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image capture system may render a portion of the collective image in accordance with the user’s indications.
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PRIGRITY

{0001} This apphication claims priovity to U, Provistona! Patont Application Serial
No. 772870, ontitled “Multi-Lons Array System and Methed,” filed

Fehraary 13,2006, the disclosure ofwhich is incorporated by reference Rerain,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

e This riention was made with Government suppert tnder DAREA Tdntridt
Mo, MECHCOS0000 awarded by the US. Departmont of the fnfedor -
Wational Business Center on behadf of 8 Deparbment of Defense Apmey ~
Defense Advanced Research Projects Agency. The Government has cextain

righis ity the fvieniion.

BACKGROUND
iR fmage capture svstems have existed fn a variety of foums since the fnception of

phiotography. One lype of mage vapture system inclades an array of camoras
used to captore seversl fmages that 4ré stitched together to formi ¢ single

unitary fmage or @ compostie mage. While a variety of rethods and
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apparatases for capluring images have been made and used, it is belioved that
10 one prior fo the inventors has made or used the nvention described i e

appetded cldms.

BRIBF DESCRIPTION OF THE DRAWINGS

While the speeificstion concludes with claiins which particularly point out and
distinetly claim the fnvention, 1t is belicved the present fnvention will be better
anderstood from the following deseoption of certain oxsmples taken in

gonjunction with the sccompanying drawings, in which Hke reference

nurneraly identify the same sloments and in which:

FIG. 1 depiets an-exianplery image captuse and transnission systewy;

FIG. 2 depidts 2 perspective visw of an exemplary mount for an amay of

CRIISNES;

FIG. 3 depicts 2 cross-seotional view of the monnt of FIG, 2, taken along Hne

3%

FIG. 4 depicts 2 perspective view of the mount of FIG. 2 with & plorality of

wameras monated thereto;

FIG. § deplets o cross-sevtional view of the mount of FIG. 4, taken alotyy Hae.
5.5

PG, 6 depiats a perspeciive view of an examplary sollar suitable for securing

8 camera o the mount of FIGQ. 24
FIG. 7.deplots 'evoss-seetional view ofthe collar-of FIG. 6;

FIG. ¥ depicts a crossseétiong] view of the mowat of FRE 2 seowed o a

fusolagy

FIG. ¥ depicts an exploded view of an exemplary lons assembly;
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~FIG. 10 depicts a cross-sectional view of the lons assembly of FIG. §;

FIG. 11 depicts Hglt passing through lens clements of the lens assembly of
FIG. &

FIG, 13 depiets lght passing though exemplaty alfernstive lehs slstients

suitable for use in the lens assembly of FIG. &

FIG. 13 depicts a partial cross-sectional view of the lens sssembly of FIG. 9

mounted o fhe mowst of FIG. 2; and

FIG, 14 deplots & Sow-chart.showing acts In.on exemplay Imags procéssing

method,
DRTAILED DESCRIPTION

The following description of certaln stamples of the invention should tiot be
uged to Hont fhe scope of the prosent Invention. Othér examples, features,
aspects, embodiments, snd sdvantages of the javention will becous apparent
{o those skilled i the art from the following deseription, which is by way of

Hastration, one of {he best modes contemplated for carrying ot the invention.

As Will be realized, the invention is capable of othier difforent and obvioes

aspecis, all without depasting fom the nvention, Accordingly, the drswings
and descriptions shoukd be regarded as ilustrative in nature and not restriciive.

As shown i FIGL 1 and a8 will be desortbed in greater detail below, the fuagg

chpiire: systom of the present exarple employs the use of a sirerall (10Y Ry

the captars of overliead, wids-aigle video butzes of peaple {12), faoilitiey,

citics, or other places or things within the Beld of view of the imuge caphure
systom. At least a porion of the coptimdd hpdges ave fravamitted @
approximately roal fime t a ground station (14}, While not dﬁg}ii‘.j_iﬁﬁ‘ ¥
plarality of ground stations (14) may be provided, with af least one grommd
station {14) acting as g relay betwesn other grownd stations (14) and alrorafl
(10).
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While airerafl {10} depicted in FIG. 1 i3 an smonanned t‘h*mze; it will be
sppreciated that any other type of slreraft (10) may be nsed, inchding but not
Hmited fo & mamed airplase, a helicopter, an airship, a balloon, or another
fype of acrostat, It will also by appreciated that an image caplure systom may
be used in any other type of vehicle, ncluding bat not tiited to land vehicles,
waterorafl, eie, Alternaiively, an bnage capture system may be seoured 10 2
structure in 8 fixed location, such gs & tower, budlding, ste. An image caphure
systein may also fnclude a combinefion of Imags capiurieg ‘;z'»;}rtim}fs-fi;x ST
atroraft or other vehicle and image capbicdng pordons seowred %o a fised
location. While several exemples herein contemplate an Image caphurs system
hetng ovismed vorfieally; such that its Viete 18 divected ponerally 'év;)‘&t&“.%%‘ﬂ'&‘{x i
will be appreciated thal fmage capture syshems described hereh may dlso be

oriented hovizontally or provided in any other suttoble orfentation. Other ways

o whiich s droage caplere systam. may be provided and nsed will be appavent

1o those of ordinary skilf in the axt,

As shown i FIGS. 2-3, the tmage capture systemn of the prosent sxsmple

comprises & camera mowst {20) or optical bench, Camera mount 30} may

comprise acrylie, polyearbonate, or any other plastio, ahunimmm or any other

metal, or any other material(s), inchding combinations thercof, As shows,
camera moint (20) hes & dome-ke conves portion (22), snd a lip {E'fe%};‘f\;x«‘izich.
defines a cirosmference of camera mowst (20) and exiends radinlly m{iwar&
Alternatively, Hp (24) may have any suitable angle or other configreation. By
way of example only, Bp {23} may have ae inner dinmeter i}ﬁfﬁizw‘eﬁ&y
approximately 46%, inclusive, and approximately 4§, Inclusive; snd A dder
diameter between approximately 487, inclusive, and approximately 307,

tnclysive, Altematively, soy other Inner or outer diameter may be ussd. |

Convex portion (22) has an onter witface (26) and wu fonse surface (28), and a
plorality of openings (30) formed therethrongh.,  In the prédent example,
convex portion (22) has 271 opertings (30, sach being configured o regeive 2

camere (400 1 will be appreciated, however, that any suitable zmmisxzr of
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openings (30) may be used, inclading but not Hmited to less than 100, more
than 100, more than 200, wore than 300, or any other sultable number, Bach
opening (30) of the prosent example has @ diameter of approximately 38 mm,
thougl any other dimmeter may be psed. By way of example only, conves
portion {22) may have an inside radius of curvature between approximately
24", inchusive, and approximstely 26°, inclusive; and an oulside yadiag of
curvatrs between approximately 241257, inclusive, and spproximately
26:125%, inclusive. Convex portian {22) of the present example has i mmdfz
radius of curvature of approximately 24™, and an outside rading of curvature of
approximately 24.138%. Alternatively, any other jnstde or ontgide radius of

curvature may be wsed. I svother embodiment, conveik portion (23 has e

hyperbolic or pamabolic curvature. Other switable configurations will be

apparent 1o those of ordinacy skill in the art,

In another ewmbbdifvent; camera mount (20} Is generally flat.  In this

sybodiment, each camera (40} may be simed 8t & conwnon phanion ;fsi;:izzf or
may be otherwise oriented.  In other words, where vamsera mown (20} is
gencrally faf, the nes of sight of cameras (40) may noveriheless inforsset Inn
manner similar to that described herein with wespect {o the curved csmera

mount {20}, and such lnes of sight may have relative angular relationships

stonilar to those desoribed hereh with respect o the owrved camers mowt. Tn

sill another embodinment, cameras (40) are provided in a vadety of sizes. For
instance, a relatively lorge camera {40) may be provided in the contar of an
array of relotively sialler'catosris (40, Similaly, séveral cameras {»’%i{ii}f ey
be provided with different optical properties or other diffefing properiics, It
will therefore be appreciated that all cameras {40} mouuted to camers ﬁycxtxx;i
{20) nesd 1ot be uniformly the same. :

