-1- Al RBORNE RECONNAI SSANCE SYSTEM Field of the

I nvention The, present invention relates to a system
for carrying out airborne reconnai ssance. More
particularly, the present invention relates to an

ai rborne reconnai ssance system whi ch conpri ses one or
nore arrays of |ight-sensitive sensors, such as Wy,
visible, TR myiRBOWIRRIBEONN Ass NeRGY

illum nation,
Fd' o % ne ns of ginbals having at least two

said system further uses an

[ nertial Navigation System (INS) for providing

&ec prgsent r aulenhignarelatest woi ng, sysidmf ofor peaviydiigg o3P airborne
notion conpensati on. The sensors and INS are

r@doineliadnyte NPIbRE @A reituldify, Behlsent ﬁﬁfé‘ﬁgfoﬁav 1a s foNn airborne

I nvention Airborne reconnai ssance syst ens een

oi‘fla¥sslé§1%g n,&gfergawﬁl e ﬁ(gr%g:g]?s\év%f ?é%lgg%:e aﬁglﬁ%/i¥§ & light-sensitive

es from
| naI I Il mcanmera was used on board aircraft
%af)’t“fh pAgUtvheipibigy e, mrie/mar-speobnbnenactive illumination,
alrborne flln}canera based reconnai ssance systemis
thehdineenfysighofof tw hiehr kejuier ide ftotl Iohe vigd 013 S0ginkiPalhi hdWing at least
an operation that can be perforned only after

tw@AdbRGs otk AR R8MsDER b %‘gﬁh@i‘ E9 Hﬁ I.lagrt?yl ﬁa@éﬁlon System

systenms by the use of a one-di Mensi ona

|nen3| naI array o ht nsitive sensors in
AN Brranfiie ofefienaskuts coi Copirges andr loar Broviding 3D

then electronically stored within the aircraft, and/or
mEtioNs FPMPedsatgon, upensors 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




-2- base station. This is generally done in such
systens by scanning by the light- sensitive sensors of
the area of interest in the direction of the flight.
Ai rborne reconnai ssance systens are generally used to
obtai n i mages of hostile ar eag, and therefore the
task of obtaining such images 1 nvolves sone particul ar

s i.r gmen such as:. 1, Flyin he aircraft at high

bgRa e fBRe Thi s i mioiasln SPeh Satiens bhescapning §y the light-
being targeted by eneny weapons, and in order to w den
spR@tyeasgnsexnithedeg of arterestaigethdirdetjomgf the fadttur e

as nuch rel evant inmage information as possible during

as short as possible flight; 3. Trying to operate

under various visibility conditions, while not

1,8 : e ' of, t he;ima and their :
AR PRyt e DRt A0 B Tl JReA Jp PRF#1E eniges of hostile
hi gh unt ai ps, areas having . sharp ground
agey é‘%ﬁ?f?&f & the 5%551? ekobiginuie aweh Images yalvesysonthparticular
need for securing the reconnai ssance aircraft, while

ré¢qyirempenbovachascl ose to hostile areas has
significantly increased flying costs and risks, as

. SPhEhER hﬁ@rdﬁ%m@3§ﬁeﬁﬁo%%@%p?;§tg%%% ?‘)‘?der to reduce the

escorting of the aircraft by other,

i.roraf forne, the need for enabling a short
SR g TIRELS, oA DRG0, SER pRBsT ok the area
I ere are several other problens generally

- 3- TtP) se\ _

i fARIRGRE by ®ashimpagRy out ai r bor ne

Trying to capture as much relevant image information as possible during
as short as possible flight; |
Trying to operate wunder various visibility conditions, whﬂe not
compromising the resolution of the images and their quality.

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.




reconnai ssance. For exanple, capturing inmages froma
fast-noving aircraft introduces the need for the
so-call ed Forward Motion Conpensation (Hereinafter,
the term"Forward Mdtion Conpensation” will be shortly
referred to as FMC. Mdtion Compensation in genera

will be referred to as M), to conpensate for

ircraft nov nt during the openi.ng .of .the canera
TRREE o8 S TeE RERe e APPePAEY cBTaiShd oo SaRSERe out airborne
| atter case, the opening of the canmera shutter for
recranpiscpose Ber expomleccapiueing vmbent framthdast-moving aircraft
integration of Iight photons by the |ight-sensitive

inmteoderentthy. ndkan tbi gtlie s@nsAlldd eFsRARERAT S MYt S€SmipBnsation
t he canera (herelnafter thls type of image capturlng

(H\éllelmé?ﬁef etRd rfeqF{ O‘F%§' Md’t% CC&%ﬁteﬂgétnt?lﬁ; t%l be shortly

contrast to m cap Url ng

anera is t hree najor scanning ty es are used:
reterreg tOA%?@@ Mriap {rrRengatian R reswerak Wil hehreferrsdh to as
scanning”) - Ina first configuration of the
MAD)o ihg coFmapeks Sxafori aigerafhsdvieglentsbngng ithe opsanspobtley eamera
arranged in a one-di nensi onal vector (row),

sigftee (WhetHed mbehahibgl b bRRErodid: eht ﬂﬁ?sn lattRe cﬁgélri:ﬁbqg)fening of

of t he i maged ar ea | s obt ai ned by the progression
r eC|f|c c uratian of .
et oo, Aptegel £ DU Eibrbb Gy 5 e eatBnguivalant to the
TDI (Time, Del ayed Integratlon) conflguratlon a
ke ggagiqn 9f Jéghfsnhwogﬁrbén ihe| ghtfesetisiere comapnortsh.or s
(pi xel - rows) perpendicular to the flight direction
are provided at the front of the -4- canera formng a
two- di nensi onal array. In that case, however, the
WhehSlhght-sensitive sensors are used in the camera (hereinafter, this type of
image capturing will be referred to as “clectronic 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




1.

row of the array captures an area section, while al

t he subsequent rows are used to capture the sane

section, but at a delay dom nated by the aircraft
progressi on. Then, for each row of pixels, a plurality

of corresponding pixels of ali the rows in the array,

as separately neasured, are first added, and then

avera%ed in order to,determ ne the iXﬁ| nmeasur ed

i GRPETALRTRIE AV Gl aprianghitegul B iRyt casrothqsiever, the first
in the image is neasured N tinmes (N being the nunber

of reww)tharairelienptaxcsr ayedea Thétson) whije Brlhcke Fhbsequent rows
configuration is found to i nprove the signal-to-noise

r abir® usadcot EapitiiRe ahe ddife S8BEEn ABAL ialkYa ABthy RBminated by the
reliability of neasuring. ii. The Across-Track

Sc ' WN "W skbr,oom Scanni ngi) - | .
th@%ﬁsﬁ@%@@@éaﬁ%ﬁﬁg, 0L SRLH dF%nQ?oH’sﬁ%l eﬁsipﬁﬁrahty of
vector of Jight- sensitive sensors, arranged parall el

t oC?m‘%SquJgﬁg raxsle ofiadhthe rowswytherperays s sengratelst measured,
i s positioned on ginbals having one degree of freedom _
whaoh, figtiraddpd, hendl| thyht .aveepgat ddl yrdmves détermi®d &he pixel
vector right and left in a direction perpendicular to

t hghelistifcd 118t Infdnsat valiy. ! I 02{3 V‘?%ﬁ%%lgﬁgﬂ o clhg ixel in the

vector I1n an orientation para

fljght. . Another r.0SS- Tr Scanpi ng caonfigyration
use828® ARSI tymes (h ﬁ?ﬁl’f‘% @Wegbm% Pt yews} and then
sight (hereinafter, LOS) of a fixed vector of sensors
acryzagedadinis iAdepegabrask OV icgfigheationt ior founsletd improve the
such a case, the Across-Track Scanning of the area by

t heigghlibahoh@vian®, aiel (HeigiRRve The image quality and the reliability

of measuring.

. The Across-Track Scanning (also known as “Whiskbroom Scanning”) - In
tﬁe Across-Track Scanning, a one-dimensional sensing vector of light-
sensitive sensors, arranged parallel to the flight direction, is used. The
sensing vector is positioned on gimbals having one degree of freedom,
which, during the flight, repeatedly moves the whole vector right and left
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 veetor 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




of freedom while maintaining the forward novenent of
the aircraft, wdens the captured area. Another
configuration of the Across-Track Scanning is the
Across-Track TDI configuration. In this configuration
there exists a plurality of vegtors (colums) in a
direction parallel to the flight direction, formng a

t i iopalrarray. This Acraess-Track TDI, i )

i o R g W etk RGN Moo of dbe irerat
an_.inproyed reliability in the measuring of pixel

validens eCHRIERE LEaE. yAnother) panfesunasion of thiee Across-Track
signal -to-noise ratio. iii. Digital Fram ng Scanni ng:

| nSoagnimg idFrthoi AgroSedhmickgTDA éomdrgudthtiBAs [aNghisaédlkuration
of light-sensitive sensors is positioned with respect

t 0 théReeBER/NE wurdlgy@uﬁ&?%é&gﬁlgﬁgoﬁsa Qiige?c(é{oglfé_a]tiag%l to the

array 1s positione um-vec

col ing. a group of the array's ol utms)_are

oo R YR JEPIERE o e dhoibeRaeaianto RIgn  Across Track
conpensati on i FMO) is Er ovided electronically on-chip

(i Aheinevigdtarity ftoc dhe plAdoeg-dirncly) Stanting TDI, provides an
transferring of charge froma pixel to the next

adjmpentedpialplbility iHeheihesdi@ng OF pikdIGMIues e HASticularly,
sensor's exposure tine (also called "integration

ti BB aproPEmeiaE glqﬁf r e _l.s determ ned
sepa#a#gly&?br égggé% u%ﬁoegﬁg%géu?he whol e array as
... 1N US 6,256, 057 ere a slit_is noved in parallel to
. ¢ hPl%Pbﬁﬁ’éﬂaf%c fMngy e fendliggabnFrameng ngraneing, a two-
di stance (range) fromthe captured scenery, assum ng
f | dimexygionabariay M0igiTY-4@656ve easasnisqpisitien@k wetld @espect to
to handl e transferring
the scenery. In US 5,155,597 and US 6,256,057 the array is positioned
such that its column-vectors (a column being a group of the array’s
columns) are parallel to the flight direction. Forward motion
compensation (FMC) is providéd electronically on-chip (in the detector
focal plane array) by the transferring of charge from a pixel to the next
adjacent pixel in the direction of flight during the sensor’s exposure time
(also called "integration time"). The charge transfer rate is determined
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




of charge separately for each cell instead of col um,
a cell being a rectangular group of pixels. In the
system of US 5,692,062, digital image correl ation

bet ween successive franes captured by each colum is
performed, in order to neasuresgthe velocity of the
scenery with respect to the array, and the

cor. I: | f estimat.ing,the avera ;

rar?glglleo ﬂl%gcﬁ%ebnﬁ%&% ﬂ’e ;}%Eé g?y?alft&rg@hgypﬁ?‘gbs%ﬁumn 18
ﬁ{olon satlonlnterraln vvlthlarge )

vaPie rEed; HTH I’c‘i?n‘B@ﬁ%‘é*fei e velaerne! teeseanesy with respect to

capturing of three successive frames for each single
i mthe arraw dnd thhe:ocmladed)mtrleemltplsQmﬂSfoal’ﬁétﬁﬂﬁtlﬁ%rthbh@erage
final notion- conpensated franme. The systen1of

S, 88859 USRE doRmaxX! 8o Stl&h@c‘eﬂ@xjo? O the ;}5%[9'98 (Sﬁ? [motion

for expandl ng coverage of the are

nDtI n._conpensati on technj. ue .means of
O R ) 70Bnpensation
uses ﬁ zoom | ens that aut ormtl cally wvari es t he canera

fi Breghed W%W%a@%&uémﬁ)ﬁﬁmée renrgessieadrameerfbs each single

obtained fromdigital inmage correlation as descri bed

aboege, Thwof foel theofcornel eidon Spriodped aind 88€ %E‘ aMee fitdall Pmotion-
prior mission requirements for cover age and

r eé&hﬁéh@&edpﬁ'éﬁl nt le C%&Eelﬁr WakGnd fses a 3-axis sightline

characteristic rior ar reconhalss
yst ens |cular .el ectronically scanning
ALTigBRg §W£3ﬂ%§%§}y BK Cevenge g theareef interesteand it
need for predefining for the aircraft an essentially
st #RPlgR asowtivion gompgngatnen genknajuey bp peanaldft fadkferring of
such parallel straight legs), and once such a leg is
dethaigd,aleny cokithiad. 109,6, P0,706 W62/ zRm lens that automatically
varies the camera field of view based on passive range measurements
obtained from digital image correlation as described above. The field of

view 1s tuned in accordance with prior mission requirements for coverage

and resolution.

A significant problem which is characteristic of the prior 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




rapid or |large deviation, fromthe predefined leg, is
not tolerated, as said systens of the prior art are
not capable of maintaining a desired line of sight -7-
direction during such a fast and/or |arge deviation
fromthe predefined leg, resylting in imge artifacts
such as tearing (dislocation of image |ines),

- ' t Q ' r..substantial ga in
APRRR Wolil RO Rt Uit Bkl BlyiBHER) AP Php BRRR A2 leg,
signi ficant drawback when carrying out. a ) )
rESULRg Jits SRAEE ﬁ’f%f%icEﬁw sypbves dearmgs éislpcatinpsef mage lines),
area, when the need arises for the aircraft to carry
smearihgdelomgationesti pigelsd oe sobpendiwnyadeirettd Ra@r information.
targeting. Mreover, sonetinmes, in order to obtain
THRRO; gl j a,cC J d L, .

R vid P MAHT o CSBUTCRET rREALR, hEY Zining out
sharply curved .edges of the canyon. .However, in _nost )
rof Rt PO RN AR xS o sy dB BOsHi1a R it mced arises

cannot. tol erate carrying out such a sharply curved
forrghe pteemiadl to icavo! onh fasthmapeomerigegsta escahe eaegiedetdfction or
the line of sight with respect to the photographed

tasgetieg.y Morwtvber sdiehask chasaldretd SéhtaiRf gddwe imag]-ing of a
reconnai ssance systens of the prior art, for exanple,

cogﬁ)ggzg\%gg :;é&%%n,q%?i 2968 9 ga{%e\%)% 3 dsfo‘hz, §L5 9% beﬁs@q;o ;f?lslovgfthe course

elrr nee e vast anou

dat a. , The syste f th rior art not enable an

Ofegéey shazply, PP(%\éen‘f r?gﬁla% q%oghes (R OB o rk P BA%eTo f1ng IOt egpses the
of interest. Once operated, the system scans the

regpnnaigsaneeasysdewmisi chthehprionmet aanaotlitolechdeariyidy out such a
essentially no selection of specific portions of the

shaftplyeceBsasl bl:theutBein@! @hPolvi®y @RalP chanaRlih ﬂfee?nglfes of the
interest, the systens of the prior art nust handle a

line of sight with respect to the photographed scenery.

Another drawback characteristic of the reconnaissance systems of the prior art,
for example, US 5,155,597, US 5,692,062, WO 97/42659, and US 6,256,057, is
their need to handle vast amounts of data. The systems of the prior art do not
enable an easy, selective imaging of small portions of an area of interest. Once
operated, the system scans the entire area to which the camera is directed, with
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




huge anmount of data, i.e., be capable of storing the
full image data obtained during the operation of the
canmera, and transmission of it to the ground (when
such an option is desired). The transm ssion of a huge
anount of data to the -8- growpnd, sonetines in
real -tinme, requires usage of a very w de bandw dt h.
h -1 j cular i.ch eval ves. fromthi. .
ROl Sfonf it |2 v BLERETHET Redir g’ SR Midle bandwideh,
decoding a small data of jnterest within the said
Appther ; gﬁ‘ﬁ%ﬁé’ﬁﬁ?le@% wWhieh eygtugspizam dhis| limatrdidieds the need for
drawback of reconnai ssance systens of the prior art,
distingusstanpl®d decdlinfs 5@l difa5obRRe062, wRi® Thd 2680 {ull, huge
US 6, 130, 705, and US 6,256,057 is their limted
ammbBltht b¥ di& SRLKEE 1 mages in a wde range of a field
of regard. Hereinafter, the term"field of regard"
refers to the spatial section wthin which the canera
l'ine of sight can be directed w thout obscuration.
$ﬁstens of the prior art sonetinmes use separate
Stgdpeathes denwbpgks of reonirfaissancesisysiend rafcthonsrior art, for
(e.g. separate sensors for down-|ooking, side-oblique
exaimpley W8 &; 188, 59Ve)]S 5602065 a0 HTMEBEDOUP BOMIIRSS, tdhd US
the aircraft the ability of capturing inmages,

6,%55)@'57@5 ’Q;ﬁk{ﬁ] Mﬁi{mﬁ%it?fsts rb?i@'&lg]{%lcegrla%g%}ar%s ?;V?{;flé'a lraque of a field

ackwar st deways an n- an r
directign, .ang to.rapidly. switch befween these ) )
of bRt ReiDafier as e elikpiciesara) Belomnis Sbaspatial section

isgéiStenS' of the prior art, for exanple, US 5,155,597,
wiiBug vdesh 39@, cligef 42, OBIghV\Pad 7hel A6h2tedISrithout obscuration.
6,130, 705, and US 6,256,057 is the use of |arge-sized
SytseOmei FENBLOPRor art sometimes use separate dedicated sensors for
different sight directions (e.g. separate sensors for down-looking, side-obligue
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 5,155,597, 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




sensors' arrays, which becones a necessity for systens
having limted or no control over their |ine of
sight. The present invention enables usage of smal |
or nmedi umsi zed, two-dinensional sensors' arrays, by
t aki ng advantage of -9- the capability to quickly and
accurately nove the LOS within a large field of

e to stably fix the LOS on the ground scener
chinPreal LY G iancldy andhagirakely mevey ha bODRa la@ragmrg@ field of
i mage data by a nultitude of small/nmediumfranes
regeardertot fiablyriex $heglOd angéehd rgrovndt sc@ntiyevhide sSomltlring an
sized array would typically be up to 1 negapi xels

ikt | 90 P ebilher@NShétog Fﬁg{ﬁ!mlﬁiaﬁ@d (ﬁftﬁaybj}m%fl qnultltude of

typi cally be Gp to megapi xel s cont r ast

SR TR R -

invention is_that both the small and nedi umsized
S@ﬁda@x@faar‘eroublmgmblm e aumitp ablreegapigelisvendlibn pixels), and a
sensors' arrays, not designed specifically for

niegiomrszed ancey appld clicang beulp b hedgapikels CDBBYEhA, large-
appl i cations such as stills and video caneras, and

sfz@&gﬂrgfr@ +eY ¢ 18aﬂ‘§7 q%})ﬁgay(?'E)baMe%a{){ 'T%]aa fde dven larger. An

vendors  at [ ow prices. sensors nol ogy al
. ben fl%:s fromt € .enor nous i.nvest nent ba N ndors in

gRERAnE b o dresanty deveigmesd tht theyegsmall and

commercial market. In contrast, the |arge-sized
meddwmrsied ancy sseegonsmertiatly swarlablmasquamersmlesaisomé drrays,
by reconnai ssance systenms manufacturers, are conpl ex

nételds@ridie speeigitaligr fan-1ebbPndTBSd 08 agpnﬁaﬁaﬁé OBut dafher for
expensive, and are not wdely available. The

cr%rhfeﬂetrata!l QBBhSLmBﬁé ARl THRL TR videéd (gapnrlgraas? lélltn %%gfore 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 1s 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.




