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 deggrl 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 h ital i cati ons between
U erar o e Gy RS AP A bR Satehopr it e gr 1 GFLR Soba hbmh tor i ng the

VOIi CEnCafbrARIdIRL icfiendeghingl ,ﬁﬁﬁ&@@gﬁﬁfw}%twﬁl NQEge 25 channels. U S.
Patent No. 4,682,160 to Beckwth, Jr. et al. describes a systemfor

gener at i rfys ¥l dagorng appapent slp@mtiadm"\/tilewetafled Hescripioabhtieyirexgnal ongI an
qener 21 a P hEhroaF; WyeRRE G npb s "pbrbBel: FoBlpapiBedntat  on of the
terr aeglsm:dlMdf\aﬂtal dfsplay saditahe coingRIneAatisHN of30hidSa@ prREkRI t 1 nstrunment
kan palCFT 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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U S. patent No. 5,936,553 to Kabel describes a navigation device and net hod
for displaying navigation information in a visual perspective i p\/@EUJZﬂm
patent No. 6.119,976 to Rogers describes a shoul der | aunched unmanned
reconnai ssance system for providing overhead visual surveillance of renote
targéﬂmlhmulﬁﬁnBGQBMThatummm@nnm@nhhmbkhde@km:mecbmmamsmah&anair vehi cl e,
n$%hq]_ gunched froma portable |auncher. The af orenentioned Israel
PateHF 1110%9 to Sroka, et al. describes a nethod and system for

mar ki ng obJRe tifdrfEasHnde AsiatlgPatht NON (200M G dR4. 3P ol aithAR, | MgI ng
device, on a referance map having a wde field of view of the scene. None

of t Hecthed @pd apstepefer Brdase abitcedwagesaaeuirahtat dn”lwfref)@m ayvarsual st atus

t t |1
Of\d f\gd&t?k‘?n oill %gfmé rB%gl ekell?na(':?hl“lalpg%tmgrﬂ \t\rlg(.v\lﬁl C‘H \é_('\é 0‘ ﬁ]ﬁag%}%gg ![gat hlys C&C

unit. Suc Wd.thﬁ@&il&d)lld’\fﬂﬁrlﬁﬁidtﬁét Mdkdsskren sigafis wharekeepking stahg i t uat i onal
awareness. 10 of the operators of the. informed C& C units and will be

hel pf i oLt WBARG iage satcsied hyorewiébjisbrguiapratisilhburdtediantdl es under
theiry RﬂwaﬂltheQﬁc@ﬂn%%hﬁvec%ﬂg&hé%ﬁ tﬁ]s‘t'fé‘{wf aircraft carriers wherein

each s Ip contr own squadron of aiTcra Each aircraft carrier is
t hus an a&udnonmmﬁiuﬂmmnmﬂn\andwaﬁﬁnﬂmiLaﬂnmxmkmhum&ﬁQEQWmhﬂmxts aircraft.
me. of the ships 1 supervise coIIectlver t he sane

si des, assune th
gﬁogr SEHI‘%£PG’E3§?TP a‘?ft ﬂ%e I“’fff"tnbfidy Cohhugihayd vek brapslrd toadigmaiinphot ogr aphs

| n WNEGHsiENGe SAIRLIAIIBH 5B ARRAR! P BRIRoALZ0 Lhat whenever an aircraft
under the C& of one of the ships engages a specific target, the aircraft

also t ranéxmealsBXBmplc tonsides asfhiepo{ andryf) cammgeshatin cacleslep,contolsh i ncl udes
t he enga ed ta ch a case.it ahould be benefi ci al that t he rest

. 20 I.n
of t hae arcrkraon s Al EREE Pt it ds D0S B uERSRGES 6PTIIBdst at us of  the

engagsﬁh &@ﬂgﬁhnarwhﬁ RdpeavOid afenRd Basiald aihald U ssbnfy @ftﬂ@%ﬁl{p@g if they
are already in air) their aircraft fromthis specif | arge!. In the past,

bper asunesvigs callyetivelylihe el ceosrphishl tgrpinstemisery, tiisk éhEUptsﬁ npdpstogni ng t o

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.



