, yze3eD6TZ] 1 LOWER RESOLUTI ON HDTV RECEI VERS This invention is directed to
hi gh definition tel evision (HDTV) deceivers and nore particul arl

‘t el evi si on receivers which are responsive to HDTV si gnal lllwmm Wlﬁml ower
cost and are of quality comensurate with NTSC receivers.

proposed and currently being evaluated for the future HDTV sysdmm of the
United States of Anerica) are prinarily digital and provide relatively high
resol ution images. Since the signals arge digital and of rel atively high
resol ution, receivers deS| gned t o process such signals W ll require

Si gnlflcant amounts o EReRED QIS TION HB yBES) ding a significant
anount of video nenory (VRAM Until the technology matures, which may take
ten to fifteen year this hardware,,will ren t he HDTV recgivers

expensi ve, pr obabl U§ AREENUEn o8 (direqted) Ry ‘ghpﬁﬁéﬁ’a‘é‘é’“by}e VA c| ass

famlies (HfD'ﬁNr)enwtanwmeartcecmdrer pagticihianrk: ddowelesisionstreoeddre cl ass

famlies u d.to ha | ur elversm hei r
hones. Tﬁﬂﬁ‘%{‘ gir;e %%gﬁrcg ﬂggd&f :ﬁﬁg‘?o g%é)tl%I—HFvorfe W?/rerc Sh & near er
term Tharprebequality ecmomensatdtzedvithaNTICi seqeaveisbl e to provide a | ower

cost receiver of ngfrﬁ/esefg%\ﬁﬁ Fﬁ'}q;?cfﬁctdheaﬁ dlrfréﬁﬁ Ofbe?x??ﬁkﬁ@%ﬁr Qceivers

resol uti on. Such receiv have advan a es ov
in that dRBythg |futnm Hm“‘ér systent cofimbine NIFsited hdtatev mfndemetich, age

i gital gé“?}?ﬁ‘ (and proviae oLl iy hilh *‘fmbﬁ@mﬁ*n%&né“yt nother
represen \MEWIEOSU: |digital aned 19l getp tk\éffli’ h | 5eselutdonypi cal HDTV

recei ver rHBUivfe?ﬂLkﬂéﬁgnEQr t6Xprodeds Aok Miisfmllpfélflﬁ%él @@rﬂﬁ%ﬁﬂ?d si gnal
and further rrermg}( to buf{jer several fiel L“ 8lrrpress data. Consi dering

ei ght bi PRAWNSOF $iake  olLirthorARK lwrppnq,rqupp 838 MENEIGMt ery fast
menory. Almemmtatofv&ﬁ&emfnielmoﬂjDWRlAM&J Ustlhethedecbhlmlogyﬁmhatﬁféﬂ

Cover ViR, A8y HKES th o Q%gﬁ%bx%?éf y s Reta At i oren®ls B ¢ o
the hi gh HP gal'ultacamvcrs 2xprnsie, Theobabjyi senemichosol esstomprecludend sl ower .
menory C%r@ﬁﬁ@&tbf Hi88id |ng§§ f%?x?:thc%a\é'fnﬂu%rbntl?%dr siich W reREfl et F%fn—iDTV

receiver The IS ent 1 nvention IS an appara us eptln
si gnal o QTBE ot iHeWg Vel gmasésendd]eclass farpliest afRy 2SRNSIAMBEr i@ on of the

data in tHaisg onaplukRliby WQ@C&EV&&Q%‘ th&R" R6RI¥s] NITRYs i thBee iaf al esser
resol utiaqn to effe t aTed a,l,ln the hard re required to reproduce an

i mage. pA%ed sER 9WF“'I @RF nearer term.

The present inventor reahzed that it is possible to
provide a lower cost receiver of HDTV signals but at the sacrifice
of some imagc resolution. Such receivers will still have
advantages over NTSC receivers in that they will not suffer the
common NTSC shortcomings such as crosscolor and crossluma, and
being digital will be compatible with other digital apparatus such
as home computers.

A typical HDTV signal may represent images with
1050 lines and 1440 pixels per line. A typical HDTV receiver may
require, for example, four VRAMS for processing decoded signal
and further memory to buffer several fields of compressed data.
Considering eight bit samples, the four VRAMS will require 48.38
Mbits of very fast memory. Alternatively if the HDTV signal is
decoded to normal NTSC resolution of 525 lines with 910 pixels
per line, only 15.29 Mbits of slower VRAM are required, or
approximately one third of that required for the high resolution
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FIGURE 1 is a pictorial representation of a |ayered signal useful in
describing the invention. FIGURE 2 is a block diagramof a typical
.television receiver of the type for processing conpressed digital
television signals. FIGURE 3 is a block diagram of deconpressi on appar at us
whi ch may be incorporated in elenent 14 of FIGURE 1) yin the context of a
HDTV receiver. FIGURES 4) S, 7 and 8 are bl ock diagrans of alternate
enbodi ments of deconpression circuitry enbodying the invention. FIGURE 6 is
a pictorial representation of an exenplary sanple format provided by the
interpolator 319 of FIGURE S. FI GURES 8A, 8B and 8C are exenpl ary
al t er nat iinageRskThe feeireirnt Wi dessayiehtorymahdmeiseer irﬁcﬂicﬁ*g?@hn?)% of

i ng appar at us

FI GURE 8. IEJRE. 9.4.s a bl ock di.agram of .t he coefj)i cient mas

308 of FPEGE & Signiipedt GoL YRy, g JOBEr (RECLHIPR F6RA" a por L1 on of
the FI QURE 7 appar &flus. piidsent niueremition vis | An bepp@Esatus bfd aocepting afi a

conpr ess hgi d: LS i I f e Advanced
Tel evi si g-gbg_‘e\ge%gé# Elofﬁg%'f"t‘%%f (ﬁ%, r%%lhggrq %?sgwqéﬁgcpﬁ%gcs) North
Arer i can pemtibnpef Ghrepalada i im thadsigmial DSROrpdube ch signal meprgsendinghe

st andar d 4pr d.by : . on, P e Ef(&ﬁ{ Gqu d

detail ed @n?ﬁﬁgedggulr%sﬁgr "]iegf)g@rl%?i tooﬁzfﬁf%tggm za c}tg)r? flgr H’g‘% zﬁ)ﬁg}v I gati on",

| SO EC JTeansed/ w1 r¢prosinasy &f WhB%hg Pictures and Associ ated Audi o) MPEG
90/ 176 Rev.2) Dec. 18, 1990. This signal is hierarchically |ayered and of

the formillustrated | i reGl d that the invention
isnot limted to useﬁ%}“ %ﬁ@@ﬁ@ﬁ@ﬁ%ﬁﬁ%@& e to at | east

i agr g L cal'1 QLo Tna oener skt or ot a0 NPES compr essed tol ot si on 8i gnal
The si mﬁéﬁ@ é’%zﬁghlgéﬂ %ﬁggﬁbb‘é%sm?e 18?8{5%@“& pi ctures GOPi, each of whi ch
i ncl udes conpr essedAURE r2risaa | bleek ndiaigeamodf iavtigpicht aekeyisibhe gr oups of
pi ctures i.nd] it t i d : h GOP (L2)
el udes CRveRcPF Pt yBs' B (BbceR¥rt CRHBResPER AN oS for

i ncl udes S#gRalscel ated to the horizontal and verti cal pi cture size, the

aspect ratio, the fEREAREages at locp(gg}frrgm{ %tf.eélcﬁx‘égré@}?orpi cture data

(L3) correspondi ng . to respective fie .ames i nc S a ture_ header

fol | oned ARPAERUS"IHER MY berdBpemqrateds incelpmentpls iorﬁcl’féiﬂiﬁaée

i nf or matiantHeobofityiiti 8 M HDTeregepasg, for exanpl e each GOB may i ncl ude

data representing ut i ori tal ,i e,lines. The. picture header

i ncludes a fiel d/fﬂﬁﬂéﬁﬁﬁﬁe‘?' ﬁd?aaftﬂzglaf% hgEE Q%Ef.‘mﬁa%ﬂ al:‘i%if%‘e( L4)

i ncl udes eanbednmenisdeof | dy¢compressionc atirauritiyn embiodyigreg tlod | oned by a

plurali tﬁgqfen% obl ocks of data MBi. The slice header may al so include a
er an

group nu a }guanti zation ) . .
IGURE 6 is a pictorial representation of an exemplary

sample format provided by the interpolator 319 of FIGURE 5.