sensor is required to operate at the IR range rather
than at the visible range, since the current IR array
t echnol ogy does not provide | arge-sized IR arrays.
Anot her drawback of |arge-sized arrays is their |ower
frame rate with respect to s#@tl/medi um sized arrays,
due to the | arge anount of pixels processed for each
i mge. -10- Sone of the prior art systens enpl oy
on-chi p notion conpensation, for exanple, as
esCr | in.US 5 155 597, US 5,692,062, and WD _
SSE inehc ' B, 21t a7 SRS KDY ASduraPEtioq gmpRnsation, for
on-chi p noti on_conpensation concept. On-chip notion
cEOmMIdns 461 desarbedent ofed, bib,69andfRry,509,06Baraes WO 97/42659.
fromone colum/cell to an adjacent columm/cell during

Seherdlntdegwhilon dden@isdbcidted PeRhf kRE 6@lkRip Thobion compensation
process of transferring charges induces electronic

1.SES . Cregt I.gui t resul ti-ng in .
QRE ARuf BEAEY ERTIR I bofRHeicy eneliring charges
col urms/fell nd at the edges of the chip, since the
oz 9pe £8lwipg @totar%\ﬁ Fesent selamp(gelh duming ihecimtegration time at a
bet ween adj acent colums/cells. Some of the prior art
spgafiedwates sthie pirbatss af drhasfemang ahaxpeeinduéay electronic noises and
estimating the range fromthe sensor to each part of

cféh%e&é@ﬁﬁﬂbi%ﬁit&h&e&ﬂ@fﬂg 8l sni@Eend ié)??og%:q g@gﬁgels)é?ﬂg&e borders

for the farther portion of the scen rt
for th ko er. rti n%s n]gclcul.atethe )
08 LI LB OB B S bt Sz ahars
velgcity and attitude information with respect to the
tyangiery rafien gnaxwbendiffrrent diataieannadiarentyeolannsitéldmsSome of the
this generally results in substantial snearing as
psioowrt isystsmsmakeutheoflat hadphi@sgstital gy@d & ebthmS@IHL the range
cases, the sensor nust be
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




oriented during capturing so that its colums are
accurately parallel to the flight direction wthout
rotation, whereby any deviation fromthat orientation
wWill result in further snearing, thus seriously
limting mssion planning. Thgj.nore advanced prior
art systens use digital inage correlation between

: [ f f ch cell ;in the chi in qrder

uBHEEIRDUR LATERE RpBRCIRE e BtE Bt BohiF pyctes. The
for each cell. This process requires three successive

correlationy ey it dimyede hyhsmeasing iofdde, firAudwo images when
wasting systemduty cycles. The correlation accuracy

phstdgraphids Hyersmbamiitiglofgethariftions. Anetherpgesienhessociated with
phot ographing a terrain with |large variations. Another

chreRIten 3896 Blrgd (‘!}f}éﬂbe ORIt Ik %ml{%ﬁerésgg&e to the scenery

I
change of aspect “angl'e W th réspect to the scenery

bet ween the two successive es. For exanplg,. an .
befetEERh ¥ FHEPEE B FT SoRmmlo s ARragE abra velocity

15kmto the scenery in side oblique, using a chip with
oD26¢m/s phawange of 1k thabe seendrgSnasidelohfigue) vsingya chip with 2

(sonetines called VVR) of 250/15 = 16.7 mlirad/s,

Hzefrianid mgtd, wih havpest 1808 gnHelaeelofite I8SEbMMIBIARS] V/R) of
of 8.3 mlirad. For a typical pixel |nstantaneous FOV

256D 1817 qgfﬁlcﬁ'%,gfee%qurlg'ﬁ air Q%?eﬁg & GI Beto\{feueéz%l%cc%?ﬂve 1mages

pixels int over, e va

' not. constant at. any. ti during the m ssion i

o BbILERG. RHE EHEICA Lol msaniaTenEaBp Vg PO e of 30 microrad
el apsed tinme between the two successive inmages wl |

thiadoeans ashdtidf 270 patelein she iBage. Morbbeepsimme thetvalue of V/R is
systenms enploy a step fram ng nmethod to cover |arge

néf easstah@ratex@Rive @Srif8SEd BHdsion, ESpenifAP whSn thBCaircraft is
step fram ng net hod

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 1s used, but inaccuracies are induced due to vibrations of the
aircraft, and delays in transferring the measurement of the vibrations to the

reconnaissance system.




does not provide nmechanical/optical fixing of the LOS
on the scenery during exposure tine, and has a
limted field of regard. On-chip notion conpensation
is used, but inaccuracies are induced due to
vibrations of the aircraft, and delays in
transferring the neasurenent of the vibrations to the

recennai ssance .syst -12- |t is therefore an object .
Ttgp ff?‘ﬁsgfﬁr%éé]n‘?blfﬂﬁwfﬁﬁeoﬂfeﬁsn TBYGYd0R, b SEBRMS) & Eefiquaaissance
airborne system capabl e of tolerating and conpensating
airbprnge systivar papatdmeely deleratinghendi comattsamog ffor very sharp
|arge terrain variations, while still providing high

magsabvetd @f el d@biadb| £nd MBYesadk thA-adh €fa8hitions, while still
interest, within a very wide field of regard. It is

j ec - resent d.mvention.to -
P g G 0L b AL RN o RSl R gy wihin
of irre ant data is significantly reduced,
W?Wé?@?dﬁgﬁﬁgaﬁgﬁﬁg wor k needed for distinguishing
rel evant data fromthe fully obtained data, and

reduci ng ai rborne and ground i mage storage and
comuni cation requirenents. It is still another object

ItdE stiIEaRbaRENShjbAVE HeO Y eOn € AR go ??&iﬁé NOrQbnnaissance

very small aréas of interest wthin arge area

i.e., afield of regard),,.of, which, inmges can b
sk dvhic oS pPFRRLTS, HaroSBpEciatey If raepiany reduced
invention to reduce the comuni cation |oad between
thepefore refurngamerh ppasieddivadistinatisbimg wlevant data from the
communi cating inages fromthe aircraft to the ground.
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 afea (i-e., a field of regard), of which

1mages 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).




It is still another object of the present invention to
provi de an airborne reconnai ssance systemwth the
ability to capture inmages in a wide range of the
angle of sight (i.e., a wde field of regard). -13- It
is still another object of thesinvention to provide a
new and efficient nmanner of obtaining the imges
required for creating stereoscopic-view inages. It is
still another object of the invention to provide the
capability of conbining in the sane reconnai ssance
Itiss §bibh apgtherrahisst crfoﬂae apeentiperto anevidat »mew cambddficient
operation. O her objects and advantages of the present
mianwvent ¢f0mbvaininpetiendnaipesr enjuired fohecesiing Rtér@Bscopic-view
proceeds. Summary of the Invention The present
In%%%%ntlon relates to an airborne reconnai ssance system
conprises: a. G nbals having at |east two
degrees of freedom b. At |east one array of |ight
sensors positioned on the ginbals for being directed
by the sane  within at |east two degrees of freedom
Itcis vigl sanethge pbigns dfothetiowiengioat tol pestidentheDicgbability of
El evati on Map of an area of interest, divided into

copinivNsh the salnfe kédodinaliainga trh R8iopY §bﬁffhfé31{udlelﬁbdé bBEration
providing to a ginbals control unit navigation and

arld 5@%@5{1%%9[?%@&%%&0@ aircraft with respect to a

prede axes system e. Portion selection
unit for selectlng, one at a tinme, another area
portion fromthe area of interest; f. Servo control

unit for:
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; ¢. 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:




-14- A. Receiving fromsaid D gital Elevation Map one

at a time, a coordinates set of the selective area

portion, said set conprising the x : y coordinates of

said area portion and the elevation z of the center

of that portion; B. Receiving;gontinuously from said

inertial navigation system present |ocation and
orientaty on data.of the.aircraft:, C Repeatedly )

cal c I'aHeﬁ%W% Bom 5y isttal a B v Pagniat jan time, a
real tinme and at a high rate signals for: a. during a

di r ect i eeprgandted, sesiofthesselentivei aeet pogiag coidiseyleymprising the
the ginbals including said LOS of at |east one array

of i ghtx-gersbr@inatdd bf Ja@ledds paitthrX and the Zelevation z of the
coordi nates of the selected area portion, and; b.

during an ,nt ation.period in which the array

sensor s“CHET @ ?%‘r{i)%p?:‘iqb‘ﬁ’(; coming fromthe area. portion,
providing to the ginbals unit signals for

conpdhsBetsigito eonthsuehslygeoinnsalirieerfish navigaiodissytdtem present
X .y : z coordinates of the selected portion evolving

from theatioheiaf bribREtoh dSba 6F tHaAiScre@t:vo for
effecting direction of the ginbals in at |east two

degr ges I rding to the signals.proyided o .
fr omqg‘alef) %%t‘;e\(;%? %gir}qu?%ﬁﬁ nélu%(?g cﬁpveggﬁp]l’ﬁﬂga r%‘gli@\{% §prvo unit
si mul tanequsly sanpling at the end of the integration
peri od ’Eﬁaié}mﬁ at 1 haph satersighalsdow array sensors, a
set of all of said sanpled

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.




pi xel levels forns an i mage of said area portion; and

i. Storage neans for storing a plurality of area

portion inmages. -15- Preferably, said one or nore

arrays are selected fromat |east a visual |ight-

sensitive array, a U/ |light sepsitive-array, an

infrared |ight-sensitive array, a

mul ti/ hyper-spectral array, and an active illum nation

array. Preferably, said navigation data of the

aircraft copprises data relating to the 3D location, .

f ﬁ@yaisﬁ‘ QPE OTAHWTR TR é‘é?t%ﬁj‘%&ﬁ%d deqrm| & lgshrp visual light-

vectors with respect to a predefined coordinates
seystiemarany, a LSV diglendeatsitove-datay, rael atfragedt hghthieensitive array, a
orientation of the aircraft with respect to said
nUIeHef pdiegh e ARl AirPRf, SRl Sh 8Btive E’mﬁﬁﬁﬁéﬁ{)ﬂ arpdy.d

I nertial vigation System conprises velocity,

accel eration, and orientation sensors, at |east sone

of said sensors being positioned on the ginbals.

Preferably, at |east sone of said arrays of sensors
Prefergilyi spshadvigationedaty abshe airraftcqommprises Hata yelaging to the
uses two Inertial Navigation Systens, the first

3Dnlecatian of bhy afetafipasy stsevelbdtyngnt hecélaratibn eetiodk with respect
Navi gati on System of the aircraft and its sensors
6% BleRRfldd 0ORAINM DI kR AAL IA! bricRfliod 4G AIBking to the
I nertia vigation System being an a system

dedj cated.t 0 the reconnai ssance syste at | east sone
oRjEnta1aS o L g SR Eeranta et aane Raeh gagrddpate system.
System being positioned on the ginbals unit,

measuri ng navigation and orientation data of -16-

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




the ginbals with respect to the said predefined axes
system for better elimnating msalignnments
occurring between the ginbals and LOS and the said
main Inertial Navigation Systemof the aircraft due to
aero-elastic deflections andjyibrations of the
aircraft, by using a process of transfer alignnent

fromt,he sai.d first |INS t he . sai d cand | NS.
b reﬁé’?%ﬁgﬁywl &P gt &P Eﬁ%vsﬁliioﬂr qeg AXpgpsystem, for better
conprising . a grid of the area of interest, the x :
ehminapgdmisalienmapniss oggursinh betweere the dzimhpds ramd ilugs and the
said grid being provided by said map. ' Preferably,
sdide mai ilovridel edavigativnl tSylsserdsefl fher asalraft! AhideNdo aRGro-elastic
determining a center of a next area portion such that
; pr, fined v . aid | hage
e g IR I oB B AR BRETER 128 25 sBolgFRaSE bramster
ortion.. Prefer ., -.0.,an autopatic of
aBgarstl oo Gritbarss W tehe oarbeecond Biver in a
sequential, step-wi se manner, the area of interest,
said coverage is mnade froma predefined starting
portion and according to a stored m ssion plan,

Prdéreraly, sleIUesich PRIt 2 MA10iLR A bomptlien #LN8d % Re area of
portions of the area of interest, ‘and Sanpling | nages

. e of sai i ons:. Preferabl in nual . . .
BRI CPR o252 MOy P SHAPY d BoRa B Hhn ceid i

an area of interest during the flight, said area of
beimgarrevideddisnspidunepmat i cal |y divided into at | east

one area portion, all the area portions being

automatically -17- scanned one after the other by

means of correspondingly directing to themthe

Pfs)éc}g%] ] ,aii')lger ?{ngcﬁésﬁ sél%ﬁtiﬁ%pltuﬁ% 4 %s{ag?grefszal%fﬂa%ar%] agfi (fe%lqmining 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




Preferably, the ginbals conprise two ginbals

mechani snms, an external ginbals nechanismand an

i nternal ginbals mechanism Preferably, the externa

gi nbal s nmechanismis used for coarse directing the on-
ginbals array to the center ofi7a sel ected area
portion. Preferably, the external ginbals nmechani sm

sB2snd 1B nd e&f&eﬁle%tl{ei'ﬁgﬁﬂg@lar?geéfe%%éﬁg)gnaﬂg 15 gcil%escéwg k9 them the

Preferably, the inter al’'s nmechanr's
fine diirecting the on- ginbals array to.the center of
oR-ENAE G A FEHEREIE UBARES ehfiagh of A soanned portions.
conpensating the ginbals direction for the aircraft

notion and orientation change during the integration
period. Preferably, the internal ginbals nmechani sm has

PiruferdBLY, €BS gﬁhbﬁIsQl%(ﬁQmisé/ BWo Afthabd %ﬂ%'&hgﬁfs%% Legcple)\(ternal gimbals

the external ginbals nechanismis slaved to

' - [ 3 hani sm__ - 18- .Preferably, during
[4‘%21%2 egagla |rgﬁl§t§5?qlg§%1@i&%1ﬁ BFYHESFr ray sensors

si mul taneously senses light froma correspondi ng

section of the area portion, and at the end of the
integration period the data fromall the array sensors
Prreferaklyd the putdrantgimbils medhshizieth asedfor dbAYIS: @frebifg the on-
area portion. Preferably, the arrays of |ight sensors

g?ﬁﬁa&%b& ity 8hé CentePRF ol &lé(}"cgd ra@%?‘g)o?gion.\/i sual Iight,

R, UV, nulti/hyper-spectral, an ran active

ildummnation.  Preferably, the arrays are focal plane
Pg?ﬁeg ly, the externa glmbbs}ﬁs mechamsn%/ has two (ﬁagrges 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.




Preferably, the predefined axes systemis a gl obal

axes system In one enbodi nent of the invention, the

system of the invention is assenbled wthin a pod

attached to the aircraft. In another enbodi nent of the

i nvention, the systemof the ijgvention is assenbl ed

wWthin a payload installed inside the aircraft with

' . ndows r ot r udi for obtaini.ng ear,
PRRlckabhS AR ot R0, SheadGh P oAU PR hEaiezray  sensors
are |ocated at the front of the pod, behind a
siHpyHapspesly sapsasidight. from pncomesnamddnasaction afide area portion,
i nvention, the systemfurther conprising a back-
asdaninting eng o ahe Smanepionspadod the rdads BEmpgll $He array sensors is
positioned on the ginbals and rotatable wth respect
C

b S o SR L BRE Qe PR b Ay,

towards the array, and: a. the servo control unit

applies to the ginbals a continuous row and/or col um

scanni ng novenent w thout stopping; and b. while the
Paetesgblyortbeowmrass adnlight eanpwmst i sessibigen light in the range of
establ i shed, applying to said back-scanning mrror
ikl tight! 18, W e0ileihPpePssdceehlain @BP A%l 4@ ivd MR IRRion.
nmovenent with respect to said row and/or colum

scanni ng continuous novenent, thereby conpensating for

that continuous novenment and ensuring a fixed

orjentation relationship_of the array wth respect to
PFWL@T’QE’]@aﬂb%?%Iia(Xﬁ qrﬁ&@%.m?ﬁé At i on further rel ates

to a method for carrying out airborne reconnai ssance,

whi ch conprises: a. Providing at | east one array of

l'ight-
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, uncbstructed Line Of Sight.

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

window.




sensitive pixels; b. Munting the at |east one array
on ginbals having at |east two degrees of freedom so
that the ginbals can direct the array to a sel ected
Line O Sight; c. Providing a Digital Elevation Map of
an area of interest, reconnajgsance inages fromsaid
area are to be obtained; d. Providing an Inertial

Navi gati o temfor. obtaining at an [ during.the

Iy ﬁ‘b%tm‘?fﬁﬁms%%d%f:n e ipven et s Sstrt furtber Gprpaising a back-
center of the array with respect to a predefined

SQEEBYLEE napelamiyet epmpeisiig avindiney @ pabmy pasitomednin the gimbals
for, given xP : yP location coordinates of a center

and peeible ovithegespett thereth! Micht tdoniduelod] the rﬁl%%le?&rtion first

and the zP el evation coordinate at said portion center

P RRP PG 520 RV R LAY G il v .

at same specific tinme, determ ning the exact angles
theoﬁervé’s?ﬂaﬁr‘i%sﬂmga@qﬁ?%@ bhe ﬂ@l’ﬁ’@%d Areatimipusciave andiy column

between the center of the array and the said xP : yP
scannPng aopwématt syithoutGstoppingeandl le.uvhilieotheofliret8pn &owards an

directing accordingly the center of the array's Line

1 Shi@fin 10ndi f abBEyi LR RcadhinBk i
v Postls LEDUE CEBNE pPRiALS sBPLRR Sy REAEr duing
the a i ght sensors:;

separately by .apy of ray..l n h. .