LBach vamera {0 of the prosent sxample comprises 8 ssisor portion {»@23 and

a Jens portion (#4), which will be described In grester defall bolow. Camerass

{40} are positionsd on convex poriion (22) of camera mount {20} such that

cach lons portion (44) is orented radially nward, It will therefore bo
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appreciated that, where a phurality of cameras (30) are sconred io camera
mount (20), lons portions (44) of cameras (40} will have intersecting Hnes of
sight, Bach lens portion (44} of the prosent example is secured to convex
portion {22} by a respective collar (50), an cxemple of which I shown in
FIGS. 6 and 7. As shown, sach collar {ﬁ{}:} has & sidewgll {82}, an ldmer
recessed portion {54), and an outer recessed portion {56), Bach sidewall (52}
has a plurality of throaded openings (64) formed theretivough, Inner recessed
postion {54) has an inner shoulder (58) extending radially inward; while buter
recessed portion (56) has an outer showliler (60} extending radially outward,
As is also shown, collar {50) comprises an angled portion (62} that defines s
Trasto-conioal apertuare, Anglel portion {(62) Is sdjasent fo Hier s&w‘xziﬂ&% {383,
and definesan angle of approximately 50° relative to fnner shoulder {§$§. Of

conrse, sy other swifable oricniation or configuration raay be used,

Tn another anbodinent, 2 pan-ilt-edoin (PTZ) camers (oot shown) is zz& ::z* in
combination with ¢ameras (40). Such a PTZ camera may he mowmsted to the
same platfonm as cameras (80).  In addifion, or in the allenative, a PIE
camera way be located elsewhere. As yet another variation, a camers system
such a8 one described in U8, Pub, No. 20060028530, entitied “Swrveillance

System and Method,” the disclosure of which is incorporated by reforence

érein, 35 used fn combination with cameras.  As with the PIZ chmenn

described above, sach o camers system wmay be generally co-loosted with
cameras (403 and/or may be located sleewhors,  Other cameras or camers
systems that may be suitable fif cormbining with demeras (40) will be ap{rarmt

to those of ordinery skill fh the art.

fn the present exsmple, collars (50} are secured to camers mount {20} by
nserting outer recessed portion (56} of each vollar (50) info 8 respective
pponing {30), such that outer shoulder (60} 1s adjacent to ower surfuce. {26} of
convex poriion (32). ¥ will be appreciated that this may be re'g;eateé il
every apeming (30) bas a corresponding collar (30} inserted thersin, zn one

embodiment, collars (503 are secured 1o convex portion {22) nsing an sdhesive
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or gpoxy. In anotlier embodiment, outer revessed portions {56} and openings
{30} are threaded, such that collars (50) may be screwed uto openings (304
SH1 other ways i which collars {503 may be seowresd to camera mount (20}
will b apparent to those of ordinary skifl iu the art, inclading but not limited
o welding, interforence fitting, or any othet technigues.. Alternatively, camerd
mount {20 may be constructed such that collars (S0), or structures simnilar
thareto, are integrally formed with camers meout {20}, Of cowrse, anyﬁpmer
techniques or siructures for seonring cameras (403 fo camera mount (203 may
he used. Tn other words, colars (50) such g5 those deseribed herein are ‘z}éemiy

optional,

Before or after collars {30} are seoured 1o pamera mownt (20), ks pottions
{443 ave inseried indo collars (30) and secursd thevefo. I parfioates ci fors
portion {44) i inserted fnto sach coflar (50 such that the distal or objsctive
end of lens portion (44) is adjacent inner shoukder (58). Bach lens portion (44)
i then secured fo #is corvesponding.collar {503 by inseriing and tightening
get sorew {not shown) into thresded openings (64) formed through sidewall
(53 of collar {50), It will be appreviated that lens portion (44) muy be any
commercial offthe-shelf {COTS) lons assembly, and that cach camers (40)

may be a COTS camera. The use of set soraws or other devices may permit

eollar (50} to accomuwodate and decure varions types of lens portions. (44}

having various outer dismeters.

Alterngtively, the inside of sidewall {52) wmay be threaded, such that lons

portion {44) may be serewed into collar (30). St olber suitsble strszn%iurfss

and techniques e securing feas portion (44} to-valler (S0} will be apparent to

those of ordinary skill in the it Alterhatively; lous porion (34} may be
configured such that & structure similar to collar {50} is ntogrally formed

therewith, It will thereforebe appreciated that collar (30), as & plees: separate

from lens poriion (44), Iy mercly optienal, ss-are other cantponents deseribed

herein,
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FIG. 8 shows camera mount {20) secured to the fuselage (80) of airorafl (10)
by a fixture (70). In one embodiment, Sxture {70} comprises 2 “Plotorvision
KR™ structure by Pictorvision Ine. {formerdy Wescam), of Van Nuoys,
Californda. 0Of course, any other type of fixture (70) may be used. Tt will also
b appreciated that fxture (70) may have any of & variaty of 'pmpari‘ies§ For
instance, fixture (70} woay be substaptially rigid, such that fiere (7O}

prohibits movement of camera mount (20} relative to fasclage {80}

Alternatively, fixture (F0) may comprise gimbal $atires or sindlar foatwes,

permitting some degree of wovement of camera mount () relative to
fuselage (80}, It will algo be sppreciated that fixture {70} may camprisa}};ads,
festures configared fo prevent tansfer of vibratlons from fuselage (30) to

camera tmount (20), Sull other suiteble foatares and configorations for fiure

{70y will be apparent fo tsose of ordinary skill in the axt,

In the present example, window (82) s provided in fuselage (30), peraiiting

canveras {40y o ¥sed?” Hwough fuselage (80}, In other words, sach mmerii {40}

is peignted such that allcamerns (40} point fhrough s commeon gentral a;;érmm
provided by window {§2), More pwrticularly, cameras (40% of the pz\,wm
example have interssoting lines of sight. As shows in FIG. §, the ixzmrsécting
Yines of sight of the vulermost cameras (40) formr 8 maxinwm m:irzvarfifam:fz
angle (84), The verlex of this angle {84 may be regwrded & a “phentom

point.” While the Hoes of sight of the outermost cameras (40} sre shown as

converaing senieally at window (82}, it will be apprecisted that these Hines.of

sight may converge elsewhere (8¢, above window {82), below window {82),
ete.). Bevond the point at which the lines of sight converge, the lines ai‘“‘;fssighi
diverge through what may by regerded as a region of divergence, m the
present sxample, 3ubjécis {8.8., petsons, plaves, objedts, events, sle), éfi§§§i0§}
images are captured by cameras (40), are locmted within this regién of
Jiverperee. 10 other words, the “phanidm point™ i ;i{}sitismégi hs,mmn
comeras (40} md the sobfect of which hwages aw behy g@g)ﬁm?{i

Aliernatively, the Hues of sight mav converge approximately at the sulisss
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As vel another alternative, the subject may be positioned such that the subjest

is Jovated betwween camers {40) and the “phantom point.”

