a factorization of an 8-point 1D DCT.
[0017] FIG. 5 shows an IDCT processor supporting full and scaled interfaces.
[0018] FIG. 6 shows a DCT processor supporting full and scaled interfaces.

[0019] FIG. 7 shows a process for performing transform.



[0016] FIG 4 shows a flow graph of a factorization of

an 8-point ID DCT. [0017] FIG 5 shows an |IDCT
w@e@casder supporting full and scal ed interfackPCT/US2007/065548

[0018] FIG 6 shows a DCT processor supporting ful

and scaled interfaces. [0019] 3FIG 7 shows a process

for performng transform|[0020] FIG 8 shows an

encodi ng system and a decodi ng system [0021] FIG 9
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(924 | EIGESSR W2 bNC{( de2sim ghide teemdmgq&)’@‘@nd escri bed

used fo arious transf ornms
(iR 0 K06 RSt BBk YRS I Be Rl BT LT
i nverse DFT (IDFT), nodul ated | apped transform (M.T),
i nverse M.T, nodul at ed co lex | a ed transform

(MCLT), inverse MCLPERAHL HH%ES HMs may al so be
gb"ﬂgg]af OrTAaL 8 BRI iGAT hQBs Iﬁ%?ge ﬁ's%d'fgp*gﬁtoug 'tﬂ)%g of transforms
nd audi o procesSsing, comnuni cat’i on, conputing,’ dafa

nehvws DCTID R dascedto Fagesr tgnsfolrh ((E’FTbgtlﬁverstenDE@ EDET), modulated
ech |qu s may be used for, any applicatiop that
[@@%d‘ RENTG RN Y mpdufautr‘& cep Goaed ‘spform (MCLT),
91%%1%5 'I\Q@ETb&JcOVTh %chgglo(l gl PeTve ﬁ‘@dcfﬁr %r‘?mfé @%ﬂtﬂéns such as
deo pro p

used in i mage and vi essi ng. ol nt
1®mldamoh@mquomon¢ssin@, tmﬁumfcamglp@ompuhw da@ networking, data

defi ned as In +

BB Yo estblel WP focthiadg iy bR ry Apfeagion thar
use$ [andrarisfor. | Edrsatty adhe dedmidhict YRCAdseibedadowIfld DCT #hd IDCT,
I D frequency donai n functi on. [0025] The ID DCT in
ehirhtaroeommpnlypsedinasnagn and vidpeprosesspiges or spati al

AL 25 Kt D 249 Ny, BTGB BhSR Mo derned o

fdDoWwst N equation (2) operates on N transform
coefficients and

X[k]—c(k) Zx[ ]-c % and Eq (1)
x[n]—zc(z") X[k] ¢ % Eq (2)

1/2 if k=0

where c¢(k)= ‘
1 otherwise ,

x[n] is a 1D spatial domain function, and

X[%] is a 1D frequency domain function.

[0025] The 1D DCT in equation (1) operates on N input samples or spatial domain
values x[0] through x[N-1] and genecrates N transform coefficients X[0] through
X[N-1]. The 1D IDCT in equation (2) operates on N transform coefficients and
generates N output samples. Type Il DCT is one type of transform and is commonly
believed to be one of the most efficient transforms among various energy compacting

transforms often proposed for image/video compression.



generates N output sanples. Type Il DCT is one type of
transformand is commonly believed to be one of the
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conpacting transfornms often proposed for inmage/video
conpression. [ 0026] The I D DCT4and I D I DCT may be
inplemented in their original fornms shown in equations

(1) and (2), respectively. However, substantia
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gﬁﬁugg neduced. For exanpl e, a mell-knomn
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F920] DCTHheQIsbhdimay be falctmtgbm,to' a rodnetad miatngssods foHews:
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t hat VY gﬁ i npl emented with only five nmultiplications
by ir Bdial factors. In contrast, the best-known

full 8-point DCT requires 11 such

Eq (4

where S=diag(4,,..., 4y ) is a diagonal matrix of scale factors, and

T, is an NxN matrix of a scaled 1D DCT.

Equations (3) and (4) indicate that a full 1D DCT may be performed on y by first
performing a scaled 1D DCT on y and then scaling the results with S.

[0030] An advantage of decomposing a full transform into a scaled transform and a
scaling operation, ¢.g., as shown in equation (4), is that by properly choosing the scale
factors, the multiplicative complexity of the scaled transform may be reduced. For
example, a well-known decomposition of Arai, Agui, and Nakajima (AAN) in “A Fast
DCT-SQ Scheme for Images,” Transactions of the IEICE, November 1988, produces a
scaled 8-point DCT that may be implemented with only five multiplications by
irrational factors. In contrast, the best-known full 8-point DCT requires 11 such
multiplications.

[0031] An NxN 2D DCT may be defined as follows:



mul tiplications. [0031] An NxN 2D DCT may be defi ned

as follows:!(r)! =(st ,)(r)(st ) =(s(r)s)(!* (r)!s)
waE2qB)iiskere T T is a Kroneker product of T wi POT/Us®e/665548

and is a matrix of a full 2DDCT, T _s Tis a matrix

of a scaled 2D DCT, and S Sig a matrix of scale

factors for the scaled 2D DCT. The result of the

operation i n equation (5) is a matrix of an NxN 2D

DCT. A2 f d on an NxN matri x
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di nension at a tine. For exanple, a ID DCT may be
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Equation (5) indicates that a 2D DCT may be perforned
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[0Q34] The ID IDCT_ in eq[uatl on (2) .may be expressed i n
Rerferped ogrcaeh EP:W PN fuRbtam ap intefmedigte elatﬂwné@) )R Tgmay then

PRS0 bRt R med i ee avisredSds 42b peT may

6d perfdriredl o chell coldnln $ESY ifdifowdd 55(1 iat $DtBLT( &0 Duch &/ of the
(7) [0036] Equation (7) indicates that a 2D | DCT may
bﬁerpﬁdfa&rmtdlxon an NXN matrix of transform
coefficients X by first scaling the transform
Hl?éﬁ}u chm@gora.ﬁ@) st ehiior Ath @l s b@j pznﬁommoen_ by first
scal ed transform coefficients. F_ 7) als
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[0034] The 1D IDCT in equation (2) may be expressed in matrix form, as follows:

T =T =T

S, Eq (6)

where T' is an NxN matrix of a full 1D IDCT and “’” denotes the transpose.
[0035] A 2D IDCT may be expressed as:

(ITO®T) ' =T '®T ' =(Ts9)®(Ts8)=(Ts ®T5)(S®S) . Eq (7)

[0036] Equation (7) indicates that a 2D IDCT may be performed on an NxN matrix
of transform coefficients X by first scaling the transform coefficients and then

performing a scaled 2D IDCT on the scaled transform coefficients. Equation (7) also
indicates that the scaling for the row and column 1D IDCTs may be merged into a
single step preceding the scaled 2D IDCT.

[0037] A scaled architecture is a design that uses a scaled transform, and a full

architecture is a design that uses a full transform. A scaled architecture may have lower



architecture is a design that uses a full transform A

scal ed architecture may have lowernultiplicative
weomphiexety than a full architecture. For exanpCEUSR07/065548

scaled architecture may performa scaled 2D IDCT (T T

) in a separable rowcolum fgshion and may use an

8-point scaled IDIDCT T _s fromthe AAN deconposition

for each row and each columm. The multiplicative
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transform engine that implements full transform and to provide a flexible input/output
interface to allow the transform engine to be used with various quantizers and codecs.
The full architecture may provide simple interface and may be more suitable in such
environments.

[0040] A transform design that can flexibly support different applications via scaled
and full interfaces are described herein. The transform design may receive full input
values via the full interface, perform a full transform on these input values, and provide
full output values, similar to the full architecture. The transform design may also

receive scaled input values via the scaled interface, perform a scaled transform on these

input values, and provide scaled output values, similar to the scaled architecture. The



and full interfaces are described herein. The
transf orm desi gn may receive full input values via the

wo eoob/1isieer f ace, performa full transform on tPEBES2007/065548
i nput val ues, and provide full output values, simlar
to the full architecture. Thestransform design may
al so receive scal ed i nput values via the scal ed
interface, performa scaled transformon these input
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Qﬁbgépressed as follows. scaled 2D IDCT: T 1 T 1 =
<g>T) (SS , and Egq (8) non-scaled 2D IDCT: T 1 <g>
=(TS) (TS . Eq (9 [0042] A full/non-scal ed
i nt er §@tel 2MYDCECei ve tramstfermm eqdt i3 TL pst®s) A find | Eq (8)
2D I DCT may be performed on these transform
coefficients, as follows: Y=Qr) ' XT, Egq (10
wher endt-s@l@l 2MIDCX: of t r AnSRAF M=gBERH irailer)s, Q.) is Eq(9)
an approximation of the full 2D IDCT, and Y is a

matri x of output sanples. The operator notation (.)
Hdat i omt (fuldpon-scaleseenterérc e ecelve HmnSfome@ﬁfﬁﬂlmts A full 2D

RET b dRer< AR ke Pt E BRI S Bl G e by

perforn1ng a full 1D IDCT on each row and each col um

of X yapholiewgr() ! ., Ea ( I | ) where x is the Eq (10)
z-th row or colum of X , and

where X is a matrix of transform coefficients,

® (.) is an approximation of the full 2D IDCT, and

Y is a matrix of output samples.

The operator notation (.) in equation (10) is used to indicate that fixed-point
approximations may not be based solely on linear operations.

[0043] The full 2D IDCT may be achieved by performing a full 1D IDCT on each

row and cach column of X, as follows:
0(x)=~T'x, , Eq (11)

where X, is the i-th row or column of X, and

@ (.) is an approximation of the full 1D IDCT.

