VARYY eSe4l$Z6T MW%‘“@MU@FSTEM AND METHOD FOR EXTRACTI NG SPATI ALLY
REDUCED I MAGE SEQJE | ON COVPENSATED COVPRESSED FORMAT FI ELD OF

THE | NVENTI ON This i nvenf{'®h relates to the field of extractin | nfornatl on
froma conpressed video sequence. Mre specifically, the i nva‘u s
to the field of ext @ ally reduced i nage sequences ftrom vi deo
information in an S|on flormat wi t hout the need for

deconpr essi on, BACKG?CIJW THE I NVENTI C]\l The MPEG 1 vi deo standard

e il b R .

because they are coded based on prlEDW@ﬁﬂbr or reference frames. Details
of the MPEG 1 standard can be found in ISOIEC JTCL CD 11 |72 Codi ng of
novi ng pi udio for digital storage nedia up to 1.5
Moi t s/ s, %@QB mﬁﬁ@ﬁfﬂ?ﬁ i ncorporated by reference in its entirety.
| franes are conpressed using intrafrane coding, i.e., they do not
reference any other franmes in the coded streans. Each | franme is divided
into 8 X ﬂmm@ reladep totBd fi¥d drbac@ipdnfBrniatioiCfr@h € cnsiéste vided R&uetice) MBRET) 1S
taken. O, J?iﬁca? tmve]%ﬁ&f felafid W ﬁe@a?c,éagétm anua@ﬁféd&%?&@?@ge%e@tm@@ﬁwu' ar

t t d
PR T S et S e

frames are coded using notion conpensation information from either past
and/ or fUBACKGROUND GFIHE INVENBIONaES can al so contain intra-coded

bl ocks, which are also coded using DCT as are the blocks in the | franes. A
MPEG 1 bit streamhas a hierarchical representation with six |ayers: a
sequence | ayer) a group of pictures |ayer, a picture layer) a slice |ayer,

a macr obl BreRMBES, byifleastaeidad defines kir¢eaiféerent tneaoffeamentseediguas/ A): Inga-edded frspesc odi ng
| ayer. A @fiamps),dredicted fidnes (P &yaeés), (aDBjdiresionally predivfed fraotesi (B rames).cBabd Buous

di spl ay Oﬂiaﬁi&ﬁ arel disoCRRt B ive snt@ftcoheaao'ééaumﬁeyl ar§ ESIEB basEdiehn pﬁbrC&riéh&' & Qfeesgeonds

;,g c ? OL{ ggfxiames etalplof; %Fé@ blslsgaéléargi ga.n ba ?ou d E‘llgﬁﬁé 75%0 b oq' nt 0
| uni nance’”c"é{ﬁﬂ“%soFW CHIIB A" ﬁ!ﬂ‘fele‘éomﬂgmefi‘l‘fé‘lp o %PEE‘-‘?L” eé‘ﬁ%l%ird can

be found ingproS@¥d tyCefdparelin @Dentirdty. 1 framen¢ @Mssq#wnm gmpfrenmoé@gar\m they
associ at edb mtittfeeric® tnydotiHr fnesi Gicagéednmeting. Wackt [ofrdineSs Myided irsg 8 XO®RlockEhe

details qftypﬁ:anw 099 aWisck RMGHE THABER (BETEH: ik OF BRB4 BT Qefbiedrs) the@Tt he
extr .aCt 10 Cﬁ%%%eﬁgﬁlcﬂlgr 1@&%@?% %Qf’g §§Qi 1}{' pe %(F}?éa d‘amey and

B. L { 4- 263,
1995') a Trﬁ°§°ed;‘gg‘§lra§??2‘8“ F‘§“H°P&*}6?“d6ff"éﬁ Paéf @ﬁ?’%sfésf?ﬁmﬁfs B frantes (e g0y 505

2 ent i r etyping motion campgesatian inforpasion fom pithsT prstandosfutgg Jar E feames (P @d% Bamgsocks.
For the lcahalsmentain iatm-édatddldcks, ediel areialie codedasiriy DSiDes larei the tlbmks DEhd Ifeges.
corresponds to a scal ed version of the DC coefficient of each DCT bl ock. A
generi c exMPEG-| bihstrsamthiaga Iierajchiga) eepresentatipiPwith six Ry¢rs:ahiequinge layesvinerP¥p & gur e
| C. Her epictitecihyek, alpdcturblalyér, 4 diiee layet, g @iacloblockdayet, ahdd odkddyea rilie seguénat layercoded.

It is desimeehplOdifPRYERr A ghoh dfristcglre’aﬁhybrf@ébﬁyﬁé)&ie Q@esfnﬁédm cudditpiatorddae DC
coef {1 ci emo,ﬁqa A PR h 8 ,gp xcture cogrsgggm(t %5’55*%3”&“9@3“?? B, om

four original 1ntra-c ne| om
wht ch”pr g & st e o rgpopede}'s L
vect or ( lussinpnceyany twafpr Flzrommce&afmmed%ti Pﬁwpﬁﬁﬁﬁ@ﬁ% rPelf‘P}Flé RO/ 5

associ at ed’oOMaDhl kA2 Chdiagdf mdving picflibee aschastetited@gdio g digBdRtora@stdialigaP 1dnd
137P in tyssanpedvor bl ocks Po, . . ~ , P3, called the contributing

subbl ocks, are noved by (fix, ~y ). Thus, the DC coefficients of Pr~f are
derived fTHe doails 68 Hro2esy WEM6IREd ihhR defdratioh @fn B¢ fouid @i “Gip dRcbxictibn Bf DIT

Lgfrgregts steseqd%ncek %ﬂm&g@@oﬁa essbémae%ul@;t Bon %%&gmgg{ggwmm t oRA1 dygfe@%u‘}”nm o
\ Sel ect ed ‘Af€% c‘f’fb’é) T nlltpé’t |7§E%ggé gﬁl 2‘1 8 resfgrﬁ?ace(l)snmf '?oeft B}én. °8 hn e

Pr ocessi ng, voI 13) pp. 1-11, Jan. 1995). This reference is |ncorporated
by reference inits entirety. If we represent each block as an 8 x 8
matri x, then we can describe in the spatial domain through matrix
multiplications: 3 Pref = ~ SilPsS s2 s=0 where Si, are matrices like L" _
~jn~~o R = ~~~" ~_ Each I" is an identity matrix of size n. An
exanpl e of such an effect of Si, on P is denonstrated in Figure 1 D. The
goal is to nove the subblock fromthe upper left corner to the | ower right
corner, and also to set the remaining values in the blocks to be zeros. The
pre-multiplication shifts the sub-block of interest vertically while
post-nultiplication shifts the sub-block horizontally. There are four
p055|ble Iocatlons of the subblock of |nterest: upper-left ~upper - rlght

o a —— o, - o . s o v Y 1




3 ~'AP R 2002 3 Subbl ockPositionS, 1~ S; z0l"' "' a00Pol ower

s right OOI , ~001 h~0I' W PI | ower | eft00000000P2upper ri ght I hOI' w0000I ", sP3 ~upper
left I(~ ~()JIh" 000 Table 1: Matrices S,1 and Siz i. is
the ratio of overlaps of the block Pr~ f with bl ock P AB &%P@W
called the first-order approximtion, approxinmates (DCT(P ~f))oo by
DC(Pr~f) ;.. ~1°6g DC(P,). .=0 This Zpproxi mation requires only the notion
vector information and the DC values in the reference frames. It is shown
in "On the extraction of DC sequences from MPEG conpressed vi deo” ‘(by B.
L. Yeo anentiEty. £ DC imageisrampesahp! dteskdseciverages of § fedjblopks oFeisths hfjamesef an | | |
pp. 260- 2BPEGIO®B83d widea} cachpitel ia e DEimagetconespondhien safzd versidn ¢fahelD GQerdfiitichr arres ,
yi el ds goetkastesoT becit.N practice. The use of DC i mages extracted directly
from MPEG 1 video has led to efficient algorithns for' processing WEG 1

vi deo. ExArgphegic extabiionvgtha Dolimeget fram ® aad B fratneusshoweid Figure'lRaHerd, 3G3¢D is

anal ysi s QR teRMb&S? Riterist £8 gsmer(éaxedBu lsldem%ea) caﬁuénﬁ inth-hibintrd-EJabd DER ma@ i ons

on Circui S noI
1995) ndgq £ e 1§¥ %q’ﬁﬁ%nk:g{n bﬂ e Pg‘%wl }lﬁVBG ?nd %9) ar§ zﬁé‘ér
Yeung andinEedeq “e‘BWPé‘Pﬁ HlorksAcal W@rlé?fée repﬂ é‘§%di ageton - pp.
338-341 198®yis (Mredp). The metimoesorde, AndsP poedpithe Bytionspmpengasion informatony

entirety. askaiatddveithl thé blackeP,.Of The Mededrdgions UB®, 1368 1665 indd 32P DEHeMChoaadlotikd | ows:

for each g x. BPDSZEIthfa%mLJ?ﬁgQ@b@aQ eroke%grmr TAG, 60 Btibemarisdr ACo, |

and AC , o are ret ai I nver se is’'taken to obtain 4

pi xel s. Fgr‘fg Sﬂa’eﬁpﬂfggdﬁ%g”%ﬂéﬁ on (2) is used for constructing the DC
and two | PHEe1a E&g%fil gcco%gcﬂ’f I %itt?ﬂ: D%T]EPIS derlzidflﬁ ﬁl&ﬁat% g)rr{p\égtu% g@r AC

coeffici e |,
Ce e o Di Dk chaan iy 38, P it TREE il ot Sleclic g

hei ght andrew it Forotunispiinsk: ﬁ»eaelﬂwepeIrzrel@emr%@ﬁéewww votzulr3tmrlﬂé{l&m s can
be found 1995). OhisFefatndvisdncopomi by Bfepensé in s afircdPE® caenmgsee szb tlovk @da@n 8 x(8by B.

L. Yeo, | BMif,tHen witdat 08kcitRSLAE GatidLathan throlge Mtk alultipR@asits: RC20841, My

1997). This reference is incorporated Ry reference inits entirety. 30
AP R 2402 4 MPEG 2 video is intenged _f s gher data rates and has uses for
broadcasting with high-quality vi deo ereas MPEG is intended for data

appl i cati ehse agdrermate&sdrmce dipa-r t| o .orlR, | InEaetl I, Bfantideetity/iaBixlofvi deo

.rates on the order of 1.5 Mit/sg, EGZ zt‘j(hoo A rruch br oader range of
n
syntax, apd uUses extensions 32

t
MPEG 2 al $6 réup orxflmp Of b e ec(% |;‘1tl ascde B i:%maq% trﬁ%‘g é {1%
st reans. asuaBl@@ tbgawal%ﬁcprﬁfré? rha&%*éff VS‘H@‘E)‘““&H‘H? SR e the Emaligg

(pr ogr essyahesy inthefdocks torbelzm’% Tharre-thultipheaion shifis thefsptabtecki of intasesprertically whilet wo

fi el ds) apdsemultipkidadorashiftshelsati-blodk Horigin@lly. [Therl/ie@u2 poseible hochtioab of tombislodke
coded as grifRRA! abarmﬁweer&ghft i1 rightGhndl [oWer-REt. A R6RNMRkShEof hafkesbfs ane
pi cture) E\Ill:ginﬁ'a@l% res and field pictures could be mxed in a MPEG 2 data
stream Tﬁ coefficients for field pictures are always organi zed as

; ndfege ndea?mé i€ VAlSe ofFIQMEHEF frorh Ratfle I Wi ¥Re v&ltvum@s of Dqlid GARveRA gmsme %:&gr ho n
ields or ro ame picture cou ave
both frang?&o %tﬁggf%%?ockgoﬁe%%nﬁa??fud_ g w?%ac‘rg%% E)cks Figures 1 E, 1F
and 1 Gs f O %qqpya,g I

