| MPROVED DI G TAL CAMERA W TH NON- UNI FORM | MAGE RESOLUTI ON  SUBSTI TUTE
SHEET (RULE 26) | MPROVED DI G TAL CAMERA W TH NON- UNI FORM | MAGE
RESOLUTI ON [ 0001] This application clains priority to U.S.

Provi si onal__Patent Application Serial Nunber 60/823,5 i ugust
25, 2006, WHPEHEPESPncorporated herein by reference iﬁgﬁﬁém@ﬁﬁﬁééty.
This application is a continuation-in-part of U S. Patent Application
No. 11/117,731 filed April 29, 2005, which is incorporated herein by
reference i IMPROVEMDIGITAL JAMBRA WHHNGRAINIEGRVD VA QEIREROTL IOV i al
whi ch is subject to copyright protection. The copyright owner has no
objection to the facsimle reproduction by anyone of the patent

di sclosure, as it appears in the Patent and Trademark O fice files or
records, but otherw se reserves all copyright rights whatsoever. HELD
OF THE I NVENTION [0003] The present invention relates in general to
the field of digital imaging, and in particular to digital caneras
for capturing a scene in a given field of view BACKGROUND OF THE

| NVENTI ON [ 0004] The present invention is directed to i nproved nodes
of utilization of the programrmabl e resol ution scanning camnera
disclosed in U S. Patent Application No. 11/117,731 filed April 29,
2005. The invention described therein in one enbodi nent provided a
systemfor isolating digital data representative of portions of a
field of view The systemincludes an array of sensor cells adapted
to provide digital representations corresponding to at |east a
portion of the field of view, and a selector adapted to isolate a
non-uni formy distributed subset of the digital representations

provi ded by the array. A buffer is provided for holding the isolated
digital representations. The system may have an asymetric
distribution of active pixels in a frane, and the distribution of
active pixels in a frame nay be non-contiguous and/ or progranmabl e.
100051 In other aspects the systemaccording to U. S. Patent
Application No. 11/117,731 provided for isolating digital data
representative of parts of a field of view that change over tine. The
system i ncludes an array of sensor cells which provide a plurality of
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digital representations corresponding to at | east a portion of the
field of viewat a given nonent in tine and a selector for isolating
a non-uniformy distributed subset of the - 2 - SUBSTI TUTE SHEET
(RULE 26) lurality of the digital representations provided by the
array at a WO8Bent in time, the isolation being pBETESNWHTGYHsed
upon a set of values progranmed in a programmabl e | ookup table.
[0006] U.S. Patent Application No. 11/117,731 al so disclosed a nethod
of acqui ri ngMRPROVED BIGITHREGCAMERA WITHRNOMUNIFORVMESRIGE RESOLUTING ng
the steps of providing an array having uniformy spaced photoelectric
sensor cell osing t.he array. causi he .ar t o, pr.ovi de, a
di gital rep@ggg)r{#lgt ?98&631&18? c@gi&%g%@%[ ?Pe%i%%vrlsrﬁnﬁ{ g%ﬁf@éﬁp}%wp’bgﬁ'@%t ric
sensor cel | Numbdn40/823,508} filg A5 2006 hick Rdhd@otfed HoRirtly 1@fredcod ih I St
subset of the digital. representations for the sensor cell's within the
first regiof® eﬁt‘FFg}"f iL IS t2pRlimglan Is Raspniigpationrinmart of LY. digtent Agplicetiond¥p. over
the first regj [ t ; I : .00, ond
subset of tﬁlgng?ait ?gla A?ﬁ})irgzg@gi‘gltﬁ?lo]%lgﬁ ?@?ﬁi’{e e slgﬁz%lrf&%dgﬁﬁgs\%n t?r n a
second regi f - gy: ] : t . set -havi ng
008 TdsBpIRli Y intiRack BRRSEHEG! R dhidel SRARAMHIUBRR! 112

a second average re tron over the secon egi on
SUMVARY OF doipiEighhNvENT haNng 69&dpn Bhibe fasimilaregeduttiovh &g ahyanéoShe Pagnent
Application,. No. 11/117,731, .and/ qr, certajn, appl icati gns and uses of
that camerad™ Oéwebg%é‘f"i"pﬁ’e $6‘i‘n%f"ngat? Ialna\?#r?@mﬁ%t h@?ﬁ fg'-ﬁ%loéﬁ"é’f’ Prgbut
[0008] A nejthadisofesAiRROSHHERMghO WhatiRyv@n sensitivity of individual
cells in the CCD array (by horizontal histogramm ng and equali zi ng
pixels to t of their neighbors). 100091 A nethod of
conpensat i oF=ES EINVENTIONat i on conditions in different azinmuths
in the fiel@oss] THé prsdnbihvition irBlgted BEabml BMthS ﬁaamfraggiﬁlpﬁﬁgin%%d%e
CCD integration tine). [0010] A method for high precision zoom ng on
critical spwitiuleblo digital oamerss tor gephipg b scand inngiveBficld of vigwt he
determnistic trajectories of trains for extrenely narrow zoom ng).
[0011] A neglefc Pﬂiﬂ\ﬁ?ﬁ?ﬁ@ﬂ?ﬂ\ﬁfﬂﬂiﬁbﬁase of resolution in the process
of hom ng onsnA MOVI g targets (oy narrow ng the scanni ng angl e
and novi ng P9I ipisens dtventien is dasetadotos mupraved suaies af dutilizatiah | of the

vibration Ogrogtrgl?méglcr {'e%luﬁlobnogéan&igge chiid %%s?:lbsed in U.S. Patent Application No,
11/117,731 filed April 29, 2005. The invention described therein in one embodiment

provided a system for isolating digital data representative of portions of a field of view.

The system includes an array of sensor cells adapted to provide digital representations
corresponding to at least a portion of the field of view, and a selector adapted to isolate 2
non-uniformly distributed subset of the digital representations provided by the array. A
buffer is provided for holding the isolated digital representations. The system may have
an asymmetric distribution of active pixels in a frame, and the distribution of active

pixels in a frame may be non-contiguous and/or programmable.

[0005] In other aspects the system according to U.S. Patent Application No. 11/117,731

provided for isolating digital data representative of parts of a field of view that change

over time. The system includes an array of sensor cells which provide a plurality of

digital representations corresponding to at least a portion of the field of view at a given

moment in time and a selector for isolating a non-uniformly distributed subset of the
-2-

SUBSTITUTE SHEET (RULE 26)



- 3 - SUBSTTFUTE SHEET ( RULE 26) [0012] A nethod for precise
tracking of a noving target (By conbined vibration and slew of the
mnor). [0013] A nethod for calibration of the CCD cells within a
zoom wi ndow usi ng extra-w ndow i nformation (By extrapol ating the
behavi or ofwohessgsess cel | s outsi de the wi ndow). [ 0014]pcAuiseovediceld
increase of the duty cycle of coverage of the mrror, when the canera
is zoomng on a narrow field of view (By swtching from

uni di r ect i oplality ohthetdigital rspresenietions arvidedbmnthe ety atargien monjegingime,

Met hods to in u te ets
(by nodul attllho %&D%t%eng erorr%)l?dg%f %P%%}’(es eeg1 ? gmgll %Hle Ele gg@%’rﬁlﬁﬂg

resol uti on bokuprplees of interest). [0016] Aut omat i c adj ust nent of the
dynam ¢ range of the canera (bias and gain) to accommobdate bright and

dark areas Iﬁﬂﬂﬂ] hesS. fRaghidA siflication Wl 0Y/11 73 tal sb Vlisoigsed ar iethstidofticipghiig ar eas
inthe field of ,view.and tuning the Iookuq%gtable to vary, the gain and

bi as bet weeHgiah&ngee "[@0&?‘]’*%?%%01?‘&“: ing lesienn AT RGVERE S8 25AY
i ntegrati onyflBesiedhy QccH? | elc C?QﬂS?P&H@@%%O 18rarrﬂ‘ag£hsﬁ§%e a4

illum nation areas vvlt

over | appi ngtovnrmmlmsdlgmhtepreeeqcahmefodnﬁch@f émtunﬁqwgadsphptndgmmnmru nt o

t he | ookup t b rting. two overl.appin nt
mul tiple no?‘le %ebeﬁf) %Plélc? gﬁ%ﬂ et [060@8 ot conﬁrr# &Uhe t { (? el
aerial phot @g{cmﬁ}{oﬂéﬂ fbilthé ko @Ellst witHAOht Ziewd raplvetha giest (slbmetllﬁvmlga &irst

rotating mrror with, an aX|sr{)araIIeI to the direction of fl|g ht&
[0020] Ext efitifag resplaticiepien teriimgt agion thebls| e, tan e guempmresaiihe

aerial phot &%@rgwsa(&sfh hﬁ&eﬁ?%eﬁﬁﬂ?xﬁ?&“ﬁ%e%r bdlls WinA&A8¢onk kglod oand

deblurring the inmage by bfnni Extracting several,
hori zont al | ghe@mrls&ppnsdg:tezloﬂﬁmwmm; hayingnal seeoné evisdy resblutinavestho v ng

down the prge%gnsd%gq&.and the mrror rotation speed.

OBJECTS AND SUMMARY OF THE INVENTION
[0907] The camera described in U.S. Patent Application No. 11/117,731, and/or certain

applications and uses of that camera, can benefit from the following methods and

Systems.

[0008] A method of compensation for uneven sensitivity of individual cells in the CCD
array (by horizontal histogramming and equalizing pixels to the average of their

neighbors).

[0009] A method of compensation for uneven illumination conditions in different
azimuths in the field of view (by varying the mirror scanning speed and the CCD

integration time).

[0010] A method for high precision zooming on crifical spots for train safety applications

(By using the deterministic trajectories of trains for extremely narrow zeoming).

[0011] A method for continuous increase of resolution in the process of homing on small
moving targets (by narrowing the scanning angle and moving from unidirectional scan to

sector scan and finally to vibration of the mirror about the target).

-3
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- 4 - SUBSTI TUTE SHEET (RULE 26) [0022] Optically isolating the
irmagi ng sensor fromthe illum nation source ( by packaging the
illumnator and the imager in difference cases). [0023] Creating a
lLaser illum nation blade (by converting a round beamto a bl ade beam
usi ng a pi e¥®HBI8IHE sted mrror). [0024] C ose-|l oop PERUKAIWPTEIL4
between the illum nati on beam and the i magi ng beam (by sl anting one
of the beang and converting . an angul ar difference between the beam

into a det eti0HI% melhande MFrissriraghing aka ynoving deygst | (By serrkinesi vibratioseand

accuracy of gdotegt ngpypf moving targets (by applying a built-in video
notion detection in the canera for iterative resol ution enhancenent).

[ 0026] I nst } : i t { Is .
j aggedness ﬁgiﬂg?ggﬁhg gdr%tcg%brrﬁg)\ée&?hg ??]?gé'ﬁa‘%g%“ gggﬁ%‘g‘%&}*’%ﬁ%fﬁw
Correct i on windghapferition oByi extrepdflating \the deliasiog ef she bymaedlisagitsidgy thee
shape of the.gbject between two co-located caneras, scanning in
opposite di Wg@? )ons). [ 0028] Handling multiple overlapping regions of

i by, usi Itiple diuti its i |lel). [0029
Aol or at | OBl e ol e S e M Bt Vighitederey and

processi Ny RaEEmiBLENE Rhrrd W iRAbAYLR By swhiRARR Fromalnidiesions saf th B Sicant
e (b [ 0031] In one

st ereoscopi c i mag y using two close caneras).

enbodi nent , scemEowe\aitigeh provi des a digital canera that includes a
sensor adapted to provide a digital representation of a portion of a
field of viBGldadethads dptineadse shstdem tiekt covarage Snahiph untedestt argefs (by

| ocations w t hin field of viewtp beco i ncident. on the sensor.
A pi xel co\rl\%PEe)@ltlélgigltrll %ﬁélguﬁmeﬂ OF Jation e stov“éﬁ%g%t %‘%lﬁg Ifjgf’gyg?n\%ﬁ fmrgfeﬁ he
digital repmesstati on of a portion of a field of view and nultiplies
it by a gain factor. A regionof-interest |ookup table stores sets of

val ues, eacjl0ERAutcRlatt QduéPed dfaid apt@micaiangcosl 88 catherh Mgy BRI gatd)tihi N

the field of view The staored values include bias and gain factors.
accommodate bright and dark areas in the field of view (by identifying dark and bright
areas in the field of view and tuning the lookup table to vary the gain and bias between

them).

[0017] Methods for varying scanning rates and integration times during the scan fo

compensate for high and low illumination areas within the field of view.

{0018] Handling overlapping windows that require different parameters programmed into
the lookup table by converting two overlapping rectangles into multipie non overlapping

rectangles,

[0019] Economic methods for aerial photography with horizon to horizon coverage (by

using a rotating mirror with an axis parallel to the direction of flight).

[0620] Extending the depth of field, to low altitude wide angle aerial photography (by

using extra resolution in the near field and deblurring the image by binning).

[0021] Extracting several, horizontally overlapping zoom windows, sinultancously

without slowing down the processing and the mirror rotation speed.
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- 5 - SUBSTI TUTE, SHEET (RULE 26) BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0032] The foregoing and ot her objects, features, and advant ages of
the invention will be apparent fromthe followi ng nore particul ar
description of preferred enbodinments as illustrated in the

acconpanyi ngo digdssigs, i n which reference characters PETAB20GIHEHE
same parts throughout the various views. The draw ngs are not
necessarily to scal e, enphasis instead being placed upon illustrating

princi pl es 18922 Retisely dpplatia . the JURBITE FEROH émﬁl ﬂ%" Hiugyingtion. spwee | Bk
di agr am of ment of the

I nvention. I?B%é@%ﬂ@ﬂh%rﬁ%at[grﬁ(ﬁhggit@g{?ggmtaﬁg ca ﬁ%ybrat lon of CCD cells.
[0035] Fig

[0036] Fi gl T §RARIEs et UMb Pbindern ) FAARECAAT R
noni t ori ng wigRiccevisdt@3®dmikForyur es 5 show a novi ng obj ect in
different directions. [0038] Figures 6 illustrate speed neasurenent
byhadh: di r]@oz‘ﬂ] Qfvae- loﬁpaﬂafl?lﬁg)ﬂe:ﬁ@éenﬁh@iIMaﬁorSMW @dahémnz(gfng\]@mnc{bgs
schedul es of scanni illustrating varia elo mul t i
sector scan¥aot %@ﬁo{flg}ﬁ.b@%@ Soie 4 dep reP@ﬁaﬂ@é@%[ﬂﬁtbP%l
COFrespondlMcam@lamo@{ﬁlbﬁgﬁty@@cal scan schedul e. [0041] Figures 9
show conparative results of dynam c range conpression by regional

signal  adj Uphs8;McReasing the accuracy of detection of moving targets (by applying a buili-in

video motion detection in the camera for iterative resolution enhancerment).

[0026] Instant detection of moving targets (by detection of jaggedness in object contour

due to interlaced scanning),

[0027] Correction of shape distortion of moving targets (by averaging the shape of the

object between two co-located cameras, scanning in opposite directions).

[0028] Handling multiple overlapping regions of interest (by using multiple diluting units
in parallel).

[0029] Accelerating the dilution process {by segmenting the linear array and processing

gach segment in parallel).
[0030] Delivering an instant stereoscopic image (by using two close cameras).

[0031] In one embodiment, the invention provides a digital camera that includes a sensor
adapted to provide a digital representation of a portion of a field of view and an optical
system that causes a plurality of locations within the field of view to become incident on
the sensor. A pixel correction module adds a bias value to any pixel within the digital
representation of a portion of a field of view and multiplies it by a gain factor. A region-
of-interest lookup table stores sets of values, each set related to a rectangular region of

mterest within the field of view. The stored values include bias and gain factors.
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[0042] Figures 10 illustrate the conversion of overl apping rectangl es
to non overl apping rectangles. [0043] Figure 11 illustrates the
coverage of a ground scene by the invented canmera when nounted on an
ai rborne platform 0044] Figure 12 illustrates the parall el

oper ati on o&XAEBEF3 di | ution units. [0045] Figures 13PFTUSRSIYEM
tracki ng between the illum nation blade and the imaging blade. - 6 -

SUBSTI TUTE 3 1004 ' 14 shows schematically the
generation Q@Dﬁ ..]ﬁ NOEIEEDR \.lvﬁéfa round | aser beam [0047]

Fi gures 15 [ﬂﬁBuSﬁm&reg()ﬁﬂ‘g&nébfhaCdbjs@fs featined, haCidRentes 6k hdgeetwRgs of
objects in the i g %41%?481“ gures 16 il1lustrate the use of two
opposi te di P@é‘f"'}l{;ﬁ 18 ¢ Iy gé’i‘ﬁ‘? SetipwH dsscriphangel pefemest ﬁmbmhmqntsmgl
Figure 17 lﬂlu@traiﬂe%txﬁ{hl:%&oﬁlhﬁ%fg%ﬁﬂﬁg%%%fmcﬁ@efb%%ﬁm%gé 'BEE a8 epq??ﬁ eg:

according to one enbodi ne the 1 nvention
THE PREFERRESENBEDMWINGTVEHOCE0§wsRThe demings wienbt meosssdridy wesdae, iemphists ai |

L0y T A RRBELITER Do SRR W o oo™ ©

[0033] Figure 1 is a simplified block diagram of a system that incorporates one

U

embodiment of the invention.

[0034] Figure 2 illysirates the calibration of CCD cells.

[0635] Figure 3 shows a field of view with a strong light source,

[0036] Figures 4 show a zoom window covering an area i a train monitoring scenario.
[0037] Figures 5 show a moving object in different directions.

[0038] figures 6 illustrate speed measurement by a bi-directional scan.

[0039] Figures 7 show graphs of various schedules of scanning, illustrating variable

velocity and multiple sector scans,

[0040] Figures 8 show a database representation and corresponding graphs of a typical

scan schedule.

[0041] Figures 9 show comparative results of dynamic range compression by regional

signal adjustments.

[0042] Figures 10 illustrate the conversion of overlapping rectangles to non overlapping

rectangles,

[0043] Figure 11 illustrates the coverage of a ground scene by the invented camera when

mounted on an airbome platform.
[0044] Figure 12 illustrates the parallel operation of several dilution units.