@ (.) may be used for row-column implementation of 2D operator ® (.) .



g (.) is an approximation of the full IDIDCT. q (.)
may be used for row column inplenentation of 2D

wop@ratze7 Q(.) .[0044] A scaled interface nay PEDEBMWO7/065548
scal ed transform coefficients, which may be obt ai ned
as follows: XS = (X) S X S ,gEq (12) where S (.) is
an approxi mation of the 2D scaling operation, and X is
a matrix of scaled transformcoefficients. [0045] A
F(ﬁ)ah pd 2DgbdpCer 1n‘t@Yac@%na@eﬂeEQG@%IéHntréﬂifbrﬁlcéﬂe?ﬁclents which may be

ansform coefficients,” as follows: Y = I XS

pbtaingd ag fcdowshere X (. ) is an appr oxi rmtl on of t he
scal ed 2D | DCT. [0046] The scaled 2D I DCT may be
achi ey %ygserfggm ng a scaled ID IDCT on each row
and e , as follows: where x s is the
z-th row or colum of s, and x (.) is an
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may be& ‘real’l z enenting the 2D operator X (.)

o) £ 22%@&%& Eﬂ%@j’ @ééole@ﬁ ?q%%Fé”?m ﬁﬁéa@@m coefficients,

§§§,I11b{;,g operator S (.) in addition to the 2D oper at or
.) . The full 2D IDCT may then be perforned as
foIIovvs Y=X(S (X)) ==QX) . Eq (15) [0048]
Equat iYorZ(() = HdiXcaE es that a full 2D IDCT may be Eq (13)
performed on full transformcoefficients X by first
scaling these transformcoefficients wwth the 2D

whelci #d)oléélﬂapblioxsﬂf(tlo}l cdtler schaled Z&H?Q)Tm ng a scal ed 2D

RO e 3 P RIS e, Sos L el BNt 2 W KBNS 1ne on
coI umm cascade of ID

%%Q?g‘t)vg‘?lg egm(%ﬁﬂ%ggl{g{ %ﬁ&ﬂ)g(; operator Q.) for a

separable full 2D IDCT may thus be inplenmented with
t he 2%( g%rstro X (.) for a separable scaled 2D I DCT Eq(14)

and t afi’g operator S (.) . The 2D scaling may
be inmpl emented in vari ous nmanners, as

where xg; is the i-th row or column of X, and

Eq(12)

£ (.) is an approximation of the scaled 1D IDCT.

£ (.) may be used for row-column implementation of 2D operator Z(.) .

[0047] As shown in equation (13), the scaled interface may be realized by
implementing the 2D operator Z(.). As shown in equations (12) and (13), the full
interface may be realized by implementing the 2D scaling operator X (.) in addition to

the 2D operator Z(.). The full 2D IDCT may then be performed as follows:

Y=ECX)=06(X). Eq (15)

[0048] Equation (15) indicates that a full 2D IDCT may be performed on full
transform coefficients X by first scaling these transform coefficients with the 2D
scaling operator X (.) and then performing a scaled 2D IDCT on the scaled transformed
coefficients with the 2D operator Z(.). The 2D operator =(.) may, in turn, be

implemented by a row-column cascade of 1D operators &£ (.).



descri bed bel ow. The resulting conplexity and

performance of the separable full 2D I DCT i npl enent ed
wowdo/1sapar abl e scal ed 2D | DCT and 2D scal i ng PEl/URBI®07/065548

conparable with a natively inplenented full 2D | DCT

[0050] FIG IA shows a designgof a separable full 2D

I DCT 100 with 2D scaling. 2D I DCT 100 conprises a 2D

scaling stage 112, followed by a scaled ID IDCT stage

fobdof or THRWS D QheialrU , fok UK tsi%ﬁﬁraf)l‘él kaned bY@r may thus be

scaled I D IDCT stage 11 for col unns (or rows), and

ooplehustedgvith the 220 operatput = { privRt tsepgalst agded 2B. IACT and the 2D

scaling stage 112 receives an NxN bl ock of transform

pbhg iopertirs X) anlihenra? sealing play aghplemantsd on rvarious manners, as

coefficjent X} a scale factor A} and further

describeglaws c“éhleeffsvlﬁla&@apkﬁ%épfhn?r FRansg ob the pepapaple full 2D

hﬁ@T 11?1 feme\é(t;éﬁrﬁtfs %ﬂlﬁ&iee afeB?ﬂ]Hﬁ@? @b s%ﬁﬁﬁ%/ﬁ%?/ b?; cgrnparable

mant | ter t e scaling, a quantit
@ﬁhMmmmydpemaﬁdedwddhﬁﬁEIDCHEransforn1coefflC|ent to

ShEve THRE QP Tt den ol seharfe G BRI ERig cByscatine.
bp Iﬂtef OO Y& 1&@ a0fD ts&ﬁm%‘?s@dg% lfIQCfdl’lro%eHQ)y' d"ﬁdﬁgﬁrﬁ) IDCT stage
and right shi by R bits be perfornmed after

irld for mw&@trlcohlsnnss fonglyer el byud scabfldell}/HDQ@ stagatl 1 ¢ & columns
aci it nment.at i ons,_on. har

Lor rows)Sa%]l,g yiogxgl (fgg (Wlﬁ]lgl P%tput foggn}a lrnﬁ'ss ag: t]ﬂ% (E’Ifr%Cahng stage 112

ﬁéc@m@yéﬂ RSN BRI Je@wﬁhkfoﬁlcbbmche%mssx RO Pdely ﬂl%lyséé&ﬂecransform
114 perforns an N-point scaled ID I'DCT on"each row of

tdugfibbmck; 0f a sedd Rdtor M@ rad durthee gkilff dach sedlad fra@mra&oefﬁcwnt by
scalln stage 116 perforns an N-p

St a
Zhiisea th F%cvrheé%l’e%?élﬁteé 6h%ﬁﬁmb$r rfeﬁfﬁ’t’%dr nRtiee butSoc%fter the

a nelé,:t %1%2? g}'n atD(%T 625DL 1a§1a%ééfa ed 8| ree kftrans%r?lhcoeﬁiment t(% achieve

ﬂ@tlﬂoﬁUrtrMngjﬁl tRE odipyit aniREN aTo hrov® prePRiin &@@bliﬂgg S=P+R
After all of the rows and colums are processed,
bitit Ay be aserhint thp gomstesgen ofi themagie &iters te uegess and right shifts by R

i tie 16 by, its
BB AR T SRR 4R 2 Pl 2 kP I LRI o con
fagllitatz BmplGiEntafibes i€ BhrdwhacHatfernand.gt, Ifempy BeilSooM6 for platforms
constant P may be chosen such that the entire 2D | DCT

Wﬁ@sﬁﬁﬁ@ﬁﬁﬁéﬁ%hV%@19§4Hﬁwﬁ%glsters of the desired
0‘3"111 gﬁﬁzltag@?légpeﬁ%s' DONLFbit @9R4F 158 & cach row of the

xpresse
block of scaled transform coefficients from 2D scaling stage 112. IDCT stage 116

performs an N-point scaled 1D IDCT on each column of an intermediate block
generated by IDCT stage 114. The scaled 1D IDCTs for stages 114 and 116 may
operate directly on their input data without doing any internal pre- or post scaling. After
all of the rows and columns are processed, output formatting stage 118 may shift the
resulting quantities from IDCT stage 116 by P bits to the right to generate an NxN
block of output samples Y for the full 2D IDCT. The scale factors and the precision

constant P may be chosen such that the entire 2D IDCT may be implemented using
registers of the desired width.
[0052] The 2D scaling in stage 112 may be expressed as:

=(X,-4,-4)>R, Eq (16)

Sl]



XS=Xu-A1-A )" R, Eq (16)where X1} is a

transform coefficient in the z-th row andy-th col umm
woRoox1151&1and A are the z-th andy-th di agonal BCEISI0F(65548

respectively, of S, Xs, j is a scaled transform

coefficient in the z-th row apgy' -th colum of X, and

" " R"™ denotes a signed right shift operation by R

bits. Ris a constant ensuring P bits of added

ihxed [ i S| 1l L r Ci ents

AR S B R SR L G RN

 for Zand4, are the (Nh-andl j-ANGiabor elements, Nspeclivelzaghs
el ement of X may be rru{tl pl red by a correspondi ng

scal exf agtaQkaled trafiFoin@ BbEFiciblx ih ®hd¥-tN roWl dntl plth 6ali@ns X, and
may be performed for the NNN el enments of X . [0054]

FI G 1'B>ghddencdesdesgmpd rght shifeyparagibh ey Rubits. 2D | DCT 102

wi th separabl e row colum scaling. 2D I DCT 102

ROIPA icBRsaA SBpaialH ity of-aldtdifixedpalnt Nngedtiagdan 1R2led transform
fol L.owed by a scaled ID IDCT stage 124 for rows (or
eAHRRY Xsfurt her fol l owed by a scaled ID IDCT stage

&ﬁ)t@%[j?rf%o{aﬂfgnﬁneéprst&@v\@c)f&esqg ofxON ..lzug? ng \Aff%giér(‘),...,N—l and

ourp rgattln Iztage : ]cc:alri gs’t?g’é_ 2
ecei v i Gl
(585 B P RRAAES HLAR ARG LSRRy o

in tRY 1183 B TT(I \ hﬁlﬁtlipﬁ]ca@é}% Iﬁ%ﬁ% o}?@d%nﬁ'ﬁlj@i or8RCNN clements of X.

resul tant coefficie I n eac y a scale
Imhp r A1d. apbhéida ii‘éﬁ%ﬁ & tal @pafaBleMudiond fIDEITeNYS wiSseparable
ol lows: K1 =X1-A, %(17)‘xs XJ" -A )" R.