U ARGt PGSR pRspSpis, Hofetion wemon) Wwitharehpgg to said row
rate the calculation of step e with updated array xo :

ag@or coimpowaanieg eentigngus éwp@aﬁre@nw,t%embm@mgenmg for that
said calculation, correcting the direction as in step

colntiiuovdt mbhement aafl doReriny & fixetli@icniatioadel SAINI PGS the array
all the array sensors, and saving in a storage as

wiﬁlﬁ%%ﬁe&ftotﬂﬁ% aﬁ%ﬁ%rﬂ@ﬁtib%ecﬂ . Sel ecting new portion
Py, |z

coordi nates x thin the area of interest,
and

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,V

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

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




repeating steps e to j for these new coordi nates; and,
k. Wien the coverage of all the area of interest is
conplete, term nating the process, or beginning
coverage of a new area of interest. Preferably, the
sel ection of xP :y, coordinatgg. of a new area portion
is perforned to assure overl ap between adj acent area

t i:1 R defi.ne range, . by cal cul ati
B g L LB PB S g BROSt LD, A s of the
the ground, and then projecting it on the footprint
apfaya qeager oat samea ppetifion.tima]l- dBeefrdnaly yihe hexact angles for
overl ap assurance is obtained by a trial and error

et@bBShIR A LiRVEr dight ﬁﬁjeféﬂbﬁtcbﬁﬂecﬁﬁg b%%lEz&‘f:tilQ BefR@Nf the array

necessary, or by an exact analytical calculation.

Preferably, at |east .sone o he sensor f.the . )
L PE I Ko Dy BTG ST B e Ve LT ORISR phate o directing
gimbal s, for inproving the neasuring of the

adlor&icd¥ 1the @ntbhf tAkl MfaWst NideTFSIoHiOtd 18 center of the area
sel ective area portion. Preferably, at |east sone of

. ght jtiVv I re. positd gned on the .. .
oyl € PEFRE ol IR EAAROR el n R Ao ation of light
orientation of the Line O Sight wth respect to the )
separataly iy argoigdeiaway Lt sansersi, bt Baringethg ftegration period,

Navi gation System conpri ses a dedi cated Inerti al
rdfeatiget a0a I5ghtrate ohe chikul edonndissgaoceithygikiredndrihe :y_ :z
main Inertial Navigation Systemof the aircraft, to
i npr.ove the ,neasuri of ,the orientatipn _of the array. .
A s BB T i el BHPTSRE a0 61T (ol BYioRs PG ehting the
process of transfer alignment fromthe aircraft
dirpetion qs mas,ﬁegaﬁ; iloAt gygt@m pbtheentegration period, sampling all the

a

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 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.




dedi cat ed reconnai ssance systenmis Inertial Navigation
System The invention further relates to a nethod for
provi di ng notion conpensation during airborne
phot ogr aphi ng whi ch conprises: a. Providing at |east
one array of light-sensitive2pixels; b. Munting the
at least one array.on ginbals having at |east two

f h I; I an.-diregt its .
PRARLRRY. the SEREAI-ERuldite hoBU BT L BTA GRE oMbF setection,
ortion: c¢. Providing a bigital Elevation Map of an X
0‘2%@%? SF‘IQUE%%?%’S?PSr@%BQﬁ%%? BelPGASERYY . QT RY 3 @Xagteanalytical
are to be obtained; d. Providing an Inerti al
caNendagimmi. on System for obtai ning at any instant during
flight the updated xo : ya : zacoordinates of the
center of the array with respect to a predefined
coordi nates system e. Providing a calculation unit

el 00 et b RRp RO L B G ER B tom are

and the zP_el evation coordinate_at said portion center
resitigpedpRdbergsrhals o 1mpgpviag theenaaswnngwb thendienbation of the
said xa : ya : za coordinates of the array center at
aayevisheesfdat thithe sethet®enrsh pgrtibe. exact angles for
establishing a |ine of sight direction connecting
between the center of the array and the said XP : yP
zP coordinates; f. During an integration period,

en.the nter of t array's Line O Sight is .
Pﬂqﬁ}? ¥aat e%stcéqmsrot}g?heaﬁgﬁf/ SEDPGIYE BFNOTE e pRpitioned on the
accumul ation of light separately by any of the array
gimhsls, fanigeprvige tbarmegsutihg dinthegomentriigreof dbe Line Of Sight
repeating at a high rate the .calculation of step e

withtfespegidetidd slddwexdrea phtionza coordi nates, and
repeatedly, follow ng each said calculation,

correcting the direction by keeping the center of the
array directed

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




to the center of the selected area portion, therefore
conpensating for aircraft novenent; and h. At the end

of the integration period, sanpling all the array

sensors, and saving in a storage as imges of the

array portion. The invention fudrther relates to a

nmet hod for carrying out airborine targeting, whichb

C rises: a. Providing at | east_one weapan; -23- b.

Sm?‘a vy dsts S%@cwgss%re%r@rmgpsnPs%wé%%wngawi Rlgvation Map of
| east two degrees of freedomso that the ginbals can

agi areat oftintensel penotwaiasswteeth aged from XidSughtarecto be obtained; d.
Providing a Digital Elevation Map of an area of

ProtvRIi€Stan $84.R041eaL RS LRSS SyWddi Br %itgirﬁﬁg aataéﬁytiﬁs%t during
obtained; d. Providing an Inertial Navigatifon System

f ar. gbt ai ni at any tine,.during. ,the flight. the .
1 Pt S el e Bor sneharuBits P e Gonter Hghiiray with respect
weapon with respect to a predefined coordi nates

t® s pesdefmedPeardihiate s asyseday leatProfiding ta tAlculMiyeniP for, given
. yP location coordinates of a center of specific

ar.ge 4 hi A -

5P LGelocthb Bt £ ol B kst BSrd s withinthe v o
obtained fromsaid Digital Elevation Map, and the

nserektxand tha z, glavationdionadieatoht thid prepacesest 85 obtained from
same specific time, determning the exact angles for

est apl i shi a.li of Sight Direction connectin

S%‘E’t @é@ﬁaf :‘?ﬁg\%%ﬁap: fpd &é%ﬁéhie dnd Y hé: §89’€111%@‘9<?S gpthe array
: zP coordinates; f Gven the calculation of step e,

célite@ i S9mBCHREMINBinYe t AtesRhRly Phe LRE:t WRBRRAMOL dBablishing a
O Sight to the center of the target;

line of sight direction connecting between the center of the array and the said

x, 1y, :z,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 peri od,
noti on 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 nent of ,the present invention
the notion conpensation of step h is carried out by

r ati.n t [ rate the calcylation of step e
Y ez f?tafg&gF 04 WeapRn o1y G BRISHRARESS 1aAtk two degrees of
repeatedly, follow ng each said cal cul ation

freedomr srthatghetgmliale canchirent the waappnfto a- @dectBdilahe Of Sight;
Description of the Drawings In the drawings: - Fig. 1

& PMsvidinges Diditalt Elshiion Mapof QR0RR3 56 MGSesY SofBred targets
assenbl e wi thin a pod, according to one enbodi nent

Wiﬂgﬁ}l %323 aErQé’%ﬂ% L9Bs OPﬁﬁt‘%ﬂ' 1A shows anot her enbodi ment

€ i nvention. I's configuration the
econnaj ssance systemis assenbled as a payload into, ]
c{-héroa’.l KR Insé%ﬁ Nawggtion Syséem foreobiputingi alapny time during
structure of a ginbals systemaccording to one
the dhighditlentipdftetdhex, i:pyenfdoondinatdd @f thei bdnistreft €lse weapon with
several nodes of operation, typical to the system of

t h invention: - Fig. 3A shows an area of interest
reSp&FEF%@§rPﬂ?%nedi ﬁcl’q}'pé‘?ﬁ"ieﬁ SgFteMea portions, according
to_an enbodi nent of the invention; - Fig. 3B

d.| Providiaxges eadouladions it fgr.neides whigh aoeatios sidordinates of a
by the system

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.




of the invention; - Fig. 4 is a block diagram
illustrating the operation of the reconnai ssance

systemof the invention; - Fig. 5is a flow diagram
descri bing the operation principles of the
reconnai ssance system of the hpvention; - Fig. 6 shows

the structure of the INS system of the invention,
which conprises the main INS of the aircraft, and the
dedi cated INS of the reconnai ssance system of the

i nvention; -25- Fig. 7 shows how a stereoscopic inmage
irief Drescriptiod dfithéDreysiregs of the present
invention; Fig. 8 illustrates a specific case in which

IR thy Slr@Wi@ds: the prior art is required to carry out a
reconnai ssance mssion; Fig. 8Aillustrates how the

Sysit e the present inyentien carries out the sane
P TP B BT s BERR P BeR0RRG sl e BRpombled
t he, significance of the elevation factor when carrying
oUVItRI} adwin aresdinsetarre pmbodinemhet dheymvensionar | y

shows the inportance of considering directly and in
- r digilg: fl Anshdwreardtheatanobodiindef thedgeention r Bi thiskogfiguration
10 illustrates the use of a back-scanning mirror in

Ia:%%r ii&'aﬁﬁai@sftaﬁce $h8tesy Sﬂs?ﬁs@hﬂl@@ &Y ﬁsﬁggohﬁrﬁ{i}y Y airveraft

ig 1 1s a perspective illustration o
tegrdai n, and its division into
ody.

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

- Fig. 3 illustrates several modes of operation, typical to the system of the
ivention;

- 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 1s a block diagram illustrating the operation of the reconnaissance
system of the invention;

- Fig. 5 18 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;




area portions, including sone overlap between area
portions, as perfornmed 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 reconpgi ssance system of the
present invention; and Fig. 12 is an exanple

i Idhustratinog how the system of the present_ invention
AT S are e s thsPaisyed by the syStem of the
significantly reducing the amount of data handl ed;

DATSFeRIGinYestienpt i on of Preferred Enbodi nents -26- A
preferred enbodi nent of the reconnai ssance system of

- t Hégpree sikmdtrateRveipeetfid sapanhi WHiA kY sgdtanaet @hbzgdor art is

by the following main features: i. The one or nore
f o) ense and capture
[ %g{éls Pﬁgr%ggﬁa%ﬁte%qgéo [ natﬁseéf%lg? rﬁ%@iona line of sight

( ) ,that is directed by ginbals having at |east two
d;“ggeéé @PSP‘@&% Av t%%e’ﬂis /ol ghaipyesent ingpaHongagries out the
herein, refers to any type of nechani sm whether
nmeehznraeahnaisgphicplisgisncti Fag. ke i ncluding nmirrors,

prisnms, etc.) or a conbination thereof, which is

- CafigbbeefmPBfié N ehd sidi€icRhics b the WeRtidd Té’t}fzopfwh?n carrying

light- sensitive sensors in at |east two degrees o
freedgom % anical _.rechanismis sonetines called
) 8§$I oaadFSOg‘éf%r Poed gMiaCe . 24 OIBPFecaPar‘i’r%@ﬁﬁﬁ’i s%“?‘@s the
sonetinmes called ~mrror-stabilized ginbals'. One of
samportancgyof eansidening direathe apdsimaresldame, thmelevation of the
anot her may sense, for

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




exanple, in the IR range, and/or the UV range. In

anot her case, a nulti/hyper spectral array or an

active illumnation array may be used. Hereinafter,

t hroughout this application, the term"array" refers

to any type of array of |ightzsensing nmeans for

obtaining an image froman area of interest. The

arrays used ibn the invention may be of small or pedi um
Agipy ,erFeeffh%IP prReT s e the r lronRRITRNS? esYSRm iof Bhe opresent

art systenms as are wused in US 5,155,597, WD 97/ 42659,
Iyedtigs 18 1286icobir]y thidaviemzhdhy dhe folddwiyemble fidtiured:y

of the systemin taking many snapshots at arbitrary

1. | e ofé & eliire dobLChiBN Brr AR tMAL Bre NAIR! ¥ !?Iﬁé@ 89d capture
terrain conditions. The preferred nmounting of the

S rs'e.arrays._ and. thejr tics,. when. -27-. ..

s? ]gl%‘l%ﬁg%ﬁléo gairy rqacolinketest fave & Bﬁetﬁélgﬁ’% that is directed

case of mirror-stabilized gi nmbal s, the sensors are
Yngieebalet haragqrintpass two degressrefcbrpdons dheetays f@mbals’,

uses an Inertial Navigational System (INS) for

cottdmusers hyreial eefeas ko @nihtgpdi sfaabilaniein, e thicfenéfhanical,

sight. In a preferable case, two INS systens are

Uggtical MSudH st ?%ésl‘?nbﬁuﬁﬂg mrﬁrﬁl.,'\ﬁrdig%scta({}g&atﬁ\g g(gﬁlbination

and t he secon IS an Tnterna

t syst em,mpunt ed in the reconnai ssance system The _.
rgﬁ%’ﬁ’?ﬁ i‘ggé‘fh:és CEQ’S’E]&H FOVIRE i3 PG plosiehs o 3 gty of light-
receives fromthe said Inertial Navigation Systens
beepsibaGi gemsarRain iatf deardt ton degreoedi 0§ fréeddmocal i mechanical
of the aircraft with respect to a fixed, predefined

ghiehbnists Siss yehetimaaneallal ieailohd @labil 20 Bhils9fan optical

the aircraft with respect to the ground, for
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 illumi'nation array may be used.
Heremafter, 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-




poi nt-directing the one or nore arrays positioned on
the ginbals to any desired area portion on the ground
within the field of regard of the aircraft. The
preferred nmounting of the systemINS is on the

gi mbal s, whether payload-stabilized or
mrror-stabilized ginbals. iii. The ginbals having at

| east eqgr ees of f eedo on, |ch the arrays are
prsé?L ’égﬁﬁl are uﬁﬁ o gigp flﬂﬁem RYENeh Barrar-stabilized
systematically activated in a step-w se manner for

s enpdaty, dhe pessasmregnonetall ¢ff the gembaldher area
portions of an area of interest, within a very |large
field of regard. -28- iv. The system of the invention
captures by its arrays, when activated, a snap shot

i | ARt AR D PR SHERH v

line of sight notion; v. Wien directed to an area
pdor icontinuemely: maﬁ‘@ﬂgtmﬁawhmwgﬁl@@n@%ﬁbm lioa of sight. In a
provi ded by neans of adjusting the ginbals to keep

t paefersblehcdsee twb dING apbteiLard akéd-othdfirsteems iOthdaian INS
provided fromthe INS, and froma Digital Elevation

M%P tRE diRGafl 8 Phht eELEPIN TS"IY%WBH m‘cteﬂ{aq ‘fiteﬁfc?iged NS of the

reconnal ssance syst em o e i'nvention,

efe:;hng cas t he division of the a%ea of ,
| RSB oo, b tHe6ARGISSaNCe, ettt d e reconnaissance

real -time, wherein the size of each area portion

depeleds afn theviavahtioar aomtieneysly urdreasest Hem htlpe safd Inertial

the terrain, and the range fromthe aircraft to the

cQwEatibn Ey@témga)o@ﬁ Vi @Atesial d$odRAB6ARESrdih8The 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 ground-‘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.

iti.  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 1n 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.




the Digital Elevation Map (DEM, particularly for
assuring proper overlap between inages of area
portions. The above nain features, as well as other
structural features of the invention, wll becone
apparent as the description psgceeds. As said,
reconnai ssance systens of the prior art of the
. Al,@ng- Track ar  Across-. Track scanning type, relate to
iV | IR BT A e LA RGO, CARIeRTH [ Gy 2k When activated, a
essentially one-piece data. Mdre particularly, once a
| sgapshosf itwoddingrdienalhema2o of aam camfa foriies, ambding long
the leg, the accunulated data is essentially stored as
oRepofiuge BB dRid fiol the dodfiRimsation oF the Hife SMGRP/IAIRAS:
to distinguish specific relevant data fron1§h|s
i mge. Furthernore, any airborne reconnai ssance system
must deal with the problem of notion conpensation. As
tQ&g Ig@ger(groblen1is conplicated, the solution )
proYeR daracted i pr @ged Porihen.ghree-dimengiongd metiowephpensation
sharp maneuvering of the aircraft during the
r ég prneidedaby enrhssiodindjiibéng prles ginbaby eéntlicep track with the
provides a solution to said two problens in a conpact

anglevahi Lo £ pbrtIBNBG 'me dRE S %ﬂ%ﬂﬁﬁivﬁ&@t{‘ n'f‘)f%é {f%fS?%gd from a

the present invention is par arl'y adapt e

cal.rie fighter rcraft ere envi.ronnent al .
oS ElteSion 68 o ot BUSTGyomii RS 8% Stored in the
aerodynamc limtations,- and angul ar aspects wth

r EQEaLIS@NCh 8y gteau alithy mvextiompandhowever, the system

is also suitable for other airborne platforns. In a
preferable case, the systemis assenbled within a pod

or a payload that is generally carried bel ow the

vi. AUhG BdreBl8 cQke,[R&iB8%n of the area of interest into area portions

1s 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 tiie 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




Because of the extreme operating conditions of a

fighter aircraft, systens of the prior art, for

exanpl e as disclosed in US 5,668,593 sonetines use a

mrror to direct the LOS, a solution which limts the

FOR substantially since a mrpgr essentially folds

the LOS to point at a certain direction with

rel atiyely ,smal ngul ar variations. In the present

ey g AEE e BE7HhT et ulytatbdies of eoaislly stored as one
ginbals, a solution that enables a very wide field of
hpggamdgsi hlse Lgitahaitss upato bhe npeatied toodimtidsuasty specific relevant
direction. -30- Fig. 1 shows the general structure of

datd 60enThisSEARSE ByuFheMnods SEIP gfhorte HakfnfailL X
according to o%e enbodi ment olg@t he 0irnventi on.1 T%‘ecep%ydg em must

rizses. iy its forward section, 10 ginbal.s (not .

dg lom : c:éahlkrc“9 r j)lrﬁglelﬂiS ght "&endt ncﬁm%wgﬁ?nan‘do‘stﬂlés i problem is
necgssary optics (not shown). The said ginbals and

cppheated; ghe seliHien poerdad 18 wisipmsaieite wiatent U, net allow for
| east one of such arrays exists, for exanple, in a

sIGOD- ypeewerayg ofr tie hoeahftplanng thy FfRbnBeRShRe mission. The
light in the visual range. Optionally, nore arrays

FR¥nDeni &tetisd ' - r. sensin
P andnca%t ur ilngeig‘r(;v{dr%gg%éielr?%thﬁle t?%alrugrﬁ‘ghg).r f’_)%ﬁ)elg%lsulﬁla i%oygpad and
when used, as well as the INS, are

o 1f o %rra%sé3 _ _ _

fg&ﬁ iBARE“n the same 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 nay be |ocated

The ecthridissagicebgistemvil R phedl ThAES8ti6RNE hadtie8lar® adapted to
mrrors and/or prisns that folds the LOS towards the

e R G U R T e —
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 breferable 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 LOS, 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.




informati on fromthe sensors, conpresses the inages,
and conbines themwith mssion data to facilitate
|ater interpretation in the ground station, a Solid
State Recorder (SSR) 3 or a simlar fast-access
storing device for storing ag.Digital Elevation Map
(DEM of the area of interest and a m ssion plan, and

