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Field of the Invention The present invention relates to a systemT
carrying out airborne reconnaissance. Mire particularly, the present
invention relates to an airborne reconnai ssance system which conprises one
or nore awoaysgh |ight-sensitive sensors, such as W PargLeses22] R

mul ti/ hyper-spectral, or active illumnation, the line of sight of which
bei ng directed by neans of ginbals having at |east two degrees of freedom
said systemfurther, uses an Inertial Navigation System (INS) for

providing accurate trac Aﬁ&%}%@éém sAReH @¢spPEpvi ding 3D notion
conpensati on. The sensors an 1m§§mmmwr'ed on the ginbals.
Backgrounng%‘JdtJ}echle%%t‘{ti)&Ai rborne reconnai ssance systens have been

wi dely us ow, particularly for obtaining images fromthe
air of ar of interest. Oiginally, a filmcanpera was used on poard
aircraft fore cBPPERT nifveREoR nﬁ@l@ges ®hé AYEHDr §H1 SABERE h8Uhi RBBPHTE,

fil mcanmera based reconnai ssance systemis the length of time required for
devel opi ngrecerengipgamnce o preiqudariy.hde mrareridnvepriidmretisdalan afrbeme

| andi ng. This probl em has been overcone in nore nodern systens by the use
of a one- drepwinsisssdice \sgstemi witicla compridesensianabrakreysoff lidhtghsdanrsi tive
sensors in the canmera for obtaining electronic imges that are then

ﬁlo\e/ct2 B ggi CtnksdyrsS Q61 Gs TV ivisibIRE TR hekl8fiypeRBb@ball hanglivt tiBdmifRaBogr ound a

the line of sight of which being directed by means of gimbals having at least two
~ degrees of freedom, said system fu-rther_. uses an Inertial Navigation System
(INS) for providing accurate tracking and capturing, and for providing 3D
motion compensation. The sensors and INS are preferably mounted on the

gimbals.

Background of the Invention

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

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

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

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




WO 03/102505 PCT/1L03/00422 -2- base station. This is generally dong Jov s
such systens by scanning by the light- sensitive sensors of the area of
interest in the direction of the flight. Airborne reconnai ssance systens
are generally used to obtain imges of hostile areas, and therefore the
task of olgbasmizeg such i mages i nvol ves sone particul ar paTaged/merent s, such
as: 1. Flying the aircraft at high elevations and speeds in order to reduce
the risk of being targeted by eneny wegpons, and in order to w den the
area captured by each image; 2. Trying to capture as nuch rel evant inage

| nf o At ! OfhRg ROESL Dleis b NGl RSS! s @%ﬁﬁ%%go{c%%bﬁt@ lighflg (O

oper ate under various Vi Ity conditions, rrom si Ag t he
resol ution of the inages.and their quali.t .. Trvying.t o..phpt ograph rough
terrains (es.eng'lftwﬁisﬁ S(%Bﬁﬁn{%éﬁ’ Fee Oéll%%geﬁ%é{}%é%%élr?ﬁté&bo’g%ﬂgﬂgari ations), in
hi gh resolution and i mage quality. The need for securing the reconnai ssance
aircraft, while flying above or close to hostile areas has significantly
increased flying costs and risks, as sonetines the reconnaissance m ssion
requi res estitherinegeoinnahgsaace sysibmstaye gontrally sed o ebtainrioraples of histdeef or e,
the need for enabling a short and reliable mssion is of a very high
i npor t ance.argad\@Md2ReefoMOHE3at0 28 ObtGhl | JudB ARA4@2imdives some particular
requirements, such as:
1. Flying the aircraft at high elevations and speeds in order to reduce the
risk of being targeted by enemy weapons, and in order to widen the area
captured by each image;
2. Trying to capture as much relevant image information as possible during
as short as possible flight;
3. Trying to operate under various visibility conditions, while not
compromising the resolution of the images and their quality.

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

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

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

mission is of a very high importance.




There are several other problens generally involved in carrying outg NOV 2066
ai rborne reconnai ssance. For exanple, capturing inmages froma fast-noving
aircraft introduces the need for the so-called Forward Mtion Conpensation
(Hereinafter, the term"Forward Mtion Conpensation” will be shortly
referred WO 0¥s02FWC. Mdtion Conpensation in general w | |PdyaLsxf0ered to as
MC), to conpensate for aircraft novenent during the opening of the canera
shutter (whether mechanical or electrongc; in the latter case, the opening
of the canera shutter for the purpose of exposure is equivalent to the

| nt egr at i o, LAl PNGKARSRYILHE glte%%ﬁhg%ﬁ{?‘cﬁ%%' UE RPN ahoriien

|l i ght-sensitive sensors are canera ereinafter, this type of

image capturing will be,referred to,as "electranic c uring” in nt r ast
to vl | m EBEURIRERCe. e SRR f PR EaTe P & (bt ot Fzarail or
scanning types are used: i. The Al ong-Track Scannjng (also known as

" push- br ooFEREHAF N9 beadn far the sto-cedst é@?‘éfﬁ?@)nMGgm{lh@%mR%‘éaﬁ?%ck
Scanning, the light-sensitive sensors are arranged in a one-di nensi onal
vect or (r o@lerepsafpendiheutam t Forthed fMotibe Gompensadion” Thell seearshioridy of t he
imged area is obtained by the progression of the aircraft. In one

speci fic cesbiwdratdOFVIE, Woapg-OdpénsaSeanini fghergendi dblwfpadd Rias
Al ong- Track TDI (Tinme Del ayed Integration) configuration, a plurality of

such par al ket enesdiBE0SE W2kirdSet RloSekBhX Blirink AWE bpPERedhe bhatkrd O the
flight di o e e o i e o R ShE B 8% 102505
PCT/1L03/ 00422 ¢ flvirhether mechanical or electronic; in the latter case, the opening of

the camera shutier for the purpose of exposure is equiv_alent to the

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

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

types are used:

i.  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 bf Along-Track
Scanning, generally called Along-Track TDI (Time Delayed Integraﬁbn)
configuration, a plurality of such parallel one-dimensional vectors (pixel-

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



canera form ng a two-dinensional array. In that case, however, thegfNO\5h008
row of the array captures an area section, while all the subsequent rows
are used to capture the sanme section, but at a delay dom nated by the
aircraft progression. Then, for each row of pixels, a plurality of
correspongbighpksel s of all the rows in the array, as sepal&beiy neasured,
are first added; and then averaged in order to determ ne the pixel

measured light intensity value. Mre pajticularly, each pixel in the imge
is neasured N tines (N being the nunber of rows) and then averaged. This

Al ong-Track TDI configurati Lon 1.s found, to i t he nal i se
ratio, and to%% LI, 8 Ly [‘%ﬁ?ﬁ}olnﬁbagﬁéfnf%gﬂaﬁeqaﬁ%ﬁb}?qwt%ﬁ t@fe%ﬁgsurl ng
ii. The Across-Track Scanning (al so known as "Wi skbroom Scanni ng") -

t he Across- Tr Bk oSt arnay, cantioies o8 msadeeRen ke pl gho subsravsnt roht -
sensitive sensors, arranged parallel to the flight direction, is used. The
sensi ng vect oard ssgbseé thpned tha sgimbadcsionabithgl eneeldg gloesnated brddom

whi ch, during the flight, repeatedly noves the whole vector right and | eft

in a directi ORirBRIFP Epdlctablsn, L Thihe feb rehi o obf fhikgll] ,a Witk 4lig! ways
keepi ng the vector in an orientation parallel to the direction of flight.

Anot her Acr os IIé@ @é@gﬁ%@%%ﬁ%@%&@%% MBS, s | Haﬁéra%mﬂera@ﬁréar prism

to sweep the I'ne o herei nafter, LOS) o fi'xed vector of sensors
across-track, d movi,ng t he vect it such a.ca t he
Acr oss- Track %Eeaﬁ??ﬁ d@‘?d’t I"i‘@dag%eél By “14%é& glinhB]é erha%ldrg?&e%rhnele a%éler §%<81 HO |
2006 WD 03/ 102505 PCT/ | LO3/ 00422
measured light intensity value. More particularly, each pixel in the
image is measured N times (N being the number of rows) and then
averaged. This Along-Track TDI configuration is found to improve the
signal-to-noise ratio, and to improve the image quality and the reliability

of measuring.

ii, - The Across-Track Scanning (also known as “Whiskbroom Scanning”) - In
the Across-Track Scanning, a one-dimensional sensing vector of light-
sensitive gensors, arranged pafallel 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 Acrogs-Track Scanning configuration uses a moving mirror or
prism to sweep the line of sight (hereinafter, LOS) of a fixed vector of
sensors across-track, instead of moving the vector itself. In such a case,

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



-5- of freedom while maintaining the forward novenent of the aircr-af tNOV 2008
w dens the captured area. Another configuration of the Across-Track
Scanning is the Across-Track TDI configuration. In this configuration

there exists a plurality of vectors (columms) in a direction parallel to
the fligWbogesstion, form ng a two-dimensional array.pcliniLes/oberz0ss- Track

TDI, in simlarity to the Al ong-Track Scanning TDI, provides an inproved
reliability in the nmeasuring of pixel vaglues, nore particularly, an
i nprovenent in the signal-to-noise ratio. iii. Digital Fram ng Scanning: In

Di gital Fram ng.Scanni ng,;a twos .dinensioqnal _arr f Light,-sensitive
sensors is poé}?tffe(%’ﬁ%%’ \Msgﬂ%e rné%]f)%%lfm%%@ﬁ? %%Iavgaggng%?%leﬁltﬁ %L,el%gf%%@;l and US
6, 256, 057 the array js positioned such that_its_colum-vector ‘a, col umm
bei ng & gr oup "BEeHN S caRpired @@ﬁurﬁ@tﬂ% Eonfiguatign ?ﬁ%é@ﬂﬁ%ﬁg@
direction. Forward notion conpensation (FMC) is provided el ectronically
on-chip (in tReammbgcisothe Poras-Tovand I eenficusntiohe L rikis terfigurgtion char ge
froma pixel to the next adjacent pixel in the direction of flight during

t he sensor's exgesxisstd peraliisl doveetdrk éebliimnt)enr atdiwetivh patyllel Thehehar ge
transfer rate is determ ned separately for each colum (or for the whole

array as in Ugift2hfocBenR, 1oMBhe adwdlditnehSioARV &G al NTRA! Adrb&)- TR kUIEL, col utms

direction), depending on its 1ndividual distance (range) fromthe captured

| ! C ' i ded t
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handl e transferring e I nst ea col.um,

Si Sle![ ;l bi(almr;g e%eﬁgb%g%yaqgu ltl‘% r%tl;,a?su rn?gf o@l 1)3(1%'{-:‘ ‘va lrJ.]est, hreno%g S}t:[Ja(.arrplc{)J.{ar y? a5h692’ 062,

improvement in the signal-to-noise ratio.

1i1, Dig:‘gtal Framing Scanning: In Digital Framing Scanning, a two-
diﬁensional array of light-sensitive sensors is positioned with respect to
the scenery. In US 5,155,597 and US 6,256,057 the array is positioned
such that its column-vectors (a column being a groﬁp of the array’s
columns) are parallel to the flight direction. Forward motion
compensation (FMCQC) is provided electronically on-chip (in the detector
focal plane array) Ey the transferring of charge from a pixel to the next
adjacelit 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 m 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



8 NOV 2006 WO 03/102505 PCT/1L03/00422 -6- correlation between s‘u?:qmpiwf
frames captured by each colum is perforned, in order to neasure

velocity of the scenery with respect to the array, and the correl ation
result is used for estimating the average range of each colum to the
scenery, wowm3tidsospur pose of notion conpensation in terr@moanoidz | ar ge
variations. This conpensation nethod requires capturing of three

successive frames for each single image, two for the correlation process
and one for the final notion-conpensat e%l' frame. The system of US 5, 668, 593

uses a 3-axis sightline steppin mechani sm f or, expandi ng, cover age of the
area of i nteré%l?glaglﬁ& g_?t"éeﬁg‘l iségcesﬁv?m ?BWSCSWEH%Q??YMFE%ECH‘}#% By neans
of transferring of charge along colums. US 6,130,705 uses a zoom | ens
that aut onati petfbsmedrinesden toemeasrae h¢ velogitppr haesepaseitdrepeeséitve range
measurenents obtained fromdigital inmage correlation as described above.
The field of Vhewray, ahtingd doprcdeitar aandieiswitdd foriestinmiss the aegupe enent s
for coverage and resolution. A significant problemwhich is characteristic

of the prior aflsd @E0DAA SPANER S YihbCBBenecPH thc Whal byrpaded of| @6tiewni cal Iy
scanni ng Across-gl'rack and Al ong- Track scanning nethods, is the need for

D el 19§ BlnblE Aotk Ak, Al i BSRERH Al ¥orS] T8 A SERNRLAGY R0 (N

generally a p ity of such par strail once such a | eg
i s defined, agg devi at i on, pg%'icularl or lLar.ge, deviation, from
9 =]

.a , rapi
the predefi neBPIREFS FaPtRPE eﬁtsé]&?esékvesfﬁ?ﬁgs %? cach sifigle 1mage, two

for the correlation process and one for the final motion-compensated.
frame. The system of US 5,668,593 uses a 3-axis sightline stepping
mecharism for expanding coverage of the area of interest, and it applies
a motion compensation technique by means of transferring of charge
along columns. US 6,130,705 uses a zoom lens that automatically varies
the camera field of view based on passive range measurements obtailied
from digital image correlation as described above. The field of view is
tuned in acecordance 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




systens of the prior art are not capable of maintaining a desired |ine of
sight 9 N OV 2006 WO 03/102505 PCT/|1L03/00422 -7- direction durithj0¥ 2808 a
fast and/or large deviation fromthe predefined leg, resulting in inmge
artifacts such as tearing (dislocation of imge |lines), snearing

(el ongat iwo omfozmisxel s) or substantial gaps in the i mnagedmiewaei on. This
is particularly a significant drawback when carrying out a reconnai ssance
m ssion above or close to a hostile arepa, when the need arises for the
aircraft to carry out fast naneuvering to escape eneny detection or

targeting. ..\br.eover.,.. so inmes, in,order to. i i i N f a
conplicate r?cé;}olna %ﬁngﬁgﬁn%a?sn?a&t aggéo rl@]é%e g%ﬁyg/g{%ﬁl fmrg?cglgt%%? oe%fl((()g’g’l ow t he
course of the sharply curved edges of the canyon. However, in_npst cases
the reconifAldinée Badeeatitigris Racthepoteazing &%ﬁﬁ&ﬁ‘“@bl rlﬁ’ca@ech‘?sji ng out
such a sharply curved nmaneuvering, involving sharp changes in the angles
of the | ismeafingigtmegatiqrhol wsglebor s@sﬁw&i@ltmgpa%hemageen@rmamhot her

drawback characteristic of the reconnai ssance systens of the prior art,

for exanpl BhisUSs5, /25607y US 5ih92::062,drdebadk 42659, andyibp Gu256, 057, is
their. need to handl e vast anounts of data. The systens of the prior art do

not  enabl .8 S8Shce SEIEBLI AH8vh BRAILES tPh 19Rld 2Rl vheRshohedd afikga of
interest. Once operated, the systemscans the entire area to which the

t. G ted stem scans the entire area to which the
The whol o HoeEF et blar P BEVILE dlp el (ApQenBBSThAOE? | 1O ©

systens of the. pri art nust handle a huge anpunt of data, i.e., be
capabl e of t4ZEei g HEOTRi | SOMRIGE T ata SBBTa i AetP R | fRgd. tmaging’ of 'a

complicated terrain, such as of a curved canyon, it is best to follow the course
of the sharply curved edlges of the canyon. However, in most cases the
reconnaissance systems of the prior art cannot tolerate carrying out such a
sharply curved maneuvering, involving sharp changes in the angles of the

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 direc’r;ed,- with
essentiallf 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 ground,




t he operation of the canera, and transm ssion of it to the ground (when
such an option is desired). The transm ssion of a huge amount of Bd%gm
the ground, 8 NOV 2008 WO 03/102505 PCTHL03/ 00422 -8- sonetines in

real -time, requires usage of a very w de bandw dth. Another particular
probl em wwiooh/1e23ed ves fromthis limtation is the need ¥@riLozkoszi ngui shi ng
and decoding a snmall data of interest within the said full, huge anount of
data obtained. Still another drawback ef- reconnai ssance systens of the
prior art, for exanple, US 5,155,597, US 5,692,062, WD 97/42659, US

6, 130, 705, s@nekides i@, Zal.1f1Rd, Pequilel fisddeMbt @dval Widy bhadeaihUlendth&ges in
a wde range of a field of regard. Hereinafter, the term"field of regard"

refers Lo bhgiaRat LabyRes! halkn %@)’teg ML DGR il b Imliglfh, can be

di rected, scuration. e prior art sonetines use

separate dedicated.sensors for different sight directigns (e. epar at e
sensors fo&sm PH ,dgeg?cgﬁg@b*frf‘ éiat%to%f%teﬁﬁgd@g%ﬁ%eﬁaﬁm %ﬂ sent

i nvent.ion provides_ to the aircraft the ability of capturing imges,

si mul t aneo@Bioynt phiwtgiqbtaisadors, of areas forward, backward, sideways and
in any other arbitrary direction, and to rapidly swtch between these
directions. Yet another drawback of reconnai ssance systens of the prior
art, for exanple, US 5,155,597, US 5,668,593, US 5,692,062, WO 97/42659,

US 6, 130, 368, aasthelSdawdRk06f7 resortatssitee Gfysioaigef siheegriowoand] fensi onal
sensors' arrays, which becones a necessity for systens having limted or no

example, US 5,155,597, US 5,692,062, WO 97/42659, US 6,130,705, and US

6,256,057 is their limited ability to capture images in a wide range of a field

of regard. Hereinafter, the térm “field of regard” refers to the spatial section

within which the camera line of sight can be directed without obscuration.

Systems of the prior art sometixhes use separate dedicated sensors for

different sight directions (e.g. separate sensors for down-looking, side-oblique

or forward-oblique). The present invention provides to the aircraft the ability

of capturing images, simultaneously from all sensors, of areas forward,

backward, sideways and in any other arbitrary direction, and to rapidly

switch between thege directions.

Yet ‘another drawback of reconnaissance systems of the prior art, for
example, US 5,155,607, 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




control over their line of sight. The present invention enabl es usage of
smal | or nedi umsized, two-dinensional sensors' arrays, by takingyov 78
advantage of E<i e NO V 2006 WO 03/102505 PCTI |1 L0O3/00422 -9- the
capability to quickly and accurately nove the LOS within a large field of
regard, twodsadeses fix the LOS on the ground scenery whik@Eceqdour2i ng an

i mge, and to gat her photographic imge data by a nultitude of

smal | / medium franes rather than one single large franme at a tine. A snall-
sized array would typically be up to 1 megapixels (nmillion pixels), and a

medi um si zexk a41-3Y1i404l @llémyla&al alc)ﬁuf’:ﬁeli’%ﬁ@e BhdTEORDIKELS o 1hibeCRIE LRST

| arge- sized arrays would typlca be up to 50 negapi xel s and even | arger.

An ' mport arzle% %gblgf nﬁepﬁ@ er‘% t%g\ﬁia‘é%ﬁ sceﬁexhﬂgvthzf%% sg@l | and

medi um si zedarrays ar e as I Ver saf sen ors'

arrays, not designed spe f|c |y for.reconnai ssance applicati.ons but

rat her for™¢ gi“?rcaﬁ bt aphich %ggtlfaﬁg %P{d %l@@@a@gﬁer‘%s and
t herefore the are w deI y available froma few vendors at |ow prices. This
sensors' ¢dign Breesiretiedi thenfensnsingle langs FBne ¥ty Enarenemisyl- vendor s
in such cormer cial products due to the demands of the commercial market.