[oosemBewkling SDalCT2AD2momnrises 2 pepdrablmrom-cobunt sepling stage
Ilﬁb,efo SR g}? laesf:aqggl Eﬁrlﬁf LQUS lgl) lfollrolr\é’\?v%i étojly coclgrlnﬁgn %ur{hoelrr followed
ori’col unns ™t ol'T owed "by rows?. epar abl e r ow col’um

Bgalscalgd meyICT ewgt hes sanltangdwewt ) abé cosaadih@kvith an output
scaling of rows and scaling of colums, which nma

fosmattingi pBenest at P@HNE ofipdce £ yreceies gn2NyNyblock of transform

Erouelfhéigrlltls Cgtalng rr‘r?ay multiply each transform coefficient X in each row i by a scale

factor 4; and then multiply each resultant coefficient in each column j by a scale factor

4; to obtain scaled transform coefficients, as follows:

X;=X,-4, Eq (17)
Xg;=(X;-4)>R .

[0055] Scaling stage 122 may thus perform 2D scaling in a separable manner on
rows followed by columns (or on columns followed by rows). Separable row-column
scaling may allow the same hardware to be used for scaling of rows and scaling of
columns, which may reduce implementation complexity. Up to 2-N-N multiplications

may be performed for the N-N elements of X. However, the actual number of

multiplications may be much fewer than 2-N-N since some of the scale factors Ay
through An.; may have trivial values (e.g., 256), and multiplication with these trivial
scale factors may be implemented with simple shift operations. Stages 124, 126, and
128 may operate in the same manner as stages 114, 116, and 118, respectively, in FIG.

1A.



may be perfornmed for the NNN el enents of X . However,
the actual nunber of nultiplications may be nmuch fewer

wao bar/1851bF N si nce sone of the scale factors A POT/USN7/#65548

A may have trivial values (e.g., 256), and
multiplication wwth these triyjal scale factors may be
inpl emented with sinple shift operations. Stages 124,
126, and 128 nmy operate in the same nmanner as stages

Eﬂ;ﬁgﬂ 11g1@and dbds 4 &SRR aVs%erabl'erfuﬁbﬁ 13T [10996(h scahng prior

1C shows a design of a separable full 2D IDCT 1
{0l qach seaded hlg IPECTor2D e dh4 serbasesiapcripdTD ST BOh smMg stage

FERE (RS B SRR peondhicy"hpuSE R AT Gy bk 136 fo

88lahng Islto&gy ahdbecohBlud @l Wik $in (cdkput %ﬁﬂatmagw@tage 138 IDCT stage
concluding wth an output formatting stage 138.
sihgerfarny mhmg)pﬁ@r el NRPIpt scgkedt ngmcmf" YbPsh r@e\apéa block of
e o QA GBRD. LT MR 133 s LeBRE AP Mo an Nopgint scaled 1D
HDCNgpodanh cslmainesf drDinkd@tdate lﬁadh g@tmlratembSDfIDEff stage 134 Stages
i nter iate bl oc ener ed IDCT.sta
i& %dgﬁﬁse@%@ﬁhw Py £ 1Po¥ fyuping écglgtgﬂ éﬂ?@ he scale
ﬁfé%r? %, 1oL BETR: | AR G b @B RS W/Athhhﬁ{%u&lalehl'lD EID@T may be
the constant factors within the scal ed I DCT ma
satatat ed reduce edugdedtynphdwi iyp@vd/ prpcwlnp ribv e¢hp rfeldzl lsD dECT as
for the full DI asdscr bed bel ow. Stage, 138
f%?f@i’%\?‘@ rgi?gFHg%EP{é’Pﬁ% enl@r %%af%et %Ié“eii‘%“ﬁg H]%n FIG. 1A.
[0’6571 O0FIG. HIDGhoWls aSeis ol‘aqs%gduﬁﬂe@fsaléd spadcabl®. 2D IDCT 106
scal ed 2D I DCT 106. 2D 1 DCT 106 conprises a scaled ID
pavaisss agealed ADFIBICT spage {4 for @owm)coherSD Ondewver by a scaled 1D
@gﬁt lsﬁ Fr?é%vm t%o‘chtérﬁgso {JO%%OQ&V& ?ga)r}cﬁg ntcmdgnéo ith a101 gjut? tting stage

sia9 @D@#“st%r for p&fmhs Nnmlpﬂtnt%ﬁﬁle@dlj IZM@GE &Bh @86 bf an NxN
row of an N bl ock of scaled transform coefficients s

blotIOGT s@i algeant bdmpee ffenams Xn . I\]Dﬁjll“ sthges b4 paitfaris laﬁ)CNFpomt scaled
each colum of an internedi ate bl ock generated by | DCT

$PdBE Tromeackhicgyanm ofginyipredintg béockgeperated rd Ddntige kg Stage
FI GS. 1At

%)ag,g% %%grg{ae{l}lr@ %ag{re%ﬁ{élg?%ﬁta% ll%g%yfcrmy be achi eveg

[0958hr i islmamnm FiGdchAas 14t the &Da]ﬁ(@fdrn@e duil @D tDCT may be

t l | D | DCT F bl

?‘gﬁ?"t’?&i\% %%@gné’ilarnﬁ@r Sﬁi’l?lg’i‘sl ‘?Bh {Zﬁéc?lb% m&rﬁﬂ%eﬁ%&?@@vegn it IDCTs

Ef ﬁG 1By, \Qﬁh K‘éﬂaﬁb‘i’&?ﬂv& RYIuRI QALALPRECH hPrbPXeblunth TOGDCTs in

The 'scal ing may al so be
FIG 1B, or with scaling prior to each 1D IDCT in FIG. 1C. The scaling may also be

performed in other manners. As shown in FIG. 1D, the scaled 2D IDCT may be
achieved by simply omitting the scaling and performing 1D IDCTs for rows and
columns.

[0059] Various types of scaled 1D IDCT may be used for the row-column 1D
IDCTs in FIGS. 1A to 1D. For example, a scaled 1D IDCT based on the AAN
decomposition may be used. Another scaled IDCT with possibly lower complexity is
described below.

[0060] FIG. 2 shows a flow graph 200 of an example factorization of an 8-point 1D
IDCT. In flow graph 200, each addition is represented by symbol “@®@” and each

multiplication is represented by a box. Each addition sums or subtracts two input values



performed in other manners. As shown in FIG ID, the
scaled 2D I DCT may be achieved by sinply omtting the
wae@bitngg2and performng 1D I DCTs for rows and POI/URIN87/065548

[ 0059] Various types of scaled ID IDCT may be used for

the rowcolum IDIDCTs in FISS. 1Ato ID For

exanple, a scaled ID IDCT based on the AAN

deconposition may be used. Another scaled IDCT with

RRB pRfides| AV tp GOPRLE X Ha¥h 'rﬁulﬁﬁl%@aﬁlbﬁ(‘%ﬂulﬁﬁh&%n 96 Qhlue with a

FIG 2 shows a flow raph an exanpl e

penstant factrishewoinsgle t8e pox nmd prDVld@@fn olipuf vadue. gFlagfactorization in
eac h di.io esent ed b nbol "(c)" and

ER 12 R BPRelib RO f PR Bl ER M BREx  Eatn

addi tion sunms or subtracts two input val uesand

provi ges gn=put put value. Each nultiplication Eq (18)

mul tiplies an input value with a constant factor shown

i nside, t he bpx and | put val ue. The

facto(raB aflo ﬂ/ﬁncﬁfggﬂé @ﬂg ﬁﬁpllcatlons W|th t he

follow ng constant factors: bc=b2 =C /4 =cos (;r |A

0. 707 166781 =0osC% /8) = 0cIR 68 34321.8) and 0. 382683432 , and

1=S3 = sin (3; z78) ~ 0.923879533 . [0061] Fl ow graph

200 cely I coefficients X[ Q

throgg% ﬁf P1y aﬁl ScC ?ebﬁgggég?ggnsforn1coefflC|ents

with scale factors A through Ahto obtain eight scal ed

gdro%m]sf OrFIb\%}%%ﬂH ﬁo(ﬁﬂﬁa,?» I‘&QI%[ e%httt%%% D frididnks A10] through X[7]

ternatively, flow graph may receive the eig
@@aﬁ@b: thuemma@rfcvmc oedtfiticite n’tlﬁl stiakeetactoys 4 threuglhév to obtain eight

eesr@#%éqéiﬁc%% b ov ) dBieven e r@tgamvre& dlow graph

t out sa
?%cfn&pfsfe § R o SRt b O SRPac L0 S ReGpsp e, flow
46ph Q08 @@ﬁaﬁﬂs‘lﬁB&po{n@Q@ZﬂD@T owtly aipht seRRdith@kfdelasoafficients and
nunber of butterfly operations. A butterfly operation
peeE G gty tnus syndlgarlVs srraweh HdheF g %let fagorsutogliough 4; are as
¥alugs, where one out put

1 cos (77 /16)

= ——~0.3535533906, 4 = ~0.4499881115,
5 NP ' 2sin(37/8)-+2

4, =0T 66530814804, 4, =—SOTO 45548977805,
2 V2 +2cos (37/8)

4, =\~ 03535533906, A =GN0 814577239,
242 V2 —2cos (37/8)

4, =867 62705080501, 4, =—TNO 63006724435
2 V2 +2sin (37/8)

[0062] Flow graph 200 includes a number of butterfly operations. A butterfly
operation receives two input values and generates two output values, where one output
value is the sum of the two input values and the other output value is the difference of

the two input values. For example, the butterfly operation on input values 4, - X[0] and



value is the sumof the two input val ues and the other
output value is the difference of the two input

wo alaasi12For exanpl e, the butterfly operati on POT/URMOT/065548
values A0 X[ Q andA4 X 4] generates an output val ue A0
X +A4 X[ 4] for the top bramgeh and an out put val ue
AO X[ - A4 X[4] for the bottom branch. [0063] The
factorization shown in FIG 2 results in a total of 6

