3 1 DEC 2003 ~A Method and System for Inproving Situational Awar eﬂeﬁﬁﬁoiﬂﬂii
Command and Control Units. BACKGROUND OF THE | NVENTI ON The preS$e
invention relates generally to comunication between command and control
(C&C) units, nore particularly to digital data exchange over a data |ink
bet ween c&cl\hfrﬁh?(é‘méﬁ)mwr Lngpe-av ing QifiupSonbyA witrdpossnd Grehinohds. which are
contr t L&C units. 10 The present invention also relates to
Israelollkl 'gg‘%'@%‘%' l{{‘@t 11069 to Sroka et al. incorporated by reference for
all purposes as if fuIIy set forth herein. As will become apparent upon
reading the detailed description of the present invention, the present
invention relies on topics of digital mapping, inmage registration and

v§ sual di gplcay. Lehat Mupigation, all of which are prior art, 15
partly descri b(ggbl n t?#?nfk: Igl\?\n ng patents: U. S. Patent No. 6,160,497 to

G ark desthé pesedt idveploayrehred gerthibdal ogymbiaicativi Betaleby c6:8pARE T ng di gi t al

dat a I| ations between aircraft and other aircraft or ground
uni t s %“‘6’?2%‘?‘@ S 1P‘é‘§iPo"E“fi“R“bH@ digiieg fafp exelyerpprend dimlinky di spl ayi ng

the dbgiveal C20 daka of msuaomné&.amt@;bg ail B8l S AY m}qcl\ﬁmﬁg be used at a

ground | ocation, such as at an air fic control unit sual |y _
di spl eyitieded hiétlth@&ﬂalmudat a link comunications allows a pil ot to obt ai n

t t h ital i cati ons between
T erat o P RS DY PP e ehist Bt reesa . 1 BTy Soba komh tor t ng. the

VOi CeinCOptMRIdIRt fcRRendaghind &aglg@ﬁfﬁw fet (W1 yQLiGE 25 channels. U S.
Pat ent No. 4, g%z 160 to Bec%ﬁt Jr. ¥ et al. describes a systemfor

gener at i rfys ¥l dagorng appapent slp@mtiadm"\/tilewetafled Hescripioabhtieyirexgnal ongI an
qener 21 ar P hEhroalF; WyeRRE G npb s kbl Fo8ipapiBaghtat  on of the
t er r acgisoaticnhedhanial dispRy 90 ditalhhR cOMHRIMAKISHEN of which are prior art,

15 partly described in the following patents:

U.S. Patent No. 6,160,497 to Clark describes a display and methodology for
visually rendering digital data link communications between aircraft and other
aircraﬁ or ground units.

The display may reside in the aircraft cockpit visually displaying the digital

20 data link communications. The display may also be used at a ground location, such
as at an air ftraffic control unit. Visually displaying the digital data link
communications allows a pilot to obtain situational awareness by monitoring the
digital communications between aircraft, and may be used in combination with or
replace monitoring the voice communications being exchanged over the voice

25 channels.

U.S. Patent No. 4,682,160 to Beckwith, Jr., et al. describes a system for
generating a real time perspective view of the terrain lying along an aircraft's flight
path, accessing terrain data stored in a digital map generator and converting the data
into a perspective representation of the terrain on the face of a suitable display such

30 as a cockpit instrument panel CRT.

U.S. patent No. 5,936,553 to Kabel describes a navigation device and method
for displaying navigation information in a visual perspective view.

U.S. patent No. 6,119,976 to Rogers describes a shoulder launched unmanned

reconnaissance system for providing overhead visual surveillance of remote targets.
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30 as.a cockpit instrunment panel CRT. U S. patent No. 5,936,553 to Kabel
describes a navigation device and nethod for displaying naV|ggt1¢E£ 2003
information in a visual perspective view. U S. patent . 6.119,976 to
Rogers descri bes a shoul der | aunched unmanned reconnalssance system for
provrﬂhngn@v@mhéaﬁKVBguamnmuhvehthancékhi\mmmUM@‘baMQetmx{&mDEC 2003 That
|nvent|og$|nc des a reconnai ssance air vehicle, which may be | aunched from

a pd lmJ%uncher The aforenentioned Israeli Patent No. 111069 to

Sroka, et @hs aflgsGERRESd dsrabRiPARE: And 1Y SLER fS@Jl\a”‘%f ki.ngsapigce 1mages
acquired at high zoom ng by an airborne |Kgglng device, on a referance nmap

haV|n@ibmhﬁd@1$$@Fﬁf@fﬂvﬂeugdﬁﬁﬁhemggenéxw eﬂdﬂ”hhﬁomnhobvant ref erences
agdr.ﬁl%gﬁ%%l]g& ”@gdgunl 4 1e él(glcalﬁr/#é)t H?‘mlwa \\rlduzafd of \41(_\\ PlleCt whose | mage Is

acquire i's au Ical1yip a” > NS me in all the

CSC units Nme ol tiar |2t anrnekteded Adidtk& L8Gatiol %hu@ﬂﬁhw@@d@i&ﬁ@ dfnf ormati on
W Il be useful in keeping the situati onal awareness 10 of the operators of

the. FAPEEAEYNERANISEE isacqHECPY ProE&ferpf glautomatiselhi wirflataddadealgni ng new
Obl eCkitnd A ahd PRINEADLIEh G diRAREed 3k CBATLAQ! - A an examp! e, consider

| eet of aircraft carriers wherein eac ip controls its own squadron
of ai r cr afStich Bpddtedainfemadtfon adiirbeerseiis it Respianthauttonomuswaenzsand  and

gﬁntrol Enit w th %F%FeCt to its aircraft, Besjdes, assunme that sone of the
i ps 01 MG APFAYE Vofice ftfpieidy CoHe %%ﬁemﬁbﬁﬁpéﬁhhé@P“tE&ﬂ&mhlﬂerrltory,

thus {H8YMAE nBRRB;LRls foPFldthe 9419&19&”%1@[1&@11%0%510*1 the same targets may
appear. ASsufe al so that whenever an aircraft under the C&C of one of the

shi ps en@agl_es%xamtrecmﬁmdrrtadifg%f aitdreft aamiersafherahsach slapsomtelsback to its

ship onI ) 1nmages ch incl des t he engaged target. 20 In

such 4 St RER g enlt SARRE LI THALS 1S o GUIOR CURE RIEEal i car 1 ers
shoul ghdeoamangitalitlt RRpENINUE affratih BeSHAL USsupfe thgt%o%{bg@fgtﬁg shipsget and thus
avoid sending alternatively distracting, if they are already in air) their

B r cr srerfiveorallepiively pl@(;ﬁamecgeomaphlcal terrain territory, thus they use maps or

aertal photographs in which the same targets may appear.