Th the prosent xammpls, Window (82) is substantially at on both sides, ;fie;;g}if
it will be appreciated thet sither or both sides of window (82) may be c{xr*;-‘eég
such that window {82) may be provided as a lens cloment. Similardy, while
window (82} of the present. example has o Hantster of approximately 2{}39
mm, i will be appreciated thet any other suitable diameter or a&inmf}s?icm{s}

may be used,

I one embodinent, maximum convergenee sagle (84 is -ﬁg;gmxixnmiﬁf A
In amoflier embodiment, the maximum conpvergense angle {84) s
spproximately 815 OF course, any other suifable maxitvum cﬂmfiar;gmizez
angle (84) may be peed, Alternatively, camera mount (20) may be cmﬁ_gm‘c{i
or wsed sl that the lines &f sis'f;iit ai’" the outermost ‘eameres (40 (36 e
may vary as a function of the radies of curvature of convex portion {.5,,} of
camera mount {203, andéor a variety of other fsctors. Those of ondinary skill
in the art will also recognize that the field of view obtained by ca‘mera;{ {40},
collectively; may be poportonal to the maxinmn convergence angle {843 ot
have some other relatiouship with fhe maximum convergence angle :: "{84}
Alternatively, the feld of view collectively obiaingd by cameras {40) msy he
digproportioaal to the mindritnl convergsnos angle {84)

Trwill be approciated thiat, o thy extent that camers mownt { IR S wz&reé &
PR

moving platform (8., aiveraft (101); Toges captuved by cwbieras {46} fetay

have o tendenoy to jitter or may otherwise be affected by motion s:}i the

platform,  Such offeets may sddesssed by slabilizing. camery wmpimt { 20
yelative fo-the platform andior by stabilizing camerss (40} relative o eé;mem

mount (20}, PFor instance, a dampening structure or featare may be
tacorporated inte or between camerss (40), camera mount {20}, Sxtore: (70,

andfor elsewhers. As noted above, such g dampening structurs or fealurs wmay

comprise sny number of the following springs, rubbsr or foum pads,
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prenmatios, gimbals, efo.  In addition, different components of an imags
capfure system may be darapensd in different ways, if ot all, Other t}ampcnmg
techuiques, as well as altematives o dampening, will be apparent {o those of

ordinary skill in the art.

Abemiatively, effocts of platform movemeni, vibration,. sfe.,. on zmgzgc*
captired by catneras {40) may be addressnd through processing of the mms;c:s
Such “comentive™ processing may be performed in addition to or in Hew Qf the
hardware-based techniques deseribad above for addressing similar &?‘f‘.c&, For
instanies, ws will be desceibed 0 grewer detadl below, vages mtsmwd 12
cameras (40) may be combined to forny a collective, wide angle mzax,vz such
that an bmage saptured by a single camera (40) may be regarded as 2 tzie' of
the lwigdr hmdge. As will also be described B grester detail ‘n’;}mx
mosaicking techaiques may be utell to sliminate motion betwedn sm:}i filex
{e.g., wotion or transtation of one tile relative to another dle); while §;§o§33§.
motion estimation may be used 1o address motion of the colletive, wide xagle
itndge. In other words, mosaicking may be nsed to address motion of wzfiwms
{40} relative to sach other, while global motion estimation may be u»mi o

address collsctive motion of cameras (40) refative to the grownd,

An exemplary fens assembly (90) is ilustrated in FIGS. 9-11, izi one
embodiment, lens portion {44), deseribed sbove, comprises las as-mmbkf
(90).  As shown, and as will be desdabed o greater detall 'béiqws; lens
assembly {90} comprises o housing (93 or bareel, » plarality of Yens ﬁieﬁ*mis
(94, 96, 98), caps (100, 102), spacers (104, 106), and retainers (108, 110). A
plrcunforontial ﬂaz;g;e {120} extends radially outvard near the-obfentive ud of

lens sssembly (90},

{n this example, lons assembly (90} is configured such that front lens aicmcm
{94} i3 positioned distally {e.g., af the objective sud of luns assenbly {}3&}}},
rear fens olement (98) iy positioned proximally, and middle lens ﬁis.mem {96}
is positioned between font lens element {94} and rear lons elomanm (i}&} i

will be appreciated that lens portion (44) may comprise One OF MO feam;czg*
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providing the option of twking lens portion (44) apart for any -pm;:mséf, For
instance, bousing (92) of lens assewbly (90) niay be configured in seémaie
paris having complimentary threaded features, such that housing {(92) .rr?ay b
faken apart by unsorewing these parts from sach other. Other ways in @xrh%c};
housing {92} may be varied will be apparent to thase of ordinery kil m the
art; ::

As Hustrated in PIGS. 10 and 11, lens assembly {90 is genfigurad su.c}z that
Hight {112) passes thwough front lens cloment (94) first, then through zz%id{iie
fens dlement {9&}3 then throvgh rear o element (983, This mm«*xdcsm
fmage projection (114} o an hmage plane {116). In the present exampls, iitsiwn
lens assembly {90) s coupled with seusor portion {42), sensor portion if%z} is

foosted within hmage plane {116}, such.that imoage mrojection {114} Is received

by sonsor partion (423, While several sxeiuplary fontures of lons slomonts {94,

96, 98} will be described below, it will be apprecisted thai lons elements {94,

965 933 may have any other sitable evnfigusations, wod thet ady nmber or

types of lens eloments may be used.

Front lens clement (94) comprises a conver first surface {1203 zm% 2
substantially flab secomd sorface (122). Convex frst swrface {120 has 2 m&m
of curvatiurs of spproxtmately 48,785 wom, though any other suilsbic mdms of
purvature may be used. Similarly, second surfuce (122) nsed not ﬁacewarm
b subgtontially flal, and oty hoave oy sutleble rading of curvatiwe. For
instance, second surface {122) may be slightly concave, In the ';}i?esem
exaruple, font lens element (94) comprises & SCHOTT BKis jgiass.

Aliernatively, any other suitable glass may be used.

Middle Tens element (98) 15 bi-concave, and compiises a ¢onchve st sm&m’
{124} and & concave seoond surface (126). Concave fiest surfhee {124) i§~zz§3 g
vadius of curvature of approximetely 13535 mm; while convave s:s%mm‘i
sarface (126) hes @ radins of cwrvature of approximately 41167 mm Oof
course, any other suiigble radius of curvature may be wsed for either or %mm of

concave first saefics {124) or conpave seoand surfade {126). T the broseni
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srample, middle lens cloment (96} comprises o SCHOTT ¥4 igless

Aliernatively, anv other suitable glass may be used.

Redr lens clément {98) comprises & oo first surfoct (138) and cmmx
second surface (1303 Convex first surfacs (128) hag a radisg of ttmamre of
approximately 115.24 nuoy while conves serond smeface {128) hag a mtiius of
survatare of approsimately 193,241 mm, OF cowrss, any ofher switable radis
of curvature may be used for either or both of convex first swrfige {‘1?3} or
convex second surface (130}, In the present example, rear lune eismenjf {98}
comprises a SCHOTT SK16 glass. Alternatively, sniy other suifable giasmﬁa}

b used,

FIG. 12 depicts a sertes of slternative lens clements (140, 142, 144, 14& 148,
130}, In ibis exemple, Hest jens olement (140) comprisey s {,mm.\ first
surface {1521 abd g ddneive seonnd surface (154). Senont ie&s;&iern‘a;&té{&42%}
comprises 8 conves fret srface {156) and a substantially Hat second S&’i&‘i&{‘{’
(158). Third lens cleowerst {144) comprises a convex first surkoe (160) ‘m{i a
substaniially fa second surfyce (162), Fourth lens elemen (148) compzéise& a
substantially fat first suxface (164) and 2 conoave second surface (36&} In
this exmmple, thied aid fourth lons sloments (144, 146) e pesii‘it}m{{' such:
that substantially flar first surface (164) of fourth lens element {}%{i} iz
adiacent substantially flat ssoond surface (163) of third lens slamnent {1»@4}
Fifth lons sloment (148) comprises a substantially Hat first suface {188) ami 3
convex second surfice (170). Sixth lens element (150) comprises a cama\
first surfoce (172} and a concave second swrfive (174). In this emmpi& fifth
and steth lons elements (148, 150) are positoned such that convex first surfac&v
{165} of sixth lens cloxnent {150} is adjavont convex second swrface {I”':_%C%} of
fifth lens eloment (148).  Of course, these configurations for lens aiemema
{144, 142, 144, 146, 148, 130) we mersly exepniplary, and any nunbey {zf onis

slaments or lens slement confipruations may beused.