I I
sfmvlubz,(| Agln? +t8§1? ewer %ﬁgﬁ%ﬂ’% ) y@@‘o gﬁhlmaflbflt%e |to a?ﬁagﬁg and an
gifluadfid Long o] Ol ksl fOinddiE gRIPULaL i on of

equation (2) he “mul tiplications are with irrational

fOBBS| antThel fRBHASAVNI ABwhE RGNS réfitts 608 itél 8f 6 multiplications and
d| fferent angles, which are nultiples of p/8 for the

88 pdiliions, DvhioTTare Anbstatially ofvaier desms thenpumbeer sofcmmliiphigetions and
L&ﬁ@oﬂs te %edgfﬁg a VI\‘IIE§ C%Bllpﬁlgﬁ?log %tgl%gl?a{t%gt(gﬂteThe rnultgahcatlons are with

Bfaftlloﬁalemﬂstan@ﬁefpm’sﬁﬁdlgl thef bixedmpododinei ot @ffient angles, which are
arithnetic when each irrational constant is )

PSS afat @ prihe rpent il BHRCTHyAdiiatiamakeanstant ia arcamt@mfathat is not
gé%go rr?cfn ggoglr%{egn% I@g %{bké)ar&%ns yvgtﬂ 1%1cht)nsta%ts 13([11 lbg efﬁ01ently

parfeards i@ndxed-pdint nQRGA] arlidiinktipl whaﬁl eachofirrational constant is
Integer variable x with an irrational constant min, )
prBcedpBia by Avagerel dypdip r?@fl$tentna§> gHonpd rﬁYédﬂéoPOWant is a rational

8@1% &n%w(rll%:]s&%lqich(?enlgrrnﬁa (IProarlll haﬁ1 N ant ME; 'GV@% rg\ b Fare Integers
hisd b irrational constant to be apprOX| mat ed, and c /

2b is the rational dyadic constant. [0065] G ven '
[(}%éber Malrtlmhtﬂt@nmf andntnegm‘ \@nlabledcy‘adlil en cwstmaheongtaat 4 in fixed-

?%S m%r éth g?er ¥ taggl g%(ﬂ}yuapé)r llinl(aﬁlgg g%: 1rrat10na’l£qonstant with a

fa@l’roﬁalrﬂgfda@tcsnéfa{tuz%Sfon@ws X1, X2 ..., Xt Eq (21)

where X0 = 0 , X, and for all 2 <i <t val ues,

X1li s obtai ned as foIIovvs. X =x xk 28" , withj ,k <i ,

Eq (22)wwhe¥e xk -2s' inplies either left or right Eq (19)

shift (depending on the sign of constant S1) of

internedi ate value x by \s | bits.
where 41s the irrational constant to be approximated, and

c/2" is the rational dyadic constant.

[0065] Given integer variable x and rational dyadic constant u =c/2", an integer-

valued product

y=(x-¢)/2" Eq (20)
may be approximated using a series of intermediate values

Xgs Xps Xgoeeer X, 5 Eq (21)

where x, =0, x; =x, and for all 2 <7<¢ values, x; is obtained as follows:

X, =tx, tx, 2%, with j.k<i, Eq (22)

7



[0066] In equation (22), X1 may be equal to X1 +xk 2s'
, X - X1-28" , or - Xj +xk 2s' . Each internedi ate

wQ ad0ae13M27in the series may be derived based oPCT/NB2007/065548
prior internediate values X7 and Xt in the series,
where either x} or Xk may be ggual to zero. Each
internmedi ate value X1 may be obtained with one shift
and/ or one addition. The shift is not needed if Sl is

t = = _
BRLR, vy & s er PGk LR UaRELoRERORA b st g Aoitant 5) of
¢ rm ned by the nunber of
ﬁ%dgre?reltl athheé)%/lgysege%lﬁs the series, which is t, as well
pr n ed f h Ji.nter i ate sl 5
@gkﬂul ?l%&pleﬁ%agftoﬁorgé% ra?ﬁagngi% ﬁﬂé%h égg‘%hgt ’anit/ uLBF X2, o
essent| into, a series of s
operat ansyEafHén@gP?dé%te i e st ohabe AROF ﬁa&Fd on two
{s Ser | econe t he de ired.inte er- val % ol t

B?%rdlal&etme%lﬁ XYV, e f—_‘a (23) ﬁ'f’o“ﬁ%?ﬁ F%‘Fer&a [ ™Y Pt fo
kd?irb egeilch iatkeadligte X altietih niayObd sbtaink® Rkaih &RNsHifRAh&/ofMoad dddition.

in fixed-point integer arithnetic may be achieved by
Eb?) plokti 1ot meydedhdl si Sreauploiadere ohlg adwtitonistret peaded i ; =
'(fﬁadlc constants, as follows: mcl2 b and h e/2 d ,

E
a yotphawmbey/ of rldienseyngl shifhy fort the multipberaiondy a@te@fmmeﬂ by the
an@ﬁ%racgtdﬁt;er@gcg%tg]va e grh ﬁl{%g eglgg,:\gl\l}clms gedr %x;(ellv\ﬁst Jﬂe I%Xpr%SSIOIl used
faat thaintdyadiat eoost amhs mulﬁpvl&nbnaw;d rytloﬂal Ziyddlc dondtant u is
i nt eger val ued %r oducts y =

/2
8859&1 Zganrqﬂﬁgl 18 aai%ll%i?f ﬁk&ftélad@gfi ﬁeergtlg@r |Qge S@fles 1s)deﬁned such
{ E{r?lg TRdi @e{hge Mahy ?&16)%((%’% tl;l%desu*eii 1nté(§er-l'va§1t%d \glat?cﬁ‘ﬂwt or
Xli s obtalned as fol | ows: X =Xj xk 2s" , wth | ,k <| .
Eq (2% ~The series is defined such that the desired Eq (23)
i nt eger-val ued products are obtained at steps mand n,

as follows:
[0067] Multiplication of an integer variable x with two irrational constants & and 7

in fixed-point integer arithmetic may be achieved by approximating the irrational

constants with rational dyadic constants, as follows:
u=c/2 and npme/27, Eq (24)

where ¢/2” and e/2“ are two rational dyadic constants, and

b, ¢, d and e are integers, with b>0 and d > 0.

[0068] Given integer variable x and rational dyadic constants uz=c/2” and

v=e/2?, two integer-valued products

y=(x-¢)/2° and z=(x-e)/2° Eq (25)
may be approximated using a series of intermediate values

Xgs Xps Xgoeeer X, 5 Eq (26)

where x, =0, x; =x, and for all 2 <7<¢ values, x; is obtained as follows:



m~y and xn z , Eq (28) where mn <t and either mor
nis equal tot . [0069] As shown in equations (24)

wo boosagi2128), the multiplication of integer vBCT/EHBLIO7/865548
with irrational constants m and hmay be approxi nmat ed
wth a common series of interyged ate val ues generat ed
by shift and add operations and using internedi ate
results to reduce the total nunber of operations.
[0070], Ln,t cemput at i on scri bed above, trivia
operagions Eﬁﬁhfeé addltlgﬂg"ékégéubtractions of zeros Eq (27)
and shifts by zero bits may be omtted. The follow ng
qél&@?%ﬁg% 1§ @é@(&ﬁ%u@@ﬂlapﬁle%gﬁed ?ﬂl&eg)ép V%llﬁ? 850%1{1%% 7iﬁ<olgci§1med at steps
eicpndtri, anfall29s; the expression to the left of "=>"
i nvol ves an addition or subtraction of zero (denoted
by xo) and be performed with one shift, as shown
by thémé%bregéioﬂjrdzthe right of "=>". In equation Eq (28)
(30), the expression to the left of "o i nvol ves a

%ﬂ%%}mgy<ggﬁgggﬁ&§n89§ﬂp 9¢E¥ 2) and nmay be perforned

ohe~ I'on y the expression to the

[0089F OfAS' sRown BAU&fub@&S (3249) thanh(3R), ﬂﬁymbﬁlp@ﬂé@tlldne df integer
to equations (22) and (27) in the conputation of

fzm‘bk] X W@thnealtumel comsputsay piach 77 naayf bhar mpr@onmt@d withca g(rmllﬁbn series

P tREsRB ket QetRme B i R D o TR abiad pigrmediac

ﬁé@fﬂ@t@%dﬁc@%@t@ﬁal nu&berad’fq) @ﬁtlBﬁ?sl | OWS C =aL -F, P F’l
F1, and Eq (31) a2 5 , P2 =P2 -F2 , g [ =

10670] d[Inihqcomtai{lmd@Prlhﬂﬂea@@al teraé@p@atsom Subk 6% g@dltlons and
Ahbt n@t\{on%l:§9 z%? %g(li %#ﬁ aC% rinhtf Ora3; Rb& %811tte Elde following

ors

élﬁ%)lﬁ&atmrﬁlndyl:be,m&ie,— A6 IFl, and A = AlLIF2 , 5 = A5
IF2 , A3 = A3IF2, Al Al | F2 . [0074] Different

conbi nati ons of val ues for common factors and may be
X, =tx,tx, 2% = x, =+x, 2%, Eq (29)

xl.:ixjikuO = X, =%x,tx, . Eq (30)

[0071] In equation (29), the expression to the left of “=” involves an addition or
subtraction of zero (denoted by x¢) and may be performed with one shift, as shown by
the expression to the right of “=”. In equation (30), the expression to the left of “=
involves a shift by zero bits (denoted by 2°) and may be performed with one addition, as
shown by the expression to the right of “=”. Equations (29) and (30) may be applied to
equations (22) and (27) in the computation of x;.