Assume also that whenever an aircraft under the C&C of one of the ships
engages a specific target, the aircraft also transmits back to its ship (only) images of
scenes, which includes the engaged target.

20 In such a case it should be beneficial that the rest of the aircraft carriers should
be aware of the change of the status of the engaged target and thus avoid sending (or
alternatively distracting, if they are already in air) their aircraft from this specific
target.

In the past, operators of the individual control units were able upon listening to

25  verbal communication to mark by hand or electronically, (e.g. by using a mouse)
objects on maps or aerial photographs. '

With the advent of "speechless" digital data link communications between
control units, the operator of a control unit no longer receives the necessary
information permitting him to be aware of changes in status of objects which are

30 reported by other control units. Furthermore even if he has been exposed to this vast
quantity of verbal information, he would not be able to handle it.

The present invention fills this gap and provides other related advantages.



| argel. In the past, operators of the individual control units were able
upon listening to 25 verbal conmunication to mark by hand or 3 1. DFC 2003
electronically, (e g. by using a nouse) objects on ;nmaps or aeria

phot ogr aphs h_the advent of "speechless” digital data |ink _
conmuni cat|%W4B&Y@EJI{%%YEUWIQH|ts the operator of a control unit no

formatl rmttln mto he aware of
changes ooy TR A e B R R BT 5Bt PSSRt rol i ts.

Fur t hpiunde of venrcbfindeedhasnibgenaex pased uhas, t\h‘;tﬁlllyr@ﬁdm&Iuﬁtnlﬁii&%l of verbal
information, he would not be able to handle it resent 1nvention fills
this GAYNEHED P JGsHado oLk weleapudeRavemphgesirbang \mclazme:cﬁwvmv OF THE

ot ek BE RIR (0N Bk 8L 4R R XS EMANS ARANC] o0 Spart o

between a plurality if Interconnected Co SRETEEHERRY units, visually

render ed s/i\tcwacﬂmgnal thelmésamrratvemnn nm@gcabd)\ﬁ@dobjn%ﬂio%{ adenigurveil lance
of an .airborne vel e wherein this information is transferred in real
tinme By'% oFEPER d‘ PER MK Of oARIEFES c APPBS . compBanliang tcomtﬁetlprtesent

i tuational
: 2}/3:%)2??1;%@3?@ Sﬂglﬁse g{ gé/j ﬁn@ﬂgﬁéo Emdcofnﬂ{ 31% %ﬁ‘ Rh%éut a3

nman cORprsThg the steps
of : (199 Slprloyﬁdintngll @eleamllamnﬁmgebmf@ateap (b) urelviy, EAh&dt 658 for storing

h I b iving by at | east
396" LohBarkChEr ETSLORE B ol Sisihioh 5 bk 16ds 61 PRZFLTes at I east
one O@ajﬂﬁﬁt WJﬂllﬂﬁﬂ{eeQedgkéﬂﬂidal Lhe; Qﬁ%iémﬂl&ﬁbf "f‘l'iee%cel(/ga u'ilggé 3F & ftl tion of the

recei ved i mage of the scene to the digital reference neap o he at | east
one defndAdhadiziebrmfeishca wap of (i) at lapd ank ngmanaai tandtcoomall udinfdy mat i on of

t th reference ap of the at |east one
the %hgﬁ@%ﬁ% r Ig ll,(l)(l’)lllg{ ke é}%‘rﬁa‘lﬁ tp‘?g ieﬁﬁt PRV t%aé‘tﬁk‘eﬂﬁén% scene arid,
(e) trapnsfihe bi Rgsttdne déﬂﬂﬂdlidrtﬁmﬁﬁl tileacdob AL kPRl red RN ARbL QFtlﬁ:f the at

one ct to at |east one other commands and confrol unit among the

€
L) 3?%‘%@);1116? P J ) dGRaiSHiNZ e updatingopT theisitmational information of the at least

one object to at least one other command and control unit among the plurality of
command and control units.
According to the present invention there is provided a system for improving the
situational awareness of a plurality of command and control unit, the system
20 comprising: (a) a plurality of command and control units, in each command and
control unit; a database located in an addressable memory of the each of command
and control units, each the database storing a-digital reference map of a geographical
area which includes a location of at least one object under a surveillance of at least
one command and control unit; (b) ‘a mechanism for updating a situational
25  information of the at least one object in the digital reference map stored in the at Jeast
one command and control unit in accordance to a received image of a scene which
includes the at least one object, and (c) a communication mechanism between the at
least one command and control unit and at least one other command and control unit.
Other objects and goals of the present invention will become apparent upon

30  reading the following description in conjunction with the following figures.



According.to the present invention there is provided a system~30‘r QE&ZW ng
the situational awareness of a plurality of conmand and control unit, the
system 20 conprising: (a) a plurality of command and control units, in
each command and control unit; a database |ocated in an addressable nenory
of the each of cormand and control units, each the database storing a

digital reference ﬁ_ g 8 aphi cal area which includes a | ocation of
at | east @%EB RI@ e (%\F RAMINKES of at | east one conmand and

control ‘umt ’m\(emlon & @&h@d@sé edeBy Hgg%tf'eQ nfleSd ”actn'tl leeg® donformation of

the at | east one object 1n. enc stored in the at

| easthe wonenpomranttaantscondre 1o| un|t in accordance to a received i mage of a
scene V\hlnfg L\égl ude t he at | east one object, and (c) a conmunication
mechani sm Bét ﬁ’l“’fﬁ PGS Ped SO c‘oﬁwﬁmﬂ“’anﬁ“%‘onﬁ*?ﬂ‘“l&ni(’t“and at | east
one Q[thsf ,lggmngi[1cand control unit. OQther objects and goals of the present
invention will becone apparent upon 30 reading the follow ng description

i n conj untkG. o?nslwwwlomdwldm] [rden ahgiohis gatvesn dlerbEC 20030 BRIAER DESCRI PTI ON OF

