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i nvention relates to the field of DCT domain inverse notion conpensati on.
More” specrflcally, the invention relatez to the field of converting -

i nter-coded franes fromvideo informatidn in an MPEG conpression format to
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coded using a motion compensation information from past I frames or P frames. B frames are coded
-using motion compensation information from either past and/or future I or P frames. P and B frames
can also contain intra-coded blocks, which are also coded using DCT as are the blocks in the I frames.

A MPEG-1 bit stream has a hierarchical representation with six layers: a sequence layer, a group of
pictures layer, a picture layer, a slice layer, a macroblock layer, and a block layer. The sequence layer
is the top coding layer. A group of pictures layer (GOP) is a set of pictures in contiguous display order.
It contains at least one I frame. Each picture corresponds to a frame. Each picture is divided into
slices. A slice is divided into macroblocks. A macroblock is composed of 6 blocks 112, four blocks for
luminance, and two for chrominances. Further details of MPEG-1 standard can be found in ISO/IEC
JTC1 CD 11172 Coding of moving pictures and associated audio for digital storage media up to 1.5
Mbits/s, 1992.

The details of a process of reduced image generation can be found in “On the extraction of DC
sequences from MPEG compressed video”, (by B. L. Yeo and B. Liu, International Conference on
Image Processing, Vol. I, pp. 260-263, 1995). This reference is incorporated by reference in its
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entirety. A DC inmage is conposed of block-w se averages of 8 X 8 bl ocks.
For the 1-frame of an MPEG | coded video, each pixel in the DC inmage
corresponds to a scal ed version of the DC coefficient of each DCT block. A
generic extraction of the DC imges from P and B frames is shown in Figure
IC. Here, Pref 13 IDis the target bl ock?of interest and is inter-coded. It
Is desired to convert it into an intra-coded DCT format so that the DC
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While the value of S;; is clear from Table 1 with the given values of k; and w;, we will sometime write
Sijasa function of A; and w;. For example, .S’m = So1{ho, wo) = So1(ho)-

Denotmg the 2D DCT of an 8 x 8 block P as DCT(P), we can express the DC coefficient of
DCT(P,-:}) as:
7T 7 '
(POT(Ern =32 (2 zw;,(DCT(R»mz) , 0
- 1=0 \m=0I[=0 .
for some weighting coefficients w! ;. '

A key result of “On the extraction of DC sequences from MPEG compressed video”, (by B. L. Yeo and
' hw;

B. Liu, International Conference on Image Processing, Vol. 11, pp. 260263, 1995) is that w}, = TR



Subbl ock Position J[err]
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[err] Plerr] upper right

[err] Plerr] 3 upperleft [err]

Table 1: Matrices S[err] and S[err] ~ i.e., the weight werr] is the ratio

of overlaps of the block P[err] with block P[err]. An approximtion, called
the first-order approximation, apprOX| mates (DCT(P[err]))00 by

DC(P[err]) DC( P[ PIpT O%i. matj on 4 equires only the
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MPEG | video. Exanple enablfhg 4ppti C&Lilo 5, A0¢ [doLunent pd in "Rapid scene

anal ysi s on conpressed v{deqs" 3}/ B.. L.] /@0 & 5,0, | | EEE Transactions
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1995) . and "Effici ent Matchimgand—Crustering of  video shots" (by M M
‘Yeung and B. Liu, International TédafeMamices Sarenidage Processing, Vol. |, pp.
338-341, 1995). These references are incorporated by reference in their
entirety. For the | frame of a MPEG | video, we.define a DC+2AC as

fol | ows: f®rtheweighigwl isthexstio of everlapstof dhebivck Fets B blogkBr. Astaparoxjpaation, called
coef fici eﬂie:ﬁ,rst,éﬂeemp}oxﬁmhoé,(ﬁppn’oﬂnmeDG’é‘l(Humdbyand a2 x 2inverse DCT is
taken to obtain 4 pixels. For B and P fr3a equation (2) is used for
constructing the DC and two Iompgpr%CT gmj@;ments of P[err] fromthe
DC and two order AC coefficients of I%ks P[err] 'S,

[err] for a + b < 1. Here, h[err] and [err] are the height and w dth of
bl ock P[ eThik apgroxitiaon requites o1l alie metion. vettorrihfoematide bad ths DCavaldee id s mefedence’ On

Fast M cr 834001Gs SofWsd “8h AL e MREAIn TP TR LHRRELs HbAMPPEE BofngRessed video”, (by B. L.
~ Yeo and B. Liu, Internaiional Conference on Image Processing, Vol. 11, pp.. 260-263, 1995) that such
approximation, when applied to B and P frames, yields good results in practice.

The use of DC images extracted directly from MPEG-1 video has led to efficient algorithms for
processing MPEG-1 video. Example enabling applications are documented in “Rapid scene analysis
on compressed videos” (by B. L. Yeo and B. Liu, JEEE Transactions on Circuits and Systems For Video
Technology, vol. 5, pp. 533544, Dec. 1995) and “Efficient Matching and Clustering of Video Shots™
(by M. M. Yeung and B. Liu, International Conference on Image Processing, Vol. I, pp. 338341,
1995). These references are incorporated by reference in their entirety.

For the I frame of a MPEG-1 video, we define a DC+2AC as follows: for each 8 x 8 DCT block, the
DC and two lower order AC coefficients, ACq,; and AC} g are retained, and a 2 x 2 inverse DCT is
taken to obtain 4 pixels. For B and-P frames, equation (2) is used for constructing the DC and two
lower order AC coefficients of P,.y from the DC and two order AC coefficients of DCT blocks P;’s.

(DCT(Pres))ap =Y, ( > ok ﬁ),-, a,m,l, b)(DC’T(P‘-))m'l) @)

_ i=0 \m+<1
for e + & < 1. Here, h; and w; are the height and width of block P; (Figure 1C) respectively.
Further details can be found in “On Fast Microscopic Browsing of MPEG compressed video” (by B.
L. Yeo, IBM T.J. Watson Research Center, Technical Report RC20841, May 1997). This reference is
incorporated by reference in its entirety. -



L. Yeo I BM T.J. Watson Research Center, Technical Report RC20841, WMy
1997). This reference is incorporated by reference inits entirety.

4 MPEG 2 video is intended for higher data rates and has uses for
broadcasting with high-quality video, whereas MPEG | is intended for data
rates on the order of 1.5 Mit/s. MPE&G2 supports much broader range of
applications and nodes of operations. It maintains all of the MPEG | video
syntax, and uses extensions for additional flexibility and functions.
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is a drawing showing prior art field prediction in a frame picture in the MPEG-2 video standard.

In summary, one difference between MPEG-2 and MPEG-1 is the support of coding of interlaced video
~ through the use of DCT and/or motion compensation of the interlaced frames through either frame or
field encoding.

To improve prediction efficiency, MPEG-2 further supports the 16 X 8 motion-compensation mode.
This mode allows a macroblock to be treated as an upper 16 X 8 region and a lower 16 X 8 region. Each
region is then independently motion-compensated. Another mode is the dual-prime motion prediétion.
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Thi s node allows a macrobl ock to be treated as an upper 16 X 8 region and a
| ower 16 X 8 region. Each region is then independently notion-conpensat ed.
Anot her node is the dual -prine notion prediction.

5 It averages the predictions fromtwo adjacent fields of opposite parity
when coding a given field or franme. Dual Sprimal notion prediction tends to
reduce the noise in the data. Details of MPEG 2 standards can be found in
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[err] wher ™ the 8 x 8 DCT matrix with entries [err] ([err] denotes
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(6) Thus, P,Vgéc) é‘&ﬁi] thgcprrespending D THrdomain blocks (or matnces) by the same capital letters with hats
[err] (e.g. D:, P, etc), that is, for a 8 x 8 block represented by the matrix D, we have

‘-

D = DCT(D) = TDT", 3)

where T is the 8 x 8 DCT matrix with entries (3, 7) (z denotes the i th row and j denotes the j th
column) given by

o 1o (2 +1)ix ' N
¢(i,5) = §k(z)¢05'(-ll—sl—, (4)
where .
’ 1 1« — 0 .
ki vz’ 5
@)= { 1, otherwise. ©

We also explicitly use DCT to denote the DCT domain value of a block when clearer notation is
required. For example, DCT(AB) denotes the 2D-DCT applied to the matrix product AB. We will
also make constant use of the distributive property of 2D DCT:

DCT(AB) = DCT(A)DCT(B)= AB. N (6)

Thus, we can write the 2D-DCT of
3
Prg =Y 5aP:S
=0
for describing the movement of subblock in the spatial domain as

DOT(Pog) = 3> DOT(S0)DCT(PYDCT(Se).

=0



for descrlblng the nmovement of subbl ock in the spatial domain as
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matrix P as Do D D =PD
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2 g .
. . , Dy D .. . , ,
block. Similarly, let D’ = D D be the corresponding interlaced macroblock, i.e., Dg and D]
2 3

correspond to the top field of D, and D}, and Dj correspond to the bottom field of D. The relauonshlp
between D and D' can be described using a 16 x 16 permutation matrix P as -

D=PD : )

where P = Fo B and
P, P
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00000000 [ err ] STATEMENT OF PROBLEMS
W TH THE PRI OR ART The prior art fails to process interlaced video
frames in the DCT domain. The prior art dbes not provide a conveni ent way
to process inter-coded franes in MPEG 2 conpressed video without
deconpression. The prior art does not teach the way to construct an
intra-frame DCT coded frame froman inter-franme notion conpensat ed coded
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STA_TEMENT OF PROBLEMS WITH THE PRIOR ART i

The pribr art fails to process interlaced video frames in the DCT domain. -

The prior art do_c_és not provide a convenient way to process inter-coded frames in MPEG-2 compressed
video without decompression.

The prior art does not teach the way to construct an intra-frame DCT coded frame from an inter-frame
motion compensated coded frame for an MPEG-2 compressed video (this process is called DCT domain

inverse motion compensation).’

The prior art does not teach the conversion of inter-coded frames in MPEG-1 video utilizing shared
informatjon in a macroblock. '

The prior art fails to provide a way to extract spatially reduced images sequence from MPEG-2
compressed video sequences without the need for decompression and utilizing shared information in a
macroblock.

OBJ ECTS OF THE INVENTION
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An object of this invention is a systemand nmethod for converting
i'nter-coded frames into DCT intra-coded franes of MPEG video utilizing
shared information. An object of this invention is a system and nethod for
constructing spatially reduced i nage sequences in notion conpensated
conpressed format utilizing shared ingormation. An object of this

I nvention is a systemand nethod for efficient construction of spatially
reduced inage sequences in notion conpensat ed corrpressed format w t hout
full deconpression, . -SUMWARY OF THE | NVENTI ON en co ressed v %
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advant agessegidntestiembeér cmpensaied sdnipresséd-fomat withoiohull desbmgressiet ai | ed
description of preferred embodi nents of the invention with reference to the
drawi ngs that are_include the following: Figure 1Ais a drawing show ng

three dif { SUMMARYOBRTHE IRVENJION h t he MPEG video standard. Figure

I B i's a-drawing of a prior art 8x8 Discrete Cosine Transform (DCT) block in
t he MPEG vi deo standard Fi gure 1Cis a draw ng showing a prior art
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Fi gur e | E ¢fBeientennyemingofintersgordes blockese DCIdniraznoedh
codi ng i n afahehanilogks andisrendtion tréveor information. The invention also uttllzes the shared mfo:matton

to efficiently construct spatially reduced images.

BRIEF DESCRIPTION OF THE DRAWINGS i

The foregoing and other objects, aspects and advantages will be better understood from the following._ -
detailed description of preferred embodiments of the invention with reference to the drawings that are
include the following:

Figure 1A is a drawing showing three different prior art frame types in the MPEG video standard.

Figure 1B is a drawing of a prior art 8x8 Discrete Cosine Transform (DCT) block in the MPEG video
standard.