[0072] To reduce computation, a first common factor F; may be applied to constant
factors o and £ in flow graph 200, and second common factor />, may be applied to

constant factors o, b, 01 and x4, as follows:

a=o-F, p=p-F, and Eq (31)

=0, F, B=pF, y=yF, 6 =0,"F,.



eval uated. For each conbination of F i and F2 val ues,
the total nunber of |ogical and arithnetic operations

wo ooo71a21 D | DCT and the preci sion of the out pRP€T/US2007/065548
sanpl es may be determ ned. [0075] Table 1 shows an
exanpl e fixed-point approximagon for the ID IDCT in
FIG 2 with F1 = 2523/2048 and F2 = 2607/ 2048. In
Table 1, the scale factors A0 through Al and the
Eﬁﬁb pd coppald act@E 42 odhV N thdy hRE dd §c?a‘1ed0€8 48dbunt for the
ach factor nmay be approximated with a rational dyadic
eonwpamactes yeand M takdolomesond col unm. The series of
i nternedi ate vaI ues for multiplication of variable x
with %{; d%(r: atlonal dyadi c constants is given in
the t ol nunbers of add and shift
oper ati ons for each multiplication are given in the
fourt ) and /A f t K, callUdhs, ankespectivel y. The nunber of
times each nultiplication is used for the IDIDCT is
given jn § si xph ¢olum. ,Th Jotal nu of add
oper atAllonéI??b ‘%%Fu 3 s‘%eé;g’al Aﬂo_'}tmgblr sum of the
nunber of add operatl ons in the fourth colum tines
Ed?ﬁ4ﬂunh§ﬁfe£€n¥ecenfbﬂlahbﬁs of )%ﬁ'le§ cfl)lu %hlm-gﬁefah‘&sal’? "AHH'JQSJ may be
of shift operations for the I DCT 1's equal
s‘mimlabéd t Rer enghivembsthitibh of e raati ifonsilien, thdothi ﬁmrhbe:raifdnglcal and

tggg:g% %g?fgtfj‘%rbsle%r %i]evﬁs éh&é%}%f T?Je )é%ehcgs(lz%gﬁgtglfe gﬂgﬂt %arnples may be

a@tbltrmggd_cati on by a factor of 256 in scale factors A,
All, and AA' , which enabl es additional '
| exilapla édbews en. expmol/??ﬂlquapqmteamgmgﬁtlgmcﬁmthiarﬂD IDCT in

BREH st 232%69% - g@ozﬁﬁa@%@eﬁ;@% é‘eﬁ% fators 4
A 1o 8 St el Ao, SIS s e b i Sy ppech facor

ﬁﬁgl < Caéﬁ%%%%ewr ?%gla%@ d&;ﬁ%a ngﬁc{%gtfg%%;{qe ﬂ tﬁ’é keoc %(ﬁ Column. The

peich @f iedrmediae vhmes tier malsptiohtioinofl {ArlabETs V&(l'&lSOI&h@IV\[‘WO rational
in FIGS. I A and | x8 full_2D I DCT nay. pbe i i
i QPoRsEnGy if §ivgn 20 élt?dthag EPHIMIH nEhepmbago nEWf qnd shift operations

ﬁﬂeéa@ﬁ 'n@tﬂﬁPhc;gﬁgn A %%{%H iHRkE Efﬁ%tﬁ{lﬁndl @ﬁﬂhugcﬁurgng- I@%ﬁ%tsively. The

for each o s for rows and 8 col
plroberlofatohes @acu mu2t1p/hc’atn01t euf@ for ahsfldy lCHek fdiedinent the sixth

after aI|n The 688 shift operati ' clude3

SlFis o O BEAAY oF 694 BREFeCqro ot e 1) TG Rt B the sum of the
RSt @dd@pe@éno%ﬁl ihttfe tBurdhcdluninh@mBé theahwBBer §i0M ih e sixth
column. The total number of shift operations for the 1D IDCT is equal to the sum of the

Eq (32)

number shift operations in the fifth column times the number given in the sixth column.

Table 1
Factor %I;Loélizl Multiplicatign of Vaﬁable x with N;l;n N;l;n Times
Constant one or two rational dyadic constants Adds | Shifts Used
4, 256 y=x<<8§,; 0 1 1
A 256 | y=x<<; o]t
4 384 Y=(xrt(x<<1))<<T7,; 1 2 1
A, 145 x=xH(x<<3); y=xt(x,<<4); 2 2 1




second I DCT stage by P bits. The design shown in Table
1 neets or exceeds precision netrics defined in | EEE

wer@ndasid7 1180-1 190 and its pendi ng repl acemeP€T/US2007/065548

[0078] Table 1 shows an exanpl e fi xed- point
approximation for the IDIDCT;7n FIG 2. The scale
factors AO through Al and the constant factors 2, bi
d\ and nay al so be approxi mated with ot her rational

i sildn*Cther types of scaled |DCT eV als

dyadi[c C tants, Ich may havedifTfrerent conpl exifty

iy gr_prd & b | |
besruged i ml.en par I D

] I'é(s“’l'c [ 2(?701 EE’EFH% h%\/\n zjgg nf-q 45( 3Q<f35l nar §h| 3

fall ovwed b & b~

[a
f ugl 2D T 3( (352#4(}3«2@ §Jeglztﬂgrx2D DCT 300 c;npri ses 1

at— P .Gi’i’i""uing Sta"e oIz, T OrroOWwWea—1Y €& b
D&t dt agb7]314 fx@:F(sz\lt\bL(J(@S);:mﬁm‘m)y xﬁ(x;t«éb f oBl qwed 1
by a|scaled 1P DCT St agge 316 for cotums (0 oOWs)T;

aftl doePudfthg Wt DxSefaT(ffﬁ@“)styaﬁéf(@f§2) | ppdt | 3 1

f os-mat t tage_ y .pr I ply an NxN bl gck
i%ut 92322%5% gCI;“)('I%J( y‘ﬂi}c?nprgnrm; an Npoi nt aeraloéad 1

I@;D(mez@agf xgﬂxu(@f»@) QI%J‘(fo%)pr)&xm{}c}»lb ed3 | 3 1

+ nnr\

oo N Fa¥atal
SATTHT CQ I I UTTTJ gy UJ.L U.IIU CIICI U.L CQ U. I I I QL

rer uw@a@b gtﬂfge(XB&%) perThobAs4dn| Nypdi n
scal E%B%B?ﬁ' omxed&ch>8pl um of the first int =rmed| a%e !

Dl OCkn]g)gg{4§§ grates a second I nternedl ate DI OCK.

Scal i 8 | 338cdrat s xeagh(xe P Brem tf the; segond 5
i ngrer '7)@13?9 matci o), p=agyvi-tes>4) ) btigck of

transfor gefficients for the full 2D DCT [nn ﬂ]
thﬁlplaﬁtﬁéfcmsleamd@(g[h of a separable full 2D| XN [302

W lII be UI [SRAAA] b(..cll I Ilg AU lJL,I JUA _.UIIpII SES
&PWRIE’E} l'st age 322, followed by a $cl ed3§D

DCT stage 324 for rovvs (or colums), further foll ovved

b | ed | D DCT 326 f I

éﬂi’&gkgﬁﬁpﬁ%ﬁbl?g ’vﬁlghﬁ gﬁp&%@ r P@%%@ﬁ#@k@i ? rﬁ@ctor of 256 in
S%Ia?egl%ct%gssA? Shag S ngg %bl%ggd(gﬁ%na‘? B&h dﬁlpt?on.

Sane manne ages res

[(ﬂ)7'ﬂ 13%he %ﬁ'%ignn Qhﬁtﬁgﬁ %@e MaYans ‘3 ot ;leeae ?19 nﬁ)CT may be

I nternmedi ate ock from DCT stage 326 roww se and
péréorned| withn SOiagé dperagemamact e4 tshit ppavationsf An &mimrivdd D IDCT

G5 Rsommea Gl &' Sag Soprg 1Pna@%§ro%%l$%5%tr%n§§§henﬁmﬁng with
ol EfacRRC Stﬁl%luglq A Qn%e IRl 3R & ﬁf@srchf%ﬁsll)aﬂ)%T (as shown

i nput formatting stage 33 foll owed by a scaled |

?@’ﬁw I@)f &f lﬁia‘y”&: §érﬁgﬁ1ea%ofr% th®Wsw{cBun&P I BMIFQTs @3dshown in
urther foll owed

FIGS. 1A and 1B). An 8x8 full 2D IDCT may be performed with 977 add operations

and 688 shift operations. The 977 add operations include 61 adds for each of 16 1D

IDCTs for the 8 rows and 8 columns plus 1 add to sum 2°" with the DC transform
coefficient after scaling. The 688 shift operations include 39 shifts for each of 16
IDCTs for the 8 rows and 8 columns plus 64 shifts to shift the 64 values from the
second IDCT stage by P bits. The design shown in Table 1 meets or exceeds precision
metrics defined in IEEE Standard 1180-1190 and its pending replacement.

[0078] Table 1 shows an example fixed-point approximation for the 1D IDCT in
FIG. 2. The scale factors Ao through 47 and the constant factors a1, fi, a2, 3, 61 and n

may also be approximated with other rational dyadic constants, which may have




by a scaled ID DCT with scaling stage 336 for col umms
(or rows). Stage 332 nay operate in the sanme nmanner as

wet@gae1322 in FIG 3A. DCT stage 334 perforns BCI/NRIOTI065548

scaled I D DCT foll owed by scaling on each row of a
bl ock of pre-nultiplied sanplgs from stage 332. DCT
stage 336 perforns an N-point scaled ID DCT foll owed
by scaling on each colum of an internedi ate bl ock

gﬁ’ﬁ%@bgﬁpf&ltwd/ﬁ 15%%4 Oth &s &1l Guled lﬁ)@hor\‘l@y @150 be used to
desi gn of a separ ab scal ed 2D 306. 2D DCT "3

Um#pmr:@tesspmblpﬁmh@d i@rﬁuﬂﬁﬂ) H¥CBt.age 342, foll owed by a

f@? ?E er lﬁ(%mg%ovgsy ééﬁ%‘ggéé rs%\%@% fglf gg :ﬂgj%? qog&gh 2D scaling.

