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DI G TAL MAPPI NG SYSTEM BASED ON CONTI NUOUS SCANNI NG
LI NE OF SI GHT 5FI ELD OF THE | NVENTI ON The
WO2e080065851t he subj ect invention is mappi ng sysPERBL20THe1461
subj ect invention relates to cartography, in
particular to digital mapping systens. 10 BACKGROUND
OF THE | NVENTI ON . Ai rborne canera
assenblies for capturing aerial photos are used for
commercial and mlitary cartography applications,
i ncl udi ng reconnai ssance, mapping 15 and terrai n nodel
generation. Conventional assenblies suffer fromthree
drawbacks. (i) They are very expensive, because they
use accurate w de-angle lens canmeras with [arge format
CCDs for replicating analog filmcaneras, inertial
navi gation units and notion stabilizers. (ii) They are
very |large and heavy, because they use |arge |enses.
(iii) Due to mmrmmammmmmmmmey requi re
flight paths with | ow cruising 20 altitudes.
result, they GAVEINURUSRC G HINE 9 Siahidy I ar ge
areas in short amounts of time: SUMMARY OF THE
DESCRI PTI ON The subj ect invention concerns automat.ed
orthophoto, digital terrain 5 nodel, digital surface

nodel and canera mge t aeri al

phot ographs of a grFj f .uﬁiﬁ%&h& i nvention
provides a canera assenbly for alrborne use which is

i nexpensive, small and |ightweight. The canera

assenbl y The fieldl of tbhleesmbjeqmamntmn ik asapreng systbnaant dhe subject

iesitior rreha ds 16 E:ztartoag%g %n,bfnl partxcular to digital mapping systems.

.l.

BACKGROUND OF THE INVENTION .

Airborne camera assemblies for capturing aerial photos are used for
commercial and military cartography applications, including reconnaissance, mapping
and terrain model generation. Conventional assemblies suffer from three drawbacks.
(i). They are very expensive, because they use accurate wide-angle lens cameras with
large format CCDs for replicating analog film cameras, inertial naﬁgation units and
motion stabilizers. (ii) They are very large and heavy, because they use large lenses.
(iii) Due to short optical focal lengths, they require flight paths with low cruising
altitudes. As a result, they have limited capability to cover large areas in short amounts

of time.
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Prior art systens use expensive large format CCDs. In
distinction, the 10 subject invention uses inexpensive
W@ insswbnl |y avail able small format interli nePCUDS2007/001461
Since |arge format CCDs have | ow frane rates, using
smal ler CCDs with higher frame rates serves to acquire
nore total pixels per second. The subject invention
generates a w de-angl e sweep inmage fromnultiple
frames, using aSMY%h'&ﬂEQE&%PﬂQNcanera nodel .

" Whereas snmall inmages are a drawback for prior art 15
systens, the subject invention overcones this drawback
by usi ng TRMfbjet ikvedtion d@hgnnd abwmatddacrisaphet, aligital terrain

conbi ne dozens of _i mages i nto one, sweep i mage vlv{th a
mpdslodisital suepserpodeh ard Camera model derivgiion g)gjaé%@l photographs of a
. o . ' . . _ YSR which
erpfRlFkh 0Pl eSS e Pt b RSO AIDRALGR it
is liedpensiek, fsmah|and diphteight M Theosanizas esterhblydifrthe 20bjegngeantion
are much smaller, lighter gﬁd | ess expensive than the
has magy 2 W%F%P@ﬂ?ﬁ‘ﬁbg‘?ﬂﬁem es used with prior art
systems. pHae .ARkkERk 138 SRPERLIVE Jardk FbtnRt TTDE NELEistinction, the
require only sifple nmotors for-rotation. ] .
suBjech rmeention yuste risexpensivee chamerciallys vaitabies small fosmay énterline

t eliable. an uce the frame rate. Pri 1 73
oEft Siree Brecroite CEPLRRrap™ SRt Ut U CBPS vt igher
frath® Mhtkd 6@vés td atfnire 6@y totd] pigkls peneédoad, Tive sebikit éiftvention

invention uses a light-scattering |iquid crystal

gesprgteser, WidtraigleasawseR sineagey fiay Iyfiplee famsn tgings a cohorent
. | : |
P n okl HRERLE o 1h90 25 BB ik o
sybtefits] ¢heCsubjdcalinweitibi @vercomet hisis plrewentk bywsing i @mputer vision
serves to overcome snear, effects that are typicall ]
algaresiTs B SPIYen g PORRInEEaPRTS R TSR 1P (B P BED Vit &
cochIRERSAL] QPgdiel i es on stabilization of an entire
sensing el ement, by nounting the sensing element on a |
st abi | i zdhetshbjectiavention psesanirmbbadedtfeldingderses fmreduce the size
i stinction, the supject .inventi €S,.:QY IS opi o
of A QP! aseesbly g ah ramiaih AFlind dhkal e Mt ied fing
lefifel aRNMESHTRBAISR! ligher MA leSegRATIGN hah iteNldrge EibiaEdREpping
by tilting a mrror nounted_on the folding optics,

- lemsss nepdavith pRwaricustems. dhe prtnahessenpiiessyifaich fensepiegyire only

Si%ﬁfe%&ogqg”%%gnof the mirror are small, notion

npensation 'S perforned very accurately. The present
i nvent i oPriop Rpesisehssuskanedhanisalr shunets] ovhichb anshimat hreligble and

eSS Lom (S data, end also Lor nguLar. it b
sigttiGHE $ight energy. In distinction, the subject invention uses a light-scattering
liquid crystal shutter, which absorbs only negligible amounts of light and is able to
operate for long periods of time in high frequencies. Moreover, use of scattering liquid
crystal shutters in the present invention serves to overcome smear effects that are
typically produced by interline CCD cameras.

Prior art motion compensation relies on stabilization of an entire sensing

element, 'by mounting the sensing element on a stabilizer that maintains an absolute

“angle. In distinction, the subject invention uses gyroscopic sensors, GPS data and

2
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There is thus provided in accordance with an
enbodi nent of the subject invention apparatus for
WQ ape@63aYy | nages while in notion, including aPCr@ee07/001461
one CCD canera housed within an aircraft traveling
along a flight path, for capturing aerial 10 inmages of

m8HoP Utidodé It NoalctldiiOmolioh Eddidhbdi@nan Muyfich @OmpBhasation is
the at | east one CCD canera is mounted, and for

pegformeiby tidfing = wampr mguntad lendthel foldingipphes, iusimgraopicgpelectric tilt
el Shoe bRl whilfs Bl 2K mO NS, SRR otidilmpensation

ransverse e aircra

is ﬁabtfg:hﬁedpmﬂﬂ acoarslelan Thptpresaht insasivhl cpnqae:matec tferiforearsianation,
at | east one CCD canera. There rovided i

further
whigh d5 deipreeing] frﬁmaﬁPE AP G150 Jb Eplar Bieghg Boton, which s

Eg&ﬁ{ég g]qgggu s.generating a canera nodel,
|knc udi ng aptupl ng a pI urality of imges of a scene
as the | iTheredf ﬂmsgjnowdéd  araompecesvigiepsembodimenteof the subject

inSRRGER apPBTE G SpPUTIE TPy e eDo R g Al et oRe OCD
cafletd Bbistd Withih %gﬁmm ﬁ%&wge aRngiaglpht G ifoi eApfuring aerial