FIGURES 8A, 8B and 8C are exemplary alternative
masking functions which may be implemented in element 308 of
FIGURE 8.

FIGURE ‘9 is a block diagram of the coefficient masking
apparatus 308 of FIGURE 8.

FIGURE 10 is a flow chart of the operation of a portion
of the FIGURE 7 apparatus.

The invention will be described in terms of a
compressed digital television signal of the form proposed by the
Advanced Television Research Consortium (NBC, Thomson
Consumer Electronics, North American Philips Corporation and
SRI/DSRC), which is similar to the standard proposed by the



parameter . Macrobl ocks contain image representative data for portions of a
sli.ce. A typical nmacroblock in the MPEG format represents an inage area
.covering a matrix of 16 by 16 pixels. The nacrobl ock is actually conprised
of 6 blocks, four of which convey | um nance information and two of which
convey chrom nance information. Each of the four |um nance bl ocks represent
an 8 by 8 matrix of pixels or one quarter of the 16 by 4 16 matrix. Each
of the chrom nance blocks is an 8 by 8 matrix representing the entire 16 by
16 matrix of 'pixels. The respective bl ocks contain Discrete Cosine
Transform (DCT) coefficients generated fromrespective matrices of pixel
data. For Motop! Ricracd ExpemanGeolp od{PE§Enendlt edtditainiantiée by 8 p| er

matri x, 1R 8 org.64 ent

Coet {1 ci cRpCifid, SIRferBRtaT  Drbal TRt SEPAaRRsRoG BSRR"0r the

remai ni ngIEGeﬂT( L/ISB2 AVEbhy e odmiprofatv ominge [Ricaures cand fAescmlatadmage

spati al n e ICI t e |na articul ar
oPder Wlt ‘iﬁjﬁ %Pcoe%| Ci enF%vcf pf %n fg%n&?ﬁﬁl % oef ICI en!tos in order
of spect r hierangh ﬁtllalﬁcéaymdyanﬁag%sthnafpfé@nltne\lslﬁrat?(ﬂt!I"eFd&IéRE rlesultting in
many of tRgDGE 3PP ééﬁ't@d‘t a?eﬂaglﬁ%ﬂuaﬁll }ke‘iirotlﬁnﬁl‘i‘@dh!cﬁﬁﬁkchﬁtl?f

coeff|C|etS|nr ectlve ? all zero val u oeffici.ents foll ow ng
t he | ast vatru}eawqua& @nto Atecledst estléﬂa r dAViHe BB data and an
end of bl ngmqiqge (EOB) is inserted after the last non zero val ued

coefficient. In addi .Zero ef f.i Ci ent occurring before the | ast
non zero val ued coefé?%"@% &‘?\eﬁ:'(gﬁﬂlfg t theZ ddas ‘?—Eﬂce there may be |ess
t han 64 cdeignammtﬁ:allly,atl’()el ogdnerhl dairmn diacin MEEG! compyBssdd-S) i ncl udes

ncrude a "Rt RIBRote Ry coed eRal iGofaReEy i Sh §§S§ Srerolif B "0

par anet er plqmectdaaf’lcoﬂdh mfemmchrmqludmtmpmssndl gr fram wubikeof the

data, Inclydhing %@Tut%%gte fzhﬁ‘é'é S [gﬁadg% %ﬁ;ﬂchﬁ ahteARhRid488 ih COded

I n additi on sonme of a, Such "as coe ICI ents and notio
vectors) &Re !OPPRIW0EEDOXTR dgsignatedinl i EachcORP 1) inelpdesad | y be

shuf f1 ed Mahéﬁq@ﬂldv{*?d' Bpagée feny Qﬁ“kgmﬁ% Sdatand Tied CGOH URthdeRt O

transport , tofaC|I|tates nchyoni zati on

cket s .of >i ers

at the reég? s A3t g ﬁ%ﬂ)tot tli“&ﬁ§ BQ@kEFSﬂC& PAERITRi F1Z%e error
encoded, \ahehai ctexaip] ahe Redd/tomemaatesodsy )bmrmin@aren&y check bits
appended. RErﬁ i1 lustrate gener al tm of an HDTV receiver.
Br oadcast HDTV SI gnal 8¢aPtc tt“é%epeé’d (E;’) ﬁ°£¥ﬁ5é’ 188 oY HSPPERY®t 0 a
t uner - dendirldsffoames. idtkdest putpiofurehdendeer fidiwdatiabyr slicea dditgi tal bit
st ream whi i I f rd . correc e ffler 11. The

€D RABEASE elre SRy dfthfle HpEclitorBRtgEIeY -

forward erro tor or ‘exanpl e
Reed- Sol omtw tovagecRoe)s, f for %ﬂmlcngadhcﬁélﬁ r @Y m@chl&llﬁadét& ors

| ncurred ?BP aiG%é‘ﬂ?éE\ftNé’ oﬁ?@x}@? Fxﬁgh ES1ihes, pr’PK{: gngmk@verse

dat a shuf error correcte ata is app dto an
el enent 12‘Wﬁ§h1!ﬁé@d@§o§e§lﬁ ﬁéffﬁﬁwnsﬂﬁﬁbﬁbna%ckeplqtﬁf‘?m@? ®| Bfeng t he

dat a } n t fﬁaaﬁgwcel (BAGURRY @deét | 4 Hefa@k e didie A tiFl e gRGrs] 1ofamoﬁrfrprancor rection,
reshuffl e .and de eting functio occu er se ence

whi ch seqUBHES: vﬁpqqfo‘ﬁ‘é tg¥ aw@%@%&m%ﬁ%&%& p‘if&@ambn ‘}

perfor med sdicet headeanfifdy tAko fivtudef ar ppéipdnemberi andpal q&dntmaaomarl abl e
| engt h decoder 13 wherein the variable [length encoded data is decoded, |,

and any HRN"E‘H&‘F\ encoded data is decoded. The decoded data is appli ed to
a deconpresser 14 whMicrotdoskor oentdia dnmpecyspdesomgt véatdataoforst er

Gata i -t TR BE' € ratiedS RolSmisal Batfoytick By ﬁe’%’ GefotBY gor or -
ot her vi daepséspmat am i irhagei areaagpxeaings.a matrix of 16 by 16 pixels.

The macroblock is actually comprised of 6 blocks, four of which

convey luminance information and two of which convey

chrominance information. Each of the four luminance blocks

represent an 8 by 8 matrix of pixels or one quarter of the 16 by



FIGURE 3 illustrates exenplary deconpression apparatus arranged to process
video data in MPEG like format. The FIGURE 3 systemis simlar to a wde
.variety of known notion conpensated predictive video decoders and thus a
detailed description will not be provided herein. In FIGURE 3 data provided
by the variable | ength decoder 300 is applied to a deconpression controller
302. Incorporated in the controller are inverse DPCM coder 306B and 306B.
The controller 302, extracts the headerd data from 1l the conpressed vi deo
data, to programits deconpression sequences. Typically the controller is a
state machi ne programmed to perform particul ar routines subject to certain
vari abl edbwiiattixar eEaciclafdet ichrominareeleblodks ds an 8 Hye Scanamint | er 302

directs t t hesi pv. d 3 in

appr opr i eoresstife, s bt M by B6 BiAGHR0oPIEMSTE Yhe HESRIEHE Vot i on
vect or dbiock% contaiat EiscratouGosinee Transferan Eﬂﬂﬂfdocmff@&ﬂi)s wherein the
vectors d T. n e S C I he notion
conpensageﬁcpre |§tg7§r] g%sﬁ%?ﬂ% qﬂge@z:éoééf for\fc ieﬁlsdgga: cghsg g afn@ﬂ%he i nverse
DCT appaf@¢hisiwhinance bleck.Tigeneratedafininatiis bbs%oﬁ@qe\tentaénm oFRY of