2D! DAMS3 00Ok 2WEY an Hipag Gorﬁ{h?uﬂ’g&sta@pﬁ@tf@lld%dt lbbea%azHEd 1D DCT
manner as stage 312 in FIG 3A. DCT stage 344 perf
&ﬁgq\ﬁb‘biﬁmrogféa(péeolpmnﬁicfméhﬁréalé%wdow @fscaleml& Cdi stage 316 for

t
OGN B RARE IR Rt SR AN BT sl b 18 Bl Fdhasting stage
B ﬁfaﬂ@fﬂé ﬁiuﬁl;bir ag RN>ge BRICRE thy sdXdlest DT Sdde 3][40&833]tms an N-
As shown in FIGS. 3A to 3C, the scalln]g]pfor the full

ponDETlodelD B Themrashagwi of a/lorl a8 Pivamnbipkicd srraplas fram; siage 312
%ﬁ %eql%lra!t&ga of SIEEGI‘IIIQSIEJ, WMo &2 ! &) s'ta%e?%i; fﬁm@ §t Ngﬁ%’mt scaled 1D

separa erOVV-CO um sca I ng ~aft e Iow ['umm
DUT[KﬁI'Sach molﬁhﬁ of3Be fiest mMBﬁnh:dBao:eiblbnlg aief gecrasachsebéhdD@ermediate

The allng al so be performed in_ other
i%lgﬁ al % S@%&Eg iSFRIRY egc STIFm?THé) sthaseepndpntsemedialy afrix and

?&Nicﬁ% %@l&lé o AR YrRed éotefﬁlgeﬁti‘ﬁ)r%&a%ull% peg. per form ng

rows and columns. [0084] Various types of
HO8DEd IHZIGDGB dmays bealcsige of ﬁ@epatra‘bée ﬁdlaZIé@GTDS(EXTWSh iseparable row-

s esiing Rl S SiPBEiSwn fowas mHice shERgasfolowed by a

£da¢w o @ptﬂr %tgge 9f4 AR r@%@(@' ®LrAg Ofuk A&t folBwed bRR scaled 1D DCT
poi nt FI ow 400 receives eight input

stag\q)B%@ for[co}umriﬂ ©u gchws%g ?ﬂ}d C@@ﬂlfd@mgrwara ®parbblemow$@0éu@u scaling
I es n ener at es e|
LBR T b rRs 2P PR 8o P8 T AENR rBR agegp12. 314

andr Bk, s@ptaiveBe UOFEG. A A hs@ligh shRanes glaysbalataveconthigitermediate
factorization in FIG 4 has multi plications with the
plork duamh (o seeadLo fravt wiss :and fherp pelymn-vrge (@ gpngsgte the block of

FRRF nfed! e £8Sfof e/t 2D DCT.

[0081] FIG. 3C shows a design of a separable full 2D DCT 304 with scaling after
cach scaled 1D DCT. 2D DCT 304 comprises an input formatting stage 332, followed
by a scaled 1D DCT with scaling stage 334 for rows (or columns), and further followed
by a scaled 1D DCT with scaling stage 336 for columns (or rows). Stage 332 may
operate in the same manner as stage 312 in FIG. 3A. DCT stage 334 performs an N-
point scaled 1D DCT followed by scaling on each row of a block of pre-multiplied
samples from stage 332. DCT stage 336 performs an N-point scaled 1D DCT followed
by scaling on each column of an intermediate block generated by DCT stage 334.

[0082] FIG. 3D shows a design of a separable scaled 2D DCT 306. 2D DCT 306
comprises an input formatting stage 342, followed by a scaled 1D DCT stage 344 for
rows (or columns), and further followed by a scaled 1D DCT stage 346 for columns (or
rows). Stage 342 may operate in the same manner as stage 312 in FIG. 3A. DCT stage
344 performs an N-point scaled 1D DCT on each row of a block of pre-multiplied



a=2C3 8 =2cos (3-/8 , anda =2/ 8 = 2sin (3;

r/8) . [0086] The flow graphs for the IDCT and DCT in
wo-k@F112and 4 are simlar and involve mul ti pl PCRUBINT065548

by essentially the sanme constant factors (with the

difference in 1/2). Such simjarity may be

advant ageous for inplenentation of the DCT and | DCT on

an integrated circuit. In particular, the simlarity

SR &AMt SRAVINIDOT s§a!gE'3Q9 DeAbr £ RLSAnt RaleARIE RNt on cach
the butterflies and the nul tlgl ications by transform

ednemafag intedmadintablock gentrited by DE T fiegef Bdwar d and

IS 5o AT SRRETos? SR fetine s RRE Sof o Ritap DCT may be

sehpRUtS vitidls ranthesCcakRds WitheD adifg al¥éit the Rowd6limn 1D DCTs in
Erocessor 500, a scallng unit 510 receives a bl ock of

Fan¥A owith cepdalble irewtcolynm s¢akiagralier thantasy-eglean 1D DCTs in FIG.
Qﬁr&o&z{gﬁ s&ia aC%ﬁ {£n9D DEMTSTRAG; ¥S efh% chﬁ&%l 1#155931195 be performed

Separable ro umm scaling) on th
tr @hafroamene fAd sioentis Hemmewmszmmmy ot addaleddy simply

transformcoefflc:le A multinplexer (Mux) 512
PREENY B ssHiNgFgAe @mﬁé%@gﬂégortrp%é%ﬁ mns.

ﬁmtl]‘ | C'\%Ho%sftﬁ%'@o?f%hl'e@qudT ﬁlla? Mdtﬂﬁetﬂe%chled 1D DCTs in

Interface 1s selected. Miltiplexef 512 al so receives
EEa%.6d\ tordhsAorcramoplefstaled Bﬁ?thwuh ow benglealtes destrérefl helow.

ro hese caledt nsformc f|C|e ts e )
s Dr o R 4 B e PAEPE AP S Feliagior ot B poine 10
pavi @ 1gh a tih Rk 8%@ Qhroube L7 -
of a b%?f%rﬁglgogg%gﬁgle% elﬁ%?neblgﬁé@][o%ogg XFJBCE'& orms an §
poigt Realsh DB Tpen ftesm ispet] ssenple, lapETEeneates (mghtoffcakea giransform

AT Bk 810 R 8%%@5” R 5T Tyt Bhighroueh 4 are given
%‘%}’%{ ﬁﬁé ggé&?lr 2%%8£ tlf? ﬂlg} %SD@.Pﬁ;lp%caﬁW nﬁg Qh{l ??lﬁojvgng constant

ormsc
Blcagk of internedi ate results frombuffer 518 and

provide a block of final results to buffer 518. A unit

520 perfornms output formatting on the final results in

buf f e.51®% ahd provi des out put sanples. [0089] FIG 6 Ea(33)
shows a bl ock di agram of a design of a DCT processor

600 tIpaLpuppmt ﬁu&ds(@mxﬂ) scaled interfaces. Wthin
DCT processor Gd a unlt 610 perforns input

formatti i nput sanpl es. A DCT engi ne
614 récEi S/St_ é%& of alnﬁput val ues fromunit 610
via a nultiplexer 612, perforns scaled ID DCTs on rows
of 0,=28,,,,=2sin(37/8) .

[0086] The flow graphs for the IDCT and DCT in FIGS. 2 and 4 are similar and
involve multiplications by essentially the same constant factors (with the difference in
1/2). Such similarity may be advantageous for implementation of the DCT and IDCT
on an integrated circuit. In particular, the similarity may enable savings of silicon or die
arca to implement the butterflies and the multiplications by transform constants, which
are used in both the forward and inverse transforms.

[0087] FIG. 5 shows a block diagram of a design of an IDCT processor 500 that
supports full and scaled interfaces. Within IDCT processor 500, a scaling unit 510
receives a block of transform coefficients via the full interface, performs scaling (e.g.,

element-wise 2D scaling or separable row-column scaling) on the block of transform



t he bl ock of input values, and provides a bl ock of

internmedi ate results to a buffer 616. DCT engi ne 614
worego7iiian7 perf orm scal ed | D DCTs on col umms of PE€TYES2007/065548

bl ock of internediate results frombuffer 616 and

provide a bl ock of scaled trapsformcoefficients to

buffer 616. Buffer 616 provides the block of scal ed

transform coefficients for the scaled interface. A

86 iiBkks URhd P@él’@derseé? Y&S 0 AREL &E BB Fotnh %o@ffﬁféﬁté’f A multiplexer
scal ed transform coefficients and provi des ful

tMaxsT @rm@m@d@@nd@ thescal dderangfoirmi qa@ﬁ"mean@efrorp@ozggﬂg unit 510

ar.i ch. of ; t d | tio above i s
SR Rt e, PR o0 228 Frishis ap Bt ranstormn
Wﬁ&%tb' sedl tlieQ Ecadddly intetPRe Qﬂcndtp’raﬁaésp ﬂf@s@ UedledErab¥Edrm coefficients
DFT, |DFT, MT, inverse M.T ,_inverse MCLT,

| DCT,
when thp ecaled HacHaes Ihaglcdrd o 6eﬂw£t§ﬂe>feér5 I4ngrovides the output of
{nw%ﬁ§p‘?é>le% 313 8Nn@hsufhut bANGERL 8"@? %glﬁg’f %{1%'113%@”73' e

torizatrons berng given in
[0888hi quUBETreygiad SO6 beayusefbrinoscaledalis IDCTS o(nfromyof the block of

sl DR i, B oW RISt SRR oA PTaLga TP of 8 block of
@RI L AR BUAECS P NADCTRBnGRE M6 AES tHEY palsifh Biled 1D

used for various i mage and vi deo codi ng standards such
H3CTPEG coMREG-df, thévPlEGk 2f iNPEGMate Pesa)t$ fieinP Bdfferth 136':81,d provide a

BlaFk 67 Ryt e Puik B Pt Ryl e Rgfittink S e inl

FR6IR) ash it 81 Barld 15r§{71db§16ﬁf)ﬁtasﬁﬁ1 (@ full or non-scaled
interface) (block 712). A full transforn1nay be

98P br Gorp shasvs p rbdack dipgrany af aedesieo o &@T precsssor 600 that
ué)é)gﬁg %l?laﬁg ce‘l A?nctlc(r 7c]e'§1') %El%olg?T pr8 eissogaédbe% Y6 fbeperforms

elrve a second 1nt er ace (a ‘SCa I nt er ace

{puofkmiitig.onA Bloal eflinpuagsipdésm AmCbengas bos r@dwemthe block of
the second input values to obtain second output val

[Brbrlucsigym uPU@Q]Vlarﬁ gitiplexar 03 Astesiommpragalese 1 OGP on rows of
AR HIGUES ﬁgﬁtr x%?efs%m %ﬂogufep gsol&czcsct?fhlgf%{akﬁgﬂé rulds it %tbuffer 616.