I mage, wherein the single continuous 1nage is suitable .
images qzﬂwwgd tenaizy, 12 motap %&ru rotating 98 axBEPhwhishitke giceast one CCD

bt Ui b o LGB A AR b et o

view GfUBE Bg ldaQtC@ﬂleVC([m) afmédpgr serpipatotivn beitgmansverdetto the
a Bayer color CCD sensor at an ori %I nal resol ution
airg t pagh, end av apfice @%;emhlagenmwé q spd gt legst BP%Q%%WI'&

green COhQL..CR ﬁpr i g(f% rihed REmCR %ﬁlb%ﬁﬂlﬁ?lo? the

has a resolution the ori gi nal
subjesioriventioh, aamedthadd fcnrmnmmhgwg exarha afodeheincloting capturing a

pthlg@Chananel S o gﬁa g{;q%gsc | e}{g@ﬁol 4 selgﬁto(;}p ar gasn%rg g\fiﬁ@Sﬁ(}fﬂSé gseene,
deki%if gni $Rfhelit lphotdBrAtRh &rik %Ihé!ral'iﬁ&ﬁ‘l FHofPthedMhality of images, and

appreci at ed fromthe follow ng detailed description,
cotndireng ithe plarglitn of iimagesi tohderive adsiaghe rrgstinueuptimese, wherein the

IS a_si d.di agram of  a flight
mp’iﬁ oA @Fg%@gﬂtaﬁi%{-?fﬁ 8ﬁr§m5?e%épé’?8%% Caner as
nmount ed  triekeawiybhiuRthan froviipll Uk iabpré@ied alithpodmSoditherithe the
g,round in accordance W th an embodi ment_ of the
su

jedj Bwention aniopdad fopAmage zomreé51§nsnﬁ1°lqdir§drecelwng an image

ca Jcl%:#?ggaat I %H%r%e syﬁhelylgﬂclagrr%rde cB) &gg% %ré esenrtgéd%(m’

selbaita/tﬁ.@tthe Baptared @iﬁb)gematof T exdpl "bhmgmﬂ 2 greem (E)lcrl chg:lumls where each

of Ct?lg egotleor;t clls£é51€ has z? ?esolutmn that is 1/4 of the orginal resolution, and

compressmg each of the color channels using grayscale image compression.
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FIG 3 is a sinplified block diagram of an overall

in-ffight systemon board the aircraft for capturing,
WQr@w8HsHShg and storing a nultitude of aerial PABHBENOGE1461

15 the ground, in accordance with an enbodi nent of the

subj ect invention; FIG 4 is a sinplified

bl ock di agram of the internal elenents of the CCD

caneras of FIG 3, in accordance with an enbodi nent of .

t he subj ect BRIERYEHGRIPTION OF THEHPRAVEINGS 5

cross-sectional view of an optical assenbly with |ens

and mnors, for the folding lens in FIG 4, in

accordan %e%bﬁcﬂmv@ﬂm_dlﬂﬁﬂrﬁe ford helys uhjettbodBnd appreciated
i nventi on; FI G is.asinplified flowhart
fron the doliawing demlsdtc}q:a@npt@nu%nt@ CORRBETioy, With thyfrpwings in
Wﬂﬂlﬁ]G of sight, while the canera is in notion, in :
dcCordance with an enbodi ment of the subj ect

i nventi oFIG. 1 is a simplified diagrhfa ot?altgpxealsﬂughﬂ pitherf an aircraft
bl ock di agram of the data co ressors
hayEB a AR GRITUD SIS RAHE DV HRD @ﬁtﬁae‘&mg aefal phdios of
thé GRA 1 Qecoff3flce with an embodide® ofthé §ulﬁeo‘i iirRhtidd; ed

agram illustrating how the re-ordefing unit of FIG :
7 re- or d®I6. (@ xsl ac:ninphﬁvcbl illagration af comdeindimesi afhsight, for
enbodi nent  of vent.i

AcspaeR Ry of he SHHeRS modsl BRIED o PR G BlR 9 Frgmbine

?Ebmtdﬂaﬁﬁiglgbshgra{tsg@éﬁ{n@ggbon of accurate terrain
maps froma | arge nunber of aerial color photos

capt ur ed FE(} 3rie actimplified blockcdizszsre ﬁﬁsﬁlﬂnﬁi@fﬂl]e@ Mighhsystes on

Vi n af t
boR® B T Rirtye PRI and B s Mof8¥ o UERR photos of
th®&rofhd, thhccoﬁﬁnﬁwif@ a6 emboditnent ofths bubijqet ﬁfvetnanr ain
sur roundi_n the path of fl]

Convent i 4 jrrosipghl %@g@@ ef thy dpterpal-glements of the CCD
afée df lm Q(fco?dangél‘%ﬁb Qfx 9 BhainRIES B Bddct invention;
nera a canera utlon is a function that
10 maps EEGhSps ned:rozés—secju)nail maam of n:agmucdmssnnddy twithalens and
camera jnfo.a ray. ined b 6de s of ,fr.eed
R 0 O O Gh1eEh i Lt o SR DV ER i oo R b uiect
indenfi§glom conprise (X, y, z, kappa, phi, theta), where

X, Yy and z are scalars, and kappa, phi _and theta are
angl es. Flﬁ @msrlmphﬁddalﬂc’%hmq} cqnirol kaep that i used to stabilize

obt aj n | n 0
a S?mfgﬁs éf it r}'gngu i 6% uggﬁlr)]tgdngﬁgﬁ&g % o
end¥RtiMcht of the subj ect mvenuon,
FIG. 7 is a simplified block diagram of the data compressors of FIG. 3,

in accordance with an embodiment of the subject invention; and
FIG. 8 is a simplified diagram illustrating how the re-ordering unit of

FIG. 7 re-orders pixel color values, in accordance with an embodiment of the subject

invention.
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15 (GCPs). QObtaining a canera nodel is essential for

mappi ng applications, surveillance applications and
WOrBO6aMetry, as in creation of stereoscopi ECPHL2087/001461

A frame canmera nodel acquires full frames at a single

time. The camera nodel for a full frame is defined by

6 degrees of freedomfor an entire frame. A push-broom

canera nodel is based on a scanning colum. For each

scan col um 6 degr eI AI.EDY DEBE e sol ved.