coef fici ephfaifieACAAP? £ BYtithd BB ¢ bﬁaﬂ WCY SefficiesMaOmN, Wwhich is
edet er mned r to an a 12. Qutput data frqmthe adder

applied in g§ d‘P 8
312 corr&gﬁgﬁﬂ‘§“§ocﬁéﬁﬂﬁ)(}é &F BVEERSS aPTIERINSHR I OFmANAN. 2B nput to a
di spl ay emohrwf (t\YBAI‘x‘D:nBahﬁm f coefifidients tdomvesy mﬁ)mmxidnedrdlatai diospl ay

devi ce. put_val ues adder 312 a tp a _pair of

buf fer n@ﬂ@??ﬁt 6?’%@’&“@14 TEARC3%Y. S?ﬁgnﬁe fﬁ%sggcﬁlcéﬁap%fégeach have
suf fi ci eatrangedciin yat particurler omreierrrm(jm fthanPOfcqufficientafrst Tdmd tRaM s 314
and 316 ag pe.ed 30 sponsive to
notion vect O?@fﬁ@a;ec%ggggg&gtspgrgpofda e E'Q\B %Pﬁll %ﬁ)csg g;#l% xe#‘%ﬁafa fromthe
VRAM s 3imagssemay kontaianditdppdewd] seselting dnemaayepf the. DG@Tgeneral) in
an MPEG bokefiexnterndapaserpr eagetl ngnprtﬁéeaem of" é‘B@Fﬁé Entdtipaf r ane

encoded, and data re r seni1 ng re |n| S 1S |nt rarre encoded.

The dat aTFERfEEEn ! ﬁ(j ﬁntarlbfzreéfﬁevé eepaf ‘& lé‘é‘r‘fé@&t B9stsegnent i ng
pi xe: \éalpums Zefd Wil?%ﬂe@blefﬁc&rﬁyafe tdeleted &Pdnp@hé Ob JocRI dtat@dﬁlga’ aPn the
pi xel data y pres er rame encoded .franes is
ener at it ob Slakk; rife) AeaE S RasSARS Ao hiTAG” Foamasso rapeli ng
frames) ooebﬁttcntde]txeraddltim modwhimémf(cnmsdoesr)rrbegV\befoxtehe
redicte I 0 cks of
Pesr due gh€nﬁs$ﬁ‘h§?r n‘{ ra]rc;‘r,% 3%%‘?%32{& {nc#gn{@{arlgggehse%r?t%ermr/ragec%gt a, and
i nt er f r atReCMay did |lcsemhanr 64r egeffucmngamndafblockncé dataa. No noti on
vectors are gener at %Sab%ﬁ}%ﬁkam? o_;:bedu{glg $.a "}@a'd gt‘ggg for

interfrane encoded are code i dent | %/ bl ocks
of pi xel by, m@uaﬁeycﬁ%m and ceodrd e é’&l‘f—filénes l'&‘r MG beaders) Whl ch bl ocks

nost cl OSEéMdEHtaChnh&%b@b@ﬁkaédfés%”téYm@t@&oﬁkoﬁﬁ%%d p the franme
currently being encoded. For a gtg iled expl anation.of an (KSEGI i ke
e e epded

codi ng/ dSLBGHRUATL RAEMEIKE. 1 o reetfadeps gre 1llusuate
5,122, 87%a aetﬂrlnmagaumm@ ddt@URECRIding eD(I'Dtdofe‘fﬁamttemwewbztdeanes (1)

are bern rocessed ctor 304 | condi tione ro val ues
e B S R T e ﬁl%tsgnbm% e BRI Ber 510
corresponble P& ﬂ))(d’(fksooﬂfmemﬁ and| meionlhveseorsalane DEPM pecderll unal t er ed by
t he adder 312, and 1 ) ed in
one of the vram s siHEotEA Eflplh WCFIGEIRECE Wil SpRAIB) e MuraRdc
| mredi at by lesseor the impactreofi éoldekodH@xS,arandntreﬁQ‘rm’rEﬂCbnmfded frane (P)
correspo C Yl f franes after
the | frqpéﬁ%&r?aéa&f&gee?f ?%mdt @rﬁggfsg%ﬁ{ g&n%%l ecogStco This P frame
was, at tSEY@CbﬁQOtt@MOlpr@d|tb§ede¢¢wm't he rpraétﬁeapng ther teaRspOThepaEiets
coeffici gt §apd &/ﬂ? 5’% dx'?é@déd?p'bﬁ%?”forr %ihﬁi&b?é 2 'REEA-IMIdmatded to
eco

t he pi xel val ue erate the pixel values for
the curr &9dep, fangrepamity debesk ngltﬁhﬁBPP"fii‘a@me) the I DCT 310 provides
decoded resi due values to the adder 312, and the predictor 304, responsive
to the notion vectors, accesses the corresponding bl ocks of pixel values of
the I frame from VRAM and applies themin appropriate order to the adder
312. The suns provided by the adder are the pixel values for this P frane.
These pi xel values are | oaded into the display RAM 318) and into the one of
the VRAM s 314 or 316 that is not storing the decoded |I frane pixel val ues.
Subsequent to the decoding of the P franme) the encoded franes (B franes)
whi ch normal |y occur internediate the | and P franme are provided, which
frames have been interframe encoded and thus are decoded simlarly to the P
frane Fbmever decoded B frane dat a |s not stored |n the VRAM s 314 and

SN A SN\ o o o . L, o e - o



FIGURE 4 illustrates a first enbodi nent of he invention. FIGURE 4 includes
a portion of the relevant apparatus of FIGURE 3 in abbreviated form and
-elements of FIGURE 4 designated with the sane nunbers as elenments in Fl GURE
3 are simlar. In FIGURE 4 a two di mensional decimator 311 has been

i nterposed between the IDCT 310 and the adder 312. The deci mator 311

i ncl udes a subsanpler to elimnate, for exanple, every other row of val ues
and every other value (pixel values or gixel residue) in the remaining rows
of the pixel matrices provided by the IDCT, to reduce the pixel data points
by a factor of 4. The subsanpling may be arranged to elimnate vertically

al i gned pixel data Fl'G@R@ij'tlleﬁrﬁte% fhd %‘éﬂ@i‘alfwrmitoft anPHEYTVe hi gher
effective resol utbon i.n thzﬂé ce data.” The decj mator nmay al so i ncl ude a
iva

| ow pass TEFFWVEF- t Brorderd sT'\RG by A hef SSabX NG gt J ot her
subsanpl iang fapphieds toey himezridrmpddlatdoneer ﬂheuﬁmplmpl ofghies thf-or med by

oner & of ores AR e ISRl VRIS BRRT B Tofverdol ati on,

a w de serean iaorredtodeanduresimffbart drls Thye lfer\uanbmm:dat eadrreSiorcande dat a

h b f
Caducea By, ??’1 ApCRRI o, erd B e @ SpYRMITTRIREY R0V 515

shown i n cRrBIer4 far| detpntingl and beontecnne fdatan efrorheinerngd dueimgnt s 314

and 316 [ [{.ggg e GRE he two
menory %lﬂ ﬁ t?ﬁ@ an E%q6 may %@9?@3 |ze I%Wdﬁ rgnlﬁk’rrermrgattgl ement or a
mul t i pI [ (§ Rfiling -nerdiey %TMTECCW e 1g58H ‘P tlaeh%r?tPé) Igd ttRe@Bircuitry