FIG, 13 shows an example of how lens assembly (90} may be secured to

camers motnt 203, As shown, 2 portion of the objective end of Tens asssudie,
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(90} is inserted through comers mount (20}, such that fhe aircxsze%mﬁai
flange {120} of lens assembly {90} is adjacent outer surface (38} of mmcm
mount (20). A setwring ring {118) is engaged with the objective end c:f:‘ lews
assenbly (90), and Is adjacent inner surface (¥8) of camera mamaii {20}
Sechring riog (118) and clrcwrferential Honge (120) thus “sendwich” c:amwa
mount {20), therehy securing lens assembly (90) to comers mount {2(‘5} s
clamping fashion. Qlher suitable methods for seobring a leus assombly {*35%} or

camera {40} to camera mowm (20) will be apparent to those of ordinary gkill in

the gt

Each camerg (40} of the present example hos the following p&mzm‘iﬁré, such
being merely approximate in value: an F-number of §; an effertive focat
length-of 180 pwy; an image distance of 134 muoy; an image size a‘if-.?;ﬁs’;ié};\rz{}«-‘}ﬁ
rixels (or 24x24 rmw); u spectral vange of 150700 now; o Togth of 200 e @

field of view of 10.8% an entrance pupil dlameter of 30 mm; a depth of feld

¥

ranging foy 1.5 o tQ;iizﬁnitg ‘and & pivel pitelr of 12 micvang, OF caum
cach of these listed paraweter values iz merely exvmplary, and emy other
suitable parameter values may be used. For nstance, camerss {40) may hav:: a
spectral  range  fulling  auywhere  between  approximatly 300 and
spproximately 30,000 nm, Inclusive. Tn voe ewbodiment, an image formed by
Sovabiming images caplured substantially stmultaneously with ¢amerss (40)
copprises  approximately ong billlon pixels, such that c&m&rasg {40

collectively b a single “gigapixed camers.”

T this present example, sach serisor portion:{42) comprises s senser s,iammi
{not showiy that is aperable to capture visible Hght (e.g., haeving a w :{ssf:iiengﬁz
between dpprosimately 430 panomeiers and approximately ?G{}'zammmfaté‘m}.
Rach sensor portion {(42) may comygise a CCD sensor (6.8, frame fminsfe:r,
interlihe transfer, ofnd, & CMOS sesor (oiy, with an dectronie .z*zz;}i_ﬁ.i‘:;g
stntter), or-any other type of sensor. By way of example ondy; Senst:}r-pfmﬁm}
(42} may comprise a LUPA 4000 sensor by Cypress Semicmtéimtor

Corperation of San Jose, Califorsda, though any other sensor mway be us%ﬁ‘ n
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one smbodiment, cameras (40) are configured 1o 0btain monochrome mmges
in another embodiment, cameras (40) are configured o obtain ;w‘iyei}s'amez
fmages.  In vei snother variwtion, sensor portions {42) comprise i&:ﬁfr&m&
fmaging components, such that cameras (40) comprise infrared ca{mms.
Infrared camiras (40) may comprise passive night vision compotents, jéict:iva
right vision pomponents, o combinations thersoll In still snother variagiﬁx}; @

cameras (40 is opsrable to capture both infrared and non-infrared images.

Sengor portions (421 of the present sxatiple ars configured to provide a glabal
shiitter. In ofher wirds, cuinenss (40) sre configured o ol captiire Hnages
substantially simultsneously snd synchronously. 1t will be apprecisted that o
global shutter may be provided mechanically andfor e}mtmnicaiiy.f For
instance, & mechanical or slectronic global shutter may cause the aﬁ,xmmm
time for cach caitieta (403 10 begin and snd st substantially fhe same ﬁ}m as
the other cameras (403, Suitable techniques for implementing 2 global shutter
will be appareot ta those of ordinary skill hythe art. Xt will also be ap;m%iamé
that & global shutter ie-not necessary, and that any suffable altersntive mav he
wed. By way of example only, an gigorithn may be used o register pié:eis 0
& conunon thme. Sultable methods of implementing spch an algorithm 1%'-*&}‘2 be
apparent to those of ordinary skill in the art, as will other aii'f:mati\-'e%: o a

global shutter.

Sensor porfions (42} amy be sooufed to corvesponding lend portions {afé«i‘; in

any suitable way. For instance, sensor portions (42) and lens pm{%m&é {44}
may comptise complimentary threaded features, such that a sensor portion
{42} may be screwed on fo a.cowesponding lens portion (443, Aiimza{imiggg
sensor pogtion (32) may be confignred to clasp or lateh ondo & cm'i'ﬁspagnﬁing
lens portion (44). As yet another alternative, instead of belng mm:ﬁvabiy

coupked with 4 corresponding lens pottion (44), & sensor pottion {42} m:z} he

permanenily coupled with o vorrssponding lens portion {44), such a8 by

welding, using adhesives, integeal formation, or nsing other techuiques. Other
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suiteble sirnctural relationships between lens portion (44) and sensor portion

{42} will be apparent o those of erdinary skill in the art.

sensor portions (42). For instance, sensor porfons {42} may be ﬁimkftzdi by
rotating each sensor portion (42} naiil the bottom of sach sensor pm’téaf;:a {43y
is the sane distaace fom opler surface (26) of catrers motind (38} &s the
hottom of ofher sensor portions (42).  Sensor porfions (42) may aim be
clocked by aligning the respective hottom edges of all sensor gnm‘lenés {42)
such that they e ol pataiel. Such clocking methods may be dong m the
srnbodiment where housing (93) of lens assombly (903 comprises two pﬁ}%{if;«m
serewably seonred together, sueh that each sensor portion (42} may be reated,
or inany other suifeble ombodinent. Ity another embodiment, Sensor
portions (42} are activated, dnd video coptured by sensor portlons (42Y s
vigwed, In this embodiment, clovking may be perfonsed by roisting sensor
portinng {42} until objeets or features within caplured fmages wg {:cs;zsis;}:eniiy
aligned among views from adjacent semsor porfions {($2) I ngi be
apprecisted that clocking may initialize the search space for & mx)smi\m&
algorithn. Other methods for clocking or aligning sensor pertions (42} mii be

apparent to those of ordinary skill 1o the arl.

Tn the present example, when camerss {(30) are located approximately ?’é fom,
of approximately 25,0008, above the grownd (e, canieras {40y mownted fn
an afrersft (109, cameras (40} reay collsctively view and capture an .itm;;.ga of
an area {a “fooiprint™) that is approximately 11 km by approxtmately i‘ ko
Cameras {40) way 'ba‘mﬁﬁgmgd such that such an imege hay 8 tg:ssg}ntiw of
approsinmately 0.5 wicfers. By way of otample ‘only, canterss (4{3} Y
provide approximately 50% comtrast of featoves lfarger than 0.5 melers m st
within an approximately 11x11 kv grotmd foolprint from an aitita{fsi& of’
spprosintely. 7.6 k. B owill be appreciated that the size of the ;ﬁ%ﬁi}k}ﬁ
footprint associzied with cameras (40) may vary a8 a funttion of cnmms ()

altitude, a5 may resofution. For instance, in one smbodiment, whewe cafinms
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{407 provide a resolution of 0.5 m from an altitnde of 7.6 km, cameras {40)
nway provide a resohetion of 1.2 m from an altitude of 18 km. Qther stitebls

degrees of resolution, altitudes, and foofprint sizes may be nsed,

Cameras (40} of an excmplary Image capture systam meorporate senmrs that
are aff of the same effective focal longth and wntvance papil size thus sanpling
a some @ 8 constant engular rate. A ssnsor with # lens well uwsmvé for.
genmetrical distortion each pixel Hoearly maps & plane omo the nzspwizw
sensor wray. With uniform anguler resolution from sensor 0 se;zs}br he
compusite scene dhserved by an finage cupters system may be. mz‘iii‘ézmiy'
seafed for planes at @ constant distance from the respective senson When the
seene being sampled i st multiple distances foro the image capture s&stam,
the changs in sele may be proportdonal e the change iy dstavcs to the swsze
T principle, it may be ay though the origin of the cocrdinate system zm* sach
sensor entrance pupil is co-lovated at @ common point, and the respective papi]
plane {5 shoply rotated about that point o sample the entire tage s;{;xgﬁtam
system fld-ofview. This quantity may provide o mdans’ for adjacent %emaz"s
fo sample more or less of 2 common volume of {he image captare %»stem
ficld-ofview, Fach sensor may sample the buage capture systent .ﬁ{;i{i«saﬁ
view and sach pixel of the respective sensor array may sample the respective
sensior sample, T roay also by possible to have each sousor designed o scale
the volume of the image capture system field-ofview such that zz plans
perpendicular to the image capture systens boresight direction is s&mp’iieﬁ by

{he Inverss of themgle,

To the extent that cameras (30} are vsed to capture video furges, such video
sy have any suitabls fethe rete.  Forindtance, & sutlable fande rate may b
greater than or equal fo approxinately 5 frames per second, .&itematiwi}«, any
vther suifable frane e niay by psed, incloding lesy than § fames per *«f.wzm
Buch camera (40) muy slso -caphire fmages with an exposwre fime of

approximately 1 ms, with an apertute of spproximately £2.8, using zm ND4
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neuiral density filler.  Other suitable exposure tiaes, aperture setiings, and

filter selections will be apparent to those of exdinary skill in the art.