I nput va be recel ve rst interfa
P snghedsmoma:jotthem perfirno ckaled I:D:é)(él’js ompumﬂumlasi uf—:sshe Block of

e SRS EoLm R PR Perfor et on €2 (81, angorm
bourgeioRdi @t Bulbo®e. ARFREesld Brdvidls iRy BJ®RY oP8caled transform
performed on each colum of the internediate block to
ofstfadinnta fdyl the keaddd iar&ice.oht qgmlung/mmélsi% ref¢igcsandl sedles the block of
sca?er(]isirgrrls orm %eﬁjlcw%tsbe eprrfoxglrdrersec%ul? brahs olil’rrrrlngoeffﬁlcilegtvsve Por the full
interface.

[0090] For clarity, much of the description above is for DCT and IDCT. In general,
the techniques described herein may be used for any type of transform such as DCT,
IDCT, DFT, IDFT, MLT, inverse MLT, MCLT, inverse MCLT, etc. The techniques
may also be used for any factorization of a transform, with several example
factorizations being given in FIGS. 2 and 4. The techniques may also be used for
transforms of any size, with 8-point transforms being given in FIGS. 2 and 4. §x8 DCT
and 8x8 IDCT are commonly used for image and video processing. The techniques

may also be used for various image and video coding standards such as JPEG, MPEG-1,

MPEG-2, MPEG-4 (P.2), H.261, H.263, etc.



by rows. [0093] The full transformmay al so be a full
2D forward transform In this case, a block of first

WO pati1sat ues may be received via the first i nPEr/iame7/065548
A scaled ID transform may be perfornmed on each row of
the bl ock of input values to ppbtain a first
i nternmedi ate bl ock. A scaled ID transform nmay be
performed on each columm of the first internediate
09gk t arreRtAkKLWs 8RRIBE Jfd prodBdi AfoefR| RefrmitBSiransform.  First
second internediate bl ock may be scal ed to obtain a
bipotkalods may be repgtved tviasaifins gnte{fm%;]ful‘th)e nbuﬂs{:aled interface) (block
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unmn vvlseto obtain th led transform .
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scaled transformcoefficients to ob
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bl ock of transform coefficients to obtain an

bntersredi at e bl ock, and scaling and scal ed 1D | DCT may
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ransform coefticients transform coefticient may be scaled with a respective scale
factor to obtain a corresponding scaled transform coefficient, e.g., as shown in FIG. 1A.
Alternatively, the block of transform coefficients may be scaled row-wise and column-
wise to obtain the block of scaled transform coefficients, e.g., as shown in FIG. 1B. A
scaled 1D IDCT may be performed on each row of the block of scaled transform
coefficients to obtain an intermediate block. A scaled 1D IDCT may be performed on
cach column of the intermediate block to obtain a block of output samples.
Alternatively, scaling and scaled one 1D IDCT may be performed on each row of the
block of transform coefficients to obtain an intermediate block, and scaling and scaled

1D IDCT may be performed on each column of the intermediate block, ¢.g., as shown in

FIG. IC.



scal ed 2D DCT may al so be perforned on the bl ock of
i nput sanples to obtain a block of scaled transform
weoemiflizieents for the second interface. [0097]PEI/G52087/065548

shows a bl ock di agram of a design of an encodi ng

system 810 and a decodi ng sysiem 850. At encodi ng
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[0098] At decoding system 850, an entropy decoder 860 may perform entropy
decoding on the compressed data in a manner complementary to the entropy encoding
by encoder 826 and provide quantized coefficients. An inverse quantizer 862 may map
the quantized coefficients to full or scaled transform coefficients. A unit 862 may
perform full 2D IDCT on full transform coefficients or scaled 2D IDCT on scaled
transform coefficients and provide blocks of output samples. Unit 862 may support
both full and scaled interfaces. An image/video decoder 866 may perform
decompression on the blocks of output samples and provide blocks of pixels.

[0099] At encoding system 810, unit 822 may perform scaled 2D DCT and provide
scaled transform coefficients. Quantizer 824 may perform scaling (e.g., stage 318 in

FIG. 3A or stage 328 in FIG. 3B) as well as quantization of the scaled transform



coefficients fromunit 862. [00100] FIG 9 shows a

bl ock di agram of an encodi ng system 900, which may be
wag@d/1izie7 encodi ng system 810 in FIG 8. A capPCr/@S2007/065548

devi ce/ menory 910 may receive a source signal, perform

conversion to digital format,>;nd provides input/raw

data. Capture device 910 nay be a video canera, a
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[00102] FIG. 10 shows a block diagram of a decoding system 1000, which may be
used for decoding system 850 in FIG. 8. A receiver 1010 may receive compressed data
from an encoding system, and a storage unit 1012 may store the received compressed
data. A processor 1020 processes the compressed data and generates output data.
Within processor 1020, the compressed data may be de-packetized by a de-packetizer
1022, decoded by an entropy decoder 1024, inverse quantized by an inverse quantizer
1026, placed in the proper order by an inverse zig-zag scan unit 1028, and transformed
by an IDCT unit 1030. IDCT unit 1030 may perform 2D IDCTs on the full or scaled
transform coefficients in accordance with the techniques described herein and may
support both full and scaled interfaces. Each of units 1022 through 1030 may be
implemented a hardware, firmware and/or software. For example, IDCT unit 1030 may

be implemented with dedicated hardware, a set of instructions for an ALU, etc.



support both full and scaled interfaces. Each of units
1022 through 1030 nay be inpl enented a hardware,
wo poomaaiie7 and/ or software. For exanpl e, | DCT uPCT/USBIB0065548

may be inplenmented with dedi cated hardware, a set of

instructions for an ALU, etc.4£0103] A display unit

1040 di splays reconstructed i mages and vi deo from

processor 1020. A controller/processor 1050 controls
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blocks, modules, circuits, and algorithm steps described in connection with the

disclosure may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the

scope of the present disclosure.



software, various illustrative conponents, bl ocks,
nodul es, circuits, and steps have been descri bed above
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[00110] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the present disclosure. Various modifications to the
disclosure may be readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other designs without departing from the spirit or
scope of the disclosure. Thus, the present disclosure is not intended to be limited to the

examples shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[00111] WHAT IS CLAIMED IS:



di screte conponents in a user termnal. [00110] The
previ ous description of the disclosure is provided to
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the present disclosure. Various nodifications to the
di scl osure may be readily appggent to those skilled in
the art, and the generic principles defined herein may
be applied to other designs w thout departing fromthe
spirit or scope of the disglogmws. Thus, the present

di sclosure is not intended to be limted to the
exanpl es shown herein but is to be accorded the w dest
scope, consi,stent with the grinciples and novel
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to obtain second outﬁut val ues; and a nenory coupl ed

to t hansmpeeseyied to thapwoeesspar at us of claim 1, wherein

the full transformis a full twodi mensional (2D)

transform and wherein the processor is configured to

recei e a Bhoclppaohtukiafstlainmplutwhatinetheviudl trivesfdrnr s¢ a full two-
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the bl ock of scal ed input values to obtain an

phiriar aAeklpek of bicalsl, inpwtd velucpetof perfare gcssaled Pm-dimensional (1D)
ransform gn each I of- t he (i.nt ernedi at e .bl.ock t .
bR BT sR B ESG e a8t iRy b ECTREA Tp gt 4 dRemdiae

Bloplr AldUs peffofh aisduldd 1PhesBFdnt Siecddl dohini@bs fherifelBediate block
full twodi nensjional (2D) transform and wherein the

for Jreis sdogkeoof dstfquiint salueo recei ve a bl ock of first

i nput values via the first interface, to performa

scal ed one-di nmensional (ID) transformon each row of

t he bBock ®@he iapparhitugadfuelainh ol, obhatin thef futlstransform is a full two-

I nt er medi bl ock, to performa scaled |ID.transform
eame@aleﬁalc@bﬁ ﬁﬁﬁn#P“{l’r?éldel?‘%?mitﬂ% BRIl €oBfigeRd foreceive a block

of first input values via the first interface, to perform a scaled one-dimensional (1D)
transform on each row of the block of input values to obtain a first intermediate block,
to perform a scaled 1D transform on each column of the first intermediate block to
obtain a second intermediate block, and to scale the second intermediate block to obtain

a block of first output values.

4. The apparatus of claim 1, wherein the full transform is a full inverse

discrete cosine transform (IDCT) and the scaled transform is a scaled IDCT.