L 0} } oW n?léﬁ\%tnﬁeﬂznﬂtﬁlﬁfbth3jcﬂe§§nﬁb§%d ahley tfﬂﬁbﬁﬁ?ﬁldﬂ hﬁaﬁfeﬁdlféi'ﬁfat%ffh

| ers LOM | Ct Or I N I N a [ @S e
(ot on v ARG Thd" Gltas it bl genera] sauenss ilbSGhtsd SRPERGYRELD. (/o
rrg:jmry réfhmrextrbanc&rrbmt&nr;rate:smffﬂc Aarfdtrdd:}ﬁcl«d:ltﬁfgerfammmmﬁsudey in the
a ressi I’ I he t

at | east r}g: s%%aﬂf gd}g%%ggg %1‘1‘?/“ c}éacc SI n%c%np %p?§%| gévegggtl fi ed

by the marden ofcther geciprocaddlierctions eprrtarmeid| |atnthe htrapsadtierss

| t dth d | |

Fepresented by the Dhe; eforafRled AARCRS Mbilikd Q% WASEHIE' bl PeSE
gener at i riifcREEr eddesvhareimeths acardable dengdr encededr data nsmslegodeduct ur e,
but usi ”Quﬁma)hyt I?ﬁn”%ﬂ}tﬁ' %Ithtea”HaPJ 1§ Qécécnﬁl gTﬂ@r ﬁE@gd@&idﬂ&%S‘!t? For

t he case wh actor of two Iin both t

I's deci mated
hori zont #AP H*va'@rtq compgessesnd t“lﬁgkczi’eﬁf%ﬁqu%plt anoanptrcsa% the | east

signi fi cdniagdy tdaed fheayert Fﬁeél aa@h hard Zapymds ﬁikir;ﬁstsl \hdteto tan t he VRAM
address busses. Alter natéylg t he.,nDt .0

tors r.uncat ed before
bei ng applma(-ﬁf tnb RYY p(F ‘a l?%(ﬂ é'g][ Q& 30)}nt‘h‘8 #ﬁg&tﬂson el emrent 307.
FI GURE 5 thereaftemtappled wot haerdtephgdtdmntey\/mecbrdmodmcesh@mp.fideed i mages
over the i nprovenent results because advantage is
t aken of {g%}ﬁﬁlﬁ}l mﬁomﬁ%{gg not truncated notion vectors or the
affects of truncati h{GEREr 3 adlirsszages cncmrpéat\yR/dﬂc@mprelsrsum GURE 5 an
i nter pol aat(}ﬂfargﬁ% 'a%rd;ix%é‘d pfbs‘;fr g%&g"e@ ?la}/ o m%?i Ch%@efc%?gﬂ ctor 304.

In additi nsi on ecl rra ecimator 311, is
i nt er posebheFIRURE nk qo'rsmrcts)rsmolaratm a h@daduenempf knewmtraptenat or

319 accenismpbasiiedofpriaictiie ondds YEABASLS aiad HESCh e Raifedy 8 DI ocks

whi ch are,cou predi ctor, The p s,the 8 by 8
bl ocks ofd?ﬁa"ﬂ'ﬁntw t‘ﬁtﬁd&ﬁ W@FOB@MCEW%U%%@ZﬁEhg @313 back down to
4 by 4 blpeidded Bat thd ma:x@mtsw flaﬂgﬁh vuédbdelaewatfs facplpmtd applai ed to the

adder from deci nat or how t hi rocess | ves | mage
reconstr u‘??chm 5%3(,569%09(’?‘5"103}3& gﬁﬁs Egoga%aac% P"F é%‘r?‘?slg Tedfits the
al gori t hrmmria)rIDrEd:Mycbher 3068 pghdt 306B 1 Théworitholiere 8362y a¢yracgori t hm

it is ass ks of data re cce ed fromthe VRAM 315
rat her t h‘glr? i’%@ %?@clzsomTﬁ €4 CSF’W%FB 4y 18t PROBHAIHC L ed
addr ess vmnmpomsenlseqmmd Ttyptbellypﬁezr dmﬂtolﬂmndscmrsumteof the 5 by

5 bl ock t S fr f data
accessed &%tgrw’i%ngf%'%gﬁ&' g’eeserﬁeg?dbpﬁ‘ m@l-%ebl%lﬁ ecfgot%léj(r%ﬁ%lc{r)c es. The

bl ack di apemain reriaislest wiichr pot airdudatues. th'ﬁtétqaldteerdatait ed val ues may
be generated by any of the known two di mensional interpolation techniques.
For exanple the interpol ated values in the even nunbered rows RO) R2) R4)
R6 and R8, may be generated by averaging the two val ues between which the

i nterpol ated val ues are di sposed. The interpolated values in the odd
nunbered rows may be generated by averaging .the val ues above . and bel ow
the respective interpolated values. The matrix of val ues shown in FI GURE 6
|s corrprlsed of 9 r ows and 9 coI ums. The |nterpol ator prow des a ITB.tI’IX of
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The FI GURE 5 enbodi nent has the advantages of reduced nenory, slightly
enhanced resolution and | essened conputational speed requirenents for the

. circuit elements followi ng the decimator 311. Figure 7 illustrates a
further enbodinment, which is simlar to the FIGURE 5 enbodinent) in that it
provi des the half 11 pixel resolution enhancenent. The FlI GURE 7

appar atus has the decimator 311 noved to the connection between the out put
of the adder 312 and the input to the YRAMs. This elim nates the necessity
for a decimator between the predictor 304 and the adder 312, and thus is
somewhat | ess hardware intensive than the FIGURE 5 apparatus. However in
thi s enbodi nent th d PEE t S 4.,addi tions
per block as op oseél% %ed’f t&”&e%ﬂj e(ﬁi%&S tgf}:i)(??g%t HE%I [ﬁﬂ&sﬁjﬁeﬂ{%enal nder
of the cmws@rﬁP@M geder 300de wmemmwoayaﬂmece@wes@bn@reng circuitry

in FIGQU A OAr O FlaGU rc nTBecesr i ged by
connect :an&eﬁe UV%“NC/?%‘?LSBEQ%%:@S to gg% lreud| cmf{g)rt%304 gﬁrd c?‘ﬁ%erpoa ng the

i nt er pol %TSFtcfgilg B gk ethe HaVprsediRF6M 309 Targ@ the vehgrsin 3the.  Fl GURE 8

i I'Tustrayestors Piref ecode@TOOhéeddcoddd Ghotibh 98EtorE eatd z@upled e@uction in
t he size ,of the VRAM s) but also reduf(g on _i,n he co IeX|ty of the |1 DCT
Fat

320. In Hffe TBOHORE orAReAsateds Pr 3nd; she peQetficients (e | <
l|c;|erf(l2r medodpledctd yhe nmtv{e@sci hIBTIIJ’ISE arEJng& orsIDCFIEBIIDCT']ﬂ'{eo;IDdéE deci (rjrat ed
ocks o val ues t.0 the ar e i nder.
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{he  SPat bfer’ FECRENEIIAPSAT2, utpﬁﬁ%tﬁrﬁ%ﬁ?rﬁ@%ﬂ%}eﬁ?y matrices of 8

by 8 pixe |s exa espectlve uency sprectra for
respecti GQHiCISﬁgé &r tcaﬁeqcenpwrse epixel p@legs.to Eh&seoéfﬂ yes @iesinpipendi ng

upon thegg rWftﬁs @rt %‘émo AIM')b3180f f?&ﬁf WiSER i I%é’yV'W@d to the I DCT
are | essened) sql uti

reas repr ted by the
pi xel ma?PP@ d Hmap s x vigeT lscc%@&m&ﬁgﬁy T SaAKEr HerdifSe ¢ he
fSIOati al absolapblied u;s :{@we@lf tBlﬁ'fctﬂmﬂ@mh f@geaSoﬁavRUeMemmemdel @1\6t|hfa ]
ewer nu r of pixe rt af f ect e qua t he
i mge ar ‘e@%céﬂerﬂgnreép "éﬂt% Wgta Bl #fn&cpﬂ Ei‘f?’t cg térranged
to cal cubabeirheg\erfrautqomf pata]edata IEhaAs%RrAM@ tHakt anlde3d¢gsamm of FlI GURE 8
is to pr C ngi t P i b or,.of two in
bot bt he o apFed, TP B ‘RERRTI0%, 1o, BREiERY 304, Yeshorfid o’
i nf or mat MEHon htéCGtDCH' azoes@saapar@mateo&dm &ultdoeks: ofy pixehtdatdes ' of

out put  VEIRS tid PRI §3W4 8 378t kcséapfan'dnagbheee{]&he &lhe Iﬂ?ér
transl at esslr#ento a SI gniticant har war e savi ng I DCT as we as
| ower i ng-t requi site speed of operation of the IDCT. The IDCT 320 is

supplied with 4 by 14 @tnrdrﬁlesm)faﬂOMFEGI-HRESsﬁﬁbﬂﬁt@ﬂaflt dseatighy 8
matrices_of ,transm tt coeff|CLettsr This_selection, of y4matr|ces of

coef f i ci BAEdCteImuped FadRsy ipy 19RalTag ?fFE?% §d i nﬁat&ppar atus 308 shown
i n Fl GURepreseneing abentred{ifinigg | frausdsr ds ethiesframteorendddeda méthtd x of 8 by .