It miy be-desirable o provide sowe degres of calibration of wmm {40
mounted to camera monnt (20), Such calibration may be used to detect .m{im
correct mounting inaccuracies or inconsistencies of sensor portions (42) or
tens portions. (44).  For instance, calibration fmay be provided 3o f‘ééﬁ'ii’fgig
aﬁj ustment of sameras (40 such that their respective lines of sight all mim»mt
at a single conumon point o the greatest extent possible, Calitwation m&n also
e provided to provide & consisient distante from each sensor portion {&2‘; e
its respective fivst Tons {941 TO the extent that cameres (40) may not be
ideally adjusted for whatever reason, calibration may be used to obtain some
correstive fotor or factors to be accounted for during bmage grs:;;;:;:ssi:ig,; T
other words, structeral or other fmperfoctivns discovered duting calibration

may be sccounted for during image processing, 1o address adverse offects that

weguld otherwish be cansed by saoh imperfections.

In one exsraplary calibration method, fens portions {44} are used to ;m;am
Hight omto a planar checkerboard pattern (not shown) positioned béneath
camera mows (20), Cheoketboard pattern comprises-a plurality of ,sq;n;m;;?
each square belng sssociated with 2 respeetive leons portion {44). iﬁaui& lons
portion (44) is adjusted relative to camera mount {20} until ght shone iiﬁfa&g&
fons portion (44) is contered In ifs corresponding squaredn the checketboand
patien. ;

In another exemplary calibration methed, 8 collimator (oot siw%i{*n} is
positioned wnder the center of camera mowst {20).  The collimator is

configired fo rotate sbowt two axes, Light & provided do and by e

collimator, and collimator-is rotated about the bwo gxes 1O seloutivel

e
the lght into each camera (40). If necded, each lens portion {44} i ad};zsw&
relative to camers mount {20) o ensure that Hght provided by the m}ii}aﬁz&t&r

reaches sensor portion (42) secwred 1o such lens portion (44) when collimator

s disseted towand corfesvondive camera£40), Those of ordinaty skill dn the
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art will appreciete that the foregoing calibration structures and methads are
meredy exemplary, and that any other suitable calibration techniques niay be

axed,

Calibration may alse be nsed o account for hardware errors or xberrations

{e.g., defects in a Jens clement (94, 98, 98), defects in a sensor, sle.), certain

‘environmaental factors; or other fictors that #-may be desirable 1o take foto

account during fmage processing. By way of example only, any of the
following may be determined during calthbration: geometrical distoriton imz:ifs:)r
son-unifors Shonination over the Held of Wiew, non-unifirny respngs m‘ cach
pixel in an arvay, dead pixels in an srray, non-uniform gain snddor m%fm for
each pixel in an aray, wie. Such errors or factors may be characterized c}mng

catiteation and corrected or otherwise addressed during toage processing.

T will he appreciated that images caprared by cameres (40} {o.g, tinages
captured substastially shntdiancouslyy may be dombined o form a \H&ﬁ* angle
anage, such as a wids angle video Image. OF cowsss, fmuges é;é‘zpmzé:d‘i}y
cameras (40} coudd alternatively be combined 1o form an image Emvi'n‘:g Ky

suifable field of view, such s 2 newow field of view, I will farfher bhe

appreciated that fmages captared by’ coamerss (403 way be ;pm::@ss&%i and

presaried to 2 user i an ideractive fashion. For instance, reférring béc}{ {0
FIG, 1, fmages coptured from within sircrafl (10) may be transmitied to a user
sta grownd suton {148} oreldewhere: Where ot Jéast s portibnof i x‘x!;iéaf;;mjgie;
image captured collectively by cameras (40 is presented fo 2 user, {i}é RSer
mmy be permitted to select a portion if this image to view in greater ::uiaai
The user may fhus be provided with & “virtual pantifi-zoom (P‘?{?‘.,}m&.emf*
which may &ffect panning, fittthg, ahdfor zooming within a rdatively’ ia}'oe

wide ;tngie tmage for prezentaion of a sclected portion of {or bti%tﬂ& view
within) thad wide dngle tmige to e nser vin & v interface, B:m;n;se ant
array of relatively high resolution camweras (40} are used to collectively mpmm
& wide angle image, zoomed-n portions of such a wide angle i m‘;am may
provide a greater resolution than may otherwise be obtatned if 2 single mm@;a
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were used o capture the same wide angle image instead of @y avay of camerss
{40}. '

{BesT FRG, 14 {lustrates several acts that may beperformed 25 part of ai,m&ﬁé& for
processing mages captured by camerss (403, As shown in block {}.ﬁiii}}, a
pharality of images ave captured by cameras {40) substantially simtﬁt&n&%ﬁusi}a
For purposes of this example only, each of such fmages will be vefered m asa
“Hlo image.” As shown in block {1010), each tile fmage is then acgmtcred
Such registration may comprise associating each mage with the pe zimx}m'
canters {40) the Toage was captirsd with, the thve the Boage was {rzmiisérmﬁ &
geographic location within the field of view provided by the image, amim' any
other Infornsation.  Next, ss shown in block {1020), each tie %mége 38
sharpened.  Such sharpening may congwise brightness comsetion; contrast
sithanceniont, fised patiém noise removal, gamums cofdction, dead pixal
detection and Interpolation, white clip, de-warping, vignetting wmchm

andfor sny other suitable processes.

{3058] As shown in block (1030), the sharpened tile mages may be subject to wmxr
deteption. While the term “corner detection”™ is used to designate this am‘ itis
vt dutended 1 noessarily Hmit the wey to the detection of somers {ag
corners of a tile Image or corners within & tile fnage) only, ind%sses;iﬁ; any
suitable featurss within g tile image may be defected as part of this act For
instinge, détected tleimage fostuves. muy congirise inage Jopations _lzé:viag
gradicnts in all divections af a predutermined seale, X willbe ap}}reci':ﬁe{i:i that
the corner defection may provide a plurality of refiwence points with;fa an

mege, and that sueh reforence polnts ey belusefl later fnpwocessing,.

{3059} Next, as shwh in block (1046), motion {e.g., translhuion, wffing, ';):ﬁit}eéﬁi\-’&
ste.} between each tiledmage fsdefected using the corers/atures dﬁtwtes.i in
block (1030}, As poted above, mosaicking techmiques may be '&s:%ci fo
sHinate motion betwesn such tile images {o.g.. metion or wanslation af one

e baage relative 1o another tile image). In the prosent sxample, t¥a§§; ast
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sdjacent tle tages thet bave been captured of the same tme, In asiditiim,, as
shown in block (10503, global motion estimetion and sdjustmag 'ui;xy he
performed. In contrast to the mosaivking assoctated with blogk (1040}, %vhich
is focused on adjapent tile image pabrs, global motion estimation is f{;«wwé

more on the collection of tile images. Tnparticalar, global motioh estimation

roay nclade 2 comprehessive compadson of o plusliy of wotign o

transhution Hmdings anddor correntions that were made in black {1040} Such
global motion estioution may thus be used 1o detectand corveet any a:mra that
poctrred dudng the motion detectin and correction that cosurred in binc&
(1040,