25 verbal communication to mark by hand or electronically, (e.g. by using a
nDuse) objects on ;maps or aerial photographs. Wth the adveﬁiio Hma
"speechl ess"” digital data |link communicati ons between control unlts

oper at or of a control unit no | onger receives the necessary |nfornat|on

perm tti ng® WML Yhel sz EN\’SENEH&Tngs in status of objects which are 30
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advantZ 3.1 DEC 2003 . SUMVARY OF THE | NVENTI The present 1nvention

i ncl udl “h‘t‘gﬂ}ét’éhﬁféﬂdo [95bsduidsE sarvar fapep bbtlm/@ehmac vehigtealvitteyein f

i T} er ganneshads s ATRRE 204, GANELOLYY n1I](§ Sy ¥l sy A | rendered situational
b 'I aﬂ

information in regard to objects under-survei B UR"ai r bor ne vehicl e
wherei n tht®rding apnit ippeseis itveanst aret€ds providal a tidiRddybr %hﬁl{;ﬁ&t al

data-|.i n conmmuni cat According to the present invention ere is
provﬂd%ﬂi a SRR fHJP”E%Pr“l g oVrsisarmeng ueamomal dndf epmeli onitef obj ect s

amoNg:o&HHER 11@9@ zJﬂ ﬂrb»l'\ilgrﬁg t&@ do%ﬁlﬂz%dt zPl%l h ﬁglsumt a mgg a&Psmg?” ding to

each command and nt rol” unit an| sm ref erence
map dpr eoyeoguaptal oeattleacreeaap ()ba ge:cqgrzqﬂmamg:eby(baﬁ eceRagt b)Oﬁeeal;Oo@@mTﬁnd and

whi | udes at | east one object
OB RS Bl e Tt o Ly 2Pt
i mgeo@ted aetlmﬁﬂ@ngeotgaapm@ dieg] t@lleggtlgmﬂgﬁ tl%eﬁe%eﬁg? G088k kigast one

command and control runt updating a situation I'nformati on of the at
| eastsc@eodhy diital rﬁf@ﬂqecedingp tOéItherafleatseme cosmmpd@hdtcbeu@ltudueasy one command

th ece 15 scene arid, (e)
Cr ancpart b BRERGEE DRk b Bl IS o es e shrdisah orervio. at 1 cast
one tu’ﬂ;pefﬁ’[thé at Rﬁbstk&ﬁ%nﬂxﬁt—ﬁldﬁoﬂﬁ‘bl Qlﬁtlﬂﬁaﬁﬁnglﬂijt ﬁéqeéeﬁx%ld IHﬁl’ offiRNg the
[)#ural i ty command and control units. According to th& present invention

er €918 3§ o(ﬁ) d@&s%rf%’thérﬁpﬁ@#ng piptheiimatiantak infginpalimni adrib¢ aaleasteness of a
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pl ural |ty of conmand con uni
command and control umts.

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.



control unit; a database |ocated in an addressable nenory of t~3\e‘I %2&[}3

command and control units, each the database storing a digital reference

neap of a geographical area which includes a |ocation of at |east one

obj ect under a surveillance of at |east one command and control unit; (b)

-a mechani smfor updating a situational 25 information of the at |east one
reference map stored in the at |east one conmand

object in._ the disl%ft‘al QY

and cont r SRIEHGE B EENfAh B BRA WSS ved i mge of a scene which
includes the;alnlisasd Lo JOE=Tod FRE: Ty [o AL 3 I ni.¢at |.on.oechani sm bet ween
t he at Ieast“ oHé 1corrr]natn]gl %Edg%ghlt)}r E}Iq) &ﬁiet\glgﬁ%%‘I“e@ilcq}éc}ﬁlg:%o(?her conmmand
and dentraohpanyiite dri@vhes, whijreat s and goal s of the present invention wll

