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SYMBOL CODE GENERATI ON PROCCEE' DI UG FROM | NTE TDM d
SPATI ANALYSES OF VI DEO SI GNALS .ﬂ relatgs_to
tel ev “ |l| zed BACKGROUND OF TIC. | N-~ ntial pulise code

nodul at'i op (PPCM) of digitized video signals is of 6¥%* an i nportant step in
t he digi ta?0 transm ssion of frane segruences of television imges. |In DPCM
each sanpl e descriptjve of a Q_l cture el enent_ (':p:l er ) |n a raster scanning
of successive franmesiBOL; £PD HEOS AN e NG BRGH e g pi cture

el ement and the r eSTERFRgMEI b@mmm’@@wmn—mﬂemnom ng nodul ation
procedure. DPCM procedures @R 2 @Exq}maso déf‘ \%{féﬂl al conbined wth the
precedi ng sanple, or a sa - or some ot her

spati al |y adj acent Fhephiavantiomowelafescdr beebtvbsingedigstheidg
mtrafrangmgg CM procedures. However DPCM of the "interfrane" type where a
pi xel erentially conbi ned W t h t he correspondl ngly | ocated pixel in
the previous frame, has p&& FARE LONt r af rame DPCM

procedures. If run b@@%&e@l@m ﬂ@@%dé%hycﬂﬁl@ﬁ zepemvabye DPCM
sanpl es are I#kel y to occur. in _stat ortions, a, gbguence of franes.

Quant i zi nalﬂb $2efs VL8RP0 P I Shatur F5P |"?'ﬁe+IF?%Fr’e CRIFRt A& ¥¥an bei ng
spati al idigatdletaanismiisatiroal rcsﬂ’refm@\/ls@anderwes hofeneliesdaliosystemis

l ess |i kema%g?dl sger BPIC?proat } td zd@&Pg%?fVeog\dfng %ﬁcttlu”% i ntegrating
properties | he vi'sual r'ror propa TOR Ih I nterframe DPCM

codi ng t eadsmeptaf{' @wesh"rbglnel pa xeaster rs¢annatgant BRCVESS later T ameys
propagat ; QveR r@Xt-ansiie RQJiH 19015y Qi €n 4 3P 2pEaPE i ¥eLY el R lRIne disof ar

as the human visual systemis concerned. Interf'ranme DPCM transm ssion of
vi deo si ghBPsTRSWEHRG fid fRERRER I HyCPR DL cHlir 8sPHOFEsELSAMIel y filtering

t he vi deomaagmaltiohnmdcétsdigpél meﬂ@@ééurgbewﬁéwcwr =Qr 1an

interfra i tal .pi.~l se_ code. nod at or i s generall ol | ovvs The
curren~ \r;r?i&g(g%gl é’ﬁall lorCQWé'be%l g?aFgng | Zes Y- S=~r:na 1
~ J U N 2808 le2shreanaaf ldn:gateadarlnqant sanpbme bluaterl sosm)mmﬁd to the

n1 nuend i I r . bira t he
subtractorgaﬂégg?l\}:es&-’%bnrpe L%jre% vaclt)‘glés c?ﬁeﬁé E?ng |n u %g%rrbrﬁ né and the

i gi
differ encénéﬁﬁﬁﬁtaﬂﬁorﬁPqﬂémd‘#ﬁeﬁ he I§9W9V@§ I%Bgéll wéd téle its i nput ports

to gener aw@.n%e@lf&la&r@" A whapal a ﬂ'i‘kéldh.gl a.a;llfferrrewt@mrwlcdn%wl i ed
to a quantl whi ch cIaSS|f|es th or, si.gnal i'nto range bins.

Oten the" I%Fqg‘?ﬁp%i“@%‘é Yn gﬁét HéXF ng& ofSsdtfpt e 4t ues for
each bin |fnralmlee wtpazleml@allabeaadaushgdsduvemgmmefa&tname DH®M quant i zer

ma defin un| rmJran blns S I S n|f| ant bits
inyt he er 31 “Sigra® or g?ﬁkgy%édgggp %né CIRRi gtroz}ﬁ $Jange bi ns.
The quant izzgro-oalpe w@madsamlals‘.?r eam Of kedygéobioeavumiier ss‘sq’tmmt rically
di sposed Rl AfS & 'é é@&ué‘ﬂé&' BEOErQHE ut %g'u%’?ﬁ%zﬁlke £dicied val ues

for the néxt franme o np~es_ are obtal ne ows 'Ea sarrp e of the
nodul at or t&m%ﬁalslld'hdlla‘é’éﬁ%ri-gl h§t8r§ﬁé@§s§’ﬂ?€ﬁ“ Fetlie¥ hdrerkeiRIconvert ed

Eo Eﬂe norﬁﬁlaﬁ! rﬁ’lf r§é.ﬂlfﬁ'ﬁ% §§rmhem@ku@rta?rel DiraM ; Plarnmwmel rrtx@rﬁl&lnl S addted
o the predic val ue o e _curLr, i tal -input~-sa o_arrive a

t he preci ct’é“d‘%‘al%%ﬁfmthé PPt ;FEFﬁlb’ut £ N 5"{}5 toeé’lﬁﬁrzp%ﬁemfl?%ﬁéz?‘ﬁ?er.
Thi s | att evoipmeedi otidg vab utine- u.heag\martumgnpmup@ratnfesarmstbeevnenely to be
road 2 {1 aAal e ApbbopuBLEasian SIDUISH AP e dRdoaThe ERLCILT e
Each sarrplt'e0 FLfert @m@heapbxeﬂ-ﬁputlnsﬂ@rtmafm&:m r@@p@ﬁﬁ@rt@}abﬁ sanpl e

of the mdp&@ééq]a@éﬂw&rseﬁeahsq%wo&%qdd}, id¥e Previmuisanarggraghy is a

bi n nunber iIs converted t hé nom nal error signal value for .that
bi n nunberlBrii$kve FRFQRBE 88 Ihe humalyYafiah s Yor 1 1B CaRCEdBEF. A
second addnmle:ppfém@fnpbm &Q‘dﬁ%mﬁ.&%&io\m%ﬁvm@b CsI:tha—lﬁl Us, samdtamdisgi t al

signal simlar othed| |np it gl spul se
code nmodul &t oFE ‘ﬁ%dgléy BF 98 u #[é’ Lf‘%rlgéucitﬁpeolp%f ?e;%g agg 6 h:és
digital sighahals wntot easpnt:ctlaza‘ rrampEtattes nenory to be read a frane
The structure for an interframe digital pulse
code modulator is generally as follows. The current video

signal or video signal component 1s digitized tc form &



14 J UNZ002 -3later to the second addend port of the adder as a & JUN 2002
pred~crec value. N J. Fedele, A Acanpora, P. J. Burt and R Hi ngorani in
U.S. patent No. 4,663,660 issued 5 May 1987 and entitled " COVPRESSED
QUANTI ZED | MAGE- DATA TRr " . NSM SSI ON TECHNI QUE SUl TABLE FOR USE I N
TELECONFERENCI NG' descri be spatial frequency analysis of television inmages
bei ng done on a per octave basis within the confines of an interfrane DPCM
f eedback | oop. The spatial frequengy analysis results are individually

quant'zegteeamswfb@ Oérque G eS8 gn}é% THLUi 14 Vsuppdibhetgy @l codes

are tinme-division nmu or transm ssion over a dlgltal i nk
havi ng n@%PBﬁngaﬁ@HqﬁtPQﬁﬁmﬁﬁe@ %Bb FACEQT | i ikee t fiak thahradpeé NPdui r ed

L or trgn agtt b@gtﬁi@étum%ebdw@%sgémb@t% pﬂ'@iﬁd’t@@d |v§DdlﬁﬁgbeC]tt][Neque

escri pe ele e all — uses statl|stlC I N C as man

oo g o et R rath Sammy 45, neReabhe (e e S ER R BRlthe Tar

62604\;8' ]geis ;i allss ajpl tese é.amMe§Cth::§lMédJa& p@éeﬁhnaﬁpbbm@ 630 sFrl al TVN\%
L1e assl gne t orp rat entitle

pEoa U BRPEEEE Bha S T PRt TR R Gab L et PRLELERT AR e

tel evisidas su@@@&d&ﬂt@ d ofnh anetdizby, r&ﬂmahlc&ashifﬁesnthalap@rﬂakode

nodul at o r u The s indi:vidual |y

synbol %%589 sﬁ%ﬁﬂﬁ%ngé%iofaéggeéagﬁe T f%383$§%§%§§§Fo So%@?‘é

narr ow baypei dnh whiigih a¢h¢|nkng¢hefpsempém wahueﬁefsyseent@_ tescrirbed above

is that the E;‘[uh MBdi M E'é’éhg t%ﬁbﬁé‘t’% Ay 1 g@?ht%ﬂes gconpl ex since

the rates of e sy ng nu tiple non- uni rn1 Furt her,
t hese syStaptigex waill §eEonpl BR1IEQEY HFRdR eblréacﬁlméé}ﬁr bithg a plurality

of symbokygp ?@¥§thfIEs§X§ﬂBth1§HHNAEﬁﬂ}:ﬂﬁEthyVEHIngsﬁgﬁA§QﬂQ'”g

station in a tel evi sion, transm ssion system enbodyi.ng
|nvent|oWaYtPFEQﬁ\ﬁs$¥Pe ﬂﬁf%PbP@xﬂﬁ§ﬂ§§§ﬁﬁ %%z?h€a§ﬁ§taﬂn3redﬂéﬁcy

anfll yfses q@lfanttH.Qe\@ dﬂptﬁmﬂngi Enonbaﬁtteﬂhe@ém sé pnrefaGer pier rﬁmdé’tﬁé rt t
| Nt er rarre S | C ave, un orm OU
| 4codi ng > SRR EsRasRRI ol ol LoaFRE Boduiaman Atk
sagpl es].c sI@n&lQbVImieeSpf@@wtéal eﬁ&u@‘sl tiae- ghw akan mahieplcéﬁﬂsr‘@msy@bol
coaes O Val’l C~~ n lrr uar CO 1.VISI On

°i D arY otttingd ey 88T 8hpLt ! B s AORh R ook R O i
|nclude Dumguamﬁﬂgmﬂkodomgrms1BQCM:ﬂuqﬂ&551¢n afrbaelwump&ngulwn in the
digi tal tc%‘n%rﬁc'b%? tf.jsegé‘lgmﬁém halS¥ !LV'séhl ﬂed%rgi'u{) pﬁ@f('g%féakes

pl ace after s eln one on per sc | iné basis

DESCRI PT@x GDMIHI [md\vm Ed@éEtp ithey M@@kcaedgrv'@rlmr of dihg t al _
tel evi si Qpddeats @f&i@&l SYﬁBQ@ S a’[ﬁ@’g tedThody 1 {he gienvent &"éqf&%‘f 21s a’

bl ock dlagran1of coder fcr_a,sen station of the RE 1 system
whi ch coa@rqﬁﬂﬁfﬂ%§eaﬁlﬁéﬁéét1§Pqﬂuﬁqmﬂ%%tF8noccur one frame later.

This latter predicted wvalue is then written into a frame
store memory to be read a frame later to the subtractor
subtrahend input port.

The structure for an interframe digital pulse
code demodulator is generally as follows. Each sample of
the demodulator input signal, which corresponds to a sample
of the modulator output signal described in the previous
paragraph, is a bin number which is converted to the
nominal error signal value for that bin number and is
furnished to a first addend input port of an adder. A
second addend port of the adder receives a predicted wval
and a digital signal similar to the digital input signal
supplied to the digital pulse code modulator is generated
at the sum output port of the adder. This digital signal
is written into a frame store memory to be read a frame

e
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FIGURE 3 is a block diagramof a rate buffer operable as a |ine coypuasad
or as a line expander. FIGURE 4 is a timng diagram show ng how tine

~di vision nul tiplexing of video signal subbands may be acconplished in the
FIGURE 2 coder. - FIGQURE 5 is a block diagramof a coder for a sending
station of the FIGURE 1 system which coder is alternative to that of

Fl GURE 2 and enbodi es an aspec~ of_gbe !nyention..FIGURES 6 and 7 are each
a bl ock ghagramoofthe dRedn! ddemd g6tV thleatdeofad he FHEWRELG
system eaih of which decoders enbodi es an aspect of the invention. FlIGURE
8 is a bY®BtRedi agram of another coder embodying an aspect of the invention.
FIGURE 9 is a bl ocly.dijagrradsihow ng Adafipbaial, @ .pdtimnrofahierFl GURE 8
coder. The_caonventi.on _of_ show n ntrol _si,gnal, connecti as.dashed lines
o1 of | CHBAIAFIe 161 GHIS ity SIrE Vo  ReOlrakiny Loriea. 5 Had%y 43000

- SDETAI L&EBdDESERKREJION AOMEHER D 1QUANT a8 ZEBNAIMMGEHIAT 0 M HAN O MP SSTIONT

el enent s2> isihl i i,ation,. f N L @W;l sed by a
el ovi si SRCENIEHE SUlrashl S35 Bohars BELECONsEm l FoebSeaine

t el evi si spatamdr £raghiasic s Hrakysianobptedaviisieyge viagede Peehd- dond ew to
col or selLgcxz~ [ :Ltﬂf; E‘aﬂdﬁ sybsgeRU SeNsi e -at, ~~as~
t hree viégoaspgﬁ;fé. ﬁgg% col or S|g%aﬁgga?£9éﬁéctr6%?d% |§$§§%ﬁrﬁ§%*in

col or maPPFM deedhaaky ddathi n The eSPardalc dma@ISNaY aRybYBpSaresudtisel y

wi deband g4 RANGA & ANB} a&&@@ﬁ@@ Eakakield) A danband-ghpamnance
Cl and may

signals Cl and 2 be descriptive of color-differences from

Y; or ClC&FSHl@ZYﬁaqu%138%c?Y%P?%eCBﬂeﬁhérﬁaFP§%b&ﬁHVi%%Pﬁance val ues c~
two oT thealad@illdxed NITORYY) CHOLTr Braflifii sad orehwvere bl @egithe link

raster-scanned analog Y, Cl and C2 signals are suc;, ] ~ed nnections 3,
1 7and 5 Bavargodatip SanivEEEh BoRnlarie L i i LEPBR SR m ng

si gnal s Wpabhd &lee\Hesiuiredngsa 2ryhamdtedmrediqntizedodided ispginidas.

anal og-tg;digital .conversion, circuitry for.,saml.l the Y, .Cl.and C2
Signals ARG POPERGIITING THE AP EeEo i Bhbdes  tnt Carditt zed v, CL
and C2 sugesl sterplayice)l dogitiay, cenphess diufifmdm . codupg, e DdQt al
codes ge t - i/ Le I Liter- .8 which
transnitggﬁﬁgggﬁS%fgfqg%bé§§%$é§§9€%§ngﬁﬁgéﬁg%ﬁﬁgdﬁgﬁggﬁgC%gg transmtter 8
m ght, ~éeroxamdiue DRCM spmplkeshift keying r-f transmitter for

transmitting via arsatel |4de; FEnknuged agddais i ssi £8a edhumedi Al GURE 1
shows the sending station 1 transmtting via transmssion nedium9 to a
first red8i-vidkp 4%t ibhlad EonPPralngd 98/emafsignedsto| RCPecei ving station

10 a codeorgeaiaeion lan@ esedel dr egRve REIOITL IRASNESELODPERdigim B gi t al
cedes simlar to those geperated by coder covered digital codes

~ . which r
are for WASHOE e TRAGHEL ALSTPERYHePnAd Yiiadt t el avactar ddm#essi on
i ntroduceeinyg ulelowedrtsly peespeasitee ddiffididnt Dannplidgeca\drys=or .

necessar%&%%fé%¥¥gﬂ ég gggﬂognglyg%sagésu éjgnfhg'DgEMoglgnals are
individually symbol coded, and the symbol codes are TDM'Q
for transmission over a narrow bandwidth digital link.

The problem with the systems described above is
that the time-division multiplexing of the symbol codes is
complex since the rates of the symbol codes being
multiplexed are non-uniform. Further, these systems are
unduly complex in structure, each requiring a plurality of
symbol encoders, for example.

SUMMARY OF THE INVENTION
At a sending station in a digital television

transmission system embodying the invention, time-divisicn
multiplexing either of the spatial-frequency analyses cf
the video signals from a television camera or of their
interframe DPCM responses, both of which have uniiorm



14J UNZ2002 E matrixing circuitry 13 electronically combi neg 4 bex a8
C2 signals to develop red (R), blue (B) and g~eer. (G signals. These R G
and B signals and timng signals supplied fromdecoder 12 via a connection
14 are,applie~. o0 a color television nonitor 15 which displays an i mage o::
its viewwng screen simlar to the field of view tha~ tel evision canera 2
senses. Television canera 2, coder 7 and code transm-t~.e= 8 nmay transmtt
code to other receiving stations besides receiving station 10 --for

exanpl e ' I cast ?ﬁ S cond:recelL i ng station 20
conpri sfﬁgﬂrellaegg%t%%'z ) arg}'%g%us t_gtliégl t(t;%em%t}s 11- 1%@6?31%3 g“t hird

recei vi hBtsrirpme B0 R@briprtrleg. el EhdAt §DYLadB sarfdlogotiebienel efent s 11- 15.

Each of +ihe-u8¢eisMidig nﬁIlaEi&PéxiH? 9mp3Q FEdE Pf oyh fedh et h ik -own.
transmtti ngﬁappar at ys anal ggous o elenents 2-8, and the sending station 1

may al s8REoRPr FE& SREAN i FRABPBaFaths addrSgsisy 1t OF eABAESPLEXERS Thi s

wi Il pregi denkoisd W Way €98TUNLEREI @RmBRUVRRIY 98¢ o 8babkeNs ahiick:

gener al Lﬁ iﬁaﬁr ed in video tele onfer%ng 2224 &C?)‘dg?artl cular interest insofar
as the tht ot s neacafengne s O 1&s rayAfaRe and the forms
decoder réZ2edndnigt $tdtikiasn 22n atfe3digayalake 1 &G RN 2t shawmera ofror m coder
7 may take.t Teltevi sié).n canera .2 s¥%pl ihes .Y, %1 and (? anal ag vi deo signal s
to anal 85-5t 57di d‘intea'] vao]rﬁje??eflgmﬁ ,lEéeé‘&&‘% arl%es?)e{’: FUEI ¢:<Si'ne scan rate
and t hesgubbédr defccshimpt esbebngedbaes ofl a 42mamEk43 1ake pesilsi.ne are

optimally chosen such that éﬁ E?agﬁls‘?:RrI%tleIdI\? &pout tw ce the Nyqui st
Criteria in each directi on,—w§1—e-h—ﬂ‘a-y—r-eqm—re—?orre prefiltering in the
spatial -frec_ruency domain. To aBEHEXxDEAMWING s nay be done optically in the
| ens assenbly of GaFg: 2 t .t 45l ' a rent ed by

el ectrical, filtering. Schﬁ g%egt P?nglrkef%ﬁét%éi‘nﬂgoghgu?gggggdone ~~ith~r. the
anal og d6AEVH SHSMb e ansinbgs L endisyist@m c Afv drd B ramaady3 the ectri cal

filteri Rgvies,tdQe ON a separable basis, filtering in the horizontal

di rection being straightforward %}o do. Jn the vertical direction,

perpendi cul ar to SCEfURE| Reds fr BAOFe B a3TTaRrPhgdcaRdse d6ie 3 n the

anal og sehdnfy Bt 282 demahe By cuRebli gy sean, | YA€cBOgIoldeani ng in caner a
2. T:~e relat.i velﬁl narrom@ang %}1 and C2 sﬁal s preferably aye sanpled at

| ower s&l’?&o%sr Te$hantt A CatiV& eband Y signal, and it is
conve: ?ient to chdsEEIRBe3eikoweb loakpldimgratesfas salweultifderto Y
sanpling.r N dt 1S pculacrl i e o] ing rates that
are 2 n%&?%lrfa{?ﬂlte‘i pa}éesa gﬁ{‘%egé’g‘%ﬁsﬁ%}?a elgo]% %/,lﬁgr%%%%%rs@% positive
integer in each cBEGUREe4i hsegertimicun diaghaseshoyibg dimy taws-three, or

four. ; e - A t} [ pean

t el evi %ﬁl@%cast |%}é§ﬁg§h§rfa%%‘%r?d sgg%ggié %Mghén%%r g{shp\gg?vel y as in
Arrer i catQcamRd sshed bk atibas FileYRFor2 wrededer Cl and are marrowband R and B,
n being two provi decerki §f act %Fﬂlb&@%fai@&iﬁ' bRy a0t Goand C2 signals
ify sazsplln,g density be sufficient. To make n three, it 1s preferable from
an i mage GERING s S Bkemor it the HiE Btk $HetePat ¥hAChh&Q9RYE ofSCL and 2
subsanpld gk fHedt 0ek cté ythasped IMGURE 2 san®! éfBolgkisodircidspdconpErane to
frame, i ch. phase, al ternation conplicates the cal cul ati on of DPCM sanpl es
slightl % rfdgv%‘b%}?%r i nterpol ati on procedures are needed to provide far
spatial alignnment PIGYREBI és ame 7 rame eddfieaeblock dimgrathes® a is four,

phase alie tiop to_provide.frane-to-fra rom int. eis
essenti ae{%&sﬁtfglf‘a@tﬁﬁeil%&é’eq qq.lrmtaafﬁé/‘.g ‘ggrrfp;ﬁfang&g@%eo]f %‘E':r’e{%301 and CZ
anal og Watso of grlal shatekedelrs Wi degii st aapecitn ofadihali imeendhon(as
known to the inve rgm, 0- ras . H ) nmodat es
guanti zati on of sin%ﬁgﬁﬁ%ngl it u?esalféné?h%l%gla{;aplépra?g’gésﬁg?% hout

al i asi newiddring oanngspecinddt skl invenbéenni ng t oo apparent. Wiile nore
pictur e- el enent Sapphegrage 1o fP8cR GLAGR AR Gy SAR! 48katesal ution
in a static immage, runs of zero-value DPCM sanpl es based on those

pi ctur e-RPEREPE 88&nphesFAGURE |&|5od@r be | onger; and, where run-1ength
coding is enpl oyedynkheohRerfasesd AENPRbwOhgPcont® 1elLiensl sanpl es causes
much nore noderate increase in the Iengtg 85) statistical codes based on
non- zer c=YBREECEPEM danplRShethd IReS bf 2er4OVELE RrBfFés. i 4 J U
N 2002 -gTherandebandndi @rtdwaaty Y signal from anal og-to-digital converter
41 is applied to the incut port of a digital delay line 44, which
conpensates for delays that occur in the processing of the narrowband Cl
and C2 signals through the overall.system D gital delay |line may conprise
a random access nmenory with offset read and wite addresses,.for~exanple.
Delay in the C1 and C2 signals occur in the spatial-frequency filtering of
these signals to narrowed bandw dths, particularly in the direction

v o o o N - I



The digitized Y, Cl and C2 signal fromdigit@ delay |ine 44, front "
anal og-to-digital converter 42 and from anal og-to-digital converter® g Mz
respectively, are applied as input signals to spatial-frecruency anal yzers
ab, 40 and 47 respectively. Plpellne spatial frequency anal yzers of the
so-called "Burt Pyram d" type, which>provide two-di nensiona

spati al -frequency anal yses PETAGLADe DESTRIRE SN are known fromU S patent

D 712 et et RS Ko Slliion's Sydiaig o ®

APPARATESEMERE SadsiGynedi § bb REALEShSorad ik 1 @pat Fan fr ddedrcy fanvdigses of
the so-¢al kedseANqRF SO EBR,PYL af @ﬁnte&% are 'd§§8(/'1§e@nbléccre*li ﬁmdarson
in his U S. patent —appl icafion Seri 51,210 filed 15 May

entitl eahOJa(nFlaLsrmlswmAewlBEcm&muqm mtapvﬁ)wcn) amﬂ‘mwm NG

AND SYNWE@Ic:%JlNCi:J l\lb@UEhearf@teascﬁJogsns@Lé@ BEACEQbRO It e N Schi ff

in U S ent ap on serial . 040, 470 descri bes spatl aI anal yzers
t hat si rﬂﬁ'& aafréé bé?egH&th\Bé}O%ﬁrP%tngréauQﬁé’? a$3tthe

directi ahrea a)tnlcﬁéot@l@ﬁamsl I Ngrese &Golde HGhaest alredi rectl on in nost

?\R/glsl (r:r:tl w af at| a |l fre uen(é%/ﬁ analrg g%iﬁﬁ%iﬁ-‘n qc[r])%)hwe1 {P?r egoi ng
spati al tferlwmmn aa:larhgrara 4&n, drediup 47 pekashowl yasihpundf the type

whichu mergr fljts=s N202 9separate an
i nput si g‘ﬁ%%aaqh?% ’o%? g 8b t‘(ﬂnéeol\ath‘f’%léte&a afldl in each spati aI
d| r ect i @hroiticraneel es 1 gnaiesf érreahd eo8s he (pfpand bhmeqd odi ng of | nages”

D)oo ehe AR08 O Dol e SUREELUEOBELY, (318 00 O shea O et

Sanpl i nPeofdegcriphivet gifc ey ranravhane }undeesache s t¢7i EyooPfilter
r esponse&Hed écﬂﬁé?@é' ﬁtletaei%ﬂ %1 r £4908c RN Al lahg thipieby ehim nating a

princi pal source of |aS|ng on novi ng edges and details. Were hi gh-pass
spat i al Fasdfrereganrped erinlaé%r%:escpr%n‘%\-peshét”@rl&dﬁ% T haseBakidai n

spati al -ddraddensys anal ysenProceslus esodét 7S pPIRIRIAD e2190 dp=t i §es
filterin bangd- ass spatlal-frequenc fllterl ng to avoid aliasing i the
heterodyﬁ%’q’fé‘”ﬁﬁ%% Gren Bé'nd:%%ﬂs%g s‘-f)]aW fst fresy |€?gles‘£9p?ﬁ%§s%§ma56v band
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incrementing by one each successive cycle. r? 2a0-line frame wll have 30
cycles of the tine-division-multiplege= operation diagramed in FI GURE 4

with N Iswwglaﬁg ifPitzeignk0 §veht fduﬁﬂesxmbmegesahyenorae& of these
scan | [ne of .vide om carrer_gEZ is plotted

cycl es. Tlne

hori zont3§ égg ﬁu?‘?n@arﬁesPS‘Mf‘ qolll?ﬁe'%l%rrpr seﬁe§€a'n Iihe of YLL
samﬁl eﬁ neefel‘r.fz’rébcpvm bry%apaﬁeer ¢sabt aneartdd iveg ob £ Yiidagasp! esh ﬁﬁ vand C2 iare
each s s be s 4:1 respective to n the horizonta
and ver;eiwgo %cgi oﬁs,s\mf&&ﬁ FPEGATRS 1 PR h%?é 63% ~fg format in

ti me-di \ﬂcstlahe:mﬂ%@I EXEE SBANGREAL OMSyreN Accomsmztengstam?mﬁe agsenbl er 62.
If the i lle W t00 muc: ~ scan lines of C2~, ClHH and
Y~ sanpl@tﬁg% gr%?)q’}gggﬂﬁgy gé?i Alsls:lisess ‘of zero values altogether if the fill
rate is high or se$amplinbyoiff atthd efadt tnaicemkiyquﬁ.fsrr:cnre:ttel wddmz 4f the
rate buf [ L feth hi gh,
scan H%? o%ﬁ%ﬁﬁi@%&%&kagglﬁgﬂea esséca% Egrtrqe‘l ace Iii/c‘?scan

li nes ofozeadgesl aed. detaths , r dhe el e&lklbh@ﬁﬁ@ég f plflrli?gihpp’imre or if

the fil Iscrﬁ@eléfvewagaﬁe ofCaovimt e e $2bhd GekHigrd YLH sanpl es can
al so be replaced by scan I'ines _of_ zero val ues, The run-|ength code

assenbl &fh @?r%%hﬂésﬁosﬁéﬁaécaﬂ?qwc?f £l 5eFaFge9MEFurai shteodes LUT
63 anI a?ﬂar Qﬁét??@c}iy‘?@&eﬁbsblﬁs%wd ?.d émiﬁ%ebu&%m@ é@levé&'% lout g
signal to parallel-to-serial conver ion in overall code
| engt h (ﬁr‘{)qﬁglér??eqb&?ﬁyp ;?;;?@Eraﬁﬁ'k? s%r‘?‘o lFe%@;ﬁ-ﬁesrtlé%g st cal codes
sEbstantbaid-)%aesungagﬁ.he rf&te@mh ndyd|ﬂIIIOEfiJﬁgCQdeawtlllniéta]rlaﬁﬁrbcglfjlc.Fl’ 6~.
The neas scribed in_the precedi =agra~~. _cQu uce. fill rate

f rate B 157 CRECSPROBE PSLS TS wer 3or 2081 GRCAMH & Ture: HBBut t he
same_ in smgpmxssepaabakref-beqmerrce;s;mndmdtnbroduseglnalv CQ\A-_DUZD.IZ.‘IGJ UN 2~2
spati al 'Séémf%‘@é;ﬁltﬁgﬁhﬁﬁ%s o iy etfz&’c A o gg%res than foyf s

subband reater re uctlo In raebu |II rate and wi |
of fer futrr@de?emahéym:aﬂsm adérsiglg gifedbs - suBb‘@rfdlmlﬁgg o¥ L tpanFT i gnal
may parwf&@@ngHglef be%eree%t @L"!ngfé’qﬁeﬁé | Bg a8’ lrchAwaseféer sanpl e

density than ote t m ssi on of Y sanples has a
nor e ra&%%f’f—‘écl’réﬁeﬂéd@@iw&‘t DERFPPRERG ShaAthgiva BRRTEP 65 than

the oni s§lPisdh theam&eu&e&q |i}’ft ?stchwe@ eedisnsdesign

varlatl ns, are %_Pe V\/nereo %Sespa a resol ution is_reduced to

control RRSSTORVRRG of PASE S35 2o TP et LS Th8anpl ed v

i s of thfobhowedabpl degitertsidry Ifmoéﬂdlafldscﬁellyf drhéretdsoéthifgatpr obl em

W th coqf &é&g rate buffer 65 exhibiting a tendency to overfill despite
3% p

all sanp t those cf YLL, ClLL and C2LL being repl ace: by zero
val ues, arrangenentpedi aie fireopiaiecy t anédlytker 4Sedapmndizl gpati al

r esol Utigg%tfaihmqa?g@ FHAONA LW PR SrsRALIALG hidd PIL BG4S gbbaued by

further lin I'n” accordance w npora"s teaching in
U. S. patamd N@wezr ssp@cm ilgs R df iBs trdbbectiosy, mnqledfnmtEpeep:FER
CONTROL &F PiRERL ngS&r@Wﬂ MAEEON Phly @E&%Dé%sﬂé@h FOR ARAEEI VE PULSE
CODE MODULATOR' assi t'o RCA Corporation. Such arrangement can be

i nst ead @lgrbﬁﬁdaéﬁleﬁté'@ t@%a‘?@ﬂﬁ@nFﬁe ¥PREIh G0% ]t%‘ée’auﬁﬂﬁFEeF élfenent s

of DPCM godgtahar aﬂ%&&od/\lftefﬁlégeﬁaer tbe@hetlﬁrrsm Irngﬁsr@ oketiiey needs
con to.facilitat s?g ﬁcedurelsto use

to be dope %tlms enlcg \F/
further E‘Elaa ’&F&Peq?ﬁalrrt(ﬁr"f G TG B2 s &FdiAFTE" 8R§LPY @1LL and
mCﬁLLhdarpEpeMﬁet bagis.o aonewﬁcthﬁefsestorargd)uz(emed sdxreﬁnt]pnsRect ra

ich are_ea eC|mate 2:1 in spatial direct Fach-o ese
One- i Xt BBRRR LS 08C AT ISk HRqtif: o8 HPaeraATves i SFRRaRe. Boeu
nmodul at otheMakhiepl exfertitd fsrsiodafhidedetondeplianecthens ate bukhevsrfser t he
L ClboagfleCelareadhal 1h foulsr fRREEHNA d Ale Ml fatsqcampeess! ng the
scan lines an a N ona in“time and delayin emswtablyfor
time-di vmreﬁrmﬂlthtmremaﬂgrs Twehkh pddaswwtrn mJtmﬁwzrzsnzeGég’reee of

motion i [ UBne 6 f gtkr S méﬂ@@g@éggg eadw pes fiut her
curtail n‘glr'l{nagfssi??lansm :’%@O?é eyo%dﬁgﬁatc%v\here only YLL, ClLL and CILL are

transmi t SBAL1ERe afitgimRRaar 1Rl CRFRadAAGRSIRA si Xt ﬁEﬁ%HaZ&bé{@t-r’a car. r~~~;~
their sanples replaced by scan lines of zeros to~ inple:n~r~ a still
further conpressed transm ssion. Appropriate zero-stuffing neasures are
taken in the interframe DPCM nodul ators so ol d higher-spatial -frequency
i nformatl on |s d| scarded | n areas of rmtl on, foI I ovm ng the pr| nC| pI es
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The description of the FIGURE 2 coder omt= seine inportant considerations
for the design of a transmttinc station. Provisions nust be mddeJ ¥ 42002
transmtting video synchronization information and zero-stuffing
instructior.~ for the receiving station, and usually there nust be sone
provision for concurrent transm ssion of sound. ~. sinple design procedure
is as follows.. One arranges to tine-division-nultiplex beginning-of-frame
and end-of -franme codes into the i nput~ B coder | ook-up table 63. If

i ntraf r aggusyatkenennoal-sep {rsdiche agueaagaref micand |ﬁ‘nelt:@ﬂ13ngem)a vi et o be

Ci e Ui VREPB- e LB R SR L ERE PRBL Lol ddor Took- THP Y EoF £984 bet ween

conpr essedattan Ifireesientne anakyzes £6r superle.etsemng asmfimteenrameom in the
out put cggepr ﬁég litéftferr 4%5 tsf?x‘?afo?d uswﬁ f ;gach franme of DPCM sanpl es
havi ng béen co 4t I vi'ston nmikki' pl'ex bit stream segnents

descri pt spét@ﬁlséamemqy thel be T Seﬁpanﬁﬁedhéﬁt 0 g atewhpaser 18S before
tine-di Vh%‘tﬁ.@emi'nt?a &ﬁ?{oﬁ%&ﬁé‘éisahe SdrR! %élhedlrleé% {6age ghgbPCM
sanples. Tc is ractice not to adm x sound (or overnmanv

intrafr aH€l§§iné1ﬁ150r$iaﬂeﬁ iS$h rwmso%wp#ﬁhmrt F€an dedre =ageYt i nPudiss,
since thtﬁe@éa%fakn‘ée aQQietﬂ{até‘é’n@ééﬁnﬁﬁész%rﬂ)‘Waé1?1&[1”‘ é%ﬂﬁiﬁi bet ween the
Y (Y ( % L' ClLLH d H~i'
C2LL" .2 Eeq@gncy éﬁ’dﬂ@?ﬁl ‘%%g?r‘éﬁpléeéf tes SdhbiEh B RRBuPESHgnal . one

shoul d appregtiatios ttata ﬁ‘@n&yc’z $i wmfcrhar:t% tdhad ael@f’cﬁfkegde@hdyn t he
FI GURE 2 ¢ %es i_.S not a raster:scdnned single video S|$ gé scrlptlve or a

conponent FSFEEnEGS PR A &R chS s heWEPESFe 1t At esyeLddSiate

bl ocks ofiipackddn mage thgleaphssuamesmima:é)lmktm mbrihodesdri bes all
conponen f c S y o] over a
nunber o?ﬁ'rrgé:ttggns'c aé}%%ngH%r??t gh n r pac QS%% ?fék lg)n[a é to
keep | owYt handumbdrcloflis aisime sndariliessyedeyrra m@rpxelcbuoekedfenmtmed

i mge da h ces t b e ifarential
delay r e%?w }eﬁ#% ti nﬂ;)?%?ﬁgiéi?g l?%%%%ggﬁgglﬁgg gr?étnfoe ‘%; o

Quadr at u2a Yy 15695 ) tad n@t f 8l Vgﬂeéllwladecﬁmﬁ’% meﬂuéatpgel f50 and

particul gl yr‘é%'#ec.tﬁx}é‘ﬂge @é‘%hggthEh%ﬂﬁEﬁ{a@ém@eél anakeuband, £&o! or
sanples in ‘cl a i s "about on h~" the, nunber of w deband | um nance

sanpl es FRefes@litfgnate "Sl%abaéEé@ |1r3-r¥ﬁ/%rl%t$7é¥\?’-‘§‘éﬁnwlltﬁe§nfur ng |ine
retrace isiigeravalsedrprl imes t@uﬁ!h?' ml@:afr&nﬁe 2frd@genpdt haklfRquersy

anal yses nevg.& ener at.e m)rﬁ % es”than_there ﬁ e&lﬂn th

ori gi nal SVP& GRIRIFRW fit *maj r‘?@‘ aft¢re En_cy al

%gflegﬂ(ra mmna]rmraafl madghay[freqﬁmr@f ofelpexgedspmlgesdﬁ)kmﬁgmazas
of pi xel s |n t ec'ﬂ.iaréq‘%)élglafIll et éggfrglm%es(%ﬁéfﬁgégld gggf%é"‘%glerl v%ah %‘Ie
skilled iLow-pass tirofnatyre al!.nsjzbteerlmn;i@rgmaw direppieniaterd 1i hge

t ai 2,b | des wh i’ﬁﬁn
Wt hon ¢ BRI 0 ddehr 0D S e L R e i B8l g
modul at oigASSH teaee ehal fetbenpuatssy qﬁteaxbnleergeeosmn Jege 2as whi ch
reduces tél MU&s | a4Re Bhe agg rtﬂl%émﬂ%?‘fl)&véé RY thUHa QP el &

Alternatively, one can arrange atial-trectuency anal yzers 45, 46 and
a7 to apPYy & REF-RFEFYEeseLBBERTS Qﬁsrlé"ct | yIB8 FRBEL &%% 2% the line

conpr essanfileds M F efsafe- in. £he0vl2,, thh ay[ espaat igitgt{yame DPCM
ive at faster rate ei ng

nodul at or_ oper at 4y
inserted$ %P%ﬁe Wt RiEmkehnadt |55ﬁ‘p§'fe%a¥%e:— gFaFﬁelH ‘rate
buffers 60-1,...60- 'mzetﬁat:aethamJtY rngr%bamdo&' uhakzmg:tdﬂ.poderaesenbl er

62. Th i

SRR Y, f?ﬁ 5 of cREFATLANCay O TReL S7 508 <

bei ng nultwetdimens sonehi guedragivre Imnercnnﬁué$saﬂlmgatles ufé Besrad shown
FI GU t f t

o oy LA oﬂgeget':?gnatlirotr?gét\:lm %bggaagg%gaﬁg tém?fgaeg' Bg

differ entﬁmefdeﬂayq:hgseparhees|Ygriaifs0 b@l’f\ tﬂ-mz! @laﬁlssﬂcﬂmrrﬁnft-l Pl ekER, a

great vard:gly, rggewet \ﬁﬁm@:ﬂ%@'é’aﬁwasgpeﬂ Xl e soheags are

poss~b~e w t hput arting omthe spitit the invention, Song of these
al t er nat iSRRG PReFater EAMRlep@rdiasy RUTANPA§ESs CoOmPadeHariyEt R oF*Ehe nore
conpl ex hadresk@mba¥ob¥ed ampdle £8P | Eram@ntisnyi.Ng Fu-tposena kl.ock of
i mage data to ~e time-division nmultiplexed on a per (conpressed) l'i ne
basis describes eight scan lines of canera 2 video s~cr.a_s, the FIGURE 4
mul ti pl exi ng schene could be nodified to concatenate the four conpressed
scan |lines of-YLL,' the conpressed scan |ine of ClLL and the conpressed
scan I|ne of C2LL Sl m I ar concatenatl ons coul d be made or the LE, 13L and
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1 4J UN 2002 -2?analysis (in one spatial dinension) of a
color-difference-descriptive variable results in one or nore bah¢-jas 20?2
subbands, wherein the sanples may take cn positive or negative val ues, and
in a remant | ow pass subband, wherein'the sanples nay take on positive or
negative val ues. The band-pass subbands in one dinension tend to alternate
sanpl e polarities between spatially adjacent sanples (which tendency is
masked by the 2:1 decimation procedyres used in heterodyning band-pass
subbands,to ze aver.age fre uengcy, ere q rature nlrr r.diltering
pr ocedur a?reéf m{oﬁég'] glﬁeqcto ohog?lggﬁrt ERAENC) Citl‘b%va‘r]‘bDS“ ok
frane11Ihemnbhanrthbatouql@ﬂemaﬂe[hh@h pasplesmbonmnnjaﬁ f he sane
position in a tele i peci.al | en the canera
position is unalte?gg gﬁﬁﬁgher34€§ﬂéhé§ Xh&f%ﬁﬁéng%g%Jg%ﬂ¥gnt in the
fiel d- of subespe@trar i gl W whd%x,p SiyobHl sph tiletlerfregeengype is

I o e

applied a u 0 i 1ﬂ§ﬂ%to {
statlstlégaffé%% aBPé%%rE@%%H ﬁgggeg%pgg.g# su a%%as?gﬁgl tend
to be si®#lGy, a@dbggamemaﬂqrw%r@ stPahbal r heequanicyt igw lfzeme Yhfferen

types Ofaﬁ&b@?ndrébﬂgéklvéﬂ¥”'iﬁaliéjaﬁﬂﬁyiéﬁslbﬂé@%%fﬁﬁhﬁﬂéﬁ@éhMV
di sposed spatial dimensions are perforned.it can be shown,_ through Somewhat

more conpRekY2REl §8i $0 geAeRAE st &t st i 4IBE vh@ﬁ%ﬁ rS akR r é8ponses
t(r)] egcrtﬁa{?@ref mubbm]gi ttgih@rrﬁhznbz?d@@al eafddt QfeQQ.lﬁat'I: |<iiﬂred_'t:‘_1§o§§ﬁéitq§t ihcs of
e delta-frane o] e Ssubba icie ar a ey can
all be s%%t?gPpeéﬁgygéo&QEWEn§ﬁﬁqgﬁAE HBﬁggd@PqiLﬁg §%bl§ LEBNgenent .
Bi ?;.T,I ngds:f)gunab GQhQEI:@J s.ﬁsQMthb;ﬁasas cmnEh]el o rd2 doter fdiie@‘onbnohfﬁr 66 to
DPCM nodyl ator _61.can, howeve ered.for _eac 0 scan Line
segnent TR TPESPnplt Ot & %%ﬁ%?g%88|3n jﬁiﬂ%ﬁﬁﬁfk? n&F s PPEM fil1
controllsxgﬁ&ltbocﬁ@@M MdﬁuﬁhtEMI%@ aaté E% signdl, twhickhonwpdate t he
changes bi ng..i Q.th u q stu ng will
al so hav%8¥obg§gcgpr&§' %M%P @Qf éf%%lVlspbﬁgﬁ%ﬁﬁﬁk?ééedgbaélgkgn t he
ir.terfregstbrPeM dddeicition @md Bbt hsebpléedpats \mmetwmﬁbdnpapaﬁ%l to

14JU ﬁb&@gamﬁ 545U N0t COd@ﬁgﬁ§Fn@h§rch6%saQﬁérﬁ‘-ep9§§dhﬁt gdcyal ue s:
in the DPCM ack ‘connect j oFFR at or ~e_forced to zero
when hi gReF13pBRtRA andedirsiielc2bnpbFections, and |;5e3URp bl bt 260 1pRUT

transnmtsegnakl GdRﬁp@wmmpae@ﬁoger fer dse aﬂaﬁx@ecﬁe;e~“~ c station of
a digital telex|5|on transnlss Syi% use.™.c FIGRE 5 codes in a

sendi ng SPaFté §HQQHﬁnC¥1%RﬁE¥?%5u bi-P §¥¥¥%ﬁﬁ?@cﬁaﬁbe Code ' r Eoejpver
(not showng uarilgresig GepPhl 6€r a8linBarseriglakepes abeeMt he bit stream

C
~rtc varjia t themto .a ndar ~. length and
t hen app??ggiﬁﬁgﬁ% E é?niﬁ& g?gnﬁﬁ%ﬁ§Ct¥§%§§St|§QF codi ng decoder
| ook- up sabteaazfndquﬁndyI&na&ysnaptesamnﬂqfnqmt¢mabyaecsteéaEnuxﬂW@

encr at ot By | BoCTE I & 807 of S P EaTES oa Tt | T P ot Son0 (ELRQ) rate

buf f er nBRBAYsS8s. sl pufren eeawgpend:sfp 't o«hmrm@ueﬁéonﬁomr@ ©h- | engt h

code unpagkesame ftd£6¥¥“£s”€9b3kﬁdtH€CM Pﬁﬁeétoﬁ ti Mgt the
unpacker . The Unpacker 84 converts the no |e C ? ~o conwenti ond
|nterfraﬁé5DPCMhﬁgﬁhﬂ Sqmﬁi$ﬁgeFﬁFén€fDﬁCNIS|gnal from unpacker 8~-' s

suppl i ed to an i nt enfd ayECIPEMdeTRdyeneara d Wi fodsyaRbies 43 g eam of
spatial -freouency anal ysis sanBIes a.time-djyv]sjon nU|tI§L%g§§
conpri si AFEl HAE dNRiHeekOF atet UEreivisdon mplelobessr 66 5, 90-6,

90-7, 90i8te?qedved)-thtem 9%nli pag 86ah? lilidevexpander suppaybuf fets 90-1,

toa

90-2, 90-3 and 90-4 LE~:
spati al - @%& f%%ﬁgL¥z§#r§imtﬁ§tlé%ﬂﬂ?éﬁﬁﬁ?ilshgnép PPalefﬁgghency
analyzerc@ﬁamats&mhﬁ&maﬁks aAdsgmb&aijQsﬁgﬁe&tsLzaeoenpdm&emamnEES

buffers 1HL ghals to
auspat| alg1 e(?algﬂpi/ é‘%ﬁt%gﬂgtgg gf #E@hy s %nen?gg%%e%glgia&]er}ﬂrequency
anal yzer o46 zamb-r‘mghmdasempéeal girei p@dn@lr‘@,d:@né@ aLIﬁ@g@XMd@ﬂ Yes e
buffors 90,9, P00 1 80- 11,00 9012 ssumply L2Lk: <25 CLHANG £2-csi gnal s
to a spatidl-Xtequenty synt Res=zer -t Aat conpl enent he spati-al -Trequency
anal yzer aﬁ@m&zeg@heaadegra @u@ﬁttllicéldl@ng @n‘éhe ze;04-vme2.@amr2.es Each

of the Spald e (2GU0CY angNbNethadd U PPednds9dddieiulas P urality of
olators for resanpling. the_subband coqgonent

spati al - uency interp

si gnal s §ﬁ£$%%§ﬁ@%ﬂl@@ diREUECLE It HOFRIUP sbaplen§3rat 45 &3 r%%pectlve
cutput signal Y, ClL or C2. Away to performthis resanpling, which is known
to those skilled in the art, is as follows. Afirst step is inserting
zero-valued null sanples into sanple positions in the expanded spati al
natrlx of each subband mhlch p05|t|ons are not f|IIed by correspondlng
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The spatial -frequency synthesizer 92 includes further steps of spatial
interpolation for resanpling the synthesized Cl signal to havel#hd/NZN2
nunber of scan lines as synthesized Y signal. Simlarly, the

spatial -frecruency synthesizer 93 includes further steps of spatial
interpolation for resanpling the synthesized C2 signal to have the sane
nunber of scan lines as synthesized Y signal. It is convenient to perform
these further spatial interpolations ThRtwo dinensions --i.e., horizontally
as wel | akeybiZe@alRymosgapeirdulbar IGpde ek ef BersJeo0 1o acsEGA- 9@l xi ng of

the synt hgshaed ?(Ro@ ard &2 sijgnal s digitally. The conpensating delay as
in the coder car, take into account. the del agel nvol ved in thege further

spatial interpol ati B¥sYeE Of &XFmel S gHF SCOBRRI L8 ERESH MRS & t he

i nventi cnmayebdeHafifhat \Wrledi nrElelipyncoapensatues , ohorle frquenkiy N 2002
Ln the coder, in_other enbodi nents o~ the i n_ delay

2F _is solel ntio
corrpensat?cdﬁl‘f%ﬁfzngezgfrtoeé’taéﬁlq F¥het AR - Fﬁgt Ga&°%6r I‘PE&GE’E' ¥pport¥ oned
bet ween t heedoter gan@rdft@o@rpljeﬁ}gld:@sﬂetmndmalaagvreomrﬂm enms19s 1 ¥uand 96
convert t ner, d [ |= :.c analog Y, Cl1 and
C2 signal ggflh%ggaggaéz%%p dh{%ga%%ltg(r} %%tl’?)%lczé]ﬁc%l%r cw try 97. Col or

mat ri xi ngsérﬁéghﬂ'—rﬁ'&bmrﬂemt@dl@gaﬁam@ Y, TOE ars¢ O sitgnatze fox

suppl y ree!o(aB) anar 889 andi k) L@f(&ué‘ﬁhierﬁhgfl%'n%ﬁt% 3 £ noni tor
recei ver 98 %ﬁl noni tor receiver 98 also rec |ves synchr onlbzatl on and

sound si gﬁé@?et‘sr SR IS i3 dbcbider CREETs
I(_Al ter Inat u:\eelskbnamleort?d’(gids xi lrrm@aao@esdgmgzmmaﬂllte abf gixie'i|oﬂ' e«aim?us

i nearly nin e ital ~ Si roms requency
synthes, 2B0E EnEi Bl Hadl unet oa B8 & AR EPELYS (Than:
tie digi ta:lonRerGeancMB srrlgnakhsatamblesntzhet &d ttso maltngsd? cédles. . d B

signal s far,4pRhicatd an @d@%x&)yﬂ?%ﬁ% B%ﬁe‘éere% "ﬁt@ ﬁpp;gprggt €
digital to ana converters MtriXirg in the analog realmis
pref er abl &si @ft rsdotior. shiushtreoh ABLESUNE®ER are sinpler to make, not

recruiring fast d~c rrssdubitpl h?ésskré\a@?_ TRIgEri &6 €ecoses seetakn codes
| oaded ~o rate buffer 83, synchronh\’éI ng ¢ es Whi ch descri be beginning or

end of fr&R&e rorﬁ%l‘?t@ totegH ESHE PR D ey i PG BPendRef scan
li ne, ot h@m EvaaEe_of thdesawhiene bsed,leanfticodes thlalei @8l satguwhat

Cont ol e Y, e (Sl L eS8 £ 1S o ISR FOESSrRLEBHEPL! 0 10
synchr oni Zinfrashizsd thy t the rhs-3eogéhcengfoding eprnasse. S|©ﬁap$te th

A B, C D, E, F ng% e r , R S, T,
U Vv, Wcont ro{ﬂ er ‘g] of 3{;‘_%@9?gﬂce %%d %ﬁ% etllﬁ%te #?\%ggx anaer rat e
buf fers of°FISHELRE R Ei E]hedéﬁﬁﬂﬁﬂ-ppé%ér 19?0 1W¥@llérc‘86r§95ppec§ué§nt rol

signal to wdecogiieldlvB2ishanaleaple&tiiny @Q to o fy ¥is, operaticn
characterstics i cont ol l er 86 recel ves it rakB ' r ab8 puftédr. 83
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DpCM denodul ators 101-104, which operate at one-half the full Y sanmpling
rate rather than the full Y sanpling rate. (Since YLL and YHL h{'e’UN 2002
interleaved on alternate scan lines with Y~ and Yes, two interfrane DPCM
denodul ators properly tinme-division-nultiplexed at scan |ine rate can be
used to replace the four DPCM denodyiators 101-104, if one so desires.)
Siml arI ra n CH L ' d i s. 1 application
to C1 spatl aﬁg?géqu{éhgy g‘/cnt hesfz%%lﬂész g&lﬂaﬁg gg%lar?tsletlg}fq?éane %1(3

denpdul &&RREEADEL1P8MONRki dhagparg AR L age-Rase tfrr@nreul-r GIE sBPpRi A§*r at e;
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out to V\BQE:Q:LE:DQaﬂb}baﬂféﬁaﬂﬁé‘ésaélQv”@h@nﬁiﬁi§%ﬁh§ﬁ”@h§§ rbActhe
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val ues f fa t ogﬂ.gé) al 0§ A and
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4JUN2002 2, Thusfar, in d ing the, operati f th FIGU
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buffers mddhfiestddong pb@cwﬁlre's_rduxi chi§R-hbte oex Fruhess res e buffers
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the corrasponsi ngn coMpaeased Sk imeRosy ¢aab)subhand gonpeagnt of v, Cl

or C2 are secxuentiallv polled one pixel sanple from each Ilp , advanci ng
one p~x-~ 1SLFCFF%%%hVF|H€r§f Peing §RoKRE| &8, IRRi ¥AFD RN 2IFntFFealEs t he

subband s,rslatf% Lhé‘!é"é amgﬁfe&ewqe@la@@ﬁwsr Qlﬁmat lmamuhlrma <§§ﬁt\h1|nenef‘0f "t .
conposi t e subband signa es the line o or| vi deo
signal befl§ eSS Eéﬂﬁg%j@é?ehsn%gé ﬁ&ldn?r%hn?ﬁ e‘seg}lés ‘é‘ach
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-?0sophi sticated rate buffer circuitry ir. the codes and decoder
time-division nultiplexers permts Y, G and C2 sanpl es descri ptkveunhogphe
sanme portion of the image r.e be |l ocated close to each in the digital

sanpl e stream supo’' ~,ec to the interframe DPCM nodul ator. P11 the subband
signals in a block of inage data (i.e. in a cycle of tine-dive=ion

mul ti pl exes operation) have the sanme nunber of sanples per conpressed scan
i ne and can be polled sequentially tw-generate the digital data stream
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whi ch predi %gg SVal Elg Vgré’ﬂr&% eaﬁciud“i’he W%hgjngzeﬁ%ﬁfe FEYSF S UBET act or
141. The RAMnweLteaapdereead a@mﬁssaqmeraxlhgbatanhendntéen.ence_ompmjt port

of SUb”aﬁﬁmBﬁa'ts %UQJt%IFcfa%% E@r&'%ﬁia%ﬁo&éé’eﬂz&% 134hi‘2a&§9°%%*fw%n 1s

conpensati on es I nsofar as duration of dela

i s concer ﬁBHPlaﬁé Phie rééleaybélcf@rr &S stynere i S1khpppnegotdernébyvia a
spati al - feeﬁneaeannabyzerrnM&un'ipeiéﬁlofrsgyenewnaﬂanéer 6b43 sdidf ers from
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spati al - fr:éoseuepcyemqu yioarts df6tlandt i, psocers l:apabflllartef efdors in Cl
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controller gjgi%g 1 Ioc?&\gle exp 'aclgr(‘ﬁe%g{’? Bﬁﬁélr&g%% ?TéachcogE ‘output rateée buffer
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Fill controller 166 also controls zero-stuffing procedures whenq, Jun 2002
hi gher - spati al -frequency conponents c~ the Y, Cl and C2 signals are not to
be described in the code output fromthe FI GURE 8 codes. Wen a

hi gh-spati al -frequency conponent is to be omtted, fill controller 166
directs a widening of the zero range bln in quantizer 161 so all out put
sanples c~' the scan |lines of 1 4 J-14-N 200 -33the suppressed hi gher
spatial f Vv _C ts ak [ Q. lggg,ti_ Iy i 1§1ao t.put

si gnal . F%%?ggg%#o?%g%& al%gci)¢3 s%%rrllgisl\ﬁ? cont 'r%?r.gg?g a%gig’/leé a cgﬁ?iéct ~on
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used in ckeskngtthenl ?hgbfm@lae fREMuRA Y RiGHE | P0PodMhI €5 €aBt Eakesi gnal
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g R -
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frame areifeeeedlt BezekenvalleeksOt nayadodid yo het b EIRECS taades nby
replacing,decgder %p%%%atus 167 w th decoder aggargtus of the fallow ng
type. QuafitF2&rt16 pIE ST G SUPPITRY t9 GUePHE- afviEreRs:
mul ti ~l exépoki ke @@bdkskl GURE 7 for apportionnment to interfrane DPCM
denodul ators |ike 1Q]- ) @R afNse s nds..f .t:hese denodul ators
are apportioned to g%&##%r?PF3£uency(§§%t %s#gggsgﬁfkéggkhggéb; FI GURE 7.
The v, ClovardleFigidgridles qosigerrdrtaed Bite neuspari BP- fr&gaerey 2oy si zers
are del ayed t@eb@nofe frate draiter il 4id®s thRarthRo¥iokl cardr a2 isi gnhal s
involved in their org gl nat i oﬁn and ar.e, %§$I i ed %o ﬁhg subt rahend i nput ports
of subtraCfGPERER1 Oh dPaG IEales o hkFT VPRt YA} ARPUSACRS. FINGURE 8
codes whenett te saialed] d0 witildi tal tlvamvepdei 8121¢, ca2tehpoared liyn@suded in the
DPCM | oop ;ar ossihl e. Enbodinents of .the_inventio I.e si bl e i.ch use
 Somewhat OHEH SEAT 1y E SRTRTEE St P hoaF BERA Rue PASY e en L
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portions qf, {.h Vi i t hipiti i r f.r. £han A this
di fferent %t?gtgh%iuat?euect‘he O\E\Hikg%%%}?a - f rgéuéeﬁ%%kggrsrpgﬁgntt of Vet r‘%% sdl‘gnal
(i.e. YLL PRORTsisprdt)alisExemeamel cComrereBEs Bét ffhien 1t e darcddenat the
sendi ng staafd YosAb il dheclecodesn@tct heigeeekiign@1st ald a1 10 detect the
| arger val ues of. Y er orﬁil nallindi cative_o. areas of. . nt erqpe pi xel
change. | ASCHESE SHOAC T 1P Predr et s bal IaE SROWFy & Rhigh-SHatiial - f r equency
conponent FHAYREES f ramdeetipi ®vp ooseduaaeiar enkiikédlayyt cdechen error and
zeroes ar ed into. [ Ln.th 002 3" serate
differentﬁéﬁ&ﬂﬁﬁégzcdﬂgyﬁggu %:%ﬁﬁgﬁggﬁff gFekpégl-gbwgéicod%°d@%%ﬁﬁFétor
menori es far forlddsti ~~ val ues. In areas where interfranme charge is not

det ect ~~, zero- st uf fyign t o r&PLAEEo;NESRASRABMES i DUIPuEORSre Wurfer |
hi gh-spati al -frecruency detail is retained. This alternative zero-stuffing

|
procedur e & 1 IGWP B¢ ¢ akb P FEALIGBGENVAGE S Athe act Ll hi Gizer
spati al frigguaid esrafie DPtMresahivetdoas wel,l so ther Fenpoidl pysorpspatial ly

as |ower spatial frequencies in_.areas.where jon occurs_in-a_sequence of
i mge 1 arfbs. S Etbodt 1t <C DBt hS2HRY e ReLEn SRTb 0t SRR RRT 2RE oRE 38/ﬁt he
| um nance madplorteots 033 vi S¢ bl 85| i §AL B8 dingi 158 las twelnkshi aredfoEpbddLaent s

of the iny, i on | 4] i h a SENS fia f - tral
energy or ﬁ%# 'avi%ﬁ%t%ﬁé?gygllhgtaggd?gf}no%h%nrggfd% t oan%é[@i ﬁsl?gﬁgc??g%t
energy. Emerli #ese sfofcedetpngerdionThie p6s APBie Rihefii bRl @head

techni quesn@l €ipBeihg affefgefAitR0 Bl @eRIWEM ngoraeBhss af ditheal
i nvention ar% pos§|blg.mh§re th? d=nc_procedure to be. followed is sgnbol
coded, thiSPHEYPHC dbREIBEFEVEeC h%ﬂﬁﬁn99&%ﬁ§+9ﬂxﬁ9ﬁfiﬁ%&%dh?elpoeﬁg$ | op
modi fi es DEEM the inputashgnadzto the coder look-up table 63. during
a time interval between frames (or between blocks of image
data), to signal the receiving station of these actions
taken at the sending station. The receiving station can
then‘force to zero predicted values of Yor, Yppo T and
possibly Cypr. Cyrmr C1mmr Comns Corm 2079 Copm .
its DPCM demodulation circuitry and substitute zercs at the
appropriate places in the signals supplied to 1ts ¥, C. and

as well) in



35 CLAIMS 1. Inproved sending apparatus for a digitally tel evised sequence
of image franes described by a plurality of conponent video signaltsJU pi2h
sendi ng apparatus is of the type including: nmeans for interfranme
differential pulse code nodul ation (DPCM of said conponent video signals;
means for run-length encodi ng of zero-value sanples from said DPCM
nodul at ed signals and neans for stat1§éjcal codi ng of the run-length codes
and of non-zero-val ue sanpl es of said nodul ated and run | ength encoded
signals, ‘hePBRELSAd eI dipr3 T hguSAEahe FEESPFRE “di Vi sican

mul tipl exafd €31 ¢icerpeieiald demrsd gdtad gl dogetbethpti @het 0 sai d

L1 et ent LaLeBeL 3% gde ot it on oS 0cl enat nencod 1 and stat sticel,

means f or amel vifpltdvel Nypen degerilsodrbyihe ¥asbshiZf Lnphased .sendi ng

apparat usptepng dibgiitidldes difl &V se0 $69USE6€49b ) TBERce the spatra:l
resolution of the image. However, the zero-stuffing
procedures remove higher-spatial-frequency information in
the predicted image, avoiding an aliasing that is very
apparent to the human visual system. This aliasing shows
up as a "ghost edge". With zero-stuffing, aliasing does not
occur in the spatial domain, where it is very apparent to
the human visual system. Rather there is temporary
reduction of bandwidth which is not as noticeable and 1is
corrected with time.

FIGURE 3 shows how each of the line-compressor
rate buffers in time-division multiplexer 60--e.g. rate
buffer 60-1--can be constructed. Assume the successive
scan lines of the spatial-fregquency analysis supplied as
input signal to the FIGURE 3 line-compressor rate buffer
are consecutively ordinally numbered beginning at one using
modulo-number-of-scan-lines-per-frame arithmetic. A
line-rate write~input multiplexer 70 directs odd numbered
scan lines of the spatial-frequency analysis to the
input/output bus of a random access memory 71 for writing
thereinto, and directs even-numbered scan lines to the
input/output bus of a random access memory 72 for writing
thereinto. RAMs 71 and 72 each have storage capacity for a
scan line of samples. Any WRITE ENABLE signal pulses are
directed by a line-rate write-enable multiplexer 73 tqg the
one of RAMs 71 and 72 being written that scan line, and any
READ ENABLE signal pulses are directed by a line-rate
read-enable multiplexer 74 to the other of RAMs 71 and 72
during that scan line. A line-rate read-output multiplexer
75 connects the input/output bus of the one of RAMs 71 and
72 selected for reading and not selected for writing to tThe
output connection of the FIGURE 3 line-compressor rat
buffer. A line-rate address multiplexer 76 connects a
write address generator 77 to the one of RAMs 71 and 72
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r s described by a plurality of conponent video signals, which sending
;pggfatus i s of thg tyBe incluéing: nmeans for interframe di f f et éntUNaP00Pul se
code nodul ation (DPCM) of said conponent video signals; neans for
run-| ength encodi ng of zero-val ue sanples from said DPCM nodul at ed signal s
and means for statistical coding of the run-length codes and of
non-zero-val ue sanpl es of said nodul ated and run | ength encoded signals,
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scanning address generators which generate the successive
addresses of pixel samples along a scan line, though the
rates at which the successive addresses are scanned are
different for the two address generators. The write
address generator 77 can be shared with other
line-compressor rate buffers operated at the same sampling
rates, if time-division multiplexing permits, as it does 1in
the FIGURE 2 coder. The respective WRITE ENABLE signals
received by the rate buffers from fill controller 66
control the time-division multiplexing insofar as writing
to their RAMs is concerned. The read address generator 78
can be shared with other line-compressor rate buffers
operated at the same sampling rates, if time-division
multiplexing permits, as it does in the FIGURE 2 coder. The
respective READ ENABLE signals received by the rate buffers
from fill controller 66 control the time-division
multiplexina insofar as reading from their RAMs is
concerned. The FIGURE 3 hardware functions as a
line-compressor rate buffer, owing to the rate at which
‘read addresses are intermittently supplied read address
generator 78 being faster than the rate at which write
addresses are intermittently supplied by write generator
77, and owing to commensurate differences in WRITE ENABLE
and READ ENABLE pulse rates. Samples written into one of
the RAMs 71 and 72 during one scan line of a
spatial-frequency analysis are subsequently read out in
half a scan line. The FIGURE 3 hardware may alternatively
be used to provide for line-expander rate buffering by
making the rate at which read addresses are intermittently
supplied by read address generator 78 slower than the rate
at which write addresses are intermittently supplied by
write address generator 77.
FIGURE 4 is a timing diagram of how time-division
multiplexer 60 can be operated, which also is helpful 1in
understanding how fill controller 66 operates in the FIGURE



basis scan |ines of different conponent video signals that arg,afN sgst
substantially spatially corresponding. 3. Inproved sending ap aratus as set
forth in Claiml or 2, said inproved sendi ng apparatus conprising: neans
responsive to each of at |east one digital video signal descriptive of a
sequence of image franes for performng a spatial-frequency anal ysis

t hereof to generate for each said digital video signal a respective set of
subband signals, at |east some of whi 67 subband signals in each set are
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scan line of YLL samples i1s followed by a compressed scan

line of YLH samples, Cq and C, are each shown as being

subsampled 4:1 respective to Y in both the horizontal and

vertical directions, which provides for a simple packing

format in time-division multiplexer 60 output signazl to

run~length code assembler 62.

If the rate buffer begins to £ill up too much

scan lines of Comm' C1mm and Yim samples are replaced by
scan lines of zero values altogether if the fill rate 1is
high or selectively if the fill rate is sufficiently low.
If the rate buffer continues filling up more, or if the
fill rate is quite high, scan lines of Courr Cimp and Yer
samples can also be replaced by scan lines of zero values
If the rate buffer continues filling up more, or i1f the
fill rate is very high, scan lines of Corm' Cinm and Y,
samples can also be replaced by scan lines of zero values.
The run-length code assembler 62 responds to each scan line
of zero values to furnish coder LUT 63 an address that
selects a short-bit-length statistical code output signal
to parallel-to=-serial converter 64. The reduction in
overall code length of these frequently appearing
short-bit-length statistical codes substantially reduces
the rate of filling the code output rate buffer 65.

The measures described i1n the preceding paragra
could reduce fill rate of rate buffer 65 almost four time
were zero-value sample runs about the same in various
spatial-frequency subbands of a signal. QMF
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said synbol codes. 6. Receiving apparatus for synbol codes descrijhj pgnapm?
digitally televising sequence of inage franmes, said receiving apparatus
conpri si ng: 14 J UN 2002 37 a synbol decoder for generating a sanple
stream of differential pulse code nodul ation (DPCM signal of interfrane
type fromsaid synbol codes, a time~dbvision denultiplexer for separating
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This, in accordance with A. A. Acampora's teaching in U.S.
patent No. 4,700,226 issued 13 October 1987, entitled "RATE
BUFFER CONTROL OF PREDICTED SIGNAL DECIMATION AND
INTERPOLATION FOR ADAPTIVE PULSE CODE MODULATOR'" and
assigned to RCA Corporation. Such arrangement can be
instead of or in addition to changing the binning in the
quantizer elements of DPCM modulators 48-59.

Where further reduction in image resolution needs
to be done at times, a convenient way to facilitate the
procedure is to use further quadrature mirror filtering to
subdivide each of the Yrr CiLL and CoLL quarter-spectra
into a respective set of four one-sixteenth spectra which
are each decimated 2:1 in each spatial direction. Each of
these one-sixteenth spectra is provided with & respective
interframe DPCM modulator. Multiplexer 60 is modified to
replace the rate buffers for the YLL’ C1LL
with four respective rate buffers compressing the scan
lines an additional 4:1 factor in time and delaying them
suitably for time-division multiplexing. Then 1f a high

and C2LL eacn



14 J UN 2002 38 value sanples, followed by neans for statistical caoding
of run-length codes and of non-zero-val ue sanples, wherein t heldadyV 2002

i mprovenents conprises: neans for time division nmultiplexing the
differential pulse code nodul ati on responses of said conponent video
signals prior to said statistical coding procedures, wherein said neans for
time division nultiplexing includeszgreans for interleaving together on a
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descriptive of 4 sequence o Irags Fardss 1 of ~pertormn
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all of the quarter spectra to avoid differential time delav
problems altogether.

The description of the FIGURE 2 coder omits scme
important considerations for the design of a transmitting
station. Provisions must be made for transmitting video
synchronization information and zero-stuffing instructions

. for the receiving station, and usually there must be some
provision for concurrent transmission of sound. A simple
design procedure is as follows.. ' One arranges to
time-division-multiplex beginning-of-frame and end-of-frame
codes into the input of coder look-up table 63. If
intraframe synchronization (such as change-of-scan line
code set) is to be employed, the intraframe synchronizztion
symbols can be time-division-multiplexed into the input of
coder look-up table 63 between compressed scan lines. One
arranges for there being sufficient room in the output code
rate buffer 65 at the conclusion of each frame of DPCM
samples having been coded to time-division multiplex bit
stream segments descriptive of sound into the bit strea
fed into rate buffer 65 before time-division-multiplexer 60
starts to supply the next frame of DPCM samples. It 1is
preferable practice not to admix sound (or overmany
intraframe synchronization symbols) within the video-Irzme
time slots, since this practice better concatenates

zero-value run lengths between the YLL’ YHL’ YLH' YEH'



signals together in time, thereby to forma digital sanple streqn€J§ 0
differential pulse code nodul ator for generating a differential ‘pul g %@%e
nodul ati on (DPCM signal of interframe type fromsaid digital sanple
stream and a synbol coder for generating synbol codes descriptive of
sanples in said digital sanple stream 10. |nproved sendi ng apparatus as
set forth in Caim9 wherein said neards for perforning spati al -frequency

anal ysi sCpgf f of an@l 1HS$£S rh}?, re} gt i veby wi @ebandndi didgl segeensegnal
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2002 39 franes on two les and ital video signals for conpleting
a full color descrPpe ehafldaappsequakee U peigd fSuRRSSIMe FApReved

sending 8RR aUppay SWAPTLD Lile (FebRE wheicdid) Al hoynpol coder

i ncludes: nmeans for run-length encoding at | est zero-value_sanples runs in
sai d sanppéter-scanned 51ng e video signal descriptive of a

component of image. Rather each successive frame comprises
successive blocks of packed image data, each successive
block of which describes all components of an image (in
each of its component primary colors) over a number of
raster scan lines. A criterion for packing of image data
is to keep low the number of raster scan lines described
per block of packed image data. This reduces the amount of
rate buffering and differential delay required in the
time-division multiplexing to pack image data. Quadrature
mirror filtering followed by decimation lends itself
particularly well to image packing. The total number oi
narrowband color samples in Cl and C2 is about one-eighth
the number of wideband luminance samples in Y so thev can
be packed in over a few scan lines during line retrace
intervals for the television camera 2. The
" spatial-frequency analyses never generate more or fewer
sambles than there were in the original video signal-
(though continuing spatial-freuency analysis procedures
incur increasing delays). Therefore packed image data
blocks continue to have a general spatial correspondence or
mapping to the areas of pixels in the original images from
which these data are derived.

One skilled in the art of digital systems design
will appreciate there are certain modifications that can be
made to the FIGURE 2 coder which are within the spirit of
the invention. FIGURE 2 shows DPCM generation using
modulators 48-59 before line compressor rate buffers
60-1,...60=-12, which reduces the sample rates at which the
modulators 48-59 must operate. Alternatively, one can
arrange for spatial-frequency analyzers 45, 46 and 47 to
apply their analysis results directly as 1nput signals to
the line compressor rate buffers 60-1,...60-12, with a
respective interframe DPCM modulator operative at faster



stream thereby to generate nodified DPCM signal; and a | ook-up table for
statistically coding said nodified DPCM signal to generate sai di §\mnopo?
codes. 12. A systemfor digitally televising sequences of image franes
conprising an inproved sendi ng apparatus as set forth in Caim9 and at

| east one receiving apparatus linked to said sending apparatus by a digital
transm ssion link; said at | east one receiving apparatus conprising. a
synbol decoder for generating a different2al pul se code nodul ati on ( DPCM

signal of _i f fr. | - nq8| C - | decoder. faqr_
generatin% ég%1é§?§ Eﬁgﬁﬁéﬁéggﬁqgg%ﬁé}taEaégggﬁgts %E%%%66§§r$§iﬁg““
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compensating delay line 44, of course). If one is willing

to use a more complex differential delaying of the signals

being time-division multiplexed, a great variety of

alternative time-division multiplexing schemes are possible

without departing from the spirit of the invention. Some

of these alternatives offer certain operating advantages :in

exchange for the more complex hardware involved. For

example, continuing to suppose a block of image data toc ce

time-division multiplexed on a per (compressed) scan line

basis describes eight scan lines of camera 2 video signals,

the FIGURE 4 multiplexing scheme could be modified to

concatenate the four compressed scan lines of_YLL; the
compressed scan line of CirL and the compressed scan line
of Corr Similar concatenations could be made of the LE,
HL and HH spectra as done with the LL spectra. This could
simplify the generation of control signals by the
controllers for the FIFO rate buffers handling symbol
codes.

FIGURE S shows a simplification of the FIGURE 2
coder structure wherein the multiplicity of interframe DPCM
modulators is replaced by a single DPCM modulator 61
operative at the fast sample rate. Consider why a single
DPCM modulator 61 may satisfactorily replace DPCM
modulators 48-~59.

A spatial frequency analysis (in one spatilal
dimension) of a luminance-descriptive variable results 1n
one or more band-pass spectra or subbands, wherein the
samples may take on positive or negative values, and 1n &
remnant low-pass spectrum or subband, wherein the samples

invariably have positive values. A spatial frequency



nodul ati on (DPCM signal of interFranme type fromsaid synbol codes, a
time-division demultiplexer for separating said conposite DPCM g&ijymnapoodf
interframe type into conponent DPCM signals of interfrane type descriptive
of 1 ~+ J UN 2002 40 respective subband signals providing
spati al -frequency anal yses of at |east one digital video signal descriptive
of successive image franes in sai d<eguence; a respective DPCM decoder for

generatlagaiy@ﬂéeash %Iéperfféﬁlﬁ%xﬁéﬁ@@ban oifnter frane type said
respective, su aa and, neans resgﬁﬁilve to_the respective
g %g SE§
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i ncl udes: gook up tabl verting.s nbol codes to, a stream of non
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sanpl es guitiSahd, S@hdrein' the samples may take on positive or

negative values. The band-pass subbands in one dimension
tend to alternate sample polarities between spatially
adjacent samples (which tendency is masked by the 2:1
decimation procedures used in heterodyning band-pass
subbands to zero average frequency where gquadrature mirror
filtering procedures are followed). There is a pronounced
tendency towards frame~to-frame correlation between pixel
samples located at the same position in a television camerza
field-of-view, especially when the camera position is
unaltered and there is not too much motion content in the
field-of-view. Accordingly, when a DPCM signal of
interframe type is applied to spatial frequency analysis in
one spatial dimension, the statistics of the DPCM responses
of all these types of subband signal tend to be similar,
substantlally more so than the StatlSthS of the different
types of subband 51gnal ) When spatlal analyses in two
orthogonally disposed spatial dimensions are performed it
can be shown, through somewhat more complex analysis, that
the statistics of the interframe DPCM responses to each
type of subband signals also tend to be similar. The
statistics of the delta-frame DPCM of the subbands are
sufficiently similar that they can all be statistically
coded using the same coder look-up table arrangement.

Binning control signals sent via a connection &S
from £fill controller 66 to DPCM modulator 61 can, however,
be altered for each compressed scan line segment 1in 1its
input data stream. Coder table adjustment signals from
fill controller 66 to coder LUT 63 can be altered as well
to accommodate the changes in binning in the DPCM modulator
61 quantizer.

Zero stuffing will also have to be carried out on
a time division multiplexed basis in the interframe DPCM
modulator 61. Both the output value from modulator 61 to



DPCM si gnal ; and means responsive to said run |l ength codes for 14 JuN 2002

I nterspersing runs of zero val ue sanpl es anbng non-zero-val ued sanples to
recover said DPCM signal. 15. Receiving apparatus as set forth in Caiml1l,
wherein said at |least one digital video signal conprise a relatively

wi deband | um nance video signal and two relatively narrowband chrom nance
vi deo signals; and wherein said neans2éesponsive to the respective
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each havi espectjve differengce out ort upplying. a respective
di gi tal P?Gﬁmé §n§lo Stedds & Yes ‘6 & E‘ht§§r&°§| -gi FalC%s g™ %'Tpgnal
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spati al -fgeque VA IS eof ene J U N2002 41 each
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said digital ror signal S|gnaam At°T east
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generating fromsai d sub S|gna glta pul'se co ation responses
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63 in the FIGURE 5 coder. The modified DPCM samples
generated by look-up table 82 are fed to a first-in,
first-out (FIFO) rate buffer memory 83. FIFO buffer &3
responds to instructions from a run-length code unpackerx
to admit modified DPCM samples one at a time into the
unpacker. The unpacker 84 converts the modified DPCHM ¢
conventional interframe DPCM signal.

The interframe DPCM signal from unpacker 84 i
supplied to an interframe DPCM demodulator 85, which
supplies a stream of spatial-frequency analysis samples tc
a time-division multiplexer 90 comprising line expander
rate buffers 90-1, 90-2, 90-3, 90-4, 90-5, 90~6, 90-7,
90-8, 90-9, 90-10, 90-11 and 90-12. Line expander rate
buffe;s 90-1, 90-2, 90~3 and 90~4 supply Yo Yor, Yim
YHH signals to a spatial-frequency synthesizer 91 that
complements the spatial-frequency analyzer 45 and
regenerates a digitized Y signal. Line expander rate
buffers 90-5, 90-6, 90-7 and 90-8 supply Cinns Cimnc Cipnm
and ClHH signals to a spatial-frequency synthesizer ¢2 that
complements the spatial-frequency analyzer 46 and
regenerates a digitized Cl signal. Line expander rats
buffers 90-9, 90-10, 90-11 and 90-12 supply Corrr Comr
CZLH and CZHH signals to a spatial-frequency synthesizer ©2
that complements the spatial-freguency analyzer 47 and
regenerates a digitized C2 signal.
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coarsely quanti zed digital sanple stream a synbol coder for gengriadim@ii2as
an out put signal fromsaid sendi ng apparatus, synbol codes descriptive of
said nore coarsely quantized digital sanple stream and apparatus for
generating fromsaid nore coarsely quantized digital sanple stream
respective predicted values for each said subtractor respective subtrahend
I nput port. 17. Sending apparatus as set forth in Caim1l6, wherein said
apparatus for generating a respectivesprediction signal for each said

subtractor respectipg:subt raheng,iaput - E9ét:ueaebu@%m%@ 1zl tames
dlfferent%giéfulse code denodul at or for denpdul ating said nore coarsely

quanti zed 3 NGt SthLARt b S4i 8PaGAAL FER TS Seherate a time
di vi si on imddrg lexest si gmal r@@m@lﬂn@gtaer eapeehidveckplorein ts uhhatkd si gnal s
dooct! PR, 28ch SBL Shalfal video oot gnalcd el s ey
tinme-di vnsaapecmul\te p¢1et<reu1tfs>1g1seba1fat C gprf cgm sam ety re> died 5310m
mul ti pl exgd ?PP@ eQn?X sggdéggggdgla% s d :Eﬁﬁfqh 4 Ve set of
subband S|gnals applied’to eac sai d spati al re uency synt'hesi zer for
causi ng &ﬂﬁynt%%siieﬁohlgwﬁal $|§é55§|§ﬁép is inserting ‘zero-valued
null samples into sample positions in the expanded spatial
matrix of each subband which positions are not filled by
corresponding actual samples from the sparser spatial
matrix of the subband. This first step is a
spatial-frequency carrier modulation process that generates
low-pass and band-pass spatial-freguency spectra. A second
step is to use filtering to suppress the unwanted spectra
generated by the first step. (This filtering 1s gquadrature
mirror filtering in the case where the coder
spatial-frequency analyzers used quadrature mirror
filtering to perform spatial analysis.) A third step is to
add together the interpolation results from the second
step, which results have similar sampling densities. Where
spatial-frequency éynthesis_of signals subjecfed to pyramid
reduction during spatial-frequency analysis is sought, the
foregoing procedure is reiterated.

The spatial-frequency synthesizer 92 1includes
further steps of spatial interpolation for resampling the
synthesized <, signal to have the same number of scan lines
as synthesized Y signal. Similarly, the spatial-frequency
synthesizer 93 includes further steps of spatial
interpolation for resampling the synthesized C, signal to
have the same number of scan lines as synthesized Y signal.
It is convenient to perform these further spatial
interpolations in two dimensions --i.e., horizontally as
well as vertically-- particularly if one elects to do color
matrixing of the synthesized Y, Cy and C, signals
digitally. The compensating delay 44 in the coder can take
into account the delay involved in these further spatial
interpolations of Cy and c, signals. (While embodiments of

the inventicn are described wherein delay compensation of 7

<



therefrom and nmeans for del aying each synthesized digital video gigpaN H®
generate a respective said prediction signal. 14 J UN2D02 42 18.
Sendi ng apparatus for conpressing a digitally televised sequence of inmage
frames including | um nance and chrom nance conponents, said sending
apparatus conprising: a nunber at |east one of subtractors, each having a
respective m nuend input port receptive of a respective digital video

si gnal descripiixe of a _sequence of rﬁﬁge frames, each having a respective
subt r ahendSi APUELBoRE FECeOARF oflth PHERRF cETRPIETREF Por UPRe respecti ve
digital videensighadelageioabeaaisdtiion aspeche vef fedveadinnpll gerkc=and

each havig respective ﬁjfference.out t_port f supplying .a respective

di gi tal e?ggiegﬁgngf;mﬁgé S 1 §§ﬁ%ﬁ?ﬁ§#¥?%§%ﬁ“%agéedFéﬁFéla or signa

for perfodﬁpngea.spatial frequency analysis thereof in which at |east sone

conponent si gnal s ab‘igﬁl%%r-aéoe-daﬁél '8%#?%?@5’? ' 8g rate  thancsaid .

| um nance conponent; quantizer coupled'to sal spatlo-Frequeqcy anal ysi s

nmeans to §OR¥FEAfte thendegarraety dughtized ¥i gft akndafpl & igmedamto
analog Y, C, and C, signals that are supplied to a color
matrixing circuitry 97. Color matrixing circuitry 97
responds to the analog Y, Cl and C, signals to supply
(R), green (G) and blue (B) drive signals to a color
monitor receiver 98. Color monitor receiver 98 also
receives synchronization and sound signals from parts of

the decoder not shown in FIGURE ‘6.

]
1)
N

(Alternatively, color matrixing may be done in
the digital realm by linearly combining the digital ¥, C
and C2 signals from spatial frequency synthesizers 91, ¢
and 93 to generate digital R, G and B signals. Then, the
digital R, G and B signals are converted to analog R, G and
B signals for application to color monitor receiver 98 witi
appropriate digital to analog converters. Color matriging
in the analog realm is preferable in that color saturation

7

multipliers.)

A controller 86 decodes certain codes loaded 1into
rate buffer 83, synchronizing codes which describe
beginning or end of frame, synchronizing codes which
describe beginning or end of scan line, other synchronizing
codes where used, and codes that indicate what coding
strategy was followed by the coder. These codes are
supplied to controller 86 via a connection 87. Controller
86 responds to the synchronizing codes to time the seguence
of write enable signals A,B,C,D,E,F,G,H and the seguence of
read enable signals P,Q,R,S,T,U,V,W controller 8¢ transmlts
to the RAMS in the line-expander rate buffers of
time-division demultiplexer 90. Controller 86 supplies
control signal to decoder LUT 82 via a connection €2 to
modify its operating characterstics if controller 8¢
receives a code from frame rate buffer 83 indicating tnaz



a nultiplexer for tinme division multiplexing quantized signal s coripbréht 02
together in a digital sanple stream a synbol coder for generating, as an
out put signal from said sending apparatus, synbol codes descriptive of said
nore coarsely quantized digital sanple stream and apparatus for generating
fromsaid nore coarsely quantized digital sanple streamrespective

predi cted val ues for each said subtractor respective subtrahend input port.
19. The apparatus set forth in claimi18 wherein said synbol coder

conpri se§1mﬂfaﬂsaEQriohureréserkgé}Ee&nfﬁdmg abdkeash #RJO-Maltge sanpl e runs of
quanti zed nultlg means for statistically coding runlength
encoded PHhAFIRG E@é l”slaiial%@rﬁ)& thegesder LUI &4 .7 2002 43

Controller 86 decodes any zero-stuffing
instruction received from rate buffer 83 to send
instructions via a connection 89 to DPCM demodulator 85
causing circuitry within demodulator 85 to stuff zero
predicted values into appropriate segments of the predicted
signal stored within demodulator 85 and to force
demodulator 85 output signal to have zero values.

FIGURE 7 decoder is illustrative of modifications
that may be made in the FIGURE 6 decoder to reduce DPCM
demodulator sampling rates. Performing DPCM demodulation
following the line-expander rate buffers $0-1 through 90-12
in time-division demultiplexer 90, rather than before
time-division demultiplexer 90 can reduce the sample rate
at which DPCM demodulation takes place. In the FIGURE 7
decoder, interframe DPCM signal from run-length code
unpacker 84 is applied directly as input signal to the

. time-division demultiplexer 90. DPCM demodulation to
regenerate YLL’ YHL’ YLH and YHH signals for app}ication to
Y spatial frequency synthesizer 91 is done by interframe
DPCM demodulators 101-104, which operate at one-half the
full Y sampling rate rather than the full Y sampling rate.
(Since YLL and YHL are interleaved on alternate scan lines
with YLH and YHH’ two interframe DPCM demodulators properly
time-division-multiplexed at scan line rate can be used to
replace the four DPCM demodulators 101-104, if one so
desires.) Similarly, regeneration of Cinn’ C1gny Cim
CIHH signals for application to C1 spatial-frequency
synthesizer 92 is done by interframe DPCM demodulators
105-108, which operate at one-half the full C1 sampling
rate; and regeneration of CorL

and

CZHL' CZLH and CZHH 51g§als
for application to C2 spatial-frequency synthesizer °3 1s

done by interframe DPCM demodulators 109-112, which operate

at one-half the full C, sampling rate. Since full Cy and c,
sampling rates are one-quarter or so full Y sampling rate,

DPCM demodulation of the C,-related and C

-r ted signals
1 > ela gn



20. Sending apparatus for conpressing a digitally tel evised sequendqe dON 2002
I mge franes including | um nance and chrom nance conponents, said sending
apparatus conprising: DPCM processing circuitry for processing said

| um nance and chrom nance conponents on an inter frame basis, said DPCM
processing circuitry including wwthin a DPCM | oop a spati o-frequency

anal yser and quantizer in the order recited; Run-length and statisti cal
coding circuitry arranged to code spgnhal provided fromsaid DPCM processi ng

circui tiy;1a6g WiReein t3abd dseHtanGer e fNLQHINNIRCE LPNRONCNE S aRe tine
di vi sion mul tipl exed it a point in the coding Ggircuitry prior to
stati stidefS ¢ 'ﬁé? DRGM demgdidiatien dye ang. RIAR A ALL AGH, | . A

EAERAER@ Al X A AALR §htAr Y2 aheAlDR oM e RS@ARE AT AP AKX MSs Aoe 1 ng
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!!{um(fﬁﬂﬂcgﬁ%ﬁﬁbgfésﬁFéﬁa<§ﬂd§%ﬁ%a]%nﬁ]EQB]Eﬁ?ﬁhﬂ%“%]%%j%qﬁigﬁ]ca]ca]ca]
cal] calmsd sinésa] cTakc prebdletalc] rddlcxaycPCM ddnfddd bty y rate

for Y can be solved by resolving each of YLL' YHL’ YLH and
Yine into a respective pair of lower-spatial-frequency and
upper-spatial-frequency subbands using quadrature mirror
filtering in the horizontal dimension. This can be done =zt
the sending station or can be done using the output signals
from the rate buffers 90-1, 90-2, 90-3 and 90-4. The
additional delay introduced by this processing must be
compensated for in the Cy and c, channels, naturally. The
eight Y-descriptive subbands can then be demodulated at
one-quarter full sampling rate. Interframe DPCM
demodulation sample rates can be further reduced byv
repeating this subbanding procedure in the vertical
dimension. If the subbanding of Y-descriptive signals 1
carried out to where the subband samples are more sparse
sampled in the horizontal direction then Cy and C, sampl
interframe DPCM demodulation to recover c,y and C, will also
have to proceed at lower rates. To do this, the procedures
for reducing the rates of demodulation to recover Y thatz
are described above can be followed for recovering C, and
C2.

= 0
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The FIGURE 7 decoder also differs from the FIGURE
6 decoder in that the zero-stuffing procedures to
accommodate the omission of high spatial frequency
components in areas  of interframe change takes place in the
interframe DPCM demodulators 102-104 for Y, 106-108 for Cy
and 110-112 for C,. More particularly zeroes are stuffed
into the respective memory for predicted values for each of
the demodulators 102-104 for Y, 106-108 for Cy ané 110-112
for C,. and the output signals of these demodulators are
also forced to zero. These zero stuffing procedurss are
carried out responsive to zero-stuffing commands, I,J,X,L,M

and N 1ssued by controller 86'.
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subbands in the FIGURE 5 time-division-multiplexed 60

output signal, the corresponding compressed scan lines of
each subband component of Y, C, or C, are sequentially
polled one pixel sample from each line, advancing one pixel
in each line after it is polled. This procedure
interleaves the subband scan lines on a per pixel basis
resulting in a scan line of composite subband signal with
as many samples as the line of original video signal beicre
its being subjected to subbanding. Samples close to each
other in the composite subband signal concern the same
pixel or side-by~side pixels in the original video signal.
So non-zero DPCM signal values caused by interframe changes
tend to clump together rather than appearing separated by
compressed scan line time intervals in modulator 61. In
the FIGURE 6 decoder the writing of the line expander rate
buffers 90~1 to 90-4 in time-division multiplexer 90 1is
done cyclically at pixel rate. So is the writing of the
-in2 2xpander rate buffers 90-5 to 90-8, and so is the
wrzting of the line expander rate buffers 90-2 and 90-12.
Where Y is subbanded, so its subbands are sampled
1n the horizontal direction at the same dersity as C, and
1 and C2, tﬂe
concept of arranging samples to clump together non-zero

C2, or at the same density as subbands C

DPCM samples can be carried even further. More
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sophisticated rate buffer circuitry in the coder and

decoder time-division multiplexers permits Y, C,y and c,
samples descriptive of the same portion of the image tec be
located close to each in the digital sample stream suppl:ied
to the interframe DPCM modulator. All the subband signals
in a block of image data (i.e. in a cycle of time-division
multiplexer operation) have the same number of samples per
compressed scan line and can be polled sequentially to
generate the digital data stream supplied to the coder
differential pulse code modulator. In the decoder the
differential pulse code demodulator is followed by time-
division demultiplexing that is complementary to the
time-division multiplexing in the coder.

FIGURE 8 shows a coder in which the
spatial-frequency analyzers of the sending station and
spatial-frequency synthesizers like those in the receiving
station(s) are included in the predictor portion of the
sending station DPCM modulator. The digitizer Y signal
from analog to digital converter 41 is supplied to the
minuend input port of a subtractor 141 to have subtracted
therefrom a value of Y predicted from the previous frame,
which predicted value is applied to the subtrahend input
port of subtractor 141. The Y interframe error signal
appearing at the difference output port of subtractor 141
is subjected to compénsation delay 144 analogous to
compensation delay 44 in the FIGURE 5 coder insofar as
duration of delay is concerned, and the delayed error
signal is supplied to the Y spatial-frequency analyzer 145,
Spatial-frequency analyzer 145 differs from the Y
spatial-frequency analyzer of the FIGURE S coder in that 1t
processes interframe errors in Y rather than Y itself.
Analogously spatial-frequency analyzers 146 and 147 proccess
interframe errors in Cq and 1in Csos respectively, as
furnished from the difference output ports of subtracters
142 and 143, respectively.

Time division multiplexer 160 operates
analogously to time-division multiplexer 60 of the FIGURE
coder except that it operates on interframe erro

wn

r

w

N,
o7,



1°"10%: & ()- ""10% & ()- "10%& ()- ! "10%:& ()- !"10%:& ()-, R

LI LR rPAL " 10% [ 110% 5' 5& ()-&10% 0& ()- 10:mm 10: mm 14 JUN 2002
10:mm  "10% mn& ()- ! "10%:& ()- F1% ())))}oP4! " "10%[:' YI0%& ()- 10'0'o0
10'0' 0 10'0' 0! 9/"10% 0' 0& ()-!" "10% 0' 0& ()-'! "10% 0' 0& ()-')H) ~*-91: 1;

1<1K1zl "P19%40% & ()- 10 10
-3]-

and C,. The time-division-multiplex output signal from
multiplexer 160 is supplied to a quantizer 161, the
response from which is the differential pulse code
modulator output signal supplied to the run-length code
assembler 62. Elements 62-65 operate analogously to
correspondingly numbered elements in the FIGURE 5 coder.
code output rate buffer fill controller 166 incorporates
within itself all the functions of controller 66 in the
FIGURE 5 coder and some of the functions of the FIGURE 6
controller 86, as will be explained further on.

The code output rate buffer 65 in the FIGURE 8
coder delivers code output for transmission to a decoder
that is like portions of the FIGURE 6 decoder. Supposing
controllers 166 and 86 cooperate correctly, there is no
amplitude quantizing error introduced in elements 62-65 o

b

the FIGURE 8 coder or in the elements 81-84 of the FIGURE 6
decoder so, absent transmission errors, the output signal
from the run length code unpacker 84 of the FIGURE 6
decoder should be identical to the output signal from
quantizer 161. Accordingly, elements 62-65 and elements
modelling elements §1-84 are omitted from the feedback
connections forming the predictor portion of the FIGURE 8
differential pulse code modulator. Quantizer 151 output
signal goes to an apparatus 167 that provides DPCM
demodulation of that signal de-multiplexes the demodulated
signal to separate out subband spectra; supplies the subband
spectra to spatial-frequency synthesizers for regenerating
the Y, C1 and C2 signals; and delays the regenerated Y, Cq
and c, signals to be prediction signals for application to
the subtrahend input ports of subtractors 141, 142 and 143,
respectively.

FIGURE 9 shows in some detail the construction of
the FIGURE 8 apparatus 167, which i1s analogous tc some
portions of the FIGURE 6 decoder. An interframe DPCM
demodulator 185 that is analogous to demodulator £5 in the
FIGURE 6 decoder responds to interframe DPCM signa. f{rom

n

quantizer 161 to recover interleaved subband samples of 7,
C, and C,. A time-division de-multiplexer 190 <tha<

S
-
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analogous to the time-division de-multiplexer 90 of the
FIGURE 6 decoder is used to separate the Y-descriptive
subbands from which Y spatial-frequency synthesizer 191
regenerates delayed Y signal, the Cl-descriptive subbands
from which C1 spatial-frequency synthesizer 192 regenerates
delayed Cy signal, and the Cz-descriptive subbands from
which C, spatial-frequency synthesizer 193 regenerates
delayed c, signal. Synthesizers 191, 192 and 193 are
similar in structure to synthesizers 91, 92 and 93,
respectively, of the FIGURE 6 decoder. A digital delay
line 194 augments the delay of the Y signal recovered by Y
spatial-frequency synthesizer 191, so it is one frame later
in time than the Y signal supplied to subtractor 141 from
the analog-to-digital converter 41. A digital delay line
195 augments the delay of the Cl signal recovered by Cl
spatial-frequency synthesizer 192, so it is one frame later
in time than the Cy signal supplied to subtractor 142 from
the analog-te-digital converter 42. A digital delav line
196 augments the delay of the C, signal recovered by the C,
spatial-frequency synthesizer 193, so it is one frame later
in time than the szsignél supplied to subtractor 143 from
the analog-to-digital converter 43.

Application of the recovered Y, C, and C, signals
to the subtrahend input ports of subtractors 141, 142 and
143, respectively, closes the differential pulse code
modulation loop in the FIGURE 8 coder. The write control
signals A-H for rate buffers 190-1 through 190-12 and their
read control signals P-W are generated by fill controller
166. This is done proceeding from quantizer 161 output
signal in a manner analogous to that of controller 86 in
the FIGURE 6 decoder.

Fill controller 166 also controls zero-stuffing
procedures when higher-spatial-frequency components ci the
Y, c, and C, signals are not to be described in the code
output from the FIGURE 8 coder. Wwhen a
high-spatial-frequency component is to be omitted, fill
controller 166 directs a widening of the zero range bin in
quantizer 161 so all output samples of the scan lines of
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the suppressed higher spatial frequency components are
zero-valued in quantizer 161 output signal. Fill
controller 166 also sends a control signal via a connection
186 to the interframe DPCM demodulator 185 in the decoder
apparatus 167 used in closing the interfirame DPCM modulzator
loop, which control signal directs the zero-stuffing
procedure in the interframe DPCM demodulator 185 wherein
both the output signal and the predicted signal to be
delayed a frame are forced to zero value.

One may modify the FIGURE 8 coder by replacing
decoder apparatus 167 with decoder apparatus of the
following type. Quantizer 161 output signal is supplied to
a time-division multiplexer like 90 of FIGURE 7 for
apportionment to interframe DPCM demodulatecrs like 101-112
of FIGURE 7. The subbands from these demodulators are
apportioned to spatial-frequency synthesizers like 91-93 of
FIGURE 7. The Y, Cyo and C, signals regenerated bv the
spatial-frequency synthesizers are delayed to be one frame
later in time than the Y, Cl and C, signals involved in
their origination and are applied to the subtrahend input
ports of subtractors 141, 142 and 143, respectively. _
Variants of the -FIGURE 8 coder where the analog to digital
converters 41, 42, 43 are included in the DPCM loop are
possible.

Embodiments of the invention are possible which
use a somewhat different type of zero-stuffing technigue
than that thusfar described to reduce the amount of
high-spatial-frequency detail lost in portions of the
televised picture not exhibiting interframe change. In
this different technique the low-spatial-frequency
component of Y error signal (i.e. YLL DPCM signal) 1is
threshold detected, both in the encoder at the sending
station and in the decoder at the receiving station, te
detect the larger values of Y error signal indicative of
areas of interframe pixel change. 1In these areas the
predicted values of pixel high-spatial-frequency component
samples from the previous frame are likely to be 1in error
and zeroes are stuffed into their stead in the

RTE: 2002
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differential-pulse-code-modulator and
differential-pulse-code demodulator memories for predictad
values. In areas where interframe change is not detected,
zero~stuffing to replace these samples is not done, so
high-spatial-frequency detail is retained. This
alternative zero-stuffing procedure allows one to take
better advantage of the fact that higher spatial
frequencies are not resolved as well either temporally or
spatially as lower spatial frequencies in areas where
motion occurs in a sequence of image frames.

Embodiments of the invention are possible in
which only the luminance component of visible light is
digitally transmitted. Embodiments of the invention are
possible in which the camera senses infrared spectral
energy or ultraviolet energy instead of or in addition te
visible light energy.

Embodiments of the invention are possible when
look~ahead techniques are used to affect coding procedurss.
Embodiments of the invention are possible where the coding
procedure to be followed is symbol coded, this being done

outside the run-length coding procedure to develop modified
DPCM.
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1. Improved sending apparatus for a digitally televised sequence of image
frames described by a plurality of component video signals, which sending apparatus
is of the type including:

means for interframe differential pulse code modulation (DPCM) of said
component video signals;

means for run-length encoding of zero-value samples from said DPCM
modulated signals and means for statistical coding of the run-length codes and of
non-zero-value samples of said modulated and run length encoded signals, wherein
said improvement comprising:

means for time division multiplexing said component video signais together
prior to said differential pulse code modulation, run-length encoding and statistical
coding procedures, and

said means for time-division multiplexing includes means for multiplexing on a
per scan line basis.

2. Improved sending apparatus for a digitally televised sequence of image
frames described by a plurality of component video signals, which sending apparatus
is. of the type including:

means for interframe differential pulse code modulation (DPCM) of said
component video signals;

means for run-length encoding of zero-value samples from said DPCM
modulated signals and means for statistical coding of the run-length codes and of
non-zero-value samples of said modulated and run length encoded signals, wherein
said improvement comprising:

means for time division multiplexing said component video signals together
prior to said differential pulse code modulation, run-length encoding and statistical

coding procedures, and
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said means for time-division multiplexing interleaves together on a per pixel
basis scan lines of different component video signals that are at least substantially
spatially corresponding.

3. Improved sending apparatus as set forth in Claim 1 or 2, said improved
sending apparatus comprising:

means responsive to each of at least one digital video signal descriptive of a
sequence of image frames for performing a spatial-frequency analysis thereof to
generate for each said digital video signal a respective set of subband signals, at
least some of which subband signals in each set are generated at a lower sampling
rate than the digital video signal used to generate them;

a differential pulse code modulator for generating a differential pulse code
modulation (DPCM) signal of interframe type from each subband signal; and

a symbol coder coupled to an output connection of said means for
multiplexing for generating symbol codes descriptive of multiplexed signals.

4. Improved sending apparatus as set forth in Claim 3 wherein said means for
performing spatial-frequency analysis performs analyses on a relatively wideband
digital video signal descriptive of luminance variations in said sequence of image
frames and on two lesser bandwidth digital video signals for completing a full color
description of said sequence of image frames.

5. Improved sending apparatus as set forth in Claim 3 wherein symbol coder
includes:

means for run-tength encoding at least zero-value sample runs in said sample
stream, thereby to generate modified DPCM signal; and

a look-up table for statistically coding said modified DPCM signal to generate
said symbol codes.

6. Receiving apparatus for symbol codes describing a digitally televising
sequence of image frames, said receiving apparatus comprising:
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a symbol decoder for generating a sample stream of differential pulse code
modulation (DPCM) signal of interframe type from said symbol codes,
a time-division demultiplexer for separating said digital sample stream into
respective subband signals that are differential pulse code modulated respective
components of spatial frequency analyses of each of at least one digital video signal
descriptive of successive image frames in said sequence;
a respective interframe DPCM decoder for each said subband signal to recover
the spatial-frequency analysis component;
means responsive to the respective spatial-frequency analysis of each of said
at least one digital video signal for synthesizing that digital video signal, wherein said
symbol encoder includes;
a look-up table for converting symbol codes to a stream of non zero valued
sampled said DPCM signal and run-length codes for zero value samples runs in said
DPCM signal; and
a means responsive to said run length codes for interspersing runs of zero

value samples among non-zero-valued samples to recover said DPCM signal.

7. Improved sending apparatus for a digitally televised sequence of image
frames described by a plurality of component video signals, which sending apparatus
is of the type including means for interframe differential pulse cide modulation of said
component video signals, followed by means for run—lengtFl encoding of zero value
samples, followed by means for statistical coding of run-length codes and of non-
zero-value samples, wherein the said improvements comprises:

means for time division multiplexing the differential pulse code modulation
responses of said component video signals prior to said statistical coding procedures,
wherein said time-division multiplexing is done on a per scan line basis.

8. Improved sending apparatus for a digitally televised sequence of image
frames described by a plurality of component video signals, which sending apparatus
is of the type including means for interframe differential pulse code modulation of
said component video signals, followed by means for run-length encoding of zero
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responses of said component video signals prior to said statistical coding procedures,
wherein said means for time division multiplexing includes means for interleaving
together on a per pixel basis scan lines of different component video signals that are
at least substantially spatially corresponding.

9. Improved sending apparatus for a digitally televised sequence of image
frames described by a plurality of component video signals, which sending apparatus
is of the type including means for interframe differential pulse code modulation of
said component video signals, followed by means for run-length encoding of zero
value samples, followed by means for statistical coding of run-length codes and of
non-zero-value samples, wherein the said improvements comprises:

means for time-division multiplexing the differential pulse code modulation
responses of said component video signals prior to said statistical coding procedures;

means responsive to each of at least one digital video signal descriptive of a
sequence of image frames for performing a spatial-frequency analysis thereof to
generate for each said digital video signal a respective set of subband signals, at
least some of which subband signals in each set are generated at a lower sampling
rate than the d{gital video signal used to generate them;

said means for time-division-muitiplexing interleaves lines of said subband
signals together in time, thereby to form a digital sample stream;

a differential pulse code modulator for generating a differential pulse code
modulation (DPCM) signal of interframe type from said digital sample stream; and

a symbol coder for generating symbol codes descriptive of samples in said
digital sample stream.

10.  Improved sending apparatus as set forth in Claim 9 wherein said means for
performing spatial-frequency analysis performs analyses on a relatively wideband
digital video signal descriptive of luminance variations in said sequence of image
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frames on two lesser bandwidth digital video signals for completing a full color

description of said sequence of image frames.

11.  Improved sending apparatus as set forth in Claim 9 wherein said symbol
coder includes:

means for run-length encoding at lest zero-value samples runs in said sample
stream, thereby to generate modified DPCM signal; and

a look-up table for statistically coding said modified DPCM signal to generate
said symbol codes.

12. A system for digitally televising sequences of image frames comprising an
improved sending apparatus as set forth in Claim 9 and at least one receiving
apparatus linked to said sending apparatus by a digital transmission link; said at least
one receiving apparatus comprising:

a symbol decoder for generating a differential pulse code modulation (DPCM)
signal of interframe type from said symbol codes;

a DPCM decoder for generating from said DPCM signal a digital sample stream
comprising interleaved lines of subband signals in said sequence;

a time-division demultiplexer for separating said digital sample stream into
respective subband signals providing spatial-frequency analyses of each of at least
one digital video signal descriptive of successive image frames in said sequence; and

means responsive to the respective spatial frequency analysis of each of said
at least one digital video signal for synthesizing that digital video signal.

13.  Receiving apparatus for symbol codes describing a digitally televised sequence
of image frames, said receiving apparatus comprising:

a symbol decoder for generating a composite differential pulse code
modulation (DPCM) signal of interframe type from said symbol codes,

a time-division demultiplexer for separating said composite DPCM signal of
interframe type into component DPCM signals of interframe type descriptive of
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of interframe type said respective subband signals; and
means responsive to the respective spatial-frequency signal for synthesizing
that digital video signal.

14.  Receiving apparatus as set forth in Claim 13 wherein said symbol encoder
includes:

a Iook—up table for converting symbol codes to a stream of non zero valued
sampled said DPCM signal and run-length codes for zero value samples runs in said
DPCM signal; and

means responsive to said run length codes for interspersing runs of zero value
samples among non-zero-valued samples to recover said DPCM signal.

15.  Receiving apparatus as set forth in Claim 1, wherein said at least one digital
video signal comprise a relatively wideband luminance video signal and two relatively
narrowband chrominance video signals; and wherein said means responsive to the
respective spatial-frequency signal for synthesizing that digital video signal is
incorporated within a loop forming said DPCM decoder. .

16.  Sending apparatus for a digitally televised sequence of image frames, said
sending apparatus comprising:

a number at least one of subtractors, each having a respective minuend input
port receptive of a respective digital video signal descriptive of a sequence of image
frames, each having a respective subtrahend input port receptive of a prediction
signal for the respective digital video signal received at its respective minuend input
port, and each having a respective difference output port for supplying a respective
digital error signal;

means responsive to each said digital error signal descriptive of a sequence of
image frames for performing a spatial-frequency analysis thereof to generate for



10G 7: 10%6& () - 510%3&' () - 889J999: dELC! ! " s$" 109& () -

L109%& () - &10%& ()-L' 109&' ()- &Y 10%& ()-9z109%& ()-:T::::1; <aBbCl!

100& ()- " s109%& ()-910%& ()- " 100& ()- 10%& ()-! " 10%& ()-

<6==3>?77?2dYNC! | **s 10 10 10810%&' ()-s3710%& ()-y/ 109%&' ()-3L- 10%& () -
1098 () - y???W@TA~AaBYNC! ! " “s| 109%g& ()-10%& ()-! @10%g& ()- @

10%g° & () -

1099& () - S&10%g&’ () - ~AB" Bl BBBcCAEYNC!41 * s10%g&’ () - y10%gé& () - &410%g&' () - Z10%

g& ()-10%gé& ()-10%g& ()-ycCCC! DDDDEYNC! ! s@ 10%g& () - *10%g& () -

10%g& ()-z&10%g& () - $10%& ()-"10%g& () - DKEEEE?FbFcFdFdE: /! 10g

10g5MLOY@scl $aid ﬁ@‘tgtﬁerfér—s&g&ﬁ]at)a@&pé&tﬂ@-se&BP/g&béD\d Sighals, at least some of

0%g& ()-- % F FWFGE GHXY: /|
sglg%gé-) (vy'%w%aa% G5k 5% Dt TR Y FePRBI IS8
10g9! o )/rdé@%?ﬁal(dse&f@%f&&até)them
10%g9& () 10%&' ( 0%g& JJ. K KKKKAE: /!
means for generatlng from said subband signal digital pulse code modulation

14 JUN 2002
S !

responses time division multnplexed together in a digital sample stream;

a quantizer responding to said digital sample stream to generate a more
coarsely quantized digital sample stream;

a symbol coder for generating, as an output signal from said sending
apparatus, symbol codes descriptive of said more coarsely quantized digital sample
stream; and

apparatus for generating from said more coarsely quantized digital sample
stream respective predicted values for each said subtractor respective subtrahend
input port.

17.  Sending apparatus as set forth in Claim 16, wherein said apparatus for
generating a respective prediction signal for each said subtractor respective
subtrahend input port includes:

an interframe differential pulse code demodulator for demodulating said more
coarsely quantized digital sample stream from said quantizer to generate a time-
division multiplexed signal containing a respective set of subband signals descriptive
of each said digital video sig;nal;

a spatial-frequency synthesizer for each said respective set of subband
signals;

a time-division multiplexer for separating, from said time-division multiplexed
signal supplied by said demodulator, the respective set of subband signals applied to
each said spatial-frequency synthesizer for causing a synthesized digital video signal
therefrom; and

means for delaying each synthesized digital video signal to generate a
respective said prediction signal.
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18.  Sending apparatus for compressing a digitally televised sequence of image
frames including luminance and chrominance components, said sending apparatus
comprising:

a number at least one of subtractors, each having a respective minuend input
port receptive of a respective digital video signal descriptive of a sequence of image
frames, each having a respective subtrahend input port receptive of a prediction
signal for the respective digital video signal received at its respective minuend input
port, and each having a respective difference output port for supplying a respective
digital error signal; _

means responsive to each said digital error signal for performing a spatial-
frequency analysis thereof in which at least some component signals are generated
at a lower sampling rate than said luminance component;

a quantizer coupled to said spatio-frequency analysis means to generate a
more coarsely quantized digital sample stream;

a multiplexer for time division multiplexing quantized signals components
together in a digital sample stream;

a symbol coder for generating, as an output signal from said sending
apparatus, symbol codes descriptive of said more coarsely quantized digital sample
stream; and

apparatus for generating from said more coarsely quantized digital sample
stream respective predicted values for each said subtractor respective subtrahend
input port.

19.  The apparatus set forth in claim 18 wherein said symbol coder comprises:
means for run-length encoding at least zero-value sample runs of quantized
multiplexed signal; and
means for statistically coding runlength encoded signal to generate said
symbol codes.
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20.  Sending apparatus for compressing a digitally televised sequence of image
frames including luminance and chrominance components, said sending apparatus
comprising:

DPCM processing circuitry for processing said luminance and chrominance
components on an inter frame basis, said DPCM processing circuitry including within
a DPCM loop a spatio-frequency analyser and quantizer in the order recited;

Run-length and statistical coding circuitry arranged to code signal provided
from said DPCM processing circuitry; and

Wherein said luminance and chrominance components are time division
multiplexed at a point in the coding circuitry prior to statistical coding.