. f recordi ng the, captured ismages. The system further

Figy of sHOREOHL bl B GRRE' off B P ptIRESE GHEIH. Awdembled
. power signals to the ginbals servo, and an Interface

With ta (pady peordHubhitiongnp osebofiment aife theviiniventien. The pod 1
aircraft. Qther conputer system and control

congréstsr mnite Sorwaid ebettid 10i gihilnlt HRoBYRLRN) BhASIAO Nt -sensi
Unit (SEU). Optionally, a Data Ei nk 16 ?)DL)ﬁi%g € aght-sensing

e D ek 0 T ARHE, T4 S EHRS cpic o

attached to the aircraft by neans of lugs 11. Fig. 1A
mo‘é‘i%%sg h T RRsReRE T indP™: e Ahlenst ene of suchiayrays exists,

configuration the reconnaissance systemis assenbl ed
for asalapgayn@&@]atwpe teray,rar affocaiqdyn abey fhosaasifly light in the
Section is positioned vertically and is pointing down,

viswdlt Farit). YOptisnal NeoNe REQEURIZRILE ufn%iv?cﬁeecf, :}'gzd aéxra%_rl}?lfet, an IR

body. The sane electronic Units as in

' e} re.installed inside th ircraft body.
arcff Tt Sk o ® BphPRhE lymisde Boshe G reaks. [he plurality of
aircraft, its main objective is for other types of
arrays, #rhem usads psaRelh asithe JINS, aire pRVitigneshon shy spinegicrttion of the
vehi cl es), and conmand & control aircrafts. Fig. 2
gimbhitsn theh nentanierads 8 bualitd@e@ftol AAdHFBRLEa&YF LeMAme area

20, according to a preferred enbodi nent of the
porti6 . UptRialif GnPA OREE Fibfrdl Sh B, tHE LS b d/or INS
may be located behind the gimbals, while the gimbals carry a set of mirrors
and/or prisms that folds the LOS towards the sensors. The system further
comprises an Image Handling Unit (IHU) 2 that processes the digital image
information from the sensors, compresses the images, and coml;ines 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




Is indicated by nuneral 27. As said, in order to carry
out reconnai ssance, the ginbals systemaccording to
the present invention has at |east two degrees of
freedom The direction of the ginbals' axes and the
gi mbal s' order are not inpggiant, provi ded they are
capabl e of steering the LOS towards any spati al
d1:direction &A%h#n their specified field of regard.
atg 0.7 Fragnd statigp 4% ppay reabbmerinferpretation; hhe madois attached
shown in Fig. 2, the ginbals system 20 conprises two
to themirevalftaby sreansaf liig ldws: -32- Internal ginbals
nmechani sm 36, having two degrees of freedom Yaw
(rotation around axis 22) and Pitch (rotation around
axis 21); and External ginbals nechanism 37, having

b freed I ti.on (r.otation, around i
Fig, 1A S80S Shabhey pEBORTRenEaT LR uftealive b fhisTomtimumetion the
and the El evation degrees of freedomrelate
recuvERtane) pystema iy gesambled apsupaxlednmtexthe 2ircraft body. The
However, the Pitch degree of freedomrelates to a fine

Forwatrdt Sectidyy i hwsitidesd abrigtallpl£nd e bamishy Iowiiith only its
the El evation degree of freedomrelates to a coarse

i tl : ol hani 7., Th . .
il S S PEIEE Wi vys os
he, i |, .gi mbal [ 36. Sl avi [ h
e 5 SO on T i SiovaB e o e

L%lﬂn‘oal s to which LOS steering commands are directed,
solufjn mayhbe usetdiynalfasfi jebaliscrafic itonpansdjéonyefl i@rfot eher types

internal ginbals' limted angular rotation by
of ahiekhRviuRh 44 BeIBMRRENRPYs (Rémb RS te@'v@ﬁ?él%sg gh¥afnmand
trying to mnimze the angul ar di spl acenent t ween

& cdiliSol At-EfRl and external ginbals.

Fig. 2 shows the mechanical structure of the gimbals system 20, according to a
preferred embodiment of the invention. The progression direction of the aircraft
is indicated by numeral 27. As said, in order to carry out recolnnaissance, the
gimbals system according to the present invention has at least two degrees of
freedom. The direction of the gimbals’ axes and the gimbals’ order are not
important, provided they are capable of steering the LOS towards any spatial

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 sﬁb-mechanisms, as follows:




Al t hough tracking to any specific point in front and
bel ow the pod is possible by neans of two degrees of
freedom the separation into two sub-nechanisns is

made in order to obtain a better tracking precision

and wider field of regard. _{he external ginbals
mechanismis particularly used for coarse tracking,

for. exanple, .for transferring the direction of the

gi AL SHn0als mechapasm; 30, hgving twe slegregseaf freedom, Yaw
portion, while the internal ginbal nmechanismis

(rofiagiom axsuard yxig P& anfldPitehorothtign aedimhagisd®1): and

orientation conpensation, while capturing an i mage of

- 33Ex8eRACIgibaRy GAcdRAAibAN- 3T Mok NRAL S;
arr5ﬁ§EﬁEﬁféé_VWTﬂT"HTTTEﬁ%ﬁﬂ"WTGnberléﬁ glﬁ%g?ge%rOf freedom,
' irection of es, ,may, al so. achi eve t hese
elefubich BRafibh 88wl afis 21 Fand SpHkEr&Ricaionna, ws £0).
expansion of the field of regard (FOR). The limts of
the FOR for a pod enbodi nent are indicated on Figure

1. This FOR is achieved by the ability of the

TheeRitehretd ¢he Elevatiogideades ¢0frboddm @mb\@géhﬁﬂly%l a rotation
as forward, conmbined with the ability of the ro

[ f Qeial |y 2 0 rees. . T

abofit 2 Saihet Reis b Prarth ) Py legtBd st IR g¥1ies to a fine
i.ndi cated on Figure IA This FORis achieved by the

rotation i%P’yﬁ’@f mr{f’ﬁ‘éﬂqe&%‘?%«lﬁlm%mﬁ%ﬁﬁgwwm the; Blévgdion degree of
si deways as well as downward, conbined wth- the

freediyim refptes ta Aconrdel ragatibnlof the exvémtsd gimbuld meehani¥m 37. The
360 degrees. The only linmitation to the FOR in both

exterfiad ifFRlS MmechdiemPad Rogyefafthii JIstal ?:0 ?ﬁgy%m‘ﬁlc E‘imbals

obscure the line of sight at the edges o

Pag | referred embodi t . pf .the invention
mecRRERAPSG, Sldyifie Ne TP hikeSTrvay et b infhipel Gmhate are the
.interngl gi nbal, .to provide fine adjustnent of the
prime gy als”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 e?;ternal 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




towards a specific portion of an area of interest.
This is required, for exanple, to provide notion and
orientation conpensation. As said, the one or nore
arrays of sensors, together with their associ ated
optics, are positioned on the ginbals to nmaintain at
| east two degrees of freedon1 In the enbodi nent of

Fi 2, an _exenp foc Iane array 24 capahbl e of
a SEfig AR HRGRCORRCR KBS DPL aF st iseval g erea mumber of
_indi cated. The boundaries -34 of the sensor's field
ginmdfaly pediffEens direstioyrf eixies amlay dlachclsiced thysengoadsal s
25, and the scene captured by the array is
synbolically indicated by nuneral 26. According to
the present invention, when the scene 26 is a selected

o) |on .h | nbal. stemdire t center
As g%ﬁzrtpgy sl ittt BRGLEa RSt Rl 5F Hie el STaetrmt (FOR)
line connect| n the center of the array to the center
Thepfirnge of §épe1?:@gdfoair@aw§oemb@dlm@nt ape indiceted@nt Bigure 1. This
herein as "line of sight" (LOS). The sensors' optics

FORnys behédvedebystiparaiiitppéf ¢Be f Ottef@dh kAR Bhbals to look
shared optics for all/sone of the sensors. Shared

bacﬁ%&'ﬁsasc&lelleg Forlw 94 cb(ﬂ)lf’tﬁnﬁ% |k h SRS CiAk ogqgg Iioilpg{rgbals to

hen splits 1t tO eaéh sensors ac

pectral band. se. of se arate ver sus
Ot%ﬁageg“@ s Oxﬁn 7850 H}l%jl%ﬁéci) e &R gior a payload
goal s, takln I nto consideration avallable space and
emb@hmemédire pagfcatethnn&‘ignnei didarThiy ROR ismichieaiedalhy thé wbility of
Inertial Navigation Systems are well known in the art,

the @Rteraiad eldvd€lon sH%eshlsRo 186k %f&fv&aﬁ% WQlladerHﬁard combined
systens for determning with high precision in

| r, & e-.system | ion Ve|OCI
Wlt]élﬁge %é)glg{y‘géfta hl%orr?ﬁv (I:Jilo%flir,]lg,toyrotcate a ?&?%urn of héﬁ degrees. t'lsﬁle only
limitation to the FOR in both embodiments are the pod body and aircraft body,

which obscure the line of sight at the edges of the FOR envelop.

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 required, 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




and its orientation with respect to a stationary,

gl obal Axes system The Inertial Navigation System
conprises essentially two separate units (i.e
functions), a Navigational Unit, for determ ning the

| ocation coordinates of the_ ‘F’i rcraft or
ai rborne-system and an Iner% al Unit for determ ning,

nong others, the aircraft or airborne-system
of %%%rﬁﬁﬁla ofipws JEROV) tage syprledsnilycmdicdtedchly namgerals 25,
general ly gl obal coordinate system The INS may al so
andtheisdend bapturetlidsy the antdapds el pibaticaly iadiditsd ¥y hlieral 26.
aircraft or airborne-system The -35- Navigati onal

Accoyst u rs : j ion,. and_th
Inernt%iw:"jl(l!smﬁf16n?t%3 Séeféﬁe% ally lfgegﬁlgﬁeﬁﬁ %F&Eéen%@orlg %;‘»q}?ﬁed area
orgihe zﬁgr craft, or zi rbar ne-s’élst em Spnetines, a less
POTLORy it ETRR'S FV IR fIE 6 knessrYten of artagidd ipwagds genter 29 of
wth a nore accurate INS in the aircraft, and aligns
areppgabpNCch thhe Jons cynnectime thé centat tof thhlSirbyy usithg @ate of the
received fromit. The process is called "transfer

seladtedireatportioandill shedi ¥6fbrbyd T8 Hers NS hE M0 of st S t
INS's (e.g. to align a mssile' srl NS belforg g%%gpi(%g)s)' The

[ . hL.Cl- once align t | ess accur at .

senplys’ OBt R bEFBhS sebTiiie Jutiaiet ghehoompre r shared optics
sj,ght difection (angles). with respect to a gl obal

for FQ?S@P%% t NSRTS. upaned: opdiqsesollegls; lighteim a aeelii-spectral range
According to a preferred enbodi nent of the invention,

and tiben egdrtnaits sarezeh of sthemsemsorbaxcovdinicots BB 0eSiqRk spectral
operation, deriving fromits capability to direct the

wavePanio Wi ettty scfRh{E @epédseﬁ{a!rg{i‘ g()\glti%g‘}&l?ﬁggl%&? Bh3ne specific

field of regard. ™ Referring to

I rections be._si de-oblj que, forwargd-oblique, )
desten nE988xi F?SE%F ahn%?t P&Pﬁdege%"ﬂ%‘?riaﬂalﬁ lerj gpaep  ppd required
foll owi ng nodes of operation
performance, modularity and maintainability.

Inertial Navigatipn Systems are well known in the art, and are widely used in
aircraft and in airborne systems for determining with high pr;acision in flight
the aircraft or airborne-system location, its velocity and acceleration vectors,
and its orientation with respect to a stationary, global 4xes 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




may typically be used: i. Path Mdde: |Inmages are
captured along the flight path of the aircraft, wth
the line of sight directed forward oblique, down

| ooki ng or side oblique. The path trajectory follows
the actual aircraft flight pgth. ii. Strip Mde: A
linear strip positioned along the flight path, or at

an anglesto, it, is captured. |n LS. de the |ipe, of )
Na@RafpHnl SiSierm ot e Rt Srinel b sPS e lormsetion; and §pg tnextial

Mbde: Images of a selected area are captured. In this
Unipgenemadlyl naes dheslighsensorsbwitdiin edteediremafingr airborne-system.

arbitrary direction. iv. Staring Mde: |nages of the

Sorbetimesch d6dseabcrirate BNS fnake Rib¥pRE S560¢eh Ys cdfirlunibMife with a
node the |ine of sight may be directed in any

] kr:echi on: t lLast t.hr nopdes n.the.
mofY el B/ TS CI Rigel e, A eBRbe e HEpRhontty B0 thehiroratt
trance observation angle may be any angle (i.e, _
IN§$§r‘ESlBS¢f5H§?iII‘?§eWIGJ frpay g d heapracesmay caled ‘Weaafertaignment’,
aircraft is leaving the selected area, the exit
andbsesachbyonaapglystemy toealigry tandlNS6i (eqy. tot Mgn a missile’s INS
capturing well after leaving). This way, the

befé:RC ARGAIIAS AIC Broy SERM aft? NBfice ngfignéél,mfhé’ Mebd ga}cglrxnrate INS

sel ected "area. Basically, the reconRfal Ssance Sy

work at .ei.t her ,autonati.c de .or .. manual de, and
et ol S rr ehaSLR £Ro Hbe ] et dixgt omm (+RRROMEILD Tespect
the reconnai ssance system provi des automatic
to agglgbakyederemnce Syseannwatib thewext aigiyment ofcysepl anned
targets and targets of opportunity. The nodes sel ected
for the system may contain any conbi nati on of path,
strip', spot, and staring

According to a preferred embodiment of the invention, the reconnaissance

system may have various modes of operation, deriving from its capability 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 followihg moldes of operation
may typically be used:

;

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

1. 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 is usually directed side oblique.




nodes. Based on the m ssion plan, the system
automatically configures the sensors as the aircraft
approaches the targets' area, activates the sel ected
sensors, controls the sensors' direction, and
initiates/term nates record%gg and transm ssion of
i mage data. The planning of “the mission is done in
...advance_at_ the ground station, and is upl oaded to the
111-%}1915 Moda:ilsrages ehe salestadonrea are papfvaedbuéhistthede the line of
operator can manually change the m ssion plan during
sBght by dlet dirddte ddpenat arbitmyy iditetionpt an automatic
operation and perform reconnai ssance functions
: I ' e_avaiJ able in.
g e ot the AR SRR s fecelgvely. In
%Hd 3A, %ﬁcirdiqggtg a preferred enbodi nent of the
AenPie fhe lineplasieht may by dapcted inj ansarbitvary direction.
matrix of a plurality of area portions. For exanple,

area 100, which is defined by points A, B, C, and D,
is divided into a matrix of a plurality of area

In £ ldsORBred Rlodes 2Whks thEhbdraftSisRipy Ri
Pa. i, P22, P23 opnin rAftis Apprpachihgiheeletted area, the

Cri bt nunber, indi cates th ortion col um
entﬁ?ﬁ% R’f’%@g‘%ﬁ gEle Y e A0 Atde Qbss%frairbtcaat%ﬁwell before
i ndi cates the portion rowwthin the matrix area. Area
arrInShapngs SUpen afe  airenafy dpy lepvang ably| selecthdperes the exit
desired by the m ssion plan. The size of the area
obspovdtienanigle ,maydsd @syi fnglec@led %lﬂ@lﬁ cAptiirihBewsR NSMES leaving).
FOV and range to the scene of each area portion. In

ThigO#8vC ] I f I r, the .area
mat r?k@gﬁgﬁﬁﬂgﬁg?#‘ih SI<'31ﬂerr151 neh?[I gt%%a]fn%%(?é%m&% itgﬁsseleded
artially overlap one another, as is shown in Fig.

aredq  for exanpl e, by about 10-20% of their 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




in order to assure full coverage of the area of
interest, even when the area is a sharply changed
terrain. When stereo photography is required, an
overlap larger than about 56%is required. During the
aircraft 102 flight, the gi s of the
reconnai ssance system scan tHé area nmatrix 100 in a
.sequenti al systematic, step-wi se manner, by which
ﬂlg}ﬁe 'gﬂﬁbélp%r&'tplf smagj ivierTape arha@lilﬁt?glam r@eratlont and @erform
first area portion and capture its inmage
reconmeidsanee fahytions lanuadlgNql fodeb ff oberiGL AR E Eﬁﬁﬂable in
portion to capture its inmage, and then, repeatln -

botHhst Qﬁgq anagﬂ? g@gl s sequenti al I y "junp" the

I ne o si g t an view of the array through

all the other portions, until conpletely capturing
i mges of all the portions of the area of interest
100. For exanple, the system may scan the exenplary
Ref@lﬁl]@l@gtﬁooﬁ?‘lgat 8i and0BA] racchelihgl towd noretirded :embodiment of the
, 11P1,21P1, 31 P2,11 P2,21 P2,3 1 P23 3, P3,1 1 P3,2

1nvenb?é’n Badhereat e igicidR! & afvidbe 1ﬁ¥§taeméﬁfxeﬁf t%ﬁlrahty of area

light-sensitive array to a specific area porti

r irecti the arr
porfighE Ry %ﬁgﬁﬁ@i%t%ﬁﬁao EEEhoR AfincH b ekl B Bufy and D, i
| ocki ng e f|X|n the LOS) on it, a "snapshot" is
dividgg apto @arﬁtamlpi glriaﬂmg of @frea mogtmneaformamma pddtiens Py,
particul arly, the "snap shooting” involves two stages,

Pr2aPipgRb 1, PR3, eBE AL 1R, SYBaRi WhieN8rsthd @bckiptdl nfindBe:d Micates
area of interest is sensed by corrponents of tnh

d h .
the gffcfr?%n @Hf&n@ns\@@ﬁ nt@lesh?a%g Ul g'ihfn IS‘%‘E%‘I sglélmpggdapumber

nponent S e array Hree st
the e of the integratign period. As said, this
mdlﬁi" 'ﬂlﬂ’ BOTHOR gqWe WL TP theaRtrixs prarmtAveal 10 mppassdme any
for all the area portions of the area 100. Each tine
arbigrarynagadoingulposhape dssdedapidibgdthel niésos aled. The size of the

area portions Pu» varies in accordance with the sensors’ FOV and range to the
scene of each area portion. In some cases, and as will be elaborated later, the
area matrix is defined in such a manner that area portions partially overlap
one another, as is shown in Fig. 11, for example, by about 10-20% of their area
in order to assure full coverage of the area of interest, even ‘when the area is a
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




in a storage at the reconnai ssance system (such as the
Solid State Recorder 3 of Fig. 1), and optionally
also transmtted to a ground base station (not shown)
using a Data Link (DL). In order to provide accurate
capturing of the image, |ocagd.on and navigation data
are provided in real-tine to the ginbals control F

. uni t the INS. .Fig. 4 is.a block diagram .
this Proqsdfuey Hae @nbaloredaniony  NempecBiane o4 ight and field of
. systemof the invention. As said, the operation of the
viewef the iaavay bgough edl tB9-othei rpqrbmses unkil donepletelst capturing
phase, the line of sight of the array is directed

imajgewaifddl the pokE6ALES Bhe&ArbR I iiAferedt 1DDEFSE %QEﬁlg‘T@,aﬁﬁe’ system
the array is "exposed" to light comng fromt area

ortd.,pon n qgglr kLS. I.nt egrated car.respongi ngl .
maﬁi tg‘%lhﬁ t}%eﬁeéj}ge” fggor?f%oﬁéh : lﬁnaogail 3380%%1¥0ng order:
ﬁ‘ha e, nmotion conpensation i s provided by noving the
BaBinéisofoas o swlishln W » g b dVben| theogtiebalsook thpeystam direct

for the aircraft notion and change of orientation

e TGS EPOSUEE o OB ALRTDUBT, b, pecin ohe

particul ar I n-order
phase,

n f the integration period,_ at the third
cenifoftthe iy Fi e therkenipy &f SbAcpee ficsisn porbion and locking
. simultaneously sanpled, and the inmage is stored.
(ie Baing the AKM¥Hfdn itaa Degagpstiot” B talatd, eapidaging 1he hagb of this area
area, which includes within it at |east the area of

Hiox. e Misyle, phsti ¢ b® % S ali
oSN pLESRIRS A6l SSSOMPTATORC N o i

. eCt | a divided into a id, wherein for. each

ineR A5 el R Kl Hehf G0 Fhe Gise Habutéresh isnoensed by
respect to a global or predefined coordinates system

compapeRtreoidihearaprand amsampling stage durkngvdviched! tiEhesmponents

portion
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




sel ection 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 cqgprdinates of the center
of the area portion to the sefvo control unit 305. The

Congegt of finding the 3D center coordinates of a
mayppBasesy At rst 9hage.thedine obsishe of the erraynistdicected towards

present invention, can also be used in systens other
a seleated meearmatisnaddetlny steomRl phued) tife haFHLd "8xposed” to light
systens, where sonetines it is desired to nmeasure the
a : sel r Wit hout oy
o Pt L B e B B BB L P BBy within
the 1L, be el aborg{_eﬂ | ater, .-40- several selection nodes
Y COMPOBFRES | HYThie fadd $asphfl ophasgs qm@diosy eprinegsation is
its borders, or nore particularly, determning its
provgledr by mdag theiline off sightrwitdl the ghmbalispah esdef té lkémpensate
center point of the selected area portion, and the

for ellay adir@mft COOtdLNANA Zthage! N¥ BARRLAN! dBffg the exposure
conveyed to the servo control unit 305. The argea

. k LLection. moduyl e 306 of the servo control ,unjt

(mtggé%ﬁ P rﬁéor(ﬁ:lfl?%&} "ﬁ@mg?aerg ilge%}%ﬂ Smetiamate sppanng 45 d.le end of
yq,: zo. coordipates of the center of the on- ginbals

the éﬂfe@'atlggvpeﬁéo({] Hdsthe third rhpssf all- thezavewrlightasesitivhsensors
area portion direction nodule 306 geonetrically

are sahuitaateenstyhenmgpledalananghe smageus seellOBefore takeoff, a Digital
establishing a Line O Sight (LOS) between the center

i r . : . cent f. the
Lo SRR o, o b yEh JARRAISERR! B aFdebel g ron of
anal og signals re by.the gi nbal s

inteBg, 8 sipkfa 36anf Sreadthal qrgﬁisa@te%;- e ikl Sufvaron Map 310
) iinbal s 300. The said direction calculation is

is a %é@@g} Ble radlecting 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 particulaz;ly, the portion
selection block 311 sequentially indicates a nodal point being a center of a
selected area portion within the DEM 810, 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 8D center coordinates of a selected target using a DEM,
as described in the present invention, c¢an 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,




updated in short time intervals, in order to account

for the change in the aircraft |ocation and

orientation. The ginbals servo unit 308 receives a

signal 315 fromthe ginbals unit indicating the state

of the ginbals with respect é& the desired LOS

direction. Wien it determinés'that the LOS, direction

has. been estaplished, the servo unit conveys a signa
sevepal pelegtien mudegramistofirselentingjan aren [BOtionf and determining its

initiating the integration period. The
boridet€gsmatriovs/pSatiphiaidy udétermiAth P18 VdedRSalonSdANMinB2Phe x :

to the array 301, causing it to begin |ight poor

%&Ie%ratiOH of incomng, light fromthe area portion.
coopdigiates of the cenktepointeot thehselesisdi atepepoiomp amehthe elevation

the array begin to accunul ate charge relative to the

cookdirmite of, bf Gietsamé pedchasotssyendoiBesReVé 6shi?bl LAR 305. The
area portion. During the integration period, notion

co nsation . s repeated| al cul ated by the notion
areg, mldwﬁtmmmoﬁﬁ%?@% theperyp cparot smnik rdan ipsmiodically
nodul e 307, in simlarity to the area portion
recefivee dromnthen iNBe 388 Gheales 0y ex ecomdifatem dfhgheDEMteR&f the on-
(xp : yP : zP ) coordinates of the center of the
. select area.portion and fromthe INS the (xo ya : .
glmz%’)lgo%ﬁ%ﬁ'ei—%é’ﬁl? rtthgfsetq}f‘éo 8ﬁ£sgi° 72 Shqrdinades, %qu1é1rea portion
. motion conpensation nodule 307 repeatedly cal cul ates
dirqqirory maskile 306 seometiicalin calouletesatiie ghibgl anglasnesqofired for
Sight (LOS) between the updated coordi nates of the

estaldidtingof LiteOdrSight (LOS)WetivedR)thdTehfSCobVah L0 @(xhe. y,:2,)
INS, and the center of the selected area portion “(XP "% “

. zP) a accordingly converts said cal cul at ed )
andgﬁqu gntep Ogﬂ%ﬁ BRlesicgharea POrEHm vad Joy 2, handicenspxs said angles
servo unit 308 for establishing said direction (i.e.,

to t?%i glé%lggfgéglﬁ%llsg%%gﬁ%gibgb@gfgi?ﬁgalsogerivg P Yo Ry At ablishing
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




notion and change of orientation of the aircraft
during the integration period. Mtion conpensation
for image roll around the LOS nay al so be done, by
using an additional de-roll ginbals, but this is
typically not needed in snal}, or nediumsized arrays
due to the small snearing eftect of roll in such

ar aﬁ th the, end of the integration period a

modalfi7 e snghian Gombeasiion nadbile ST han smilgrianto the area
for sinmultaneously sanpling the accunul ated charge

porteve dsrentivhi modallé 306 alsoayecsivesofrom ahd BEMI ik i(k 1y :z )
storage 302 the said charge levels as an image of the ” 7

sel ected ea portiagn. The imge storage 302 is
coobdinafey &F [Hho rasmtesiel theotelestgd areanpgrtion adybion dhe INS the
sel ection block 311 selects a center of a next area

(x,pog t z0refftheventer M@ gimbdlscanag)30 1t Mhesaveiohoni®ensation
area portion direction nodule 306, and the sane

c SCIl above. r ats, for thi ext .
o Bl B R Gl PRl DR Erh RE R B Feg e {67 spaplishin a
) port'_oES of the area of interest. It should be noted
Lmﬁé?ffeélﬂ t HaPS) hetween dhe aipdased operdimatiesrfdbs denter2of the array
whi ch the portion selection block 311 operates. In one

(x,0p} | nhals reasieed themnbetING) arfellecéd By Bf ek sAddteldl 413k portion
selects a center of a first area portion and obtains

its _iymage, and.then, for any, addjtional portion it ]
(%) at e o ABS AHOTUBELY Fopvane sishealoulaipdaahales tar epalog signals

portion which satisfies, for exanple, a requirenent of

reaifll 194010 aRBELIRST, Lbs: BOSIENLABLEAAD, A0 Aicion i, sni
herei nafter. In ot her node

ancl§ 6 4R eimBely 8B0) B 2 HASIPBES. arkee e it eppeemgptestor the
portiaon, and the imge of that portion is accordingly
molapnr sndechastaecel emenigtinn ofithe hercadlbipng ¢heluntegrition 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




direction, notion conpensation, integration and
sanpling. In still another optional selection node,
all portions of the area of interest and their center
are predefined, for exanple while the airplane is on
the ground, and the selectiop is then carried out
according to said predefined order, while during the
fé; ht the exact dL ections are updated automatically
whig, fg’é’ RATtIORSeIRGHAN ER?& 3} lopparades. dntaneyentiaiialidage, the portion
aircraft. The selection of an area portion, so that a
selgntmndelork il lofiest sglevtisl 4 centestof Hdlrveanes poedsai sl obtains its
i mges, i s dependent on the overall geonetric scenario

imdg%g byditAgnaforClBf hd @R %quﬂn:l Eteﬂgi%g:?ﬁﬁeé i kA ei;?ﬁl%r}%e center

and the ground variations™ 0 ur ed scene.
Referring to Figs. .11 and. 11A _for each snapshot, the
of f oY f‘ﬁ"tgd ,@Prgﬂg g’@ﬁébrsaglsé@/ dor teﬁ@ngﬁ%uﬁdre;cgurement of 10%
cal cul ated using the 3- dinensional ground data of the
oveplap betaeaenf tha presanti poxicd dhdethel prestiomslaneageat partion. This
hi gher order surface, tilted in two directions in

optivndéicase® witishe idiebedibed iflAoRddetAl det@RbBer At 8hother mode of
taking a snapshot, and before taking the next -43-

; el tihymtes the direction.of the
porfipRRalation’ Bfic DBt HRASBEbANE! PP arfibh, Al bissitiage of that
shapshots qr ather techni gues, and cal cul ates the
poryep; Walaéﬁorgﬂ%éjﬂdo tryngdi attepfcammpinge out sthepsthove Precedure of
_overlap between this estimated footprint and the
dirdcionprmationf cathpepsavémusntegapstt and cahglihgt 468 Byl another
projecting the forner on the latter, and then the

optidhhPEéleORoR mbdE AOFFEMEL iR a#ﬂlﬁg&gf 1r@drdst a?lr eit Qenter are

ensure an overlap wthin a speci range of val ues.
i S rocess re s, terativel few times yntil
Pfei enerdé O ?%Bdngiﬁe%?léal[ﬁ qhg aJr a@\e,‘ela?()na’che ground, anﬁ the selection is

then carried out according to said predefined order, while during the flight the

exact directions are updated automatically based on the actual position and

attitude of the aircraft.

The selection of an area portion, so that a pre-defined overlap will exist
between successive images, is dependent on the overall geometric scenario
including aircraft position with respect to the scene and the ground variations
of the captured scene. Referring to Figs. 11 and 11A, for each snapshot, the
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




and then the LOS is physically noved to the | ocation
of the new snapshot. The calculation may al so be done
anal ytically without iteration, depending on the

mat hemati cal nodel and the conputing resources

avai |l able to the reconnaissgnce system The nunber of
junps of the LOS across trackK (i.e. along a row,

whj ch term nes the width_of the photographed strip,
Snai’ﬁh%n?ﬁ%uwyl esitmates dhe dliggrtione ofatheum QS r penter using

width without creating an excessive lag in junping
extrepobation dodmt thet peevient snapshats congidies abehhifuekhand calculates
aircraft progression. G nbals having at |east two

the GREMEAS dOdrun@e R ALE 8L ﬂ%&@%ﬁ?é‘h&; ﬁ’l?er Bwilfll%]? beBySen this

used, for exanple, in sone aircra I ner

di r.egtji ng _and tracki t he eting systemto, a

estifideB8 0B gl VS Buindis ob Fhe Do 0fus Smnbnhet isngaleulated by
observation of targets and directing weapon systens

projegiinge ddetfremer Santheotattenisdd thgethadirsysormf the Se08xenter is
navi gational and orientation data froman Inerti al

modyfied datorder Sy ireivé oh SRdrlds Hthie 4 @99&&1@8'@5&& ¢¥ $88bs. This
time. The present invention uses a ginbals system

B T A

to the -44- relevant_ area portions, each portion in
and; thery fﬁaﬂn,L(A%Sslsp%bsf%?%a mqyed i {he lgeatiom e dhe awve snapshot. The
ai rborne targeting systens direct and track their

calewbepam snay adso bardyete. anilpticatly withsut lhitdratigel idegending on the
systens the area of interest is not divided into a

mathetzAldally RbdeRt hing- t yiRe eeﬁa?g@g%anmu&b@é e a'kféﬂggle to the

systemati c scanning of the t area portio
L.t hi area interest i.n a sequential step-w se,
recolipbilidhndl sOEM "nt BeGhEeH ofifathad W5t Qbactprbitack Ge. 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 ugsed, for example, in some aircrafts for inertial directin'g 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




probl em of notion conpensation is solved by other

nmeans, such as el ectro-optical tracking based on

i mage information, a solution that is not practica

for area scanning systens, such as the reconnai ssance

system of the invention. As_gaid, the problem of

nntion conpensation is inplemented in a conpletely
rent nner in.some,, of the prior art

relca b P DR %n%yg%céhémriﬂep BxdpltErBn i egfirmnatbtinon similar

conpensation is disclosed in US 5,155,597, US
mMamnEoRs OGRe anb1n® i@?gﬁﬁﬁggysteﬁmdlramemd ¢radlstieifweapons to a
conmbi nation of the INS and gi nbal s system havi ng at

tarée@aﬁovﬁé’\@:rdﬁgrs@tﬁﬁ t@ﬁ’géﬂiﬁ&%é‘r&é th&)ar6 &IPSRt lis ?fo@%wded
scannl ng by which a ~"junrp” between area portl ons is

arse
into TGRS, of RS RE iR Ray# AE Bt PoaYstematia pespning of
ortlon which is performed in a fine manner. The
the ﬁ‘ﬁlﬁ‘@nF rPaea testionswathon ap) aea of imitexase)inan seqreential step-wise
center of each selected portion, as obtained fromthe

mardied, Maokebhat, tine ﬂldTbﬁrgetlﬁgStﬁﬁtehﬁ\@ afhel epAdbléMO of motion
degrees of freedom enables full and fine notion

comﬁ@ﬁ?z?ﬁéﬂi‘tlé WY B lotﬁ%ﬁez%ea}{;ééiuﬂl ratécé -o%)scéqarlyr%cﬁsrmg based

| aborated | ater,” ena ai rcra
neuvers i ri.or manner |n comparison to

on 1?’@@8&5‘5&1%%% &§ ‘@’fattlﬁ &op pragtical dor arga peanping systems,
it has been found by the inventors that due to the

such @sg’éte gecpaadssagmep oystemt ofvehd dnvérmgtidn. (Asesaid] ohg@roblem of
-45- integration tinme) which beconmes possible in the

motfst@ipShsdthen iNUBPIdnPEndUEint £ co&%@et@ﬁ?dﬁffel%h@rrh%er in some
arrays, there is essentially no need f
of Her Bt Bat trechabeBndd T’Seyﬁﬁéﬁgy??%ﬁéxénﬁp sy “Sn-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 (Le. 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




i nstead can use a single "snapshot" capturing of each
area portion. Fig. 5is a flow diagram describing the
operation principles of the reconnaissance system of
the invention. The flow diagramof Fig. 5 assunes
that an area of interest has,c.been defined, nore
particularly the borders of ‘the area of interest. In
referabbe eng di ment of the invention, the center
mtecﬁra‘r'lﬁé e) gyhig qceﬁletﬁqusﬁ@l%\iﬂééthSYﬁFﬂIEr(ééhetluvwlon due to
imaged is determ ned automatically. For exanple, if
theture af efarnig iarreysstheirs ivieswattiaBy anomabed X¥or BheDTi diSticture in
portion may be the farthest, |eftnost portion, and
t 1S of me
whichSa A pBSGR! S 5460 b FRAGE], T ovstom
portlons aL de ery1ned jnreal tinme, in order
mStteaﬁscﬁPl a2 SHHE W&%oﬁ cPARtYREE ofFach aeaporbenveen
the i mages, as explalned 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
Figothets handlow hﬂﬁa%l%n@xﬂ%%ﬁ'bl@l‘éerﬂ}éppéﬂbg'a%hﬂﬁu?&él’é@erbf the

i mges of adjacent portions, involving nore i'na

t ed;.herei n
reo g BREE b, 4G v eiiony THE' N EELE -
500, the center coordlnates X,; Yy, of the first
thatsapearea Pfiptetesh has hoesdefined, eorehpaminvlady, thibahlera of the
turn conveys the set x, : vy, : z, (z, being the

arezbfvaicrest. [ata yrefersblp etr@bddimefi:@rdf&h@ol&tvéﬁtloﬁntﬁe &%er of the
The Servo control unit 305, which also -46- recei ves

firstt Prii&dlos tthgeargﬁgtgﬁ?#eﬁgg I 'H’éa@\%%&{ i %%B%%ntng[ri %&to%:ha%lcally

array xa : romt

cal cul at in ste e an and si gnal s

For F 3Tt 0 P ABIT BF 851 JonBeg At gh(m BERGN fié portion may
center of the array and the

be the farthest, leftmost portion, and its center is selected automatically by

means of some predefined manner. Next, the centers of all the other area
portions are determined in real time, in order to satisfy some predefined range
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, 1z, (z, being the elevation

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




center of the said first area portion x, :Y, :Z11 The
signals are conveyed to the ginbals servo unit, which
establishes the desired LOS direction in step 505. In
step 506, a check is nade to detern ne whether the
establ i shnment of the propeq46girection has been
conpleted O course, this is a dynam c operation
eated in a égry freguent and rapid nanner

recetlge%&‘? df ff BEeseat caerdinatergof the chwtesi ofpthenarray x, 1y, :z,

progressi on, and any change of orientation, for

fro®XHEP IR SdtRe 508! r Gt u g i
° bei ng repgg?(te%d bég t% %gg ??\%MIS‘%ES I Qfeﬁ; Bom% gﬁéiéarga s1gnals

o5 e Py Oy el e e

takes pI ace. Sinultaneously, during the integration
centegrqigdieasaigt fiest ansapeorsion an: JakesThe atgnalagaeronveyed to the
account for the aircraft progression and any change

gimBhld d¥vb Qfmfr%ﬁjkd?laégthﬁﬂls]%é ’éheo&e%l{]gd idg) A% ‘83{1 ys)tep 505. In

orientation IS operation 1Is al so

stept sigl?e, &Eﬂ%}?‘{a}sﬁﬁag%egelpgremmﬁaw h 4l %@f { egﬁpsgfg%?nt of the proper

accurate notion conpensation durlng the time of
dlrep’ﬁpgghaﬁ begn compdeted. Sfocouase hiduk ik s dpaamit operation which is
determ ne whether the integration period has |apsed.