becone apP ept upon, 30 reading the follow ng description in conjunction
wth the FBH bAHgs [RRES ™ BRI oappa o] DESERI OTYIONCOP thaE DRAW NGS
The '{“Qy@{ﬂqli\gntiwmk@r ein described. by way of exanple only, with reference
to he acconpanyi ng drawi ngs wherein: FIG 1 showa elenents in a conmand
and cont r blG. sy slteyn apraraiahgiéreiathes bpreseemavent b enmangdd #HHG 2 shows
operational. int eé.rgl aéi ons between el enments of a command and control unit
accor ity "Hb AR5 B EL IS PEEULAYTUAM 10 DETAI LED DESCRI PTI ON OF THE

E" ABODI MENTS The present enbodi nents herein are not intended to be
exhaustive and to limt in any way the scope of the invention, rather they
e used as exanples for the <clarification of the invention and for

enabl i ng @E{FE@@B ﬁﬁ@ﬁﬁ&@ﬁ%@‘gﬁﬁﬁ%@%@%@g its 15 teaching. The

pur pose o resen automatically and in real

time digitfat pyeseatanbicigraects Agretrhee abaitsded tam: Qbhedtve shoiedmby a plurality
of interconnected C&C. units, in accordance to an information about a

si t ullt PanAYAY BRatrgee o thhdnyitiest rasker ghey arsy aaed posxamplesdgethst t he obj ect
m: fgléyméatﬂ)%%}fi h&dnvedBoR¥nd f&‘eéﬂ%ﬁng SP3ME: GARLd B{ hl%%l’lb% Lﬂﬂﬁe% the G C_
[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 I'IG. 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.



A non,limting exanple denonstrating the scope of the present iGV?nBEQ?Uh?
shown in FIG | to which reference is now made. FIG 1 shows a group

5 CC units, | latolle, interconnected to each other in such a way as to
enable two-way digital data |links 19 between each nenber 25 of the group
and the réstboofie véhaclpddtrarsesofnbphid ar ougingTdve identletocaxpree tihagescan be
carried out sany: het wor ki ng. known in the art (e usi ng physical wring
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Each G&Ceunhte dMCGCaMX hh.aniSviiich BBREGEOH &)ts the surveillance of a certain
geographi cal area (not shown), by the observation or the engagenent of

targets i mirbgoa yhuclatgarripy ef bpapyrapymitiembd e iecottrafecidrsegnt r ol of

i rborne, vehi cles flyvi er, that area,.such as e, g. an.unganpned | ow
eSS TS b oHRE RS bl B T B Rl o ML e 138 o
gr oupadduirell HEGROQSdALED O3 @ Mehhaleaedddviagrdevrs @nhoacd nacsddagi ng device
13 to acquire images . of scene 15 which is |located in the geographincal
area WWhil d b2 l§hagp desiel tikedevden Leracpaiigialsordigeat inage ofiranahdl WHERh i ncl udes
obj ect., . 1A e, vehi Jies:on hoar t j tdf-ng device 14,
whi chF”i“}‘%{%s"rlw’i’Aétcgsb SR aggls‘i%lg‘/a%éerlg\?ﬁ’y%fr‘?@%b‘% %*2\ “aoflﬂ%‘g‘?‘ (%%?ms“h%\tﬁn) al | imge
of scenehd®s' C&thugin Mass depigtddr Rdglytet degilngt v amitl Bla. tResaAlRs | mage
receiving device 16 located in C& unit 1la. | mage receiving device 16
&congesed digdtabimgrgea! atieegdSar vsalhedeBlavsthet Al R G @8 dBBf¥ets 15 in an
addr eppalgl g MBI Y LAAtiQn of a computer (s)hown in FIG 2. where C&C unit
1la is depicted in greater detail) of C&C unit 1la. Besides 10 received

di gi tal i fage (&Cobjtedigradp il$ storsual thy ddkabpicayeds ommattet salsgitabne of
di spl ay uni t of glr oup 11 stores

