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However, process such a large number of image pixels.
‘One way of overcoming this problem (employed
by the human eye)iis to provide a relatively high spatial
resolution in one region of the field of view of the imager
20 (the centrally-located fovea of the retina of the eye) and
a relatively low spatial resolution in another region of
the field of view of the imager (the periphery of the
retina of the eye) =-- together'with the controlled
movement of the imager to bring the spatial portion of
25 an image originally within a low-resolution region of
s the imager into the high-resolution region of the imager.
Thus, a person may move his eye and his head to observe
with high resolution in the fovea an image of an object
which was originally observed with low resolution near
30 the edge of his visual field.

" The purpose of the present invention is also to
greatly reduce the number of image pixels to be processed,
while retaining the ability to observe objects with high
spatial resolution, which imaged objects can originally

35 fall anywhere within a relatively wide field of view, most
‘of which has only a low resolution capability. However,
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t he i mage-reduction technique enpl oyed by the present invention is
substantially different fromthat enployed ¥y the human eye. In accordance
wist h thq_prl nciples of the present 5 invention, the spatial frequency
spectrum-of an.inmage represented by an input video signal is analyzed to
derive a pyram d of Laplacian images represented by a plural nunber of
separ at e vi dedhsutiRageirpductionttechpidue emplaypshtbyrthe dreddyt ar r anged
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spectrum and ssian remant. The 1 rage represe
signal is a rg:lrﬁl‘i'%w AP {¥Fr-resol ution, wide-field-of-viewimge that is
conpri sed of a fI rsnngacazsrdaﬂ&uerwmh p&h@';ﬁndﬂ/ﬁ@ﬁ o e ip¥edddst band

of 15 the rd| p pof _the separate video ut sl gnal s
exhi bits the %ﬁ%&% ihedien §?ﬁfg‘3%rﬂ€§é§ ¥ the

i nput vi deo smma:iesdhneméwy am|input svidec tsiomEl iis Qmanyﬁui © the first
gi ven nunber t t eo0 out put

si gnal s €xhi bi s ﬁom@ﬁ%@@(ﬁ) <{Fonéig{inhg“':P‘-In ﬂ%ﬁgtﬁ)ﬁﬁ){eﬁ %ﬁﬂigfs Bthan its
i mredi at el y. pRrdswdnqunher ¢if tsepapais. video loutpuarsigrialsethaoup is the
Gaussi an remn reppYd f%§5§ﬁ X$¢s which is

t he | owest nu?‘nyegré?g#&;n xel s |e:1tﬂ:3r§/h %%%‘%—?} t%t %oup The si ze
of the fiel@ SPnLigNqus BRERaGEIR hands of e mcﬁpaswealng%ncy
reduced by paggieedrauntRiid d lealsaialn zesnmaset e Ningde ipidsdnta® Hy

t hrough 3 s!coa al w nao #\%I %ﬂ )reg ga%qnﬁéa& The 30 uﬁse
conprised o t Sbirﬂ}‘

t hremDr aw ng: EllﬂdﬂElh]st-df-va Ijmraade ok I8 agomprided éfi & yRirew t hat
erpLoys & T oveabah Wb e SiSElEN! GOR, G RS 41k € AR oz 02t 2

reduction nea
15 the ordinally-arranged group of the separate video output

signals exhibits the relatively high resolution. of the
image represented by the input video signal. Further,
only this first band is comprised of the first given ;
number of pixels. Each other band of the group of video
20 . output signals exhibits a lower resolution and a smaller
number of pixels than its immediately preceding band of
the group. The last band of the group is the Gaussian
remnant which comprises a second given number of pixels
which is the lowest number of pixels in any of the bands
25 of the group. ' . |
U S - The size of the field of view represented by at
-least one band of the group is reduced by passing a
 spatially-localized subset of pixels of that one band
. through a spatial window, which is preferably movable. The
30 subset is comprisod of no greater number of pixels than the
- second. given number.

In the Drawing: ' _
.FIGURE 1 is a functional block diagram of a

_'35 system that employs a foveated automatic electronic camera
incorporating an image-data reduction means of the present
invention; '
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3- - FIGURE 2 is a functional block diagramof a first illustrative
enbodi ment of the i mage-reduction nmeans™8f FIGURE 1; FIGURE 2a is a
functional block diagramof a 5 second illustrative enbodi ment of the- .

i mabe-r educti on means E.l; .F .2 functional bl ock di X§ram
of a first preferred erg%o |_-r.re§t l%f & k@ggé?ﬂ“&ﬁ i}é’%&:&ﬁ%t‘?ﬁrﬁ anal yzer
of FI GURE 2;fipst illustrativecembodimentaofutde dmagertreduction am of a

second pref epégls COPOFTIBBRE f; the spatial frequency spectrum anal yzer of
FI GURE 2; FIGURE 4 diag&gﬁgki%alLy il lustrgtes _the operafion of the
spatially novabl e w nd Be 1§, &s &wnctional, hdack fiagram e RE 5

di agr ame$ i caségond| Flusteative eabodiventeod lﬂiéﬂiﬁ%ii'@é@c@{o I ew of
each of resp §%ﬁéegfggi§6ﬁ#rg.band i mages derived at the output of FIGURE
2. Referring’E I ,thefe is shown a system 20 that includes as
essential. conponents aFIGURE! 8disumofanctienalt bluck cdiegran 06f ad a
conput er 102¢4 : I_ngl opt 1 onal operator
station 104. f%g%gréiﬁggg%%gl.u esﬁgg£ggé§@% g@fﬁ)%ht@%%ﬂ?%sol ution,
wi de-fi el d- ocbPecEVIR nanalyRexnof1 FIGHRE 2inge- data reduction 25 means
108.  Ipgger means 106reggp@asa &educmet%%%%&yaﬁﬁme ated in a
n Fl or, a

si ngl e housing of canera _100 (as shown | ernatTvel y, they-

may conpri se®sEPEPRE PREIgFELd: empoRdRentorL; the Sprduial fxequencins 106 i s
conpri sed of spestr@nhandty3er of’ FIGURE &gl evision canmera for view ng

der Vi ng t her efrom a FIGHRE, & ot agkaBaticaldy AddustEates fhe Lo data
reduction neoperdtbonTofsthedspatigldy mepablenwdirndowsalf tthe pidsdde =
fer 1 vedty | FRYERIER;BBHE | VEo) Mnatance. each tap-di nenstonal o
FIGURE 5 diagramatically illustrates the relative
resolution and field of view of each of respective subspectr
band images derived at the output of FIGURE 2. '
Referring to FIGURE 1, there is shown a system
20 that includes as essential components a foveated automatic
electronic camera 100 and a computer 102. 'The system of
FIGURE 1 may also include optional operator station 104.
Camera 100 includes as essential components high-resolution,
wide-field-of-view imager means 106 and image-data reduction
25 means 108. Imager means 106 and data reduction means 108
may be integrated in a single housing of camera 100 (as
shown in FIGURE 1) or, alternatively, they may comprise \;J
separate modular components of camera 100.
Imager means 106 is comprised of a monochrome
30 or color television camera for viewing objects situated
within a relaijvely wide~field-of-view region of space
and deriving therefrom a video signal which is applied
as an input to data reduction means 108. This video
signal represents in real time all the pixels of each of
35 relatively high-resolution successive image frames derived
by imager means.106. For instance, each two-dimensional



-4- image frame frominmager neans 106 may be gorrprl sed of 512 x 512
(262, 144) pi xel s. The successive imge fran may occur at a rate of 30 .
f ranes { \Per second. In this case, a serial streamof pixels are applied to

data reduction 54y gn;rggg ol &ﬁ#ﬁé}f % rq_Jb lp:_%%& er
second by e v g BT (PBRolne)s pice %”Ffﬂ‘é,smmf@mm.ﬁiie
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analysis by .a co ui I

gl 12l (rather TREoR B ERe, ¥14B8dithal quinlt o¥) supdly %ewf@ém gh
resdl ution gray Beaeﬁervtmssqmgacasesdngl tis dlesiatablfe tite d ol ctystem
| evel s at ei ght t $np u ttlea&l%s

reduction, it vvoﬁr ige&%eaggggaﬁ[é Mll real t1me en\#%ne%%ﬁ. 1?ﬁe
conputer to proc@sEeff P'Eh?ntgﬁéa}'srm‘qhﬁfb@]@ % 53& pixedsd per rmwevﬁtgme

few i mge- apgl yzana/6pmeyt proévide aPFriinRe Fatdict rm% i sy
are very expensive. /Data 6§g ctiopn ngans 108, taq V\/m (ﬁ?the pr esent a%rﬁﬂes

invention i's priReFiFFeop gr YedDCreasing the, pixed mats ofthe heideo

nust be handl ed bﬂgﬁelfpﬂ?phéGZtoV\uthtrWtﬁdrﬁm 1o Beyond eight
hi gh-resol ution 0o view capability of inmager neans 106. The

reduced i nage da'f'%llg%?ﬂu?q‘?gfn BET 28859 )educt i on. neans 108 (which .
constitutes the output frolmage anedysds by @romputiesc moamal kyrequifés

e Pt a %%p?.”gfag?ﬁé?é?mgﬁg"é%%%ég’%c&%@#ﬁ{ﬂl& st i Mnd FEF o
programnmi ng, of foumse, Inecprder 5n provisle psuffigientdy high ofesolution
system shown in ge4REcdle, FPt is usual to digitize each of the image
pixel levels at eight bits per pixel. Thus, in the
absence of image data reduction, it would be necessary,
20 in a real time environment, for the. computer to process
in real time 16 million bits per second or more. Very
few image~-analyzing computers can operate at this rate
and those that do are very expensive.
Data reduction means 108, to which the present
25 invention is prlmarlly directed, greatly reduces the
- amount of data that must be handled by computer 102,
U - - without sacrificing either the high-resolution or wide
| field of view capability of imager means 106.
The reduced image data output from data
30 reduction means 108 (which constitutes the output from
the foveated aqtomatic.electronic camera 100) is applied
as an input to computer 102. Computer 102 analyzes the
reduced image data applied thereto in accordance with its
programming. Its programming, of course, depends on the
.35 particular purpose of the system shown in FIGURE 1. For
instance, in the case of a surveillance system, computer
102 may be programmed to recognize significant changes in
the scene being viewed by imager means 106, such as the



I nstance, in the case of a surveill ance s stem conputer 102 may be .
programmed to recogni ze significant chaﬂﬁ%ﬁ I n the scene being viewed by

i mpger nmeans 106, such as the - 5- presence of nDV|ng obj ect s, objggts
"havi-ng one o r [ etc r 102 may include
out put to sohgggfﬁF 3? @#’%&‘&n@?? ‘é’sn%trP’é%/aRFn’P?F?he case
of a surveil paw&ecg}gteshaanst.hqtcs Gnmpqterotoz say yixteladdoaw i n FI GURE
lis a robot t @@ t to provide
a desired bgt iii&d Qggg |9§?an%§2f&ge anlcéﬁhﬁghgggﬁgl?ﬁatlon
means and i Rlazmnini$he pose ofcd fﬁweyllmmytmz dmothercertain
conmand §0 exaf ibsoistﬂé gyeitelm ‘showmsigh &Efence with
P ye re%tﬂela&? rom i mager

bot h i nformation cont . n _the rggﬁﬁsgagata ap
means 106 anBYEY®Peed Ec T {%a
utlllzatlo? providela desired “eyddhunﬂ'raﬁﬁﬁaﬂﬁﬁti&nxsﬁgﬁ@bﬁﬂp (dﬁpendlng
on its use movabl e i nstance, in the case
of a robot.cH§E??§ﬁ§5Ptiﬁ8§|§E3§3§F%93ﬁ% *WPQ?F(HWQRFr$H§ng means
110 for inmagMoreespecificallysocomputert (102 rappd jes -dertai Fommand02 in
20 acggrda h,abpeac I gyt ig0 reduc mage data
I nput apgl | egigﬂergt 89 an Bgtﬁ{l%t % Le&ﬁ%ﬁ%&%ﬁ% vﬁ‘f‘ﬁu?ﬁgﬂ‘é ?l eld
of view of | Wi§hrbathnin %Osmathonhﬂ9n§§inednnnrghemzﬁdnddd)d&tmrns
feedback si gagghéa tRERLLE £1OR iﬂrageid'nré&ﬂwlweaﬁé Afddtithadgsi tion of

| mager neans di_scuss conbl nati1on of, canmera 100 and
conput er 1025599945e§eSePUFQIf§°ﬂu mechanical hand utiligatiom operator
is required)melfagever, if desired, the systemof FIGURE 1 may include

Ot LN 30 OPST 2L 0r 1SS ookl 208 gt el gy FLERE depstal o 10
pernmits the bDpsruse) mayvbeweither stationary or movable. For instance,

in the case of a robotic .system, it would usually be
desirable to.- provide moving means 110 for imager means
that is controlled by an output from computer 102 in

20 accordance with object information contained in the
reduced image data input applied thereto regarding the
region of space then within the field of view of imager
means 106. 1In this case, moving means 110 returns
feedback signals to computer 102 for indicating the

25  actual position of imager means 106.

As so far discussed, the combination of camera

100 and computer 102 provides a totally automated system U
(that is no human operator is required). However, if
desired, the system of FIGURE 1 may include optional

30 operator_statioﬂ 104. As indicated in FIGURE 1, station
104 is comprised of display 112 and manual control 114.
Manual control 112 permits the operator to view image
informétion derived by computer 102 and manual control
114 permits the operator to transmit manual command

35 signals to computer 102. By way of example, the purpose
of these manual.command signals may be selecting the
image information to be displayed on display 112, and/or
manually coqtrolling the respective outputs from computer




|nformat|on derived by conputer 102 and manual control 114 permts the
operator to transmt nmanual conmmand 35 " si gnaﬁ s.to conputer 102. By way
of exanplg, t he purpose of these manual conmand si gnal S may be sel ecting

the i mage 1 nfor rrau,oqntboahg OrsR1ayoF datdl ‘i‘lﬂd%‘ét]:.% pMHL 1 I 'ri'?&'+ #’n
controlling the r e &% out puts fr, n1conput 102 to any ‘o Qﬁ
data reduction ne&%g g’ %‘ igagign m i{motaEhavmeans (not
shown). Referring to FIGUREREfethdhg o shqmmmazflmyggaﬂyyhgﬁyun %t
duct 1 t .th f resen
nventi on. A vi doab8sRn 6 B SRancr an eana e i 'l'm%mfmtes
means 106 (whPch kh¢ Db‘lacsnipsedfstgaaprbsemtamutmat e A WEGRo sgi(‘gq,ﬂ
CCD t el t
a | mager or, ﬁhﬁﬁt“%' §§':¥u :@FGEEE; Bgﬁ!ipi &?@ E;;x’@{)“ ihager evi sl O“M“ .

i mager) is applie Q an
converts the Ieveijw FCBaBﬁYshScés§mﬂydo§émlngrm<a B@iIWstattemg;ml

into a multibit (guéh agi @htchi ihages bé' awfe&h %Qif C et
t wo- di mensi onal ma&n i % repre ént ed he VI eo sfgna |s corrprlsed of
[err] pixels 15 SIEBpAcIROM, ?oFrF FVEIFFBBFFBPeaMaP&Ir] 1|§| mlﬁﬁ ftwean

vertical dirkoti oanaBogateedigigal (RADI éBﬁvb&t%rhm I ol icoh

t he val ue of each f gerr# %fer IS relat ver S (e..q., 512) The
vi deo signal itse ﬂgoF F Bﬁﬁ?sﬁéVF ¥H°E§“§€ A P&xe&u fnéﬂ'@ach
frame peri od, thevideo signdl néntooaamudpibitl (ergye bﬁ@hﬂﬂb; i 1by

as an Tnput Lo SOAUTBPE(  CHAGH§USRERPRUR, THarphbensSnal P enf’p' o

enbodi nent s of spéeprgaeahadybrrtbezvadgcvSammannlsl CoRpEigedndf3®, pixels

di scussed i ”1§0m3135tﬁ d@&fiﬁoﬁﬁé? §Qéﬂ6h Fhaqﬁe” x%ﬁ%c'ﬁ)u %‘gﬁ:gga\}e

202, in response tp tlze eo SI g re rYe enti1 ng eac
i mmger frame appl 96'51914 i nBQFaFﬁErMGSeHeﬂP%§ éﬁﬁoﬁ@l ﬂahlﬂhamng@dlm

of Nl (where N ifmagéP, PtHeabaldbese eaBRPOEAPS hdeP, O4kP¥e1dtdWNY Q%rge
{(e.g., 512).. The v1deo slgnal 1tself is a temporal signal
derived by scanning, during -each frame period, the
20 two-dimensional-spatial_image then being viewed by the
imager of imager means 106. The digital output from A/D
200 is applied as an input to spatial frequency spectrum
analyzer 202. Alternative embodiments of spectrum analyzer
- 202 are shown in FIGURES 3 and 3a, discussed in some
25 detail below. _ . o
Spatial frequency spectrum analyzer 202, in
\_ . response to the digitized video signal representing each
successive imager frame applied as an input thereto,
. -derives an ordinally-arranged set of N+l (where N is a
30 plural integer) separate video output signals Lo eee Iyoy
~and Gy. The respective video output signals Lj ... Ly 4
and Gy comprise contiguous subspectra bands of the spatial
frequency spectrum of the image defined by the pixels of
- each successive image frame of the digitized input video
35 signal to analyzer 202. Each of video output signals
Ly --- LN_l-defines a bandpass band of the spatial
frequency spectrum of the image, with Ly defining the
- highest spatial frequency bandpass band and LN—l defining




and [err] The respective video output signals [err] [err] and [err]
conpri se contiguous subspectra bands of7the spatial frequency spectrum of
the i mage defined by the plxels of each successive imge frame of the
digitized input, video 35 5 to anah r 202 Each of video owt put
si gnal s [er&?e lowesit;spatialy H&GH§§°§a quency
spect rum ofimége | speetrumt h Ggr ﬂ]efdabsnlanaouhparslsgmmaﬁamaatd fapauency

bandpass baliriydencall BBatiall fredubncids o¥ The, WieihL, SRR, band
t hat i ncl uspectrumpefi thef imggenwhichoarehbedpat ithosie mm% um of

tegghI of th%ecﬁ%ﬁh gnéggggegfgﬁgge[ Ep::fm% t&%g%ssihas Y% St

cor r espondiPAP4® kgch- of bijhe mgnmesnﬂndnngutqugacﬁ one
octave (i.eof tﬁetﬁ@ohsﬂbﬁihlsﬂahbﬁlsz&ﬁq!é@% ﬁﬁﬁdé%c ctrum
ban pass

anal yzer 202, |n an rr err] 107 - and in that
di mensi on h eﬁf 5&8§ﬁ§§ %Pafgﬁﬁ]%F%HHABQﬂ iged i n t hat

di nensi On Ny ﬂpeebtm &nawzatyzotz ey anyt hade&da@iﬁri%s&' banghd 1, t hat

the ot drandedff Gradf8) ERE. SumeBsipn e a o8 Sl b o

spatial resdfyr4orthe ngbanﬂpasspband deo thiagndinemsiprr thagn frednter 202.

forr] of p.“fx%?é*%e‘?Y??gne EQCe; TR0 BenchRR) bR dn IS HEah LR,

However, ede®s ot eemterhfregusnsyopft %02’(16, grtmud .ex s s 'lzhé cﬂHss pati al
resol uti on E@HhaLsn@flgﬁ n ggg o Bt gdgf§jé%¥§ qﬁﬁﬁlng
band of the u Thus, e % band [err (the emant J) of '

group % §$1¥§§XCBH gFPéﬁlﬁ&nBEPQ&PtaPWE [aes theéiinput the
| owest nurrbeid@é Slgsas to 8pe c&&u&Sanauer&am of Fﬁiﬁlﬁixou&h1é1 FI GURE 2,
each of the ban,g%ss bﬁmd err IS ar():p ied a f5| nal i nput to a
correspondrhbr up is comprised o e same number

(P Y) of plxels per £rame as is the 1nput video signal
to analyzer 200. Bowever, each of the other bands of the
20 group exhibits a lower spatial resolution and a smaller
number of pixels than its immediately preceding band of
the group. Thus, the last band Gy {the remnant band) of
the group is comprised of a second given number of pixels
(P'XOP'Y) wvhich is the lowest number of pixels in any of
25 the bands of the group. _ _ _ :
- In FIGURE 2, each of the bandpass bands of o
Ly --- Lygq is applied'as a signal input to a corresponding \_/
one of P'yeP'y window gates 204-0 ... 204~(N-1). Each of
gates 204-0 ... 204~(N-1) also has an individual window
30 center control signal from computer 102 applied as a
control input thereto, as indicated in FIGURE 2. Each
of the respective gates 204-0 ... 204-(N-1) permits a
localized two-dimensional spatial portion comprised of
P’XOP'Y pixels of each frame to be passed therethrough
35 as the respective output L'y, ... L'y , of that gate.
Each gate, therefore, operates as a spatial window for
this passed-through localized two-dimensional spatial
" portion. The window center corntrol signal applied to
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one of [err] wi ndow gates 204-0 :?f,ZOA?(N4¥h;IEaCh of gates 204-0 ..
204- (N-1) al so has ‘an-individual window 30 -"center control signal from
comput er! 102 applied as a control input thereto, as indicated in Fl GURE 2.

Each of The respggkhV 2048200 . . 2642 Malh \PALTLS 13 A 0Gal i .

t wo- di nensi onal gsg?igfgggsﬁfogégogpfféegégfwrgég %E??%ﬁgﬁgf-ggﬁfggiﬂﬁéY%
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(el ) | Y i
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, e respec ' e e .. Qm_gat 204-0 .
T ) LIS SRR oy RERORSEIRAR 5, 803 i o
to conputer 102 ePmmUnigataon| peans Enotr showmgdl.y, through a nul tipl exer or

ot her data conmuni cation 2§§88Fi Sboﬁﬁ%EﬁﬁgﬁtEk§H§E°% 5ﬁﬁgéggﬁﬁﬂgion of

i mage data reduction nean 8 of ‘canera I NCor por at es
relatively | eastTeEHGELOR-RLARS| 188 ¢§ GABGIrEc 100anCcorPoratesnddedat a t hat

has been reglgcedrpfats¢algaledsti 0rhbeupll PegRi®edoto peoRidee Momputer
invention. In this_case, C ut 102 i ncl udes suitabl.e"nmenory neans for
storing, at Ieas%ogeﬁﬂéﬂﬁrggg? gﬁﬁtréﬁﬁcbﬁepnﬁﬁéuﬁﬁgalgpﬁFﬁe dance wjith
Fediced | mage. dap controL e aats e o g e remol o e s or o
However , 1 n sonpcRmBREer; 107 FRELRAGE| BuiEep), PPy nERbe’ het, AFaTnE:
and sel ection neabsleaspatempbraridy; ethet reducednimdge data appddest £xind,
1 ot r at ootPhi o BRbE, 4Ta BESECEEOA mbdECTOE Shg BR16ELTU medns for, o
As indicated in eGiRingathirestorgdcreduced: jmage] datp control sigmalserr]
fC (r)gg‘ug Qre_ enbodi "egtuthedSto GhthRFedudtofi®hebncabdsd fidveverSais ohi¥) (O
cases, it is desirable to incorporate such memory means
and selection means as part of data reduction means 108
20 of camera 100, rather than incorporating these means in
computer 102. FIGURE 2a illustrates this alternative
embodiment of image data reduction means 108.
As indicated in FIGURE 2a, the respective
outputs L', ... L'y , and G'y from the embodiment of
25 FIGURE 2 are not forwarded out of camera 100 to computer
102. 1Instead, the alternative embodiment of data reduction
. ; . means 108 shown in FIGURE 2a further includes a group of
memories 206-0 ... 206~N each of which is individually
- associated with a corresponding one of respective outputs
30 L'y ... L'y, and Gy. During each successive frame, the
P'y®P'y pixels of each of the L’y ... L7y 4 and Gy outputs
- (FIGURE 2) are written into its corresponding one of
P)x and P'y memories 206-0 ... 206-N. After a time delay
- provided by each of memories 206~0 ... 206-N, each of
35 these memories'is read out and the output signal therefrom
is applied as a separate input to selector switch 208. '
selector switch 208, in response to a switch control
applied thereto from computer 102, selectively forwards



102. Insteéd, the alternative ehbodi,rrenf -of data reduction neans 108 shoewn

in FIGURE 2a further includes a group @b.nenories 206-0 ... 206-N each of
whj ch is individually associated with a correspondi ng one of respecti e
outputs 30 [err] : and [err] During each successwe fram¥  the
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to the sane asgggnee aslteateﬁgesent aEpI i cation, I scl oses 1 n detail
each of the%al P2% i i ietht 498 tbﬂec%rﬂ-éf"i‘aﬁt ﬁieqd@ﬁﬁsﬁss’pmum
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t | t
hi er ar chi cat® 5‘5? aﬁﬁeae’?r @ﬁgfc' S%S%ﬁ@ngﬁﬁ%%%%égEﬁ@ac%?&D? Peter J.
Burt (and, theeraX¥ternative embodiments of the spatial frequency

spectrum analyzer 202 shown in FIGURES.3 and 3a.
More particularly, the embodiment shown in

20 FIGURE 3 is capable of implementing in real time a
hierarchical pyramid signal processing algorithm
developed by Dr. Peter J. Burt (and, therefore, is
referred to as the "Burt Pyramid"). The embodiment
shown in FIGURE 3a is another type of real-time

25 hierarchical pyramid signal processor, known as the
"FSD (leter-subtract—dec1mate) Pyramld "

' As indicated in FIGURE 3, the Burt Pyramid o
analyzer is comprised of a plpellne of generally similar
sampled-signal translation stages 300-1, 300-2 ... 300-N.

30 Each of the respective stages operates at a sample rate
determined by the frequency of the digital clock signals
CL;. CL, .. CLﬁ individually appiied thereto. The
frequency of the clock signal applied to any particular
one of the stages is lower than the frequency of the clock -

35 applied to any stage that precedes it. Preferably, the
frequency of each of the clocks of stages 300-2 ... 300-N
is one-half of the clock of the 1mmed1ate1y precedlng
stage. 1In the following description it w111 be assumed




referred to as the "Burt Pyram-d™). The en’li%dl ment shown in FIGURE 3a is
anot her~type of real-tinme 25 hi‘er ar chi cal® pyram d signal processor, known
as the?’UFSD (filter-subtract-decimate) Pyramid." As indicated in FI GURE 3,
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a

f f h t f It

([ eauency of cLpgtylgir] 15 ap B HBE igrtieetovideo s3omal dmptotq at o
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deci mation reduces th density I'n eac one-hal f. The
respective pi x%?Erﬁﬁe{‘Eﬂi] ¥r €papphtethensamgh timeay theadecigatiom fir st

i nput to subtrpéduées RESsaMPle density in each dimension by one-half.
' The respective pixels of G0 are applied through
delay means 304 as a first input to subtraction means 306.
20 At the same time, the reduced-density pixels of G, are
applied to expansion and interpolation filter 308, which
increases the sample density of the G1 pixels back to that
of G Then, the expanded density 1nterpolated G1 pixels
are applled as a second input to subtraction means 306.
25 The presence of delay means 304 ensures that each pair of
~ samples Gy and G, which cérrespond with one another in
\_J _spétial position, are applied to the first and second
inputs of subtraction means 306 in time coincidence with
one another. The output stream of successive samples Ld
30 from subtraction means 306 defines the highest spatial
' frequency in each dimension of the scanned image.
The structure of each of stages 300-2 ... 300-N
is essentlally the same as that of stage 300-1. However,
each of the higher ordinal numbered stages 300-2 ... 300-N
'35 operates on lower spatial frequency signals occurring
at lower sample densities than its immediétely preceding
stage. More specifically, the output stream of successive
samples L, represents the next-to-highest.octave of

:t\




20 At the sane tinme, the reduced- densityﬁl xels of [err] are applied to
expansion and interpolation filter 308, whidélT i ncreases the sanple density
of the [err] pixels back to that of [err] Then, the expanded densitys

i nt erpol at ed [er .second.i nput, to subtract i on~"

q#eg g are agg l.ed_as
nmeans 306. 25 jp tedrengt ef"&yeﬁé’%%% O a®t&20h BRI 1 Of
sanpl es [err] timat|ecas]indicatedr insFdCURE B) dthe m@yndm.@fﬂnﬂ zed

ds
D06 in ti e cEhAE 16 CcomBrikbd o deRbedidve Biavl sl ﬁ&a%ﬁi
sanples [err] By .. irhg subdenivednrespectivelyeifnoms thee subjiracttiomt i al
frequency g n %Qlafnééea 3% gﬁ#gag@gd,ll n'a.qe 3°pﬁ)s“'{°l¢%ttﬁf§ Mc@ of

stages 300-2 ._. 0O-N 1s essentia he _same as a

However, each Jo?w-rﬁ'éewgnsy sempant ﬁ&ﬁﬂélle@“s ferivesh from themutprt

operates on | yertheatonvol GEI6ANEL1 et anAd mwamxﬁhéa@iﬁerofmie
densities tha ¢6§ﬁtn’m§d| ately preceding stage. Mre specifical the

out put stream tessive sanples [err] represents the next-to-highest
octave of spati al freﬂupnmaryl advanltalgm@ef dibie Burt) Pyaiamid,so that, as

I ndi cat e n F t n nals is conprd sed of
respecti \C/ied oct%l\%ag%%% e5t %BEFEQ?II if Ql[hé %cko &Jﬂ/é: %ﬂq vely
from the subt rGaxleonp etnehnsappleaenmn)st dgethal0it permi®0-a\) toget her
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to a convolution filter and decimation) per analyzer
stage, and this increases both its cost and complexity.

20 - The FSD pyramid analyzer, shown in FIGURE 3a,
is similar to the Burt Pyramid analyzer in several ways.
First, the FSD analyzer is also comprised of a pipeline of .
generally similar sampled-signal translation means 300-1,
300-2 ... 300-N. Second, each of the resﬁective stages

25 operates at a sample rate determined by the frequency of
the digital clock signals CLl, CL2 coe CL& individually
applied thereto. Third, the frequency of the clock signal U/
applied to any particular one of the stages is preferably
one-half that of the clock of the 1mmed1ate1y precedlng

30 stage.

However, the specific st:uctural arrangement
comprising each of the stages'of the FSD pyramid analyzer
differs somewhat from the structural arrangement comprising
each stage (such as stage 300-1 of FIGURE 3) of the Burt

35 Pyramid analyzer. More specifically, each stage 300-K
(where K has any value between 1 and N) of the FSD pyramid
analyzer.shown in FIGURE 3a is comprised of convolution
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to a convolution filter and deci ITB.tIOI’l) “per ane[lz/.zer stage and this

I ncreases, beth its cost and corrpl exity. 20 The FSD pyram d
anal yzer,.'shown in FIGURE 3a, ‘i's‘simlar to the Burt Ryram d anal yzer in
sever al vvays Fi r stfilitex I&QZaa.nalqmmatmmlmxm)rﬂﬂzmeoﬂe)lap me ams | 304 odnd
general |y, simlar-. SUBU S gr{garssd iti on nmeans 300-1, 300-2 ... 300-N.
Second, eaghJ¥T%the respecilve: sta operates at.:a sanple rate
determ ne By the frequency Fh& m&mﬁ# t%ﬂOQIW%IWIS f-’{]e'lwlj 302ajerr]
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More specifical |y, RSixipytamjd 20klyzeher &he immmmmmb&xmﬂonndnﬂ)
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i1ter s02a dect mil AEIRER SR Ttae F ol P ediicet a5oE Hd, Qs
306. The out 3¢ frand dﬂwmmm af |:tzﬂxer§mta ,a¢lay ok each stage off the FSD
deci mati on neans 3 fzcg aJLh %é“%ﬁ%&f@d‘ i@a&?agogf

uratlon n1nates t he nee

This structural co or_‘provitding a

expansi on and i nt eﬁiﬂ 1§1799 9% dhe Bukte Pyramid (ﬂn@}vmoﬁiwamm FIGURE 3.
anal yzer. The elimnation of pyg pkd rapr%pgi,p{hg itRé&'Speration

significantly redutlzﬁfs 3 oth the co§t 18ﬁl anc t e am)un of I nherent del a

of each stage of t &,]W.}%ely,
that o6&/ each atsage_mfcum Rurdnd\ayyi d:eaaafeﬂ@é ﬁmwad%_@&&*ﬁzu@s ahe
pur pose of expl ai ni r‘l_&;t e operation of the systemshown in FIGURES 1 and 2
(or, alternativel y:,a | GURES 1 and 2a), reference is now nade to FlI GURES -

4 and 5. _ . The rectangle 400 represents the relatively
large size of the two-dimensional spatial region defined
by an entire image frame of pixel samples. 'l'he.GN output

20 from analyzer 202 {(which is applied to computer 102
without passing through a window gate) represents this
entire image-frame spatial region with the low-resolution
definition provided by only P‘fo'Y pixels per frame.

- Thus, as shown in FIGURE 5, this Gy signal represents

25 a low-resolution global-view image 500 of one or more .
objects. (such as vase 502) within the region of space'

U . then being viewed by camera 100. For illustrative
o purposes, the respective values of both P! x_and P'Y in
FIGURES 4 and 5 is assumed to be 6. Thus, the entire

30 area of the global-view low resolution spatial image
‘region 400 (shown in FIGURES 4 and 5) is comprised of
oniy,36 pixels. . |

The L'y_, output from window gate 204~-(N-1)
represents the localized spatial subregion 402. Subregion

35 402, vhich has both horizontal and vertical dimensions
only one-half of that of spatial region 400, is only
one-fourth the area of region 400; However, as indicated
in FIGURE 5, subregion 402 is also comprised of 36 pixels,




The rectangl e 400 represents the relatively |large size of t he

t wo- di nensi onal spatial region.definegsly an entire image frame of pixel
sanples. The [err] output 20 f rom anal yzer 202 (which is appliedf<o .
‘conmputer 102 without passing through a window gate) represents this;entire
i mage- f r atikeseby i providing anhhghhc-tewoﬂatnbunxntatﬁédﬂa&moWuprOVIded by

i gnal 1 cbptcefi Y68 862 RRARTLRAR BrofigRiMY g rendsy h{f:_”ﬁr

nmor e obj eﬁl@bﬁbu\imuﬁOﬁse 502) within the region of space t he

g :
viewed by canera 109p aF s 0395, fm val ues of
both [err] and [err mEF'%bEEgB} -?subglss%?ne to %ﬁneﬂ'the -
entir’® 305ubxegions £Aé angnaPs VFE\NIPPN% 11"& ¥ &¥%e region 400
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one- hal f Eicmtzof--sanel ausoegach tohprisedlof @6 Finele (tam area of
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i nt ex0redi spatiakd Sﬁhregmaséoaoist miyt lose -guartex of) that refol ution

ubr oy orebabash, hilyfesiBh 2027ReR" I e?'%?%ﬁ *ﬁf%%zﬁﬁq W) and [err)

out puts fgdebatspievi subregdon 490 ZF%N Bytiowi t her of
which is E%Eﬁ | & tfapi xel s (as
shown in é?&ﬁ&ég?gh %1ew gl’o% gﬁqﬁfﬁfgﬁ{% b spa,t i al subregion
404 is onWaBnEquQF?EF‘e@attﬁaFW gp%t (#/P%Z ¥ohighexi xt egpt h -

of tygt Qﬁhﬂhoﬁahtvbﬂ’lﬁﬁh&éﬁb&lﬂtﬁw wme-fxﬁiraa 800) J eini 1 OF1 pf
| ntermedi g S XEgSIQQGSBLtgg © %ééigﬂgﬁgg is only one quarter
- of that of spatial subregion 404 (or 1/64th of that of
global-viéw spatial region 400). Thus, the resolution
view 508 of vase 502 is exhibited with the hlghest
20 resolution.

For illustrative purposes, in describing in the
operation of the present invention, the value of N has
been assumed to be only 3. Therefore, in this case, L'o
represents spatial subregion 406, with spatial subreglons

25 404, 402 and 400 being respectively represented by Ll, L2
(Ly. 1) and G5 (Gy ). In practice, N would have a value
greater than 3 (normally at least 5 or 6). Further, in N
practice, the respective values of P and PY would be
greater than 6 (such as 32 or 16, for example). 1In

30 such cases, the spatial image reglon represented by the
high-resolution, wide field-of-view video signal from
imager means 106, defined by 512¢512 pixels (or even
102401024 pixels) is reduced by data reduction means 108
to five or six separate various resolution views of

35 either 16016 or 32¢32 pixels each.

As indicated in FIGURE 2, computer 102 provides
an individual window center control signal to each of
vindow gates 204-0 ... 204-(N-1). This permits each of



that of intermediate view 504 (which: in tuia is higher 15 than that of
| ow-resol ution gl obal -view 500). Si'mil'arly=*Che area of spatial subregion
406 i% E;\y one quarter of that of spatial subregion 404 (or 1/64th of that

f gl ob h f
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to each of mﬁndom/ tes This permts each of
respective spat¥&f E&%ﬁ?ons (e. g spatlal subreglons 402, 404 and 406) to

be noved in accordance wi il thengagesbgnal sukveiliamee! Sambda, tomputer
notance, 22 SClGrihe hXekrdhesled Biel {6, 2kegty i hOipdy SAck oF the
sel ectivel y nowepatialn regipnetoddeterminei whéthemwori nothdtt appeiarss)
W hin rogion G ihd | Ghi8ct! 8°vhEERbetOtBRCRT 260 A0MRYiR Bbijihar, 1)
spatial 10 rea}noabmt@anagsaomrtncuR@roﬁbape.t edosdr dsupriesgmdr in
resol utions. any subregion of this global view. If so, the computer
can then examine this subregion at higher and higher
resolutions for the purpose of confirming whether or

20 not an object of interest is actually present. A
somewhat similar examination by computer 102 would
be useful in a robotic system to provide "eye-hand"
coordination. '

The important advantage of the present
25 invention is that the amount of data that must be handled
. by the computer is greatly reduced, without, at the same
\) - time, reducing either the resolution or field of view
capability of the imager means. :
In the case of FIGURE 2a, computer 102 divides

30 a switch control for selector switch 206 that permits
computer 102 to selectively examine at any one time
‘only.the data stored in any one of P'XOP'Y memories
204-0 ... 204-N. This further reduces the amount of
data that must be handled by computer 102. '

35 "It is plain that it may be desirable in certain
cases to pass even the last band of the group of bands
through a movable window which forwards even fewer than
said second given number of pixels to the output of image



In the case of a surveillance cérrer a, cé uter 102 can first analyze the
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substitute a selector switch for selector switch 206 that is capable of
sel ecting any two or nore outputs of nenories 204-0 to 204-N at the sane




) ' . }
10 time and then simultaneously displaying the selected nenory outputs on
di splay 112." Such structural nodifications-are contenplated by the present
i nvent,i en. -16- CLAIMS: 1. An i mage dat-dé+eduction nethod for use with
an i np™¥ “vi deo sCbAEMSeepresenting a relatlvely hi gh- spati al -resol ution,

wi de-fii el d- of -vi ew i mage t jat '§ﬁ5ima ?hs dPEtioB'h%%h ?%rn%EBFr of

pi xel s,.-sai'd met hpd, conpri si ng e st pati a

frequency spectrﬁ Bfthénpﬁﬁggi¢Eﬁr§§6ﬁ9&dr§?r§§PBtﬁﬁ§UP wﬁd@@imegma| to
Copar it o V1 o0 ogtpur proteacreTRIRelon; pLae SRt D yaeh AT knid 1
ordi nal | y- agranggégéfa oPZcBn %Eﬁﬁ&ug ¥EBSBEE$E %n?@xﬁﬂssaﬁ&ﬁqﬁﬂ$§h°d
spati al frequencqolpntsinglthedsaeﬁausfran remant wherein:

(a) the first band of sai |

resol ution and is conprlsegng;Qgngxph? %Bﬁiséﬂ Egﬁ§§P%§%y5 éaFBF
each ot her band bma9a|uegrespnbgdlbYtsaadz nput video Signal th@eEﬂMH:Ba
v o1 o o PSRN SR PREROSh o, ERRa R Ol PRV, ORIl
remmant andl® ssgparstgonudgweutpgt signals, that togs#bgr sePFesent
whi ch is the 'O\Asﬁt P&ﬂ?&ihﬁ‘i Pféﬁbéd' Braly 8F edhtibabds Qﬁb%ﬁb@t%ownds

and reduci.ng the size | ew represent éd by | east on

of said group by°5a§§%ﬁgiﬁaS$aFP§FF? I%ESBP?B&YSEB§8FrHW'pP?9Ié Gaus iﬁnone'
band 30 t hr ougpefinanet wAkreinegdow, sai d subset conprising no greater .
nunber of pixels than said second gi ven nunber.

the first band of said group exhibits said
relatively high spatial resolution and is
comprised of said first given number of
pixels, and

(b) each other band of said group qxhibits a
20 . lower spatial resolution and a ‘smaller
number of pixels than its immediately
preceding band of said group, whereby said
last band of said group is the Gaussian
remnant and comprises a second given

25 ' " number of pixels which is the lowest
number of pixels in any of said bands of

-\ : said group; and

reducing the size of the field of view
represented by at least one band of said group by passing
a spatially-localized subset of pixels of that one band
30 through a spatial window, said subset comprising no
greater number of pixels than said second given number.
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2. The nethod defined in claiml1, wherein the.step of reducing the size of
the field of view conprises reduci-ng the size of the field of view
ereprésented by at |east one band of said group other than said last hand. 5 .
3. The nethod defined in claim1, wherein said step of reducing the ®fze.
of the field of view conprises: redu0|rmrl7E35|ze of the field of V|eﬁﬂof
each of the individual bands of said group excluding the Iast band of said

group by passing a spat, al | ocal.i z subse pL xe of ,each of,
sai d i ndi vi dual bands terrOLé}‘F aﬂ'@ﬂﬁi @%éﬂ%‘%e‘%pﬁ%?&? bm' rean.kthe: said
subset s bei ngtepmof Yedudimy theaize rofibgle ofieldebs irliew &amﬂrigéend ]

udi ng the

gi ven nunber. The t hod, def i further

step of: sel & ‘\?@‘I’Eg rﬁfﬁ?leog éﬁ etflfbgél?fo 18Y Eﬁ?ﬁeﬁF%gad i Alows
within the wleasit ené dand cof dedid cgirdyp tdther xethanogaddi dabtsbahdnd 5.
The nmethod defined in claim4, wherein the 20 step of selectively noving

conprises: selectively noving sai.d spatial position of each of said wi ndows
i ndepend&ntly of one ardt héfhe @ems rdefinedecinncdaim 3/,awhereinosaid

wher ei n eaChfgfepS%fj:}h&ﬁf‘i 'ﬁx&oé@ﬂéeéf% ﬂeiacaedvaggegorﬁgg&e 5°f 25

pi xel s. ronlc capera er|V|ng vi deo
out put, said camera corffquciRg @th?&SIW?OﬁIeMdef viey. of_ each

TS de e i) Sl e sl gl sl i 10t
spatial regi &@ngk éﬁkﬁkgr $e4RY ﬂeﬁﬂ§glﬂii§§ qﬁ#&ﬁ&fﬂﬂgeﬁhe
spati al Jfor eqw&sﬁxels of each of sa1d mdw;duai_l bands through its
own separate spatial window, each of said subsets being QJ
comprised of no greater number of pixels than said second
given number. '

4. The method defined in claim 3.' further
15 including the step of: |
~ selectively moving the spatial position of each
of said windows within the wide field of view défined_by
the pixels of said last band.

5. The method defined in claim 4, wherein the
20 step of selectively moving comprises:
' selectively moving said spatial position of each
of said windows independently of one another. o/
6. The method défined in claim 3,4 or 5 wherein each
of said subsets is composed of said second given number of
25 pizxels. ’
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spectrum'of each inmage franme represented by said first 10 vi deo signal to
derive a pyram d of Lapl aci an i mages: repré&ented by a plural nunber of
separ aLevi deo output signals, .that’ together represent an

or di nal¥=- ar ranged group df* cof¥t QIGEE _ camerah fink dgriving sadat i al
;_requegcyoisp?ct dm?a-m«dtmeﬁamemdtﬂi?iﬂﬂ,lt s&ﬁ%dﬁeﬁaﬁ comp:islin'g: I(a)' the
irst :band of said group egxhi.bits sai.d relative | spat | resol ution
and is conprised of said g(?’ﬁhg%\?é?mﬁ%}' &igé%d‘éﬁfg"{%"%aﬁ her
band of said gr B@ansxifioy derivithg in real time a fivwt widdo adidgmsp! ution
and a snal lser NyERRe sentlingelad 1t f§Sed YHTRSE ' nd, of said
group, whereby said Iastﬁbdz?ﬁgig'f% a}iacréolup |S§%§§J§%}%ﬁﬁ%@%ﬁ
conpri ses a sec&¥@mM@s,&f the spatial region heing viswed by ssadd cimager he

| onest nunber of malapgl,s in any of said bands of said group; and neans for
reducing the size of the field of view_represented by at |east one band of

said group by passing a sPeeRe £pH AnAlyZIng khesratinlkdregiencwt 30
o][le _banfj:t hrougbp_edmun' aicf \Giaiotho \Emagse ém@:ﬁyﬁ%ﬁmmy%%@%%s@umer
of pixels than sai,d second.given nunher. to there erj ve said video _
out put fro;‘nlasai nggﬁ'e%é‘.gnal 8 gen & ¥ @f’%{"‘%@%’ﬁ@c}’]iar?’a’bijrﬂaﬁe%erei n
sai d means for regresentede by zc plfuraie mundlet «ff \Separaevisieo rasput or

reduci ng the si: f e hi ' 5t d of
said group ot 'he%%alghgyagaﬁgqeggﬁﬁeﬁ%ﬁg_%e%aﬁ'né}dfﬁéfa}%(e%é) claim
7, wherein sai dgveaps ofoconddgiions swospeatrs hands iaff that \wratiadpri ses:

- wi ndow nmeans f org JeRphieticid gt ¥nd *hedd'\ﬂéian remnant wherein:
O .

15 (a) the first band of said group exhibits said .
' relatively high spatial resolution and is
comprised of said first given number of
pixels, arnd '

" (b) each other band of said group exhibits a
20 - lower spatial resolution and a smaller
number of pixels than its immediately
preceding band of said group, whereby said
last band of said group is the Gaussian
: - remnant and comprises a second given
25 o . number of pixels which is the lowestnumber
N e of pixels in any of said bands of said’
| group; and |

_ means for reducing the size of the field of
view represented by at -least one band of said group by
passing a spatially-localized subset of pixels of that

30 one band through a'spatial window, said subset comprising
no greater number of pixels than said second given
number, to thereby derive said video output from said
camera. : |

A



10 of view of each of the individual bands of said group excluding the
| ast band of said group by passing a spatially-localized subset of pixels
of each of said individuals bands through its own separate spatially "«
novabl e wi ndow, each of said subsets bei ﬂﬂ conprised of 15 no great®t
number of pixels than said second given Alimber. 10.. The camera defined in
claim9, wherein said Samer #Hes€ fedefdned doe FLAiM Tan WheF§dHr oceski ng

conput er rtesalama! mealhe sa&gradﬁg,qngﬂ;met siGe of mlneseE'ifémaraEr & ifed d_eri_‘vit ng
caner a-control _signals; an id_wi.ndqw ns i.,nclu means .Jf.esponsive to
at | east oneCOPPLIFES HEANS. ?%’ﬁt FEOUGINE, | eaﬁd'l%ee(?%eﬁ:é’reeta%'# <£f2| ectively
novi ng t he spdewakrepaeisentedobysaitd leasiblonenbashdvofivisaiidh grouplictthen el d

of yi ew5_25 CFHSH %gq_db a’étleb%irf&e.! s of said | ast banq. 11. The caner a
defined™in arm IO; erein. said canera-control signals include a

separate control signal correspondi ngto the novabl e wi ndow for each one of

sai d individual bands; gand 3fe camera defitld i ¥ qmng,ﬂé]f‘éiq{jes means

responsive to each of said separate contrqgl signals for selectively noving
sai d spati al Spédi MLARSoL oL, RIYCING Fhey FdiFe: o MWLl RhddaY vy of one
anot her. . cfipridesthe canera defined in claim9,10 or 11 wherein each of

sai d subsets is conposed_af said_second _given_nunher af pixels. ._.Ihe
canera defined in clai W@W%? rsi%(ﬁlq?gﬁ%% Sﬁ&ﬁﬁaﬁﬁ%?@fﬂ of
said fiabd obfvvdew oft leach of dies inddvidnalebandsorofstsaidigdomih sai d
second gi ven A 1.XQl.S. ) ; t%g_%t" ¢ ];&g} ai d novabl e
w ndows and gggg??égg{]gﬂg??‘g%tn?ﬁ?gp%oéf g%dﬁj ixé{s om sz??% ast band of
said group; spatieldym-docalized subset efhmiNels of #ach of said -

individuals ba_nds through its own separate spatially o/

movable window, each of said subsets being comprised of

15 no greater number of pixels than said second given
number.

10. The camera defined in claim 9, wherein
said camera is adapted to be used with an
_ image-pfocessing computer responsive to said video output
20 from said camera for deriving camera-control signals; and
said window means includes means responsive to
at least one of said camera-control signals applied
thereto for selectively moving the spatial position of
said movable windows within the wide field of view ' J
25 defined by the pixels of said last band.

11. The camera defined in Claim 10, wherein:
said camera-control signals include a separate
control signal corresponding to the movable window for
each éne of said individual bands; and
30 said window means includes means responsive to
each of said separate control signals for selectively
moving said spatial position of each of said movable
windows independently of one another.
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canera-control signal applied thereto for -g-ectively forwarding the stored
second given nunber of pixels corresponding to solely one of the subsets or
said last 15 band of said group as said video output from said canera.

14. The camera defined i A2anyivee cafmerlanidefided Gn1Qaimh®10i 6r 931 Phavadh VLY

neans is a BurgfPyadg guBfet¥zes. clbﬁlﬁogé% F'¥aia %ﬁéo‘?ﬁd &%eﬁgﬁ%% ot e

claims 7 to 13, wherein said analyzihg neans is a ter-
(FSD) 20  anaP§zR$¥€48: The: camera defined in anyone of claims 7 to 15
i ncluding an anal og-to-digital converter for representing the level 25  of

each pixel of said first,yideq signal as | tiRQit nunber. 17. A canera
substantially as herei nb§¥0re'8{3§sgﬁpﬁé'5 \ﬂaetfgunre@f e Fd@1fy 125; wherein

opti onal | Y530 saidsmeansffer pgdacinge theosize Dfidadd Field &F vidwre 2
bei ng optionalfgreﬁegnghéiggegy Figure 3 or 3a.
memory means for storing both said second
given number of pixels forming the subset from each of
said movable windows and said second given number of
10 pixels from said last band of said group; and
selector switch means responsive to a
camera-control signal applied thereto for selectively
forwarding the stored second given number of pixels
N ' corresponding to solely one of the subsets or said last
15 Dband of said group as said video output from said camera.

14. T™e camera defined in anyone of claims 7 to 13, wherein
said analyzing means is a Burt-Pyramid analyzer.

15. Tie camera defined in anyone of claims 7 to 13, wherein
said analyzing means is a filter-subtract-decimate (FSD)
20 analyzer.

16. The camera defined in anyone of claims 7 to 15 including
an analog-to-digital converter for representing the level
25 of each pixel of said first video signal as a multibit
number.

_ 17. A camera substantially as hereinbefore
described with reference to: Figure 1 optionally
30 as modified by Figure 2 or by Figures 2 and 2a, Figure
2 being optionally as modified by Figure 3 or 3a.
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