I N contr asized tdreay ar@dd Siyprdlly dsonpaics 3 anegameels ofnsilliar paess)anaduni quel y
devel oped by reconnai ssance systens nanufacturers, are conplex due to the
need for OfsEhm.oiEddl £ GTRRDNEAREDT: b t6 8 REORIpTRls. Rttodfr@st) thrpst del y

available. The limtations of prior art systens are nore acute when the
sme(_i arrays would typically be up to 50 megapixels and even larger. An
important feature of the present invention is that both the small and
medium-gized arrays are commercially available as universal sensors’ arrays,
not designed specifically for reconnaissance applications but rather for
commercial applications such as stills and ﬁdeo cameras, and therefore they
are widely available from a few vendors at low prices. This sensors’
technology also benefits from the enormous investment by vendors in such
commercial products due to the demands of the commercial market. In
contrast, the large-sized reconnaissance sensors’ arrays are uniquely
developed by reconnaissance systems manufacturers, are complex due to the
need for on-chip motion compensation, are expensive, and are not widely
available. The lLimitations of prior art systems are more acute when the
sensor is required to operate at the IR range rather than at the visible range,
since the current IR array technology does not provide large-sized IR arrays.
Another drawback of large-sized arrays is their lower frame rate with respect

to small/medium-sized atrays, 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 technol ogy does not provide |-a88 ¢8vsipased
| R arrays. Another drawback of |arge-sized arrays is their |lower frane
rate with respect to small/nmediumsized arrays, due to the |arge anount of
pi xel s preodzsedst or each image. 8 NOV 2006 WO 03/ 10250BFLPENAI2L03/ 00422
-10- Sone of ‘the prior art systens enploy on-chip notion conpensation, for
exanpl e, as described in US 5, 155,597, {JS 5,692,062, and WO 97/ 42659.
Several drawbacks are associated with the on-chip notion conpensation
concept. On-chip notion conpensation is perfornmed by transferring charges
fromone colum/cell to an adjacent columm/cell during the integration tine
at a spec%%ied rate. This process of transferring charges induces

el ect roni c W& Hid Prire atte SYEFTSSTPURY oy sRiBuMAtG CAMBHRHtIORy BF | 0ss
of pixels) at the borders between columms/cells and at the edges of the
chip, sincexempls, equidescrildvargelSt FAREHET, a8 e5,785.068, dinfif Berd7/62858en

adj acent colums/cells. Sonme of the prior art systens assune flat and

hori zont al grexsdddfovberkti aRd i igodideedr ange theoon-chie ®ensorcontpeemetiopart of
the scenery in the captured image (i.e. longer range for the farther

portion of bR Centip aRbiish UohfentARGE if PerfhBich! BF Qba RN tharsaRd
cal cul ate the notion conpensation rate based on sinple aircraft velocity

and at ¢ el BROLORGLORING L LBRSSE o Gabllen oy Hn UL YIS0 oo 21721 1

has large varia enéral 'y resufts in s Sheari ng as

shown in exanpl € ltogﬁghe pres?nt i pvention. In sone ﬁa es,. the sensor
must be or ISB rate. 5 process o ‘trans erring charges INduces elecironic noises an

creates an ambiguity (resulting in smearing or loss of pixels) at the borders
between columns/cells and at the edges of the chip, since the required charge
transfer rate may be different between adjacent columns/cells. Some of the prior
art systems assume flat and horizontal ground for estimating the range from
the sensor-to each part of the scenery in the captured image (i.e. longer range
for the farther portion of the scenery and shorter range for the closer portion),
and calculate the motion compensation rate based on simple aircraft velocity
and atftitude 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 image




during capturing so that its colums are accurately parallel to the flight
direction without rotation, whereby any deviation fromthat orierg &vops
will result in further snmearing, thus seriously limting mssion planning.
The nore advanced prior art systens use digital inmage correlation between
successi weo ofm@pls for each cell in the chip, in order ga@nresddomate nore
accurately the range to the scenery for each cell. This process requires
t hree successive i mage a NOV 2006 WO 03/ 102505 PCT/1L03/00422 -11-

captures for each usable imge, thus wasting systemduty cycles. The
correlation accuracy is.limted .by snearing of. the first,two inmages, when
phot ogr aphi®Ag"*& %% efrcolléa%c}w‘f%tbfearlﬁé‘g\‘?ar‘i%éﬂt@i g‘ﬁ’émﬁnﬁft’ﬁg’in SHGB @F#%ss@&‘? at ed
with correlatjon is the |arge change of aspect angle with respect to the
scenery bépetaiionhacqunecs ue cémiledeby ruraringof erafipitetwarimageervhen f | yi ng
at a velocity of 250ns-at a range of 15kmto the scenery in side oblique,
usi ng a chiphotbgtripl@ngHztehramevitialerge wiakidativay.eA mthbOBraidgulsasocisied eiitly
(sonetines called VVR) of 250/15 = 16.7 mlirad/s, resulting in an aspect

angl e bet WegireRYRBESS tNE 15 PRJ88ndRf of agpé& | 41 @6l wikRre@pddf PoCeHe BlotRly
I nst ant aneous FOV (I FOV) of 30 mcrorad this neans a shift of 277 pixels

Rhattild . ‘. | . ,. ot
I n the | mage;, M gavslo snﬁ:‘cgki%ﬁgle_ 1@%%% it?'ﬁre&ga}n\f(ﬁclrg,a}fuﬁ alﬁ}g}afﬁgl 1 AN v 8bei g | e

during the m ssion, especl ering, t
el apsed ti gt en the t uccessive images. w ll. i nduce an.additjonal
o ror - Sontt JPOPIEELS FBTEL T L BYS T 16e BTED) T oF SR LRPRTEE AEtHOT B cover
| arge areas, for exanple, as described in US 5,668,593. The_step fram ng
met hod Hz frame rate, will have an LOS angular velocity (sometimes called V/R) of
250/15 = 16.7 milirad/s, resulting in an aspect angle between successive images
of 8.3 milirad. For a typical pixel Instantaneous FOV (IFOV) of 30 microrad tl;is
means a shift of 277 pixels in the image. Moreover, since the value of V/R is not
constant at any time during the mission, especially when the aircraft is

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

an additional error.

Some of the prior art systems employ a step framing method to cover large
areas, for example, as described in US 5,668,523, The step framing method
does not provide mechanical/optical fixing of the LOS on the scenery during
exposure tinﬁ, and has a limited field of regard. On-chip motion
compensation is used, but inaccuracies are induced due to vibrations of the
aircraft, and delays in transferring the measurement of the vibrations to the

reconnalssance system.



does not provide nechanical/optical fixing of the LOS on the scenery during
exposure tine, and has a limted field of regard. On-chip nDtion
conpensation is used, but inaccuracies are induced due to vrbratrons
aircraft, and delays in transferring the neasurenent of the vibrations to
the recowmpas/sesssce system 9 N O V 2006 WO 03/ 102505 ve@hit 43008200422 12
It is therefore an object of the present invention to provide a

reconnai ssance airborne system capabl g,0f tolerating and conpensating for
very sharp maneuvers of the aircraft and for |arge terrain vari ations,
while stil n h, resol n i rea of

i nterest, ![t %%i(%fg}ev%%?b%ct OF?n eﬁ%’s I?G ?‘é’%‘é‘?@" t‘??’& ano% glr:gobj ect
of the prese i nvention to 0 q§ a.reco narssanc% stenrrn whi ch the
amount of FREPEFS, AFTEeHaCaPRes Pféﬁ? TR 17 EURBEREA N E e 6% SPEBRic ng
wor k needed for distinguishing relevant data fromthe fuIIy obt ai ned dat a,
and reduci FPREEFEST A8 ded aifcouhdendrelge leten dgeradmdvarédiansi while ospil

requirenents. It is still another object of the present invention to enable
t he defi ni pepvadingdrigh resvlhiioranpdselidble ihepgese! thietarea ofirlteregt vtk i . e., a
field of regard), of which inages can be obtained. It is still another

obj ect of &Q@WQEESQQ&Ofﬂ%ﬁ@ajOH to reduce the communi cation |oad between
the aircraft and a ground base station, when communicating images fromthe
aircraft to the ground.

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

communication requirements. -

It 1s still another object of the present invention to enable the defining of very
small aveas of interest within a large area (l.e., a field of regard), of which

images can be obtained.

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

images from the aircraft to the ground.

It is still another object of the present invention to provide an airborne
reconnaissance system with the a‘bi]ity to capture images i 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 provide an airborne
reconnai ssance systemwith the ability to capture inmages in a wi-d NO¥nygs of
the angle of sight (i.e., a wide field of regard). 8 N OV 2006 WO
03/102505 PCT/1L03/00422 -13- It is still another object of the invention
to provi dgoazm@wsand efficient manner of obtaining thedmagemirzequired for
creating stereoscopic-view images. It is still another object of the
invention to provide the capability of 1(_:onbining in the sane

reconnai ssance m ssion both manual node~operation and automatic node
operation. O her objects and advantages of the present invention wll
becone apparent as the description proceeds. Summary of the Invention The
present invention relates to an airborne reconnai ssance system which

conpri ses: Ih.is Gtibahetheavehiectaef thadnvanfiondbymeesidefa fnavedod) eficient | east
one array of |light sensors positioned on the ginbals for being directed by
the sane whddrien af obedsing Whe degigee Srafuifale édorreatingVaperst@opgesisreans f or
storing at least one Digital Elevation Map of an area of interest, divided
into porti@agged. Inertial Navigation Systemfor real-tine providing to a
gimbal s 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 fromthe area of interest;

f. Servo C(H‘u ti:rs Oétﬂhl nalugot{lgrr :object of the invention to provide the capability of

combining in the same reconnaissance mission both manual mode operation

and automatic mode operation.

Other objects and advantages of the present invention will become apparent

as the description proceeds.

Summary of the Invention

- The present invention relates to an airborne reconnaissance system which
comprises: a. Gimbals having at least two degrees of freedom; b. At least one
array-of light sensors positioned on the gimbals for being directed by the same
within at least two degrees of freedom; c. Map storage means for storing at least
one Digital Elevation Map of an area of interest, divided into portions; d.
Inertial Navigation System for real-time providing to a gimbals control unit

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

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




8 NOV 2006 WD 03/102505 PCT/1L03/00422 -14- A. Receiving from saig g &iﬁt al
El evation Map one at a tinme, a coordinates set of the sel ective 8al@%2
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
from sai dwbneids@l navi gati on system present | ocati on mndLegideent ati on data
of the aircraft; C Repeatedly calculating and conveying into a ginbals
servo unit in real time and at a high {tg\te signals for: a. during a
direction period, signals for directing accordingly the ginbals including
said LOS of at |east qne array of, |ight-sensing nits towards said x : y :
z coordinat es offt Recaiing: fen apad [gggjtt?]or@le"%ﬁ‘ﬂ% uManl?PPnat ah PReeghation
period in which the array sensors integrate light comng fromthe area
portion, providi ngctarditages eitndfatihe aehdctivs iagemportior. swohpeheampmgng dhet he
change in direction towards the x : y : z coordinates of the selected
portion evol ving from codreirgites rodfdaidtre®ortion Guxbahs «evativnf ar oefthect i ng
direction of the ginbals in at | east two degrees of freedom according to

t he signals provi dg nt]é{ 8f’§h%t%‘ r]L§Oe]{_vo Control Unit; h. Sanpling. neans for
si mul t aneously sanpling a Re*end of the int egration period pixel levels

fromeach of sai]g ﬁrra . Sensors, set of ,C?I,I f .said sanpl ed
. Receiving confinubusly from said inerfial navigation system present

location and orie-ntation data of the aircraft;
C. Repeatedly calculating and conveying into é gimbals servo unit in
real time and at a high rate sigoals for:
az. during a direction period, signals for directing accordingly the
gimbals including said LOS of at least one array of light-éensing
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 inrdirection

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 sémpling 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 pdrtion; and 1. Storage means for

storing a plurality of area portion images.




pi xel levels forns an imge of said area portion; and i. Storage neans for
storing a plurality of area portion inmages. 8 NOV 2008 WO 03/ 1025080V 2008
PCT/1L03/ 00422 -15- Preferably, said one or nore arrays are selected from

at least a visual light- sensitive array, a WIlight sensitive-array, an
i nfrared wogbltnsensitive array, a multi/hyper-spectralp@EviLeyssand an
active illumnation array. Preferably, said navigation data of the aircraft

conprises data relating to the 3D |ocaijon of the aircraft, and its .

vel ocity and accel eration 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 coordinate system Preferably,

said Inertial vi gatjon System conprises velocity, acceleration,  _and
orientati orﬁ"g’g’g@ys-?aﬁt ORLASMYEETHYS &5F 8el§%§ﬁ’§oér%mb%fl kgshasvitvanéghton t he
ginmbals. Preferably, at |east sonme of said arrays of sensors are positioned
on the gi nsekgtive pregieraablVy lighheernsitireatrasesn timé‘areﬁahgliﬁad:enrsh:ﬂ'ﬁiemhnm
Systens, the first inertial navigation systembeing the main Inertial

Navi gat i on n8yisilemenfspetizalbinray,afrid armadcivd Sluseinatios abeiyng positioned within
the aircraft, and the second Inertial Navigation System being an a system

dedi cated to the reconnai ssance system at |east sone of the sensors of
said second Inertial Navigation System being positioned on the ginbals

unit, neasgLfg mavigat d Qrie ' " [ . '
respect to the safd pr e%e]E %%2‘%3 géjceasgfsge/&selt g%c o?orgé{lféeﬁrgfu%ol%ﬁ%%%ﬁe
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 aireraft with respect to said predefined coordinate system.

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

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

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

the gimbals with respect to the said predefined axes system, for better




rta e e T e e e b bl P o e e T
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WO 03/ 102505 PCT/1L03/00422 -16- elimnating m salignments occurri ng \
between the ginbals and LOS and the said main Inertial Navigati orp 94'[?8?%
of the aircraft due to aero-elastic deflections and vibrations of the
aircraft, by using a process of transfer alignnment fromthe said first INS
to the savdosemenrsd | NS. Preferably, the Digital ElevatimtiMsmoiz a nmap
conprising a grid of the area of interest, the x : y : z coordi nate val ues
at each of the nodal points in said gr_'&g_ bei ng provided by said map.
Preferably, the portion selecting unit is used for cal culating and

determning.a center. Qf a next area rtion such, that proyi.des

pr edef i necF B NE Fot erttﬁé’cg‘é‘irﬁlﬁpﬁﬁ@ﬁna 2 F@?o&ﬁﬁ@%ﬁ@aaﬁ%cent
previously inmaged area portion. Preferably, in an automatic node of

oper ati on #ié wiambalneréisk bé@tlgaﬁa@eoﬁﬁséemc@zéhei airgradle flen e aderowlasbioni se
manner, the area of interest, said coverage is mnade froma predefined
starti ng - pdaflectionsnchdodiaradiong ¢ the stivareft, Miys sisore pl grpcess heft ékansfer
sequentially scanning one after the other area portions of the area of

interest, AngSa&MA-bRGh MBSyt TN 163EH <8fd ®abstl D98t i ons. Preferably, in a
manual node of the systemthe pilot of the aircraft defines an area of

interest during the flight, said area of interest being automatically
divided into at | east one area portion, all the area portions -being

automatically 8 2008. 03/.102505. PCT/ 1L03/ 00422 - 1% nned ane
fter t he DERER; heaheet SR ABS ShI Oy T BETI g 1 60 phS A &
interest, the x:yp:z coordinate values at each of the nodal points in said grid

being provided by said map.

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

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

Preferably, in an automatic mode of operation the gimbals are activated to
cover in a sequentisl, 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




on-gi nbal s array, for capturing i mages of each of said scanned portlons
Preferably, the ginbals conprise tw ginbals nechani sns, an ext ef §al0V 2008
gi nbal s mechani sm and an internal ginbals nechani sm Preferably, t he
external ginbals nmechanismis used for coarse directing the on- ginbals
array to woesgentser of a selected area portion. PreferatatynLodvise2zext er nal
gi nbal s nechani sm has two degrees of freedom elevation and roll.
Preferably, the internal ginbals nechani-smis used for fine directing the
on- ginbals array to the center of a selected area portion particularly

f h d h
or | ent ot | oRCCUHAG BT R TR PRUBGPR For REPoBa-eB SFE b HeRh Pt o nal

gi nbal s nechanlsnfhas two degrees of freedo and pitch. Preferably,
the ext er n&P-BMkpl FraBARRH iBjagon el FRit eI EPRS PETARS

mechanism a NOV 20 WD 03/102505 PCTIIL03/00422 - 18- Preferably, during
the integration period each of the array sensors sinultaneously senses
light froma correspondi ng section of the area portion, and at the end of

t he i nt egr @rbfnal19 thdsi bt ld@ingph seotwagiimiidle ntichayisaan anlegtdraal godthls
si mul t aneously, and stored as an inage of the area portion. Preferably, the

arrays of LhahbnSA0a0ASnakRrasnSilNerkenkisl (0 the range of visua

light, IR UV, 't/ hyper-spec and/or an active illum nation.

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

elevation and roll,

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

change during the integration period.

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

and pitch.

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

mechanism.



Preferably, the arrays are focal plane arrays. Preferably, the predefined
axes systemis a gl obal axes system In one enbodi nent of the i nvelt¥®h 2008
the systemof the invention is assenbled wthin a pod attached to the
aircraft. In another enbodi nent of the invention, the systemof the

i nventi orwPg31@aenbl ed within a payl oad installed i nsitdg/H.p00dd2r craft with
only its windows protruding for obtaining a clear, unobstructed Line O
Sight. Preferably, the ginbals are |ocajged at the front of the pod, behind
a transparent w ndow. 8 NOV 4008 WD 03/102505 PCTRL03/00422 -19- In an
enbodi nment f inyention, the systemfurther go i Sing _a back- scanning
nechanisn1§%%%%$§?hg&%mﬂgrg%? 8WB§%§§H% B%§?¥i8% n@% @ﬁ% Yribar&™s%8hd
rotatable with respect thereto, light comng fromthe area portion first
passi ng thPH&g]ﬁa%%ﬂ”élynﬁ?l%ﬁﬁﬁ Tt dRoReR BREEPANRE SREITO N Pt af99ePYIoRy, and:
a. the servo control unit applies to the ginbals a continuous row and/ or
col utm  scabdiaighemrshenthenintégyatios trepivdride datd fhomwili the aivey densrs ion
towards an area portion is being established, applying to said

back- scannireg! siiniuitineduslyngnd slieed Bt agriaizipo Bl fiey Axed matiopposi te direction
novenment with respect to said row and/or colum scanni ng continuous
novenent, thereby conpensating for that continuous novenent and ensuring a
fixed orientation relationship of the array wth respect to the area
portion i mageg . ihe VeSO fll BSlsokS'aRL $8nliBod HRRAA S Bhe GRAEY LR OUT

ai rbor ne

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

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

within a pod attached to the aircraft.

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

protruding for obtaining a clear, unobstructed Line Of Sight.

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

window,



reconnai ssance, which conprises: a. Providing at |east one array of |ight-
sensitive pixels; b. Munting the at | east one array on gi nbal s- adGvhgppsmt

| east two degrees of freedomso that the ginbals can direct the array to a
selected Line O Sight; c. Providing a Digital Elevation Map of an area of
i nt er est ,won&e@mRai ssance i nages fromsaid area are to fanebimined; d.
Providing an Inertial Navigation Systemfor obtaining at any tinme during
the flight the wupdated xa : y" : za cplg[di nates of the center of the array
wWith respect to a predefined coordinatés system e. Providing a
calculation unit for, given x , : V. |l ocation goardinates .of a.cepnter of
specific af%émpémhoalﬁnwft BF fihe fiaveR i cihe ?W%%g%f?h%”naorfl%m% 21526kt | on
coordinate at said portion center as obtained from.Ov.2008 WO 03/102505
PCT/ | LO3/ 0842zing GnechantnDicginpaising e airramoNapsmapdsitivaed andtheagiybakn
coordinates of the array center at sane specific tinme, determning the
exact angl esdfotateblcaklitis hedigch thédes Fhtseqghingdimecthomrenmoeidsi fgsbet ween
the center of the array and the said XP : y, : z, coordinates; f. Gven

the cal cul ghi@R, MhrodbBRiafd nfllof GiiRgY d886RE dhd\8ie thRErdeMerrdY, Arldesarray’ s
Line O Sight to the center of the area portion; During an integration

g.
per i od, ef LeeLing %@gg&%%ﬁ%@f o BANkRSRALAL Slohde aBY% afliof Qﬁixl%ﬁf ay

| i ght sensors; egration period, repeating at a rate
the cal cul ation of ste Wt h updated arr Xa.. ya .. za.coordinates, and
r epeat ed| y?cafr’&llil%\ﬂ’%vj’“geﬁ’ghwg ot qup@ﬁ%tﬁnéﬁ;g‘ @E’F]Fe%ﬁ %e‘fatfﬁ? g‘Waé" iTh as in
step f; 1. At the end of the integration Eoeri_od, sanpling all the_array
sensors, amTRe RAVioRgsiheing etteblighedasppivingty ofid tRel-gpaaing ST furjng
Sel ecting new portion

the integration period an opposite direction movement with respect to said row

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

continuous movement and ensuring a fixed orientation relationship of the array

with respect to the area portion imaged.