Figure 1C is a drawing showing a prior art reference block, motion vectors, and original blocks in the
MPEG-1 video standard. |

Figure 1D is a drawing showing a representation of prior art matrix multiphcatlons used to move
MPEG-1 video contributing subblocks. -

Figure 1E is a drawing showing a representation of prior art field DCT coding in a frame picture in the
MPEG-2 video standard. |

Figure 1F is a drawing showing a representation of prior art frame DCT codmg in a frame picture in
the MPEG-2 video standard.
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MPEG 2 video standard. Figure 1 Fis a drawing showing a representation of
prior art frame DCT coding in a frame picture in the MPEG 2 vi deo standard.
9 Figure 1Gis a drawing showing a representation of prior art a coded
macrobl ock in a field picture in the MPEG 2 video standard. Figure 1 Hi's
a drawi ng show ng prior art frame predi ctionin a frame pi cture or
prediction in a field picture in the MPEG 2 video standard. Figure 11 is a
drawi ng showing prior art field prediction in a frame picture in the MPEG 2
vi deo st anddguge 1G jsiaglipven@showing agppresenatiennf arirrasiaodry reaseoblocle g fieldpicture in
enbodi ment tief MBEG-Qmideb etandaptst em executing the present invention. Figure 3
is a flow chart show ng the steps of the constructor for a reduced inmage
sequence f Figweal MRRBWing stwaing pricr gu fiams predicgorf in @ Wawh aictures¢rppidirgon e faléps
of const r ugicrgintkaMPEG-2i vidkgetandagdiences from | frames. Figure 5 is a flow
chart showi ng the steps®of constructing reduced i nage sequences fromP

and/ or B f Figwesll is kidgawiag Shomwingoprior awy fekbpredigivovn adramb pictreipstho MPESH? yidag
DCT domai nsiahded. Se noti on conpensation. Figure 6Ais a flow chart show ng
the steps for conputing contribution of each anchor blocks in the :
predi cti on Figure i8ladtdck diabiagishewingione prefeired émistidimpntohadompitergydténs exteuting the
predi cti onpreskpt fiv&Riof. 1 S @ bl ock diagram showi ng fiel d-based notion :
conpensation and an anchor block that is frame coded. Figure 9Ais a block
di agr am sh@ygdufs fsiacodd dhas exbwimy he thudtor RS Feluéed emape Reueiite Tt 4rS
field codegpsyl gggkcontributing sub- bl ock cones from-:an upper region.
Figure 9B 1s a %I ock di agram show ng fi el d-based notion conpensati on where

the achor Hg%&'ﬁik§ﬂ$¢:@1’m§ksﬁ@@hﬁ€th€@ép§WM&EM&HWM&@%&M@&&!Om an. -

| ower region. Figure 10 is block di agram show ng the predication of a
16x16 macr @lpufecsis a flow chart showing the steps of constructing reduced image sequences from P and/or B

Figure 6 is a flow chart sﬁdwing the steps of applying DCT domain inverse motion éoinpensaﬁoﬁ.

Figure 6A is a flow chart showing the steps for computing contribution of each anchor biocks in the
prediction of a block. i _ i

Figure 7 is a block diagram showing field prediction. | -

Figure 8 is a block diagram showing field-based motion compensation and an anchor block that is
frame coded.

Figure 9A is a block diagram showing field-based motion compensation where the achor block is field
coded and the contributing sub-block comes from an upper region. . : '

Figure 9B is a block diagram shdwing field-based motion compensation where the achor block is field
coded and the contributing sub-block comes from an lower region. :

Figure 10 is block diagram showing the predication of a 16x16 macroblock.
Figure 11 is a block diagram shoWing prediction of two horizontally neighboring regions.

Figure 12 is a block diagram showing the brute force computation of DCT domain inverse motion
compensation of two adjacent blocks with same motion vectors.

Figure 13 is a block diagram showing a preferred method for fast DCT domain inverse motion
compensation of two adjacent blocks with same motion vectors using shared information in the two
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Figure 11 is a block diagram show ng prediction of two horizontally

“nei ghboring regions. Figure 12 is a block diagram showi ng the brute force
conput ati on of DCT domain inverse notion conpensation of two adjacent

bl ocks with same notion vectors. Figure 13 is a block di agram showi ng a
preferred nmethod for fast DCT domain i Hferse noti on conpensation of two
adj acent bl ocks with sane notion vectors using shared information in the

t wo 10 bl ocks.
Figure 14 js.@ flow chart for a preferred method for fast DCT domain
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Figure 2 iphocks Blotludtr®irgEhow ng a conputer system 200, e.g. '‘an | BM RI SC
Syst en1 6000 (Tradenmark of the |IBM corporation) on which a preferred

enbodi nmentFigike 22hwad P3 &6 blotk disprand showing pprefetratmethisd fydaseDCT domaih iInversoniytitner
system 20 Qop&sdiioh B%hleﬂiﬂwnt BIREKGAI R SBfich va¥E usinSdhare® Mformation in the four

blocks to construct the block QU.

Figure 24 is a TV screen which displays reduced image sequences.

DETAILED DESCRIPTION OF THE INVENTION

Figure 2 is a block diagram showing a computer system 200, e.g. an IBM RISC System/6000
(Trademark of the IBM corporation) on which a preferred embodiment of the present invention
operates. Components in the computer system 200 are connected by and communicate over a system '
bus 212. A central Processing Unit (CPU) 210, Read Only Memory (ROM) 216, and Random Access
Memory (RAM) 214, typically are connected to the system bus 212. The preferred embodiment
includes one or more application programs 202. One type of application program 202 is a process 300
further described in Figure 3. Additional memory, e.g., diskettes 219, disks 220, and CDROM 221, can
be connected to the system bus 212 by appropriate memory adaptors 218. Input/output adaptors (222,
236) connect devices to the system bus 212 that interact with a user. For example, a keyboard 224
and/or mouse 226 input are connected to the system bus 212 through an appropriate user input adapter
222 as a display (e.g- a Graphical User Interface, GUI) 238 and/or printer 239 are connected to the
system bus 212 through an appropriate User Output Adapter 236. For example, a User Qutput Adapter
236 used to control a GUI would be an IBM RISC System/6000 Color Graphics Display Adaptor 236.
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Figure 3 is a flow chart which describes the overall process 300 of
“constructing a reduced i nage sequence from MPEG 2 video. In Step 310, a
MPEG 2 vi deo sequence is taken as input. This video sequence has headers
wi th descriptions of the type of frames contained in data packets
associated with the header. This is well known. In Step 320, header
information i s exanined Using known tecki. ques to determined if there are
nore frames to process. If not, the reduced i mage sequence generated so far
i's output 330 and the process is finished. If there are more frames to
process, t fremacourrefitrfeame F & pradessad asStepn86(C theewise,ftherverenifrauie I & precassed asStép
in Step 34870. AR tBOurichbASmd. F id piBcdsitdif Block 380VBr 370! the pprdcksd BBes tB bidcRMBY afd
B frame. | % Ripgtion in the headers is provided to cIaSS|fy t hese franes
this way. Is | 12

f i
frams F ist rociésa ol iyt EEGRE de ﬂ§‘t°§§*e§% e g%%ﬁd ﬂ%@b%%gfééeaf |
i n- Bl ock 3B§cEFing gamﬁﬁ@ %P@E@‘s Yrod dmpgss. ‘Eib&y “& S 1 aFm&EFre '
4 is a fl owacrhblockswh iprdcessh dfvmot,chstshows inoSters3ahp theG@ocess lFrayLm@l 18 S@ﬁpoBQQes Figubes

the steps 9fif tRirose smaalaémslba&&s pfo@%@ QH& aéxumacrbﬁdme chkbARIRS curRhRad6lock

d

" Shon: s e 5 £, Sl R Db By
there are fiofiedd r%’é%baé B thsy hfe%fgénfomomkihe Wcﬁcg% pisttreams It # peframe DOTe
current macaded) mtskgw(nmrﬁub MS | i itSs disld3BCT cddedna DETefpnBiiBdeintedacingraperatibn ishe

ﬁ g;(rj:ptl rr]r?g;{pggc% ‘?3% iVbie; 334 e%i&i &?&édeﬁso&meﬁtdm%éf esded masledlea&cmﬁe)
o e eyl eive 1 SiE 3650 l‘*ﬁ§‘ﬂ&$g§“ ik p bl 4o ACHTRIRS b PSS o i
oper at i on furenbmprotleck M, and the prosgss 360 retempetocfien36G1e The DG eqmposens repseseRis the

will be prmmge hnbnkmj!wlueldﬂxts fespetiicetlockiand the A€1d asd SCelswaluegtepregent earidusloBtestp

ﬂ
n-

ﬁggr OLPoftk ; Rgnneﬁgo@'xﬁ‘&ﬂ i te;%{%irnltﬁéttﬂaélé No&'iﬁd! bﬁ‘c cbfisiens, o8
repr esent st el Uyl bihiis A Eipbid Bt b AR B s
AC10 and Arsmency|cgmponentsase ehaser, bgcpusg alang ety the D{Cezqmnwt theygiya eneughgppidly
i ntensi ty andieffeldntiycreate b Feiubddaie bldk beadeite amiduarof infamnadocsoneiet i the efigifal
e.g., 1lllyean: be used in alternative enbodi ments. However, in a preferred

enbodi nrent these two | owest frequency conponents are chosen because al ong
‘r’\ﬂeéncteges?gxg%gﬁ&g%ﬁbr&%ﬁw' (62 B &8!1'&8 eﬁﬁ@dﬂ%ﬂt) 1@:6%&&1?9 Exh% A/Cﬁf %H& A1
or i gi nal GHor e bRl e oi 7 8 Seatehf ol b b icnko i e s
is to ide fV%@ruéthembl%dsﬁ@godeéé%éhmmobéﬁ alefranWee eesyierted into to a
nacr obl ocKranikhioded formébtriabglet tofidentify tHe rdquitddeoefficienth| Opiefaned tmbotimemnderibing

365. Homemtouf,ﬂ;,@ggq%glbglg{”ock is field coded 364, the nmacrobl ock needs to
be converted into to frame coded-format in order to identify the

required coedokd ﬁg&@ﬁsscies Aipabe bEFREY 4550w dleRedd a8 Qtrei) @51\ Qupﬂagéw f Ofe1d- Béd%d' S

bel
It op 30, Mierobidox{hfialng L Ex RET o Dl I8 oufin fis S poepcieps ey
bl ocks DC'F'(Se “g fapgd) VerWQfH?%TWﬂWMQ?&@‘PP‘F ents of the deinterlaced

versi on of réggrerrfl‘%(g has to, be conput ed. E)referred met hod f or
conput i ng KL pdfos ﬁ?‘E‘P‘BF’gIﬂ@I?@F%?@‘]‘ﬁm%OffWT Bg’s ferchompeellosksis bassd d

on a-weighted linear combination of DCT coefficients in the field-coded blocks:

(Do) = (BoDh)oo + (PiD5)oo
= (Po)o-(D§)-0 + (Pr)o-(D5)o |
= (B)o-((D§)-0 + (Dh)0), ©

where, the weights used for the linear combinations is:

(Po)o- = (0.5,0.453,0,—0.159, 0,0.106, 0, —0.090). (10)



on a weighted |inear conbination of DCT coefficients in the field- coded

bl ocks: [err]

[err] (9) where, the weights used for
the 1 i near conbinations is: [err]= (0.5,0.453,0,
-0.159,0,0.106,0, -0.090). (10)

13 Only 5 multiplications are needed.;j3ln an alternative enbodi nent, only 3
multiplications are used if the |ast two non-zero coefficients are ignored.
I gnoring these | ast two non-zero.coeffici-ents creates enouglh resolution in
t he reduc®als} meltiplieations a5e needpd In ppalternativeembasiment. ealyBroviiiplisgtionsperused if the
boundary thet e@tnopzerozbefficieds fredfmrdde thnofiypilesaint twohon-aerp vbdfident] aeatds)cheugh]

wi t hout U?ésGﬂn@z% tﬂyl'etdhﬁd'sfz@i:logﬂ?orléﬁﬁ a;?{hﬁatfo?@ Sch 9s Bowkifih [shot boundary detection,
[err] (11) kew se, e DC val ues for err] and D err]

can be coﬁ‘ﬁut ed by the foll owr ng equati ons:
[err]