MPEG 2 vi ngg,ug%:meﬁjrf%TE&lag%t a§§(r)[g(\)/ap%a§how ng ag ?%p%ggegsn{ﬂg?)lﬁ ogdeg}degtrl or art
field éipﬁgln a frame picture,in the MPEG 2 video standard. Figure 1
Fis a draw ng show ng gpoggrg %QEaE “M('DUT(@DM)S( ame DCT codingin a
frame picture in the MPEG 2 vi eo sta . Figure | is a drawi ng show ng
a repr esefok 8dmedieighting tdefliciedss i @ coded macrobl ock in a field picture in the
MPEG- 2 vi deo standard. Mbtion conpensati on (MO in MPEG 2 is al so nore
gener al t Akey tebhubd “Omthi/Bit@etibn oflDE sequance flowmMPEG cdngsdsed nidee’s(bo B. me;: aid
conpensat | 410t MON
Compenaat an Mgl D e Pl e R R Al e R i s Ty ¢ he
transl ati ons of the top and bottom fi el ds (the node field-based MC and t he
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30APR2002 5 It aver ages the predictions fromtwo adjacent fields of
,opposite parity when coding a given field or frame. Dual-priml notion
prediction tends to reduce the noise in the data. Details gfugﬁgﬁmﬂ
standards can be found in ISOI1EC JTCI CD 13818 Generic Codi g
pi ctures and associ ated audi o, 1994, MPEG vi deo Conpression Standard (by J.
L. Mtchell, WB. Pennebaker, C. E. Fopg and D. J. Le Gall, Chapman and
Hal |, 1996) and Digital video: An Introduction to MPEG 2 (by B. G Haskell)
A Puri, and A N. Netravali, Chapman and Hall, 1997). These references are
i ncorporated by refer enclwS '600‘I -P'osit'i-"dﬁti rety—Notatgonsin this disclosure,
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represented by the matrifx [5,’2 we RV E IE =, DA D\ &5, TOf+, (3) where T is the
8 x 8 DCT matrix with entries t/(1 Jy 2 (1 odedbt g9 the\ll] th row and |
denotes the j th col um)| gi'ven |BSPY(Z, |4 1), =0 P |K(02) ®og [(23 61 )2k (4) where
~) 1=0; k(i) 1~ otherwise. We also explicitly use DCT to denote the DCT
domai n val ue of a bl ock when clTelle &rMpfgeeatsindhd fis required. For exanpl e,
DCT(AB) denotes the 2D-DCT applied to the matrix product AB. W will also

make constant use of the djstributi operty. of 2D : DCT(AB) =

DCT( A) DCT -%)the:‘vﬂé.“ woels tpRf of esriansof the Plogk ?hé&?b‘-’lﬁ‘(?,klﬂgg 3?35?%4‘@2%&%%& Pi 552
~=0 for dee8arst-piderpppiasimatinnesnprexingfes SHGB(Bet)o b t he spatial domain as 3
DCT(Pr~f) _ ~ DCT(Sil)DCT(P,)DCT(Siz). sizg 3 0 AP R 2002 6 in the DCT
donai n. The conversion fromi nDé'l(P,cpdeE Ok (Pyef f to intra-coded DCT

bl ock DCT (Pref ) directly in the DCT dbnain using only the DCT val ues of
P;'s and the notion vector (0,4y) 1SO is called DCT domain inverse notion
conpensat 1 gf 2PAERimatiopprauisgstoplydhe Resiontveeer inframajipy pndfhePrivplues ip dhefgiseshesnt of
subbl oockfames. tlissheypaini“Oh thtexuedction of DCsegienties froro HNEET cotmpressodVidebSnthly B- bal ues
of the bl gekéhdBaDiupResiaiblaBConeréRECIdgd Proressapy Bl XIpp( 60263, Ng99) thixtsedH aced

16 x 16 npaf ARGk, vkt Sp00E 6B Y P frafbdPbils £RR Hdsdls ih fhdiRE. (€. 9., D) whereas
the corresponding interlaced nmacrobl ock 1s denoted by a prined capital

letter(e. ghe use of DAANVREs kB dictily AR MPIRE! lie® bk 1Y to\Eiéle QlgBrithhR thour
conmponent prgce?ésilgg ﬁb@éhsvlc@( B{amge’en ihg %gca%ns are &cum&teﬁ in “Rapid scene analysis
on compressed videos™ (by B. L. Yeo and B. Liv, IEEE Transactions on Circuits and Systems For Video
Technology, vol. 5, pp. 533-544, Dec, 1995) and “Efficient Matching and Clustering of Video Shots™
(by M. M. Yeung and B. Liu, International Conference on Image Processing, Vol. 1, pp. 338-341,
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, ACp, and AC ¢ 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.

3
(DCT(P,,]))a'b ~ Z ( E C(h,’, wy,a,m, l’ b)(DCT(P'))m.‘) (2)

1=0 \m-+i<1
for a + b < 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.
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(mat i X) A To represent a row or columm vector of a mtrlgﬁﬁ%zﬂoz
.e., A _represents the ith row vector and A, the ith colum vector '
Con3|der a non |nteraced 16 X 16 macrobl ock D = D DI , vvhere D‘ i =0,1, 2,
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video wit rior does not tea the way
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const r uct r&’ﬂ*?‘ﬁ‘?&ﬁ‘%i’@ﬁ‘ﬁgs prefieldsgdyd PaeohiecSr om an i nter-frame not | on
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video. Figure 1E is a drawing showing a representation of prxor 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 coding in a frame picture in the MPEG-2 video standard. Figure 1G is a drawing showing a
representation of prior art a coded macroblock in a field picture in the MPEG-2 video standard.

Motion compensation (MC) in MPEG-2 is also more general than those in MPEG-1. There are two
basic modes of motion compensations: field-based motion compensation and frame-based motion
compensation. In field-based MC, two motion vectors are used to specify the translations of the_
top and bottom fields (the mode field-based MC and the two motion vectors constitute the motion
compensation information for field-based MC). In frame-based MC, only one motion vector is used
(the mode frame-based MC and the motion vector constitutes the motion compensation information
for field-based MC). Frame-based MC is similar to what is done in MPEG-1. In field pictures, only
field-based MC can be used, whereas in frame pictures, both frame-based and field-based MC are
allowed.

The two cases are illustrated in Figure 1H and Figure 11. Figure 1H is a drawing showing prior art frame
prediction in a frame picture or prediction in a field picture in the MPEG-2 video standard. Figure 11
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 prediction.



The prior art fails to provide a way to extract spatially reduced inages
»sequence from MPEG 2 conpressed video sequences w thout the need for
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with reference to the draw ngs that are included in the follow ng: Figure 1
A is a drawi ng showi ng three di Pf%@éfT(D()HfBPTart frame types in the3PEG
video standard. Figure 1 Bis a drawing of a prior art 8x8 Discrete Cosine
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a representation of prior art r| 2 il plé cations used to nove G1
vi deo coORéhetebut i ng subbl ocks.
1 1= 0;
21
ki) = { 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. (6)

Thus, we can write the 2D-DCT of
3
Pref = Z Sll})iSﬂ

1=0
for describing the movement of subblock in the spatial domain as

DOT(Pres) = EDCT(S.I)DOT( ) DOT(Sy).

=0



Fi gur‘e | Eis 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
drawi ng showi ng a representation of prior art franme DCT codpng } r@
picture in the MPEG 2 video standard. Figure 1 Gis a draw BgﬂsAE\R @m
representation of prior art a coded macroblock in a field picture in the

MPEG 2 video standard. Figure 1His a drawi ng showi ng prior art franme
prediction in a frame picture or pred@ction inafield picture in the

MPEG- 2 vi de ard. Figure.ll. is a draw n how. n [ [ =y
predicti on@?‘ﬁﬁa&?%gﬁ%" Bflfec‘iqfﬁ‘fcémanﬁroflwgerl’\?ﬁ %Cgﬁiﬁg g gcﬁgeéirl)gﬁ%&uﬁ;dﬁ r‘i”)s a
bl ock di aglErisrdls 'GT dereaip panegubete Db yaiteeich & prdthe BIRRR WFios (A% ey 150
execut i ng is halleg D€ adetnainrinverse imation domgenserio. Fey sinmliciinpfaietation, sisovill defeniivdhest eps
of the conabveteht@f sitbblocks ifi & ereal dofimig én thie dlseinaee; the DO TadomviRk@ugs ofittddincks

Figure 4 ign8e filnd¥fFaatded BhRWRHod 8¢ st eps of constructing reduced inage
sequences from| franes. Figure 5 is a flow chart show ng the steps of

const r uct i AGoh-HHEEE 1616 nFORVIBECR dehdt@By 2 Sifpleadapitil i¢tRNMRS:., D) gHéreasthd S a
flow char Fco?rgéf)}gﬁd?% ﬁl@@g\&h%&o@gcl@@%hﬁf}%% nQe(a ifd1 et J.gs.,eD DGiRA a non-
conpensati.on. |Ig) el c¢18 adﬁ |OEIfC art eho ng t he s@e bo (iBrrputhn_g
contri buti' frigspd agry %ﬁlf or° _'I’°(5‘°i:t S ﬁ‘_éneﬁtr e Rlpsks Ry P g oP- 8tk rFgtire 7
is a bl ock( dleag?am shawhnGodhelotteBbRftlGhk@Red Fh@WHiRK D] i BurkbRfdhettivRELam
showi ng fi elRk- b2sed motion conpensation and an anchor bl ock that is frane
coded. Figure 9A is a block diagram shéwyngyf)el d-based notion conpensation
wher e t he ae#roetebbpdl, Ps Lbi e dscioded "ahd,t he ¢oRrdhicomponey isablosk gedrindnes
froman upper reqion.. Eiqure 9B is ock “ofi agram show ng .fi el.d-based

ot on coneiErsRnded oot ettt AP SURMRY 1 4 CpbaRRED
cont ri but | AglOSEFEBIGIRY EDTARENY Yepips of A MaBiele YSEgiohe- As- SERICSHS the Bl vegror

Fi gure 10 dnd Aol the kthdolamn sertashowi ng t he predi cation of a 16x 16 nacrobl ock.