repedited ie £RerPFrddi@nt iandesAl i AAnABF t8Dertdith H)I)g'EEtIO according
integration by the array term nates (step 5 d

to theALTaREP-ORMERRE ity oRARRh 3F briohjaBfc e el due to

1 % | ed .at the sanme tinme (in a snap-shot manner), and
elaspiguyiqrepjectadt Biagieaiyering, g@ bpirg mpcatech by ikhe INFai@d, which in a
whet her all the area of interest has been covered by
preferable mageshar iteddyriiak semsors dohthe 4Tmbald.ilnMBlcbVE07, the light
case, the procedure term nates (step 514). If,
inteBRWRME Dy e altly cBhBBnents 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 s1;ep 009, 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




of interest has not been covered yet, the application
assunes x : y coordinates of a next area portion
(step 515), which are conveyed to the DEMto obtain
the elevation z at the sane portion center. The next
area portion may either be _jocated across-track (sane
row) or along track (new ro fromthe previous area
he cal cul ated row wi dth so that

ortion, dependi ng.,on
affifRL R s ot BIORALFE L GuHAP B DA elinbowP gl the full avea
_behind the aircraft progression. Next, in a preferable
of 1gtesest kasepoibheyn eowiradityat,i tdve dpsplicmdiort assteiesr 71 peoordinates of
whether, if an F. image is taken when directing to

' ' - OF 4l : e Il appi I .
2 g e ppfion FeBRCH TN I ERY MICSITLR"E A% PERE toyobpain the
1 the said rL w inmage satisfies a predefined overlap ]
elevanons 2 fhthe satpf PostioReRten o bomesb erreagyortion mayeeither be
overlap is found to be too great, this center point is
locaged acynssitradn éshsé irgivn) by aldiey tisek (heamohdratnheprebious area
the previous portion. |If, however, the overlap is

porﬂciléh_hl,rkgepetﬁﬂiﬁg ofOhel AMeullf&d E%tdvfﬂﬁthﬁﬁmﬁt d ﬁlg%gﬁiutlﬁ %@ﬁ% width

slightly closer to the center o previ

: ctlon. 4hi s sipul atiopn us he DEM_, which is .

is RHG i ok T "R thA °aPEEt netogmRsston. Next, in a
elevation at all the grid nodal points. The use of the

preferaple ofasentten irifd s simulatiemtiagaads, toadetehming eviatthen, if an
is of high inportance when checking the overl apping

imape Ssieakdnt winm Bnestihguodaidad: yakt 8sor@iatel, théQverlapping area
repeated sinulations, a new portion center can be
of step.516 as scribed is

et erymi ned. Thg alignnent
berfet Wb el beprBeitimate Rnd st slE et new image
_procedure continues to step 503 using the new x : y: z
satigling yipvadelined overdaparnge fforcemrapleakettatar % S0% bverlap). If
step 516, and the procedure is repeated until coverage
the overdhp id Faupbtd bonso gredt)ehiy @1tef pbititelk @hbn ipdsitioned slightly

conpl eted. Then, the system nay
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




-48- 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 sequentia
order, as it sinplifies the portions overl apping

cal cul ati ons and inproves thg, scanning efficiency,

the scanning may al so be perforned in any other,
order, . sai d, when directing

. regefi ned Jéor not) .. | A

swigtlL 1g spal & Bevireg afinrersst ihsughols deriradodt shauld be noted that
conpensating for the aircraft notion and the

althyuginitats prefetsdie o stae aal exat bbimteedsttinen seh@Manhl order, as it
area portion is of particular inportance for obtaining

simplidies €6€ PWorevns TRRFRIR R @ﬂgﬁfa%idglﬂt gﬁd%i[ngélg({ Lr %%El &canning

enbodi nent of the invention, ion

. it Eronandz DA i,ch includes a grid of the area
efipt, e Seaprin oL A0 i pelBr iRy oheRoptadsingd or not
in obtaining such Digital Elevation Maps of al nost
ordetyy area in the world; such information is
comercially avail able, or can be extracted froma
t opographic map of the area. The DEM of the area of
interest is |loaded into the airborne system before the

As BEEPNRAH eSS WLt iHoS $HON n ly 1o the.SSR 3. As .
° Sard, Wtqiﬁzlsr éco%ﬂgis zls"gn%re gygé ?rpseygfmﬁ%'e Oﬁrqrbrarﬁlat portjen, and
exanpl.e, @as . disclosed in US 5,155,597, US 5, 668, 593,
comERERGSk B3 she GregR i amebion Wl elis FbienGitionebings, the elevation
6, 256, 057, do not directly consider the elevation of
of thRerelevant raraa pdvéion nagifngarti@dapanipatandsi e obtaining high
cal cul ating the Forward Motion Conpensation (FMJ), or
- accuvaky O Theesiea Sadch 8dingMe al : :
g ngMo al prdERRGaL Ibﬁﬂ’]@e@; 8%3?%§B’ventmn, a

systenms, for exanple, as disclose
Digiltj§l g1dvididd ﬁ/lapuﬁﬁEMfigg:, t39DI IIrTI%. ewhich 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 sy;tem 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
1maging 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




-49- correlation in order to indirectly estimate the
snearing effects of the terrain variations and
correct them using on-chip techni ques, but these
techni ques have drawbacks as descri bed before, and
therefore are not consideredsn the followng

di scussion. These drawbacks include the need for three

syccessive .inmpge captures for each usabl e inage,
C°r¥€fl1ﬁ$198dmc 8F‘ieéf|n§?t F%‘ﬁlrgf‘&g% eEti eethey smepsing effeds aththe terrain

first two images, large pixel-shift between successive
variafages andanorrear yhenp Wsihglumi-cigipt bhiqweg & @2 P techniques

process. Fig. 9 exenplifies the significance of the

havel vaikbacky hsalesttibbd Ustad | S oW, o :
important it i seS tlo consi Iaé:é?&ﬁd[?rt}elgt grea%gél\’i%ﬁprc\eggﬁﬂelrﬁ@ in the
Cenerally, in

I I.on t he ,i maged terrai.n.
foll o e, e AFER DR RIU ribeanped doy thees successive
. when used, _conputes the aircraft position and
Imager capifredi fon easipasable imageodahitedstanelabion abesr:® due to
know edge whatsoever of the actual shape of the
smearingiof thb fidseithe imﬁ@é@&l‘aﬁﬁ@%@xelmﬁ&%étﬁz{e@f%gséﬁﬁgssive images,

t herefore assunmes sone fixed, ground | eve ,
d96R6¢iAk &fri K i . Now, f the .
an recgsﬁnlgi ¥é§nce 12 gthl 8m§gﬂlge%g§§apgt%§e RrQgess, efcdgmﬁo§§emphﬂes the
. _center j,nt is A during the exposure tinme, the
Slg"éﬁ?%?%ﬁ gp %eleﬁﬁﬁanégegﬂatuateg fafien amd shaws how important it is
reconnai ssance LOS (Line of Sight) will keep pointing
to comspdsmudinectlys aninin arfaltime! tvelel@bfiiont MstiNiifddgdd terrain.
point Ato point B during the exposure tine, and for
Gernlehgllyp i tpidt 48/ re@BniABandb éi?%g,uﬂfe ABcraft 168! $hen used,

angle 752 is created. Exanple
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, fhe 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




{ The following is a nuneric exanple for assessing

the pixels snear in the prior art systens when

capturing a terrain with |arge variations, showi ng a
forward -50- oblique scenario: Aircraft flying at a
velocity of 250nTs, range frgmthe aircraft to scene

of 10kmto |evel ground, expdsure tine of 10ns, and

assum ng . nmountain 757 is at 1/2 range (i.e. 5km, and

obligye pepparix Arerafiflyimg abppyelogibe pE 280w/, thagerfyomathe aircraft

velocity of the LOS is approximately 12.5m lirad/s
to seeneraf 10kinototlevel agrounds teMpostisidaims of 10ms, and assuming
SI N2( LOSdepr essi onAngl e), and the angular travel of

mo?h@afﬂ 187 2f 4t H’Erﬂaﬂ%ei(gfeeglﬁﬁ%i elﬂgd %h%d%?%f ]agﬁcg‘gi‘t -8~

25 mcrorad. The angle 75 ereforeée

mcroradq; for typical pi.xel .Instantaneous FQV .
TSl e 38enfr SBlion e et O3 Snsarrmmbry dRdpmilivadss
ixels. The situation is even worse for a side

4 : : :
(31@Bﬂﬁ¥@@%fé’e Hariixsrafiddtisude)n x hBENYkOFleprosditeAapkl)) adnd the
velocity is 250 / 10,000 = 25mlirad/s, and the

angudayl firang 6MeRE Aiscihft Riueehs inbYratiBe st e Bf 519 .01 = 195
i nvention, the pixel smear 1s nuch smaller, as

. S t j ol .k owi e le. Th ror in. .
mm{}E{e]E’cE 1%ngau %‘? ?/fgﬁoi:sl tt;l/‘%r%@ge t gﬂ‘g}ﬁ’égoff‘ 'ngt‘r)?/ePoEYlflﬁai pixel
V uncertaipties is calculated by the follow n
Insf.qﬂmegt_ls @[B{g (f]i\‘b%) 0? 30 microradythis means a smegar of more than 4

pixels.

The situation is even worse for a side oblique scenario, where, in this example,
the angular velocity is 250 / 10,000 = 25milirad/s, and the resulting smear is 8

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

o [ AV Y [ ARY
R Rnom Vnom Rnom

For Viom 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 Zmrad, a typical aircraft position error of 30m, a typical aircraft




0) Aug (AV),( ~ nomnomnomR For V'o" of 200n s,

., ,,, Of 15km LOS depression angle of 20 degrees,

terrain slope up to 15% a typical INS velocity error

of 0.045m's, a typical LOS angular error of 2nrad, a

typical aircraft position ercpor of 30m a typical

aircraft -51- altitude error of|42m alnld a tlypl caI3 D;EM

[ e or of ~15m . calcul ate (a val ues a

Ao Gt ditr S RoGDIALATAM Al e et Swersaidqulate (all

error: V 200 0.045 2 160 2! CO Aw = + -
valoed 3{onr te/ segk Rrdi580060280 AndlFRONPS Eerylax ebloeiladrror:

during the integration tine of I0nms will then be 0.14

x 0.01 = 51. 4 m Cr%OP:QIad’ 9{9'46 o ypi cal | FOV of

30 m cparad.ig,a st | 2Pil xe aL. {4[8; mear

of less tRan 5% of5080p\keloo Var DBOY y pes J%F%‘é/gﬁ i ng
as

may be used in the system of the inventloE, _
follows: a..Sequenti.al matrix scanning: The portions

The, Piyel srigeARK Hher BLeEtaHon (ais oh LoacEds hevgbe §.14 x 0.01 =
their sequential order within the area matrix. b.

1.4 gpigeradewbichniongy tanicad dIRQYi ah3@anidrerat éslef snedl sub-pixel
and the portion capturing is perfornmed accordingly.

sméar, Venuadmeapbilesd Ghah B9 62RIkING Of an area portion
is carried out manually, according to the pil ot
sel ecti on.

Various types of scanning may be used in the system of the invention, as
follows:

a. Sequential matrix scanning: The portions of the area of interest are
captured according to their sequential order within the area matrix.

b. Selective scanning: Any selection can be predefined, and the portion
capturing is performed accordingly.

c. Manual capturing: the capturing of an area portion‘ 18 carried out
manually, according to the pilot selection.
It should be further noted that a stereoscopic imaging could also be obtained by
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 mvention 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




It should be further noted that a stereoscopic inmaging
could al so be obtained by the system of the
invention. Unlike systens of the prior art, especially
those disclosed in US 5,155,597, US 5,692,062, and US
6, 256, 057, the system of th%; present invention can
enhance the stereoscopic effect by "revisiting" an

. area, portion after the aircraft progressed to a

imagen ef At jarPaapkyAbigctdeap| kec sapsrusiadh byr ssimectwooimhges, each
area portion. Fig. 7 shows how a stereoscopic inmage

coveringbe subebsihtial bedrlaypimie pprEseNSE tHY @R OB oMiect, Sif said two
known in the art, a stereoscopic -52- image of an area

. 1 t . . . . h
i O e PO e LR BIRRARCLE el HRERRY B PO 8 e from
ges are taken fromtwo

hor object, if said two | . / )

the pthex i“@? reAP&RE t%?ﬂa%%ﬁg pEddL I i g the ecommsassamee aircraft
other with respect to the imaged area. In Fig. 7, the

200r Stsnfrais she deiEtaﬁor theatight206 theiemté rasnshdven. | BfHent passing, for
the right, in the route as shown. Wen passing, for

entpal e & ' i -
oy o | e 5 Gy SERUGRS A pYriBRbRESs 201 202

t on-giqhal.s array to.these portiopns,accordingly. i
andy BB00T0 B (B phetibGRY FifRE £ thesemortiofs accordingly.
whi ch the ginbals are directed again to capture
Theppaiter jhaainerat eortinnegytaspont B, apwhick b 208balsf atendirected
same area portions; however, now, fromthe point of

again éw captiire thrrespordibght thé inReieki 20, b0, @Xd"POE. of the same
about 56% of each area portion overlaps In the inages

are@SporkRKEN HoWeP,Oin%gv;' f?ﬂﬂln‘éhg aﬁ(ﬁ?ﬂ?e&ft i}ﬂa%leég Ig.e If a substantial

st'ereoscopi ¢ |1 nage e area portiron

constructed,in kn nner. As shown, the invention
poriapn,, oy é’§a§}¥’1ee3§?/“t g% ggea 872 PREASN fERIIAPS i the images as

obt ai ning the i maﬁqes required for
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




constructing stereoscopic imges. Wen interpreting
reconnai ssance photos, the stereoscopic effect nmay be
obt ai ned, for exanple, by displaying the two inmages
of the sane area portion at different |ight
polarities', and then view ng the display using
pol ari zing gl asses, directing one image to the left

In a nore

seopfaleoniatiad BT STstens. (PR HRPORNS: Hothdeheraft main INS

Navi gati on Systerrs are used by the reconnai ssance
604y yseallpf combined ewithorGPSprand pelid | saebad! INS2Ad @Be | Baternal
shown in Fig. 6, the INS 303 of Fig. 4 conprises two

Redad t ENign a a
e Taame ST W AL il B o

t.h and t ondINS|s helnt rnaI
navfidedondl dad culefrie” B brosens soardiprees Rétlsmmcgafyswh respect
for providing navigational data, such as the present ’
to & guedpfineds papferablyaighabadf coonilitatee syystdm, tamdaorientation data
predefined, preferably gl obal coordi nates system and

reladivigett thid Oﬁeﬂﬁdtﬁ\on bElled hieri® Witk Iﬁéﬂ)&@t’cétsa?(ﬂ fiball RBordinates
aircraft with respect to said gl obal™ coordi nag

t v.er cur has to
RE& )éécrgﬁitsl %%eousgskﬁggat e Cgﬁraotledépatcl?) E%E{e é’m& 2ypysly vpdated
ec%| on to the caE) ed area, and not | ess
in ? Or FLASSUre accaate slirackione tacthe aptuad girea, and not less

conpensation, even during fast and sharp maneuvers of
impptHand oafler td hissuteasscuravo nvstsore COMpERELtion, even during fast
conplication, as due to the elasticity of the ai rcraft

andt @ha?ﬁ’r&ﬂlm&%f %f {Heomirdefry. hi @ﬂl&acl%%iierl %l%g% 889 more

very intense airflow Therefore, in order to
comghc co’:rggn gg ftglF ?lﬁg{i&tse }}el \z/uerc%gi]: t?le ];)orat?odnst guffer 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 préferably 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




aircraft notion, it has been found by the inventors
that it is essential to position an INS inside the
reconnai ssance system and preferably on the ginbals
t hensel ves, for measuring navigation and orientation
data of the ginbals, with regspect to a predefined

gl obal coordi nates system erefore, the Internal
econn san e INS s pr eferably paositioned _on the
nasGFARANaL da G b g i RE DaRHELP BNBe REing @ropsorart transfor

positi oned on the ginbals as well, and accurately
aligranent ezocesi dlatarihedHovfover In asich he rhatiwsmatide N andstidth and
be limted in size, and therefore nay suffer from

high@FBedulaes bf 3hé emdads G6ivol i ob@&%%ﬁdggglcta‘f valils {or Jnpehanical

present invention the Internal I'S connec

raf,t ) main aircraft
mlstaﬁ%l (ﬁr e ﬁtweﬁﬁlcfg]tee%lr? 'aHfieﬁ?‘ﬁaqu‘i’lNSmﬁﬁIH’e @r@j:em LOS are 10-
navi_gational data for al |gn| ng it for possible drifts,
20 H’é‘?ﬁg"‘t}ﬁ@ the ahsaed an-gisbe icgnrmaaSLmeoﬁﬁssnisahgnmeut to
descri bed before. In such a manner w der bandw dth and

an dndcgirecy aft@aeydof the ginbals servo is obtained.
Typi cal values for nmechanical msalignnent between
the aircraft and the reconnai ssance system LCS are 10-
20 nrad, while the aligned on-gi rrbals INS can neasure

his, i salig n an accurac -2 nrad. It

It St‘h\b@ Re B8 ehiottrigg tﬁiﬁa’treﬁﬂ@rﬁlpéﬁ a5%¥ 16%]%}’ grpturpgdi hyatheysystem of
captured by the systemof the invention in a

the "igremigotin anfismapshoty mhamhéry typidallyuetthl @8l longer integration
integration time than the vector or array in systens

tim@fthahetly veEtod dr aMhily $nlRBtd P Fahe HALFHHR! VPile J:he typical

perlod in the systemof the I nvention 1s |n the

S ms. of t. ri o .
1nte%e%1{ﬂ(>) 1D e§1S EIC %ly afg@leswenbgn 3? Glgﬁ 0}" 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 t}te fact that the
mvention 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
select.ing areas and portions within areas of interest enables a significant

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




and US 6, 256, 057, the typical integration periods are
two to three orders of nmagnitude shorter (i.e

bet ween 100 to 1000 tines shorter), resulting in a
much | ower photonic sensitivity to light. This evol ves
fromthe fact that the inveniskon uses an array having
several hundreds or t housands of rows and colunns in

chechp| oedtoliht durln | ]

AL, SEGR. Pilr bRrEIR0RS ot w08pEl MGES particulaly,
a one-di mensi on vector a same capturlng period is
intiaged off opbt newionshangiavens obinleresmrevesptored hyithi system of the
nmust be exposed hundreds or thousands of tines in
ivéleiot. 0 cover a sanme area portion. Moreover, the

fact that the systemof the invention allows great
flexibility in selecting areas and portions within

areas of interest -enables a significant reduction in
Eﬁaggfﬂfiﬂi of data that the systemhas to deal with

£ 9= -55- capture, store, and/or transfer by

communi cations neans). Mre particularly, imges of
Tl fpllpwritg o snaxdngrleahowfing nhesesingiretlzagmoned dfyiata which
the systemof the invention. EXAMPLE 2 The foll ow ng
the 38teX@Rhe PHetiBE hixedIeavi By gt@rlhgetﬁmﬁmmﬁg 1484 &round
whi ch the system of the i nvention handles (i.

ransm ttin ground,.station,

Qe TN TR AR R S &%rﬁ)sflzed array
reconnai ssance system - Mssion duration: 2 hours; -
r«p:chmaﬁsalmcp@g@t,em ‘es this scenario. Area of high

priority targets with

- 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




respect to the photographed area: 40% for snap

shooting. The term "snapshot", refers herein to a

manner in which all the array pixels are

simul t aneously exposed to light froman area portion,

and data fromall the array pexel s sinultaneously is

read at the end of the said exposure; 5%for

pushb r rge-.si - due to,the efficignc) .
o "L a8 e B HoBRHaf E MRl (400Gl & Bt Hhvention):
assu jon resulting fromthe ability of the system

of t%‘g%ﬁ%ﬁ‘hqf&m& Pt and gsressttraclgpvenlapr i ty

targets within an area of interest, and to ignore

ar ea Puetlaprgesffonpusbeoestd(%: Sensors' data

t hroughput rate unconpressed: 20 Myytes/s - Low

conpression rate: 1:5 - H gh conpression rate: 1:10

-56- - Overlap area for snapshots reconnai ssance
ceor di t.o the invention): 40%total of along-track
fﬁ%ﬁgﬁggggy?rack overlap; - Overlap area for

ushbroom, K 20% Total recording: 1. Snapshooting =
f-ﬁ#aB@hGthﬁg(ﬁ)ﬁhé‘ 6087 €0xx ROMiIb/s x+{004/6/410)6/%0)1x 4.4=28 GB
@& 2. Pushbroom = (2hr x 60 x 60) x 20MB/s x (0.05/5

2: PudiirbOh x (ZhiPx $01:860Bx AOMBIstk (0.05/5n00t/10) x ik 18 6B
priority targets obtained for snap-shooting

reconnai ssance (according to the invention) is 40%/

5% = 8 tines higher than for push-broom or

arge-si.zed array reconnai ssance, and therefore the )
AR PG BET PRt g oREnaIds: darseds Bokupa® be) suap-shooting
5.1 in favor of snapshooting according
reconnaissance (according to the invention) is 40% / 5% = 8 times higher than
for push-broom or large-sized array reconnaissance, and therefore the overall

efficiency of the mission is: 8 x (18/28) = 5.1 in favor of snapshooting according

to the system of the invention.
This is a significant increase in efficiency.