The invention further rvelates 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 Elevétion 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,:y,

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

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




coordinates x, : y, : zp within the area of interest, and repeating steps e
toj for these new coordinates; and, k. Wen the coverage of al48tNY 08a
of interest is conplete, termnnating the process, or begi nning coverage of
a new area of interest. Preferably, the selection of x,, : yp coordinates
of a new woaan@esstion is perforned to assure overl ap batmeeswoartj acent area
portions within a predefined range, by calculating the 3-dinensional
footprint of the new area portion on tgﬁ ground, and then projecting it on
the footprint of a previous area portidn. e Nov 2006 WD 03/102505

PCT/ 1103/ 00422 -21- Preferably, the overl|ap assurance is obtained by a
trial and &#idoPigialetlevation Morr pag thalseid azm:amszaaﬁfeprémaﬂ%%?f &he RiFERY
necessary, or by an exact analytical calculation. Preferably, at |east
some of the.Rens@rsantf shhrend mend, | RteMNARIGAthORxRSLLIATE ePQBldHIAARD ON
the ginbals, for inproving the neasuring of the orientation of the array
W Lh resbeghe e ot ARLEGH KRndlil PAWLR heldeRIA! @hY arly LEAShe 2P Of
the light SensitiVe sensors are positioned on the ginbals, for 1nproving
the neasuring of the orientation of th i ne ight .. wi.th respect.to the
Sel et o g ok HorPrSE Bt (iR he A CLE G GarttE KEPERk
conprises a dedicated Inertial Navigation System of the reconnai ssance
syst em andthd eciat rof | ther ddral’s INavi QABigHt 1Oy Siectermibr tdighai aves afdriiotpgi nprove
the neasuring of the orientation of the array with respect to the

sel ective gr@mPO! §h@Brathih B HePHS 88RiRhlation of light separately by any
of the array light sensors; h During the integration period, repeating at a high
rate the calculation of step e with updated array x, :y, 'z, coordinates, and
repeatedly, following each said calculation, correcting the direction as in step f;
i. At the end of the integration period, sampling all the array sensors, and
saving in a storage as images of the array portion; j. Selecting new portion

coordinates x,:y,:z, within the area of interest, and repeating steps e to j for

these new coordinates; and, k. When the coverage of all the area of interest is
complete, terminating the process, or beginning coverage of a new area of

interest.

Preferably, the selection of X, ¥, 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.




transfer alignment fromthe aircraft Inertial Navigation System té’ W
dedi cat ed reconnai ssance systenis Inertial Navigation System Thei emﬁ on
further relates to a nethod for providing notion conpensation during

ai rbor ne phot ographi ng which conprises: a. Providing at | east one array of
| i ght - sengbtosn®@s@l xel s; b. Mounting the at | east one arr@ymwemoegiznbal s
having at | east two degrees of freedomso that the ginbals can direct its
Line O is- B NOYV 2006 WO 03/102505 PCT/1L03/00422 22 Sight towards a
selective area portion; c. Providing a™Digital Elevation Map of an area of
i nterest, reconnai ssance i.mages fromsaid area are tq be_obtai ned;, d.

Provi di ng ancierehlyi Hre QuoTlantasenRrasipetis rabtamegpdaienitiy) ard £EPY] $AIARN, duri ng
flight the updated xa:ya: z"coordi nates of the center of the array with
respect toverlpp edkeiiated, codk dirmatiss sist enpessarr @vbyliamgeswct aneljtael on

unit for, given XP yP location coordinates of a center of specific area
portion w thicqiddaa. area of interest, and the zP el evation coordi nate at
said portion center as obtained from said Digital Elevation Map, and the
said x, :yo:z0 coordinates of the array center at same specific tine,
determ ning the exact angles for establishing a |ine of sight direction

[ f.th e ! ' ,
Coor i nat SEFT IRy FhPaRk "PRE DNk RO BN GHL TaaTl ne e Pvipet pE

array's Line O Sight_ is. djrected to a center of .an area portion effecting
accunul at | &Rsiboned gaithe gaabalséay IEPTopE Ghe %S%%ﬁ%?ﬁe@éﬁ%rog thy,
During the integration period, repeating at a high rate the cal cul ati on of
step e Wi t larray with respect to the selective area portion.

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

with respect to the selective area portion.

Preferably, the Inertial Navigation System comprises a dedicated Inertial
Navigation System of the reconnaissance gystem 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




updated array xa : ya : za coordinates, and repeatedly, follow ng e@sp id
cal cul ation, correcting the direction by keeping the center of t'hé r@?
directed to the center of the selected area portion, therefore
conpensating for aircraft novenment; and h. At the end of the integration
peri od, swopbangsall the array sensors, and saving in gSiey@ge as i nages
of the array portion. The invention further relates to a nethod for
carrying out airborne targeting, which_conprises: NOV 2005 WO 03/102505
PCT/1L03/ 00422 -23- a. Providing at |east one weapon; b. Munting the at

| east one weapon on _gi nbal s having at |east two degrees_of freedom so that
the gi nbal Signtogvarde e sehectivea3en postien;sefeeviding addigtpl BlepationdMapodyi di ng
a Digital Elevation Map of an area of interest, selected targets wthin
sai d area ameares dfentepésti reednnakssPreevirdigag fram sadrarealardbybgabiaamedSydst em
for obtaining at any time during the flight the updated

Xa:ya: zocogrrovidaig anomertiel BRRiLRicAl Sfdtemveandiaititd at rasPRGtatioddring
predefi ned coordi nates system e. Providing a calculation unit for, given
xP : yPlo i C | es, o ReRY i, t Al he
area of i n?@éﬂeﬁ}l,e gl?\)%gteﬁ?"z'%“ é%"gg%.tl or;cg%:gg?%ﬁ ?\éa}?%f gf%ig?%ﬁ%el?é%gﬁt er as
obtained fromsaid Digital_ Elevation Map, and the said xa : ya : za

coor di nat ed0 ¢ Prasietined peardinpies rsyateamel Lyadng| & ceicHationevait fhi giger he
exact angles for establishing a Line of Sight Direction connecting between
the centerx,of, tlceatirapardonades e cmiter «peciyip arez Poxtouor withat g area of

interest, and the z, elevation coordinate at said portion center as obtained from
said Digital Elevation Map, and the said x,:y, :z, coordinates of the array

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

x,:y, 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 arréy 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:




f. Gven the calculation of step e, directing accordingly the centsr ig @@e
weapon Line O Sight to the center of the target; h. During the ® RANE
targeting and shooting period, notion conpensating for the notion of the
aircraft. The notion conpensation of the targeting can be nmade in any
convent i owalosagreesner known in the art. According to an mmmodiowent of the
present invention the notion conpensation of step h is carried out by
repeating at a high rate the - 8 NOV 5306 WO 03/ 102505 PCT/ |1 L03/ 00422

-24- calculation of step e with updated-target xa : ya za coordi nates, and

repeatedly, _fol]low ng each said calculation, correcting the direction as
in step f. %rplréﬂdﬁ’%é\gieﬁﬁf%‘i’*?ﬁ’?a@% Drawings In the drawings: Fig. 1 shows
a general structure of a reconnaissance system assenbled wthin a Fod,
accordi ng tlb Moenténd ook reisasbing eapev enigimhalshiaying At eshbwvadegtees o

enbodi nent of the invention. In this configuration the reconnaissance

syst em i $rcadsnrddl thdt dise infalt ead dipétotht Meeaaohdb af delecbatliine-OFbight;2 shows
t he nechani cal structure of a ginbals systemaccording to one enbodi ment

of the inventhgdiding bl Digitall EleyatibANESp SEE! BledBOGRAIL OREAEL Qrgety Pi CaI
to the systemof the 1nvention; - Fig. 3A shows an area of interest

divides b3 M LYo oBEARPOT LI ONS,

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

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

respect to a predefined coordinates system;

e. Providing a calculation unit for, given x,: y, location coordinates of a center

of specific target within the area of interest, and the z, elevation coordinate at

said target center as obtained from said Digital Elevation Map, and the said

x, ¥y, z, coordinates of the weapon center at same specific time, determining the

a

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 accordix_lgly 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




according to an enbodi nent of the invention; - Fig. 3B |IIustrate§F§ %\wg
staring nodes which are possible by the system of the invention, [g\y IS
a block diagramillustrating the operation of the reconnai ssance system of
the invention; Fig. 5is a flow diagram describing the operation principles
of the r¥oemmEi®sance system of the invention; -8 NOV REOO603/002203/ 102505
PCTIIL 03/00422 -25- - Fig. 6 shows the structure of the INS systemof the
invention, which conprises the main | of the aircraft, and the dedicated
INS of the reconnaissance system of tHe invention; - Fig. 7 shows how a
stereosco ge.i s _constru e systemo present inyention;

- Fig. 8° CP](?S‘H %%tea %B"é@’r éati?gs r % i)ihlyyeh “q ‘389%‘{“5%38 arll%gege;qtgrﬁyart i's
required to carry out a reconnai ssance mssion; - Fig. 8A illustrates how
t he syst ésllodfing keaclp seislenlculaien cbecting thedirettion dein e r econnai ssance

m ssion of Fig. 8A; Fig. 9 exenplifies the significance of the el evation
factor when carrying out a reconnai ssance m ssion, and nore particularly
shows the inportance of considering directly and in real-tine the

el evation @f.1hg. 4 Qi%ql 6@{1{@&5“&1?% g. 10 illustrates the use of a
back- scann h

In the drawings:

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

- Fig. 1A shows another embodiment of the invention. In thls configurat_ion
the reconnéissance system is assemﬁled as a payload into the aircraft
body. |

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

- Fig. 8 illustrates several modes of operation, typical to the system of the
invention;

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

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

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

- Fig. 5 s a flow diagram describing the operation brinciples of the

reconnaissance system of the invention;




the system of the present invention; - Fig. 11 is a perspective
illustration of a hilly terrain, and its division into area portT BV 2008
i ncl udi ng sone overlap between area portions, as perforned by the system
of the present invention; - Fig. 11A shows an upper view of the terrain of
Fig. 11, WAd3aB&sSmanner of scanning of the said terraiRCTLOFdeE2ai r bor ne
reconnai ssance system of the present invention; and 8 Nov 2005 WD

03/ 102505 PCT/1L03/00422 -26- - Fig. l3sis an exanple illustrating how the
system of the present invention can photograph selective targets, thereby

significantly,.redugin he , anpunt of data handl ed, Det ai | ed- chi ption of
Preferred Err?&%‘i ﬁe%oggAhber 8?@??“58 cg’on%’(f’d Y ST P e BRRR OE’E?%% system
of the present invention js_particularly characterjzed by _the foll ow ng
mai n f eat ur e§OMPrEpe thpangn Fypeokt theapirgiath %ﬁlﬂ?é@l@ eé&at%ﬁl él\@s%{iﬂ% sense
and capture images froman area of interest have a line of sight (LOS)
that is directadnappagitadymtan withagpvantibeast two degrees of freedom The

term ginbals', when used herein, - refers to any type of nmechani sm whether
mechani cal , Tpt7T shdwd Bowhh asraReodiftrhagh BgoRktruoted, bypthesddtereof the or a
conmbi nation thereof, which is capable of noving a Iine of sight of an
array of |ighfa.-58nsiditi@; sensors in at |least two degrees of freedom A
mechani cal frechanismis sonetines called " payl oad-stabilized ginbals'; an

opti cal Fig. 8 illustrates a specific case in which a system of the prior art is

required to carry out a reconnaissance mission;

- Tig. 8A illustrates how the system of the present invention cal_"ries out the
same reconnaissance mission of Fig. 84;

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

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

- Tig. 11 is a perspective llustration of a hilly terrain, and its division into
area portions, including some overlap between area poriions, 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




mechanismis sonetines called "mrror-stabilized ginbals'. One of Bsggﬂﬁ
arrays nmay sense in the visual range, and another nmay sense, for s,
in the IR range, and/or the UV range. In another case, a nulti/hyper
spectral array or an active illumnnation array nay be used. Hereinafter,
t hr oughouwotobi@sappl i cati on, the term"array" refers tor@myosidoype of array
of light-sensing neans for obtaining an inmage froman area of interest.
The arrays used in the invention may be_of small or nedium size, rather
than |l arge arrays which are used in priof art systens as are wused in US
5, 155,597, WD 97/42659, and US 6,256,057, taking advantage 6 NOV 2006 WO

03/ 102505 PCTLI 10300422 -2 f. the fi Ki
many snaps hotlg“gelggéﬁL %ﬁltefngef Pﬁlénta(g]fen & hO%ﬁlf %’#Stetéé?lggr%égﬁgn%ﬁ S;{I) Elﬁﬁa ly
varying terraif %@ﬂ%éﬂaﬁﬂsseﬂ&?ve Réfée%é I b8Py Nbibngiahtll h e BRASOMBe ar r ays

and their optics, when payload- stabilized ginbals are used, is on the
ginbals; in cmeu@ﬁoﬂﬁarta(h@nﬂeﬂbl i zed -ginbals, the sensors are nounted of f
t he gi mbals. ii. The reconnai ssance system uses an I nertial Navigational
System (INS) for continuously calculating the direction of the |ine of

sight. In %e%ﬁl%klr‘:’%@?éﬁp%% €of PPRrdNEd JHhE Lgsused: the first one is
the main | T, and the second INS is an |nternal dedi cat ed
I NS of the econnai ssance system e reconnal ssance
Lot om of - tha et i TRt Rt oo oS PRREROREE RYRRE ot %, SRR

Navi gati on Systens both navi gational, informatjon regarding the |ocation
g 1]1'?7191113101‘1 is partlcularly%haracterlzed by hnef howmg rgnaln %ea%ures

i.  The one or more focal plan arrays that are used to sense and capture
images from an area of interest have a line of sight (LLOS) that is directed
by gimbals having at least two degrees of freedom. The term ‘gimbalg,
when used herein, refers to any type of mechanism, whether mechanical,
optical (such as one including mirrors, prisms, etc.) or a combination
thereof, which is capable of moving a line of sight of an array of 1ight;
sensitive sensors in at least two _degrees of freedom. A mechanical
mechanism 1is sometimes called ‘payload-stabilized gimbals’; an optical
mechanism is sometimes called ‘mirror-stabilized gimbals’. One of said
arrays may sense in the visual range, and another may sense, for
example, in the IR range, and/or the UV range. In another case, a
multi/hyper spectral array or an active ilumination array :ﬁay be used.
Hereinafter, throughout this application, the term “array” refers to any
type of array of light-sensing means for obtaining an image from an area
of interest. The arrays used in the invention may be of small or medium
size, rather than large arrays which are used in prior art systems as are

used in US 5,155,597, WO 97/42659, and US 6,256,057, taking advantage




of the aircraft with respect to a fixed, predefined gl obal axes syste and
orientation information of the aircraft with respect to the grourd8 Nt 2006
point-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

ai rcraft.woherps@f erred nounting of the systemINS is oprivies@ibal s,

whet her payl oad-stabilized or mrror-stabilized ginbals. iii. The ginbals
having at | east two degrees of freedom_on which the arrays are preferably
mounted, in one mode of the invention &'e systematically activated in a

step-w se nmanner for_$equentialI%%ﬁgannLng one after the 8 NOV 2006 WD
03/ 102505 PCHRfthe fegihibty oftbe sysles imtaang spambHRaRsoshabrdilrary IBe er est |

within a very large field of regard. iv. The system of the invention
captures by idfssight alisctichenanadtwitht dehrply vemgipgs botraint wonditinensTbaal i mage
of an area portion, enabling long exposure tines due to the conpensation

of the line gfrefirit dRLEAR of Yhe YR rdiarAGikathd thethopii®@a whehiga@lvad-
t hree- di nensional notion conpensation is provided by neans of adjusting

the ginbal s tsqalﬁ;g@%gﬁg%a%é eldi6ls o e YANbARL SRR0N 4 AfkbtBANSq Of data

provided fromt rom gital Elevation Map of the area of

i nterest, which,i e-stored in the. regonnaissance system of the
i nventi on; aﬁﬂHW?%’E&aﬁﬂﬁPE?%?ﬁﬁP%m€§§@5&Fﬁ%m%F§?sion of the area of

interest into area portions is performed in real-time, wherein the size of
each area portion depends

ii.  The reconnaissance system uses an Inertial Navigational System (INS)
for continuously- calculating the direction of the line of sight. In a
preferable case, two INS systems are used: the first one is the main INS of
the aircraft, and the second INS is an internal, dedicated INS of the
system mounted in the reconnaissance system. The | reconnaissance
gystem of the invention continuously receives from the said Inertial
Navigation Systems both navigational information regarding the location
of the aircraft with respect to a fixed, predefined global axes system, and
orientation information of the aircraft with respect to the ground, for
point-directing the one or more arrays positioned on the gimba1§ 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 in a step-wise manner for sequentially scanning one after the




on several paraneters, such as the shape of the terrain, and the range
fromthe aircraft to the center of the area of interest, as deterli Néd yiggom
the Digital Elevation Map (DEM, particularly for assuring proper overlap
bet ween i nages of area portions. The above main features, as well as other
st ruct ur alvofogadzsgses of the invention, wll becone apparaniesmihzhe
description proceeds. - a Nov 2006 WO 03/102505 PCT/1L03/00422 29 As
sai d, reconnai ssance systens of the prior art of the Al ong-Track or Across-
Track scanning type, relate to the accH®ul ated data of a specific leg as an
essentially one-piece data. Mdre particularly, once a leg is defined, while
the aircraf otii¢n seeaaboriipnshef hegres nf iadersatl withip daveryi ores sielt phl | y
stored as one huge image file. Later, it is up to the operator to

di stinguish speoidfic relevant data fromthis inmage. Furthernore, any

ai rborne reconnai ssance system nust deal with the problemof notion
conpensation. As this latter problemis conplicated, the solution provided
in systens of the prior art do not allow for sharp nmaneuvering of 'the

aircrart qur g LSLEGORIALIRARGE ERata by HeanRlie s /ilkn! INRALLLM, PTOVI des

a solution to sail WO pf ens i n a-conpac ficirent mannér. The
reconnai ssance system of .the present invention is r.ticul arl dapted to
be carried bfnﬁp‘fsfl%t Wo-grpenaeal [Rase n@PrB?ﬁ‘?‘er?EﬁmIEoﬁﬁ%%g?né)
maneuveri ng dynam cs, system'size, aerodynamic¢ lintations, and angul ar

aspects wit h expesipedimeniuht hecomperpaiiak el dwdine b igdrmoits systemis
al so suitable for

v. When directed to an area portion, three-dimensional motion compensation
i;s provided by means of adjusting the gimbals to keep track with the
relevant area portion by means of data provided from the INS, and from a

Digital Elevation Map of the area of iﬁterest, which is pre-stored in the

reconnaissance system of the invention; and

vi. In a preferable case, the division of the area of interest into area portions
is performed in real-time, wherein the size of each area portion depends
on several parameters, such as the shape of the terrain, and the range
from the aircraft to the center of the 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.




other airborne platforns. In a preferable case, the systemis assenbl ed
within a pod or a payload that is generally carried below the ai=r N 2006
wi ng or fuselage. Because of the extrene operating conditions of a fighter
aircraft, systenms of the prior art, for exanple as disclosed in US

5, 668, 593wpaaRikdses use a mrror to direct the LOS, a m@lmwhi/@dwe2whi ch
limts the FOR substantially since a mrror essentially folds the LOS to
point at a certain direction with relatjvely small angular variations. In
the present invention the LGOS is di r ect®d by means of 8 NOV 2006 WO

03/ 102505 PCT/1L03/00422 -30- the ginbals, a solution that enables a very
wi de fi el dAsfsaidgaeennsipwamcyisitiams ofcihe myeor gtpfdhetfpedsadhgr 4ic¥esst i on.
Fig. 1 shows the general structure of a reconnai ssance system assenbl ed
wi t hin a pldaclaeeordhggybe, vaiateetrboé meatmofatedalaitavoére isperifidbeg podarl
conprises inits forward section 10 ginbals (not shown) carrying

|i ght - senskagntiallyate- ek Hhth. ME6RSpakIculRlY,CohceND e Bodined] Rehikatit:
ginmbal s and optics are nounted behind a transparent w ndow 12. At | east

one of suc QF%HfaﬁeseﬁoiﬁistgﬁI E%’n tl?x{f' g&mn?mlaitef]i 8201 LyRRLaNT @Yorel asPofocal

pl an array I sensi ng visual range. Optionally, nore arrays

be i ded, for, I ) I ' d '
mage it Aues g aS. Beroii fam v v SBpi o ERRLRRE AR P "

INS, are positioned on the same portion of the ginbals in su%h a manner as
to be direfebtiom thifdmegeeFEREERPTE, A1YHEPEPEZSCHBIHTERC EFVEBNRIFY, in a
| ess preferred enbodi nent, the sensors and/or INS nmy be |ocated behind

t he gi nbal dgalmwitte thhepyibhdral f cartiop aompenstion raprthls latter problem is

complicated, the solution ﬁrovided in systems of the prior art do not allow for
sharp maneuvering of the aireraft during the reconnaissance mission. The
present invention provides a solution to said two problems in a compact and

efficient manner.

The reconnaissance system of the present invention is particularly adapted to
be carried by a fighter aircraft, where environmental condition_s, maneuvering
dynamics, system size, aerodynamic limitations, and angular aspects with
respect to the ground are extreme; however, the system is also suitable for
other airborne platforms. In a preferable 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 éometimes 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




and/or prisns that folds the LOS towards the sensors. The system further
conprises an lmage Handling Unit (1HU) 2 that processes the digitd NPWed8
information fromthe sensors, conpresses the images, and conbines themwth
m ssion data to facilitate later interpretation in the ground station, a
Solid Stwoeshesarder (SSR) 3 or a simlar fast-access ®imaLiangsxitevi ce for
storing a Digital Elevation Map (DEM of the area of interest and a

m ssion plan, and for recording the C%Bgured i mges. The system further
conprises a Servo Unit (SU) for providing control and power signals to the
gi nbal s servo, and an Interface -6NOV2006 WD 03/102505 PCTHL03/.00422 - 31-
it (1) P Eumtle; AGOBEwEY v GPPIRScE YT HILh Bl PLrssere e Besout or

system and control electronics is included within the System El ectronics
Unit ( SEUpan bpriteed toprards Bay siteichn16 (DL) is used to transmit inmages and
m ssion data to a ground station for near real-tinme interpretation. The
pod is attached to the aircraft by nmeans of lugs 11. Fig. 1A shows anot her
enbodi ment of the invention. In this configuration the reconnai ssance

systemis agseilipdAshd Ravtdadrhdhf bhe abéidimbdsahedbystBhe ademmed
Section is positioned vertically and is pointing down, with only its

W ndows pfg&{hlfﬂi angd‘t b A8aih emaioglglr@fggom Jmhéai%eﬁﬁ?g ) iygaoa/inits as

in the pod confrgurdtron aré ins ed inside the aircrai ( Al 't hough

For ot her (/BBSPRR S EREPE: SHERTID HETHALD itk Lo R T ABeRT STt ed

vehi cl es), and conmand & control aircrafts. L )
arrays and the necessary optics (not shown). The said gimbals and optics are
mounted behind a transparent window 12. At least one of such arrays exists, for
example, in a CCD-type array, or a focal plan array for sensing light in the
visual range. Optionally, more arrays may be included, for example, an IR
array for sensing and capturing an image in the IR range. The plurality of
arrafs, when used, as well as the INS, are positioned on the same por'tion' of the
gim’t;als in such a manner as fo be directed to, and cover exactly a same area
-portion. Optionally, in a less preferred embodiment, the sensors and/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 combines them with
mission data to facilitate later interpretation in the ground station, a Solid
State Recorder (SSR) 3 or a similar fast-access storing device for storing a
Digital Elevation Map (DEM) of the area of interest and a mission plan, and for

recording the captured images. The system further comprises a Servo Unit (SU)

for providing control and power signals to the gimbals servo, and an Interface



Fig. 2 shows the mechanical structure of the ginbals system 20, according
to a preferred enbodi nent of the invention. The progression dire@tNow 2t
the aircraft 1is indicated by nuneral 27. As said, in order to carry out
reconnai ssance, the ginbals systemaccording to the present invention has
at | east womsdegsees of freedom The direction of the mimbewizzaxes and
the ginbals' order are not inportant, provided they are capabl e of
steering the LOS towards any spati al iirection within their specified
field of regard. - 3 NO V 2006 VO 03/ 702505 PCT/ 1103/ 00422 - 32- Accordi ng
to a preferred enbodi nent_ of the invention sho in Fig. 2, the i mbal s
system 20 SeworTdedon roabline mosteaninipriacess Wild) thairqratie heT ompliter
mechani sm 36, having two degrees of freedom Yaw (rotation around axis 22)
and Pitch gysteat dmth camivoneledxpsic® 13 incindbdEwtidrinahe divsteh Lladetrios $mid7,
havi ng two degrees of freedom elevation (rotation around axis 21) and
rol | (rotatdow). apsitidithiBX b NA3)Linkhes @L)ch wed tb hearshey ahbos dehmeesorof
freedomrelate essentially to a rotation about a sane axis 21. However,

the Pitch degr gea Qb diE LR B e8P rbA Bmbi iR rpFakBbh OThO Y0l BE atBERENAl
gi mhbal s nechani sm36, while the Elevation degree of freedomrelates to a

coarse rotatij;on_.of e externa gi.npbals nmechani sm 37. The external ginbals
mechani sm gj7£lllesa%crrg¥t}rya%lle§n£s?§\}1§gl 0 the internal ginbals nmechanism 36.

Slaving is the process by which the internal ginbals are the prine ginbals
to which LOS steering commands are directed, while the: external ginbals

are conpensating for the internal ginbals' |imted_angular ]
Fig. 1A shows another embodiment of the invention. In this configuration the

reconnaissance system is assembled as a payload into the aircraft body. The
Forward Section is positioned vertically and is pointing down, with only its
windows protruding outside the aircraft body. The same electronic units as in
the pod configuration are installed inside the aircraft body. Although this
solution may be used by a fast jet aircraft, its main objective is for otEer types
of aircraft such as helicopters, RPVs (remotely piloted vehicles), and command

& control aiverafts.

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 reconnaissance, 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.




rotation by foll ow ng the novenent of the internal ginbals, almay§3t“®q

to mnimze the angul ar di spl acenent between the internal and external
gimbals. Although tracking to any specific point in front and bel ow t he
pod is possible by neans of two degrees of freedom the separation into
two sub-nwolvamizsiss is nade in order to obtain a betterpavinekiosey preci sion
and wider field of regard. The external ginbals nmechanismis particularly
used for coarse tracking, for exanpl e,_32f_or transferring the direction of
the ginbals fromone area portion to a “"second area portion, while the

i nternal ginbal, nechanismis particul arl sed -8 _.NOV2006 ,WQ,.03/102505
PCT | 103/ M35 50 ot esnon RO SR Slaihe. BFeBHPRY SO T ShfSRs At 1o
whil e capturing an inmage of a specific area portion. Qher ginbals

ar r angenent@mbalstsysint £6 cempris sy-meghapiams, oy fdiofBer ent direction of
axes, may al so achieve these goals. As said, the external ginbals
facilitate expansi@mabfeimbelsf inetidarabmr 86 ahabi{&EORp. deghhes bf fiebdornf Yilme FOR
for a pod enbodi ment are indicated on Figure 1. This FOR is achieved by

the abili ter@éﬁb:bﬁr&ﬁicﬁéﬂébzﬁéﬂ@tifél{l(@'tm drotifd lag@ke )baskward as wel | as
forward, combined with the ability of the roll ginbals to rotate a full

t f 360 d he. | im.t : I j

ndi cat ed on gtz Sipblsr Bdthablify B bR BAY, AocheoCTOHIRGh, 2 €
external el evati.on . ginbals to | oak_si{de as well as down d, conbi ned
i h the csTerion RS arotd 55D SR TUR AR U5t arit Rt So0 Soar oee,
The only Ilimtation to the FOR in both enbodi nents are the pod body and

aircraft body, which obscure the |ine of sight at the edges of the FOR
envel op.

The Pitch and the Elevation degrees of freedom relate essentially to a rotation
about a same axis 21. However, the Pitch degree of freedom relates to a fine
rotation by the internal gimbals mechanism 36, while the Elevation degree of
freedom relates to a coarse rotation of the external gimbals mechanism 37. The
external gimbals mechanism 37 is preferably slaﬁed to the internal gimbals
mechanism 36. Slaving is the process by Which the internal gimbals are the
prime gimbals to which LOS steering commands are directed, while the:
external gimbals are compensating for the internal gimbals’ limited angular
rotation by following the movement of the internal gimbals, always trying to
minimize the angular displacement between the internal and external gimbals,
Although tracking to any specific point in front and below the pod is possible by
means of two degrees of freedom, the separation into two gub-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 girnbals from one area portion to a

second area portion, while the internal gimbal mechanism is particularly used



In the preferred enbodi nent of the invention of Fig. 2, the one or nore
arrays are nounted on the internal ginbal, to provide fine adjubsNiWraggof
the array towards a specific portion of an area of interest. This is
required, for exanple, to provide notion and orientation conpensation. As
sai d, thewomenesosmore arrays of sensors, together w th rdraioes@ms=oci at ed
optics, are positioned on the ginbals to maintain at |east two degrees of
freedom In the enbodiment of Fig. 2, an exenplary focal plane array 24
capabl e of $ NOV 2006 WO 03/102505 PCT/'1L03/ 00422 -34- capturing inages in
t he visual ,range,..is synbol idcal_l i.ndi cated. The houndaries of the
sensor’ s f &1 RFOSTLINE B OPRAL G @b GPPRSRTAFon BHES BaCHAOR AREFZES 085,
and the scene captured by the array is synbolically indicated by nuneral
26. Accor @isigcile arke poreserPthena@mbplsharmahepments, soindiffgensnamber oft ed
area portion, the ginbals systemdirects the center of array 24 towards
center 29 gimbilkar diiferchodirdhion dfeadesnaag aivoechiavg thhee gexid.er of the array
to the center of the selected area portion will be referred to herein. as
"l'ine of sight" (LOS). The sensors' optics may be either separate optics
for each sensor, or shared optics for all/some of the sensors. Shared
optics collxec | jhght. . ' i - I | {nyt O each
of the senél’L %rgsﬁ%c%%r%ith%a?éﬂd #j éisui%%ﬁgée{eg%: g? rQ%E Of\;\%/glge%%%% f §%dgﬁﬁ(§? R(;f
separate versus shar.e i,cs Wi ll,depend on the. specific _design,.goals,
taki ng int g[ﬁ’@gl%?cﬁeqfat?ﬁegﬁbg\/%ﬂaam% 8@%&@@%&&%&{%@8 %e%ﬁgnggﬂls

nodul arity and maintainability. lnertial Navigation Systens are well known
in the art ,F%dsaacgquﬁeby theo @bilify of the external elevatlon gimbals te look

'bagkward as well as forward, combined with the ability of the roll gimbals to
rotate a full turn of 360 degrees. The limits of the FOR for a payload
embodiment are indicated on Figure 1A. This FOR is achieved by the ability of
the external elevation gimbals to look sideways as well as downwgrd, combined
with the ability of the roll gimbals to rotate a full turn of 360 degrees. The 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



aircraft and in airborne systens for determning with high precis?0n0Wmmm
flight the aircraft or airborne-systemlocation, its velocity an
acceleration vectors, and its orientation with respect to a stationary,
gl obal axes system The Inertial Navigation System conprises essentially
two separwasgensess (i.e functions), a Navigational Uni®CTALOs/00dEt er m ni ng
the | ocation coordinates of the aircraft or airborne-system and an
Inertial Unit for determi ning, anong ofhers, the aircraft or

ai rborne-systemorientation with respect to a predefined, fixed, and

generally gl obal coordi nate system The |INS |.sq. proyvi.de .t he - .8 NOV
9006, V0 0RO RRAE TR 8P RS P 5 BRI R A iR AR SR or 5 of
the aircraft or airborne-system_ The Navigational System may use, for
exanpl e, GPStheserseasifend oarvdew KEOVI are isgmbolipplly geferigrdi By newsraladb; i al
sensors within the aircraft or airborne-system Sonetinmes, a | ess accurate
INS in an andbhereesy sthptured byoiheunirentis sgmivlidally imiceaedbyunaneral 6. i n t he
aircraft, and aligns itself continuously to the aircraft |INS by using data

recei ved f RBariding Jhelir@688Sntented, Wafkn theaBsiere & 4 g81aBRE area pitdions Used
by many systens to align two INS' s (e.g. to align a mssile's | before

droppi ng i f,{ ';g%béﬂ.e?{%itélﬁr%_fréc)t? tﬁ%‘%@n%&»i& B a%it gej[:clv? sar,%ﬁ't'erra%§ of ¥%e

further calculates i rdependently the |ine Irection (angles) with
respect to a.qlghal,reference stem until .the next ,aljgnment o rs.
Accor di ng PB%é&b%gf &Pt eeﬁ%&ﬁcﬁ\éﬁtﬁ’ﬁfcet“ﬁ%r Pﬁ&gﬁt%ﬂ? tf’h{%‘%r S5 al f%nce
system may have various nodes of operation, deriving fromits Bafability to
di rect t heselegfefotisrdrorking HEL bea@iaTeRld MR 1h ERR o5 P mEOR)-eflee of
regard. '

sensors’ optics may be either separate optics for each sensor, or shared optics

for all/some of the sensors. Shared optics collects light in a multi-spectral range

and then splits it to each of the sensors according to its unigue spectral

waveband. The use of separate versus shared optics will depend on the specific

design goals, taking  into consideration available space and required

performance, modularity and maintainability.

Inertial Navigation Systems are well known in the art, and are widely used in
aircraft and in airborne systems for determining with high precision in flight
the atrcraft or airborne-system location, its velocity and acceleration vectors,
and its orientation Witb respect to a stationary, global axes system. The
Inertial Navigation System comprises essentially two separate units (.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



Referring to Fig. 3B, the LOS directions may be side-oblique, - 8 NOV 2006
forward-oblique, down-looking or arbitrary. Referring to Fig. 3, the
foll owi ng nodes of operation nay typically be used: i. Path Mde: | mages
are captured along the flight path of the aircraft, with the Iine of sight
di r ect ed Wwonyanshsobl i que, down | ooki ng or side oblique.pcineos/quakzh
trajectory follows the actual aircraft flight path. ii. Strip Mde: A

| inear strip positioned along the flig%%_path, or at an angle to it, is
captured. . In this node the line of sight is usually directed side oblique.

- 8 NOV 200Ji ., WD 03/102505, PCT/1L03/ 00422 -36- ,jii. Spot Mode: | es of a
sel ect ed aVP¥acihy candpacgplsErtion ‘feﬁJF@Sn%é;ﬁf’ heirpiate @ aido 'Sﬁ?nbgﬁgq rect ed
in any arbitrary direction. iv. Staring Mde: |mges of the sane sel ected
area are t hlawigasionabSyitesl mayl wse, fon exarople, (RS irifprmation apt thealpegial
directed in any arbitrary direction. In the |last three nodes, when the
aircraft i ¥nippenaciiiyngsdshenssebbebashraresahirt ke Brdrafinae aohsetessgtsi@n. angl e
may be any -angle (i.e. start capturing well before arriving), and when the

aircraft i §ohe&Wdadatife sehath ettt alBsrfxdsteR S esMalurdttAOWRRIERY be
any angle (i.e. stop capturing well after leaving). This way, the

[ econnal ssanes SYSLIBY,! 4 DOGL- LRI €0k LENORsbREoSERAGIEH o BTirarat

Basical l y, he réconnai ssance sys nay rk-at ei _autonatic node or

econnal Ss OB ySPEHR GRIEE RorbRatie BEGHeoR IR R P ORL e B,
and is used by many systems t;) align two INS’s (e.g. to align a missile’s INS
before dropping it from the aircraft). Once aligned, the less accurate INS

further ealeulates independently the line of sight direction (angles) with respect

to a global reference system, until the next alignment oceurs.

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 following modes of operation

may typically be used:

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

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

it, is captured. In this mode the line of sight is usually direcied side oblique.



i magery of preplanned targets and targets of opportunity. The nodeg xov 3 §
selected for the systemnmay contain any conbination of path, strip, spJ?,
and staring nodes. Based on the m ssion plan, the systemautonmatically
configures the sensors as. the aircraft approaches the targets' area,

acti vat eswbhei1p&lsected sensors, controls the sensors' pditnigeioo9a, and
initiates/term nates recording and transm ssion of imge data. The

pl anning of the mssion is done in advance at the ground station, and is
upl oaded to the systemprior to the m&Sion. In manual node, the operator
can manual |y change the m ssion plan_during - 3 NOV 20060 WO OSﬁ%OZ?OS
PCT/ | | 03/ 00&i25pot3i¥lode] Igages ofifesdedpderra AR CantEss: dpthigimas thaadine o
operation and perform reconnai ssance functions manually. All nodes of
oper ati on nay sight avai babirected in boy hrkittagsralitectiamd nmanual nodes. Referring
to Figs. 3 and 3A, according to a preferred enbodi nent of the invention,

an area of jnNBerest MsdedTmagdesof tHeOsBndBtkbiedofrea 42k Ubkdn byccobsindlealn
portions. For exanple, area 100, which is defined by points A B; C and D
s i vided | Bhg Aodfltel il sfeft! bl tikoleddh GReRbH ARSI BbneXaNtp! €,
portions Pi,i?thi,%gﬁlgg%i fS%??fHﬁg,z, 82?3,...Sn,n1 er%fn ?he first
subscri pted nunber indicates the portion columm within the matrix, and the
second subscripted nunber indicates the portion rowwithin the matrix

area. Area 10Q may assune any : arhitrary quadrangul.ar shape as desired by
the nissi orlnpﬁﬁr}as fhiee mandest whfie the R RS Ao BREAB A 65 APcEe B0 dance
with the sensors' FOV and range to the scene of each area portjion. In sone
cases, and ewranndel oliseredtionngledninberanyt fiegle (i.e. start capturing well before

arriving), and when the aircraft is leaving the selected area, the exit
observation angle may be any angle (i.e. stop capturing well after leaving).
This way, the reconnaissance system may linger more time on the selected

area.

Basically, the reconnaissance system may work at either automatic mode or
manual mode, and combine both in {he same mission. Iﬁ 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




area matrix is defined in such a manner that area portions parti a+ ByNOV 2005
overlap one another, as is shown in Fig. 11, for exanple, by about 10-20%
of their area in order to assure full coverage of the area of interest,
even when the area is a sharply changed terrain. Wen stereo photography
is requi r@d.ozansiverl ap |arger than about 56% i s requigcadrod@eiizng t he
aircraft 102 flight, the ginbals of the reconnai ssance system scan the

area matrix 100 in a sequential, syst tic, step-wi se manner, by which
the ginbals first direct the imaging array of it to a first area portion
and capture_its image sinultaneously in all sensors, then to_a second area

portion to gpturke] ppetafierydnan nateriept ane FERPIARC- ORPTAVL 2L Papfyrm

03/ 102505 PCT/1L03/00422 -38- this procedure, the ginbals sequentially.
"junp" the tecomnmgsazicy fitn@ivdsfrimhebihf. Alvinedeodf edveation ayast be ovaglabdd in t he
ot her portions, until conpletely capturing inmages of all the portions of

t he area ofbdtﬁta@m&ghtlaggdn@{uagmlge the system may scan the exenplary
9-portion matrix 100 in the follow ng order:

Pi, 11P2>P13>P2, 1' P2, 21P2, 31P2, 3>P, 11P3, 21P, 3 Wen the gi nbal s of t he system
dlrect t he Ilght sen5|t|ve array to a speC|f|c area portlon general ly by

por 1 on andTBEREY TP ot T3 10! RECTRRY 15h ) POl dp %%{ns@“f B

capturing the i rrage of this area _portion. Mre part|§§(ul a{ F "snap
shoot i ng” FRRASIPES apnBrest elgiaberegt iy gim'lde@ ARy R RRHRE f #98 U&&hﬁh@ ABEh.
light fromthe area of interest is sensed by conponents of the array, and
a_sanpl i ng pettige. Foriengmpkd, chreal 100t hdidhoirpdefiredsby ppinthé, & rGyang B, is
si mul t aneously sanpled at the end of the integration period. As
divided into a matrix of a plurality of area portions, for example, portions Py,
Pi1s, P13, Poi, Pos Pss,..Pnm, wherein the first subscripted number indicates
the portion column within the matrix, and the second subscripted number
indicates the portion row within the matrix area. Area 100 may assume any
arbitrary quadrangular shape as desired by the mission plan. The size of the
area portions Pnm varies in accordance with the sensors’ FOV and range to the
scene of each area portion. In some cases, and as will be elaborated 1ater, 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



said, this procedure is sequentially and systematically repeated fog vV 2008
the area portions of the area 100. Each tinme an inage of a portion is
captured, it is saved 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 wasgi®b@t i on (not shown) wusing a Data Link (DQQrabimoerzder to

provi de accurate capturing of the imge, |ocation and navigation data are
provided in real-tinme to the ginbals control wunit by the INS. Fig. 4 is a
bl ock diagramillustrating the operati oft"of the reconnai ssance system of

the invention. As said, the operation of the systeminvolves thre in -8
NOV 2006 ViDsOBotebses tCEmbas/ woupntialty Tusmasie line of reht pad ﬁﬁﬁ%@ , the
line of sight of the array is directed towards a selected area portion. At
t he secondvigvasé,the herray thyotigh ABxpesadier tportipnghtunttlomimptetalp mapheiag ea
portion, and charge is integrated correspondingly within the array

conponent s jmBPuéd HUa13 8hél psREARGMINASHea H0ThRRALOIE Foatexompls thprspvisded by
noving the line of sight with the ginbals, in order to conpensate for the

aircraft m}ﬁ% n..apd @a&%%aﬂgpg; ﬁ@%ﬁéﬂ OBk i REoTE @EPISWWing order:

(integration) period, particu Inorder to elimnate snearing. At the

end of the integratiqn perjo he &hir hase, ;al e array..
| i ght- sensi%%vli’g@’%@ﬁé{)?@"gﬁr}éﬂﬂgﬁwg%’ Weousfﬂf/q?an%lmgj&ls é)h&hphsgggenr%gdérﬁcg

stored. Before takeoff, a Digital El evation Map 310 of an area, which
i ncl udes withdilight serditive astast be aaspeaifef arcanpetiont genarallydredirattinhéhe
reconnai ssance system The Digital Elevation Map 310 is a digital file
reflecting ant@RRsdhY 8R4 tREda tHE icEntetgTtBE Rpbalic @@6d popiidl apailedking
(i.e fixing the LOS) on it, a “snapshot” is taken, capturing the image of this area
portion. More particularly, the “smap shooting” involves two stages, a Light
integration stage during which light from the area of interest is sensed by
components of the array, and a sémph'ng stage during which all the components
of the array are simultaneously sampled at the end of the integration period. A;S
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 Sclid State Recorder 3 of
Fig. 1), and optionally alse transmitted to a ground base station (not shown)
using a Ijata Link (DL). In order to provide accurate capturing of the image,

location and navigation dafa 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 main




of the grid, the x-y coordinates (with respect to a gl obal or qugﬁbyﬁ@%
coordi nates systen) and the elevation z at that point are provided.

portion selection block 311 selects an area portion. Mre particularly,’
the portion selection block 311 sequentially indicates a nodal point being
a center wboa2sesl ected area portion within the DEM 3lGecrrusiong t he DEM
310 to convey the coordinates of the center of the area portion to the
servo control unit 305. The concept of,finding the 3D center coordinates
of a selected target using a DEM as d%scribed in the present invention,

can al so be used in_syste other than, reco i ssance systeps, such as
Largeting EYEREmAt HRCHE: HREt: HEsiTG Of S1EhH ALt A7) Fedboited FRAwRAt!
range to the scene or a selected target w thout enploying active_range
finders. Peeletedbisea ppticxs Ad the mecwidapberss cthel atwsy, 18 “syposeioB L

03/ 102505 PCT/ 1L03/ 00422 -40- several selection nodes exist for selecting

an area poetming frandtlteheranporiion, bhd chhogederinteppatatoroergzaohdioglyawitiyn
determining its central nodal point. The xp : yp coordinates of the center

poi nt of tige SEk8FtRehRNRAPINLIABR, s:ARUsdchEd ehleNea! irdtion QBfkbeAddten? §s of the
sanme point are conveyed to the servo control unit 305. The area portion

g et on RS B0 00 S 0N b WO il 30 BEsho ey agoel Vs

fromthe | e xa : za C i nat es e on-

gi mhal s array. . Havin hese two _gsets of x-y-z coordinates he area portion
di rection #B)ééiﬂ@ _%58’%%0’??8 ’P’Fcﬁpay C}S%Iil%euloaft S Ao ngaﬁﬁj‘ﬁegxl?oéaﬁ r ed
for establishing a Line. O Sight (LOS), between the center of the array (X,
Y. : Za) (iniesrafipe) peredrraticilqalcit erdesdo SEEHDAH BBRTIp&pAt thioend 81~ angd
converts said angles , ‘
the integration period, at the third phase, all the array light-sensitive sensors

- are simultaneously sampled, and the image is stored. Before takeoff, a Digital
Elevation. Map 310 of an area, which includes within it at least the area of
interest, is stored at the reconnaissance system. The Digital Elevation Map 310
is a digital file reflecting a map divided into a grid, wherein for each nodal point
of the grid, the x-y coordinates (with respect to a global or predefined
coordinates system) and the elevation z at that point are provided. The portion
selection block 311 selects an area portion. More particularly,” the portion
selection block 811 seguentially indicates a nodal point being a center of a
selected area port.ion within the DEM 310, causing tlie 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, can also be used in systems other than
reconnaissance systems, such as targeting systems, where sometimes it is
desired to measure the exact range to the scene or a selected target without

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




to the analog signals required by the ginbals servo unit 308 for_a NOV 7006
establishing said direction of the ginbals 300. The said direction
calculation is repeated and wupdated in short tinme intervals, in order to
account for the change in the aircraft |ocation and orientation. The

gi nbal s seowsmimsist 308 receives a signal 315 from t he pgitnmbeslimaszani t
indicating the state of the ginbals with respect to the desired LGS
direction. Wen it determnes that the 4IDC)S direction has been established,
the servo unit conveys a signal 321 to the Integration/Sanpling unit 304,
for initiating the integration period. The Integration/ Sanpling .uni.f 304
provi des aseiegnbgeleppion %‘Oa%e%?frgy sglppting £0s3%58 ROLIPRy Ve g1s
integration of incomng light fromthe area portion. Fromthat instance,
the |'i ght bemniers,ioremoropponenadyofetetmining dip eragral nwladeetrullaeer chiar ge
relative to the level of light at each corresponding section of the area
portion. i  pt e I QN _perd.ad, 0 [ :
PCT/ 1L03/ gé‘if’iggia&%?o e g%&%%%gbnﬁsgaftt?‘gnse?%%ﬁagﬁé%t g‘?ﬁ“%/égé %ﬁé u gfég%‘.’at Yt he
noti on conpensation ul e 307.. The notion coppensati q du in
simlarity®% & & eogttﬂﬁéﬁmecﬁf’]ﬂﬁ PIESCHORSRY SD TS S5BW Coéﬁr%gogowéégg)’\%g[ghef rom
the DEMthe (xP : yP : ZP ) coordinates of the center of the selected area

portion angdrdar pprtidie dtd&ishenodia 308 aajhobertvheconent emibfaldohperdstigiliybal s
array 301. The notion conpensati on nodule 307 repeatedly cal cul ates the

gi mbal angl.esiv.equbh ethel BYS eRfsald $hi PG 8 cobtdiRaRb of @Rl k&St Bl yeen the

updat ed coordi nates of the center of the“array (xa ye za) as received from
the INS, and the center of the selected area portion éXP yg z,% %nd
accor di ngl §irelHe erray-s Hedinga thereata saifgPle Tt COVAIRR oS Bifaptee bortion

direction module 306 geometrically calculates the gimbal angles required for

establishing a Line Of Sight (LOS) between the center of the array (x, :y, :1z,)
and the center of the selected area portion (x, : y, : z,) and converts said angles

to the analog signals required by the gimbals servo unit 308 for establishing
said direction of the gimbals 300. The said direction calculation is repeated and
updated in short time intervals, in order to account for the change in the
aircraft location and orientation. The gimbals servo unit 308 receives a signal
315 from the gimbals unit indicating the state of the gimbals with respect to the
desired LOS direction. When it determines that the LOS direction has been
established, the serve unit conveys a signal 321 to the Integration/Sampling
unit 304, for initiating the integration period. The Integration/Sampling unit
804 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,



required by the ginbals servo unit 308 for establishing said di recd INORY
(i.e., said angles) of the ginbals 300, or in other words, to repeat edm/6
conpensate for the notion and change of orientation of the aircraft during
the integration period. Modtion conpensation for inmage roll around the LGS
may al so weoglenzsns by using an additional de-roll gi nbatcayLatosxzhi s is
typically not needed in small or nediumsized arrays due to the small
snearing effect of roll in such arrays.,,At the end of the integration
period a "sanpling" signal 322 is provfﬂéd to the array 301, for

si mul t aneously sanpling the accunul ated charge |levels within all the array
sensors, afePtarp cPmFensatiany ia gereedn ealsulated hyr fae |BoErR wEpeRsafiohge of
the selected area portion. The inage storage 302 is essentially the SSR 3
of Fig. 1. meitle 30fie Ther tnbtinn Sehgehsamoh mockls 807s & eopBadtcénttbe agfa a next
area portion fromthe DEM 310, and conveys the sane to the area portion

direction popged elidRbion apddthie se@nelspr acenus dras ties OENethaloyey reppat s
for this next - 8 NOV 2006 WO 03/102505 PCT/1L03/00422 -42- area portion.

The procedure repeat or all t area rtions of the area of _ i rest.
It should ﬁgofﬁb?%asw rt&pncepﬁeart O{ﬁéﬁ' éeelﬁ?‘g SEBr T 8ht ?%éTO%gEJ%%ﬁ%i ch
the portion selection_block 311 operates. |In one optional case, the portion
sel ection Wkpck :3p10fthesentar| dddhe on-simhelsrarsty 401 Fhe motion omensatiehd
obtains its inmage, and then, for any additional portion it determnes in

real time tﬁ@d&@@b@rrep@iteaprm%ﬁu1§€e§%h@%{&wlnaﬂglwPeqiaféj@fo&%gtabﬂi@m:%xa@mpl e,

a requirenent of 10% overlap between the present portion and the

brevious! y (i 0Raed: RO TOLS, ODLIRNAN o5Rafathd be Bt 836! bbaY dbopor e

detai |l her éiha

(x, :y,:z,) as received from the INS, and the center of the selected area portion
(x,:y,:2,) and accordingly converts said calculated angles to analog signals

required by the gimbals servo upit 308 for establishing said direction (i.e., said
angles) of the gimbals 300, or in other words, to repeatediy compensate for the
motion and change of orientation of the aircraft during the integration period.
Motion compensation for image roll around the 1.OS 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 arrayé. At
the end of the integration period a “sampling” signal 322 is providea to- the
array 301, for simultaneously sampling the accumulated charge levels within
all the array senéors, 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 811 selects a center of a next area
portion frora 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



portion selection, the pilot marks the center of a portion, and';ggvhpﬁﬂg
of that portion is accordingly obtained after carrying out the a 2005
procedure of direction, notion conpensation, integration and sanpling. In
still another optional selection node, all portions of the area of

i nt er est wad3Amsr center are predefined, for exanpl e raWILE/WIR ai r pl ane
is on the ground, and 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 posifion and attitude of the aircraft.
The selection of an area portion, so that re-defined overlap wll exist
bet ween &G PeTRR-| Hag)dgocadyry aprande Apr @ﬁ ﬁrf*eas%&)ammr&emer AEeasebnari o
including aircraft position with respect to the scene and the ground

vari at i onsimereshelt elaptldried ngednkereRefthatr theyet areFeqyeralldptiond]l Modestlyr each
snapshot, the footprint of the sensor's FOV on the ground is cal cul ated
usi ng the shiiheesparian @idetiogd blshikt 3 10dpel-hies DEMondapthiohdiabpy, itht postich

3-di mensi onal plane, or a higher order 8 Nov 2006 WD 03/102505

PCT/ 1 LO3/ 0Q48&iorf BrocR WiT1a&fst deletLHl cbhtck W OFiF&CIe@NSortiBn AndedbthRshest fit
the ground's gradients. After taking a snapshot, and before taking the
next snapshol . LG t?%x%} £ LS RSG5 phIg, dly! e%éztxﬁﬂlegﬁn &%ﬁ.th%sﬂ?ee&tngér using
ext rapol ation F1°6m 1 he preévrous snapgﬁo S or othér techniques, an

cal cul ates jhe estimated ground footprint_ of the next snapshot., T

over | ap. boPhdeRorh ek Ger ik SR AT SRceTHEPRoct BPENTIRFot A 0% evi ous
snapshot is calculated.by projecting the former on the latter, and then

t he direct peatled betrecancthe prasert pertipsdppf ditei pregiogely rsagadspersionn Thiser | ap
within

optional case will be described in more detail hereinafter. In another mode of
portion selection, the pilot marks the center of a portion, and the image of that
portion is accordingly obtained after carrying outr the above procedure of
direction, motion compensation, integration and sampling. In still another
optional selection mode, all portions of the area of interest and their center are
predefined, for example while the airplane is on the ground, and the selection is
the:q 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 dependeiﬂ; on the overall geometric scenar:zlo including
aircraft position with respect to the scene and the ground variations of the
captured scene. Referring to Figs. 11 and 114, for each snapshot, the footprint
of the sensor's FOV on the ground is calculated using the 3-dimensional ground

data of the DEM. Bach footprint is a 3-dimensional plane, or a higher order




a specified range of values. This process repeats iteratively a few tines
until the required overlap is achieved, and then the LOS is physBdlY 9005
noved to the |ocation of the new snapshot. The cal cul ati on may al so be
done analytically wthout iteration, depending on the mathenmatical nodel
.and t he wompuizk;sg resources avail able to the reconnaimgane@mosy¢st em The
nunber of junps of the LOS across track (i.e. along a row), which

determ nes the width of the photographed strip, is continuously cal cul ated
to ensure maximumstrip w dth mﬁthout“@?eating an excessive lag in junping
along track to the next row to conpensate for the aircraft progression

G nbal s hasurfgce tiltassist twandirensipnedn opdert jodwgb it dhe stmmd wevadrenta Afer art
and are used, for exanple, in some aircrafts for inertial directing and
tracki ng t teking ar getishgt, syst befototkit@the hexashapshet,i g sybire msbmiahes a
system enabling observation of targets and directing weapon systens

towards them GPeARO6 thedios kakige kg YRR SomUhe pisvibgakhaRdbtand
orientation data froman Inertial Navigation Systemfor calibrating the

tracking i g, (eal %Eﬁgu%&éﬁ%ﬂ%@%%ha@tﬂ&%%ﬁ@géltlﬁ FIihHAR P Gort -

present i nventi on use als systemsim e ohe used In said
ai rborne targeti systens.. The "tracking" of, the gi :hs w.th the.array to
the r of ovaHPAHP AT YT Hs Lo e o BT teR (PYB PRPRY P8 JBUPPBY REE n 2
simlar manner as sone airborne targeting systens di rgh(;}t and track their
weapons t oP¥eViews Fapshrbifspiqulated byipmmiachngdbe Aerragrstie e Yafier aiieh than
interest is not divided into a plurality of matrix-type portions, and
there i s nthsgotemt ottheda®ficagtenfis modified in order to ensure an overlap within
a specified range of values. This process repeats iteratively a few times until the
required overlap is achieved, and then the LOS is physically moved to the
location of the new snapshot. The calculation may also be done analytically
without iteration, depending on the mathematical model and the computing
resources available to the reconnaissance system. The number of jumps of the
LOS across track (ie. 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 pr"ogression.

Gimbals having at least two degrees of freedom are well known in the art, and
are used, for example, in sorme aircrafts for inertial directing and tracking the
targeting system to a target, a targeting system being a system enabling
observation of targets and directing weapon systems towards them. Some of
said targeting systems also use navigational and orientation data from an

Inertial Navigation Systém for calibrating the tracking in real time. The




the relevant area portions within an area of interest in a sequenti al
step-wi se manner. Mreover, in the targeting systens, the probl e BfV 2008
notion conpensation is solved by other neans, such as el ectro-optical
tracki ng based on image information, a solution that is not practical for
area scanwionga®yet ens, such as the reconnai ssance syst@n/ebsdore | nventi on.
As said, the problemof notion conpensation is inplenented in a conpletely
different manner in some of the prior art reconnai ssance systens, for
exanpl e an on-chip notion conpensatiof'is disclosed in US 5,155,597, US
5,692,062, and WO 97/42659. The invention uses a conbi nation of the INS
and gi mbal Presest cmveREPRGUSEs a| Fadely wisleay rdatapitor theo @8 newd E1)s28dr ryi ng
out area scanning by which a "junp" between area portions is performed in
a coarse naivberpe tngefih) spwkienThe Ginpekingt obthagimilreds theh thet sgeate dhe peri od
of an area portion which is perfornmed in a fine manner. The facts that the

el evation GhleQanflalbd YstRdiodd, 4B peeRkein afs eanl) Bepadéted ot td @imilas
obtained fromthe DEM and that the ginbals systemhas at |east two

degrees of freedom., i g&g{eg%%%eg]{ﬁ% f*%%b&%ﬂ&ﬁ%@ﬁéﬁ' LRAphik &4 axes.

This structure, as W _ ater, enables the aircraft to carry
out sharp in a supﬁrlor manner L n.conparl 0.8 NOV Zogg% WO

03/ 102505 PEFH HFGHE 30 SHaD tPERESRATSLTRE & g\ % o8 Spredy ds BPF STVISs
Furthernore, it has_been found by the inventors, that due fo the .| onger
sensors'  edpstPEmealife of BAtIgHYPE pogtions) 6H§é?ilerfi R PEEPBANE SHRRMRRICE
becones possible in the systemof the invention due to the use of staring
arrays, -t héhe relevast ersa pirtipna ovilgedcerf eresaofTiDitexest ie Bureguipptial step-wise
"manner. Moreover, in the targeting systems, the problem of motion -
compenéation i,c;'. solved by other means, such as electro-optical tracking based
on image information, a solution that is not practical for area scanning systems,
such as the reconnaissance system‘ of the invention. As said, the problem of
motion compensation is implemented in a completely different manner in some
of the prior art reconnaissancé systems, for example an oh-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 whvich a
“ump” 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 (i.e. altitude) at the
center of each selected portion, as obtained from the DEM, and that the gimbals
system has at least two degrees of freedom, enables full and fine motion

compensation in all axes. This structure, as will be elaborated later, enables the

aircraft to carry out sharp maneuvers in a superior manner in comparison to



which a sanme area pixel is scanned N tines, and then averaged. Thg Wéﬁé‘n
i nstead can use a single "snapshot" capturing of each area portion. FIig."5
is a flow diagram descri bing the operation principles of the

reconnai ssance systemof the invention. The flow diagramof Fig. 5 assunes
t hat an aweasm@df2sisnt er est has been defined, nore particu@niysoothze borders
of the area of interest. In a preferable enbodi nent of the invention, the
center of the first portion of the ar 6a of interest to be inaged is
determned automatically. For exanple, if the area of interest is viewed

as a matrix, the first portion may. be the farthest, | eftnost rti.on, and
i ts cent er T§CENBRISERREFYAIRNTRY theamiar agj- Frgthienyredghas &ﬁ%lazqwq%gﬁ‘/ Mfner .
Next, the centers of all the other area portions are determ ned in real
time, in oimentis datidfeytsthe lprgedefenaens’ eaprgaire dimevier gy Get.wesaer he

i mages, as expl ained before. The definition of that range is necessary in
order, on idteg@itnhdmd) whiclabedshestgrabibhwin' th essteafofithadhveptioaxdist fo and on
the other hand, that no extreme overl appi ng exi sts between inages of

adj acent pgtd QDS otAVRE Mk &el FRAESHAIBN P GLIISBE Yo THS thdcdkuRCin
el aborated hereinafter, this procedure involves using the DEM 310. 9 NOV

2006 WO 03/£1Q2505 PCT/1L03/ 00422 -4G-.,l di ¢
X,: y, of e Iarssatmesg}*%acpé{g?ls S(f‘ann%g.N ¢y Bl O%W%a%%ggﬁﬁm%f?&g i nat es

portion i's provi Ichin

turn conveys the set x, . V,.:z, (z, bein Bge |l evation. at x, ; y,) to
the servo FEEHbIaIHIA & 9616 ‘ShaPEE, GFRIBHEESE Sart EX0BP AR ch Al S0
receives the real time present coordi nates of the center of the array
xa:ya:za fromthe INS (step 504), also calculates in step 503 the angles
and signals

Fig. 5 is a flow diagram describing the operation principles of the

reconnaissance system of the invention. The flow diagram of Fig. 5 assumes
that an area of interest has been defined, more particularly, the borders of the
area of interest. In a preferable embodiment of the invention, the center of the
first portion of the area of interest to be imaged is determined automatically.
For example, if tﬁe areq of interest is viewed as a matrix, the first portion may
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.




required to establish a Iine of sight between the center of the array and
the center of the said first area portion x, : vy, : z, . The sigaaiGV 208
conveyed to the ginbals servo unit, which establishes the desired LOS

direction in step 505. In step 506, a check is nmade to determ ne whet her

t he est ablypbshi@pls of the proper direction has been congdmieshesX course,
this is a dynam c operation which is repeated in a very frequent and rapid

manner to performcorrection according to the airplane progression, and
any change of orientation, for exanpl e*fue to el astici ty or aircraft
maneuvering, as being-reported by the INS 504, which in a  preferable case
has its i n&rblogk @@ngm@néw copedigebasat.sy: of Bhe fegh sslppted prrtiopgnprovided

integration by the array conponents takes place. Sinultaneously, during the

i ntegratiog, &S DEGL B0MDHLRA GONPERSATdRhE3KES, P} age(z, a@mg%he_t@emm nt for
the aircraft progression and any change of its (or nore particularly of

the ginbals, array)._.orientation. This _ opgration is.alkso. orye

r epeat edl y&% i yr)eﬁcf the FREVO C%ltlrﬂnl %Hﬁsr 2@&%%&{,‘? ?%?"ééﬂ@%%o% aﬁf&? Hz,
that guaranties highly accurate notion conpensation during the tinme of

i nt egr at i orecetes she ﬂeﬂOﬁme@mmﬁ(cdosdima@eO? Hhedesmeemphthenmmaner, (vhez,
integration period has |apsed. At the end of the integrati.on period, the

light i i ; - I
i ght i ntegrat ?Résmt@g E%gp %,rg)r%ﬁy?ltsgragm@gﬁg ﬁ8§@?e%ﬂaé%h@@ﬁﬁlésh§nﬂi§ a8 o

conpensati on o also termnate (s 10). At step 06

the same. t FRBLEh LA S RLS bttty Ut (e CALgel) Boet B AR ep
513, a check is made whet her all the ar ea of _interest has been CO\{heer ed by
the i magesceiitpeabyhe axdnfirst mremortion x, 1y, 7. The signals are conveyed to t
gimbals servo unit, which establishes the desired LOS direction in step 505. In
step 506, a check is made to determine whether the establishment of the proper
direction has been completed. Of course, this is a dynamic operation which is
repeated in a very frequent and rapid ménner to perforﬁl correction acco;ding
to the airplane progression, and any change of orientation, for example due to
elasticity or aircraft maneuvering, as being reporﬁed by the INS 504, which in a
preferable case has its i;tlertial sensors on the gimbals. In step 507, the light
integration by the array components takes place. Simultaneously, during the
integration period a motion compeﬁéation takes place, again, to account for the
ajrcraft progression and any change of its (or more particularly of the gimbals
array) orientation. This operation is also pefformed repeatedly, in real time,
with high frequenc'y, typically around 100 Hz, fhat guaranties highly accurate
motion compensation during the time of integration. At step 509, a check is
made to determine whether the integration period has lapsed. At the end of the
integration period, the light integration by the array terminates (étep 511) and

the motion compensation of step 508 may also terminate (step 510). At step




affirmati ve case, the procedure termnates (step 514). If, however, Nbe 2006
full area of interest has not been covered yet, the appl | cation assumes 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 rmagogidker be |ocated across-track (sanme row) rarTabsmog:2t rack (new
row) fromthe previous area portion, depending on the calculated row wi dth
so that a maxinmumstrip width is achiea ed while not |agging behind the
aircraft progression. Next, in a preferable case (step 516) a simulation
is made to _determ.ne whether ~if an imm t aken when directing to said
X 1y z ebbr all nhiee §7ra5h geRRPE Iea"ﬁpﬁtﬁplﬁge%t the SREeh trpe. (G é‘aSB?P

previ ous i mge and the area of the said newim satisfies predefined
over| ap rangengfloandxhaphegbét woeed. L00620 Wl 8ye lcgeqiﬁ) is mppde Wheﬂwall & is

found to be too great, this center point is then positioned slightly
farther freraa he ceatet lafs tHaen piavralibypaht i imagekf alrhadyetakent fie theer | ap
is found to be too low, the portion center is positioned slightly closer

to the cenf zrrﬁftlt;ekt%.sepf}fevﬁn%léédt&%rttehﬁﬂxat&é"{s%eﬁ51@)' at howekseshdé Rl BRY whi ch
IS essentia |g|ta h al so includes elevation at all the grid

nodal poi nt The Il vant ageaus. ,as the
el evati on P’imt?reﬁ ?ts n?rp retna‘f?vere%v%eghthg @cﬂ@% gsdg\?eestr31 Jg%{)ng |s§uep

has been found that after one or two repeated sinulations, a new porti on
center canabexdetre montidn (Tiep 5 gihisht atst conyergst b1 ghad M dlor gsaie B%e
preferable, but not essential. Fromstep 516 the 1 8 NOV 22008 WO

03/ 102505 PXeVALib03 CR422 soABe pprivwedenter.Clint nexesrdsopettm 803 aittiende he new
X 1y : z coordinates of the portion

located across-track (same row) or along track (new row) from the previous area

portion, depending‘ on the calculated row width so that a maximum strip width
is achieved while not lagging behind the aircraft progression. Next, in a
preferable case (step 516) a simulation is made to determine whether, if an
image is taken when directing to said x:y:z coordinates, the overlapping area
between the area of the previous image and the area of the said new image
satisfies a predefined overlap range (for example between 10%-20% overlap). If
the overlap is found to be too great, this center point is then positioned slightly
farther from the center of the previous portion. If, however, the overlap is found
to be too low, the portion center is positioned slightly closer to the center of the
previous portion. This simulation uses the DEM, which is essentially a digital
mayp 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



center as determned at step 516, and the procedure is repeated.gnkbl
coverage of all the portions of the area of interest is conpleted. %ﬁ@ﬁ,
the systemmy 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

i nterest wooximsguential order, as it sinplifies the pamiiLeamwixver| apping
cal cul ations and inproves the scanning efficiency, the scanning may al so
be perforned in any other, predefined Q r not) order. As said, when

directing the array to the center of an area portion, and conpensating for

the aircraft tion and the orientation change, the el.evati of the

rel evant aPE%e GogRTEs 53 SISRANSANRAE ReRTY 'g'a'ﬂféé CPB?%B?%"%WQPW’@H
accuracy. Therefore, according to a preferred enbodi rent of the invention,
a Digital cddterat idoteriped BEMep $16e and3hD pregednhé chrépeateddestibeayerapeof t he
area of interest, is used. Generally, there is no problemin obtaining

such Di gi t gt o1 EheVRLiOR: ¥opSe QfcaabMPSbrednYs adBpletdd. TRNMARE @?S@H@ fhay
information is conmercially available, or can be extracted froma

topogr aphi gwﬁ%?té)tscatnhg 1R Brea &h@hég@é' Planbin g ALEAOT SNLAE $tndisa hiaaded

into the arr ne Systeém before reconnai ssance m ssion, generally to

t he SSR 3. sai d,. the,.reconnai ssance systens of. the prior.ar f or

exampl o, a8l BPG GuisETERS e 18 Fpas CBgves o eroge BunteblenBak Silssa e
97/ 42659, US 6,130,705, and US_6, 256,057, do not directly consider the
el evati on BifRiHest ter aprties prerlaPmNay AOVSALINS 631 10BBISePERP | 103PBE422

-49- imaging area portion while calculating the Forward Mtion Conpensation
efficiency, the scanning may also be performed in any other, predefined {(or not)

order.

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

reconnaissance mission, generally to the SSR 3.

As said, the reconnaissance systems of the prior art, for example, as disclosed in
US 5,155,597, US 5,668,593, US 5,692,062, WO 97/42659, US 6,130,705, and

US 6,256,057, do not directly consider the elevation_ of the terrain at the




(FMC), or Mbdtion Conpensation (MC) in general. Sone of those syst,ggsﬂo\j %o
exanpl e, as disclosed in US 5,692,062, US 6,130,705, use inage-to-Inage
correlation in order to indirectly estimate the snearing effects of the
terrain variations and correct them using on-chip techniques, but these

t echni queso ofraxesnsdr awbacks as descri bed before, and t her@afesroesze not
considered in the follow ng discussion. These drawbacks include the need
for three successive inmage captures fgﬁ each usable image, limted
correlation accuracy due to snearing Of the first two inages, |arge

pi xel -shift between successive imges, and varying V/R during the, 3:imge
capture prieaging &eg. portiotepile celeulaging sheydiarvaan cMobpnt hemdearatioton
(i.e. altitude) factor, and shows how inportant it is to consider directly
and in rea(EMCiveort NeteheCaiponsasfont dC) mmgedetadr Saime. of Benesablems, ifor pri or
art reconnai ssance systens; the aircraft INS, when used, . conputes the
aircraft pegimhpRD sandisaldsbd Ude U tI2esasecUSt 6, 180108 alses Ak gatto-indige has no
know edge what soever of the actual shape of the terrain 751 being

bhot ogr aphegleilhe, ahf &t o 108l eloharaes! SoEetdaedr 1y st evel

&)
756, generally sea | eve as epl ct ed. if the reconnai ssance syst em

phot ographs .the areg whos enter.point,is, A .duri the e i me,
the aircral P a8ers Bng?‘?&%c st%ﬁmd s, QR CRP 'f%cgﬁnrl%%eosh %tstshgﬁ%)e{teﬁﬁﬁﬁil ne of
Sight) wil] keep pointing at :point C assuping a fixed |evel 756, {hus
shifting pBRYR dmwha%i@ﬁgascraw#ibﬁj%%@ XPEEEPEe ot éHEiSIFl%’fE%tWeh}Fount ai n
757, a snear of magnitude AB, or error angle 752 is created. 8 NOV P0O06
WO 03/ 102588loR0OTY 1dL@BA8012 Thes® drawbacks include the need for three successive

. image captures fc;r each usable image, limited correlation accuracy due to
smearing of the first two images, large pixel-shift between successive images,
and varying V/R during the 3-image éapture process. Fig. 9 exemplifies the
significance of the elevation (i.e. altitude) factor, and shows how important it is _
to consider directly and in real-time the elevation of the imaged terrain.
Generally, in prior art reconnaissance systems, the aircraft INS, when used,
computes the aircraft position and attitude with respect to a global system, but
has no knowledge whatsoever of the actuai shape of the terrain 751 being
photographed. The aircraft 750 therefore assumes some fixed, ground level 756,
generally sea level, as depicted. Now, if the reconnaissance system photographs
the area whose center point is A, during the exposure time, the aircraft 750
progresses a distance D. The reconnaissance LOS (Line of Sight) will keep
pointing at point C assuming a fixed level 756, thus shifting point A to point B
during the exposure time, and for the mountain 757, a smear of _magnitude AB,

or error angle 752 is created,



Exanple 1 The following is a nunmeric exanple for assessing the piXxe Ro9R@"
inthe prior art systems when capturing a terrain with large variations,
showing a forward oblique scenario: Aircraft flying at a velocity of
250m's, range fromthe aircraft to scene of 10kmto |evel ground, exposure
time of 19AY¥1@AM$ assuming nountain 757 is at 1/2 rangeCiLoxe4Bkm) , and
altitude of aircraft is 5km Therefore, the angular velocity of the LOS is
approximately 12.5mlirad/s (aircraftVgl ocity / aircraftAltitude) x

SI N2( LOSdepr essi onAngl e), and the angular travel of the aircraft during
integrati ogti rreJiZ 12.5 x 0.01 = 125 mcrorad. The angle 752 is therefore
125 ni cror &2 typical pixel Instantaneous FOV (IFOV) of 30 mcrorad
this means a snear_ of nore than 4 pixels. The sjtuation is even worse for
a side obl i"pgoBewing isor numeris, examnlpifer eseapire the mivclangernin Vet pepty is
250 / 10,000 = 25mlirad/s, and the resulting snear is 8 pixels. For the
syst em of tahiesygtenentvwiosm catﬁtaripigmetersamc'with darpectursatidrse showing adfomwasd r at ed
in the followi ng exanple. The error in the LOS angular velocity due to

range R andhN@hoSidnbrid: Wikest Fiyikg a6 al@l&aﬁywlmms bpanizB €rdre kkhe Wi dehft

formula: VV1.1 Vz z RRinam V,,0. J R NOvV 2006 WO 03/102505

PCT/ | L03{ 00422en@16f 10km to level ground, exposure time of 10ms, and assuming
mountain 757 is at 1/2 ranf;afe (i.e. 5km), and altitude of aircraft is Skm.
Therefore, the angular velocity of the LOS is approximately 12.5milirad/s
(aircraftVelocity / aircraftAltitude) x SIN2(LOSdepressionAngie), and the
angular travel of the aircraft during integration time is 12.5 x 0.01 = 125
microrad. The angle 752 is therefore 125 microrad; for a typical pixel

Instantaneous FOV (JFOV) of 30 microrad this means a smear of more than 4

pixels.’

The situation is even worse for a side obligue scenario, where, in this example,
the angular velocity is250 / 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

formula:




For Vnom of 200nm’s, Rnom of 15km LGOS depression angle of 20 degnqngVZWS
terrain slope up to 15% a typical INS velocity error of 0.045m's, a

typi cal LOS angular error of 2nmrad, a typical aircraft position error of
30m a typical aircraft altitude error of 42m and a typical DEM altitude
error of womm/1es0kcal cul ate (all values 3 a) the range BIWRA3/@$22160m and
the LOS angul ar velocity error: V 200 0.045 z 160 rv=-~4rv= fl ) +1

LO. 14vnrad/sec] R 15000 Vu 200 15000) 24The pi xel smear during the -
integration tinme of 10nms will then be 0.14 x 0.01 = 1.4 mcrorad, which,
for a typical | FOV,qQf 3 1 Cro IS | | sub- pi xel ar, i,.e.. a
snmear of |§§§ Y%Hf%%@?’g%“ﬁfﬁéﬁg%ﬁ%ﬁggﬁﬁﬁgn g c%fn%qgﬁggrﬁ’%ﬁl e ed in
the systemof the invention, as_follows: a._ Sequential matrix scanning:
The porti ofkPDPEfUR Frelden tomical T Belpcify arrog aﬁb@-@gé@f ;accyriichdGorrgidey
sequential order within the area matrix. b. Sel ective scanni ng: Any

sel ecti on earvrbef Preddf ianéyhicaindirtiedt porsiticanerroapifuddmg 4 sypesrlf ermmedt
accordingly. c. Manual capturing: the capturing of an area portion is

carried oulgltiftRiaUatdrof 26l O gydiealIMEMpiltiotdsetrechi thin, Wb calalitel (d1e
further noted that a stereoscopic imging could al so be obtained by the

t f ' ' j t i - ially th
o oot osed AR NS Bl gt B R B dhe RS RALBhr Shlocit PRARE 8 1Y 1 00SC
the 8 Nov 2086 WD 03/102505 PCT/ | .
vV 200 (0.045] 4{ 160

G=—=Am=
R 200 15000

= o000 ]" = 0.14)mrad/sec]

The pixel smear during the integration time of 10ms will then be 0.14 x 0.01 =
1.4 microrad, which, for a typical IFOV of 30 microrad is a small sub-pixel

smear, 1.e., a smear of less than 5% of a pixel.

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 is 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



-52- present invention can enhance the stereoscopic effect by "reyhsﬂggiwg
an area portion after the aircraft progressed to a substantial angul ar

di spl acenent with respect to the area portion. Fig. 7 shows how a
stereoscopi c i nage can be constructed by the present invention. As is

known i n Wwhesadkos & Stereoscopic inmage of an area or oly@ehsman be
constructed by using two i nages, each covering a substantial overl apping

portion of the area or object, if said two inages are taken fromtwo
points of views angularly remote enougiZone from the other with respect to
the imaged area. In Fig. 7, the reconnaissance aircraft 200 flies fromthe
| eft to thereseghinvimticnhean euhances thehstorcosyprin abteet by revigitingd e poi nt
A the aircraft sequentially captures the portion images 201, 202, and
203, by di pestidrngfiérhéhearirg@ufthabgraatsdyo 4 subdieadapatgilandispteomdnt gliyh
Thereafter, the aircraft continues to point B, at which the ginbals are

directed agalrt (9 thaPidhep&obhesRondi dght hoe 4 "MERBsdPie imdB2 candnd 203’
of the same "area portions; however, now, fromthe point of view of B. If a

substant i ak, ROIRLODy GOr LEAAIPL S AIRUL S8 Ry $AGLALAA 1POLLI D, gYEr | aps

in the i mages as en from points an respectively,’” a stereoscopic
i mge of the ar-eg\ﬁporti on can be cqnstru %%%%%ﬁﬁ'a known manner. As_shown,

the i nvent FBRAEHPOVHEL A PT RYIESH °&7 5 8o A UP ISR ARB S0 B ni ng
the images required for constructing stereoscopic inmages. Wen .
i nt er pret i AFerBEoAnBibstad pleslepsing pprdiost ef dbe @dpr Oredifedt ihpgidplevo
obt ai ned, for exanple, by displaying the two inages of the sane area
portion atimhfdsesmntalengirdtmpotcapeiniest viawd drigmbanty ewnnte etdisghdospfrayn usi ng
pol ari zing gl asses, directing one inmage to the left eye and the other to
the right ey&ether with respect to the imaged area. In Fig. 7, the reconnaissance aircraft
200 flies from the left to the right, in the route as shown. When passing, for
example point A, the aircraft sequentially captures the portion images 201, 202,
and 203, by directing the on-gimbals array to these portions accordingly.
Thereafter, the aircraft continues to point B, at which the gimbals are directed
again to capture correspondingly the images 201°, 202°, and 203" of the same
area portions; however, now, from the ptﬁnt of view of B. If a substantial
portion, for example, about 56%, of each area portion overlaps in the images as
taken from points A and B respectively, a stereoscopic image of the area portion
can be constructed in a known manner. As shown, the invention provides an
easy,. simple, and compact ma_ﬁner 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.




8 NOv 2006 WO 03/102505 PCT/ 1L03/00422 -53- In a nore preferred ea@oddyrens
of the invention, two Inertial Navigation Systens are used by the

reconnai ssance systemof the invention.. Mre particularly, and as is
shown in Fig. 6, the INS 303 of Fig. 4 conprises two separate Inertial

Navi gati opodysd6¥s. The first INS is the aircraft mai n gd¥aofafdds, usual ly
conbined wwth GPS, and the second INS is the Internal Reconnaissance |INS
603. As said, the INS 303 is used for psrovi ding navigational data, such as
the present coordinates of the aircrafi~“wth respect to a predefined,
preferably global coordinates system and orientation data relating to the
orientation of the aircraft with respect to said gl obal coordinates

system This data has to, bg very accurate, and has to be continuously
updat ed i Anox deoret prafemad ecrabedinmng ofi thec inemticn, tive Captial edaagsagn and
not less inportant, in order to assure accurate notion conpensation, even

during fasiSystnth shar RsdBMU\EE SrRbnh4i8saick CERftbm B the! ab¥eritnol Mese even
nore conplication, as due to the elasticity of the aircraft the portions

suffer- fro &Marl?,i gh4 agcel 8ol ;ﬁ/{]g?g'?f?’g%h\éefmsi SUS?S‘ISﬁg?i 4 Eézﬂiﬂ‘éisé'éhﬁz!}c‘?f ore,

in order to best ditect the arra _ t-sensitive sensors, and to best
Char 1T 1 o °BREBH T2 b 0aFYTah Saroris THrirad The Fot ot caa S ot em
ori'ent at | oAOHREIERT T EmBAREaPEth (ER. rakbdde SRt PNGUdF ) IgloBEl
coordi nates system Therefore, the Internal Reconnai ssance INS is
pr ef er abl y Reowindisraade olNEh80gi nml ssid,pribgi Mibe 308 theusedr d9r tiraviding
navigational data, such as the present coordinates of the aircraft with respect to
a predefined, preferably global coordinates system, and orientation data
relating to the orientation of the aircraft with respect to said global coordinates
system. This data has to be very accuraté, and has to be continuously updated
in order to assure accurate direction to the captured area, and not less
important, in order to assure accurate motion compensation, even during fast
.and sharp maneuvers of the aircraft. This task involves even .more
complication, as due to the elasticity of the aircraft the portions suffer from very
high accelerations, and very intense airflow. Therefore, in order to best direct
the array of light-sensitive sensors, and to best compensate for the aircraft
motion, it has been found by the inventors that it is essential to position an INS
inside the reconnaissance system, and preferably on the gimbals themselves, for
measuring navigation and orientation data of the gimbals, with respect to a
predefined global coordinates system. Therefore, the Internal Reconnaissance

INS is preferably positioned on the gimbals, proximate to the array that is

preferably positioned on the gimbals as well, and accurately measures said




preferably positioned on the ginbals as well, and accurately measdg qﬁ1 ahé
8 NOV 2006 WO 03/102505 PCT/1L03/00422 data. However, as the Intern

must be limted in size, and therefore may suffer from some i naccur aci es
and drifts, according to the present invention the Internal INS 603 is

connect edyb@z/idassAi rcraft Main INS 604. The mai n aircr gidraidddoemeri odical ly

updates the internal INS with navigational data for aligning it .for
possible drifts, using the prior art transfer alignnent process described

before. In such a manner w der bandw dfh™and hi gher accuracy of the ginbals

servo i s obtained. Typical values for nmechanical _msalignnent between the
ai rcraft asd@ta-Hdowerssnpaaitks inteenalyBY e musbdediaited ipGigey agd therfaetnay

aligned on-ginbals INS can nmeasure this msalignnent to an accuracy of 1-2

nrad. |t shkoffedfiom sohethdchatacidsearal éaftpondedmhing v éhd yrasent inventipt dhed by
the systemof the invention in a "snapshot” manner, typically wth nmch

l'onger i nt ¢gfhhOINS teo@qs thRRed & 1 86 RlrcPdft MAiaYINNEEY.STIREa0d alBeafpri or
art. Wiile the typical integration perlod in the systemof the invention

th f
ot e & IRl ) LSOO 150l RSN BB 841 lehs
(e b'e{“ RO @rlﬁ'a%%%a%r tio"wg%?agﬂrrgﬁg"%lﬁb%ﬁa%nﬁ e e"a%o&%é’”er
phot oni ¢ sen5|t|V|ty tolig This evolves fromthe fact t

hat
i nvention bgiee Bnstgh a@wrn@d@é@éaém%rﬂ%%h@? a@%@%ﬁé?ﬂfbm and
colums, in which each pixel is exposed to light during all the area-
capt uring tserm. isl nbiameed. pymicalavaluey S msedisining! anisaigdingehdievmearedhor, a
sanme capturing period is divided between the pixels of a sane vector,
whi ch nust sbersix padeathehdbstfdssance system LOS are 10-20 mrad, while the aligned

on-gimbals INS can measure this misalignment to an accuracy of 1-2 mrad.

Tt should be noted that the area portions are typically captured by the system of
the invention in é “snapshot” manner, typically with much longer integration
time than the vector or array in systems of the prior art. While the typical
integration period in the system of the invention is in the order of milliseconds,
in systems of the prior art using vectors, such as, US 5,155,597, US 5,692,062,
and US 6,256,057, the typical integration periods are two to three orders of
magnitude shorter (i.e., between 100 to 1000 times shorter), resulting in a much
lower photonic sensitivity to light. This evolves from tﬁe fact that the invention
uses an array having several hundreds or thousands of rows and columns, in
which each pizel 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



or thousands of tinmes in order to cover a sanme area portion. Moreoyer, the
fact 8 NOV 2006 WD 03/102505 PCT/1103/00422 55 that the systeh oN0Y 3ee
invention allows great flexibility in selecting areas and portions within
areas of interest enables a significant reduction in the anount of data
that the wyakesdias to deal with (i.e., to capture, stq@medinr transfer
by commruni cations neans). Mre particularly, inmages of only portions and
areas of interest are captured by the system of the invention. EXAMPLE 2
The following is an exanpl e show ng t he>savi ng in the amount of data which

the systemof the invention handles (i.e., storing, transmtting to a
ground st db#lothe exstemp, ofj the fiors aHowF eread HRrpibity dmselecing areps. &% ed
array reconnai ssance system - Mssion duration: 2 hours; - Fig. 12

i |l ustrat epotttiors withiarrers driasereét naghepa istgnifigarttaredetigomirt the amopett to
t he phot ographed area: 40% for snap shooting. The term "snapshot", refers

herein to af@anngiati theVistdin Aok th RRaBKEAY(1RI, X8 lc8palre, stobdlHdANeRHE¥r
exposed to light froman area portion, and data fromall the array pixels

si mul t aneoy 'E%Frﬁauﬁﬁ,%%g@ $aBEn nm{ef@mi&m,eﬁ ' 6 onff bforRUskipr oom

or | a_rge-si_ ed array - due to he e ciency of L and m ssi on
o The | nvERTTEdH PB Be R PG B Tor Ey PPSs W thin an area of
interest, and to ignore area portions of no interest);
EXAMPLE 2
The following is an example showing the saving in the amount of data which
the system of the invention handles (i.e., storing, transmitting to a ground
station, etc.), in coinparisoz} with a pushbroom or a large-sized array
reconnaissance system:
- Mission duration: 2 hours;
- Pig. 12 illustrates this scemario. Area of high priority targets with
respect to the photographed area: 40% for snap shooting. The term
“snapshot”, refers herein fo 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 invenﬁon 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




- Sensors' data throughput rate unconpressed: 20 Moytes/s - Low ~§ NOV 2005
conpression rate: 1:5 8 NOV 2006 WD 03/102505 PCTHLO3/00422 -56- - High
conpression rate: 1:10 - Overlap area for snapshots reconnai ssance
(according to the invention): 40%total of along-track and across-track

overl ap; wo4q6dsep area for pushbroom 20% Total recopdingionl2
Snapshooting = (2hr x 60 x 60) x 20MB/s x (0.4/5 + 0.6/10) x 1.4 = 28 GB

2. Pushbroom = (2hr x 60 x 60) x 20MB/s_x (0.05/5 + 0.95/10) x 1.2 = 18 GB
As said, the number of high priority tatQets obtained for snap-shooting
reconnai ssance (according to the invention) is 40%/ 5% = 8 tinmes higher
than for push- brlmnompressigeratiezédOarray reconnai ssance, and therefore the
overall efficiency of the mssionis: 8 x (18/28) = 5.1 in favor of
snapshoot i ng accoOv@iagard=0fd-heapysite Fe@hnhkigahty entirding Jhilse iveation):
significant increase in efficiency. It should be noted herein that the

reconnai ssance Sysf eip.0bs élﬂﬁg-itfh\éﬁ'}%ﬂd%mos@%raéﬁ b€&tdng the LOS of the
array/s of light sensitive sensors using ginbals with at |east tw degrees

of freedom er]a(tjxﬂl_j the def]ni f a rea of interest of arbitrary shape
whi ch is divide ,§&1@%$8ﬁ§pP% rrg% ??@r‘r’é to a plurality of area portions
that are sequentially scanned in a stepw se systemati,c and accurate rmanner
to obtain images of those portions until covering the full area. The

Total recording:
1. Snapshooting = (2Zhr x 60 x 60} x 20MB/s x (0.4/5 + 0.6/10) x 1.4 = 28 GB

2. Pushbroom = (2hr x 60 x 680) x 20MB/s x (0.05/56 + 0.95/10) x 1.2 =18 GB

As sgaid, the number of high p}f‘iority targets obtained for snap-shooting
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 vlight sensitive- SENSOTS ﬁsi.ug 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



NOV2006 WO 03/ 102505 PCT/1L03/00422 -57- system of the invention egakhe
not only efficient covering of a specific area of interest, it also

el imnates the need for providing. dedi cated neans for forward notion
conpensation, as required in reconnai ssance systens of the prior art, for
exanpl e iwoWS1ksek55, 597, US 5, 668,593, US 5,692,062, WpGhid2nsl, US

6, 130, 705, and US 6, 256,057. By directing the LOS of the array using
ginbals wth at |east two degrees of f@eedom and by continuously
correcting the direction to the seleci®d area portion during the
"exposure", not only forward notion conpensation with respect to the
forward axi &vstemmidhe dewentisp enabies neloprdy ddicientospvesingmd @ rscififearsp ofhape
of the terrain for providing inproved notion and orientation conpensati on
Wit h respecintémsglit aldor@imimaess thEhheed fae prowdingf desbeated mheansifopfrvande, as
it enables sharp and wi de maneuverings of the aircraft. Mreover, no

mat ter wher giotibg Bhigehshtion, SaPRsilitdn@dradbiia k@56 Gystetns bhehaapar att,
interest or to any portion within said area, and no matter in what

entati 0 _ : i - i f
orientationg,. %}gﬁgxfEEFﬂf@%"l“d%ﬁ%Eﬁg@%566895930%@'%%@W@gﬁ/@%@%;@ges 0

such area port assum hg raction fromthé arrcr

Exanple 3 T | nt i essfully. inpl t with the follow ng
parameters: E’?ﬁp’%g’r ﬁ%gg{ﬁ%@%ﬁﬁ%gu%%ﬁﬂﬁ#lﬂﬁ%?;@%#? %?‘3(31?33’ V%Qm}%\%y? ay:
2000 x 2000, IR array 640 x 480;  Integration_times; 1-15 ns;.Qperational
ranges: up wighz et Qﬁ@%ngwg|4qgrweoﬁ§rqe§oxp@ aaq by continuously correcting the

2005

direction to the selected area portion:during the “exposure”, not only forward
motion compensation with respect to the forward axis is provided, but also
consideraﬁon is made to the 8D shape of the terrain for providing improved
 motion and orientation compensation with respect to all three axes. This fact is
of particular importance, as it enables sharp and wide maneuverings of the
" aircraft. Moreover, no matter where the aircraft is positioned with respect to
the area of interest or to any portion within said area, and no matter in what
orientation, the system provides means for obtaining appropriate images of

such area 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 km;

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



Snapshot rate: 3 per second, both sensors arrays operating srnultﬁmﬁﬁysly
'8 NOV 2006 WD 03/ 102505 PCTHLO3/ 00422 _58_ FOR full spherica 2006
coverage, excluding a 30 degrees backward | ooki ng cone; See also Figs. 11
and 11A that are the result of an actual sinmulation of the scanning and
over | appiwgopt@sesss. As said, in the enbodi nent of the paveritoen as

descri bed above, the area scanning operation is performed by the gi.nbals
that first direct the center of the arrgy s LGS to the center of the.

rel evant area portion, then, an exposuré the array to the light comi ng
fromthe area portion occurs (i.e., the arr starts |nteqrat|on of Iight
fromthe ar:e%pﬁ Fhericahepvaragen exdngingre ﬂr?ﬁﬁ degrpeshrakvratilonking Rend; mage of
the area portion |s captured Next, the array's LOS is directed to the
center of aSﬂeaEOéﬁgaJﬁanﬁibh$ﬂwﬂdu@ﬁhepemﬂbdumeadMaiehm@aﬁbhoﬁﬂand
capturing repeats. This procedure repeats for all the area portions of the

area of i nkenesis. ax@é@r&%@ﬁg%@abgsy, in the above enbodi nent the ginbals
operate during the scanning of the area of interest in a "junping" nanner,

by which the ginbals first nove until an alignnent to the predefined area
portion is obtained then the ginbals are stationary during the exposure

i od i mbal
SR EP 1, OB B EAIBSTSE A I T B8
t This t f t I t f hot
SRR TR ST MBS Rl AR o

st oppi ng of the relatrvely heavy ginbals is time- consum ng.
the array’s LOS to the center of the relevant area portion, then, an exposure of

the array to the light coming from the area portion occurs (i.e., the array starts
integration of light from the area portion), and at the end of the exposure period
the image of the area portion is captured. Next, the array’s LOS is directed to
the center of a next area portion, and the procedure of integration and
capturing repeats. This precedure 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 1s limited
in the number of snapshots per second as demonstrated in Example 3, as the
acceleration-deceleratiorr and stopping of the relatively heavy gimbals is time-

consuming.



is 8 NOV 2006 WD 03/102505 PCT/1L03/00422 -59- According to sti]ll| another
enbodi nent of the invention, the scanning efficiency is inproVéHNgVZNBing
a back-scanni ng nechanism as is shown in Fig. 9. As said, in the

"Junpi ng"-type scanning, the array and its associated optics is preferably

posi ti onggoeshkie i nternal ginbals, and all these are $iaii@mady W th
respect to said internal ginbals. In the inproved, back-scanning enbodi nent

of the invention a back-scanning array_assenbly 860 is nounted on the
internal ginbals. The assenbly essentr%%ly conprises | enses 861, and 862,
stationary mrror 864, and a | owmass single or dual-axis back-scanning
rotating miceerding to piilawoties enrdimenk of shmivegtipnt He srgnping efficiescsount ed
on a dedicated notor. In the back-scanning nmethod, the scanning of the
area porti ensmpsovedr hormsed adeckisemmisiymedrgnism, eshershwomndis, Fidhed.gharbal s
continuously scan colums (or rows) of the area of interest at high LOS
angul ar velsagl, iy, thnGukdyif g SGHBNEdAANINE ViRRRAira§ GRS iRNaéNPiadéd bhficdig ection
al i gnnent and notion conpensation, as described above. Wenever an exact

al i gnment %J?eﬂeﬂ?olf %Bgi%iro%lgtfl ofthahif RN éi?’xg%l%iaidog} B8 Yo ts{:}—ﬁtbdéiég? Lwith

integration (exposure of the array) per egins, and the scanni ng

mrror 863_cQ sat.es_for the.scanning.conti us. movenent . of. th

G bal s, ORFSPoRGR RUCCRETH AT, O BErTBH 6y R AR RRgUrEpLof
novenent tq the opposite direction in half _the angular velocity. Wth
reference e pyegtiope back-pepnmangparay aeeHbAY §64 1%6%‘?14%%"4%50 iwstinternghgul ar

inertial velocity in the direction 870, the back-scanning mrror 863
rot at es dugimbalshdhe assembly essentially comprises lenses 861, and 862, stationary

mirror 864, and a low-mass single or dual-axis back-scanning rotating mirror or
© prism 863. The back-scanning rotating mirror is mounted on a dedicated motor.
In the back;scanning method, the séamu'ng of the area bortions.is performed
continuously, or, in other words, the gimbals continuously scan colun_ms (or
rows) of the area of interest at high LLOS angular velocity, and this scanning
movement comes on top of the direction alignment and motion compensation, as
described above. Whenever an exact alignment to the center of an area porfion
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 gimbais, only during the 'integration period by maintaining angular
movement to the opposite direction in half the angular velocity. With reference
to Fig. 10, if the gimbals. maintain a scanning constant angular inertial velocity
in the direction 870, the back-scanning mirror 863 rotates during the
integration period (only) in the opposite direction 880, in half the angular
velocity. In this manner, the area portion is maintained stationary at the array

305. At the end of the integration (exposure) period, the mirror 863 returns to



integration period (only) in the opposite direction 880, in half tng
angular velocity. In this manner, the area portion is naintai ne(? V 2008
stationary at the array 305. At the end of the integration (exposure)
period, the mrror 863 returns to NOV 2006 WD 03/102505 PCTI I LO3/ 00422
-60- its woiokit@bosposition, until a new integration perirmd/Liavoslzi ch the
sane constant novenent of the mrror repeats. The back-scanni ng enabl es
the ginbals to nove at higher velocity. wthout having to stop for each
snapshot. Stopping the ginbals consunmeS nost of the duty cycle tinme due to
the high agceleration/deceleration and to the high.inertial mass of the

gi mbal s andgst HeHal PosEioR Rt a mew Wée%réﬁlé’BrRe)“.OdTHg WB%@:I(:G}%%%FRF G2~ or can
move nuch faster thanks to its nmuch smaller inertial mass., EXAMPLE 4 The
angul ar rafgeveptenthel B kuiseoarmepagtsm Theobagkssopaming gaithles Rbe wxdmps éo i f
the ginbals nove at 60 deg/s and the exposure tine is 10 ns, the angul ar

di spl acenenhowf att nghbacklositw mithegt Marvirgy td stop Goxed:hOdnapsbotb Sdegpingttheh i s
very small. A typical conparison: Using ginbals wthout back-scanning
enabl es a wnaBsROt conkdiRsO0fmdstl FMeepedutyecaREt | fine t ¥ié CAb itRSt Aiftation
(e.g. Examle 3). The average ginbals velocity, for a Field of View of 3

degr ees, m%'&éiex?ﬁig o rﬁ%}“%ﬁéﬂd %o %héghigi i%\?e & Jiasso(c;% Eh%gglg{bg amﬂg&if usi ng

back- scanni ng, s can nove at a ocity egl's, resulting

is. nore than 6 tines ,hi

ot i o) FERAERa0Ra (B8 peetpoy { BhE Ik edetabplt Tt AR fhove Rien RIGE TN

thanks fo its much smaller inertial mass.

EXAMPLE 4

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

small.

A typical comparison: Using gimbals without back-scanning enables a snapshot
rate of 3 frames per second in a typical installation (e.g. Examle 3). The average
gimbals velocity, for a Field of View of 3 degrees, would be approximately 3 x 3
= 9 deg/s. On the other hand, using back-scanning, the gimbals can move at a
veloeity 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 Iimited by the electronic
frame rate of the sensor, which is typically 30 or 80 Hz,and therefore higher

- than 20 Hz.



franme rate of the sensor, which is typically 30 or 60 Hz, and theLef Q¢ 205
hi gher than 20 Hz. 8 NOV 2006 WD 03/102505 PCT/1L03/00422 -61- Fig. and
Fig. 8Aillustrate a specific case in which the present invention is

advant ageous over prior art reconnai ssance systens. Suppose that the
aircraft wo0@ihss a m ssion to obtain i mages of the tweqasexes25, and of a
hi ghway 710 | ocated between the nopuntains. In a reconnai ssance system of
the prior art, in which the canera (i.g., the vector of light sensitive

el enents) is essentially fixed with limted FOR the aircraft -can cover

from poi nt (while_ havjng.a field of, viewlimted.by lines 701 and 702)
only the a’ngg‘ gh@t%g}g ﬁgoﬂf ﬂ%@t@tﬁﬁdsﬁ?‘aﬁc t3E ¢ Y fl}‘%yﬁﬁsf’mrrﬁ%}’ﬁpgpﬁ ¥nd the
area between points A and:C of the second (left) _mountain. |nmages of the
two posts POSARHECRRS PHE Meh AL ePamnaissenge ysteptsaiSencse hat dhe aiugnafe

obl i que photography (LOROP) the aircraft will fly towards the page, and
the LOS wi IM00Bmssi desdh itoobtain timagesheft et ival padhs GG6 athd of a dughway The smal |
LCS depression angle. If the canera, however, is not fixed, as in the case

of the pri Gcadsd besHedRnbDIHRONLRhitaMM. ThI ARBLSXBEAIR, sybhieh @f kise B1isPaQin
assurance of full coverage of the posts 705 and highway 710, as there is no

synchroni z q,#ﬂltglﬂ theLeen, Lhe e ‘r(rg&%? bf ﬂéhf{]&%sftix?el &eﬂfceni’ég? eé’s%nﬁ?% Gaggra and

the shape o e terrain. Acco ding to the present 1 nvention, S probl em
of i nt er odhen fftped ROBE B ARG vE it Bp i A @S KA SRy of
AN BT ea O wiow g by Hngs 701 AnadeR) bty the areh batwee pointd B and Dbt the °°"
its array/ €% itesl by _ only po B and D of the

first (right) mountain and the area between points A and C of the second (left)

" mountain. Images of the two posts 705 and of the highway 710 are not
obtained. In long range oblique pho£og‘raphy (LOROP) the aircraft will fly
towards the page, and the LLOS will be side-oblique with substantia] obscuration
due to the small 1.OS depression angle. If the camera, however, is not fixed, as
in the case of the prior .art push-broom or whiskbroom systems, there is also no
assurance of full coverage of the posts 705 and highway 710, as there is no
gynchronization 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, 1t is possible to select any coordinate to be the center of an area of
interest, and to program the reconnaissance system to direct its axray/s’ LOS to
these selected coordinates from any predefined or manually selected location of
the aircraft, S0 long aé the LOS is within the system’s FOR. Therefore, as

shown in Fig. 8A, while being at location R the array’s LOS may be forward

directed to cover the avea between points F and E, and later, while reaching




these sel ected coordinates fromany predefined or manual ly sel ected gy 006
| ocation of the aircraft, so long as the LOSis within the systenis FO-?Q.
Therefore, as shown in Fig. 8A, while being at location Rthe array's LCS
may be forward directed to cover the area between points F and E, and

| at er, whwibesneaehi ng 8 NOV 2006 WD 03/102505 PCT/ | LOR@OAER004B2- point S,
the array's LOS may be backward directed to cover the area between points
Gand H In that case, the full area between the nountains, including the
two posts 705 and the full inmage of the highway, can be obtained. The |ines
711 and 712 i.ndicate the, limts of the field, of regard of, the

r econnai ssaftet Sg ‘?@Fﬁaﬁ’)rsollrrgﬁo‘?'—‘ﬁf bR,b%?"laéé%ﬁr@C’fqdn coyen the, grembetmeancat e
the limts of the field of regard of the reconnai ssance system from poi nt
S. Fig. 11 nants Gerrp&btlnvidagicase,obheduli 41eg heswesn ¥heaourdaihsi inchadingsi on
into area portions, including sonme overlap between area portions. Al so
shown in Fithe t&b posts 206 endtthoddl imawhofthednghatigacpobé bomainal. Thptlitieed by
aircraft 561, and a later instance in which another area portion, 564, is

captured by7tihengane sdiedialthe LG ofldf SHRVMS! 88LABPGT the floRhaibiifc8ane
terrain, and the manner of scanning of the area of interest by the

airoral{ T oSaNRRERSARGE YK RSy ACHERLEN 70 s AL S8BTy

sumari ze, e prese | n 1S character oW ng nal n

advant ages qver th rior art systens: - The abilJity to photograph in any
LOS di rectiOgﬁe%ﬂdhq%ﬁﬁﬁr?c‘gpﬁélsﬁ?%cfeosyg?em BSPPYHEEEOR) . In order to have this

ability (e.g., forward-oblique, side-

Fig. 11 is a perspective view of a hilly terrain 560, and its division into area
pqrtions, including some overlap between area portions. Also shown in Fig: 11 is
an instance in which one area portion is captured by aircraft 561, and a later
instance in which another area portion, 564, is capturgd by the same aircraft.
Fig. 11A shows an upper view of the same terrain, and the manner of scanning
of the area of interest by the aircraft reconnaissance system, as indicated by the

arrows 565.

To summarize, the present invention is characterized by the following main
advantages over the prior art systems:
The ability to photograph in any LOS direction within a large Field of
Regard (FOR)._ In order to have this ability {e.g., forward-obligue, 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



oblique, down, and arbitrary |ooking) the prior art reconnaissance
requires use of separate light- sensing units or a plurality of S’eepélpé{tmﬁ
pods. This ability of the present invention enables the coverage of nore 9
NOV 2006 WO 03/102505 PCT/1103/00422 -63- targets (i.e., area portions)
during a wossheses Wi th reduced storage requirenents; -pclilvecsdoidzity to
phot ograph in any aircraft flight direction within a large FOR, - The
ability to focus on selective quality tﬁgets for a long duration and get
many pictures at the highest quality whilTe the aircraft is pro‘gressi ng.

The overall m ssion arFa IS not recog but only sel.ecti ortions,
t hus saving st or'8geets. UPnedLys; PPYLPRS ‘gﬁb‘?%& AVRSTOR (BER e u%i ﬁtqrég‘:ge
vari ations, by di recti ng the LOS so that no obscuring will occur; - The
ability to phot d@ﬂupﬁmmts,e the aircraft is maneuvering, thus increasing
m ssion flexibility and aircraft survivability; - The ability to operate
manual | y or aut dited eb@ity yto iphotdpeasiaime any ssrcalt fiight beresidore wéthindi legs s  of
the invention have been described by way of .illustration, it will be

apparent that theprhvention can be carried into practice wth many
nodi fi cations, variations and adaptations, and with the use of nunerous

equi val ents o 3 LLARLLYE (SO ONScANAARS WAL Rod DS0RCARE 0D er sOnS

skllledlnthe out depar I'ng Irit e Invention or

get many pictures at the highest quality while the aircraft is
progressing. The overall mission area is not recorded, but only selective
portions, thus saving storage;

The ability to photograph in terrain with large variations, by directing
the LOS so that no obscuring will occur;

The ability to photograph while the aircraft is maneuvering, 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 apparent 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.




exceedi ng the scope of the clainms. 8 Nov 2 W6 13131/US/ 01 6Lt Ckfhg@
An ai rborne reconnai ssance system conprising: - G nbals having at ﬂmﬁwo
degrees of $ﬂﬁ§ﬁﬁ”‘ - At least one array of light sensors positioned on the
gi nbal s, g directed by the same within at | east two degrees of
freedom - Map storage neans for storing at |east one Digital Elevation Mp
of an area of interest, divided into portions; - Inertial Navigation
System for real-tine prOV|d|ng to a g@ al's control unit navi gati on and
orientation data of the aircraft with respect to a predefined gl obal axes
system -CRAIMSn selection unit for selecting, one at a tine, another area
portion from the area of interest; Servo control unit for: A Receiving
from sai dl. Biugairhbrnel revatrizossaiap spstemadongprising, a coordi nates set of the
sel ective area portion, said set conprising the x:y coordinates of said

area porti ominmdalk hEng e Vst @Wo Aegfeck RE fre6@dther of that portion; B.
Recei ving continuously fromsaid inertial navigation system present

l'ocati on andaOidRptARkI %a?aéfahgﬁt EhGsoad rp%éﬁlohed Gn EEPeRLeAlsy f6absigat i ng
and conveying into a ginbals servo unit

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;
- 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;
- Portion selection unit for selecting, one at a time, another area portion from
the area of interest;
- Servo control unit for:

A. Recetving from said Digital Elevation Map 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




real tinme and at a high rate signals for: a. during a direction p ﬁ%@??
signals for directing accordingly the ginbals including said at Fe Q?ﬁe
array of d43i gp@ %jnsi ng 8 NOV 2006 13131/US/01 65 wunits towards said x :
.z coor di*} $"Bt the selected area portion, and; b. during an
integration period, in which the array sensors integrates |ight com ng
fromthe area portion, providing to the ginbals unit signals for
conpensating for the change in di rectPon towards the x : y : z coordinates

of the selected portion evolving fromthe aircraft notion; - G nbals servo
for effecting directi omisf tewardsi abidl &y hz aloor@agteswbthl@@e@e@d afeaf r eedom
according to the signals provided fromsaid Servo Control Unit; - Sanpling

means for sinmultaneousportisam@phd;ng at the end of the integration period
pi xel l'evels fromeach of said array sensors, a set of all of said sanpled

pixel levels forms gn iREe Hf 1ﬁ?éggaﬁ6r‘?ap999)rdt '1H”wh§ﬂ{j the ShQ5LA96 fIEANS foOr

storing a plurality of area portion I nages. 2. System according to claim1,

wherein said one or nor arrays.are sel cte om.at; | east . % Hlal
. - - 1nte E‘IS 1} COomin I‘OIII are por 101’1,- pI‘ Vl 11N (5]
| ight-sensitive array, a senst i ve-array, rare

l'ight-sensitive array, It|/ yper-spgctral arra d cti
illumination array. 3. gl it %@Eﬁ 1§ Ofocoé‘il%qr}*ﬁai%gvﬁg éﬁ‘h en]é‘w gation
data of the aircraft _ ) _

direction towards the x:y:z coordinates of the selected

portion evolving from the aircraft motion;
- Gimbals servo for effecting direction of the gimbals in at least two degrees
of freedom according to the signals provided from said Servo Control Unit;
- Sampling means for simultanecusly 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
- 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.




conprises data relating to the 3D | ocation of the aircraft, and iés
velocity and acceleration vectors with respect to a predefined N a8 es
system aﬁﬁq Jrﬁ]% orientation data relating to the orientation of the
aircraft ¢ @épect to said predefined coordinates system 8 NOV 2005
131311US/ 01 66 4. Systemaccording to claim1, wherein said Inertial

Navi gation System conprises velocity, acceleration, and orientation
sensors, at |east some of said sensobk being positioned on the ginbals. 5.
System according to claim1l, wherein at |east some of said arrays of

sensor s 4. bgster posprdiogeth aipirhel ,givheabin @id Syperdal Meoediiog Bvstemai m 1,
conprising two Inertial Navigation Systens, the first inertial navigation
syst em beaiongprides wbidityl neddérakiobhiashd atriconaSys kemsons, att lrastbsme af ka@nd it s
sensors being positioned within the aircraft, and the second Inerti al

Navi gat i %n&@tmfgbggoﬁecswtmimlg_at ed to the reconnai ssance system
at | east sone of the sensors of said second Inertial Navigation System

bei n it | i ls L i i gatj pentation
dat agof%fﬁgé%?xﬁn%g%dﬁéﬁo%lgm 1S WiMrbin B3SHY: I0theNHViH4 éa!ra L QbR

respect to the said predefine es system for

better li.m nat.'h.ng ? s%kéignrrerlgs occurring between the ginbals and LOS and
the sai & 8F ROTHEFYT & ]lnél%ﬁl'on System of the aircraft due to
aero-elastic defl eg.ti ons .and _vi brat.i ons of _t he E{Nr craft, gy using a
process oPytieaharerding togland. fopRipe wep [narial Navigation Prlensi Pesecond
INS. 7. System according to claim1, wherein the D g}tal El evation Map is a
map irst inertial navigation system being the main Inertial Navigation System of

the aircraft and its sensors being positioned within the aircraft, and the second
Inertial Navigation System being a system dedicated to the reconnaissance
system, at least some of the sensors of said second Inertial Navigation System
being positioned on the gimbals unit, measuring navigation and orientation
data of the gimbals with respect to the said predefined axes system, for better
eliminating misalignments occurring between the gimbals and LOS and the
said main Inertial 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 Digital Elevation Map is a map

comprising a grid of the area of interest, the x: y:z coordinate values at each of

the nodal points in said grid being provided by said map.

8. 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.



conprising a grid of the area of interest, the x : y : z coordi ”al§ﬁfﬁ)kbﬁ§
at each of the nodal points in said grid being provided by said map. 8¢
Systen1accord| % to claim1, wherein the portion selecting unit is used for
calculatﬂﬁ YHs aeternining a center of a next area portion that provides a
predefi ned overl ap between the said i nraged area portion and the adjacent
previously imaged area portion. - 8 V 2006 13131/US/A b'1l 9. System
according to claim1, wherein in an a®t'onatic node of operation the
gimbals are activated to cover in a sequential, step-w se manner, the area
of i nt &r éhsters aiccordove tagkiinsl,mublerefn dmaz @m@dwftlcnmdd@pﬁppemlqmotha on and
according to a stored mssion plan, thereby sequentially scanning one after
the ot hefimbataaponttivedab doher ar @aasapfuehtibbrasp-wisnchasaep| ihegatemmgies from
each of said portions. 10. Systemaccording to claiml, wherein in a

manual node. ekt t hEdSYSIRREd he Riddat o hhpralehigrafl ftad@ht npream afa of
interest during the flight, sald area of interest being automatically

di vi ded 'g{zﬁkwﬁ L8 1 20Em AL i B tt}?é} L-%%/&J;ﬁla g,es%?ﬂﬂfng &{asaft@@m‘ég

aut onati ca S anne one a e ot h mean correspondi ngly

dlrectlng othemt r.r for cap ring | s _of _each of
Sai - scaHhepe prae? Ofgthes“g'fs?e i g S et a0

gi nbal s coq?rlse two gi nbals nechanisns, an external ginbals nechanlsn1and
an i nt er g9 gPFHPA¥s  nechani sm

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

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

12. 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.

13. System according to claim 11 wherein the external gimbals mechanism has
two degrees of freedom, elevation and roll.

14. 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,




12. System according to claim1l, wherein the external ginbals neahﬁnb2n1is
used for coarse directing the on-ginbals array to the center of a selé286d
area portion. 13. System according to claim 11l wherein the external

gi nbal s SdPHESdh has two degrees of freedom elevation and roll. 14.
System according to claim 11, wherein the internal ginbals mechanismis
used for fine directing the on-ginbals array to the center of a selected
area portion, 8 Nov 2006 131311US/01 garticularly for conpensating the
ginbals direction for the aircraft notion and orientation change during

t he i nt egraticolarhefor edmpébsatys tenzadeds dinegtion fot gemaitarafbvmetien mndhe

i nternal ginbals nmechanismhas two degrees of freedom yaw and pitch. 16.
Syst em acgiyrihtign thasdeaduping thovigegiatiohheriendt er nal gi mbal s nechanismis
slaved to the internal ginbals nmechanism 17. System according to claim 1,

wher ei m sdirdeig doRGdidl 88180 AN, RBEFSH tRAGReMallAfibaly MAYhSHRAB U two
si mul taneously senses |ight froma correspondi ng section of the area

portion,(ﬁggeégoﬁﬂ%%dgﬂgpgafédﬁighggegration period the data fromall the

array sensors Is rea mul taneously, and stored as an i mage of the area

portion 8., System,according tqo cl.aim 1., wherein, the, array .light sensors
re sent Er9is™ GSHGTR o0 PR Wafgeror Uh Garoerrypnbgs fegharisn &

mul ti/ hyper-spectral, and/or an acﬁive illumnation. 19. System according
to clai maveghiertdeanteraakg S HIENRYER: pl ane arrays.

17. System according to claim 1, wherein during the integration period each of the
array sensors simultancously 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.

18. 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.

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

20. System according to claim 1, wherein the predefined axes system is a global
axes system.

21. System according to claim 1, assembled within a pod attached to the aircraft.

22.System according to claim 1, assembled within a payload installed inside the
aircraft with only its windows protruding for obtaining a clear, unobstructed
Line of Sight.

23. System according to claim 21, wherein the gimbals are located at the front of

the pod, behind a transparent window.




20. System according to claim1, wherein the predefined axes sygtemis a
gl obal axes system 21. System according to claim1, assenbled ghpﬂmﬁ
pod attached to the aircraft. 22 .Systemaccording to claim1, assenbled
within a BPa31/B&@installed inside the aircraft with only its wi ndows
protruding for obtaining a clear, unobstructed Line of Sight. 23. System
according to claim?2l, wherein the ginbals are located at the front of the
pod, behind a transparent w ndow. 8 Né& 2006 13131/ US/ 01 69 24. System
according to claim1, further conprising a back-scanni ng nechani sm

conpri sidnGystem nrawrdiow for¢laim pdsrthieonetpoivinge kpckhmhanmgdmechaniail e wit h
respect thereto, light comng fromthe area portion first passing through

said M rdopdpridihghn datlorcdrsptibe, Sasitidnedadishs kembalsaynd aothtable with servo
control unit applies to the ginbals a continuous row and/or colum

scanni ng RNETBMErtb! ROM cHhRRPEDE: I Erda: pmohefiﬁs_mgaa@bfn@cmr@ungﬁ Qualr ds an

area portion is being established, applying to said back-scanning mrror

duri ng thr%ilirglt Ec%téle c%%ﬂe%n@to%ﬁ§itﬁ@alqjaé,e&ﬂ(il,on movenent with respect

to said rom1an§%0r colum scanni ng cont1 nuou novenent, thereby

conpensating for that contjnuous ve t and, ensurin i xed ientation
b0 the HBb R

f
rel ati onshi p* ot $78VAFPRYOWUPE PRRIE £Hab é%cﬁgapﬁ%ﬁzﬁﬂﬁﬁé@.TZS. A

met hod for carrying out airbornge reconnai ssance, conprising:
column scanning movement without stopping; an

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 écanning continuous
movement, thereby compensating for that continuous movement and ensuring a
fixed orientation relationship of the array with respect to the area portion
imaged.
25. A method for carrying out airborne reconnaissance, comprising:

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

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

¢. 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,:y, location coordinates of a center

of specific area portion within the area of interest, and the z, elevation coordinate




a. Providing at |east one array of light-sensitive pixels; b. Munting the
at least one array on gimbals having at |east two degrees of fr&8d8AVms
that the ginbals can direct the array to a selected Line of Sight; c.

Provi di nd>8W§i%al El evation Map of an area of interest, reconnaissance
images fromsaid area are to be obtained; d. Providing an Inerti al

Navi gation System for obtaining at any tinme during the flight the updated
Xq : y~ : zo coordinates of the centét0of the array with respect to a
predefined coordinates system e. Providing a calculation unit for, given
XP : Y.at| eaidtpioonon center natdsaiokd dremmaed DigitalsBlsyition Mapaapbihd efidwi t hi n
the area of interest, and the zP elevation coordinate e : 9 Nov 2008
13131/ Up/:01 :at ce@idinares bf @Re eerdyecerasr abtsampegetifiontisel detdirgiitialg theevat i on
Map, and the said xa : ya : za coordinates of the array center at sane
specific time, .determ.njing.the .exa ngl f.or 1 shi | hne of

si ght qutagétainghesc S n%sc,t?ilﬂﬁ%uﬁgﬁvelglr? § %g?ghge(ﬁ? %Crt Q)gf gﬁrg&glrn a{f/&g’r?gnt%g said xP
. yP : zP coor inates;(%. Civgn the cal cul.ation of step e, directing

accor di ¥gHsr aHEe @ervernbthe $7ad 4 r Ay © & OPYHBAEP Sight to the center of the
area portion; g. During an integration period, effecting accunul ati on of

| i ght separ@iehthbyalcanitiodf oftdiep ar diayctliggiicosknglgrthe contddurfitheg attag’s
integration period, repeating at a high rate the calculation of step e

wi th updat.ed EKEY k8 centh? of tHAaAYALDAL €s, and repeatedly, follow ng each
said calculation, correcting the direction as in step f;
g. During an integration period, effecting accumulation of light separately by
any of the array light sensors;

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

step e with updated array x, :y,:z, coordinates, and repeatedly, following each

said calculation, correcting the direction as in step £
i. At the end of the integration period, sampling all the array sensors, and
saving in a storage as images of the array portion;

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

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

process, or beginning coverage of a new area of interest.

26. Method according to claim 25, wherein the selection of x,:y, coordinates of a

new area portion is performed to assure overlap between adjacent area portions
within a predefined range, by calculating the 3-dimensional footprint of the new
area portion on the ground, and then projecting it on the footprint of a previous

area portion.




i. At the end of the integration period, sanpling all the array s@N0V3s
and saving in a storage as inmages of the array portion; j. Selecting new
portion cQ rdinﬂ}es XxP : yP : zP within the area of interest, and
repeatindsi%%8§ d to j for these new coordinates; k. \Wen the coverage of
all the area of interest is conplete, termnating the process, or
begi nni ng coverage of a new area of interest. 26. Method according to claim
25, wherein the selection of xP : yP adordinates of a new area portion is
performed to assure overlap between adjacent area portions wthin a
predefi ned range, by calculating the 3-dinensional footprint of the new
area portion on the ground, and then projecting it on the footprint of a
previ ous?. Meihadprediding tBclbiy 28) Gtherdinl@ib/ WSFRD dsdurdhte iMebhtiatdedbgar ding to
claim 26, wherein the overlap assurance is obtained by a trial and error

sel ect i @] @Merr@Psd@dton, 84d0sp cARAERN 868l cORWNENWREEaRSdMry, O Y  an
exact anal ytical calculation. 28. Method according to claim25, wherein at

| east sgmggﬂ&ahg 2608 akS1afknt he I nertial Navigation Systemare positioned
on the ginbals, for inproving the neasuring of the orientation of the

array with respect to the selective area portion. 29. Method according to
claim25, wherein at |east sone of the light sensitive sensors are
bal s, for rovi ng the measuri of the %{antation
O e

positioned on the gi i
of the *%-ﬂ\éle odsperrrdiggt 19 ?légaééfp WhetenE atdput sgee &f géep“@flﬁ?ran.
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 25, 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 25, wherein the Inertial Navigation System
comprises a dedicated Inertial Navigation System of the reconnaissance system
and the main Inertial Navigation System of the aircraft, to improve the measuring
of the orientation of the array with respect to the selective area portion, by using a
process of transfer alignment from the aircraft Inertial Navigation System to the

dedicated reconnaissance system’s Inertial Navigation System.

31. A method for providing motion compensation during airborne photographing

comprising:




30. Method according to claim 25, wherein the Inertial Navigation SgsN®hps
conprises a dedicated Inertial Navigation System of the reconnai ssance
system and the main Inertial Navigation Systemof the aircraft, to inprove
the measdPlHGUSBL the orientation of the array with respect to the

sel ective area portion, by using a process of transfer alignnment fromthe
aircraft Inertial Navigation Systemto the dedicated reconnai ssance
system's Inertial Navigation System 31 A nmethod for providing notion
conpensati on during airborne photographing conprising: 8 N OV 2008

13131/ US/ 81Pmvidingat Beasg one akeastf lighée-sansisiye pixdlé;ght - sensi tive pixels; b.
Mounting the at |east one array on ginbals having at | east two degrees of

f reedom sp, MeahtihBehgi abiabst cenagiayent gimbalkitneinf atSlagit tvowmpts:saof
selective area portion; c. Providing a Digital Elevation Map of an area of

| Nt er eSteedoBF 0N RRAS SRANERNHAIIRES Hideed MsSBind FrRAghBfdvdrds esdibitaionagda d.
Providing an Inertial vigation System for obtaining at any instant during

flight I;OQ o pdated x" : yqg : z. coordinates of the center of the array with
respect"to a predefined coordinates system e. Providing a calcul ation

unit for, gjven, xP : yP.I| tiqn ceerdi pates of a. ter ific area
portion wht :hffcﬁ“@lﬁg %H%lé%? ﬁﬁ‘face%}oéjs ,apaﬁg Phe"Z, Og}ngg%sﬁo%ecggggi%?%% fe  at
said portion center as obtai Eed fromsaid Digital Elevation Map, and the
said xmageg from saidaygr dra st B OWRIRGE array center at sane specific tine,

determ ning the exact angles for establishing a |ine of sight direction
connect i nd- Betvitiog arhknertial Navigation System for obtaining at any instant during

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

predefined coordinates system; -

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

at said portion center as obtained from said Digital Elevation Map, and the said

x, 1y, :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;

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




center of the array and the said xP : y,, : z,, coordinates; f. EyéiMﬁJﬂﬁ
integration period, when the center of the array's Line of Sight TIs §
directed to a center of an area portion, effecting accumul ation of |ight
separ at el}$13¥YSBhy of the array |ight sensors; g. During the integration
period, repeating at a high rate the calculation of step e with updated
array xo : ya : z0 coordi nates, and r%peatedly, follow ng each said

cal cul ation, correcting the di rection by keeping the center of the array
directed to the center of the selected area portion, therefore conpensating
for aircrafh Atobhermdtof thadnBekhidrvpeood saranldng ell/the arsy sensars, ad end of
the integration period, sanpling all the array sensors, and saving in a

st or agesadsng ipgesradfe adhinagdsay thoutiagmorda@n. Met hod according to cl ai m 25,
for further carrying out airborne targeting, conprising: a. Providing said
gi mhbal s having at |east two degrees of freedomso that the ginbals can be
directed to a selected Line of Sight; b. Providing said Digital Elevation
Map of ) ReAfbahedoPiRECRS Bl 25180 AMIRE! Srriib it 2RDGR! EAgaMife ! O be
targeted; c. Providing~said Inertial Navigation stem for obtaininhg at any
time dur%%%..the flight the updated xO0 : yo : z" coordinates of the center
of the YrHJAT"88With respect to a predefined coordinates system d.

Providing said calculation unjt for, .given xP : yP i '
a ga. %row ing sail glm%aﬂs fqavmg at Igast two degre%s o%%eaeh!)%nsocg?e{tdéh%at es of

gimbals can be directed to a selected Line of Sight;

b. Providing said Digital Elevation Map of an area of interest, selected objects
within said area are to be targeted;

¢. 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;

d. 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 as obtained from said Digital Elevation Map, and

the said x_ :y,:z, coordinates of the gimbals center at same specific time,

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

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

e. Given the calculation of step d, directing accordingly the center of the
gimbals Line of Sight to the center of a selected target;
f. 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



center of a specific target within the area of interest, and the zP

el evation coordinate at said target center as obtained from saifgNmj :

El evation Map. and the said x. : ya : zq coordinates of the ginbals center
at same slﬁééfmf’@lti nme, deternmining the exact angles for establishing a
Line of Sight direction connecting between the center of the ginbals and
said xP : yP : zP coordinates; e. Gven the calculation of step d,
directing accordingly the center of tAg ginbals Line of Sight to the
center. of a selected target; f. During the effective targeting period,

not i on teeggensayj g terditmenpandnrepbatetdhe Hilowied teaby seepemidudgtion, a hi gh
rate the calculation of step d with updated -8 NOV 2006 13131/US/ 01 target

X" yoc&?ecgﬁgrtgjelaﬁtegﬁonggqln_rsge%e@t edly, follow ng each said cal cul ati on,

correcting t Irection as In step e.