, Figure 11 is a bl ock diagram show ng predictiqn of two horizontally

nei ghbor i NGukiBeH QRS intEh @11 £ x48 radroBlodd HEK( dieadk am shauh ng_tohe ohy Wt sty ce
conputation of DCI domain inverse notion tdp@asation of two adjacent

bl ocks with sane notion vegtgrg: Yigure 13 is a bl ock diagram show ng a

pr ef er r ed Weskh8ichikady, l4td¥ = DCI, (Bﬁ%bwhh preespoading inkeglaced anpprebloek, i-onDeoindt Ao

adj acent bl ocks with s %&? ectgrs usin hared info ion jn.the
P bt ockerorEwana ik oFth st b G X St o i feld SYAT o eyt iecer
domai n i nvkskeen Poanddh cabpsistrsibed using ade 11d6 SermuEHOT MK FeASi on across two -

adj acent bl ocks. Figure 15 is a | abeling of contributing subbl ocks of
Figure 10 and notations for use in Fi §uFfA6 to 23. Figure 16 and 17 @ e

bl ock di agrams show.n preferred nmethod for fast DCT domain inverse

noti on compﬂﬁ§agi§ % laqHa adj acent bl ocks with sane notion vectors using
shared informatioN nPtle four bl ocks to construct the block QM Figure 18
and 19 are bl ock diagrans showing a preferred nmethod for fast DCT domain

i nverse notion conpensation of four adjacent blocks wth same notion
vectors using shared information in the four blocks to construct the bl ock
M. Figure 20 and 21 are bl ock diagranms showing a preferred nethod for fast
DCT domai n i nverse notion conpensation of four adjacent blocks with sanme
notion vectors using shared information in the four blocks to construct the
block QI . Figure 22 and 23 are bl ock diagrans showi ng a preferred nethod
for fast DCT domain inverse notion conpensation of four adjacent bl ocks

wi th sanme notion vectors using shared information in the four blocks to
construct the block Q Figure 24 is a TV screen which displays reduced

i mage sequences. DETAI LED DESCRI PTI ON OF THE | NVENTI ON



Figure 2 is a block diagram showi ng a conputer system 200, e.g. an IBM RI SC
System 6000 (Tradermark of the IBM corporation) on which a preferred

enbodi ment of the present invention operates. Conponents in e

system 200 are connected by and conmuni cate over a system blihZA%ﬁpAﬂjﬁi
central Processing Unit (CPU) 210, Read Only Menory (ROM 216) and Random
Access Menory (RAM 214, typically are connected to the system bus 212. The
preferred enbodi nent ~ 0 APR 2002 1T includes one or nore application
prograns 2d2. One type of application program 202 is a process 300 further
described in Figure 3. Adﬂ'ltd an@ly gpneny, e.g., digleptes.i2dD odj sks 220,
and CDROM 221, can be conn 0, t-he |system bus roprj ate nmenory
adaptors 218. | nput/out pyt ;%gd(ttgrosto( 42’ 236) con %Caq%g%oge(gat t he
system bus 212 that interja u%er. For exa I?e BodrH 224
and/ or nouse 226 inpup.a areodbﬁrfe@t‘e@ 0d the sygtel l9ub 02(129 H 8ugh an
appropriate user input adaptoer ®220 aso g di splay (el §.0 48 GoapHi 6aj User
Interface, GUI) 238 and/drgpy ond @ro 43® {at a connecft gdg t1og tohe ¢systg em bus 212
t hrough an appropriate Ude tput, Adadter 236. Foy ,e le er Qut put
Adapter 236 used to contr Poodduld Oﬁ@ be an | BM RIOSaC(:%g]S)O Of% 0 Col or

G aphi cs Displ ay Adaptor %60 0|\}h|0t(? fe¥/a functions\& %Obg g to the
system 200 by using an agpfdbPitated OO t)i medi a Adapft &r0 238 0 § KeOthe
ActionMedia Il Display Adapteen 840 @degcri bed in the 0 BM AcoitonMedi a |1
Techni cal Reference). Adgpgers d bkeotdils are used [t @ ¢ nppyity andgout put audi o
signal s through audi o inpu Vi g5 o(§-]9- a m crophgng o) o 232 d audi o

out put devices (e.g. Bne|o IH]?rts)rdeﬁloso @qpeakers)os 228. n(sfl of th (e.g.

t hrough a camera) 230 ang 0i%8d 8ut 6uq 238 is als Qn%tgl @3’ {53’ Ed ptors like
t hese. Speech recognitiorn €&n0de0at8dhyl i shed by usPng 0ah 0l BM Vol ceType
Dictation Adapter 234. Ude¢ o oteonfmoes (222, 236) (f oro otherofouacti ons)
e.g., virtual reality systgns) £ah lgeogonnect ed to| phe oSyt @ery /Qus 212.
Appropriate connectors 275 can be used’'to connect the conputer system 200
to a general network (e.g., the Internet, wi de area network (WAN), and/or

| ocal ar eaS’EATWENIMPRZQBId%M\SanWEEHEIMRJQBASBTvers 290 and/ or
clients. Some of these conputers 290 are capabl e of perform ng the sane
functions of system 200. Har dware for conputer systems like this 200 is

Ik Fi. .3t t bi
per for med By A ﬂéﬂﬁ\féﬂpf"o&ﬁs PisPase it " SFPETORRAR (Squences 1 ?ﬁﬁfﬁfm 2
id h
Vi deo as 3‘%3 e it %é@%%‘?%%%%?@? YRR Vg,

Qr m ng
more generY ‘1")7'" 81‘H e gt?fﬁs%%’bed vi deo whi ch supports the coding of

interlacedpllg na‘onrn%F '?ﬂvay'to %P”%J P x&g@a%[l%?&' c%ﬁwfrﬁmle’} P@E%t@r ?.%U
i nvention ex rac gﬁgg ce(? ge Segu rom 0 e¢fef ranes
with di fféP@t?Pc‘éfPRPBtﬁeﬁg oA fam© fop P’% 28°m qssedpl é‘h "sjwﬁxfwa oK%Y for
deconpr esghsrse noripn ednipgnsdiign! osure, any conpressed vi deo which supports t he
coding of interlaced frames throu DCT and notion conpensatigon w |l be
referred tdedEioRpEdil tgipmyide Wf’%g’u‘f’“rf“ﬁé%a“éllly fravred dpagey, s‘ﬁq“@éf)gﬁ’ﬂl IHBE‘B& t he
frame typecoamwssteﬁteldsqmmlefﬂp@swltbﬁuttth?elceirfewmﬂg?rm@kes) our invention applies
different extraction nethods based on sel ect DCT domain coefficients- andl or
not i on vect§PriprrslopsRof tach theise efsaatialy reducedimasss gxirartsd frem dgilapedeifep Sameed
for vi deo dodainsing gnotianitdmpensagd amtDQT foc eide mgpepingpeskes. Figure 3 is a flow
chart which describes the overall process 300 of constructing a reduced

i mage sequbeedofaripnebiipEaralysisiofiletge videp databgsesarith)video MABEG sng\sthtmes whichiaelude i s

t aken as idoeping of ihterlsced videOusipMETME nivlicn doapeaitn\as intMBES2r | ptions of the
type of frames contained in data packets associated with the header. This
is well kriBwpriol ant (Bolepits3@Bxinf emidetrievahindargeatideo dathtmses yeduivh iretidessVIPEG R rvixden.
techniques to determned if there are nore frames to process. If not, the
reduced i mage sequence generated so far is output 330 and the process-is
finished. If there are nore frames to process) the next frame is taken as
the current franme which is nanmed as F in Step 340. Step 350 tests if the
current frame Fis | frane, 3 p pP R 2002 12 P frane, or B frane.
Information in the headers is provided to classify these franes this way.

If it is | frame, current frame F is processed in Step 360. O herw se) the
current frame F is processed in Step 370. After the current frane F is
processed in Block 360 or 370, the process goes to block 320 and conti nues.
Figure 4 is a flow chart which shows details of Step 360 in Figure 3 and
describes the steps of processing | frames to construct reduced i nages.
Step 361 deternmines if the current frame has nore macrobl ocks to process.

| f not ~as shown |n Step 366) the process IS returned to Step 320 in F| gure

o, o -



(Dz)oo - ((Do)oo + (Dz)oo) - (Do)oo (11) Likew se, the DC values for D and
‘D3 can be conputed by the foll ow ng equations: (D)oo - (po)o-((Di)-o0 +
"(D3)_o) (12) (Ds)oo - ((Di)oo + (D3)oo) - (D)oo (13) Theref&B,A(prB 20%2
construction of a DC value for a non-interlaced bl ock requir a S .5
multiplications (5/2 = 2.5). If the last two non-zero coefficients of
Equation ( 10) is also ignored, only 1-8-multiplications (3/2 = 1.5) are
needed. Again, at step 362, if Mis a field-coded nacroblock, it may be
necessary_to generate | ow order AC coefficients . ACO 1 and AC 10) of
a frane- CB%H%]W&IBF%WRV@F& OFHPGCELSIB ALMES 11 @Egjgd’& macr o- bl ock. A
preferred enbodi nent to conpute the weighted |inear conbination perforns
step 364 as follows: (Do)oi ~ (~'o0)oo((Do)oi + (D2)oi) (14) (Do)io ~

(1' 0) i o Deymsequentiypo p1neetExiss 40 pRVidoaDYyiem and Piefhad( for) ¢amstrugtingoypatialipo) oo

- (Dz) 00) L0) 0.t (Pl ' ig N ((Do)oi + (DZ)oi) -

( Do) oi (D‘z%?%ejdf*g%akég‘%%é{&%)‘%{%mbz’fﬂ B‘é‘ﬂ’%‘"%ﬁ.‘(?é?%m&%%&af?%%tu Yoo + (P3)11(D2)io
- (Pz) | o( ADmpdalso a3 cwprovidd a Bystérh Rajd invethod F3)ctfiéiba) ¢anstricjonFofispadally
shows a flqQw chart which details the Steg 3 7& in Figure_3 and d scriqﬁz
the st epste8roedo ALPEY EANGCPS diic BYtivha sRmBRHEh cedmpredivl piymag withohis fuller e
agai n t hegdem 8n. and ACOL coefficients are identified for frame coded
macr obl ocks. wever) for the notion conpensated nacrobl ocks in P and B
frame forfrced filtherggistioioquRvide gtsysemandgnethed & indexing prd/oidwedrchme Yideare
coded mc@?@&ﬁ 5. Step 3 71 determines if the current frame has nore

macr obl ocksS 10 process. If not, the process continues at Step 320 in Figure
3. | f theAenmdefunther existsriobproeikds & eystenocad shethbed fore effiaiadt rivbiveiak afsvitlekken
as 0 0 AR R 2002 14 the current macrobl ock (naned as F) in Step 372. Step
373 test s ™Y™Y rent macroblock F is inter-coded. If not, step 375
tests if Ahmirtber hedd exiBerobhraside M bystdni AN -héthod Foe effient i tbwsiRe ofcadesl. | f
frame- DCT coded, Mis directly processed by Step 377. If field- coded,
DCT domai ¥feraEiatipn whigh %@“ﬁgawéswqcs@domdlé@u@ltfrw ingjdeosequenge. ( 12), (
13) and ( 14)-( 16) are applied to Min Step 376 and the deinterl aced

macr obl ock is processed in Step 377. In Step 377, DC, ACO) and AClO val ues
are takenSUNMMARY OXUTHEINVENIIONCk M and the process continues in Step
371. Notenthat block 75 76, and 377 are identical 4o blocks 364,
and 306, -GhAReRBPRRSRL AR Ao BRIl POt PR Ah R AR ERERL pi 1
i nt far - godmdtibm calnpeﬂ@aﬁc?xﬁ,thD@iFeselmtrﬁmrentionV@pﬁashmffeir@m constpeisatmehodschaed | 3
applied to M.in ck 374. ter st 375, the errpor termis gonputed. an
a0 onerediC E Gl bodiiic s roiRr Siptionorteier dpOumaiam oo ey
process cRAhéddusmgbdwBhORedoprediing TINIPatiAly RAud iAgeLEdnthed BE (FedBn be
done in the sane way that | frames were processed in Figure 4. Figure 6
shows t heVidp@browsing pPahouiRg a RIGeeSSING PBINOSEsH Figure 5 and descri bes a
preferred enbodi nent for the steps of applying the DCT domain inverse

noti on conpensation for converting the intercoded macrobl ocks to intracoded
franme codBRIFKEDESCRIRTIGN @RAHE DRAFINASIO, and ACOL coei ~ci ents can be
identifie n Step 640, the nunmber of blocks in .the.curren creblagck is
set o N et gl et Agede BYFdgs ing o iiReds bl voHEr EerTRGL ROmIR o0,
vari abl e followisgedetaitedddestriptiinedf fréeired babbdigiextsvethevention ithnefeesieoted by
1. Step 6%2 determnes if the current value of the index variable i is

| ess t hant éi%%yylng%tlﬁtarppnq{%qd Ip the W¥mai n i nverse notion conpensation is
finished and process continues in Step 371 in Figure 5. Oherwise, in Step
644, block B, is taken. W want to obtain the reduced image representation
associ at eBigwe hABs a drawingnibewingethescadificrans prionert igame typep bt tierMPRE& video
intra-fra coded representation of B;, which is coded using inter-frane
noti on conpensati on. Based on the notion vector associated with block B;,

t he nunber of contributing anchor blocks Kis determned. Call the

contri butng anchor bl ocks A~) .whe .= 1 ~ v~ Ko 645 tp 647,
Che | ndext RSB AF bR Canritioeh e Dihise Costndtrantiors SRETORIGK wiBhor

bl ock A; MPERGeideCitan@paesent ati on of B,. The contribution of the current
anchor bl ock A is conputed and denoted by C (step 648) and then added. to
C(B,) (st Elgusabs is priaying.showing a prign e refegsngs dlodky gptiapatscipns andpsiginal
resul ti ngpeeR ih thORIPHEN 83ddo§arld&l, domai n representati on of block B; or the
reduced i nage representation of block Bt ) which is equivalent to the DC
and | ow order AC coefficients of DCT domain values of block B,. Referring
to Figures 1Cand 1D it is noted that a current block 131 is created from
portions 134P-137P of the respective anchor bl ocks 134-137 of the reference
frame. Therefore, contribution of each of these portions 134P-137P to the
current block 131 nust be determined in order to create the current block

A ~NA —yr o e o N N o R v e "




a. the current block is generated fromfield based notion conpensation and
‘the contributing archor block (e.g. 134) is field coded. b. the current

bl ock is generated fromfield based notion conpensation and

contributing archor block (e.g. 134) is frane coded. , c. thgrﬁLA‘P&zogzock
is generated fromfranme based notion conpensation and the contributing
archor block (e.g. 134) is field coded. d. the current block is generated
fromfrane based notion conpensation @nd the contributing archor bl ock
(e.g. 134) is frame coded. For the details of how this is done see the
descri pt ilbgurofiDR$ gudraviiAshbwing \w regivesettativh ofipriortret netiainutipbifationeysed 48mo¥d gur e
6A is a flPEGhaideo soidMufigy ubklockk.ep used to conpute the contribution of an
anchor block) i.e., the details of step 648 of Figure 6. In step 6Al) the
anchor blRigike 1 Kis g dtawiing shbwiogka presenetionndf paor att fipld DCT odihg tna fine picturdinoiek 6A2)
it is tesupxhlidebh@asdaid on type MI is frame prediction or field prediction.
If it is frame prediction, it is further tested if the block A~ is franme
coded or Higued tF 3 @dieoving dhowing ka Septdsenmation oftiedr applras€BST godisg ina fefepidifdinand i f
it is fieg,dppdedidebhR@ndipcess goes to 683. On the other hand, if notion
type MI is field based prediction, it is tested in step 6A4, if the anchor
bl ock i s HigddEG aadfsviag sHowilpd répsiadatioh bf frioa it a e thacrbblBckih @ el $ickRd I nues
to 682 angl b -Qtvi&egstg&%rd The steps 681, 682, 683) and 684 handl e the cases
mar ked by a, %? c, an I'n the above paragraph respectively. One preferred
met hod ofg; G Qtd b g sifoWle drBticd Rndre AR 2 RARCHKSA o predittidhind field ~ ~ -
Kto current bnltgé:%[ )o:%zlvq(k%rsegg JS; I's now descri bed. W have the DCT domain
val ues of?'afiéHo PEdKs : 2dWe want to conput e the DCT domai n val ues of
B,. Furths . j . veet or. | j re 1 SCl:jihe the
const ruct BEe dris AP oGl ghiol ik TR, & i eflpnitin Mo pBESSIE o
coei ~ci ert?¥%t he franme coded version of B (i.e., for generati-ng DC

i mges). J.n the foll ow n escripti we.call the current block which is
to e boldfirt e Fad s et Bk R P s imepbF RER e SRS 15,
the ease PEFHHIVERYBn. We first consider the steps 681 and 682 3 0 AP R
2002 16 (correspondi cases and in which the notion conpensation is
o d badurg B A O Shorye e AEioh e domPRtin Pt biFeREe ik SFURTR S0 21 op
681 and @EEEGE video. cases a and b In a field-based MC, two notion vectors

are used to predict the top and bottomfield of a macrobl ock. Field-based
MC i n t h& e is aifloy shat shovie theisigry of senstucting fedysse inage segpcnces drom emes, s ¢ o

construct..t he_ DCT, donmi representation of the 8 .x 8 bl ock from.,t he DCT
Comai ' EiECs R oot PonFRIES T Bf doRfayPling ihccd ifhat aRfies RoplPalol S,
and (wo, f#8¥s Note that the anchor bl ocks can either be coded in interlaced
or noni nterl aced now d(—tlscri b e. preferr

[ for t%’ We , eDeﬁtai I.s. of the. d
enbodi meriEurs S & fgt<Bar showing e gisey §F aprivink DY FAoTpalf ipRerseyPioR comPergon.
di ct . | . VR t. field
Do ¢ ki OFR L UHon ARG Moo 06 Bmlins rpridifion M3 ADcb Byl R |/ ©

N3. W t htRASHEY °Generality, we assume the notion vector for generating
the top and bott i,el ds of . ho) and (wo, ho) respectively. Note
that in %ir']%‘ﬂer e‘s7,%mt°%8‘a§rﬁ’8ﬁ %w'g%%ﬁosfé%\%%n‘t he target block are non-interlaced

spati al | f i o il [ I

bel ong t%q%ﬁ ?c'gfeﬁtg 5‘:?1?: or n‘g‘{':'}go%%o‘g%sﬁ, ﬂ;\SA}E?(g Em%gg%%gg a@%ﬁgﬁ{c?(% b&%??%a‘rfgt
format, i e € ther frame or field coded. The prediction of block Q 720 in
spati al ' n escri bed 3 0~V + ~3 0 ~~ ~ I =
Pai L, SR .b‘°%?§§§?§f%°z¥mg( oasiginatonMorbuatnduers i dehorb b el oo
in ei t herro9s42RY ths crpiribyiting, ih-black eomes fopr 8p YPRFRIEEIOROr each anchor block .M or

N' Q~"t'_.or ~ . denotes the.caontributiaon of Wt or JV, t e predjction
of the tdi éﬁ%saafw?@wm@ww Hali ased B impEi g el acBorbioet e o
P, , b5, ~codfd@ndsthe congributing subsblogk gomes &on ag lopver gegi@ingt ri ces which we wil |
descri be below. The target block Qis forned by the sumati on of the
contribution fromeach anchor block. The DCT domain representation of Qis

given by Q- ~ DCT(PsS,1)JI~(aS 2 + ~ DCT(P6S,1)J~,S 2 (19) .=0 s=0 To
conpute the contributions Q~"~~or QV) 0 <i < 3, three steps are
i nvol ved. First, fromeach anchor block J~I; or N' the sub-block which

contributes to the prediction of Q called contributing sub-bl ock,
hereinafter, is identified. Second, the identified contributing sub-block
is shifted vertically and horizontally to the appropriate corner. This is
done by nmultiplying the matrices S ~and S0 <i <3 and 1 < < 2. Third,
each row of the shifted contributing sub-block is put to the correct row
position corresponding to Q by nultiplying the matrices P~ and Pb. The
matrices S ~, S ~,__7~" and_Pb are deci ded _depending on the representation



3 0.AP R 2002 m W now considers two separate cases for the anchor bl ocks:

(i) anchor non-interlaced and (ii) anchor interlaced. ' (i) Anchor
noni nterl aced: step 681 i.e., for case a Wien J1~(; (N,) repgegeAPsR
non-interlaced block, we wite .M =M (N, = N). Inthis c vvewant to

conpute the contribution of M, which is coded in non-interlaced formats in
the DCT domain) to Q The node of m)ti on conpensation is however, still,
fiel d-based notion conpensati on. {)rst shift the contributing sub-bl ock
of M(Nt ) and construct the contrlbu ing block after appropriate field

sel ect i on Figure 10hs lockakgrant shewing the plrdicitionpf £ i62l @mfoadblcowi Nng Figure 7). Figure
8 illustrates the procedure to construct Q ~2. The sub-block is sinply

i dent i f i edfiguredrhit diedodkalidgreorshawving prddigtéantof tweelhotizogiallvesighbening(regions. h; ) or (v-~;,
h; ). The |ocation of the sub-block within the anchor block and its

hor i zont alFigredl 2vie g blogk Hiagramehovgag thg drathierca seynpitatign af BET demsin fnvere gwlien i ng

i n the sarempemyatiasofi two Mpioent blocRshweirhestune mptidnlvectomt ri ces for shifting in DCT
dormai n notion prediction for MPEG 1, denoted by S;, (from Table 1), are
used for $igurealidisS blocki diggram shq@jing iareferipd frRpd $r fast HGT damaiminyers nptiom

Fi gure 8, cohigeneu@ii 6f dad tatija@nSuléekd vk KamieSmdlion veckorsnsinglsheedd inforrhdtien ippetwd i ght
corner of bk@g& anchor block MZ and is shifted to the lower left corner in
the contributing block Qw. The field selection in the contributing bl ock
is differepurd@ris b Rew bRt 1bf £prefeREELAESd ONfadt HIUSoriathEnkeede n@iibid tddhpdnsation

predicti oqsm% axtegﬁlf&%u%na 1{ %@é?@éc%ﬁtb?o@ks every odd row is sel ected.
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Figure 18 and 19 are block diagrams showing a preferred method for fast DCT domain inverse motion
compensation of four adjacent blocks with same motion vectors using shared information in the four
blocks to construct the block Q.

Figure 20 and 21 are block diagrams showing a preferred method for fast DCT domain inverse motion
compensation of four adjacent blocks with same motion vectors using shared information in the four
blocks to construct the block Q7.

Figure 22 and 23 are block diagrams showing a preferred method for fast DCT domain inverse motion
compensation of four adjacent blocks with same motion vectors using shared information 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
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One preferred method for computing the DC coefficients of DCT'(D,)’s for the macroblock is based

on a weighted linear combination of DCT coefficients in the field-coded blocks:
(Do) = (PoDhoo + (PiD5)oo
= (R)o-(D§)-o+ (P)o-(D})-o0
= (B)o-((D§)-0 + (DP)-0), ©)
where, the weights used for the linear combinations is:

(Bs)o- = (0.5,0.453,0, ~0.159,0, 0.106, 0, —0.090). (10)
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(m)m ~ (i’s)oo((ﬁz)m*'(bz)m) (14)
Do)io = (Bo)1o(Dh)oo + (Bo)ra(Di)io + (Pi)ro(D5)oo + (P11 (D)o
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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, AC10, 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. If not, 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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macr obl oc k‘S§H%er i3 theprios é‘ﬁ@f AMREGh i¢e &pmF cqdad Blgths andyame based metipncprpensation
prediction. In CHROVA 422, two vertically neighboring bl ocks of chrom nance
share the same notion vector. In such cases) the same anchor block can be
shared across the nmultiple target blocks. This neans that there are

possi bly 30AP~~~~



25 shared information in the predictions of nultiple target blocks. For the
description that follows, we will describe the preferred enbodi nent for
conputing the DCT inverse notion conpensation of a 16 x 16 macrobl ock
consisting of four 8 x 8 blocks by taking into account shareéid Kﬁ%@m
anong the bl ocks and denonstrate the speedup obtained. O hen r es
can be deduced. Figure 10 shows the predi ction of a 16 X 16 macrobl ock Q

Each of the four 8 x 8 target bl ocks 1 1005 Q ~ 1010, Qr 1015, and QJ
1020 is predicted fromfour anchor bl . N,, T, and Lf~ i =0,1, 2,