S 18 located. in C&C unit 1la. Each C&
1 e dolee st TR BRI G 0F o ade et o SFUEETWR: ch that
uni t SuReE i s88cts (D8 @fedtal s)dhad é&'be'%@%dibg(i{wﬁ@%at ia[‘?&?(ﬁ)‘ll‘ﬁ‘loggd objects (e.g.
l.OSbJ ecéysth%tS &tch‘i;tit.can be affected by neans that are con
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.
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unit 1l1la. Although both maps and aerial photos present a "bi rd s-eye" view
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EFHOt os, on the ather hand, display a high degree of radial distortion.
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DEC 2003 An olr}?lﬁoe%na Sgﬂ@?%gwg%g%csm% T g%}ﬁlpfmb bl%f%eess“é;}lﬁ@ ¥ two aeri al
phot odraphsh doaleéus okij¢ds 15w caneras having their axis at the W of exposure

poi nting wn at_ . di ffgggegt 8{1gl es .to the normal _to ground, and which |ike
a mp, it t'¥ £godiifes. (Redr i AGl SPiet hl> gabgrapnissad 1nobatdigielof each poi nt
in theerdiedtd ghap 8F €TLOCE It 1TRRNL: ekﬁ@\éﬁacl?%g%%ghi'cgls (RIS 'c%;p prector wth
respect to visual features of reference Ian rks on the digital reference
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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.



It should .be noticed with regard to the present invention that in Spite the
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desired output of the image registration process is a usefdl representation
of theﬂw@mre@b@hﬁenee mehmeenﬁ@vérhappﬁn@wgeﬂkuoﬁgﬁnm@ééSP@%MhIIy a nappi ng

funct.i_on sent _invention pat coor di nat es
et oAb TR (elaeiub e P S RERES PRilen Bnd Bt o
coordmmpstescﬁainc@radchﬂolof@eﬁres'eﬁma digital neap. DEC 2 a 0 3 Thus t he

pi xels in the digital erence Map, which; helnms{,. to the Iocatlon of

[Phe obj echfiigh#BeeeEraisi@Eony an \npéwtcrlsoﬁoélren&&fédaﬂv kn elastropigally dentifi ed and
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.



mani pul ated. Rel ating pixels of an image of an object which | uded in
a wde field of view of a reference image to the pixels of t ﬁé@emﬂ?
the object in a zooned field | vie was rise described in the
aforenmentigned Israeli Patent No. IL 111069. 11. shoul d be noted that
accor di ng tBc‘tﬁ'ée\a‘i%@éﬁtupﬂﬁv&nwiﬂéh is prietigily siagrgdd @atlwrledlofmfmages provi ded
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underlying tthe inage In tal eren xanpl e,

whi | e thp. cagilg (Iodbd ned Baendave hntapmm msarakd 4 [h@-%g@i‘l@nb & Mi cight e opti cal
|nager¥ .of the area under surveillance, t he i mages of objects acquired by
t he "Bor ne vehi cl es may Include Infrared i mages, thermal images,

mA ti - spectmalypdh FBAESital! I es, .ra es and
i mages whi ch] aurpe base‘am’gn@%ﬂé{encé h@?%‘{ﬁl}@, bl[m B ldL O(jﬁbf’)%e 9 Sensors.

15 Af te&l maiyd Inegi s secand dayer an t@peﬂa‘herougfnat he,u@&ﬁmmm ihg, @[I ect ronically
updat es rence map of his C& unit so as to take into

ef
accoun‘t“"t“h? tg%%ﬁelt“f}le ﬁé‘ﬁ‘ﬁ@é“:‘f Riap I‘l‘éth&dﬂﬁ‘ﬁi‘%edﬁé{&@ HP6ridati on of the

obj ect s. Aﬂ"lfe“%ﬂ&@nt‘ MeRBor$1 4142t :h Qe éipfa(afom?attLO'Jlsgfl[ %Bd'ﬁmve? 4 S a change
in the object's geographical location or a change in't | ect's physi cal

or chenpieaintatoat & anf ebject ag itsAdocagighiiclaalipitd rifeence enpwedy last aiget has