Each nod has.its rel.ative advantages.and . .

i sadvandgestiorh iRl fiEr REbARES il Pinicaer sesperricp of
ac@i#B -tBiA0 ThaRMRdm latgePsiibel 'R AOshRd:Splivtcs Gigtureby Yone or
generating larger images per nodel. The larger inmages .
mare &¢D samerps rmeymded vahitn ameoving gireraite Theesamerash feids of view

swgéepﬁﬁg taﬂcf%?!{ﬂ?ggﬂe&iﬂ?ﬁ%éﬁﬁ%t&h ﬁﬁ.edif@cﬁ&?mﬁa@ge%é@gmm 2

erates a a Sl nge accur

. witi®sieib of Tiaipsiesanting thegpith onflightrbi nes t he advant ages

of push-broom caneras, nanely, large i es, wth the
advant age$nyntiopaphoogrupmetry H%‘\%,"r 3 cEHRE cYAmEIR grodel or a

it j & i e i1S .
pigpbm® e HBRAC GBIk, FHalobl BRI AR AP AlnPlon tha
mapa ehctopixeln(i,g) ircaminageaaptagpddys camampinde €6 dedimed by 6 degrees

unt ed t herew.t hi and capturin eri,al hatos ,of the.
of dEeg TR STy RAREBPRAHE SIRFEn LI ARG GriFAreSrOL Frgdom comprise
(XIS}U b ®edpal BHE @Eegagp'whéx% B RO & ﬁrﬂc}gﬁars} and kgﬁ,p;al, ]bﬁhéndpt%&ﬁ are
y [

s designated P and consists of nult | egs
anglefotBr damerg medet [solusign Hei gegerslih sbtanedaby yensingngheacamera’s

st.raight |ine. The fliaght. pat.h | bstantial |,y :
poGfS A, e i con B opcliial YikgfuetH "G gkt et poins
(GRPOC e@ﬁﬁix@i%:ﬁl garhérd rhdded i espaitial Rrafappig abplitdiions, aBreiiince

mounted within the craft capture a series of ground

appiieatiensrang PhotograsBetra Bh N gedtion | of gtegsoscopic pairs..

A frame camera model acquires full frames at a single time. The camera
model for a full frame is defined by 6 degrees of freedom for an entire frame. A push-
broom camera model is based on a scanning column. For each scan column 6 degrees
of freedom are solved.

| Each model has its relative advantages and disadvantages. The frame

- model is more stable than the push-broom model, but push-broom models are currently

generating larger images per model. The larger images cover a wider area, and are thus
more useful.

The present invention overcomes these disadvantages, and generates a
large image with a singe accurafe camera model. The present invention combines the
advantages of push-broom cameras, namely, large images, with the advantages of frame
cameras, namely, accuracy, and simple stable irnage model.

Reference is now made to FIG. 1, which is a simplified diagram of a
flight path of an aircraft having one or more CCD cameras mounted therewithin and
capturing aerial photos of the ground, in accordance with an embodiment of the subject

invention. As shown in FIG. 1, the flight path is designated by P and consists of

5
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5 view 110 that are swept transverse to the direction
of flight over sweeps 120. Each set of frames captured
Wh00BM6568hi d caneras is called a strip. SweepsPUROL28¢A¢1461
the area indicated between lines A and B, and nove
. forward along the flight path intine. Simlarly, as
mﬁlﬁglccl"egsf BerRtRCECAS, 3lc8NGg ibbihgl ubiltialgtdlod #RirhidRt Bue. The
t cafreras capture a sefries of ground photographs at
flightgratteip pubstantinkly s eohstanteuis@dtitudat are swept over 10

e c ands, ool ol e T SREGRT ) PR IEE 10 Bifters

m@tddOw RIS Heeor &0 BRbtaiet @ﬁ@yﬁﬂg@ﬁmﬁ]ﬁlﬂﬁ@rﬁﬂﬂ agbahhppigg 6klds of
st ereoscopi c i mage pairs. gg,gl cal fgﬂé t he overl ap

vigye { 1 that prsgyvenalyansuensy & ths grertipnofdlightioyeppeeapg d20. Each set
suffi.cl.e f I & Vi I

of ttpies coflibed BY 7 8la, Qlnchh S5 RARKER ot SHBY 1B 358 v

indair:]aew Speweeh hﬁeﬁ&ﬂeaﬂ@ﬁ\éﬁﬂmbvm[é(&wﬁrchabng,thmﬂigmé@aﬂn in time.
.they 15 span_the are et we ines G.and H and on

Smnégr?frs 26 {85 BB AOIRES ROBEISHUEHGBIN T oHdSE 2 W Faperapicapture a

I r@
sl PPN biRBIBRS af b Flffid MA% PEVASELS0 B IrEoRl over
swoeiswbty Biripes14D spanl the arEhéndicatere berwerty linem€i andeDf ditrips 140

arﬂ%iti. nal, | . The extent of .overl ap, bet ween tdhe bbing of
overn Vi sy FEh o B to, FrsFeL SR Sl CRNSHES d ggfabbing o
stekddRbdpie B8 Dald. WpRW Ly, ARE oRiflab bRt iy Hel VBB SO%R 6 order

second that 'the caneras can capture. the frame rate
to peovidecgufficiens coynsegt fof steteesappicoriel puipesasegnileg Bthe strippeswept

tent of overl.ap:be L gl
ouf B 8 crliseBLigh B REM SR Y 58 bR Lol RO L4 ¥ ey
spaathe keatetwatar s (hehdel and be IV dies spaDtharngeal 48tween lines 1
captured in adjacent | egs depends _on {he distance._

anpdt e Alripaverian fusessare dsargas beves dinghCrapd Buogityen hngyE and
D,E#%ﬁv&%ﬁ#z? G UEPE, o b%gglb %n@sam&glé gféllral gt&%ssofnay 'c?f({){iénélle for

e resolution of ground coverage on the

 addiomdlbegsof the cameras and the resolutions of their

or csont - [ EHEWGH SASBR RESPeEh L gl el of icpt 14 g 130

deSIRRE A BeR AnBlef DI SHESPad B Thd AMBE & FRMEY BEL sceaf® it the
nodel . 30 That is, each sweep of the caneras is use

d
- cameragemecatyea Asi thylfameaatrels dighe th spsek olvbetnirgrafiols aeghigible.
del F i xgly (i1 ) |
TR o BEha Gl e ) bR, S o P o

velRtirg bk afrEAAEThd @lterd @foaerdy Hebeeepithetwecpo (2@ amth140 captured
original frame, the canera position and angl es are

in adiensnt avdependscen the ditanse betaerthie rageus lags 1= 3 and on the width

of the sweeps swep;t out by the cameras' fields of view. The resolution of grouﬁd
coverage depends on the focal lengths of the cameras and the resolutions of their CCD
arrays.