The processing performed in accordance with blocks (1040, 1030) imay rmmi
that the tile images vaptured in block (1000) were appreciably misaligned
relative to each other when they were initially captured. It will therefire be
apparent to those of ordinary skill in the art that some degres of spatial w}eriap
among the views associated. withy adfscent tle fmsges may fheﬁfz;;{g: the
provess petformoed in sccordasce with block (10403, by*p&:mit’ting:cox?mm
corners/features fo be detected in more thas one tile mage during ;:cs.rfamxanec
of the act corresponding o block {036). Such overlap may wlso :’uima the
Hkelibood of gaps v image data ocourtdng.  Accordingly, in the ;:ﬁ;&sam
examply, images obtained by cameras. (40} have some degree of mriap For
instance, an bmage oblained by @ given camera (40} may have &}prtxxirﬂza*ﬁ}v
4% or 43% overlap with hroages obtained by camerass (40} adjacent m that
patiicular caspern (403, Alivestively, any other subisble degres of ng‘.}g;}
may be used,

Having determined the proper relative positioning of tile images {hmzm}z the
processing described above with reference to blocks (1030, 1040, i(}\{}“s the
process of the prosent example proceeds 1 block (1060}, where file :maufm ard
truncated, aligned, amd stitched togsther o formr 8 vollective imé’ti?,t.. Of
course, 8 collertive image created in accordance with block (1080) m:,ga ot

necessarily inchude all tlle images stifched together. For tustancs, and ag wilt
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be better undersiood after discussion of block (1070, a collective mmgc may
comprise portions of several tile images, a single tile bnage, or even e ;{(}r{imz
of 1 single tile image. Tt will be appreciated that stilching in acmr&aaméz with
block (1060) may be podormed o substantially real Hme {o.g., stitahiﬁg_ as
imnges are being captived by cameras (4()}}, Alternatively, Sﬁﬁ:ﬁ‘iﬁﬂg'}’fé&}‘ be
porformed &b ¢ leter thme, such as after e bnages have been stored iet soms
time. Iowill also be appreviated that tile images may be ez&imz:&a:iiﬁaéz {Hu
stich that the center of cameras (40) sppears o be at infinity} prioy to, f&é}zﬁ;}g,
or afist stitching. To the extent that orthorectification or & similar technigue is
used stitching may be performed by correlating features within sach tile %mage
with featires oft 2 inap ormodel: Such correlation may e used I8 3&&{;%&&?‘ {or
i addition fo) comer delection discussed sbove with reforence fo gia}a}ck
{1030},  Other sultable stitching techniques will be apparent to i:is&}fss of

ordinary skill in theext.

As previously noted, » nser may be provided with a “virtugl ;;mntiii&%:i}mn
(P12} crmers,” which may effect panning, tilling, andfor zoowing v;sith%n the
image crested in block (1060). The wser nwyy thus be permitied o sciecizwiv
view selected portions of {or selected views within) the wide angle 1mag<. vig 8

user interface.  Agcordingly, and as shown in block {1070) 2 uscz"s PYE

selections may he reesived, Such PTZ selections may be indicative of the

image rogion, visw perspective, and/or zoom level desired by e uwr In
response to such PTZ splections, the region of the collective i}nage
sorresporiding to the selocted PTZ vlow may be extipeted; s show in h}acir
{1080).

To the extent that camerss (40) are located in g moving plaitorm {e.g., mmg
sireraft {109) when e images are captured in accordance with Mok (3 {}{:}{3},« it
will be appreciated that 2 PTZ view extracted fn accordanes with blutk (1080)

soay toid o “move” with the platform. To the extenit fhat suel movement 15

AT

wrdesitable, 4hd i is devived it the extracted PTE view appear as i were
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additional processing may be used to provide the sppemvauce of a si‘étic oy
fixed perspective.  Accordingly, as shown in blogk {1090}, a global '{’élﬁf;i(}ﬂ
estivoation and adinstment may be porformed. Such & process may aacmém‘ for
movement of the platform by essentiolly cancelling such movement fmm the

extracted PTZ visw,

instance, in one embodiment, a global motion estimation method comprises a
random sample conssusns algorihm (RANSAC)Y  For instance, RA‘&S;&Q
may bo wsed o provide homography mapplng between consetutive ﬁ'amfzs» or
images capturcd by cameras (30), In fhe present example, this is perf{\mmd A
a global level {o.g., using Images captured sinmblancousty by a phzmi?ity of
cameras (403}, though it may dlso b performed at the tile level {ag, :izigi‘:}g
fmages captuted BY d singlo cimera (407}, Global iivtion sstimation maﬁs"iai’sb
be based, at lesst in pact on physical parameters, such as the spwfi sl
altitade of adreraft (10}, by way of example only. Other spitable mﬁtiwéis for

perforning globdl motion estimation will be apparent fo those of nrdinaz;? skilt

i the art. Shndlarly, suitable mothods for effecting slobal motion 3@.}3@%}1&&
will be apparent to those of ordinary skill in the art. For instanee, the Csif‘l\‘?x&
{40) source(s} for oxtracted PTZ images may be changed as the ;;izx%.t‘i}rm
oves, thereby providing wn-appearance of » fixed porspective fn 'ﬁzeamtr%@f&é

PTZ image.

Having processed the e images In accordance with the foregoing exemplary
processey, and a8 shown in block (1100), an adjusted PYZ view may be

pravided to the user Braceordaos with thelr selections,

As another optional Image processing act, images ceptured by aanwrasf (40
may be registered with geogeaphical grovnd coondinates 60rrasg3ﬁnciiﬁg§ to 1
geographical aren within fie fcld of view of cameras 0} Spoh *gm»
registration” may provide correlation between g view of a particular camnm
{403, of a portion of such a view, and a corresponding location on g mgzp

Georegistration information may be obtdived using any sultabls techinioves..
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For instance, informetion relating v the geographical position of aimtaifi {1
mnay be obtained using GPS techunology or other technology, and maw he
corrclated with images captured by camerss (403, as 2 function of tzms, i
order {o oblain at least a rough idea of the geeg;ap}iicai location being xzmc&i
by caeras (40) af such fhme, Resolution of accuracy of geo-registration
wiftimation may be refined by accounting for additional fictors, such m the
ine-ofsight orientation of the camera(s) (40) sssoviated with selected %mag&
portions; logether with altitude information, by way of sxample only. f‘m&tﬁc&*
tochoique  for obldining  geo-regisiration  information  may cozézpyiﬁes
recognizing and correlaiing objects delected within the feld of uew of
known geographic locations, such as prominent ludmarks, sto. é‘{}z}m‘
methods of obisining geo-registration information will be apparent o i‘hﬁf}s& of

orcinary skill i the ard.

Geo-regletiation information may be transmitied with images ca;smmd by
cameras {40}, or may otherwise be obtainable based on data relating fo é‘émgas
captured. by cameras (405 Por ihstetice, georegisteation gy be *gwimn&i
within siccrafl (10}, &t ground station (14), and/or elsewhere. To the %mmﬁ:
that gro-registration nformation may be transmitted with hnages, sm:hi oD~
ragistration information may be provided a8 annotstions o images o m}xyz B

atherwise provided,

As yet another optional processing ach, persons or objocts of indersst ma& e
tracked (e.g., automatically). For instancs, suach macking may c{m?.;}rise
automatically adjosting the view presented (1100} to the user such.that the
parsonfobjet of interest remains substantially centersd withis the 'pr@séi-mt&ii
view as the porsowfobject moves. Where cameras (40} we mounteé; 0 R
mavable platform {e.2. fn alrensft (10)), autormaed fracking may fwﬁmuwy
over into movement 'of the platform {e.g., by sutomatic control, by pmﬁ%ic‘iing
tagking navigalion nformation Yo @ pifot, wie), ¥ the sxiend m the

persor/obiect of interest would otherwise leave the coliective ficld of \:w, of
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tracking is warranied. i3 trackitzg iz duosired, the usee iy indicate th

stirched. te Imgges corvesponding to o user’s PTE selections repeiv

-4 .

