Al RBORNE RECONNAI SSANCE SYSTEM Fi el d of the Invention The present invention
relates to a systemfor carrying out airborne reconnai ssance. Mbre
particularly, the present invention relates to an. airborne reconnai ssance
system whi ch conprises one or nore arrays of |light-ser live sensors, such.
as ITV, visible. IR nulti/hyper-spectral; or active illumnation, the line
of sight of which being directed by neans o I%i nbal s having at | east two
degrees of freedom sai ehlRd RE 2N Dol Y Navi gati on System
(INS) for providing accurate tracking and capturing, and for providing 313
not i on cagaSst i InvVéetizensors and INS are preferably nmounted on the

Pii nbal s Background of the Invention Airborne reconnai ssance systens have
been w d used for . .year L parti I o] } nj j from
tho ai v offter BEbf PO B P TS, TRR ekl dOLEL "0 MRS
aircraft for capturi ngﬁt he i mages.. The mai n probl em of 1t{he ai rborn%,

fil m cangiPaO RIS RE: HAPE B aglys thenbresatid IVERECR 161215 18 FeftPPERE f or
devel oping the filman operation that can be performed only after |anding.
Thi s pr ohleeonhassheen syatenc ovieich ncomp e sern dae rors ygire srrbys tofi dighgesepfsitave
one-di nensi onal vector or a two-dinensional array of |ight-sensitive

sensors iéénltspf‘s,cﬁﬁﬁr floy, QhLigid)immy ﬁh@lﬁﬂfy@@&‘%ﬁeﬂﬁﬁﬁsoﬂ hedivaiBuhti®@Btion,

electronically’stored wthin the aircraft, and/or transmtted to a ground
base statjon.. Thi,s.i ner.al .y .dong in ch_systems by, scanni.-ng by, the 1
sensi t i veigeliard %gﬁft ﬁg léh Q/ﬁlng rfﬁé‘?cég‘ﬁ Lhynnf%‘.nég gﬁs@é‘x}f%ﬁ% %‘?lng hag: lﬁalsght .
Al rborne -reconnai ssance systens are generally used to obtain inages of
hostil e aveadegrend of fiemedpuoy, saitheystask fothentaehrrdnetieal Nagtadlamvipiess

sone particul ar requirenents, such as:
(INS) for providing accurate tracking and capturing, and for providing 3D

motion compensation. The sensors and INS are preferably mounted on the

gimbals.

Background of the Invention

Airborne reconnaissance systems have been widely used for many years now,

particularly for obtaining images from the air of areas of interest.

Originally, a film camera was used on board aircraft for capturing the images.
The main problem of the airborne, film-camera based reconnaissance system is
the length of time required for developing the film, an operation that can be
performed only after landing. This problem has been overcome in more modern
systems by the use of a one-dimensional vector or a two-dimensional array of
light-sensitive sensors in the camera for obtaining electronic images that are

then electronically stored within the aircraft, and/or transmitted to a ground



1. Flying- the aircraft at high elevations and speeds in. order to reduce
the risk, of being targeted by eneny weapons, and in order to w den the
area captured by each inmage; 2. Trying to capture as much rel evant i mage

i nformation as possible during as short as piible flight; 3. Trying to
operate under various visbtiaty condi tions, while not conprom sing the
resolution of the inmages and their quality. Trying to photograph rough

t errai ns lfasegstathing'neuntgeinesallardeas mavicelgsgétanps gy seadnitgy batthensght-i n
hi gh resolution and i mage quality. The need for securing the reconnai ssance

ai reraft, sdidige EhYdRE 0BRRY 80K oe A8 BedtAnNBstdit &t B PaS RS Bk gNi fi cant |y
increased flying costs and risks, as sonetines the reconnaissance m ssion

requlres escorting of the aircraft by other, fighter aircrafts. Therefore,
the need. for enabling a short and reliable mssion is of a very high

i nportance, -3- There are several other problens generally involved in
carryi ng dubozie Beramaraiseanaayssane are Boenceldnphed te aptaini mepgaregfostilem a
fast-nmoving aircraft introduces the need for the so-called Forward Motion

Conpensat i@as( Hedehsadfbes thd besit ef ot amereed tthMolh 4 85 BRSO Paithlake
shortly referred to as FMC, Mdtion Conpensation in general wll be referred

to as M) n or aircraft novenent during the opening of the
camer a shﬂet(]%uglf&%%%f %g{)}?%\%bhani cal or electronic; in. the latter case, the

openi ng _of e canera shytter. for the purpose of exposure is equivalent to
t he intégrafgaﬂg €| ‘F’ﬁ?ﬁﬂbﬁét}&gzl By VEHEDF| i pne R PEAeb AP IREHES the

risk of being targeted by enemy weapons, and in order to widen the area
captured by each image;

2. Trying to capture as much relevant image information as possible during
as short as possible flight;

3. Trying to operate wunder various visibility conditions, while not
compromising the resolution of the images and their quality.

4. Trying to photograph rough terrains (e.g., high mountains, areas having

sharp ground variations), in high resolution and image quality.

The need for securing the reconnaissance aircraft, while flying above or close
to hostile areas has significantly increased flying costs and risks, as
sometimes the reconnaissance mission requires escorting of the aircraft by
other, fighter aircrafts. Therefore, the need for enabling a short and reliable

mission is of a very high importance.



When |ight-sensitive. sensors are used in the canera (hereinafter, this
type of i mage capturing wl I be referred to as "electronic capturing"
contrast to "filmcapturing”, wherein a filmtype canera is used), three
maj or scanning types are used The Along Track Scanning (al so known as
"push-broom scanning”) In a configuratien of the Al ong-Track Scanning, the
light-sensitive sensors are arranged in a one-di nensional vector (row,

per pendi CLihar die ddverdll otdetr pdbblecis generbhly soabtvdidn odiryhes boagadoanea i s
obtained by the progression of the aircraft. In one specific configuration

of Al ong-, LEackaiScaMy NGy SENRPA, Idép‘ﬁﬁ‘h'n%%rﬂt?é&ff&ﬁ‘%kfé@@'m&&h aivel-ay ed

Integration) configuration, a plurality of such parall one- di nensi onal

vectors (1?1 ro%’uces the need for the so-called Forward Motion Compensation
(Hereinafter, the term “Forward Motion Compensation” will be shortly
referred to as FMC. Motion Compensation in general will be referred to as
MC), to compensate for aircraft movement during the opening of the camera
shutter (whether mechanical or electronic; in the latter case, the opening of

the camera shutter for the purpose of exposure is equivalent to the

itegration of light photons by the light-sensitive components).

When light-sensitive sensors are used in the camera (hereinafter, this type of
image capturing will be referred to as “electronic capturing” in contrast to
“film capturing”, wherein a film-type camera is used), three major scanning

types are used:

1. The Along-Track Scanning (also known as “push-broom scanning”) — In a
first configuration of the Along-Track Scanning, the light-sensitive
sensors are arranged in a one-dimensional vector (row), perpendicular to
the flight direction. The scanning of the imaged area is obtained by the
progression of the aircraft. In one specific configuration of Along-Track
Scanning, generally called Along-Track TDI (Time Delayed Integration)
configuration, a plurality of such parallel one-dimensional vectors (pixel-

rows) perpendicular to the flight direction are provided at the front of the



rows) perpendicular to the flight direction are provided at the front o.f
tile canera formng a two-dinensional array. In that case, however, the
first rom1of the array captures an area section, while all the subsequent
ronws a '8 used to capture the sane section. but at a delay dom nated by the
aircraft progression. Then, for each rowof pixels, a plurality of
correspondi ng pi xels of aII the rows in the array, as separately neasured,
are first addederaafedntihgrn ewverdagedsionadradenytin teitetasendotvheepitkel firseasur ed
light intensity value. Mre, particularly, each pixel in the inmage is

measured N tiRese (N Betd9:4 08By IRes  Of sé&i’éﬁ) v Ly eaéﬁﬁ{s%gﬁgnt This

Alon.g-Tra.ck I'DI configuration is found to I nprove the S|gn | -to-nol se
ratio, and to i e th ualit the relki of asyring.
R e Acr ogBeTHaE Y e T d k AeA Thed N \AhF Sk o GtaeAgsS the | n e
it. Across-Track Scanning, a one- dinenS|onaI sensi ng vector of

| i ght - sensi tdiveradensoresesaon.arneeh,pdpal bath tww hef fpixght di péetdlgy, io§ used.
The sensing vector is positioned on ginbals having one degree of freedom

whi ch, duri ngridgohlighbixelepeatladeyromyviestHeherrwhohe s¥eeta@tly inghtumnd | ef t
in a direction perpendi cular to the direction of flight, while al ways

keepi ng the v o) l.el t i tio f ght.
Anot her Acr osr%Ttrﬁg(E:& %lcd%ﬁhia{nlé]dacrg(})ln%1 %&Fa e%i 13 O}(Per Po (Petélerﬁ Ae nﬁhg PHperli smto
sweep the line of sight (herejnafter, LCS of a fixed vector of sensors
acr oss- t r ackNeppdtesadigdt HIoPRYYt H@%c%?eiﬁ%réioﬂl ayly, ¢g6h Bixeds® thpe
Across-Track Scanning of the area by the gi nbal having one degree of
freedom whilneagmintmeasngdt Bée tirapwai™N augntdrt nainlidreofirvespfdnd wheen. s
the captured area. Another configuration of the Across-Track Scanning is

the Across- Ta(@e@ég@@”‘ﬁ%‘ﬂl@ﬂ%@x‘a@ﬂ TH? dohieS e RbhI4r BNt E&&aﬁ?\‘?é‘itﬁés a

plurality of vectors (colum in adirection parallel to't

direction, form a tmo i mensional arr .This Acr.oss

i irar ity toeRnBtaRoit e Bra S T oHe P MG R Ero v billly
reliability in the neasuring of pixel values, nore particularly, an

i nprovenent ¢frmepsumngnal -t o- noi se rati o. iii, Digital Fram ng Scanning: In

Digital Fram ng Scanning, a two-dinmensional array of light-sensitive
sensors is positioned with respect to the scenery. In US 5,155,597 and US
6, 256, 057 the array is positioned such that its colum-vectors (a col um

bei ng 3 191 oupnofadRe. LLAY Sty oL, REERALA el cbliesthi gl ol 18 ot on

Forward notion conpensation s provi froni ca y on-c

t he detector fo I ra the transferring of. charge fr pixe
to the next tt acent-Frack Fﬁx‘%‘i’i’e@y f R ORETORA] SPRSIET910Y wéolés’ehiso
exposure tine (aiso caIIed "integration time"). The charge transfer rate i's
det er mi ned s&patiavelsynéas, eavmgeol namalidr tof dire fhehtwHoleetiany &y uasd.i Fhe)S

6, 256, 057 where a slit is noved in parallel to the colums direction),

dependi ng Onsdris$ng rvélcwrd V\%oﬁti%h@ﬂc@n( iage) Havany tdie aapliddr &dnseansy y.,
assum ng flat ground. 97/ 42659 t is concept is extended to handl e

transferri ngwﬁi lh Qﬁﬁ-g? ?ﬁ&ﬁi@{ Irééﬁeri?ﬁ%v%?%h Wol%%%gt%&rc ttjzg%(ygfape! !

bei ng a rectangul’ar gr up o e systemo igita

i mge
g in a direction perpendicular to the direction of flight, while always

keeping the vector in an orientation parallel to the direction of flight.
Another Across-Track Scanning configuration uses a moving mirror or
prism to sweep the line of sight (hereinafter, LOS) of a fixed vector of
sensors across-track, instead of moving the vector itself. In such a case,

the Across-Track Scanning of the area by the gimbal having one degree



correl ati on between successive franes captured by each colum is perforned,
in order to nmeasure the velocity of the scenery with respect to the array,
and the correlation. result is used for es ating the average range of each
colum to the scenery, for the purpose of nption conpensation in terrain
with large variations. This conpensatidﬁ"nethod requires capturing of three
successive franes for each single image, two for the correlation process
and one for dfhieédoal wibtle anaodapensated foraaed mhheempst edh tfe WS &FaB68, 593
uses a 3-axis sightline steppin.g nechanism for expandi ng coverage of the

area of intefgRhs AR chht@RRI h8Sa 2ATREAON SARBERSAELA O8Y HIeC M GYe TRYcIreans
of transferring of charge along colums, US 6,130,705 uses a zoom | ens that

automatical ly varies the canera.fi el vi ew based on passive range
moaour ement RN RAd RroRcansr FHCT dde cbbFFarairon Rt e i shE Miove.
The field of viewis tuned in accordance with. prior mssion requirenents
for cover agethanel exigslaupvaalityof ivgaiors derltnprobhenflwectnnipnrelat sethei stic
of the prior art reconnai ssance systens, particularly said electronically
scanni ng Acrfight Tdiaekiand fdmeg T aek-&eadHiogalmethods This Ahessdedclt or
predefining for the aircraft an essentially straight scanning leg (and
generally a rali ch. p I S i | , g5y ch.a |l eg
is defined,'g%§ gév%ﬁ??%ﬁﬁypg?tﬁ%ﬁlar1§§g£$%%ﬁ%x%§gﬁgrge degﬂgﬁggﬁ,g?ron1
the predefined leg, is B t tolerated, as sajd. s st?ns of the priaor art are
not capabl e I&Prl%(Pﬂtr&flﬁ Yalldesi FEFSUTHE 8 Pé’i%ﬁ’ta ues Mg Betitoh i ng
such a fast and/or large deviation from the predefined leg, resulting in
i mge artif oot smpuctenaent sathengghdl-sd-ooate mriiof i mage |ines), snearing

(el ongation of pixels) or substantial gaps in the inmage information. This

is partijgul apigfta SFGh L aitardiavback WISRaLC aFfahigs 08ka@nin@CoRnakgsance
m ssi on above or close to a hostile area, when the need arises for the

aircraft to carry.out, fast nguvering P. escape en det egt i on
Cargeting, . oratueRal aips iRt T ge poieoBnr arntabuat MRy F R o ta
conplicated terrain, such_as of a curved canéon, it is best to followthe
course of théesspensry. burlad, beye’oind HéS CahyoRd THORedBRY ISnPodEpnedses

t he reconnai ssan. ce systens of the prior art cannot tolerate carrying out
such a shar pduchcthaedtsranbiuarnicetyrsi (v aloviung $barg aclhange sofi thd herayigl es of
the line of sight with respect to the photographed scenery. Anot her

drawback chatAghslsh Stire OfaldIRIT 60N SBRAGE SHSLGHR. OfotR&r®r IRbtight, for
exanpl e, US 5, 155,597 US 5, 692,062, WD 97/42659, and US 6, 256,057, is their

need to handl e vast ano of data., -The syste of the pri art do _not
enabl e an eaSYPPESALN Mﬁ?ﬁbﬁ Hﬁowegneaﬁf%ﬁ&cgﬁgn%n'& I%Ruhgé% ({)efte? ferest.
Once operated, the system scans the entire area to which the canera i.s
directed., woehl plgenaray) pyr the ewsinsterrore of chpegd friog popixebhe the newé whol e
possi bl e. Therefore, even for a. small. area of interest, the systens of

the prior ar#djavsht pardlie tae Migetamoiilighft datrg the eensdits eqpahire tohe
storing the full ima.ge data obtained during the operation of the canera,

o e oS0 lch Bt RIS RSP AP AN nodihigd) - The
separately for each column (or for the whole array as in US 6,256,057
where a slit is moved in parallel to the columns direction), depending on
its individual distance (range) from the captured scenery, assuming flat
ground. In WO 97/42659 this concept is extended to handle transferring

of charge separately for each cell instead of column, a cell being a

rectangular group of pixels. In the system of US 5,692,062, digital image



ground, sonetines in rearequires usage of a very w de bandw dth, Another
particul ar problem which evolves fromthis |imtation is the need for

di stingui shing and decoding a snmall data of interest within the said full,
huge anmount of data obtained. Still another drawback of reconnai ssance
systens of the prior art, for exanple, s 5,155,597 US 5,692,062, WO

97/ 42659, US 6,130,705, and US 6,256,057 is their limted ability to

capt ure i mugwsrélatianwibdeweamgeuaksevei &ladnef cedaral Heraichafdobumnt he term
"field of regard” refers to the spatial section within which the canera

line of sighte¢aindE idi digieh @6 i AN EheRSIAL b0the UELAPEEH riiRcPlbOr art
soneti nes use separate dedicated sensors for different sight directions

(e.g. separ ors ffar. downrl ookin si de- i que or, .forward-oblique).

The present a‘ith%v%ﬁljt& o) r%%/el %rge{aémtrhlée%p‘? ¢t art gt}lﬂ]é%gﬁma}tf?g 5%@& 8Pf ng

i mages, simultaneously fromall sensors, of areas forward, backward.

si deways and'angeany Batler clppin rigr hei seensvn, faandhe o prapew yofswiatéon

bet ween these directions. yet another drawback of reconnai ssance systens of

the prior a @xapgisatiodS ib, 1ebrhA7 witls 51668, 68tidis. 5T692, &idpeM¥d 9o 42659,

US 6, 130, 705, and US 6, 256,057 is the use of |arge-sized two-di nensional

sensors arr i : I i | b or no
S hiE hulSe AR gﬁxtn%esrﬁ%ﬁkéé/ SuBfeRHY Bl 0DRQAchTLiEo

control over their |IIne of e present 1 nvention, enables usage of

smal | or medi umsized,,. two-di nensi onal sensors' array- by taking advantage
of the capajl’.i‘i""i‘get’y‘cz"i’% faﬂ;,%?l FOLTR AT eSSy 2Ry ¢ HRT L‘%S %-ﬁ“@illniﬁoéwpar ge
field of regard, to stably fix the LOS on. the ground scenery while

capt uri ng arconmerysateddrame gdhheysphotdg&phict SiatNgesdat s3-akys sightline t ude
of small/medium franmes rather than one single large frane at a time A

snal | s si _Zedst@ppﬂ% M@Uhﬁnis)zipfcﬁaé)ip)él_nﬁ@n?l@o{'&a%e oTeHaRrX£bsi{tat-ddtl @AdARt Xel s),
and a nediumsized array would typically be up to 5 nmegapi xels. In

contrast, | - sl ze a : ' be u 5 api xel s and
even | arger %‘%ﬁlq%n%o%tog% (zlgpg&eﬁéégﬁlﬁgﬁ%ir%?eﬁ fﬁﬁ\%g%togoﬁ%?lg%[rﬁgfg B6th the
smal | and nedi um si zed arrays e commercially avail abl e as universal,
sensors' ar r&fdge r‘i’é?n%lééli“@?%ﬂ @%&HQEQ‘SI%‘S%& ZQqaB demat kalaneapidraléat i ons
but rather for commercial applications such as stills and vi deo caneras,
and t her ef oreati¢reyharcanvirdefiyldavhivieab | e sedoom g dseivevendgr snatsuremepits ces.
This sensors' technol ogy al so benefits fromthe enornous investnent by
vendors in sahiCQRLS i@LitRl AdHEt Sofi8atifn theddeIBRAS v heh & BRI LEI al
market. In contrast, the l[arge-sized reconnai ssance sensors arrays are

uni quel y dev 1Ieg%,pi%dmb drieconna' ssancghz}/st ens manuf act ur ers | ex due
I'p

are co
to the need FoF on @i gty oHEE P RRIAT ORISR S ARTEMEETS SHCuPEa Rt
widely available. The limtations of prior art systens are nore acute when
t he sensor i%ndé‘%ﬁﬂl‘t‘fé@n{o operate at the LR range rather than at the
vi si ble range, since the current IR, array technol ogy does not provide
| arge-sized IR arrays. Another drawback of |arge-sized arrays is their
lower frame rate with respect to snalllinediuin-sized arrays, due to the

l'arge amoyntqeoficRh¥ @kShIRRPGRSSIRYs ERAr£RERsHPRI®he prid art reconnaissance
systems, particularly said electronically scanning Across-Track and Along-
Track scanning methods, is the need for predefining for the aircraft an
essentially straight scanning leg (and generally a plurality of such parallel
straight legs), and once such a leg is defined, any deviation, particularly a
rapid or large deviation, from the predefined leg, is not tolerated, as said

systems of the prior art are not capable of maintaining a desired line of sight



Some of the prior art. systens enploy on-chip notion conpensation, for
exanpl e, as described in US 5,155,597, US 5,692,062, and WO 97/ 42659.
Several drawbacks are associated. with the on-chip nption conpensation
concept. On-chip notion conpensation is _perfornmed by transferring charges
from one colum/cell to an adjacent coldmicell d.urin.g the integntion
time at a specified rate. This process of transferring charges induces

el ect r onidiravvicseduamg sn@atefasamnaidy Guigeyddwiesohtfiromgthenpseredimeniglegr | oss
of pixels) at the borders between colums/cells and at the edges of the

chip, si r}%%]ﬂttﬁ?g riﬁqlﬂ%lagg SRALIE Lhans{LehAlg (@YIRER! bt lﬂﬁﬁ%ebﬁh@@g“

adj acent ums/cel I s Some of the prior art systens assune at an
hori zontal ground for estinati t he nge. f.rom the,,sensor to. each. part of
e 2o o R B bl i b S b P e Ry B3Rk b B

portion of the scenery and shorter range for the closer portion), and
cal cul at é'hiRe isptponicdapensat istgnifiaret bdsewboesksivpee shrornagt ol otity
and attitude information with respect to the flat ground. Wien the terrain

has | ar gg-e¥@ih Akt O thsSosemerabl ¥ldsesisl 4 soktile StHs vt the aFRRBLRGs as
shown in exanple 1 of the present invention. in sone cases, the sensor nust

be orient rji. [l i | t lel to
the f11 gHoT GrF Guprtsb B Loaro B At b P PR e B A e B
orientation will result in Farther sr_rearicpg, thu§ seriously limti ?g

ni ssi on PJRAEHING. MAELAYSFe SQEPAHBRY pRi BFAEr (10s)RtRAs 80QE WREFS Of ndige
correl ati on between successive franmes for each cell in the chip, in order

t 0o esti nabenphrgeddenraahesych heof angevad cahgoscene bystf @r folaghtleetdyrsdhi s
process requires three successive inmage captures for each usabl e imthus
vasting SystieMmQuiy1eXehesd oHpesCor tRb ald B CaYHAGYr, $n IhBbd @dsdy thaRari ng
of the first two i mages when photographing a terrain with [ arge variations.
Anot her probl em associ at ed ngt correlation i gTe Itar e, qga%% Sod‘c aspect
angl e wi tHFOPREPEEEN0 SY S ehk ¢ PRIOT i AR SO FagRdne (B Tehndi e, an
aircraft flying at a value of 250m s ata range of 1 fikin to the scenery
in. side YBIrPHuEUrIR] maaRewHrG yovipg shampechanges W the pngdesnt the

angul ar elocity (sonetines called VVR) of 250/15 = 16.7 mliradis,

resul tindlihé ofisighs peich rasgdot tbehwpbotsiapbediseenéryages of 8.3 milli d, For
a typical pixel instantaneous FONT (I FOV) of 30 microrad this nmeans a shift
of 277 pixels in the inage. Mreover, since the value of WR is not constant
at Any time during the m ssion, especially when the aircraft is
maneuvering, .t he, el apsed .ti me, between.the two successive i s wi.l |l induce
A addi t | SRAREE 1P DAk CHRE sy rhentaco PR ABCE RET Gy aO S Bpb FP5 A hg
met hod to cover |arge areas, for exanple, as described in US 5,668,593. The
step fr aﬁom¢mmd?&&1%59b,r bV 86 9ERPanVEAI9T6pAG Paland Kih g, 286,856 1BCS
on the scenery during exposure tinme, and. has a limted field of regard.
On- chi p npidioRec@pansalleGst Sinsats dfudatanddeusatees ¢ thel mdoe adt duedto
vibrations of the aircraft, and delays in transferring the neasurenent of

the vibratians hiehlle JEANNAERaNes, XAk ABoriont 2 i alch bPRUBEANE CARe

obj ect of I nvention rovi de ‘a reconnalssance aithorne system
capabl e of tolerating and conpensating for very sharp maneuvers of . th
airoraft A q&“ﬁr%@tﬁ%rﬁc%ﬁ thaPrbe? grea AT iR LRF CapHag R o FIEh
resolution and. reliable images of e area of interest, within

essentially no selection of specific portions of the whole possible. Therefore,

even for a small area of interest, the systems of the prior art must handle a

huge amount of data, i.e., be capable of storing the full image data obtained

during the operation of the camera, and transmission of it to the ground (when

such an option is desired). The transmission of a huge amount of data to the



very wide field of regard. It is still another object of the present
invention to provide a reconnai ssance systemin which the anmpbunt of
irrelevant data is significantly reduced, therefore reduci ng work needed
for distinguishing relevant data fron the fully obtained data, and reducing
ai rborne and ground i nage storage and c8mmunication requirements. It is
still another object of the present invention to enable the defining of

very smaldroah@asoffetirhed iihhirBalatinied. f@@itseasfpe &f, aavéiyeddof baedaidth, of
whi ch images can be obtained It i.e still another object of the present

i nventio Q{ﬁ&hemﬁ}éﬁ‘ﬁc{lpﬁ' | CAkLP %V[)R??g %Bﬁﬁﬂuts et tl‘l?eﬂ fedd %P und

base station en COITITLI ca |ng I nages tromt alrcralt to e groun

It is sti anot Obj f the pr ventl on,. to provi
bi rbor e dedBRNERYE i e e o TEGIS %latiafrw %&gé%ﬁrhu%e wi de
range of the angle of S|ght (i.e., awde field ofregard). -13- It is

still anatrhenniobf éoth dftaideal.i nvention to provide a new and efficient manner

of obtaining the inmages required for creath stereoscopic -view inages.
Still another drawback of reconnaissance systems of the prior art, for
example, US 5,155,597, US 5,692,062, WO 97/42659, US 6,130,705, and US
6,256,057 is their limited ability to capture images in a wide range of a field
of regard. Hereinafter, the term “field of regard” refers to the spatial section
within which the camera line of sight can be directed without obscuration.
Systems of the prior art sometimes use separate dedicated sensors for
different sight directions (e.g. separate sensors for down-looking, side-oblique
or forward-oblique). The present invention provides to the aircraft the ability
of capturing images, simultaneously from all sensors, of areas forward,
backward, sideways and in any other arbitrary direction, and to rapidly

switch between these directions.

Yet another drawback of reconnaissance systems of the prior art, for
example, US 5,155,697, US 5,668,593, US 5,692,062, WO 97/42659, US
6,130,705, and US 6,256,057 is the use of large-sized two-dimensional
sensors’ arrays, which becomes a necessity for systems having limited or no
control over their line of sight. The present invention enables usage of small

or medium-sized, two-dimensional sensors’ arrays, by taking advantage of



It is still another object of the invention to provide the capability of
conbining in the sanme reconnai ssance m ssion both manual node operation and
automatic node operation. O her objects and advantages of the present
invention will becone apparent as the description proceeds. Sunmary of the
I nvention The present invention relate%$ to an airborne reconnai ssance
system whi ch conprises: a. G nbals having at |east |wo degrees of freedom

b. At le - R LLi i i bei n
di rect fed@ﬁé B R L e BYk. st or age
means for storing

't or est Fo@Th dBaSTS Borttond® an {HerF RN AL BHIGy ShemrHer on
real -tinme providing to a ginbals control unit navigation and orientation
data of timegajrendf towigatheespbetographicpriseiedd ndatayl bhalr axesdtisyds e e.
Portion selection it fin select g one at a tinme another s- -14-
small/medium frames rather than one single large frame at a time. A small_—
sized array would typically be up to 1 megapixels (million pixels), and a
medium-sized array would typically be up to 5 megapixels. In contrast, large-
sized arrays would typically be up to 50 megapixels and even larger. An
important feature of the present invention is that both the small and
medium-sized arrays are commercially available as universal sensors’ arrays,
not designed specifically for reconnaissance applications but rather for
commercial applications such as stills and video cameras, and therefore they
are widely available from a few vendors at low prices. This sensors’
technology also benefits from the enormous investment by vendors in such
commercial products due to the demands of the commercial market. In
contrast, the large-sized reconnaissance sensors arrays are uniquely
developed by reconnaissance systems manufacturers, are complex due to the
need for on-chip motion compensation, are expensive, and are not widely
available. The limitations of prior art systems are more acute when the
sensor is required to operate at the IR range rather than at the visible range,
since the current IR array technology does not provide large-sized IR arrays.
Another drawback of large-sized arrays is their lower frame rate with respect

to small/medium-sized arrays, due to the large amount of pixels processed for

each image.



A. Receiving fromsaid Digital Elevation. Map one at a tinme, Th coordinates
set of the selective area portion said set conprising the x:y coordi nates
of said area portion and the elevation z of the center of that portion; B.
Recei ving continuously fromsaid inerti&} navi gati on system present

| ocation and orientation data of the aircraft; C Repeatedly cal cul ating

and conveying into a ginbals servo unit in real time and at a. high rate
signals for: a.during a direction period, signals for directing accordingly
the ginbals including said LOS of at |east one array of light-sensing units

tovar ds SRjrfle Xof the pr@Ohet NAtiesmof eiopedheehid @beanposipensatang, for
example, as described in US 5,155,597, US 5,692,062, and WO 97/42659.
Several drawbacks are associated with the on-chip motion compensation
concept. On-chip motion compensation is performed by transferring charges
from one column/cell to an adjacent column/cell during the integration time at a
specified rate. This process of transferring charges induces electronic noises and
creates an ambiguity (resulting in smearing or loss of pixels) at the borders
between columns/cells and at the edges of the chip, since the required charge
transfer rate may be different between adjacent columns/cells. Some of the
prior art systems assume flat and horizontal ground for estimating the range
from the sensor to each part of the scenery in the captured image (i.e. longer
range for the farther portion of the scenery and shorter range for the closer
portion), and calculate the motion compensation rate based on simple aircraft
velocity and attitude information with respect to the flat ground. When the
terrain has large variations this generally results in substantial smearing as
shown in example 1 of the present invention. In some cases, the sensor must be
oriented during capturing so that its columns are accurately parallel to the
flight direction without rotation, whereby any deviation from that orientation
will result in further smearing, thus seriously limiting mission planning. The
more advanced prior art systems use digital image correlation between
successive frames for each cell in the chip, in order to estimate more accurately

the range to the scenery for each cell. This process requires three successive



ftduring an integration period in which the array sensors itegrate |ight
comng fromthe area portion providing to the ginbals unit signals for
conpensating for the change in direction towards the x : y z coordi nates of
the sel ected portion evolving fromthe %lrcraft motion g. G nbals servo
for afflicting direction of the glnbals in at |least two degrees of freedom
according to the signals provided fromsaid Servo Control Unit; h. Sanpl|ng

means f onnsigeutdpnecusdy esanpidabde amaghe thne wodsting Wﬁt%@r@ﬁb’owcﬂ;@r i
pi xel l'evels fromeach of said. array sensors a set of all of said sanpled

21 kR atyiaan sl et ok | andrs om0
photographing a terrain with large variations. Another problem associated with
correlation is the large change of aspect angle with respect to the scenery
between the two successive images. For example, an aircraft flying at a velocity
of 250m/s at a range of 15km to the scenery in side oblique, using a chip with 2
Hz frame rate, will have an LOS angular velocity (sometimes called V/R) of
250/15 = 16.7 milirad/s, resulting in an aspect angle between successive images
of 8.3 milirad. For a typical pixel Instantaneous FOV (IFOV) of 30 microrad
this means a shift of 277 pixels in the image. Moreover, since the value of V/R is
not constant at any time during the mission, especially when the aircraft is

maneuvering, the elapsed time between the two successive images will induce

an additional error.

Some of the prior art systems employ a step framing method to cover large
areas, for example, as described in US 5,668,593. The step framing method
does not provide mechanical/optical fixing of the LOS on the scenery during
exposure time, and has a limited field of regard. On-chip motion
compensation is used, but inaccuracies are induced due to vibrations of the
aircraft, and delays in transferring the measurement of the vibrations to the

reconnaissance system.



Preferably, said one or nore arrays are selected fromat |east a visual
light-sensitive array, a U/ light sensitive-array, an infrared
light-sensitive array, a nulti/hyper-spectral array,and an active
illumnation array. Preferably, said navigation data of the aircraft
conprises data relating to the 3D | ocatliZen of the aircraft, and its

vel ocity and accel eration vectors wth respect to a predefined coordi nates

system apg thSre@ireet 8hjeRp odaha prebatt Noehidnhe prdvens at ie@dnahidshace
aircraft wth respect to said predefined coordinate system Preferably,

said Inertial Nation Syste o hiS e i j

ori ent at iablﬁ)%gﬁs??fsg?matcapggiset ° gﬁ’ll%mg?n%azjiuﬁfsée&réis%erafgsca‘glenglgg%g‘&r i gﬁ%%p on the
ginbals. Preferably, at |east sone of said arrays of sensors ar. posﬁti oned
on the gitnaguyerpr ef dhablyrerafe aas tfem agas F%aIIhe‘f%ri‘%qlo%vWéH § ot
Systenms, the first inertial navigation systembeing the main Inertial

Navi gat i @RoByishe i@ réd@usibneraf teladde iitmgeendohs abei nfjpesedti enein ai t hi n
the aircraft, and the second inertial Navigation System being an a system

dedicateqegy“hﬁgfﬁﬁfgﬁgg#ﬁggnce system at |east sone of the sensors of
on

said sec I'nertia gation System being positioned on the ginbals
unit, measuring navigation and. orientation data of 16-

It is still another object of the present invention to provide a reconnaissance
system in which the amount of irrelevant data is significantly reduced,
therefore reducing work needed for distinguishing relevant data from the
fully obtained data, and reducing airborne and ground image storage and

communication requirements.

It is still another object of the present invention to enable the defining of very
small areas of interest within a large area (i.e., a field of regard), of which

images can be obtained.

It is still another object of the present invention to reduce the communication
load between the aircraft and a ground base station, when communicating

images from the aircraft to the ground.

It is still another object of the present invention to provide an airborne
reconnaissance system with the ability to capture images in a wide range of

the angle of sight (i.e., a wide field of regard).



thewith respect to the said predefined axes system for better iting
:m salignnments occurring between the ginbals and LOS and the said nmain
Inertial Navigation Systemof the aircraft due to aero-ola.stic deflections
and vibrations of the aircraft, by using a pre'ces of transfer alignnent
fromthe said first INSto the said second INS. Preferably, the Digital.

El evation Map is a map conprising a grid of the area of interest, the xy z
coordi nate val ues at each of the nodal points in said grid being provided
by said map. Preferably, the portion selecting unit is used for cal cul ating
and det er/.ni a ter ,of ext 1O : i

predefi nggl ngtg}la%ﬁﬁtg}e&e% efﬁg@s%edﬂ%g%%ba&e@%%r% P%E\N gd:] te eagg}; acent
previously inmaged area portion. Preferably, itn an automati c node of

oper at i ofleRBeriGthabRinme dbei Vaegss (e eplat IPh GeabgentiraPscobisyal se
manner, the area of interest, said coverage is nade from a predefined
startingiporgeson and according to a stored m ssion plan., thereby
sequentially scanning one after the other area portions of the area of
interest, and sanpling inmages fro each of said portions. Preferably, in a
manual node of the system the pilot of the aircraft defines an

It is still another object of the invention to provide the capability of
combining in the same reconnaissance mission both manual mode operation

and automatic mode operation.

Other objects and advantages of the present invention will become apparent

as the description proceeds.

Summary of the Invention

The present invention relates to an airborne reconnaissance systefn which
comprises: a. Gimbals having at least two degrees of freedom; b. At least one
array of light sensors positioned on the gimbals for being directed by the same
within at least two degrees of freedom; c. Map storage means for storing at
least one Digital Elevation Map of an area of interest, divided into portions; d.
Inertial Navigation System for real-time providing to a gimbals control unit
navigation and orientation data of the aircraft with respect to a predefined
global axes system; e. Portion selection unit for selecting, one at a time, another

area portion from the area of interest; f. Servo control unit for:



area of interest during the flight said. area of interest being
automatically divided into at | east one area portion, all the area portions
bei ng automatically scanned one after the other by neans of
correspondingly directing to them on-ginpbals array, for capturing inages of
each of said scanned portions. Preferably, the ginbals conprise two ginbals
mechani snms, an ext:ia.nal ginbals nechanismand an. internal ginbals

mechani sm Pr eBerRBdleyvinghdrext erihl Dggitdlal Blevetivanildapi snesetl fiotimearse
directing the on-ginbals array to the center of a selected area portion.

Preferably, the exbsiinaktedidiPat shdreelative mriaspdri@ndediees @mpriertothe
el evation and roll. Preferably, the internal ginbals nechanismis used for

fine directing the on- igbals arsay: ot%ec%er f d ar
portion, parti culxérfyc‘g)g e 35%{%(1;61"? epoglaﬁj\ afig(adﬂ?ee%?‘ii‘gaﬁi@orzatﬁgthe
aircraft nocion and orientation change during the integration peri od.
center of that portion;
B. Receiving continuously from said inertial navigation system present
location and orientation data of the aircraft;
C. Repeatedly calculating and conveying into a gimbals servo unit in
real time and at a high rate signals for:
a. during a direction period, signals for directing accordingly the

gimbals including said LOS of at least one array of light-sensing
units towards said x:y:z coordinates of the selected area portion,
and;

b. during an integration period in which the array sensors
integrate light coming from the area portion, providing to the
gimbals unit signals for compensating for the change in direction

towards the x:y:z coordinates of the selected portion evolving from

the aircraft motion;
g. Gimbals servo for effecting direction of the gimbals in at least two degrees of
freedom according to the signals provided from said Servo Control Unit; h.
Sampling means for simultaneously sampling at the end of the integration
period pixel levels from each of said array sensors, a set of all of said sampled
pixel levels forms an image of said area portion; and i. Storage means for

storing a plurality of area portion images.



Preferably, the internal ginbals nechanismhas two degrees of freedom yaw
and pitch. Preferably, the external ginbals rnech.anisni is slaved to the
internal ginbals mechanism - 1 8-- Preferably, during the integrationbd
each of the array sensors sinultaneously senses light from2 correspondi ng
section of the area portion., and. at tﬁe end of the integration period the
data fromall the array sensors is read sinultaneously,and. stored as an

i mge of the area portion. Preferably, the arrays of |ight sensors are
sensitive to light in the range of visual light, IR tiV,

mul ti/ hyPecfespebt ralid cardileman achiyseaviet sateetednirolr ef deaddl §,vikeakhhghys are
focal plane arra
sensitive array, a UV light sensitive-array, an infrared light-sensitive array, a

multi/hyper-spectral array, and an active illumination array.

Preferably, said navigation data of the aircraft comprises data relating to the
3D location of the aircraft, and its velocity and acceleration vectors with respect
to a predefined coordinates system, and its orientation data relating to the

orientation of the aircraft with respect to said predefined coordinate system.

Preferably, said Inertial Navigation System comprises velocity, acceleration,
and orientation sensors, at least some of said sensors being positioned on the

gimbals.

Preferably, at least some of said arrays of sensors are positioned on the

gimbals.

Preferably, the system uses two Inertial Navigation Systems, the first inertial
navigation system being the main Inertial Navigation System of the aircraft
and its sensors being positioned within the aircraft, and the second Inertial
Navigation System being an a system dedicated to the reconnaissance system,
at least some of the sensors of said second Inertial Navigation System being

positioned on the gimbals unit, measuring navigation and orientation data of



Preferab!'y, t e predefined axes sy en is a global axes system In one
enbodi nent of the invention, he systemof the invention is assenbled thin a
pod attached to the aircraft. 131 another enbodi ment of the invention, the
system of the invention is assenbl ed mﬁ;hin a payload. installed inside the
aircraft with only its wi ndows protruding for obtaining a clear,
unobstructed. Line O Sight. Preferably, the ginbals are |ocated at the
front of thhegpobalshatithdrespeetaniopihensaidi maedeiingd axese mysinmedpr oetidle

i nvention, the system further conprising a back scanni ngnechani sm

conpri si RE A NALITOMIeAL PRinSMts PRSL AP Eshtarehhehgigibbhss and LoSatakl thavi t h
respect thereto, light coming fromthe area portion first passing through
said mr rsgi(% WLgh AehLegt ﬁla%g,{g?ar%&FES%&\Q’ﬁ{ ds the antavs ?g toa'e‘etrg-%léﬁﬁé’ o
control unit applies to the al's cont i1 nuous row and/or colum scanni ng
nmovenment W t hout stopping .and b ile th i rection towards are
portion ideflsefings e bYli?’%@a?S aPlpI PP nGICER aﬂ&’ BHERE s@ aRHihE® rﬁai?F’ff}nsg%’Pi ng
the integration period an opposite direction novenent with respect to said
row and/ edigohemnfrsoatit sigddomst L hitousthroseadesetond ARiSeby conpensating for

t hat conti nuous novenent and ensuring a fixed orientation relationship of
the array with respect to the area portion inmaged. The invention further
relates to a method for carrying out airborne reconnai ssance, which

Vount | ng RS ke DT BE) boR efuarlaiin RSB bk Eaf i e Bt o

freedom so that the ginbals can direct the array to a selected Line O
Si ght, c.infeuset.dihegray Dk geacaflirEtevealien avaachf olapheapedalpoings apeggd grid
reconnai ssance inmages from said area are to be obtained; d. Providing an

Inertial Nayh9abi@adPysiLMAQp. obtaining at any time during the flight the
updated xp : tip za coordinates of the center of the array with respect to

a predefined coordi nates system e. Providing a calculation unit for, given
Xp yp

Preferably, the portion selecting unit is used for calculating and determining a
center of a next area portion such that provides a predefined overlap between

the said imaged area portion and the adjacent previously imaged area portion.

Preferably, in an automatic mode of operation the gimbals are activated to
cover in a sequential, step-wise manner, the area of interest, said coverage is
made from a predefined starting portion and according to a stored mission plan,
thereby sequentially scanning one after the other area portions of the area of

interest, and sampling images from each of said portions.

Preferably, in a manual mode of the system the pilot of the aircraft defines an
area of interest during the flight, said area of interest being automatically

divided into at least one area portion, all the area portions being automatically



| ocation coordinates of a center of specific area portion within the area
of interest, and the zip elevation coordinate at said portion center as
obtained fromsaid Digital Elevationand the said x2: : z0 coordi nates of
the array centersanme specific tine, determning the exact angles for
establishing a line of sight direction connecting between the center of the

array and the said 'pcoordi nates; F. Gven the calculation. of,step e,
directi n@c%%‘&%fﬁpﬁg'ﬁ%ﬁrt %&Wg‘w Bt 45e0 L HAGPRONGIRE Firesting t0 (hEHetRGnt er
of the area portion; g. During an integration period, effecting

accunul abnegindfalkiaghty, Jepanptteliye byagay obeacthel sridagannghposiapedrs; h.

During the integration period, repeating at a high rate the cal cul ati on of
step e with updated array x": z,

Preferably, the gimbals comprise two gimbals mechanisms, an external gimbals

mechanism and an internal gimbals mechanism.

Preferably, the external gimbals mechanism is used for coarse directing the on-
gimbals array to the center of a selected area portion.
Preferably, the external gimbals mechanism has two degrees of freedom,

elevation and roll.

Preferably, the internal gimbals mechanism is used for fine directing the on-
gimbals array to the center of a selected area portion, particularly for
compensating the gimbals direction for the aircraft motion and orientation

change during the integration period.

Preferably, the internal gimbals mechanism has two degrees of freedom, yaw

and pitch.

Preferably, the external gimbals mechanism is slaved to the internal gimbals

mechanism.



coordi nates, and repeatedly, follow ng each said cal cul ation,g the
direction as in step 1 At le end of the integration period, sanpling all
the array sensors, and saving in a storage as inmges of the arra.y portion;
j. Selecting new portion coordinates x_jg.: within the area of interest, and
repeating steps to j for these new coordinates; and,L Wen the cover age of
all the area. of interest |s conplete, termgatln t r ocess,

begi nni nd T€&EPAGe %*rlﬁgné\kibearléée%@ b1 ePEEPS @1 t%aé'eIS@@rs%%

of coor di nat es of a new area portion is perforned to assure overl ap between

adj acent samedtapoiotishnsemicshlighta ipme detomedpoadige, sdyyiaabt tharirey pokeon,
3di nensi onai footprint of the new area portion on the ground, and then.

proj ectingd bt QReth@ SOUPIHBErLfoR pRERYI QUSARFL BRI BHb arradlsensors is

read simultaneously, and stored as an image of the area portion.

Preferably, the arrays of licht sensors are sensitive to light in the range of

visual light, IR, UV, multi/hyper-spectral, and/or an active illumination.
Preferably, the arrays are focal plane arrays.
Preferably, the predefined axes system is a global axes system.

In one embodiment of the invention, the system of the invention is assembled

within a pod attached to the aircraft.

In another embodiment of the invention, the system of the invention is
assembled within a payload installed inside the aircraft with only its windows

protruding for obtaining a clear, unobstructed Line Of Sight.

Preferably, the gimbals are located at the front of the pod, behind a transparent

window.



Preferably, the overlap assurance is obtained by a trial and error

sel ection, overlap calculation, and correction when necessary, or by an
exact anal ytical calculation. Preferably, at |east sonme of the sensors at
the Inertial Navigation System are pos_ilt)i_oned W the ginbals, for inproving
the neasuring of the orientatjon of the"array with espect to the selective
area portion. Preferably, at |east sone of the |ight sensiti.ve sensors are
posi ti onéd om athbodjiopdrdl 6f ther iNvieptwwh e EREeRedREMST FORPTIEWE 8r PAMHE at i on
of the Line O Sight with respect to the selective area portion.

Pref t Tabkyaniding meehbhiim Nauipgatingmn Syist@nvc pmsn seesiaondédinctteedimhelst i al
Navi gation System of the reconnai ssance systemand the main Inerti al

Navi gat i %ﬂdsy(ﬁzta,?%%l%f while r@é}%%‘%atf}fereﬁo? 1SR Q¥R i D eriBaABMY 1aR8a Qortide first

orientation 0o € array w respect to the selective area portion, by
using a process of transfer. alignmen romthe aircraft, lnertial jgation
Syst em t dasH@ededPHERSG! %Wa%génghé%&§§§ttbﬁisén}%g(?‘ﬁuéﬂs vfilrgfgﬁ %ﬁ&S§Stem
The invention further relates to a method for providing notion conpensation
duri ng aithboeneo photognaphiapgliski tohtheogpnbalssa cantipuovs doigaat/oF @t dhe
array of light-sensitive pixels; b. Munting the at | east one array on

gi nbal s hayj, At Aty d@asdntt WeriiRar &8s paie;f 1@ donyBile tihat dirberigi thaksds am
direct its Line O Sight toward.s a selective area portion; c. Providing a

Digital Elevation Map of an, ahe f_nier r I 0 ol sai d
@ o be cvehsiindhers Bt aRbBIER RAGRE DAL SoRNaRe MR iRl o8 ¢
at any instant during fl'%{?ht t he updated.xa yaz.1l coordi nates of t.ﬁe center
of the arthayinfegresisacperniol AnPRARSEienSdeedt BlVAERts VB GFPEThlg S Tow
calculation unit for, given

and/or column scanning continuous movement, thereby compensating for that

continuous movement and ensuring a fixed orientation relationship of the array

with respect to the area portion imaged.

The invention further relates to a method for carrying out airborne
reconnaissance, which comprises: a. Providing at least one array of light-
sensitive pixels; b. Mounting the at least one array on gimbals having at least
two degrees of freedom so that the gimbals can direct the array to a selected
Line Of Sight; c. Providing a Digital Elevation Map of an area of interest,
reconnaissance images from said area are to be obtained; d. Providing an
Inertial Navigation System for obtaining at any time during the flight the

updated x,:y,:z,coordinates of the center of the array with respect to a
predefined coordinates system; e. Providing a calculation unit for, given x, 1y,

location coordinates of a center of specific area portion within the area of

interest, and the z, elevation coordinate at said portion center as obtained



r, 1y, location coordinates of a center of specific area portion within the
area of interest; and the z, elevation coordinate at said portion center as
obtained, fromsaid Digital Elevation Map, and the said x, y" ! z,
coordinates of the array center at samggspecific time, detertiuiningr the
exact angles for establishing a. line ofo sight direction connecting between

the center the array and the said z."coordinates, f. Duringintegrati gn
period, Wen ta3d Pertel Hdevatpn &&?Ey'%‘%ﬂ]ﬁ"e e d sfghta ‘i%s 19 9’&33 S 1 %‘e
center of an areaeffecting accunul ation of |ight separately by any of the

array |ight eHaRks: o8, sPatd nghdchee ntiggr atdepsrRBfihedrapeakhng ahglas hif
rate the caéll}iu ation of stepn%)with updét ed array >g<,,ya 1z coord%nat e?,1 and

repeat edl f ol |l ow . sal : :
P egtablgshlgémanﬁng o rsllg%%l (ﬂ'rectmn connecting between the center of the array

and the said x,:y,:z, coordinates; f. Given the calculation of step e, directing

accordingly the center of the array’s Line Of Sight to the center of the area
portion; g. During an integration period, effecting accumulation of light
separately by any of the array light sensors; h. During the integration period,

repeating at a high rate the calculation of step e with updated array x,:y, :z,

coordinates, and repeatedly, following each said calculation, correcting the
direction as in step f: i. At the end of the integration period, sampling all the
array sensors, and saving in a storage as images of the array portion; j.

Selecting new portion coordinates x,:y,:z, within the area of interest, and

repeating steps e to j for these new coordinates; and, k. When the coverage of
all the area of interest is complete, terminating the process, or beginning

coverage of a new area of interest.

Preferably, the selection of x,:y, coordinates of a new area portion 1s

performed to assure overlap between adjacent area portions within a predefined
range, by calculating the 3-dimensional footprint of the new area portion on the

ground, and then projecting it on the footprint of a previous area portion.



cal cul ation, correcting the direction by keeping the center of the array
directed to the center of the selected area portion, therefore conpensating
for aircraft novenent; arid h. At the end of the integration period,
sanpling all the array sensors, and g ipjg in a storage as inmages of the
array portion. The invention further relates to a nethod for carrying out

ai rborne _targeting, which conprises: .a.  Provi.djng at. |l east ane apon;
T P A A R R S st R S
degrees of freedomso that the ginbals can direct the weapon to a sel ected
Line O SivgHtp calculatioBy eviddimgeatiDh givhem rEcesstryonr Nip 2of exst nedy tipal

interest, selected targets within said area are to be obtained, d.
Provi di ng,pidfiehti al Navigation Systemftkr obtaining at any time during
thfhfl'ght the updated r" : y"co or dinate s of the center of the weapon
Wi

Preferably, at least some of the sensors of the Inertial Navigation System are
positioned on the gimbals, for improving the measuring of the orientation of the

array with respect to the selective area portion.

Preferably, at least some of the light sensitive sensors are positioned on the
gimbals, for improving the measuring of the orientation of the Line Of Sight

with respect to the selective area portion.

Preferably, the Inertial Navigation System comprises a dedicated Inertial
Navigation System of the reconnaissance system and the main Inertial
Navigation System of the aircraft, to improve the measuring of the orientation
of the array with respect to the selective area portion, by using a process of
transfer alignment from the aircraft Inertial Navigation System to the

dedicated reconnaissance system’s Inertial Navigation System.

The invention further relates to a method for providing motion compensation
during airborne photographing which comprises: a. Providing at least one
array of light-sensitive pixels; b. Mounting the at least one array on gimbals

having at least two degrees of freedom so that the gimbals can direct its Line Of



respect to a predefined coordinates system e. Providing a calculation

unit for, given x" :location coordinates of a center of specific target

within the area of interest, and the z" el evation coordinate at said.

target center as obtained. fromsaid Di.gital Elevation Map, and the saidy

za coordi nates of the weapon center at‘zgéma specific time, determning thé

exact angles for establishing a Line of Sight Direction cgonnec. beMNeen th.e
e

center oBigltetoveaplna ankbctive aapdortipn; o Provdengisnhigsal plevation Yen
the calculation of step e, directing accordingly the center of the weapon
Line O Si,0{feat F inf6resENieRbnRhisthBed BhAgES from said area are to be obtained; d.

Providing an Inertial Navigation System for obtaining at any instant during

flight the updated x, :y, :z,coordinates of the center of the array with respect

to a predefined coordinates system; e. Providing a calculation unit for, given

X,1¥, location coordinates of a center of specific area portion within the area of
interest, and the z, elevation coordinate at said portion center as obtained from
said Digital Elevation Map, and the said x,:y,:z, coordinates of the array

center at same specific time, determining the exact angles for establishing a
line of sight direction connecting between the center of the array and the said

X, Y, 2, coordinates; f. During an integration period, when the center of the

array’s Line Of Sight is directed to a center of an area portion effecting
accumulation of light separately by any of the array light sensors; g. During
the integration period, repeating at a high rate the calculation of step e with

updated array x,:y,:z, coordinates, and repeatedly, following each said

calculation, correcting the direction by keeping the center of the array directed
to the center of the selected area portion, therefore compensating for aircraft
movement; and h. At the end of the integration period, sampling all the array

sensors, and saving in a storage as images of the array portion.

The invention further relates to a method for carrying out airborne targeting,
which comprises:

a. Providing at least one weapon;



h. During the effective targeting and shooting period, notion conpensating
for the notion of the aircraft The notion conpensation of the targeting can
be made in any conventional manner known in the art. According to an

enbodi ment of the present invention. tgz noti on conpensation of step his
carried out by repeating at a high rat'%%he calculation of step e with
updated target x, : vy, :z" coordinates, and repeatedly, follow ng each said
cal cul at i bnMocortiesthagt tdwet dneectipm as dimbsiepafing B iesst beoctdgsesonl of
the Drawings In the drawings: Fig. 1 shows a general structure of a

reconnglSIRRE o IHSE BB gRSEERRL@dIME NI ReROSh tRE GoldtaDLLR: OfSighpodi ment
of the I nvention;
c. Providing a Digital Elevation Map of an area of interest, selected targets
within said area are to be obtained;

d. Providing an Inertial Navigation System for obtaining at any time during

the flight the updated x,:y,:z,coordinates of the center of the weapon with

respect to a predefined coordinates system;

e. Providing a calculation unit for, given x,:y, location coordinates of a
center of specific target within the area of interest, and the z, elevation

coordinate at said target center as obtained from said Digital Elevation Map, and

the said x,:y,:z, coordinates of the weapon center at same specific time,

determining the exact angles for establishing a Line of Sight Direction connecting

between the center of the weapon and the said x, : y, : z,coordinates;

f Given the calculation of step e, directing accordingly the center of the
weapon Line Of Sight to the center of the target;
h. During the effective targeting and shooting period, motion compensating for

the motion of the aircraft.

The motion compensation of the targeting can be made in any conventional
manner known in the art. According to an embodiment of the present invention
the motion compensation of step h is carried out by repeating at a high rate the

calculation of step e with updated target x,:y,:z, coordinates, and repeatedly,

following each said calculation, correcting the direction as in step f.



Fig. 1A shows another embodi ment of the invention, in this configuration
the reconnai ssance systemis assenbled as a payload into the aircraft body
-Fig. 2 shows the nechanical structure of a f-4-inbals system according to
one enbodi nent of the invention; 3 illygtrates several nodes of operation
typical to the systemof the iiwentiof; - Fig. SA shows an area. of ’
interest divides into a plurality of area port ens, .

Brief Description of the Drawings

In the drawings:

- Fig. 1 shows a general structure of a reconnaissance system, assembled
within a pod, according to one embodiment of the invention;

- Fig. 1A shows another embodiment of the invention. In this configuration
the reconnaissance system is assembled as a payload into the aircraft
body.

- Fig. 2 shows the mechanical structure of a gimbals system according to
one embodiment of the invention;

- TFig. 3 illustrates several modes of operation, typical to the system of the
invention;

- Fig. 3A shows an area of interest divides into a plurality of area portions,
according to an embodiment of the invention;

- Fig. 3B illustrates several staring modes which are possible by the system
of the invention;

. Fig. 4 is a block diagram illustrating the operation of the reconnaissance
system of the invention;

. Fig. 5 is a flow diagram describing the operation principles of the
reconnaissance system of the invention;

. Fig. 6 shows the structure of the INS system of the invention, which
comprises the main INS of the aircraft, and the dedicated INS of the

reconnaissance system of the invention;



according to an enmbodi ment of the invention; Fig. 3B illustrates several
staring nodes which are possible by the systemof the invention; - Fig. 4
is a block diagram'illustrating the operation of the reconnai ssance system
of the. invention; Fig. 5 is a flow diggramdescribing the operation
principles of the reconnai ssance system of the invention; Fig. 6 shows the

structure of the INS system of the invention,
- Fig. 7 shows hc}/w a stereoscopic image 1S constr uc%ed by the system of the

present invention;

- Fig. 8 illustrates a specific case in which a system of the prior art is
required to carry out a reconnaissance mission;

- Fig. 8A illustrates how the system of the present invention carries out the
same reconnaissance mission of Fig. 8A;

- Fig. 9 exemplifies the significance of the elevation factor when carrying
out a reconnaissance mission, and more particularly shows the
importance of considering directly and in real-time the elevation of the
imaged terrain;

- Fig. 10 illustrates the use of a back-scanning mirror in accordance with
the system of the present invention;

- Fig. 11 is a perspective illustration of a hilly terrain, and its division into
area portions, including some overlap between “area portions, as
performed by the system of the present invention;

- Fig. 11A shows an upper view of the terrain of Fig. 11, and the manner of
scanning of the said terrain by the airborne reconnaissance system of the

present invention; and

- Fig. 12 is an example illustrating how the system of the present invention
can photograph selective targets, thereby significantly reducing the

amount of data handled;

Detailed Description of Preferred Embodiments




conprises the main INS of the aircraft, and the dedicated INS of the
reconnai ssance system of the invention; 7 shows how a stereoscopic inage

is constructed by the systemof the presentntion; - Fig:. 8 illustrates a
specific case in which a system of the rlor art is required to carry out a
recon. nai ssante mssion; Fig. SAill ustzrat es how the system of the present

inventlon carries out the sane reconnai ssance m ssi on of . SA r, 9
exenpl i f e Prhtrspdnpmibedieents ol fiheerewariadrs et @VS%ﬁ%nOEaf%ewm&S%t&& a

reconnai ssance mission, and nore particularly shows the inportance of
consi der iﬁb@ndidrﬂistlbamtﬁmdaﬂyl cheakdteriged e tdlecfoHbivang afainhfeatwmged t errain;

i. The one or more focal plan arrays that are used to sense and capture
images from an area of interest have a line of sight (LOS) that is directed
by gimbals having at least two degrees of freedom. The term ‘gimbals’,
when used herein, refers to any type of mechanism, whether mechanical,
optical (such as one including mirrors, prisms, etc.) or a combination
thereof, which is capable of moving a line of sight of an array of light-
sensitive sensors in at least two degrees of freedom. A mechanical
mechanism is sometimes called ‘payload-stabilized gimbals’; an optical
mechanism is sometimes called ‘mirror-stabilized gimbals’. One of said
arrays may sense in the visual range, and another may sense, for
example, in the IR range, and/or the UV range. In another case, a
multi/hyper spectral array or an active illum.i'nation array may be used.
Hereinafter, throughout this application, the term “array” refers to any
type of array of light-sensing means for obtaining an image from an area
of interest. The arrays used in the invention may be of small or medium
size, rather than large arrays which are used in prior art systems as are
used in US 5,155,597, WO 97/42659, and US 6,256,057, taking advantage
of the flexibility of the system in taking many snapshots at arbitrary line
of sight directions, and with sharply varying terrain conditions. The

preferred mounting of the sensors’ arrays and their optics, when payload-



- Fig. 10 illustrates the use of a bank-scanning mrror in accordance with
the systemof the present invention; Fig. 11 is a perspective illustration
of a hilly terrain, and its division into area portions, including, sone
overl ap betweenea portions, as performgg_ by theof the present invention:
Fig. 11. A shows an upper view of the terrain if Fig. 11 and the manner of

scanning of the said terrain, by the airborne reconnai ssance t.emof th
present i nvéabiligad camdalEpge uped; C&h%@‘(&h‘ﬁ‘l 813 1P &ps 3? Fﬂﬁr%()%&}%f'}ézesdgst eme
of the present invention

gimbals, the sensors are mounted off the gimbals.

ii.  The reconnaissance system uses an Inertial Navigational System (INS)
for continuously calculating the direction of the line of sight. In a
preferable case, two INS systems are used: the first one is the main INS
of the aircraft, and the second INS is an internal, dedicated INS of the
system mounted in the reconnaissance system. The reconnaissance
system of the invention continuously receives from the said Inertial
Navigation Systems both navigational information regarding the location
of the aircraft with respect to a fixed, predefined global axes system, and
orientation information of the aircraft with respect to the ground, for
point-directing the one or more arrays positioned on the gimbals to any
desired area portion on the groundl'within the field of regard of the
aircraft. The preferred mounting of the system INS is on the gimbals,

whether payload-stabilized or mirror-stabilized gimbals.

iii. The gimbals having at least two degrees of freedom, on which the arrays
are preferably mounted, in one mode of the invention are systematically
activated in a step-wise manner for sequentially scanning one after the
other area portions of an area of interest, within a very large field of

regard.



can phot ograph selective targets, thereby significantly reducing the anount
of data handled; A [retrred enbodiment of them s nce systemof the present
invention .is particularly characterized by the followi ng main features:
The one or nore focal plan arrays that ,are used to sense and capture inmages
f_r(r)ﬂrjnlan iarea_ of interest have a line 012 sight (LOS) that is directed by
ginbals It:airing at | east two degrees of freedom The term gi.nbals', wh
used hevei nfhe eyeremt of Hag 1?%)@1%‘19 HBERERT 8 ST RET Wé’@ﬂaﬁ&égﬁedopqi ca;an
(such as one including mrrors, prisms, etc.) or a conbination thereof,

whi ch, is capabbleotof twmiimgnaioniaheindgsi ghanofaran aprtayn,oknhblhe- dersi tive
sensors in at |east two degrees of freedom A nechanical nmechanismis

sore| s oo e S 2065 3020 Lgghuplababe oo gn oot o i
v. When directed to an area portion, three-dimensional motion compensation
is provided by means of adjusting the gimbals to keep track with the
relevant area portion by means of data provided from the INS, and from a
Digital Elevation Map of the area of interest, which is pre-stored in the

reconnaissance system of the invention; and

vi. In a preferable case, the division of the area of interest into area portions
is performed in real-time, wherein the size of each area portion depends
on several parameters, such as the shape of the terrain, and the range
from the aircraft to the center of tfle area of interest, as determined from
the Digital Elevation Map (DEM), particularly for assuring proper overlap

between images of area portions.

The above main features, as well as other structural features of the invention,

will become apparent as the description proceeds.

As said, reconnaissance systems of the prior art of the Along-Track or Across-
Track scanning type, relate to the accumulated data of a specific leg as an

essentially one-piece data. More particularly, once a leg is defined, while the



mul tiihyper spectral array or an active illum nation array nay be used.
Hereinafter, throughout this application, the termarray"” refers to any
type of array of light-sensing me s for obtaining an i nage froman area of
interest. The arrays used in the invention may be of nall or nedium size,
rather than |l argeare used in prior art systems as are used in US

5, 155,597, 97149and. US 6, 256, 057, takin age of the fl b I|t of
the syst @mcrmfttféslesrﬁg}omﬁﬁlesl%péﬂhet%ccamlgl@ t{?{%ﬁ? 1Pi9r?§68?lalslf>’g% Yons,
and with sharply varying terrain conditions. The preferred nmounti ng of t he
sensors’ halgeaysagnflld Heiter oftt iscsp twhbn @ayhoadto dsttabéhiskewegifmbedlsvante
used, is on the ginbals; in case of "mx. '-stabilized ginbals, the sensors
are mountjed, ¢f fm s 91'11@%@' Furthermore, any airborne reconnaissance system must

deal with the problem of motion compensation. As this latter problem is

complicated, the solution provided in systems of the prior art do not allow for

sharp maneuvering of the aircraft during the reconnaissance mission. The

present invention provides a solution to said two problems in a compact and

efficient manner.

The reconnaissance system of the present invention is particularly adapted to
be carried by a fighter aircraft, where environmental conditions, maneuvering
dynamics, system size, aerodynamic limitations, and angular aspects with
respect to the ground are extreme; however, the system is also suitable for
other airborne platforms. In a bi‘eferable case, the system is assembled within a
pod or a payload that is generally carried below the aircraft wing or fuselage.
Because of the extreme operating conditions of a fighter aircraft, systems of the
prior art, for example as disclosed in US 5,668,593 sometimes use a mirror to
direct the LLOS, a solution which limits the FOR substantially since a mirror
essentially folds the LOS to point at a certain direction with relatively small
angular variations. In the present invention the LOS is directed by means of
the gimbals, a solution that enables a very wide field of regard since gimbals

can be rotated towards any direction.



The reconnai ssance systemuses an .1 ertiai Navigational System (INS) for
continuously calculating the direction of the line of sight. In a
preferable case, two INS systens areused: the first one is the main INS of
the aircraft, and the second INSi.e an internal, dedicated INS of the
system nmounted in the reconnai ssance System The reconnai ssance system of
the invention continuously receives fromthe said Inertial Navigatjo

Syst emsE'Hbt b $RAT YRR oBRRCTA} BHATYIENOF BgAPENTHPISHEICoBYTPBh BFSapkle
aircraft with respect to a fixed, pred.efined gl obal axes system and

or i ent atviigiini adbodpticorrdifigt he @ia enafddimienit pésectintentidre Gheumpdd flor
point-directing the one or nore arrays positioned on the ginbals to any

desir edc@rﬁﬁ_ﬁis@@'iﬂ }i%nfog arBes HERWN ) Wi BLTY B8 SHRYS) ALy iROBEATQbniiG

aircraft e preferred nounting of the systemINS'is on the ginbals,

whet her payl oad;stabilized or mrrorstabi hz gi | s., The ginbal s having
at | easf?‘ﬁf% %}gb?é%gleﬁs%rge%ﬁﬁ%ﬁl%ﬁﬁwlgh% Fgggg’é?}éa]ﬁr%'?ir%%cﬁ HSunt ed,
in one node of the inventon are systematically activated in a step-w se

manner forurgeddehindla yraaspanent vondowf 15rAt heawst tree ofsveh porayvasivs, an
area of interest, within a very large field of The systemof the invention

capt ur eg¥xdrhledlih aySCDYEPe agtdy afradfab pdPn Shedy fdveerGingensittiasgle | mage
of an area Portion, enabling | ong exposure tines due to the conpensation of
the |ine.of ,sight t.i on:;.When di d ar

porti onY’tSr]i'raéer %rgﬁel%t&)%%%u%g? Oor% %%% gn%lag i gg 1?15ﬁ?’c?)arec()jl\’/ifaléde ngln %%anasn g
adjusting the ginbals to keep track with. the relevant area portion b

means oRT¥Rt L0IppvAlEE it SAPEHENENS! 1Begef WoRha 15 sress- e B ‘iuesﬂl%ﬁ%/ of
the area of interest, which. is pre-stored in the reconnai ssance system of

t he i nvaptdyenwhenduded, asprei esabed NS see posgichad shahe ehntehgoraiceaobthe
interest into area portions is perforned in. real-tune., wherein the size

of each sBhBaIPAl gﬁﬂg a0 Q&t&%\ée&@écm&aﬁ%a[&v&lésgacﬁff 4 Bemehane, of

the ter and t range fromthe aircraft to the center of the area of
interest, as determined.fromthe D.gital evation p_ (DEW parg i c ly
f or assQPFff’r@n'pf)(Pg’é’in erIPaBnin?éﬁv%réﬁe%F?fsﬁé’?’%‘%né?@a tggrﬁ A5 aﬂ%orag}(;@ mai n
features, as well as ether structural, features of the invention, wll
becone apmambentocaked: hehidek thé mimbalprwbdeddie gimbpisdcangbrnkios samEers
systens of the prior art of the Along -Track or Across-Track scanning type,
rel ate t@didiepaceiinvhat gdladatie dLO8 SiwAidsi thd @@ndsrsaMhe system further
comprises an Image Handling Unit (IHU) 2 that processes the digital image
information from the sensors, compresses the images, and combines them with
mission data to facilitate later interpretation in the ground station, a Solid
State Recorder (SSR) 3 or a similar fast-access storing device for storing a
Digital Elevation Map (DEM) of the area of interest and a mission plan, and for
recording the captured images. The system further comprises a Servo Unit (SU)
for providing control and power signals to the gimbals servo, and an Interface
Unit (IU) for enabling power interfaces with the aircraft. Other computer

system and control electronics is included within the System Electronics Unit

(SEU). Optionally, a Data Link 16 (DL) is used to transmit images and mission



aircraft flies along the leg, the accunulated data is essentially stored as
one huge inmage file. Later, it is up to the operator to distinguish
specific relevant data fromthis inage. Furthernore, any airborne

reconnai ssance system nust deal with {he problemof notion conpensation. As
this latter problemis conplicated, the solution provided in systens of the
prior art do not allow for sharp maneuvering- of the ajircraft during.the

r econndlatedince eiperi shationdopnesepeal-Aoenitniearrfabivnddderablueriashed sai d
two problens in a conpact and efficient in The reconnai ssance system of the
pr esentoi theentdraft by ncadmardfugdanted to be carried by a fighter-aft, where
envi ronnental conditions, nmaneuvering dynam cs, system size,

aer odynam cangul ar aspects with respect to the ground are extrene;
however,the systemis also suitable -for other airborne platforns. in a
preferabl e case, the system.s ass led within a_pod.or a.payload that is
Eener ai T ddy Phews BRIGHET REMAH EY B OLATg e poe TBgRiS saRbBalaGRs che
extrene operating conditions of a fighter aircraft, systems of the prior
art, farecexamgbenas sgstecd os edsemblsl 5566 H593ad antt thesuvgeftabpdy. Toedi rect
the LGS, a solution which limts the FOR substantially since a mrror
essent i phlwafokdstibResLRitienPQi virtRh11g¢ £RAtIRI PoidkieCHbRR, Wrikth s&lyaitkvel y
smal | angul ar variations. In the present invention th.e LOS is directed by

means of .t he gi nbal a sol.ytion t.hat ahbl e ver i f.reld, of regard
si nce g‘fVHb(g]‘%Eng?] fﬂéil}%f)&?sége Y ar‘ﬁ%“&ﬁ@"@?r Z@? isoaﬁlflé/ egcgl.eonic ghnc}&\%af ﬁg
general structure_ of a reconnai ssance system assenpled wthin a pod,
accor di g pedopenfigiiadioremrre omstalded nnsifta dhe Fnergbdodyc oddhioses thisi t s
forward section 10 ginbals (not shown) carrying |ight-sensing arrays and

t he neceggaioy @AYiRSu¢dDby shéwt)jet Aherst tbsoinabalodjeatidedptioe stlaetypeant ed
behind a transparent w ndow 12. At |east one of such arrays exists, for
exanpl e, ¢ i1 : (o]; . ensj i in
AR e & S e T R P A E R T
IR array for sensing and. capturing an inmage in the IR range. The plurality
of arraé‘scor\marﬁlr‘ifég@; as well as the INS, are positioned on the sane
portion of the ginbals in such a manner as to be directed to, and cover
exactly a sane area portion Optionally, in a |less preferred enbodi ment the
sensors and/or INS may be | ocated behind the ginbals, while the ginbals

carry aF%%._tz Shows kRO e Hi04] rlistiietdTahel @hdsalt Resle@S 200WaHHgiid€0 a
sensors. The system further conprises an image Handling Unit (I1HU 2 that

processes the digjital im i nf or [ ORvfr . t he
rmges. hsiar gt heDm bR Cer R LB T A0 MRS BBl g0 PEFRE SIRARR
interpretation in the ground station, a Solid State Recorder, (SSR) qi}gor a
si mi | ar i gdicaiedey nwpeTal 2 Ueds sald g Qxder 1gcarrhy it ICoOrNaIPSaNeHh gp
(DEM of the area of interest and a. mi ssion plan, and for recording the
capt ur egimbaBesystdireasypstiap tathd ereoorpiiveasion Bes ao lemitt twGSIdERrdasr of
providin.g control. and power signals to the ginbals servo, and an

nterf apRoliil thd |dird 022 MNGIROUR! ALCAARATS WrhBalkhBrdld Q8 dor Ot her
conput er system and control electronics Is included within. the System

F Ir :ﬁts L,.O?xln(;:)?}ﬁtggllg,t Hﬁg’%h{%@ St%%l aci'gaéalp%’blg OP%Icgerliﬁg I%h(:-:-L GL(SQ | t'oz)vairas %Sn%rdsxt)&ial

direction within their specified field of regard.

According to a preferred embodiment of the invention shown in Fig. 2, the

gimbals system 20 comprises two sub-mechanisms, as follows:



-31- data to a ground station for near real-tinme interpretation. The pod is
attached to the aircraft by nmeans of lugs 11. Fig. LA shows another

enbodi ment of the invention. In this configuration the reconnai ssance
systemis assenbled a.s a payload intg,the aircraft body. The Forward
Section is positioned vertically and i's pointing down, with only its

w ndows protrudin.g oqutside the aircraft body. Thg sane ?Ifect oni ¢_units as
in the-pod céBfIgal smdplspechaniam g8, DRYIYE tWReISHLLEP £t rB‘?)‘{ﬂPl’ X"’Wﬁough
this solution may be used by a fast jet aircraft, its nmain objective is for
ot her tpesgiaf apsumt akis 22)chmdaPiteh (woptien gro®Rlliaxif Pipmmtdel y pi | ot ed

vehi cl es), and conmand & control aircrafts. Fig. 2 shows the nechani cal

structure of ghe olimals 3y ShRMZAisRCEYN dhMEnkO tHoPdRkesdLd remhadopent of
the invention, The progression direction of thé aircraft is indicated, by

numeral 27. As said,. in order t.o rry o reconnai ssance e ginbals
system %lé'é’@rtb‘?‘ﬁzr tahf)ﬂearﬁ?lé@eﬁlsimé‘ |1"dﬂi ﬁ@gaté?nlaégg{l ta\ﬁ)sgg)gr ees of
freedom The direction of the ginbals' axes and the ginbals' order are not
i nportant, provided they are capable of steering the LOS towards any

spatial direction within their specified field of regard.. According to a

pr ef er r gf ehad b B theOk]dviagionNN Rtk s bf FRWBn Belhitd esdontidley gb abajtatidyst em
20 conprises two sub-nmechani sns, as follows: -32-

about a same axis 21. However, the Pitch degree of freedom relates to a fine
rotation by the internal gimbals mechanism 36, while the Elevation degree of
freedom relates to a coarse rotation of the external gimbals mechanism 37. The
external gimbals mechanism 37 is preferably slaved to the internal gimbals
mechanism 36. Slaving is the process by which the internal gimbals are the
prime gimbals to which LOS steering commands are directed, while the
external gimbals are compensating for the internal gimbals’ limited angular
rotation by following the movement of the internal gimbals, always trying to
minimize the angular displacement between the internal and external gimbals.
Although tracking to any specific point in front and below the pod is possible by
means of two degrees of freedom, the separation into two sub-mechanisms is
made in order to obtain a better tracking precision and wider field of regard.
The external gimbals mechanism is particularly used for coarse tracking, for
example, for transferring the direction of the gimbals from one area portion to a
second area portion, while the internal gimbal mechanism is particularly used

for providing motion and orientation compensation, while capturing an image of



I nternal ginbals nechanism 36, having two degrees of freedom Yaw
(rotation around axis 22) and Pitch (rotation around axis 21); and

Ext ernal gi nbal s mechani sm 37, having two degrees of freedom elevation
(rotation around axis 21) and roll (refation around. axis 23), The Pitch
and the El evation degrees of freedomrelate essentially to a rotation about
a sane aids 21. However, the Pitc egree of freedomr tes to fine

r ot at i ohSBSCI{IRAPAtRITHAR- @tﬁﬁﬁlg@gé&%ﬁr%‘hg%%ﬁ & ]ﬁ\éﬁé‘%&@t ]inblﬁ%%&? ee of
freedomrelates to a coarse rotation of the external ginbals nmechanism 37.
The ext@nitalls girntiffbnrelianionmn{3vkdss npryedlep aishievsl Hesd goels he i nt er nal

gi nbal s nechanism 36. Slaving is the process by which the internal ginbals

are the prinme ginbals to which LOS steering commands are directed, while
the external ginbals are conpensating for the internal ginbals' I|imted

angul ar rotatign by follow ng the. enment _of t in | ways
trying 9% Sﬁ‘i‘iﬂ ﬁ’rez%%/tﬁﬁ%a]agﬂé%h’%ﬁ %FQ&%%%SHB%PSIB&Q%:%? {igfed]?frﬁ%ra@m '
external ginbals. Although tracking to any specific point in front and
bel ow tHee goditissofptes PRI foy anpeh enebodivis ndegicetrdipntet; e dogire He This
separation into two sub-nmechanisns is nade in order to obtain a better

tracki ngoRy 66i 8RR vaAD i tder abilelyd o8f tHeegataknal heleexutienngimpaksbad slook
mechanismis particularly used for coarse tracking, for exanple, for

transferring_ the direction of it | n t 400,419 t8
second ?(&%"9%54]9?0%?& i]?)tlgwfoi R Iﬁp&%ﬁb@?ﬂﬂ%ﬁ?ﬁk@@%@% ﬁgﬂpéalrti cularly
used -33- a specific area portion. er ginbals' . ar epent s j t

di f f er erataig rmefulbftugnn’eﬁlibp%rde@irw%&r éﬁnﬂlé%t?fzs)r‘ih%f iﬁ}gs&nﬁyp%%zﬁlﬁ

achi eve these goals. As said, the external ginbals facilitate expansi on of

the fiebghboflimegande (KB tedTtre Hipnid § AofThikd (RS faghievegdokly embobillnem! are
indicated on Figure 1, This FOR is achieved by the ability of the external

el evati %l‘f g%{ g e}e@a!ti%%%iﬁ?dﬁi%ﬁ 4o &8 sMRlaydsad REVRIdow @ADL N@An il t he

ahilicy o eroll g s torotate a ful'l turn of 360 degrees, The

[imts of t FOR.f or pay/l oa odi nent_are.indi ' e Thi s
FOR i o HdHh 0edDhy Ha Dbt Rt ca B et R chPfsf 3Bsaiels Aty
sideways as well. as downward, conbined with the ability of the roll,

gi nbal slinsitativatte theflPR inubathosmbedimeniscare. thenaod Rpgy md 2izeradh PPVt he
FOR in both enbodi nents are the pod body and aircraft body, which obscure

the |ingath $hablreathetlng: e0gest at thbedgERoetiveFOR ehvelbbe preferred
enbodi ment of the invention of Fig. 2, the one or nore arrays are nounted

on the internal ginbal, to provide fine adjustnent of the array towards a
specific portion of an area of interest. This is required, for exanple, to

provide notion and Qrientation conpensati.on. .
In the preferred embodiment of the invention of Fig. 2, the one or more arrays

are mounted on the internal gimbal, to provide fine adjustment of the array
towards a specific portion of an area of interest. This is reqtired, for example,

to provide motion and orientation compensation.

As said, the one or more arrays of sensors, together with their associated optics,
are positioned on the gimbals to maintain at least two degrees of freedom. In
the embodiment of Fig. 2, an exemplary focal plane array 24 capable of

capturing images in the visual range, is symbolically indicated. The boundaries



As said, the one or nore arrays of sensors, together with their associated
optics, are positioned on the ginbals to miintain at |east two degrees of
freedom In the enbodinment of Fig. 2 an exenplary focal plane array 24
capabl e of capturing inmages in the vi Ly_al range, is synbolically indicated.
The boundaries -34- of the sensor's field of view (Faci) are synbolically
i ndi cated by nunerals 25, and the scene captured by the array is

synbol iafdiheysansarsdiedd dyviaunerQV) zae sxeebplenably inlienedpbeggpmerals 25,

i nvention,when the scene 26 is a selected area portion the ginbals system
di rect satdheheentes coptaetayy 2hetamay ds syericdically wiliecated lpontinoaral?@6.t he

i ne connecting the center of the array to the center of the selected area
porti OnAchr%{ngbﬁ rﬁfee;ptigéjer{'to iﬁ@ér@di&,aﬁlﬁéln' RBo UceBbIDE" is( LORectHIE a3ERSOr S’
optics ‘may be ei t her eparate optics for eac% sensor, or shared optics for
al I/ sonme of thﬁ sensors. Shargd oPtics colltra?gts [ight in nul i-age%tral
range afItIORefhe M pYsteg daastothe RRNISE M GrEa% Eolof HEStE s “tmique
spectral wa.veband. The use of separate versus shared optics will depend on
t he spewichipordizsi 86, gualine coakiengngrithe weohesi oetlat pomyaitatheatdirdes paddbeand
requi red performance, nodularity and maintainability. Inertial Navigation
Syst emBs A5 & el deakPOMb RyillhBe Afclfe3BE @Y ReMiifledy “HABDA fighiT CLOKY. BAE 1n

ai rborne systens for determning wth. high. precision in flight the
aircraft or airborne-systemlocation its .velocit n ccel eraf i vectors,
and i tsseti‘rs%%toé’tt%fc&nm\?jy t e PEOSEFEPARA QPUS %Or{‘"aer’%/%h g?lg Ogr %gfgg %s(%gb glr(r:\g The
Inertial Navigation System conprises essentially tw separate ynits (i.e

f unct i ofes)allsuaviofahe sansonsn Sharedopties 6PHeHE Aghtia a srdtir-siectiddadiefat es

of the aircraft or airborne-system and an Inertial Unit for determning,
among O4R@rthdrhepdiit Gt afot eath abf bhe neersyss emcontingntatitonnigtt sespedt to a
predefined, fixed, and generally gl obal coordinate system The INS nay al so

provi de i rat.i.on. : f1h j :
P or Bl OFhy %8 BEALET AR SHMEE Bh Bl il R CoRthe Bperific
information, and_the inertial Unit .generall jnertial sensors w thin.

. y S
the air@PHgR cFoA$r HEHENRE sy BFRMCORYRRTFAYS aé{g\ﬁ@}é’ atledfeat @O¢ NSNS
ai rborne systemis conmunicating with a nore accurate INS in the aircraft,
and al i pasormaeté, modtlariyushd mantieadiligraft | NS by using data received
fromit. The process is called "transfer alignnment', and is used by many
systens to align, two INS's (e.g. to align a mssile's INS before dropping
it fromthe aircraft). Once aligned, the |less accurate INS further

cal S s LASSRIAFI ul 0 LE e RS 1 BRCHNalE gt harsspect
aircraft and in airborne systems for determining with high precision in flight
the aircraft or airborne-system location, its velocity and acceleration vectors,
and its orientation with respect to a stationary, global dxes system. The
Inertial Navigation System comprises essentially two separate units (i.e
functions), a Navigational Unit, for determining the location coordinates of the
aircraft or airborne-system, and an Inertial Unit for determining, among
others, the aircraft or airborne-system orientation with respect to a predefined,

fixed, and generally global coordinate system. The INS may also provide the

velocity and acceleration vectors of the aircraft or airborne-system. The



According to a preferred enbodi naent of the invention, the reconnai ssance
system may have vari ous nodes of operation, deriving fromits capability to
direct the LOS towards any desired direction with the systens field of
regard. Referring to Fig, 3B, the LOgdirections may be side-oblique,

f orwar d- obl i que, down-1ooking or arbitrary. Referring to Fig, 3, the

follow ng nodes of operation may typically used: Path : .c,are
capt ur é‘daaig@hl@ntah&ﬁ{)qrg FRapatss: opr ?ﬁ%mﬁlep &Eét“’&ﬂrﬂagﬂﬁ’ F‘%ﬁgﬁ&f’%rg‘ﬁll
directed forward oblique, down |ooking or side oblique. The path trajectory
fol | owsThtie gassmly abecriabttifl isghsoppatiithih. tigt rilpervbider Arbomeasysse. p
positioned along the flight path, or at an angle to it, is captured. In
this e i ' ' | Y1 8 Gly8Eb e i 1§ @oabh i BleatingSpath Mbde:
|mge%?méa§1e4sé§?8§ %‘fs‘!e‘ggg? gﬁgﬁﬂtjﬁiﬁe&%@rget 's mode the line of si ght nay
be directed in any jtrary.dirgctign...iv.. Starin 1 es: he
sane scaleER 88CWaEd [ rimt e Riye eégﬁxﬁé}%}%s ]Itﬁel?ﬁlorsl %Mgggph@nﬁ%n%rﬁa%i ght
may be directed in any arbitrary direction. In the |ast three nodes, B when
the ai riX@fty usirppatsactienged feors df.cEhe dregess, 1stdidleshtrander aHgBMARY on
angle may be any angle (i.e. start capturing is ell before arriving), and
when t he, ai:k grafithy sndiBRANS@niNeo Seigactves TNISAa (e gheo atign ahaawsilalsi BNSangl e
may be any angle (Le. stop capturing well after leaving). This way. the

reconnaj ssance syste lipger. t : sgleated akeatBapieal |y,
t he re(a:JB?ﬁé? s@é’ﬁ\ég’%%ﬁmggﬁ}r@%@'eq)gﬁee?ﬂ%@ﬁatﬁ}c mode or nanual node,
and conbine both in the sanme m Rsion, In_ autonptic.node, .the reconnai,ssance
syst em prshereslcalatemrdepeadguitlsi theohngpf F@&Eﬁ?‘g% gaé‘%l?ﬁsg]’w@ I§ppOCt

prepl anned targets and targets of opportunity. The nodes selected for the
syst em gy 2 GQskAi referafiye spstbimaintdhttaf npatdligrenenpogcwpot, and staring
nodes. Based on the m ssion plan, the systemautomatically configures the

sensors as the aircraft approaches the targets' area., activates the
sel ected sensors, controls the sensors' direction. and initiates/term nates

di dt 1 SS] f i dat he. pl anni 1:SS/ [
Gone. | nAdevEREE @ o Reslghubcrabatm BhdbreibiiRe R AR TSHRE P

to the mssion. in manual node, the operator can -nanuall, changfi.the
M Ssi onspktam duay fpve various modes of operation, deriving from 1its capabl ity to

direct the LOS towards any desired direction with the system’s field of regard.
Referring to Fig. 3B, the LOS directions may be side-oblique, forward-oblique,
down-looking or arbitrary. Referring to Fig. 3, the following m(;des of operation
may typically be used:

i. Path Mode: Images are captured along the flight path of the aircraft, with
the line of sight directed forward oblique, down looking or side oblique. The
path trajectory follows the actual aircraft flight path.

ii. Strip Mode: A linear strip positioned along the flight path, or at an angle to

it, is captured. In this mode the line of sight 1s usually directed side oblique.



flight. The operator may interrupt an autonatic operation and perform
reconnai ssance functions manually. Al nodes of operation nay be avail able
in both automati ¢ and nmanual nodes. Referring to Figs. 3 and 3A, according
to a preferred enbodi nent of the invention., an. area of interest is
divided, into a matrix of a pluralityﬁ8f area portions. For exanple, area
100, which is defined by points A/ B, C, and D, is divided into a nmatrix of
a pl ur alii tSpoafMadealmpapts ohs,sclateéxaepleee qotticndnPhis nRHe2thePhye of
.P2,2,wherein the first subseripted nunber indicates the portion CO UWh

within the,: i . i -agnber i ndicates the portion
emgﬁfe Eﬂr%’t BOdidpe SECORY a?_%%ﬁ?z?fy ek p

row within rrx area. Area may assume any arbitrary quadrangul ar
shape as sired t he mi ssi pl an. The size of the,area portignsyaries
T Bocortateait Mpdddrus eth Peaa A e aTed ThdkEhrr BrukdR ffen
port n. In sonme cases, and as will be elaborated later, the area matrix is
def i ned i nthssickods. theaineof sightt rapphepbredtehsn paytarhitrgrodaectpnone anot her,
as is showmn in Fig, 11 for exanple, by about 10-20% of their area in order

to assure full coverage of the area of interest, even 'when the area is
sharply changed terrain. Wen stereo photography is required, an overlap

| arger th bout, 56% i s requj.r J | hG i e
o1 bl s B hEHaST Besaarieani L s sl s B8 the pHipclos Ao (b
sequential, systematic, step-w se nmanner, by which the ginbals Ilbl‘ t direct
the | magiheandereisesration (agiale ARAE Pear By A3EHe i(btr HAlt capitiree el Prinye
sinmul taneously in all sensors, then to a second area portion to capture its
i mage, anrdivilen, ahépedidmnghe aircraft is leaving the selected area, the exit

observation angle may be any angle (i.e. stop capturing well after leaving).
This way, the reconnaissance system may linger more time on the selected

area.

Basically, the reconnaissance system may work at either automatic mode or
manual mode, and combine both in the same mission. In automatic mode, the
reconnaissance system provides automatic acquisition of reconnaissance
imagery of preplanned targets and targets of opportunity. The modes selected
for the system may contain any combination of path, strip, spot, and staring
modes. Based on the mission plan, the system automatically configures the
sensors as the aircraft approaches the targets’ area, activates the selected
sensors, controls the sensors’ direction, and initiates/terminates recording and
transmission of image data. The planning of the mission is done in advance at
the ground station, and is uploaded to the system prior to the mission. In

manual mode, the operator can manually change the mission plan during



this procedure, the ginbals sequentially "junp" the line of sight and field
of view of the array through all the other portions, until conpletely
capturing i mages of all the portions of the area. of interest 100 or
exanpl e, the system may scan the exenplary 9-portion matrix 100 in the
following order: 'ti P> P3,1 >P2,2 >-P%, 3 >P2,3 > P31, 1> P3,2 > P-33 Wen
the g hale of the systemdirect the light-sensitive array to a specific
area porftighti Jéneralelrytdry nothy eottengpt hancentenasdic bheraismyahdwperfdrid t he
center of the specific area portion and locking (i.e fixing the LOS) on it,
a” Snap%ge(fr;ndiéﬁéﬁ&%nc ' Btslfﬁéﬁ'@aﬁﬁeA][l%ggeé)Bf 5}§Hxﬁtﬁ)h%ap%et LomaMRrig
particularly, the snap shooting” i'nvolves two stages, a light integration
stage dyri which.light fromthe area of interest is sensed by conponents
of the §¥¢ﬁ3vmaﬁﬁwg>%@iﬁ%ﬁHﬁﬁé?% “during which all the conponents of the
array are sinultaneously sanpled at the end of the integration period...As
said, this procedure is sequentially and. systematically repeated for al
the area portions of the area 100, Each tinme an inmage of a portion is

capt ur egefdrbires t6aVWesh | § @n$tPL ag8cAldihhetd C PRBRIrSSRNGEhSKSiEM CSUdR as
the Solid State Recorder 3 of Fig. 1), and opftionally also transmtted to a

)
ground bhase_ station _(not. shown) .using,a; -Data Link. ( .. dn_order. to
provi denyce(‘,]ﬁ}oélt’ ear&%% Elr?fnl.nge]fﬁs)ctlﬁea’ivﬁ%%%,n%oga%agﬁlxa%%‘n%f\ﬂr glﬁ’ oorg ,Hféta are
provided in real-tinme to the ginbals control unit by the INS. -39- main
phases. Pattianfe Forr exapples éires OO, ivleichfissiefhredoby tisantgy fayp.is anddet sd
towards a selected area portion. At the second phase, the array is
"exposedivilled ihghh mathreffar phirhiliey af @@ep@okiions, drdxaehsegeorisonnfegr at ed
correspondingly within the array conponents. During said second phase,

noti on npensapl onp| ovigled [ [ iﬂﬂ% gt R

gi nbal sgf’npégdé%’gtlgé‘%oprf{b‘?é'h'sﬂz;’tmé o?@%e@%i Iﬁ%@aﬂ%@&%ﬁ an b%gﬁ‘éltégg S
orientatjon during the exposure (integrati né@peri od, particularly in order
to eli nf%t@%%a?‘i’lh‘@nnAWltg% e TBR TP AR T 806 ﬁégﬁ‘aféll?teé]t nigebath; r g
phase, all the array light-sensitive sensors are sinultaneously sanpl ed,

an. d t hiedicatgetlies pstiaoedowBefidria thekecftiizaabiagi Aeda ED6vianiyomsdvape 34F of an
area, which includes within it at |least the area of interest, is stored at

the T ecapnalasanasdsHshan (Hge DioidabeEhevatd ANshbR A0, Mhasbaitalo i1 e

reflecting a map divided into a grid, wherein for each nodal point of the

grid, the x-y coordjnates (wth respect .t | obal , redefined

Qoor i nateR DU SOGH rant e R RERBRC L ERERROTnE OF 850 GTEeis Bhe
portion selection block 311 selects an area portion. Mre particularly, the
por t i onsewleeef pach biree koptions beyents erdep, iandi tarel ke abdarapel Hitebethyy a
center of a selected area portion within the DEM 310, causing the DEM 31.0
to conveyed heat@ondidedires Bf stéte aceitferofhdtherear partioid pantidlytderkgy vo
control unit 305. The concept of finding the 3D center coordi nates of a

sel ect eq|.aroeholSIG &M, 35, 0P el DR riflo! BE 88 ARLo0A A xRN

S
al so be used i'n §yst ens an reconnalrssante systens, S

targeting systens, where sonetines jt is desired to neasure the exact range
to the é’é@ﬁéeleo é%‘é‘l%’éﬁ%ﬂo‘fe&ﬁ%f’?ﬁ#? Hét® 02%?%9%@"8&‘1"5%“ rtgﬁg"é"efiilﬁc?er S,

Preferably, and as will be el aborated |ater,
sharply changed terrain. When stereo photography is required, an overlap

larger than about 56% is required. During the aircraft 102 flight, the gimbals of
the reconnaissance system scan the area matrix 100 in a sequential,
systematic, step-wise manner, by which the gimbals first direct the imaging
array of it to a first area portion and capture its image simultaneously in all

sensors, then to a second area portion to capture its image, and then, repeating



-40- several selection nodes exist thr selecting an area portion, and
determning its borders, or nore particularly, determning its central.
nodal point. The xi, : coordinates of the center point of the selected area
portion, and the el evation coordinate & - of the same point are conveyed to
the servo control it 305. The area portion direction nodule 306 of the

servo control unit also periodically receives fromthe, INS 303 they" za
coor di rfaieretedure, tbatEmhsds srgusRtialiyniary afealne gl 318 tt%geﬁﬁfset s

of x-y-z coordinates, the area portion direction nodule 306 geonetrically
cal cul atiew bhehgiadal wirghegs aléqlier ethdroportions, until completely capturing

images of all the portions of the area of interest 100. For example, the system
may scan the exemplary O9-portion matrix 100 in the following order:

PP, Ps, PPy Py, Py By Py, Py When the gimbals of the system direct

the light-sensitive array to a specific area portion, generally by directing the
center of the array towards the center of the specific area portion and locking
(i.e fixing the LOS) on it, a “snapshot” is taken, capturing the image of this area
portion. More particularly, the “snap shooting” involves two stages, a light
integration stage during which light from the area of interest is sensed by
components of the array, and a sampling stage during which all the components
of the array are simultaneously sampled at the end of the integration period. As
said, this procedure is sequentially and systematically repeated for all the area
portions of the area 100. Each time an image of a portion is captured, it is saved
in a storage at the reconnaissance system (such as the Solid State Recorder 3 of
Fig. 1), and optionally also transmitted to a ground base station (not shown)
using a Data Link (DL). In order to provide accurate capturing of the image,
location and navigation data are provided in real-time to the gimbals control

unit by the INS.

Fig. 4 is a block diagram illustrating the operation of the reconnaissance

system of the invention. As said, the operation of the system involves three



establishing a Line O Sight (LOS) between the center of the array (z") and
the center of the selected area portion () :z9) and converts said angles to
the anal og signals required by the ginbals servo unit 308 tbr establishing
said direction of the ginbals 300. The said direction calculation is
repeated and. updated in short time intlervals, in order to account for the
change in the aircraft |location and orientation. The ginbals servo unit 308
recei vesam phgnred. Blthe ficthptheeegtlbbns ofinightioddhe atricayg 1% Aerestest ovofrdshe
ginbals with respect to the desired LOS direction. Wen it determ nes that

the LOS didcesd ié}@ahﬁ&t%@m@%h@mebéﬁ&g)hdsaﬁ tBETM@ayiNist “cxPOVEY'S t@ ligihgnal
321 to the Integration/Sanpling unit 304, for initiating the integration

period. The | ptegration/ Sanplin nht.  $04 ' ' . he

B by SO RGAT (o0 TR6Rp it v e e o GEFAER bk SUHAIRER: bRUNED .,
the area portion. Fromthat instances the |ight sensitive conponents of the
array bégi mrray sceupeneitte. dharigs peldaspeand @hage, 11BOEPNOFOIRPYREATARN dbch
correspondi ng section of the area portion During the integration, period,
mot i on wRRENS dli BBviig tleptiakest yighalveivh ahedzimbalfeinmotdantc compeasattieon
-41- nodul e 307. The notion conpensation nmodule 307, in. simlarity to the

ar i di ek i | 0 i . ) i
coor df gt edhss HREhS TN, Bpif Bhafia8 Dol CORLBRI PALIiRE SR EXBOREe &

the (x" y :z") of the center of the n-ginbal.s ar i [
Conpénsg%t%a)clong period, particularly in order to eh?m%a & %mBe%%m;hﬁt RS 194 of

the integration period, at the third phase, all the array light-sensitive sensors
are simultaneously sampled, and the image is stored. Before takeoff, a Digital
Elevation Map 310 of an area, which includes within it at least the area of
interest, is stored at the reconnaissance system. The Digital Elevation Map 310
is a digital file reflecting a map divided into a grid, wherein for each nodal point
of the grid, the x-y coordinates (with respect to a global or predefined
coordinates system) and the elevation z at that point are provided. The portion
selection block 311 selects an area portion. More particularly, the portion
selection block 311 sequentially indicates a nodal point being a center of a
selected area portion within the DEM 310, causing the DEM 310 to convey the
coordinates of the center of the area portion to the servo control unit 305. The
concept of finding the 3D center coordinates of a selected target using a DEM,
as described in the present invention, can also be used in systems other than
reconnaissance systems, such as targeting systems, where sometimes it is
desired to measure the exact range to the scene or a selected target without

employing active range finders. Preferably, and as will be elaborated later,



modul e 307 repeatedly cal culates the ginbal angles required for
establishing a Line of Sight (LOS) between the updated coordi nates of the
center of the array :ya : z") as received fromthe INS, and the center of
the selected area portion y" : z) and,accordingly converts said cal cul ated
angles to anal og signals required by'%@é gi nbal s servo unit 308 for
establishing said directionsaid angles) of the ginbals 300 or other words,
to repesavedhlysdertpensdesferist fe sredtore ARCAICRAPYE10N 28 PTRINGE ¥ the
aircraft during the integration period. Mtion conpensation thr inage rol
around Qe OSMAbral i tRaldope deRintsing itncaddal nodal pdertr Gk gj thal s,

but this is typically not needed in small or nmediumsized arrays due’ to the
smal | snearing effect of roll in such arrays. At the end of the integration
peri od epdrdasks ng theigmarr ot of provrlrstrd ér%é)oatrlpayaggﬂihef pvation

si mul t aneously sanpling the accunul ated charge levels within all the array

Sensor Sgo@Athatst Ar bithd BaSlesABE a20 20hheySaiddtlehasige doavell sinas 386. Thage of
the selected ared portion. The inmage storage 302 is essentially the SSR 3

of Fig. 1. Next, the portion_ selectiaon_ block 311 sel ecta a center.

ar ea poftdaomofiiem C’elr%?%m@lea%% éﬁﬁ@’@y%eltvﬁec%’&ﬁ%f PBEtt ﬁ@‘oaﬁ"‘e‘%o g{lygnnext
direction. nmodule 306, and the same procedure as described above repeats
for thisedaevds aoaa theriN®B03Thke pr coedur eopepeatss fobrthal dentéreobtkba qorti ons
of the area of nterest. It should be noted herein that there are several

optional npdes b - . : i
P gimbals arryay. Aﬁavmg these two sets of x-y-z coordinates, the area portion

direction module 306 geometrically calculates the gimbal angles required for

establishing a Line Of Sight (LOS) between the center of the array (x, :y, :z,)
and the center of the selected area portion (x,:y, :z,) and converts said angles

to the analog signals required by the gimbals servo unit 308 for establishing
said direction of the gimbals 300. The said direction calculation is repeated and
updated in short time intervals, in order to account for the change in the
aircraft location and orientation. The gimbals servo unit 308 receives a signal
315 from the gimbals unit indicating the state of the gimbals with respect to
the desired LOS direction. When it determines that the LOS, direction has been
established, the servo unit conveys a signal 321 to the Integration/Sampling
unit 304, for initiating the integration period. The Integration/Sampling unit
304 provides a signal 322 to the array 301, causing it to begin light integration
of incoming light from the area portion. From that instance, the light sensitive
components of the array begin to accumulate charge relative to the level of light
at each corresponding section of the area portion. During the integration period,

motion compensation is repeatedly calculated by the motion compensation



whi ch the portion selection block 311 operates. In one optional case, the
portion selection block 31.1. first selects a center of a first area
Portion and obtains its imge, and then, for any additional portion it
determnes in real tine the center of F next area portion which satisfies,
for exanple, a requirenent of lowbové?'ap bet ween the present portion and
the previously inlayed portion, This optional case will be described in

nmor e detaiduld80&i ddiet exotidm campieheatiomdeodfilep8PTi on sswllacitiyory, thherpal ot

mar ks the center of a portion, and the inmage of that portion is accordingly

obt ai negh@fdrerdifation Rodlt 866 aheve.riecedtng fHe DERCithONx MOfioNn)
conpensation, integration and sanpling. 131 still another opti‘onal 7

sel ection node, all portions of the area of interest and their center are
pr edef i ¢rogdinatesodnihlee comtielreoft Hee apleptesheres momtivheayd domm, thimd Nhghe
selection is then ca cci out according to said predefined order, while

during the f l.izghtf fHeeceaxasbof dhé eatdianmianerapdel ethauhimd cédlgensheisgd on
the actual position and attitude of the aircraft. The selection of an area

portion,so that a pre-defined_overlap w.ll exist betwe successi ve i nmages,
i s depeRd@dnie 8R7 urBedirein crlydietne 1Bt A edes ﬁ%qlua‘?ﬂﬁgora?srtélgilﬁbntﬁ@i tion
wWth respect to the scene and the ground variation., of the captured scene.
Ref er ri hind of Figis. (LUIS) betdvekbhAthd apde@dhccondpsited pof the céwiatrprfi thte @frayhe
sensor's FONT on the ground is cal cul ated using the 3- ensional ground data

of the M, Each,J i I i i+@n. r '
BEM .Qﬂﬁ?sn P(%’éﬁ&%cﬂﬁo’n? tRe ?ﬁ'sg%gra dt‘Pi@ cell @ﬁth%i sfeq?(ﬂ:gﬁ 9heh ek

surface, til'te Irections | er to hest
(x,:y,:2,) and accordingly converts said calculated angles to analog signals
required by the gimbals servo unit 308 for establishing said direction (i.e., said
angles) of the gimbals 300, or in other words, to repeatedly compensate for the
motion and change of orientation of the aircraft during the integration period.
Motion compensation for image roll around the LOS may also be done, by using
an additional de-roll gimbals, but this is typically not needed in small or
medium-sized arrays due to the small smearing effect of roll in such arrays. At
the end of the integration period a “sampling” signal 322 is provided to the
array 301, for simultaneously sampling the accumulated cl}arge levels within
all the array sensors, and storing in storage 302 the said charge levels as an
image of the selected area portion. The image storage 302 is essentially the SSR
3 of Fig. 1. Next, the portion selection block 311 seiects a center of a next area
portion from the DEM 310, and conveys the same to the area portion direction
module 306, and the same procedure as described above repeats for this next
area portion. The procedure repeats for all the area portions of the area of

interest. It should be noted herein that there are several optional modes by



ground's gradients. After taking a snapshot, and before taking the next Al
snapshot, the systemestinmates the direction of the LOS center using
extrapol ation fromthe previous snapshots or other techniques, and

cal cul ates the estimted ground footgﬁ'pt of the next snapshot. The overl ap
between this estimated footprint and the footprint of the previous snapshot
is calculated by projecting the forner on the latter, and then the

di r ect | shiclothe hertiasseleptien bleckydll pretatesnlnpaeprtignahsifice tha eVEPRap
within a specified range of values. This process repeats iteratively a few
times ugdlbdtid®lscq81 1 €kspeldecapal @ naehio€\vetrstameat penidohentd@hthirss its
physically noved to the | ocation of the new snapshot. The cal cul ati on may

al so beinnggg(g aafﬂﬁwe}f{, G5 L\M%‘éfdhlf'tqb’ﬁal;ﬁ%ﬁd g%tgﬂ_ag{égi N%eaN e tARLDSRE i cal

nodel a e conputing resources he reconnai ssance

system The nunber of dunps of the LOS agross track (i.e. alon ),
whi ch det & RERESIERePHLET HrichhgatiHitDg pﬁ%%l‘n??er’i ﬁ,r%qéu%ﬁ%ﬁl‘gl?guwg
calculated to ensure maxinum strip width without creating an excessive |ag
in junpbverlap drgwteadhet prashet pextionocwnd cheopmpemsaly ihaget hgomdians rBiis
progression. G nbals having at |east two degrees of freedom are well known

in the Eion%ngas%r iSRAde d Qb B¥XABlde H8t8PRBrahhERI IS ah8fhdierdddal of
directing and tracking the targeting systemto a target, a targeting system

bei ng a system enabl i ohservatioqn, of targets and, direct.in 0

syst ensP? ﬁ%bfﬁ8ﬂ1H%bRﬁO%FuggﬁgﬂFéFﬁ%?¥ﬂ ARpaigHy Bl LGe ] ‘%@?géﬁiona
and orientation data froman inertial Navigation System for calibratjng
the traokithenils pecordinghs. omsened eafsen ¢arveng ot ubhes akoyp nbrercedyyet @m
simlar to the one used in said airborne targeting systens. The "tracking
of the gdimbabs, whotioh h@mps@ation, t heegrddonr ehévanhpingalpostillonsptleach
portion in its turn, is perfornmed in. a simlar manner as sone airborne

targeti rggtel?}{ﬁf S&Ec\{% m%?c?c}]eg%glr %éﬁg@sit 4 e WPAPOPFthPeg a}x@éﬁfé{ir cERVRVEle 1N

such ta I'ng syste ereac 1s not div nto a plurality

of mat typ ortions and there is no systematj.c scanning.of the rel evant
area poPFPGHEISM: (0 praAD ke wallsrtheigp ]iSrPnat}'é“f‘e%ﬁ?é’ﬁ‘gf égdstﬁ’@pﬁei?@@nnﬁnner.

Moreover, in the targeting systens, the problem of notion conpensation is
sol ved bleontcheredeahaccsulihgas saidoredefoped oaden, waukd dgrimgsew Srehtndge
information, a solution that is not practical for area scanning systens,

such as khe naeeARaL SSaNeSsMa! M RhatibLIl y:aRHI O théSagahll pokiteod ekl em of
notion conpensation is inplemented in a conpletely different manner in sone

of the prj.or.art ,reconnaj ssance systens, for exanple an on-chip notion
conpenséﬁlg‘hd? gftt&}es%lF in. US 5,155,597, US 5,692,062, and WO 97/ 42659.
The i nvention uses a conbination of the INS and gi nbal s system having at

| east two degrees of freedom (a) carrying CAIE area scanning by which a

"l unp” between area portions is perforned in a coarse manner, and (li)

not i on cipeskaticanofiun ngehhpoitiviggsat tlort peprodefihednoaréap pwill i @nstwhi ch
is performed in a fine manner. The facts that the elevation (i.e. altitude)
at the o) - d:pogt.i S j f : t hat
he. gi My o B e e R, B e ana.
fine notion conpensajion. .in al] axes, This s tru.c e, as wll.be

el abor atléglwdé@%ta}rcé?é&(@étl?lﬁé" %P rerRg gt Eoo{}&eaﬁ?ei}leo%‘ilé ﬁ\%%%ﬁ%’&?&@% a
superior manner in conparison to reconnai ssance systens of the prior art
Fur t her mirthe ¢apthead besre. f Reaferiyg ttheligsvdit and kgt fodwachosnapshobnifer
sensors' exposure tine to light (i.e., |onger

footprint of the sensor's FOV on the ground is calculated using the 3-
dimensional ground data of the DEM. Each footprint is a 3-dimensional plane,

or a higher order surface, tilted in two directions in order to best fit the

ground’s gradients. After taking a snapshot, and before taking the next



AS- integration tinmewhich becones possible in the systemof the invention
due to the use of staring arrays, there is essentially no need for a TDI
structure in which a sane area. pixel is scanned N tinmes, and then
averaged. The systeminstead can use gpsi ngl e "snapshot” capturing of each
area portion. '"Fig. 5 is a now diagranrdescribing the operation principles
of the reconnai ssance system of the invention. The flow diagramof Fig. 5
assunessndpihodn Hreeasystemntestiosatesashbednrattibnned, thwr BOFhr tdndal anking t he
borders of tlie area of interest. In a preferable enbodi nrent of the nventio

he cent gxtr@polatedd iffosh tBOrfieQbRf shAiesltedrAfthentesashuks, Redi dBEad dsS
determ ned automatically. For exanple, if the area of interest is viewed as

a matri first rhion may, he t he farthest ft mos rtion nd its
cent er ?}%e ég‘ﬁ%lcattég gggﬁg?ra P@gﬁ(‘cyotgghengg%cg Sg?p%b% e%efr}lf?\‘gg’e#ﬁﬁ%rr.ﬁlﬁ\lext,
the centers of all the other area portions are determned in real tinme, in
order testdmeted jyoatlprmipred dhp deetpranrgel bie syevipup spapakenis prlcilmgedy as

expl ai ned before. The definition of that range is necessary order, on the

one hangdrojtetiagsue dothal onothehbltes', aofd thmgtlitgd@xtisén ofine ANOBhRn@éNEY
hand, that no extreme overl appi ng exi sts between i mages of adjacent

ortion I I vi i eSS a - wi . he
Per ci narioo TR K P R0 SobROES At SHEESEE Kool g o AT RRRSSEER 1 ne
center coordinates, X, ; first sel e(/;ted Qor.tign is, provided to the

;5 Y,,.0f th
DEM 501D QRPE AEPFRES IthTAETRIE T cides Wit the z60yired (uierlin Freh@YaSi on at
X;YA to the servo control unit 305. The Servo control unit 305, which al so
and then the LOS is physically moved to the location of the new snapshot. The
calculation may also be done analytically without iteration, depending on the
mathematical model and the computing resources available to the
reconnaissance system. The number of jumps of the LOS across track (i.e. along
a row), which determines the width of the photographed strip, is continuously

calculated to ensure maximum strip width without creating an excessive lag in

jumping along track to the next row to compensate for the aircraft progression.

Gimbals having at least two degrees of freedom are well known in the art, and
are used, for example, in some aircrafts for inertial directing and tracking the
targeting system to a target, a targeting system being a system enabling
observation of targets and directing weapon systems towards them. Some of
said targeting systems also use navigational and orientation data from an
Inertial Navigation System for calibrating the tracking in real time. The
present invention uses a gimbals system similar to the one used in said

airborne targeting systems. The “tracking” of the gimbals with the array to the



-46- receives the real tine present: coordinates of the center of the array
ra Va za fromthe INS (step 504), also calculates in step 50% the angl es
and signals required to establish a |ine of sight between the center of the
an"av and the center of the said firsj, area portion r, :y, z The signals
are conveyed to the ginbals servo unit], which establishes the desired LOS
direction in step 505. In step 506, a _check is nmade to determ ne whet her
the estrabivaghinerga gortingspeagerPUTtIEC iR oS g hds RYUHPIEeedn e SEBlipLe,
this is a dynam c operation which is repeated in a very frequent and rapid
manner hanfAeF hersBhtosirBeticothrgstioptiyRgehe dilet aindpiranke thengressiranto and any
change of orientation, for exanple due to elasticity or aircraft

maneuver i ' r r 4 ' ' - : e case
a1t SarRgy RSB TR day SRE kel AR, B e B at | o

by the array conponents takes place. Sinmultaneousl uring the i.ntegration
Dar ] 0d IRUB PN LGTBERRHETON RGR G HISCR HEERS AL EREBE FGrriRg o

aircraft progression and any change of its (or nore particularly of the

gi mbal sthar redyyawr asst aditions Fhilsnope rata o inserabs o pesdpremsthlrpeatied| y, in
real time, with high frequency, typically around 1.00 Hz that guaranties

hi ghl'y te b C ateh PFe 1§ | BYstehes t ithe QfroblMiBOIaAt i@BsioMN Step
509, a I?%glgk%ﬂi SMH%%%%}E) %gf?ri% r?ké1 %\b}]etéﬁergt he int egrg{i on period, has

| apsed. At the end.of the,intggration period, the |ight i{ntegrati y the
array twmﬁa&on(éﬁé%lvg%‘/ QHE T WEANSt £ OHT @8;%8‘%%8}0 glr?a%? £\a}s é%ég)%gegmy
also termnate (step 510). At step 51.2, all the array sensors are sanpl ed
at the sampageneformmatiomsmagplstion t%ﬁﬁh%ﬂ))? PaMiqeh oY AxfFesTaRndRg FEC Y. st ep
513, a check is nade whether all the area of interest has been covered by
the i nages akr@adyedoakaissahbe tdhyeteraf f thatihventias.eAstdd prloegdubem of
termnates (step 514), If, however, the full area of interest has not been

covered yel . i @PRlGfld ApRISHIET X ¥ 6RQIMNAlARht manner in some

of the prior art reconnaissance systems, for example an on-chip motion
compensation is disclosed in US 5,155,597, US 5,692,062, and WO 97/42659.
The invention uses a combination of the INS and gimbals system having at
least two degrees of freedom for (a) carrying out area scanning by which a
“jump” between area portions is performed in a coarse manner, and (b) motion
compensation during the integration period of an area portion which is
performed in a fine manner. The facts that the elevation (L.e. altitude) at the
center of each selected portion, as obtained from the DEM, and that the gimbals
system has at least two degrees of freedom, enables full and fine motion
compensation in all axes. This structure, as will be elaborated later, enables the
aircraft to carry out sharp maneuvers in a superior manner in comparison to
reconnaissance systems of the prior art. Furthermore, it has been found by the

inventors that due to the longer sensors’ exposure time to light (i.e., longer



a next area portion. (step 515), which are conveyed to the DEMto obtain
the elevation z at the sanme portion center. The next area portion my
either be | ocated across-track (sane row) or lc, track (newrow) fromthe
previ ous area portion, depending on t calculated row width so that a
maxi mum strip width i.s achieved wtil & not |agging behind the aircraft
progression. Next, in a [ﬁref erabl e case (step 516) a sinulation is made to
det er miinteguaétometime) fwhithi hreagendsspessilela. innenssiite el iy Wyeshiog dug toz
coordi nates, the overl apping area between the area of the previous inmage
and thglargg of sthensaidapewhdge sakhsillgsna mpreadiiri n&D byanicapre ange
(for exanple between 16% 20% overlap). If the overlap is found to be too
great, this center pojint._is. ink i i Y. r

cent er ‘6?1‘3?‘,13 %@ia@ﬁ% pp%‘lf“}fllst)rga}}x?e?ls %\Igleq@%g,%%gﬂ%e%‘{eg%éﬁ ?}g%%gb‘%egﬁbe t 00
low, the portion center is positigned slightly closer to the center of the
pr evi ougispord P usTRi Snglemsnaprbel FEBEUYRE ODERFN WPRROFdORssential Iy a
digital map which also includes elevation, at all the grid nodal points.
The use of the DEM for that purpose is advantageous, as the elevation is el
f high inportance when checking the overlapping issue. It has been found

that af ng %?_eisor UV e?&%‘ﬁﬂl ShA Rih8NShed PRVARBAHT RTh&FREELfCaRehe

determn he ali gnmen step 516 as described is preferable, hut not
essential. Fromstep 516 the procedyre tijwues;.to ste 03 Wwsing the new
X:y:z CHSPANALAECH Y r‘i}{)eohn%eé#f@r‘qgge J&V‘ér‘%’rf‘%@dnaﬁ E{gepéjgf%,mfﬁd t he
procedure is repeated until cover age of all the portions of the area of

i nt er esthdtsax arph eff edterFhehas theensiaires, mayre papgicuafly chhe boxtesn of thew ar ea
of interest if such is desired. It should be noted that although it is

preferable! of ohS6at, 8 2pFeR{ble NE@EMdn of thedueBshtish, tidesnteawfithe
sinplifires the portions overl apping cal cul ati ons and i nproves the scanni ng

efficiepcy. the scanping may. al [ . atsh fi4, ned
(or not lr%tr 88’?”.10%%&@? oa,qe %%nln§§$eestgﬁ P%er E’ﬁé&%?gsé&%tt 0 H%Hc%#toé]?éiggﬁa% ar ea
portion, and conpensating for the aircraft notion and thg orientation
change, Fonexemmlat ifgheqtreand inspreshit viemes poatnaEsthsr Tptmarieramay

i mportance for obtaining high accuracy. Therefore, according to a preferred
enbodi npBttHef fitRedayefthion worbiog, tald HsevattieonisMudetBEMytobeaticadlyD hyap
which includes a grid of the area of interest, is used. Cenerally, there is

b ( ri res . t .
?ﬁep&gr :l,?dg;gﬂssﬂgﬁ%})%#é;'rﬁ}ngdéﬂﬁgd Dhghhat. ﬁe%it’,fiﬁth@rbe%&% of a2l FRStotARY &¥FLa in

tion I1s conmercially available, or can extracted
froma topagraphic map of .the area. The M of the area of j rest is
| oaded PAFGORHETS P edyio Al fURgr B OF errté’c%%hs?i‘/ssé’annecgfen%e?tsn,%gnfanée
generally to the SSR 3. , s
of overlap between the images, as explained before. The definition of that range
is necessary in order, on the one hand, to assure that no “holes” of imaging
exist, and on the other hand, that no extreme overlapping exists between

images of adjacent portions, involving more images than necessary. As will be

elaborated hereinafter, this procedure involves using the DEM 310.

In block 500, the center coordinates x,;y, of the first selected portion is provided
to the DEM 501, which in turn conveys the set x, :y, :z, (z, being the elevation

at x,;¥,) to the servo control unit 305. The Servo control unit 305, which also



As said, the reconnai ssance systens of the prior art, for exanple, as

di sclosed in OS 5, 155,597, US 5,668,593, US 5,692,062, WD 97/42659, US

6, 130, 795, and US 6, 256, 057, do not directly consider the el evation of the
terrain at the imaging area portion ile calculating the Forward Mbtion
Conmpensation (FMC), or Mtion ConpensSation (Ale) in general. Sonme of those
systens, for exanple, as disclosed in US 5,692,062, US 6,130, 705, use

i mage- tieceivegehe-r@l thoe mekatntoeodrdmageded the ¢arder ef thy agsay mat:e/, t:he
snmearing effects of the terrain variations and correct them using on-chip

t echni ques, ,put se teghni gues hawve. dr awbacks SC fore,.and

t her ef gﬁgmaltge r%t@g%tﬁ"g i 5@?&0‘3 PR ¢ %u\iggeﬁ OWi S%ép d? (Z:?s:l}ggl %ﬂrélgs?ﬂa&%g Sg%%al acks
include the need for three successive inmge captures for each usabl e inmage,
li mi t edresovivasl & ieavpbdisdupaiye disiglt bpupemghefcerier Of the awkpy iargdbe | ar ge
pi xel -shift between successive imges, and varying \Till during the 3-inmge
capt ur ecditee@$she k@l fRsexeaplpokties £he si grifid etdeeds afre tchaveyaVadithe (i . e,
altitude) factor, and shows how inmportant it is to consider directly and
in. real-tj t he el evatii.opn of the i ed terrai Ceneral.ly, i ri.or art
r econna®&Ahe ECEYY Pﬁﬁs whig easf?]%quﬁg ,es\}ﬁé%ﬁgséeg}re%%ﬁ? s&er %g%a' Peraft
position and attitude with respect to a global system but has no know edge
what soestep W16, thdhesktisahadhapdeisirntine whethair the3stodisignpirioelodreaptragr The
aircraft 750 therefore assunes sone fixed, ground |evel 756, generally sea

level , agedgph dHa8tbeeNovombletbhe Oracansiai thsanse dyshent ppotawaphisichhe area
whose center point is A during the exposure tinme, the aircraft 750

progr esses i. st ) r.eGgo i C i i: ght .4l _keep
Poi nt 1 o e b R Bt af R HBRRE, R Perflilf oflrp i Aohbdihen T
point B during the exposure tinme and for the npuntajin ¥57, a srear of

magni t ubfe thaliglars peperesgios. rog sy charge @l opleitphieny IorTe @Bl 6WeHg is a
nuneric exanple for assessing the pixels snear in the prior art systens
when caplagticitg @ dieradi mawctivetiagges baingtémnsed dydhieANR50 by whiich in a

preferable case has its inertial sensors on the gimbals. In step 507, the light
integration by the array components takes place. Simultaneously, during the
integration period a motion compensation takes place, again, to account for the
aircraft progression and any change of its (or more particularly of the gimbals
array) orientation. This operation is also performed repeatedly, in real time,
with high frequency, typically around 100 Hz, that guaranties highly accurate
motion compensation during the time of integration. At s‘éep 509, a check is
made to determine whether the integration period has lapsed. At the end of the
integration period, the light integration by the array terminates (step 511) and
the motion compensation of step 508 may also terminate (step 510). At step
512, all the array sensors are sampled at the same time (in a snap-shot
manner), and the image is stored. At step 513, a check is made whether all the

area of interest has been covered by the images already taken. In the



-50- oblique scenario: Aircraft flying at a velocity of 250m's, range from
the aircraft to scene of 10kmto |evel gTound, exposure tinme of 10nms, and
assum ng nmountain 757 is at 1/2 range (i.e. 5km, and altitude of aircraft
is 5km Therefore, the angular velocity of the LOS is approxi mately
12.5miliradis (aircraftVelocityaircratffAltitude) x SIN2(LOSdepress

onAngl e), and the angular travel of the aircraft during integration tine

i .s 12,28fixmatige case2Enarbeoasdade termhinadag|(eteps?l4)s I horerer.cthepBilhipeedr ad;
for a typical pixel Instantaneous FM. (IFOV) of 30 mcrorad this neans a

snear off iAREEstt R&mdbt Pbeksverbiges| theadpsincd tboreNerumey seyf @ordisdtde o6bl i que
scenari o, where, in this exanple the angular velocity is 250 / 1.0,000 =

25mliradis, and the resulti snear is 8 For t S ft i nyention,
£he pi soneShaR periaRHoLnPI) BE arbAerTarsh ot THE HEEMDte SRR Eharp o
The error in the LOS angul ar velocity due to range Et and velocity V
uncer t aletdtem izs a¢ alheusamedpdyidrheeritelr] GlWengeXtorma aortien Waay either be
located across-track (same row) or along track (new row) from the previous area
portion, depending on the calculated row width so that a maximum strip width
is achieved while not lagging behind the aircraft progression. Next, in a

preferable case (step 516) a simulation is made to determine whether, if an

image is taken when directing to said x:y:z coordinates, the overlapping area

between the area of the previous image and the area of the said new image
satisfies a predefined overlap range (for example between 10%-20% overlap). If
the overlap is found to be too great, this center point is then positioned slightly
farther from the center of the previous portion. If, however, the overlap is found
to be too low, the portion center is positioned slightly closer to the center of the
previous portion. This simulation uses the DEM, which is essentially a digital
map which also includes elevation at all the grid nodal points. The use of the
DEM for that purpose is advantageous, as the elevation is of high importance
when checking the overlapping issue. It has been found that after one or two
repeated simulations, a new portion center can be determined. The alignment
of step 516 as described is preferable, but not essential. From step 516 the

procedure continues to step 503 using the new x:y:z coordinates of the portion

center as determined at step 516, and the procedure is repeated until coverage

of all the portions of the area of interest is completed. Then, the system may



R = - For %monof 200m's, Mom of 15km LGOS depression angle of 20 degrees,
terrain slope up to 15% a typical INS velocity error of 0.045ns, a
typi cal LOS angul ar error of aired, a. typical aircraft position error of
30m a typical aircraft -51- altitudg,error of 42m and a typical DEM
altitude error of 15m we calcul ate (§§'I val ues 3a) the range error as
160m and the LGOS angul ar velocity error:

switch to scan a new area of interest if such is desired. It should be noted that

although it is preferable to scan an area of interest in a sequential order, as it
simplifies the portions overlapping calculations and improves the scanning
efficiency, the scanning may also be performed in any other, predefined (or not)

order.

As said, when directing the array to the center of an area portion, and
compensating for the aircraft motion and the orientation change, the elevation
of the relevant area portion is of particular importance for obtaining high
accuracy. Therefore, according to a preferred embodiment of the invention, a
Digital Elevation Map (DEM), i.e., 3-D map which includes a grid of the area of
interest, is used. Generally, there is no problem in obtaining such Digital
Elevation Maps of almost any area in the world; such information is
commercially available, or can be extracted from a topographic map of the area.
The DEM of the area of interest is loaded into the airborne system before the

reconnaissance mission, generally to the SSR 3.

As said, the reconnaissance systems of the prior art, for example, as disclosed in
US 5,155,597, US 5,668,593, US 5,692,062, WO 97/42659, US 6,130,705, and
US 6,256,057, do not directly consider the elevation of the terrain at the
imaging area portion while calculating the Forward Motion Compensation
(FMC), or Motion Compensation (MC) in general. Some of those systems, for

example, as disclosed in US 5,692,062, US 6,130,705, use image-to-image



-, 21.4)0 04)16u 15000 \1i. 200 ,, 150002 O. 14nrad/reci The pixel snear
during the integration tinme of 1Cins will then. be 0.14 x 0.01 = 1.4
mcrorad., which, for a typical IFOV of 30 mcrorad is a snall sub-pi xel
snear, i.e., a smear of less than 5% g% a. pixel. Various types of scanning
may be used in the system of the invéntion, as follows: a. Sequenti al,
matri x scanning: The portions of the area of interest are captured

accor di gngrelatiohein oséguentindireotipierstwnatd hhe tshecaanea effects rf the terrain

variations and correct them using on-chip techniques, but these techniques
have drawbacks as described before, and therefore are not considered in the
following discussion. These drawbacks include the need for three successive
image captures for each usable image, limited correlation accuracy due to
smearing of the first two images, large pixel-shift between successive images,
and varying V/R during the 3-image capture process. Fig. 9 exemplifies the
significance of the elevation (i.e. altitude) factor, and shows how important it is
to consider directly and in real-time the elevation of the imaged terrain.
Generally, in prior art reconnaissance systems, the aircraft INS, when used,
computes the aircraft position and attitude with respect to a global system, but
has no knowledge whatsoever of the actual shape of the terrain 751 being
photographed. The aircraft 750 therefore assumes some fixed, ground level 756,
generally sea level, as depicted. Now, if the reconnaissance system photographs
the area whose center point is A, during the exposure time, the aircraft 750
progresses a distance D. The reconnaissance LOS (Line of Sight) will keep
pointing at point C assuming a fixed level 756, thus shifting point A to point B
during the exposure time, and for the mountain 757, a smear of magnitude AB,

or error angle 752 is created.

Example 1
The following is a numeric example for assessing the pixels smear in the prior

art systems when capturing a terrain with large variations, showing a forward



b. Sel ective scanning: Any selection can be predefined, and the portion
capturing is performed accordingly. c. Manual capturing: the ca.pturing
of an area portion is carried out nmanually, according to the pil ot
selection. It should be further not eglsot_hat a stereoscopic imging could

al so be obtained by the systemof the 1nvention. Unlike systens of the
prior art, especially those disclosed in US 1.55,597, U%S, 6&@’ 062, ,and US
6, 256205 Tiquehesesysioe Mitirafthdymeakatvalenkoned sp0mdn wwmesrgentthe areradbscopi c
effect by "revisiting"” an area portion after the aircraft progressed to a
subst anbi gher@nayfl a0k 39! Reehanbund! expespecttime vhelGmnea apdr fsonpikgg. 7
shows how a stereoscopic image can he constructed by the present invention.
AS 1S kSUALD HRIAIL1533L8TERSERR) Cand TRISIRN oA ralERAIO8IAD] ect can be
const r U€Ped y using two i neges, each covering a substantial overl apping
portion of the area or object, .if said i mages ar.e take om.t poi nts
of vi evEheiedenear the Pagbia FRGTEY Gheths mﬁhlé gPHE‘PXWﬁ‘?lﬁ? gs%é@ﬂW1¥%£? he
imaged area. In Fig. 7, the reconnai ssance aircraft 200 flies fromthe |eft
to the (aightftVieboditye r aiteradisilstiode) XWESENPALIPdepressrondwahpl eapdi fhe A, the
aircraft sequentially captures the portion i mages 201, 202, and 203, by

directi Vol Bhahe atvrt Quitilesmitperdiansiaechy dbrmgkyo.oTher eabt er,
the aircr lglia‘fcf)lﬁtvlgln{i}gs to goi nt B. lag Mi%rlathe bi m bal s are directed.

B arBACIGRE] ofeS RBRBVAPS nowSPEL AEpBENTOBETy o, RVRRAT pflel e

substantial portion,for exanple, about 56% of each area pqrtion overl aps
in. thelnsragtanensist BRENIFCHM pbBAtBigortHtESaepas & F@egr 0k Maqrer s dpi

i mge of the area portion can be constructed in a known manner. As shown,
the invgpki@n provi des an easy, sinple, and conmpact manner for obtaining
the inmages required for constructing stereoscopic i mges. Wen interpreting
reconnai ssance photos, the stereoscopic effect nay be obtained, for

exanpl e, by displaying the two i mages of the ane area portion. at different

light polarities and then view the. display using.polarizi.n | asses

di rect i AGrecREIA ARy PR W@rﬁ%\g{’r %;ﬁé‘gedﬁ 1?1%% SB‘?‘P?&F&W%FH% lpig%‘g? e)é%.pl‘?’n a
nore preferred enbodi nent of the invention, two inertial Navigation Systens
are usethdynighéar edoainpiis 85006l 6080 enPomilitel/s nvedttherreswbing paear éulBar |y,
and as is showmn in Fig, 6, the INS 303 of Fig. 4 conprises two

pixels.

For the system of the invention, the pixel smear is much smaller, as
demonstrated in the following example. The error in the LOS angular velocity

due to range R and velocity V uncertainties is calculated by the following

v v i(arY (aRY
w=—=>Ao=—"" || — | +|—
‘R Rrinm Vriom erm

For Viem of 200m/s, Ruom of 15km, LOS depression angle of 20 degrees, terrain

formula:

slope up to 15%, a typical INS velocity error of 0.045m/s, a typical LOS angular

error of 2mrad, a typical aircraft position error of 30m, a typical aircraft



-53- separate inertial Navigation Systens. The first INSis the aircraft
main I NS 604, usually conbined with GPS, and the second INS is the Internal
Reconnai ssance INS 603. As said, the INS 303 is used for providing

navi gati onal data, such as the present coordinates of the aircraft with
respect to a predefined, preferably gﬁébal coordi nates system and
orientation data relating to the orientation of the aircraft with respect

t 0 sai dabfitohizl exconofid it esidsy syeienl D adetaddasrorofdénvexy cakaltat @11 and
has to be continuously updated in order to assure accurate direction to the
capt ur ed, A3 @’)‘ghé‘ﬁ?&n%éaélsro'r%ofé nll ThOTEeS o % fac‘xsyélhgcﬂ’f%yfcﬁ‘t e moti On
conpensation, even ng fast an ﬁarp maneuve e alrcraft. Thi
task i nvolves even nore conplicatl the elasticity of the

aircraft the portidns suffenofromyesy\’h gh6@ eIer ons amd very intense
airflow. Therefdéte, FhAétﬂe%O o e_E_d tsensitive
sensors, and to best conpenSate f e ai rcr t rrotl on |t has been found

by the inventors that it is essential to position an INS inside the
r econnall$sanczel systedurangtie efiegabtigndome hd 1finndbalil theanseDviesx f0r =
measuring navigation and orientation data of the ginbals, with respect to a

predef i ned gi-ehald, GPRicHi T8t es t?yﬁhﬁrmoﬁh%teém&ﬁmém h%taleémtr sub-pi

Reconnai ssance INS is preferab y posrtloned on the gi , proxi te to
the array that is efe ne n the ginbals as well, and

accur at & aﬁeh%u?& ‘an §h£¥§ 9@? :§§ the Internal INS must be |inmited
in size, and therefore may suffer frontsone i naccuracies and drifts,
according to the present invention the Internal INS 603 is connected to the
Aircraft Main INS 604. The main aircraft INS periodically updates the

i nt er naVarNoiswtypes bRscgahignahaddia fsed @l ithei fgtédh borhpossehtendrdd ts,
using the prior art transfer alignnent process described before. In such a
manner i g.bandwi dt h and hi gher accuracy of the ginbals servo is

obt ai ne yoical val ues for nechanical m salignment between the aircraft
and the reco alssan e system LCS are_ _10- 20 nrad, while th e aligned
on- gi nbal s & ALGFB NP IRIEE] ?BWWEH’EU‘?%S ecareriomtarestmee d. |t

shoul d be noted that the area. portions are typically captured by the

syst em ofiptirediareentingto itheia segnapsiadvtderamitbin thy pireabatrisi.t h much | onger
integration Line than the vector or array in systens of the prior art.

Wi l e the tymEdadtitd ek /i LNARST éélé'cthéh tctaa BY S @B elN & AN YR QS 1N
t he order of nlllrseconds In systems of the prior art using vectors, such
as, US 2 062, d US 6, 256,057, the typical integration
perlods%%Péu?gglﬁge %?E% 3?83¥§ 'nagnitude shorter (i.e., between 100 to
1000 tinmes shorter resulting in a nmuch | ower photonic sensitivity to
light. Thi & élenval qapéwringe Fheccapharinghef iy éeroRoree sisanammedyobavi ng
several hundreds or housands of rows and colums,in which each pixel is
exposed nignhadlifhtacderrding talthe pilve sate@@toncapturing tinme. In the prior art
systens using a one-di nension vector, a sanme captu period is divided

bet ween the pi xels of a same vector, which nust be exposed hundreds or

t housands of tines in order to cover a sane area portion. Nbreover t he

fact th of t he j,nvention all ows gnat fI in selecting

ar eas aiﬁsf%@rdft{eoﬁe 1 RPYPdatatsa SHeteAioPESI &F A éai ¢ bltined by

reduction in the anount of data that the systenthas to deal mnth (1. to
the system of the invention. Unlike systems of the prior art, especially those
disclosed in US 5,155,597, US 5,692,062, and US 6,256,057, the system of the
present invention can enhance the stereoscopic effect by “revisiting” an area
portion after the aircraft progressed to a substantial angular displacement with

respect to the area portion. Fig. 7 shows how a stereoscopic image can be

constructed by the present invention. As is known in the art, a stereoscopic



capture; store,and/or transfer by communi cations nmeans). Mre particularly,
i mges of only portions and. areas of interest are captured by the system
of the invention.. EXAMPLE 2 The following is an exanpl e show ng the saving
in the amount of data which the systemof the invention handles (istoring,
transmtting to a ground station. et €énparison with a pl118111)1:00M or a

| arge-si zed array reconnai ssance. system M ssion duration: ._. hours;

12 il ushnge esf bhi sreacenrachectreaa bb dimghrpetedr by yudiaggetrs wades, espéct to
t he phot ographed area- 40% for snap shooting. Th.e term "snapshot", refers

herein &&vequ@rangﬁbéﬁan\emlc@v&'lé pﬁiﬁ g Boiiih Bg&%s Peraeo§:c{ﬂj'(!3<tﬁaQF%ﬁ§d Yoo

exposed. to light froman area i‘on, and ata roma e array pixels

si mul t aneousl ead. at the e of the sa. i osur e; shbroom
or ' ar gEnePsedra ket oS pORUS G Yicrerie SR TN pertsh 630

planning (this is an assunption resulting fromthe ability of the system of

the i nveim birertwithetespectstel @t ivhagrhl prdeordintiigt &r blet seavnmbissaace anisaatf

interest, and to ignore area portions of nointerest): Sensors' data

t hr OUghQQQ fliat EraaCET IS 38 bhe2flgNYHESRS route as shown. When passing, for
example point A, the aircraft sequentially captures the portion images 201, 202,
and 203, by directing the on-gimbals array to these portions accordingly.
Thereafter, the aircraft continues to point B, at which the gimbals are directed
again to capture correspondingly the images 201’, 202’, and 203’ of the same
area portions; however, now, from the point of view of B. If a substantial
portion, for example, about 56%, of each area portion overlaps in the images as
taken from points A and B respectively, a stereoscopic image of the area portion
can be constructed in a known manner. As shown, the invention provides an
easy, simple, and compact manner for obtaining the images required for
constructing stereoscopic images. When interpreting reconnaissance photos,
the stereoscopic effect may be obtained, for example, by displaying the two
images of the same area portion at different light polarities, and then viewing

the display using polarizing glasses, directing one image to the left eye and the

other to the right eye.

In a more preferred embodiment of the invention, two Inertial Navigation
Systems are used by the reconnaissance system of the invention. More

particularly, and as is shown in Fig. 6, the INS 303 of Fig. 4 comprises two



- Low c
arc for
aki nand
recor di
|A = 28

onpression ate: 1:5 - Hi gh conpression rate: 1:1.0 -56- - Ove
snapshots reconnai ssance (according to theinvention): 40%to
across-track overlap; - Overlap area for 1)1, 3st:broom 20%
ng: 1. Snapshooting = (21r A605>§ 60) x 20MB/s x (0.4/5 + 0,611
@ - -

separate Inertial Navigation Systems. The first INS is the aircraft main INS
604, usually combined with GPS, and the second INS is the Internal
Reconnaissance INS 603. As said, the INS 303 is used for providing
navigational data, such as the present coordinates of the aircraft with respect
to a predefined, preferably global coordinates system, and orientation data
relating to the orientation of the aircraft with respect to said global coordinates
system. This data has to be very accurate, and has to be continuously updated
in order to assure accurate direction to the captured area, and not less
important, in order to assure accurate motion compensation, even during fast
and sharp maneuvers of the aircraft. This task involves even more
complication, as due to the elasticity of the aircraft the portions suffer from
very high accelerations, and very intense airflow. Therefore, in order to best
direct the array of light-sensitive sensors, and to best compensate for the
aircraft motion, it has been found by the inventors that it is essential to
position an INS inside the reconnaissance system, and preferably on the
gimbals themselves, for measuring navigation and orientation data of the
gimbals, with respect to a predefined global coordinates system. Therefore, the
Internal Reconnaissance INS is preferably positioned on the gimbals,
proximate to the array that is preferably positioned on the gimbals as well, and
accurately measures said data. However, as the Internal INS must be limited
in size, and therefore may suffer from some inaccuracies and drifts, according to
the present invention the Internal INS 603 is connected to the Aircraft Main

INS 604. The main aircraft INS periodically updates the internal INS with

rlap
tal of
Tot al
0) x



2. Pushbroom = (21-ir x 60 x 60) x 201.11B/s x (0,05/5 4- 0,95/10) x L2 =
18 GB As said,the nunber of high priority targets obtained for

snap- shooti ng reconnai ssance (according to the invention) 3 40%/ r,8 tines
ni gher than for push-broomor |arge-sized array reconnai ssance, and
therefore the overall efficiency of tPissire is: 8 x (18r28) =5.11in
favor of snapshooting according to the systemof the invention. This is a.
si gni f i oamigatmoradatdai for eflfgncnent yor posshleulrdftbeusiabedeherier art hainsthe
recon a sstemof the invention, by directing the LOS of the amls of |ight

sensi ti WBKaNSAs frotebodlcdbAbal Hetbid) BE sheast iyt degrngss b%BdWi\ﬁAﬂ?%}'i]‘}dl ]

8
enabl es tﬁe defining of an area of interest of arbitrary shape

cequent PURRY SBRAbaoF iEE kb e PhibRet Sriioa i BRu biinnice) ©

obtain images of those portions until covering the full area. The system of
t he i nvBHERBANEWaYI keswisen thalairarfi shdihegsvenaigsaiceasyspeni LOS areehlof
interest, it also el. nmatos the need for provjdjng dedicated. nmeans for

f or war d 200hired, ebiRetisablighed onegwhlsAd TNS LeE AP Bea6e Sialiemenait the
prior art. fcir example in LS o 5,597 :IS 5,668,593, 1,18 5, 692,062, W

97/ 4265 { d US 6, 256, 057. By directing the LOCS of thE
ter:cv ggi#gug?%gﬁ]g%vﬁmn{%&at | east two degrees of freedom and by

continuously correcting the direction to the selected area portion during
the e posu -, not only forward notion conpensation wth respect to the
forward axis is provided rut also consideration in.ade to the 3D shape of

t he t er fashodldrbenoteddilag thepres edrtionk ame apsically eap adiedrbye thpensatd 6h Wit h
respect to all three axes, This fact is of particular inportance, as it

enabl es t§HahPe MIGn Wnoe “GRASINRT igsndf &RGBy' &1df %zhué}PIo%ggé?rim AR ef

where the aircraft is positioned. with respecCt to e area of interest or
n _said area, and i.n what i.entation, the

syst em by PRt teBie s pBle in G B Do aPEOF eV BHE QN bingal

portions (ass g no obstruction fromthe aircraft body). Exanple 3
integration period in the system of the invention is in the order of milliseconds,
in systems of the prior art using vectors, such as, US 5,155,597, US 5,692,062,
and US 6,256,057, the typical integration periods are two to three orders of
magnitude shorter (i.e., between 100 to 1000 times shorter), resulting in a
much lower photonic sensitivity to light. This evolves from the fact that the
invention uses an array having several hundreds or thousands of rows and
columns, in which each pixel is exposed to light during all the area- capturing
time. In the prior art systems using a one-dimension vector, a same capturing
period is divided between the pixels of a same vector, which must be exposed
hundreds or thousands of times in order to cover a same area portion.
Moreover, the fact that the system of the invention allows great flexibility in

selecting areas and portions within areas of interest enables a significant

reduction in the amount of data that the system has to deal with (i.e., to



The invention was successfully inplemented with the follow ng pa rane

Ai rborne pod configuration; Nunber of pixels: Visual array: 2000 x 2000 R
array 640 x 480; integration times:1-15 ns; QOperational ranges: up to 30 km
and altitude up to 10 km Snapshot rates53 per second, both sensors arrays
operating sinultaneously. FOR, full spherical coverage, excluding a 30

degrees backward | ooki ng cone; 2’ a See also, Figs. 1. J) nd 1. ]ﬁi\ that are
the resul ¥P6FransteEs Landsr drpazien YOFOIPF%H%QHHP%Q}H%W oVEHCaBpT B Seess.

images of only portions and areas of interest are captured by the system of the

invention.

EXAMPLE 2

The following is an example showing the saving in the amount of data which
the system of the invention handles (i.e., storing, transmitting to a ground
station, etc.), in comparison with a pushbroom or a large-sized array
reconnaissance system:

- Mission duration: 2 hours;

- Fig. 12 illustrates this scenario. Area of high priority targets with
respect to the photographed area: 40% for snap shooting. The term
“snapshot”, refers herein to a manner in which all the array pixels are
simultaneously exposed to light from an area portion, and data from all
the array pixels simultaneously is read at the end of the said exposure;
5% for pushbroom or large-sized array — due to the efficiency of LOS and
FOR mission planning (this is an assumption resulting from the ability
of the system of the invention to better select high priority targets
within an area of interest, and to ignore area portions of no interest);

- Sensors’ data throughput rate uncompressed: 20 Mbytes/s

- Low compression rate: 1:5

High compression rate: 1:10



As said, in the enbodi nrent of the invention as described above, the area
scanni ng operation is perfornmed by the ginbals that first direct the center
of thearray's LOS to the center of the relevant area portion,then, an
exposure of the array to the |ight corn%gg fromthe area portion occurs
(i.e., the array starts integration of light fromthe area. portion), and
at the end of the fxposurgnperiog he i mage of the argg.ggr%'on is . .
captured. Next,”Vh&E'2Er FESF SCTLOEHSSOHT Fé HICRLACEEERE 5 the ARyt
portion. and the procedure of integration and capturing repeats. This
procedur e repedb% fubel af hlomgetracleangdararpentrask avhelagr ea of interest. Mre
specifically, in the above enbodi nent the ginbals operate during the
scanni ng of _t heRrRg ffcd R ¢ REbrddmazlunpi ng" manner, by which the _
ginbals first nove until an alignnment to the : Predefined area. portion is
obtai ned, then the ginbals are stationary during the exposure period
(except for notion conpensation novenent), and next the ginbals nove again
to direct the array to the center of the next area portion, etc. This type
of operatﬂ@ﬁﬂﬂ§cpﬁﬁpgéd in the nunber of snapshots per second as
denonstrated in Exanple 3, as the accel eration-decel erati on and st oppi ng of
the rel at ilyBhyphlesotyn gF-nBlak s 6 x th0Ne. 20 BAceq0di/fig @.6/K1)id 1.4anaBHeB

enbodi ment of the invention, the scanning efficiency -59- said, in the
"juinpin ot FRAMRIENGL L r i [ t + ferably
positioneg'ggg?ﬁe integﬁgfbg?%ﬁgﬁéfggggygﬁl?fEeggagggﬁggéiﬁgaaggRa?th
respect to said internal ginbals. in the inproved, back-scanni ng enbodi nent
the invention a back-scanning array assenbly 860 is nounted on the internal
gi nbal s. The assenbly essentially conprises |enses 861, and 862, stat
mrror 864s aadl, sh¢ ommedersphdiighoprigutly- axisethaditaseethniongsnan-ahoeigng
mrror or prism8- 7he back-scanningg mrror is nounted on a dedi cated

ot or, | nréd@rkasdamzeanntdidinethode ihien tSeani 4@, 0f5%he Saie@sdEhé©Bah S
performed continuously, or, in other words, the ginbals continuouslycol ums
(or rows) il L1368 BF 1ILEGEST aphoy LAORANGH! BhaUELAGHEY thaRd b S
scannlngtnnv nentdconesbog gp 0 irection a ;gnrpn an? PD ;ﬁn t
conpensati gn, as cri bed ahove. ver. an exact alignpent to the.center
of an ar eS?fIE}B?IP‘FYo : %HBB%lapr‘ré'dg th\ﬁr\g?fégﬁ?-fm ‘f%t(?fogr?a(l’égg%ﬂgé‘cﬁqrdﬂﬂ%
array) period begins, and the back-scanning mrror 86$% conpensates for the
scanni ng ¢tohhé¢ apsesy nbtlesrentendiont he gi nbals, only during the integration
period by maintaining angul ar novenent to the opposite direction in half

t he angul ar velocity. Wth reference to ig. 10, if the ginbals naintain a
scanni ng constant angular inertial velocity in the direction 870, the

back- scangi,ng. m.rror. £ ot S. dugd n e integration period (only) in

t he opposﬁ?%gﬁgégggpg%gggﬁgm?%&%h %&#H%u§ﬂgular velocity. In this manner,
the area portion is maintained stationary at the array

It should be noted herein that the reconnaissance system of the invention, by
directing the LOS of the array/s of light sensitive sensors using gimbals with
at least two degrees of freedom, enables the defining of an area of interest of
arbitrary shape which 1s divided, preferably in real time, to a plurality of area
portions that are sequentially scanned in a stepwise systematic and accurate
manner to obtain images of those portions until covering the full area. The

system of the invention enables not only efficient covering of a specific area of



305. At the end of the i(exposure) period the mrror 863 returns to its
initial Dosition, until, a newintegration period, in which the sane
constant novenent of the mirror repeats. The back-scanni ng enabl es the
ginbals to -60- nove at higher vel ocity;, wi thout having to stop for each
snapshot. Stopping the ginbals consunes nost of the duty cycle time due to

t he hi gh. . acce. |er dec ieration d to the Zf h inertial

gi mbal s aHHerdi %@9@ e%t ?ﬁ@e§3ﬂ£é¥gyuh%% e§5§ﬁggéﬁﬁﬂﬁhgﬁﬁgfvgfécan

nove much Faster thanks to its nmuch smaller inertial mass. EXAMPLE 4 The

angul ar rang®mwofompenfrika seamnaiwigediinr mconsaissppcs wEblemEof thg anpireart f

the ginbals nove at 60 degis and the exposure tinme is 10 ns, the angul ar
for example in US 5,155,597, US 5,668,593, US 5,692,062, WO 97/42659, US
6,130,705, and US 6,256,057. By directing the LOS of the array using gimbals
with at least two degrees of freedom, and by continuously correcting the
direction to the selected area portion during the “exposure”, not only forward
motion compensation with respect to the forward axis is provided, but also
consideration is made to the 3D shape of the terrain for providing improved
motion and orientation compensation with respect to all three axes. This fact is
of particular importance, as it enables sharp and wide maneuverings of the
aircraft. Moreover, no matter where the aircraft is positioned with respect to
the area of interest or to any portion within said area, and no matter in what

orientation, the system provides means for obtaining appropriate images of

such area portioné'(assuming no obstruction from the aircraft body).

Example 3

The invention was successfully implemented with the following parameters:
Airborne pod configuration;

Number of pixels: Visual array: 2000 x 2000, IR array 640 x 480;
Integration times: 1-15 ms;

Operational ranges: up to 30 km and altitude up to 10 km;

Snapshot rate: 3 per second, both sensors arrays operating simultaneously.

: FOR: full spherical coverage, excluding a £30 degrees backward looking cone;



di spl acenent of the hack-scanning mirror is 60 x 0.01 = 0.8 deg, which is
very A typical conparison: Using ginbals wthout back-scanning enables a
snapshot rate of 3 frames per second in a typical installation (e.g. Exande
3). The average ginbals velocity, for agield of View of 3 degrees, would
be approximately 3 x 3 = 9 deg/s. On the other hand, using back-scanni ng,

t he gi nbals can ve.at a i of, 60 (logrcs, resul.ti in 13 =20
snapshots?g?a'(?Eﬁg'%ﬁf%ﬁ%Yﬁé%ﬁﬁfén%ﬁﬁ%r%£9?ﬁ£§nﬁ*%%%H?nﬁﬂgu'nf?%&%
allowable rate is limted by the electronic franme rat_ of the sensor which
i s typi calchyng® and eyeHapant pheeed-bre hi gher than. 20 Hz, Fig. 8 and Fig.
A illustrate a specific ease in which the present inventionis -6 1- 700
has a m ssion to obtain irnagesof the two posts 705, and of a highway 710

| ocated between the nbt tains. in a reconnai ssance systemof the prior art,
in which C e t i . sensi tJ e ially
fixed w ti i o R R e P e habi ng
afield of viewlimted hy .ljnes 701 and.. 702) only. the. ar bet ween

poi nts B ABMINE PPEFatitR: 1f peslorpghy )t%ﬁo%}m%ﬁzlﬁ (i b ifech 1R GRIAT 961 nt s
A and C of the second (left) nmountain, |Imges of the two posts 705 and of

t he hi ghvidne dtta@’sdn@Sntet thebteaitmedf the rélemgni ane® pobiiouideph etmoexzgstuye of
(LOROP) the aircraft will fly towards the page, and the LOS will be

si de- obl i igde, bl oS UBSH AN dahiRDEEHT ld QPeadg@rt‘i&_l bhans k| thORdepLesss on

angle_ If the canmera, however, 1s not FIX' as in the case of the prior

h-.b . sSkb h ' U |
Cover age Brormu i eoROETHY iRy IAlD: ful S TR RO TRR R Rt on

bet ween the novenent of the field of view of the canera and the shape of
the terraihe. imegopithey area nestipnas eap tirpre o8 the wirgaps dBPa s idresied Ity
sol ved. Wile preparing the m ssion and the division of the area of

i nt erest,thet ceatqro9$i bl gekio ssehepdrtivyy, aodr dhoapectdube dfhentegniteon ofindn
area of interest, a. d to programthe reconnai ssance systemto direct its

L ; j i |
arras C%a@?gﬂﬁ%ﬁ&gf%%{tﬁcﬂﬁg rpge&r(ﬂire abpsafy @Malpe Riedsdined d}fth@ﬁdewa ofY

sel ected e alrcraft, so long as the LOS'i1s wthin t
systenis FOR Therefore,..as,.shown. t, 8A, mgi%e bei at .l qcation R, the
oy rays LBt HER SRar ool ol BiF 1 B EPotecEr B Bntdiirsef Lt ng
E, and later, while reaching point 8, the arn - LOS may be backward
di rect ed the eeamninghef gheaatrst wedntyshtls 0 aveMng| mehaer.eh¥ewhide the| |
area between the nmountains, including -62- ‘
gimbals first move until an alignment to thé predefined area portion is
obtained, then the gimbals are stationary during the exposure period (except
for motion compensation movement), and next the gimbals move again to direct
the array to the center of the next area portion, etc. This type of operation is
limited in the number of snapshots per second as demonstrated in Example 3,

as the acceleration-deceleration and stopping of the relatively heavy gimbals is

time-consuming.

According to still another embodiment of the invention, the scanning efficiency

is improved by using a back-scanning mechanism, as is shown in Fig. 9. As



the two posts 705 and the full image of the highway, can he obtained. The
tines 711 and 712 indicate the limts of the field of regard of the
reconnai ssance systemfrompoint R while the lines 721 and 722 inrlicat.e
the limts of the field of regard of th%%reconnaissance system from poi nt
S. Fig. 11. is a perspective viewof a hilly terrain 560, and its division
into area portions, including sone overlap between area portions. Al so
shown in $g. 11 1thes WP diBe SRS HNELAr8E2porRd dF BEseaptedr eptipy 1s
aircraft 561, and a | ater instance in which another area portion, 564, is
capt ur ed mefetnd]lgaoeitainedra@f the interdall Arsbholss aad alpplessevarevstationhey sane
terrain, and the nmanner of scannin.g or the area of interest by the

aircraft j [ i i ] rr .
fe%?@&“@} SHANAE S LOhbGIs. 38 th@qhﬁﬁBr@?%,g%a%kS%aﬁglﬁ%’?Fgc\%ﬁﬁmgﬁt of

summari ze, the present invention is characte g main.

advant ages over the prior art systens: The i LLty to photiograph.in any LOS
it ect | or i EeRUET BB keRanT0s SREATCROR) SO0 HO RaRR o haDs ipHraal
ability (e.g., for ard-oblique, side-oblique, down, and arbitrary | ooking)

t he Pri orglathalpedbrnasesayeessentigllyr esmpsisevflesegsabal eahilghfi2, senasiongruni t s
or a plurality of separate pods. This ability of the present invention
enabl es thereeweuagadaf [0 hendsadiffleSor( dus-axiabedkRehhhBNSotdtihigNdidor or

m ssion, with reduced storage requirenents: -63- - The ability to

phot ogr apf;'ri.é& 864 ﬂé BEai-gcetﬂﬂi%@trog.&{iﬁgtnilﬁgoy\ist Hlioﬂn%eci 8£%edé:g§éted motor.
In the back-scanning method, the scanning of the area portions is performed
continuously, or, in other words, the gimbals continuously scan columns (or
rows) of the area of interest at high LOS angular velocity, and this scanning
movement comes on top of the direction alignment and motion compensation, as
described above. Whenever an exact alignment to the center of an area portion
1s obtained, the light integration (exposure of the array) period begins, and the
back-scanning mirror 863 compensates for the scanning continuous movement
of the gimbals, only during the integration period by maintaining angular
movement to the opposite direction in half the angular velocity. With reference
to Fig. 10, if the gimbals maintain a scanning constant angular inertial velocity
in the direction 870, the back-scanning mirror 863 rotates during the
integration period (only) in the opposite direction 880, in half the angular
velocity. In this manner, the area portion is maintained stationary at the array
305. At the end of the integration (exposure) period, the mirror 863 returns to

its initial position, until a new integration period, in which the same constant

movement of the mirror repeats. The back-scanning enables the gimbals to



The ability to FOCUS on selective quality targets for a |l ong duration and
et manytures at the highest quality while the aircraft progressing. The cyc
-all mssion area is not recorded., hut only selective portions, thus
saving storage; The ability to photogragh in terrain with large variations,
by directing the LOS so that MD obscuring will occur; The ability to
phot ogr aph whi | e}‘},tge aircraft | sve&]: ng, thus inpcreasing n ssion fI.exiEi lity
and ai r crafte ShrivBRahy oty WHEOHbINAVENS £9 S o3t G et t'oé)tOPpmgt e
automatically in. the sanme mi ssion. Wile some enbodi nents of the invention
have beergiddsdsi bedshyesaymobt i lofustheat foty  icyclwi | tinkee dpp et theat higle

i nvention can be carried into practice wth many nodifications, variations

and adapt globRRatioANbcMick-AtibAG B Ple RWTEIAUSI A GHAYAD LIS b AlstBINAkdiye
solutions that are within the scope of persons skilled inthe art, wthout

departing oM the SRLT L ahs! Ml TS QR0e FELEF T ok E0RERL e

thanks to its much smaller inertial mass.

EXAMPLE 4

The angular range of the back-scanning mirror is very small. For example, if
the gimbals move at 60 deg/s and the exposure time is 10 ms, the angular
displacement of the back-scanning mirror is 60 x 0.01 = 0.6 deg, which is very

small.

A typical comparison: Using gimbals without back-scanning enables a snapshot
rate of 3 frames per second in a typical installation (e.g. Examle 3). The average
gimbals velocity, for a Field of View of 3 degrees, would be approximately 3 x 3
= 9 deg/s. On the other hand, using back-scanning, the gimbals can move at a
velocity of 60 deg/s, resulting in 60 / 3 = 20 snapshots/s, a rate which 1s more
than 6 times higher. The maximum allowable rate is limited by the electronic
frame rate of the sensor, which is typically 30 or 60 Hz,and therefore higher

than 20 Hz.

Fig. 8 and Fig. 8A illustrate a specific case in which the present invention is

advantageous over prior art reconnaissance systems. Suppose that the aircraft



K:21,7;1143; 1. Ln airborng reconnai ssance system conprising: G nbals

havi ng at | east two degrees of freednm Lt. |east one array of |ight
sensors positioned on the ginbals, for being directed by the same within at
| east two degrees of freedom Inertial _61-Na: vigation Systemfor real-tine
providing' to a ginbals control unit navidaton and orientation data of the

aircraft._with respect to redefi ned.gl obal ases ste Portion

sel ecti on7mbﬁsﬁ?ﬂ§%?%@ioz’éiglrd¥%aﬁ?s Bf%? Woé}ﬂ??%géga?% ob&r iedw a% Pt he
area of interest; Servo control unit for; A Receiving one at a tine, a
coor di natlesatedt bajfvaenethwemeetitymsale s perominenssasae dystm obdpe imsingatthenx: y
coordi nates of said area portion, and the elevation z of the center of that

portion; wBichRetetathBth Gant iHueusbYof HEM sahdtiveanihahtd)ay bgatdteN s rgtem
present |location and orientation dara of the aircraft; C Repeatedly

cal cul ati and .co %@@{'n 1. inta.a. ginpal er v.o it in real ti nd at
a high ra‘pghsﬁglﬁgﬁds] or: a2t L(ilrﬁelﬂﬂ‘r:]gcaclsll di'rec ?onp(f)lélitiltgéwhélie %‘flélgf%%l&l O?
di recting accordingly . the ﬂ)l nbal s i ncluding said at | east one arra

d

| i ght - sen§PHgemiadkhby duesdd Isand 792¢ 0glp et arambetvesn ppets dl é@déa%ﬁr?ﬁfba
port:lon, andJ during an integration period, in which the array sensors
i nt egr at eSrdti(ghthtr amingain amdt the @reeabgordanopeings oV adidng of ehé hecoidrigalts
unit, signals for conpensating for the change in
mountain. Images of the two posts 705 and of the highway 710 are not
obtained. In long range oblique photography (LOROP) the aircraft will fly
towards the page, and the LOS will be side-oblique with substantial
obscuration due to the small LOS depression angle. If the camera, however, is
not fixed, as in the case of the prior art push-broom or whiskbroom systems,
there is also no assurance of full coverage of the posts 705 and highway 710, as
there is no synchronization between the movement of the field of view of the
camera and the shape of the terrain. According to the present invention, this
problem is easily solved. While preparing the mission and the division of the
area of interest, it is possible to select any coordinate to be the center of an area
of interest, and to program the reconnaissance system to direct its array/s’ LOS
to these selected coordinates from any predefined or manually selected location
of the aircraft, so long as the LOS is within the system’s FOR. Therefore, as
shown in Fig. 8A, while being at location R the array’s LOS may be forward
directed to cover the area between points F and E, and later, while reaching

point S, the array’s LOS may be backward directed to cover the area between

points G and H. In that case, the full area between the mountains, including



direction towards the x:y:z coordi nates of the selected portioti evolving
fromthe aircraft notion: Gnbals servo for effecting direction of the
ginbals in at least: two degrees of fteedom according to the signals
proedded f= said Servo Control Unit; Sgypling neans for sinultaneousiv
sanpling at the end of the integration period pixel levels fromeach of.

said arr sensors, = al | Ied i.xel |leve ns an
i mge of a%l&‘ﬁ"o 8?%3 7r%’r ??@%he 1§%ﬁﬂa@é&‘ﬁg}a ?@aén?)‘il 313%? HE3S of
area portion inages, Systenladooern to cIa|n1I mhereln said one or
more arrallsl and gék elcliltdeftﬂtefi?fm’rﬂmltﬁ ezfsthaaf i & wél reigaghtofbidlos Fedovmazgsaage a
W |light sensitive-array, an infrared |lightsensitive array, a

nul ti/ hypgttaneeémapoiat MaywhasdhanidetiNeahd 1729 indid-Q0 tAEN8Yits o3 thSYslgm
according to claim1l1, wherein said navigation data of the aircraft

compr | sesrdakad g ald NohRat0G, 3L Lageban fnde aireraft. and its

vel ocity and~accel eration vectors 0 a predefi ned coor di nat es
system and its orientat.ion data re'latine to the orientation of the
aircraft with respect to said predefined coordi nates system 4. System
according to claim 1, wherein said. inertial Navigation System conprises
vel oci ty,Fiacdd! er atjeoapedintk ordventfat iholly sensonsh6(@tand easdiviaor iato saebd
sensors being positioned on the ginbals.

portions, including some overlap between area portions. Also shown in Fig. 11

1s an 1nstance in which one area portion is captured by aircraft 561, and a later

instance in which another area portion, 564, is captured by the same aircraft.

Fig. 11A shows an upper view of the same terrain, and the manner of scanning

of the area of interest by the aircraft reconnaissance system, as indicated by the

arrows 565.

To summarize, the present invention is characterized by the following main
advantages over the prior art systems:

- The ability to photograph in any LOS direction within a large Field of
Regard (FOR). In order to have this ability (e.g., forward-oblique, side-
oblique, down, and arbitrary looking) the prior art reconnaissance
requires use of separate light- sensing units or a plurality of separate
pods. This ability of the present invention enables the coverage of more
targets (i.e., area portions) during a mission, with reduced storage

requirements;



S, System acbording to claim1l, wherein at |east sone of said array's of
sensors being positioned on the ginbals. 6. Systemaccording to claiml,
conprising two inertial Navigation Systens, the first -inertial navigatien
system being the main Inertial Navigatign Systemof the aircrait and its
sensors being positioned within the aircraft, and the second I nerti al

Navi gation Sys | ed| ed. co issance system at
| east sone o%/ the é)gfrll{slgrtg @&égfgop%s 21'(1: %ﬁéf gllrﬁgarf% iqglfgflﬁg\l#ggl Povﬁlncéil% t%%rggi ng
positioned on the ginbals unit, nmeasuting navigation and orientation. data
of the ginbals Rh respect to the said predefined axes system for better
elimnating msalignnents occurring between the ginbals and LOS and the

sai d. mai n | nerltheahbiliavioglatioonSydt@meafiuthey ahrgrtaffor duengalwertrehaét i c
defl ections and vibrations of the aircraft, by using a process of transfer
al i gnment fromg.he ' ' I t1@, ' gﬁ)ﬁ,d S -
according to clgg?mﬁ%ﬁmﬁgﬁg%eﬁ ![\'l:ﬁe t%gr Fﬁgﬁééétgl(zgtl g ‘h,#lﬁl? ihs‘eu)é?f%tr °

cal cul ating and _det erni ni a center. of a next area portion that ovi des a
pr edef i ned overﬂrg%reﬁéﬁﬁeer[ﬂ%t REST 'H“Wr%@&e%rléa{mﬁdﬁefg da Btpﬂiva e5H¥ Rt
prevonsly inmaged area portion. 8, Systemaccording to eLmla 1, wherein.

i n an aut omat i @orBdes.dihuspevard evwrebe gi nbals are activated to cover in a
sequential, step--wi se nanner, the area of interest, said coverage is nade

froma. predefiTedabilabttiohgh@ekta®h iandraGe ok thnthrke dursdteded by 8&kefnpl an,
t hereby sequentially scanning one after the other area portions of the area

of interest, aqﬂei%@lsb\ﬂg?tgﬁ%ﬁﬁc%{iﬁg}ﬁgc&ﬁ%% said portions, 9, System

according to clarm1, e of the syotemthe pilot of

the aircraft defines . an area of interest_durine the flight, said area of
i nterest bei hge]{'hﬁ @iéﬁ?ycatpl }’h@FQﬂr@ng P"ﬁﬂl%P dthe| @aErainés JRaBePpHHERSn thyp|

the area portions being automatically scanned one after the other by neans
of correspondi ngtneadinrgeetisaign flexilnény thd arcgiftivatsvabilay, for ceptnri hg
i mges of each of said scanned portions, 10. Systemaccording to claim 1,
wherein the ginisal $Hi¢0eRs bper t\éﬁngh{i’ﬁﬁy%_r%tiﬁ{ytﬁ?ﬁly A HRXEh O sglombal s

mechani sm and an i nternal gi naitoa s nmechani sm
While some embodiments of the invention have been described by way of
illustration, it will be appé’rent that the invention can be carried into practice
with many modifications, variations and adaptations, and with the use of
numerous equivalents or alternative solutions that are within the scope of
persons skilled in the art, without departing from the spirit of the invention or

exceeding the scope of the claims.



11, System according to claim 10, wherein the external ginbals mechani sm
is used for coarse directing the on-ginbals array to the center of a

sel ected area portion, 12, System according to claim 10, wherein. the
external ginbals nmechani smhas two degrees of freedom elevation and roll.
-67- 13, System according to claimygd0, wherein the ill.t.:E Y. T.di

gi nbal s nechanismis used for fine directing the on-ginbais array to the
center ©f,@sel ected area portion, particularly for conpensating the
ginbals direction for the aircraft notion and orientation change during the
integration period, 14, System according to claim 10, wherein the

i nternaf. ZQ!%H%bérﬂ@@hﬁ%hﬁﬁlﬂ%ﬁm%“@ QggﬁaﬁﬁmgﬁsiﬁfedOWI yaw and pitch, 15.
Syst em according to cIa|n110 wherein the extern gi mbal s nechanismis

sl aved éo tQQ hnternal s nechanls f%%eF§¥St%ﬂ§%9C°Ed ng reclaim1l,

east. two de eas arra
wher ei n- T ng Y he |‘%egra i on period each ‘0 e ‘ax ray sensors

5|nuThanEGUQMy SemS@ﬁElpoghtlémQﬁndﬂ cbergmmpa@suaﬁgrgsnnmmdloéctéﬂebarea
portlOnﬁla@gm%twgpﬁﬁgnq;gf % U&pt grgéé 89 Hﬂ%rQ§g§ fromall the

array sensors is read sim aneous storeg as an’'image of Lbe area
porti onNavigation System for real-time providing to a gimbals control

unit navigation and orientation data of the aircraft with respect
to a predefined global axes system; Portion selection unit for
selecting, one at a time, another area portion from the area of

interest; Servo control unit for:

A. Receiving one at a time, a coordinates set of the selective
area portion, said set comprising the x:y coordinates of said area

portion, and the elevation z of the center of that portion;

B. Receiving continuously from said inertial navigation system

present location and orientation data of the aircraft;

C. Repeatedly calculating and conveying into a gimbals servo unit

in real time and at a high rate signals for:

a. during a direction period, signals for directing
accordingly the gimbals including said at least cone array of
light-sensing units towards said x:y:z coordinates of the

selected area portion, and;

b. during an integration period, in which the array sensors
integrates light coming from the area portion, providing to
the gimbals unit signals for compensating for the change in
direction towards the x:y:z coordinates of the selected

portion evolving from the aircraft motion;

Gimbals servo for effecting direction of the gimbals in at least
two degrees of freedom according to the signals provided from said

Servo Control Unit;



17. System according. to claim1, wherein the array |light sensors are
sensitive to light in the range of visual light, multi/hyper-spectral,
and/or an active illumnation. 18, Systemaccording to claiml1, wherein
the arrays are focal plane arrays. 19, Syetem according to claim1,
wherein the predefined axes systemigsa gl obal axes system 20, System
according to claiml1l, assenbled within a pod attached to the aircraft. 21,

Systam ayf; Guy lnggné Oﬁo(\t] @mﬁa@e%%%npl S%Mntgh LR Bnpayload installed inside

t he alrcraft W th Its w ndows protruding for obtaininu a cleai.,
unobst rb@t@dfa_lzllﬁé mrlSIdglﬁfLXel leﬁ)@isatfr?fhe%fcrfbﬁtf 8#1d Merpgdseb¥Hisnd 2a
transpagent, M;RA0ME s3iq sampled pixel levels forms an image of said

area portion; and

Storage means for storing a plurality of area portion images.

2. System according to claim 1, wherein said one or more arrays
are selected from at least a visual light-sensitive array, a UV
light sensitive-array, an infrared light-sensitive array, a

multi/hyper-spectral array, and an active illumination array.

3. System according to claim 1, wherein said navigation data of
the aircraft comprises data relating to the 3D location of the
aircraft, and its velocity and acceleration vectors with respect
to a predefined coordinates system, and its orientation data
relating to the orientation of the aircraft with respect to said

predefined coordinates system.

4. System according to claim 1, wherein said Inertial Navigation
System comprises velocity, acceleration, and orientation sensors,

at least some of said sensors being positioned on the gimbals.

5. System according to claim 1, wherein at least some of said

arrays of sensors being positioned on the gimbals.

6. System according to claim 1, comprising two Inertial Navigation
Systems, the first inertial navigation system being the main
Inertial Navigation System of the aircraft and its sensors being
positioned within the aircraft, and the second Inertial Navigation
System being a system dedicated to the reconnaissance system, at
least some of the sensors of said second Inertial Navigation
System being positioned on the gimbals unit, measuring navigation
and orientation data of the gimbals with respect to the said
predefined axes system, for better eliminating misalignments

occurring between the gimbals and LOS and the said main Inertial



23. Svstbm according to claim11, further cort,risino a back-. scanning
mechani sm conprising a mrror or prism positibned on the ginbals and
rotatable with respect thereto, light comng fromthe area portion first
", passing through said mrror which deflects the sane towards the array,
and, a. the servo control unit appliggs to the ginbals a continuous row
and/ or coil = scanndng novenent w thout stopping; and b. while the

di r ect i pn, tonardssan.;prea portioh ls heing establishad, (applying Lo said
back-scannf%g mtror during the integration period an opposite direction
novenentnavtifpregspectot ahsabdr ¢ tandl ons CQLAMprscasmiafg tcens feruous

”Dveﬁen%liir!?n%%%bhorﬁo ensay| P%r;torIN%hQ% gontd.nyous. fipvefrent and ensuri ng.
a. fixed orientation relationship, of the array Wi t h respect to the area
portion. nmarnmd. 24, A method for carrying odt airborne reconnai ssance,

Conpri sy Ngs s @y, E’FQ&@H?;JQ 8t least one.array,of JLights senskiiye pixels; b
Mounting the at. [east one array on g [c!pa..;.a having at lees': two
degr eesidfufadeddonrsbculrat nghengidwyalrsieary di ceetet het ar raytto-® sel ect ed

nine of ,S.ghfy €ar Providisng anddisnthal, Navigakiobe pyskenniQri phiai ni ng at
any tinme during the flg%gt t he updated.xééyr;z, coordi nates of the center
of the aFsapPOW-LANr @sp 28] acepr ederipedly cogrddnaid’s Peystem : d.
Providing a calculation unit for, given xpzyp |ocation coordinates of a
center of specific area portion within the area of interest, and the z,

el evati Bn TESEHi AaFe Gt"SaPdbdrt ilchWeeht et ,lrafd PR SEd X049§, vE. |

coor di ngtes: «Qfont PEe 8y 1@)h 1GeAL er 2 &li vSRRB. tSPRekid entd Myqudetesnm ning the
exact angl es for establishing _ _ ,

step-wise manner, the afea of interest, said coverage 1s made from

a predefined starting portion and according to a stored mission

plan, thereby sequentially scanning one after the other area

portions of the area of interest, and sampling images from each of

said portions.

9. System according to claim 1, wherein in a manual mode of the
system the pilot of the aircraft defines an area of interest
during the flight, said area of interest being automatically
divided into at least one area portion, all the area portions
being automatically scanned one after the other by means of
correspondingly directing to them the on-gimbals array, for

capturing images of each of said scanned portions.

10. System according to claim 1, wherein the gimbals comprise two
gimbals mechanisms, an external gimbals mechanism and an internal

gimbals mechanism.

11. System according to claim 10, wherein the external gimbals
mechanism is used for coarse directing the on-gimbals array to the

center of a selected area portion.

12. System according to claim 10, wherein the external gimbals

mechanism has two degrees of freedom, elevation and roll.



a. line of sight direction connecting between the center of the array and
the said. zp,:ya,:z, coorMnates; e. Gven the calculation of step d,
directing accordingly the center of the array's Ijoe cE Sight to the center
of the area portion; f. During an integration period, effecting

accunul ati on of light separately by gay of the array |ight sensors, g"
During- the integration period, repeating at a. high rate the cal cul ation

of step g wstaempgéé@&%r ay Xg;ivanza goordinates; and.mepeated vy,
foll ow ng each sal d cal cul ati on, correctlng the directior. as in step e; h.

At the ®ewehagfisthes i Freegrati 6 petiteatisanpld mg-a1ot He saFpayt S efSor s, and

saving L, & SLer 808 Ak taBgess Yo lthenar 5 AV iRANLLOD: 1dr cSRbEEId NG new
portion COOrdina::eS z Yy, za, within the area of i nterest, and repeating

Steps dR® Ginpar ot B tiew Eoordinalestart motion and orientation

change during the integration period.

14. System according to claim 10, wherein the internal gimbals

mechanism has two degrees of freedom, yaw and pitch.

15. System according to claim 10, wherein the external gimbals

mechanism is slaved to the internal gimbals mechanism.

16. System according to claim 1, wherein during the integration
period each of the array sensors simultaneously senses light from
a corresponding section of the area portion, and at the end of the
integration period the data from all the array sensors is read

simultaneously, and stored as an image of the area portion.

17. System according to claim 1, wherein the array light sensors
are sensitive to light in the range of visual light, IR, UV,

multi/hyper-spectral, and/or an active illumination.

18. System according to claim 1, wherein the arrays are focal

plane arrays.

19. System according to claim 1, wherein the predefined axes

system is a global axes system.

20. System according to claim 1, assembled within a pod attached

to the aircraft.
21. System according to claim 1, assembled within a payload
installed inside the aircraft with only its windows protruding for

obtaining a clear, unobstructed Line of Sight.

22. System according to claim 21, wherein the gimbals are located



j . When the coverage of all the area of interest. is conplete, term nating
t he process, or begi nning coverage of a new area of internst. 25. Method
according to claim?24, wherein the selection of x,Hyp coordinates of a new
area portion is perfermed to assure overlap between adj acent. area portions
wi thin a predefined range, by cal cul agi ng the 3-di nensi onal footprint of
the new area portion on the ground, and then protecting it on the footprint

of a previque rarga POrtionoq, 26-niMat od. according,1.0:4) ai m 25, wherein the
overlap assurance ie obtained by a trial and error selection, overlap

cal cul ation, and correction when necessary, or by an exact anal ytical

cal cul at i onsys2in Metdrod raceording, 1o el ainp: 24mpwhergi n atckeast some of
the sensors of the Inertial Navigation Systemare positioned on the 70-

gi nbal sSFBH G PO NG ™ HETREASHT Rg™of “ The ToPT At atRud 6P the Tartdy with
respectgimdiheasel ectdow@ 1ar gacpordsipans 2& rdvet hodgacaiddiing teocl@iem 24,
wscjii at |east sone of the |ight sensitive sensors are positioned on the

gi mbal s2FFPTEAPPovi G tt RESARAS UMY IBf St e "oriceAt W1 dn 96f L Ehe Life of

Si ght widds voespesttio drheysehective area

a. the servo control unit applies to the gimbals a
continuous row and/or column scanning movement without

stopping; and

b. while the direction towards an area portion is being
established, applying to said back-scanning mirror during
the integration period an opposite direction movement with
respect to said row and/or column scanning continuous
movement, thereby compensating for that continuous movement
and ensuring a fixed orientation relationship of the array

with respect to the area portion imaged.
24. A method for carrying out airborne reconnaissance, comprising:
a. Providing at least one array of light-sensitive pixels;

b. Mounting the at least one array on gimbals having at least two
degrees of freedom so that the gimbals can direct the array to a

selected Line of Sight;

c. Providing an Inertial Navigation System for obtaining at any
time during the flight the updated x.:y.:z. coordinates of the
center of the array with respect to a predefined coordinates

system;

d. Providing a calculation unit for, given x,:y, location
coordinates of a center of specific area portion within the area
of interest, and the 2z, elevation coordinate at said portion
center, and the said x,:y,:z, coordinates of the array center at

same specific time, determining the exact angles for establishing



20. Method Method according to claim 24, wherein the inertial Navigstion
System conprises a dedicated Tnertjal Navigatibn System of the

reconnai ssance systemand. the nain 'lnertial Navigation System of the
aircraft, to inprove the neasuring of the orientation of the array with
resect to the selective area portibnggby using a process of transfer
alignment fromthe aircraft Inertial Navigation Systemto the dedicated

reC_Onna!aS§ﬁ{bc%fs¥§%ﬁtm£rie'&%%£%odﬂ%@t%‘&ik%‘cw%é%t em 30 Methdd according to
claim?24, for further carrying out airborne targeting, cc... a.

M oNi i cMIFRY $8i%d “gf nballs *haXk: g @rrPéastetmo degrees of freedom so that the
gi nbals can be directed. to a selected Line of Sight: b. Prdvidihg said
| nerti at. NamvicgathencBystiemiborodbitaipnbingd ateanyigt koeoimigng the flight the

updat ed _coordi nates of the center_ qf e ginbals with ect to a
o eder | REd ocidr Hat oe Wy et G & Boebl g aea Eh L aE Ghe ohit for,
gi ven xptypidrocati on coordi nates of a center of a specific tatget within

the area of interest, and the zp elevation coordinate at said target center
and t hersahdcoor dinates; @k ibhe, giinbal s reentely atcusaie ispeckficd a,
determ ning the exact angles for establishing a Line of Sight direction
connect PR Fetw&eRY tHe’ Gentef dfrathelginbe%4id snid. coordi nates;

g. During the integration period, repeating at a high rate the

calculation of step d with updated array X,:va.:z. coordinates, and

repeatedly, following each said calculation, correcting the

direction as in step e;

h. At the end of the integration period, sampling all the array

sensors, and saving in a storage as images of the array portion;

1. Selecting new portion coordinates X;:yp,:Z, within the area of

interest, and repeating steps d to i for these new coordinates;

j. When the coverage of all the area of interest is complete,
terminating the process, or beginning coverage of a new area of

interest.

25. Method according to claim 24, wherein the selection of x,:y,
coordinates of a new area portion is performed to assure overlap
between adjacent area portions within a predefined range, by
calculating the 3-dimensional footprint of the new area portion on
the ground, and then projecting it on the footprint of a previous

area portion.

26. Method according to claim 25, wherein the overlap assurance is
obtained by a trial and error selection, overlap calculation, and

correction when necessary, or by an exact analytical calculation.

27. Method according to claim 24, wherein at least some of the

sensors of the Inertial Navigation System are positioned on the



d. Gven the calcuiatith of step 0, directing accordingly. the center of
the ginbals Line of Sight to the center of a selected target.; e. During-
the effective targeting period, notion conpensating for the :notion of the
aircraft by repeating at a high rate the calculation of step d with.
updated target cy,ys.r, coordinates, yand repeatedly, follow ng each said
cal cul ation, correcting the direction as in step d, 31. A nethod for

provi di pgutd, or. corpensahbop, durd ng -ah L hyprdi.pRoet ogtapking: compri si nc” a-
Providing at |east one array of light-sensitives; b. Munting the at | east
one arrayrvh "GithbaP P ItavitAgtat 1ESTIVEwdr He@réésonf freedom so that the
ginbals can direct its Lice of Sight towards a. selective area portion;
Providing an Inertial Navigation System for obtaining at any instant during
f1ight %ge Mipdatedeoorditfatesc ot e cente™ 6f thesSaryay ﬁ%ttﬁier espect to a

predef i neghicQehdi DAt £SeS¥StHEMire positioned on the gimbals, for
improving the measuring of the orientation of the Line of Sight

with respect to the selective area portion.

29. Method according to claim 24, wherein the Inertial Navigation
System comprises a dedicated Inertial Navigation System of the
reconnaissance system and the main Inertial Navigation System of
the aircraft, to improve the measuring of the orientation of the
array with respect to the selective area portion, by using a
process of transfer alignment from the aircraft Inertial
Navigation System to the dedicated reconnaissance system's

Inertial Navigation System.

30. Method according to claim 24, for further carrying out

alrborne targeting, comprising:

a. Providing said gimbals having at least two degrees of
freedom so that the gimbals can be directed to a selected
Line of Sight:;

b. Providing said Inertial Navigation System for obtaining
at any time during the flight the updated x.:va.:za
coordinates of the center of the gimbals with respect to a

predefined coordinates system;

c. Providing said calculation unit for, given x,:y, location
coordinates of a center of a specific target within the area
of interest, and the z, elevation coordinate at said target
center and the said x,:ys:z, coordinates of the gimbals
center at same specific time, determining the exact angles
for establishing a Line of Sight direction connecting
between the center of the gimbals and said Xg:yp:Zp

coordinates;



d. Providing a calculation unit for, given c.,by, l|ocation coordinates of a
center of specific area portion within the area of Interest, and the z.

el evation coordinate at said portion canter, and the said ca;y,:za

coordi nates of the array center at sane specdfic title, determ ning the
exact angles for establishing a |ineyef sight direction connecting between
the center of the array and the said coordinates; e. During an integration

pei dbd, whengthe.center ofidhecaskay’ sckpne, ofi:Sight |§c@ﬂd@ﬁ§@¢ to a
center of an area portion, effecting accunmulation. o ght seﬁarately by

any of the aFtayePightosensopénoalyj.ine Ofa%Tﬂﬁ‘FﬁetPﬁt%ﬁF§%18 Peri od,
repeating atsa itgh ratgd:ba calculation of step d with uodatea. array
X, ., Y, Z, coordinates and re: peatedly, fallow ng each said cal cul ati on,

correcting the §I£ [ J%%ec%?@'r@h§%§%18§”%§¥16§: the,array directed to the

center of the se fec area port Ma her re conpensating Ear aircraft.
nmovenent ; andompensating for the motion of the aircraft by repeating at

a high rate the calculation of step d with updated target
Xa:Va:Za coordinates, and repeatedly, following each said

calculation, correcting the direction as in step d.

31. A method for providing motion compensation during airborne

photographing comprising:
a. Providing at least one array of light-sensitive pixels;

b. Mounting the at least one array on gimbals having at
least two degrees of freedom so that the gimbals can direct

its Line of Sight towards a selective area portion;

c. Providing an Inertial Navigation System for obtaining at
any instant during flight the updated x,:y.:z, coordinates of
the center of the array with respect to a predefined

coordinates system;

d. Providing a calculation unit for, given Xy:y, location
coordinates of a center of specific area portion within the
area of interest, and the z, elevation coordinate at said
portion center, and the said x,:y.:z, coordinates of the
array center at same specific time, determining the exact
angles for establishing a line of sight direction connecting
between the center of the array and the said X,:y,:2p

coordinates;

e. During an integration period, when the center of the
array's Line of Sight is directed to a center of an area
portion, effecting accumulation of light separately by any

of the array light sensors;



g, At the end off Lae integration. period, sanpling ail the array senaors,
and saving -it. B. storage as inmges of the
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f. During the integration period, repeating at a high rate
the calculation of step d with updated array X,:Va:Za
coordinates, and repeatedly, following each said calculation,
correcting the direction by keeping the center of the array
directed to the center of the selected area portion,

therefore compensating for aircraft movement; and

g. At the end of the integration period, sampling all the
array sensors, and saving in a storage as images of the

array portion.



