| 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 60/823,508, filed August
25, 2006, which is incorporated herein by reference inits entirety.
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 ingj Lrety. 10002] This application in eri a
which is sugfg%ﬁw?%%%opyright protection. The copyrigﬁ#%%%ﬁgggﬁgs no
objection to the facsimle reproduction by anyone of the patent

di scl osure, i in .t r i Il es or
recor ds. but PoPRQYAPBICHALCyukRa TR gR O BRIk Rt b

FI ELD OF THE | NVENTI ON [ 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 inproved
nodes of utilization of the programrabl e resol uti on scanni ng canera
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.

[ 0005] 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
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)
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plurality of the digital representations provided by the array at a
given nmonent in time, the isolation being perfornmed based upon a set
of values programmed in a progranmabl e | ookup table. [0006] U. S.
Pat ent Application No. 11/117,731 al so di sclosed a nethod of
acquiring a digital inmage with a non-uniformresolution, including
the steps of providing an array having uniformy spaced photoelectric
sensor cells, exposing the array, causing the array to provide a
di gi tal representatlon for each of the uniformy spaced photoel ectric
sensor cel | SYOHY8Bf ecting froma first region of trFé?T&E?"ai;‘”é”ﬁ r st
subset of the digital representations for the sensor cells within the
first region, the first subset having a first average resol uti on over
the first reBIRROYERPIGTALLAMERSWITHNGNYNHORY SYAGEHRESOLUAIQY cond
subset of the digital representations for the sensor cells within a
second r egi qUo0Rf THi pphEatiay cuamtﬁmﬂtyaelwst BevisisraP PAGE QipplicatitasRiiahavi ng
a second avera%F resolution over the s nd, regi on. CBJECTS AND
SUMVARY OF F%ﬂ@%ﬁ?%&ﬁkféHWﬁﬁsfﬁ@ﬁ ﬁ%mﬁ%%%WNQQHmlﬁﬂngwcphtent

Appl i cati on ifNQntirdd/ lﬂaz,’ d%glieatuﬁr!g/dQBntFﬁ@Itlbﬁirﬂ)dﬁQJ@|U € alafeft ?ﬁ%oﬁ’ﬁ@s of
t hat canera, can benefit fromthe foll ow n%élrret hods and systens

[0008] A netHEd7.8H f&@rﬁ?@h%"a@@éﬂ”@@rl‘* lewaw erpig by fefarenge igfts eiE i dual
cells in the CCD arra?{ (by horizontal histogranmm ng and equali zi ng

pi xel s to tHB03, Eringpplicsfion ineides materpdich js su Jf%myrmhhwﬁ%lan of'he
conpensat Orhoﬁﬁfgmtum%s hd biioehseh B GRRR I k@Sioh By SiybALSreIM paRgd MUt hs
inthe field of 'view (by varying the mrror scanning speed and t he
CCD i nt egr atdisslesurd, ras)it appe@e 10 theAPatst lawl Trademan @ifigarides & weorgsodni ng on
critical Spoiplidkhalfl Ak eRPRAAGAKE ONS (By using the
determnistic raj ectories-o Pal NS or extrenely narrow zoom ng).
[0011] A nethod for continuous increase of resolution in the process
of honi ng orEIERBIOF WHUINVENTAONet s (by narrowing the scanning angle
and novi ng ) e GhefGhiRARAl rcIfEaR gc&ra Q&Eh@rﬁcﬁiccﬁ”rli ﬁ?}gldm{a la¥d $:0
vibration of the mrror about the target). - E SHEET
(RULE 26) [moitolr tadigid progre & cqpricies %@crterﬂa«t&méicldfof @eWovi ng t ar get
(By conbined vibration and slew of the mnor). [0013] A nethod for
cali brati on p{citEROGSD et WENTIONa ZoOm Wi ndow usi ng extra-w ndow
i nformation %B% extrapol ati ng the behavior of the sane_cells outside
t he wi ndow) . [980bThe1 payenio fyentien jis) dirgsied do oippioped gadey dywiligation of diker age

of the m FT Qo rANREB1et 1@%1&1@&“%&%;]1;'? cARPHRGosQ irPURAREOW Aﬂ BlafloPNoVi ew
(By switching Tromunidirectional scan to a sector scan around the

target). [OOHB17.REt Hetsrnlad Mo edse nvenson desgritey diewinciwey eeodsmenhi gh
| nterest tarﬁ&k&fi ?’stcﬁpﬂwsﬂatlng'a sg% d%n'&? F@sén'Ea%e Jf%%ﬁ%s]%@ 2 FORGH vk, Vary

the azimuth reso to angfFe eres Aut omat i c

adj ust nent oTthsmrrdylnladns en paygd sefsort dtIkbs @dam:gkm p€dylda$hgaﬂidczgaprnéﬁons‘o
acconmodat e

i dentifyi ng bgondm tcb‘?t dpgrrtlgrg(zftélmn%cgqﬂo‘%vgc 4 gd(g%lccgolr galy ﬁl?ollfrtﬁ dng t he
| ookup tabl enohmnnﬁﬂmyy chdﬁﬂm@amrbmmﬁthbld@rs‘aibqﬁmmuomshEMded ﬂ)ﬁ)ﬂﬁl}ra)h/m hods

! .
L ompeast o BFRNT Btk R A P e TRt o e 2R ot ©

Vi ew. 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.

[0605] 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 ficld 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 piven

moment in time and a selector for isolating a non-uniformly distributed subset of the
-2
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[ 00181 Handl i ng overl appi ng wi ndows that require different paraneters
programed into the | ookup table by converting two overl appi ng
rectangles into nultiple non overl apping rectangles. [0019] Econom c
nmet hods for aerial photography with horizon to horizon coverage (by
using a rotating mrror with an axis parallel to the direction of
flight). [0020] Extending the depth of field, to |low attitude w de
angl e aerial photography (by using extra resolution in the near field
and deblurring the image by binning). [0021] Extracting several,

hori zont al | YW@E¥188%Hi ng zoom wi ndows, si mul t aneous! YPYTUSHBUY6E# owi ng
down the processing and the mrror rotation speed. - 4 - SUBSTI TUTE
SHEET (RULE 26).. 22]. tically isolati t he i magi ng sensor from
the illum narﬁlfr%}}jiy é%ger é%taﬁé rfseﬁgﬁ}é 3 rio‘rﬁl&ec'iwggﬁ rfa&ﬁé f 1?%1rn9°an}$ “P ﬁren ] mager
i n difference gdgies peind A3k Brsahatpongseaof vamey progrdmunid ad progradahabdte ( by
converting g round beamto a bl ade beam using a piecew se tw sted
mnor). 1002%K"¢{:¥&e- | oop tracking between the illumnation beam and

t he i magi ng by sl antin e t be and converting an
angul ar a1 rPBES” bt daerits oAl 1iieh i Bl Spr o Hispdhet

bri ght ness) . di§i@D&Rke Wk @asiigrm heol@e Undedingothe ceisef bioviingfan RN Ng
targets (by applying a built-in video notion detection in the canera

for iterati VEVipguEoialy siceMAReme s ciforgasinedis iy, e MERBH of

moving tar getb%ro@f&?z’a@@tﬁ@%‘r&ﬁta‘%n foR 8GR AN@S SnifofinlQ Bpe&t pheLAL@W schlte t O
interlaced scanning). [0027] Correction of shape distortion of noving
targets (by @leraagsplectiosdroghafastorgionef g5 #ey bHdisherbiet Hothe sisikat ed
caneras, scapiitfaols RPRRSLAGE Bl Bt @O Bkt redif0 2B LrirtrandlinRandkisd pl e
over | appi ng regions of interest (by usyng? nmul tiple diluting units in
paral | el ). [®o2g] reywbeien eveathenfistrgiondihptus ilesh thar die araxingupy resdifiventd ng
the |l near aLLay <fodoPhOGERS re@gseﬁfa&&s%%ms?g&oﬂc@nsn%al'als%m 1ok 3R]
Delivering an I nstant stefeoscopic 1 mage (by using two clos

caneras). 1003ty listherrelecer thdiseremt subschavinpe sxseridgnerpgeassplien ayerdhgi t al
canera that &&%%&%Sﬁ a sensor adapted to provide a digital
representati’onh of a portion of a field of view and an optical system
that causes a plurality of locations within the field of viewto
becone i nci dé OFP ANIRSUMNEYY OB THENNVENSION:ct i on nodul e adds a bi as
value to anyiofisX She Mibldlabsckifld if! L. pétbny kgﬁk%ﬁ%@iﬁﬂ%?ﬂ 2A/RQdPN O
a field of viewand nultiplies it by a gain factor. A

r egi onof - i nt @pkwtions cok wpestadifhat cemese,ecan denadit Giomyihat delowingaatihoge tand
related to a rtgrgst,angul ar region of interest within the field of view
The stored VAPUEE include bias and gain factors. 5 -

[0008] A method of compensation for uncven sensitivity of individual cells in the CCD

h

array (by horizontal histogramming and equalizing pixels to the average of their

neighbors).

[0009] A mcthod 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 critical spots for train safety applications
(By using the deterministic trajectories of trains for extremely narrow zooming).

[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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SUBSTI TUTE SHEET (RULE 26) BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0032]
The foregoi ng and ot her objects, features, and advantages of the
invention wll be apparent fromthe follow ng nore particul ar
description of preferred enbodinments as illustrated in the
acconpanyi ng drawi ngs, in which reference characters refer to the
sane parts throughout the various views. The draw ngs are not
necessarily to scal e, enphasis instead being placed upon illustrating
principles of the invention. [0033] Figure 1 is a sinplified block

di agr am of AYQ3PEYWHHT hat i ncor porates onc enbodi nent F&I/UBHRI076914
invention. [0034] Figure 2 illustrates the calibration of CCD cells.

[ 0035] Figur ho field of.viewwth a 0 i ur Ge.
Lo03e] i gur 82 7l® &8 TooasSie bl ¥ bt B (0 Myt Ve
nonitoring skendthk eurdr’0037] Figures 5 show a noving object in
different directions. [0038] Figures 6 illustrate speed neasurenent
by a bi-di r getidpaalcthod &m.calfl2d80bf e §ODes|ls/wigtrowzgumapingovohisingaaxirgus

schedul es of .sgcanni.ng,.. il Lustratir ar,i abl e ocity and nultiple
sector s cans“.'mCF’ﬁOH’gT‘g‘%’iO& db%sﬂx apgh{é]r% g'e djﬁﬁlaé’k?és‘)}e!%{?eef)afn&%ﬁ? St entthaend

cor respondi Rgn@w@phs of a typical scan schedule [0041] Figures 9 show
conparative results of dynam c range conpression by regional signa

adj ust ment s.[0d19P4@bmdtic ereas of the idhity ugdly dtoavetadieofthnMivs iwhen tf camera

over | appi ng rectangles to ver ] appi rectangl es. [0043] Figure
110111 Ust r ate@0pHE O3 8 pareRrLe! Sy aRtcdeda B teHaty R e a
when nDuntemeQK@ﬂjméﬁﬁ@?ﬁe platform [0044] Figure 12 illustrates
the parallel operation of several dilution units. [0045] Figures 13

ib: I gst r atg tio@skiMegodd e Wagtast hig Hit) Wytipabicge hnakigh angest hegdtgi ng
ade. - -
modulation of the mirror rotation speed to vary the azimuth resolution to angles of

interest).

[0016] Automatic adjustment of the dynamic range of the camera (bias and gain) to
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 to
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 multiple 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).

[0020] Extending the depth of field, to low altitude wide angle aerial photography (by

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

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

without slowing down the processing and the mirror rotation speed.
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SUBSTI TUTE SHEET (RULE 26) [0046] Figure 14 shows schematically the

generation of an illumnation blade froma round | aser beam [0047]
Figures 15 illustrate the effect of interlacing on the jaggedness of
objects in the inmage. [0048] Figures 16 illustrate the use of two

opposite direction scans for correction of image distortion. [0049]
Figure 17 is a detailed block diagram of an inmage acquisition system
according to one enbodi nent of the invention. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT [ 0050] Reference will now be nade in detail
to the pref&fQ#PBBddi nents of the present inventi orf CTERFNPI &L of
which are illustrated in the acconpanying draw ngs. [0051] The
present inv b f gr ams
Bndoper at i Qo Oplefl Rafilds. 9 BRLOY " e B BRGndith HRET Y

and/ or i sol a;taekagingﬂwalhmmatbiaandﬂm imagenimdi€ersicoodesh.nat each bl ock of the
bl ock diagrans or operational illustrations, and conbi nati ons of

bl ocks i n t H&023] Gokingia dgeralmnimtionpledeaby emnediting|alragid beari ordladerbgpmbe

i npl enent ed b rreans Sg%&&aﬂ%g& or digital hardware and conputer

1IECEW1
program i nstru ons. ese corputer programinstructions my be

provided to r.al I
hur pose. cong 22[ OGN rinDprERe ARG Beh TR bl BOTELS oy
appar at us, siaatfingtdnabf thdn‘eeamm sntdrcumtertmgl 8y ang/aﬂaxodnffteeﬂe@bmeeev tha bedmeinto a

processor of Qqt her progranmabl e data processing

appar at us, %thﬂ%‘ﬁ’f ﬂ%éﬁg&ﬂ%@ti ons/ act's speci fied in the bl ock

di agrans or t| onal . bl ock or

i npl enent at |[§%§ nfrﬁ@m?u]ﬁe e e éif:teglﬁ%tog Vmg ?af%tsgi)y chsV mnga%/b%l&:nur out
of the ordervi®ot@don datetth;ﬁ1mpecraalteﬂa(ﬁo'tatleram}eImsihﬁcantenl&n&meﬂpr exanple, two
bl ocks shown in succession may in fact be executed substantially
concurrent | y[026] Insient fbteciss of vayvimgaimgdts (1 deteoreafgaygedaeks iimotfideeconpwer se
order, depen@i ng .upon t he, functl onality/acts involved. [0052] Figure
1 shows, by W'f)‘}llj ¥sei88lock di agram a typical image acquisition

DSt e R R S Sl R SR R e AP P

def erring dedhihd REveaXRb aRRbdt@Iamérl, GohingResppeste Wirdchions)peci fi ¢
conponents, to the sequel. [0053] A scene 552 is covered by a canera
550. A nore [@ezspHuRnglasigié plelppingfegiotyof Mtadak®y afingandtipndiodigaring  of
the canmera 550 is presented in Figure 17. Returning to Figure 1, a
| i near senso‘Pp%{?ﬁ’Qy 568, such as a linear CCD, covers, at any

i nstant, nar 600 |1 ed her bel ow

b ader) of AL BERthe bt uhTan ey SR gHTE B et Bsy AR s uch
as a conbi nagabgmaglﬁgmgpal@me@tl ng mrror and a canera |l ens. The precise
azinmuth of the inaging blade is sensed by a shaft encoder 558 and is
referred agajpsy| Daliveled sthabicRo@bfic Iaad (b) iligaRd e6scthiferdsnf or mat i on
that the systemneeds fromthe camera at this azinuth. The azinuth is

al so read i nfg313 I a¥RMBodEAHE, "tli%hﬂ\@iitloﬁ&%mdésQQﬁﬁtlﬂ cepbrh Qlé]t&hdh)dﬁs #sehsbght
source 584 such as an, array | aser ggrodes and

rray
defl ecting nideRigshie prow@e@ér%% émaaﬂaa% %/POH&PPBW?W Pﬁ %artdlaaﬁp%bm 572
(her ei nbel owysibh kndidalial & Morakl 3FBcatiodsathinl the RAQIQRWAS HRYmARCIBRE bt al
system 576 onto the scene. It should be noted that while this figure
shows an anghif snsadi fifRdvebprEECtisn Mpdn adds @ biagwall g daspise »itgindheabetal ¢ hey
are preferabj, reééﬁ’c%ioﬂ%??pdrﬁbn%@ﬁrﬁelﬁ B%W%Ynuﬁipﬁés%t Uy%%%'f&(b? Al&ion-
coincide at the scene and to track each other very closely. preci se
shaft encodesf-it878 Jookypatelle sterpescip @ ivaliiasreaelf sct felaterl [ty pctageulapreeien ale and
reports it ol ﬁa@wﬁxmmoﬂe%{ore(ﬁﬁa% e LB, £ fYHENT oni ze
between the two b es Is to determ ne e processing, any
deviation of the illum nation bl ade fromthe i mgi ng bl ade, and
command a bl ade synch nechani sm 570 to nodify the angl e between the