cameras (40) mounted to the platform, Tracking mey ocour at a tile image
level andfor at g globally fused imnge level  Other methods for &ﬁ“mtmg

tracking will be apparent to those of ordinary skill in the art,

It will also be appreciated that there are several ways in which tracking may be
initiated. For instance, the image provessing may include objeet recoguition,

facial foature recoguition, oic., such that tracking s initlated spon recognition

of & partievlar objeet, person, even, efc.  Alternatively, as a vartation of

tracking, objectiacial/event recognition may be used fo detect a p&r%icxﬁar
Shjectipersonfevent within the collsetive feld of view of cotneras (4{}},, and
miy  amtomatically provide 3 zoomed-in view of the mmgﬂizeci
object/personsevent. Tracking may also be initiated in accordance with a user
sulertion provided throngh » wser tnterface.  Por instance, a user may dw‘%
or™ an ubjeet of interest, or provide sonis other Tornd of impul o de‘sigﬂ;j;‘ﬁs @1
object of interest, and the designated object may be iracked acmr{};ingiy,
Indtiation of tracking may also be ¢ combination of antoraatic and mszma@ For
mistanes, a recoguition dlgorithm may recognize a person or obiset of iﬁéﬁ:&*zi’,
and prosent 8 vser, vis 8 user interface, with the option 1o decide W&a&ﬁ{@r the
person or objeet shonld be tracked. In this embodiment, the nser may zo%i}m in
on the person or objeet for further inspection in order o determine whether

‘sumhe

through a user interface, and the person or object may be fracked accordingly.
It will be apprentated that still other methods for initiating tracking may be

used, 1o the extent that racking ts gvailatde,

H-will be appreciated that the foregoing processes are mersly &x;&‘n};pimf}};_a‘nﬁ.
that any of the acis may be modified, substituted, supplementad, of b})é’iﬁe&
The acts may alse be re-ordered, and similarly, the output of one ot mav he
fad back as an fuput for a second. iteration of & prlor ast. For .i;astﬁt%{#i*, 4
colleative image oreated in bltick (1060) may consist solely of emactu} and

e

&

per

bloek (1070). It will therafore be epprociated that hmage processing ms}y be
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streamiined based on 2 user’s PTZ seloctions, such that only portions of m:agc
data corresponding o the user’s indivated area of imtevest are processed.
Altermatively, thy tlled Inneges ontside the user's indivated aves ofinterest may

stil] b provessed, such as forstorage or otfier purposes.

It will also be appreciated that processing mny be exscuted on h@d&xf;are at
varions Jocations. Per instance, the processing may ocowr on hardware gftiiaﬁ 18
substunially co-located on the platform with cameras {40} (o.g., lovated xm};m
aivcrafl (10)), such that the adjusted PTZ view is transmitted fo the mer from
the platform, Altermaiively, registered tile fmages may be transniited imm the
camera {40 platform o a remote Jocation, where hardware performs i‘m& aols
correspomding to blocks (1020, 1030, 1040, 1050, 1060, 1070, 1080, §{}9€}
11%3{}}; Sl other Ways it which idage processing ants miay be &}gc‘ﬁsﬁ
arhong hardware at various lecations will be appatent {o tose of m&mry gkill
in the art.

fn the prosent example, 4 user interface permits users o visse:at foast agmrimﬁ
of ong or more images caplured by one or more cameras {(40), and fféfzrtif}ar
permils users to provide PTZ seloctions, such as those desoribed cmm* a8
input. A user interfecs may dlso Ingorporate @ felurs such 45 @ ,iﬁig:r%ztiésfe
map, To the extent that cameras (40) are secured {0 & moving piaifm:m}{ﬁ.g.,
fving alrerafl {10)), an interactive map may provide g substantially rc;ﬁ fime
vistal fodication of the geographical wres within the colloctive Held of um of
cameras {(40).  An ideractive map may also permit the pswr fo saim,t
geographical aceas of interest, and a PTZ view of such areas may be pmuded

it yesponge to such sclettions, At infdractive Moy iy thetelbre provide an

instrunnent for making PTZ solections as deseribed above. To the extent that

an ares of interest indicated vsing an interscive map I8 not currently \i*‘ithin
the field of view of camsras (40), 2 user’s interaction with such a m ap o
fndicate such ares of interest toay offect transport of atroraft (10 0 a pmzzmn

where the indicated arsa of imterest is within field of view of cameras {5«‘33 An

intexactive map may thus provide ¢ romote control of atroraft (10} {or) other
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vehicle), in addition to providing an instrument for making PTZ sele

An interactive map may have any other suitable features.

As another merely illustrative example, a user interface may comprise o
similarities with any of the user interfaces described in U.S. Appl
Publication No. 2006/0033813, entitled “Immersive Surveillance 3

PCT/US2007/062070

~Hons,

r share
cation

pysten

Tnterface,” the disclosure of which is incorporated by reference herein. For

instance, a collective tmage deseribed herein may be presented in a rhanner

similar to the equirectangular image described in that publication; wil

h PTY

selections and views described herein being made and presented in @ manner

similar to the PTZ selections and views described in that publi

cation,

respectively, Alternatively, the user interface described in that publication

may be modified to suit the present exaroples, and veriations thereof,

other suitable ways. 8til} other ways in which a user interface n

in any

lay be

provided will be apparent to those of ordinary skill in the art. It will glso be

appreciated that fmage capture systems described herein may be cop

hbined

with fmage capture systems such as those described in US. Application
Publication No. 2006/0033813, and that views provided by such ceﬂzbined

image capture systems may be correlated in a variety of ways, includi

not limited fo using correlation methods described in that publication.

hg but

Those of ordinary skill in the art will appreciate that an image caphure system

employing camera monnt (20), cameras (40), and image processing s

heh as

that described above may be used in a varety of ways. While geveral

exemplary uses will be described below, sach examples are not intendeéi to be

exhaustive in any way, Indeed, a veriety of other uses, including bat not

fimited to variations of those described below, will be apparent to those of

prdinary skill in the art,

One exemplary use comprises a terrorist borabing refrace. For im

camera mount (20) with cameras {40) may be positioned within an aeros

other airborne platform), with cameras (40) persistently caphuring imjias of

an urban area while the acrostat is floating over the wban arca,

stance,
ttat {or

4BCH
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captured by cameras {40} may be stored in 2 storage device located witﬁain the

aerostat andfor may be transmitted to a remotle location (e.g., ground

station.

(14)), for storage and/or review. If a car bomb or other device explodes,

tmages captured by cameras {40) may be reviewed for details of the exglosion.

For instance, a user interface may pernuit & user to zoom in on the region of the

image where the explosion occurred, then backirack through the me to

determine the source of the bomb. In the case of a ¢ar bomb, the user it

terface

may permit the user to “rewind” video captured by cameras (40) to detprmine

the type of cax used, the ronte driven by the car prior to #s explosion, h

e car's

origin, the identity of the driver, ete. The cameras (40) and user interface may

also be used to evaluate activity following the explosion. For instance) video

captured by cameras (40) may be mouitored to look for and frack teprorists

flecing the scene of the explosion. To the extent that an image capture

further includes other cameras {e.g., PTZ cameras, ete) fixedly ]

system

coated

throughont the urban arga, views obiained using cameras (40) may be

correlated with views obtained by such fixed cameras fo provide adg

itional

perspectives of people, places, events (¢.g., explosions), or things of interest.

Other ways in which camieras (40) may be used to provide information 1

elating

to a bombing incident or similar incident will be apparent to those of opdinary

skill in the art.

rovision of g tactical “eve in the sky” view for military reconnaiss
p

Another exemplary use of cameras (40) on carnera mount (20) compn;fs the

similar pusposes. For instance, camera mount (20) with cameras (40} 1
positioned within an atroraft (10), with cameras (4Q) capturing in{taelgetJ
aircraft (10) is flylng over enemy terriiory or utknown ferritory, |}
captuved by cameras (40) may be transmitied to moilitary command per
located at ground station (14) in substantially real time. K will be apprs

that several users (e.g., ot different locations) may simultaseously vie

o or
hay be
while
mages
sonnel
peiated

ew the

same or different portions of a collective image captured by cameras (40).