In distinction from the prior art, the present invention combines the
captured strips 110 to generate a large sweep image .having a coherent camera model.
That is, each sweep of the cameras is used to generate a single large sweep image with
a coherent camera model. For each pixel (i ;j) in the large sweep image, the camera

model stores an index of the original frame that contains the pixel. For each original

6
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such, the synthetic canmera nodel for the entire sweep
image is as accurate as the individual frane nodels;

WO 2@8/06368 synt hetic i mage does not add addi t i BOEIL2007/001461
errors to the digital mapping process. 5Reference is
now made to FIG 2, which is a sinplified illustration

frithe, (RO BARerh ipoSifioR bnd kiMs arf RhoWe hET Sbiek MAtAGE Fad)inRbe. As

>

the synthetic nodel used by the present invention to
suchynthiensynthetinpamemgmedeinfos the sititgl Svesphisragntis gheaspyrate -as the

5 SRR B SR B o B oo

digﬁ;glﬂ]@ﬁl pdads.i ng a frane #2. The |ine of sight for
canera 2 is positioned 10_and_orjented accordi

to
par anet erRefgrgnce 1,$|Il,ovvzl_;n,ad%HgF§§- 3, whigh ds pﬁgnplpfﬁél ig\gstra%on of
ol igh bt SRAP "B Geflnhhi %o%c%ag? o 48 g@%@g@s%%sed by the

accordrng gar anet e
preehefiRestion tarondile frantk iangtenb asiagl selibrém seetpimigeo Shown

s 7 S h SR S8R BB B

It I r t f ' i
po@ﬁﬁ)h 23 Wen%ggtmuﬁﬂgg fRameRA! artelifleof sight fg@l‘éaﬁmr%{edqq(} ¢ positioned

t
sights are kn romthe camera 15 node

andyorfdmeddi accendimgptompatatnetetsollld ybezls amglesi)oand thedline of sight for
mai nfal n the.acguracy. of .t he fra model. for., each

Ao pad HEOYER G0 04 I FOSUERE FAHSCITT O dandtr FPeles?).

TR ﬁ’ﬁ&n&t@ﬁda%tgiefsp Bnd 84NBO hré WeeCIRS BF Bério¥ethe tR¥e Snindar degrees -

nmei ntained as a result of the simlar perspective of

off freedom, #kappid., pbilnethetal) padfkanpe2.ukid. thetadpdeaspecgively. The

rofF P e ey 860780 ERRARA 6 B
médeDUTIEE Satiett Batasmadd stieild b doatimiys iand eiabeaini the aafiracy of
rays with the DIM [n_particular, errors in the DTM

the &amei edsd foroeagh pirel The yRiiGHe mogdeh assiaesethat the geometry along

th% ?ﬁgdhgwgéno Brvo SBRS l&ﬁ\féaﬁgﬁﬁ%sl geﬁxgﬁltéiﬁé'ﬂpﬁ alR6y1e%E Y similar

error as shown I n If the DIMi s _
pesspectietof frattes #pand frame ¢2.ph §) 1B tis wred af ofdenivezeatcl the gitch2

is continyous. If th Mis erroneaus, the sti

line may ‘HW6t°UHE eﬂ’ﬁ’ﬁ%n%uge.f’mﬂgm% ar‘ﬁ%’kjﬂﬁtte%?mtlﬂ?éeﬁ gﬁ;’%’p As
shdwn 1A SFTEE L oo utia ARbrduitiie! At @eteRRINGY b ihtdieash 6ff rap®iwith the

Q By simlar triangles, it can be seen that the

- DH¥vi 4t iparticulienowers i the EPEM - pontelute e jeepry in: ggpumd) coordinate

de{et?ﬁknellatibrg.lgpeciﬁcally, let e denote the extent of a DTM error as shown in FIG. 2.
If the DTM is accurate, the panoramic projection of frames #1 and #2 is continuous. If
the DTM is erroneous, the stitch line may not be continuous. As a result of this error,
the camera model generates point P instead of point Q. By simila; triangles, it can be
seen that the deviation, denoted f in FIG. 2, satisfies

f=d*e/(hte), S
where d is the displacement between positions 210 and 220. Since h is much larger
than ¢, EQUATION 1 can be approximated by

f=d*e/h. 2

To appreciate the implication of EQUATION 2, it is noted that under

reasonable conditions the camera 1s moving at a velocity of 70 m/sec, the aircraft is ata
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where d is the displacenment between positions 210 and
220. Since h is nmuch larger than e, EQUATION 1 can be

wap@sorissat ed by 30d*e /h . (2) To appCEREL2A07001461
the inplication of EQUATION 2, it is noted that under
reasonabl e conditions the canmera is noving at a

he\@:{t %? 'ht=y 3@60 Ex%ﬂfg 2Pe rdRiRNFR Sanheta BbrréspohtBi B8N0 y/pixel,

e i mage resol ution of the camera
anddhe: m:n d@mros i@rameﬂ/pw hs sughgthe Hispleeareny dcam my &l an error

f %bﬁ(ﬂl 1 ‘é"etgmla ?ﬂla 8 pﬁe} h;&ﬁcoghlgg @%I xe‘ﬁN ACC oﬂEMa cfrag can

be@l’eﬁ@: &\ 2,741 he =DiVnewitidéut having an ilpac@beylond g epizd. E*he present
Ph / =30 m without having an i npact beyond. 1 pi xel .

mwopremm that theviisplacemertn dubEweehiie CRmEahosHions éh%:esswe

d, be
el 890 I TSR0 HOURTION, JC GRS yhAMRtol,
foﬁﬁﬁclbw:&&e DiTad eﬁbﬁlﬁtlﬂfgﬁs | siheh,ethe Syntheilc| camatal mocﬂb‘[lﬂnewcmninmng
is large. As such, the s etic c nmodel
rasaape S ve AUEn e 718 SNAML ST P SRt B §ccomRpouS sweep
m}%g ors, and results in a continuous sweep i nage.

eference is nownmade to FIG 3, which is a
si npl i fi Eafdemeks dd:\ag:[wmtcof‘l(é.rﬁ oxhicheiks la simplifiaddfiock diagram of

system on board the, aircraf.t capturin r.ocessi.n
ancad ot S 91 Doy St Lo SBRBOR oo sBfng o
msmide%f deRaPEEARbE 3N G Yiohhd 3 fbrehdEnith ah éﬂiﬂﬁ)dament of the

subj ect invention. The in-flight systemis responsible

subjsrt, deHﬂl&geTb¢ abBightsyatemn saeapresible &F:  15Canera not or
and noti g{gl nsat n control; Interface to
r &movabl 837 o Olg uppl y and vol t age

regul ati Qﬁmeramotor and moShR¥npdhsitida cogtrbls an in-flight
electronic unit 300 connected to two CCD caneras 305

whi ch ar énterfaredad rémosablerstirageabbd seal ed units. CCD
cgmeras %’ower supply and voltage regulation.

Shown in FIG. 3 is an in-flight electronic unit 300 connected to two
CCD cameras 305 which are housed in hermetically sealed units. CCD cameras 305
are temperature-controllied to prevent focal length variation at changing altitudes. Also
connected to in-flight electronic unit 300 are a motor driver 310, an antenna 315, a
navigation console 320, an operating console 325, a removable disk 330, and 2 DC
power source 335. Navigation console 320 is used to guide the pilot in accurately
navigating the legs of the flight path.

Orientation of CCD cameras 305 is performed by motor driver 310,
which is controlled by a camera control board 345 housed inside in-flight electronic
unit 300. Camera control board 345 receives feedback information from CCD cameras
305, and commﬁnicates with motor driver 310 in a feedback loop. The links 1 between
CCD cameras 305 and camera control board 345 are camera control links that transmit

DC, data, sync and analog signals. The links 2 between camera control board 345 and

. motor driver. 310 transmit motor driver signals, typically 28v DC.
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20 are tenperature-controlled to prevent focal |ength
variation at changing altitudes. Al so connected to

WO aoR[opFhAt el ectronic unit 300 are a notor dri PET/IRDN07/001461
an antenna 315, a navigation consol e 320, an operating
consol e 325, a renovabl e di sk 330, and a DC power

sour ce 33ED Mavbas B0 BreCQOR @bfhedtd th & dAGLEnipResgdt 3, housed
the pilot in accurately navigating the | egs of the

ingifde ghlighit dlectmpinr vak 30 oPaF compresarreridy prosesser image data

r f ] . ; ' i
co e T BT Y s VB e i T Retofy SR ifheheo MG, 7.
Tiel esderotihkgs 8 betwe3 GameaiRE308 adndatsd colprisdrs334) tramseli &snera
feedback informtion from CCD camer

3 .
cmiedly\inelndsraprapximats, &3 1@\10'0%;%%31%@3@&4@% &VDS)

S1
e Al ¢
pefiSe ColriEochuBF bURE BT ERERER T, ot ADORARRES: TN Bl 4,
eabl]inld4 being ay bteragldriggeniconpestigm aind typidedly inahkdng? b¥Dfemsirs.
canera control. board 345 and.mnotor dri ver.;b 0 tr%nsrrit
ot or - dr SPHCISE ARSI HE ) oe i 300 s peroined by a

CIE35020R{cRScopiRuBtReL %A RRENGLEAM c_&ﬁ%@hcﬁi%t tBrough a backplane
conpressor 340, housed I nside |n-fI£g t electronic

datmbis 3%50. Detat eommesspss3tiy saBea@ mirobbeasd Jdfmnavightioa console

aptured b aneras 305, ..3S scribed in detajl
SRR Eslr dre b reae o ik 33 B gl CPU 30
usB@BABIENaeBFB! Cankdd caifbl Baird ISP ESEROES t3¥lkplan 38 by link
canera 5 signals, and typically include approximte 13

5 pyng woivergh seral fup draosmissiong nbipvigatigmsyonsaler 20 sapanngeted to
oo, Dl Rt B S6RodAL opem SRt
coamsersdab ibackplard3Syipi kil 7,ywhick ltadsmits ZnaldgI8CGpairdsUSB signals.

NI IO T e L -

didt BREFRYS LR GONPRASN! SivhileaUghnalHarc hth@hRnl QSATAG storage
§kz(us 355 d

. Data conpressors 340, canera control ‘boar
coBuESter,rndi yalinlo$, whink pravid20 2vopler pewergogemsvible @ik 330 drom
b regov%ghe di sk 330 each conmuni cate with CPU 350 using

agiplans

e 355. Canera control board 345 is connected

to backplraa@rede® Ryedtionkhds mahyddwihiases Sabr Hiedr &t ab84 data
transm ssion. Navigation console. 320 1s connected to

capfueisysieme Bhmse ggvantagrs weludpinier 4lig: o gi gabit Et her net

connecti on. rating.conso LS 15 connected to

Bkl angoaeR e BaTRE, e PRk AP IRET 0 v

and USB Rengrviahlipldizl 13 dristalonifsst sl climirdacdagBfects in
355 by link 8, which includes a hard disk interface,
suck(@3imagent i al advanced technol ogy attachment (SATA)

st orage cq@nnecter, and dnk. 9. which pr.qvides 12y |/
=% power SEURRGI AR of B linder Seyh ke ug St
20The pregeald InfHRAL cBRpAREL SR MY gsi’f@meag%gwr piebdelctric
art aerial data capture systens. These advantages

i ncplaferaint er alia: weight and size significantly

| ess than pri art, systens; .
. no Reea%or precise 2rtial Measurement unit; and

. no need for entire sensor stabilization.
In accordance with an embodiment of the subject invention, the camera

- agsembly includes
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use of non-polarized liquid crystal shutters to

elimnate snear effects in CCD imgery; 25continuous
waeensissegl of the |ine of sight, as opposed to BCEHL2007/081461

scanning; forward notion conpensation is perforned

using a piezoelectric platform no need for precise

igertial oggézfj u&%&mu A 21139 WRRSw! Rlirr&) lenk Sshutter and
izati on. 30l n accordance with an

sensor
enbdiitem;snt of the subject invention, the canera
assenbly incl udes optical elenments, including inter
afia a w SC¥Fror, lens, shutter and filter; a
CgD sensqf, Hfﬁ%oﬁ%ﬁﬂl&lﬁ&ﬁt' on tilt pl atform 5a
gyroscoplc BFrentation sersor

. a gyroscopic orientation sensor, :

. a sealed enclosure;

. a desicecator; and

. insulation and 2 heating unit for thermal management of a liquid crystal

shutter.

Further in accordance with an embodiment of the subject invention, the

sweep motion system includes

. a support structure;

. a motor and transmission assembly;
. encoder / limit switches; and

. cable management.

Reference is now made to FIG. 4, which is a simplified block diagram of
the internal elements of CCD cameras 303, in accordance with an embodiment of the
subject invention. As shown in FIG. 4, a camera assembly 400 includes a gyroscope
and gyroscopic control unit 405, which sends gyroscopic orientation data to a motion

compensation unit 450.
Camera assembly 400 also includes a CCD electronic unit 410 for

processor CCD sensor array data, and a CCD camera 415. The sensor array data is
passed from CCD electronics unit 410 to a data storage unit 360, for post-processing on

the ground.

Camera assembly 400 also includes a shutter with an electric heater 420.
In accordance with an embodiment of the subject invention, shutter 420 is a liquid
crystal shutter; specifically, a polymer stabilized cholestoric textuted (PSCT) liquid
crystal optical light scattering shutter. In reducing the subject invention to practice, it
has been found that light-scattering liquid crystal shutters absorb only negligible
amounts of light. In distinction, conventional liquid crystal shutters based on polarizers

absorb significant hight energy.

10
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a seal ed enclosure; a desiccator; and insulation and

a heating unit for thermal managenent of a |iquid
w@rgpsoedcsshutt er. 10Further in accordance w t hPERIEL2007/001461

enbodi nent of the subject invention, the sweep notion

system i ncludes a support structure; a notor and

transm sgi8Rr2as5eMbly 400 MRORBidés bimirforbasedClofting 3@ 425.

15cabl e managenent . Ref erence i s now nade
Useoof-p anirmpr-baged clolding densi seovast toeigdmeobr vieradr sims of theeptical

i nt.ernal .el n [ -1 n .
o) iSRS b TR Aok SR oo
thé SubdcGinvéntich ©PIRdtRRe 2is hesThdey fédHd thaahisdelatieclglargsoogidength

.and gyroscopic control _unit_ 405, which sen%s )
yigjgs sadopsiselubipn avhen: the rivgralhis: Hyiag b iyghnalgtude, which makes the

,%gg% : "a%ﬁs [ Canera assenbly 400
o &ﬂﬁ%ﬁu esﬂfg’}%{%ﬁ%ctroni c unit 410 for processor
CCD sensQamara ssyeroibly 300 ds fixed GCrotime mais4B5, whick is controlled

o il 0 e O Eabb T B SRRl by o
sighP6f e Q2352 pE lﬁ&oﬁsfaﬁﬁ@ﬁxns%@i gJoﬁ;e flig}e | pade Suck as strip 120

shutter with an el ectric heater
iltustrated in FIG. 1. Motor 440 receives control signals from an in-flight electronics

unit 470, such as in-flight electronics unit 300, for controlling its rotation.

The line of sight of camera 415 is determined by the motor and by one or
more mirr(;rs within the optical assembly, as shown in FIG. 5 hereinbelow, whose
positions are controlled by a mirror control compensation unit 430. Mirror
compensation unit 430 receives control signals from in-flight electronics unit 470, and
adjusts the positions of the mirrors s0.as to stabilize the line of sight.

Reference is now made to FIG. 5, which is cross-sectional view of an
optical assembly 500 with lens and mirrors, for folding lens 425, in accordance with an
embodiment of the subject invention. Light rays enter assembly 500 through a window
510, and aze reflected through a series of two mirrors, mirror 520 and mirror 530, which
directs them onto a lens 540.

Mirror 530 is accurately positioned by motion compensation controller
430. In accordance with the subject invention, the motion compensation is determined
by processing gyroscopic sensor information, global positioning system (GPS) data,
and information from motor encoder 440. The line of sight is stabilized by the mirror in
order to compensate for continuous camera movement generated by the motor, and also
to compensate for forward movement generated from the flight path of the aircraft. As
such, the line of sight is stabiliied in two dimensions. Mirror 530 is mounted on a
piezoelectric tilt platform, and compensation is carried out by tilting the platform.
Since the weight and size of mirror 530 is small, motion compensation is efficient and

accurate.
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In accordance with an enbodi nent of the subject
i nvention, shutter 420 is a liquid crystal shutter;

W@ g8i06368h1 | y, a pol yner stabilized chol est ori BECT/IL2007/001461
textured (PSCT) liquid crystal optical |ight
scattering shutter. In reducing the subject invention
to practipg, stéﬁiliiéﬁqhﬁﬁﬁ‘ki%ﬂlﬂfd.hé Batherh iQBdteindd BY thRGingle of
liquid crystal shutters absorb onl % negligi bl e

mFofddnt Begnirtar ghgle is ghatiged iwkéleitbn CCEbL\expeged ibough a control

ligu d.erystal shutters ha ri S O=b
logP.g #Ip (fl@%dﬁ , ﬁxlegc%{n%}éana:nr%%/ R rﬁgzgto%li Qﬂgﬁo c%ﬁféxs;l n@?taﬁs. A control
loap sakkhlates40 réduied i itod dagleafol mdintinkyas tid datled'sfnd ©NSight.
425. Use of a_ nmirror-based folding |l ens serves to
Whep 7 salepation dnpdigatess o reqred; pangp IR CRITOIsyigly| the control loop

. i | . . L. . .
ingthRkE e phezopfeBilic tevicBS rlocOh? minBR Uy ufblving appropriste voltage
ort eachrpedoeleetricifold)a%hd phtfofm werttst foathistvoltage by atoviegl the mirror,

l.arge focal. length.5 yields.gaod resolution when the
anéﬂf*%fama% 9?{}9%1%@¥W5§W%%f%qe, whi ch mekes the

sensi ng odeflraf@sis FofARadPIEFRE S & CGHIBEH is a simplified flowchart of a

Canera assenbly 400 is fixed to a rotating axis 435

controk leopshatoistused e tabijize antsmsra'y- Line 06 dight, M0le the camers is in
435 conti nuousl v..r ot at es ;bhack farth,. the |i f

oGO S GO TNIEE e 2 BlebRanRat of e bftidd)inieRBon, Hioln 10

dyinB@idally ehngRit d}:ﬁl@ Wah batswesi Hietatidfs &l th kbl ik @etelrhined by

FIG 1. Mdtor 440 receives control signals froman
gyreRcepiF gomtral uak ldniAd step 2 an pogle o &k oA ¢ha mirrar; fhtis calculated

ShRE IR0 ok S50 0 90 COLLL 08 0 D 1 o

ARGE Bra specifiey tage direction; B. M.t stepr 630viintdpproptihe vofthgeciabkpplied to
assenmhly, as shown jn FIG 5 her.ei nbel oy, ose

thi)aﬁzgfﬁ 9@@@0%@6%4“%%@%1?%%&%%@@%& A2. Steps 610

- G BER2bhPA I%n@?ﬁ%sqei\éﬁéﬂ& the mdiRARE ﬁ&%{ain%fh. unit

430 receives C gnals fromin-flig

el ect r onilks color im430 capimebddy)j the (GCH hameres atei ssparated inth dhree

m r.rors to stabilize the |ine.of.sight. .
COREPRIEHEE SRR %150 PEPORSINR i it Sormponen, and G is a
or&dn0$Emp&ednt. ONEHacly | @NM6rooRPofit | 18 atepaie@bbd! a6 S00ithV fef pixel.

lens and mrrors, for folding | ens 425, in accordance
Cogvertional eommsensinarnodesss seprsats ) leages ntesthracsamppngtg Y, Cr, Cb,

t i 0 .
RS, 501 Ap SEET el IEEIIR o TAOUED, S
SibceQumirthntd srgeneralB thevdvintinard ivisagl confipvasntpthieahige kbemponents are
540. . Mrror 530 is gccuf[at ely posi i_ong%eE#
sapppler gh4 2onskniya SFRIRS. coR Py Tady daIR et 24 MiSRE BPEhHdE 16
bi‘gg’@f i¥hj ect invention, the notion conpensation is
t

m ned by processing gyroscopi c sensor
i nf or mat Spexificallgbfor Bayst tcolmi GgDsy theedensiBPI)istdbuiteon of color

elements often results in high frequency chroma data, which would lead to distortions if

sub-sampling were not applied. Bayer CCDs are constructed from regular arrays of R,
G and B filters, and captured images are separated into 4 mono-chromatic images;
namely, 1 red image, 1 blue image and 2 green images. The mono-chromatic images
are 8 bits per pixel, and they have % the resolution of the input image. Compression of

the mono-chromatic images often enhances Bayer umages, since compression tends to

12
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25 and information from notor encoder 440. The |ine of
sight is stabilized by the mrror in order to
wW@aigeassat e f or conti nuous canera novenent genREBARH01H001461
the notor, and also to conpensate for forward novenent
generated fromthe flight path of the aircraft. As

re&uteNspukiogs |high1'/1leﬁ'9cf1ue§b19§“thdt SariSé FHYnh ied8sh bdhet& in Bayer images,
di mensi ons rror 530 is mounted on a pi_ezoel ectric

whirh eregspecialiymotiosrbled tsdrminanecqmspangnt HeCi b imgges.
tilt t I tf S
1 or U530 o riiodtheh of e i LienH, 3 bCE AR iR on i

impleinetaiusiigadedicated hardware with JABE 200@borthpreesbd wiie’ of
sight of the canera is determ ned by the angle of

mirror 53eranse pow sada tRFG. s Whikdiig e gimplificd bleck diggram of
dalsEodROSE 340 SPHIB BRGNS Bh o BOBmet by bkt boyglefls, Dasa

_ conanﬁssmh ik @sqen’c&ll inudrddrae Wshatandaydi Y@ dlata stompge anglface$, such as

ok TR 3 BT 4Pt OB e TV P prages would

exéééﬁ'tﬁe cépﬁﬁqﬁ%h%nubﬁgﬂﬁm&té Heds&s. t he piezoel ectric
device to nove the mrror, by applyin ppropriate
vol t age <ShowaomFineZo@a@ammadlq$o’!w, sutt%easrim?v or KIG. 3, which

e this olta Vi ng. t he n
tap§s otk % pottSpieRoh 3T 72 PR r im0 el e rcered
daBetBEH EReLuhif mpwﬁaﬂﬁl fuén frhksmi®, tha\/ﬁlaafualtaStoamﬁadﬁ&reésm%mp
| onchart of a 10 control loop that is used to

74QtfathHE<i 2000 ecmprespian. | Tihag ypit JPQ pectitighs p dargh Enaggriptosmaller
nbodi nent of th
imids DBy bR ARSI . S o T changt g

angl e, ARefdbaicecie mndvhanakner FIGnd, thhcljjrlelmd;mplsﬁed diagram

deternj ned by gyrosc c cqntrol 05.. At step 62 '
illygfra ”L%w &-otderpg grit ?ﬁirerﬁrﬁ?ra pixehgolof sy i pospacsgth an
enﬂah@i&n&b@fﬁb%@é}&dt%eﬁﬁoﬁ he line of sight of the canera,

as determ ned by angles Al and 15 A2, is in a

speci f i el willrbgetppuciatedttydhose Bkillad nsﬂ:@pirtﬁtﬁ@: the subject invention

riate,volt s _appl.ie iezoelectric

b PR el et Toran RPReECIot PartolfrRk e RinBidnp qnd 3-D
fligh ginguldidon. St eps 610 - 630 forma control |oop that

conpensates for the notion of the canera.

The col ofn theafpsezoing sRrcEigatign. ithe ImEDtien hef dgem described with

e

rof SRR B SRR SRR hbrcoft 1 Sl hoWhRE YRyl onfi
vaigse inalfigtioant a.ndEaﬂ::hngml ffay Cbapandeat to sthe egyeeifrnteremplary

s .8 bits per pi xel nti onal, conpreSS|o codecs
m@eﬁyg}ea soviftiout drpage from ﬂletehﬁ?eéi@r of theyavergpn as s
& fhe ' fﬁ%ﬁ&dl &éﬂn@?nﬁ&oﬁﬂﬁ@_ 9”!5@% ec?ﬁ‘@dtlgﬁ a8 %:gé’m ﬁre to be
rom nance conponents. S nance i s gener
regatdeddmm Abastrativiegathbr thmn@mﬁmahye $dnee t hr.ee conponent s
are sanpled at 4:2:2 relative depths. As such, raw
data of 24 bits per pixel is reduced to 16 25bits per
pi xel . Specifically for Bayer color CCDs, the density
di stribution of color elenents often results in high
frequency chroma data, which would |lead to distortions
i f

13



sub-sanpli ng were not applied. Bayer CCDs are
constructed fromregular arrays of R, Gand B filters,
and captured i nages are separated into 4
nmono- chromatic i mages; 30 nanely, 1 red image, 1 blue
I mage and 2 green inmages. The nono-chromatic images
are 8 bits per pixel, and they have 1/4 the
resolution of the input imge. Conpression of the
nong- chr QFRhdafus fORABRIIAL ifffke8 HAAE @@ﬁloﬁa_y,%mpﬂ_ﬁaﬁ.s,
since conpression tends to reduce spurious hig
fre [ j fir Qre : [ I .
| an e P o 1R an AP E KBRS BERRHAYRHh RO fraveling
| um ce.conponent of . YCr Ch i e . In
aloplg StBHY s A4 g o el ks bREENR s1rains pes 2000
conpressign is.inplenmented. ysi. edi cat ed hardware
i t R DERCo Eesa 81 hchi A b 55 g pEPe dump Uy for
made to FIG, 7, which is a sinplified bl ock di agram of
SepYaEN S & ipeeag baduend-fosth gmetien v ce fighd of ¥sWedfotd glfast one
of the subject invention. Data conpression is )
camere ieisukening moten having i eompangurans o ® to sheapizradt Bight path;
interfaces, such as data link 8 in FIG 3. Oherw se,
Wi t howpticad mpseedéy amnegttdtd suid poleatODe icamg@s sawboptical assembly
exceed the capacity of convention SATA data busses.
indi@Ghown in FIG 7 is a canera link 710, such as link 3
in FIG 3, which transmts data to a re-ordering unit
720.5 tiReplitsier, kg unit 720 transnits the re-ordered
data to a tiling unit 730, which in turn transmts the

ti | edsdahrot %oﬂ&e&%ﬁ@iiﬁ%ﬁiﬂﬁf&m p 740 for JPEG 2000
conpression. Tiling unit 730 partitions a large image

i nt QNH%P&L Is Piﬂugf&g ﬁqg%é? ghﬁ’a‘[ tl@ag{ Slpé/ cﬁﬁ&'glec%lt[ngﬁdﬁp%y, %nd wherein

processi ng nme. erence 1S now na

i i.S a si lifiLed diagrami,Jlustrati ng h . ,
s P R e b i G B it Rl Btto JPligg the cameras
.accordance with a enbodinFnt of the subject
hnieﬁ@ sight and compensate for motion of said at least one camera.

2. The apparatus of claim 1 wherein said optical assembly comprises a

scattering liquid crystal shutter.

3. The apparatus of claim 1 wherein said optical assembly comprises a

polarizer liquid crystal shutter.

4. The apparatus of claim 1 wherein said camera has a capture resolution of

approximately 11 megapixels.
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It will be appreciated by those skilled in the art
that the subject invention has w despread application
to terrain nodeling for cartography, reconnai ssance
and 3-D 20flight sinulation. In the
foregoi ng specification, the invention has been
described with reference to specific exenplary

enbodi nents thereof. It wll, however, be evident that

var sous Rélhphatald OMGaidNf whBRNDSEd BRNerk BadRdhthe rbdfution of
speci fic exenplary enbodi ments w t hout departing from

. ol A d scope of the invention as set
ap%rgﬁpgﬁﬁgﬁz %ﬁ%dd 6}éﬁded claims. Accordingly, the
specification and drawings are to be regarded in an
illustrative rather than a restrictive sense.
1. aratus for capturi [ es,while.in tion
corBr | 51 1B appaits eI dMISTET S EnasR A AR e of 3 - 10
i magi ng sensor, housed within an aircraft traveling
fragyed gy sgeand;i ght path, for capturing aerial inages of
ground terrain; a notor for rotating an axis on
whi ch said at | east one canera is nounted, and for
generating a sweepi ng back-and-forth notion for a
fielld of Thé eppacdtusaf daim 1| ehsteirsaid opiiel assetnhly also includes a
sweepi ng noti on having a conponent transverse to the
secdhd aniadot, daild ghtpl@édrin and said fast ot secodd assertfoyming at least a
connected to said at | east one canmera, said optica
pon8 OB h)irrbN6dsdl Fding dpfidal tysRdnat fOorm and a first
mrror nounted on said tilt platform wher ei n
said notor rotates said at | east one canera
conti nuously, and wherein said tilt platform adjusts

i f . . . p ot abili
sai g fi rﬂm SQ)#;JI%SI ('Isliy@h?l A §1('r:18%%d %&dﬁ% (%pglrcgln%%ké% 48s an

t he canera Ine o ensat
o qfxﬁghgfgﬁlée SLe 36 carmer a. 2. The apparat us
PREPXIEIAL 10°4! @i sai'd optical assenbly conprises a
scattering liquid crystal shutter. 3. The

apparatus of claim1l wherein said optical assenbly

congrises a polarizer lLiquid crystal shutter. i i
. The apparatus of claim 1, wherein said tilt platform is a piezoelectric

platform.

10. A method for generating a camera model, comprising:

transporting at least one camera, that includes an imaging sensor, along a flight
path above a ground scene;

capturing a plurality of ground scene images as the line of sight of the at least one
camera sweeps across portions of the ground scene;

deriving a synthetic photogrammetric camera model from the plurality of images;

and

15



4. The apparatus of claim1l wherein said canera has a
capture resolution of approximtely 11 negapi xel s.

approxi mately 2672 x 4000 pi xel s. 6. The
apparatus of claiml1 wherein said canera has a frane
rate of 3 - 10 franes per second. 7. The

apparatus of claim1l, wherein said optical assenbly
al so includes a second mrror, said tilt platform and

sali @pﬁlbﬁlﬁ’ffg RBpIHAEANEE Hhdge® rathl REGFEME Bla URASH tefrain model to
portion of a mnor-based folding optical system

defive E‘iﬁgl@%ﬁ{iﬁfoﬂ§ iRigeGh@bBufd WGk Slvikereidithe §iRgd ift}:ﬂﬁkfinugg% image

opti cal system has an approxi nate focal length o

is (BBerently defintlin Fifis BPARLAOMBrafim il Mdka miiel ©1 1 52 0

A nmethod for generating a canera nodel, conprising:
transporting at |east one canera, that includes an
i magi ng sensor, along a flight path above a ground, .
sceré; | The meghogiof Flafty 18 fythsr a@rﬁwﬂeﬁ CRUAG Sylapping images
iag%es as the line of sight of the at |east one canera
capfired JEp s aid G ansperting oYhen dhe 3t fraspnsisamerrcis Hanspaeed glonga gingle
synt heti c photogrammetric canera nodel fromthe
legodfitha iflighy path, fonprgeids steragscopic coverage of a portion of the ground scene,

and wherein said deriving also derives a stereoscopic model between two sweeps.

12.  The method of claim 11 wherein the stereoscopic model is derived from

the photogrammetric camera model using panoramic projection.

13.  The method of claim 11 further comprising generating a stereo panorama
image from the single continuous image, the panorama having a field of view of up to

140°.

14.  The method of claim 11 further comprising generating a stereo panorama
image from the single continuous image, wherein said transporting transports the at least

one camera at an altitude of up to 50,000 ft.

15. The method of claim 11 further comprising generating a stereo panorama
image from the single continuous image, wherein said transporting transports the at least

one camera at a velocity of up to 500 knots.
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combining the plurality of images with reference to a
digital terrain nodel to derive a single continuous
i mge the ground scene, wherein the single continuous
image is coherently defined in ternms of the
phot ogrammetric canera nodel . 11. The net hod of
claim 10 further conprising conbining overl appi ng
i mges captured fromsaid transporting when the at
| east one canera is transported along a single |eg of
the flight path, to provide stereoscopic coverage of a
POr 150N §he tifhdd OFBin® ABNGherdi An¥hehRASYy SRIR SRtdoVirietric
al so derives a stereoscopi c nodel betweén two sweéps.
0 : r A [
cap oL FE Ul pl B aabE RS Sukidfy RERRF AR kbourgey of

eriv

usi n anqgr.anj.c_proj ect.i on. 13. The net hod of
thec‘fag}e?ﬂ ‘%idéﬁlg‘?’{{h‘%l’ﬁ?g ?é‘&aﬁﬁs‘gener ating a stereo
panor ama i mage fromthe single continuous inmage, the
panorama having a field of view of up to 140.
14. The nethod of claim 11 further conprising o
genédrat i Afe aethod oéelapahd further Forapfésite eymbipiag eyelppping images
conti nuous i mage, wherein said transporting transports
captheed afirorh st tramspotingewhkenathezat ladst ionedemerfa ispirangp&eedodong 2
ft. 15. The method of claim 11 further
phaalitp rof d¢gspfake Bight ipady, B soeide atepacopivreoviersag eoffar mmidhef the
singl e continuous inmage, wherein said transporting
gréundne@RY hed heredt sdidasivifBls6 AbEVed addterdoséephio Giddyl Btwdéh the
to 500 knots. 16. The nmethod of claim 10
rwihgheRsdigeaccuracy of the photogrametric canera
nvd%l for tﬁe single continuous inmage is substantially
identical to the accuracy of the canmera nodel for the
plurality of inmages. 17. The nethod of claim 10

further go L sikhg _combi ni ng. overl appi ng i mages
captlg'r ed ggtkoégqrgm%eacﬁénd’é? 1°Hg°°\m?é§%lghe at | east one

canera. s transported ong a plurali of |le of the

I G B TRaegPRUTbtt CraEBOE @ RAserle P sensot et an

portion of the ground scene, and wherein said deriving
origingbreg@lpii®fs a st ereoscopi c nmodel between the two

adj acent said | egs. ) 18. A nethod for image

conperasaing e eapised knagg into 1 red, 1bdusedng; Zngreencal annels, where

captured by a canera with a Bayer color CCD sensor at
cagnofché giloadhanmedolhastai resplution that isHA af teiomginaheselapen aad

image into 1 red, 1 blue and 2 green col or channels,

whercemeasin@éach hé tieabinr chhmaRekiag ey senld mepk dbmprsditmat

is 1/4 of the original resolution; and conpressing

each of the color channels using grayscal e i mage

conpr essi on.
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