-5
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- 8 - SUBSTI TUTE SHEET (RULE 26) detection well known in the art.
When an area of suspected notion is detected, the |ocal imge
processor 564 nodifies the scanning schedul e by updating the Lookup
Tabl e 556 so as to scan the image with a finer inmaging blade in areas
of suspected notion and thus increase the resolution there. The
resolution is increased until it is enough to nake a dependabl e

deci si on about noving targets within the suspected area of the inage.
[0056] Simlarly, the Lookup Tabl e 556 can be updated so as to vary
the scanni ng"3HEWt or exanpl e increasing the speed Wf"FEREY%Y
scans across the area of suspected notion so as to increase the
nunber of | £F DRRERAATORGPMAL hARWINGEr motion anal ysis [0057] The
reconstruct %mms%m; ni cated via a comruni cation
interface 5d0032hThedomgoirigciad othar objesik (B9, andladyantagesotf ¢he doyrmhon vdble on
interface 60 t& her e,

t he i mago i séPaﬁ%‘% @quc?%gg‘&g%h'%&b@qéu Cb n‘ig&oceﬂ%&l%@[}rggg "[%i ng in
a panoramc 1H|ussqaédaly tis@&ompahymg pllawmgal lrt\yhuzhfre&mmmfspfsayfsr t6818 ,sdnﬁa94

592 and 590 d' S %1 9 gu II'lhe,da afe L@ gvst é’ %

scene and r PO mfl 196 Pevag lf“e’f/ﬁe éwut]%r% nc?alh eﬁf y ?éc té?pyasr%dl fy
t he scanni ngnmdmm;@rcsi@Bnﬁlh@ram@rpamplﬁwfmedwérmomg the content of the
| ookup tabl e 556. [0058] The advantage of splitting the inage
processi ng Hed3seEigurt dsts & otalifiph bloes diagrain6ef @mghtee ot éicaparatisg one
processor is _in,.cl os% F% the control | oop over the paraneters of
scanni ng wi tHEBEREHE PHREPESk del ay of the communication |ine. The

necossari |y BEMGEEEA! et Bo CRBRAT EEBRR Tl ne | s onnanced by thi s
5 it HBERDF Rl pla aﬁéﬁvieivﬂ‘%ﬁ%agﬂrangfngﬁ CE Vi ow, i C may be

benefi ci al or  sens i t.i i.ndi vi dual

cemeor bl 1 JB0RTHEREs Bk B e el 1) af%é?%%aennsﬂ%f QPSS rent s

dynam cal |l y, hat ust men ar.a a given cell may be
made to be c}{@?b{:‘gwfs Saﬁ!’%ﬁremg%o Gt ere?td'rf:cé‘oof view than in

h
22%;2 ate 19@@8 Eéurg (’nlisﬁ%l S%/rate fﬂeedem 2 Eu&r‘%mcf RUME (L)?aﬁlr%? 18 Vg?a%ft Ielnlgst oor gr oups
f [ d bs i de,
SRS AT T

uni formty wictohityunt! heltigckecar gcans, due to i nprecision during CCD
production. [0062] b. Gain non-uniformty anong the signal readout
and anpl i fi clae40phigabafsielvs dafabise expeengatadon mklenroptodiag draphsef a pypxel s
and/or lines are interlaced, each of the two groups travels through a
different ansfo§s (d,‘ﬂ‘énnel [0063] c. Non uniformillumination over the

field of vi na.t i cal ., outdoor field.of view there
ot ten mort] B S rceoneledie ald 8L Rt BN vty
[0064] d. CGipnalradstserdy.e known to respond to saturating |ight by

bl oom ng (overflowi ng into neighboring cells); it is therefore useful
to avoi d, or[0g2pprasateliiseite e yelvebbn ofovadphe fectadilds itCthaverkplitgs ar e
expected to be fkooded with strong light. [0065] It should be noted
that unlike B7e3ry caneras, where the phot ogr aphi c i mages are
typically t thetic or artistic ur s.and where,

YDl Rl Ly el e S b S PV RO TR 0SS | g
and dar knesspongd 8@ disine jlaRnganera of the pr esent invention wll
often be used for informative purposes only (for exanple in autonatic
survei | | ancejoe4] aighie mailiedraichp fedlicoopeatinlof &adrhl@ngon uik, such
information-driven applications, automatic sensitivity control that
maxi m zes dypedsl Bigha gR illuatatet ARkieX panen thf ilhRakiont iigie ghadatimefsg 1S
preferred. blade
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[ 0066] In one enbodi nent, the | ookup table 556 (Fig. 1) is popul ated
wi th signal adjustnment paraneters (as discussed above) and scan
paraneters, in addition to dilution paraneters. Since every pixel
area in the field-of-viewis represented in the | ookup table, each

pi xel area can be optimzed as it is being scanned, by using the
appropriate scan paraneters and/or signal adjustnment values stored in
the | ookup table entry that corresponds to that pi er area. Thus a
single | ookup table entry can indicate, for exanple

- whet her agi VEREEHHFheshoul dbeacquiredatal I, -the ad&%@é‘@”‘é}ﬁ”*ény

pi xel s or gr oups of adjacent pixels that shoul d be acquired within
that scan |i ~t.he
dilution fac['Ei gﬂrﬁ Q&J@ qxéhowsﬁg}% m\?\}lmlaﬁu e%%gﬂ ed EETgéBﬁkgrb%g%)&g :

pi xel's, if riebdvertbeanand - anal og and digital adjustment paraneters
that should be applied to each pixel or group of pixels. [0067%1 The
par amet er s nifiA7bBigeeolSetiuimic theeffre okinfsrlecityl o thergeednsts ofiokiedts indhe for a
group of adjﬁ1 nt pi xels in the case that such a group shares common
par anet ers n“particular, a group of adjacent pixels nmay be defined
as a rectan S n be
20 ook WA ERBR BBl TRELE b B BB 1 PR e D,
- a group ofunp@rdaﬂtmtucmr val ues for each ROT SpeC|f| cally there may,
in general, be stored for each region its azinmuth range, its

el evati on r dfge] Fighrelﬁisaidzt@ihﬂalociadi@granemﬁahMge ghiqhisitiprosystpa r@oming tos
scan par arreto%gm]go pofgaynveﬂgl .ude the tine between successive signal
extractions, sc¢an Vel ot 1 y and the nunber of tines the region is to
be scanned bef ore noving on to the next region), and paraneters
related to signal conpensation in that region, nanely gain and
offset. hi certain configurations there nay also be stored in the

| ookup t abl DETAILERMESGRIDHON OETHE EREFERRED EMBOMMENT bel ow. [ 0068]
The. system MfiRbbaR: WAL e @0 ek 81U e 0o Bl ol

vari ous paraneters stored in the | oo Based on i nfBrmati on
obt ai ned by ipreptmsshmpjes qufgebaraqu&t'rateédl the &Cmmmﬁsirae\ms. St ori ng
data in the | ookup table thus grouped by ROs, rather than by

i ndi vi dual sl@81] [The essepi imegtonbb adse@jesi belsw edhpdeence fo0d@$]diagrame erd ai n
configurati O&)Eraﬁ)gnait rﬁtm{ &tn'le%dq IJC%}}LH[%%ECQ&I‘? la&edlgql!apdata I?I ngl e
| ookup tabl e’I's use ore paraneters,

paraneters am dn@rbgmalthaad}cbsﬁm rmf thacei:llomsilagtdmaa@t Iomratmmrhfxihgwlam omis,
there may be_s rate ku a for an I,0Us nmet er
types. [0070ﬁ°"’$ﬁaah°&tﬁf %Poxf h ﬁ‘ %L B & & erat}?n%théusp?hoaﬁc ayoﬁ
facility, arndlpteimenwdegru;hehr&nfa@memgm hmwmnam;mresmﬂgmmimcnmhe bi as
and gain for_each cell - can be provided as.a. di Iethat

del i vered wi 1% %P&P“f@i:ﬂoﬁlf‘?lal&}s‘mﬁ‘ﬁ&s DaPdF 2Rt F‘bglpé‘?“csé%{ %é‘ﬁ“’%ed
the data i ntgnmssRasjuak, §atidlDiRids® RohREURSIG I ottt , préglant@iblcadadm
configurations, conbine themw th adjustnent paraneters stored in the

RO | ookup tlameemswar%ﬂﬁ %}Flhythf‘:tégf‘ems'“t“ﬁté)é‘e “ﬂ’é{’lhﬁb?‘;% VBrihgRPoEHRt ¥t ar e
used to contdo&gﬁk&sloy 6108~ %eotgahmﬁmgl gied & rocQL Tﬁﬁbues ﬂEiElﬁérﬁkeCihéjU“ ng
scanni ng SUBSTI TUTE SHEET ( RULE 26) may al so be
cal i brat ed vifnqtignsiagts gpeeifi %Wéheabiegk dl%ﬁ!@im@ﬂﬂ%m} blaghr o bosks 1n g9t s,
with differ eﬂt%m&ls’ﬁm;ﬂélﬁn% s S @Yk RUSLcE RRE it ik BB cksNBay bR Wh &fhdl |
the sensor cells to calculate a calibration table, assigning to each
cell bias an‘Hdea‘i’tﬁi ip theanwttond ilupmtionya ke exdmple W@é’#}@bﬁé@m}np‘#%ﬁ?ﬂ
(using, for ,
resul tant cal i br aiia?obﬁacf( ?JCE@?%% aYt?alI?QQr{cPIffdr?gﬂ)f g‘r@ bﬂ gﬁ{ng% t51&[1%8renégrﬁgce.
[0072] | n anotdued irethdedirsgeret, dﬁphteimgalmrbhqafimcemabahﬁbewadmde and

dynam cal | y updated, based on statistical assunptions, For exanple,
it may be asiitediguteat shdve, by ersagpifighiblockt digfrera, givwsal oebd aquisibes t he

system according to the present invention. Its operation will now be explained in broad
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by a canera descri bed herein. Each cell of the CCD, such as 26 and
its upper neighbor - 12 - SUBSTI TUTE SHEET (RULE 26) 24 and its

| ower nei ghbor 28 are covering, each, a horizontal |ine across the
field of view A small zoom w ndow 22 extends between a |left end 38
and a right end 40. The present invention assunes that the average
anount of light 32 seen along line 26 at a given tinme, is very
simlar to the anmount of |ight 30 and 34 seen along |lines 24 and 28,
so that if the three corresponding cells of the CCD had identica

par anet ers, YHhERPHE® aver age amount of i ght reportedpcﬁ?s%oﬂ"émfw ee
celI's woul d be equal . It should be noted that the three cells may not

have i denti Galns ety defdiiddGpiSiRbd, i ORI BiBUSmbSheh©GR

di ff erences -E%ute?ﬁg s g%?%brenceé arseﬂn Pke 'y %o be g@eﬁaged Su
across the whdkle field of view [0075] Setting the paraneters of cel
26 to be the average of 24 and 28 cannot be done based on this

cal cul at i on,[0863] & eene 832 is gesiefed brrartemcrh §5& hay mer dethiled detsyptign of Bayst t wo
par anet ers r | m§%§m nt
cannot dlstﬁH%%1§m Eg?§ggﬁm%ﬁﬂgt%%Emdﬁg#%@ggéﬂﬁfgtgber ﬁgggane
test isr epeFagueﬁl atlinelir fdner ety W8 nwitcht ascarigle@fCCIH gcm:rsrat smhsta@» adamn,
sunset and m d e b d

cal cul ated B SORYhe 50 FRCdGHb A MR HEN e et e s b Bt oo
In this errba;dtmxbsmbsystbihéGhmdsasamdnlgmnnn ﬁarramtmgemsorcaﬁd acameiallcrar the
calculated fromthe go arlsonljf t he a%gragﬁ ouhﬁ 58 5 eII to
its nei ghborfCht “@BYR PLMe IMage YR &y FPSh Y AP TR a &))" iS’r‘fﬁ

advant age ofagiilt 5 LeGkUDabld 556 tHagikditakes G nfEiattonkat ihe sisken rkédelidn the
automatically and erlodlc |1 7] ,1n anot her e i ment,

| ookup t abl SRR ASHS 'ﬁ‘\aré%m’t‘tg;g éﬁlﬁﬁﬁf"é‘ PR r?]lrb?S a cel |

i mredi atel y 0 ettin rong lig and resu

its sensiti Jﬁﬁ%ﬂ Q?tw@c} ly o R sepreeregt W%ﬁf i 6‘Eﬁ>’égt'“‘b T tpeTEb

for exanpl e,denkey hiters &MBEmaraliy 4 b Gaddvd ilfuienabdn’ BAG ﬁgqﬁ@aﬁaedﬁv I I ght
inthe field of vieware also fixed (such as a _stationary canmer

covering a f iiBirgratien Rladewn thahis projepied W&é@fe%b‘?&tﬁm)ﬂﬁ OHEOGMT“eTHéhOUM

i nformation @Q@f&& tHa\Ehile QG RHERNsHONs S H1BNG dirkc@abe m&% wfPRadResei t her
programed in advance from external sources of information, or

aut omat i cal |3d §&edesertc prgforrbli derged tocems fiqoh xiry clesedppatems, theinsideal a i n
| ow sensi ti whd ¥.eneQfd P;gfagg %otﬁé}gz@ﬂy%g sdnah Yakise. Shr a{chd%iﬁ (557@%&3 #0079]

Figure 3 shows a fie )f view 50 of a canera and three I'ines of scan
54, 56 and S8sitigmféselhmiinmgor Helegubmpdris Hesthotamecegrodel($52).i Ane Wiy

lpl();]g?rb| gc?yatg r g%/chrohllzé kLAt ethw@ bfade]SBIS to dﬁk{‘ﬁrg%ga%ﬂg& S8 réulmﬁr 26)

e, a str source sent -at
certain a2|nmmmmmmﬂﬂembmmwhmﬁaMbﬁhmHMHhﬂgﬁg@mﬁzmﬁcmﬁmmﬁamﬁﬂﬁﬁwdtlne

54 does not Cr ss t str ht ur ge, and | sensi.t i

rendered as T aéus \}%Fm?g*?th? e%e b%ﬁeelns rraf’r??%ﬁans d‘e%mo%égt%lﬁtssé/f 00811
Li ne 56 is pdigsihegvorbdes tb cayhitthcame dieciioh. but does not cross its peak
so its sensitivity 64 over reference line 66 is partially reduced.

[0055] The signals from the sensots array are converted to a digital representation by an
analog to digital converter within block 566 and are then diluted or otherwisc 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 focal image- and video motion
detection VMD processor 564, that compares the image to previous images and identifies

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

8-
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[0082] Line 58 is passing through the peak of the Iight source, and
its sensitivity 68 over reference line 70 is therefore reduced nuch
nore and for a | onger sector. [0083] A canera that has the
sensitivity adjusted thus is |l ess sensitive to bloom ng than a canera
that maintains uniformsensitivity across the field of view [0084]

I n anot her preferred enbodi nent, bl oom ng can be addressed by
reducing the integration tine over areas of stronger |ight. For
exanple, in the case of a TDI sensor sensitivity can be reduced by
reduci ng t he"AthBEPdf TIN Iines accunul ated or in t HETERYEGPI14

non- TDI sensor - by increasing the scan rate in areas subject to

bl oo ng. L A3icon Atk £ S ARG B0 QiR e, b 100
enbodi nent e canera Is |xed and covers a train traffi¢ area, for
the purpose iohgemressarsiohgodiiechd icomig kdedulaypeditog gk Lotlep Talbé F56

taﬁtel \Zli)t)%/‘l ngsb{‘]téa 0 Lfica% the 1m?%$3ﬂ%1§%1¥r a}%?gsn?gdb%({élms é&edg of Y sugpect?é) r%tlo l}f}ﬁ%}%ﬁr g‘?ks’
very hi gh zdomgasevibe yescnaronohmese”ﬂtecrmluﬁm is Grpwesed getil itAn emwglmlal wakeoul d be

he routes. GFSRRBECRaT SHRaoT b Bt dataF s GO RN BE e campr a
[ f l d
{001V % LSRR B BN iIEn P eYREARt, O PRSI B

al so be dir ebitezsini¢ inareasRf Yhe pceCofSpeatthcait addbse thd e oltshgpectddonctiover a

repetitive event that al happen at ,th directi.on - the
oresent |y d.ﬂéa%%aaefh%w\g%yﬁﬂﬂg el S e over mul ti pl e
events, i ons, a si.n Ie ca ra and | ocally track. each

L e d

event ‘P?ere?f’&f‘i'“&tﬁ Jragg 4t O‘E’Hiy CYMIRMCRIeh M %F%’fﬁrf‘““éﬂa?‘élctl on.

- 14 - SUBSHtkrd B0 minvh Rbdlokr 1iRI6396 ah®0 Ribtekbi@itttificadorbifigh A BsGh W t he
application of the presently disclosed canera fﬁ%ﬁ noni t or i ng . of

hi ghl y zoomdWseetalipei2dor iemets mppitoping, daose thedmpgsrs bR POFssied. by[dials)] A
field of vi %C&Qm@@m@m@ nﬁa%zm&% (ﬁs?gy @sstdhaihBluraﬁtyre,amo@]vuw%@gsmsw ndow

86 is defined so that the wheels of | oconpti ve

covered. [O00BS/FmsR dm@a}%dmégeﬁ plchesssens. Qrcetias wplyss teayeag a%r@pozfoom

Wi ndow 92 astar?é?@ﬁﬁdf Fhy o dIO KBSl homENS B . RERG ?%ﬁta&%ﬁstdf% of
the train on the track he same w ndow 9 continue to cover the
wheel s 94 ofcamﬁébbmh@fym@éws;omnt@fﬁ@lmka]mblcﬁ-‘rﬁ rmre general terms - the
preci se p05|t|on of trains on their tracks enables, in one

ermbodi ment , [B058] il advantaeeefap tt@lgdhﬁ/@mgeaar@ﬂe@ma|bi:tt\'9encf¢st loped plocesioepdnt s of
t he passing f prdelel M| i cCAVElA0€
may be possi geh{a%s{g&ng@ﬁ%g&}%agg |§e%ar?d i ér?‘%éflee@dg} #6?5{:0 Sy

appl i cat i onswithqutgthe mh&r@n@d@a)VWféheecom‘rum#tes lipart hbeuaém'pfe‘clnee‘ddebdhqmss or
caused to p%%%mumaﬁéa'oﬂer%he“e\%ge&% Pt %%%fqérﬂ?ﬂnﬁ iﬁtlhqim(?t%d cohl%‘{‘!m@eﬁléﬁi‘ é
through a gate, ra Sl'ipway, or other con 3
coverage is ménhmmecﬂs_/ehmmbthqnhﬁsiobdsa‘ng'.n ot her road, ai r and ITB.I’I ne
traffic, where the vehicles have w de tol erances around their planned
pat h. 10090210089 Atwntiemis 'nsw trown t;brféaw'es 2ond3. gitiwvdsbeSited thavheh sranmieg a
enbodi nment [, SUI‘II’] vi.sual ara r of a
nown ob; ect 3 Al T LA e E5Y o pr R B e QR B

fol | owi ng pagmbedety. It ﬁwmlabeﬂjemgﬂcﬁl tS@e:mnﬁfsuchhaummﬂa,aiynarracdllgf h@tharZI rrut h
to the object. b. The el evation e obje The tan t

Speed of t heXBERPRASe T S B e A Sl Sra ot B o
The accel er ajrivien tiah id heth@bj ect. [0091] These paranmeters can be
acquired froma series of scans to increase the reliability and

accuracy of [b] dealing! bd @Rcrall eséifsr wiiBAor®@MAbensdtd Br G@NEBisAIvEY 6| osed
herein can provide information f extrapqolating the trajectory and

det er ni ni ng PHEGRLI5EF eeds.©f g,tgupgﬁgceﬂ%@%tp AUt prEscpant sianel ipfensitys dcte  f or
exanmpl e for giNddABcRah)s: systens designed to hit that object. If the
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[0093] Figure 5Ais a reference illustration of a static object as
captured by the canmera, where the mnor scans the field of view from
right to left. [0094] Figure 5B shows the way that the sane object
will be captured by the canera if it is nmoving fromright to left.
During the tine that the canmera scans the object fromits right end
toits left end, the object changes its position |eftwards. Wen the
canera reaches the left end of the object, the object has al ready
noved to the left, and the image of the object will appear to be

| onger than YR @"WBE si ze. The vertical size of the d%ipfé@%""wm“ not
be affected by its notion, and therefore if the object is captured
with high e r-gS0 i i partijo . obj-egts are
known a- pri (r)[g(lmf(.'as ulgtﬁ g%ffognﬂ &R}ﬂ% ticqzearbﬁgrﬂ](%1 ’ gllier {BI @ﬁ’é")%‘“ﬁ [hﬁrel gdjlc‘?g)cti on
of notion amddagiioasti mate of the tangential speed can be derived. (It
shoul d be renenbered that the scanning speed of the mrror is itself
known t o t hd0ykh. &mnapn-aiiformityrewshg thf G908 5fadeitgod enBiGcainovtentelse Favay
that the sa ' A red by the disclosed.canera if it
< ovi ng 1 ruiRs it B0 g B B85 HAES RS 4 iR E L BB R i ans

t he obj ect ftragal thibsghrai diffetenemdlog chantes | eft end, the object changes its
position rightwards. When the canera reaches the |eft end of the

obj ect, the [0l¥pkc tNohasifainribadyationved thedficdddhe widgwghFor eaamibld, rea iypirgle of
the object w |l appear .to be sharter than its real size. .The vertical
size of theS @f“é(a:f?e%vﬁa}h]ewné]fmblé 04t @Bﬁeéﬁﬁw tfmt g(yrf‘f)etdiaB‘#%%\ tPhdiet or e
if the obj egiouné captured wth a good enough resolution and if the
proportions of the objects are known a-priori (such as a noving car
or an airpl o8} d. CCDendysragtinb@mnioafspstiditd @furaaingllighnbyeidddntiat (Gveafowilpe

tangenti al speed .can be der.ived, [0096] Figure SD shows i mage of
the same obj"@8{8 (1J"}gé:"'ltl““lfjirét i fhﬁﬁfffo”lslfsﬁ@ 3 “g§r CHPERRE ?oﬁ SE@H’EPSF“F‘E{on
with the st athcopaticylaoRjlet cxplodditgbt RofAwith kongagir al part 131 is of
the sane scale as the stationary object, and the left side 132 is
stretched i rjosse)P ok MR ngked that [REkeSdrdihirP Baticyas OeRCthe phblblgfapidé Hilapést ed
image is an indication that the object has been increasing its speed
| of tvar ds wHi BV eppaeeagc SE ATHeFpasest 406 ryheeg Hierelor, papipumThi

i I'1ustrati onudhaitigadnedihdRblisBe JHRdcDO0ighf andl 8d-Kissh 13 BesREE 8L BirheYe dHiiRc! 0sed
canera as an indicator of acceleration of objects in a single scan,
by segment i MEFS#hdVERREevibfoftembe gt dbr infasmgive pyposes omdyBRT IcTAIPE SHEET

(RULE 26)  hahingRiatilse0imibs Bh Yipli . infd -dri
hori zontal scal e of elach @g@m?ﬁ@‘?‘ g?ﬁ%@gg@gﬁgﬁsggn?@Eh%%rg%il(lrdgﬁni on

and speed ofaPRliEdions ruteihaic sensiivify, coptnh G maxirnizsstdyesmid engsotthdeamensct o

Fi gures 6A -rRBiid B Ji.oent, a small noving target is covered
by a sector Osgglﬁléé}d(?dﬂ%ﬁgpwgﬁébout it. By a sector scan, the
presently digrkoses fiRe3 CALDS, rget.pi,n pat [ -

al ternat el y,[ and i ne ol ngl go", ?tOosa(wgﬁjﬁafggsa:{%ét]gge%pglhtécg%th%%ﬁ%hi ch
the target iadjveimendperemdetgsviedistubsed plpveitandseai pardmetdrdy & sidition @idiletini on  of
t he tangenti eg of. t 0 -t rotation is
agai net ¢ ne P SRR i b B SR o AR I IE R LI o B

Aver agi ng betaohgerel trhecan\io oafipiasdentit k éeigd ksnned, byheing & geiropgia @sanan

accurate estimate of its real.size at rest, whil al ating,the
devi ati on bét Wen('étﬁrst%l%}mt we" aapaﬂgftg’ﬁlﬁ ‘fag"ﬁsgtgﬁgmg‘i“vtb%?%f’%”peg%ésenﬁrtﬁgg@?t t he
tangenti al speapbndf tof thet pissl get. Ansectiofle SR tablbustracasindisgng fdrant
information about the target while inproving the duty cycle of

cover age. Ifelen??ge'obj ect is recogni zabl e, then the apparent size can
be conputationally converted to the distance tg the target, an
know ng.t e i SYHES 8 ¢t HE SppdrEint Pangamtial posdEdn K o
conput ati onal | ythe aidiegyed flany BireRer pRabs GTaRecnspeadhed shble bd adGied.-

Clearly, the tenporal devi ion in distance, can easil be converted
y wﬁ?m that scanelmc %}‘ any), Y
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[ 00101] Attention is now drawn to Figures 7A, 7B, and 7C. In an

enbodi ment of this invention, the canera can gradually scale up a
target in the field of view while increasing the duty cycle of its
coverage, by, upon detection of a target, switching the mrror
rotation fromunidirectional rotation into a sector scan about the
target area conprising rapid alternation of the direction of rotation
so as to have the effect of the mrror sweeping rapidly backwards and
forwards over the target, and then to changing the direction

L of
rotati on so YA 3s to have the effect of "vibrati g USeHE M r or
backwards and forwards across the target itself. As the shaft encoder

I's preferably canapebeeedo &H'ﬁ?eqhz{t]%ﬁf bedPitiel E%E&‘;%erf}lg Ff?é?s{ Fr¥elevant,
accurately the precise angfle of the mrror, suc di¥ications of
mrror rotati onndiomnalog atvadighet dipstnsuipermyters that $heuld Yo eplisd to each pixel

[ 00102] Fi gures ozéfbu B.3nd 7C show three nodes of scanning by the
mrror in the pr Sent Ipy di scl osed canera in accordance with one
enbodi nment . i 7 : i di i . §C f e
e 102 et Aab AR BRULS ke AP el EREH BRRLAERr BB D,
an azi nut h ofijada0pigkdgin desasetthaciuch s gibiyeshsran@mawn purtheterT his paticulaora scans
at constant anqul.ar. speed, wher.e 0 represents one r.evol uti and 108
Cepresent s (O ERURTITELE COB10s P atrLt Al S PO B, o
scan of the patamcers oy tRendanerd 1o the tidvkuptalls @nternbsof @ mdhi rogion® v intozoat
azimuth sectgr 105. The scan line_ 110 S.in.one.direction until it
eaches the BODIHHHE CoPTEELr it 58 oo AR SrarioRl b iy POt BS over
this sector dap@kfonseh fegioh s hnhutR rankd, it eledObDRReCOR hbNIbAtAIYndvertical
unidirecti onﬁl .scan. POlOS] Thi s rr?v&&hof o,p(?r ation enabl es the canera
to cover a sEUHWPAFMelRy SRR BYTARGEH (Wishymay Jaglude dhy Wpg bepygeg Sucpgsive
conpari son t@mal drklfotdNicEh KA AiRihe G WNEMEs @Be tddloh 1§ VIRl Winh@n My
take place betore the mirror revisits a given target. [00106] Fi gure
7C shows an WRsnmaeiRecontte digdett resiamn and, partery wlated AcRERAGrogPEIHgn &

target. In Ftﬂit%egﬁﬂﬂ%meﬁr@@in%ﬁ’ff@&@t. RGaMen b u&dﬁo&ﬂﬁer@h&gﬁﬁ%i&@tofém& it
detects an interesting - 18 - SUBSTI TUTE SHEET (RULE 26) target in

azi nut h 107. th¢ foolup &by pseapringiskaguletas furtherekplaingd belaw.get , it nodifies the
rotation of the mrror such that it rapidly alternates the direction

of rotation [9PeR Tl istemnmer dding thenBPls raad aatsimang, Jor apehyRAL |t rarigps t he
mrror in a [ th Ly ! infm at,l '
frequency. T%%?ﬁr%c?%% tpg?ét%g& n Fig ﬁga g?(glc_lt eri zgg%%y '%%ﬂeérogéggggnet ers
that can be indpustaited o ryidugrscass. t $teringalarindhes lofkup Keblet thusggsauped bhi s
notion is te Vi i on For ¢ i . it should be noted
that it is aﬁ(?%‘ﬁ%tﬁ%}ﬁﬁ %ﬂn@glg?aégcﬁn glfé? élr%‘[r’kg{% Pﬁeg)’agggégﬁ'ons about the
axis of the mi . f- £ he vi. Welg P e..adj ust ed
fo To | ow t hVELE bpdi ol e e ucki 300 fIRRRR PR, AN

movi ng, so claskup hgblecesntsed tooftork hpaxels diitiat ipaametamgean pOGdRTy Fikiesignal
anplitude of the vibrati,on.can be adjusted to the w dth he
Carget a0 il LR R RnE By B R T Rl B it b8l sl iped o
the target. dlieantions pirdineeterempesd cal dil uti on can be adjusted to cover

the height of the target, so that the canmera is zoonmed on the target
i n both di nefd810pMee CCD cells can be calibrated in the production facility, and the resultant

compensation parameters — mainly the bias and gain for cach 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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[ 00108] The frequency of the vibrating can be adjusted to neet the
mechani cal imtations of the canmera. [00109] The "vi brating" of the
mrror around the i mge when the CCD is diluted can enhance the
quality of the inage, as the camera can diversify the selection of
active pixels in the dilution, and have the inmage integrated in a
much hi gher resol ution than when scanning the target once. [00110]In
an enbodi nent of thc present invention the canera varies the speed of
rotation of the mrror in accordance with the |level of interest

associ ated WPH¥PEY azi nuth, so that sectors that n&ddSAIYHa

sensitivity will be scanned nmore slowly and with increased time of

i ntegration. pgAPHLIddGaLATR @alﬂﬁ%fiWﬂﬁé’mttl{a%inﬁé?gmmﬁ%m%tq}(J 0?@5116 oy Of

mrror rotation of scan base exa i'nt er est
of the user thngetsinfith different lpawmfemoﬁlast h@lﬁanéh&ingdhe witpeief avahewmg celre scan

rate can be th'%ﬁ{u'flalte’dl cfdf%{rﬁﬁﬁ %@B d%ménm L{g %4@9(‘,6{1’1 b%g:? %ﬁlﬁ'},pdrd%%tel’g thra§3 mtal%]I vel y

| ow r ead- out I Nt er est
field of vi etimuclaspoﬂme umﬁmnrﬁusdlgaﬁ)r bnamﬁln speesive Iam:r@duyatloaaig«anlyrm)yiﬂntg

hi gher densit X a d bett LTBSI TTUTE SHEET ( RULE
o per;orﬁﬁé% f’%{gte A °1xt}’éﬁy§P ﬁ%eam?@@a‘ffsfi?at .ts somnned at

1 g spee vi.br.ati,o iaon,is

di fect ot o Tl RetaBer eaibyofs lfiefor WO Rk eCRbTRW TaBE
enbodi ment dfascd e stetitiet asunvtiense Féreangta it rian e dsained that tmmzm"ageeﬂtpdum ng
the scan to scan sectors of hi nte

oot trons. ERaer SRS o ABTbEUEY SRS R p Ryt ffatar o 1
versus tinme,avang oshlewsgm)mglcémﬂlb 6itl or 64O 28 theGRBAIWIGelo® @R RS 400,

406 and 416 have the sa e and arc scanned at .t he nam nal rate.
Sectors 402 'a?ﬁ&leﬂ%%?fég;féi Elah FrP L @yl ipreges e HAfHy CRB e OCANE on

each col um. higeghelhSondfvean the 4RPuddrendRsan B Iffs%%ttﬁlrs ass%ﬂ?t[b‘ﬂ'dﬂg cheSS
time on each columm. The second cycle 416 is identical to the first

cycle. The cHEHEe PErMEHD i % tinsiad Byn AT & Gethigraeet s rivrss bgtyeerei
controller trﬁlghﬂ)@q B0} @r1n@5ncct§h:ﬁ3rﬂ@ EH&OJay, tﬁﬁlett H‘i@f‘@l@lﬁaﬁgﬁﬂt %@ﬁ%r Il ?1114 i nk6d

to the mrror axis, and as the tabl e addresses are |linked to
the shaft errebedment f@rrfémglgl@taénmmt ¢ faksqal 4t yuvasﬁ thsn gt infddet findt thent he

changing s ped%QB dt[ SQI%%ilﬁI] dﬁttﬁr@@ﬁﬂa cn thcs (ﬁlﬁ)(lg L Eéllq u&)ﬁulpm tOQEa

showi ng a dat'abase reépresent at on of sector scanning in
one enbodi meseragsfoftithing glibaxseFitei boay dnc_ﬂ.miqfémlb e l‘w@lhee:dlslﬂatechbaseamneha S

mai nt ai ned 'tpretg nﬁ‘ag%yﬁltuﬁglat ﬂeis? h%e@%qﬁaﬁgns%; an arigales — enough to estimate the
variables and the quality of the calibration. It is a unique feature of scanning cameras
with very high zooming — where most of the field of view is outside of the zoom window
- that while parts of the field of view may be considered of relatively low interest and
therefore be excluded from the zooms, — 15 the entire field of view is always available to
be covered and used for calibration of the cells, towards their entry into the zoom
window. (See Figure 2). It can be noted that this calibration approach is not limited to
using the sun. For example, in indoor applications a similar process can be applied by

using lighter and darker segments of the field of view.

[0073] Figure 2 schematically illustrates the calibration of a CCD cell based on its

neighbors.

[0074] A broad field of view 20 extending from a left end 36 to a right end 42 1s covered
by a camera described herein. Each cell of the CCD, such as 26 and its upper neighbor
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paraneters for controlling the notor of the mirror. [00115] Row no. 1
shows a sinple scan of a field of view of 140 degrees, from azinuth
200 (south west) to azinmuth 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 mrror can be brought again to azinuth 200 (by
conpleting a revol ution, or by sweeping back, or by being replaced by
another mrror of a polygonal mrror as described in U S. Patent
Application No. 11/117,731). [00116] Rows 2, 3 and 4 of the table
show, togetﬁ@?zwﬁm%%ﬁplex scan where the canera sweep®HH207%&8énd
from200 to 240 at a speed of 40 degrees per second, then sector
scans the s 40- 2 t r

second, and |nafﬁgw?ﬂggmﬁoﬁgﬁ%%erm§CM%‘adﬁ%gmﬁgwégug%%f%%zgggécond
As soon as tAematizoo0wiidswagaitendabeavdeabled cad 3200 2 r@htemdsﬁq Uldam pxesenfepeat S

sUBSTI TUTE ShEmion R ST oSt dnPisl o Rt Sl ieara S, and
t he cangrg Clageqz‘lamﬁartt@aé a@bunt dsinght,SOaﬁdal stee{]mrgeméseu\ﬁaezs johkmifake any
prescri bed order 7 ure shows e azi 480- tine 478
pattern of c "eF"é‘ﬁ\L—," C&%‘{ﬁ@r §he ) haglg “E\‘i‘?ijp%te% {RAEERE: 4R i ons
of row 1 of dffighttr@leh@l bywheree éo‘ﬁ@wbﬂ@ib&@qhﬁslt ghotld ®asoted thAc WS cclie
mrror is brought back to the starting position, 483, 484 and 486

show t hree c)#IneEhass densigal eppy e spal 200m windovez2de todpral diffrengesi-&uf o 2,

494 i s one Ofest BigreBnde Rl tOB: Rbrabdi B8 adossARWIBRFicldSr fibne 4.
[00118] The system controls the notor according to the prescription of

the schedul e[[oﬁﬁiv bamngaﬁ@pa&mteﬁmfc& 11 896 6 & 23d¥5helon 84 hROKWRnbENR! e
synchroni ze the operation of the camera to the position of the

mrror. [O001esyAn Gt sadswlatian, mowheotevitsriergiante g ckracpized ycat lesit ot her
enbodi ment, a%cféﬁma%r O@gmlﬁomqmﬁm offqrsmgfaenyc%ﬁr&{chtgéame§1§m@{ush

i |1 um nation’ | evel the field of view by adjusting t
sensitivity @FWEFM@B coDamegy. Hadevehd thyisame teshah repaited b fiffeiget camalmons iers

to the appargn i ugﬁ‘ﬁ % Qhset b ld?é‘ﬁlen kﬂéfbﬁwgﬁ&’gﬂté%fgﬂ%&llicgn bde

field of V|em/ erences can h t he VI ew

i ncl udes bot talcalatedbyt &db’mg feuapytiosceifighantvoamridbiksloor shaded vol une - as
is showmn in figure 9A It can also happen if part of the scene is
exposed to tlﬂ&’?ﬁlbiri tght:mbqsllhnmvhtméiasaﬂd@ainpmmgcraﬁ‘@ dek areichlgulatdddedhander
atree. In an t I ers,
such as gai n a gllggtrsrﬁ% Vepag Litr‘& S’é"{ th’ ﬁgn?léh%&s 90%\6%% hkht%%c@%§ be

cal i brated tdurihavte déyulhd mdvanta@sq:ﬁdmsenedmdosﬂzat fecanl yon adonec inr amg'eldof t he
caner a. [0012(%@h dx%anlc nge of each pixel in the inage is finite
and is det er HAREHY PRI of significant bits in the digital

out put of th cont ai rk ar eas
and very. bri AT & a@g@?f ciatiaih i R R et P Lo HEir B el 2
\r,:n de r alnge off a\btall m?ﬁegﬁﬁm BioNedn gettinper sttanpklight teas, agdlﬁkmbq[nn?hh‘stsexa?ﬁﬁﬁ W![ Ihl
ave only a r Q e Iven namc r ere I’(f, e
Gomant e T angle tastios hofaf shec: MU PRCEHT e S Bk gl EREE SR be
derived fronaddhﬁe BRI Surced ofl lighah tﬂeeremmflvmwzmazﬁcpﬁxeawctp@sratstaﬂdhaay area

of the field of view -21
camera covering a field of view that includes the sun).

[0078] The information about the location of strong light sources can be cither
programmed in advance from extemal sources of information, or automatically detected
by making a preliminary scan of the camera in low sensitivity, or based on ongoing

analysis of prior scans.

[0079] Figure 3 shows a field of view 50 of a camera and three lines of scan 54, 56 and
58 representing the scan lines of three cells in the linear CCD array. Tllustrating a
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SUBSTI TUTE SHEET (RULE 26) WD 2008/ 085553PCT/ US2007/ 076914 [00121]1In
certain enbodi nents of the present invention dark and bright sub
areas are identified and a | ook-up table is progranmed to assign
different bias and gain to these areas, and the dynam c range in
these areas will be increased. [00122] Fi gures 9A - 9C show how t he
canera of the present invention works with |ocally adjusted dynamc
range of the CCD cells. [00123]Figure 9A shows a part 190 of an inage
that will be used for this explanation. It shows a stone wall

of
renot e bui | VAPEKRF R square wi ndow 192 that cont ai nsPFGEF0T6H+ bars
194. It may be relevant to note that this i mage was taken froma

di stance of %9%901 & Ssc&@da Iséongqgh'it SOJI(CQ’Q%@Q ?re?efnhﬁths? cérfaﬁl z@mﬂifth \c{ﬂdew

covered by t'he canera an a scan. e dynam ¢ range of

t he caner a ideveteh withidithediegdf viov.cover the texture of the stones, it
seens that it is not good enough to distinguish between details

t hrough t he [8@80kLwé fbdpes not trowdhe sttorpdigetasires. andotssemsitivihy wodghedtah Bnewi ndow

if the dynar’g0 v@r?‘aﬂgnc%z1%91%1;1%%”&3{?’%‘?%@”' d be biased towards the dark

colors by increasin overing the bias of the signals

_Com ng out ﬁb%&?bﬁm% % E!}wﬁ% aQQé§4 outc %Et u? % €S nofla%gs 1%”%‘11< Csto its 198

illustratio a sin

and the bot tsamsitﬂz@;@éﬂb:fveltrbferenaemm Fds pmﬁaéytebm:ed.l rst and the | ast p| xel
inthe field of viewthat the run covers. The gray |evel at the top
and the gr ay[(ltﬁllbilne &% is pheindhtonginthopeak bisghe light somde, ead i&s seivaivig st and

| owest gray Igll\égcle%g%%% %r!;:ﬁ évl\'l%ecljf!éed(%ndxﬁlﬂn?re f'mdy for ahlo%\y %(I;? ¢ range of the

cells in the® ur'e f°'t he i mge of

nzimuth v angBoe bRt B BB Ehdp R4 AR B G EBer P BB s

its el evati cfamematgemdimEasinifent saaitivity &tosamdﬁélca&twem xels in the colum)
and its dynam c range (neaning the bias and the gain of the CCD cell
signal ). Theot8aplaumothatireferednentbedimep Bemtitgechnly addrtssstt byofeducingshe
representing these paraneters, wth e_addi t f one e
baraetor ¢ HEFBTDT ABE P b B e rE Sl pShot « Figensor

resol ution. $RR2PpLdi igutdcGysbisg SRMmBEr of M1 [kt Scdufiuldted boRaKe
coverage of the |rra of figure 9A. The inmage 210 has |ight areas 200
and these ar®@sdfap-tyversyy mea%tmanrfafﬁgwaﬁ@w%m “ni i mum

202 and 1 heyIRLARGYEH Baobytne THOHs dee o smPeiednge BBRGen | he
- 22 - SUBS'E(EE&@HE@E A thllinThdEic?Bda, 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 dircction — 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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m ni nrum and nmaxi mum gray | evels expected there - that are
significantly darker, starting fromtotal black. One can note that
the top of the gray |evel scale of the dark runs 204 is approxi mately
simlar to the bottomof the gray |evel of the light runs 201,

meani ng that by adjusting the dynam c range to the inmage the camnera
of the present invention can double its dynam c range. [00126]In one
enbodi nent, the segnentation of the field of viewto areas of
different dynanic ranges can be done interactively, by the user

| ooki ng at t'H2PHHEEHE® and segnenting it with a pointi r%:'rﬂjéy’i"'(f‘@“%ﬁch as
a nouse. [00127]1n another enbodi nent of the invention, the

segnent at i on 0 e A he
g ar bi ¢ nARr] Eieffe d0RE BUBE Gitiaton HhheTRTBNS, FEHA TGRS
range (gain rmmdoﬂmga’él)lg}ﬂx)zoomatdhemuisﬂaraamWsphmOmmmgmrmgnnt| guous
subareas of a simlar dynamc range into territories of a simlar
dynami ¢ r and@88hadicldionaictvys0 sbicoser trale 82 artder traiit, driapew Zoom eimklow &6 is
stripes and a into 0128 I n anot her

embodi ment odf%Prfeﬁ tﬁlaF%\(?hen F%n #ﬂﬁaﬁ%cmsngwrergmwg 1oon E(e)avﬁre e done

sem - aut Ormt L irg I]??how%ﬁleq eﬁ cp &l v1ea\it§8§andz %Pldo%]: ar%tt}?rt%lst%(m ),
and the camJ a culate Dedt gal nan I'as |n Order*o
optimze thendys*tmm)me tbaregaeecfs@postnbxabf tROMain drhtke mnﬂheesamamndair Q:mvﬂalt e

this for exanp al gorit and bias to
he”aval | abiiannsy At ur uis Y AR wGe: PS8, 1 b sl eE aeReg

that if the Bykt paition oﬂtsam@nahetraﬂakle cRDRRNEERI eﬁiﬁocfﬁﬁ&dﬂ,&dnn@fe&ﬁm@a(&ﬁpl e
run-1 engt h- encodi od kpnown in the art) for t

di | ution ancfo‘éq"gapg 'Eyaﬁ%r%a 1&@%‘%$ ‘iledﬁss}?ﬁfrﬁ’aﬂ“"lﬂb‘fmt%EO‘HWM‘E‘POWénge

al 'ocation, didi@ chvera@ay lber})c)@;ﬂﬁ 18 It PR air, éhﬂ%aﬂﬁl;etraff@ebdpﬁhcétﬂﬂs gegnent
the runs by resol ution and by dynam ¢ range, so that each segnent

will have i ts€vasgRs Whesroeliclen IS FXRRISE IR Bash & Gsed|ip) DasoYiHiY & namow

embodi ment, L DeRRY FERMIGRA @AFh R Aldugh \angaleo%ypshﬁ;@gl 85 oth&rl:%nsftr@iﬁed
resol ution and one for dynam c range, and system w | K up

bot h tabl es M#pgcwah JyEh &qverageis of aettr@rmémlﬁnﬁmher @adaétrtaéqi mmem
there is no . Gg{r e?ét ORLRRE NEERiE R% %g&g%?&d%éuﬂﬁnf)% 5@50' ution and

the segnentati on ynam c range. so be noted

that the segqgjpt ﬁ&én%h ©hod h‘x%wfn lo%@ r&hAVI W IPXnJ e%?bQ&dﬁEr%t Qfgeréaﬁlel% nfdher

constant (for exanple, according to areas of Interest .
cont i nuous| ymeanpRr measgWBI A PTEMSHERT 2 kRWINELRE) in a I@Hiawgfamgtm(yf Blre

S hatinbd A6t A0l AL AALSI@atiR: Roll Sncl Vol Aol TR

canera). The segnent range is-eit con
exanpl e, i nda@mn@ wﬂtdnbjmtnsbaﬂtc clchvitimonét nbgcctcondihci faggostial smcdvdrtlumbl e

(f or exanpl & b{ecu}__cfj eonbnf: E\m g?tgt;bgalje&éon%hegarégb? aﬁ%néof[tg {;ﬁ]gt] Attention

IS now dr avvn I'gures SCri
[0091] These parameters can be acquired from a serics 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 tall 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,
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the canera of the present invention can adjust several paraneters
(such as dilution rate, offset, gain) on a pixel-by-pixel basis and
on a scan-line by scan-line basis. However, it is very likely that
t hese paraneters will not have to be changed between nei ghboring

pi xel s as the level of interest in the area, and the illum nation
conditions, are typically rather uniformin the sanme locality. This
enabl es an enbodi nent of the invention, to save on storage space of

the | ook up table and assign the sanme set of paraneters to sub areas
in the fil ed"8f*¥¥&R%F r at her than to individual pixel sSPCTEEPBT RS
reasons known to any conputer engineer, the nost conveni ent shape of

such areas i p e endi f .plurality of an col ums,
i ncluding t h@(}%hﬁg&% g}r%ggea [Eg;e?e)é%exlg E&?}ﬁ ogég 9 0|b T a8 fﬁ’éi‘?ﬁy%ﬁeﬁa@%ht sub
areas of i ntwreshe mumyr scang thie field df fidveir@ntight @défangl es of paraneters.
[ 00134] For el ectroni c engi neering conveni ence, the rectangl es of

di fferent subi%} Eiggc SBdwlvd thaeky truighd ape offj @04 BI5k: Eapguicdetsy tHQbmera ¥HB show

the nethod o onverting t ver | i ng rectangul ar w ndows, each
having di ffe‘% g b gt 2‘% i tﬁ%ﬁ%@@ﬁ%ﬁ%fmﬁ%ﬁc%%lOEJBBY{TB?Q“ its

wi ndows. [ 0QkB6}ilhe iedeeacle tofobretl dalgepitd pd@itiﬁn leStwhlde Whﬂnl thd ianieﬁa
obtain the par ters for. a given point in the i e 0oki ng up

t he con-cct%gﬁﬁgﬁmﬁﬁf?ﬂ8¥@58@%$%Fdsﬁgffﬂ§ﬁﬁﬁémﬁ§gggﬁﬂ§¥W%HH3%%@%raI

wi ndows of rofgelobitdt el pehr tolte lonpardowEs IR\izD ErhoVEidaPRRIoN G HEiQF will
exanpl e: he wants_.to goon1on a huil in%ﬁ and in the bujlding he wants
a much hi ghel’t $oBhrieh olemoionaB)hereias fFeheepqelis cippredquittoligh sugpehar ea,

have to conpkylubd dhd e ﬂbﬂo%h@éﬁthel (%%@tk gre Rhovehi AJ%h gﬂsch 3s aftoving car
SUBSTI TUTE SHEET (1RULE 26) WD 2008/ 085553PCT/ US2007/ 076914 [g00138] I n

order to si fBPE fPlARe- e diecstian ¢ gnogen s an ssiimeiemf shedangenialavesii syl & cel |
to a derived. (It should be remembered that the scanning speed of the mirror is itself known

to the system at all times).

[0095] Figure 5C shows the way that the same object will be captured by the disclosed
camera if it is moving from left to right. During the time that the camera scans the object
from its right cnd to its left cnd, the object changes its position rightwards. When the
camera reaches the left end of the object, the object has already moved to the right, and
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 abject, 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 scanning 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
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single entry in the | ookup table, the camera of the present invention
divides the plurality of required zoom w ndows, in an enbodi nent,
into non overl apping rectangles. Each rectangle indicates a
resolution that satisfies all the overlapping windows - typically the
maxi mum requi red resol ution. [00139] Fi gure 10A shows two overl appi ng
w ndows 220 and 222. [00140] Figure 10B shows the way that the system
w Il cover these two windows in the | ookup table in one enbodi nent:
two wi ndows, 228 and 232, will be defined with the paraneters of 220.
Two ot her wi'HAHRE®5524 and 230, will be defined with RGTASHAMIAIE er s
of 222. One wi ndow 226 will be defined with paraneters that satisfy
bot h 220 an L calil i t-he -hi Ul f the two.
[00141] Upon 157 niaLsepsBl 8 ok b Bt s DL ke el Bl

i nf or mat i on akgooming 32 theR G tiamahd 2R8d ofistap odthemiwrondow, and t hen conbi ne
the information from 230, 226 and 224 into another w ndow.

[ 00142] Whi | d0§%ipAtdnbeneis d@sdlraivptci Bgireopl —a@EJsInhmwnbddénedi humfailcmoxdng

par anmet ers ha dl e verl a n gle not e

made about 3 %get grPfaérrr? c yraafsﬁ%%r chlrogﬁlgtng?%r a%q;ﬁq G?%ﬁcan %Prﬁste%trg’s are
derived fr orrhgcloeadlcema‘a sedns itet @resih lmfh dﬂ’a:endus @]tenlafl:l)dlafl(f &r doifig &, €as.

The dynani ters (off d d fromth
or 1 ght ness. HOTHS BPER « S RabE 1S RssCR euPg Re i ailon (b o cE

i nterest of dib@iotsRtic tarontal pecdiohet targst) bfdl sﬁl\ﬂﬂt’d\@ﬁl helowaas kpamst the

For dynam c Sarige O e Denein EEednel Be Sy AFBROHPRENDe Or0 ERREL:
invention, thgmeweht aRRl AdsA atang e@hrﬂ’a?eﬁof\/ﬂs ldal B2 handhade mcmam{ghe

aver age of the dynam c range parameters of both overl appin

rectangl es. Hotsriatdetiest hovo pparmiicrgtngives 8 asimae of thqtang@#@h%p@we

camera of thg gy ﬁfg@m LeBige Stah Ofys! a%ldﬂ%%ﬁﬁq@ i@t @bn bR AR Bl Rbifcor M
flying in the X ditection and scans ground, the system can cover

an area by dBperinRtie duty suslelobcavrage. Iféhe\sa@ﬁgr iw:@@rm(abh thanghevapptirgnetizei on)
d sh t
and short ('canw&mmgﬁo&]ﬁg aoﬁ\gaﬁed B d%égmeggal%&a taéd l%]nla@[ﬁg?lﬁvdﬁ'faﬁ% by

the notion of the platform nera o
present i nventh¢ apparars tanpeatid apasd aan-beZﬁnputaﬂ&aBSTdnwaEtOSHEEm C(aRUPEE26)

can cover a o\fﬁ‘écilta ar %@ﬂgg{hgltcgnpgldl Hc{;rﬁ%n rh[mttdnge gﬁl caflﬁfbc%omcn 49,

ai rborne pl at ra-can an ang e of

rot ati on parcdsingbpeed)artdhiee tetp BjE@ctblcmbe@bm;hitdtlgrhlly cn@Okd ®]rél guud sfekd. shows
how t he canmera of the present invention, when installed in an

ai rbor ne pl df998} Fewesaih -a8k ﬁlnstxaierapil@dmé obastitodiig theamganvlepeed ofid dectar ea
under the pl atf(a16 0 100145 atform 2

present i nventt on, 100K rr{lé}&%o TS F §On‘t%a F’é&:’a Ssgg‘gsfea @@fmg{(iﬁ%ﬁjéof t he
m rror poi ntobjegt fi4n btihg ihigede by the raradra ﬁ4€] it 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).

[0099] 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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[ 00146] The canera scans a very wide field of view, typically 140
degrees, covering the ground fromvery far on the left side to very
far on the right side. [00147]As the distance to the ground fromthe
canmera increases towards the left and right edges of the inage, the
area covered by each scan has the concave shape illustrated as the
shaded area 258, where the darker areas represent |ower resolution
due to larger distance. [00148] The canmera can adjust the dilution,
using the |l ookup table, to conpensate for the scal e and di stance of
the target, QFCﬁE{"sﬁ@?hods that were descrthed in det afq™ySAopL7&14

Pat ent Appllcatlon No. 111117,731 - to the extent of obtaining

ont or m <cal Qo oS9LIL A 3 S LRGSR ML Sog B AT v e

t he mhole nsity I Xe center of the
field of vi esmnnnig pEibe prysetyarivemion, hiesmleétofacnommodamwgmaiﬂamlldvyl of excheesti ng

t he used portion of ncreasing the density of pixels,
towar ds the dé"rj] snugfowequér%%éﬁlﬁ%begﬁggy tovvards the left and r| ght

hori zons. | atformii rect he
narrow di rreg(gl on of I*A‘hgm%H Bga, dratwng? Eg rees's Cznﬁnau ud 58 IP?‘F‘B ?/‘t

over | appi ng thisvigesion, thﬁEa,meEeﬁéb,n 24aitalgrsealeay biteget tinée f?:ﬁlBof agwdwililed, 256
are later than 258, Thi s |nuun1of artlall erla ng, uni form
resol ution i'KaG&Le E’ﬁr‘ilu%e@y‘g? P‘{ R8s H‘?ﬁ“f Stte?’r%/m 8}/ B‘g‘f‘ﬁgd@onal

i mage that cafobetaiet YromSefididectiond rephtvu Neko U bdaﬁlﬁﬁ&m thc target arca

[00150]Attent|on isn drawn to ure 12. There e situations
wher e sever aPTPEHHH ! ti%%ffbee%eg@a of FPi4URE 53 3n'a é‘ﬁfl tﬁiﬁfﬁm fiEn this

happens, andn@acveg R apitip SRS ard! fSra@M oflr Imettarga Jn@ &H@H k@chaﬁ
diluting nodule that 1s capable of diluting - SHEET

(RULE 26) t'hfe diesctipropt pottion o awichi érawc@thheneffeﬁteofp ebgfémg b@a mirror

resol ution fiEu@rddi MERorWhrdd Qs MRS talelr WRITKAS ARUGRA IALk¥ 1 PRl Zo0m
wi ndow. This will make the diluting nodule a processing ttl eneck.

The present (rrgeiad fodke misacadshadiore rppis sceawpirhathe arciseapgle 9&ihe mirror,
di l'uting modyli8f.didcthnDr nIint?@r r5t€ﬁ688%% @Hﬁghgac&uga gﬁftﬁ‘é Jyﬁl:r?t each

diluting for one zoom w ndow. ure i ple

di | ut 2] A
field of vicwath (o Blveraeay & éﬂgﬁe‘?ﬁfgg FORLALBEEY Sk R e

presently disclosed camera in accordance with one embodiment.

[00103] Figure 7A shows a unidirectional scan of where line 102 represents an
azimuth of O degrees and line 104 represents an azimuth of 360 degrees which is the
same azimuth. The mirror scans at constant angular speed where 100 represents onc

revolution and 108 represents the next revolution.

[00104] 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 scctor of inferest
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 dircction until it detects an interesting
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284, 286, 288 and 290 some of which are overl apping, [00153]A |inear
CCD array 280 is covering the field of view, and its raw output is
"m | ked" sequentially via a controller 292. [00154]1n the overl appi ng
areas, different dilution definitions apply to the sanme area of the
CCD. When the dilution is done by a hardware conponent, the conponent
may not be capable of generating the outputs for different

overl appi ng wi ndows at the sanme tine. [00155]1n one enbodi nent of the

invention, the raw output of the CCD array is split between several
har dware di MR YPES58Y 296, 208, 300, each is responsiBIENEBhe
wi ndow, applying the fornula of dilution directed by the | ookup table

283 of that W .ndow: r I 0 ; her e
25 302, ' 50, MBECHm 7 BT dort:PnBaB walk AN o EPLE RERD POt
resol uti on dhe miot mbleﬂiatbyrapltﬂg altezhagey étmdxr@ht;bruoﬁ romtichoravidirgen effect that

[00156] At er}gbler?l el o E!ertm? | S 1&1%0!: {ng und{erow sec{or dbctu%3 Ee tap e?g{ ar ]Tat?\%{yo

strong |ight Source um na ar sl
optical ly i sidhafieguentye The gﬁbtati@nputtem if cham:tbxhaed be tisdet jaraencteiSthat can l@r der

not to blind,it., The prese i nve i n, .in.one. enbodi ar at es
the | ight Scdies Riatis Nt ohits 1w QupEriat & BRBaUBLITh e ar o
opti ca:c : y i Sﬁh\@ﬁl&fﬂic fUilOﬁFl&;@ﬁﬂ‘chbth(fjhat— it Q&Cl’ﬁtahﬂi\/iﬁ ReGpiddy atl@ﬁ]aﬁﬂgﬂiig'cdﬁbﬂ;)l’,
one reflecti i he t ie o] the "inmagin e") into
t he canera, "’ggrt&atlcﬁélb 8? BRI gffhééfni“‘ﬁ@ WFI@%T& 1@}1@%@%0@@“&&%10“;

"1 um nati ape RhRdef the @Rk 1ahRt, h@lrdhohroti € Wovih RO 24] A cbfﬁérfbftﬂ&e

i magi ng bl ade and the i I1um nation bl ade are extrenely - 27
SUBSTI TUTE SECHE®PI 4% E 26) narrow, there must be a good tracklng
mechanismto ensure that they will_point at the same direction

[00158] I n orf8Y18Flef er bt @l@ﬁﬁﬁeﬁ“ e Hbratiqnan PW}%‘I@&@@EE Hidgh Cééhﬁtﬁgetf rom

the same di reedi Mbr oM dnhiEn loMhe RAFKAY 881 tol RStk OneLly AoV igach
other. [00159]1n this enbodinment, the two mrrors can bé rotating

about a si nglilationeansbe adiustedys gever iiphaisghbefrtha tarseixepithet hagamareds 7ppwPhaw cal | y
linked to ea:ﬁé"ta@ét%oth dimensions.

[00108] The frequency of the vibrating can be adjusted to meet the mechanical

imitations of the camera.

[00109] The "vibrating" of the mirror around the image when the CCD is diluted
can enhance the quality of the image, as the camera can diversify the selection of active
pixels in the dilution, and have the image infegrated in a much higher resolution than

when scanning the target once.

[00110] In an embodiment of the present invention the camera varics 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

-19.
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[ 00160] I n anot her enbodi nent, the two mirrors rotate on two separate
rotating nmechani sns, and the tracking between themis el ectronic.
[00161] I n both enbodi nents, the tracking between the two bl ades is
done in a close |oop, providing an error nessage that adjusts the
speed and the phase of the two mrrors to ensure an overlap of the
two bl ades. [00162] Figure 13A - 13E show the tracking of the

illum nation blade and the inmaging blade, in one enbodi nent of the

i nvention. ure 13A shows a front view of an imagi ng bl ade 330 and
an illum nat‘?’g?’f’“%‘?"&ﬁé 332. Figure 13B shows the opti n‘gqm@?‘]“@?fﬁgdt‘i on
of the two bl ades, overl apping each other, where 334 is the imaging
bl ade and t S i e how
an error si gﬁffﬁ?‘b‘]ﬁ’ ‘3 Qa%n% #ry{ﬁhg@%ﬁ%&ﬁﬂa?%%a@g%{ﬁ%%ﬁ% Ebrﬁlgq nt| ng
the il um ndibaholirade 340 white the imaging bl ade 338 is vertical.

In processing the image, the system seeks dark horizontal stripes

al ong the tdMddd at Attbtiohot neomdofciaite fignmgd. [F@Otb%]slﬁves apghrengf

sl anting of ht a to e t. when the
fwo bl ades. a i IR enb R Tr b il AR RagRR ol afidR, L1
i magi ng bl adean ® sczmvmtetd dbyhighergihterefty anpdwee light gbttdxtbhadkeaexamm bthe | mage
is evenly illuym nated. FHoweyer adeV|at|on n th

bi ades w1 | CTSelte rgin BB HE i BBt ond b Hus R E o

13E) of the scampprectds amdeddomnsd Hidiavotht safe stlope addl drduinned it rblnaﬁb and

the image wil | e t e darke or the bottqm By
noni tori ng tA% %55@ gﬁ%@ﬁ“&p"ée %fﬁ‘%]leé WB‘GF%B%’STPF ding tpre {Ipgony %&f@lum?he
system can d®teglo4 mdsmmrs,s@hﬁe@ﬂmntspéa&ﬁg\@mm{m choNQoRAIRS secaitd

i ssue an error correction sj gf to_correct the m salignnent.

Cont i nuous cBFF-Ed¢igrentisal orke thstsvals Ghembinee of spred irlons by acmmandiom wo

bl ades stay §l i,3088%ontroll&So the R HiRooHERL s(hﬁuaﬁc)&@ls ¥ to the
2008/ 085553PCT/'US2007/ 076914 [ 00164] Attention I's now drawn to Figures

14A - 14E. Frigoraisjand ghibalockipwbiardirssemiedkeddn the siudienceds - Be syérer at ed
froma narr %Wtonﬁﬁcfaﬁ}'édﬂfstqh?eﬁ% thpﬁﬁ@ané:g%.%] The illumnation blade is

preferably very narrow - sli der than the imge blade, that is
typically feggligns ofaudiih Of aﬁa@nan d FRodipTe 9% it RgapLesent
i nvention, e[he glource |g3h IS ae asg@%eeam whi E(hv pi Cc fltﬁy has a

round cross Ispesitgion smchcﬁhie obreeion scanpinpmenesrifodimeeof thisfinveliien.

invention, is divided to vertical sub-beans, as marked in 350. Figure

14B shows a [80ddl vi eWn 68ura Sﬁearﬁﬁbiehlatmaﬂﬂéaﬂgélﬂi thetspstenu Histngaths scaheg r ound

beam 352 | Se&t%gﬁtﬁﬁ%%ﬂﬁ%ﬁgh% t’(}ﬁeﬁ{uﬂ‘é‘{ mrrors 355, all within the
te

width of th eam that ar vertically at different angles. A
part of the be i t gch at a
di fferent an[gﬁﬁ.glr Eacék%{(glf}’enghI gﬁv@ 1(:a ﬁg]q)\llcgb?% %:%loﬁgk? VP& IME%C Cquoﬁlal
beam and t heinhdr R(ﬁ)oﬁamh wodt )Xt hezimghh349nfadrithewest) amng hecep iai glraueabf Heam
The sub bea _ | a

t oget her a nn%’g% ES\%CISS%‘SD% a hllsrgg %‘%’lﬁ EEQEFCgQ Iﬁgﬁg\ﬂéﬁgo%onﬁm guratcfmon

t hat deal s viethoupiegasn touzitnuiarz0d (batomm@mgerewlmain ® paswepingbech oskgnment

is extrenely narr dt i ndi vidual segnments not. co t he

verthcal sectUR TOMe N AUy T A S PR e g et

slightly conug¥cdtion Kbhai1iter1sigal pl ane. Each segnent becones a snal |

vertical sector 360. The sectors can slightly overlap and create a

conti nuous vi@otiscal Rawk Qs hmmmf tb@@ﬂlG@lldﬁi Qgttter, LA fonfplvR Weanawhogythd O

manuf acture and mai nt ai “@H rrors olis tﬁd and
DeHeg:

harrow pl at CEMERACS & 10000 2 e S oy peE ot

sides, 364, REt6rBink aeRthr LA-BBGR iRk s§ded6f J0Vegbdd Ber s¥ddhd, End¥RIRY
rotated slightly one towards the other, as indicated by 366 t he

pl ates are tHBHo pHk3t & qeeqd ?%Aﬁéiﬁgf@qs pffyse@ﬂchﬁ Qo aghe BWQ} |136ﬁ¥ﬁ)‘fl ﬁ@ﬂab\hﬁe n
bonded, the hhogkecafeRerdpts i8N o, [0 Midd GBI § AL PalRAY R e Jca@RZTON
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[ 00167] Alternately, the beam can be converted to a narrow vertica

bl ade by a cylindrical lens pair, or a fiber optics beam shaper
bundl e or other neans of beam shapi ng. [00168] The extrene resol ution
of the camera of the present invention can cause - 29 - SUBSTI TUTE
SHEET (RULE 26) the dot size of the lens to be |larger than the pixel
of the CCD. This makes the resolution of the canera dependent upon
the I ens nore than upon the CCD array. In order to increase the
resolution of the camera, the dot size of the lens has to be reduced.
In an enbod"HeWI¥BI5t his i nvention, sonme chromatic bIFGHEHEERiSed by
the non uniformty of the lens at different mavelengths i s reduced
by pl aci ng

{oget her Wi t %ﬁh%ﬁ\fl&% he(%arﬁé %etlaecgf ‘)1&{&' E&eth?&%féac}ie%g&{ﬂ%rsogl efh e%l%ﬂ?ﬁe | ens
in the canemamwnm¢mMpmas@mﬂwdmdent|on to match the hrgh resol ution
of the CCD. (No figure) [00169] I n an enbodi nent of this invention,

t he camera U8H37]t he Bigure 8B stmws dnguiingth 48t fithe 478 eierbefzowmes. daitamisent
itself in a a tlon n. t,he
caner a sot o PPegl PRL SIS Bl ER: ROV FoP e gBieD Ul W ey’

regard that‘ﬂﬂﬁrmdeemthammmrmmhagnmmmtmﬁwamymgmhmmndWSMBnemiQﬁurce
of Ilght wth a,ver si ze. e gul ar e he sun
"5 0. & deqr el tith e3ist PR seB R anr-4 PV i Wl ARER im0 R ettt m

knows, from@asictaemncdainddasietinc4. such as gi ven by the SunPo program
described by Paul J. Canp, Assistant Professor of Physics Coastal
Carol i na Unifp@Eisi ty Coneakem &Strelndhdreiotor Qt’:’tﬁd:lirignto the prescription of the

http://lists.n ui cgi bi usi t.h e azj nut h. and el evati on
of The sun. Smads BRI /BR nshin ottt deri it [ ST PE T ORIV ovi o
a very precuﬁﬂmﬁatﬁy@ﬂmangughﬁvﬁﬁmon for any object in the field of

view. [00170] Attention is now called to Figures 15A - 15D. In one

enbodi ment qgboiidle pr agenibn ishyRAtmAN Fipltes HCap0I BigneficrtehBodimet, theof
view i s done by interlacin% two or nore scans. An N-|evel g%er aci ng
i s done by SRPBPIHGORPESED IV HAYhAShIss RS IwTpatipelevsbesros iy et i ng
each scan ongwcgl auﬁmnga{eeéns&tr@yrbfma@@a@my RH4She A Rnd saitdf khe@mbliffe®l UMS
have been sanpl ed, then starting over, in the next scan, fromthe
first col umio oot Prghinepsnerdichileyshdn gespy ezmyth et Sighd b sesss Spgh

al | ows 'Ong%ffereakeg E;S’e'ﬂ lrth{r: old 91”wéu¢‘ﬁclﬂ§§)bftf?hﬂ andebhstrﬁn;r se&l%%@@anng the
sensrtrvrty uce oad on the ana |g|ta converter
enabl i ng | ongtspr shided vahene —saarmhrnrrgméa@h%dl qamiso lamnrfﬂﬂarprfdhfi sdeng 1sg

clear and UNBERIOHANS bl 's&n%hlenotr?e{; (ggrf@% b2 ERL undEOA LW A0, S an

o

explanatlon (0] ur pose: rac |ca y, €every pol nt
target int hmbﬁdlmbmi obthisumemionathe @CErcalgmuahctmmbmegﬁm and bias of ef@Ni ng -
gB\éIS'rI]'IgTB%[Eh %%@gaﬁay caGIg e ca d)ratea to haveta umfc?n%ng%pgnse acrg)%% the

dynamlo 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 valucs. This means the dark arcas and bright arcas 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 area of the field of view.
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woul d not be interlacing (would sanple the selected colums by their
order, fromthe beginning to the end of the field of view), the
trajectory of the point in the inage woul d appear to be a snooth,

di agonal line. The slope of the line in the inage will be a function
of the actual trajectory of the target in space, and of the angul ar
velocity of the target in respect to the canera - as was explained in
figures 5 and 6. [00173] However, if the canera is interlacing and the
point is bei%ng sar‘rL)I ed in a non-nonotonous order, the trajectory of
the target iMOM¥E®PRhge will be slightly jagged. If tHESEYE 1 hoi nt
is a part of the contour of a noving object, this contour will be

j agged, and ef or i } il 2 ¢l early.:distingui shed
fromstati or{gérlghobj eg ‘;sengf g‘ﬁ%ﬁ@%‘? ﬁ?gﬁg\} ﬁe#ntﬁgvegtzc{ntdg%%ﬁén%égr% s‘?%gl %f rom
figure 15, sinodénfifiedtadnéa bbif-ectiblofs progtaewmed ®iasgpnaliffardnebishapgriroh tesarovi ng
object. Figure. ,1%%115%%\/\5 an abj.ect 280. ibn. t he Ji el d of view of the
canera. Fi guV@® TEBMSHTUHRC [Re B HSEAr AL Po P RE obj ect 382 to the
canmera that | anpl i.ng_it,, al | i.nes, 384 at constant rate while
scanni ng the[h‘gll%?‘ect F lrggrrer? P%f_t&?%mr”i bR the Eﬂr%egr?%a}?e PREMSY n{mé‘dwodlfﬁ ect
appears to tie leaieddusieddpasic Mnkedf e U lig. eal appear ance.

[ 00175] Fi gure 15C shows the object in notion under two passes of the
interlaci ng [8@as. Theighier Bt showker pac i Fgofsmamaht nds wilhee abydefoi Ha86,

and sanples it along lines 390 (at a |lower densjty than in

non- nt or | acTHERLERS SeEEe Mt 8 SOt HOEATAEIHC SOAY DAGE ¢ he

obj ect 388 idantainBW ipAShisi104 It rAdyheselBRMes ndté thad 1R gndgt REStaled Zomfkd gur e
15D shows the scan |ines interlaced to restore the oriégi nal density.

Due to the rBtAERPIGP0 R a1 igaboubkt LR thndeld ehrey caved Boihe &erof t he

obj ect appeans dif2lci@al 2UEthe dGhBAT Jage dffinct ABRR RAL adiied & Q04 dhave
noved between the two scans, the appearance woul d have been snpoth as
in figurel SBextrRal B sletes.dt scemethptatlynpigropth erouginig distingyish hetrpanalsteiber
period i s onpyud ddel WRRwR Tt VAR S a8l e Mo theNAhdof if HBGlrlapiRt Of
the speed or direction of notion - and therefdre the jaggled obj ects

can easi |y benzdef beeasmpramquirgbodiiass tewirtetbredapy epdeesleyi inggeasimhdie ariphidt ude
of Lhe ] ag9iiBlerind 1 bfabGiild Bl lontillBul RileZ @ Blip, COMPONEN OF 1 he

angul ar velocity o e object, a erefore can serve as an

i ndi cation (]1.t2E']e SP§ e R 99&1%&1%{0‘%%%'&8{1 of Pin t‘1}n9n1'96-[1mh§ lookup
phenormenon of jagging due to interlacing is typrcal to any

i nt er | aci ng-tsdaihé g ! Panbtha betied: 1198 ofkthomm indisate the fimt and theast fixebindbet r ene
angul ar res i r4. .- - 26)
of the pr esgélekg (%fg{\(/l"gn af%gﬁlgﬁab é@etghaﬁe Vflﬁbtgg‘ﬁgl‘idg%ﬁ%‘t%ﬁg@é ?Mr?g'asur ed
and serve op#rild onadicagathe hightst o logEw rgragdtselsnhaiangwtlih eoveipé dég)theand
snoot hened ({0 r.estor he,origi nal, shape .of the.object and i ove
The resor ut et B g AT SR ® B RE Bt SR G5t BEmeatlf o
figure 16A- ll6fare SApWE nglidaewhé warasaanof 0g tane s intke: tikeaznEs enge

i nvention, scanni ng tlhlﬁ sane fe%el d of wvi ?W i.n O&QOSi te directions,
handl e movi ng tHiEgAbs KON At SGPHLERETG IR 15 SHaPDFHECaIRg e
measur i ng t higbttan@bt Fikebal heaaeth) alfd i8WRmIEAS NAVSIng teibRk thdahe sirew
with 5 objects sone i are in notion. Small vectors show the

f. which \
direction arfd *@%@&ﬁﬁl@%t%mﬂp table.gin Spjewetenteaty st of 4w [HEVEEE 0 t he

right at a cgt gdrﬂne‘%é?ﬁ,@vﬂh R o 3ke B BFarh@er tlREIs nbABresBitedan igher
speed. bject 424 noves to the left at a small speed. Object 426

noves to thellpsgptfongthegespuiifer speed. Obj ect 428 does not nove.
[00177] Figure 16B shows, in dotted |lines, the image that will be seen
by a scanni nl§0@8ker a Figuit 9 shawssome gfihe gung it p popegiepverass pf ¢ inage of

obj ects are ggfdoaihgnede Mot s iR afeal0b AhDAES srealRE € n$ 2
Deftoaligned St e oby ouge 2 s VR LoD USRS apealy tﬁ;@regg?é‘i&lﬁ U the

i mage dependgngi betwecrdhe mininivgrend maxiag gk tevele piobis erga. dhe imege alothison.
dark areas 202 and they are covered by runs 204 with a dynamic range between the
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[ 00179] Fi gure 16D shows a superinposing of the left and right scans.
The dotted objects are the right scan and the solid objects are the

| eft scan. As can clearly be seen, the differences in w dth between
the objects is an indication of the velocity and direction of the
object. Objects that are wider in dotted |ines (452, 456) are noving
to the right. Qbjects with wider solid |ines (460, 462) are noving to
the left. Qbjects that fully overlap (466) are stationary. Pairs with
big difference (454-456) are noving fast. Objects with - 32 -

SUBSTI TUTE FEEWPROEE 26) smal |l difference (458- 460 CTASEHE Mg
slowy. [00180] By appl yi ng nor phi ng nethods well known in the art of
conputer gr 1 GS, | f | b ver age
of the two gliqglﬁg@taen t1?ar)r(aﬂgden{s %ra hl?‘}smc%ﬁfc%d 19 %Jr?e eégée{oaéeggi glgtti%agtrl?{ EPaglée'ifl’ecti on
of key poi ntssutig frivinriotal llacle Ggeen nptathei thatop bishdayy lpol st ofamadagpisyi ng
averagi ng mopphl NGk IN% RECSSOR JHek) RCHRL % B APPLYI N
two opposite scans, accommodati on for novi nér arge‘fs. ¥ Shoul'd be
noted that whrahieg thai 1y efustimnat dpamicaengs ed the imhger the canterl of vt prasant t he
nmet hod descriivl%etg @En:@ ilsi n(f)t l.imted to horizontal notion, and can
deal with di'RGEPE-TBIGE YPEYIECAt t ention is now called to figure

17, which i | ock, di agr.am.of .ope enbodi nent, o anmera accaordi ng
to the presj(r]lﬁzﬁnvengnl %nﬁgen%ﬁ%mﬁl}t’og& S%ﬁme?&lg%% it E%fgogyéﬁwé? At
descri bi ng idifferdot dyaksic rangdsren tichdend efcat®alyebyrthgmerisokingQOh8 3dgd bhd- Li ne
CCD - a linear iﬁaq'énglrsen or,wth eP el ements (along the CCD line),
whose out putERGHEISV R PONERE SCRFGUFHS 2 AOUSyt put channel s, each

el enent havi “t" tinme-delay integration (TD.) stages (across the
CCD). The va{%@ "p" ,h‘ a"ﬁglera Od‘fm’m\gllﬁflt ¢ ‘B\ée“ég‘eﬂee SHEMCA2HN2R DAY ngs,
t hroughout tah@mal@sier, T daBBra@fn seirgHit @e dhge Abitr@ily BB sub HESH, B4 findGhe
scanni ng, as _Qg nded fro Concm;gﬁﬁ 528, sjgnals are extracted, or
read out, frBRAPEHRNAEARES @YD 2 P §H efestlaen IR BRSO AR S,
col | ecti vel Yarch©1l $ngilad BghainiBERe it RrrltdrRs bR SilfifayQchid @nR! A fasly
"line"). [00184]511 - VA : an_ array of "n" Video Anplifiers, wth
Gai n and Bi atccdbssg feiforicdq dpti@biinss ind gonvert gach gapsate p 18- out put channel
of the CCD. Bias and_gain values are fed fromthe Look Up Table ( LUT
- bl ock 523)00128]n ouihanether sphatiggntrd theniptcation, g sprmeptalion| @e ke Gone) -
These val uesedtichdtaf@l Th uSBtanliRiGRUBERAAE RuckQf RODY ard MRRLADE can
differences in |evel and gain between the various signal channels.
[00185] 512 -calpphete the Byt giprand biag in pyder tp pptinbzethegiy pagiic @Eﬁﬁ\c}!@ﬁhﬁéR@T- (BBC s).

The nunber Q:Ef égaggﬁalglﬁﬂgmg%r%%rﬁdf@ b§ a ﬁipfgé%gm a@i}ﬁﬁrﬁtiﬁ?ﬁﬂs éﬁ% ABGHC per

channel or, |
the available gray lovels of the image.

[00129] 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, onc 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 correlation between the segmentation by resolution

and the segmentation by dynamic range.

[00130] It should also be noted that the segmentation of the ficld of view by
resolution is either constant (for example, according to areas of interest) or continuously
-3
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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 - SUBSTI TUTE SHEET ( RULE 26)

adj ust the Dynam c Range according to paraneters received fromthe
LUT. The output fromthe ADC s is "n" or "n/nf streans of digital
data (pixels). [00186] 513 - Data Rearranger : this block receives the
"n" or "n/n channels and arranges the pixels in a single continuous
sequence, as_if theéhwere received froma single very fast video

output. To aCCOWHI®ER this, the bl ock uses CCD defi ni RGTROVBIRE| s
per channel and their sequencing) read fromBlock 530. It should be

noted that si [0S ¢4 t L ; I i cific
I nt egr at ed éh?\%ﬁgﬁopﬁgﬁ%ﬁvﬂeﬁ ﬁ%&@%%ﬁ%‘&@%&%ﬂk %Brf I 'glhkéﬁr?ﬁ 'lfhgra%ana] e the
dat a streamThe ssemsdntegdre by iammmed ranf 1 HpS dostant COD eGonple didoomn: wilhi s

bl ock corrects,,. Lxel ! s.Gaj ! i in.order to. ensate for
any i nher ent(;o?ﬁt@? glp%lﬁgﬁéﬁgg?d\l/\t}e%gﬂ %g gﬁgg?(ﬁg&xﬁ@@fﬁlﬁgm‘i”s& ﬁ%’pqg?r{aglﬁ?b in

t he present dhengenti on as we seek to utilize the whole avail able
Dynam ¢ Range, at |low and high light levels and in short and | ong

i ntegration [093&ls. Atttk isingivtdraweve FiguranidAshdBt As desehedlicradmnbdvees,

the differengces between adjacent cell.s beco nore .notic | e,
00188] 515 et RN AEGR 68 ity SR Ea TnlREs RO B 1 and
Bi as cal i br aiffsa@rgathpbren pifdDOEBO4! bdsG-and brea sCal-linb bhatca® lingbaOC B8 Gevef, Qfis

equal i zi ng the rfo nce of th cells, be done with the
caner o (ao deodReh ! GBSGEy e ag s gr SippiRbe seroeiors o

dat a obt ai ned ticrlowsl bfhigtefeetGh @ Yarea[ H@ ﬂ&Q]lLﬁﬂiﬂaﬁommﬁaﬁsﬂar@-%ioﬁl S8l ock
adj usts pi xel .val ues, per correction val ues, obt %i ned from Bl ock 523 (
LUT) for a cHHfPamip theggme fpcaity- i spadiss an gpbodimeptopidlg Bygnfisy opyRyeMt ness-
and cont r aststotak is@bd M BHONGBINhd\uRidnASsaROES of pBRERLI 8 3 drcad B
Dilutor Processors Array selects which pixels are going to be saved
to the | magehBussdricyrighsrsets widdaivrelt, or integrated into

nei ghbori ng saved ones, according to the Dilution paraneters received
fromthe LodR¥Md?rabl Eorreasens kaongy ©© apy compuisbpnalpascth Best sonvemgst dere | i ne
of pixel's orefsfc@hre@s é‘fé&;@r%teﬁﬁ(éég{liﬁffor £ RhBGY 3 REPARShs, ifchidb ¥ kdne THE

Dilution paraneters may inc
range of pixels in cach line.

[00133] Different sub areas of interest may require different rectangles of
parameters.
[00134] For clectronic engineering convenicnce, the rectangles of different sub

areas should not overlap.

[00135] 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 cntry in the table.

[60137] 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.

Z24 -
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- Dilution Factor - the density of pixels in this line that results
fromthe dilution - Dilution Mbde - the nethod of selecting one pixel
to represent several - 34 - SUBS 111 UTE SHEET ( RULE 26) adj acent
ones; this method may include, for exanple, decimtion or averaging
or using other filters. [00192]1t should be noted that sinple

t abl e-conpression al gorithns can be used, depending on the
application and systemrequirenents. For exanple, if the dilution

par amet ers t segnment of consecutive pixels wthin
line, the SS@E%Mﬂﬁggﬂd endi ng pi xel s of the segnent céﬂ“ﬁ@“%”%”4

comuni cated to the Dilutor, which will then treat all pixels within

that range gpmgsdi nghryorde[rmm&ﬂ the QWA o@!h@@ye@ﬁ aﬁ@&aﬂa ql&g&%u Iomere
may be nultiple dllutors wthin the array - gara

processi ng ofglaehiy iplths leukap whls. tef campre of ’ésvress:ﬂt 19‘i'eﬂiﬂﬂt o the p&@lﬂ@r age
of a wide pao@‘?{%ﬁlﬁd?ogxﬁs o&@%‘ nd dﬁ‘gﬁ’?ﬁgﬁenPrthBﬁg&r}ﬂ Oﬁﬁﬂl\g rEc?&%%l@sn%a f

interest. It s a e note ! nor e e se nt o
| i ne can be rsadngletirditatenairebolition o satisfics allrthmwteﬁ@pingmg@ow thsallmg!;ﬂee

di lutor - si ditional paraneters frames for a given
l'i ne p05|t|6%3#%mfﬁ%ﬁ%£k§ﬁﬂ§9Table [00194] 519 - The Multi-port | nmage

Byffer S a gﬂon1A%%§§§0port &%ﬁﬁ%ﬁgwﬁmnﬂ§%%&m522port for each

di lutor and a Si'ngl e ace w CPU (such as a

PC). [00195] [EO?IQ%]C O:’h %}%ﬁgqbgglﬁ%&?@{cw‘ibr%d?{hc gﬁ{lﬁlr@i | %évc ﬁ\&e g‘gtgﬁﬁlﬁé\ﬁs for

each Di | utor i on ‘prescriptrion current
i ne. [00196% sziookup'ﬁhiﬂe inloneemlmkiwhtatwr\vﬂmtohvd_élQS hml %mméhd: ddfinggewvithount

for the addrgess calcu the Line conparat o, g t%e %o F

tabl e [o0197 EsSTREHY Tub e kilott ehast o ofhr e S R

current | i neafaaktets 08222 One window 226 will be defined with parameters that satisfy both 220
and 222 — typically with the higher resolution of the two,

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

224 into another window.

[00142] While the above description cxplains how the dilution parameters are
handled in overlapping rectangles, 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 (offsct and gain) arc derived from the
brightness of the area, without a necessary dependence upon the interest of the user. An
arca 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. Whea 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

225
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dilutors in accordance with the | ookup table parameter ''Line Active"

and the cur
Lookup Tabl

par aneters

SUBSTI TUTE
Anal og Gain
| nt egration
line (e.g.

to make edg
[ 00199] Depe
organi zed b
structure.

requi r ement

or simlar

rent line fromthe Line Calculator. [00198] 523 - The

e holds all the paraneters for the field of view, which
are feedable to the various bl ocks as expl ai ned el sewhere herein.

may include the following: Dilution factor - 35 -

The

SHEET (RULE 26) Dilution node (decimation / accumnul ation)
Analog Bias Digital Gain Multiplier Digital Bias Subtract

b TP Coar @ device 15 1 to 96) Filterr RS R ALci de

e enhancenent, or any other filter type in the future)

;&glil ?ﬂfglgﬁxéirp garl%pfpflieild:ﬁftxiié%\n 14 hl@,c!r&@%k a %vﬂi@@r&r@aﬁgﬁn, the

|oamerel entbi pesitioardyathan prgleh rotaien easblel te Bie disastianpd flidist em

pi xel s, or Region of Intérest or any other

s, sone or all of these parameters may be conpressed using
st andard t adP84¢lonpr Esicdh shomy e thereemeyethagreseptupventongyien éebuli ng”

apRA Qi%bh@%iatfonn such as an airplane or UAV, can cover a wide area under the
platform,

[00145] A platform 250 carries the camera of the present invention, looking

downwards with the axis of rotation of the mirror pointing in the direction of flight.

[00146] The camera scans a very wide field of view, typically 140 degrees,

covering the ground from very far on the left side to very far on the right side.

[00147] As the distance to the ground from the camera increases towards the left
and right cdges of the image, the arca covered by cach scan has the concave shape
illustrated as the shaded area 258, where the darker areas represent lower resolution due

to larger distance.

[00148] The camera can adjust the dilution, using the lookup table, to compensate
for the scale and distance of the target, using methods that were deseribed in detail in
U.S. Patent Application No. 11/117,731 — to the extent of obtaining uniform scale and
resofution 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 used 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 narrow 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] Attention 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

-6 -
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[ 00200] 524 - The Anal og Paranmeters Converter receives fromthe | ookup
tabl e the anal og Gain and Bias paraneters for any pixels that are
indicated for selection in the current scan line, and converts them
to the format required for the anal og FEE (Front End El ectronics). It
provi des cell/channel back formatting (in opposite fashion to the
Dat a Rearranger) and digital-to-anal og conversion. [002011525 - The
Motor Driver, generates the anal og power as required to drive the

notor. [002Q2]1526 - The Speed and Position Control, conhfgol S t

h
scanni ng not'T OH"HEE6T di ng to the paraneters stored i 2"%‘5’%%

Table for the current area and according to the current position and
speed. [002Qg] &2 oﬁt%u-[maac@?@aﬂgzevfrithct:ﬁ%ﬂ@s@ﬁbeﬁ RN &G Wiy, RORI T1 ONn
and speed to the - 36 - SUBSTI TUTE SHEET (RULE 26)" Speed and

Posi ti on Cortorlplsequerdiglly 82 Gacingbomowindew. | The wdhimeke dcodilugpyg mopfde204] 528

- The Timn n al , XS
signals for %{%&b%&?ﬂ{u& '?%lg% %%Ln§&?§ﬁ%%%ﬁh%ﬁ% %ﬁ%ﬁﬂ%@ﬁ% ? oﬁ@%}gr) and
for all the dihtigksodules; fgslaint the eava€CD outpytein eratidscadObiutisntho ore ommands

and control S6an ranges and velocities according to the respective
Lookup Tabl e paranmeters. [00205] 529 - The CPU interface |inks between

Lhe a2 ST CFle 1305l EOUSD SO TINOIERL LN, bl

renote station. e“Structu

order of celihgatis. - channel s arrangenment in the CCD [ 00207] 531 -

Mrror : placed between in front of the lens to scan the image of the
[00152] A field of view 282 is covered by a camera, and has four zoom windows

284,286, 288 and 290 some of which are overlapping,

[60153] A linear CCD array 280 is covering the field of view, and its raw output is

“milked” sequentially via a controller 292.

(00154] In the overlapping areas, different dilution defimitions apply to the same
area of the CCD. When the dilution is done by a hardware component, the component
may not be capable of generating the outputs for different overlapping windows at the

same time,

[001535] In one embodiment of the invention, the raw output of the CCD array is
split between several hardware dilutors 294, 296, 298, 300, each is responsible for one
window, applying the formula of dilution dirccted by the lookup table 283 of that
window. The result is a set of windows, represented here as 302, 304, 306, 308 — each

having a potentially different resolution as dictated by the relevant dilution formulae.

[00156] Attention is now drawn to Figures 13A — 13E. When using a strong light
source to illuminate the target, it 1s desirable to optically isolate the light source from the
sensitive CCD, in order not to blind it. The present invention, in one embodiment,
separates the light source and the camera into two separate packages that are optically
isolated from each other — each having a rotating mirror, one reflecting a line of the field
of view (the "imaging blade") into the camera, and the other reflecting the light beam (the

"illumination blade") onto the ficld of view.

[00157] As both the imaging blade and the illumination blade are extremely
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scene into the CCD . [00208]532 - Mdtor : noves the encoder and the
mrror, while the encoder and the mrror nust be attached to the sane
axis for precision, the notor notion can be transferred to the mrror
in a variety of ways - for exanple, through a common axis or by a
pull ey and belt, gears etc. In continuously nonotonic rotating
applications the notor power can be |ow, and the attachnment can be
done by elastic belts to avoid nechanical noise to be transferred to

the mnor. If the g%sten1has to sustain a bi-directional sector scan
where hi gh aER&EEPIYT ons are expected, the notor poweH 2 &Y dhed to
be higher - to accommpdate the acceleration, and transm ssion between

the motor ang {\P&ndi fl@%e S8bsH ki RbANE ol {hﬁtqgé}%ig %gﬁ?ﬁ][tlﬁ:g?’ -

Encoder : detects the current mrror orientation an

current azi reempdipgeint i on of the scan line. The practical encoder
pul se can be an interpol ated signal between two physical encoder
pul ses, and [RHSHIN spédeencofelartbde mbpdimpntatheltworidadey yrecoparesiean the eamet he

previ ous ey ALEnUAGGA0L LOPBIRALAbI AR Preci se position

of the mrror. is ca atton s typicall erfornmed on the encoder
counter. [O 534 s M. I ne_ CCD,
the |l ens prg?@g#s thgl%@gﬁgﬁﬂgéegggﬂgggMgﬁgg%ﬂgﬁﬁkfggﬁa%ﬁ %gghg'CCD
i ne. When tdheut tvarsgetratd axiidiat e nevhgpidllslinkedie edchotiet he canera, conpared

with the focal length of the lens, the focusing is adjusted to - 37 -
SUBSTI TUTE 9PHE0] ( RULEarRdyr erpboflimantt the (Wy piircad toyate2@0vwmretiaras weti2000

meters is C%&%ﬁ%&?ﬂ Jﬁhé’{?%kﬁlgﬁe%één%m ‘?ec#%?@m focal length lens).
get 1Is aP a Cl oser range, %%e

When the tar ocus will be done to the

| ongest di st in . nt, I f i.S; handl ed on
oot hod 1 neldOE gosct ul ARERANE HORENE i ARe R RHE, Rl o0 2"
1002111Wi | eldast®op,nmveitiigon chasmisesn thpardjist ulleaapteyd ash thiephandf Hesor i bed

with referencgﬁ;Q on§_§nbg%inﬁﬂt th@reof, it wll be understood by
those skill €0 PR THE" STV TRED P36¢Schanges in form and details may

L A BT T S R e SR U
imaging biade, in one embodiment of the invention. Figure 13A shows a front view of an
imaging blade 330 and an illumination blade 332. Figure 13B shows the optimal
orientation of the two blades, overlapping cach other, where 334 is the imaging blade and
the 336 is the illumination blade. Figures 13C3E show how an error signal for aligning
the two mirrors is generated by slanting the illumination blade 340, while the imaging
blade 338 is vertical. In processing the image, the system secks dark horizontal stripes

along the top and at the bottom of the image.

[00163] The angle of slanting of the light blade is small enough to ensure that
when the two blades are aligned to the same direction (as in 13C), the full imaging blade
is covered by light from the light blade, and the image is evenly illuminated. However, a
deviation of angle between the two blades will cause the top (in figure 13D) or the
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

correction of the misalignment will cnsure that the two blades stay aligned.

- 28 -
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WD 2008/ 085553PCT/ US2007/ 076914 [ 00212] The enbodi nents of the
invention in which an exclusive property or privilege is clained are
defined as follows: 1. A digital canera conprising: at | east one
sensor adapted to provide a digital representation of a portion of a
field of view an optical systemcausing a plurality of

| ocations within the field of view to becone incident on the at |east
one sensor; a | ookup table, operative to store a plurality of
sets of val ye each set related to a rectangul ar on of nterest
within the ﬂ?i?&’ P%i ew, the stored val ues |nclud|nnggﬁﬂ@ Ui

scanning velocity and tinme between signal extraction, bias and gain
factors, andppkxel didktlbRn Iﬂar&mtteﬁ%m 14A - 848 11,01 O8PEY Rl and
controller operative to cause the plurality of |ocations within the
field of vidlumisatipebledesan aieereatd fiom aBovACirtua taser be#gl. sensor at a
given velocity and to command video signal extraction fromthe at

| east one sdﬂé@ﬂ at dhgillyeiation plade s pefoeRlyuey v s slighty wigervkandls ¢ y

and tine betl}’r‘ﬁ %laﬁ{: Gneds t@?&& A&k tei?é“oflaﬁ&r&gdlé?@t ﬁ'oﬂ@gngoalgg?&tohﬁ Fr@&i&“p

t abl e; i xel" corréection nodul e, operative to a % as factor
to any pixel mwmdm the sdvece of Ggltt &l Empb@mewhlah ivpirellyfhag hruoress entiaf a
field of vi ‘%‘é"o aﬁlg b%l% fmuornE hl%ﬂ({dmi{'—:ln fQAeXn\;eEkgoppt's éw@ez?% v%h?aﬁku%-beﬁﬁg 9‘; the

val ues for bias an ors
t abl e; roanked o 3300F1gurd |141Rushows armduhess of ebeihn tbqgsrsahﬂtwmbtboanmeﬂ"l&ct or

el of i awdetebri naie Pl i PR gL SopP kel Be PR e °

par aneters fmﬁm,phax @ﬂe sthtbditdritrallybe idifireatingles) Achaft oOfhk take béahoméﬂlaﬂed

| ook-up tablg. .2. The I, ra o wherein the c rais
cont 1 gur ed_ s o of s Nt Attaneley ik Dt ibraprca i AR
SUBSTI TUTE Siriaindl Heltb)ldnd 20)horidbntaTREGih@bhtshblicE 8RB HR obifin€l|badn The Witer ei n
bi as and gain val ues are auﬁonat caII cal i brat ed by conparj ng val ues

of adj acent PFRel’s SR {APih éaurw ofreatipg igsthsna niFhieg tiheam; el g

of view undegigge PDUEBIE & Yor® urhﬂoanﬁat BGIsGAMdhd difRn tifk hd REHEl Ghdt af
canera of cIa|n1I wherein the senS|t|V|t¥ of the at | east one sensor
can be vari edclfsemart BeEcagly npgwaind Signdfiidunl seenichis may aetgovst the yeaigal 5.
The digital capeidifibubl &l Ml ighhehe insehsy @f@gﬁghﬁgk&r@a{emvtﬁé USikaPl €
used to correct for differences Iin bias and gal h between sensors. 6.
The digital Raaekshotgnshiabagemnesvehenadli Wﬂwﬁebe@iahisﬁﬂa The sevord icgustebtlisuch
that the | ook, LAl euAlniifReild fitoRY%edh, general purpose comput er

external to ther 1 git camer

[00166] Figure 14E shows a way to manufacture and maintain such set of mirrors.

A set of polished and narrow plates that are polished to become mirrors 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 fanned 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

-79.
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7. The digital canmera of claim1l further conprising a |light projector
for casting an illumnation on a location within the field of view as
it becones incident on the at | east one sensor. 8. A digital canera
conprising: a linear array of electro-optical sensor cells; an
opt o- nechani cal scanner, operative to scan an optical image of the
scene across the array; one or nore anplifiers, each receptive
to a correspondi ng signal extracted fromthe array; one or nore
anal og-t o-di |taI converters, each receptive to sign ’
correspondi NG° BAE™3Y° nore of the anplifiers and outpﬁ%ﬁpﬁéﬁﬂ&m”4
correspondi ng pi xel s; a digital region-of-interest |ook-up table
(ROT LUT), qpefdliboddt tﬂe%n%rt(%e%r@er@ﬂaﬂ'ﬂfélpﬁxteb/of(ﬂ{e(?(ﬁj Si‘h@ﬁna?(fﬁltﬁéq'@;olu%Ch set
related to a rectangular region of interest with the i mage, the
stored val ue¥ thenesmgrdi dependeranpqratheniass e, ther mnﬂbﬁ_t G@@rﬁﬂfmdﬂ_m@i‘ gnal
extractions ifi&[{%ﬁe re%l@tﬁ) %F%e%@ﬂm&a,gﬁﬁc&?gl% of PR K6 lto. @ R
paraneters; one or nore dilutor no each operative to select or
conmbi ne any egibv@metm né&iS(jrﬁven’ftm ing glhrsrnal@(’oblrrmgwglscd)bmtbtr roagipiderainof
dilution par, bt aln I i

digital i maggnIE tégff?ere Ha‘ﬁv gﬁhq Enredu%%d Boﬁia&yr 4 chré)rgan? ﬁgﬁhr glg r?t;tlicgﬁl er
(TGC), oper afathv¢ Ghts ancehbd, emgt:th&o;athrnmp‘rgvmgﬁhaqxglmyeﬁthv ehoieskf, yrcla tie 1¢ns in
command vi de extraction fromthe. ar.r.a en, tines,
ST ot ven velte @uoBar BRI 1 AR RS At Pt RL o A coan
position |er cor 0 rativ s val ue
to any pixelwgw to N%WFF@P@mﬁﬁ g@$£“8$°ﬁq é@g?u&§ﬁ%sgvganm§ﬁUe and
the gain facdaratheibagonhs arithedisdifr dazthadie aidneléagonRO heh Wowerel ap edi t o a
region of interest that incl es a. 0|nt corre opdiqg t that Pixel.
9. A net hod Y% BE FH R I Pf"él‘im‘ H‘ﬁd@‘m‘f%aﬂ T'Hod ]é}r‘?gF M5 t he

steps of ! priaMiddi Mg s, thb ﬁh@@fm aﬁ}r Ger @fstirdt Plnds o lightaviafa velyashll et i cal
sensor cells, dlspose al ongLe first coordinate ax scanni ng an
r°B%

opti cal i magizeofhe pgulap et i Oprfiseas, raafywdﬁﬁﬁ@ﬂ%fag@éf’oﬁdh%wci. nat e

axi s, orthogppa 9tén9kﬁo|%’ frdnf Bdtronomy defbREd NEcR aPEinAlyl thy/S@bo $BEEmMOT
values each set related to a corresp ondlnghrectan gular region within

the i mage, tdeacribedobvelpulhiGaas, Asvetpridiressatioffivaics Geashl Caplp LAveritgs,
scan vel oci t@’onwtdr @Eﬁ e Fn\éﬁtﬁ)ﬂcdslh 9@@)/115%%51( él%él@iﬂ sBj?‘lﬂglg l?dc%ﬁal: sl th N

paraneters extracting e [ ectrical I gha fromthe sensors
array, t he t #levaticnf ofethic bunesstrefarsnce othe beﬂlfmog C@efrdbtrr#ﬁ mecdf 49y proyade a very

cor respondi ng i UB-AELIESRFhaah, BELAARLHORS NALUe: amplifying

the signals converting themto digital representations,
structured aFM]ﬁ'Of(el S’ 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 elevation). If the camera
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-41- adding to each pixel a given bias and nmultiplying 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
according to stored dilution paraneters, to forma diluted digital

i mage representation. 10. The nethod of claim9, further conprising a
i ght projector for casting an illum nation |line upon a portion of

t he field of view as it becones incident on the |inear array 11. A

di gi tal nggﬁgﬁg&§%£5|ng at | east one sensoréﬁﬂ% 9m%

provi de a d presentation of a portion of a f
an optical systemcausing a plurality of locations within the field

of view to hegpg b@&k&l@&&g %uiﬁ h@mﬁé thl: %ﬁ&tted%ﬁlmﬁ:?ﬂys 91511‘ oﬂ&d from the @
pi xel correction nodul e, gera ive bi as val ue to any lee

within the diegntieg tw@;w@g@ ¢ Beld @ww) the Wtoan{ thgfpoit fu the inaggfwapldew and
to multiply épfjﬁdp% bEa gtﬂ(.':olfh Bl@%}hﬁglne gr}%e :Isl rfpg oMRE i iR trl i p'wﬂfsbeaarfg‘mg@ n-are

determ ned by I'ight condi't ge area repr sented
pi xel . 12. THdcheditydltirajectorantiha taeget wlspacenand of thaangkarveioeypd it®|t41@et n

a | ookup ta%ﬁec&w&%&rgeawaq%ﬁﬁ;l&dw Wi dbidyy of sets of values,

each set rel to a rectangu ar regi Interest wwthin the f|eId

of view, 21 &1’7?{ ed é@h%? it tﬂ@lagn@%a’]%mﬁh%% %ﬂ&’th@?blﬂt i ﬂaﬁ%g%@%eme; ein

t he bias an n factors ‘used correction
obt ai ned fr ownnﬂmeotbrmudwmﬂbdﬁa@ctoﬂ;@f tHEhzegcrdmghct laiagmﬁéc dlgbtlly jedeed. i 11,
further conqﬁea enerator

n
oper ati ve. oAk rtieste b SRATE N ARG ot Breptor
Vi ew t 0 beccing therbretbavhovdng cbjeet vall bd dkagy digineuished Ban statfonay ghjscan
velocity and to command vi deo signal extraction fromthe at |east one
sensor at a [07¢In ti Meis willdbe bEhe wilgitdall freafpura 16§ stolvag nhel Sifect off t her
conprising: interlacing on the shape of a moving 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 to
right. Clearly, the sampled object appears to the camera very similar to its real

appcarance.

[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 (at a
lower density than in the non-interlacing scan of 15B). The second intetlacing 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 terms of scan lines per period is 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

231 -

SUBSTITUTE SHEET (RULE 26)



a | ookup table, operative to store a plurality of sets of val ues,
each set related to a rectangular region of interest wwthin the field
of view, the stored values including values for scanning velocity and
ti me between signal extraction, wherein the scanning velocity and
time between signal extraction of the timng generator and controller
are determ ned by values in the | ookup table. 15. The digital canmera
of claim 11, further conprising: one or nore dilutor nodules,

each operatkMgﬂ% %§§;ect or conbi ne pixels within th%w@hﬁ&%ﬁh9m
representation of a portion of a field of viewto forma AT

digital image representation. 16. The digital canera of claim 15,

further conpiigd Reksent inventiof dn@MsUMist AR, 10 PEBldeY BmdaQursit A sve
plurality of sets of values, each set related to a rectangul ar region

of interest SRFetNH wisalafone(gr deterpining, the sreedy Bidewnopipngd toj IYYe dieng

val ues for %%Mhisﬁyae O ihdtbie! ofd inYRRE Bk Resd LM Q0 SpSirard®r € di | ut or
nodul es usc the stored values for dilution of pixels to formthe

di luted di gifhgihe) MRIQHERBE KSR AlldOR -fighté 164 18B] H9Fin@ ho @ &M kit @
digital inmage, the nethod conprising the steps of:: providing a

| i near ar r ayanfragpf hewreggnt inyensipn, saping be spgeifighd|of gievidibeppeste Hisections,
scanni ng an | - " - Causing t he
array 1o prdai BBl GRACH ol RErBREAR AR LB R B AR

el ectr o- opt isped. Eigms o¥bAcdlioivs ;2 fistdoof mgwawih Gredjdctsy sanfe efewvbichfareval ues,
each set rel ' - LOR. W &0l e
Tmage, the SESPEShU Febl SETRERHAN SR SR G AC
vel ocity, timeebetthivedtht siagmadin epctd. &bjebiolld mand tpkhealghidit b bigharspeed.
paraneters; s43- ddi to each digital representatiqn,a given
b e ana. mul QT Rt o BiF o gl B 3 On B afo R R AR e &) g
det ermi ned hycdiehjeps28dspandidyg stored gain and bias values. 18. The
nmet hod of acquiring a digital inmge according to claim 17, wherein
sai d step off0sit7or i ng Faufel 16Badhioly, infdoset Bneqfthy &hdge Ihat auilp bk S&% 181201 i ng

ngg / 8 Isggggl L P%éﬁ%%%a}s tba?%@%sz)lr#f I':SE% Itonrig%t. lAﬂ%Hlllg oltnjeacl?sl a?é left ilﬁgﬁéd with their
ariginals - object 430 is left-aligned with object 420 etc. But the width of the object in the
image depends on the dircction 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.

[60178] 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 etc. 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 1s much wider than 426. 448 is identical to 428,

[00179] Figure 16D shows a supcrimposing 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 to the right.
Objects with wider solid lines (460, 462) are moving to the Ieft. Objects that fully overlap
(466) are stationary. Pairs with big difference (454-456) are moving fast. Objects with
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small difference (458-460) are moving slowly.

[00180] By applying morphing methods well known in the art of computer
graphics, the pairs of objects can be morphed to the average of the two distorted images.
This calls for edge detection, detection of key points within the edges, pairing the key

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 honzontal 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 mvention. The block diagram will be

explained by describing its blocks, using the reference numbers:

[60183] 510 -Line CCD - a linear imaging sensor with "p" elements (along the
CCD line), whose output signals are fed through "n" output 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
out, 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 valucs are typically sct to compensate for any mherent differences in
level and gain between the various signal channels.

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

signal channels each. The ADC reference voltage can be controlled by the system to
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adjust the Dynamic Range according to parameters received from the LUT. The output

from the ADC's is "n" or "n/m" streams of digital data (pixels),

[00186] 513 - Data Rearranger : this block receives the "n" or “n/m" channels and
arranges the pixels in a single continuous sequence, as if they were received from a single
very fast video output. To accomplish this, the block uses CCD definitions (Pixels per
channel and their sequencing) read from Block 530. [t should be noted that since Block
513 is implemented in an Application Specific Integrated Circuit, (ASIC), the speed is

now sufficient 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 scek 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 times, the differences between adjacent cells become more noticeable.

[00188] 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 ROls.

[00191] 518 - The Dilutor Processors Array selects which pixels are going to be
saved to the Image Buffer and which discarded, or integrated 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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adjacent ones; this method may include, for example, decimation or averaging or

using other filters.

[00192] It should be noted that simple table-compression algorithms can be used,
depending on the application and system requirements. For example, if the dilution
parameters apply to a segment of consecutive pixels within a given line, the starting and
ending pixels of the segment can be communicated to the Dilutor, which will then treat

all pixcls within that range accordingly.

[00193] It 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. 1t 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.

[00194] 519 - The Multi-port Image Buffer is a Random Access Memory (RAM)
with one write port for cach 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,

[001946] 521 - The Line calculator holds the current line 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 parameter "Line Active" and the current line

from the Line Calculator.

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

may include the following:

Dilution factor
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Dilution mode (decimation / accumulation)

Analog Gain

Analog Bias

Digital Gain Multiplier

Digital Bias Subtract

Integration time

Motor target velocity

TDI lines used per sampled line (e.g. for the standard device 1s 1 to 96)

Filter (we may decide to make edge enhancement, or any other filter type in the
future)

[00199] Depending on the application the Look Up Table may be organized by
lines or by pixels, or Region of Interest or any other structure. In addition, depending on
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 Biag parameters for any pixels that are indicated for selection in the
current scan line, and converts them to the format required for the analog FEE (Front End
Electronics). It provides cell/channel back formatting (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 Position 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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Speed and Position Control block 526 and to the Line Calculator 521.

[00204] 528 - The Timing Generator and Control generates all the clocks and
signals for the CCD, for the Memory (and for the DRAM controller) and for all the
blocks. In particular, it generates CCD readout commands and control scan ranges and

velocities according to the respective Lookup Table parameters,

106205] 529 - The CPU interface links between the camera and any CPU -

possibly, through a communication link, at a remote station.

[00206] 530 - Line Structure: is the definition of the order of cells-vs.-channels

arrangement in the CCD

[002607] 531 - Mirror : placed between in front of the lens to scan the image of the
scene into the CCD .
[00268] 532 - Motor ; moves the encoder and the mirror, while the encoder and the

mirror 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 aftachment 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 accclerations are expected, the motor power is designed to be higher -
to accommodate the acceleration, and transmission between the motor and the mirror axis

is designed to be rigid.

{60209} 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 mceasure 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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infinity (Typically 200 meters to 2000 meters is considered “long range” with a 400mm
focal length lens). When the target is at a closer range, the focus will be done to the
longest distance in the range and the short range focus is handled on 4 method that is

described in U.S. Patent Application No. 11/117,731.

[00211] While the invention has been particularly shown and described with
reference to one embodiment thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention,
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[00212] The emboediments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. 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 phurality of locations within the ficld of
view to become incident on the at least one sensor;

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
extraction, bias and gain factors, and pixel dilution parameters;

a timing generator and controller, operative 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, 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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3. The digital camera of claim 1 wherein bias and gain values are automatically
calibrated by comparing values of adjacent pixels within a plurality of

locations within the field of view under a plurality of lighting conditions.

4. The digital camera of claim 1 wherein the sensitivity of the at least one sensor

can be varied for different locations within the field of view.,

5. The digital camera of claim 1 wherein reference voltage values are used to

correct for differences in bias and gain between sensors.

6. The digital camera of claim | 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 ! 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 across the array;

onc or more amplifiers, cach 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, each set refated to a rectangular region of interest

within the image, the stored values including scan parameters, time between
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signal extractions (TBSE), bias and gain factors, and pixel dilution
parameters;

one or more dilutor modules, cach operative to select or combine any
given ones of the pixels according to corresponding dilution parameters
obtained from the ROI LUT, to form a diluted digital image representation;

a timing generator and controller (TGC), operative to effect scanning
in a given velocity and to command video signal extraction from the sensor
array at given times, all given values being obtained from the ROI LUT for
the current scan position

a pixel correction module, operative to add a bias value to any pixel
and to multiply it by a gain factor, the bias value and the gain factor being
obtained from data in the ROI LUT related to a region of interest that

includes a point corresponding to that pixel.

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 difution
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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adding to each pixel 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;

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 of a field 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 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 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, operative 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
extraction, 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 dilutor 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 scenc 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 vakues.

18. The method of acquiring a digital image according to claim 17, wherein said
step of storing a plurality of scts of values comprises storing said plurality of

scts of values in a lookup table.
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