Aircraft {10) and cameras (40) may permit commanders to interactivel

-4 view

activity or objects over a hill, for mstance, or at other vemote locatipns.af;
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interest, without the need to use human scouts, and in substantially real time.
A user interface may initially provide a wide angle image to the user, then
penmit the user to select areas of interest for a closex, high resolution view,
Information related to the geographical location of the area of interdst may
also be transmitted to the user via the user iuterface. The user interfage may
further permit such users to remotely control aiveraft (10), in addifion o
permitting such users to offect a “virinal panctiit-zoom camera”™ withinja wide
angle video image. Alternatively, airoraft (10) may automatically irack
moving people (12} or objects of interest to provide a persistert high
resolution view of sach people (12) or objects and/or to provide targeting
information relating to the same. Other suitsble reconnaissance uses or gimilar

uses will be apparent to those of ordinary skill in the art.

{0077 Yet another exerplary use comprises border patrol. In this example, a tamera
mount {20) with cameras (40) may be positioned within an atreraft (10)] which
may persistently fly or hover over borders., Images captured by camerps {(40)
may be processed to automatically detect border crossers {e.g., using motion
detection and/or object recognition logic). Where border crossgrs are
automatically or otherwise detected, a portion of the wide angle|image
occupied by the border crossers may be zoomed in, and the border crossers
may be automatically tracked. Such automated tracking may further camry
over into control of aireraft (10) flight, to the extent that the border crossers
would otherwise leave the collective field of view of cameras (40)|within
aircrafl (10). Images of border crossers may be transmitted to ground jstation
(14), along with information related to the geographic location of the jborder
crossers, with an alert of the border crossers’ presence.  As witlj other
exemplary uses, where an image captare system fiwther includes other
cameras {e.g., PTZ cameras, elo.)} fixedly located throughout the wrban area,

views obtained using cameras (40} may be corrclated with views obtaihed by

such fixed cameras to provide additional perspectives of people, plapes, or
things of interest. Alternatively, a combination of camera mount (20} and

cameras (40) may be used in 2 border patrol setting in any other sultable oy
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Similer implementations may include visnal security (6.g., survetllance of a

pronises).

Having shown. snd deseribed various embodiments of the present smcmm
further adaptationy of the nusthods and! systuans desexibod hersin ma*, be
accomplished by appropriate modifications by onb of ordinary skill mt}w art
without departing from the seope of the present invention.  Several Qf such
potsniial modificationg have ben mentionsd, and others will b&‘a;;ga&éem ¢
those skilled in the art. For lnstance, the examples, embodiments, geoimistrics,
materials, dimonsions, ratios, steps, sad the ke discussed abow are
Hlustrative and are not required.  Accordingly, the scope of the }m.bﬁm
invention shonld be considersd in torms of the following claims .mé is
nnderstood not to be Hnited to the detals of struoire and opendion %%zmm

gnd deseribed in the specification and drawings.
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What is claimed is;

1. A an image capture system, comprising:

(@)  acameramount having a curved portion, wherein the curved portion of
the camera mount has a plurality of apertures formed therethrough,
wherein each of the apertures is configured to correspond with a
camera of a plurality of cameras, wherein the curved portion has an
inner concave surface and an outer convex surface; and

(b)  aplurality of cameras, wherein each of the cameras has an objective
end and a sensor end, wherein the objective end of each of the cameras
is secured fo the curved portion of the camera mount, wherein the

* cameras have intersecting lines of sight, wherein the lines of sight of
the cameras diverge beyond an area of intersection through a region of
divergence, wherein the cameras are configured to capture images of

one or more subjects within the region of divergence.

2. The image capture system of claim 1, wherein a portion of each objective end

of each camera passes through the curved portion of the camera mount.

3. The image capture system of claim 1, further comprising a plurality of
retaining rings, wherein each of the retaining rings is coupled with the portion of the
objective end of a corresponding camera passing through the curved portion of the camera

mount.
4, The image capture system of claim 1, further comprising a plurality of collars
coupled with the camera mount, wherein each collar is operable to secure a corresponding

camera relative to the camera mount.

5. The image capture system of claim 1, wherein the camera mount is secured to

a platform, wherein the platform is movable relative to the environment.

SUBSTITUTE SHEET (RULE 26)
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6. The image capthre system of claim 1, wherein the camera mount is secured to

a platform, wherein the platform comprises an aerial vehicle.

1. The image capture system of claim 6, wherein the aerial vehicle has a

fuselage, wherein the camera mount is secured within the interior of the fuselage.

8. The image capture system of claim 7, wherein the fuselage has bottom portion

and a window provided in the bottom portion.

9. The image capture system of claim 8, wherein the lines of sight of the cameras

intersect at a common point proximate to the window.

10.  The image capture system of claim 8, wherein the curved portion of the
camera mount has a diameter, wherein the window has a diameter, wherein the diameter of

the camera mount is greater than the diameter of the window.

11.  Animage capture system, comprising;
(@)  aplurality of cameras, wherein each camera comprises:
(i)  alens assembly comprising a barrel and one or more lens
elements, and
(i)  asensor portion secured to the lens assembly, wherein the
sensor portion is operable to capture image data representing a
view obtained through the lens assembly,
wherein the plurality of cameras are oriented to have intersecting lines
of sight, wherein at least a portion of views obtained through adj a'cl,ent
lens assemblies overlap; and
(b)  aprocessor in communication with the sensor portions, wherein the
processor is configured to create a two-dimensional image from
image data captured substantially simultaneously with the sensor

portions.

SUBSTITUTE SHEET (RULE 26)
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12.  The image capture system of claim 11, further comprising a camera mount
having a curved portion, wherein the cameras are positioned along the curved portion of the

camera mount,

13.  The image capture system of claim 11, further comprising a display located
remotely relative to the cameras, wherein the display is in communication with the processor,

wherein the display is operable to display at least a portion of the created two-dimensional

image.

14.  The image capture system of claim 11, wherein each of the cameras is

associated with a shutter.

{5.  The image capture system of claim 14, wherein the shutter comprises a controf

logic in communication with each sensor portion corresponding to a respective camera.

16.  The image capture system of claim 15, wherein the shutter comprises a global
shutter in communication with the sensor portions, wherein the plurality of cameras are

operable to capture images simultaneously in accordance with the global shutter.

17. A method of providing an image, the method comprising:

(a)  providing a plurality of cameras, wherein the plurality of cameras are
positioned to have intersecting lines of sight, wherein each of the
cameras has a respective lens, wherein the lines of sight intersect at a
common point of intersection;

(b)  capturing a plurality of images with the plurality of cameras, wherein
the captured images represent views of a subject, wherein the
common point of intersection is positioned between the plurality of
cameras and the subject, wherein the images are captured substantially
simultaneously;

(c)  stitching at least a portion of the pluratity of images together to form a

collective image, wherein the collective image comprises at least

SUBSTITUTE SHEET (RULE 26)
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portions of images captured by the plurality of cameras at substantially
the same time; and .

(d)  rendering at least a portion of the collective image on a visual display.

18.  The method of claim 17, wherein the rendered at least a portion of the

collective image corresponds with views obtained through at least two of the cameras.
19.  The method of claim 17, further comprising receiving user input indicative of

an image region of interest, wherein the rendered at least a portion of the collective image

corresponds with the indicated image region of interest.

20.  The method of claim 19, wherein the act of stitching comprises stitching only

those images corresponding to the indicated image region of interest.

SUBSTITUTE SHEET (RULE 26)
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1000~ SMLTANEQUSLY CAPTURE PLURALITY OF TILE IWAGES |

1010 - EGITER EACH TLE WACE]

1

020\ SUARPEN EACH TILE WAGE]

3
10050 | DETECT CORNERG/FERTURES WITHIN EACH TIE TAGE

1040~

j
CALCULATE TRANSLATION BETWEEN TILE IMAGES
USING DETECTED CORNERS/FEATURES

i
1050 LPERECRN GLOBAL TLE IWAGE ADIUSTHENT]

1060~

TRUNCATE, ALIGN, AND STITCH THE IMAGEW]
FORM COLLECTIVE IMAGE ,

1070 | RECEVE PTZ SELECTIONS |

1080~ EXIRACT SELECTED PTZ VIEW]

10901 PERFORM GLOBAL MOTION ESTVATION AND ADJUSTHENT

1100

4
| PRESENT ADJUSTED P17 VIEW T0 USER |

FIG. 14

PCT/US2007/062070



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings

