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PROGRAMVED | MPLEMENTATI ON OF REAL- TI ME MULTI RESOLUTI ON SI GNAL PROCESSI NG
APPARATUS 218 0676 5 This invention relates to real -tine-

mul tifesolution signal processing appararbs whi ch-is useful in performng
hi erarchi cal pyram d signal processing techniques for analyzing the
frequency spec an nponent  (having one or nore 10
di nensi ons) ofgg. Siisas si s?%a%?Ag ency
of interest no greater than|§§GNAENRRQEES@INGyRPPARATUBg such a tenpora
signal fromthe analyzed frequency spectrumihereor. 1o cur co-pending
application no. 8415811 (2143046A), entitled "Real -Tinme Hierarchal Slgnal
Processi ng Apparatus", discloses apparatus enploying pipeline ar I’j[ P"qﬁ
for inplementing a hierarchical pyram d capable of either 20 anal yzi

del ayed real tine the frequency spectrumof an information conponent
(having one or nore dinensions) of a given tenporal signal, or synthesizing
I n delayed real tine such a tenporal signal fronlthe anal yzed frequency
spectrumg t her eof . SuchepisRelsi tecture i tticularly suitable
f or |nag% processi ng t g ﬁ?%%g%ggn#§iéﬁﬁﬁ é? %hpg¥ﬂ?es of television
i mges deflﬁﬂﬂlﬁ%raspéﬁﬁépﬂ Smgmﬂi:92?@#551ngeappadatns whickaié of
different spesassloin! pericatindhishaensedl pplgneasL daagp! fcation, the

30 real-tine hierarchical pyramd S|gna processi ng_appar at us oper at es,

al ter nat i velBFOSESS1Rg, te g S, FOL, ARal ¥z ing tthe  Ereauency hepeetrumor a

f|Iter-subtnzﬁtadernﬂarmatﬁﬁa)qubwﬁahﬁﬂﬁﬂaviﬂg one -&r nidfei NPl enentation
of

%he qreal Hén di,scl osed in t fores endi ng
appli catdlaon ‘#s cogyéfl’;s dog?g'\]%é.grr g'pé’fs{ia éf%@ gq\ﬁje%aw. g & given-
plural intedtkghest faeqyencweoﬁhpnmemqsn|nn1greater than fo, and/or
for synthesizing such a temporal signal from the analyzed

frequency spectrum thereof.

15
Our co-pending application no. 8415811 (214304634)

entitled "Real-Time Hierarchal Signal Processing Apparatus",
discloses apparatus employing pipeline architecture for
implementing a hierarchical pyramid capable of either

20° analyzing in delayed real time the frequency spectrum of
.an information component (having one or more dimensions)
of a given temporal signal, or synthesizing in delayed
real time such a temporal sigrial from the -analyzed
frequency spectrum thereof. Such pipelirne architecture is

25 particularly suitable for image processing the two
dimensional spatial frequencies of television images
defined by a temporal video signal.

In accordance with each of different species of

the invention shown in the aforesaid appllcatlon, the

30 real-time hierarchical pyramid signal proce551ng apparatus
operates, alternatively, as a Burt Pyramid analyzer, a
Burt Pyramid synthesizer, or a filter-subtract-decimate
(FSD) pyramid analyzer.
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"5 the real -ti,ne pyram d synthesizer disclosed in the aforesaid co-pending
appl i;cation is conprised of N separate casggded stages. Each of these
stages enploys a relatively |arge anount of digital hardware, particularly
whefi” t he i nformati on conponent of the tenporal signal is 10 defi ned by

g?rg’gpﬁnpfggldinensiOnt(The-i?plqmdnaaﬁiaﬁabfcenarfasg-ﬁime pyrgmﬁdstream
- ) . e e, Su ess e [a S O a,sScanne . .
fwo- di nenai onal SReTEETS Shée hEsed 18 ERE EriFep il SacheRaina APR dFation
anloyeg ?y.trmisx#¢?mmnsed of Ni sepanabeacascadeddstagese whereqgliis a
arge. Referencg OUg&4 I n ' | 8840142
filed 19th Augﬁ§¥+l é%i%£§¥t?§g§9kﬁrti%?@gég?ggé|??éﬁgﬁ?§?%%§gag?8ﬁap%
Processi ng Systhe . realstimepysanid csypthesigerpdisclesed inktheuse of

time 20 multipl groresad deSapendingusppl i€atiBHNisObokprds@acoeNui red to
inplenent a real_tine '

d I ' t f t feat
Lhot Cboth (he. epafRrE 680taaga etagkt Y CERRH PLctBesr. aFaorh enpItkE: 8sai o
fp-pendin% 25 re¢m¢ive1yohargevambpmtoofndigitamahatﬂv;re;epﬁntﬁbalatay
i me synchrono X c 1 " : ]
t hat i% such aq§§$%2?%gagéf§§%r?1?§e§§m§éﬂgngﬁggg e?n?%%ﬁgﬁg%egigggloggans
respecti vel@el agefmedelw moxe cthanronecdimenainnplieed. sagpvidee sagnadput
serial 30 StréﬁﬂﬁfistXSE 82get£a1288rbaR SfcﬂﬁbfﬂgﬁfﬁgimﬁﬁﬁﬁlébtQﬁhtin

ofthose T eapecdtERnS] RUFCERRIVESEFARES BE BoBEABIES EHArdimBBELORRLl
sarple. Sucg5000QIGV£sibnEiﬁaqemtpnvuas;etnéiQathnpameuﬂtSOfthaedﬁatetPe )
by am " synt hestBRr8Y4A 8y | EARCCRETROR, €Y BEIDARRAPhoRtariPh, TRBUE 1B 08¢
t hr ough. t Hkb entquiteylange. perfectly (i.e., without any timng error) for
proper ~operation, desphifetBfickOld PErefetMhaReOtRUCHORIRRAGING
e of %2 i nput pi xel sanple tao such a gyram )
pplication No. 8620142 filed 1Sth August 1986 entitled
‘ "Multiplexed Real-Time Pyramid Signal Processing System".
This last-named co-pending application makes use of time
20 multiplexing to greatly reduce the amount of hardware
required to implement a real time pyramid signal
processing system. . :
A first feature that both the real-time pyramid
systems shown respectively in the aforesaid co-pending
25 applications have in common is that they are completely
time synchronous. The expression "time synchronous," as
used herein, means that in such a pyramid analyzer, there
is a predetermined fixed set of respective delays between
the occurrence of each pixel sample of the input serial
30 stream of pixel samples and the occurrence anywhere either
in any of the analyzer stages or at the output of any of
the analyzer stages of .those respective pixel samples that
correspond to that input pixel sample. Such copplete time
synchronous relationship is also true for the occurrence
35 of all corresponding pixel samples of all the stages of
the pyramid synthesizer. This means that all
corresponding samples must move through the entire pyramid
perfectly (i.e., without any timing error) for proper
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anal yzer and the occurrence of its corresponding pi xel sanple of at |east
one of the anal yzed subspectrﬁboutputs Thi s del ay can amount to many

tens of thousands of pixel 5l e periods. Further, because of the severe -
timng constraints on such a conpletely tinme-synchronous pyram d system .

Nt
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r 8yt 9 \Weldl9 £AC tHd to process
respeé??v rres o?mé? %ggpal sa nﬁ%ﬁ?%ﬁﬁhﬁ each. 5ﬁmﬁ%e series

r PEeesiermin &bofonent bl ock. Each such time
c;ﬁhe-synmm pyramid tsglstlewrdmmldﬁ hﬁilrpﬁdgmaﬂstdf ha';] is at |east as
gemporal signal sanples in each of the series. 10
Pgig%?&aﬁggﬁ%Fgﬁﬁﬁs partrcularly suitable for use in processrng
reduced data" inmages in so-called "snart" television caneras. Such "smart"

tel evision canmeras are useful in surveillance systens, robotic -5- o/

SyStems, ety R HiSeIRR U ORRRSST e ¢

appended claims, is directed to improved

processing apparatus (which may be programmed as pyramid
processing apparatus) ‘that is incorporated in a delayed
real time signal processing system utilizing digital
techniques. The improved apparatus, like the prior art,
processes sequentially-occurring temporal signal samples
that define blocks of an n-dimensional information

' component, where n is a given integer of at least_one.
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conputer. ,Such a conputer generally requires that the canera i mage data be
reduced, ‘because it ‘canhot handle the rate of data flowthat is required to
process all of the 5 avai |l abl e canera 0%a. However, t he. present

i nventioh can also be inplenented so that it is -ableto handle all the
non-educed i mage data in a standard tel evision video signal (e.g., an NTSC
video signal). I N THE ACCOVPANYI NG DRAW NGS: 10 FIGURE 1:is an
illustrative enbodi nent of a signal processing systemincorporating the
pyram d. processi ng apparatus of the present invention, FIGURE 2 is a bl ock
di agram of a preferred enbodi nrent of the pyram d processi ng apparat us of
the 15 present invention; FIGURE 3 is a block diagramof a filter logic
unit nmodul e, one or nore of which conprises the filter logic unit of Fl GURE

Funer i onal oy Feaysdn, 84, *impESPRACkbESEK ul, bESH2RE Alaesbler®, ! | o
‘assunmed, forresel¥ing: pperatipnscduriasg eaght ofhsuguessiveotimeocycles
‘processi ng a r t g t heNehas L& o] LN Lk

Do st cul ar o Coiprebeis FBBpBLEL0d sePIER bETche BRGAAECRANSTeLT bifn
system has begﬂc ugft?h?bﬁﬁ @S represenpting anzespestévehat this

pa{:!cuIa{sfﬂtﬁfﬁﬂhﬂtiﬁ§8é6ﬂpbﬁeﬂ?tb!&&k?%iEhch39u?ﬁdtiﬁétg§8£e isb
mul tiresol uti sskLNg appar at us e_present inventio y.be
i ncor por at ed %ﬁhﬁ%ﬁ%& $§pgs°§$€§+ﬁn Vgé?ﬁcggsﬁﬂﬂpgﬁsPﬁﬁ%°%ﬁaghggf%@raFn
many ways frobeastitashhargesasctheshumbernofl| Celpotal osighalissamples in

puroses onl Yaach Jf ¥S§§flg§9URE 1 is conprised of nultiresol ution
processi ng apparatuse%g odyl ng the present invention) that is particularly

suitable for inplenmenting pyramd algorithnms and, therefore, is 5
desi gnat egy pyr anmi d pr ocEse i presentr ihvention tbwaﬂticﬁla_rly suitable

for use in processing "reduced data" images in so-called
"smart" television cameras. Such "smart" television
~cameras are useful in surveillance systems, robotic
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shoul d be understood that apparatus 100-is useful in perform ng ot her types
of multiresolution processing, in addition to pyram d processing. The .
systemof FIGURE 1 further inctSsles three external frame stores 102, .
external 10 (arithnmetic logic unit (ALU) and multipl exer 104, and
external anal og processor 106. All of external elenents 102, 104 and 10@5(&
t thsﬁ:M @tsses vheyeirs tthe c#amﬁJFﬁuemr@Dmmatssdwnthcamrer cially

3 okt &0V isRi@ ta e P eSS %0& St VEpd 0 an anal og 15

eo Si rom te

evision canera 108 (or

gnal an SC Vi deo Sl
anf%?é‘r 1%'@!9(30@%&3 hecause pFarrehshapdlepthet hereto over
commt Ioffhdhﬂa ﬁmi(‘lﬂxaiﬁ(x@ BEquilfed | 6 | prEsSess 191M‘Bf0tﬁék si gnal

eraz’I g:trreansaqf ?F t| n th&occurrence of étch successi ve 20
ooy HoHATEr . 1 Ehd A cuNas iR R80T . Tha
anallsg \brede.mpé.regtentedjm |1Eh;h'la51hrns nahile tto dvetdle pabretker 106 over

co qg**/l—izn O%éar?ﬁ'%t forwarded as
co%trol |nputsma% exer an #he if?lreé]ﬂ?'#arre s?ores 102 via 25

cofdgdalof{erg., am ideo migpak) control si gnal s are forwarded over
mul tibus 112 from a central processing unit (CPU). --- or other programmi ng

source -- to each of external eI errents 102, 104 and 106. As indicated in
FIGURE 1, pyra¥dipeg QrnaNg - 382 (whi ch enbodi es 30 t he present
i nvention) can opti onal ly also recei ve program control signals over

mul tibus 112 E%ﬁ f LSS t_102 includes a .
random access mermr? (1'%;%’:{ %@b%égfléé ér ng {lﬁ%k?gggeitrve val ues of aW/
t h6éignadl proaceissednch sysiem m@mraytmm Fqueldrarre of the video
Si prdlcessihg? z%"b O18F dhd WrddenE jf;,t Is a master frame store
that i ncl udes and 03? r peans for derr vr ng a gl urality of tining
and control &G gl(ﬂ-,ﬁ;ﬁj rhrf-bc'& diagram Rf | 4 Rreferse | ock) in response to
thembad!htaw@ﬂ/mwﬁmcl hﬁl‘dﬁ@sﬂm W&@mﬁlﬁhend the program
present :l.nvent:Lon,
FIGURE 3 is a block diagram of a fllter logic
unit module, one or more of which comprises the filter
logic unit of FIGURE 2; and
FIGURES 4a, 4b and 4c, respectively, illustrate
three different functional arrangements of the filter

logic unit of FIGURE 2.

It will be assummed, for illustrative purposes,
that the multiresolution processing apparatus of the
present invention is incorporated in the particular signal
processing system of FIGURE 1, since this particular
system has been built. However, it should be understood
that this particular processing system is not essentlal
and that the multiresolution processing apparatus ‘of the
present invention may be incorporated in other types of
signal processing systems that differ in many ways from
that that has been shown in FIGURE 1 for illustrative
purposes only. -
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control S|gnals supplied thereto over nultibus 112. The other two frane
storgs of element I02 are slaves which are,5 controlled by timng and
control* signals fromthe naster frane storg (al though they al so receive
[ert] and 10 MHz cl ocks over connection 111). The naster franme store

suppili es timing and contepk Eygeehortlgkudl 19 I:Qﬁ;f’féé&eg £5 Mz clock) to

10 mul tipl exer_ 104 ov conhection 113 a es timng and control

signals to ana?%btbFGE@§EB?°§OBrBVG$SEBGnéEP?Eﬂ E§4(e$heﬂﬁgn9rﬁbessor 106
further incl udpﬁeeenanﬂmentﬂoﬂogthat 14/ PhrePoutaiey &a@itaprel £sg the

| 15 id | ied th t t 110 at 10 MHz
el oi ook 1 rURLMSREIng BRragla: ATRCELRNE oBR  VERREBoTEnchS pr kel
sanpl e as @n Sdesighahedypyvabid. pFocessingt appardatusal00i deBosegen, ftom
Lhe A D brocessgeui@tn SunBikhfoodehat BREEHk Pl 1160235 2uBRER) CHhr one of

20 several feo si I npu
sanpl ed vi deo E?ﬁﬁ%¥m¥ﬁgn9 %¥OEYB?ﬁcegs@¥15969$§15bb08ahﬁ@@GSQ}nG:N&E by

the ALU of el eﬂ@aiti@ﬂ tmyr&ﬂaepr&eéssiﬁ%accméa@gewmt8fpfmm gontrol
i nformation sugg d t her

i nt er coupl e an ﬁ?§?§?§t bEe\PHkDr B pﬁf@m?o gﬂﬁe%figgs ﬁ¥t¥ﬁP?%y
of video 1®putearmthmeGMC|hchcoupiéd(ALU§oandpnulephgxénrma&dednﬂo |ts

sel ected Vi decotdPil1 Chhlfg BESELLUoP 1861 O APE OGS SLPErRY] O epbltl!

el enment 104. e par cessli ng b
by the program@dnt}dt ando} t?5ntbﬁpﬁlgﬂavaIOﬁﬁ$$1B§sSX§temN@feFIGURE

speed fically, 1hgrei gigeal oﬁué&hméﬂciﬂllf?| avaiEéBIe wﬁuﬂyﬁénﬁonnect ion
116 may be selectively gﬁg@rded over ¢ to,a first

on
three 35 franme stores °%v%¥°%%ﬁﬁ%§t£§§ i%or?BP%F§%¥8nh° ?ntﬁ%afﬂgee
frame stoiks 19Rdeoveignahngéetgon AANTSChvillebhsighal) ftomhtelévisidnane

102 f ' ' ' |
ZLB;?Ztus 188qc£ﬁefa 1681 (OF LN StAEP LORELE 5P BXAROL N PER5CSELAG )

applied as an input thereto over connection 110. Analog
processor 106 includes a 10 MHz clock signal generator and. .
means for detecting the occurrence of each successive
20 vertical reset signal (hereinafter referred to as )
included in the analog video signal supplied as an 1nput
to analog processor 106 over connection 110. The 10 MHz
- clock and Ve signals are forwarded as control inputs to
multiplexer 104 and the three frame stores 102 via
25 connection 111. In addition, program control signals are
forwarded over multibus 112 from a central processing unit
(CPU) -~ or other programming source -- to each of
external elements 102, 104 and 106. 'As indicated in:
_ FIGURE 1, pyramld processing apparatus 100 (which embodies
30 the present invention) can optionally also receive program
control signals over multibus 112. _
Each of the three frame stores of element 102
includes a random access memory (RAM) capable of §tor1ng
the respective values of all the pixel samples in a
35 digitally-sampled image'frame of the video signal. - In
addition, one of the frame stores 102 is a master frame
store that includes timing and control means for deriving .
a plurality of timing and control signals (including a




connection 124 as a second of two video inputs to pyram d proce55|ng
appar atus 100; and over connect on 126 as an input to processor 106. .
Processor 106 includes a digitaf= "t o- anal og (D/A) converter for converting
the 5 digital video input supplied thereto over connection 126 into a V|q_8
it e plLle n nonitor 128 (or
any %’%ﬁer typwg&%fé:g‘lg%fg] iga{%# ég%é%t?%%o% X%@e Rconnection 13(()
Furﬁﬂﬁ?llgﬂvthﬁke§¢gﬁﬁ#rréeﬂn%thgm 1k andsthefpnogramhe three frame

st%&&ﬁ&ﬁ ForidDs | SEpSTiEd ViHEPe td Vet OndltibRs eX s, 10fpever connection
132; |deo %%E%l ead ou% i t he sisgnd of the three frame stores 102 is
appﬁﬂe?ira s S 1 @F nBtePEREX BEe 0FLRVeS RLER R34 a vi deo

5 su g:mitr@]ablecmbyotmmgtanddcoﬁtrbk shgnalér fvom 1bhe mastes 102 is applied

p e 4 r ctd,on a video output from
pyran1 6?%6%§5C¥% ap gﬁ %héglﬁgglsrggg dbhsaé& +%a@ﬁznput to mul tipl exer
104kncks cover ceorneaion | klh¥diti on, the nmaster frame store 102 that 20
i ncl udes the Théﬂﬁﬁbg@g f@gﬁéogtagén§u§ﬂpgégeglﬁiﬂbngnand vi deo control

signals to [ocessin ar at gver connection 140. A bl ock
di KRBHEX QY %rf “aﬁﬂgngﬁ 9rﬁy?ﬁn$dmﬁ?o€§§§khg @ppar at us 100,

10 mlmmupmm aGs over 2Connectiont 113vandi suppliesheiwing FIGURE 2. As
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oy 3 bl FHEa s K mha T8 P AR A0S BN oy st ot the 8w

pi xeonneckionali4el d 0/1 control signal (indicative of whether the current
field of an 30ha)bdiEF éégggogﬂf§gVfﬂfehéfgfgéiéa?ghg first field of an o/

interl ced te eVISI nfra I's. the_secon o? an |nterlaced
t el FRBLPITL ‘PT ta h@WB cenyepterkfRy ERYA W?eﬂ‘f 8R8199s0-called E
bl arides si@nal éwpllé@htnéreaoaovénseodneatﬁsﬁdlboratoat ab sync signal

B Eotk cresaantl £BR BentfEratifg sREH ERR 01 [he hori zontal

symakignef éach pixel nsamplei dgoasi §abik. binary number. The
resulting digital video signal from the A/D processor 106
is applied over connection 116 as a particular one of -
several digital video signal inputs to multiplexer 104.
The 10 MHz sampled videq-signal from analog processor 106
is sub-sampled at 5 MHz by the ALU of element 104.
Multiplexer 104, in accordance with program control
information supplied thereto over multibus 112, can
selectively intercouple any of its plurality of video
outputs to any of its plurality of video inputs, with an
intercoupled video input being forwarded to its selected
video output either directly or after processing by the
ALU of element 104. The particular processing by the ALU
is also determined by the program control information
applied over multibus 112. ' '

More speclflcally, the video slgnal supplied .to
multiplexer. 104 over connection 116_may.be-se1e?t}vely
forwarded over connection 118 to a first of the three
frame stores 102; over connection 120 to a second of the -
three frame stores 102; over connection 122 to both the
third of the three frame stores 102 and as 'a first of two
video inputs to pyramld.process1ng apparatus 100; over



-9 Pyram d proce55|ng apparatus 100 can be con5|dered to be conprised of
four ,maj or conponents.” The first of thesggfour nmjor conponents is filter
legic unit 200. Filter logic unit 200 is conprised of one or nore 5

filter | ogi ¢ unit nodul es having the structure shown in FIGURE 3 (discussed

i-n k‘(3‘6% ai : bel m@nnedtsiomdihtasl 4 rBé'ddi&?t 57224tﬁ¢ |\¥:E>de<:t. om%uggnﬁo 2!‘?9:' éNIﬁlfal udes
a control inpy u a first video u a
second vi deo |np % |;ﬂﬂ.§d) ﬁﬁéaleés rk(}ﬁ)ro ARP RV equn %ﬁﬁil%f‘ WRd
vi deo out put AUPUL torprogesser ®rgeesser dl0§yircluldes oaessi ng
spparatus 100 diramitonheled GynPlchfressien | Iy gls (100
210 and 25 sdi %]}2 d{ﬁ? LARW i SHRRL1R] HEhexRte Qver cornestion 126

Vi ?eot i Pput S dmbo CEOIIdéQDL&nSaI&g fddﬁﬂt'ﬂféfeﬁbﬁ 200 ﬁpeé?ﬂ tIhPéciyi%o tét‘e
out put from e first vi npu e out pu
from MIX 208%13?8&%%&? 4%‘22%4:4%0%‘1& ‘N%? ELEE PRI

out put OUT 2|Q$¥iﬂﬂﬁﬁipnﬁﬂQ¥1¢eﬁnnVen)Gﬂﬁhedﬁihne&&bihe first 20 video
of byramd prageean: egﬁ%éuﬂpi%a’ﬂ% fal, Foad M€ OF e FOERIET

a first rﬁ%&é’é’s‘%ﬁ%‘!ﬂ %@RP]sléﬂ)rﬁf réaritisie e clousst ntomry
(R/;M 2) 216I nifltiplener drmm&:va: Zﬁanné@@ibri 3% 0V Glﬁidm tand Sféf%@ge of
vi deo signals rodurin roce i cat e irs
RAM 1 (214) cawectg% ASERF @ tﬁ}ﬁ;t %‘ﬁ“i‘ér ‘i\%? Jg’%r 15 3ppited o
may_suppl y it as aavidequnput dia haxlﬂ\iﬁl@(ﬁ: dromaﬂa:onszctmaie&:m;gral
hus, 218, Secana Gl el outhdse 1 i P Un LA Higie o

either from MJX 210 or has I1ts rea oelther

MJX 206 wﬁ%%@é}z \ASUQPP% |asy ah dnput Ap mﬂ'@au@mm lmaan_en

eaf:h of bgsgs tcaw;emio&msss; ahd ablxisldw c;li/ﬁﬁlﬁf' front 222d3fpvé'1&.‘1-£h§él%
on one | e0 Sl a a, us |1.C 1S a
16- %I t bus, sap%ff%lfd.‘l%g éTO% ;ﬂ%&’é’ﬁ‘fﬁeﬁ &V - Fq milkiRdexaxieo

si gnal |nputsbm&|mmaanaquannmnnlmjaapparatus 100 (see FI GURE 1)
' In addition, the master frame store 102 that

20 includes the timing and control means supplies timing and
video control signals to pyramid processing apparatus 100
over connection 140. | |

A block dlagram of a preferred embodiment of

pyramid processing apparatus 100, which incorporates the

25 present invention, is shown in FIGURE 2. As indicated in
FIGURE 2, the timing and video control signals supplied to
pyramid processing apparatus over connectlon 140 are
comprised of the 5 MHz pixel clock, a field 0/1 control
signal (indicative of whether the current field of an

30 interlaced NTSC video signal is the first field of an
interlaced television frame or is the second field of an
interlaced television frame), the vertical blanking signal
VB and a so-called E blanklng signal EB (which 1s a phase
displaced horizontal sync signal that occurs, at the

35 horizontal scan line frequency of the video signal, a
fixed predetermined time before the occurrence of the
horizontal sync signal included in the video signal).
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as an input to either MUX 206 or MUX 208. Thus, if a  -10- first of the

“two 8-bit video inputs to pyranid processing apparatus 100 is appl i ed as. an

input to MJUX 206, the other of=%=he two vi deo i nputs may or may not be S
si mul t aneously applied as an input to MJX 208. Simlarly, if the second

of the two 8-bit video signal inputs to yram rocessing apparatus is °
applied as af¥ n@m}tdtnf-qmszm appayat ‘Fﬂa‘gé’QV\o video inputs may or

na)comtlde&eu 8 wmmwldﬁctmﬁ: aﬁhjdml&oxﬁpbﬂéﬁts?.08 TH# 8-bit video

Fr SheR o, SRR Febls, MR, prtortbt o IR (APdulh5 " 0 ne o bi ¢
VI @69 .ouFliditeud onige ofnidy 208 dl-qarmsgﬁ appone or 100re see Fl GURE 1)

t hreqyqha PriegrRMERlE mﬁkm:@ Adure ot th maj or
co onent of <£.|yr am deZ{)r ocessi n BEY par atus 100 (which conprises the
re

B dethdgRalov k. a As ndi Qrol unit for
prmumm rzg tﬁquaierlaigw Wit ado oindheddd r&tcodtssl nput uni ts (di scussed

of _t.he pyram Pro e g apparat us, 100 19 performa desired pyramd
%@g)s‘sf"n ixel qlagk | "ﬁ"u 4{} at % 'ﬂ-p i@glfr’]sa?rpl e peri ods.
Thsetcomdwgy:tdmb amputDIINJrﬂ.t anff:p;shmmqn mmm@mfpphr and 400 is

cﬁﬂj ryn,?@ accor dance.
rg%rd aﬂ'tput%l{ ress count %rea%& 1s a ??ed as 25 an
.nmram mqqﬁﬁazm rﬁl?ﬁﬁ’iﬁ %rlalcmrméss 3 e 3@* Al ternatively,

In&fddictﬁespéwe/ :ﬁﬂ&l@é:&&@lcmmwzwnmﬁczmamm;y (RAM or may .be

ol SndiEaed SRR &f |0 Eaerackive W5 55€, T8, g idng® 2 C0 0L Y
ut i2li2z dek ﬂndmtmims'ky|asmxzktedlsumtadinfrﬁemlyt2memfatMM a set of
s 15 R (e B O O teck! fog el kit X mzrfi’;s;zzz
de@mgg;flcally, the output from MUX 206 is applied as
first video input IN 1, the output from MUX 208 is applled
as the second video input IN 2, the second video output
OUT 2 is applied as an input to MUX .210, and'the first
video output OUT 1 is applied as a input to MUX 212.
The third major component of pyramid processing
apparatus 100 is comprised of memory means including a
first random-access-memory (RAM 1) 214 and a second
random-access-memory (RAM 2) 216. The memory means is
used to prdvide temporary'storage of video signals that g_;
occur during pyramid processing. AS"indicatéd' first RAM
1 (214) can recelve its write input from e;ther MUX 210 or
MUX 212, or may supply its read output to elther MUX 206
or MUX 208 over v1deo~szgnal bus 218. Second RAM 2 (216)
has its write'input applied thereto either from MUX 210 or
MUX 212 and has its read output supplied topsither MUX 206
or MUX 208 over video signal bus 220. As"indicated in
FIGURE 2, eack of buses 218 and 220 is an 8-b1t bus, which
-is capable of andllng only one 8=-bit d1g1ta1 v1deo signal
at a time. Bus 222, whlch is a 16-bit bus, is capable of
applying either of the two 8-bit dlgltal v1deo 51gnal
inputs to pyramid process1ng apparatus 100_(see FIGURE 1)
as an input to either MUX 206 or MUX 208. Thus, if a




L I’

35 * and arranges t he |nfornat|on suppl i ed thereto over nultibus 112,

t hereby deriving apprdpriate control signalgs. address signals and

hnstruct|on data signals for the instruction menory RAM 230. The control
jhal s include a reset signal applied as an input to address counter

23H a-r ead- wiinst{ RIfNthe dwad S-dndhlvp.m empt(ﬁﬁ)talp}grﬁmwmno@tmr@

I nput to instr I d.as ut
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addr ess i nf or @ ithe ftwemvideq ﬁtm@%&ﬂ @mazhpldte e (Slmﬂmanetqtmimrmry
230 over 11- biappA Q@de%% lau;sl RS Ml 098 .CONIGEN Ay, BE i 'SEddnd)

codes thengsel v | CPU .interface 234 to |nstruct|on nenory
230 10 Gver Ots He fa%f)é-&}st videq sign ARRES te Pyanid RReSesRng
230, in the f(alpparfatmd?/ﬁl‘d appliled lazadad iwput atosemmfzomprmw ifilrst of

dar ese. 1T OERR ey AdeE) S Be Y s B R ARERY  TCT

is no need foramillemta@r fﬁbém& ummuzc@ o+ hd\nf@spadl widesubms £24 is

therefrom begapsd R 43S o itigd HitHerOftHe Stk itput It 1S
for this _reas that |nterf ce 234 i |ndﬁbated as bé optional” in
FLGURE. 210 PR O%of & tivel¥y fdeiviideceutnutyform MUX

initializing <2|1t20t1:ot nghe( mwwa)edmnﬁwtemﬁwm fo® pyriild ng an initial
o Several b SrouResiY Shoithe 1ol (dld AlariiE S, Rkl 27 PP Oe o
23Qand 25 Mmmlﬁt delayl means 228 ¢ff FASURE @de neans 238, latch
Toobi ¢ data bus 236 ar o e Tl ot Comphiches Y pyreiiid) .3”" ssiry
most 12 185i t s ADParRLys; 192{) “&@E?@%s&ﬁpl they nepadfdero P L FIRRE Sount er
30 231, | at Mo&kodi@gﬂam_)ft ii¥erm ’aﬁauajgj andd cottdle und4d . fo&pem fically,
address count i 23 LriRhP $He Bleddtibnde b e 2l e 3AY ST Hasly @
' units (discussed above) of the pyramid processing
apparatus 100 to perform a desired pyramid processing
20 function during each of sucqesSive pixel sample periods.
The timing and control unit of pyramid
processing apparatus 100 is_comprised of instruction
memory 230{ which is addressable in accordance with the
output from address counter 231, and which is applied as
: 25 an input to instruction memory 230 over 1l-bit address bus
-/ 232. Alternatively, instruction memory 230 may be either
a random-access-memory (RAM) or may be a programmable
read-only-memory (PROM). 'Address counter 231 is a 12-bit
counter (count capaclty is 212), but only the lower 1ll-bit
30 address is utilized.
In the case in which 1nstruct10n memory 230 is a
RAM, a set of instructions from the CPU may be loaded into
instruction memory 230 over multibus 112 (FIGURE 1)
through CPU.1nterface 234. ‘The CPU interface 234 decodes
35 and arranges the information supplied thereto over
multibus 112, thereby deriving appropriate control
signals, address signals and instruction data signals for
the instruction memory RAM 230. The control signals




Instruction decode means 238 is al so supplied with the three video control

.and timng signals field 0/1, 35 VB and [err] while the pi
control and timng signal is apphlired either directly or in inverted formto -
address counter 231, instruction decode nmeans 238 and cycle

-12- The _manner in which |nstruct|on menpry: 230, address counter 231,
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xel clock video

timer 242.
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238tbeerespect1veeoutput§ugherefrom,_ ecause a PROM is used

as a fixed store of 1nstruct1ons It 1s for th1s reason

that, CPU interface 234 is 1nd1cated as belng "optlonal"-

in FIGURE 2. However, 1n case of a PROM 1t is possible
that initializing c1rcu1try (not shown) may be employed
for inserting an 1n1t1a1 ‘address in address counter 231,
or the initial address could select one out of several
programs stored in the PROM.

Cooperatlng with 1nstructlon memory 230 and
address counter 231 are 1nstruct10n decode means 238,

"latch 240, cycle timer 242 and loop counter 244. More

r 242 is a

decode neans

specifically, 4-bits of 16-bit data bus 236-are applied to

instruction decode means 238, and at most 12-b1ts of

231, latch 240, cycle timer 242 and loop counter 244.

16-bit data bus 236 are applied to each of address counter

Specifically, address counter 231 may be jam loaded with a

new 12-bit address over data bus 236. _ |
Instruction decode means 238 is also supplied

with the three video control and timing signals field 0/1,
and EB' while the pixel clock V1deo control and timing

\'/
B
signal is applled elther dlrectly or in 1nverted form to
address counter 231, 1nstruct10n decode means 238 and

cycle timer 242.
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30 fromloop counter 244, thereby sel ectively affecting the operation

per fsormed by instruction decode means 238 _in response to the flag signal in
a manner whi ch depends al so on t he partlc&zar instruction then being read
ouf " of instruction menory 230. 35 A useful control for imge

prd‘(fesm ng is |oop counigly %\%ﬁne@‘ﬂlt ?ﬁu%: 4 . E‘%&?ﬁ%& g_‘cord Qf rta| n

events which occur during | nmage processin ﬁh first is
j am | oaded wnPﬁdFﬁésléﬂﬁptSIb 83 ,ofingtruction dedoideumeans éﬁG.tEEMxﬂﬁter
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244. The resfBRSALYr 1§6cdddSexentispr3sibie classest. fmag seguencaf odct s
operations SUbhéqEﬁétkﬁcﬁﬁbhpbﬁﬂﬁsbfeﬁap q% ﬁﬁaﬁ §§ucQ§Pﬁ]hQE%%§2 ot he

remai nder of é roces ﬁ % ar,at us) I.Nn cycle
timer 242, Br& anear 2& CoR§SiNEr e§§e&o |JrP€|k espp d8nepPercidded, bYs t he
L1, L2, 10 anddﬂtesstpouatétonﬁun$thchlQB groughd ivaiéntMioe a

Thto laten 2aBiERopadBlastr brgrdR’ ARy .of Ak Res Botnvet fon
i nstruction dEEEéélﬁeansrsusnﬁﬁderenpanphnxddurnngerCh ingttructionunt er
231 n responégcge YBQinCEKBEﬁpﬁeﬁioaﬂtpu vhﬂ hﬁg?h%%%%%ﬁ%éﬁgﬁ?l 9%%&

means 238. The rese arej

into cycle tif# éﬁ?tFHcFéQBSnéﬁ gﬁrﬁﬁ EnceHSVeVE€'LE 88t from
i nstructibn deournterec283 @3 badcauSeﬂatb2§ump|Q@dadspabifhéﬂpnﬁﬂunter 244

0T esponse  gabbesgogy A ToRhs At RHb hdv' hadrels " Ughha" doeRde 1 0RAD°
12-bits of the instruction code, into address counter 231.
Image processing is a dynamic activity, in which
instructions.and/or other data used in one pixel clock
20 cycle may be used during the next pixel clock cycle.
However, occasions arise when it becomes expedient to wait
for some reason (e.q., to wait until some expected event
occurs). For these occasions, cycle timer 242 is
~ included. Cycle timer 242 is a counter which can be jam
25 loaded with the lower 8-bits of an instruction. The cycle
timer counter increments one count with each pixel clock.
cycle, eventually timing out when count 256.is registered.
When cycle timer 242 times out, it applies a flag signal
to instruction decode means 238 over the "timer" output
30 from loop counter 244, thereby selectively affecting the
operation performed by instruction decode means 238 in
response to the flag signal in a manner which depends also
on the particular instruétion then being read out of
instruction memory 230. | |
35 ‘A useful control for image processing is loop
| counter 244. Counter 244 keeps a record of certain events
which occur during image processing occur. Loop counter
244 first is jam-loaded with the lower 8-bits of an
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The 12 bits energing fromlatch 240 on bus 246 are corrpri-s.ed of 4 address

-brts and 8 data bits. Al 12 bits on bus 246 are applied to control input

202 of filter 30 | ogi ¢ unit 20[3- In addition, the 4 address bits on bus
246 are applied as an input to "3 to 8" decoder 248. One of these 4 bits {s
used to control the enabling of decoder 248, while the remaining 3. addres
b| tsmmdttﬁiﬁi%ﬁeﬁmlkﬁ cnaremented rwhengvgial each However, only 5

th% R T %&ﬂ?&l | Nop it g r@é\ﬁi@éf m%l y used.
Spe , | nd| ~idual. ones of the use enapl I ontrol signal outputs
fro® by & oi¢ war&u HIE?P t’r% ‘P‘htches 250, 252,

2ﬁ4de%@e'ilméans 2848, Zﬂgfodﬁgmﬁmtzﬂe)lpmm@sﬂﬂkﬁc]are appli e? tﬁ all of
t he | atc one of these
| at 8‘% %S’é‘sze?gf‘ %?o%ﬁ% éch %ﬁ é&éb‘%a{h e’f‘éu%ég‘# data t hen
prebamg)rdemdadalﬁlmn-s Yheyyi knap @bumE|2ﬁ4 Ttimemiteut eg| stered in
| at 3@%% h ﬂl{ﬁ%‘ nore of the
set(\( 1y2 ﬁz%gq‘% 1Oﬁa6n)td' Sllg%ﬁﬁtiiéﬁtﬁ g#at 2 1-s used to
sel ém%c;xmde@ \MQARS: 238 PveKr the "counter't aWtRe S2, and switches
giM?ﬂd:lmSaoo Thﬁ;tﬂﬂie?: 2040 THe!¥dbpiTse Soﬂswk(:jdde &ﬁaﬁ‘élxﬁéd y RrA ﬁ,,SEt | first
co unt er r cQun reset, secon col um
couﬁt er C@‘rﬁ? &ﬁ%l%lu?ﬁnrg; % nﬁéaetgtaqths rse‘g:P ?%‘f%rbt*% | at ch 256 is used
to performed by dedodd imeanRR3 2 1and gthexs fare Hthe sremainmdernnd row _
cou # ég?g é%?%%§¥ﬁg econd RAM 216 together with its colum and
romﬁgﬁéﬁfé re 2%92 dgta that Is registered in latch 258 is usedv)
to selecti veI ywhe damheadingn il akchie24l, | sEcle cEAmST #4%)r anmabl e del ay
228, 10% \Gountiet g e Ridreds Cithtdb 28 1 asoritrdDled dsgir ess first RAM

214 d ro unt ers 268 and, 270 are. used to,address second RAM
15516, 'osi'%dé‘é’cﬁ%ve"

H‘é%t’é“%’v?‘& %‘F(odoﬁ a row cl ock
frequamxsy m.errnaml s;;ecutﬁcmllp.f the lower 12-bits then

present on data bus 236 are jam loaded into latch 240 in
response to the occurrence of the Ll output from
instruction decode means 238 and are jam loaded into

20 address -counter 231 in response to the occurrence of

output L4 from instruction decode means 238. The lower
8-bits then present on data a3 236 are jam loaded into
cycle timer 242 in response o the presence of the L2
output from 1nstru<;t10n decode means 238 and are jam

*

25 loaded into loop counter 244 in response to the occurrence o’

of output L3 from instruction decode means 238.

The 12 bits emerging from latch 240 on bus 246
are comprised of 4 address bits and 8 data bits. Aall 12
bits on bus 246 are applied to control input 202 of filter

30 logic unit 200. In addition, the 4 address bits on bus

246 are applied as an input to "3 to 8" decoder 248. One
of these 4 bits is used to control the enabling of decoder
248, while the "na:.ning 3 address bits are decoded into 8
possible enabli..; control signals. However, only % of the

35 8 possible enabling 'CQntrol signals are actually used.

specifically, individual ones _df‘ the "5_used_ enabling
control signal outputs from decoder 248 on bue 249 are
applied respectively to latches 250, 252, 254, 256 and
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‘instructions. This row clock frequency may be at the 25 vi deo si gnal
scar-line frequency or at sone other fregaarcy dependi ng on the progranm ng
(although the former is assuned for purposes of discussion). The row cl ock
frequency is reduced in half b% '+2" 272. Simlarly, a pixel clock has its
fréquency red@e8ed i FhRaffdaba biys" on” bB$4246epEedapglmadthe allat efothe

swi i ohes SL aldtshes! 8ol ovsa) 09k, chbehnd' 258 OrhOtBBhoRLETWENEYyO" !

its half- frequenc C | nput count € 6 and

as
270. Sinilarl$ éSehéPﬁg iﬁ%Fhﬁssgﬁpe 3§Zsmﬁﬁéhe35§233ﬁd2§ﬁ bekngpi xel
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li ed th I t |t I
2chLe(cgﬁpr|g%éig?gfﬁépgﬁegglﬁ?oggﬂae$§§§g£$ﬂlﬁﬁﬁ§sgb}npﬁégﬁhd3§§yg%gaﬁs
274) is appl ie8edotenheo inthe sélectivesopeidtén vlcondlldP gote 360 is

enabl ed and Iﬁhépeéteéft@ g E?HV | Bp8t 94058 8”915”\" %ﬁé &@§$ %@Ng?gg%f a

262 i s enabl is a

eg é ock dlagran13 Bﬂg
filter logic ﬁ?tlﬁnﬂﬁ? EA sehechivelynenableNANP ngabeshd6Qhandt 262,
structural |y shbteches §1 GRE §2, t 8rd4swilteRes §3t§né”§48 dghe Qhts fRPIied

0] f i 2 I ded d
oo aterDd | nERSERIARE 3o, UaER, FOAELERHIvERY B RDELRRE &) doliman ko
modul e.  Furtéeuntenc264| and rqgucoumtertzas,vxandbneketlsned:ud&damher
pr ogr ammabl e & d 'ngséogﬁa ?&aQ$SﬁF|ge£?§ Iq¥§%o&a@$dressable

read-only menory. ar ranma n any case, a
pNefal ity of %@J&HE?’?%‘?gh%lg gh zﬁﬁlelsﬁﬁg%@@dt@ $ﬁl¢¢m13)em!bleler| ved.
These controlfisi-ﬂﬂakmimn 6‘@Eﬂéf0&1§hgﬂﬁé5c@1)'ﬂhhe§n&5r&9 dr:%ea an mx .
hmaE/?P\gza o E%é%f %‘# #éés 85 Wdﬁggt raﬂ“;‘?n%re %%tfﬁﬁsc%‘élﬂgl n the
pyram d procesm@rr@@ comﬂ@nraazswuand 228. a Theadabacthattis rcegbstéraq of
an out put - VW”£ﬁ“f§¥&ﬁrﬁ$§aisfﬁéégrt50§éf¥@fh$@i§ﬁprogram the amount of

delay inserted by programmable delay 228.

Column and row counters 264 and 266 are used to

20 address first RAM 214 and cdlumn and row counters 268 and

270 are used to address second RAM 216.

Instruction decode means 238 supplies a row

clock at a row clock frequency determined by'the set of

instructions. This row clock frequency may be at the
25 video signal scan-line freqﬁency or at some other

frequency depending on the progfahming (although the

-former is assumed for purposes of dlscuss1on) The row

- clock frequency is reduced in half by et 272

51m11arly, a pixel clock has its frequency reduced in half
30 by "+2" 274. Depending on the state of switches Sl and

S3, the row clock, either at its original frequency or at

its half-frequency, is appliéd as the clock input to row

counters 266 and 270. Similarly, depending on the state

of switches S2 and S4, the pixel clock, either at its
35 original frequency or at its half-frequency is applied as

the clock input to column ¢ounters 264 and 268. A write

cycle clock (comprised of the pixel clock delayed in phase

by phase delay means 274) is applied to the R/W input of
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digital filter. As indicated in FIGURE 3, the

bus 302 ar e-

conttdd= and to provide m x m progranmmabl €

and t he

! -

Il zontal_ _co one s of the 2-D digita ter 300Q., The video input
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l\/UXt’&Ofthmdl/%ei.wnmtdf wedort RAW 21’6 gareat NAND e L6@pls ed as a second

%%giﬁEMPX 304. The control signal C applied to MJX 304 determ nes which
|

rst and second inputs thereto is forwarded to the output of MJIX
304 and const RIGURE thd 83 blagk ¢liagnam showing tthefilter 300. As is

Whrudtudd R -V igittedd 1eyild (iﬁ'h.ﬁj'nfﬂdtﬂe :Td i mdwitidides

LB hied, Bom < AlSHAUSH Dt SFie SHTde SHh & PR ur poses H
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![ﬁefrétaf\r? t@ g?eééteﬁiémq{f ?%%%fagramrﬂff% ucgture of such an
H@t’&/\é’rb@rﬁ dasiibpidd inelu t‘?‘@!aﬁr mnqgamwﬁ)mmﬂ he aforesaid
copmmﬁi@“ llswk-up$ tblepnin atid oform BE ddcessabiwar at us t akes

ant r t ns J.n.: e vertical filter portidh)
258 q‘ﬁalm%qq&erﬁ%vo %"ﬁ&%ﬁ&% Sty p| xel streamto filter
300 r@g:atlats sellre@mblqaqﬁecaatmlmuaﬂettmmﬁ)ezormroiorsmbs scan line

15T (e il FRURE ) e Ut dr Al niled oniedt 20

har @kgnals,dgglude control signals applied as an input to an

m x m tap 2-D digital fllter 300 (where mis a plural
integer, preferably hav1ng a value of at 1eas;|5) . The
2-D digital filter that was used in the pyramid processor
that was built was a separable filter eonsisﬁing of an
output-weighted vertical filter followed by an_
input-weighted horizontal dlgltal filter. As indicated in
FIGURE 3, the control 51gnals C that are applled to.
digital filter 300 over bus 302 are used to prov1de delay
control and to prov1de mXm programmable coefficients for
the kernel weighting functlon of the vert1ca1 and the
horizontal component filters of the 2-D d1g1tal ‘filter
300. : i
' The video input to IN 1 of the filter logic unit
module is supplied as one input ﬁo MUX 304 and the output
of “"zero word" generator 306 is applled as a second input
to MUX 304. The control s1gna1 C applled to MUX 304
determines whlch of the flrst and second 1nputs thereto is
forwarded to the output of MUX 304 and constltutes the
filter 1nput to digital f11ter 300. '
As 1s knovn, an output-welghted vert1cal digital
filter includes’ programmable-length delay means (e.g., a
shift reglster) for delaylng the filter input pixel stream

filter
i nput saves



therefore desirable), the delayed filter input may, 20 alternatively, be
derlved by a delay means which is not part.jg~ 2-D digital filter 300. The
kier nel "wei ghting functions enployed in the lowpass filters used to

i mpl ement the Burt Pyramid and the FSD pyranmid disclosed in the aforesaid

copehding-25 bypal sedectedlanddht .ar @o&pqiu:qids)ed mldmwﬁmgl cal .
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5, the del ay i ahethek,i priorhes bedngoimnuled |1e$$ the ddspe dﬁ!\*@% or

four horizonta al I n.accaqrdance th the r.anm ng of
t he del ay cont%gégggﬁ%gﬁ%gpgke% ie&?&]‘t?ﬂe 111&9\,3%’6‘ tion ¢ 30% has
the second vi deerthpal fijter aNd? zheireaftas,a stumneid l(rwlhtlddlerdalagmd has
t he del ayed fikke n byed #f di i s as a
second i% ut t?gr%h% gﬂh}gg{é}g%r ggn%g%w tagl Ltphk%n"(raearﬁi}g%%%% of the
control st§nal VGEE?'FEH filtex 3egshewmhdn ﬂ-'-h@ ﬁﬁostesanphtcomendmgecond

i nput to MJX 3@8r1§oﬁprwer ded hgpuheawbat)t t&?&"eegrese-ﬂiea%Eﬁttufer{Q

boch s e ) cad¥phERat LoDk, 21k pRlent: Aelai ent 15 A 315 Tho
fi Nered ouputvérbncdlgfimteflpbctlaﬁOoESZ&DpHuqdﬂﬁﬂ|fﬁ£tetfiﬂﬁﬂﬂbld&l& to
QR o ons Phereitied - AARRRRIxEY pitean b8 £11%6E Wd R P shoin 1
i deal |y |h%ert%ebﬁqbab;eeauadetgrmwngﬁHngmbersof @mtlpunﬁai\suan line
corr es pon?: Rgp%%ﬁgsoﬁ thg1thbhBheemBYbRihgS thed eddd Wears ldfeitHdPut
ertzcal filter portion of 2-d d1g1ta1 filter 300 to
provide a delayed filter 1nput saves hardware (and is
therefore de51rable), the delayed filter input may,
20 alternatlvely, be derived by a delay means which is not
part of 2-D digital filter 300.
The kernel weighting functions employed in the
low-pass filters used to_implement the Burt Pyramid and
the FSD pyramid disclosed in the aforesaid copending
- . 25 avplication 8415811 are spatially localized and
symmetrical. Also, the relative values of the kernel
weighting function coefficients are selected to provide
so-called "équal ¢ontribution." For this reason, the
number of taps m in each dimension is virtually always odd
30 (e.g., 5). Specifically, the delay interval provided by
the delayed filter input is selectable in accordance with
a delay control signal between a first value (m-1) H/2 and
a second value (m-1)H. Therefore, assumming m to be egual
to 5, the delay interval is either two horlzontal scan
35 line periods or four horizontal scan line intervals, in
accordance with the programming of the delay control
signal applied to digital filter 300.



this delay may be slightly longer due to the pipelining of the séparable'

~vertical and horizontal filters.) Thus, assummng mto be 5, the ideal =

: op Ehlear ;nput derive

20
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35

delay is equal to two.20 hor+kX?at al scan |ine periods plus 2 pixel
periods. The output of ALU 314 is applied as a second input to MJX 312.

accordance with the programed val ue of. the control signal applied to ALU
314, ALU 314 Miper30&@shas hhemn@ovmwlm% signaki Bt2a pixel val ue

ré§b1 fedas &£Uptst Oitp Sﬂnéﬁétéhsnaeﬁsecthéedalxyédvalues applied in
col ncj dence_ to |t€ i rst.an Llternatively,
r

n
¥%mp¢69+5§f flfPﬁrpﬁﬁéu?PB;b?Qe? Sv&lue which is
equ@écéﬁdtiﬁpwtxﬁheretue apnl aedordante withnthenpuogzabmedct ed fromthe

SUTAYIS of B SoRBREOE i gnki Sebbiiba) BB Iabb et PhAE BRACE | Nor oW L.
appflrsmtimpumoqrfbheasesondthﬂputtgofMU§t3pﬂp&§ geryvardedcBAd i nput to OUT
4a0&3.% gp!a{:eﬁhéfﬂbf unT{ienaﬂt'pﬁtsfﬁw MUXFB&JRES?’deSEyed b FI GURES

respective ow t | t gOO [
of OWel b2 (Dike] ORELQAF | PYLASLAY: BoanF: SHBaanEs FheH SBBLEPdgr amred Lo
opesats a8 a wastP&ﬁpﬁtdtannhszLZSangeasaa ESEspyiapuﬂ aoalyzer st age,
y si.ag t dj h
0 o Rt 38 00 BHBLRETEEREASORGr  Fhtn! ALGHRRMORY EEP! S04 (00 [ Do AN
thoagpbnpdobeﬂhlastaesacondsannu§p§9|b&Ul§i48§n§8§9 thAQUFhére di scl osed a
B“r£eﬁﬁiﬁ£1dog”€h¥Zf£1tae TSBiBYuaftdmaaall ez showh anprusuns synt hesi zer,

as
| ni3qorAs Fhdicatedi an PAGURESSanihs: B % ByboR ARAGRRORtALs a val ue bet voun
éu?ﬂﬂlh&rogoe Eagalﬁg EhBepysaw deday wgaalstagdm-d )Hz2i gnated [err] The
51574 Btpern) CaryeEREnRIRE plafisl ol heo T TRRAN & 0 8 ek of o
BurbuopuESEtpgamnaddathbyiaiter input stream. (In practlce, _
this delay may be sllghtly longer due to the p1pe11n1ng of
the separable vertical and horlzontal fllters ) Thus,
assumming m to be 5, the 1dea1 delay is equal to two
horizontal scan line periods plus 2 p1xe1 perlods " The
output of ALU 314 is applied as a second 1nput to MUX 312.
_ In accordance with the programmed value of the
control signal applled to ALU 314, ALU 314 operates as a
summer to provide at its output a pixel value which is |
equal to the sum of the respective pixel values applied in -’
time coincidence to its first and second inputs, or,
alternatively, operates as a subtractor to- prov1de at its
output a pixel value which is equal to the pixel value
applied to its second input subtracted from the pixel
value applied to its first input in time coincidence
therewith. MUX 312, in accordance with the programmed
value of the control signal applied thereto, forwards
either its first input or its second input to OUT 2 of the
filter log1c unit module shown in FIGURE 3.
FIGURES 4a, 4b and 4¢, respéctively, show how
the filter logic unit 200 (comprised of one or two FIGURE
3 filter logic unit modules) can be programmed to operate
as a Burt Pyramid analyzer stage, an FSD pyramid analyzer
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stage'is,desfgnated [err] The Gaussian input signal to stage K of a pyramd
synthesi zer is designated [err] the Lapl aci.agd nput signal to stage K of a
pyr.am d synt hesi zer is designated 20 [err] and the Gaussian out put

sigrial] fromstage K of a pyram d synthesizer is designated [err] Each of

respecti ve i npustaggnabs Reprramidd siyathles iize - ls@dgeS 4&heﬂte¥minﬁlo

gy
constitutes an ghagl I I tar 0 f, whi | e
each of the reséiggglbgga i1 thg 1 ?uft ah kl[ %lérlghl&%.[ %9%1 oaj?ES 4a,
4b and 4c const PRBLRYSA 6E}t Eﬁgt’g-ﬁénéla fﬁbnﬁﬂde’ih icomforugite whicse200 of

FIGURE 2. As indinpabgedi inFtEeREfdzesaiBlabplYcatidn %agguaqr stage Kis
conprised of the two FIGURE 3 filter 30 | ogi ¢ unit nodul es 400-1a and

400-2a. The &K 1 input signal is applied to I'N 1 of nodul e 400-1a. The K
out put signal, which.is derived at output OUT 1 of nodule 400-la, is also

f or war ded dlrectly as an e 400-2a.. The out put at OUT
2 of modul e 400- Ia i's for ls%ﬁ?iﬁén%*gi Y PYIRRA9 0 IN 2 of nodul e
400-2a. The [efRa B&?EutansFSBrPYEGmad aualyzetr nmdalpyt@ﬁiﬂa As '

el | rindaizbiy AgSERE! LUBeChRYPRES IU0colitsstl el le UL

of each of dul 9 la_an are progr
from one ah®t het? ?ﬁ vhéscﬁsg B?a%DHEFSQQGG | #he Ru§§4anslpp@§r§¢mm@h<to

form?rdfe?crtandtagerx [whekepxxnhsaapbaidetBetﬁ&eh'lshnanﬂqthoat@%ﬂE|éf”
input of filter

programmed to er%%f%+?dsﬁf?%¥§5%?ﬁg5ﬁel9§ HPF%F“&HSSSQKOQG Thsueatput
t hekeby formardGﬂ@sahay signal ofrem shagef Kt bé ReBuktporeFsDapgrasdd o its

fiiter np tSf*"“ﬂf{%%* 55098 Ls Jaetight éoﬁxxﬁ‘ﬁhhfegﬁgii%é#%#% o REESE
the [err] xel§1 fremostage Kk c0f0d- Burtsopr B§Papyramid apalyzeért he
del ayed filter stagé i9 dé§1g§5gydngaﬂs 310, while MJUX 308
‘The Gaussian input signal to stage K of a
pyramid synthesizer is designated G'K; the Laplacian input
signal to stage K of a pyramid synthesizer is designated
20 ) L'K 1 and the Gaussian output signal from stage K of a
pyramid synthesizer is designated G!' K=1" Each of '
respective input signals GK 1° G' K and L' K- i in FIGURES
4a, 4b and 4c constitutes an input signal to the filter
logic unit 200 of FIGURE 2, while each of the respective
25 output signals G,,, LK 1 and G'K 1 of FIGURES 4a, 4b and 4c
constitute an output signal from the filter loglc unit 200
of FIGURE 2.
As indicated in FIGURE 4a, a Burt Pyramid .
analyzer stage K is comprised of the two FIGURE 3 filter
30 logic unit modules 400-la and 400-2a. The Gg_; input
signal is applied to IN 1 of module 400-la. The GK output
signal, which is derived at output OUT 1 of module 400-1la,
is also forwarded directly as an input to IN 1 of module
400-2a. The output-at OUT 2 of module 400-1la is forwarded
35 directly as an input to IN 2 of module 400-2a. The Lyo1
- output is derived at OUT 2 of module 400-2a.
As indicated in FIGURE 4a, the respective
elements 300, 304, 308, 312 and 314 of each of modules



of nodul e 400-2a is programmed to forward its IN 2 input to its delay neans

310. The delay control of filter 300 15 of nodule 400-la is progranned

to provide a delay of (ml)H (4;3q00rizontal scan lined periods in the .
assuned exanple), while the progrann1ng of the delay control of filter 300 -
of nodul e 400-2a is i.-mmaterial because the delayed: filter input is not

Ut|4063ﬂa|Sndndubez409raapr39ramMH& %&%f@& CBH r%ﬁﬂ okfe | S programed to
forward the o of its 2n§ %Pgeag ig.to 2 ereof, while MUX 312
of 7Y %rzloo € GR8Gr mBAS S ot MUK FWMuiiS%f its ALU 314 to OUT
2 tpmmgmﬁmmeahtopfogwand1egchfahﬂeekbwysc% @hxmndubpywyalﬁbls innate¥ia
bec 2 [ ul ALU 314 o
e 5%% E ﬁéﬁtrgorgﬁéegiéggglgrggi g?‘éﬂ@&é&-&@#ﬁr (i t he val ue of
5eadﬁh?e¢$§ep0fem°dbl¢vQGOF2§m1MUX '204f ispprogradmeth tics equal to the val ue

of &Pﬁé‘rﬂéﬁéiyféﬁiﬁ:&ﬂebét{vééh Q‘&Ep'ftlr%} a?)dt %3:%9:%48.61 | e 400-2a applied

to the second, i nput ;of the ALU a subtracted from’

t hethexe pﬁﬂﬂ?ﬂﬁngﬂePn;H EVEREYC Otherdonee ofh &heniGyh Ri%elsed to the first
i npappbied\Ltb 3its Ofm@ﬁUhﬁpﬂQOtaa)theV\Emte&el lOfOrFilder Burt Pyramd

a#%é %ﬁ%gggi@sgfﬁﬁﬁigﬁf‘%%ﬁﬁl 5%?%&%35%@3 g:sscl osed in

10tfuzeﬁQn%shnddcppxaHsngoapplteanama saess ot the maxmﬂenlflcally, filter

30%% P@éj ti f the Burt - 20-
Pyram ng+§£é$8%%g geﬁFikuisagibg% ?F?§# é23408 Zgrtogether
opedetayed %prhﬁ?ﬁnfanatﬁnﬁéﬂﬂﬂlmﬁﬁéﬁ Bﬂpbewh@ﬂeB@ﬂD(ﬁyﬁhnld anal yz&y/

st age dﬁadﬁfﬂ@ 40022801 5 NPrégohmmelt €0 F8Swara add ant@0-ikptoget her with
deI $a%f }%ﬁ%ﬁ{lﬁb’-’zgr mgﬂgeﬁgégg %% %40% %%lé%er ate as the del ay
- yz K! h@fafdi3eF #0%pdul e 400-2a
15 opmﬁtmdwbetm-sllbtiacprogrmed tb PuotiBer anidélayalofzer stage K
HoVEN Sl )it (F Bz ENEAT" S8R YABR B398 T ehl BRdRRL2 does not
example), while the programming of .the delay control of
filter 300 of module 400-2a is immaterial because the
delayed filter input is not utilized in module 400-2a.
20 MUX 312 of module 400-la’is programmed to forward the
output of its delay-meéhs 310 to OUT 2 thereof, while MUX
312 of hodule 400-2a_is:pr¢grammed to forward the output
of its ALU 314 to OUT 2 thereof. The programming of the
ALU 314 of module 400-la is. immaterial because it is not .
25 utilized in module 400-la. - However, ALU 314 of module . o’
400-2a is programmed to operate as a subtractor (i.e., the
value of each LK 1 -pixel derived from OUT 2 of module
400-2a is equal to the value of each pixel from the filter
output of filter 300 of module 400 ~-2a applied to the
30 second input of the ALU 314 of module 400-2a subtracted.
from the corresponding pixel in time coincidence therewith
applied to the first irput of ALU 314 of module 400-2a).
- With one exception, the Burt Pyranid analyzer
stage K shown in FICURE 4a performs all the functions
35 performed by each stage of the Burt Pyramid analyzer shown
and disclosed in the aforesaid copending application
8415811, More specifically, filter 300 of module
400-1la operates as the convolution filter of the Burt
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10 deci mation means for sub-sanpling the convolved filter output from
filter 300 of nodul e 400-1a (that constitu ﬁs the &K signal at QUT 1 of
modul e '400-1a). However, as is discussed “nore detail below, this &K
signgl is decimated at a later point in FIGURE 2, that is situated 15

outsftde of fil [ bhapO th t 13 ¢4 o] ug, f
304 of nodul e % %?%gg &ﬁ?ggiﬁg ggg??ﬂﬁ'agugnggﬁpgﬁatglggggrgéﬁaéfoﬁ8§%¥yér
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filter 30050f #bAubé hodthl mpduteay40baba 324 400ARdubpez@tel asatHeddedyy
means 310 of ”Bgﬂh§ 39033§t'ﬁﬁfghigkhﬁaggﬁer(gk&#%'K faHg ?ﬁé'iﬂﬂt§i458§n
| i ne periods plus tTour pixel perrods 1n € assufred tase. I's 1S Just ™
equal to the tBePanlacfa)-2asepPerates as| the subtsackieon| Beans- of Buytfilter

fgo ?f n?dulg p99aﬁg435ham9z?ﬂssFagftFat H@ﬁé@ég?Pdhiggﬁgﬁebiraﬂﬂhied to

e first and secon nput s, o e -2a a S occur in
tine coincidenﬁBaQY?ﬁroﬁtagﬁofhgvp *ﬂegiéEﬁéyggnaﬁeﬁnﬁ?§zéPc ﬁgée case
shown i n E0 GUREedimatijonrmeans| for sihgbampbingeth@OcbnvoReedefilterMJX 304
and 308 of nod Orb AT 84 r [ 5 Ldent| : hat
of rospect i ve REEPabaroal SBEaE" 30THe! HoRd1da0ql 4R 1igk BBHBEHFhesh T
i s programmed FReafyi aéemptaptn@iiel o5 mpdudes400-iadul cHoweves, ABwiSer,

t hadel ay contd9bcaéséd! iArmePe detAidopalrsRy tRiBreYi §€ghal is2l- del ay

o ihe del aveqligghed sl 1 E2r oIbND: sHTEILORE! SoLLePLE L RLARL ! 1o
scan |inelperioutsplesofwbipterl lpgicounitn200e adnuthed other hahds theal 5
delay (which |suthat eouf'mi® 302 g2 AXahiachbBd2RY bhibh' 1308ppeRad" 88
at correspondi ngy pi xe s-apglle o the | ‘
an input to interpolation filter 300 of module unit
400-2a, is, in effect, decimated at the same time it is
being expanded by the substitution of zero-valued pixels
20 for alternate ones of the pixels of the G signal applied
as a first input to MUX 304 of module 400-2a. _

Further, the total delay provided by delay input
of filter 300 of module 400-la, delay means 310 of module
400-1a and delay means 310 of module 400-2a is (m-1)H +

25 (m=1) -- four horizontal scan line periods plus four pixel
periods in the assumed case. This is just equal to the
total delay inserted by filter 300 of module 400-la and .
filter 300 of module 400-2a, which ensures that

 corresponding pixels applied to the first and second

30 inputs of ALU 314 of module 400-2a always occur in time
coincidence with one another. _ _

The FSD pyramid analyzer stage case shown in
FIGURE 4b requires only_ahsingle-module'4oo-b. , Respective
MUX 304 and 308 of module 400-b are programmed in an

35 identical manner to that of respective MUX 304 and 308 of
module 400-la and ALU 314 of module 400-b is programmed in
‘an identical manner to ALU 314 of module 400-2a. However,
the delay control of filter 300 is programmed to provide a



first and second inputs of ALU 314 of nodul e 400-b. The pyranid synthesi zer
stage K shown in FIGURE 4c is conprised of only a single nodule 400-c. [The
10 corresponding pi xel s of t#2l¢wo inputs [err] and [err] applied to the =
respective inputs IN 1 and IN 2 of nodul e 400-c do not occur in tine %
coi nci dence with one another, but are tinme skewed with respect to one e
euuﬂe&ﬁy fomrthe pdelaved| inputef {mr)ES2 xel Thus dethgetiobpln respect to 15
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cC,1S program‘red to-o erate as a summer,

rat her than égh%.B$E@$h t%Ynt¢83h29Fr§F g8 Kkpehovn {ReFLGURE! i on of the
pyT&&nihFﬁémpiﬁgédsbﬁwﬂnly &l §ihgle, mbdule 40640ed Thet 30 filter logic

unit_ 200 is rised, of _Eh r t dul e 400-b (FI GURE
10 4b)0%53§%%éﬁ1n$095§%}3t8k §h§ E&Dléé{’lg% SL Ogéﬁ? Ir'Ksﬂrngg © Furt heg it is

asaunﬂﬂmedatotﬁhevrdepechpue tnputs IN pyandi 8Np2oefswpdyleppar at us 100 is

an Fodle 46 0hde!odldECin! Bk L8FholenckchitABhE Qﬂbth&i‘e first of the

t wo |nter§%ced successive frane .o NTSC- analog vi deo

si gtk %E%Itkﬂ?b&kﬁﬁﬁévVBFBanEHﬁFﬁ E98°§ﬁda&BEPFEd o¥eFeconnection 110 as
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(two horizontal scan line periods in the assumed case).
However, this time skew1ng does not take place 'in module
400-c, but takes place at some’ other po1nt in the s1gnal
process1ng system (as w111 be dlscussed below)
20 ' Respective MUX 304, '308 and 312 of module 400-c
are programmed in a manner 1dent1cal to respective MUX
304, 308 and 312 of module 400¥2a; described above
Because the delayed 1nput from filter 300 is not employed
in module 400-c, it is 1mmater1al as to how the delay

25 control is programmed. However, ALU 314 of module 400~-c | B -
is programmed’to’operate as a summer, rather than as a
subtractor. . '

As a first example of the operatioh of the

pyramld processor shown in FIGURE 2, it is assumed that

30 filter logic unit 200 is comprised of the s1ngle filter
logic unit module 400-b (FIGURE 4b) programmed to operate ’
as an FSD pyramld analyzer stage. Further, it is assumed
that the video 1nput s1gnal to pyramld process1ng '
apparatus 100 is an 8-b1t dlgltal video signal that

35 represents only the first of the two interlaced fields of
each succe551ve frame of an NTSC analog v1deo szgnal
applied by telev131on camera 108 and’ applled over
connection 110 as an 1nput to external analog processor



3
¥

interlaced fields of each successive franmes is usually 5 sufficient. A
further benefit, when such |lower resolution,jmges are sufficient, is that
it* is not necessary to convert each interl2®€d-scanned frame of the video
Si gnal to a progressive scan format prior to processing by pyramd

rotdssi ng appay or S
(F:)orrpl exi tg aggqc%it oi uclh s sc?(g#:s *n acco%g%%?%éé)ﬁglﬂﬁ‘é@?w in
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sec.) of each sﬁdcdczje%sla?eéfrarr@% dﬁgatg(alﬂ] r}I-' %%1& £9, vi deo
i nput to pyranPPprereeash Hﬁ%ﬁﬁ@ﬂmﬂv@me cpﬁlrﬁm dfmen:essgrmgl

apparatus 100 amtd Prddnedliife St t#n qsc?ﬁd tion
during both the first e;jnd second fi el d{)ear#'o %] success v frame of

the video sign&¥ra&iid processing gpnanatusg -IVU)F% sadg Ay hardware
and first lénd dewems Rité ciimplaxi t3i Garni a:q:wgsﬁram tsysaigte in the

fol |l owi ng manner. During eI ucce.55| ve fra a series
of pixel sanples that def%gm{#ﬁ‘&%ﬁ ‘gf‘ﬁ{éé}} ©991h% i ng g4t
frame are appl ii&d Pdimhthatydhe ﬁ@tﬁeq dmut zixes wot rednmied dsf @ series of

pi Xel/ sanpl es icdrtifiidisl dthdHm f r ni t At s
filter logic unlftS 200 opsérdat F}gf[ k?eu%élir sét t}géeJ ofI ad ratr#% and‘ﬁ

series of pixel® &y aGFuRy drFingrthe Iﬁlé?sﬂ deiel dimeringd
constitut a5t he ([16460] semt)t, tof tda:mwmetslﬁllﬁmtﬂﬁ THe Yitidd Iyl

dered at ggg g%‘%.o D18 6 iHlagd rfrctnddidn 'Sildeadlve 2
. blocks of image information are separated from one another
by void intervals that occur during each second field
period (1/60 sec.) of each successive frame of the video

20 signal applied as a video input to pyramid processing
apparatus 100. However, pyramid processing apparatus 100
continually processes this video input image information.
during both the first and second field periods of each
successive frame of the video signal.

25 Specifically, MUX 206, 208, 210 and 212 and
first and second RAMs 214 and 216 are programmed to .
operate in the following manner. .

During the flrst fleld of each successive. frame,
a series of pixel samples that define the block of image
30 information of that frame are applied as the video input
' to MUX 206, which forwards a series of pixel samples to
"the IN 1 input of filter logic unit 200. At this time,
filter logic unit 200 operates as the first stage of the
pyramid and the series of pixel samples then applied to IN

35 1 of filter logic unit 200 constitute the Gy input to the
pyramid. This results in G1 being derived at OUT 1 and Lo
being derived at OUT 2 of filter logic unit 200 (FIGURE 4b
‘configuration).
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MUX 210 forwards [err] from OUT 2 through progranmabl e del ay 228-to the

vi deo output 226 from pyram d processing apparatus 100 (where it may be
further processed by the signal23» ocessing systemof FIGURE 1; as 5 will
be discussed below). The series of [err] pixel sanples at OQUT 1 (which have

~as yet not been decinmated) are forwarded through MUX 212 as a wite inpuf

to first RAVMUK 2L4Qforsardshds s dinem QBLR dhapighand row counter 266 are

In Wd&@y U W ivikibd QARGRIE VB¢ fign 10 " [err].274 and
.., _colum counter 264 is’ increnented at half the pixel
cI Qé’ w@ﬁegﬁ

séﬂﬂlgr SPPaRAkuS 106 (whexe ddmmak Peyfuriben he row cl ock
fl’mkd b'i)hlﬂle’&&ldﬁﬂ iproudssiawe r&illﬁéiero@rﬁGﬂfREt L!.e [ 1] Eamol estl n q
er 4o i e jnage being store
o witao ba o hsted Bendil oM ¥ibe X T Bixell AdHRIGR 0 both ¢ he
horartz@ﬁﬂ-'all a(mhlm hiayel asmyed dmterlaems;eciﬁtadzesibrare only one-fourth of
al 'fo%%rh@d’M]t{Ff?wT MU RAY g0 Pl L ﬁrdﬂ Yo O Yl 200 are stored

in_first_ RA IS process 20 contl ues - unt e end of the first

fi @G -peFHOYBVET e dhe SRy cPuntar 264 ARd Jo% H@“ﬂ% 28¢nal . At the
begmnumrehewtedswomid‘dlelﬁgaﬂ:usmeﬁlmrr g ifpae frame, colum

coynLGr 4 r t 266 are res ectrvel Cl ocked at full pixel
cloc Fgg 3%% "% (ﬁuﬁ r‘?\cleﬁﬁ % t hereby serially read
ounnatrlementreﬁeas:t rhad.(f [tdver ]pmiplds:dk cﬁne‘q‘rancMQMbw nonly the first
quabhifte?’ 2662 W I\Qg% n programred to forward
th esergg 2outt1§err prxéftl %Haifro |rst 14 to the IN 1 input &/
hgrPHPFBFYI ogi Ch46 resilitsro® opdi¥s every wother @%&ﬁ)l'@}ﬁ appearing at OUT

e dshﬁb&hssdﬁmb%rqpmﬁern@rﬁi o2t toriiddrtal Giah Wides200. MUX 210,
opeﬁa dlnt e, sane er as scrr%}% I,Lh cqnnection with the [err]
sra al ef&f"\%&FdEe%e‘}g | Eﬁder‘ﬂ mmabl e delay 228 to
Vi peovmdupqt thes nedessary, deldimatiion iM/boti? the homjzomtad to forward the
[e ef & S a ut . second RAM 216 (rat her
{ hand, PekFi Rt e e Wit Midi W orily

one-fourth of al samples appear:.ng at OUT 1 filter

logic unit 200 are stored in first RAM 214. This process

continues until the end of the first field per:r.o_d of each

successive image frame of the video signal. At the '

beginning of the second field period of _each successive

image frame, column counter" 264 and row counter 266 are

respectively clocked at full pixel clock frequency and

- full row clock frequency to thereby ser:r.ally read out all W,

of the stored G1 samples from first RAM 214 in only the
first quarter of that second field period.--MUX 206 is
then programmed to forward these'read out Gl'pixel samples
from first RAM 214 to the IN 1 input of the filter logic
unit 200. This results in G, samples appearing at OUT 1
and L1 samples appearing at OUT 2 of filter logic unit
200. _

MUX 210, operated in the same manner as
descrlbed above in connectlon with the Lo 51gnal " forwards
the L1 51gnal through programmable delay 228 to video
output 226. However, thls time, MUX 212 is programmed to
forward the G2 pixel samples from OUT 1 as a write input
to second RAM 216 (rather than first RAM 214). Second RAM
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¥
-24- 216 is operated during its respective wite and read cycles in a
manney simlar to that described above in copnection with first RAM 214.
Therefore, horizontally and vertically decindated [err] sanples (equal in
nunber to 5 only one-sixteenth the nunber of [err] sanples) are first

st of¥d, and t hen1l6hq sSlopletthtied PHIRP iacrsel\#lﬁgo%%tvoé P’Iﬁaﬁoﬁﬁ ﬁféegr& of the
@

second field perioq and forwarded through I ogi c

unit 200. This [HGCESs ok MABBETr Simddar o that dlescrihed ahavestinyes of
L he pyr am'dd, Widt:b_mdti@_fn it fa&@tsmw%amws_ﬁﬂe&ﬁ&e%lﬁwﬂifﬁmllew
eing used to i en _store t ussi.an out put. pi xel sanpl s
f orwar ded t here d??%%%l}@oﬁe?:ﬁfnﬁ&e{' ] (,smlteszd(?q%rﬁlo&dh %&%fp 15
As di scussel i notdyaione-sixteeatdy thei dumiieandifh G, Famiples ) are34ixEtl, the
anal yzed signal H@gan Ayt ARAl 7 | ' f rar
[err] and [err] sztsB so f aarkld?igg‘%?ll % , @tt%e ,pyrd/:a?m%r ﬁ?’c?ccsg;ggéna:%%ﬁﬁfr“{a u:"srl g
wi |l sequenti al ByXteeRthd ofadheopegond fiielid pexiaosh and fpraardas fdwqugh
apparatus 100 TRE e cenal L O BLLRE: Ay O e ded | om OUT 2
appar at us . e sage.tine that [err].1s being forwarded .from
of filter logic unit 200 &ﬁﬂ&u&ﬁ?ﬁﬁﬁsz%e%“ﬁsogé%%mbe%lw 228 t o
vi deo out pli0 228ucclessive stagesnbfstheppyramidsi grith [each of fiatgty and
forwarded from el bl LOgi ni_t I . f.or starage
i n deci mat ed fofgréhzfo#dgfﬁédgf r2§. ﬁe#&oaﬁkﬁ%ﬁgﬁ%%QIWﬁé%éﬂﬁon ee?é'é#f
to read out theaddoithendstioxet &he[ Gaupsiiancioudpull ¢dxeld samplesd fidmigrded

wi tkout further [ [ t : ; qﬁﬁbrgy tmb@is,
somewhat di fferggg%?garfg%#i Eﬁgagq%?&veﬁc lé% eletn eogcrl e(?l?s -
c

necessary. Spec ally, MUX 308 and 312 of the filter logic unit nodule- "
400 b are mbw programmed As dispussedein detailedpeaiheyafRitlepalid to their

respective firsgolQRkiRg LpE1EReE8heRT184.1 P LRATY e SignQYT 2 ©f
from an N stage pyramid analyzer is comprised of Lo, Ll .
« « Ly and'GN. As so far described, the pyramid
processing apparatus 100 will sequentially forward each of
20 the Laplacian analyzed subspectra signals Lo: L -
Ly.1 to the video output 226 of pyramid processing
apparatus 100. At the same time that L1 is being
forwarded from OUT 2 of filter logic unit 200 through MUX
210 and programmable delay 228 to video output 226, the
25 remnant subspectrum signal Gy is being forwarded from OUT
1 of filter logic unit 200 through MUX 212 for storage in
decimated form in one of the two RAMS 214 and 216. It is
now necessary to read out the stored decimated Gy pixel
samples and forward them, without further processing, to
30 video output 226. To accomplish this, somewhat different
programming than that which has been described is
necessary. ' o
Specifically, MUX 308 and 312 of the ﬁilter
logic unit module 400 b are now programmed to cbuble their
35 respective outputs to their respective first inputs
(thereby extending a path from IN 2 to OUT 2 of filter
logic unit 200 through pixel delay means 310. Further,
MUX 208 is programmed to forward the readout decimated Gy
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|l ogi ¢ unit 200 through pixel delay neans 310. Further, MJX 208 is 1
programed to forward the readout deci mated GN -25- pixel sanples to IN
2 of filter logic unit 200 and-284X 210 is programed to forward OUT 2 to -
video output 226 through programmabl e delay 228. In this nanner, the 3;;
deci mat ed remmant si gnal GN reaches video output 226 of pyramd 5
pr pdxedi sampdies fudINM @ of fiddex dogithaifer2Q AGndOME Althal processi ng
SYE Ve d ﬁméd‘%&'ﬁlﬁaﬂtﬂ(lﬁ%gsz rﬁb&»ﬁ?&ﬂogiw Izﬂzf t dl‘%h' n whi Cht
pyr am 0Cessi appar.at us oyed .i's art, o e presen
i nPEAFE @ﬁ""aﬁﬁ'\ﬁe\%& ypr?azrﬁrst I‘B)fg’ gq;?nqx%/, d,zed video out put
frmamammsigrraic e chEms naildeo mﬁ;pwmestom@yﬁanimr] . . and [err]
| 8'in FIGURE 1) is usually forwarded through

gﬁg%%s%%ﬁﬂfgﬁ> se eéfq' one of frame stores 102 for storage therein
(e| ther in it genenal githe dpemratiomfafra dignak ipgroagssind fi cati on by
t hgyalddnpf(Llene 'ﬂhelcé‘}r)%nalﬂiﬁrcfcﬁé‘ésﬂﬁ?tsﬁ‘iéﬁ“éh Wil r e gurgnal [err] and

[err] are st r ram d processin paratus 100 to. | ater operate
as 1d %s ﬂprrq msanmawsrgﬂf .

a rielr zidti at:hfd‘ﬂaihé ptedeant arm}emxfnml m&i&ireﬁ, Cilimﬁdﬁed Iof thg Itwo400 b'
es t han t Si ngl e noaul e -
s&ﬁREq%'S) %ﬁ%é@eﬁéﬁ& do:f‘%%% rﬁq#é)‘f%céé %‘B‘a‘?’ atus 100 perform ng

a BroceBsing arpatatis 100, donsisting of ILR5 Ll mat erd all-Nrfspect s to that

de%‘ﬁr *?..ed ( fl%&%ﬁ%f:f&bﬁ’!dﬂ‘ p2:1: Fﬁplﬂ)ﬁtﬁiﬂ G angd ysi's.~ A second

- exarrp e operat.ion of pyramd. processr ng par atus 100_is the use ‘s

15

20

25

30

35

ll’l liwal}'rﬁ 2‘33‘% REanent k4 ke A agierth one Khgl e nodul e
40(&@1@ stdlfedzll(ﬂﬂ?&'dh: Stfb d athereinN (:‘émzpyf‘mlrﬂth synthesis. In this

CosS st BT AT T S SR B g il S
pr didsofhejiement 104). The fact that pyramid analyzed

signal Lo, Ll . LN 1 and G0 are stored, permlts

pyramid processing apparatus 100 to later: operate as a

pyramid synthesizer to reconstruct a G'o signal.

_ Other than the fact that filter logic unit 200
is comprised of the two modules 400-la and 400-2a of
FIGURE 4a (rather than the single module 400-b of FIGURE
4b), the operation of pyramid processing apparatus 100
performing a Burt Pyramid analysis is identical in all
material respects to that described above in connection ' O
with an FSD pyramid analysis.

A second example of the operatlon of pyramld
processing apparatus 100 is the use of a filter logic unit
200 having the configuration shown in single module 400-c
of FIGURE 4c to perform an N stage pyramid synthesis. 1In
this case, it is assumed that the analyzed signals G'N,
L'y.y + - - L1, and L, are stored in one of the three
external frame stores 102 of FIGURE 1. The process begins
with the remnant signal G'N being transferrad from storage
in one of the external frame stores 102 to first RAM 214 -
of the pyramid processing apparatus 100. This is
accomplished by forwarding the G'N-rgmnant'signal pixel
samples through multiplexer 104 and applying them as one
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with the remant signal [err] being transferred from storage 35 I n one of
the external frame stores 102 to first RAMZ&M of the pyram d processing
apparat us 100. This is acconplished by forwarding the [err] remant signal
pi xel sanpl es through mul tiplexer 104 and applying them as one -26- of
the <8t bit inputef ttdhepB-diitd inpates fing mmmgaappamms droql22 or

124 (as shown igvdd Gotmebeidl 12w VT4 (B £ 49Q-

filter logic unit 200 s te orarlly pr ranmed to. coua % L:"flrst |npu{

to 5 its outRANE (HM&%D Wl 490 afet nl\loglawdlrm.tr 2
t hrough pi xel (mioa)ismﬁn@oiﬁﬁllyl\ﬁvﬂdy%e@&d Scoupley HAETEd st figipiy &g he

emmbnt ' Si ghal TEaaHRY oS EebY, sitendiell B EFRGhraer Btedae O 2o,

and row 10  clagsk QU Qudkhsicargh phxed tdelaypmléans 1340)) ,f widtlieo MUKAL2QBedrs.

‘per f or med, I\/UXp}.’{,?g atnid @gﬂ, Jt
Fas S shown I N thé:J confdljidriatlo m)du é‘k’é' %H%IIA}P) aﬁfe M
stored [err] sisdfaiis rPrquréml%Q\/lt?l qvapd G'ye é‘(?n'élﬁntatskﬂi@lhdﬁa

and row cl ock foumeens & md:eam@ipxﬂﬂ ﬁdﬂmmws@%mo ddludn WHd q:owat

t he same he si_gnal ed i,n .t he e ernal fr ne store 102 is
read out fulqtl EA{ fﬁﬁé%‘?&%ﬁﬁﬁ i rt&i\fe =) %lt"ﬁ’rgﬁfn vi deo

i nput bus 222 mnvmrm&mm,r IHUX A2 1s—kmmgranmtduh e omptliey d 43 agoond ng

chthhteh;tea?hgurlé‘? out er ] sﬁnal rom ;s(ﬂrst %%Algor{f&tg%&a@gﬂbr@jo '

exakity two homogides 4% with respect to the read out [err]
signal fromthe frarre stwe&th&heZ%torEa fc'en%i 1 i3 faet RAM 2ussaml e

o, the {1 berod LalThout Load i Sobenien os nocendid o
applied as a f iapplied tthriomghu Mt 2064 teaIN Howwhilefl Gﬂ?&h@)san@ time,
The result is that 1‘.1;1' | Ui A Gedtda AW 4 le¥ternal frame store 102 is
read out at full column and row clock frequencies and
applied through video input bus 222 and MUX 208 to IN 2.
20 However, the respective programming of the read out timing
control of frame store 102 and of first RAM 214 is such
that the read out G'N signal from first RAM 214 is delayed
by exactly two horizontal scan line periods with respect
to the read out L'y , signal from the frame store 102.
| 25 This ensures that each filter sample of the filtered G'N
— output from filter 300 applied as a second input to summer
314 occurs in time coincidence with its correspondlng '
pixel sample applied as.a flrst input to summer 314 (as
shown in FIGURE 4c).
30 The result is that filter logic unit 200 derives
the G! N-1 signal at OUT 2 thereof. Second RAM 216 and MUX
210 are programmed to apply this G'N 1 sxgnal as a write
input to second RAM 216. )
The whole process is now repeated with the
35 stored L' K=2 signal beiné read out of frame store 102 and
being applied through video 1nput bus 222 and MUX 208 to
IN 2, and the stored G' N-1 signal being read out from
second RAM 216 and applied through MUX 206 to IN 1. The
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35

the [err] signal at OUT 2 thereof. Second RAM 216 and MJX 210 are .
programmed to apply this [err] signal as a wite input to second RAM 216.
The whol e process is now repeapgd with the 35. 'stored [err] signal being -
read out of frame store 102 and bei ng applied through video input bus 2%%1
and MJUX 208 to IN 2, and the stored [err] - signal being read out from
sereaulBAlB2thagntheppl'iced shgnadhiklUde2dfedonb at OUF 2 -27- result is

th t ' =1 I ' . 1 h MUX 210
ndhd SFpLekll chirBlieh iox2aoy 58, B Yrdee Whpu I8 M oeTRa) 207 MY
regd4ted 5 (mhereln the first and second RAMS 214 and 216 are alternately

enpl oyed fOrT§505b89e33§3c§55%€§E&%%E%s' Wgrb@ rep@atlegderived at QUT 2,
fol |l owed, b the rreadi ng .out of _thi's RAM an forwarding of its stored

[ ek¥ReTeiRathen £3T5k 8es°ond RAME 214 ARpd 2dfeaTPne that its 10
asabtezhatelygr ehpioged for lseomgngeadowemoemﬁwm diowiex 102 and appl i-ed

Oug", BispddZaRadvil st By ol Nedlaoull By SRECLU AP RRS, gt nues Lnt

falI'l y restore ed) is
uI t.hnratw apdi the £pr@ardinaf ofi itsr stoxed Glit sighal Wen this 15

hapResa hwﬁﬁxZéasl%op&ﬁgﬁanaﬁdthg bameatd meN@pa®' lessi gnal through
rannable del ay 228 "t he V|deo out put 226 ofﬁgyranld pr ocessi ng

apﬁgFSFb§t§§OL kou §¢ - ifcbedng spaéhen§ Gram Fromes $toFesyst em shown in
FI COREahd apBplied Oireﬁ:'XbﬁB| 222t hadsmumestszmda [1ev 12]) .mayrnie used for

o BRBKEAS BopablsehRTIRRE WIRAT RAaTEn S Aol Mtk OF al | hoM dfai’étyh.eb
frﬁutlytvestoued sAgnednisi eymthesiiged)ntisesiltimatedy] nay be applied to

SOEBrevBAr ab! bz 2! ben sdaese 1633k U002 when this S0 far, it has
been assuned hat t e 5 ram pI’OCESSI g r&parat US I S ,operatil ng on a Vi deo

S|Bﬂ3PePﬁpuyugoﬁ§PsE§n rogrsmmed ‘successi ve
_through programmable delay 228 to the video . output 226 of

pyramid proce551ng apparatus 100, for use by the rest of

the signal proces51ng system shown in FIGURE 1. By way of

example, the synthes1zed G' . may be used for displaying

the restored 1mage by monltor 128 with or without further

processing by the ALU of element 104 and with or without .

further delay in frame store 102. Alternatively, the

synthesizer G'o may be applied to some other utilization .

device (not shown). _ - -

So far, it has been assumed that the pyramid o/
processing apparatus is operating on a video signal input
consisting of only the first field of each'of successive
image frame of an NTSC video signal. However, this is not
an essential limitation.

In some cases,. in whlch the amount of image
information that is requlred is even smaller, the video
input signal to the pyramid processing apparatus can
consist of only one field of alternate ones of the
successive frames of an NTSC signal (i.e., each 1/60 sec.
field period in which new information 1s.presented is
followed by a 3/60 sec. void interval). In such cases,
there is more than enough tlme, us1ng time mult1p1ex1ng

' techniques, to implement a_Burt Pyramld analyzer with a
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i mage frame of an NTSC video signal. However, this is not an essenti al
limtation: 30 I n sone cases, _iJy Which the anmount of image
inforrmation that is required is even smal | &, the video input signal to the
pyram d processing apparatus can consist of only one field of alternate

one$Qf the su ' (RS § i lo £ iar8- /.6 o 35
field period i?&%?cﬂhqr?yl i &gmzﬁbongﬁii.iglzlr%grﬂégrﬁg fagﬁq'gl\é'c? .8“%'60 |
sec. void intefMPEe .SP%V}L&F@H‘-%Y&S&‘P A e Modile s figsduprognammedi ng

t;ge Py:tipIFxhggatﬁmmmﬂaﬂfilﬁ&:hm%hﬂfemﬁncU§E¢4é?nﬁyﬁpiqyﬁa%&?mcﬁmtrna
-28- filter | ogi, it CQNpri,se . only a gsi modyl e.

speci fically, %ﬁgnlsélaﬁgl"éq%%&ge) ﬁtsorﬁ‘f& pﬂ%l’oﬁnﬁ%s}s aé%jl(ﬁ?cfélé ﬁﬁ”@r

nmodul e (Fl SURE224) and 216ui dThered fliegnalthensiriglies miduled iis programnfed st
and second RA 4O odt: Iy & [ | Seq

pr ogr amred 'asNaﬁ,sZOaO- 2a WZ%SS'] e, (elfl a Q,Laa)rfd%dz trsigo(rase{dJ i er(r:ﬁK s%lgq“rulﬁl IS
read out of thdS FeadhEWh of that sneef Hiwst and seconds RAMS\21dh and | s
st o][ ed anfl_ applzitlﬁd iaﬁ mdwﬁdlﬁ iFsO_stﬁbQ'teEi RElE led :a&; IS i‘i'%tzetto the
configuration, there eri,yin err]..signgl, as out pu

t herefrom Pyrgmlﬁréf’ﬁgiend'naﬂﬁ g‘[ot?s'" (Vi géﬁ”ﬁ?ll?é"i %E\ee‘??gfﬁ ed so that
it can opdQat e derivingmihet %S@i\g'nﬂo_ @mnloutypiuterthdrefromeen converted
in formto a digitally S%‘ﬁa‘iﬂﬂp‘w&%‘gl‘fﬁ %?@JAEQ%%O YWy a?{!s%%'el?’ |
are two ways of, acconplisfiing thi's., ~—The r way |slto Separate a

pr ogr essi ve- scafPlieentad; $8 thato it can gperateron ehaemlete)NTSG he

firsty/ channel Rdides sdgwalsedferoilty htld Yl R 1Ad Ll fosEssiae
frames of the r.%aré:%;llve-sc n video signal and _the other, chaggnel bei ng 20
conpri sed of t i T PTHg WyesHaadk Videa S1deo SRGFES . The
pi xel samibes afreartwousayssiofe accompldasising this .a [Theg rfixsty eragcdis Waleo

Frames peri od | ABATAEY 3 BogbaBlvl-Roat VIRY BT (MY TilSD A
second channels, with the first channel being comprised of
only alternate ones of the successive frames of the
progressive-scan video signal and the other channel being

20 comprised of the remaining frames of the progressive-scan
video signal. The pixel samples of an successive frame
constitutes a progressivefscan video signal Go that occurs
during each of successive contiguous 1/60 sec. _
frame-period intervals. Each of the channels is provided

25 with its own pyramid processing apparatus 100 (with the
operation of the pyramid processing apparatus of one
channel being delayed by one field period with respect to
the operation of the pyramid processing apparatus of .the
other channel). The second way is to pass the _

30 progressive-scan video signal Go through a data compressor
so that each successive frame at the output of the data
compressor now occurs during a first 1/120 sec. interval
that is followed by a secénd 1/120 sec. null interval.
This permits a single pyramid processing appara%ué 100,

35 operating at a double clock frequency, to be employed.

So far, the present”invention has been described
in connection with an image comprised of 2-dimensional
spatial image infd:mation. However, the present '
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25 withits own pyramd processing apparatus 100 (with the oper‘ation of
the pyram d processing apparatus of one channel being del ayed by one field
period with respect to.the ope2®« on of the pyramd processing apparatus of‘
the ot her channel). The second way is to pass the 30 progressive-scan video
naln& rr] through a data conpressor so that each successive frane at
ouﬂ-pﬁfﬁ ionhe maat Hec dmplementead koo operatduniith arf i rst 1/ 120 sec. interval

th [ s pernmts a :
o1 oo fometofl ROt o o, Salipleth Gonitiiral BT MVIN PCotbl o ol ock
ggﬁ%@% mpgey %1“‘3615f1&ns't hghpksesém gemmll.orthvas been descri bed
| npednetpliesn of ttheaprlew qoRientiomM @réaﬂiﬁi&mraaltos patial image

Ho the presen -29--inventi.on, may be inplemented to
é?éggghﬁgﬁlgnBS* PF?%eggﬁﬁghéﬁpqﬁﬁtgséQﬁﬂl MG moral signal having
IedsgétahDESChnatuwofbmnepemamangthdmrlm@'gemuwdﬁ the principles of the
Pr 856BLskEYENEIAR 2721880 bR Selded U era:.e ﬁg%gg}rd processi ng

apparatus. .utilizin i.gital techniques i ng each of

susaBRies e thate defines atodeastc ones bdpcke nsidjmensdomales that define
atlhearmaﬁmenbbaﬁboﬁbneo Rhérﬁﬁhﬁu%n%|gh%%ﬁf&%&h%%rcﬁﬁp nt, where nis a

er Qf.at | east: on ch of the tine cycles belng conposed
ngﬁg %ﬁ A ﬁﬁﬁBePflgh§aﬁﬂP§ EX g compesed of & | arge as the
nuqeetamn nnmberabfslgnplespewuedslMhhh51seete&ea5¢rhheaﬁﬁbe, pyramd
prge r gy | nentlng t hose
alggrﬁﬁﬁ %@BQE ? gﬁ*ﬁ%ghﬁogghnagur%ﬁg%kgng &Hﬁ?& F Sor the FSD pyramuy
anal yzer, or FRRERS¥MERRd EYﬁﬁnéélP@PCGS§G@93@@PawaGGSaﬂDOahsve Pyram d
prmessmﬂtaapebabniylﬂﬂpmaiﬁeaﬁagb%he@m QU@ rfidhy Ml enenting any ot her

PREERRLRIES R mRE R ki sha St cor g kb | 109C UL 1!

pyramld analyzer, or the pyramld synthe51zer discussed in
detall above. .

Pyramld proce551ng apparatus 100 may also be
employed for 1mplement1ng any other des1red pyramid
algorithm u31ng a programmable filter logic unit for
deriving a set of one or more sampled-51gnal outputs
therefrom as specified :2lectable functions of a set of
one or more sampled-szgnal 1nputs thereto in accordance
with the values of digital control 51gnals applied to the
programmable filter logic unit. The filter logic unit may' | Q.)
be comprlsed of one or more programmable fllter logic un1t |
modules having the structurlng shown in FIGURE 3, or,
alternatlvely, the filter logzc unit may be comprlsed of
one or more programmable filter loglc unit modules hav1ng
structure dlfferent from that shown in FIGURE 3.

Furthermore, the programmable technlques of the
present invention are ussful 1n performlng other types of
multiresolution processd ;, in addition to pyramld
proce551ng. For 1nstanc the present 1nventlon is useful
for such purposes as sampling a selected sub-area of an
image with a resolutlon that varies as an 1nverse function
of the size of the sub-area.
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t herefrom as 'specified sel ectabl e functions-of a set of one or nore
sanpl.ed-signal inputs thereto in accordance-goth the val ues of digital
control si{gnals applied to the 25 programmable filter logic unit. The
filter logic unit_rmay be conprised of one or nore progranmable filter |ogic
uni =hodul es havﬁ&}ﬁ&i?structurlng shown in FIGURE 3, or, alternatively,

the filter logic unlt may he comi aeda%doaeamrtméemeieﬂfmwtfoﬁl'ter

| ogi c unit nDduI dlffer nown _1 n

FI GURE 3. Furthe nnre . ésgP86§§§#§ #&SQéEﬁHSq églg??gkécﬁ?éggﬂ? fo%ention
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addition to pyraﬁbﬁﬁﬂtQﬁﬁﬁﬁuégelsFQT k@§5§ﬁ%§o tbﬁl %Q% éefsgtiégk%%-of

useful 35 for suc a se ecte rea o
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respective Ievelén&PQF§SGIu?ﬁoﬂeéstfﬁneirGRCbaoﬁ sahdrtime aysbesehexﬂg

t enporal signal %@ﬁ@b%%dtbitadéérﬁﬁlﬁtnhﬂﬁék Qﬁesﬁﬁ t& ﬁ%rf&d@ éﬁ&@ﬂféQQE'

i nfor mati on conp % i ven |nteger o east one, each
said time cycles a@oﬁﬂﬁ?@daﬁf cBRRReR A nBEPP%Fa%aﬁiﬂﬁabeﬁﬁ%Ekﬁﬁrﬁﬁ
is at |east as | sagd aeruhs.nuswui appararasalcompyislingang! pro

o g L appasaidy 984RE! 8hO%. £BrPABRIOTHE hAL G Ech O%g%& éivé Uine

derkuyng during each succéssive tine c
sanpl ed- si gnal oG?E&Fsatﬁ@FePfoﬁF&s°§p@€FP|§6m8é¢@t$hﬁn%lfQﬁﬁ&¢bms of a set

of one or nore stmpteﬁramgaalspFﬁﬂEieEPﬁété@t&ﬁlécﬁﬂﬁéﬁﬁéﬁsbeha%#@tf ues

Cogi 6 untt L'eE.EEn o ﬁralnsiﬁf 5P 18poetutan ot apaeY FRnfeta Hh atiordance

| evel s of th the values of applied first digital control signals,
whereby said programmable filter logic unit sequentlally

~ performs processing at each of said respective levels of .

resolution; a plurality of addressable read/write memory
means each of which is separately addressable in each of
said n dimensions, each of said memory means being
controllable in accordance with the values of applied
second digital control signals; programmable coupling
means including a first set of multiplexers (MUX)

\;; individually associated with each of said filter logic
unit outputs and a second set of MUX individually
associated with each of filter logié unit-inputs for
selectively coupling: (1) any filter logic unit output as
a write-input to a selected one of at least two of said -
memory means through that one of said first set of MUX

- individuaily associated with that filter logic unit

' output, (2) the-read-oufput of any one of said at least
two of said memory means to a selected one of said filter
logic unit inputs through that one of said second set of
MUX 1nd1v1dua11y associated with that filter logic unit
input, (3) any fllter logic unit output directly to any
selected one of sald fllter logic unit inputs through
those respective ones of said first and second sets of MUX
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resolution; a plurality df addressabl e read/wite nenory neans each of
which is separately addressabl e_gp_each of said n dinensions, each of said
menory neans being controllable 'n accordance with the val ues of applied ~
second digital control signals; programable coupling nmeans including a3}
first set of multiplexers (MJX) individually associated with each of sai
filter logic unit outputs and a second set of MJX individually associ ated
wi th each of filter logic unit inputs for selectively coupling: (1) any
filt&hatogre dndividupliyasssociatedi wpth that fileetelogie of at |east two
of sandt"B{e: Sthhgo : : b A Ei{st..sel.of MIX individually
associ at ed m??ﬁn§ﬁgtt%?Ft§§ﬁfg§?g.§ﬁ§t8§u§§£§,£iﬁ§éfh§6 %éd-output of any
one UP1%aiBPUESyedRt (§d 8R aBPHlfEnexferBahssenies sef ctakdl one of said
fih;tgmbthm smghannaamplébrﬁbghnypﬁ?léeﬁ?afqﬁ@iéf&ﬂﬁﬂ@dtﬁfﬁgff NUqu
I ndi ’ :+ S egy,! t o erzlogi¢e unit ‘Lnput, £3) any tilter
_Iogiébgggthéﬁ?p%ﬁﬁh?%e@??%??%.§§§tsév c?£d5%ﬁ§_%ﬁ?%%¢d£?$19ér | ogi ¢ unit
i npuMUXt pndiyndundiy asspoiated with thataseléctsd omel sfcxmib sets of MIX
- 31- £ habran8qi8dindi SUhbytasSael A Ra¥ESBALAGE it SEnd 0 ¢ unit out put
and thit sel cted_ong.gg.s ]8,?thir.log%c:UnLt | nputs, ~.and (4) an applied
ext eVAzHe8cPE-aPBL1ed; ?Eap Fgrtat grantxadpPignats ardndel ected one of said
filteimingi andncontoplt meahsofigh depiving andssppleisgrsat@t of MIX
I ndi Y S Lat ed Wil that esel.ec . D4 saigd filt | ogi ¢ unit
inpu¥§9B§FFXY§ ggg%?da%%%?&?tﬁﬂghéﬁggﬁuéfgﬁﬁégff ?_..inﬁ*QP%# ital control
si gn¥hachatagethergdekernsner shendevelfof mesolubiomnaf appl yi ng said .
reSppebbéssi'gsaonées?néaﬂadpfbbfdmdaﬂiéakir&@%rI%gﬁé9@&&@_WhiCh t oget her
deter,m ne _the heveL 0 resolutlogyof.8r0£e33|ﬂ£_done,b sai d .programuabl e
fi 1t 3PTPBg; ¢a6hi Pyt PRECREEAVEaFime E¥ELSr BaTd BIRiRG AN 5 0 i ming and
contcoptyeinmeanslﬁu¢hg§iHQraédnbssaﬁhepinSFrmcthunﬁmgmmppns for
det epghfikNgokNdeterRERIhYCOLHE! LESPOELTGE WvhlteL of said first,
| second and third digital control signals during each one

of said certain number of sample periods in each of said

time cycles. '

2. The apparatus defined in Claim 1, wherein:
said delayed real time multiresolution processing
apparatus is comprised of delayed real time pyramid
processing apparatus. | o

3. A. delayed real time pyramid processing
apparatus utilizing digital techniques fof operating,
during each of successive time cycles, on a series of
temporal signal samples that define at least one block of
an n-dimensional_infofmation component, where n is a given
integer of at least ‘one, each of said time cycles being
composed of a certain number of sample periods that is at
least as large as the“numbér of temporal signal samples in
said series, said apparatus comprising: a pronaim’qa‘bl_e
filter logic unit for deriving a set of one or more
sampled-signal outputs therefrom as specified'selectable
functions of a set of one or more sampled-signal inputs
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second and third digital control signals during each one of said certain
nunbgr of sanple periods in each of said timgaeycles. 2. The apparatus
defined ipn daim1l1, wherein: said delayed real time nmultiresol ution
processiﬁG apparatus is conprised of delayed real tinme pyram d processing
appafat us. 3. A del ayed real tinme pyram d processing apparatus utilizing
digital techniques for operating, during each of successive tinme cycles, on

a series of tenp nal sanples that, define at |east one_block of an

n- di nensi onal i n&a} sﬁ°g &?ﬁgﬁgﬁf‘ce\/\ﬁéﬁé thesvalyeseRfi aApRLiedofinst| east
one, each of sai eﬂ:tgrhalcyxdmolle|s|ignfa<1&poae§10ﬁ:aa1c§r b adarebsabbé sanpl e

peri-ods that is e ral al _sanpl es
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in said series, sal appara us gga|5|ng gi ¢ unit
for deriving a séd ﬁﬁﬂ?Lﬁ’lﬂo ﬁﬁl§@1§|gndnmeuspgns.taechfoﬁnsa:d

speci fied sel ect adémbrfyllil(‘efallﬁn%eﬁhgac%ﬁ‘tr%ﬁ.l%&eoE.n”BEéo.s.éHHEdeétﬂnéhe -
I nput s -32- theneto A accg nce wth t ues. o first
a

digital control Saieso < 8Pda9&ﬂé§§ibF9nFE83/gﬁgpé 1&&nory neans
each of which |spmqgmammab¢ea¢0mpdaablmeanseanhluﬂzagld figdsnesetoog, each

of sald memory gk R0TA QoS VIRASSY dARSEIRELE. Hhen ghiSof

appl i ed second dlglta contrql neans
i ncluding a firstSadd fEaten ﬂPﬁPEx@Pét(HBXP“ﬁﬁdﬁﬂﬂdéaﬁ#?oaéssﬁtaﬂﬁdMUKth

each of said fil tieidivagiualayi raseubmatt&aandm &aeandfseheé&%? igdhigual I'y
associ at ed mnth h(ﬁ {llter |clun|t uts sel e Le cou I|n
(1xany filter |03¥ Pr. 8 & e Vhﬁﬁ?pﬂg ségécFBH gﬁg &F é?g}g

two of said neno@s meaustehaopgm teal snéecmedapnefofsatskealt X of said
i ndi vidual |y ass qfenidirA mplalls thzoulgh! Eﬁfat' Bﬁbcoknbgla“%@%t ket B?emux

r ead- out put of a ng of .said at [ east nor ans
sel ect edpone of Sé*dg. f‘iqu@@ Y assoc:.ated w:.th that filter y.og:.c um.t

output, (2) the read-output of any one of said at least
two of said memory means to a selected one of said filter
logic unit inputs through that one of said second set of -
MUX individually associated with that filter logic unit
input, (3) any filter logic unit output directly to any
selected one of said filter logic unit inputs through |
those respective ones of said first and second sets of MUX
that are individually associated with that filter logic
unit output and that selected one of said filter logic
U . unit inputs and (4) an applied external series of said
temporal signal samples to any selected one of said filter
logic unit input through that one of said-second set of
MUX individually associated with that selected one of said
filter logic unit inputs, all in accordance with the
values of applied third digital control signals; and
timing and control means for deriving and applying said
respective first, second and third digital control
signals, said timing and control means including
addressable instruction memory means for determining the
respective values of said first, second and third digital
control signals during each one of said certain number of
sample period in each of time cycies wherein: said series

-
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logic unit inputs through that one of said second set of MJX indi'vidually
associated with that filter logigqnit input, (3) any filter logic unit .
output directly to any .selected one of said filter logic unit input’s

t hrough those respective ones of said first and second sets of MJX that.é@g
i ndividual |y associated with that filter logic unit output and that

sel ected one of said filter logic unit inputs and (4) an applied ext er nal
series_of said tenporal signal sanples to any selected one of said filter

| ogi CEirFemReRAk aignakisannlkes de tine dihe s@mmlseﬂre@eudy i ndi vidual |y
assocs;eé@&mg tdEe t;na@w@qiﬁgér@ﬁd}{g Gfm d g(fléf tI%g:l G gﬁlclt inputs, all in
r |ta contro S|gnals and

accord ce With the v -of i ed hl
ti m nfand T MRRE ﬁﬁé;ﬁfn %ﬁég) iiﬁﬁf d@adc amddctive first,
secombduke tltavmghf;msi amhtsedomi gnajml [Holy splednt rol neans
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t t f nsi ongl. said filter logic
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sanmpl ed si nals glven nD |nclu e tap t wo- di nensi ona

di gi t4h9IYL3 &"nf%ﬂlngf% @m nﬁmoé-htlmtf.unct i on W/
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input, whereby said digital filter inserts a given delay

equal to the sum of delays in each of its two d1men31ons

between its filter input and its flltered output, first

programmable delay means for selectively delaylng said

filter input by a given amount equal to the longer of the

delays in each of said filter's two dimensions or by twice

said given amount in accordance with said first digital

signals applied to said control input, second delay means

for inserting a delay equal to the shorter of the delays @-J

~in each of said filter's two dimensions, a second MUX for

selectively applying a sampled signal applied to said

second signal input or said delay filter input as an input

to said second delay means in accordance with said first

'digital control signals applied to said control input, an

arithmetic 1ogic-ﬁnit (ALU) for selectively adding or

subtracting a sampled signal applied to its second input

to or from a sampled signal applied to its first input in

accordance with said first digital control signals applied

to said control input, means for applying the output of

said second delay means as said sampled signal to said

first input of said ALU, means for applying the delayed
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I nput mhereby said digital filter inserts given delay equal to the sum
of delays in each of its two di nensions ber§é9n its filter input and its
fﬁltered(output first programmabl e delay neans for selectively delaying
said filter input by a given amount equal to the longer of the delays in
eaftPof said filter's two di nensions or by twi ce said given anount in
accordance with said first digital signals applied to sald control input,

second del ay ne#igtkeedi ngfa a | +£ 0O ays
y 4 baepltnaasAshar; pOu2 thosdlif IV i al RudRleY

in each of said fl|tﬁ fné
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filter input assaddi APl andsai thirdoMUXdELRYsEEEEEivEL I&Hﬁéfﬂné|1 sai d

fi t digital d t It ti
ogic unct (ALUPIERRE SEOBE1S BUBLAA abPay eats 2%%.% Wisd gl
applied to its SUEBHY ﬁﬁ@tsﬁbdthUer1aasdngeenhdl@ﬁgnakuqntpnttxn|ts

first input in aeeeﬁ:aaﬁee with §aid £i£§£ a4 5&%{ pq{!ﬁ é}‘bgl

to said control E a gF i 8 ying t e out put of sald-secon él
nmeans as said s&ﬁp 84 sF@ﬂ Oto8BYHB-first input of said ALU, neans for
appl yi ng the del ayed -34- filtered output of said filter to said first

signal output and al so asgsai n cond, i ngut_ of said
ALU, and a‘'third l\/gX for seI e'gltzlé\?%ggaé#gl% %xﬁ ?(f?p AW PRI
deI ay neans or BR&dsfibFed %?ghﬁm%t:pw ¢omprised of a tsinglel gistemd

nal output i macenrmogse whib :ﬁ@ddlé; réﬁddéﬂid ahﬂ?ﬁ& rdid dditdder appl i ed

%ﬁ ter logic urmpafy' pefeidel FERIE UGLER FORtrQY jafimais o wad modul e
and said It| m ngsingleogiven medlmbepirhwhleseéulsuml:glt atsofiirsd MRYnal ;snt 0
230 Sarth o'/ LR {600 dmindd oL AN 0 0 UL
(2) its first det9® nput to 1 ilter 1nput, (2) its first delay
means providing a delay equal to said given amount of
delay, (3) its second MUX always applying its delayed
filter input to the input of its second delay means, (4)
its ALU always subtracting the sampled signal applied to
the second input thereof from the sampled signal applied
to the first input thereof, and (5) its third MUX always
applying the output of its ALU to its second signal
output; whereby said filter logic unit operates as a
(\; filter-subtract-deimate (FSD) pyramid analyzer stage.

5. The apparatus defined in Claim 3, wherein:
said filter loglc unit is comprised of f1rst and second
~given filter logic wnit modules, with said first and
. second signal inputs of said given module being
- respectively connected to said first and second signal
outputs of said first given module; said timing and
control means provides first digital control 51gnals to
said first given module which result in (1) its first MUX
always applying said sampled signal applied to its first
signal input to its filter input, (2) its first delay
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means providing a delay equal to said given amount of delay, (3) its second
MUX al ways applying its delayed filter input to the input of its second .
del ay neans, (4) its ALU al ways §§§Fracting t he sanpled signal applied to =
the second input thereof fromthe sanpled signal applied to the first inq;ﬁ
thereof, and (5) its third MJX al ways applying the output of its ALUto iTs
second signal output; whereby said filter logic unit operates as a
filter-subtract-dei mate (FSD) pyram d anal yzer stage. 5. The apparatus

def i neans mdﬁ.n a@m equdlf itbt tmbeggalangivéﬁ ameBAtsed of first
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mput 8t Said SRR G Rolipte BRACH Mabat, (R B704ts KEGetI00 i ng (he
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second, |ven dul’e whi c esu I rst ﬁternatlvely
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its second sxgnal output, whereby said f11ter logic unit
operates as a Burt Pyramzd analyzer stage

6. The apparatus defined in Claim 3, wherein:
said filter logic unit is comprised of a single given
filter logic unit module; and sald tlmlng and control
means provides flrst digltal control 51gnals to said
single given module which result in (1) its f;rst MUX _ .
alternatlvely applylng said sampled signal applied to its &/
first signal input and said ZERO word to its filter input,
(2) its second MUX always applylng the sampled s1gna1
applied to its second slgnal 1nput to the 1nput of its
second delay means,,(3) its ALU addlng the sampled signal
applied to the second 1nput thereof to the sampled signal
applied to the first input thereof, and (4) its third MUX
always applylng the output of its- ALU to its second slgnal
output; whereby sazd f:lter log;c unit operates as a
pyram;d synthe51zer stage__

7. The apparatus defined in Claim 1, wherein:
said addressable instruction memory means is comprised of
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operates as a Burt Pyram d anal yzer stage..6. The apparatus defined in

Cl aism 3, wherein: said filter logic unit is36enprised of a single given

fllter Igglc unit modul e; and said timng and control neans provides first
gital Control signals to said single given nodule which result in (1) its

f|r§t MJUX alternatively applying said sanpled signal applied to its first

signal input and said ZERO word to its filter input, (2) its second MJX

the Y mpat of P?st?%é’?ﬁ‘%‘ 1¥' #43as2801 5 SHlehbry %ﬁﬁﬂ R L T S
applied to the JOSEEYR ﬁ@tPFHSFéGfaFoPFﬁ§e§aﬁpl§€ds@§ nesses| thereof  he

first input thereof, and (4) its third MJX almays applylng t he out put of
its ALUto its second sig | ogic unit

tp reb
operates as a pyranid syn?hes 5 ragpéﬁé%“? Xeiﬁﬁegpbﬂrgiﬁ%md%f|HEEF?%Pt]a|m
1, wherein: sai ¢aiddaddrassabilestinstructionnmenoryaneans isnpomprised of
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program at predeterm ned addresses t aratus

Caiml, wherei #NSIENGLiON PTOIERD ?ﬁsPF&éFT—Bﬁm%ﬁﬁr? efses sin oppid sWof
a random access- nmenory (RAM, and nmeans for storing an instruction program
at predeterm ned addresseg in s

A, del ayed re
processi ng apparatus "utiliZi ng gF?@FYFgcﬁﬁPaugém?o¥y5ﬁﬂigtPﬁﬁceﬁgi?ﬂg
each of successﬁp@amammscycnészlng digitadstechniqpesafoxi gperatimg) es t hat

define at |east 434 ny %@k:h%faauetdm%' 284 byégégﬁtbﬂn CRepeRgT wher e
n%s a given In%%%%kﬁgﬁu SL one, eg§ % time z elngla
conposed of a ¢ f SERRpPE FFOG? tRet aksleastcone B ¢k as
t he nunber of teumw-azmuahaiattn&'emamam dompbnent, swhéréppaift asgiven
D e SRR e ot i Gfl Wah b gHE0. HLAR Bydfhs Bothy
_ composed of a certain nnmber of sample periods that is at
least as large as the number of temporal signal samples in
said series; said apparatus comprising: a programmable
filter logic unit for deriving a set of one or more
sampled-signal outputs therefrom as specified selectable
£unctions of a set of one or more sampled-signal inputs
thereto in accordance with the values of applied first
digital control signals; a plurality of addressable
read/write memory means each of which is separately
U addressable in each of sald n dimensions, each of said
remory means being ‘controllable in accordance with the
values of applied second digital control.slgnals,
progrémmable coupling means including a first set of
multiplexers (MUX) individually associated with each of
said filter loglc'unit outputs and a second set of MUX
1nd1v1dually associated with each of filter logic unit
inputs for select1ve1y coupllng. (1) any fllter logic unit
output as a write-input pi a selected one of at least two
of said memory means through that one of said first set of
MUX individually associated with that filter logic unit
output, (2) the read-ogtput'of any one of said at least
two of said memory means to a selected one of said filter
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functions of a set of one or nore sanpled-signal inputs thereto in

- accordance with the values of applied first digital control signals; a e
plurality of addressable read/wite nenory nmeans each of which is - *
separately addressable in each of3%aid n di nensions, each of said nennry*il
means being controllable in accordance with the values of applied second
digital control signals; progranmable coupling neans including a first set

of nultiplexers (MJX) individually associated with each of said filter

| ogic unit outputs and a second set of NUX |nd|V|duaIIy associated with

h { 1 filt
Logi ¢ ‘E%i “E* Pehfollbh, hPis (6F S o, L WK { ot Yo of
sai d Hadd metQﬁaﬂﬂhethﬁt stditex rngigetunift Nfgutndi vi dual |y

assocm eah fﬂt@au@ié Qini © TPt tdﬂadw A lary @1t put of any

one o two; of , sai d, nenor.y neans to a el ected one of said

sal
filtecPne ‘%o‘g*it?ﬁn]t% g%, WRth I0pHts fhrgughithose ond set of MUX -
i ndi vr&ped:tz:mesmeslt@ﬂ said fivet fand esedomi cseum 'foﬂ MUX thad) any filter

| ogi c i’% ﬁ eggé‘y %&é&l%’f&{ gtfcﬁ%il d filder logic unit

|nputs res ecltl ve ones rst §5E'nd sets of MJX
t hat eu‘épuﬁdadetﬁeb%@@tmmf rsamtfxfltarerlqm amndrti t out put and

th?t @@éedamegj éﬁilfbﬁué@reﬁwﬂayménéwﬁs sy (4) ?ndapplel gg i
exter sSe es, 0 al or al n Sa es 0. an cte on sai
Tl oPenpdfel Fidnal AP Tel i oty Helerbad ane Pk AR it st

i ndi vlojgmlgmntsmwtedthrough thatseorm:toaﬂ saicd decorid! detl o | ogl C unit o/

| nput QAYiGEL0IP ol dted %m'agar% gsefméﬂ il dlsg tal control

signals; n1ng ol means erivin applylng sai d
respe@-i%rfl?%%c %%%%nﬂ‘%"éﬁt A+ I pecprdanne (.’ﬂl said timng and

cont rﬁlmrsf appmdngtmﬂﬁue&sﬁtﬂl dEri et ﬁgﬂa@r hdaeans for
detergi g L SROESE Meadd! 150 GlriPidh L app iy S thi Td dioital
respective first, second and third d1g1ta1 control

slgnals, said tlmang and control means 1nc1ud1ng -
addressable 1nstruct10n memory means for determlnlng the
respectlve values of sald first, second and thlrd d1g1ta1
control s1gnals durlng each one of sa1d certaln ‘number of
sample perzods in each of said time cycles - whereln- said
1nstructlon memory means 1nc1udes a memory that stores an
instruction program at predetermxned addresses ‘thereof and
an address counter 1ncremented by each of successive clock A d
signals applzed thereto,_sald address counter belng o
coupled to sazd memory for addresszng that 1nstructlon of
said program whach is stored at the address then

regastered in sa1d address counter, thereby causxng sa1d
memory to read out the addressed 1nstructaon from said
memory; and sard tamzng and control means further 1nc1udes
1nstructaon decode means respons;ve at least in part to

the read out 1nstruct1on from said memory for selectavely
generatang at. least one gzven control s1gna1, and means )
responszve to sa1d one ngen control 81gna1 being
generated for Jam loadlng the 1nstructlon portlon

then be1ng read out of sazd memory 1nto said address counter.
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control sighals during each ‘one of said certain number of sanpl e periods in
each of Said tine cycles - wherein: said instruction menory neans incl udes
a nenory that stores an instruction progran1at pr edet er mi ned addr esses
t hereof\and an address counter increnented 59 Bach of successive clock
sigwal s applied thereto, said address counter being coupled to said nenory

for addressing that |nstru§blonT%%d gggrQEBgrggk@?here Kﬁgéoreﬂgaégéggln.

address then registered in“said a count
menory to read of@ithdngiFuciion desodec mesnst sedeshivel¥ngeperatessai d

timng and COﬂtr@ecomﬁa@&véhrb@%&rbﬁﬁbﬂ@ﬁﬁllEﬁthaaitQBnd€60331ﬂﬁéﬁé glven
responsi ve at part tq the read o%$ i.nstruction m sai d Y

f or selectlvely 3 9Re Pe§§F §addyiming,ap 0F°§Fﬁﬂ | mean§ ﬁEﬁﬁg
responsive to saﬁdcmmﬁegmnmﬂrchawnnb'algn&bnbeougtgeapaaiej whichaibs! oadi ng

the instruction %k&h&ﬂm&ﬂ%ﬂerb%%hr%%dsﬁukegk%%a'g188ﬂ2§¥?h9§8 %ﬁgfled

address counter. -38- 10 The _appar at us
sai d i nstruction thezedo.n8aid sycle: timey gePdvingsaafiagonentrobninputs bp

si g{nal | in additi eaid m@uiu@tqml @ekodene@hss mneéspaﬂé?sabdrégtﬂkﬂarﬂﬂﬁ a
control neans in r avi i ven, count _capac

i ncremented by e§§$a§ie ceggﬁléh ﬁ&angngFeapFﬁﬁ £8, °¥a?31€yc
timer applying aINS&guGGRDMOﬁecngstmeen5a|dndnmaanstrespdnsmﬁe teatbei n
response to regi Yele 1%nPB&d%%ﬁHUb %QnﬂPHEVeBPEOQF%SEté??ﬁ&fefBPG;Qﬁ'0”

of .said instructiion deco neans, and neans reﬂg enerati on of

said, second glveQQ5&HW§ﬂ dRStINGEioBN RAFkH QQKHQQﬁlﬁkﬁtQ%n

then being read @#idmendry "EABOYshRBOcyalE €ymee.ti mer 11. The apparat us
defined in Gaim9, wherein: said instruction decode neans sel ectively

generates a second given control S|gnal I n addltlon to said one given
control signal and also generates a "clock one" signal in_ response to at
| east one predeternined i nddrucThenappargtus defined in Claim 9, wherein:

said instruction decode means selectively generates a
second given control signal in addition to said one given
control signal and also generates a "clock one" signal in
response to at least one predetermined instruction being
read out of said memory; and said timing and control means
includes a loop counter having a given count capacity
which is incremented by each "clock one" signal applied
thereto from said instruction decode means, said loop
counter applying a flag control input to said instruction
~decode means in response to registering a predetermined
count for affecting the operation of said instruction
decode means, and means responsive to the generation of
said second given control signal for jam loading the
instruction portion then being read out of said memory
into said loop counter.

12. The apparatus defined in Claim 9, wherein:
said series of temporal signal samples are derived from a
television video signal comprised of successive television
fields each of which is comprised of a plurality of
horizontal scan lines; means for applying a vy video
control signal indicative of vertical blanking and an Eg
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. 4
read out of said nmenory; and sai d timng and control neans i ncl udes a |l oop.
counter having a given count capaC|ty which is increnented by each "cl ock 1
«0ne" signal applied thereto T3%m said i nstruction decode neans, said | 00p—
( counter applying a flag control input to said instruction decode nmeans i
response to registering a predeterm ned count for affecting the operation
of Zaiﬁdéaﬁtddmﬂan §Iﬁjmf11e if&ﬁftSat%ﬁm dmmr%a&pw?iwraﬁmme gener ation of
sai d secaon iven contro nal, for jamloading the instruction portion
Then A HFSERRETHA St ks Vot Ld it Sk Chom 36685 °Thd
appar atasnsdefined in Caim9, wherein: said series of terrpor al signal
sanpl es are derived froma tel evision video signal conpri sed of successive
tel evision fields each of which is conprised of a plurality of horizontal
scan |ines; neanss § orSkpR)ivkreeseing apRRA LRt WPsStaghbdlindi cati ve of

verti ey HE@’%H&&@ @éh&le{tﬁéd w1tr39re£‘/é1§@9c§% relg signakigedi cative of

hori zant al 1 ng spect i 0 said instruction decode
meansoiq g [P;‘tq‘pr @ﬁ p%‘aq (0513 ‘glrjr}i%#lglh%s her ei nbef ore
descrldmbm/padyrmd aheam:mgm cFrganQ sv}‘mgssujhahobﬁoc&gm@ and 1 or Figs. 2,
3 and ifrmf processi ng
apparai’lpLPOJrnaw n%aC‘P ter og‘%‘g% c ﬁ..ﬂg&f‘ %scribed with
refereaﬁ:eiqs;ﬁtgpd Aithireferience to Fm. 4a 4o or 4c.
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