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 is 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




to the systemof the invention. This is a significant
increase in efficiency. It should be noted herein that

t he reconnai ssance system of the invention, by

directing the LOS of the array/s of light sensitive

sensors using ginbals with af7deast two degrees of

freedom enables the defining of an area of interest

ifRfercdd B LIy é’liﬁﬁ‘ﬁfﬁ%s"@ﬂe%éffe@' 096N Qfe(?ifi&{tﬁﬁl Mehdls for forward
real tinme, to a plurality of area pogtlons that are
sequent i al | canned in.a ,stepw se systemati c and ,
RO SoBPeRARGR: £5 18BrcH fOEPBISERGE SYBHRS Ghdhe prior art,
until covering the full area. The system of the

fohesamipdh e l&bl $5RS0 7oAy Se48, 69301 Sc BABOZ;, 02, oW (h 97/42659, US
specific area of -57- interest, it also elimnates the

SNERH 7051 apd WS &, 265,06 BotdtedBanthd POY of Wt drrdiPhéidR gimbals
corrpensatl on, as requl red i n reconnai ssance syst ens o0

WP 18t o g8 e BR A Ry JShRePY S Bhupil, ggrrecting the

and US 6, 256, 057. By directing the LOS of the array
d&%ﬁcﬁﬁngﬁ%éw §glev\ﬁetdha%&a PREHIAN OHSInE e cexRsBure e aitirgnly forward
and by continuously correcting the direction to the

ng@ifi@t tcethp@meatipor witdn relygachgot e faxpodunels, inprodded, but also
forward notion conpensation with respect to the

chREVBFAiGK iS thedP1OMhdesD Milpeabehe ORI %ﬁgﬁeﬁdkﬁg improved
made to the 3D shape of the terrain for providing
I prove not.ign_and orientati co sat.| Wi th : .
R oplt5ien PR 8 s o Rt BB SRPES ) Blunl b s fact i
i.mportance, as it enabl es sharp and w de maneuveri ngs
opoarHeulagi wepertancebredl enables sharrepndheide mveneuverings of the
aircraft is positioned with respect to the area of
ainereft e Moreovég ranyhgtost wdieraithbi dirGaifid i pesitiondd WRth respect to
matter in what
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 portions (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 kmy;

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

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




orientation, the systemprovides nmeans for obtaining
appropriate i mages of such area portions (assum ng no
obstruction fromthe aircraft body). Exanple 3 The

i nvention was successfully inplenmented with the
foll owi ng paraneters: Airborpg pod configuration;
Nunmber of pixels: Visual array: 2000 x 2000, IR array

T ti j ok ; ' !
K S50 17 P ETLAL S8 TR ol B T GRSl g e
rate: 3 per second, both sensors arrays operating
S%?HHP%QH@&U?F 'PPIRSRIOGEFE| spherical cover age,
excl uding a 30 degrees backward | ooki ng cone; -58- See
also Figs. 11 and 11A that are the result of an actua
simul ation of the scanning and overl appi ng process.

AbssAdl Gn the heb RITRRGHMBNthOTinkBRtILAVEIIdRRri®8d above, the area
descri bed above, the area scanning operation is -

rfor b h i_abal s; t.h first (direct.the.center
s FEEtiph JF bR, bV sy S, EE bR e gonter of
portion, then, an exposure of. the array to the Iight
theopamay st G tonkheaseattep of the selszant grea pertion nheay payexposure of
starts integration of light fromthe area portion),
tlenarray tbhhedightodorhirg; fxposhy arqeporitbn blirkBEe thé array starts
the area portion is captured. Next, the array's LOS is

irflb 5 Rof Bohi AEnf B ﬁfeﬁoﬂi(ﬂﬁfén@ LEZhPehi @he %?gosure period

the procedure of integration and capturing repe
TSP SRS b 5y B 1D Sl et 1

enbodi ment the ginbals operate during
the center of a next area portion, and the procedure of integration and
capturiﬁg repeats. This procedure repeats for all the area portions of the area of
interest. More specifically, in the above embodiment the gimbals operate during
the scanning of the area of interest in a “jumping” manner, by which the
gimbals first move until an alignment to the 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
hmited 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

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




the scanning of the area of interest in a "junping"

manner, by which the ginbals first nove until an

alignnent to the predefined area portion is obtained,

then the ginbals are stationary during the exposure

peri od (except for notion cogpensati on novenent), and

next the ginbals nove again to direct the array to

e .cent ek t 0 t o s

54138 iGed lﬁLp Jkﬁql?zgg sc%rn?ﬁ%é) ntl%ég%@ra and é%%tsésé/cg%reg optics 1s

opératlon sha
as denD ed in a ) X
PECEY FOSIRRALER & %ﬂ?@ﬁngﬁ&%{)@ﬁpﬁﬁé f§$ thige are stationary with
relatively heavy ginmbals is tine-consum ng. According
raspest td saidnotderal emnbdlsdntthefintprevéedvierdki-gmnntihe embodiment of
scanning efficiency is inproved by using a

tﬁ@%e?ﬁﬁﬁﬁh%mfﬁ%hﬁ@ar% hSscHIINNS B 1@1&% uttedAh thé internal

-59 sald inth e j unpi ng” -type scanni ng, e array

aSSOCI do referab it
sl T R G p SR b T Fom PGS 1t BT B8R, Hationary
wWth respect to said internal ginbals. In the
miiper SPdd andat loveerans sigslerotiateatis back speniimgrthbng anirror or
back-scanning array assenbly 860 is nounted on the
priBie86@ Thgbablaleaniding wesignd hyire@sgnhbahted 6eupdddi&sted motor.
| enses 861, and 862, stationary mrror 864, and a

Id P46 Pﬁaa%ﬁ-s%iaﬁg!i tglléﬁl 1R s3] Qf"}ﬁ%aﬁf: @H@'arfg? a@fr@l{ohg 95 performed

mrror or prls The back nning ro

m.rror nount e edj.cat ed tor. . Int

COTHUIIALS, n%g ?lﬁ quﬂ% Q&%ﬁi‘ﬁnﬁg?%f’mﬁ‘ﬁ@“a\‘%]é{ scan columns (or
portions is performed continuously, or, in other

rones) o, theharegl nbanteresinai hagudiQS mmlwolva]msty( @md this scanning
rows) of the area of interest at high LOS angul ar

Ok A@int Yomd8 br fHipSoftBdMitdifion alignment and motion compensation, as

described above. Whenever an exact alignment to the center of an area portion
is 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 i1s 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




novenent cones on top of the direction alignnment and
noti on conpensation, as described above. Wenever an
exact alignment to the center of an area portion is
obt ai ned, the light integration (exposure of the
array) period begins, and theggback-scanning mrror
863 conpensates for the scanning continuous novenent

t i : [ .the integration peri.o i
R R PR Yo R B h2ttg' ThE Wl bR eBEPaR. Blopping the
direction in half the anpgul ar velocity. Wth reference
g #fsg. capumes  paosdi nlal thevaiditwi revalescéime nglue to the high
constant angular inertial velocity in the direction
aBtderathe/ haehesmtannand taithe digh6Rertdilabhass d0thagihbgls and their
integration period (only) in the opposite direction

ptgﬁﬁadi 0.aiHe GBRSARYUITAE bI&.- intjﬂn\glﬁiﬁ%&'s({‘zﬁf%&}’e much faster

e area portion 1s" malntalned statfonary at the array
305, At.the end of, the integration (exposure) period,
ﬂ?"hl@is Orﬂt%fm%%és @Iuﬁirﬁ’%e tpl @?%S'i nitial position, until

a new integration period, in which the sane constant
novenent of the mrror repeats. The back-scanni ng
enabl es the ginbals to -60- nove at hi gher velocity

BENAMREERVI ng to stop for each snapshot. Stopping the
gi nbal s consunes nost of the duty cycle tinme due to

e L e L —

I nertia 0 e gl s a
t he.sensors). The, back:scanning mrror can npove nuch
tHOZHEPATS s oF P S6E A EHA Shay PBHOSRE Emd TrdGstms, the angular

EXAMPLE 4 The angul ar range of the back-scanning
digplacsmernd afethe bagd-scanfong ewampt & 60fx 0fHe=g).6likigs which is very
nove at 60 deg/s and the exposure tine is 10 nms, the

s@aagul ar

A typical comparison: Using gimbals without back-scanning enables a snapshot
rate of 3 frames per second in a typical installation (e.g. Examle 8). The average
gimbals velocity, for a Field of View of 3 degrees, would be approximately 3 x 3
= 2 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 is 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




di spl acenent of the back-scanning mrror is 60 x 0.01
= 0.6 deg, which is very small. A typical conparison:
Usi ng gi nbal s wi t hout back-scanni ng enabl es a snapshot
rate of 3 frames per second in a typical installation
(e.g. Exam e 3). The average -6gi nbals velocity, for a
Field of View of 3 degrees, would be approximately 3 X

780 Hada %&éﬁm g‘oﬁﬁ?nQM’a?es hatfle tUR) %‘%tg%e /(1:18 o Highway 710

the ginbals can nove at velocity
arate mhlch 'S

?ﬁﬁ é% ﬁg tﬁ = ZO:fnapshots/s
ERERCS ?I’Fé%“%‘iaéﬂ%r FRECORBA AR Doham o theterior art, in
islimted by the electronic frame rate of the
wdpls bhe camierh (.., thpiveetior pf 3ghosebithe, dathetitersfeasentially fixed

hi gher than 20 Hz. Fig. 8 and Fig. 8Aillustrate a

wdfletinhited FBOR, ikthe WhiGhft &8 BSRTROm ﬁéﬁ%@tQ%}hﬁ? havmg a field of
advant ageous over prl or art reconnai ssance SyS

t e 700 ha m ss
vERPRRSRe DELr TR SRl sl t%é‘re%ﬁeag‘a?elavﬂfr&ﬁv@ﬁnd D of the
710, .l.ocated between the nountai ns.
fipsdc@; m}&ﬁ JRgHMaIR \ade Phey Aredh Be by gesy p@lﬂts A andviiiiof¥he isecond (left)
canera (i.e., the vector of light sensitive el enents)
memgsaeninakey dfi xeel two tgostd MdGedndOBf thee MERWRAT 710 are not
can cover frompoint Q (while having a field of view

olbﬁarirh&&dI@ﬂohgn%g&%bﬁﬂ%@%t()gﬁg%h% QE@E @. bﬁlte\’\gﬁ{&ﬁ%ft will fly

points B and D of the Tfirst

eg bet we oi nt he sec | eft)

i eatht Fhebosnol the Lb pbile %?ogzcgené’bléeu@h@mh substantial
hlghmay 710 are not obtalned In long range oblique
obsycgragpashie o BropmalhbQf depression anglpl ¥ thovamdsat hewever, is
page, and the LOS will be side-oblique wth

nsiufigtdnts dh 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 aireraft, 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
d1rected to cover the area between points F and E, and later, while JL'eachm‘;;,r
point S, the array’s LLOS may be backward directed to cover the area between

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




obscuration due to the small LOS depression angle. If
the canera, however, is not fixed, as in the case of
the prior art push-broom or whi skbroom systens, there
is also no assurance of full coverage of the posts 705
and highway 710, as there is-6% synchronization

bet ween t he novenent of the field of view of the

thanBictpeits Tobenshare noi iﬁ:%?gtclﬁ rtﬁ@!}ﬂghéﬁgféﬁié gﬁvoté)ggﬁl%%. The lines

present invention, this bl em i s”eas

il ari,ng, t 1.SS| on d divi siaon of_ the )
a8 P FRIhHIE e U BT SOG Shredudinl the Teconnaissance
coordinate to be the center of an area of interest,

SYpl@TR drog pgiainkt wiledunblaes 93heeds Y22 andicatedtlicehitnitg of the field
array/s' LOS to these selected coordinates from any

of regiaid afatie qecomiiabiycesslteieflomosdht g0 of the
aircraft, so long as the LOS is within the systems

FOR Therefore, as shown in Fig. 8A, while being at
| ocation Rthe array's LOS may be forward directed to

Fpovii .the area hetween pfoi Elﬁ Fand E_ and |ater,

Wi FE 1F aRRTSRGCtNe i Hewsot prkillyy teayain 56 g itsedivision into area
backward directed to cover the area between points G

paridons, innluding sorsepvdiap fhetween eachqiontenst Abso shown in Fig. 11
nmount ai ns, including -62- the two posts 705 and the

if ahlinkiRee infwhis Ji LB ai I
711 and 712 indi ca%&?%%y??%ﬁ{hsgg‘%a%?hgé‘??gIaégcgﬁﬁréé%hg?“é‘dalater

. . |.ssance systemf oi nt, R ile the |

nfitabl® 55 SR YRR Gre R b PP Foetuurhl 1 Uiegoie airerat
r.egf d ﬁf the reconnai ssance systemfrompoint S. Fig.

Fig. LA Shpwup speuppeievipveaf blile samel teyraivr anilthe60annexiof scanning

its division into area portions, including sone
obtler hrga dfenhhweest by dhepardrabingcoMh8@sshe@Y dtBmliad indikated by the
is an instance in which one area portion is captured

ahvadl sy aft 561, and a |l ater

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 (1.e., area portions) during a mission, with reduced storage

requirements:;




i nstance in which another area portion, 564, is

captured by the sane aircraft. Fig. 11A shows an

upper view of the sane terrain, and the nmanner of

scanning of the area of interest by the aircraft

reconnai ssance system as inditBated by the arrows

565. To sunmarize, the present invention is

char atherbikes: Ry phbﬁbgfrﬁbrh O N9 S8 cRaft PLAELS oAV Rithin a large
the prior art systens: The ability to p otograhh in

any qg§ngrection within a large Field of Regard

(FOR). "In order to have this ability (e.g.,

for d- obl i que,  side- oblique, down, and arbitrary

| ooﬁ% apHatypta Bicugon seesiinairwdity sargeqdor eslongedwfation and
separate light- sensing units or a plurality of

separgdte mangspicthies ady | iHey loifghbbe Qughgntwhi¥eRhbORircraft is
enabl es the coverage of nore targets (i.e., area

porti j 1.S3] Wt g .
Fequit oo i " P03t Aeeibh' dheh AT de e By goly selective
aircraf%.fligﬁ% dinect%on within a large FOR The

abi | iRy P85 BRSO s 8Y¥EEFve quality targets for a

| ong duration and get many pictures at the highest

qual i'the whility tohehetiograpdi tiniterrginogithskirpg vattutions, by directing
overall mssion area is not recorded, but only

sel echeMeOSROMRhADAS obbOWMSnS aWilNG:cHEOr age; The ability
to photograph in terrain wth |arge variations, by

dir e@fﬂ@%bifiﬂ? tboghﬁf)ogtrgsg nw%ifebst%lé'r ialnr%ra\{%tl {s %:grlféﬁvering, thus
increasing mission flexibility and aircraft survivability;

- The ability to operate manually or automatically in the same mission.

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.




The ability to photograph while the aircraft is
maneuvering, thus increasing mssion flexibility and
aircraft survivability; The ability to operate
manual |y or automatically in the sanme mssion. Wile
sonme enbodi ments of the invetdd on have been descri bed
by way of illustration, it will be apparent that the
CLIAYMRt i on can be carried into practice wth many
noa fications, variations and adaptations, and with
valents.or alternative

"sol ufuﬁs grgﬁoﬂjnqagés%ﬁ%efsﬁﬁte@ﬁgng)&sﬂg E'of persons
] ed h t t t f th t
-oéimia%s.wé%g fbfeast o daaPng! BREASBope of the |

claims. 64 CLAl I\/S 1. An airborne reconnai ssance
-sp$tlenstc onprarsangef lightt meakershpusitignad dredhe gimbals, for being
degrees of freedom - At |east one array of I|ight

desaod Hybsishh@N@ithen dtheas m@ﬂggreég bf BRbAGm; di rect ed
by the sane within at l[east two rees of freedom -

ekt n‘gPIN N?%dtﬂﬁf 9§]I:eﬁ¥%lefgeﬁgcglpegﬂlov1 tg ! Or#ﬂqdﬂ.ﬂg cbStrol unit

a gl ntrol ™ unit navil

data of t ai.rcraft h r.espect t edeflned
I’g’ﬂ}"a%%‘im%fé“? ‘@3} Yiﬂ@iﬁ ©f 3 es"’éF“é’@?‘i B’hﬁbﬁ?%PeFBrtO a predefined
sel ecting, one at a time, another area portion from
&Iﬂéala&)@ésé’ﬁ 8%t erest; Servo control unit for: A

Recei ving one at a ti me, a coordi nates set of the

-Jeirdmhni sedediomaunit 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 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

integrates light coming from the area portion, providing to




portion, said set conprising the x : y coordinates of

said area portion, and the elevation z of the center

of that portion; B. Receiving continuously fromsaid
inertial navigation system present |ocation and
orientation data of the airebaft; C Repeatedly

cal cul ating and conveying into a ginbals servo unit in

real tine artmleagmabetlrsqimrcaélgnﬂsgﬂaa'c%n{ﬁéhsaﬁn 't'[}fé 8hange in

direction period, signals for directing accordi

the gimbal sy;i.04 olfld't[}%g?v\% Stsh%tsal S%}Stz c>98r Dh8Y%s Ur the selected

light-sensing units

coordi nates of the selected area portion, and b.
during an |dﬁ@@paﬁW@hﬂpgﬁ?@@ibBHHWWa&hnbhenarray
sensors integrates light comng fromthe area

-pGimbals sgvovforlieffgcting -difectidieotldginsbalBiih & Wadt $wo degrees
for conpensating for the change in direction towards

dfffReelom hocordinkiORy ﬂié“ﬁgﬁﬁlsoﬁr&ﬁfe@ﬁbﬁgﬁg qe?%tco‘}{tr 1 Unit;

evolving fromthe aircraft notion S servo Por

S%gr BleRoPhpF il g mu%@%?%ﬁmﬁg%ﬂg@ of e oS heigeaation

sai Control Un|t - Sanpling neans_ for
Plgﬁg&mﬁ SBEhPRGof said; Haag senwrs: et ok elodsaishsampled
perl od i xel Ievel s fromeach of said array sensors, a

nizel lefre &Iﬂormfs againtagenofpsaid arprpertibeyvaid fornms an

i mage 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.




- Storage neans for storing a plurality of area
portion i mages. 2. System according to claiml,
wherein said one or nore arrays are selected from at

| east a visual light-sensitive array, a UV |light
sensitive-array, an infrareddight-sensitive array, a
mul ti/ hyper-spectral array, and an active

5. Sydtémnaaabdion & flaym B whks&RMheteaR Aotk bP sGiPbdys of sensors
wherei n said navigation data of the aircraft

beiﬁ%ﬁ??@%%%%g{@é%&g_ to the 3D |l ocation of the

ai’rcra oCity and acceleration vectors
with respect to a predefined coordi nates system and
its orientation data relating to the orientation of
the aircraft with respect to said predefined

6. Systemdiasardingdpsiaim 14 comprising devobutirtigl Nawigatiom Systems, the
wherein said Inertial Navigation System conprises

firsteineetibl naaieeicer aydtem baiity clié endiat [ratise Mav¥isatidh System of

| east some of said sensors being positioned on the

theIhfFeRlfB andBs sehsorY PERIP P& EIALAYyHRIEHIH ?&lﬁ%ﬂfﬁgﬁ& tHe second

at | east sonme of said arrays of sensors

o ASOSEA, SOFE TRELG i s B BERRCEY 2t Qogmnissance
the first i nertifg}:_he navi gati on system bei ng_the mai

. main
SYSEER@y @t deaNSAR P spRsEH drsaid isecend brertial MMavigesion System

sensors being positioned within the aircraft, and the
beiggcperitionedran &he Igimbgdd iwrit,Systaenring ngvigasipat end orientation
dedi cated to the reconnai ssance system at |east some
datef of tie genbalssyRh @gp&tswnmséiaefsltéd@ﬁnb@\&xtg@téy@fbm, for better

System being positioned on the ginbals unit,
elitRAsh s i SaREh ARt b BRhiRE FRWehCthe gimbals and LOS and the
said main Inertial Navigation System of the aircraft due to aero-elastic

deflections and vibrations of the aircraft, by using a process of transfer

alignment from the said first INS to the said second INS.

7. System according to claim 1, wherein the portion selecting unit is used for
calculating and determining a center of a next area portion that provides a
predefined overlap between the said imaged area portion and the adjacent

previously imaged area portion.

8. System according to claim 1, wherein 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




data of the ginbals with respect to the said

predefi ned axes system for better elimnating

m sal i gnments occurring between the ginbals and LOS
and the said main Inertial Navigation System of the
aircraft due to aero-el astieb7deflections and

vi brations of the aircraft, by using a process of

to & lsenetianhissidd gHITE thefdbyddiensill; édanding Dive bfterRBe other area
said second INS. 7. System according to claim 1,

. g oL eot] L _ _

POl T8RO AR SE LR OINE, Bt B Ll of s porions
portion that provides a predefined overlap between
the said imaged area portion and the adjacent
previously imaged area_portion. 8. Systemaccording to

9. Systemmceordipg taickaimm lawhsteisnia 2 mawer] vpde pbiha syviennthe pilot
gimbal s are activated to cover in a sequential,

of teepirniafe dafinesnn driee diinterebt duninegr st fliché) shid enresadénterest

is made froma predefined starting portion and

beiRgGRItd M icalll divadal §iterfdelbsshOared ?Grtiérﬂ SE¥e area portions
sequenti ally scanning one after the other area

-0Qr 1. [ rqst n | ing-images ..
beifR @ hL S AR fhg bl 6 wichy BRI (R EPondingly
. claiml1, wherein in, nual de of the systemthe )
dirgeting 60 ghephéhg; MsBimbalgenttgs ah caPUIRY 1I0MEEF each of said

during the flight, said area of interest being
scaanedmortiondl y divided into at | east one area portion,
all the area portions being automatically scanned one
after the other by nmeans of correspondingly directing
to themthe on-ginbals array, for capturing i nages of

10. Sy8@sh Qkcosdd canpad LRS- thed i di i
VRO, Bleotdiny (8ORNRIIEEhOR . (S pimbal S MOBRARA Y gimbals
mechanisms, an external gimbals mechanism and an internal gimbals

mechanism.,

11. System according to claim 11, 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 11 wherein the external gimbals mechanism has

two degrees of freedom, elevation and roll.

13. System according to claim 11, wherein the internal gimbals mechanism is used

for fine directing the on-gimbals array to the center of a selected area portion,




mechani snms, an external ginbals nmechani smand an
internal ginbals nechanism 11. System according to
claim 11, wherein the external ginbals nmechanismis
used for coarse directing the on-ginbals array to the
center of a selected area g#-tion. 12. System
according to claim 11 wherein the external ginbals

parthaiarlySor hasmpehwitifg eheesmPlald AaREABH BF eMekiRRaRNMotion and
roll. 13. System according to claim1l, wherein the
: %?Eb(ﬁﬁ ' I: for fine directing
On%lh%eﬁgd%?%}} al s Ig?gggg?lgﬂe%ﬂ@%#tggﬁdbf a selected area

portion, -68- particularly for conpensating the

ginbals direction for the aircraft notion and

orientation change during the integration period.

14.Systemspeqosdingciooraimd 1s whareinntherintarmaleimhale mechenish has two

gi mbal s mechani sm has two degrees of freedom yaw and
degrees bf fréédoBy ghemmtpiteli ng to claim 11, wherein the

external ginbals nmechanismis slaved to the internal

gi nbal s nechanism 16. System according to claiml,

wherein during the integration period each of the

Y. S, Si t gne | y. ses light fr a . .
15. SyBch Y SHERES o el Ao AR SRS Extr Bt giroRls” mechgaiom is
end of the integration period the data fromall the
Sla‘é‘i"(fﬁg/&%eeﬁgﬁ%aliénﬁ@z;%lnéqcﬁﬁp’c%eousl y, and stored as an
i mage of the area portion. 17. System according to
claim1l1l, wherein the array |ight sensors are sensitive
to
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.




light in the range of visual light, IR W
mul ti/ hyper-spectral, and/or an active illum nation.
18. System according to claim1, wherein the arrays
are focal plane arrays. 19. System according to claim
1, wherein the predefined af¥ systemis a gl obal
axes system -69- 20. System according to claim1,
20. Systese abdording thilaim lpedsainbbahetthin o p&d attachad to the aircraft.
21. System according to claim1, assenbled within a
payl oad installed inside the aircraft with only its
w ndows protruding for obtaining a clear, unobstructed

ine.of $i . 122 em ording to clai.m 2 .
ZI’SyS\Hi'\%eraecl% r‘iﬁﬁl%h{gol ﬁ%éps@égésﬁ%@%ﬁe ({btlgtahgaﬂro m&%auec%bnade the

. pod, behind a transparent w ndow 23. System accordin
alr%&c%ﬁ%@fy 1t VIRAOWS pspirading dom ablaingnm @ elgar, unobstructed

mechani sm conprising a mrror or prism positioned on
Linelo€ Sgglibal s and rotatable with respect thereto, |ight

comng fromthe area portion first passing through

said mrror which deflects the sane towards the

array, and, a. the servo control unit applies to the

; . . / :
22. Sy&'eﬂpglté)rﬁbﬁﬁ% 'l(jltvbﬁisii‘g%,L?)#g?&gnng{ebgﬁ%%@gaﬁ@%{eﬁgaﬁ the front of

novenent ITection
to S. ah_area portion is being established, applying
thegwﬁ?é%a d%%?gggﬁﬁﬂﬁﬁﬂﬁyhpﬁr during the integration
peri od an opposite direction novenent with respect to
said row and/or columm scanni ng conti nuous novenent,

t hereby conpensating for that continuous novenent and
23. Systesuatcegding to claim 1, further comprising a back-scanning mechanism

comprising a mirror or prism, positioned on the gimbals and rotatable with
respect thereto, light coming from the area portion first passing through said
mirror which deflects the same towards the array, and,

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 continuocus
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;




fixed orientation relationship of the array with
respect to the area portion inmaged. 24. A nethod for
carryi ng out airborne reconnai ssance, conprising: a.
Providing at |east one array of |light-sensitive
pi xel s; -70- b. Munting the/@&t |east one array on
gi nbal s having at |east two degrees of freedom so that
b. Meugiinbahe nleadt vAGlartrl9 G EAUbAIR aviRkeR! REshit
Sight; c. Providing an | ngrt [ gllqﬁl\lavi gat i gn Systsem%?o@afg"rees of
freed LRI ¢RI : ' i £l t .upd g .
ree x0 : y"r;llE ?hgb%gé}%édr%?%g&o %%ggetﬂtae%rf%?teaﬁ@ngrq? ght’
.t h. r.espec t.o redefi ngd coordi nates, system d. )
c. BRI R g Rl NPT GRCIAR SRR (G QarmRing b &batien during
coordinates of a center of specific area portion
the flight tha unsleted ea : of : snceardinateand théreentpr of ehatiroay with respect
coordi nate at said portion center, and the said x. :

t Yedefired &RPAH .the array center at sane
Oaps%eeclifi o t?gre,am%etgfesrtrgnﬁlﬁi ng the exact angles for

t abl.ishing,a Jine of sight direction_conpecting,.
d. JEONEERE: Ae %ngﬂnofmﬁwzmgrglﬁ‘g}n ahd" Xhe 1Qegtipn gpordipptes of a
. zP coordinates; e. Gven the calculation of step d,

centerlof epbéifig AeAOFEHNE Wit ARNaRE of itfiSed! AW I n i
of Slgght to tg% center of the araea Eort?oﬁ;ﬁ%ﬂ. ﬂb%Hpnglevatmn
an integration period, effecting accumul ation of |ight

coordigage phsald paytion gentar, end thersapd| 7,ght, : sereordinates of the array
During the integration period, repeating at a high

ter’ &% SaifdCssRl ULk i ' { NiRe a li
en e: A zS coor d?é}%ﬁ%%ﬁ%hgg%%a eagpy?, %?eca)ﬁ ﬁ%vmeagrﬁég%%}gﬂg a line
of sight direction connecting between the center of the array and the said

x, 'y, :z, coordinates;

e. Given the calculation of step d, directing accordingly the center of the array’s
Line of Sight to the center of the area portion;

f. During an integration period, effecting accumulation of light separately hy
any of the array light sensors;

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

step d with updated array x,:y,: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,:y,:z, within the area of interest, and

repeating steps d to i for these new coordinates;




said cal culation, correcting the direction as in step

e; h. At the end of the integration period, sanpling

all the array sensors, and saving in a storage as

i mages of the array portion; i. Selecting new portion
coordinates xP : yP : zP withln the area of interest,

and repeating steps d to i for these new coordi nates;

j- When jthe\Woesrdgdreof alletirgarad ofilihtdrbet & eempletbNt& 8Rlating the

is conplete, termnating the process, or beginning

ProceS 1% HincTeoR B &b Abwi AYeS! iThterdl, Met hod

according to claim24, wherein the selection of xo :
yp coordinates of a new area portion is performed to
assure overlap between adjacent area portions wthin

redefined range, by cal cul ating the 3-di nensi onal
26. N@Bﬁ?(gﬁmrgw tneaHewS, arkerepo the salestion o gy oupdpordidates of a

then projecting it on the footprint of a previous

new @eB2pRedn RNperddrmMEHHAULAGE %Rrgi'lﬁgbl%é%w%legi Eg%jc?i(géntt aTeq portions

wherein the overlap assurance Is al ne

.1 and el ection, qverla al gul.ation, ]

withiff0f pRAe T pERen B2 el aB: 655 S tesiline Jratyintcaf the now
cal culation. 28. Method according to claim 24, wherein

area pertion;ep thgngrovpd; prdshesoprojestingét ontdetfoatprint of a previous
Navi gati on System are positioned on the ginbals, for

area parproovi ng the neasuring of the orientation of the
array with respect to the selective area portion. 29.
Met hod according to claim24, wherein at | east sone of
the light sensitive sensors are positioned on the

27 . M@mﬁ@é@coréﬂfg éonc'ﬁéﬁﬂiﬂ v&ﬁ‘&eﬁ%ﬁg rokgﬂagfasgﬂreance is obtained by a

trial and error selection, overlap calculation, and correction when necessary, or by

an exact analytical caleulation.

28. Method according to claim 24, wherein 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.

29. Method according to claim 24, wherein 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.

30. Method according to claim 24, wherein the Inertial Navigation System

comprises a dedicated Inertial Navigation System of the reconnaissance system




orientation of the Line of Sight with respect to the
sel ective area portion. 30. Method according to claim
24, wherein the Inertial Navigation System conprises
a dedicated Inertial Navigation System of the

reconnai ssance system-72- amgl the main Inertial

Navi gation Systemof the aircraft, to inprove the

and 'ﬂﬁésﬁfahﬁg 1RErtid1e Noé'xhgé‘ﬁ@ﬁi S?s&fmt BP He WrED £ QIgﬁrtove the

to the selective are port by using a pr roces
I nertial

r.pali tfr the aircr .
meas{% RS SF IR uOREMion Fricicurin ulh sediishi € the selective area
i?em s. I nertial Navj %atl on System 31. A nethod for
Portlcm 09V dPAE8St PEPCass nple B sioN %ll&nrﬁgn‘alﬁrb@r fke aircraft Inertial

phot ographing conprising: a. Providing at |east one
Navigatiay SofStemghttlmemh@iltaued picerhaisshncd/Bysiciniig Thbetialt Navigation

| east one array on ginbals having at | east two degrees
Syste@i. freedomso that the ginbals 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 xn : y" : z"

coor es of. the center of the array with, resp
%ﬂagb’éfﬂr%@%&f@i%%@%y%@fm dalrlrr& avbam@p otographmg
c_a_I culation unit for, given xP : yP location
COMPHEHKi nat es of a center of specifi C area portion
within the area of interest, and the zP el evation

a. Bwovidiingte ledst oakcirpay bf light-edsitiveasidelshe sai d x”
yR : z" coordinates of the array center at sane

b. MSﬁhiﬁhg thie &, 1eﬁ§£ %ﬁmaﬁwﬁ onNSiSBAS h ARAL SR 65t two degrees of
establishing a line
freedom so that the gimbals can direct its Line of Sight towards a selective area
portion;

¢. 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 x,: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,:z, coordinates;




of sight direction connecting between the center of
the array and the said XP : yP : zP coordi nates; -73-
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 &unulation of |ight
separately by any of the array |ight sensors; f.
IMAEn 134 a7 i
P R e e 1Y Bline of Sight
ST . Z i_nat es nd repeat ed| fql ].owi ch
is dirge¥d o0 o/ @O ALEP pofitn, (G kit pbRY R BeBF Reparately
th enter of the array directed to the center of the
by ang@;i:‘éﬁ@ 8gray Bghtheensogs: ~ t her ef ore conpensating for
aircraft novenent; and g. At the end of the
i hildgring ithe iptegretionsparpdd, mgpahtinghw ahigly rsenter sglculation of
and saving in a storage as inmges of the array
step PWith epdaded aveihod :3ccer dotdlihted! dnd® Zéheatly! HIRERg each
carrying out airborne targeting, i conprising: a.
., Providing said ginmbals _having at ] east t degr ees of
said £51GUiAGHANS cCaTheRting, dheq AHRESHER o By BRRIPE o goisTaof the array
~ selected Line of Sight; b. Providing said Inertia
directrd\ioglhé eantys o€ he areletied aeagpartiamythdrafore compepsating for
the flight the updated xa : ya : za coordi nates of the

aircrafieniiogenehti ed gi nbals w th respect to a predefined
coordi nates system c. Providing said calculation unit
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a specific target w't nteres

. the zP el evation .
savmé 1 a'storage as images of the array portion.

32. Method according to claim 24, for further carrying out airborne 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,:y, :z,coordinates of the center of the gimbals

with respect to a predefined coordinates system;

¢. 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_ :y, :z, coordinates of the gimbals

center at same specific time, determining the exact angles for establishing a Line




coordinate at said target center and the said xa : ya
za coordinates of the ginbals center at sane
specific time, determ ning the exact angles for
establishing a Line -74- of Sight direction connecting
between the center of the gifals and said XP : yP :
z,, coordinates; d. Gven the calculation of step c,
of Sight egirbAgorRC loBiloy n ' N :
B Rt Hol o U, R B b BirtprlsBgd said
.,th cflve, targeting period, notion conpensating
Yp Vg bzrep ?%%ﬁ%%ﬁegh of the aircraft by repeating at a high
rate the calculation of step d with updated target xa
d. :Givfén tHe cdeuldtioat of stepct, rdipeaind|accofdihbBnithe €3#Br of the
said calculation, <correcting the direction as in step

gimbdls Line of Sight to the center of a selected target;
e. During the effective targeting period, motion compensating for the motion of
the aircraft by repeating at a high rate the calculation of step d with updated

target x,:y,:z, coordinates, and repeatedly, following each said calculation,

correcting the direction as in step d.