dots 1o VREA, Pongerinfifi dnBAIFREY: friolfifl (WRPE 45 cBEnEERPReRor not
appl i ed segmeatimCpixEhevalnesr imceespeoea\cm byt e Wloekki andnts to i mage,
reconst ! Yer At tAO“DCTPENOfte IEDE Hathe, JaRbanEr s dgge Lo Splect

t hose co I Ci ent®s Tor processing Fch h i eves w e nost benefi ci al
to i nage FEPpASSAling ointerframe encoded fPREGSi nageresated  byhe coefficients

occur in p%é&?diﬁicnguﬁﬁggr fidmé¢ eﬁ%‘?xﬁ‘cgré&%ﬁﬁ%aﬁéﬂ& Wfbnoﬂ;ﬁ%lréecf}a&x%st he

matrix i l'lustrat® cur in @% g arrangenent. Therefo he
si npl est Badothprdetssauning yﬂs%l ferenses xasidee Dodretwereant et ransmtted

for eachpredicted and actual frames; and performing the DCT on 8 by 8
blocks of residue data. Thus intraframe DCT coefficients represent
image data, and interframe DCT coefficients represent frame
difference data. No motion vectors are generated for intraframe
encoded frames. Motion vectors, for interframe encoded frames,



imge area. Decimation in the FIGJRE 8 apparatus is effectively perfornmed
in the frequency donmain) hence antialias filters are not required in the

. processing chain) except as nmay be desired in the decimator 313. The

maski ng function nmay be perfornmed in the deconpression controller 302
(FIGURE 3)) as indicated by the added elenent 301 in FIGURE 9. Note,

el enrent 301 may be a distinct hardware apparatus, or its function may be
programmed in the controller 302. The rhasking process is illustrated by the
flow chart in FI GURE 10. 13 The masking function is one of nonitoring
avai l abl e data and selecting a predeterm ned portion of it. Assum ng the
data to bee icodeRESdsomtdth identfyl 8ybye8d adlociti ot pikeln Bl Gdfesl. Thi s
data inc er, (o] t ve I h der data
e roqu Po R RrLBIdedc tirhes 8 Befaled Cviich BRlekeindEE T

condi ti onlasely pudehathe Helogkr cuarentiybeing tplroe&ssedven thee fdameg conpri ses

DCT coef Ehﬁ‘e?x'i‘léﬁ tinEEnegdes.  FRRCAnGrORCtiited BARaREABRNGE £RCN DI ock
may contaln m one coef icients non-zero_coeffici ent
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poi P]E dafearhes (tmeafwMemgcmes‘tsse?blmk pradmlt;or:esm aid Cghdltﬁdf)ﬂiéd ﬂcﬁ
coefficient are sel ect tc e ng ~t,0 ata fromthe
decoder ?X sz%{eqﬁﬁiléf‘cf T ﬁgﬁgﬁeﬂ%ed 'Ith§1 151vers]e b%'erB{Q(fe%c eader
dat a, |tdlasa edled)nbyothdléD@'BtBbﬂ)lemreromm te bheoks @841;)1)«3 reset to
zero. at | n ( e;et ne if
HPL? d %Héaga‘&'ap?&a%’r ﬂﬁ Jndl?e ;Ey ?@ z?c?cie 1 312 %ﬁéﬂ

it is COE I Cl ent COE 1 Cl en e notion
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value is g?fﬁﬁé@rtebh tRF (M Ih@“’é@(a'ﬁp craéié) antmeﬁameu §ngpdedr ded (86)

unti |l anfﬁ(ﬁeOQPWéoﬂysﬁaniﬁ% i 4i franidlescfenis e ipredeteraiied data. |f
the count vaJue Is less th ata is._exam,n g‘-‘sé%‘a det er o1 ne

whet hor | PRTGEE, PR Eeines ARter Ui dRides is; aaigh ey yagigbic

_cog_t rol | dength tdteodexll dBltrl]ﬁ\MPr drameexas] atedid l9ncdder] tpredicied Ef#dm

i ndi cat i t the r t t ck are zero
val ued) ?ﬁ% ﬁ@ %l glsi’é‘%f“f‘o ?ﬁgé rcbﬁt'%r %ﬁ?t]ﬁé%bgpfﬁdh?%f&%h? h“% is reset
to zero (rep)esemprmdnas,l ovhiaddr whensadded ofo dheapixel whatuesexaf shecessive
bl ock of I t@.N dpt d
causi n;’t Soedd faniboRutlp JAEraRthey Bl (AR 0r BercubidRUB S0 o
and 8C sH&amgosPnl deaodingahis/ & rfﬁaynpnghﬁumqlbr%éof Providescdeseded ent

data. TheeSRAld %meycw Odheofad'ab%lﬁz&’mfu | her ?%é'dli‘ctbx“ gy spatial

frequency respaonse in the vertical and horizon di mensi ons , bei ng

di f f er entrSSROBH VS r'rﬁsklil‘hg“?q}ﬁb‘hwtﬁ’ﬁ% Bécﬁﬁsﬁlsoyéhe FOFTREPPRANEce where,
for examblerk® df pixel iveagesiof tthe b feameefictl VRAM Garddy a%plrmgﬁaerﬂihe

and vor 1 eiﬁfnﬁa?éﬁﬂ'g?%ré‘r hofo Ve BOCT ndbAt | GG B BIMIEEd P8 Mt or e of
two. In @&Iwah:aarthedpmetatvumsf dot othif renfrane.t oTheghtpinel Vxlueseate t hough
the two qéadegEigmgrﬁ]eOfdl fatyl ?(XM'ZHQ/ and into the one of the VRAM's

314 or 316 that is not storing the decoded I frame pixel values.

Subsequent to the decoding of the P frame, the

encoded frames (B frames) which normally occur intermediate the

I and P frame are provided, which frames have been interframe

encoded and thus are decoded similarly to the P frame. However

decoded B frame data is not stored in the VRAM"s 314 and 316, as

decoded B frame data is not used to predict other frames.



15 CLAIMS: 1. Apparatus for deconpressing conpressed video data occurring
in blocks representing respective image areas of successive franes wth a
first spatial resolution, and wherein each frame consists of a 'plurality
of distinct inmage areas, said apparatus including nenory neans (315) for
storing deconpressed video data, neans (310,311, 304';320,304") for
deconpressi ng respective blocks of data to produce deconpressed video
signal representing correspondi ng i mage greas with a second spati al
resolution |lower than said first spatial®resolution) and neans for
providing said deconpressed video signal to said nmenory nmeans. 2. The

apparatus set forth erein sal.d co ssed video signal occurs
in bl ocks of codemriégGHég;eéeme batgs,\ﬁa],rs nBBﬁéme%[nd’f Fd deconpression
nreanzI pr odmeatibhockBI@Urlll‘Ebty Ncrbudedﬁa ueaeof i thg séliedahmeagsp aaaguass hWhere
M and N arg | S, W [ r. than et forth in
ol aim 1w ERTCBEES3 oin, akbreaR bt e un?8S. P RILIVEE 3

coef fi ci erdesigratedamdth bthepsafmer miurgberst mansfemnentovir IT\]G)VRI‘E rfhtaneces of

I I d 20), .f
[ anst or m Ui ; [ EIGTRES 4 3*Rlor BlmERSRIRI AR 31& Tl ces of

t r ansf or m’@é@lﬂqsédeh@@ycmdﬂmﬂﬂﬁ’fﬁl@)am‘és@@néﬁdéf t301?sa| heoef ficients

gener at ed deciRfitber 31 I‘gn?clhEiEE'Sﬁoﬁﬂb%fglé\" hy Mxﬁﬁhﬁtece¥opfe79drﬁ61e val ues,
for providin coef I ent to S perfor m ng

matri ces . of rr.eans
i nverse t rea‘ffg"b'op%rf &pw efpyralvgs 4%5@6&)‘ e ﬁ-‘reé i Megers
and Mis gpixel eresidlm Pﬂn thél refnaihiig aPas aémhseplee@rhmnae@l aim1l wherein

or f or m P oHER B dhgotPlel s fan@idich Bt binhyaiE maipto By of ThteR o )
val uefs) anof i d’Imealssbﬁmnnpdﬁrg)rmaysbengrnangbdd&)s éliminate deﬂwaﬂpf g?rsri;ne
t orm Vers (S S

over N by Niane Biad oy BF aCCIdifle B HuLIGK ChEnF RO . hoans
(308) res pblrﬂélc‘l’eeff@cwled resalutiani dnt $hger&§iw;leéd dasa.pe ither rdattgmtdl screte
cosine ! rafialORlRPYREIM % Yol ass IRl 1 YRkclnabUsfalide é/OYhé" ng N by N

matri ces of efficirents to sai nmeans ormn |n\7er e discrete
cosi ne traﬁkt?m iRgr Precgeet | U ieﬁag‘éb%?fféﬁ pgwﬁ@?rea dRAY Nb&r e integers

and Mis gemplefed narEibcyer THE s@lb@afrﬁ}il Wégemrmem i) alimptysherein sai d

apparatus further incl de h a fi t
tglrom na:J c%tjﬁﬂﬂéﬂgt bl§%l|u HQ%’r gg]c{‘r %{&8 %%g I pgfbut

terninal, powebavofgwan OlAlnetntitWGTyn&lf subspimplid isa érfrmmcb/ tyeans (315);
and a vide ggﬂg%b&gmtéogﬁ n?ﬁﬁ ﬁt 02 (ﬁdl ctor. ﬁBP g cougl eg bet ween sai d
rrermryrrea d 4e¥dhb G108 o PECURARPT o 3
accommodated.
Since the data has been reduced by a factor of 4, the
buffer or VRAM memory capacity is reduced by a factor of 4
relative to the FIGURE 3 apparatus. The VRAM 315 shown in
FIGURE 4 will generally be of the form of the memory elements
314 and 316 shown in FIGURE 3. Note however that even in
FIGURE 3 the two memory section 314 and 316 may be realized
by a single memory element or a multiplicity of memory
elements.
The speed requirements of the circuitry following the
decimator 311 is similarly reduced. The predictor 304’ differs
from the predictor 304 in FIGURE 3 in that, responsive to the
motion vectors, it accesses e.g., 4 by 4 matrices of pixel values
from memory rather than 8 by 8 matrices. A further difference
resides in the addressing structure. Nominally the predictor



17 6. The apparatus set forth in claim5 further including; interpolation
means (319) coupl ed between said nenory neans and said video signal notion
-conpensated predictor, for generating Mby Mmatrices of pixel values from
N by N matrices of pixel values accessed fromsaid nenory neans; and a

deci mator (313) coupl ed between said video signal notion conpensated

predi ctor and the second input termnal of said summ ng neans, for
generating N by N matrices of pixel valges fromMby Mmatrices of pixe

val ues provided from said video signal notion conpensated predictor. 7. The
apparatus set forth in claim6 wherein said conpressed video data includes
mot i on vegmmsxe\shadtlr@rsesccmplaadléazstsal grartingo aglidgesdesmibt omc@ss@neg]sat ed

di ct f di t ted
D e ot ompBi éng,fihf SisteHe 68 thel c0G8p, Y88art; E SRRERRD®
mat ri ces safe p RaﬂLM/amlbs)otar}ndva hdds&sssﬂ@ﬂatiomrﬁt ahdt thais %id)‘csm:m))ry r ead
dd | The t
et r?if?ﬁcdﬁe UG A0 P iR AddRb R (BRI ASnTEE Ry Phe oBBPOE LT ook
of data |\mﬂtgt£es Téusumuty d:@cuampmmp@aleq hrm/cmgr,abyu gemeragngi nal for

| ack |

[ece' Vi Nty ®ftbesddl Gh &dg &%Pf&s%%df&dﬁ% {9%? n?ﬂ%o??vw% cAreOUbBL!

ermmnal) said fjrst mat or rovi rices o *conpr essed
vi deo si gitdngvanbedthe, smong M h%iﬂtl bits @rf sherpe %@@@l%@f@ﬁ%al val ues.

sunmi ng rIB@ﬂ$hé Tadk, vdh%‘fénﬂleadfa'tzisits d8euhatedr Bynal f4aep! ¢ th@ §he out put

t erfm nal d first deci Vv a.second in ut termna

havi ng anb%tat Sﬁ? herizena!l g pI‘"GHt‘Fgl s‘ﬁ? th%‘?’ﬁ)rgh 53115 rﬂ@lﬁéﬂlét;ﬁn means
(319) havutgthe Jeaputsiprificaml biougl alet vendcal andohxbrimnsl aitirgyi ng an
outiput t&f{hBa o thdBVRAM address busses. Alternatively the motion

vectors may be truncated before being applied to the predictor as
indicated by the truncation element 307.

FIGURE 5 illustrates a further embodiment which
produces improved images over the FIGURE 4 embodiment. The
improvement results because advantage is taken of the total
motion vectors not truncated motion vectors or the affects of
truncating memory addresses to the VRAM 315. In FIGURE 5 an
interpolator 319 is interposed between the VRAM 315 and the
predictor 304. In addition a' two dimensional decimator 313,
similar to decimator 311, is interposed between the predictor 304
and the adder 312. The interpolator 319 accepts blocks of data
from the VRAM 315 and generates 8 by 8 blocks which are
coupled to the predictor. The predictor couples the 8 by 8 blocks
of data to the decimator 313 which subsamples the data back
down to 4 by 4 blocks of data in conformance with the data
format applied to the adder from decimator 311.

To understand how this process improves image
reconstruction accuracy refer to FIGURES 5 and 6. FIGURE 6
represents the algorithm performed by the interpolator 319. For
this exemplary algorithm it is assumed that 5 by 5 blocks of data
are accessed from the VRAM 315 rather than 4 by 4 blocks. The
4 by 4 block of data that a truncated address would access is
included in the upper left hand corner of the 5 by 5 block that is




for generating Mby Mmatrices of pixel values fromN by N matrices of

pi xel val ues accessed fromsaid nenory neans; a video signal notion (304")

. conpensat ed predictor having an input term nal coupled to the out put

term nal of said interpolation neans, and having an output termnal; and a
second deci mator (313) coupled between said video signal notion conpensat ed
predi ctor and the second input termnal of said summ ng neans, for
generating N by N matrices of pixel val@les fromMby Mnmatrices of pixel

val ues provided fromsaid video signal notion conpensated predictor. 9. The
apparatus set forth in claim8 wherein said conpressed video data includes
mot i on vaadessed vitooh the eVRAM.edThe $aby Yitdeck sbéfgdata rastessedc dngransat ed
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pl‘edl ct OI‘ to enera e nenor rea €SS or *accessi ng respec Ive
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addresseﬁmys HeO 'n%?'atteﬂ ‘rigmarr@]alo?a'tl‘i’e'ﬁﬁ%ﬂok@b' ImER{hall0. The apparatus

set forth I'n cl nmeans deconpre S|ng respective bl ocks

of data mermi@slon s!ﬁﬁhﬂfb“%ango(ﬁﬁ?‘)“mﬁvmfg 1pterpodated, yaduee i nal
coupl ed’ (HeolevieRC At e8atShwB| ROKRDf Mrr%eaaadk\@ dma Sbgngénemyd ng a

B R ek FhaToa e ther R acs oo RS bR B aaﬁerapfastgﬁéoiﬁiﬁlﬁg
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by M ot RGeS 381* o 0B} obe 2P D] etiled E‘gﬁé TGS e“%‘”@at. on
means . (328 heldawgthe tespactiver iritagpolated| walues s lwnnmy ans and
havi ng aOaw&pFﬁo&rﬁrm WGUE{E @?Ee&%gﬂgea" @y ?Mé’@%ré 9 PolRintR! val ues

r Xe

fromN bﬁ‘ I ces val ues cesse rom sal menory neans; 19
a vi deo dihgnimtegpelasar d@i’rﬁ’déﬁ%&ataednmfé’éh%ft & rpwisaan h&vpﬁburan& tpdhet er mi nal

coupl ed PedlhffbrOBDﬂUt Hiende Neleref isS plodsibiligy RA ﬁtémc@@ﬂ%atﬁndlﬂaw ng an
out put t r.m nal (i t}w cqnd ll’l t term n%d, E sai d sumnfg&prre 11. The
appar at u @erFB'ﬂ’cﬁ t ‘ﬁ?l@ é‘?‘@W ¢ tede 1%1 i ncl udes
not Id ont VBSDé(r) m@ Fstaf@%g;pahﬂd atldres| @;&éégmdswnﬁie r};}t‘:d@cnocOfmentsaéI ed
pr edi ct or foRdi 1 onin sai ygﬁgl;a Eég@n@enﬁa e

pr edi ctof1 B%&T@ 5‘& &s e pct

matrices voftlmkaﬁdwswes cwd ar llegixtal szepo, f theamnatoix mftpnalblynﬁlmry read
addr essesn oo 6Bl SflclfcOtbAl RRY,T I $00L 3 O RANRrikg) The apparatus

set fort intC erei sal neans econpr essi ng respectlve bl ocks
of data PAdresseds ;oddinon dggrﬁ@éngnqsxbg)m&mxngu@mu tlylludnﬁmeW%rMnal

coupl gd fEH rSﬁﬁil‘é&‘l ﬁaﬂﬂe E,Sjl@kéf Qﬁe%@ﬂ?i?&tt%?dorvbgﬁﬁnﬁ' Sid@tcssdVisng a

second i 2%(&9 e’mamx %\\/]Itli?ut ?xrxlcl% csucolu%r{g r8(]) 'C7 (C1-C8). In
the decimated domain the choice of alternate matrices, which are
relatively displaced by a row and/or column, provides a half pixel
improvement (with respect to subsampled images) in the accuracy
of the reconstructed reduced resolution image.

Alternative interpolator apparatus may be utilized for
element 319, which apparatus will determine the size (e.g., 4X4,
5X5, 6X6) of the matrices accessed from the VRAM 315.

The FIGURE 5 embodiment has the advantages of
reduced memory, slightly enhanced resolution and lessened
computational speed requirements for the circuit elements
following the decimator 311.

Figure 7 illustrates a further embodiment, which is
similar to the FIGURE 5 embodiment, in that it provides the half



a decimator (311 ) havihg . an input term nal coupled to the output

termnal of said summ ng neans and havi ng an output term nal coupled to an
. input termnal of said nenory nmeans) said decimator for providing N by N
matrices of values fromMby Mmatrices of val ues provided from said

sunmmi ng neans; a video signal notion conpensated predictor (304") having an
I nput termnal coupled to said nenory neans, and having an output term nal;
and interpol ation neans {319) having apjinput termnal coupled to the
output term nal of said video signal notion conpensated predictor and
having an output terminal coupled to the second input termnal of said

sunmi ng ﬁﬁ?élsreécdlﬁu%n%hﬂhhé‘&n%by mrrmmmeREofl rawqfamgl Hes theom N by N
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conpr essaddei @ daida thacingis StdruheoWR/AM ors msceﬂlmﬁam@umeed ' to said
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opposed to 4 times 4 or 16 addmons per block. The remainder of

the circuitry operates in the same manner as the corresponding

circuitry’ in FIGURE 5.

A variation on the FIGURE 7 circuitry may be realized

by connecting the VRAM 315 directly to the predictor 304" and

interposing the interpolator 319 between the predictor 304" and

the adder 312.

FIGURE 8 illustrates a preferred embodiment, which

not only realizes a reduction in the size of the VRAM's, but also a

reduction in the complexity of the IDCT 320. In the FIGURE 8

apparatus, decimation of the pixel matrices is performed directly

in the IDCT 320. That is, the IDCT provides decimated blocks of

pixel values to the adder 312, and as a result the remainder. of the

circuit is arranged and operates similar to the FIGURE 5 apparatus.

Data provided to the IDCT 320 are a sequence of coefficients

representing the spatial ‘frequency spectra of image areas

represented by matrices of 8 by 8 pixels. In this example the

respective frequency sprectra for respective image areas are

represented by up to 64 coefficients, depending upon the image

content. If the number of coefficients provided to the IDCT are

lessened, the spatial resolution of the image areas represented by

the pixel matrices output by the IDCT is concomitantly lessened.

Because the spatial resolution is reduced the image areas can be

represented with a fewer number of pixels without further

affecting the image quality. If the image area can be represented

with fewer pixels, the IDCT can be arranged to calculate fewer

output values.
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the vertical and horizontal directions, of the transmitted
information, the IDCT 320 is arranged to .calculate 4 by 4 matrices
of output values from the 8 by 8 matrices of input coefficients.
This translates into a significant hardware savings in the IDCT as
well as lowering the requisite speed of operation of the IDCT. The
IDCT 320 is supplied with 4 by 4 matrices of coefficients selected
from the 8 by 8 matrices of transmitted coefficients. This -
selection of 4 by 4 matrices of coefficients is accomplished by the
coefficient masking apparatus 308 shown in FIGURE 8. The
element 308 is illustrated as a box with a matrix of 8 by 8 dots.
Each of the dots represents a coefficient. The shaded portion of
dots is meant to indicate the coefficients which are discarded or
not applied to the IDCT. The importance of each of the coefficients
to image  reconstruction is known a priori. Hence the designer is
free to select those coefficients for processing which he believes
will be most beneficial to image reproduction. In the nominal
MPEG signal format, the coefficients occur in ascending order of
frequency spectra, and with respect to the matrix illustrated,
occur in a zig-zag arrangement. Therefore, in the simplest case,
one need only select the first 16 coefficients transmitted for each
image area.

Decimation in the FIGURE 8 apparatus is effectively
performed in the frequency domain, hence antialias filters are not
required in the processing chain, except as may be desired in the
decimator 313.

The masking function may be performed in the
decompression controller 302 (FIGURE 3), as indicated by the
added element 301 in FIGURE 9. Note, element 301 may be a
distinct hardware apparatus, or its function may be programmed
in the controller 302. The masking process is illustrated by the
flow chart in FIGURE 10.
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The masking function is one of monitoring available
data and selecting a predetermined portion of it. Assuming the
data to be in MPEG format, it is layered as indicated in FIGURE 1.
This data includes header data down to the block level. All of the
header data is required by the decompression controller, and thus
element 301 is conditioned to pass all header data. At the block
level the data comprises DCT coefficients or EOB codes. Depending
on the image content, each block may contain from one to 64
coefficients, with the last non-zero coefficient followed by-an EOB
code. If a block includes more than 16 coefficients, the apparatus
301 will pass the first 16 coefficients, then an EOB code, and
discard the following coefficients included in the block. The end
of the block is recognized at the occurrence of the original EOB
code. At this point data for the next successive block commences,
and the first 16 coefficients are selected etc.