DRAW N n tion is herein described. by way of exanple only,
wth“‘?"é@éf"?&%cof%“ Y%@%?é%%%ah‘iﬂ“ﬁg drawi ngs wherein: FIG 1 showa el enents
in a conmand and control system according to the present invention and,

FIG 2 shows operational interrelations between el enents of a conmand and
tdntrol unit accordi ng to the present invention. 10 DETAI LED DESCRI PTI ON OF

THE E" AB ﬁﬁ‘es p‘o&% ip are not intended to be
exhaust i \S@:anykf% n@gﬁﬁ?{r}kaﬁy EE@@@%’B@% the invention, rather they
are used ghe praoR @sbdddheith@erelt] A€ hbi wablentcfe ddpaudtR¥and k@Amand f or
enabling of other skilled in the art to utilize its 15 teaching. The

pur pgsénvivayhieprcepe it thaveratien. rahergheypae asedapt examplealfoythend in real

clarification of the invention and for enabling of other skilled in the art to utilize its
[5  teaching.

The purpose of the present invention is to update automatically and in real
time digitally data regarding the status of an object stored by a plurality of
interconnected C&C units, in accordance to an information about a situational
change of the object as perceived from an image of the object which was acquired

20 by a remote sensor controlled by one of the C&C units.

A non limiting example demonstrating the scope of the present invention is
shown in FIG. 1 to which reference is now made.

FIG. 1 shows a group 11 of 5 C&C wunits, 11a to 1le, interconnected to each
other in such a way as to enable two-way ‘digitja'll data links 19 between each member

25 of the group and the rest of the members of the group. The interconnection can be
carried out by any networking known in the art (e.g. using physical wiring as
electrical conductors, optical fibers, or via wireless communication).

Each C&C unit in group 11 is in charge for the surveillance of a certain
geographical area (not shown), by the observation or the engagement of targets in

30 that area, preferably by remote command and control of airborne vehicles flying
over that area, such as e.g. an unmanned low altitude remotely piloted vehicle 12

which is controlled by unit 11a of group 11.



time digitally data regarding the status of an object stored by3a1p¢ggaﬂﬂ'b§y
of interconnected C&C. units, in accordance to an information abou
situational change of the Obj ect as perceived froman i mage of the object
whi ch was acquired 20 by a renpote sensor controlled by one of the C& C
units. A mjrbdnilwcthicrig lémnﬁﬂseombemdrm insingod avine b’c@p:&qoifuﬁlhe:epr esent
|nvent| on is hﬁﬁnh F Gt (? whi ch rlef rence h rr({s{t3 e FIG 1 shows
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such ayumaylaase éfa:&@abﬂnel1tqmdwayc1dinglut1@d oadtard.i nks 19 between each nenber
25 of the group and the rest of the nenbers of the group. The

intercorr é‘GIthOUW warelp b2 edries ed bout apsangnijtivedatakd h g dowsinist he art (e. g.
Ui ng\\Fi)l 1 \Wlaralnn(% 5%% Egéle 8&8(: \\11)Cc91n91l1|'1q:[t,0((isscilitptlIﬁc hu&l Rel(s or via

wirel ess co ni cat in chafge for the

sur vehddard ebyofmarngedédid) 13 90! aﬁﬂec.atelameaie(jmeti()sh@md in D& he
observation or the engagenent of targets in 30 that area, preferably by
r enot B¢ & kel IHCE ARFEEORE FO1ICTOR0 BICPBHIvAI alinital imacs phiciee BV evhithat area, such

as e. RN i) which is
cont rg I‘Leé{ O%y unﬁeﬁilfli s%drbtéédgl%&]f%”ﬁtc%% @db%tlﬁq lt%g? llh(gwglélﬁg e 12 carries
onboar dwaarel G&gi ngltd&uneeieﬂ:&tetdmnagqmuef deﬂahﬁgé@&@fmﬁtcene Hesidewhi ch i's

| ocated in_the geographincal _area i s under the urVe | | ance of C&C
Wit mersivah diSNAT BRagere Qe 183 ézﬁlal nélspwffdb%} Alelegd e 106 d8PIa¥ar ri es on
boar d;# [lg"ansdd itd L6 Leviige 14 which transmts wrelessly or via an

opti cal’ fiber (not sho 5 i mge of scene 15, which was acquired by

i rragl ng d@aplmé?c?&(?, unttoof@roumﬂgestmes:éi thie nthptadbesd c’éitieompctalt edigial C&C  uni t

Ihe. bmie,d el ying dRvhee A0 Lesnatrieta o il al Lma gl scene 15
fjﬁ I) [‘W{ﬂflgh@(éf; gllgfectg (e P&t CES MR dantokanticSred @ 5eLd thad o @Ak8lledlet ai |) of C&C
L5 by that C&C unit.

More generally and yet included within the scope of the present invention is a
sttuation in which imaging device 13 is not on board of a flying vehicle, rather it is
positioned “on the ground”, in such a way however, as to enable its surveillance on
the neighb&;ring scenery. E.g. imaging device 13 is positioned on a topographically

20 elevated place like a hill, which looks over its underlying valiey, or is posted on a
high mast (either stationary or mobile). Hence the term “airborne” is broadened in
context with the present invention to include these situations.

The database digital image of the area, which will be referred hereinafter as
the “digital reference map”, is based on aerial photography (either conventional or

25 orthogonal photography), whose output was digitized by known techniques. The
digital reference map is constantly displayed on a suitable display device as display
18 in C&C unit 11a. |
Although both maps and aerial photos present a "bird's-eye" view of the earth,
aerial photographs are not maps. Maps are orthogonal representations of the earth's
30 surface, meaning that they are directionally and geometrically accurate (at least
within the limitations imposed by projecting a 3-dimensional object onto 2
dimensions). Aerial photos, on the other hand, display a high degree of radial
distortion. That is, the topography is distorted, and until corrections are made for the

distortion, measurements made from a photograph are not accurate.



10 received digital imge of object 15 is visually displayed on3at Dgga?g%
one of displays 17, 18 located in C& unit 1la. Each C&C unit of group 11
stores in the database of its conputer a digital inage of the area, which
that unit supervises: the aerial digital Image includes inmages of objects
(e.g. obj eéulsﬁ)tﬂﬁLOmdiaJﬂ1otogmpbés afréﬁht(ﬁ‘dnMsmaﬂﬁt\t(ha&:uﬁir)ﬁot@GﬂbﬁO| led 15 by
t hat F ﬁﬁu \Nor e enlerall and. y included within the scope of the
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elseva ks over jts underlﬂi g valley, or is

t
pOS te dle%qp Ps l\nown l?]ecause lg(pé)|5[t“ﬁ8rw“§tf”awtgﬁ‘ac’tpﬁdd? VisHYi fF@)m,q Hé'é CRle term

“air quemm\s ohrtﬁadeﬂ@dtdfélen&oﬂhﬁ)éhn W tRect iSelr, @&ﬁ'i‘ltely' r%%ﬂ:w]ﬂ{% to include
these situations. The database digital inmage of the area w il be

r ef er redCh&eesaaiiedr cepsdinatse ofdihyi ﬂcalldlmel\fseM@nr:eiermpi'ned| By Damed on aeri al
photog“ia\ y],(tg&{urp .cconventional or 25 orthogonal photography), whose
out put wa & i git ed by known techni ques- The digital reference map is

const ant | yit disypd ayednmi with dagtbloethdipsfk@yindeyioa el 1@31}@[3@9[1@3’&&1 8 in G&C
hough both naps, and aerial photos present a "bird s-eye" view

| t
t héEL *Bé?é nee é&ltﬁbma%%ft la@lmynbcésﬁeu:ntstdon’@pbavel\m@g n@ﬁm@cdr Dtht@gonal
r epr esept , nmeani. n
di rect% ?glr@; t‘gﬂglﬁ% gﬁl}gﬁeﬁ&n%gi@y\ eﬁ‘é“ﬁ?‘%tde Py é%r‘é?lg%t ?HCH eaI | m tations
i nposd@’ W1thctmp&msicﬁgews B5.di nensi onal object onto 2 dinmensions). Aerial

phot os, t he ot her nd, display . a high degree of radial distortion.
That is, nﬁ‘ée PBﬁS&P@Fﬁh&‘ﬁs)dPétﬂBr%‘%ﬂ Hndehrhe] 155ie0ed dotiorcigle made f or

Lhe MBS i, oresserareals (Be, 17 A4 AphRg: A B 0P o aer i al
b?lot ogeaphmed ttaie acoprding ttewshe aherts ahpasirange tiheinr indege Sofadcehd @S\ of exposure
poi nt b&ﬁm%S‘i‘ﬁ? 11?’1tag1ng device 13 on board of airborne vehicle 12.

Such an image, which is included in at least one video frame or at least one
still picture, is transmitted by airborne vehicle 12 in real time to the C&C unit 11a,
which controls the respective airborne vehicle 12.

20 While the reference digital map, either in a format of a map or in a format of
an orthogonal photograph is a two dimensional projection of a scenery, the
appearance of object 15 in scenery 15° acquired by imaging device 13 of airborne
vehicle 12, usually corresponds to a perspective view of the scene.

Self-navigation of airborne vehicles using their ability to orient themselves

25 according to the perspective view of recognizable objects in their route is prior art.
This orientation is based on the establishment of correspondence between two or
more images which is known in the art as image registration, see e.g. "Automatic
Geo-Spatial Images and Data Exploifatz‘én", Proceedings of SPIE, Vol. 4054, 24
April 20600.

30 One desired output of the image registration process is a useful representation
of the correspondence between overlapping sets of images; usually a mapping
function which in the present invention, transforms the spatial coordinates set of the
perspective view image into the corresponding spatial coordinates set of the

reference digital map.



different .angles to the normal to ground, and which like a map, it is to
scal e. Accordingly, the geographical |ocation of each point ingthdjel Gohl
ref erence map i s known because its position vector with respect to visual
features of reference |andmarks on the digital reference map call be
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acquired bg i magi ng device 13 on board of airborne vehicle 12. Such an

i mage, whilCHOUE b5 Eelad gt perosting Ense perenvinyeliopy disePlgticl il st one  stil |
Pi Ct UL mhshst Sy t by 1al Mahi; 120 kD t] the C&C unit
o DS e e MR R BPUE Ptk R AFEe B b i e the
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scene. Sel f-navigation of airborne vehicles using their ability to orient

t hensaibpee veBicksconyi mglude mheredensggset theemeli owagss. medogpéctabl e obj ects in
t heir. r,(()rutg ‘ifs' pri_or %‘it. o Thjg orient atdi on is based gn t.he Fstabl i shment
of coPPEEpIHHL S IS SRR Hho 8 MREF IR EE W lcilrf“? KA S n the art as
I magedtegticFlch@hicaNandSiEiBlogicgl sensdwit omati ¢ Geo- Spatial | mages and Dat a

Expl oitation", Proceedings of SPIE, Vol. 4054, 24 April 2000. 30 One

Idesired odftputmege regestiahapean cyretarae die Hldeawdt 1ka glagyenigilly epr esent at i on
updates the digital reference map of his-C&C unit so as to take into account the
observed changes in the situational information of the objects.

A change in the situational information of an object is a change in the object’s
geographical location or a change in the object’s physical or chemical state; (e.g. a

20 vehicle has been removed, a target has appeared or alternatively was destroyed, or a
residential area was affected by chemical warfare).

The decision of as to which are the objects whose their situational information
should be updated in the digital reference map is usually submitted to the operator’s
discretion according to his mental awareness of the situation; however an automatic

25 decision making system, which decides what object deserves updating is included
within the scope of the present invention.

By the term “electronic updating” it 1s meant to any indication with regard to
the pixel map of the object in the digital reference map that differentiates the
object’s symbolization in the digital reference map after the updating, as compared

30 to its symbolization before the updating. E.g. in the digital reference map; marking
the image of the object or its location; :changing the object’s image size, color,
contrast and even the total elimination of the object image from the reference digital

map.



of the correspondence between overl apping sets of inages; usugllygggnaﬁging
function which in the present invention, transforns the spati | 1c A&t es
set of the perspective viewinmge into the correspondi ng spati al
coordinates set of the reference digital neap. DEC 2 a 0 3 Thus: the

pi xel s i n PR A glcelpme apdptecwhivhps pukiiely daeiadsqut.bytwatihelatliogat i on of

t he objgct. - tivie . Vi i N9 received. .can be. identified and
nanipupgfgggg%gﬁgfﬁggﬂgﬁigﬁ@C%kﬁg%tﬁ%gggﬂg?ﬂﬁﬁf%%?%é?gﬁﬂfgﬁuwgeincluded in
a wi demipetad lofcoded end bis @ Inet ercenven magend © hbepahned s f ckite i mage of
the object in a zooned field | vie was rise described in the

af or en®Mt’i oned Israeli Patent No. IL 111069. 11. shoul d be noted that

acgordi ng tQcthR.RIGRS LRYERE TR ;i s Gal.qnatyre, of i mages provided
by the airbo?ﬁgﬁFnagiﬁb devi ce m ght' @§“§?F$e§§ﬁ€ %hﬁhcpgga“b355|cal nat ur e

under | §&hgunihd I rrscre séaond Hayediogi bplolrtbt erigimak didial 1erthesnfapr oexanpl e,

while the. digit.al ference. [nap.is usually based on a visible optical
i mager1)9pg‘fesﬂhgoaglgé{ﬁﬁ%r‘ei§lﬁ]9 i “B&h@’é,da{ah%%még%% UK [dBj ect's acquired by
the airborme py&BhCheeniBY AIRCudgdek Nf 3heG TR IES Al {‘Pg‘ﬁg‘?—’*l of MRQES,

mul ti-spectral inmages, |adar (laser radar)) I nages, I'mages and
i magesciMsbatatameoaselicdprtitsdocabon putk dfitad hefivicoed napdhbic tdasgdeal . sensors.

Af t e, regi stration, an.operator of the C& unit 1lla el ectronically
ﬁ?datégigﬁg§%&ﬂ%?g%éﬁnﬁeviﬂggxﬁgﬂgé?%ﬁ%én?%ﬁ9ﬂﬁ?gggbhg%b¥6”@5?é into
accournt&Chait (elpggrayed witanggs in the situational information of the

obj ects. A change in the situational information of an object is a change

in the objldstisdo syathgt apssitbasystestaf @ Gnaser” £&Banydi ¢.ribe hat shjdct ' s physi cal

or chem.g ol €, i.cl as, been renoved, a,target has

appea?gacfg‘gérs p;e% tgsr?t}\‘éet ?I\(/agrl l;}]@d\ﬁaeg%g\é%]? o'ﬁ(gtafu%dra?eg Q?%lsolnbcé"ﬁ? i'H dlﬁ&%la was

af f ectrefdrdnye ahapy tal digiel acfedencelhgapde€i the anhef CasC twniwhivalrnane t he objects
ational information should be updated in the digital

rﬁose.their situb r : J .

fer éW&lé;oH%&gtqu Y& GaPpytes BEWoE Bgthe gasise CSefe uattopre ipdated as well
in regard to the situational information of common objects which appear on their
digital reference maps.

A block diagram, which depicts components and their interrelations in a C&C
master unit 11a, is shown in FIG. 2 to which reference is now made.

20 In FIG. 2; C&C master unit 11a includes a receiving device 16 which receives
in real time, images of objects 15, which are located within an imaged scene 15'
acquired by an imaging device (not shown) positioned on board of an airborne
vehicle (not shown).

Objects 1S which are being watched in imaged scenery 15' are sclected by a

25 human operator (not shown) of C&C unit 11a.- The operator decides in advance on
the location of imaged scene 15' (and éct:o’rdingly, on the flight destination of the
airborne vehicle).

An operation system 23 (a central computer with the appropriate software)
reports (arrow 27) to a database 22 information useful to recognize imaged scene

30 1S' (e.g. its geographical boundaries), accordingly database 22 extracts an
appropriate stored digital reference map which includes imaged scene 15' (and in
which objects 15 may be missing) and sends (arrow 25) an _image of the appropriate

digital reference map to image registration unit 21 which also accepts (arrow 29)



discretion according to his mental awareness of the situation;3 HoW€Zez003n
automati c 25 deci si on nmaki ng system which deci des what object deserves
updating is included wthin the scope of the present invention. By the
teen ".el ectr.oni c, updat.i.n i ant to indication.wi.th regard to
e pliant chig it RE Touh Seat i FaTangnc &Y FRErBRahES B! Phate

di ffeqentinafes séhery phj ect’ s synbolization in the digital reference map
after the updatl ng, as conpared 30 to its synbolization before the

updat i ng. TEgiqticn of he”tgh lgusantlcrretﬁseﬂémc@agmr¢<’tsnahmn ngn 2i e whghe of the

o0 g e Ty RS B B0 3 R BB B bR BB o ot o

di gi ralstom@etddl(sBEE 20030 2ueh (an- a6t mmec wRdae LW/)Vz\hﬂa@hn'l s practically
carried out by nanlpulatln t he |naae of the object or its location in the

vi subllmérdsims"agﬁ ok, h¥06|ﬁ?5t4al°4réf-’ké‘r8 0y, cad lbep'bb@é%l anaeth@é oo have a
CormRalmqugllt@lgx11¥rc3|t1§]pt%1nqgt at\ﬁn 1 i9 na,% 1?116%&#} isuéel: tent ﬁp@gggg digi tal
S

ef erence m ore t abase of unit 1lla as a
seconduhayﬁaemﬂsum@emf the orlglnal digital reference map, or replaces the
original digital reference map in the database of C&  unit 1la The present
i nvent| onAféFlsB“fi&?c'ﬁglsﬂégf’fhrplhﬂtléﬁaé’tor‘c “@W%M%‘Tlo'tﬁb%wﬁ@“o'fw an thepresent ati on

aawnf?lm %fé?en% &z‘lgsbéc%l%ﬁ&g ifid Qndj!é% i edr ﬂﬁ@ 26PR chlftab%Ee | east one 10

accor g to pr ovided via data-fink by
anoth?er C&C unit (e.g by C&C unit | La). Th| s isto say t hat once. the
syst em of i eJ v spective

" C unit | the unit ich e er
view i magg’é‘s o ﬁﬂéba&sﬁ?eeg ewu%’éﬁ?le@feé?“éﬁtr?%Pn}S\AgF‘Pfld “t‘ H‘n“@ @%ﬁp ref erence

map, yfdheddic@ht alm&RiGhensmeani@f drhenRbRensCe& it sapMishaare 15
i nt erconnect ed by a conputer network to the master C& C unit, arc updated as

wel |cooidinategard to the situational information of common Obj ects which
jgppear OlrthlSE gg\'&frdlggalgr {'erence me?pr B GTivaRas (arrow 28) to operating unit 23
which displays it on an appropriate screen 18.
Simultaneously to all this automatic activity, while watching in real time the
perspective view of imaged scene 15' which appears on monitor 17 or on screen 18
(together with the digital reference map), the operator of C&C unit 11a perceives
20 constantly the situational information relevant to objects 15, and can whenever he
wishes, to mark electronically the location or the image of objects 15 in the digital
reference map appearing on screen 18, by using a cursor control device 18°.
The digital grid of the marked objects is stored in database 22 as a second
layer on top of the digital reference map. Simultaneously the digital grid regarding
25 marked objects is transferred via a data-link 19 to all other network interconnected
units (not shown) of C&C systern 11, in which this situational information is
incorporated (by units which are analogous to operation system 23), into the digital
reference map of imaged area 15’ which is stored in the respective databases of these
units. |
30 At the same time, the information ‘transferred by data link 19 is visually
rendered by the receiving C&C units and displayed on the screens of the respective
displays of these units.
The final outcome of the present invention is that operators in all the network

interconnected C&C units see on their screens at the same time images of digital



A bl ock di.agram which depicts conponents and their |nterrelat °§iﬂﬁﬂﬂﬁﬁh
C&C master unit Il a, is shown in FIG 2 to which reference? e.
20 In FIG 2; C&C naster unit 1la includes a receiving device 16 which

receive in real | lgga of obj cts 1.5, which are |ocated within an
i mged* ‘é%ﬁ%liga‘vﬁgbd‘# E@f %1%@”6%01tem€%6F”§ Hoth)338si t i oned on
board @iecd airborne vehicle (not shown). Objects 15 which are being

wat ched i n i maged scenery 15 are selected by a 25 human operator (not
shown) of Ehde Wi thvention %éeﬁopmsaﬂmd dide rdesct itn aalivaedt @eumber bhe | ocati on

i g 1 (and accor n.the f ht destination of the
o rbonE ARRE L M 4 BB R R I b P 08 s S E R st &hot ch < he
appr appiiatiens of ﬂl\éﬁﬂi\ﬁe)’ltloﬁ AROHoSnARN QWL ddpalithed HRUADGSE R4 s'c&ﬁm mat i on
useful to recognize imaged scene 10 15" (e.g. its geographica
boundéﬁﬂé@Ym“E@cordlngly dat abase 22 extracts an appropriate stored digital
reference map which includes imaged scene 15 (arid in which objects 15
may he m ssing) and sends (arrow 25) an image of the appropriate digital
reference map to image registration unit 21 which also accepts (arrow 29)
DEC 2003 fromreceiving device 16 in real tine digital inmges of a
-perspective view of objects 15 in imged scenery 15 . Techni ques of inmage
regi stration used by inage registration unit 21 are which are known in the
art and include a polynom al transform nethod, a sensor nodel transform
met hod (see e.g. "Automatic Geo-Spatial Images and Da ta Exploitation".
Proceedi ngs of SPIE, Vol. 4054, 24 April 2000), and in particular a nethod
of features matching transformation, which is nentioned in Israeli Patent
No. IL 111069 and the references therein. After inmage registration, pixel
| ocation, which belong to objects 15 on the. 10 digital reference slap
becones identified and is reported-back (arrow 26) in database. 22.

10



Thus, .in database 22, a new digital reference map is fornmed which includes
updat ed two di nensi onal synbolization of object: 15 (at their ?gp:@% r'gqme
coordinates). 15 This new digital reference map is delivered (arr 2 t
oper at i nguwipits dameWhi-ch displays it on an appropriate screen 18.

Sinmul taneously to all this automatic activity, while watching in real tine
the perspective view of inaged scene 15 which appears on nonitor 17 or

oi | screen 18 (to%let \k}xe_r 1wi_.t(b thq qi gi taL. rfe_f erence lgmggh t he operator of
caC unit U ' a’pBrdsl J¥sshagng s SRETP P IS PHAUF APSPEAt i on rel evant
to ophedisolé&mantt SRNCIMBNEYRIcolifrisisIResepst@: mark el ectronically the

| ocation or the image of objects 15 in the digital reference map appearing
on screen 18, By usPiyi@ang irech cepnprdhndesitioeunga merhaigndet al grid of the
mar ked objects is stored in.databa 2 as a second |aver on top of the
digital reference rrsﬁﬁl.m%? %I’tflg]ﬁ%&)ﬂls?;i}%ﬂ)r@%&i%%glqglﬁc%raf dq‘regar ding 25 marked
obj ects is trangfer rdivitigtbytatd@tsfohd dinbhd dadohtrol el ain@iave ok

i nterconnected units (not shown) of C&C system 11, in which this
situational infornti &§0¢sWhichesichisicat #d sy uxi ©Bieghiwkhiar 8dnal ogous t o
operation system 23% °§i" b9t e digital  reference map of inmaged area 15°
which is stored in ?’u espective databases of these wunits. 30 At the sane
time, the inforoati cpistmansbesdiédedvivedamagd bhkaid Scens tvkadaligital rendered by
the receiving C& units and di splayed on the screens of the respective

di spl ays of these ufff3EnceThzy ?1i5ﬁ511atgﬁi’%‘&i%%@@ﬂé‘“ﬁP@%té?'}t”“i“hventi on i s that
operators in ald tNgdighWadualdiaPlEaRNEEh el G Wil Sueseife@ipthei 1 screens
at the sane ti i mages of digital reference map which include updated
synbol i zati on (e. g.sanhdigitalgkeaénce meapsalimaid gb¢astose cominhel! ¢drdrol nvent i on has
been described with r.e%}éegd;?to a.dl im.ted nunbﬁr .(gf enbodi nents, it wll be
appreci at ed that it SF&PTRS Brigid HeY S PREr ShedNE 66R&Er appl i cations of

the invention @y h@.¥BIEnNdidapdatleRAEL N BGudiToARN ihRBmaRbd bif saghd scope
at least one object to at least one other command and control

unit among said plurality of command and control units.

2. The method as in claim 1 wherein said digital reference map includes a

digitized orthogonal photograph of said geographical area.

3. The method as in claim ! wherein said image of said scene includes a

perspective view of said at least one object.

4. The method as in claim 1 wherein said situational information of said
at least one object includes information in regard to a damage inflicted to said at least

one object.

11



of the invention. 10 1 DEC, 2003 What is clained is: 1 A rretgh?dgéfr 0
sharing visual situational information of objects among a plurali ém
command and control units conprising the steps of: (a) providing to each
command apnd co a digital reference map

of a geographlQEFIEF&%AzwlbfﬂﬁgdblV?HdeVHQF‘t@%??po e command and control

unit an inmage @f) SCQB@ﬂMﬁb@h&ﬂ@ﬁﬁyQQﬁgﬂHS&ﬁ@st one object within said
geographi cal area; (e) registration of said received i nage of said scene to
said digital reference map of said at | east one command and control unit;
(d) updating a situational information of said it |east one object in said
digital reference map of said at |east one command control unit according
to said recei vateimabe! of isdhih Soengciandid dcqpirtiansfestd ngngaind updating of
said situatiaonal info] oration of said at |east one object to at |east one

ot her"“%ﬁ%ﬁﬁ‘dcea‘r’t’éo%?olﬁf%t&“ s spttech g gE1ve SensipEg W‘”&?Pa‘éc%?ﬁnd and
cont figho oL Eifclc? gmgpﬁdzé?&dﬁgcgyg%lew&gﬁ'g%'vmn%na@&ﬁﬁe fhd @%d fhortal rererence

map | nc ogona hot ogr a gr aphi cal area.
3. Thesmethod as in claim 1 wherein said inage of said scene i ncludes a
perspective view of said at |east one object. 4. The nethod as in claim|l
wherein said situational information of said at |east one object includes
information in regard to a danage inflicted to said at |east

7. The method as in claim 1 wherein said image is selected from the
group consisting of optical tmages in the visible, infrared images, thermal images,
laser radar images, radar images, images of an output of a chemical sensor and images

of an output of a biological sensor.

8. The method as in claim 1 wherein said registering is effected using at
least one technique selected from the group consisting of a polynomial transform
method, a sensor model transform method and a features matching transformation

. method.

9. The method as in claim 1 further comprising the step of:
6)) displaying visually said digital reference map.

10. The method as in claim 3 further comprising the step of:
69 displaying visually said perspective view of said at least

one object.

12



one object. 11 DEC 2003 The nethod as in claim3 further conpri i?gyh?ﬁ :
steps of: (f) acquiring of said imge of said scene. 0 The net had : 4003
claim5 wherein said acquiring is effected using an inaging device whose

l'ocation ijs sehget,geknbd O HhQagf QURKERNSLALT MR BPRARN dnlfioglt  ai rborne
vehicl e, on a topographically elevated surveillance point and upon a top of

a magtrmdionTHearettHoaht age phiect @i sl tiswhlbrdimaysdidizitaracfercnse sepect ed from

T I M R R R

chemigadiysansfedangdtdl EBREce ®hp.an out put of a biol ogical sensor. 8. The
nmethod as in clains 1 wherein said registering is effected using at | east

one techni que selected fromthe group consisting; of a polynom al transform
met hod, a sensor nodel transform nethod and a features matching
transformation nethod. The nethod as in claiml further conprising the
step o (12) di $p¢ ayilng a4iisdRlihY $hédindiaQl fralsterefenenges Mpfelilg The nmet hod
as in claim3 further conprising the step of: (f3 di splaying visually said
per spet fidiatal dey k- sai d at 1 east one object. 12 1 O1C 2003 | | The
method as in claim9 wherein said updating of said situational information
of said at |east one object in said visually displayed digital reference
rap

13. The method as in claim 12 further including the steps of:

(H) incorporating said data-link transferred situational information
of said at least one object in said digital reference map of said
at least one other command and control unit, and

(g) visually rendering by said at least one other command and
control umt of said data-link transferred situational information

of said at least one object.

14. A system for improving the situational awareness of a plurality of
command and control units, the system comprising:

(a) a plurality of command and control units; in each command and
control unit a database located in an addressable memory of
said each of command and control units, each said database
storing a digital reference map of a geographical area which
includes a location of at least one object under a surveillance of
at least one command and control unit;

(b) a mechanism for updating a situational information of said
at least one object in said digital reference map in accordance to -
a received image of a scene which includes said at least one
object, and

(c) a communication mechanism between said at least one
command and control unit and at least one other command and

control unit.

13



i ncludes electronically marking of a registered i nage of said at Iﬁg h@ﬁg
object in said visually displayed digital reference map. 12. as
in claiml wherein said transferring includes transferring over a digital
data link. | The nmethod as Il claim 12 further including the steps of: (f)
incorporating said data-link transferred situational information of said
at |l east one object in said digital reference map of said at |east one

ot her connand and control, unit, and visually renderln% by said at | east
one ot her Commehitf HE™ BdRERHN Idnvheren asaiunanstid| Rk AT ey ed

sit ue&tudﬂﬂffﬁ]ahf JHi‘Q'E)%Hngrbnflanﬁﬁ'u%tﬂs ﬁgﬁtﬁd {I[&ﬁn bject. 14. A systemfor

i nprovi t é situatlonal awareness of a ur al ity of command and contr ol
units, the system conprising: (a) a pIurallty of command and control units;
in each command and control unit a database |ocated in an addressable
menory of said each of command and control units, each said database
storing a gigi t"l@xlg K QERrBNE 81atRA 4Q hei Qel%hﬁa%dcﬁ%h cBhE Mﬂ' Iﬂ[invl ncl udes a

| ocation of at |eaSt one object under a surveillance of gast one
comand phndlilyedicomimandiang céigyol anneshariosm éfom apddt i ng a SI t uati onal
information of said at | east one object in said digital reference map in
accordance to a received inmage of a scene which includes said at | east one
object, and (c) a comuni cati on nechani sm between said at | east one

command and control unit and at |east one other command and control unit.
13 17. The system as in claim 14 wherein a command and control unit among

said plurality of command and control units is on board a ship.

18. The system as in claim 14 wherein said digital reference map includes

a digitized orthogonal photograph of said geographical area.

19. The systemn as in claim 14 wherein said situational information of said
' at least one object includes information in regard to a damage inflicted to said at least

one object.

20. The system as in claim 14 wherein said mechanism of updating
includes a mechanism for image registration of said scene in said digital reference

map.

21. The system as in claim 14 wherein said communication mechanism

includes a digital data link among said command and control units.

14



1 DEC.2003, 15. On systemas in claim 14 Wierein a command and control unit
anion,, said plurality of conmmand and control units is a :aroungl »}st@g’ 2663
| T The systemas in claim14 wherein a conmand and control unit anong sald
plurality of command and control units is on board of au aircraft 17. The
systemas in claim14 wherein a conmand and control unit anong said
plurality?2af cdimapdeandiicdniii 04 fiuthiet Soygrishmz:board a ship. 1S. The system
as in claim1l4 @/nerei n said digital reference map includes digitized

or t hogonal phot®gr aph 'BREIE8Idavige Sy FAPMcEIAEE A &, SCqer Wil 'Q‘S}E%ém as inclaim
14 wherein said si t‘éﬁ@a@ﬂ@z’:gtb@é%]@ﬁ“ on of said at |east one object
includes information in regard to a damage inflicted to said at | east one
obj ect. 20. Thé)systemas trmmsobiaiomdtyde wheneinivasadlgd cogdérhm sm of updat i ng

i ncl udes a nmechani sm.for image .registration of said scene in said digital
ref erence neap. 21§al%l‘1‘8a%‘9%8‘é‘ﬁfea “‘I?n claim 14 wherein said comunication
mechani sts | ngl) udeg, ﬁnQJeg-bée@\hnEﬁExﬂcé ik BTRNG Sl GnkPATRAY and control
units. 14 1 DEC 2003 1 The systemas in claimai14 further conprising: (d) an
i magi ne device to forntrdmnit ragenoicanvaly eomenieddh sdidahagies sai d at | east
one obj ect: (e) an i mage transm ssion device communicatively coupled to
sai d i magi ng devi ce ™ XHY{9Y 9%14% | nage receiving device in said at |east
one comand and control unit conmmunicatively connected to said inage

23. The system as in claim 22 wherein said image of said scene includes a

perspective view of said at least one object.

24.  The method as in claim 22 wherein a location of said imaging device is
selected from the group consisting of onboard of an airborne vehicle, on a

topographically elevated surveillance point and upon a top of a mast.

25. The system as in claim 22 wherein said imaging device is remotely

controlled by said at least one command and control unit.

26. The system as in claim 22 wherein said imaging device is selected
from the group consisting of optical imagers in the visible, infrared imagers, thermal

imagers, laser radar imagers radar imagers, chemical imagers and biological imagers.
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transm ssi.on device; 23. The systemas in claim22 wherein saig 'qﬁg?zﬁq%
sai d scene includes perspective view of said at | east one obj 2
nmethod as ill claim?22 wherein a |ocation of said inmaging device is
selected fromthe group consisting of onboard of an airborne vehicle, on a
topographically el evated surveillance point and upon a top of a mast. 25.
The system.as [ihe&ysaérinag s kgl 21 A8l ehihpRaiNg device is remotely
controlled by said at |east one conmand and control unit. M The system as
in claim22 mhé%%ﬂ%ak@ﬁﬂOhﬁﬂﬁﬂmgmﬁévhéwhpbmyblected from the group

consi sting of tical i n,the vi , . gers, thernal

i mgers, |aser Eada? dhgagrs erASIr‘yln \HUﬂR \mﬁem n% “ﬁuta* lm'énd bi ol ogi cal
i mgers. 15 DEC 2003t0'1|'é?dem$y1$itaeﬁb@$01hd”lcdi1|nah1m e Jounbhmam conprising: in said
at | east one command and control unit; (il a display for displaying
visually said éﬁlgl t adisplpdpidisriaiag vissalbr witl imres i glidecaeast. one command
angcontrol unktiy (Dmaidhapl Y Lk apl kNG vhauabby.saLl mmge u sal d
scene and, (||| a rnechani sm for ing of a selecte ject anong said
at | east one obj ecteastmlgantcjeaﬂmglsmaldlglm‘letfemnee map ssired @dat lBaat | east one

command and control unit in accordance to said situational . informati on of
sai d sel ected obj ecPne sunmephand cqndiol Jaitihaceprlancote sbHBRHO3  d at | est

one other command  gigCR gBQ@EmHQHEaE@SHH&eS a mechani smfor visually
rendering of data received via sard digital. data-link. 29. The system as

in claim28 wherein said at |east one other command and control unit
i ncl udes a nmechani smfor incorporating said visual rendering in said
28. The system as in claim 21 wherein said at least one other command

and control unit includes a mechanism for visually rendering of data received via said

digital data-link.

29. The system as in claim 28 wherein said at least one other command
and control unit includes a mechanism for incorporating said visual rendering in said

digital reference map stored in at least one other command and control unit.
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digital reference snap stored in at |east one other .command anﬁ/écRm%lzuﬂg
unit. 16 ABSTRACT OF THE DI SCLOSURE A METHOD AND SYSTEM FOR |

S| TUATI ONAL AWARENESS OF COMVAND AND CONTROL UNITS A nethod for sharing
visual situational information of objects anobng a nunber of conmand and

controlygdikh6T dRerfet hreiinagkedes the steps of providing to each command
and comtrof—unit—a mechani-smfor storing a digital reference map of a

geogr aphiveatoar a8p BesekMi AOR DIMEPIEVING BPFeA TR witaeat bel unit an
i mge which includes one or nore object within the geographi cal

Ef S scene %
ar ea, QH‘ AN CONTROke UNLER ved i mage of the scene to the digital
ref erence g aS|tua|onal tion.of .the object in the
ref erence pfneﬂ’i‘? {btra 188 r {11 tSHBattPﬁ]GL\tl'i‘ﬁBnmtfm’t 0& Obé‘r‘%éffi"h%aﬁ
information to one or nore other conmmand and control unit. FIG 1

number of command and control units. The method includes the steps of providing to

each command and control unit a mechanism for storing a digital reference map of a

geographical area, receiving by one or more command and control unit an image of a

scene which includes one or more object within the geographical area, registration of

the received image of the scene to the digital reference map, updating a situational

information of the object in the reference map, and transferring the updating of the

situational information to one or more other command and control unit.

FIG. 1
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