5. The apparatus of claim 1, wherein the full transform is a full two-
dimensional (2D) inverse discrete cosine transform (IDCT) and the scaled transform is a

scaled 2D IDCT.



obtain a second internedi ate block, and to scale the

second internedi ate block to obtain a block of first
woeiopaisieal ues. 4. The apparatus of claiml, WAET/E52007/065548

the full transformis a full inverse discrete cosine

transform (1 DCT) and the scalged transformis a scal ed

I DCT. 5. The apparatus of claim1l, wherein the ful

transformis a full twodi mensional (2D) inverse
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10.  The apparatus of claim 5, wherein the processor is configured to receive
a block of scaled transform coefficients as the second input values via the second
interface, to perform a scaled one-dimensional (1D) IDCT on each row of the block of
scaled transform coefficients to obtain an intermediate block, and to perform a scaled

1D IDCT on each column of the intermediate block.

11. The apparatus of claim 1, wherein the full transform is a full discrete

cosine transform (DCT) and the scaled transform is a scaled DCT.

12. The apparatus of claim 1, wherein the full transform is a full two-
dimensional (2D) discrete cosine transform (DCT) and the scaled transform is a scaled

2D DCT.



I D IDCT on each colum of the internedi ate bl ock. 11.
The apparatus of claiml, wherein the full transform
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scaled transformis a scaled DCT. 12. The apparatus of
claiml, wherein the full trapgsformis a ful

t wodi nensi onal (2D) discrete cosine transform (DCT)

and the scaled transformis a scaled 2D DCT. 13. The
apparatus of claim 12, wherein the processor is

confi?ured to receive a block of input sanples as the
firstl} npuif hg apmeestuw@lmhem iwhstein Htegrroenssor is @Iﬁ@ufadrtmrecelve

one: di (
BlER SrmPRSHMIENR) B8 Tra bR Pirle e SBF P el 28 gorform o
Batekonet dimp@didiil M) BCA @ickabPrd¥cdf fid bk fehud @manEs to obtain a
the first internediate block to obtain a second
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to provide ansform coefficients as the
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apparatus of _claim 13, wherein the processor
o %I}quﬂwef ¥idtnise %%géfl’i ogipuhgbes e thedrsldels

internedi ate block wwth a respective scal e factor to
obtain a correspondi ng transform coefficient in the
bl ock 14f tWhmspmmﬂmsoéﬁkhnHénwbmfmﬁﬂwﬁmexaﬁpa$amnﬁgmwdtoscde

claim 13, rein roce conf| ured

el Tt R S G e RS RST o A B s B b todobtain a
E&T&Bérﬁhﬁg trhe ffthpeder@dicttiR iRl 0640 srarhtfoth @BESicichB. The
apparatus of claim 12, wherein the processor is

configured to receive a block of |nput sanpl es as the

first 5 Npufy ¥ gplﬁggtuél '09 cla n? g prgc %SOI‘ 1§) C&%r é%l??r]ﬂo scale

a sca ed one- nsi ona sca

thewsaabnd Hetcbhedikte oblotinpuiv- ‘.saerpdxﬁls célanmbwlae rtoaabtam the block of
i nternedi ate bl ock, to performa scaled ID DCT and
GenyoryCshiiEarth col urm of the intermediate bl ock to

obtain a block of transformcoefficients, and to

provi de the bl ock of transform coefficients as the

f i rst l@ut plihe \uaparesisvofactaime 12 rvsltere¢int te faroeessdr7is ddmdigured  to

ar at f claim12, wherein the essor S
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g%f&gf a SO oN@UHRRShA (115 SEPARA sbAIR dPERn BR of the block of
mput samples to obtain an intermediate block, to perform a scaled 1D DCT and scaling
on cach column of the intermediate block to obtain a block of transform coefficients,
and to provide the block of transform coefficients as the first output values via the first

interface.

17.  The apparatus of claim 12, wherein the processor is configured to receive
a block of input samples as the second input values via the second interface, to perform
a scaled one-dimensional (1D) DCT on each row of the block of input samples to obtain
an intermediate block, to perform a scaled 1D DCT on each column of the intermediate
block to obtain a block of scaled transform coefficients, and to provide the block of

scaled transform coefficients as the second output values via the second interface.

18. A method comprising:



a scal ed one-dinensional (I1D) DCT on each row of the
bl ock of input sanples to obtain an internedi ate
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the internediate block to obtain a bl ock of scal ed
transform coefficients, and tm provide the bl ock of
scaled transform coefficients as the second out put
val ues via the second interface. 18. A nethod

Conprire%bﬂﬁrgr%ﬁhﬁhMMe'sR@ataﬁﬁPH{terYa%leueS via a first

interface; performn full transformon the first
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e f ook RO sl R el s B d RASTERESRH ot

val ue erf(ﬁnﬁlbg al ftakAceabfadi pHtthy akessl inp9t vihies i@tdbedn second
of claim 18, wherein the full transformis a full

PYWOH| YAdHSi onal (2D) transform and wherein the

performng a full transformon the first input val ues
conprises scaling a block of first input values to

obt ai M9.a bIrbeknahod ofl @ginm rgutwheadiniethe fpBrrasformgisaa full two-

a}%%:lngqgaglﬂ | g%g olélgtn gzlixfbl(\ﬁl [e)%pél% &gg{rg)rgggggﬁealgﬂraggf\grm on the first
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conprises perf ormdr:g a scal ed one-di mensi onal (1D
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[ fi diate bl ock, perform ng a scaled
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bl ock to obtain a second internedi ate bl ock, and
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f
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performing a scaled one-dimensional (1D) transform on each row of a block of
input values to obtain a first intermediate block,

performing a scaled 1D transform on each column of the first intermediate block

to obtain a second intermediate block, and

scaling the second intermediate block to obtain a block of first output values.

21. The method of claim 18, wherein the full transform is a full two-
dimensional (2D) inverse discrete cosine transform (IDCT), wherein the receiving the
first input values via the first interface comprises receiving a first block of transform
coefficients as the first input values via the first interface, and wherein the performing a
full transform on the first input values comprises

scaling the first block of transform coefficients to obtain a second block of
scaled transform coefficients,

performing a scaled one-dimensional (1D) IDCT on each row of the second

block to obtain an intermediate block, and



first input values via the first interface conprises

receiving a first block of transform coefficients as
wWo b@7f15181 i nput val ues via the first interfackPCT/aRIN07/065548

wherein the performng a full transformon the first

I nput val ues conprises scalingthe first block of

transform coefficients to obtain a second bl ock of

scal ed transform coefficients, performng a scal ed
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bl ock to obtain an internedi ate bl ock, andperform ng a

scaled ID IDCT on each col um of the internediate

bl ock.A 22. The
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tain a second internedi ate bl ock, scaling the second
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and imadars. f or perforn1ng a scal ed transforn1on t he
second i nput values to obtain second output val ues.
23.  An apparatus comprising:
means for receiving first input values via a first interface;
means for performing a full transform on the first input values to obtain first
output values;
means for receiving second input values via a second interface; and
means for performing a scaled transform on the second input values to obtain

second output values.

24. The apparatus of claim 23, wherein the full transform is a full two-
dimensional (2D) transform, and wherein the means for performing a full transform on
the first input values comprises

means for scaling a block of first input values to obtain a block of scaled input
values,

means for performing a scaled one-dimensional (1D) transform on each row of
the block of scaled input values to obtain an intermediate block, and

means for performing a scaled 1D transform on each column of the intermediate

block to obtain a block of first output values.
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transformis a full twodi nensional (2D) transform and
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the first input values conprises neans for scaling a

bl ock of first input values tg obtain a block of

scal ed i nput val ues, neans for performng a scal ed

one-di mensional (ID) transformon each row of the

bl ock of scaled input values to obtain an internediate

bl ock, and neans for performng a scaled ID transform
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27.  An apparatus comprising:

a processor configured to scale a first block of transform coefficients to obtain a
second block of scaled transform coefficients, to perform a scaled one-dimensional (1D)
transform on each row of the second block to obtain an intermediate block, to perform a
scaled 1D transform on each column of the intermediate block to obtain a block of
output samples, and to perform multiplication on a set of variables with a set of rational
dyadic constant that approximates a set of irrational constants for each scaled 1D
transform; and

a memory coupled to the processor and configured to store the intermediate

block.

28. The apparatus of claim 27, wherein the scaled 1D transform is a scaled

1D inverse discrete cosine transform (IDCT).

29. A method comprising:



scaled ID transformon each colum of the internedi ate
bl ock to obtain a block of output sanples, and to
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set of rational dyadic constant that approxi mates a
set of irrational constants fgr each scaled ID

transfornm and a nenory coupled to the processor and
configured to store the internedi ate bl ock. 28. The
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second block to obtain an i nternedi ate bl ock
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wherein the scaled IDtransformis a scaled |ID inverse

di screte cosine transform (I DCT). 31. An apparatus
corrpr B&i ngThanmtlmdeasf@iﬂimc@nwhgmiredletsoalpéﬂDdrmsﬁ)rmdala@daled 1D
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performa scaled ID transformon each col umm of the
first internedi ate block to obtain a second
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coefficients, and to perform multiplication on a set of variables with a set of rational
dyadic constant that approximates a set of irrational constants for each scaled 1D
transform; and

a memory coupled to the processor and configured to store the first and second

intermediate blocks.

32. The apparatus of claim 31, wherein the scaled 1D transform is a scaled

1D discrete cosine transform (DCT).

33. A method comprising:

performing a scaled one-dimensional (1D) transform on each row of a block of
input samples obtain a first intermediate block;

performing a scaled 1D transform on each column of the first intermediate block
to obtain a second intermediate block;

scaling the second intermediate block to obtain a block of transform coefficients;

and



i nternedi ate bl ocks. 32. The apparatus of claim 31,
wherein the scaled ID transformis a scaled ID
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