Referring to FIGURE 10, data from the décod,cr 300 is
acquired (80) and examined (81). If the data is header data, it is
passed on to the controller 302 and a count (84) is reset to zero.
If the data is not header data, it is examined (83) to determine if
it is coefficient data. If is not coefficient data (e.g. it may be
motion vector data etc.) it is passed to the controller 302. If it is
coefficient data, a count value is incremented (84). The count
value is examined and the data is examined (85) to determine if it
is an EOB code. If the count value is greater than N (in this
example N=16) , the data is discarded (86) until an EOB occurs
which also is discarded,because it is excess data. If the count
value is less than N the data is examined (88) to determine
whether it is an EOB. If it is not an EOB it is passed (87) to the
controller an the next dataword is examioned(81). If it is an EOB,
indicating that the all the remaining coefficients in the block are
zero valued, the EOB is passed to the controller 302 and the count
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is reset to zero (89) in preparation for the start of data for the
next successive block of data. If at step 85 the count value is
equal to N, the dataword causing the count to increment to N is
replaced with an EOB.

FIGURES 8A, 8B and 8C show possible alternative
masking functions for the coefficient data. The masking function
of FIGURE 8C will result in the spatial frequency response in the
vertical and horizontal dimensions being different. Such a
masking function may be employed in the instance where, for
example, 2 4 by 3 image is to be converted to a 16 by 9 image.

The foregoing description has used a decimation factor
of 2 in the horizontal and vertical dimensions, however the
invention is not limited to factors of two. In general any
decimation factor from one to eight may be used, though the two
extremes are of little utility.
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CLAIMS:

1. Apparatus for decompressing compressed video
data occurring in blocks representing respective image areas of
successive frames with a first spatial resolution, and wherein each
frame consists of a plurality of distinct image areas, said
apparatus including memory means (315) for storing
decompressed video data, means (310,311,304';320,304") for
decompressing respective blocks of data to produce decompressed
video signal representing corresponding image areas with a
second spatial resolution lower than said first spatial resolution,
and means for providing said decompressed video signal to said
memory means.

2. The apparatus set forth in claim 1 wherein said
compressed video signal occurs in blocks of codewords
representing M by M pixels, and said decompression means
produces blocks of N by N pixels representing said image areas,
where M and N are integers with M greater than N.

3. The apparatus set forth in claim 1 wherein said
blocks of compressed video data consist of coefficients generated
by performing a transform over M by M matrices: of pixel values,
and said means (320) for decompressing includes inverse
transform means for performing inverse transforms over N by N
matrices of transform coefficients, and means (308), responsive to
said coefficients generated by performing a transform over M by
M matrices of pixel values, for providing N by N matrices of
coefficients to said means for performing inverse transforms for
respective image areas, where M and N are integers and M is
greater than N.
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4, The apparatus set forth in claim 1 wherein said
blocks of compressed video data consist of coefficients generated-
by performing a discrete cosine transform over M by M matrices
of pixel values, and said means for decompressing includes
inverse discrete cosine transform means (320) for performing
inverse discrete cosine transforms over N by N matrices of
discrete cosine transform coefficients, and means (308) responsive
to said coefficients generated by performing a discrete cosine
transform over M by M matrices of pixel values for providing N
by N matrices of coefficients to said means for performing inverse
discrete cosine transforms for respective image areas, where M
and N are integers and M is greater than N.

5. The apparatus set forth in claim 3 wherein said
apparatus further includes:

summing means (312), having a first input terminal
coupled to said inverse transform means, having a second input
terminal, and having an output terminal coupled to said memory
means (315); and

a video signal motion compensated predictor (304')
coupled between said memory means and said second input of
said summing means.
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6. The apparatus set forth in claim 5 further
including;

interpolation means (319) coupled between said
memory means and said video signal motion compensated
predictor, for generating M by M matrices of pixel values from N
by N matrices of pixel values accessed from said memory means;
and

a decimator (313) coupled between said video signal
motion compensated predictor and the second input terminal of
said summing means, for generating N by N matrices of pixel
values from M by M matrices of pixel values provided from said
video signal motion compensated predictor.

7. The apparatus set forth in claim 6 wherein said
compressed video data includes motion vectors which are coupled
to said video signal motion compensated predictor (304') for
conditioning said video signal motion compensated predictor to
generate memory read addresses for accessing respective
matrices of pixel values, and a least significant bit of said memory
read addresses is coupled to control said interpolation means.

8. The apparatus set forth in claim 1 wherein said
means for decompressing respective blocks of data includes;

a first decimator (311) having an input terminal for
receiving said blocks of compressed video signal and having an
output terminal, said first decimator for providing N by N
matrices of compressed video signal values from M by M matrices
of compressed video signal values.

summing means (312), having a first input terminal
coupled to the output terminal of said first decimator, having a
second input terminal, and having an output terminal coupled to
said memory means;

interpolation means (319) having an input terminal
coupled to said memory means and having an output terminal,
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for generating M by M matrices of pixel values from N by N
matrices of pixel values accessed from said memory means;

a video signal motion (304") compensated predictor
having an input terminal coupled to the output terminal of said
interpolation means, and having an output terminal; and

a second decimator (313) coupled between said video
signal motion compensated predictor and the second input
terminal of said summing means, for generating N by N matrices
of pixel values from M by M matrices of pixel values provided
from said video signal motion compensated predictor.

9. The apparatus set forth in claim 8 wherein said
compressed video data includes motion vectors which are coupled
to said video signal motion compensated predictor (304") for
conditioning said video signal motion compensated predictor to
generate memory read addressgs for accessing respective
matrices of pixel values, and a least significant bit of said memory
read addresses is coupled to control said interpolation means.

10. The apparatus set forth in claim 1 wherein said
means for decompressing respective blocks of data includes ;

summing means (312), having a first input terminal
coupled’ for receiving said blocks of compressed video signal,
having a second input terminal, and having an output terminal;

a decimator(311) having an input terminal coupled to
the output terminal of said summing means and having an output
terminal coupled to an input terminal of said memory means, said
decimator for providing N by N matrices of values from M by M
matrices of values provided from said summing means;

interpolation means (319) having an input

terminal coupled to said memory means and having an output
terminal, for generating M by M matrices of pixel values from N
by N matrices of pixel values accessed from said memory means;
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a video signal motion compensated predictor (304")
having an input terminal coupled to the output terminal of said
interpolation means, and having an output terminal to the second
input terminal of said summing means. .

11. The apparatus set forth in claim 10 wherein said
compressed video data includes motion vectors which are coupled
to said video signal motion compensated predictor (304") for
conditioning said video signal motion compensated predictor to
generate memory read addresses for accessing respective
matrices of pixel values, and a least significant bit of said memory
read addresses is coupled to control said interpolation means.

12. The apparatus set forth in claim 1 wherein said
means for decompressing respective blocks of data includes ;

summing means (312), having a first input terminal
coupled for receiving said blocks of compressed video signal,
having a second input terminal, and having an output terminal;

a decimator (311) having an input terminal coupled to
the output terminal of said summing means and having an output
terminal coupled to an input terminal of said memory means, said
decimator for providing N by N matrices of values from M by M
matrices of values provided from said summing means;

a video signal motion compensated predictor (304")
having an input terminal coupled to said memory means, and
having an output terminal; and

interpolation means (319) having an input terminal
coupled to the output terminal of said video signal motion
compensated predictor and having an output terminal coupled to
the second input terminal of said summing means, for generating
M by M matrices of pixel values from N by N matrices of pixel
values provided by said video signal motion compensated
predictor.
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13. The apparatus set forth in claim 12 wherein said
compressed video data includes motion vectors which are coupled
to said video signal motion compensated predictor for conditioning
said video signal motion compensated predictor to generate
memory read addresses for accessing respective matrices of pixel
values, and a least significant bit of said memory read addresses
is coupled to control said interpolation means.