[0045] Figures I3 illustrate tracking between the illumination blade and the imaging
biade.
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[ 0051] The present invention is described belowwith reference to

bl ock di agrams and operational illustrations of nethods and devices
to acquire and/or isolate digital data. It is understood that each
bl ock of the block diagrans or operational illustrations, and

conbi nat i ori&0@#0888568ks i n the bl ock di agranms or oper atiCIARRO07/076914
illustrations, may be inplenented by nmeans of anal og or digital

har dwar e and conputer programinstruyctions, These_ canputer pr.ogram

i nstruct i on04payIeHE I Sowe sehematically, g gsasion of =p Wigeipdion Plade fisBist
conputer, special.. Ruppose conputer, ASIC, or other programable data
processi ng apparatus, such that the instructions, which execute via

e 5 R S S e T

di agrans orimmper ati onal bl ock or blocks. In sone alternate
i npl ement ati ons, the functions/acts noted in the bl ocks may occur out
of the or def)048)Fesres r6tittastratp atictdeaifatvoidppasiie Katdtion scanf-6Gor coxentiph ©f t wo
bl ocks shown i n _succession nmay in fact be executed substantially
concur r ent | 08¢ distEon| ocks may sometines be executed in the reverse
order, dependi ng,upon the functionality/acts invqlyed. [0052], Figure
1 shows, byl[084%ikigyrs ¥/ I@ag%allséﬁloak degramn Pt 4 ges %&W151ﬁlwgﬁe%éﬁfﬂgd§%gtt on
syst em accoggli.-n8sdiReitREmPISSERL | hvention. Its operation will now be
i 7 - SUBSTI TUTE SHEET (RULE 26) terns,

expl ained in broad -
deferring detail ed explanation, in conjunction wth specific
conponents, to the sequel. [00531A scene 552 is covered by a canera
550. A nore detailed description of key bl ocks of one enbodi nent of
t he caner a BEFAIED RIBJONOIFTHE PREFERREE EMBORIMENTF| qure 1, a

| i near sens r ; ' t

nstant . a 070 Relbonat L B oo el lho o B Rl cnof Bbrcsen

bl ade") of inkentisnerneyplésmiighidh am illustrdiyd iathe epbmpalyinguizswigsem 562 such
as a conbination of a rotating mrror and a canera |lens. The precise

6122c mut thf foesl)i Mré@&thh@dﬁoﬁ 8 d%ﬁbﬁﬁ:ebw wﬂiélﬁﬁ&i&acetmﬁlﬂﬁtﬁrdfi@%samd is
referred agai nst .Lookup Tabl e 556 at indicates ft i nf.o tion
that the syg@%ﬁw?@éh@&wwft%mé%@r%waﬁs P AFBITE 39 plw%tﬁ%@tﬂigﬁm his
al so read i ﬁtlgﬁéstﬁ@cfrﬁ{a@ea%ﬁﬁﬂdcglo:f She BB dia %@ﬂﬁo@ltﬂof?ﬂa}hﬁs}f?ﬁoﬂsﬂdnght

source 584 such as an array of |aser diodes and an array o
def |l ecting némbimtions pf blgedseinathe ridock dizgramenear pparptional vitishatienanmpe dm 572

(herei nbel ow “il |l umination. bl ade"),. that . r o ect ) i cal
Syst om 576, St oTaHE fiefens i B SRR R LB pR R F G
shows an anghdsarcoflbitbepofnan nghoes mdyebd Wovidtddes photgssandf ®Qeneralt hey
are preferably designed to cone fromvery iﬁ%lﬁse | ocati ons,

) 1
coi nci de at PYTRRSCSYOEMBICHNPOHY PYRRSK WHERCHt wércg&hﬁemsg%?fwabg@ dtéci se

shaft e”?“?feo&sﬁﬁél}gﬁfaﬁ&kﬁcﬁ 16t 10 RstrhcBBnsO iuhich 8xdchik i th@blogRisdPbpae and
reports it to the canera controller (582). One way to synchronize

bet ween t he ctmmitds| atesthérs pragragemablenidaie, phogessmagepnsrabse sigipiegientanihe
devi ation of. the i i.pat | t I j n
command a b Iﬁ%@)ﬂg’%% w&rr@ giglﬁtg% ﬁﬂﬂoggga%%%rﬁ fg' g/ah%gbfg%{g&ebq%&m@ es(ralm%e he
two optical akysdtehmldndtatifia, e Grictonslactg notthd thevdlobksadesodcor @mbwvethet he
sane directiopn. [tOQS ] The, si gﬁgl s, fr t he ensCQ? s .array,are
converted t 8" UtgiIR Hie opEpioad 5%*108%(1%%%% B SlPckEh [Ty sypeession
converter V“rﬁa?' i ik 06 kex BB s ANEkARAL ébaaléfé?ﬂw behe Qo) hey Véxbx%l@citﬁds Igeer ed

or nodified atcording to paraneters rea rroma | ook-up” tabl e 556,

speci fi cal | pxdcoted ipdhs rovesseroedsi, depsnding inen dredwctignphiyfacts igleer ocessor
within block 566. The canmera controller 582 reconstructs an image
fromthe di ¢#053) Figepr bskowsabi ansimplifeed sldoplediegamyfa ypoxl meage acqréggfiong

and vi deo morTah duriaBar bk G pPatad<By Sttt pERS hRrdt Brisdiiage
W7
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detection well known in the art. Wien an area of suspected notion is
detected, the |ocal inmage processor 564 nodifies the scanning
schedul e by updating the Lookup Table 556 so as to scan the image
with a finer imaging blade in areas of suspected notion and thus

i ncrease t h&%%¥ gsgqug? on there. The resolution is increKSEYSHAT7914
i s enough to nmake a dependabl e deci sion about noving targets within

t he suspect r 0056]. Siml a , .Lhe Lookup Table
556 can be ﬁg’ﬂgtdg &eael?d Wgaf'f/n hit & %ﬂﬂﬁl"ﬁg}“@‘pﬁ’sﬂh‘: FURPOBRM S S

i ncreasi ng queelspeed of repeated scans across the area of suspected
notion so as to increase the nunber of inmages per second available

for notion pOSBYSksne 6806 Chvekheby £60M8d 5300t A0mbRBRAILSISQLD
communi cated via a connmuni cation interface 580, a conmmuni cation I nk

596 and a r BREE! oanAmbRdEmRe 6h the e 450 squeentebinaFipue d7.s Ratuing ©02
for remote el10k IIIE%T seh &m 589 sholBgg h!néarf(,llfybt gc?\}’erspﬁt aﬁggléglgf al%éry
i spfay ah

di gital proce€ssof 59 resultl I'n a panoramC
plurality ofarpwoinicdd(ails I&%}belﬁw‘;m@@%lﬂmﬂ‘)59&edb@a,l1myg'eﬁgnhmﬁg@s of

bper ot ors AL SR BOLIEE ARrD e B iR gl B Canas B (e
camera by npdiifeyizhguth bmh@qmgaﬁg biede ik RénstdOBKH PhattedabRleP 558 ar[d%?@&rref[he

e processing between fast |ocal

advant age of splitt i ma
processor 50 ﬂl‘ﬁ%l'@leéﬁ indicefesebesipformafion thag the systay ndeds zamthe ol
| oop over t&%eﬁ%ﬂl{f@aﬁ the%ﬁ 19930%%2%% ol é?a !fcﬁx?r?fle?@h del ay of

t he comruni cat1 on he qua |ty of the vi comruni cat ed
over the ex d ni cati

line is enh@ﬁiﬁé’ﬁﬁgﬁpﬂa [GEESARE s WAr Rty i %%S%aa%%ﬁ”‘ﬁé i FER o s
now drawn t deflestipgrreisroR, &ngkn8ratig a wietyl nabmwnﬁihmﬁlaﬁdmabeammw GeRhbting a
field of vig It e benefici to adjust f sensitivit

vari ations dﬁ‘/m WOHEPQ@? Sﬂlﬁi 138%@%3}5%‘}?@‘0&“51’3*%@% ?)%’B‘Efeﬂéhp‘éii al
to perform wﬁ)*feaaﬁdt YRR Sy HRWE G@Eﬂgﬁ}ar &i@feﬁeﬂétbe%&yew{e%wades 572

paranmeters of a given cell nay be nade to be ferent in one area of
the field omdpl@wthesars nmreferablpidpigned mw@ﬁOWr}eclmﬂmb’@ﬂs,évemmxde at

omeor cor 1 2953 8 & SaGOIBERRA Ry ol HERT hdet Liokact b Gl B
intensity; postiseocd the:illuﬂlf m,atﬁxﬂﬂafh)amb:&ts itto %eﬂam&bJB@'&Bgédl(EszﬁHﬁé'w%ﬁULE
26 0061]. a. Non.,unjform rr ue to

i rr%)r e£:| si o]n {o Sy PeLEey f&&ﬁ (f&]%tt‘f’%???adfsol%t?] @ ﬁ)’ ARRECUPP$e5YIRE: taW

among the sdegigdn deﬁedlﬂMhm@tM lﬁsﬂi@ |ﬁ‘o{n' thnlaBMg ‘BE@@ @ﬁ‘d &mﬂfﬁﬁ a%R
when odd and even pi xels and lines aré rnterlaced, each o e t wo

groups t ravescheanisa §lible modifyf ffﬂé Iﬁ@h beiviesncbe oreaeptisl. sy§to062 ad ﬂ%m

uni formil '%EM@?W%&WC\?{’%\?FS rﬁwue%o view. For exanple, in a

typi cal out grei g often nore light in the sky
area and | e[ﬁ&SSﬁ ll‘%‘&gn%ﬁ f} ot the sen"sjorgi hrray are converted to a digital representation by an

analog to digital converter within block 566 and are then diluted or otherwise filtered or

modified according to parameters read from a look-up table 556, specifically for various
regions of interest by an image processor within block 566. The camera controller 582
reconstructs an image from the digital representation of a sequence of proximate imaging
blade (or scanning-) positions, and sends the image to a local image- and video motion
detection VMD processor 564, that compares the image to previous images and identifies

areas where motion seems to have occurred, using standard methods of video motion

.8.
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100641 d. CCD arrays are known to respond to saturating |ight by

bl oom ng (overflow ng into neighboring cells); it is therefore useful
to avoid, or conpensate for, such bl oom ng when particular cells are
expected to be flooded with strong light [0065f It should be noted

t hat unl i keWorelis#e63¢ caner as, where the photographi c |iFAYE0N0BIT4
typically taken for aesthetic or artistic purposes and where,
therefore, maximum authenticity E%pcl uding realistic shades of |ight

and dar knes&fecfian wkknowa in the art CWheran aie of prspasied seation isriptspied, dhe lagal |
often be us i b PRSRS : = tic
surveill ancgﬁg% B‘Qﬁ%‘%ﬁﬁ?@%ﬂ%ﬁ@ﬁﬁ on a|8p ?lggﬂug%g?g a:gﬁoglfju?h%a%ts%ra
i nf or mat i onsochsitvesan tip phige atitharfser imagiogbldcin seasofisuspetisd moinraod thubhat
maxi m zes dynanm ¢ range, at t expense.of realisti.c. gradations, is
oot or red.  FooReTe ARHen HesaTerBRER i pobRib s HaeR (e Fe ) ° o
popul at ed Widpbndablgdelsioadibeis inawing ta@i@fsmmﬁe%uép@&e&&rm@q&a@?ove) and
scan paraneters, in addition to dilution parameters. Since every
pi xel area joosé] fsanﬁaﬂg,l tle Déokiip TNl H6/CAPEARAREELD o b JdhPthb Sk §akd e
each pixel area can be optim zed as it is being scanned, by using the
appr opr i at efose@rplsarcareing ths speadipigepcated srans aaupLiBe tremel svardekmaicased i n
the 100U LaRlERBtohuhBE o AUEERPADIR ol b BB RhiliPAneRES2- THUS @

e or exanpl ée:

single | ookup ta entry can I°ndi cat e,

- whet her agi | eacquiredatal | . -th ddresses. of ,.an

pi xel s or ggiﬁggrggﬁgfr écgﬁi%aué}gl}lﬁjrﬁéfﬁ%i g Icgntﬁﬁtgl{sgsﬁ%ltﬂu(‘}m%tgga\t%aq%ic?rglam\’zhc‘r’fuﬁ %

Ej _hiat ;canf I inttd‘ac(eiSBO,airbp)éamuniﬁéifbn-li_ullc iS}ﬁIﬁH[IaT&ﬂ;l'cEe giﬂ&ﬁiﬁidaﬁit]ﬂiﬁeﬁﬁ:): 60?,'&6’!@
ilution tor, an e that wil, applied to each group, of, .

ot ol o 1 sF w08 B ernold gt erdy G e et RroHES e B s

that shoul dpﬂa&s%pm r@ﬁxﬁng_n?@?%gﬂmisp% 96 AP, Iﬂﬁraﬂ&’éﬁ&u%m cﬁ%@a@% ]rsss;he

paraneters may be stored in t | ookup”tabl e f'or each pi xel’, or a
group of adpHeetitanpiskedisplivingtimeses abthe sdeng. Operathrsanajyasuly sstrgraad repotmon

par anet er s. t Lcu ' Nt _pi e i ned
as a rect angtﬁggﬁg?'egﬁcoﬁ%%#or?ﬁ e@@fe%ﬁkggﬁdﬁﬁéﬁm%ﬁ%F &ﬁ%ﬁ be
stored in ttmmehadyloudifyiapthe comterit ef thslockup sabtdv56.gi ons of interest (RA)
- a group of paraneter values for each RO. Specifically there my,
in general, [0088] Sho bdentb@y of eplithing 1BEGIn@Re hrioSesélizd FkYden FANBEAL procssor 564

el evati on rargge, the horizontal -and yertical dilufion paraneters,
scan par amefiSTMYGHTORR PIRESFST HdD Hadng e conftaldopon b pasametessafiscraniag gnal

extracti onSy,; j ; i : i LS. to
it he e G aer?aggh% Ecgnrmuma&an e, frgﬂﬁgg pattraggg%&gtrhgﬁs

be scanned gef ore noving o ) next region), "ar
rel ated to gimymaicaicdnyeshsarpeosivd and nbessarlg harawidtinfimitd cogaiunicatio line

offset. In rtaln.cqnfigurations .there nmay al so be stored in the
| ookup tabl ‘§%§1a§%e§t’?%ﬁﬁsdngiiﬂr@ém"&?“iﬁ% further explained bel ow. [0068]
The system ine.the ROs d deternmine,. for each , the
various par ]g}%&ntg{nﬁ Y frgwa F?Zﬁ%%gﬁztﬁ?d?agﬁ vg}l-bsggtgcgﬁn%\ﬁ%pmg fon
obt ai ned byfigld 6f ¢ig®] i ghak TR BE:EIiBiRION 206 B schdi@Niy OdSatRaARBengThAVNY
data in the Iookulo tabl e thus grouped by ROs, rather than b

Sn

. . \n Dy
i ndi vi dual &85 celisn Bduay;everye tenefigislto perfgmoypibidiustmiooqmisaily certhadi n
configurati t bEndt L ' - ' jingl e
| ookup t abl gd?l?sgng%lsl(ged téoé?%%réé&gic%g#%eﬁatdk Ednﬁéggf;fegé&lgtgl eJrﬁgl,éI%% ?;%t%é‘ﬁéih
par anet er s affuwevsihgnalanarust ment val ues. In other configurations,
there may be separate | ookup tables for any of the various paraneter
types. [ 007 P60 TaciE@ycle deserdanastes forivading tie doriyensateefop thadianditivitg of

facility, and. the resultant conpensation parangters - inly the bias
bnd gai b 1 Rl P oIS B ST OB Yo AR RSO gIeR LT, T o
delivered wrthd&asbxdapid: array. The camera controller can then feed

the data into a special calibration | ookup table or, in certain
configurations, conbine themw th adjustnent paraneters stored in the

-9.
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SUBSTI TUTE SHEET (RULE 26) [0071] The CCD may al so be calibrated
while in the canera by inaging two or nore test targets, with
different but uniformgray levels and using the output of all the
sensor cells to calculate a calibration table, assigning to each cell
bi as and gaM? &Y%t ers that make their response unif 8EFUEBHITEL f Or
exanpl e, a successive approxi mation algorithm. The resultant
cal i bration ma b.e | i.near, o f higher degree. [0072 In
anot her errb[)J&gﬂEqﬂﬁ ’3 é%ﬁ 95%87 i e ton FRPTES} iR rEng) GC
updat ed, ba;@dudﬁen.statlstlcal assurrptlons For exanple, it may be
assuned that the average output of a given cell across the broad
field of vigusHf. GhR neAMEFRmity MRS AhdEemiBEMoR o g?ihlﬂ%hﬁcgtl&nh:ﬁaﬁgﬁr%ge of
t he nei ghboring cells (the one or two above an or two ow
this cell) exaﬁi@let Weend@idsantiymfpzxdlﬁeander ligesiage integiredacigdf, thatveb griwps
i mages are hi gh correl ati on between the
gﬂkl?g@ ll@?e!re na? eﬁllneél

out put of a | ac assunption one can calibrate

bt woen 1 ¢ < UREic p S eawsre@e%h ety acar Sl

di fferent | qngidor (ﬁ@ldchft\h@flﬁheré 1 6&&1&1‘1&%@1@' BNy skyQireaCat@Bs QighBéh {hEBOe
can be taken at sunrise, then at mdday, and then again at sunset I n

all three |ﬁ'ﬁb@s, the average output of a given cell is conpared to
the average of its neighbors. The bias and gain of this cell will be

cal cul at ed W8¢8d. 6RD@raYst ke wn frargeoend @usvmﬁgngahghtea@oommg éverflgeiagi ons
in tw vari h allty
of the cal i BrarrooorERRHe i 8 RSBy RolCH SnpeReRath Ml pRiRp,
very hi gh zelamipagicalandebs are eapsttecdotb be feodtd eltidstmhg itglﬁw is outside of the
zoom wi ndow - that while parts of the field of view nmay be consi dered
of rel ativel0963] dwhmﬂtl ée @sied dnthilive bﬁlﬁzﬁfyecabﬁragm@iewiﬁdpﬁd%@gﬁaphﬁengb@m

- is the entire f] iew s always avail a to be covered and
used for caff ARE 15 q‘&‘i‘ f?rhaés"gl@]cl ¥ g uEeses H‘éi? rwef‘é'f?tF refigie gnEBUE oom
wi ndow. (Seﬁﬁﬂzht%'t&%maﬁdm% fea[fsﬁ@slﬁ@esr&?h@ﬁ abd BHmbdY R d&‘[%d lﬁ{eactahl of the

approach is not [imted o usin n. For exa in |n
appl i cat i oressnisinpintion vl oftes e Gafrd foe lefptrmahmj pmyoags ionly (Iforg&xample amd

dar ker seg f Fi cal |y
11 et r ot oo pei@ byt difintd & sbofc bl AP I Sy R RERERE LAY
fo0741 A Dbrapplicafidis) shiedifativ isemitizity edatrelrthit AgximiRedenahey tan@nek tBe @18@
right end 42 i covered hy a_capera descri bed herein. Each ce

the CCD, s REpeeligticsgd gﬁxggas,, el§pefer nei ghbor - 12 -  SUBSTI TUTE SHEET
(RULE 26) 24 and its | ower nei ghbor 28 are covering, each, a

hori zont al 0948d I ere smbediment; B OQ;QUP\IF@%ﬁ@\(@&aDl iszpoprketarl rddwsigml

extends bety Sithot éﬁa‘fﬂ'%etef[?ﬂgs 3R aﬂo %tsc%}ﬂfaﬁgﬁetrs]— aé&ftﬁﬁ‘?&{hluﬁon .

i nvention as average anount o een along line
26 at a gi verameterse Sitics evegy pixaliaren lirathe fidd-birecwnoepresentd inithhibold tabieg 34

seen al ong |i.nes .24 and, 28 i.f.the three corresponding cells
of the Cob AENSReldrier s bf Shirkfed Bt is teig Aouheh BY aRSG e RBOMELASH | gh
reported bypatdiRictshaRFPorCeflas MR Gal@YUadred il BN Wieh Bbid @A tahat

the three cells may not have 1dentical out put in the small zoom

wi ndow 22 daEespends de dhat giet areancdaus 2 pinglet lpelaip table prire pareindigete for kel y
to be aver%g%gplgut across the whole field of view [0075] Setting the
paraneters of cell 26 to be the aver age of 24 and 28 cannot be done
based on this latio s th ce pe ma |sc ter zed
by at | east tv%ﬂéé%?an%tep%veﬁ Sc‘% ll d °bi aséguq%ndg t he®f¥ a'lI

si ngl e neasur euheraddresaesmftanydlpsctelsnglgrcﬂﬂps betdjeent pitels thmhaﬂdi a‘matc@ntrsd
However, if the,s repeated at different conditions of
light - such &gthﬁéaﬁscagﬁﬁ%@an ¥hd mid day, then the bias and gain of
the cell can be cal culated by solving few equations with these two

-10-
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[0076] In this enbodi nent, the bias and gain paraneters of a cell are
cal cul ated fromthe conparison of the average output of the cell to
its neighbors at several |'ight conditions during the day. The
advantage of this method is that it can be done in the field,

aut ormat i cal W9 2e0848588r i odi cal ly. [0077] In anot her enbddiTTsRW;7/015Me

| ookup table can be programmed to attenuate the gain of a cell

imedi ately prior_to its getti n%@? strong | ight beam and resum ng

L g : . 1 I
its sensitivi tipeailution fcior andmmodeibat wilhbaapplind e each gionp olguel i releventul
for exanple, D4 0e MAMREE 4 gte;% t P]Eégd r o) 1 ght
inthe field o gviaea\I;angar gg%li gio d]ﬁxlséﬂg éaﬁ‘@ rsatgﬁgﬁésu{ia |3§gérdyt8§§cri%gj§xael
covering a fi efrdroop ofgiiels. t hat includes the sun). [0078] The
i nformation about the location of strong |light sources can be either
programed j0A67dhapeendieromeebd soredthin tisedosknp ebiaffor eaghopindtor fura geoup of

automatical ly detected, b king a prelimnary scan of the canera in

[ ow sensi t 1 VPG DEFIS BLEELRSE PALHE F AGURSHaTey Sorariey Depimels: JEERECU OB 70]
Figure 3 s h%’d@p &F ddiaBdndl pikbis \ha§We MR B (CRIFRIpRIaPRPioh BF Gferbs: (IRST) @hd SCanN
54,56 and 58 representing thée scan lines of three cells in'the |inear

CCD array. PAmesry @ey Hign ge storeg in thedegier fablgie tamrpf sycRugions 6f interest
possi bl e tygigal s . | u ; j

certain azi %}Ctﬁf] g%ﬁgﬂ;ﬁ"g\ﬁf} I%LQ\}\A E(%r%&:hﬁgﬁf ?@‘i%ﬁé%l{)’ t@?rg\{:/nv?i%gg%lgﬁal’ ﬁ? ne
54 does not starbs etcheegdr tmnayirity kngs ot eleeation fahps, ttlse Isoeiastdliand taetical
rendered as.li.ne 60 gver reference,§2.is maintained constant. [0081]
e 561 o SHRSET ARG SohoHTSi CRTeDn oo e (B BPss Hessifoa
SO its sensiipdal bitdctffls, Q¥8Y velRIPRANER uinb& Hintcs tRAfEibRkd % Beedimed.
[0082] Line 58 is passing through the peak of the Irght source, and

its sensitibefery neBIngpw fo the mewt Epgies).| and garzpetprs relted tofsignel comgensetgniuch
nore and fo : : . 0 : Qﬁs .
sensitivi ty{hg f%%?gﬁﬁ?ig%g ?Igd qffesét'sﬂlg:gﬁ%@f clﬁlgig&% tgongplg%m gal{oﬁjgrslto%edé%ner a
t hat mai nt athndokupi titds ascamnig) sthedille yas Acthaszplbinel Helosd. d of vi ew.

[0068] The system may define the ROIs and determine, for each ROI, the various
parameters stored in the lookup table, based on information obtained by processing
images acquired at previous scans. Storing data in the lookup table thus grouped by

ROIs, rather than by individual scan lines (image blades), is compact.

[0069] In certain configurations of the invention, such as illustrated herein, a single
lookup table is used to store pixel dilution parameters, scan parameters and signal
adjustment values. In other configurations, there may be separate lookup tables for any

of the various parameter types.

[0070] The CCD cells can be calibrated in the production facility, and the resultant
compensation parameters ~ mainly the bias and gain for each cell — can be provided as a
digital file that is delivered with each CCD array, The camera controller can then feed the
data into a special calibration lookup table or, in certain configurations, combine them
with adjustment parameters stored in the ROI lookup table 556. In any case, these
calibration parameters are used to continuously correct the digital pixel values obtained

during scanning.
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[0084] In another preferred enbodi nent, bl oom ng can be addressed by
feducing the integration tine over areas of stronger |ight. For
exanple, in the case of a TDI sensor sensitivity can be reduced by
reduci ng the nunber of TDI |ines accunulated or in the case of a
non- TI N sen¥&y2008/83553 ncr easi ng the scan rate in areas £GBUBWOT/MATE14
bl oom ng. [0085] Attention is now drawn to Figures 4A-4B. In one

enbodi nent , a is fixed._and covers a trajn traffic area, for
the pur pose{@? ﬁ&@ﬁ:@&a@%ﬂ%ﬁ]ﬁ@e%‘ﬁm 19%§§ﬁ%‘1‘§y aging évq prangse fest
activity. ArdefspivillsdiffRi: RN MR g@l@q&%@laﬂd ﬁdﬁh@&ﬂpxﬁ %Pﬁf t'h& be rfcétﬁc ks,

the zoom ng feature of the canera is appli to creat
very hi gh zBggiculpieagaliagtion bl essigniog fQﬁacfc@Uéwag@ gampamtmtmﬂ fhatvmdded be

the need to he rails f

the routes o Pietbe EMRnARRIA e RectilEh Sitkeynd 88 Biar aliorfeT e

to give a vesyltasicelivation famtoriatyehe lceropvihighgedegice.ar eas rel ated to
train trajectories. [0086] Wiile prior art telescopic caneras can

al so be di r B6THdn ahother wartydipeel tiseafitgioat @klbe dehd ﬁfdtdﬁﬁlmicm}cw&éd a
repetitive ev t that | ways, happen at the sane direction - th

present |y dP% i Hﬁgnsuﬁ:pﬁ‘ﬂ‘émpﬁ if may bepsgumeq thapthe axeeage ﬁ‘ﬂ]’lt‘fl pI e

events, at gh ar§€e§1'c@l[' %ros%kﬂemr@ad%eﬂgif %1&:%4)@‘?({3%&&9 sh@ﬁtﬁgé Yerd %ﬁg%ﬁ RN

event - even | he notion of each event Is at a eren Irection.
- 14 - suwwgqqﬁth@eghmm(cﬁm@emg or tjvQ 887} arkdi throre od tvaritlosBhs haly t he

P ohl y- 2o e SRR Rl EnclB saf BTN RS rPTGR FfgERTRtBE? A
field of vildgh &ﬁmdmmrbstwaert fhaQ}ﬁqﬁ%ﬂmjacantt&Ed Wsing thig ks Pﬂ&pﬁﬂeVUaﬂdOW

86 is deflneg so that thefgn s of the | ocgonotive 84 w be wel |
iyt

covered. [OB4Yft eman’HW@rsélBu stag 28WrRE o ged|tpl mget e aeregs beweer ddm
W ndow 92 agidhbsts té 3L ifdAndRVESO Mhe BYS uh&%r &Mt qgghts SorRRhS 118 ni0f
the train on the track, the sanme w ndow 9 conti nue to cover the
wheel s 94 cimbopiment foeexamples anfimagyecan rbaltacken Iahsmr['aseeﬂlgm aemilday, endrthen the

preci se pos t helr track nables. in one

enbodi ment , 4%1'113?%8%% I{é gfrreﬂlfr%fa 1{113&3(% %Pveéagf)f’ﬁp@l ?? §et cellrﬁifqmpg{eg it s of
t he passi ngavenaga mts\mdghborersherbafs Qg0 QN ThIY datl QM be &leﬂlited be@éw&f age
may be possjble in specific r@{?d air, and marine traff

appl i cat i orfSTef HRAgEY BRREH deathEres eguatipey iadwe ypriables eﬁﬂ@‘éﬁhé@ eﬁt@aﬁﬁa@% or
caused tO DPafifblesinl qu@hgaafrf@%aﬁsﬁﬂﬁa 8 it feafle ¥t ShRLGHAS

t hrough a gate, ranp, sli , or other const ai ned passag y). Such
coverage i sw@lfve@bluglwonmg ¢ ibsb of the Gelthof v1c\mada;utsele lof thn doanrawmdxﬂv

Ffi d h I d
tpcri'zle h. | FOOQO?[l%t‘x{hgg %{@&ftgee ﬁglaagﬁgmm% te&oﬁ%&é@e@ Acla i &dlo{vr}g%%g%ng nne

enbodi nent th&ﬁﬁe@ﬁﬁﬂﬁeﬂﬁﬁmﬁﬁ@%ﬂlﬁmm RSt ol of viWab alRaysvEl8k S Of a
known obj e in a ba c traject or%Bn The canera can acquire the
fol | owi ng r%%‘?flsﬁ %10%1}%% of dhencedls, tewardpHielicantty dntothe zepst nut h

to the obj efhdowP (Se-grﬁgu?é %)hﬁttdaﬁ e Abted Bt AR Ghbratich- aggljafcrl]atﬁﬂgemh eﬁllto

speed of the object. e orientation I n space
The accel erusng ¢he ssh. Ifdn@mhgleon indo@Opplicatitne sisimpidar arosess rcgn bampplhed by

%ﬁﬁﬂ'r;ﬁﬁ of 5k Be B ahT BB s of i BOEREBG rent, the camer s di so osed
det or i i ndALH B SERRI D Ay Sebe FORRE B LB D BBRGER 1 1 or
exanpl e fornegmc@{ance for systens designed to hit that object. If the

trajectory of the ballistic object, when viewed fromthe camera, has

a rel ati velyopA lbrdatl #LBGF Olelr ZQQth@dlﬂgeﬁ'ﬁhléﬁle}{d PR 143 M VoRred
sector of appr oach, the canera can ositioned wth a horizontal

m rror and bpieconere da%cnbndrh@wmr@chaﬂl Ofd Ropuch §s03592Y itFupper esigtbar - 5D
show how t he di scl osed canera can be used to detect the direction of
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SUBSTI TU E SLEET (RULE 26) [0093] Figure S5A is a reference
illustration of a static object as captured by the canera, where the
mrror scans the field of viewfromright to left. [0094] Figure 5B
shows the way that the sane object will be captured by the canera if
it is novinyoResmssei3ght to left. During the tinme that ROTESZWARTCRL4
scans the object fromits right end to its left end, the object
changes its_positjon leftwards. Wen the canera _reaches the left end
of the obj e?taid {thOWEHICHEPOT TS SreAPYEE R Facho ¥ BN zpRialime aqress the fighlpf vigw.

i mage of thg Qb S5 Whidw BPRR4A lseayéeeahémg@s aﬁmigh&&ma"rhfégés‘em The
vertical size of the object w ﬁ not be affected by its notion, and
t her ef or e iihvantien ehijnes that e evepiga pmounhpf lighhd Apeerealengdine 2€ 8tod givdndmeand

if the propQriions, o he obj et re own_.a- pEi ok ch .

movi ng car oY odAaEr iR bR B A SR 3 s B PR i
OL the tangafke icai-eé,gcm]giag celBRf e QD hadﬁ&bntifa][l pirsmbtk,dhdaalﬁé SRREDenAM! t hftlt
t he scanni ng, speed of the mrror i tse own to the systemat a
times). [ 00U fpﬁw%bs@eé*ﬁ'%ﬁ% weﬁ@\)_aﬁ/ecma# s%?%ﬁkemw B g <fﬂ_ﬁs be
capt ured bymbhiey Bive GdeRSGHoBRIRIE: dulallizborh SrindBY 28 Guelth W1kl dfifdrerkQ THugNt -
During the ti'me that the camera scans the object fromits right end
to its | ef tthesqdifferanecsotsjlikely tacreaameregediontsicyosthe wiare fislgpfiier.ds. When t he

canmera reaches the left end of the object, the object has already
nmoved t o t hiB073] Shttipg tagpateineteis mhgel 26 totba ehecdypreget of 4| and AP pemot teadohe
shorter th its real .siize. The vertical size of the pect. will not
be_af { ect ec A PR SibrsePeEn, ot B Gl aetpmive Briogbrged bl tved
Wi th a goodpeagiad- 85 Ghd bizgnd Mk fefultidfa MighPREdirensnt Rbnrohgisalahiet S
are known a-priori f?ﬁch as a_noving car or an airplane) - the,

di rection ofctHshithsive pHamgicrs sHwRYER T de seme teptdhigassicd af diffpren gonditipnp e
derived. [O Fi.gur ] f . 0Ly e
the right side isé&ﬁsﬁggﬁj%%%an?gﬁ%gg}?&eﬁ ﬂ\%\%?ﬁs %ﬁ?@?@ttﬁ%grc\éﬂgij ect
of figure 5@lcutated by selvinpfewrguatiod3ith thesofwa hagald@ne scal e as the
stationary object, and the left side 132 is stretched in conparison
with the stH07&daths enibpdickent, fibbis shdppmrhadetersad e céllsaracnl gutathiddat the

t hat the object .has_.heen increasi i speed., | ef t wards whil e.t he
caner a was. SORHOAG! A A RGPt dooTIEpas FoRIER Pt L opiiton

i ndi cates t MangahéTehy)Ofhe Qdvahbeh BFtthie nfiRIEBthy defChOISKE mAMBIRIAS an
i ndi cator of accel eration of objects in a single scan, by segnenting
the i mage ofutmppsicglyjapéperiofiedly- 16 - SUBSTI TUTE SHEET (RULE 26)

hori zontal segnents and analyzin? the individual horizontal scale of
each segmeni0074dd 2natheoembodineent, die ladkup @ble ot icproganinedde eiteneste the gain of
the mrror. {0 . i i . i -. X an
enbodi nment , oiga %ﬁéﬁé&n{{@P%@%@%{@ﬁsﬂ co 1#%'%%@%1%2%%1?@% ﬁssgsgﬁr?ﬁ%"ﬂyt he
m rror aboubfter bassiBy tha lightabate. SHdgcan thh @sefirl ésrenithple, Whee tho g eflera &nfesed

scans the target in both directiqns ternately, .and in doing, so, it
alternates B étwn&S%%?ﬁ_Ofﬁgfexm@ﬁ : Oftva?vgéffasg_@ﬁféw%\eﬁa( BRY he
rotation i Scdnfrd QdQeri@iBieRiof ik HAPnAhdds AR skjngent i al speed of the
target) and shrunk (when the rotation is against the direction of the

tangenti al f: r i t nt
| engt hs of Fﬁzﬂ?r g?ggﬁoﬁg?t{\?gs%g%o glgélgr&gtﬁg gg%t{arﬁ}%}tq%ﬁgfs &P('t%g érlgga?@g%eg at
rest, whil eprogiammedin adyanch onteppicnl sonrckretiviniommatione or woomgisallyedetected

| engt hs giv . est | e of th angential speed.of the target. A

sector seantd Pkl St peh df ARG b tan BEET T preotfed B e o
i nprovi ng t hel@ybypiysdass. of coverage. If the object is recognizable,
then the apparent size can be conputationally converted to the

di stance t o[00h%®, Higrd®bhowd Bdickin@WeR®0tdTe cathérh atCteree 1ihRQFf 8RRSE S8t and
tangenti al gé)eed can be conputationally converted to the real cross

speed of thed fRFgeNng dieeksin {inest i dhuee spllsr g they Eugen Clhnaray. dilystmiega can
-13.
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[0099] If the actual length (in centinmeters) of the object is known,
then the distance to the object can be calculated fromits angul ar

di mensions. - 17 - SUBSTI TUTE SHEET (RULE 26) WO

2008/ 085553PCT/ US2007/ 076914 [ 001001Fi gures 7A - 7D show sone

i nportant a¥9HBL3FF3 t he non uni form scanni ng of the pPEFEFR07/076914

i nvention, designed to accommodate non-uniformlevel of interest and
non uni formreguirenment for sensjtivity._[O0101l]Attention i.S now
drawn to Fi Eﬁﬁlgfé W&f&?ﬂeaﬁﬁ% hghﬁ SOH eeﬁi)ésdp alof e Al on,

t he canera gantgi @idatieiedoabrwup a target in the field of view while
increasing the duty cycle of its coverage, by, upon detection of a

target, sw [0080]TGnet AQ10HR Kot Bloss tBE Soh® Dot bAUMdel RIdTs s&fivR 3ndEred & 18N
into a sector scan about the target area conprising rapid alternation
of the dire®d ewhrebreneedis mattaingd gansiens. have the effect of the mrror
sweepi ng raE)i dly backwards and forwards over the target, and then to
changi ng t hi908kldénet flors passing thatri light seurecaft Bty daes ob croay d@s tpbak, e fitect

of "vibrati 's'it:h}i %4@(&%& &%‘Tﬁ@@éjﬁ ghfr fuay ds across the target
f &t'etab

itself. As e shaft encoder T's pr y ‘€onnected to the mnor and

therefore r t curat.ely the.preci ngle of t mrror, . .such
a1 onti oneAEs BIEhAEs bRl B TR Pt ahd s el os i
system [ 00&@zdnEd kner7eds thérefortBedudel nfikeh iveydnd isreQonFaikestol0f scanni ng by
the mrror in the presently disclosed canera in accordance with one

enbodi nent . (0p8Y) WoshdckCtkit Basife SRSty RIMEEEHHEELS 1dsPRAMitiv2 e BlohindhiRh &
line 102 represents an,  azinmuth of 'O degrees and |line 104 represents
an azi mut h @meRgtet gegiansnifprmennsityity paoss dedicliafigwh. The nirror scans
at constant angul ar speed where 100 rePr esents one revolution and 108
represents [0A%4] Aearotihes \potferred gmbodiment, blooming can be addressed by reducing the

integration time over areas of stronger light, For example, in the case of a TDI sensor
sensitivity can be reduced by reducing the number of TDI lines accumulated or in the

case of a non-TDI sensor — by increasing the scan rate in areas subject to blooming,

[0085] Attention is now drawn to Figures 4A-4B. In one embodiment, the camera is
fixed and covers a train traffic area, for the purpose of monitoring specific safety aspects
of the train activity. As trains move on very deterministic and repetitive tracks, the
zooming feature of the camera is applied to create a number of very high zoom, very
narrow sectors for coverage. An example would be the need to look at the mechanisms
that pull the rails for changing the routes of the train. The fixed, detailed zoom enables
the camera to give a very economic and detailed coverage of areas related to train

trajectories.

[0086] While prior art telescopic cameras can also be directed at a very precise and stable
direction to cover a repetitive event that always happen at the same direction — the
presently disclosed camera is unique in its ability to cover multiple events, at directions,
with a single camera and locally track each event — even if the motion of each event is at

a different direction.
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[ 00104] Figure 7B represents a sector scan of the mrror of a camera
of the present invention over an azinuth sector 105. The scan |ine
110 goes in one direction until it reaches the begi nning of sector
105, and then repeatedly rotates over this sector back and forth for
a while, beWe2®88¥AEI nui ng a unidirectional scan. [00FIBJURRCFVitdide of
operation enables the canera to cover a sector of interest with very

f ast revisiﬁtnpé'hge, in c rrgarison to.a wide unidirectjional scan where
a full revollR7 &HvFay 2PAKE PPHBC BRIGHEN 1 dhorpresatly disgiossr@maragioy en
target. [OOAQGhRAGIMENESoSRON TerRiis &Y Bt ARGSRrEAGHRG oA, useful in

tracking a single target. In this node, the canera scans 114 in one

direction U[{G%@é é&i fiel@6E GEW 30 %Me%)s;ht t?a{cg 38 laftfa #rait BA narnbPRddnl Wﬁo@%g{%e

(RULE 26) In azimuth 1 the system needs to track t
target, it defidédsodmt thhavheas eftliedoroubtivetd will be well ®uehd.t hat it rapidly
alternates the direction of rotation providing an effect that
resenbl es a[008%] Bigate 4Bnshowt the Bamafigld of view 83 mat zoony vérdino9?2 @hibwia HEe
target at a rel at

i.vel y. high freguengy. The vyibration pattern js.
char act er | Z0EVeBg- P L OB AR ARREHCT PF e R on s Tafl et tOBR P ML e
the cover ag@m@tuetdvtah&Rhoels Ok BF fie BBE @1 of She k8l MROnorY bikAl leaik - her
conveni ence, but it should be noted that it is a rotation in rapidly

al t er nat i ngPresiseaesifionef teins on thefrdraghsi egablss, intoae pbadignent, Pringlecrmene tof
the vibrati . ' . L QWY
tracked t ar opr YRS Rl RbUEb AR SR SER Fhol vy
vi brati on rSinger cof€&@pkGirdy tHeeossinid intspedéficadadt fig aud Mmudde teafficcapplidations in
adjusted to.the width of. the target o that all of the "Attention"
of the came delegd a@erwa igfF 1 P rePTir R PisS TrTg o pive LI fagFoV
di lution capedend@dfidlé bf dick sl E thrbipd Neitd) RmPTslipds, bAbE&! songinkdat
the camera i1s zooned on the target in both dinmensions. [00108] The
frequency oPasfE®vay) bPuth eRyeegmis e caupuBtanssille freethortmed, miscindimasia
imtations il Be £ MEkRcles have wide tolerances around their planned path,
[0690] Attention is now drawn to Figures SA — 5D. In one embodiment, the camera has
means for measuring visual parameters of a known object in a ballistic trajectory. The
camera can acquire the following parameters from a single scan of the object: a. The
azimuth to the object. b. The elevation of the object. c¢. The tangential speed of the

object. d. The orientation in space of the object. e. The acceleration of the object.

[0091] These parameters can be acquired from a series of scans to increase the reliability
and accuracy of the acquisition. In this embodiment, the camera disclosed herein can
provide information for extrapolating the trajectory and determining the expected time
and location the ballistic object, for example for guidance for systems designed to hit that
object. If the trajectory of the ballistic object, when viewed from the camera, has a
relatively tall trajectory and a relatively narrow horizontal sector of approach, the camera

can be positioned with a horizontal mirror and provide a narrow and all coverage.

[0092] Figures 5A — 5D show how the disclosed camera can be used to detect the

direction of tangential motion of a moving object in one scan,

-15-
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[ 00109] The "vi brating” of the mrror around the i mage when the CCD is
di luted can enhance the quality of the inmge, as the canera can
diversify the selection of active pixels in the dilution, and have

t he i mage ig}g&rated in a nmuch higher resolution than when scanni ng
the target 2% P99110] I n an enbodi ment of the presenPCTHSEAFITEN t he
canera varies the speed of rotation of the mrror in accordance with

the | evel ofaqgfit oci ate i.t.h every.azinmuth, so.that sectors
t hat need hiﬂé} Rgﬁé@%éﬁkﬁf %Ire S ﬂ*u\slgﬁatgorégaahﬁ%b& OrZ?ﬁF‘easff‘W‘}rbbéﬁﬁ Rt

i ncreased t wirere die niinbregim thedld JFORK Kot mager a may vary the speed
and direction of mrror rotation of scan based on, for exanple, the

llevel of i n{eap4Istiged 5B Berwy Sierwdyithad ik saneotiecPrillte cRftubdBy fb 8drtkrof 1t

vi ew. Varying th%\/@:an rate can be useful, for exanple if using a
that has a PePMNSE) rgphio defhddusing the Jime that the gemsracsgans thavehjest from its
"interestingshian@as i@fer fulel ' " QH% e ower
speed thereb%/ can er11tj§)o§/i %’ ﬁllieg‘%]tgercf’ ea\régigﬁgf 0 mgl?‘)i(e sﬂfg'ng’h%ét eeérﬁﬁl?’r319 -
SUBSTI TUTE srigesthe Rl dad 26he opjestS the olhevt kas alisadg avved toeheyicfhand theimeet or

[ 001121 At t ot otiires PHERRRR e bt B gt s B2 G i .
scanni ng schodelagfestel BnitembRali BRheroforel i ereCoBBRY 18 caphhted &ith RELSEGRAT NY

rate is nodified during the scan_to scan sectors of hi g_her I nterest,
or power |iGrutosans itgoposiogsef the phiectcarn krovadcrisidsuciraea ohving cahows
the azi mut hoVgrSsuend) e pﬁiﬁ.‘ | ' : LNg.
sectors 400(,)i AO%ﬂatrl]% 4166%\%% e sog\err@d bs‘?%%@%%@%@%@%ﬁ#g%c%g %%: he
nom nal r at éerivge ditshenld b remenbertdthairtbe Sewmmpsspeadmf ¢heshiavt iy jtsafleweh ng

nore tine o . Sectors 404 and 408 are scanned faster,
spendi ng Ie@%ﬁeﬁﬁkﬁggnaﬂgn%ﬁﬁ)'scol um. The second cycle, 416, is

identical t dir cycle. T hange of speed is .done_ by,

conmand fro&ﬂéﬁi:l@gfs‘%éﬁhc%’ﬁ ﬁller%‘?fylht_g?t%fe 3&‘ﬁ883ﬁ‘ﬁt“6ﬁ%6f’a%%%do the 815&05&% t he
shaft encod@meiaSf it isth@shel fori 8 1@t Wuri ke tinRNht 4% chiflfa SQRKHP L80! ©
addresses are linked to the shaft encoder - the systemautonatically

adj usts it &R itf sightpad do ip dfhends fhe ebicct|chaneesitnpasision irightwiards nWhercdt | ed

0 SN0 0568 GOSN il Y
the image of the object will appear to be shorter than its real size. The vertical size of the
object will not be affected by its motion, and therefore if the object is captured with a
good enough resolution and if the proportions of the objects are known a-priori (such as a
moving car or an airplane) — the direction of motion and an estimate of the tangential

speed can be derived,

[0096] Figure 5D shows an image of the same object, where the right side 130 is shrunk
in comparison with the stationary object of figure 5A, the central part 131 is of the same
scale as the stationary object, and the left side 132 is stretched in comparison with the
stationary object. This distorted image is an indication that the object has been increasing
its speed leftwards while the camera was scanming it from right to left, This illustration
indicates that a method of using the presently disclosed camera as an indicator of

acceleration of objects in a single scan, by segmenting the image of the object into

-16-
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[00114]In figure 8A, a table is maintained in the system listing the
scanni ng paraneters for controlling the notor of the mrror.

[ 001151Row no. 1 shows a sinple scan of a field of view of 140 .
degrees, fromazimth 200 (south west) to azinuth 340 (north west) in
one sweep aw0a008/858530f 20 degrees per second. This swasT/RRIPOI2Ke 7
seconds, will repeat as soon as the m rror can be brought again to
azinmuth 200 (by conpleti né:; a_revol ution, by sweepi ng back, or

bei ng repl akwaNR} seamsals Spd ARalZEE f@rmmﬁwygwaﬂal ?ﬁilﬁrﬂéﬁ&caﬁ@@%raﬂfbed

in US. Pat %@(Sunﬁ\%oﬂof ﬁﬁ&ﬁéﬂﬁoﬂ\ﬁd 4 3f5Can/o? e mikrR0116] Rows 2, 3 and 4 of

the table s toget a conpl ex scan where the camera sweeps in 1

second f 1 omgof a0 iy, B3R5 Rl FO_9R0TFEPBASC R bRAR:

sector scan sect or tines at” a spee
per second, tagatds tovemt by arseois stam G4 ramroaalmpiaedBpﬁ sdbfbrd@grtéegremﬁy

second. As nas the mrror is a naV|IaIea he sequence
epeats | ¢ shrove e oS ik creest, BOPeul siheopeEelie sl Al el 35
scanni ng - 24kernaSM et WEEan FkEEL (he%t {%@)uarg@a: w18 Sot@on e RaRRe

field of view, and the camera can do either of them, or alternate

bet ween t hefifealionghihe ngenip] spead o fha erzet aodshronkty henthe RiatieHis ARsnsHEE
th 480 500

Show thr oo Siscii &4 fopdisCRaPlc AP EEADRlEh, Sb0RaLRY i AhAlE 2
"dead" ti nelegiisoftthectargetr gions ah acdorateugghinatb at Ks teol didvent s&samﬁliim@lqm@dihgi on.
483, 484 86 .show th I f th

wher e g8 | 8o PeNpEn REYeeRLEDHE r e Foat GuBrrrrGnEer i st 58T 40,
is line 4. BtO{Bél:ﬁ%eThﬁ Bt Soah, Cati #dak Smpdi@niREPhatRE CBEE tHE) tdr@t tWhde
prescription of the schedul e ‘table, and.the shaft encoder and t he

| ookup t abl BupsginsHhei, @ cleREcoypaet s thrpbisct is Ksogigeble.dhendhe apparpisize | on

of the m nogg, e computationally converted to the distance to the target, and knowing the distance
— the apparent tangential speed can be computationalty converted to the real cross speed
of the target. Clearly, the temporal deviation in distance, can easily be converted to a

closing speed, and the two speeds can be computationally converted to real ground speed.

[0098] Figures 6A — 6E illustrate a method of estimating the tangential speed of a target
using the sector scan mode of the present invention, Figure 6A shows a left moving 146
object 144 being imaged by the camera 140 with its mirror moving 142 right to left.
Figure 6B shows the same moving 154 object 152 imaged with the same camera 148,
with its mirror moving 150 left to right. As was explained in figure 5, the object will be
stretched in the case of 6A and will look as in figure 6C, and will be shrunk in the case of
6B and will look as in figure 6D. The two apparent lengths of the object, 156 and 158,
can be used to calculate the length 159 of the object (by averaging them) and the speed of
the object (by subtracting them).

[0899] If the actual length (in centimeters) of the object is known, then the distance to the

object can be calculated from its angular dimensions.
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[00119] Attention is now drawn to Figures 9A - 9C. In another
enbodi nent, the canmera can conpensate for uneven brightness or
illumnation | evel across the field of view by adjusting the
sensitivity array and the bias and gain of the anplifiers
to the appay@rlztowt;‘){rﬁlsg%t ness or light level in every azi ﬁﬁ?’ﬁs?%ﬁ""’c"ﬁé“
field of view Such differences can happen if the field of view
i ncl udes bofgyren out ¢ SNy, an . i r d vol upe - as
is shown in‘fi%re QA%QIIKC? can al?;ég&ﬁas%%gr%ﬁp?ﬂagg%eggQ’?ﬁ@e 133%%%1?(?@
exposed to stsenipg ¢fghe presant invention, disigesd tpaschmmadate dvaamifbiyn lsvuboiatetsstder
atree. In i ment . of is invention, the CCD cell paraneters,
A A R G et e

such as gain an 0 the linear CCD array can be
cali brated ve a,yniformresponse. acrqss,fhe dynam c range of the
caner a. [Ooi@éﬁhe d %ﬂ%"&lsr%?ﬁ’gig‘mm_} _ S_%?‘x@l& qnf“éh_é“ MhereRedimentafni ¢ e
and is det ethi§ neehtiby, thd)EanibdVBAT greduaBy Stlel df @ Rhreddiid Shel fid B VAL SliliR!
output of the cell., As the field of Vview may contain very ‘c/ilark ar eas
and very brjngisesing the duty ciee af ikneaverage hyeiphm detection of ¢ parecicwdichiog the a
wi de range : IS t -dae r d bright areas wll
have only aﬁ%go;f? Hg tﬁgagﬁbcg%@tg)aﬁla{lﬁﬁg&?%ﬁoggsﬁa rngpgfl hag?ut?tﬂ%?a&egla@? t he

dynani ¢ r angenpriaing rapfieslefratien ofhtbe diestion ofgtatind ar sebitere thbatiet anibe
derived fromthe i na_%erépirg'llblg not. be gpt |rm zed for any particul ar area

of the fiel d"Sf SYFBR ckapfde FRer {9 pier the feseet and)then\ipychanging
20081085553MREHirkHA WF/ 9% 4o [4R2 1} i 1eRy Bl éFfe@chiiUf?ﬁgs i %1%‘?
a

present invention dark and bright sub areas are identifiéed an
| ook- up t abPaskyasds,anslyformardy aqress £he itageet disslf eksethe shafhsneader iggivefertigy

these ar eascon@é&fi‘dtt@fhs%ﬁig A nﬁﬁﬁ rbdrd Qc%ﬁr@tegrtﬁsﬁ relihe e{%léﬁt%f :tl{%&%iﬁ&fgg'

[ 00122] Fi gures 9A - w how t he*canmera o pre
wor ks wi t h fuoleabdificatiokisied ramordytakémido noidnogethe becihiey 6K wetbihs .
[ 00123] Fi gure 9A shows a part 190 of an image that will be used for

this expl aifetipn. |Eigwbolis 78 anil 00 shostthies elode of eamkif Bihb thirhd vl 2
square w ndow %@Z't@?t contains four [ron g}srqs; 194. 1t may be
rel evant t PTG disqlosedicpmeraiinaccordanes wilhgnesmbpdimen di st ance of 400

neters andaf' E"I %Bout /10,000 of the field of view covered by the
canera an d80341 e JEBHE Tnhpws ¢ eidgsatianal scap of gdcest linenld2 gepreseris P

wel | adj ustggmiip ; ft that. jt is
o g o T B R T

Wi ndow. . ierrort a a ahep b/ efity dagN C
range of tt}?waﬁfgggﬁ %ﬁﬁgép?"égé%'%gg %gélgt}/var ds the dark colors by

i ncreasing the garn %s of the signals com ng out

of the CCD [ﬁﬁlﬂlﬂs " Figure 7B represents a sector scan of the mirror of a camera of the present
invention over an azimuth sector 105. The scan line 110 goes in one direction until it
reaches the beginning of sector 105, and then repeatedly rotates over this sector back and

forth for a while, before continuing a unidirectional scan.

[00105] This mode of operation enables the camera to cover a sector of interest
with very fast revisit time, in comparison to a wide unidirectional scan where a full

revolution may take place before the mirror revisits a given target.

[00106] Figure 7C shows an even more focused scan, useful in tracking a single

target. In this mode, the camera scans 114 in one direction until it detects an interesting
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[00124] Figure 913 is a schematic illustration of a single "run" 196
in the | ookup table. The top 198 and the bottom 199 of the run
indicate the first and the last pixel in the field of view that the.
run covers. The gray level at the top and the gray |level at the
bott om of tWE2p4§A853¥di cat e t he hi ghest and | owest gr ayPdTEHRIZ 06
are well covered by the dynam c range of the cells in the run. By

pl aci ng the run of, fi B on the . e. aof Figure , i,ndi cate
Phe. par amo: Bt el irie e Siiem preds B Bick Gewpch  rodh € roidlanchg
the left nogt @R shdhdBit it RSlly iaNBERes R Bk, of bdtfioR peMRlOR HRA R
(nmeaning the first and |ast pixels in the colum) and its dynamc
range (neanfeprghblaa "mibsasionmf fﬁmm@amha prromhisciocEyoristhe tasgey alad elativels

| ookup t abl A ] . r i ese
par amet er o, Lok ERTRRy’ 2 APARNE bl 2 chdrbboria ) oo REERA 1 b0

r epr esent edadjustet] o spfirhizeigiercatdrme of thehiergete bk widtion is {eOH25]bktigult far OC

shows sone of the ruyns. in roper, coverage. of the i e.of figure
OA. The | madRBveRioh ut i ol tmaled st 1 R L el A SRR P ERES by
runs 201 rap@uige BEE WRBOMIrS) THe Vet Bf ARk ibFRIoh FuiFe 95206 ddRNRH S Pfiow hi s
area. The image al so has dark areas 202 and they are covered bgabrguns
204 with a tgremsrcofrtht Geckebtangst rind fethe tapget is WomEg|sTUFE IsHERTT PRbE E

26) mninu imumgray |levels expected there - that are
signifi cant%&ggﬂr%@g; starting fromtotal black. One can note that

the t f scal , ' i.pt el
Similar vo RR0RY o MyREEFul kit Ot A0 G WRuPRGRRRIE! oY
meani ng t haso that aldf thst' Angntibiief theramere isrdadigeed 10 theliergttn@lgelyt the verdicatr a

of the present. invention can doyble its dynam c range. [00126]In one
erbod mant . Gien BEgabse] B0t e HESHoBHG RS0 B e Ciebits Spped o

di fferent dypamieinRidhieidi. be done interactively, by the user

| ooking at the i mage and segnenting it with a pointing device such as

a mouse. [ORhERII N 06l BefuoRIRe domithf oh e dAYUENtd BBe: Adfechenics
segnent ati o cafﬂrll be gone&glat mat?];i caF&fdyI%fQIahe caajri#era can segrrgcn?m%%e
i mage ar bi t meaitationg of theoamsasb areas, then find the suitable dynamc
range (gain and bias) for each sub-area, then nerge conti guous
subar eas of [61&d]mi | a'_ﬁ‘h&j‘y/ﬂmﬁng'_' obthgmir’rantamuncbﬁm iimqrgeivé:sndfe GaCB isndilluied
dynam c angq%beﬁsaglgti Ihlg ﬁﬁehﬂt)g?iﬁbe%)%l%g% ggﬁgﬁ%ﬁég Icz}noc{hlze?s%fytﬂ?e s\tla1%E‘.ttlollrlcofj_fl lactive

stripes and
pixels in the dilution, and have the image integrated in a much higher resolution than

when scanning the target once.

[00110] In an embodiment of the present invention the camera varies the speed of
rotation of the mirror in accordance with the level of interest associated with every
azimuth, so that sectors that need higher sensitivity will be scanned more slowly and with

increased time of integration.

[(00111] The camera may vary the speed and direction of mirror rotation of scan
based on, for example, the level of interest of the user in different parts of the field of
view. Varying the scan rate can be useful, for example if using a CCD that has a
relatively low read-out rate, In this case, more "interesting” areas of the field of view can

be scanned at lower speed thereby can enjoying higher density of pixels and better
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[00128] I n anot her enbodi ment of the invention, the segnentation can
be done sem -automatically. The user can indicate a region of
interest (ROT), and the canera can cal cul ate the best gain and bias
tn order to the dynamic range for that RO. The canmera can
cal cul ate tw%gz%‘#g?)%gsgiarrpl e, by a histogram al gorithm t RaF/Uf3%°0784 n
and bias to the available gray |levels of the image. [00129]It should
be noted thatel e t ho for
exanpl e run- tghélg%ntﬁpe%%g |%§%ﬂy3ﬂaﬂ% hertglr Eh?tﬁogqcinﬁganm t’sg%gea?llup h%r

t he dil uti ofvimattbninede. a t abl e conpressi on nmethod for the dynam c
range allocation, then it can, in one enbodi nent, use one table and
segment the[Oﬂqu; by Asspibntis @maiﬁdct&ytodﬂglﬁénm rE@ﬁ&?D%o&@@tscmg
segnent will ﬁ@e its oo\gn ﬁ%o ution and g ynam .c range. |n another
embodi ment , SSRFfUledy ag emb g CamTey emm%@teéw@ﬁ@i dugig the
resol uti on @B wPBen fsedtord YA MBhEr MARTE or Fer Gt §

both tables for eag p?xe !E]h attgfien%o rrearglt%}tlﬁgg \b@l(ﬁ.wte%bﬁ%thgp
there is noseglorr dhaehagrshpws Wgeamnmﬁevgsgm and ghowis\two ddenticat icyntes aid

Lot ST Rael Sl Rt B DR NIPhand MR Lo R Br Lot e BT,

constant ( flrate Boctorpi(, andmmoa’rd&ca@eﬂ mofy shddy, Gfenting @lo@Sfine & each column.
cont i nuousl @ ‘f STl TUTE EET (RUL 26) changing (for
exanpl e, B 5 UF senueddpsicpiarndgedese Hmp ﬁ{léﬁ‘ff&d‘f’@ﬁw The segpad

carmera). T cz@ecgmamﬁﬁdano%e MR ?hééﬁﬂé‘édf?pe@dfs@ﬁﬁe@% NS hHahd &4Q"

exanpl e, indoors with constant i l um nation condition or vari abl e
(for exanpl e ssierdensirgller e thei tier fghaliniriasnds thha}rﬁgegncoc[e@ﬁlﬂmﬂi}ad\td #et i on

camora of 1 REop e S Al e R el B SR AP RE B M

as diluti omutoataﬁg:ailgfaﬂjamﬁseb"w th&clangaﬂgspeedel - by-pi xel basis and on a
scan-line by scan-line basis. However, it is very likely that these

par amet er s [gp118] not Aweor O beove hangedo beue egn, NEBIRRRAANG RiaéBlss as
the [ evel of i nterest in the area, and the illum nation conditions,

are typi calFRFeSeRielrmof a sehedileof spctonseanginerin qne gmbqdiment gfihis invartiones an
enbodi nent of the invention, to save on storage space of the | ook up

tabl e and d88%14h t helndigwe $bta gblepiamepinkieadsintthe systsma disting the seanming i | ed
of view raeﬂaﬁ'ine{epsafﬂréoﬁtr E@tﬁé%‘% oﬂh@ﬁ%ﬁ%t [ 00132] For reasons known to

any conput €r engi neer st conveni et shape of such areas is a
(oonang o B8N0, Rl Bofif Rlrhle Rhn SFPRuIG OF Wt 14 Bgtcth Yoot
azimuth 200 (south west) to azimuth 340 (north west) in one sweep at a rate of 20
degrees per second. This sweep will take 7 seconds, will repeat as soon as the mirror can
be brought again to azimuth 200 (by completing a revelution, or by sweeping back, or by
being replaced by another mirror of a polygonal mirror as described in U.S. Patent

Application No, 11/117,731).

[00116] Rows 2, 3 and 4 of the table show, together, a complex scan where the
camera sweeps in [ second from 200 to 240 at a speed of 40 degrees per second, then
sector scans the sector 240-260 six times at a speed of 20 degrees per second, and finally
runs to 340 at a speed of 40 degrees per second. AS soon as the mirror is again available

at 200, the sequence repeats itself. So, line 1 and lines 2,3,4 are two altemative scanning
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[00133] Different sub areas of interest may require different
rectangl es of paraneters. [00134] For el ectronic engi neering

conveni ence, the rectangles of different sub areas shoul d not
overlap. [00135]Figures 10A - 10B show the nethod of converting two
over | appi ngWPEbBAEEH ar wi ndows, each havi ng di f f er entPGIAISAWEO WP,

I nt o honbgenous, non overl appi ng wi ndows. [00136] The essence of a

| ookup table is the abili to.obtain the parapeters for a given
poi nt i n t hELFRiEE B ”Efo"%(%&tp Yif 1o e SRSt Corka 415 o e AprBEe
[00137] As t hiwdés BlemB¥ny1RQEHIRE¥REAI W ndows of resolution and the
wi ndows may be overl apping (for exanple: he wants to zoomon a

bui | ding, afpgdii7p t hepBuk REsRGsR WRRESIEE TN 78 1SRG, 020 Aics

wi ndow) - s@ma gel I s,lELlyrn t ﬁe gverﬁ ap ar ea,rmﬁa\-/!g ptgo c812n°g| éyﬁ% t t\S/\D

di fferent |0l aid Wolshow diee repQifions SUBST dlUINEtaBleEFer¢ AR BREYs a WO

2008/ 0855535 eac{“ltjgzeov%/n IZe611911:|1"r%r 18 brought back to the starting position. 483, 484 and 486
show three cycles of the complex 2-3-4 rows scan, where 488 is row 2, 494 is one of the

6 repetition of line 3, and 492 is line 4.

[00118] The system confrols the motor according to the prescription of the
schedule table, and the shaft encoder and the lookup table synchronize the operation of

the camera to the position of the mirror.

[00119] Attention is now drawn to Figures 9A — 9C. In another embodiment, the
camera can compensate for uneven brightness or illumination level across the field of
view by adjusting the sensitivity of the CCD array and the bias and gain of the amplifiers
to the apparent brightness or light level in every azimuth in the field of view. Such
differences can happen if the field of view includes both an outdoor sunny scene and an
indoor shaded volume — as is shown in figure 9A. It can also happen if part of the scene is
exposed to the bright sun while other parts are heavily shaded under a tree. In an
embodiment of this invention, the CCD cell parameters, such as gain and bias of every
cell in the linear CCD array can be calibrated to have a uniform response across the

dynamic range of the camera,

[00120] The dynamic range of each pixel in the image is finite and is determined
by the number of significant bits in the digital output of the cell. As the field of view may
contain very dark areas and very bright areas, the dynamic range has to be spread across a
wide range of values. This means the dark areas and bright areas will have only a part of
the given dynamic ranges. And that therefore, the dynamic range, and therefore the
resulting information that can be derived from the image, will not be optimized for any

particular arca of the field of view.
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[00138]In order to sinplify the processing of the systemand map a
single cell to a single entry in the | ookup table, the canera of the
present invention divides the plurality of required zoom w ndows, in
an enbodi ne i on overl appi ng rectangl es. Each rectangle
i ndi cat es a%ezg%s(rbé F%n that satisfies all the overl appFﬁE{U%%WH’G‘?Ré“ -
typically the maxi mum required resolution. [00139] Figure 10A shows
two over | apgppg Wi nd - 0 l:Elgur e, 10B.shows .t he way
that the sy?t em]vvi I I,Bl\(lz\%{/téﬁgglﬁg(guel V\%fd\}ﬁ%é%ﬁvtslg‘%eﬁﬁ{{nhdgr %%%ﬂghttsﬁboarr%asi n
one enbodi nenidentfied and mbbokvep taBREs moglaRAR towksign differehebianed paintidthésee
her w ndows, 224 and 230, will be defined

paranmeters of 220Q.. Two ot

with the pa?rsﬂr%*{ngﬂ?&é\’?m’?ﬁngij‘}éh%?{% Y6nrasPd- be defined with

par anmet ers satisfy both 0, and 222- typically with the higher
resol ution @Bﬁzﬂ]e_ tmg‘ggrfﬁg&ﬂféﬁw g‘?‘ﬁ @Rg airiee BRASCHT I FBIOR a
wi | I conbi ngith fagaliyafiseedineRici@ibBeccRand 228 into one wi ndow,
and then conbine the information from 230, 226 and 224 into anot her
wi ndow. [ OOfyfkVi | eR o i1phi ' : t || 44t i on
par anet ers E’Erﬂe and! e%m?nﬁg\%ﬁsag ?‘ﬁg@?e"?{l‘é‘ﬁéﬁ%@ﬂ%“ﬂg\tﬂ% lﬁgdsgdtroﬁge
made about ¢xplndipnaltiskowsamsiencealleofet emete butkdingladdut sqoare pendawetfresat ar e

derived fro | ,of ;knterest of t user .in differe eas,
The dynam cégﬁl %ﬁg?@?ﬁ%ﬁ& eI?l{s] I‘(en(%?yfsgee f“'&%ﬂ%’e‘f%ﬁ‘%‘“éﬁ‘%f? i“@%@}‘?nra%W?he
bri ght ness distarich ef 400afstervidio Ubou 1M G0BBFaNY fidkE B B Bretl BY fhelchBera
interest of the L{SEI’. An _area that is ip overlap between two

rectangl es %% F18l5 pagalViile the dypanyie, gange plethe grmepaisywed) aisted pmeaypither s
for dynam ¢ i irent | S

i nvention, 1? ﬁtgﬁagséﬂ}e{ké%g%’ Etgsref&feigcﬁgﬁgﬁzmﬁ géé)d\?aﬁ ?Lf‘gﬂg‘gqﬁan’ eggt\y\n'te%&tte}qsé
aver age of tuseghithndarkovindowgd wardibretasiestoste fatiph the evihdawpif tig dynamic

rect angl es. 0 nt i .S, now dr.a to Fgyre 11.. Wjen 1 he

canmera of trﬁég%ﬁ)%ghgé]e%ﬂ&?ﬁv\%ﬁit |e(;jﬁasf‘§t° ﬁﬁ%ﬂggargﬁdgﬁ%é’i1?%@?%%%@‘?98‘? m
flying in tlbeeifgdiatistof 4l sipnds cRafsout BRhOCOD L. t he system can cover
an area by covering a swathe that 1s very wide (in the Y direction)

and short (jogr2upe X @i 9BiiOM hehehhii inusﬁhﬁ&rtﬁia%g?]é“raﬁq@ﬁ@mn@&u y
the notion of the platform_ This can be done with the camera of the

present i nvéleiTntoRd 9% prel thabritor 193 of the mupsivatpreisiard the (Rt pirel doje

field of view that the run covers. The gray level at the top and the gray level at the bottom

of the run indicate the highest and lowest gray levels that are well covered by the
dynamic range of the cells in the run. By placing the run of figure 9B on the image of
Figure 9A, we indicate the parameters of one run in the image: its azimuth range
(meaning — the left most and right most image columns), its elevation range (meaning the
first and last pixels in the column) and its dynamic range (mesaning the bias and the gain
of the CCD cell signal). The lookup table can be represented by a list of runs representing
these parameters, with the addition of one more parameter that is not represented in this

illustration — the resolution.

[00125] Figure 9C shows some of the runs in a proper coverage of the image of
figure 9A., The image 210 has light areas 200 and these areas are covered by runs 201
ranging between the minimum and maximum gray levels of this area. The image also has

dark areas 202 and they are covered by runs 204 with a dynamic range between the
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can cover a very narrow field of view In the case of a noving
airborne platform the canera can be positioned with an angle of
rotation parallel to the direction of flight [00144]Fi gure 11 shows
how t he canmera of the present invention, when installed in an

ai rborne pl ¥O2HBM¥SFch as an airplane or UAV, can coveiCTASB768ea
under the platform [00145]A pl atform 250 carries the canera of the

present invention ooki n war ds w t he |s of, i on,of the
P Fror pot nATHELE riod RO L GO o el SYPRIGhfherd o o FEM ALY 24Bans o
very wide fggtifh fdm Wt Black VR @aalnbtsé tﬂaﬂﬁe%Q)fﬂﬁ%raﬁr(l@\éﬁfchlﬂgfﬁl@@arﬁﬁﬁynd
fromvery far on the left side to very far on eri

[00147] As t ¥ gippraneetelyosiolE §rtbe fetiom @Hlprﬁawﬁ@rcé the) gl agess 201,

towards the, y

each scan haé iz{%eﬂ%g?{ \%sgﬁgggﬁﬁ u{.saEl Qﬁ'naée g?{?gegﬂegpar ggegefg&

wher e t he davéndion ecandashle itgryeseintanfower resol ution due to |arger

di stance. [00148] The canera can adjust the dilution, using the | ookup

tabl e, to ciimehsat elof @r dnibedizeal ehcangnditsibmnl ¢heoficld be vicar getreas wli ng
re described i i.n U S. . Pat l.i cation, No.

met hods t hat, etail

T 197 731 i g B Bt Dot TRV Y ot e e B o
at al | ranggsmerkil & vilR pBRHAONS O YucH 84 DPodshe whol e CCD length with

| ow density of pixels at the center of the field of view, directly

bel ow the plgii®rm Ando@eAdHdnent GEH4E 'uﬁ@nﬂoﬂ thb'%é‘&ndﬂ%ﬁ&ﬂ edh f doTnE‘e

CCD, while Incréasing the density of pixel towards the ends of the
scanned ar esutomatiowllyr e catseralcesf segaﬁd thel 1ghge ahimrmibm@ Su[) @@MQ]]EA@H& the

platformis rec n t.he
Pt ol B, b kB0, B SR S R BB g
264, 266 ar eregaoflaisiilak Hﬁﬁnﬁ’(ﬁﬁngeaﬂﬁ t&ﬁ%nes?&& sixfiar |d9[ﬁaﬁnc fahgm ambfinaliyhi s
cont i nuum of pgﬁtl ally overl aqpl ng, (gnl formresolution i nages can be
stitched t oSt Esrerigipriotte seical sipesan tRoweat corhnaitRs IR & an be very
useful for ground surveillance. [00150] Attention is now drawn to
Figure 12. 4280 . anImpwothex erabqdishest af the dnvention, the segmentation can be done

semi-automatically, The user can indicate a region of interest (ROI), and the camera can
calculate the best gain and bias in order to optimize the dynamic range for that ROL.  The
camera can calculate this for example, by a histogram algorithm that fits gain and bias to

the available gray levels of the image.

[06129] It should be noted that if the system is using a table compression method
(for example run-length-encoding, or other method known in the art) for the dilution and
also a table compression method for the dynamic range allocation, then it can, in one
embodiment, use one table and segment the runs by resolution and by dynamic range, so
that each segment will have its own resolution and dynamic range. In another
embodiment, the system can maintain two lookup tables, one for resolution and one for
dynamic range, and the system will look up both tables for each pixel. The latter
embodiment is better when there is no cotrelation between the segmentation by resolution

and the segmentation by dynamic range.

06130 It should also be noted that the segmentation of the field of view by
resolution is either constant (for example, according to areas of interest) or coatinuously
=73 -
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several zoom w ndows are defined in the sanme azinuth. Wen this
happens, and each zoom wi ndow has its own dilution fornula, the
diluting nodule that is capable of diluting -26 - SUBSTI TUTE SHEET

(RULE 26) e tput in accordance with the prescribed
resol ution %brzo ?Sggn wi ndow, has to work sequenti al | YCHNSBEEbom

wi ndow. This will make the diluting nodul e a processing bottl eneck.

The present .i.nv: | C e canera can. have several

a1 uti g modirant tpESebBREWER dBhe bIg ST R SEE PG R e

di | uting f ofthonenzotationvby diymamif Gk 1 it @ndieht ER VWkample] indb®s with
dilution units in.an enbodi pent, of t, resent invention, [00152]A
field of vi %%Stﬁ%téu‘%%‘ﬂ%ft?&éf"éfggw) o veughls dor expmplapatdognsy as dighheonflifiensws
284, 286, 28fdmg)d 290 sonme of which are overlapping. [00153]A Iinear
CCD array 280 1s covering the field of view, and its raw output is

| ked seueny i Al | kit & AN b95gR330aL SROAL bk nORIRD! N0

areas, different dilution dgafi nitions. o the sane area o
CCD. When t the ceméryof tha presentiwentloy can diustisesierel peonmpemefsich as diutbampgnent

may Pgép?ﬁg&%&ﬁﬁ%@ﬁ&%ﬁ%ﬂ@§§§e%9§1$ a;*}r@_o%‘éts WhSe bPladhild @5 However, it s
very likely that these parameters will not have to be changed between neighboring pixels
as the level of interest in the area, and the illumination conditicns, are typically rather
uniform in the same locality. This enables an embodiment of the invention, to save on
storage space of the look up table and assign the same set of parameters to sub areas in

the filed of view rather than to individual pixels.

[08132] For reasons known to any computer engineer, the most convenient shape
of such areas is a rectangle, extending for a plurality of scan columns, including the same

range of pixels in each line.

[00133] Different sub areas of interest may require different rectangles of
parameters,
[00134] For electronic engineering convenience, the rectangles of different sub

areas should not overlap.

[04135] Figures 10A — 10B show the method of converting two overlapping
rectangular windows, each having different parameters, into homogenous, non

overlapping windows.

[00136] The essence of a lookup table is the ability to obtain the parameters for a

given point in the image by looking up the correct entry in the table,

[00137] As the user may need several windows of resolution and the windows may
be overlapping (for example: he wants to zoom on a building, and in the building he
wants a much higher zoom on one window) — some cells, in the overlap area, have to

comply with two different levels of dilution.
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[ 00155] I n one enbodi nent of the invention, the raw output of the CCD
array is split between several hardware dilutors 294, 296, 298, 300,
each is responsi ble for one wi ndow, applying the formula of dilution
directed by the | ookup table 283 of that wi ndow. The result is a set
of w ndows, WPeMPBEERt ed here as 302, 304, 306, 308 - SFAAHSAWYPT]Y4a
potentially different resolution as dictated by the relevant dilution

f or mul ae. Att 0 s . .nhow drawn taq. Fi res . en
Lot e oot BRERPT o Dler Rt e SoriiSnd bl G Fud i 4 ST 088 § oo o
to optical Is{n% Qi€ tht MR Ihy @Rk, (BOKRR JFRPrishe iSemtihivds HePluriifly
order not to blind it. The present I nventjon, in one enbodi nent,

separ at es tfercqyighEown HREWRAR 2n abedmer alionics QvakaPeiEg Aedangles kg es

e o ooy ok 4 S LD R BN 9o 8

mrror, one re |ng a |ne
bl ade") [ ntmamﬂnemwpmckrgsohmdn.t he other reflecting the Iight beam (the
"illumnation blade") onto the field of view [00157]As both the
i magi ng bl aei3¥hd t hBigirk l0snas beovetagag aieloex 220 R32. - 27 -
SUBSTI TUTE SHEET (RULE 26) narrow, there nust be a good tracking
{rgg gg g i ]s m t poe4eu ][ e F@iale wﬁb ei)b(;\\elitlxd W@Cthﬂttheadystéﬂg :wil$ acvRr tibgeawd i\x&[do'%vs

n one, prefer e enbodi pent, the two_bla are. c n om
the sanme di ekt oo f@?ﬁdﬂ@ﬁ%@bﬁém&%%@@ %wsez%ﬂglﬂ%% el b e ik
ot her. [00 1@%]5& okfRsSofCPMOFh B Mer fifiuds V240 AR B Beriel il B0
about a sin axi's, or about two separate axil that are mechanically
| i nked to ew&mtmrh@?ﬂﬂ (@B ré0iom226 Mol fiegdtyathi pavamicterstthn satioly bothi220r s

rotate on t gﬂﬁﬁﬁ%&) ffywﬂ;[ L 142 3er resolution of the two.

[00141] Upon processing the data, the camera will combine the information from
232, 226 and 228 info one window, and then combine the information from 230, 226 and

224 into another window.

[00142] While the above description explains how the dilution parameters are
handled in overlapping rectengles, a note has to be made about the dynamic range
parameters. The dilution parameters are derived from the level of interest of the user in
different arcas, The dynamic range parameters (offset and gain) are derived from the
brightness of the area, without a necessary dependence upon the inferest of the user. An
area that is in overlap between two rectangles will typically carry the same, or very close,
parameters for dynamic range in both rectangles. In an embodiment of this invention, the
overlapping rectangle 226 will be handled with the average of the dynamic range

parameters of both overlapping rectangles.

[00143] Attention is now drawn to Figure 11, When the camera of the present
invention is mounted on an airborne platform flying in the X direction and scans the
ground, the system can cover an area by covering a swathe that is very wide (in the Y
direction) and short (in the X direction). The X dimension is then covered by the motion

of the platform. This can be done with the camera of the present invention as the camera

-5 .
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mechani snms, and the tracking between themis electronic. [00161]1n
bot h enbodi nents, the tracking between the two blades is done in a

cl ose |l oop, providing an error nessage that adjusts the speed and the
phase of th ors to ensure an overlap of the two b

t ] | ades.
[ 00162] Fi gur é”%f&g%}giBE show the tracking of the ill un’f'ﬁ“é{f]§7§?17?“§‘f9é"(je

and the imagi ng bl ade, in one enbodi nent of the invention. Figure 13A

shows a fro ' j j a - | ] i-on bl ade
332 gur o st Erone oA OB RCRC R B0 Vi bl Pl Be
over | appi ngcaErdrapbhpositiondtewith BAgle of iaton paedieing theldaektionnttighte 336 is
the illum nation bl ade. Figures 13C3E show how an error signal for
al i gning t h®0144) i r Figue lil sheyertemathechinizys ol thnresag ibveation, kiled Rgblican

bl ade 340, while,the | i ng, bl ade, 338 is _vertical. In processing the
mage, t he By e alador stk £ simling or JAYrseR caveb AN BHCEM at

t he botton1ﬂaﬂhﬁe i mge. [00163] The angle of slanting of the |ight

bl ade is snmall enough to ensure that when the two bl ades are aligned

to the sameppgdidsectio N L § i L l; RS red
by 1ight [lg4spe Ii_ﬂh 1§t§)|rgldzes1b3§)%estt§§ Cglﬂ#afggedfiqg&g gf/égerﬁpﬂéﬁ?dﬁmléﬁglt\ﬁ d.

However, a émexnvwards gith dte aaisgf wtdtien ofgkeminiepdinting i theldisectiod df flighise t he
top (in figure 13D) or the bottom (in figure 13E) of the inmaging

bl ade to sli0@&tébut oFhet bamerd seans mavero widsl Belé,of avialy, t thgicdllynti® ddgteks,

be d h b Ltori h
b0t tom st i R TR sl S ulePftptinghe 88 b FARIRHEHR dan ot ect
t hi is-alj t bet t he t bl , d i
cor recti on WPBHR « % BBt ot reund it comien creatab vk ookt on

of the mi sajny BdgelVof heCiRale, ahd Bad cbleRdt YeoRbd - 28
- SUBMIUTE ,élHE[EgT“ (F%GLE 26 20081085553 c?/g{ 1?‘%%31333}%7%’3%%9@%3

[ 00164] At t effesiited pssthe shpdeg aram 238 whtrg theslarkarpneas represent fivepn regolttipnghiows
how an il %g@ | ade can be generated froma narrow, circular
| aser beamu[H? ? e illumnation blade is preferably very narrow -

slightly w [ﬁ§1r48} han 'f’]'gecamera can adjust the dilution, using the lookup table, fo compensate
for the scale and distance of the target, using methods that were described in detail in
U.S. Patent Application No, 11/117,731 - to the extent of obtaining uniform scale and
resolution at all ranges. This can be done by using the whole CCD length with low
density of pixels at the center of the field of view, directly below the platform, and
gradually reducing the vsed portion of the CCD, while increasing the density of pixels,

towards the ends of the scanned area — towards the left and right horizons.

[00149] As the platform is moving in the direction of the natrow dimension of the
image, it creates contiguous, partially overlapping images ~ 262, 264, 266 are earlier than
258, and 254, 256 are later than 258. This continuum of partially overlapping, uniform
resolution images can be stitched to a uniform, close to orthogonal image that can be very

useful for ground surveillance.

[00150] Aftention is now drawn to Figure 12. There can be situations where
several zoom windows are defined in the same azimuth. When this happens, and each

zoom window has its own dilution formula, the diluting module that is capable of diluting

-9 -
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i mge blade, that is typically fewtens of mcroradians. In one
enbodi mrent of the present invention, the source of light is a |aser
beam which typically has a round cross section 350. The beam in one
enbodi nent of the invention, is divided to vertical sub-beans,

marked in 3%820%M%5§Pe 14B shows a side view of a beam*i‘JITéffszqog’“'@%‘I‘lt
to sub beans. The round beam 352 is projected on a set of narrow
mrrors 355 that are sl ant
vertically a? t& fc}fl\fg’ren Ecco if'&s Wﬁh %: Bre’?mg?é)re??mnprégoéra BHeam Ilmg) rgafsltoect ed
354 from eagtrkofeqiichiiallyi 6t @m aionﬁwdidbf«erreiatwmnglhl& tcaditutibg anoda@sa t he

vertical width of th or| naI beam and the horizontal w dth nuch
smal | er thaﬁoeeﬁﬁéngow@P @mcﬂ?welgws tgehesthat the cangerp cpt BAYE S8 1 ont

in figure 1 ngpgt D0 W =] 4D
shows a conéﬁﬂﬁ%gltg?g%s ?e ﬁa@gﬁggﬁic\?\n th tuhe Ealqid{?g? |LL %ln&a{%a% dt:ﬁgy\%gornt;l cal
span of eacwindeygnent is extrenely narrow and the individual segments
may not cover the vertical sector continuously. In this figure, the
mrrors 358[081d] sl i gFighry 12 omwesmuiltiple tidutior noitsomln pinboimenEat the pegment
becones a snpal l. vertical sector 360. The sectors can slightly overlap
and create %'€Ofti nuous vertical narrow beam [00166]Figure 14E shows

a way to ma ture intain such,set of mr A set .of

ol 2hed anBUFRTr ow HIERCEE Yeagt2ds SVHEH PEh et BBt deu piTo raiHs
their |eft sgqiess, 26864d 200 8mabt REiREA: bRrigREly. ot her side by side, while
bei ng rotated sl | ghtly one towards the other, as indicated by 366.

the plates mggsaihen hastered &ﬁﬁ@édﬁ?&ox@ﬁn@fﬂ@ﬁ&& YBvi&, B itCla B MRiIpids
When bonded, the bl ock can be polished fromthe bottomto have a
common base"milked sseueatiadly yial g agatr@lzp29%nd optionally fromthe top to
have a common top surface along the line 370. The result is a solid
bl ock that Hats4 ef | ehltthaovwlapm ar%ediffﬁerardﬂa@nadeﬁaiﬁmchpdmto theaaye

b 0Q16 b
 narr ow veRtt SR FCRad Ry i GRTRNEREn { Brnd B Rt ST RERGS | s

beam shaper myneétite o@gsab@tdigenmgﬂmqfutﬁmam GiffehtngerldpPiad &Bldblve aetke r eme
resolution of the canera of the present invention can cause -29 -
SUBSTI TUTE Setme RULE 26) the dot size of the lens to be |arger
than the pixel of the CCD. This makes the resolution of t he canera

dependent uf8F he | Brpe pabedipeninf thsdnveatna, hemvappyf of the (Y aran is
increase th t r €430 as
to be-r educ i FRmeel e Rl Brdbal R o a0 ool 1 el Bl
bl urring cawsslobspptye horfoumid of dnhm;m dliredtdtie by dmsloaltupdiablt @82 ruf that

wavelengths S r duce a chro tlcfl int opt j cal
bath. 7ot & RGO O et 4100 19 B 0 Plshe
itsel f, hel pavidge pb%ﬁ\ﬁality ittt ﬁwm@aamlctst&ﬁbﬁn@mmm HinMien tdr@Med. 0 Mat ch
t he hi gh resolution of the CCD. (No figure) [00169] 1 n an enbodi nent

of this inveapiign, tRALEBIRBWIEERH tbe?u&'de'?;ﬁS 138. Wh%'hﬁﬁg &ﬁioh@h@ft' on
beacon to orient itself in azimuth el evati on. power ed up and

running, t h@ouéf&rﬁ%ﬂlamw@tf:éhq terged) 1t istdgsigbleitmepiaeHydeninie fth? hEhtyfnawﬁmther s a
field of re%}%ﬁv 'u{181ld%'1d§<§s f ?man ulhé E?eséﬁ?%e on2 B ot 8L 4l 1 net

source of *a very snal Size e’ angul ar “si ze’of
the sun is @:p&atdegméght mmie and ths chlhﬁ'a amg thageparatz @ackhges hlat aampticallhe

syst em knows m ast r gnony abases - such as ven

oY ooram | de St Bamg T e Teling s g B oTpralebaeatiie et Bh SR c
Coastal Car gfif( tM’"lﬁ{%‘Fg' Hiade GAINERY carilen, ﬁﬁtﬂth@@tﬂér&&f&@&g‘tﬁb light beam (the
I|ttp//||stsmateduk in. By usmgthetrue azi nut h "and el evati on of

the sun as ﬂ@ﬁém@ﬁ@@ad@%é“@ﬁﬁ@?@f@amwcal|brate itself and provide a

very precise azimuth and el evation for any object in the field of

view. [0017000AH ent i 4a both thevimeging otkde @ntltutl@Jﬂ!@gmmﬁan bladsmre ¢xtremelp

enbodi nent of the present invention, the scanning of the field of
A7 -
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[00171] This interlacing serves three purposes: It allows |onger
integration tinme for the CCD cells, thus increasing the sensitivity,
it reduces the load on the analog to digital converter, enabling
l-onger tine“&) o8y ing each colum, and it provides a_clear and
unanbi guous i ndi cation of nobbing targets. Fol | owing Igcgﬂmmnmmm4
expl anation of the third purpose [00172]Practica||y, every point

0% Ly LS X oy i, GRTSRE TSR

SUBSTI TUTE SHEETe¢RULE 26) vvoul d not be interlacing (would sanple
the selected colums by their order, fromthe beginning to the end of
the field off0338%w), Irﬂmetprerf@rdﬁe embododient, hies tpoiblites die tdiging frog aheatnk d
appear to b e of the line in the

a,.snoot ona i sl o
i mage wil |l @"éﬁcsmr EP%&F%WH P ageﬁé‘mé’@flﬂ%eg? EBﬁh‘y’f of the target in
space, and ﬁ&h%)?e an uthgr v?# ocrt of t.he target LN respect to the
canera - as expl HF‘?”&J @%?félc%lbe[f@fétl“ﬁﬁﬂﬁ\ﬂé%k axipfort he
camera is idHofftaSsipRatedny tHahde Hl@éﬂ&ﬁcdll% hﬁ@édfwea%ﬁleﬁﬂbﬁd in a
non- nonot onous order, the trajectory Of the target in the inage wll
be slight! yrohpm ed l'nfanBﬂﬂ@: RS RRenD Yol a{e o(ﬁfmy’b@ a?z?ﬂ[‘o%lh of a
novi ng obj ect his contour wll bé j agge an therefore %i ng
obj ect Wi | Imﬁéalmr@amdyhﬂir@hngbﬂwmehbnﬂselmtmnat| onary obj ects.
[00174] This will be better understood fromfigure 15 show ng the
ef fect of ilftHAd] aci niglmth eﬂﬂmdﬂirmpetheﬁradcmg)bem@nohﬂ ot bladel gudce DA
shows an object Vi e Fi gure 15B
shows the a'% A?Dgn?:rgw pgtaﬂgrrgrbﬁngs&geé}gaé %{VBS?% ﬁlr’é S@&&r@ﬁthf’ Rh#se PEthe WD) i ng
it along | |Iﬂmm&86nsalteaﬁoa@gg§bﬁﬁgmroqﬂaqe@hr | e scanni ng the object from
left to right. Cearly, the sanpled object appears to the camera very

sinmlar to jpom2l eal @pRSABANCEIE HRQLES LEGHY & tﬂé@mm\g&} biage QY &G 1N

motion under two passes of the interlacing scan
i nt er| aci ngmsgiagbladen ong n@b@b}l@ﬁpﬂgg@ve@nm Figurepl 3dsshpws :afrmnglemorﬁers 390

| Jh
Second | nt PRGNS Hate 338"k he. ARl B 3588 TR, AouE R il v
sa{rpl Ies [ Ei caientaigpnl of ﬂme;vﬁBlZdesRvgﬂa’ppm@E&hS)ﬂﬁmgéj’e61?451@?% ﬂnhgﬁlii@blade a?d h
interlace 0 . ori e to the notion g e
obj ect bet vr}éf‘e#ﬁf ﬁ@w L&W&aﬂ%%ﬂ%eanﬁ% ﬂgﬁﬁﬁwme&m&mﬁfe alignipg
jagged. C Q%M@nﬂrﬁorstf@%e&?dtépﬁy Waishél 1H3QHuiAMBn BRUE Y (P%h‘ﬂ@iﬁ{\%éﬁﬁ@ﬁéem

scans, the appearance woul d have been snooth as In |gure
pitch of t Héadedg%isrigrtical tIe prosessing sheamags, Hesystan sqoky dapkd horzowiall siripas

function of, &%&e*@#ﬁf‘a@ﬁ%@ﬁere }pe%aa function of the speed or

direction o ore The j agged objects can easily be

e o funct MRS {hd T aBSERRRS TR e el ity ok IS oF

the obj ect ,Wlﬁmdretth@bleﬂ@ra% alilgﬁbd&@ﬂté@arﬂédlﬁﬁﬂdnrlﬁh lﬁagepmeqlfﬂi ?m@ BRES and
consi stency of the notion. This phenomenon of |

i nt er| aci nds foyereqd by Hght fiog ’%Fnl}ghi hlfi@r P@éhﬁ@l@%gﬁmf&ﬂgﬂl@wﬁe@ Horgvarse
known i n t Rgvidfdn: ofble {YaBvetr et RABL WAL c5iS BleUbh 0 Bhurd )RR @

bottom (in figure 13E) of the imaging blade to slide out of the illumination blade, and the

image will appear to be darker at the top or the bottom. By monitoring the bottom stripe
and the top stripe of the image, the system can detect this mis-alignment between the two
blades, and issue an error correction signal to correct the misalignment. Continuous

cotrection of the misalignment will ensure that the two blades stay aligned.
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- 31 - SUBSTI TUTE SHEET (RULE 26) of the present invention enables
this jagging to be notices, neasured and serve operational

cal cul ations (for determning the speed) and snpoothened (to restore
the original shape of the object and inprove the resol uti i

appear ance)wofz?%@sfés]sAt tention is now called to figure P%%@?%B{W%M"
showi ng how two scanni ng caneras of the present invention, scanning
the sane fi f wg&g h@Rs a rgets
by both cor@g%ktdrng t'hel {P&dgmp k%ﬁgg %ré%gurlﬁ%g g%frﬁosglg?%% IP
speed. Fi guiltemih&isndledesande fperetatbddfoma mwow) mlhulsrlmﬂmams sonme of which
are in nmotion. Small vectors show the direction and speed of notion
of each obj @0165] Obj eTHe ihzfination bhdé B ptdff&ahijgalnynmowa— dighthyawiderstixeette

Qbj ect 422 nove o.the rijght her, spee 4 ve

the |eft atimegshiade thatiplupicd Qﬁ%tﬁfw oiuooast ThoiosanpBperidf he b

speed. Obj eflenfie? a@%ﬁrcmf g e 1&99&%&1@9 WRoaltP BasSOWR crbsd seleibl ed
lines, the image that wil e seen by a scanning canera that scans
fromleft ta0 T@heamAMonmmhqdmmb@féhq igventien, isedivided| tp yerbiep! oubrisamp @s r
originals - he
wi dt h of thrélg%%deect5 ﬁﬁg’%‘%lei@r";?‘g"’gg8@%@%&&%@%@% Sé%? 7 g}r‘fcbae?\'%yg%%ul ar
vel ocity ofromﬁc‘abamtjmﬁs prﬁha}tabmn 480 of mrsvimgintdis 35S allevithihthe widiDof #82 i s

much wi der an_422. 434 is.s nar ower 424, 436 | ch
e ower L it e rvarisai § Adfokphtigsn & PEbAR) (6 br REEhbne

L0 soltd |1 968font {heh bIRORirtoRCH: o titfetenbih R @HoblbérPhas GRIVGIRE V@B @e t hat
scans fromright to left. of the objects are right aligned with

their origi praginal bea@bja@ctthezi:n@zcml Wid@fhmdl snyﬁerdthvu thp oggipd deam.JBheapl .
angul ar _vel Serpyees® fh B eiobin Ui IRV RRIBERER sy A BE bl 20
420. 442 i sFigue h4bahmmconﬁg|&anoﬁ2&t démlmtlsths Ismgalﬂbﬂ ;hat/\ﬂleleemtdhapambm
16D showe. & EEFFHIGGIAGS BRTEAAGHY FgRPes Dahedt SHRe RO Ee
S S0k U i ot

i s an indi chlghokagf sagmentvhsterassts smallivaicek s 360f Thnesedwr set slighlly ect s
that are w ﬁg%a%ﬁld%pe g %ﬂnﬂ&ﬁ%ﬁ%nmg’% safllf € NOVing to the right.

Obj ects wt er so I nes are rmvmgtotheleft

di'tiorance [94H 1%e) i‘%@f’&‘*%% Bl fo RRBHRPERY R St g be e

SHEET ( RULEA2) of polished and narrow plates that are polished to become mitrors on their left

sides, 364, are attached to each other side by side, while being rotated slightly one
towards the other, as indicated by 366. the plates are then fastened together by adhesive
or by clamping. When bonded, the block can be polished from the bottom to have a
common base surface along line 372 and optionally from the top to have a common top
surface along the line 370. The result is a solid block that can reflect a narrow laser beam

as a fanmed out, very narrow sector beam.

[00167] Alternately, the beam can be converted to a narrow vertical blade by a
cylindrical lens pair, or a fiber optics beam shaper bundle or other means of beam

shaping.
[00168] The extreme resolution of the camera of the present invention can cause
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smal | difference (458-460) are noving slowy. [00180] By appl ying

not phi ng net hods well known in the art of conputer graphics, the
pairs of objects can be norphed to the average of the two distorted

t mages. Thi r edge detection, detection of ke oints within
t he edges, %alzgél’gﬁ S{S?Qe key points and applying aver agié B pH7erde

[ 00181] The present invention enables, by applying two opposite scans

acconmodat i : | I d t hat, .while.th

expl anat i Onﬁﬁ?géﬁsgzggi? \g{eqﬁlgﬁfé%ﬁ{géﬁ th%r‘%tth?g%gl 0(? (ﬁ? H”&%‘S ctlhi3 58(8 tH)Br e
is not |imi oiédletcamh@rdepmdemlupmothedms and thanulﬁﬁahe GCDhartllya B0 G@ér o
notion. [00182] Attenti now cal to fi IS a bl ock
di agr am of Elﬁgl r?%oléﬂs 1the ca@ﬁ%{l’ﬁ%ﬁfc%rﬁqﬁ?gle’[‘é‘aﬁ ﬁgg‘b’r' ugsAtIn an

i nvention. dhigdbhae f teisagieaisn\dale éaﬁn@ﬁ@b@hﬂgémﬁé'd Hese hbrpﬂ;ﬂ?ﬂlﬂuﬁﬁo

bl ocks, using._the reference nunber s [0 Li'ne - a l'i near

i magi ng senS@Aengat ffergnt ‘@Vé‘ﬁ@ﬁhss is(reduestigbyt D‘l@ﬁ@@mfpml)? ﬁlwmgbe enticgut

signals are t vin
ti ?re del ay ]f &;]ﬂ?gg}{rlé;%@g%f agei)m?ﬂgr 0S %gﬁ%ﬁé ﬁ%&e@ﬁz@gﬁnp..’
"n" and "t "thewdnierdped thasmebpnt\mtehndnh@mtcmmghg@oiuﬁdimw@fﬂﬂl]. (Kb fgure)

description of figure 17. At given tinmes during scanning, as
comranded f [06149Cont rhalan&ﬂﬁodmblgrmathﬁ iaveatiey the amh@el use® thels@agh a@Whguldr om

the CCD arra he .vari ous out hannel s, _col |l ective
forni ng one® a?/hféé@ g‘?afgl‘@l BrigHE lﬁs‘g‘fu@r i"-’é‘ﬁ‘%@ng atipg. thﬁé’PWGIFé)O‘IM}I;PSll
- VA I an afuhudidg, Hle caﬂmrathQﬁ&lﬁH’ﬁ'n&lﬁhﬁfu%ens‘Mﬁt? @&ﬁﬂ@%&@ cﬁ%egﬁfar}ﬁa{t

each connected to a respective output chan I'as and
gai n val ue sm‘éhd@s thedur. thamedneor prokthanyistiads banrqe of ght Wlﬁhlaocky S52B pngular

through t he, nailhgqnﬁggr%%{og{hggéﬁﬁ%e&ﬁﬁe@'a%ﬁ o 174 el AF B8 O Boul” S

typically se t'0 cofrpensa ran er ent
gai n bet weeThet dystera &nows) srosi gytradonyhdambesks - sﬁdﬂ%%ﬂeﬁbﬁ the SMACO progfamr r ay

of Anal og t erters, nunber of ADC s depends

on their s é%bgérf%% @ﬁga 2R, Aﬁﬁé"‘%&%fﬁ%ﬁ’r He| Cogptal Garolg dfpiversity
Conway, SC and mentioned in http:/lists.nau.edu/cgibin, By using the true azimuth and
clevation of the sun as reference, the camera can calibrate itself and provide a very

precise azimuth and elevation for any object in the field of view.

[00170) Attention is now called to Figures 15A ~ 15D. In one embodiment of the
present invention, the scanning of the field of view is done by interlacing two or more
scans. An N-level interlacing is done by skipping N-1 columns when sampling the CCD,
and starting each scan one column later than the previous scan, until all columns have

been sampled, and then starting over, in the next scan, from the first column.

[00171] This interlacing serves three purposes: It allows longer integration time for
the CCD cells, thus increasing the sensitivity, it reduces the load on the analog to digital
converter, enabling longer time for sampling each column, and it provides a clear and
unambiguous indication of mobbing targets. Following is an explanation of the third
purpose:

[00172] Practically, every point target in the field of view has a diagonal

component in it (meaning — moving both in azimuth and in clevation). If the camera
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ADC has sufficient bandwi dth to handle "nt' channels - "n/nf ADC s,
converting "m' signal channels each. The ADC reference voltage can be
controlled by the systemto - 33 - SUB STHUTE SHEET (RULE 26) adj ust

t he Dynani c Ran(%e according to paranmeters received lion the LUT. The
out put fronOREBABESSs is "n" or "n/mt streams of digi tZHVUEZ076014
(pixels). [00186] 513 - Data Rearranger : this bl ock receives the "n"

or "n/n Ch\‘?}&ﬂ? ?%b%ngteﬁécm%rn@rc ldts ﬁplg tﬁ%e e&cte:i‘ cﬁ S's @ef? §§Jlte£ \'}r:ﬂog%e

sequence, as | ervedPTron a s ngte
out put. To beptmiipha &119 eﬁdwafe‘the fisle obha@)l,(thamsa&@laf thefpbiil't ni tbmma@«?bm&&is

per channel and their enci d from Bl oc 530. | uld be
hot ed that SPREL W HiciooBy ﬂ$°§aﬁ%5|ﬂ1ﬁéalﬁ%qf the Jing ip t mﬁge&%ii b pedion £ ¢
I ntegrated GFhe sl tﬁ;&%&bﬂh& ge’%ﬂﬂ%@cs' ﬁd%@‘ﬁe%&ci%é{r%l%&%y dfandvagellie the

data streamin a single channel Correction: "This

bl ock correwlyc@aﬂhcm%efaswwﬁﬂalamnﬁwsﬁ5Wdér der to conpensate for
any inherent difference between sensor cells. This is inportant in

t he present [(lﬂﬂﬁ(ﬂé nt i ona@fewéf the edmerais u'nt¢r1abing andhtbe piind ie beivgmbdnphiden a
Dynanm ¢ Ran ow a .s,and in nd |

ht egr at 1 on-patoronRH G B Eiltorene BERR R Be PR BE e Y frese Nl
the di ffereteeggdobineien padjoftRbnto@ldf & neRQ BjethE dﬁ@tbmcxeﬂtﬂe@agged

[ 00188] 515 - The CCD Par anet ers TabI e holds the cell cel] Gin and

Bi as cal i br & thielarsthe mqvng phispiyal be clygly desingupsheg fropmst HF’B&% et or

equalizing the performance of the CCD cells, nmay be done with the

canera (as (W3W i bedThipgl)be heger wisenioad cﬁiﬂmuﬁ@m d5.ceowEg| the egest o
data obtai ngel f50md HEHaBEs A NMoving object. Figure 15A shows an object 280 in the field

of view of the camera. Figure 15B shows the appearance of the object 382 to the camera
that is sampling it along lines 384 at a constant rate while scanning the object from left o
right, Clearly, the sampled object appears fo the camera very similar to its real

appearance.

[00175] Figure 15C shows the object in motion under two passes of the interlacing
scan, The first interlacing scan finds the object 386, and samples it along lines 390 (ata
lower density than in the non-interlacing scan of 15B). The second interlacing scan finds
the object 388 in a new position, and samples it along lines 392. Figure 15D shows the
scan lines interlaced to restore the original density. Due to the motion of the object
between the scans, the contour of the object appears to be jagged. Clearly, if the object
would not have moved between the two scans, the appearance would have been smooth
as in figurel5B, The pitch of the jagging in ferms of scan lines per period 1s only a
function of the interlacing and not a function of the speed or direction of motion — and
therefore the jagged objects can easily be detected using simple image processing, The
amplitude of the jagging is a function of the horizontal component of the angular velocity
of the object, and therefore can serve as an indication of the speed and consistency of the
motion. This phenomenon of jagging due to interlacing is typical to any interlacing-

scanning camera and is known in the art, but the extreme angular resolution of the camera
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[ 00190] 517 - ROT Gain and Bias Bl ock adjusts pixel values, per
correction val ues obtained fromBlock 523 ( LUT) for a current region
of interest, so as to allow for brightness- and contrast variations
anong the various RO's. [00191] 518 - The Dilutor Processors Array

sel ects whi of P08 are going to be saved to the InagECTc‘ﬁHﬂ“@r‘“"'@Ffﬂ
whi ch discarded, or integrated into neighboring saved ones, according

to the Dl f. t L Tabl UT 523
It(:) ei 1(:a her 3%’1}5%{%@@ egf{%%ﬁt Oél': gn%ﬁ %gﬁ%fjgﬁ%&%e{qsb%%% rmgﬁu%écaélbts@ffe .

i ne, sel ecb;&rmm'lhg:siculaﬁ(ﬂts [fox eleRrmifing th¥ hpetad)omdn@r[oaﬂieﬁear@o H@bore the
pixels in this line that

I ncl ude: - i,on Fac t he den

results f roﬁ)ﬁ‘ﬁ1 shgpg ‘i}ct%Fed’(r)?J%tWI‘W”PB?@W?P@MOHE"F@PE%%W% of sel ecting
one pi xel @ reﬁﬁ)resent several -34 - SQUBSTI| TUTE SHEET (RULE 26)

adj acent onl8176{ hi 5 ey isvaaw palled tRydgure doAdQngapwing dwwi tratscamingr

aver agi ng Oéaniéﬁa's @gmei;&%m tivkdtBh Sscarﬁlgxg]t}?ez%llgg gglggvbgw% n;g;.%&%ddgfﬁé@hsé

sinpl e table-conpres 1on al gorithms
appl i cat i onhaadlg r@ymém‘gﬁeqxxbwtbnmsng thcir dieﬁaamalamd mnafsumﬂgethdr brAirtirtioah

par anet ers e mant nsecut xels wt i v.en
line, the s@ggdt yFl%"re ﬁ]gﬁ drid %’i‘%(é’ 1ot “fl ﬁ’ﬁn‘f’onﬁe HPB@“% e
communi cat eslotion, $hsll Wiclotit shsw thehliredtionkhd s Edﬂeﬂ trokieBbf eatH obtick Slbfectiiob hi n
t hat range accordi ngl [00193] It shoulg al so be noted, that there

may be nul t PPy tyibe étggw afertHn apaemheOliss 492 moes te gkt 3§ haghee speed.
processi ng @hjedubi tidh& th?&' l@f??l epguédllrkfﬁ)@gdeéﬁjear@@ nYeLBRRAUS al.caofﬁglgeflge
groun an

of a wi de panoram c bac € Or nore narrow reglons

i nterest. |speghObject 438 dassbet moeed t hat nore than one segment of any

| ine can be selected and incorporated into the inmage by a single

di lutor - s[0apl7y by Egate ri.@Basihdm | inndvltted dinasretieeinmeé nlatrell ferseen gy xyen

line positi S%lem% chnera lfha?scaxlljsp from gh%o right, All of the objects are left aligned with their
originals - object 430 is left-aligned with object 420 etc. But the width of the object in the
image depends on the direction and angular velocity of its motion. Object 430 is slightly
wider than 420, 432 is much wider than 422. 434 is slightly narrower than 424, 436 is

much narrower than 426. 438 is identical to 428.

[00178] Figure 16C shows, in solid lines, the image that will be seen by a scanning
camera that scans from right to left. All of the objects are right aligned with their
originals - object 440 is right-aligned with object 420 ete. But the width of the object in
the image depends on the direction and angular velocity of its motion. Object 440 is
slightly narrower than 420. 442 is much narrower than 422. 444 is slightly wider than
424. 446 is much wider than 426. 448 is identical to 428.

[00179] Figure 16D shows a superimposing of the left and right scans. The dotted
objects are the right scan and the solid objects are the left scan. As can clearly be seen,
the differences in width between the objects is an indication of the velocity and direction
of the object. Objects that are wider in dotted lines (452, 456) are moving fo the right.
Objects with wider solid lines (460, 462} are moving to the left. Objects that fully overlap
(466) are stationary. Pairs with big difference (454-456) are moving fast. Objects with
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[00194]519 - The Multi-port Image Buffer is a Random Access Menory
(RAM with one wite port for each dilutor and a single read port for
interface with any CPU (such as a PC). [00195]520 - The Address

Cal cul ator generates the addresses for each Dilutor, according to the
dilution prg@éﬂi’qs{ﬁﬁsﬁ‘n and the current line. [00196]521PCI/ERYDT6H

cal cul ator holds the current line count for the address cal cul ator,

the Line co | ookup bl e. [00197]522 - The Line
Conpar at or m%enﬁ?@ggégﬁla@@qvﬁ’ésbdyrent line for the dilutors in
accordance t he ook tabl e paraneter "Line Act d the
current nnﬁf‘}i@b Plingnerh r?%%@’flé Y 0 ii**ﬁél rt o kRAPUFRDI e

hol ds all thg lﬁ@rtﬂ@ﬁh@ro%o&éﬁ‘cs &H%ef:doﬁ)'h&i @fthe/dveke Uﬁih&tﬁro%ﬁsﬁ)r&@ﬁﬁa@&! eto
the various bl ocks as explai ned el sewhere herer n. par anmet ers may

i ncl ude t heThisrallsviprrsige Brteation cletettipmtod key pents v@thim Erclmzpsmﬁhe(lﬂum

26) points and applying averaging morphing.

[00181] The present invention enables, by applying two opposite scans,
accommodation for moving targets. It should be noted that while this explanation
focused on horizontal motion, the method described here is not limited to horizontal

motion, and can deal with diagonal motion.

[00182] Attention is now called to figure 17, which is a block diagram of one
embodiment of a camera according to the present invention. The block diagram will be

explained by describing its blocks, using the reference numbers:

[00183] 510 -Line CCD - a linear imaging sensor with "p" elements (along the
CCD ling), whose output signals are fed through "n" oufput channels, each element
having "t" time-delay integration (TDI} stages (across the CCD). The values “p”, “n” and
“t” will be used, with these meanings, throughout the description of figure 17. At given
times during scanning, as commanded from Control 528, signals are extracted, or read
ouf, from the CCD array, through the various output channels, collectively forming one

image line (to be referred to also as "line").

[00184] 511 - VA : an array of "n" Video Amplifiers, with Gain and Bias control,
each connected to a respective output channel of the CCD. Bias and gain values are fed
from the Look Up Table { LUT - block 523) , through the Analog Parameters Adapter
{Block 524); These values are typically set to compensate for any inherent differences in

level and gain between the various signal channels.

[00185] 512 - ADC : an array of Analog to Digital converters (ADC’s). The
numnber of ADC’s depends on their speed. There can be one ADC per channel or, if each
ADC has sufficient bandwidth to handle “m” channels — "n/m" ADC's, converting "m"
signal channels each. The ADC reference voltage can be comtrolled by the system to

-33-

SUBSTITUTE SHEET (RULE 26)



Dilution node (decimation / accumul ati on) Anal og Gain Anal og Bi as
Digital Gain Multiplier Digital Bias Subtract Integration time Mtor
target velocity TDI |ines used per sanpled line (e.g. for the

standard deyi i to 96) Filter (we may decide to e edge
enhancemn%§§08§§§g%t her filter type in the future) Fgg“fggﬁ“%é’ﬁ%’h‘bi ng

on the application the Look Up Table may be organized by lines or by
pixel's, or Reat @R MnahRiEhESiccRind WY pRldiln REGVGL e !
dependi ng O%t he a[g;[r)llai catli %ers] an mgysPée}Lm rerfq%rlgér?eﬁng,theggjn]gqg% Ba‘?‘? of
t hese par anBem the ARYs i5én"owipmé steeaths obdigity! dtampikaisyl t abl e conpr essi on
al gorithns such as "Run |l ength encoding" or simlar approaches.

[ 00200] 524 [00186¢ Anab By g Rerpeges | Birblek recivesshetn) @8 "fnd thatdds dndokup

table th I Gai. d Bi t f an i xel s . that are
| ndi cated | SPTERE BT F oA o NS [tiE nelhiirepghen e snehem
to the for ey FeOHideshf@ITd dt€oriiish a6s, FebIdk B CED defliRet (ARICSY- 't

provi des cell/channel back formatting (in oglfpt)osme fashion to the

Dat a Rear r afgi] angribeinsegionging)irendfrom Blgcle v et should. bemoed thny s Bloche
Motor Driveg;s genQEAbes hhe I '- the!
notor. | 00202]152%[%- The %peéﬁ% Bgér? g&bg}ge\leﬁcoﬁté%%g@ ?g{nﬁg g%éhi%: gcﬁlesﬁ)tc %1&;@
scanni ng notavosfficient to handle the data stream in a single channel,
[00187] 514 - CCD Correction: This block corrects each pixel's Gain and Bias in
order to compensate for any inherent difference between sensor cells. This is important in
the present invention as we seek to utilize the whole available Dynamic Range, at low
and high light levels and in short and long integration times. At low light levels and short

integration fimes, the differences between adjacent cells become more noticeable.

[06188] 515 - The CCD Parameters Table holds the cell by cell Gain and Bias

calibration data.

[00189] 516 - The Calibration process, for equalizing the performance of the CCD
cells, may be done with the camera (as described above), to replace or update CCD

calibration data obtained from the factory.

[00190] 517 - ROI Gain and Bias Block adjusts pixel values, per correction values
obtained from Block 523 ( LUT) for a current region of interest, so as to allow for

brightness- and contrast variations among the various ROIs.

[00191] 518 - The Dilutor Processors Array selects which pixels are going to be
saved to the Image Buffer and which discarded, or integraied into neighboring saved
ones, according to the Dilution parameters received from the Lookup Table ( LUT 523).
It either discards a complete line of pixels or, for an accepted line, selects amongst its

pixels. The Dilution parameters may include:

- Dilution Factor ~ the density of pixels in this line that results from the dilution

- Dilution Mode -~ the method of selecting one pixel to represent several
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according to the paraneters stored in the Lookup Table for the
current area and according to the current position and speed.

[ 00203] 527 - The Encoder Counter reports the current position and
speed to the - 36 - SUB STTPUTE SHEET (RULE 26) Speed and Position
Control bl o®R28BE%5%d to the Line Cal cul ator 521. [ 00284 E3Y 765K e

Timng CGenerator and Control generates all the clocks and signals for
the CCD, for the ry (and f.or, the controller).and for.all the
bl ocks. 1 part 1 EOACHE ofes, Bfdnetdd il Telde kRIS S ninS” avrebBt r ol
scan ranges and y#lgQflict filkgs.according to the respective Lookup Table
paranmeters. [00205]529 - The CPU interface |inks between the canera

and any CPUgo199sSi bit ¥hould6cOeda that GRIPTIOLEIEdrhRebsibh Alkerithhs Sanl RIHREE
station. [00206] 530 - Line Structure: is_the definition of the order

of cel | s- vsdepent the gppligalianind: system pireagpty oBzo7pmRle: i th difusien
pl aced beé&&&éﬁ&s RN aQberhdiBol SRRk FRANWHRE o R Fnd tnel SRR GHAC

into the
ending pixels of the segment can be communicated to the Dilutor, which will then treat

all pixels within that range accordingly.

[00193] 1t should also be noted, that there may be multiple dilutors within the array
~ to enable parallel processing of multiple Regions of Interest or simultaneous coverage
of a wide panoramic background and one or more narrow regions of interest. It should
also be noted that more than one segment of any line can be selected and incorporated
into the image by a single dilutor ~ simply by adding additional parameters frames for a

given line position in the Look up Table.

[60194] 519 - The Multi-port Image Buffer is a Random Access Memory (RAM)
with one write port for each dilutor and a single read port for interface with any CPU
{such as a PC).

[00195] 520 - The Address Calculator generates the addresses for each Dilutor,

according to the dilution prescription and the current line.

[00196] 521 - The Line calculator holds the current ling count for the address
calculator, the Line comparator, and the lookup table.

[00197] 522 - The Line Comparator enables or disables the current line for the
dilutors in accordance with the lookup table parameier "Line Active" and the current line

from the Line Calculator.

[00198] 523 - The Lookup Table holds all the parameters for the field of view,
which are feedable to the various blacks as explained elsewhere herein. The parameters

may include the following:

Dilution factor
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[00208] 532 - Motor : noves the encoder and the mnor, while the
encoder and the m nor nust be attached to the sane axis for

preci sion, the notor notion can be transferred to the mnor in a
variety of - exanpl e, through a comon axis or by a pulley
and belt, g@g’@ﬂs@?;@gl n continuously nonotonic rotati nﬁcﬂéﬁ"?’%é@i‘bns
the notor power can be Iow, and the attachnment can be done by elastic
belts to avoi i 00 .transferred to the mrror. If
the system hag)ﬂti%lﬁggfsa%i%@hcﬁ%@?géc?ggﬁl@ al sector scan, where high
accel erations AL sRect ed, the notor power is designed to be higher
- to accommodat e e accel eration, and transm ssion between the notor
and the m rrorA]%(Oi %ii s designed to be rigid. [00209] 533 - Encoder
detects the curremt Hirror orientation and hence - the current

azi muth positign. of, t an line. The practical encoder pul se can be
an interpol at @?Sﬁﬁ:&g‘ﬁgﬁ%en two physi cal encoder pul ses, and known
speed of the tion.a dlgﬁthe time passed fromthe previous neasure are
used for inte;%g'lmggfaég“ % he precise position of the mirror. This
calculation is typically performed on the encoder counter. [00210] 534
- Lens : Pl aceBeHaYWLEN the mirror and the CCD, the |ens projects the
scene, as scanned by the mnor, onto the CCD line. Wien the target is
at a |ong di stMeferdeigstomiosiie camera, conpared with the focal |ength of
the lens, the focusing is adjusted to - 37 - SUBSTI TUTE SHEET (RULE
26) infinity TOhiaesuaed ger saomladdine fesg. fos tiReRdarkdesics isilgo 86nsi der ed

"l ong range" with a 400nm focal length lens). Wien the target is at a
cl oser range, Filkee (Woouy detitld tobmalgorige erdiatdementporgas totich $iltaniype innthé he
range and thelﬁ@%t range focus is handled on a nmethod that is
described in U'S™ Patent Application No. 11/117,731. [00211] Wil e the

i nvention en rtigul ar sho and. descriped with referepce to

one enbodi ﬁgﬁggfher 2[2 o R %}{hf\{‘ "‘B@“’%&eﬁ%_{‘ﬁﬁ‘dﬁbﬁﬁﬁé‘?@ b§l8r$51’n@€fp¥l t he

art that vdineosroyhRRIGResidn bPmBrans: H@bMed studfiy. herdaREe defanink by

wi t hout departing fromthe spirit and scope of the invention. - 38 -
the application and system requirements, some or all of these parameters may be
compressed using standard table compression algorithms such as “Run length encoding”

or similar approaches,

[00200] 524 - The Analog Parameters Converter receives from the lookup table
the analog Gain and Bias parameters for any pixels that are indicated for selection in the
current scan line, and converts them fo the format required for the analog FEE (Front End
Electronics). It provides cell/channel back foﬁnatting (in opposite fashion to the Data

Rearranger) and digital-to-analog conversion,

[00201] 525 - The Motor Driver, generates the analog power as required to drive
the motor.
(00202} 526 - The Speed and Posifion Control, controls the scanning motion

according to the parameters stored in the Lookup Table for the current area and according

to the current position and speed.

[00203] 527 - The Encoder Counter reports the current position and speed to the
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SUBSTI TUTE SHEET (RULE 26) WD 2008/ 085553PCT/ US2007/ 076914

[ 00212] The enbodi ments of the invention in which an excl usive
property or privilege is clainmed are defined as follows: |I. A digital
camera conprising: at | east one sensor adapted to i

di gi t al rep\a@%%g%sﬁ%n of a portion of a field of vi evg?&%zt%%gﬁgm
optical systemcausing a plurality of locations within the field of
view to bec I NG t t-he. ' a | ookup

t abl e, oper%ﬁgc\%ﬂ?ggg ocrhgﬁgl]%ﬁ:g?g? %ﬁéé%f%%g@ﬁ@?tg{/%lijes, each set
related to tangyear~regi on of |nter .4 Dl fie f,_yiew,
t he stored @g{“@is [ nécggu'drirhnegg%ﬁ%ggmf%ér %ngﬁloﬁl%lig&\l}e F%%?]tl fﬁ eaﬁgck?iatr%

bet ween si gsiglalsefist thaaddmrfor thic ddertuid (gdi for tha CIRAM ,comrudlepiané fordill the i on
par anet er s; a ti_r'qng genera&&b arbg control|l er, %\gfrative to
cause the pPlas i parimlandtamrraies CloPorrdquiormmpnds 2gd sanigl SR f9e%5 8t me
i nci dent  onydfifie@hcch@fg to BERsRERME 0ol 'I%blgPé/r@IHetM@J ocity and to
command vi deo signal extraction fromthe at | east one sensor at a

gi ven tine, val ussy f oy SOV e BhIRCHWeeR MMk LidiRa BRI WRPRPE gnal
extraction gfg?ﬁ]:j obt;”ﬁnegﬁ?romth.e fookup taeSI e; IllCﬂ&%a p;éﬁygl
correcti on pwsiblyethrongher apinngicattondidl, aba tyivale sfaliot.or to any pixel within
the digital representation of the portion of a field of view and to
further nul {60pe6) t he53Bi xBine Strucurgais mhef definitioy of the ovdat vf selif-os.-chamels and
gain factors bei n% Dﬁ}tl ined fromthe | ook-up table; one or nore
di | ut or nod&fFRgmELE eglggfati ve to select or conbine pixels within
the digital r esentation of th orti.on of field of viewtg form
a di luted dIBEVAT | mitle BT oHERE BEPER D (RE of D dafouieen b image oEfke

di lution beilg phti¢@s, fromthe fromthe | ook-up table. 2. The
digital canmera of claiml wherein the canera is configured such that

the Lookup tnpByg cansie vRe fh&es the erd8der and the mirror, while the encoder and the

miror must be attached to the same axis for precision, the motor motion can be

transferred to the mirror in a variety of ways — for example, through a common axis or by
a pulley and belt, gears etc. In continuously monotonic rotating applications the motor
power can be low, and the attachment can be done by elastic belts to avoid mechanical
noise to be transferred to the mirror, If the system has to sustain a bi-directional sector
scan, where high accelerations are expected, the motor power is designed to be higher —
to accommaodate the acceleration, and transmission between the motor and the mirror axis

is designed to be rigid.

[00209] 533 - Encoder : detects the current mirror orientation and hence — the
current azimuth position of the scan line. The practical encoder pulse can be an
interpolated signal between two physical encoder pulses, and known speed of the motion
and the time passed from the previous measure are used for interpolation of the precise

position of the mirror. This calculation is typically performed on the encoder counter.

[00210] 534 - Lens ; Placed between the mirror and the CCD, the lens projects the
scene, as scanned by the mirror, onto the CCD line. When the target is at a long distance

from the camera, compared with the focal length of the lens, the focusing is adjusted to
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SUBSTI TUTE SKEET (RULE 26) 3. The digital canera of claiml wherein
bi as and gain values are automatically calibrated by conparing val ues
of adjacent pixels within a plurality of locations within the field
of view un lity of lighting conditions. 4. The diqgital
canera of c g)izﬁqs%hé\%ﬁ%r ein the sensitivity of the at Ieﬁé?u% &8s or
can be varied for different locations within the field of view 5.
The di 9ita|inﬁﬁ€F§E('f‘I'§pi€‘Jﬂ PoginBteds WGk & RLEMCE ¢ trag@” e
used to correct for dlyfferences ir)ﬂtr)llgtgs an([} %géi&lnq@gt en@ﬂéﬁggor@ 6.
The di gi t al foedd dength lons).cWaemihe taspriedtre tlhver cage ke fosuscwillf iegloned ech

that the | . . C modi,fi ed by a.general . purpose. c ut er
external t 88{%1% %lﬁggglcga %g 5%@? gpfl k}l.e S%{Er%gegfo?'ffl 15 (@Mﬁ%afmdaf mﬁtfl%‘fﬁgtfs
further congeséribedin (hS.Haght Agplicdties Nor11f1ar,78@sting an illunmination on a
| ocation within the field of view as it becones incident on the at

| east one s@QOA]. 8. Whildlitl in@énti6R MRS BehOpRfidufetd Shodn |ah {RLcriBdd @¥n Of
el ectro-opti g}al sensor cells; n opto- nechani cal scanner,

operative tBPEEEHOLRe BphadERmt thmefelt g‘ﬂl kertmderateqreby:hoso siilied in tharartdiyat
one or Imor &y, 3BR drbhd2t $n (FAGRA 'EEAPILY Ge LRIAHERE SRRANHLr2%nS 19R%he

extracted fromthe array;
spirit and scope of the invention,
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one or nore anal og-to-digital converters, each receptive to signals
from corresponding one or nore of the anplifiers and outputting
correspondi ng pi xels; a digital region-of-interest |ook-up table
(ROT LUT), e i to store a plurality of sets of v s, each set
related to @BP@"%@%%%m ar region of interest within the‘%ﬁ%@@?’wfﬁﬂ]@
stored val ues including scan paraneters, tine between -40- signal
extractions E), bia i : . gl RET

par amet er o: 2EPC) G dR' ) 4FFheHGn ANA Bl by o o,
conbi ne anypiiilegeris daiesd ek defired ps folbdves: accor di ng t o correspondi ng
dilution paraneters obtained fromthe RO LUT, to forma diluted
digital inmge representation; a timng generator and controller
(TGC), operative to effect scanning in a given velocity and to
command vi dgo suighdlcaoth Eaagiiisiag from the sensor array at given tines,
all given val ues bei ng% obtained fromthe RO, LUT for _the current scan
posi tion a pidk&psteny seaer pdsptedrisggvide askmtelierresentalinoda a bi as
val ue to any pji tiply it by a gain factor, the bias

val ue and thepégdg?;ﬁlo?gg%%rgf eing obtained fromdata in the RO LUT
related to a regi om efticil systarecusingepluility bfldetions withinthe fed pEspondi ng
to that pixel 'vig' to’%cgc?tqugdeot ‘ﬁﬁq%ilgagtrgg a %ir_gi tal inmage, the nethod
conpri sing the steps ot 6r8v? ?1%1 AP HED array of a plurality of
el ectro-optical sefnggtupele, Sperstivepanarch Miraig obselsiof sdlueg@atthienat e axi s;

scanning an optjcal imge of the scene across.the array along a
second coor di nralatﬁé% wotinguian iR af mte@stﬂﬁ@mft ¢ figld of view, thgisigrgdng a

lurality of s : : spondi n
p y s %I,u&%k Yéitks é‘&i%é’r?gggg%?hf]c% A Pitind Rofeck AEFLSP g

rectangul ar region wthi e stored val ues 1 ncl udi ng

digital gain, eigetion)bitsiandgeinsheinsyeat paehdiptionpmmostsneen si gnal
extractions and pixel. dilution paraneters.. extracting. el ectrical
signals fromthe sge(t?lné%g Eenﬁ?a%05§?§%oﬁ%oq§f’ ﬁ%er%lf"e g’acf‘fﬁse@?tp?ué%lﬂ bei ng
determ ned by bbgiososifleshefield 6oviéw beheicibidentdnghedt l@ibhact i ons

val ue; anplifying the signals and cqnverting thengrto di gital
repr esent at i on¥nsog ha given relgciyan to,cammand video signal extraction from the at

least one sensor at a given fime, the values for scanning velocity and time
between signal extraction being obtained from the lookup table;

a pixel correction module, operative to add a bias factor to any pixel
within the digital representation of the portion of a field of view and to
further multiply the pixel by a gain factor, the values for bias and gain factors
being obtained from the look-up table;

one or more dilutor modules, each operative to select or combine
pixels within the digital representation of the portion of a field of view to
form a diluted digital image representation, the parameters for pixel dilution

being obtained from the from the look-up table.

2. The digital camera of claim 1 wherein the camera is configured such that the

lookup table can be modified.
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-41- adding to each pixel a given bias and multiplying it by a
given gain, the gain and the bias being determ ned by the
correspondi ng stored gain and bias val ues; diluting pixels

accordi ng t ey elopRskssli | uti on paranmeters, to forma dil 'ﬁ:@ﬁ!xsﬁ.b'gdﬁﬁi
i mage representation. 10. The nethod of claim9, further conprfisihg a

i ght projector for casting an illum nation |line upon a portion of
the field oB. vilewligitl detnehecolRs] Wheeid Bt ardtainRelubd AeRFoNiEAY. 11. A

digital canera rysing. . at | east one sensor adaptéd to
provi de a di gi‘fﬂg{]?rqg@by@@@ﬁ{lgﬂa(lms@ﬁadﬁtc%pwl@mt@n agludlisiad of view,
an optical syshambeAHtiNge Ao@bEra) | ; diftify the field
of view to becone inci den% %n Fﬁe g%&éfig 1%%2?}%11@3@%%4@{&3% a
pi xel correction nodul e, operative to add a bias value to any pixel

within the dightal. reent atiqn .of . ortion qof a field of view and
to nultipl yg'i ?ﬂh %g‘gﬁﬁgg?eﬁg? aciat“Bﬁ:thlema}héasen%vég’«??ﬁef’ﬂ%asb‘?nﬁéené?fd gai n
are det er ni necabye vdrigh for disfectnt loatioRtwithih héBAEoRFQR I epresented by the
pi xel . 12. The digital canera of claim 11, further conpri sing:

a | ookup table, operative to store a plurality of sets of values,
each set 1 ch atmadaib duiRed i HnolefGhBRnlvoldlh GBS Lrsdyn the field
gain fac

of view, the stored val ues including bias an ors, wherein
the bi as and gairert fadiffsrancesdeliasand ghie byiveelsersorsr ect i on nodul e are
obt ai ned fromthe | ookup table.

6. The digital camera of claim 1 wherein the camera is configured such that the
lookup table can be modified by a general purpose computer external to the

digital camera.

7. The digital camera of claim 1 further comprising a light projector for casting
an illumination on. a location within the field of view as it becomes incident

on the at least one sensor.

8. A digital camera comprising:

a linear array of electro-optical sensor cells;

an opto-mechanical scanner, operative to scan an optical image of the
scene actoss the array;

one or more amplifiers, each receptive to a corresponding signal
extracted from the array;

one or more analog-to-digital converters, each receptive to signals
from corresponding one or more of the amplifiers and outputting
corresponding pixels;

a digital region-of-interest look-up table (ROI LUT), operative to store
a plurality of sets of values, cach set related to a rectangular region of interest

within the image, the stored values including scan parameters, time between
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13. The digital canera of claim 11, further conprising: a
timng generator and controller, operative to cause the plurality of
| ocations within the field of view to becone incident on the at |east

one sensor \%F)zﬁ)sﬂésgﬁn vel ocity and to command vi deo S'ﬁﬁ‘?ﬁ @z;,fj t| on
I gl

fromthe at '['éast One sensor at a given tine. 14. Th camera
of claim 13, further conprising: a | ookup table, operative to

store a pl uraldd QfucHsiTBSEY BhiiRS 2if Ao 8hd fiRl a0 2

rectangul ar redion of 1nteres hi'n the field of view, the stored
val ues i ncl udipgpmeiiues for scanni ng velocity and tinme between signal

extraction, wherein the s noin i si gnal
extraction of the @?%%geéﬁ%%rrné@giégg ch % A Jrgg {eﬁe@?oar?glﬁ%&%e&ym ned by
val ues in the giamlou of dialptels becordigao cirgbgoading dilmivapaimddai m 11,

further conprising ut Qr, duI es, each operative
to select or cfa?meﬁémﬁ%ﬁt@l%ﬁ? ﬁ?nﬁn?ﬁg‘hﬁ?dgq’ fé MRgRESEAREY on of a

portion of a field gfiy g&‘&aioi?arfd%ﬁ&ﬂeﬁ'rb@ %Perﬁ%hﬂ't& Gfecd s@?fﬁiﬁtg
representation. 16. The digital camera of ai m 15, further

conprising: ina gafenmmmanchiblcmax@em@pswlcmas‘mrf@nathpseaml ity of
sets of values r@y%?gl ei%neg %hg}v%?vatlu aﬂen{iﬁ oqatta%{ég%joﬁrt%{ N @Z{‘% | nt er est

within the fief Vi ew, ore ues Tnc tUes for
di lution of plmebﬁ;enﬂfsbﬁfﬁ;mﬁoﬂ he one or nore dilutor nodul es use the

stored values for dilution 4q§els t.o for({nthe |Iuted dj gi tal

i mage represent at i Oixe i"ffec‘iﬁ("’r@‘; onsrativedg aild 4 bigs valug fafoy gixe mage th
met hod conpri sijagy Hig @Hﬁﬁ% oafn: factd?rtﬁé’lhny@ﬁe@ndth@gﬁr{fa@tbfl%&h of a

pI urality of electro- 8 ti ¢al” sensor Scanni ng an optl cal

i mge of the sdémr@diwnw@mﬁweRéHLW Tel@taij@laﬁwqmnﬁﬁﬁsé};hato provi de a

digital representation | ectro-optical sensor cells;
storing a pl uraFll ?Sag?m Cofr s%g@q%?thap zach set related to a

9, A method of acquiring a digital image, the method comprising the steps of:

providing a linear array of a plurality of electro-optical sensor cells,
disposed along a first coordinate axis;

scanning an optical image of the scene across the array along a second
coordinate axis, orthogonal to the first;

storing a plurality of sets of values, each set related to a corresponding
rectangular region within the image, the stored values including digital gain,
digital bias, scan velocity, time between signal extractions and pixel dilution
parameters;

extracting electrical signals from the sensors array, the time of each
extraction being determined by the corresponding time between signal
extractions value;

amplifying the signals and converting them to digital representations,

structured as pixels;
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correspondi ng rectangul ar region within the inage, the stored val ues
including digital gain, digital bias, scan velocity, tinme between
signal extractions and pixel dilution paraneters; -43- addi ng
to each digital representation a given bias and nultiplying it by a
given gain, the gain and the bias being determ ned by the
correspondi ng stored gain and bias values. 18. The nethod of
acquiring a digidirg] toieﬂﬁgﬁx&@@ﬁdﬁibﬁ@ dnd nalidplping 7 byvwheivel gnisai d step of

storlnga luralit ets of val ues rlse storing. said
pl ural i t yH5aded ez s S, SJig dfirmined i Cotspedingsored goin and
bias values;
diluting pixels according to stored dilution parameters. to form a

diluted digital image representation.

10. The method of claim 9, further comprising a light projector for casting an
illumination line upon a portion of the field of view as it becomes incident on

the linear array.

11, A digital camera comprising:

at least one sensor adapted to provide a digital representation of a

- portion of a field of view;

an optical system causing a plurality of locations within the field of
view to become incident on the at least one sensor;_and

a pixel correction module, operative to add a bias value to any pixel
within the digital representation of a portion ot a {ield of view and to
multiply it by a gain factor:

wherein the bias and gain are determined by light condition at an image area

represented by the pixel.

12. The digital camera of claim 11, further comprising:

a loolup table, operative to store a plurality of sets of values, each set
related to a rectangular region of interest within the field of view, the stored
values including bias and gain factors, wherein the bias and gain factors used

by the pixel correction module are obtained from the lookup table,

13. The digital camera of claim 11, further comprising:

a timing generator and controller, operafive to cause the plurality of
locations within the field of view to become incident on the at least one
sensor at a given velocity and to command video signal extraction from the at

least one sensor at a given time.
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14. The digital camera of claim 13, further comprising:

a lookup table, operative to store a plurality of sets of values, each set
related to a rectangular region of interest within the field of view, the stored
values including values for scanning velocity and time between signal
gxtraction, wherein the scanning velocity and time between signal extraction
of the timing generator and controller are determined by values in the look-

up table.

15, The digital camera of claim 11, further comprising:
one or more dilufor modules, each operative to select or combine
pixels within the digital representation of a portion of a field of view to form

a diluted digital image representation,

16. The digital camera of claim 15, further comprising:

a lookup table, operative to store a plurality of sets of values, each set
related to a rectangular region of interest within the field of view, the stored
values including values for dilution of pixels, wherein the one or more dilutor
modules use the stored values for dilution of pixels to form the diluted digital

image representation.

17. A method of acquiring a digital image, the method comprising the steps of::
providing a linear array of a plurality of electro-optical sensor cells;
scanning an optical image of the scene across the array, causing the
array to provide a digital representation for each of the electro-optical sensor
cells;

storing a plurality of sets of values, each set related to a
corresponding rectangular region within the image, the stored values
including digital gain, digital bias, scan velocity, time between signal

extractions and pixel dilution parameters;
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adding to each digital representation a given bias and multiplying it
by a given gain, the gain and the bias being determined by the corresponding

stored gain and bias values.
18. The method of acquiring a digital image according to claim 17, wherein said

step of storing a plurality of sets of values comprises storing said plurality of

sets of values in a lookup table.
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