3, respec i.lyetl] e idq p&gﬁmproﬁgx'jﬂgd 81ch £q ﬁ'as?l?%egt@é %%eE Qalft for &4 rl %?ocks

| 015, 102 t
need to b& %l’r‘f’ﬂg?s a&fygre%? FS mﬁ?f?bé’%{t ﬂ‘g@ 5 I %e?&b %ir'B‘? tong

target bl W“%‘@n’eﬁrwgpyz correlated to each ot her and do not have to be
conput ed i ndependent | Consi der the follow n wo observyati First,

al t hough fHaftErmipethe B%I%W‘W‘S?OEBf??6‘?1?9“‘%‘(3%@3?#%}{&? remeﬁtb"lgé’ymksi‘ué?%lg o By 9
di f f er ent cereahdeck3bR kthg mdcrsblodk 13R.dkn hgeder @f}mbedacm*ﬁmkgl}?m v foedetepmige tf

bl ocks, sthecaciob®ck 83206 beretaedlbs: hefelitgsddor 2 hfarsebasedmadion bémymksadod Ther it
predi ct edwta%aeﬂﬂnm?eaéemhmgﬂeam\sﬁ)@ﬁsqt34h@5ﬂs AE1@br fawspéee, Edcher hefdlish nlgl ocks

T o P e i R et o P an e e ncrmngadl TN qnd 2 (S
Second, the e

e SN oy LSk il

bl ocks) Qb“”i i 0d 159 61, ar 1015) and Qu 1020. That is, W~t~ = W\~ =

W2 = W~
super seri Boge °““%fhbm%?%fd 4 s bt Bolgmoovm R Bt ?‘ﬁ&“ﬂ ST al
and verti Blgrk Qﬁlgs pPA I @ddaused by the notion vectors associated with

each anchor bl ock tio of ntribution of t nei ori

regi ons W& PP F@Tene?)lg?%‘d@?“% F’b%q b?‘“t?ﬁ“‘(?f“”h%’ﬁ@?“s?téoé‘laB f‘i“t‘gb"%n%?rc

hor i zont ablogk ($e &by fiahdcoded: get bl ocks Q ~' ~ 1005 and Q ~ 1010 as shown in
Figure 10 and 11, when the respective anchor bl ocks have t he sanme coding
formats. ErBECHTGHPlackys sefiepataddron kg based BYRHgn FamPEREY a8 I &OHBRANRE AT AN d
addi t i ons blotk Eantl 3)hufranmrodub- bl ocks assuning they are coded in
non-interlaced formats, i.e., for each novenent of contributing sub-bl ocks
descri bed Feghefqtils|of Yo jhisy dane sogibe desriphion offFigupred f beloy whigh ghowxme detpids ¢ t her
an anchor step 64 (e.g., Jl~t) or a conbination of anchor blocks (e.g., .M-
Jhl1), and ~ is of the form Si 2 or P, we will ignore the effect of Pih the
figure foFigterfs isaiftoycharhghowing thetsiep msedtteePTE teeoreniribpiianiof gn anghorilaskise ar e
coded in tntdetnllacedp o8 offtisure & 16 btap b4l the Tvdolilack &-skiap bleclkappindasitiof e Gr
art) iss ba\fmmwxrﬁnmmzlz is theadans ME mbhidh (SpeaTr @CrketneAreditiof ot frediétpnt Ifeat ed

separ at el Yt is fIJc\lﬂ k/{gﬁ’lct%;r t Hﬁhx{t‘ ’tes@,‘d b(;bcﬁrfﬁ yﬁyr?éjcofdgd)dpﬁtefd%o?éd\/\@f it [s!

corner of respect i 0, t cor erne |

o ocks 1250 e Tage AR A R T
M (= N ardonyps ¥Mdieteld baspd predictiopdt igispedin piegypid, Hdheasher blpck ipfrapasadpdere

bl ocks 12:§©ldandj=d12f3‘6ame'ﬁh¢edr tapiongsnepninef foio8R emti§natto 681e Thastens 6BUI6A2.68B) ocks
are set tanzes4asndlé (he civBd erk&BGED, ic/ant ALt OB apaeaghlph edspecitzB0) 1225) 1230

and 1235). The S, ~ matrices used for pre and post 3 0 AP R 2002 26

mul ti pl i c &k ereféred mpved biicnpjudnkte amaibatiaef simbowblacks Bj,gur & 21:2: , FAtd @nrehthe

novenent shidkef intekRi BEdhak aesbh&akwe%mt@ ma:"rl aolﬁuamheBoﬁarneh@@dﬁﬁk Aogatiher,

and the blogks 68 t@ma g,.a[;m B 1095L 00k V& rxm%{gé,ﬁ? J;geary%ﬁr
regi ons 10, 1 co e ?( 1T 01
D! PnS e R tibe e astpictogt Hﬁf?tfrﬁseb? T o %gw&.ﬁ chethiie

needed. H@W@@éf:ﬂmeemedeewi@rﬁeﬁewnaatwg@ﬁemﬁee@ enbodi ment for conputing

the contribution of the upper regions 1 I OS and 1110 of the target bl ocks
takes int &n fecslinvingiesantiond wewhl theaeuresat biaciandiia) isde be sensthisted? ged the
cont 1l but ufihok Bidcls 69 48 Lo Bitre¥ 0183 W inMealcoMordith, Nve AREoGAREL AR OF
informati on as processed by the invention 1s 111U ed I'n gure and
t he fl owchtgps 68F and$82 process is shown in Figure 14. In the preferred
enbodi nment, instead of noving each of the subblocks A, B, Cand D
separately, each pair of adjacent infra-coded anchor bl ocks (the pair M,
M and the pair M, N) are first subtracted 1302 from each other ( 1402)
as specified in Figure 14. In 1403, the lower right subblock A - C
resulting fromthe block subtraction in 1402 is noved to the upper |eft
corner, and in 1404) the lower left subblock D- B resulting fromthe bl ock
subtraction in 1402 is noved to the upper right corner. The matrices for
this nmovenent are shown in Figure 13 and are the sane as the one used in
Flgure 11 A key d|fference ( 1404) |s to S|nultaneously nove the subblock

~ a2 o a ”~ 1 Y



Simlarly Q- + Q= - PoSzi(Tz - To)Soz + PoXToSoz. _ (46) The second terns
'of the two equations are the sane since .Mz = To. Note that this is true,
whether or not X is a pernutation matrix. In this case the total nunber of
mul tiplications to predict two regions is 27 ( =9 +9 + 9) Qn PRQZW
predi cti on and anchor non-interlaced case) it becones 23 (= 3 é‘ + )
(i1) Prediction of two neighboring blocks Here we will describe the use of
the invention to convert two adjacent it er-coded target blocks (e.g., 1005
and 101 0) to twg, adj acent |nfra coded, target bl oc}ﬁ %100 and I Ol QA
usi ng t hr&respondine gasps 33d p) igwhigh i spotig erofensesyiptield Rased pIRHCOR | gviz, Jv(3

and N3). In Figure 15 we first set up the notatlon for use in Figure 16.

Sub: bf ockd HAE38 §‘ﬁ£‘%/tncah€4f9%FocSE%dNE““ R AR fnd a6

conbined t 510 as Mo . The notation is that a full arrow drawn from M
means that M is taken vmthout any nodification, whereas a dashed arrow
drawn fr ofmeieldrieeed G, fue mpgion; wgctprs Rig Hseddo Prrdlict the tep and bpgony figld ef magrablaskk M
ar e negatied-bdsed bET ionte)spdtiabdoefaindcilussfaternint Figure prhe gord hgpostto canbthicpthe P& on t o

Shi Tt _t hedosidfiFestedah@fdnof M 8“ x Bblock Qdﬁ‘&ﬂ EHe TSy bo{natm@pﬁeymwat dfia@&or Satksand
Soz. Figupe 6.4 Jnttlg&tJe@ttg ﬁ) aﬁt ;%g httst@l @19& cg&ésnemrsg‘b@@otdtms and
cribfy

t a8 d I,
570 \éﬁge E c'g‘r"l'tl?°g gf[‘llé?mt“?fr ?‘1% ‘I‘tfle eo‘f° %etaé‘;f’ pr8¢é"5$6’g’l?&88 i nation (

1605- 1607 enen 5- r lts t t cks

7l 72) 2%} thY‘ ésp ('f Zdoéf té gﬁ.rg_el:g'&nelé Qéefdélszfr 1ctcd tho?n ;{EP ?lﬂfg?rdé % ?bB i

conbi nat i ¥ Prl‘élnﬂffﬂnywé%‘ﬁf ?510“‘311?@0128&1’”%“%4 feem é‘i‘o bsef ﬂ “rose&?r‘inﬁ@ﬂbt"ﬁksﬁ gure
13. Mor e BpdgiNi dal Without lnes ofaeneriliny weragpume sl muatks vestor ®)r genegatide Keftoppandt he
respect i wtialjfiaiie of QaRC syl hip s}, A3) Mapectitetyt | Note-thattin Figngt 7; thz)anétoe bloekbi ned

1605 and mwﬁ%gmﬁcﬁ&e hdhaheelidded tpstta@am Bb&s. tttdweketh D@?@Bﬁhlﬁﬁhé@ﬁ{cﬁ&
i nfornati .S, ,Shi 15 R 2002

28 | eft Cg?cil%can blglon%&o dlfgéreéalgnfl?or B}acrol%lo%, wh.yfr}(g'n %nGbe co&e% m Elﬁerter%@orgtbi i.€. Atﬁg C J
and K f ORI Pistse: TrerediansibiockgChbi SB?‘BH@E‘a("ﬁaQ—P% AN ar e
conbi ned 1606 and noved 1616 so tha; the ern;edl ate bl ock Zz cont ai ns
shared information C - K that i -sﬁ?t-l=|59e +1%&6 o top left corner afd”B - J
shifted | 616 sinmul t aneoush¥ £ @:EOM5Y, 0bdd a@Ynep!siiN:8s. Simlarly, thg
contributing subblocks E, G | and K fromthe respective adj acent anchor
bl ocks (.M,Zn@Nreglesdnt B3 arhe® blookslh Biedr ihAdced BhoRMM@thcciGdrat Fot 1k ardche-

| nt ermediglg pf 9)«,@4%9@%91%& Ef?mt&smt PR, otﬁea&mﬁtorfﬁe& Lt hed
i

f
1617 1o TR S AT bt Mot e R B0 s S %dtlnaf°4%$?m

anchor bI‘B&R‘a‘"ﬁBS‘&*t‘@‘\?t)wﬂt‘tfécd‘biéisws"éhet‘ﬁréft 9k 4 RPRL Y Gresupmaton of Ahe
cont ai ns <ontibutidnftoordectGnemrbkicland J but shifted fromleft to right, and
bottomto top from.M3 to Z4. In Figure 17, ZI through 24 are added

t oget her Ths qu’"‘é‘lkﬂ"a@-"epfﬁsemﬁ‘l*?“ﬂfQUF@V%@Y t he conbination and shifting of

bl ocks to yield the adjacent; target block @Q;~ is shown. Here, the

conbi nati on and novenedt -ofyhborks!sn#1:Sh H I_?:amcrwb&np%sbl n Figure 169)
Furthernore, Zz and Z4 can e reused from kgure 16 and the two bl ocks are
further marked with a circle. This formof sharing is again anal ogous to

the one stwm;;uft tfid Ehbrfbutiehs c)m &l@wr@<19< fi, ttﬁres staaala}ém%l@edamdfrm gt ain
@~' From cllpo bFOFRAn(?tt/V Ogte sﬁn-blo&ﬁcdl}rlch (ir(lm% tes tto CCRS 1cttonp ifil ffntrz nt? Foto
ock.is

yield t he" Hew
AREIRUAC T CL L WL AR SR Mt
t he use ofnddiesizasthlly 6 herrppiopripteaepragppdbieds dame By praltiptyingf the matrgedShead Shat ri x

mul ti pli cakiions ahd 1 eaf i DIThirleachabiviof the shifigl @tittibiling Sktsbledkds put @@dhe dorrect
separ at el pw pesm{&mtg gRfi §Qeyymtmwtgqﬁe rﬁeftm!:c’s Puir@ 7k Sl i ’ﬁ" ﬁwat ion

42) and SN & - RN EE i
I(DOSZM ?&l ﬁbgﬁléécﬁ%jsfpfﬁ%n oﬁ{%prﬁfzeﬁﬁa&% za ‘za(?’\(,ifr-é{{(N3Ifjl Nz)s12 + PxN2p (47) The

second (Zz) and the fourth terns (Z4) of equation (47) are the sane as

t hose of equation (42) and can be reused, since N_ .M and Nz = J~(3.
Therefore, ZI = Posoi(Ni °~ No - Ns + ~)Siz and Z3 = PX (N3 - ~)Slz
corresponding to the first and the third terns need to be additionally
conput ed. The sharing of information is anal ogous to that shown in Figure
13 except that instead of considering only 2 subblocks in each block, this
case involves all4 subbl ocks. The total nunmber of nultiplications to
construct the DC+2AC approximtion of QM and Q- becones 46 (= 9 +5 + 9 + 5
+ 9 +9), For the frame prediction) it becomes 35 (=9 +5 +5 + 2 + 9 +
5). (iii) Prediction of the whol e nacrobl ock 3 0 APB ~9~ 29 When all the
anchor blocks are of the sane fornats for the four target blocks in a

o . S " a4 A



Zs 2, POX (~2 - 3)s02 +PX, IVI3P (4g9) Zy Za Qu - Ps2i(ua -u2 -ui

" +u) si 2+Pos2i (Ts -Ti)P+ z6 z. PX(JV3 - N2)S12 +PX M3P (49) In DC+2AC
" approxi mati on, we have shown that Q- and QN can be conmputed with 46

mul tiplications (or 35 for frane prediction and anchor non-i ﬁrAPReﬂ
case). Since one of the two new terns of equation (48) incl 002
permutation matri x, the DC+2AC approxi mation of @Q? can be conput ed W th
only 14 (=9+45) multiplications. For tha7DC+2AC approxi mati on of Qu, we need
only 9 addi.i i r e
Do oAC appyoeS8 Sbnefitsi By pEbcRRRroL B adcl thke” oy R ol R R RIRA (Dbl 2
(58 nul ti p1“f )Eiﬁ‘gﬁons in frame prediction and anchor non-interl aced),
resulting in 17.25 ( 14.5) multiplications per block. The preferred
enbodi ment f&r{ch]:)faﬁ(;mﬁ:tg Eastté o1 L. t%ﬂh‘ﬁ&bon (31 ) thus yields about 50% (or
60% |rrpro enent over the nurtber —of mul tiplications over the nethod
which requires 36 nultiplications. _ Applications of reduced i mages The set
of reduced i es extract ed from corrpressed vi deo _usi ng this invention can
be furt herwasre?r! ) renrepeRs bvmewedmwke\xe%qewbrw Npeloribis ease Weaveny
reduced i nugetspmaﬂne bentdfitmutiorofiMy, Wigrh iFesied ivings-oeariogsid forBrevsthng CHHoMPE® Q.
conpr essedrné iR of mMBlonEombensaRA is hoBdled still, fi¥dabad mbEsHRIPEnsEtRAL er ~ 0 APR
2~2 Techni cal Report RC20841, May |1997). Since the size of each reduced

i mage is swalfitst shiftrhadoaiblitingisiitebléaklof Mi(Vejrred ansrutohdchatrib@ing blosisater appraiprinte
itsel f (f OfieldeRBIMNRIn tRs fdse, HERPT dﬁgmgﬁblm@g MpEeD. Bilzurd 8 Alubiids HepRiceRind
encoded at tol I%B%tqg‘lﬁ resol ution of by 480 1s of the size 88 by 60 and
t akens up 5P t 0.2 Mits/sec. The set of DC inmges or a subset of the

DC i mages ﬁférgupﬁlofck' J;s snﬁi{l fd@E %ﬂr&{xﬂg h%%oHQf’atnd%ﬂtl@Q d laSPHeh (Qzamqur @J;‘h h‘f)r om a

server to | I ent

furt her  coftieeronds et wiha teiaphobbla iR *tﬁ?%\m o YRS e R0eel e

i mages canpmpanpindlirection ekshifiies infhespme gy asimMPEGr . dheye amihematrm%fm sifigge g, |
200 in Fi ginMECPJomdihmotihngpédintio? &8 MAEGH ) deioteddy She(framtTeble ), sicoweddlior §; and
conput er nppllbgr 238. Because there is no need to performthe

conput at i onal | y expensi ve deconpression tasks, the DC i nages can be pl ayed
back faster-than-realtinme, i.e., fgr a @(ﬁtr@nes/sec vi deo, the set @by DC
i mages can be played back faster t an 30 )\E, s/sec. This functi onalbw
allows a user to quickly skimthrotigh™ (&t 8o content. Further nor €
random access to other part of the video can be offered. Wth conpresséd

vi deo, rang@Pacs aRohtiblling Ehbrmﬁ ischi e fxlmwck BIHe Upb B AdRIFd Mk andidEbIbAdUCEd
ges CanMal 5 18 %he{;tedeto %e lOW%I‘?| es Ierr}nﬂ‘t ﬁort?nbu(f:i ﬁgékl 'ﬂ’ vi deo segrrent The

i nd| ces couf & b&VI'Sudl y 'l ooki ng at sel ected

reduced i ”ﬁﬁ%id@ef%t o%t"i‘ &tnﬁ?ﬁlﬁg 19<.rk xfé’iﬁ@re&h@ﬁtﬂe to?ﬂad S@ﬁi‘chéﬁ Jli%\ié ﬁl@B&toBP the

respect|v [ofo) used na ng.
Lespect venl kil o s fdam?#%l?ﬂ K R R T At el
sequences. se*Fﬁ‘é’“s@Pé‘é‘?fteé‘d’ﬁi)ﬁ‘é"’é§r°é‘¥aPBﬁdé‘|‘oih59"er°‘YPai°n TV progam (2405) al ong
with one or nore wi ndows to display reduced i mage sequences (2402, 2403).
In the settop box 2401, there cduldPive &: reluidr VPEG 2 decoder for (22
decoding the full size dISp| ay of the main TV progra Furt her nore, the
settop box 2401 could 16 %8Pt &i%h%0nhe or nore reducéd 1n933e Pr Etor
(processes 300, 360 and037®)0f0r &P G 2 video: The yeddced ¢ Pagd
extractors can then bel wused v@ dissplly nultiple viewsy ®D & heo Yaoe TV

program (e.g., differepty gangreaow gws of the same sporgd |0ngoeye,nb)0 or to
si mul t aneowhdryy shdim i feﬁe,nb 1Ph 395 , Podsi bl Buipro d[j (ﬁe]rﬁz 0Cd1 annel s.
ntro

The control buttons 24 can_be used (via a renpte c for exarrpl e) can
be used to turn the di ;9I %qp B0 Prfe duced i mages fr M On O Oprogram;
on or off or to sw tch{ t000d ﬁfOeﬁelnﬂ rograns for displ@y @rﬁ) tlH)eOaldution

wi ndows (e.g.) 2402 anyo02¢@3).o Freorjeduced i mage ext \awtos o 0 ¢ ey gettop is
of nmuch | 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 provides better TV view ng and channel -surfing experience for
the viewers. Gven this disclosure alternative equival ent enbodi nents w ||
becone apparent to those skilled in the art. These enbodi nents are al so
within the contenplation of the inventors. 3 0 AP R 2002 -31 W claim 1.
A system for extracting spatially reduced i nage sequences in a notion
conpensat ed conpressed format that supports the coding of interlaced
frames, conprising: a sequence of notion conpensated conpressed video
frames each with a plurality of pixels, the sequence defined by a bit
stream stored in a nmenory, each franme coded in a intrafrane format and
each frarre haV| ng one or nore |ntra coded bl ocks cont ai ni ng one or nore

o R v . o ~ o, ~ o —— e p— Y .




2. A system as in claim1, where one or nore of the second pixels is
‘created using a weighted |inear conbination of a DC and one or nore AC
" frequency conponents of one or nore of the intra-coded blocks. 3. A system
as in claim?2, where the AC frequency conmponents are the 4$q}jﬁh é
frequency conponents. 4. A system as in claim2, where ong or nore o

i ntra-coded bl ocks has a coding that is one of a field-coded and a
frame-coded. 5. A system as in claim8, where one or nore weights of the
wei ghted |inear combination depend on mhether the intra- coded macr obl ock

t he

cont ai ni ng t hg—freguency—conporents—S : fre—coded—or—y UI‘SIC €Of ed. 6. A
system as in|cAdhéhblock Where the spatt: 'a‘%@ reduced i mage is?a BC i nage. 3
o0 AP ~ ~ee~ -382 7. A sydtem asSjn cl a| m 2, whéje the spa(«i?”all reduced
image is a DCj2AC | 0 Arsyst e raat;p at educed i mage
sequences in %fi “canpepsg ted gg] Qfd H fpofting or‘”t( % t he coding
of interlaced fr nes, rls uen o] t|o ensdt ed
conpressed vi ge grﬁs) each QM mpl ur &l ﬁzv of VYpi x s,%eﬁse guence
defined by a tlt st mj| ftored ¢ n e@ch f(ra n one of an
interframe fofmdt’atda a;ﬁa} i ngJ g}[ r(ﬁrre@# r ®4t he, f, cod’gﬁqilﬂ t he
interframe fof m;ﬂa hg one int odedn I ocksg, Sgdﬁr’ iint er - coded
bl ock bei ng cgdéd” usi t|o 4conpen atlo 4i nf o¥mat bl Wi rgspect to one

or nore reference franmes and usi ng residues with respect to itself and one
Or g::: ?arbéeiﬁjgﬁlegfogé Uﬁ‘ép ,an g‘& or a'craca?andﬂ%go%ta s(?lq%g%\ghe%%lr?at?c or, bQOCkl {] %C'CI)';] €

of t he pintedpesdi =t lior firade v a'iﬁfl‘lu“’aﬁ‘fu 3“6104 84t MM oded bl ocks form ng
a macrobl ock; an extractor, executed by a processor, that traverses the bit

. Stream anﬂAaa{oe@ﬁtSrlﬁda@: m‘ptdswne.pmlﬂﬁﬁmﬁdmn information fromone-or nore of
the inter-coded bl ocks and further selects a subset of the frequency
conponents from one or m)re of the infra-coded bl ocks within said

F%n to

nmacr obI o] t.he ra i er, \i b
e AR A R B8 L TR b eyl
execut edpby & pPo 55 s cagmse WSEH &ﬂsutéde%atednmromn GAREN Sl @
i nformation foPdePeyni ne how'to create conbinations of t he frequency
conponeningrlaced fdrmats irbghe DATodoowins torQic Theonale f motienecogypertsatininl iy stil bl baded
i nver sel yloﬁmltdoﬁa?er@gmensat ed images in a second sequence, each spatially

reduced i nversely notion conpensated image having a plurality of second
pi xel s. Givedasingtlede 8388 block; lcall te ppenhiaf & thdtdock G i thd firyt foaduegdhd uppge 1s a

DC i Mageregibf andAhSwE@AN ofkBe bIBckR].AithB 185 o8 ws tﬁmw&p@tdnaﬂa. theshsafsliihgrage i s
2e5§;§Agld)?mﬁ of e]clélh 1ntﬁl’lﬂ%¥(§§n§l@r b3k Ucﬂn&lt?’% ﬁheu Fe io 35h &t WQR‘£ orf fSWIEthg

wei ght edealc‘?ﬁeé ‘g’ﬁﬁ‘fﬂ ‘ﬁﬁ'f‘i‘%ﬂ‘bd °°gl‘s[£fpgﬁedl 8’-6 Jﬁ%f’éaﬁ 2@35’9 rbc{]%{)onent s
of one oNnrYﬁ‘F’el dnt #ndislisplasrg by kehbr/2)) ?fdk’s LkiA210 s Adr anddpraVs e”f‘@r‘eﬂaé franmes

wher e each contrl butin nore _noti on

anch ock is ne ne or
vectors BEUgAdlysirates s ‘H‘f‘% pt g"dﬁg %MG@RQ ggé'ﬁ ch?fﬁ}{‘ifg&ér Infagyre 9t of
th he sel ewpteh vepel 168 isdahpblrnditindesired that theeantsiputing sgb-blogirin pp cantributes to the
top field of Q. In Figure 9 (a), the contributing sub-block comes from the upper region 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 = Sias(w!) and S = S.a(w). The vertical shifting, however, is
different for each region because the blocks are coded in interlaced format. The choices of the matrices
St 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, SY is selected for both S}, and S}, whereas S, is selected
when the sub-block belongs to lower region.
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If an anchor block M; is non-interlaced, it contributes both to the top and bottom fields of the target
block. The contribution can be written as:

QM = SuM;S.,

where S;,,fori = 0,1,2,3and j = 1,2, are the matrices for shifting contributing sub-blocks previously
described. When the anchor block M, is interlaced, M; contributes either to the top field and the
bottom field of the target block and there could be more than four anchor blocks. In this case, the
contribution @*** can be computed as in field based prediction (anchor interlaced case), i.e.,

QM = PISHMSY or @4
QM PISHMSh. (25)

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 @ :S’-g, 55, 'f?:‘, and 73}, 0 £:<3and1 £ 5 £ 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' )kl = Z z DCT(Plsll)km(Mi)mn(Sl2)M (26)
m=0n=0
7 7

Z Z wi(i, m, n)(x’t\t)mn @27

m=0n=0
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permutation matrices allow speedup in the reconstruction of spatially reduced images, i.e., the speedup
in the evaluation of equation (31) using neighboring anchoring blocks with the same coding formations

and shared information across anchor blocks in the same macroblocks.

First, a preferred embodiment of approximate computation of DC, AC01 and AC10 coefficients of the
form DCT(ABC), where A, B and C are 8 x 8 matrices, is as follows:

DCT(ABC)y = Y. vu(m,n)Bmn, (32)

m4n<l

where vg(m, n) = AgnC, and 0 < k + 1 < 1. When either A and/or C is a permutation matrix P,
we obtain matrix P, we obtain

DCT(PBA), = 3. vl(m,n)(B)mn, v (myn) = P Ant (33)
m+n<l

DCT(ABP), = 3 vh(m,n)(B)mn, vl(m,n) = AxmPu (34)
m4n<l

DCT(PBPY), = Y vi(m,n)(B)mn, v3(m,n) = Pem Plu, 35y
m+n<l1

where k + ! < 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), vi,(m,n) (Table 4), and vZ,(m,n) (Table 5), for
each (k [) and (m, n) pairs. Table 3 and Table 4 state that three values (DC, ACO1, and AC10) of
DCT(’PBA) or DC’T(AB’P) can be computed with 5 multiplications, saving 4 multlphcatlons over
the general case, as four entries are zero. Similarly, Table 5 states that three values of DCT('PBP’)
can be computed only with 2 multiplications as one entry is a 1 and 6 entries are 0s.

When vertically or 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) = Sa2(w2), Sia(wy) = Sza(ws), (36)

0 Ioou,
So2(wo) + Sy2(wn) = P? = (I 80 ) , 37
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Table 3: Py An — Pre-multiplication by a permutation matrix: 5 multiplicatior{s

Loovenm | 00) | 0,1) | (1,0) ||

(0,0) 0
(0,1) 0
(1,0) 0o | o

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

Lenremm [ 0,0) [ 0,1) | (1,0) |
(0,0) ] 0 0
o,1) 0 0
(1,0) 0 0

Table 5: Pi P'ny — Pre- and Post-multiplication by permutation matrices: 2 multiplications
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Sor = S, 'Po = Pi. (38)

Using these relationships, a preferred way of writing the prediction of @Q*° + Q" is:

QMo + QM PoSo1 MoSoz2 + P1S11 M1512 (39)

PoSo1(Mo — M1)Soz + PoSor My P° (40)

In the second term of equation (40), there is a post-multiplication by a permutation matrix. While the
DC+2AC approximationto 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 preferred embodiment computes the contribution of
QMo 4 QM together in a single step versus computing the contribution in two separate steps (i.e.,
computing @*° and Q™ independently). The gain comes from expressing @** + Q*: 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 M3 and M are coded in the same format, the equation
for the prediction of Q™2 + QM can be rewritten in a similar fashion saving the same amount of
computation. In this case, the fact that S3; = Sa; and P, = Py 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 Mg and M, are coded in the
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by zero coefficients. It saves 8 multiplication operations and requires 1 more addition operation. In

the case of frame-based MC and non-interlaced anchors, Py X is also a permutation matrix. In this

case, the number of multiplications is reduced to 21 (=9 + 5 + 5 + 2), saving 15 multiplication and

also 5 addition operations. We also label the terms in equation (42) as Z;, Z», Z3 and Z4. They will

be referred to later in equation (47), equation (48) and equation (49), and also Figure 16 to 23 for

fast method to perform the DCT domain inverse motion compensation of 4 blocks within the same

macroblock.

O

Macroblock based prediction: reusing intermediate computation

In many cases, a set of neighboring 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



"1096% s& ()-F FL 10%% s& ()- F!10%% s& ()-9
" F10%% s& () -nopppgXqYq|[:-410s% sF F410%% s& ()-m F3MLOY%s% s& ()-F

A . MO%\n& ()-F F. MLO%1s& ()- Fy,!'109%8%s& () - D AER 29@2
FF(!10%% s& () - M¥gZq[ ghgr s; ssbA410s% sF F FY10%B & ()- F10% & 3) i
"10B & ()-@F "10% & ()-f Fs$ 109 & ()-110s% s10s% ssstvkvvw| [: A410s% sF
F Sy109%&' ()- F3yl0%W & ()- FSyl0W & (5- F3"10%W & ()-Z FI 1098 & ()-L
F 10% & ()-wQwyyyyyyvU410 Fs10% & ()- F'109% & ()-10!'10!'10! F3 "109 & ()-f
FIT.4"108 & ()-m J$y10% & () -y} &QRST| [ NA41010! 10! 10! F FY9-Z"10% & () -
FF" 109 & shyred infrmati@uin giepyedichei of 0n4tile(tyre® blorks: Foomed¢syriptioe thrgdollowsnae010
Fss10% " "w&ll(dpscHbdthep ﬂ:fé%:d' cx&oﬁx}nend?&ﬁ%ﬁnput&g(tﬁe—D(FBiﬁv&&% tiogcqmpendald@ora’1& () -
F, #F10% "y f% rhdcrdbloek Eo%%ﬁ)uF#Zéjagdﬁs by ®akink-ifito Fedoukd feared SnfénimatidndmbAfthe & () -

t fes

100 ¢ ‘b?fj‘:% s stk B0 op sl RRUAAL ) i ()

F#109%4" &
Eyf’(’)}/ﬁﬁf&f Q éios%%lvgthb Qtncﬁoq‘OQIQ %q¢ a@i'og) 50 Fach éﬂ%%'oﬁ«rdip | &91&;&%/(:)

&+ 1093 % (MU oo "4“’%3& s °mjfg‘1’rzf'“i‘t9%‘°% 'QV& pge and 4,
104" & ()Z-vw §orefw%tsmo/ﬁ%ﬂ(e))rqﬁcmtmf'em%r&?t phock @Q05; 1416, 1085,(1920), the DCT
Ff #1096 & dojnaif el Tie Folr torfibulihg H%Adt Bloghs-neaip be ePud Pduded: HOWBEY, yteM FF
" 109 & ()that kiR1H8dickohs of Fbur ferget m%s&'re(s)mnéffcd'rrkﬁ%h& éakh Bthérfand 40 %8t&ate) ol | 6;

310! ' % & ()-tF TF, 10%A&
;l [100/(7&' ()E‘p%‘ﬁ* 1?563&%}’ éﬁgﬁh‘ﬁg’%’m% W°F°b5mrﬁT§)’%0% "(3&' ()-c Oi 010%'(')&' () -

1 010% " &idsd) atbhoufnltHIR are fotdity16 Edneridfifg anéhok BrodkQ, 4 40 bd1Pol Bi¥feldithAdn.PRIONE "
&()-c Va%lg)@ orpthe Oa{e shared among multiple target blocks, since the target blocks belong to the same
macroblock and are predicted using the same motion vector 1050. For example, the target blocks QM
1005 and QY 1010 share two anchor blocks, i.e., My = Ny and M3 = A,. Similarly, @ 1005 and
Q7 1015 share M, = T and M3 = Ty, etc. Second, the vertical and horizontal displacements of each
contributing sub-block within the anchor block are identical across the four target blocks, @* 1005,
Q¥ 1010, Q7 1015, and Q¥ 1020. That is, wM = wM = w% = w and MM = BN = K% = p
for 0 < i < 3, where w’s and h’s superscribed by the anchor block (such as w hMi) denote the
horizontal and vertical displacements caused by the motion vectors associated with each anchor block.

(i) Computation of contribution of two neighboring regions

We first consider the prediction of upper regions 1115 of two horizontally neighboring target blocks
Q™ 1005 and Q¥ 1010 as shown in Figure 10 and 11, when the respective anchor blocks have the
same coding formats. From Figure 12 onward, we will only illustrate the movement and additions of
contributing sub-blocks assuming they are coded in non-interlaced formats, i.e., for each movement
of contributing sub-blocks described generically by PoYLZ, where Y is of the form S,; or X, L is
either an anchor block (e.g., M) or a combination of anchor blocks (e.g., My — M;), and Z is of
the form ;2 or P°, we will ignore the effect of Py in the figure for simplicity. The situation when the
contributing sub-blocks are coded in interlaced formats is similar. )

The brute-force approach (prior art) is shown in Figure 12. Each of the subblocks 4, B, C and D are
treated separately — in the DCT domain, A and C are moved from the lower right corner of My and
M respectively to the upper left corners of intermedia blocks 1220 and 1225, and B and D are moved
from the lower left corners of M; (= Np) and N respectively to the upper right corners of intermediate
blocks 1230 and 1235. The remaining coefficients of the intermediate blocks are set to zeros (the white
space in intermediate blocks 1220, 1225, 1230 and 1235). The Sp; matrices used for pre and post
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multiplication to move the blocks are also shown in Figure 12. After the movements, the intermediate
blocks containing A and B are added together, and the blocks containing C and D are added together
to yield the upper regions (1105 and 1110) of the intra-coded target blocks 1005A and 1010A. In this
method, 4 pairs of matrix pre and post multiplications are needed.

However, our invention shows a preferred embodiment for computing the contribution of the upper
regions 1105 and 1110 of the target blocks takes into account the shared information (B and C') across
the three contributing intra-coded anchor blocks My, M; (= Np) and N;. 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;, Ny)
are first subtracted 1302 from each other (1402) as specified in Figure 14. In 1403, the lower right
subblock A — C resulting from the block subtraction in 1402 is moved to the upper left corner, and
in 1404, the lower left subblock D — B resulting from the block subtraction in 1402 is moved to the
upper right corner. The matrices for this movement are shown in Figure 13 and are the same as the one
used in Figure 11. A key difference (1404) is to simultaneously move the subblock B at the lower left
corner and C at the lower right corner to the upper right and upper left respectively. Such a move can
be described by one pre and post multiplication: So; (&)M; P%(w), where P%(w) is defined in equation
(37). The results are again added (1306,1406) to yield the results: Ly (1305A) and Ly (1310A). In the
preferred embodiment, only 3 pairs of matrix pre and post multiplications are needed versus using 4
pairs in the brute-force approach of Figure 12.

Rather than separating the shared information (i.e., contributing sub-blocks B and C) of the intra-coded-
shared anchor blocks into four intermediate blocks, as in the prior art, the invention accounts for the
shared information (subblocks B and C) in each of the “non-shared” intra-coded anchor blocks. Then
the positions of the contributing sub-blocks (B and C) are reversed in the intra-coded shared anchor
block so that the addition of the respective pair of intermediate blocks results (1305A and 1310A) in
the same upper regions (1105 and 1110 respectively) of the intra-coded target blocks (e.g., 1305A =
1005A and 1310A = 1010A). However, this is accomplished with 25 % fewer matrix multiplications
that move the sub-blocks (A, B, C and D). Further, only three intermediate blocks are used.

A more rigorous explanation of the flow chart in Figure 14 follows. Note that equation (40) defines
steps 1402, 1404 and 1406. We can rewrite equation (40) as )

QM 4+ QM = PeSpi(Mi — Mo)S12 + PoSan Mo PP, (43)
and thus write the corresponding equation for the target block Q¥ as:
QY + QM = PeSo(M — No)Siz + PoSuNo PP, (44)

which defines steps 1402, 1404 and 1406. Note that the DCT domain value for the second term of
equation (44), i.e., ﬁ,gamﬁ has already been computed as '73\03;]4\113\0 using equation (40). This
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is the shift 1404 and swap 1404 of the shared subblocks B and C. Only PoSor(N: — No)S1a (pair
subtraction and move) needs to be additionally computed to get @70 + QW 1, Therefore, in the context
of generating the DC+2AC approximation, 9 additional multiplications are needed. Since equation
(43) needs 14 multiplications, a total of 23 (= 14 + 9) multiplications are needed to construct the
DC+2AC approximation of éﬂo + Q—"'V‘1 and QWO + éﬁ L,

Given this disclosure, the same novel steps can be applied to any three adjacent (i.e., horizontally,
vertically and diagonally adjacent intra-coded anchor blocks). More rigorously, the prediction of
QMD + QM: and Q% + QTA,

QM 4+ QM = PySo1MoSoz + PoSaiMaSas = Po(Ser Mo + Sa1 M3)So2
= Po(Sor Mo + (X — So1)M2)S02 = PoSo1(Mo — M2)Snz + PoX M3802(45)

Similarly
Q* + Q% = PuSu(Ta — To)So2 + PoXToS02. . 48

The second terms of the two equations are the same since M = T;. Note that this is true, whether or
not X is a permutation matrix. In this case the total number of multiplications to predict two regions is
27(=9 +9+9). In the frame prediction and anchor non-interlaced case, it becomes 23 (=9+5+9).

(ii) Prediction of two neighboring blocks

Here we will describe the use of the invention to convert two adjacent inter-coded target blocks (e.g.,
1005 and 1010) to two adjacent intra-coded target blocks (1005A and 1010A) using three or more {(e.g.,
6) anchor blocks (here, Mg, My, A, Mg, M3 and N3).

In Figure 15, we first set up the notation for use in Figure 16. It depicts the same setup of blocks as in

Figure 10 with contributing sub-blocks A-P as shown. Anchor blocks My and M, are labeled and are

combined 1510 as My — M;. The notation is that a full arrow drawn from M, means that M, is taken

without any modification, whereas a dashed arrow drawn from M; means that M, is taken as — My, i.e.,

- the values in block M; are negated. As before, the effect of matrix pre and post muitiplication to shift
' the summed blocks My ~ M;j is described by the two matrices So; and Sgo. Figure 16 illustrates-the
effect of the anchor block combinations and movement as described in equation (42). The subblocks

A B,C,E, F,G, I,J and K contribute to the value of Q™. The effect of block combination
(1605-1607) and movements (1615-1618) results in the intermediate blocks Z;, Z;, Z; and Z, as

labeled in Figure 16 and equation (42). The combination and movement of subblock is similar to

that described in Figure 13. More specifically, the contributing subblocks A, C, I and K from the

respective adjacent anchor blocks (Mg, My, M3 and M3) are combined 1605 and moved 1615 so that

the intermediate block Z; contains shared information A — C — I + K that is shifted 1615 to the top
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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 comner 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 Z3 contains shared information I — K that is shifted 1617 to top left corner and
E — @ 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 M3j to Z,.

In Figure 17, 2, through Z, are added together to yield Q. In Figure 18, the combination and shifting
of blocks to yield the adjacent target block Q¥ is shown. Here, the combination and movement of
blocks are similar to those in Figure 16. Furthermore, Z, and Z, can be reused from Figure 16 and the
two blocks are further marked with a circle. This form of sharing is again analogous to the one shown
in Figure 12. In Figure 19, the results are added to obtain Q” . From the combination and addition
of subblocks in Figure 16 and 18 to yield the new intra-coded target blocks @* 1005 and QV 1010,
only 6 pairs of pre and post matrix multiplications are needed as possible due to the use of shared
information as opposed to 8 pairs of pre and post matrix multiplications if each of the contributing
sub-blocks are treated separately.

A more rigorous explanation of Figure 16 through 19 is equation (42) and equation (47), which is
shown below:

3
Qv = > QM
=0
& %
= PoSor(M — N — N3 + N2)812 + PoSor(No — N2)P° +
2, 2,
PoX(Ns — N3)S12 + PoX N, P° (47)

The second (Z;) and the fourth terms (Z,) of equation (47) are the same as those of equation (42) and
can be reused, since Np = M, and Ny = Mj. Therefore, Z; = PoSo1(N; — No — Na + 7\72)3‘;
and Z; = PoX| (.'Va -~ m)gﬁ corresponding to the first and the third terms need to be additionally
computed. The sharing of information is analogous 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 number of
multiplications to construct the DC+2AC approximation of QT" and QW becomes 46 (=9+5+9+5
+ 9 + 9). For the frame prediction, it becomes 35 (=9 +5+5+2+9+5).

(iii) Prediction of the whole macroblock
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When all the anchor blocks are of the same formats for the four target blocks in a macroblock, we can
apply similar ideas to save the computation. Assuming the intra-coded DCT fepresentation of QM
1005 and Q 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 Q@7 1015 and
QY 1020. .

In Figure 20, the combination and shifting of blocks to yield @7 is shown. Apgain, 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,Zs 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 QM, Q¥ , Q7 and QY are treated separately.

A more rigorous explanation of Figure 20 through 23 is as follows. We write @7 and Q¥ as:

Zr %&
QT = :PoSn(Tz —T—-Tp+ 7'1)50';-*- 'rPoSn(']?s - T)P° 4+
Z Z
PoX(Ms — M3)Sor + PoX Mg P° (48)
Z 2
Q4 = PoSau(Us —Up — Uy + Up)S12 + PoSar(Ta — T1) P +
Zs zl
PoX(Ns — N2)Sia + PoX M3 P° (49)

In DC+2AC approximation, we have shown that 6/74 and éxf can be computed with 46 multiplications
(or 35 for frame prediction and anchor non-interlaced case). Since one of the two new terms of
equation (48) includes a permutation matrix, the DC+2AC approximation of 6’7 can be computed with
only 14 (=9+5) multiplications. For the DC+2AC approximation of @-D, we need only 9 additional
multiplications for the first term. Therefore, for the DC+2AC approximation of the whole macroblock,
69 multiplications are used (58 multiplications in frame prediction and anchor non-interlaced), resulting
in 17.25 (14.5) multiplications per block. The preferred embodiment for fast computation of equation
— (31) thus yields about 50% (or 60%) improvement over the number of the multiplications over the
method 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,
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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). The display 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-than-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
video, random access is much more difficult and time-consuming. The reduced images can also serve
as indices into the respective video segment. The indices could be visual in the sense that a user,
by looking at selected reduced images (for example, one for each shot), can easily navigate to the
respective shots. The indices could also be used for image-based matching,.

Figure 24 shows a block diagram for a TV which displays reduced image sequences. The screen
composes of display of main TV program (2405) along with one or more windows to display reduced
image sequences (2402, 2403). In the settop box 2401, there could be a regular MPEG-2 decoder
for decoding the full size display of the main TV program. Furthermore, the settop box 2401 could
also contain one or more reduced image extractor (processes 300, 360 and 370) from MPEG-2 video-
The reduced image extractors can then be used to display multiple views of the same TV program
(e.g., different camera views of the same sporting event) or to simultaneously show different programs,
possibly from different channels. The control buttons 2404 can be used (via a remote control for
example) can be used to turn the display of the reduced images from the other programs on or off or to
switch to different programs for display in the addition windows (e.g., 2402 and 2403). The reduced
image extractor in the settop is of much lower cost compared 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 provides better
TV viewing and channel-surfing experience for the viewers.

Given this disclosure alternative equivalent embodiments will become apparent to those skilled in the
art. These embodiments are also within the contemplation of the inventors.
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We claim:
1. A system for extracting spatially reduced image sequences in a motion
compensated compressed format that supports the coding of interlaced frames, comprising:

a sequence of motion compensated compressed video frames each with a plurality
of pixels, the sequence defined by a bit stream, stored in a memory, each frame coded in a
intraframe format and each frame having one or more intra-coded blocks containing one or
more frequency components created by a Discrete Cosine Transform (DCT) of the pixels in
the frame, a plurality of said intra-coded blocks forming a macroblock;

an extractor, executed by a processor, that performs one of an interlacing and a
deinterlacing operation on said macroblock and traverses the bit stream and selects a subset
of frequency components from one or more of the intra-coded blocks within said
macroblock; and

a constructor, executed by the processor, creates combinations of the frequency
components in the subset to construct one or more spatially reduced images in a second

sequence, each spatially reduced image having a plurality of second pixels.

2. A system, as in claim 1, where one or more of the second pixels is created using a
weighted linear combination of a DC and one or more AC frequency components of one or

more of the intra-coded blocks.

3. A system, as in claim 2, where the AC frequency components are the ACO1 and

ACI10 frequency components.

4. A system, as in claim 2, where one or more of the intra-coded blocks has a coding

that is one of a field-coded and a frame-coded.
5. A system, as in claim 4, where one or more weights of the weighted linear
combination depend on whether the intra-coded macroblock containing the frequency

components is frame-coded or field-coded.

6. A system, as in claim 2, where the spatially reduced image is a DC image.
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! 10W@#@60§ﬁpo%ents in the subset to construct one or more spatially reduced inversely motion

compensated images in a second sequence, each spatially reduced inversely motion

compensated image having a plurality of second pixels.

9. A system, as in claim 8, where the spatially reduced image is a DC image.
10. A system, as in claim 8, where the spatially reduced image is a DC+2AC image.
11. A system, as in claim 8, where one or more of the second pixels are generated

from one of the inter-coded frames using a weighted linear combination of a DC and one or
more AC frequency components of one or more contributing anchor blocks in one or more
reference frames where each contributing anchor block is determined by one or more
motion vectors of one of the inter-coded blocks, the motion vector being part of the selected

motion compensation information.
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selected motion compensatlon 1nformat10n 1s ﬁeld-based or frame-based motion

compensation.

13. A system, as in claim 12, where the contributing anchor blocks in the reference

frame can be frame or field coded.

14. A system, as in claim 13, where the weights in the weighted linear combination are

determined from any one or more of the following;:

(a) one or more of the motion vectors of the inter-coded blocks;
(b) the number of frequency components in the contributing anchor blocks;
(c) the selected motion compensation information; and
(d) whether the contributing anchor blocks in the reference frame are frame
coded or field coded.
15. A system, as in claim 11, where the AC frequency components are the ACO1 and

AC10 frequency components.

16. A system, as in claim 1, where the spatially reduced image sequences are

transmitted over a network.

17. A system, as in claim 1, where the spatially reduced image sequences are
compressed.
18. A system, as in claim 1, where the spatially reduced image sequences are played in

viewed sequence on a graphical display.

19. A system, as in claim 18, where the graphical display is a television.

20. A system, as in claim 18, where one or more of the reduced images in the reduced

image sequence is browsed.
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