(13) Théch%ng ertnﬁgm%ﬂt ctgf ca%rxﬂltbx}g g?z)(g vB&out lllsgg any multlpllcatgons uLes the results of

f or anon- i fPepd:acedbl ockrequires atmost2.5 nultiplications (5/2 = 2.5). If
the last two non-zero coefflc_r_ents oféﬂua [ely) Ob),ls al so ignored,  only
1.5 nul tiplications (3/2 = 1(Bare Acdedt (DBgdim(Podw step 362, if M iEDa
fiel d-coded macrobl ock, it rray be necessary to generate | ow order AC

Cort cxonihy i R MR8 st o PSR SIS L0,
t he wei ght eitl | i near conbi nat tﬁn)o&)erf(aprss @;ﬁf?s foI | ows: W

[ o @3 = (D] )oo+(Da)00) D1)oo 13

Therefore, the construction of a DC value for a non-interlaced block requires at most 2.5 multipiications
(5/2=2.5). Ifthe last two non-zero coefficients of Equation (10) is also ignored, only 1.5 multiplications
(3/2 = 1.5) are needed. -

Again, at step 362, if M is a field-coded macrobléck, it may be necessary to generate low order AC
coefficients (e.g., AC01 and AC10) of a frame-coded macro-block from a corresponding field-coded
macro-block. A preferred embodiment to compute the weighted linear combination performs step 364
as follows: ' -

Do) ~ (B)oo((Do)or + (D)) (14)

Do ~ (Bo)ro(Dh)oo + (Bodra (D)o + (P)1o(D5 oo + (Pr)aa (D)o
_ = (B 0)10((Do)00 (Dz)oo)'i'(Po)u(D{])m+(P1)11(Dz)1o (15)
D) =~ (Dh)or + (D3)or) — DoYu

(D)0 ~ (Ba)ro(Dhos + (B)u(Diho + (Bs)1o(D5)ao + (B)u(Di)o
= (le)m((Do)oo ~ (D5)oo) + (Po)u(Dphro + (Bo)u(Dp o (16)

Figure 5 shows a flow chart which details the Step 370 in Figure 3 and describes the steps of constructing
reduced image sequences from P or B frames. Here again the DC, AClb, and ACO1 coefficients are
identified for frame coded macroblocks. However, for the motion compensated macroblocks in P and
B frame format, the macroblock must be a converted to intracoded and frame coded macroblocks.

Step 371 determines if the current frame has more macroblocks to process. Ifnot, the process continues
at Step 320 in Figure 3. If there are more macroblocks to process, the next macroblock is taken as
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C(Blerr]) ge respective anchor blocks 134-137 of the reference frame. Therefore, contribution of each of these
portions 134P-137P to the current block 131 must be determined in order to create the current block
131. These contributions are weighted in a linear fashion to create the current block, the weights being
determined by the modes of motion compensation (field or frame-based motion compensation) , types
of encoding of the anchor blocks (field or frame coded) and the motion vector(s). Note that while this

is done in the prior art for MPEG-1, i.e., frame coded blocks and frame based motion compensation




gi ves the DCT domain representation of block B[err] or the reduced inage
representation of block B[err] which is equivalent to the DC and | ow order
AC coefficients of DCT domai n val ues of block B[err]. Referring to
Figures 1C and 1D it is noted that a current block 131 is created from
portions 134P-137P of the respective gachor blocks 134-137 ofthe reference
frame. Therefore, contribution of each of these portions 134P- 137P to the
current- bl ock 131 nust be determined in order to create the current. bl ock
131. These contributions are weighted in a linear fashion to create the
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(134- 137)519%!((#1%I1%14)G?rﬁ‘?1¢9m’édc0ded Each of the follow ng four cases are
converted into an intracoded and frane coded DCT bl ock: a. the current

bl ock is Bethercairens block i genenaigd frosnfieldbased mqtion semrensation andhtre capiributing archor

cont r i butblock (agc b34) idframécaded.g. 134) is field coded. b. the current bl ock
I's generated fromfield based notion conpensation and the contri buting

ar chor bl @dke &erent bladdis gemerdtedfiom dadechasedanotion eompensatioh ahd the lcontsibgingaretiord
from frang,hag: dlg@tlgmdmensatlon and the contributing archor block (e

"g. 134) is field coded. .. the current block is generated fromfrane.

based nDt4 Qfe &ﬁf@ﬁ?ﬂﬁéﬁ is Bne@dl&l £O8 fefiRiatddhdtidd campdRdtioR aff the CBntHbutikghlchos
frane codﬁ %Wzlais of how this is done see the description of

Figure 6~ B G &%ﬁ)é he details of step 648. Figure 6Ais a

fl owchart e sed tg C ut. cont i buti.o f an a

bl ook i S V%&“*aa? By 1503 435 arc B b SO B elBy i ov P e iR 51
bl ock is S®6480 bl ock Alerr] and notion type is set to MI. In block 6A2, it
is tested_if the notion t%e MI is frame prediction qr field predlctlon T f

it is fraiigure68ds adlogghart showingsthe steppsedde P%Pqt? the gentribytiop ofprfxchor blogks here
coded or the ddtaflscofdiepl 648 &f Higure 6. Iorstaped Adothecinchor bloesis sq) celslodkoA sindmndfidd typeds | f

it is fiedeftouoR bldcRSAR! RESRFITUE hbtidifiFpe MT il REmOpREKti4IPE Field prediction. If
~ itis frame prediction, it is further tested if the block A; is frame coded or field coded. If it is frame
coded, process goes to step 684 and if it is field coded, the process goes to 683. On the other hand, if
motion type MT is field based prediction, it is tested in step 6A4, if the anchor block is frame coded or
field coded. If frame coded, the process continues to 682 and if not to 681. The steps 681, 682, 683,
and 684 handle the cases marked by a, b, ¢, and d in the above paragraph respectively. '

One breferre‘d method of computing the contribution of anchor blocks 4;, 5 = 1,2,---, K to current
block of interest B; is now described. We have the DCT domain values of anchor blocks A; and we
want to compute the DCT domain values of B;. Furthermore, motion vector informations are used.
We will describe the construction of the entire set of DCT coefficients of B; and also the DC coefficient
of the frame coded version of B; (i.e., for generating DC images).

In the following description, we call the current block which is to be constructed Q and the anchor
blocks by M; or N; 0 < 13 for the ease of notation. We first consider the steps 681 and 682



notion type MI is field based prediction, it is tested in step 6A4, if the
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denot es trfen%lbwtqnlfwmqae!nar@hor[obpk] or [err] to the prediction of the target
Q and is conputed by [err] wher err], and [err] and [err] are matrices
whi ch we wibeP qe@&‘}a}"déprﬁsé%wn*ﬁés%‘é P&t block Qis formed by the sunmation
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g = Y DCT(P:SH)M; S,”2+ZDCT(P"SI)/75,"2 19)

=0

i

To conii:ute the contributions Q™ or Q”", 0 < 2 < 3, three steps are involved. First, from each
- anchor block M; or A, the sub-block which contributes to the prediction of Q, called contributing

sub-block, hereinafter, is identified. Second, the identified contributing sub-block is shifted vertically

and horizontally to the appropriate corner. This is done by multiplying the matrices SY; and Sfj,-
0 <:<3andl < j < 2. Third, each row of the shifted contributing sub-block is put to the correct
row position corresponding to @ by multiplying the matrices P; and P}. The matrices St S,”J, Pf, and
P? are decided depending on the representation of M; and A,.



The DCT domain representation of Qis given by

(19) [err] To conpute the contributions [err]
or [err], [err], three steps are involved. First, fromeach anchor bl ock
[err] or [err] the sub-block which contributes to the prediction of [err],
call ed contributing sub-block, hereinaftdd, is identified. Second, the
identified contributing sub-block is shifted vertically and horizontally to
the appropriate corner. This is done by multiplying the natrices [err] and
[err], O < [err] [err] 3 and 1 [err] j [err] 2. Third, each row of the
shifted coORydddiddniifers Hiy RbAGHK chsts Ritihd AchdPBIoEIRF (iPSichdér@dh Perdceddhd (ii) anchor
correspondlinqgla%gd Q by multiplying the matrices [err] and [err]. The
matrices [ err ], and- are deci ded dependi ng on the
representation of [err] and [err].
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we mmite'N%ﬁ{r] = wgerr] ([err]). In this case, we want to conpute the
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used for Shmount amddirectisr df,shiftis in the same way as in MPEG-1. Therefore, the matrices for shifting

[err] in DCT domain motion prediction @&Q)IPEG—I, denoted by 3;; (from Table 1), are used for S; and
[err] (21) In Figure 8 the contTibuting

t »
sub- bl ock fﬁ”ﬁ”[err] X [err] block in the upper right corner of the anchor
bl ock ' -
S = Si(hiywi) (20)
S = Sij(hl,u) 21)

In Figure 8, the contributing sub-block is a A} x wf block in the upper right corner of the anchor block
M, and is shifted to the lower left corner in the contributing block Q2.

The field selection in the contributing block is different for the top field prediction versus the bottom
field prediction. In the top field prediction, every odd row is selected. However, in the bottom field
selection, the selected odd rows are mapped to the even rows, i.e.,
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[err] and is shifted to the lower left corner in the contributing bl ock
Qerr]. The field selection in the contributing block is different for the
top field prediction versus the bottomfield prediction. In the top field
predi ction, every odd row is selected. However, in the bottomfield

sel ection, the selected odd rows are nmapped to the even rows, i.e.,

[ err ] (22) 18 [ err ]
[ err ]

18 Anchor bl ock [ err ] [ err

] Tabl g2 rertieatyand
hori zontal shi fit xpehopBRRK &N anchor bl ociSii €hd nt er | aced: [ekr] <= [efr] or
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contributing

Table 2: Selection of S}, 8%, S , and S}, for vertical and horizontal shifting when an anchor block is
interlaced: A’ = htor b’ = h?, v’ = w} or w' = w}, and 04 a 4 x 4 null matrix.

(i) Anchdr interlaced: step 682 i.e., handling case b

When M; (MN;) represents an interlaced block, M; (A;) = DY, in some interlaced macroblock D',

Dy D ' '

. D, D
interlaced formats in the DCT domain, to . The mode of motion compensation is still field-based
motion compensation.

D = . In this case, we want to compute the contribution of M;, which is coded in

-

Given an interlaced 8 X 8 block, call the upper half of the block (i.e., the first four rows) the upper
region and the lower half of the block (i.e., the last four rows) the lower region. Then, the contributing
sub-block of each interlaced anchor block belongs to either the upper region or the lower region. Within
each region, the contributing sub-block is displaced by (w, [2/2]) or (wt, [R¢/2]) for M, and for
N, when i = 0,1 and displaced by (w}, | h¢/2]) or (w?, | h¢/2]) for M; and for A;, when i = 2, 3.

Figure 9 illustrates a scenario of field-based MC and field-coded anchor block M. In Figure 9, the
motion vector 150 is (k}, w) and it is desired that the contributing sub-block in M contributes to the
top field of Q. In Figure 9 (a), the contributing sub-block comes from the upper reglon while in 9 (b),
the contributing sub-block comes from the lower region.

The direction and amount of horizontal shifting is decided by w! or w?, in the same way as in the
anchor non-interlaced case, i.e., S = Sin(wf) and S5, = Sia(w!?). The vertical shifting, however, is
different for each region because the blocks are coded in interlaced format. The choices of the matrices
Sh and S} for vertical shifting is shown in Table 2. When the contributing sub-block belongs to the
upper region of an interlaced anchor block, S} is selected for both S%, and S whereas S, is selected
when the sub-block belongs to lower region.



sub- bl ock of each interlaced anchor bl ock belongs to either the upper
‘region or the lower region. Wthin each region, the contributing sub-bl ock
is displaced by ([err]) or ([err]) for [err] and for [err], when [err] =
0,1 and displaced by ([err]) or ([ err ]) for [err] and for [err], when
i =2,3. Figure 9 illustrates a scenario of field-based MC and fi el d-coded
anchor block [err]. In Figure 9, the mapion vector 150 is ([err]) and it is
desired that the contributing sub-block in [err]2 contributes to the top
field of Q In Figure 9 (a), the contributing sub-block cones fromthe
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19  Thus @ rFHn&dbfs@&bféMfohmt m% dtéps[683 and 684 forkases chknd@rr ] is

still interlaced. Therefore it needs to be mapped to the right
row position to construct the non-interlaced contributing bl ock, i.e.,

[err] or [err This can be done by using the Co nent trices PlLerr]
and Plerr]k néft]'ﬁ“!fé’rﬁ@ﬂ!ﬁh afmogpn mqrﬂ&“%@dage'&g%\g° aggﬁ’ﬁftwésnﬁ of e dareef blofk-
For the t Ofhefprediciionofalspatialalomaindhlérkrcambogentially desotibeddly: i s expanded to every
ot her rows startlng fromthe first row of the target block using [err],
i.e., [err] =[err], 0 [err] 3. F& +hg @Mftomfield prediction, eacld3)
row i s expanded to every other rows startithg fromthe second row of the

target bl qeky m&QﬂB&JM isndrfinfeliaeed, it Contribuitey BatR WRskop afdibstionPfeldy of tthd @fet
bl ock Q %El S. 6'84for eﬁg€candd In a frame prediction, a
notion vectd uPS“ﬁal’“e&lvg’( h top and bottomfield of a target

bl ock. The predl ctl on of a spati al d@ml nSbA,Fg.k can be generally described
by:

(23) C c L
the top allrradir et sfe] b ’a"jg’f“e f@&?ﬁ‘mé&n %%ﬁ%ﬂ*é‘ﬁf‘&k ol
written adescribed. When the anchor block i mter contn re]l er\)m éq,eef.o a.nfi dhe ;
=0, 1, 2 H@ttamcﬁeld:oﬂthe Parged block ard ﬂntermbisbermreghnnffpurr@cb@rhlqubuln thgs case the”

sub- bl ock soffriButicgMy calfeCombaed adih €isldiHasedpaediction (dnokds interldckd bdse)| 4.1 | aced,
[err] contributes either to the top field and the bottomfield of t he
target block and there could be ngtte ehapfshadiSianehor bl ocks. In this oasg,
the contribution [err] can be conpued fisel d based prediction (anghor
interlaced case), i.e., HB - aﬁfé‘fl')\,[g &Q)

Computing Select DCT coefficients for reduced image generation

To generate reduced images like the DC or DC+2AC images from inter-coded P and B frames, only
select DCT coefficients of Q S,‘J, Sf‘,, 'P‘ and ‘P” 0 <i<3andl < j <2, can be precomputed. The
contribution of each anchor block to each component in @ can be written as follows a weighted linear

combinations of the DCT coefficients of the contributing anchor blocks as follows:

QM) = E_OZ%DCT('R :x)krn(M Yenn(Siz )t (26)
7 7

= > Zwkl(i,m,n)(Mi)mn (27)

m=0n=0



[err] or (24)

Jerr] (25) Computing Sel ect DCT coefficients for
reduced i nage generation To generate reduced inages |like the DC or DC+2AC
i mages frominter-coded P and B franes, only select DCT coefficients of |
err ], and [ err ] and [ err ], can be preconputed. The
contribution of each anchor block to eggh conponent in Q can be witten as
foll ows a weighted |inear conbinations of the DCT coefficients of the

contributing anchor bl ocks as folloms [ err |
(26) - where the weights 20 where the
wei ght s w,d(z m,n)l= DOTNP:Sa Jem(Siz)ut - _ (28) (28)

depends on (a) the nobde of notion corrpensatlon (field-base (g%r .
f r ane- bas defjend{ds)axthempdsé mofionerapsnsatonfficidrhased oritramesbaseR PATE MoFe Hfiecading
(field orof ﬂlae&uﬁ&dﬁ@)ancmadloems)(ﬁemer framt coded)paridyc)sthe Fotion vectors. Then, .

[ err ] . (29) From Equation (27), the prediction of a
conponent DCT val ue of a contribut {@g bLolK(Q&ewi res 64 nultiplicationg29)
resulting in a maxi mumof 64 X 8 nmultiplications for the prediction of a
~target block, since there a maxi mum of 8 possible contributing anchor

bl ocks. b&n@ﬁﬂ{xéﬁog Q27)V‘ﬁxe‘%édlctf3ﬁ%@ Srat DETtvalhRef Rontmibutil K16tk RGuivaledes
of the tar %f n th(élglu e %2%@ lnh}qu‘é%l‘&ﬁﬁ&gé fddhidtio oﬁQ él‘kalock,

bl ocks. S anc
(field- bagaqemuaomx@nwpe%a@sswqoawbﬁwaﬁnel?qrmE% the ot her f|eI d). Thi's
nmeans that we need to naintain the DC and sel ect AC v?lues of

st ..
pr edi ct ed Ibadsition, we will apefl 18 cppsiveisthe DEand selrphfe XRlpesiPt dhe targst Blgg I‘ﬂh%‘ could
| i near copblemailly®e wéd sxfinire anibhbﬂﬁl))cksammlke MPE@Vcblotly ind frgme pould be ugedias

set of co Jhbf’i)lﬁéﬁ eidrba‘?aﬂﬂ&ﬁdm: Sisatidd ¥or %Eﬁﬁ o (ﬁ"@l&im(ﬁlem? MThié ﬁleirﬁ thit &ve

restrict t 0 uatl

onl yuset héﬁﬁ K@*F“ %‘?ﬁ%‘éf A@ éﬁ?‘) gﬂoﬁteém{‘r a- co ancﬁ“n%?f ocks

C50) bec o Sompatation of the waHled 1l coribifaifn Prebato nacewc%'bm&m% b Wi 589-
(30) select set of coefficients in equation (28). One prefetred embodiment is to use restrict the computation

" ofequation(27)to0 < m+n < 1, i.e., only use the DC, AC01 and AC10 coefficients of the intra-coded
anchor blocks. We call this the DC+2AC approximation. In the DC+2AC approximation, equation .

:

(27) becomes:
. DCT( Q) = ZDC’T(QM")H' | (30)-
~ Z Z wu(i!m:n)(E)mny o . (31)
i min<l .

where w(i, m, n) is defined in equation (28). Of particular interest is the retention of onty DCT(Q)oo,

Fast algorithms

We will now describe preferred algorithms for fast DCT domain inverse motion compensation and
fast extraction of spatially reduced images based on shared information. More rigorously, we will
describe preferred algorithms for fast evaluation of equations (18) and (31). The speedup is based on
two classes of methods: (i) neighboring anchoring blocks with the same coding format, and (ii) the
use of shared information across anchor blocks in the same macroblock.

A common theme in the speedup is to re-order the movement of contributing subblocks in the inverse
motion compensation process such that permutation matrices are involved. The use of permutat?on



[err] (31) . l[err] where
[err]([err]) is defined in equation (28). O particular interest is the
retention of only DCT(Q oo, DCT(QI[err] and DCT(Q[err]. Fast al gorithns
We will now describe preferred algorit for fast DCT domain inverse
notion conpensation and fast extraction of spatially reduced i nages based
on shared information. Mre rigorously, we wll describe preferred

al gorithns for fast evaluation of equations (18) and (31). The speedup is

based on {dl @amworgaigﬁme@ o df AU S0HAD whdGc ASLEDONA Dihe bk forithdala e
b1 ocke 1 n ! BRI stoes st Mgk byrems marop el ERIORRCRSERNRGD”

re- or der PRENRESOB maficesalow spredupin the Freorstriesion efepatially reayred! {AgFSs ke Tt SPesdup
conpensat iimthe prabatesofsqation (3 Atusipg neiphtatinganchmaing blodks with thesamexlodipg formbtensise -
of per nut @hd §Mred information across anchor blocks in the same macroblocks. . 21

matrices wll allow maxi mal exploitation of nei ghboring anchor blocks with
sanme codi Fgst oprefetredéibodBtendf appraximdteicohmtatiah bfiDC,a030d asd 40 thaeflibients &fthée n
the same ?&E{D@&gﬁbc),\%e}% J) B bid 6 bre®85€ mbdies/ 10N BRSwRUL at i On matrices al | ow
speedup in the reconstruction of spatially reduced inages, i.e., the
speedup in the eval uation of mﬁ@gm L3 )vﬂ@h,mgﬁmi ghbori ng anchor{ﬁg

bl ocks wi th the sanme coding formati ons afkkishared 1 nformati on across anchor
bl ocks in the same nacroblocks. First, a preferred enbodi nent of _
appr oxi nawberoapuimtt .Gl B30 DG Il <dn Whtgeithed Apud/orf € s apermutationmhptrix By m
DCT( ABC) , walosiaiy niatriBpawéolmiar € 8 x 8 matrices, is as follows:

[err] (32) - :

[err] where [errlper(PBd), = ﬁ@&[{ﬁt@kﬁﬂm,meny&(rﬁ,@l&w/ or. C @38) a.
pernmutation matrix P. we obtai m@trix P, we obtain .[err] =
[err] (33) Dcr'?ﬁgp[)&”:] 3 vh(m,n) (Bl 1] vly(m, ) 344, P (34)
[err] = Lerr] ming1 (335)5 -

err where k + | m_+ ayable 3,2 , zand Tabl

[S hOVV] t he val ues OfD,@:(?Cg‘??’F C-i=e QE[SI%I(’L: rl_)(B)mng . Uu(-l;'gsbll) g‘- ﬂkm.a“”: 65)5
where b+ 1 < 1 and m + n < 1. Table 3, Table 4, and Table 5 show the values of 9 coefficients
used in the approximation, i.e., v%,(m, n) (Table 3), v} (m,n) (Table 4), and v3(m, n) (Table 5), for
each (k,I) and (m,n) pairs. Table 3 and Table 4 state that three values (DC, AC01, and AC10) of_
DC TT’T’BA) or DCT(ABP) can be computed with 5 multiplications, saving 4 multiplications over
the general case, as four entries are zero. Similarly, Table 5 states that three values of DG’TT’ﬁB’P')
can be computed only with 2 multiplications as one entry is a 1 and 6 entries are Os.

When vertically 6r"horizontally neighboring anchor blocks have the same coding format, the equations
for DCT domain inverse motion compensation can be rearranged so that they include permutation
matrices and thereby the computational cost for the same computation can be reduced as suggested by
Table 3, 4 and 5. To proceed, we note that the matrices for horizontal shifting S;; have the following

properties:
So2(wo) = Saz(w2), Sia(w1) = Saz(ws), . (36)
' 0 I .
So2(wo) + S1a(wy) = P° = (I souio) ; (37
. we

®

and P° is a 8 x 8 permutation matrix.

We_now proceed to describe the preferred embodiment of rewriting equation (31) to take advantage of"
equatiqns (36) and (37), and the speedup as suggested by Table 3, 4 and 5.



used in the approximation, i.e., [err] (m n) (Table 3), [err](m n) (Table
4), and [err]([err]) (Table 5), for each (k, I) and (m n) pairs. Table 3
and Table 4 state that three values (DC, ACOlL, and AC10) of DCT(7PBA) or
DCT(ABP) can be conmputed with 5 nultiplications, saving 4 nultiplications
over the general case, as four entries apg zero. Simlarly, Table 5 states
that three values of DCT(PBP') can he conguted only with 2 nultiplications
as one entry is a 1l and 6 entries are Os. \Wen vertically or horizontally
nei ghbori ng anchor bl ocks have the sanme coding format, the equations for
DCT domai n inverse notion conpensation can be rearranged so that they

i nclude pernutation matrices and thereby the conputational cost for the
same conputation can be reduced as suggested by Table 3, 4 and 5. To
proceed, we note that the matrices for horizontal shifting [err] have the
foll ow ng properties: [err] (36)
[err] . (37)

(3) and P[err] is a 8 x 8 pernmutation matrix. W now proceed to descri be
the preferred enbodi nent of rewiting equation (31) to take advantage of
equations (36)-and (37), and the speedup as suggested by Table 3, 4 and 5.
22 _ [ err ] Table 3. [err] Pre-nultiplication
by a pernmutation matrix: 5 nultiplications

arems [ 0,0) [ 0,1 [ (1,0) ]

©0 ] o ]
(0,1) 0 |
(a0 j o9 KNS

Table 3: ﬁkm]f,g — Pre-multiplicatidxi by a permutation matrix: 5 multiplications

wovemm | 00 ] 0,1 ] (1,0)
(0,0) T o
oy | o
(1.0) 0] o

Table 4: Ay P — Post-multiplication by a permutation matrix: 5 multiplications

woremn | (060) | QD | (1) |
(0,0) 1o o |
(0,1) 0 0 i
o) ff 0 | 0 |

Table 5: Prp Py — Pre- and Post-multiplication by permutation matrices: 2 multiplications



_ err ] Table 4: [err] Post-multiplication by a pernutation
matrix: 5 multiplications [err] Table 5: [err] Pre- and
Post-mnul tiplication by pernutation matrices: 2 nultiplications :

23 Nei ghbori ng anchor bl ocks with the sanme codi ng format There are two
cases: (i) two neighboring anchor bl ocks with the sanme coding formt and
(ii) all four neighboring anchor bl ocks.with the sane codi ng format. (i) -
Two nei ghboring anchor blocks with the s#ne codi ng fornat Suppose t hat
two upper anchor bl ocks [err]M and [err] belong to nmacrobl ocks coded in
the same fR&pRIeringladchdt bloG@eth the Githdldussy @Fm#s0di ng format or notion

predi cti on node, _ [err]

(38) Using these relationships, a preferred way of witjing the prediction
of [err] +[731,qu arg &vo cases: (i) two neighboring anchoy hj(quf wi éhe,silme coding Tormat and (ii) all four
(39) neighboring anchor blocks with the same codingformat. (40) In the second term of
equation (40), there ig a post-nultiplication by a pernutation matriXx.
Wil e the . DC+H2AC roxi mation, to.the firs .p equation (40) requires
9 nultipl i(ga |°o'heé%h%§p‘|5‘$ arerr ggmknge‘fvﬁ%éﬁe %‘H ec%‘rir%g? (lmr'#ga EIt he DC+2AC )
approximation to the second termcan be done with 5 nultiplications, from
Tabl e 4. Conpared to equation (39), three extra additions are needed to
conput e  [Smppdse that {verupper ankimnbloeks MysaniloMy belengite nrcblocksgodedrin the Fathé fordit,

four addi trh HiscaSé Regdt diéds BcoliY Fskmat SSHbdidnPRedidfion Avlld)d 4 mul tiplication and
| addition operation. This preferred enbodi nent conputes the contri.bution

of [err] + [err] together in a singne=shap Reer Pus conputing the (38)
contributionint separate steps (i.e..,.. conputing [.er 1,.e'rr]

i ndependeﬁ&%g),‘ges?\é\r@at@&%*scﬁﬂ'@ge@& B'Pr§' 8&%@@%%&?9%]&5’{%#@?%% terms of

QM+ QM = PoSp1MoSe + P1SuMiSi (39)

= PoSu(Mo— M1)Su + PoSu M P° N )

In the second term of equation (40), there is a post-multiplication by a permutation matrix. While the
DC+2AC approximation to the first term in equation (40) requires 9 multiplications, a preferred method
of computing the DC+2AC approximation to the second term can be done with 5 multiplications,
from Table 4. Compared to equation (39), three extra additions are needed to compute Mo — M;.
However, as four terms are zero (from Table 4), four additions can also be saved, resulting in saving
4 multiplication and 1 addition operation. This pfeferred embodiment computes the contribution of -
QMo 4 QM1 together in a single step versus computing the contribution in two separate steps Ge.,
computing @M and QM independently). The gain comes from expressing @M + QM in terms of

a permutation matrix and thus the reduction of number of multiplications as suggested by Table 4.

Likewise, when the two bottom anchor blocks M, and M3 are coded in the same format, the equation
for the prediction of QM2 + QM3 can be rewritten in a similar fashion saving the same amount of
computation. In this case, the fact that Sp; = S3; and P, = P; will be used.

When vertically neighboring anchor blocks are coded with the same formats, similar saving can be
obtained. However, the reduction in the computation depends on the prediction mode and coding
formats of the anchor blocks. 'For example, when the two anchor blocks M, and M., are coded in the
same format, we have Py = P,, and

QM + QM = PoSoiMoSoz + PaSaMaSn
= PoSoi(Mo— M2)So2 + PoX M2Ss2, 41)
where X = Sg; + S2;. Note in the case of frame-based MC and non-interlaced anchor blocks, Py = I

and X is a permutation matrix, resulting in the same saving as in the horizontally neighboring case. In
general, if we have interlaced anchor blocks, X will not be a permutation matrix. '



.

a pernmutation matrix and thus the reduction of nunber of nultiplications as
suggested by Table 4. Likew se, when the two bottom anchor bl ocks M2 and
MB are coded in the sane format, the equation for the prediction of[err]
[err] + [err] can be rewitten in a simlar fashion saving the same anount
of conputation. In this case, the fact that Serr] = Serr] and P2 = P3
will be used. Wien vertically neighborg&g anchor bl ocks are coded with the
same formats, simlar saving can be obtdrned. However, the reduction in the

conput at|on(ﬂepemdsamo;b@dgmmtﬁggﬁ@dgggilef@ﬂgtcodl ng formats of the anchor
bl ocks. For exanple, when the two anchor bl ocks [err] and M2 are coded I n

the s an”e f O ! FI_LF%[F ?r]c}{or bchcEs arL codeg) [netﬁe Jame ?ormat a preferred way ofcxprfsgeps,’. ? 15 "t

[err] = [ err
é% = S[err] + S err]. Note in the case of

frame-based MC and n aced anchor blocks, Plerr] =1 and Xis a

pernutation matrix, resultlng in thg sane saving as inzhe horizontally

nei ghboring case. In gene Wm—tﬁ;@ ks, X will
not be a pernutation matri o0 (Mo — . o T Poom{ M~ M)POF

24 (i1) Al four anchor b.LDc.kstm_t_h_L e—-sah%—codl ng fornmat When all f.our
anchor bl ocks are coded |W0Kﬁ'éizsa(ré)‘$o@ﬂ‘rﬁfm”appreferred way of expres{43g Q
s equatlon (42%, twot clu e rmutatlonmltﬁ{ f’} 'IheJeﬁ)li'J DC A&%{H}u nﬁmn

equation (4 rns |r1 L r| or e

Che  DCIoAC S CBR P amRpd gt b G an S DS ety e Sl oS! Shs
“mul tipli i cat mm@onstp cempite Red o reg"(&%ﬂ#"& -ae}dz,laild)Moop& at Rz 8 9dditions argsaned
Rlerr] = [ ebydero egefficents! It sives daultiplitation bperatipneshdlgquitey bmomaﬁdmm apadation. ITh
Saves 8 Ml i phsh R AL LMNIE IS id&%n-%ﬂ&la&é‘&’dﬂbﬂoﬁ‘é PIX 10418 #pnbhiafich A8, Ani tHiS-

i the case.of ot QHRCOAIRA Mol fifledst 5T ( 2654 2 ﬁfﬁagrsémg{ﬁmgmmghao a

pernmutation nagr]

to 21 (= cplsos addition operatians. Ve alsq Isbel the temys in-equating (42)@s £1.2p, % 2nd fic THS¥

oper at i ons. bewsfened to lateb sl equition{(€Dneuationddf)and eqmationXy9)a endzaso Bigure 26 tos2ifor 4.
They Wi || bfastmediieidrie gerferm thé DCTidomeie] itetse Mofiéhy/Jompershbivini of @ HicbRy whliifl theGaiaé i On
(49), and ahgeodrdgure 16 to 23 for fast nethod to performthe DCT domain

## nver se notii on. corrpensatlon of 4 blocks within the sane macrobl ock.

Macr obl ock ﬁ%‘&%@lo& Ease 1ctlorr1'erlila§sllnggin{eg}ng{1£§ gon%u atlonrrput ation '

In many cases, a set of neigh!ioring target blocks are predicted using the same motion vector. For
example, four 8 X 8 luminance data blocks (or chrominance data blocks in CHROMA 444) within a
macroblock share the same motion vector in both the field and frame prediction. In CHROMA 422,
two vertically neighboring blocks of chrominance share the same motion vector. In such cases, the
same anchor block can be shared across the multiple target blocks. This means that there are possibly
shared information in the predictions of multiple target blocks. For the description that follows, we
will describe the preferred embodiment for computing the DCT inverse motion compensation of a 16
x 16 macroblock consisting of four 8 x 8 blocks by taking into account shared information among the
blocks and demonstrate the speedup obtained. Other similar cases can be deduced. '

Figure 10 shows the prediction of a 16 X 16 macroblock Q. Each of the four 8 >< 8 target blocks @M
1005, Q¥ 1010, Q7 1015, and Q¥ 1020 is predicted from four anchor blocks, M;, N;, T;, and U;,
i=0,1,2,3, respectively. For the prediction of each target block (1005, 1010, 1015, 1020), the DCT
domain values of the four contributing anchor blocks need to be computed and added. However, note
that the predictions of four target blocks are strongly correlated to each other and do not have to be
computed independently. Consider the following two observations.



In many cases, a set of neighboring target blocks are predicted using the
Same notion vector. For exanple, four 8 X 8 |umi nance data bl ocks (or

chrom nance data bl ocks in CHROVA 444) within a macrobl ock share the sane
notion vector in both the field and frame prediction. I n -CHROVA 422, two
vertical ly neighboring bl ocks of chrom nance share the sane notion vector.

I n such cases, the sanme anchor bl ock can2be shared across the nultiple -
target blocks. This neans that there are possibly shared information in the
predi cti onFief altholgh (idr€art BEUS 16 Einbibkiting aictor Blbuks, dREard datyl Satiffdirratnchalblews, we

Wi Il descrihgstopeheRl £4 &Iafe@‘h%ﬁ@ﬁ&%ﬁﬁ% &t Blocis ORM ileNghadt macmaoh V&!h@@arﬁ@)t' on
conpensat | %c{%ho& a2 ﬁ: é)reGd Cf”% tikin lhg mecn?o'%%n §etc Eos@fFogC fopfR ‘ae rgt Bpdefs
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taking intq % g}gpioﬂégt etage-
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predi ct i on @ 1045 stgrextfa & Frepad d’l&i Bdk O SEardythpyertiqaiand @ﬁﬂmfeal isgagepeaieel epthock s
[err] 1005 coftebutihg Subitdock [wthin] thel Shtkor bnklark elentjcal BORS thesfowrtagkt btoeks, @ brmosour
anchor bl ogi¢5101peQf io15a8kh @120, That T, OM: L o8,= 37 £ eSpaahivel p¥ Fof L he
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strongly correlated to each other and do not have to be conput ed

i ndependengg) Eomﬁﬁ’ﬁﬁbxg&’fcoﬁtpﬁufl&{ drewb ﬂagﬂb\eﬁnmgﬁﬁsvat i ons.
25 First, although there are totally 16 contri buting anchor bl ocks t here

are only 9 different anchor bI ocks and 5 of them are shared am)ng rrulti pl e

target blo SI nc b ocks bel.ong t r obl and

are predi ct% ?ﬁ }i RShr &t @}9 %%%or Ir‘ta@ €1 hP°émgf"ﬁ%et &é%

bl ocks [er lqlemhoreira‘r'rgwarl%aﬁ% ‘é{FR‘,‘H’éFr'e“’BP‘E'&%“ch‘?rb@*s hayp the

[err] and [saenerqodmg fqrmats.| Fror®iFiguted 2 logwarfleverill 009 Blustrate th@@aem]mtm&dsﬂqmcé

[err] [ econtribneing @bibjocks dsinfifg thét e cdded W i@n-idtdiRced Gdrink®, dle., ftdadhGfidvemBital

di spl acerreaf @onﬁ)ibu@@grshb.bﬁ,aatdregchyédl %Herﬁaﬂ} R Sk 2WMihddd 5> it mh@ﬂﬁﬂ @r obb@%sar e

I denti cal B% a.n% QQ#F] ! a/{/@féra co %ﬁ tion[o Hcilor%g rl .AJt aD.rfd é & dr

;-.1015 and é err
for O [ ? re“’W” ighATe gé Pé‘b s figurp fRRPIRRGing ?ﬁi‘?‘ tlﬂ“(%’ﬁ“%?uch

as [err]) W@nﬁq‘iébbﬁ@rﬁwﬁﬂ@mém’&“dé‘?rtnﬁfélilsmﬂlﬁ%pl acements caused by the

notion vectors associated with each anchor ut ati qn of

cont ri but i O Wrteoiee waToaTYBrrAE 1§ ehyvg irFigure %%F‘?hr"g fheélé?ﬁé'f’lﬁe‘} B b#Ect i on
of upper r&gjiedseragtels—oin thaRCH azrarﬁtaaii Cyargyaovst e thedovea right comered b gnér r |
1005 and[ eM resp@tiGelyro tishuppan lefirvomery af ietetbikdia hidcks 1220whd 1226 aed BaspDatd mavednchor
bl ocks havfoh iR 16/ RGOS 6f H#DEWY) Sad F OFedtiv@y o the udper AEHIRITRbrs Ientdnkdiate Nl Y
illustrat ebm@ 1SRMETPAS. ﬁmemqh aoaﬂaemofﬁfe mt&;npa&e tﬁ&:ké&t‘psep oqaké HRSHHET N9
Egﬁ%/r Ialrjﬁt IC% ge in 1rr11%r|me9’1ﬁte bd)c&s éﬁ@ & {g)re{%and I 5§ Eh .ﬁr jfcesv\%s'ea/%r Fre aj ?f ?sé of
the form llnpl]lcatueﬂ_to %ovef_thf g °§isf“ﬁé wa eme%)he éﬁterﬁuedlate
conbi nat i oPloRs centiniag 4sndB e addeddogetheg endithe blocm Ofntatalﬁa Gznfl & 25§ addprbtogasirem
Slerr] or foeralq the wepenvekibnsi(§HSrad tHE) @'fﬂfeema -cofled@frapt blpcks hH0OGSAand i @UAelnftigs
.sinplici tymet?t'dite4$>hifslbﬁiﬂaﬁﬂ pYé a8 péshukiphdationbart hétdeds Ub- bl ocks are coded in
interlaced formats is simlar. The brute-force approach (prior art) is
shown i n FHowever, o inteati¢n shbws hprefeubbémmllismer, forBomphitmp theDomtrikution efithe dpper
separ at el yregiohs1 1051gndDCT0 ch@eRirget biBcla fdkesGntd bR oS Shafell @i rinBRonl(B\WRI OF dcaddt
corner of MOwHAAQontributing intra-coded anchor blocks Mo, M; (= No) and Ny. The sharing of information

as processed by the invention is illustrated in Figure 13 and the flowchart of this process is shown

in Figure 14. In the preferred embodiment, instead of moving each of the subblocks A, B, C and

D separately, each pair of adjacent intra-coded anchor blocks (the pair My, M; and the pair M;, N;)

\J’D

A—




Merr] respectively to the upper left corners of intermedia blocks 1220 and
1225, and B and D are noved fromthe [ower left corners of Merr] (= No)
and N[ err] respectively to the upper right corners of internmedi ate bl ocks
1230 and 1235. The remaining coefficients ofthe internedi ate bl ocks are set
to zeros (the white space in intermed¥te bl ocks 1220, 1225, 1230 and
1235). The S[err] matrices used for pre and post nmultiplication to nove the
bl ocks ar Qr@ﬁn%psuﬁm mﬁa Fbxgléﬁc% oliter (A03)8k spebfied R i46,Intihe, matlswe@hat e

bl ocks _cony, 595% By 858 (318 sﬁb%qa}oﬁ?x 1403 Ao ‘@;P%gﬁéi c A1 rngrp,g
and D are, a i t he
i ntra- coddy g‘lfgbbiﬁ%%“ 6“8‘18‘1%(%”“ ail I?’Fﬁ%‘ P L de‘BEPP' t8fthe
matri x pr elpemal tnelm]‘htt ipHipes farithisvgovementareshin in Figpngd  and areshe same eethe prsn
shows a pruedddn Fipdredibadteywdifféreios ( 1404y iptatsinndtademeslyanovie thelsuliblaek Bodt the hewed paie r
regions 1cdQera0¢ &lﬂeqo@érr{gmoﬁ@ma{e aﬁgﬁaﬁ&@&lm&gpea@egumhhmvmr ed .
Iblm(c)grkmiE Ie?o dé @e’&%y )1e 1tiu%§_rﬁ ﬂ%ﬁ Q/g rE .rl}t’ 130&% fGhtn o
pr ocessed( H%@ﬁfsaaw f’%d(rl qGJ @é‘f% f’b liJ?nA& 4@91?%3 st of
this pr ocespferred emhmlmentmrﬂy Yypairs of matrik pre dnd post mﬁbph@dmémmémrsusmmgéad of
Movi ng eaphirgh tHelbeuts- ke appisschAf Figure@2.and D separately, each pair of

adj acent intra-coded anchor bl ocks (the pair Mo, Merr] and the pair
Merr ] NRetheq than separating the shared information (i.e., contributing sub-blocks B and C) of the intra~-cod®d

are first sm srnemr 8dcik3Ng rhur mrae&&e BloBIR] as(id dhe Ariorst, the Bvbrtiof dechintdfodthee 14.
I'n 1403, oh gﬂﬁm ﬁ'ﬁld%aéh oq;thre Q@oﬂsﬂr&g’ 151:&%&21&1}31‘ ﬁ§ Then

subtracti ?ngwgw{qmw%%a%{l}m%ﬁqegﬁw aj}ﬁ*{j‘f |s

n
| owner | ef ([L @888?‘5 “15“”[%’
-noved to bleek sathpidhe addiginm 0%? W“VFW afinterpedigterblncks fesults (30t 13404 ishown
I n Fi gur ethit3amedprer 3gbhe(l$@ﬁrmda$l(1 tespectively) ofSigdntrarcoded tanget bldcks @k d§05A =
differ encmdsk%&)lsuﬁa £ PO lA! Plﬁ&x%o&omﬁ lis/actBRpBsHeARith DD ek nﬁuﬁ&m&mﬂmhﬁm@r

left corgerm ugtblo1 5 fmve C&b?%uﬁgedﬂgfmr%éxgkqﬁedﬁ%‘?&dérg and upper.

| ef t respectlvely py” one pre and post

mul tiplicathgae ngékﬁsf dxblahdtioh bi & AW Lﬁ’a[rﬁﬁ F!f(u\é’)m OMRE.ENGIE Blaf iqw}on'(&o) %@ﬁdegled in
equati on %p% §R4 g&{é@vareag 306, 1406) to yield't

results: b % ?an ?1 ff@'iﬁ)!}q f"hé preferred enbodi nent, onI y 3
pairs of ITB.tI’I X pre an@g*pas@Mrukt %l%lwll—oma,)‘ﬁ{ﬂ!ﬂas&WWersus usi n@33
pairs in

t brute-force a proach Rat her than separating
t he shar eﬁ‘lﬁlth‘fsd’frﬁﬁfhieﬁ?fﬁs ng‘B’ﬁ‘i“?nifrBﬁ‘g?%@ é’t‘f’ﬁ%grvcf‘éks B and C) of the
intra-coded shared anc +HY8cks PRLAM QU )sQterBRdLat e bl ocks, ascup the
prior art, the mvenUo%ccounts forR{V& ) shar ecfcslﬁnforrratlon (subbf ogks B

and Q) i nwhigk Hefises steps 140 1404and 4 406. | Nate éatdwé@T deratin valiy foc ths secppdbigrm pfie
posi t i onseqnhtxmKM)cmmosamPﬁgassaubadbbmkmﬁx&d&m@oﬁmﬂ’éufxeg/e;nsbd (40). THie
intra- cod@dhesmr e4b4RE Kodp 1404 Bfthe aﬁrédhasbldciaseB aﬁwct oAy BISol(We — ROBE(baiv €
pai r of '&Bgé rg %ﬁot;e%uit H0m | eretf § i@l ortliP e’
regi ons ( é ectlv d coded

(eg.. 13 £ACHE A°x1mi‘t9§o9A * PlEspfTRry sl P PLRBRR wi t h
25 O f eweﬁ4 k“ Ayltpligstiprsat fasH of 28 %ﬂ mﬁ}@u!twécaéle%%? wrered to Aonsguctthend
D). Furt hRE24fhrgpreximaipnoh@&r et nerel oc@¥.are used. - A nore rigorous
expl anation of the flow chart in Figure 14 follows. Note that equation (40)

defines Qivepthisdigriosureqtha samecnovel(ieps W keanplied g inyethrse) adiadentr(i.¢ AiDizersally,
[err] = CYertically and diagonally adjacer(t 4@ja-awtiell dnbios blocks). e MoberigaddusBs he peiditgioregfiat i on

for the t@MgetgPt esdQherdF, as:
| QM + QM = P81 MoSes + PoSa MaSzz = Po(Saa Mo + S M2)S02
=  Po(Sor Mo+ (X — 501)M2)502 PoSo1(Mo — M2)Soz + PoX M2S02(45)




[err] + [err] = [ err ] (44) which defines steps 1402,
~1404 and 1406. Note that the DCT domain value for the second term of
equation (44), i.e., [ err ]has already been conputed as [err] using
equation (40). This is the shift 140%7and swap 1404 of the shared subbl ocks
Band C. Only [err] (pair subtraction and nove) needs to be additionally
conputed to get [err] + [err]. Therefore, in the context of generating the
DC+2AC approxi mation, 9 additional nultiplications are needed. Since
equat i on fim8ylneeds 14 nultiplications, a total of 23 (= 14 + 9)

nul tiplications are needed to construct the DC+2AC a pI‘OXI mati on of Jﬁrr] +
[err] and [err]. Gven @1 & Qft sel %é‘n@‘twosér%% steps can b
applied to any three adjacent (i.e., horizont aII , Lver aII ﬂ

di agonal | Theaeqoa terms ¢fﬁhqtyowa§wsarrc‘h%$amms’5 ter‘f’ﬁ Zf\’"y‘” fih o

predi cti aiot Afis § pérmhtatior] matrii. dmthifceserthe tota] rambgr, of mulﬁpllqaéﬁm}o WF@MWO regiogisdpr] +
[err] =[ef7(=9 98N Th the frame prediction and anchor noh-@ritérjaced cedepit bdcpiney 2B (=9 fSFY). +
[err] 27 Simlarly
[err] = err ] + [err] (46) The second terns of the two
equat i ong(iipPeedictien 6£two neighbaringlbdecky = To. Note that this is true, whether
or not Xis a pernutation matrix. In this case the total nunber of
rrultlpllcatlons to predict two regions is 27 (9 + 9 + 9.). In the frane

predicti WA G0 be B ish thtﬁé in&ign fooRvertitko Wéﬁﬁtﬁer&de(dﬁr&t tloEks te..) -
(i) Pr e%ﬁ% dgiﬁ?g)éo tévgﬁ@gcegp ? gﬁ)'fd%ks ([lmA%.ncY\ﬂ)c}% Lsind@REI ok ngrct(bg Use

of the i ent 51 er-coded target bl ocks
1005 and @@&@Prleleckf&ks‘fea taééh tﬁ&é\é ‘target bl ocks (1005A and 1010 '

QA) using three or anch.o [ I I i gure
75 e f pEEEctpe i wﬁﬂta??mo%a eéﬁrlid%g‘% fre sty othd il O
setup of mwek@wahwwmmﬁubbmkwﬁx-?wsmrMﬁ pre ! °1Pd%{§13§°hovm
Anchor bl cedbined/ds s My[-eM; ] Tiemetatiois ithatia futl drrew é’amfrbmriédnm@atd@o ippken
Merr]. Thgnohedn hioeiﬁcatﬁn,t&hakaﬁ dattlell aréw @uvntif NN, fie@inidDAMTBAKSn dshalf;, My, i S

taken wit ue%‘ IR %ggggéaggl m%eﬁﬁaﬁﬁ Mﬁnﬁl&&{aﬂ}d\&xﬁfr]
e ed ﬁl eEIFéscq % mval ?%SngE\;ry;))Fl ca‘ﬁMs {] e

negat ed. t?;lp‘if
shift th eef@mm apthoe klgck\gombingfiens ppd mevementas fiﬁ@dveﬁyl gapatiop
So[err] andBSO| @,1R,.G,H, Juind K Goittibute ta tht ealue $fe¥f fideteffedt of hbclamaﬂ@roc k

combi nat '(28655 ?d@@') m%ﬁé%mkn@ﬁsﬂﬁmrsy heslisiin te Gatatnedine bibdks Z:[ 172, Sudldl Dicks A,
B, C E Fue1dd in'Figu? géq%‘adl%féid ; ri Ut E&nbtuﬂﬁoﬁ/ fdYfoveineddoe Elfbb}oclgh%uﬁfat‘ﬁﬁt of

bl ock conpinatlo %{ “ilﬁ’gm% EPII},?GB ) aab ggoiﬁtﬂ%; gure

i nt er medi &3t éief?F‘Bﬂ(’él Beus t

16 and ecpespestive adiazyt angtosble za% ¥e Fﬁﬁhméf %Bmw | ar

to the intermediate block Z; contains shared information A — C ~ I 4 K that is shifted 1615 to the top

' left corner of intermediate block Z;. The contributing subblocks B, C, J and K from the respective

adjacent anchor blocks (M, and M3) are combined 1606 and moved 1616 so that the intermediate
block Z, contains shared information C — K that is shifted 1616 to top left corner and B — J shifted
1616 simultaneously to top right corner of Z,. Similarly, the contributing subblocks E, G, I and K
from the respective adjacent anchor blocks (M3 and M3) are combined 1607 and moved 1617 so that
the intermediate block Z; contains shared information I — K that is shifted 1617 to top left corner and
E — G shifted 1617 simultaneously to bottom left corner of Z3. Lastly, The contributing subblocks G,
F, K and J from anchor block M3 are combined 1618 so that the intermediate block Z, contains the

subblock G, F, K and J but shifted from left to right, and bottom to top from M3 to Z,.

In Figure 17, Z, through Z; are added together to yield @™. InFigure 18, the combination and shifting
of blocks to yield the adjacent target block Q” is shown. Here, the combination and movement of



that described in Figure 13. Mrre specifically, the contributing subbl ocks

A, C, | and K fromthe respective adjacent anchor blocks (M, Merr],
Merr] and Merr]) are conbi ned 1605 and noved 1615 so that the
internediate block Z[err] contains shared information A- C- | + Kthat is

shifted 1615 to the top left corner of ggnternedi ate bl ock Z1. The
-contributing subblocks B, C, J and K fromthe respective adjacent anchor

- blocks (Mo and Merr]) are conbined 1606 and noved 1616 so that the
internedi ate bl ock Z2 contains shared information C - Kthat is shifted
1616 to top bletks arggimilerto thagk iBFigurd 16 Finfteanbrd, §1 &1d<% nanl be zeueed fromFigurs 16 epd the ght
corner of Z[ evobilacksSirefuttier ngrked Jieh axirale.r THN forintef sistitdik agaloandfogots to the amecbhdfant 1 om

- the respecti g BCenFigaBqhake RbuBE ks addl B dblaincgl #¥oh tiRIcBmBiRdbh ARichadiely and

moved 1617 s idut8r i WACK ' reho igon |
moved 1017 serd, ckéiﬂ%%ufé 18 hEfH t?gﬁld%e%&l -G&Bﬁz@gef‘%o%%%tfbos Qfdcllj]f”%lo,

ted 16 o top léft.cor.ner and - G. ed 16
i il € aneousiY b BT Pt B PR linlR0s e it s posille il the ik o spared
subbl ocks G, infermgion ayopposed i BAYS I9HPre BRcRARt TASX mEltRlisAHINHIE G2k 61 B SHUHTVERE t he
i nt er medi at esubtbisks a7 teseted sepapielai ns t he subblock G F, K and J but shifted
fromleft to right, and bottomto top fromM to Zlerr]. In Fi gure_ 17,
Z[err] throufyrrorarigarys seplpogtion of Eignre 16 thyough dP i egpatipp {42) 3nq epyagion @7 §'hichip
conbi nati on $epenbkdd:ti ng of bl ocks to yield the adjacent target bl ock
Qerr] is shown. Here, fhe canpjnation and novenent of _
28 bl ocks are sini®ar=tQ_@hbse in Figure 16. Furthermore, Z2 and Z4 can
be reused from Figure 16 an&’t he twg bl ocks are furtper marked with a

circle. This form of sharing— W shown in Figure
12. In Figure 19, the resTl gssoa@@'a« tad'sth B'{zd‘l"??sgjg‘r;c?splgﬁ'omthe

conbi nati on and addition of _subBlocks in Bftgure 16 and 18 to yield the new
intra-coded target bl ocks QPeX(N:106ehBX ] 1010, only 6 pai r@7of

pre and post_nmatri | ti.pLicatio are needed as possible due fo e use
Dt S sharcn I TR ara o R prh oy g Sheopion (e %f&@%ﬁ%{g%ﬂl&af
" mul tiplicat i BRhBe fepsedeinge Ob = W adderT ds-i Thgrefost i i Bk NareVa T dartelf2)51
separ at el y. and & roPeX (Nagove)f: @xpipenigito fie Gfst &iddgherthird €mtsmeaitg he 4diitiogally
equat i on ( 42pmpirel. atielsatigy bf (rfoiinationtis Mblogdis to3iHd ¥Hawh &1 Fasire 13 except that instead of
Zs considering only 2 subblodk$ in each block, this case involves all 4 subblocks. The total numbe£&f’ ]
(47) The seapakollal Ll aldl bhe AOHE LR L RLT Sb4A) ooERRIA @D (47] 13t
the same as } %e of . gguat | gn. a 33?39+§+5§%se since Nerr] = Merr]
and N[err] = t ST e e RregieEon BPeppes 32 (T RF P 1 530d Zi ] = [ err ]
corresponding to the first and the third ternms need to be additionally
conput ed. THii) Bredictimgofoke whnlcomarsdhilek i s anal ogous to that shown in Figure

13 except that instead of considering only 2 subblocks in each block, this
case involves all 4 subblocks. The total nunber of nultiplications to

construct t hehdelt theenchBHbIGRKS AedfitRRarkd folnfsidr tiT8hr kabdet ok @ MRSroWEek we &t S +
9 + 5- apply similar ideas to save the computation. Assuming the intra-coded DCT representation of @M
1005 and @ 1010 have already been computed based on sharing as described by equation (42) and
equation (47) and Figure 16 to 19, we can further use the shared information to-compute @7 1015 and
Q¥ 1020. o ' ’

-

<

In Figure 20, the combination and shifting of blocks to yield Q7 is shown. Again, two of the four
intermediate blocks can be reused (Z3 and Z, from Figure 16). In Figure 22, the combination and
shifting of blocks to yield @¥ is shown. Here, three of the four intermediate blocks can be reused (Zg
from Figure 20,Z¢ from Figure 18 and Z, from Figure 16). The net effect is that only 9 pairs of pre
and post matrix multiplications are needed for this preferred embodiment compared to 16 if each of
the blocks @M, QV, Q7 and Q¥ are treated separately.



v

+ 9 + 9). For the franme prediction, it beconmes 35 (=9 +5 +5 + 2 + 9 +
5). (ti1) Prediction of the whol e nmacrobl ock When all the anchor

bl ocks are of the sane formats for the four target blocks in a macrobl ock,
we can apply simlar ideas to save the conputation. Assum ng the

t ntra-coded DCT representation of [err] ,J005 and Jerr] 1010 have al ready

. been conput ed based on sharing as descrited by equation (42) and equation

- {47) and Figure 16 to 19, we can further use the shared information to
conpute err] 1015 and 1020Q0.. In Figure 20, the | nd
shifting of @I‘B‘Efﬁé‘g‘irﬁusﬁ‘gf’&“ﬂ"éf’rg]“#g ‘héﬂ’é’i}v?'? is apfoligys: %\Br‘ﬁ?ﬁt aﬁ‘g ua
internedi ate bl ocks can be reused (Z3zand Z4 from Figure 16). In Fl gure 22,

the conbi nation and shi fg7 ng 'pJg?‘b'O_C@_tqQ_l_yjli)%tzﬁ*.%(ﬁ] T?pfshovm. Her e,

three of the four intermediate b s can be rgused (Z8 from Figure 20,76

fromFigure 18 and Z4ermF| ect Is that only 9P4§'5rs
of pre and post matrix rrultlpﬁcat?on e needéd for this preferred
enbodi ment conpared to 16 eae-?—ei—%%e—b&-egk—s rr] Qerr] and
QJerr] are treated separQate‘f PoSa1(Us — Uz — Uy +Uo)S12 + Po 21( 3 -7

29 A nore rigorous explanation o Eigure2@through 23 is as follows. W
wite Qerr] and Qerr] as: PoX(Na—Nz)Su+PoXMsP° [  err ] (49)

[ err ] - (48) - .(49)
Ln DC+2AC apgiXis *\aéﬁs S &ah bRk A it 465
conmputed w t %g K@:tah% :;;g&n ns (or SO f rc ran)e ,preglpctg. n a‘r{;“g1 ﬁgﬁmm
non- i nt er | act¥5 32 4&d § ickion, Aud Al g fn\f\é 94 5

i ncl udes a @“ﬁ‘tﬂ“&f HﬁluﬁﬁtaPF‘R‘“‘a{“l’Pé“%?ﬂgcéﬁ‘b? ?BPF‘N’F&PPEH:P &? @PPTP‘E Viffe
conput ed wit mﬂbM (F915) miutgpligitions | For fhie iDEHR2AG approxipatiop n@qm@my enlp? edditienal on
of Jerr], waultpketion Foy (8 fisscieini. iThereforepfiot the PC+20%a0 dpprasimétinn of thewkdle Bicrdbidck)
Therefore, fey m&lbﬁxc%ﬁ?ﬁ&xs@d{@é ﬂ&hﬁl&hﬁdﬁﬁm@&m& PHEdiotdR4rna aﬁm&h&bin%lkcedﬁ&sultm
mul tipl Fcat | ang 3¢ s§ fiftpficifordY 2 g 1158 blsRSd dboli SRR Lo ‘F b B8 CnBRGN 0"
preferred e ?‘Hse’ﬂ “t%a%"t (o, éw 1 ve‘é'éfﬁglf“i‘b(%"tj t%’l")““ : ffgt“ﬁ'i‘? 8Y75§he
about 50% ( ofetBesyh "Fbrfﬁ‘iltl?\?%}ﬁéﬁ’c“‘%‘(i@"nse he nunber of the nultiplications over
the nethod which requires 36 multiplications.
' - Applications of reduced images

The set of reduced images extracted from compressed video using this invention can be further used
for video browsing. An example browsing technique using reduced images can be found in “On Fast
Microscopic Browsing of MPEG compressed video” (by B. L. Yeo, IBM T.J. Watson Research Center,
Technical Report RC20841, May 1997). Since the size of each reduced image is small compared to
the full frame and to the compressed video itself (for example, a DC image of an MPEG-2 video at 4.0
Mbits/sec and encoded at a spatial resolution of 708 by 480 is of the size 88 by 60 and takens up only
about 0.2 Mbits/sec. The set of DC images or a subset of the DC images can be further transmitted
without using as much bandwidth from a server to a client for quick browsing purposes. The DC
images can be further compressed to reduce the bit rate.

At browsing time, the reduced images can be played back one after the other on a graphical display
(e.g., 200 in Figure 2). Thedisplay 238 could either be a television or a computer monitor 238. Because
there is no need to perform the computationally expensive decompression tasks, the DC images can be
played back faster—tﬁan—realtime, i.e., for a 30 frames/sec video, the set of DC images can be played
back faster than 30 frames/sec. This functionality allows a user to quickly skim through the video
content. Furthermore, random access to other part of the video can be offered. With compressed



-

Applications of reduced inmages The set of reduced i mages extracted from
sconpressed video using this invention can be further used for video

br owsi ng. An exanpl e browsi ng techni que using reduced i mages can be found
in "On Fast M croscopic Browsi ng of MPEG conpressed video" (by B. L. Yeo,
I|BM T.J. WAatson Research Center, Technical Report RC20841, May 1997). Since
the size of each reduced image is smallggonmpared to the full frame and to
the conpressed video itself (for exanple, a DC imge of an MPEG 2 video at
4.0 Mits/sec and encoded at a spatial resolution ob??% bey .480 is of the
size 88 byidse RIPT 20EEs &S TPCHgRPTy diffelt 20 tnepigPYuE) At I Pe THUCLAPAET FRAPRAYES
or a subsas imslices linso D@ iesnrgis dder $sambnt tTherindiees fowi be evipupl intbe sengs theg agser,
nuch bandwydédkidg Qr¥eRct rotdated: ithagesClforesxampley orpufior kachrshow i cag epilly prasizate thithe
DC | mages L300l TRETFAIDIATARSbd el Bf HffpelhRaMderipl 6. AL brovsing
time, the reduce ac

) _ I'mages can be playe one after the other on a
2 ol evi o o2 Eaons block galh fok 3 10P which dipfyf I g sl ThO Bhrodt?
Fhe compuESRPORLPGPLLAY L et EREsih (24083 e iy € b bR ARI 0 alsal L BLd"
pl ayed badkagessquencesia#02 3403 de thei seop bex2403, therefcpulaehs/asregulyy MBEG-2 Hecodet
of DC i magsslecaiinge pllpgiecdifAnkof§ the irain TViprogtih. f Fusiirersidose che skitosbox 2401 could
functi onabjsh ¥orfdih 8¥Sorimdts Bedubdd iﬂrﬁgf&ﬁécékgﬁc%%éém MdohRd $7ESrons MPERILE video,

Elcj):r;[):] g; ggé‘ﬁé rgdﬁcr:] (%Qagg g}?t?a%totrsoca%t en béa gsrea to displa‘ye m\lﬁtigf%oviecgsnofb tﬁe ggzilee rl'%gqfowgramt h

vi deo, r afrdifferentsamers views lof the sameipprting gyant) onte simuyleneaysly shavngifferrRprrg@mted
i mages Caposibyofr6MIdifferait dhittielse STHendontrbl tuttoRssPH04 tchty be vibaio(@iase crmentd conftod for

Feduced | ST bRl ol (i EEGSARAGT delR “S%‘cﬁ&fé‘*?%‘”sw‘% Hlghlns 38 of 68t
respecti v& .‘f%f‘f?épf dar ‘Smﬁyd‘néﬁ% ffion ydudews Z?g‘l' ﬁ@éé}‘%?@@a %?ﬁ#ﬁeﬁp
Fi gure 24imdgewxtragtdyimthk sefion dsofimuch loveer past ppmpareddo 8 BIHYBEC S nederiand fhpsadding

S _quenceSa £k 6f €6 BRI 0E ATRAHE Sighificalitlythonsaserthe Bost Bfflié/safquabﬂem(, gﬁggﬁgﬁgxg;m
wi th one - ) ge sequences , .
In the seﬁﬁ%@%ﬁt %@Pgéé@h%c%ggggﬁg%% ar MPEG 2 decoder for

decodi ng E}Rfenglgé J(i:1sc3+s§fe aﬁﬂeﬁﬁh@é’ {valeRCerBYidnel vRTl BEoRID aphbtErdt RE IR RillddlR the

settop box al so contal.n one or re duced 1 mage extractor
(proc esse?‘%’ﬁf%’g’%ﬁﬁ""@féﬁ aclf‘? Bt 'ﬁ%%%@g% °fg‘ﬁ%m?“’é’gﬂ§‘ed i mge extractors
can then be used to display multiple views of the sanme TV program (e.g.

di fferent canera views of .the sane sporting event) or to sinmultaneously - -
show di fferent prograns, possibly fromdifferent channels. The control
buttons 2404 can be used (via a renote control for exanple) can be used to
turn the display of-.the reduced i mages fromthe other prograns on or offor
to switch to different prograns for display in the addition w ndows (e.g.,
2402 and 2403). The reduced inage extractor in the settop is of much | ower
cost conpared to a full MPEG 2 coder, and thus adding a few of the
extractor does not significantly increase the cost of the settop boxes, yet
provi des better TV view ng and channel -surfi-ng experience for the viewers.
G ven this disclosure alternative equival ent enbodi nents will becone
apparent to those skilled in the




art. These enbodinents are also within the contenplation of the inventors.
81 CLAI M5 W claim 1. A systemfor DCT domain inverse notion
conpensati on conpri si ng: a sequence of notion conpensated conpressed
video franmes each with a plurality of pixels, the sequence defined by a
bit stream stored in a menory, each frane coded in one of an interframe
format and an intrafranme format, the fra coded in the interfrane format
havi-ng one or nore inter-coded blocks, each inter-coded bl ock bei ng coded
usi ng notion conpensation information wth respect to one or nore
reference framescafggach intra-coded bl ock containing one or nore
frequency conponents <created by a Discrete Cosine Transform (DCT) of the
pi xel s in the frame; an extractor, executed by a processor, that "
traverses the b|t strean1and selects the notion conpensation information
from one or nore™f2 e inter-coded bl ocks and further selects a subset of
the frequency on [ nchor bl ocks of one
of the intra- codggpgggg%gﬁéggIwgwgggen@ﬁ%"@x %%@Fgggﬁg?%g header
information in tHeeginke StrhctigdtdnerstteNtdnipYesded Gidbontatties &oidl @h APRralifytor ixe19,desl
bl ocks; and  a GQRaldmbPlya bﬁmtsﬁﬂﬁlﬁy a fhdhRorDEa e Aded ih Biftlof 4hSRS frbrhFormar

ot e e e

using a portion O Q g anc eac
the new intra- co‘lfé‘t?retrﬁ g‘écf psRsp, anp) a5k jatraRaded g” MLIRSim:ie] ?5ﬁ‘°ferfffﬂ‘f°8‘f¥é°’6?°nﬁiﬁsr e
of the intra- codBtedREnbiscret Gesiee Toesry RRRCEGe HrddkEe ffamep A system as in
claim1l, “where the ca n_informatio ector A syste as
inclaimi, wherie}l L!gml QL a;: aprocesso t%raversgth e[lectstheém téo:ﬁﬁp H&
the first new i ‘ﬁf°fnéf’ fa‘ﬁ‘bl‘mf)ﬁ‘lm‘ffF ShYFLFT BHoSEE 7Fithedy °q“°n°y

i ntra-coded anchORPHEHEfom efeoE e “’(S‘i“r"‘?;fi°11 b1°%kF ﬁ@nﬁ)? “E"rfé‘“s‘}‘f%dé‘ifefen"e frames,

i ntra-coded anchbe exypeiersingepader fnformation if the bihttietsh tofideptify thednterieaged @nd intra-coded

i ntra-coded anchdecks;iddock and the second new i ntra-coded DCT bl ock having

I nformati on froma second intra-coded anchor bl ock adjacent on a second
side of the sharbU™THETEXEGHE LY A PREFSOR MBLResRrFolstd dobPrromAT SR BRAIPE t9m

t he shared i ntr &°BEHOMF AMOFFGRtensPdsd farset blacks (8 oag armops intigcoded DET darget Wockppsinge |
the first side iportionef thsf pr myre efitke igkaagodesl d9rhor Wodks dach hthe rasoinir-eofsddarges DHe

ri g ht of the shdaiaks HaVipgikformation from one or more of the intra~coded anchor blocks being shared blocks. -

2. A system, as in claim 1, where the common information is a motion vector.

LA system, as in claim 1, where thereis a first and a second new intra-coded DCT block, the first new
intra-coded DCT block having information from a first intra-coded anchor block adjacent on a first
side of the shared intra-coded anchor block and a first information from the shared intra-coded anchor
block and the second new intra-coded DCT block having information from a second intra-coded anchor
block adjacent on a second side of the shared intra-coded anchor block and a second information from
the shared intra-coded anchor block.

© 4, A"sy_s.tem, as in claim 3, where the first side is the left of the shared block and the second side is the
right of the shared block.

5. A system, as in claim 3, where the first side is the top of the shared block and the second side is the
bottom of the shared black.

6. A system, as in claim 3, where the first side is the diagonally upper left of the shared block and the
second side is the diagonally lower right of the shared block.

) ) A



5. A system as in claim3, where the first side is the top of the shared
%l ock and the second side is the bottomof the shared block. 6. A
system as in claim3, where the first' side is the diagonally upper |left of
t he shared bl ock and the second side is the diagonally lower right of the
shared bl ock

32 7. A system as in claim3, where the fgﬁst side is the diagonally

| ower | eft of the shared block and the second side is the diagonally upper
right of the shared bl ock. 8. A system as in claiml, where the sequence
is reduced by seal gejsteRasti\@ais PaRle 1R ffirst fiRIUENGIona HPTRE RARE e {hhdd bibcRGAILES A

DC, a ACOL, and seodieldd istRERQEHRM upper right ofineHald®ibi. @S 1N claim 1, where the
sequence i s reduced by sel ecting ?he subset of frequency conponents that

is any one or mér e\ gftenhs if ohimoliwher: te sEXteree ispedued thy GeMciing thhabieCofegiasnent
and anAC01l, anAdnigonenamdsindid-4a I)ERCOE Bids; AAMEboiphentDC, t he ACA , theAd O,
theACl |, an AC20, and an-AC02 conponents. 10. A system as in claim;l,
where the sequefcé $ystem.cad i elefmbly wherp thetspquepce isacdyes b selagfingf theegybretnaf\frequency
conponent s t hat cdmpohantd gt iparyyneor BOye ofithA\GTbwing 1a P CaomdichenDordyo tho DA brhponent dnli. A
system as in chmACnllf ACihefidantAlCer @mbsheits; hiditisiDGUBEASDISREAOM, tAEXC T [Hn ad2¢,0ded
DCT bl ock, the indasAcolwipéndits,.a- coded DCT bl ock having information froma
first intra-coded anchor bl ock adjacent on a first side of the shared
i ntra-coded anchbrA pystsmkasdndlaim f.iwhere tierstquenemisiresincefl by selecting tchabsetchf frequency
i ntra-coded anc¢vowoneys thatlinchudet oblp e DECcACTH, anéaAClotcospogeaaded DCT bl ock havi ng
information froma second intra-coded anchor bl ock adjacent on a second
side of the shatled sy¥m & i gaiEd O.avhens Sreretsy adtest andrg gecend e isretcqded REhdack.ghe first om
t he shar ed i nt rawirigseded RER bleckibpvingiinformation from a first intra-coded anchor block adjacent on a first

side of the shared intra-coded anchor block and a first information from the shared intra-caded anchor

block and the second new intra-coded DCT block having information from a second intra-coded anchor

block adjacent on a second side of the shared intra-coded anchor block and a second information from

the shared intra-coded anchor block.
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