3PP et Sncal i W Had e TRE UER oSt vaZBa Ok EndhE  he obj ect s

whose @&E‘ILﬁntS(btng@tﬂf&(l'aJmtIlrlfa rmati on shoul d be updat ed in the digital
ref erence map is usually submtted to -the operator's discretion according
to his menthad isdoareriatencsithe pestem @ﬁa’:meﬁer”%wﬁ (ap thatgmbhich 25 deci sion

it hi n e Rpaoe Y RE LR P T ORKFFL nARRS CRI BT Blalvoni o

updat irefgtenit 1h$p,n‘d.*anthgﬁtal atfyrenodinggt iofnthwi dthelr@qarmlﬁ@ whit@ Rlexel map of
ise object in the dl@glta| reference map that differentiates the object's

mbol MEEERRGEtGADY f SORMPYiEt BETWOEE Ky bR Seaskes H & att, uRapdpades mgll as conpared
30 t 0 1:'1 txéva%}’ ﬂpﬂ{e‘ &ftaliOfhl tfﬁifoﬁﬁgtlc; ﬂ@f Ucﬂgﬁ’ﬁ)h% ec \gh]td'l %ﬁ&)@fﬁ OCH gxe aI reference

p; ;g t he i nage of | ect or changi ng t he
Obj ecﬁiéstai gencsi maps. col or,

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)



contrast and even the total elimnation of the object imge frprh {}RE€ 2003
reference digital mp. 3 1 DEC 2003 Such an el ectronic update w which is
practically carried out by nanipulating the image of the object or its

| ocati.on in .the V|suq_ 'ﬁl dP ‘ﬁhe di |taI ref erence an be coded and
has t JORRVESEESIRHS ﬁéﬁ é‘{ iR P fBP&'SBFCtBFI‘“C& Ifits. The
updat¢d“dhgh%@@u§@genpnce map is then either stored it- the database of

C& unit 1l1a as a second | ayer on top of the original digital reference

map, or 1epingpes of he”tgﬁrucgnsnatllordmsgﬁtballmﬂgff @E@n@teourra@ltﬂh atchehight abase of C&C

unit 1 esent ntion mat i ¢ _vigual updating
of acl]t.llxllﬂ\’\ nsgﬁgl}ft al(t) and mglude |)0ﬁl¥nomlal Itlanslt%lghmbgqoadl A samq )Itglp deﬁ ref er ence

ap @ﬁmactm{ ar8iodonree el*o"@&@nﬂdﬂt G AoeS uaﬁﬁ&uwmmum;lmbn@m@mdh'ng to data
provi ded via dat a- fink by anot her é&C unit (e.g by C&C unit | La). This is

to shycedanusopic SLlnobystém24f Agril @Q)e@md@&@uhwal(p l‘eeth%@fumt whi ch
(rjfgﬂdé@%r %t%f?%gt(}a\/lgionbgt%] éﬁ!@% 1§%§uﬁlo OB 1%%%1%&@9@2?%? ﬁéron' cally its

er efice erence rea C&C units
mhichmﬁh3uiaehmkeh@emnected by a conputer network to the master C&C unit,
arc updated as well in regard to the situational |nformation of conmon
obj ects whitthiragiserisyplion Hixel logatignt ahichebdpih i opps. LaobIek di agram
ich, I ; master unit
R B b e b Bl P B B o 2 e
nastEw unit 1la includes a receiving device 16 which recelves in real
i es of .obj ect re | ocated m‘ﬁ£&4 ed scene 15

tinme, S 1.5, ghich_
acqui regaﬂvlsaw fotalash o 2a @viceedigtial FeliEieR e §i P of an
ai rbgyined Yebi gllﬁei{sm?fal SHAWMBlizatidd &t %b|je5tsv"f15cr@atartﬁmpe{lﬂgo]ﬁ‘ﬁtézhed i n i maged

scenery 15' are selected’by a 25 human operator (not shown) of C&C unit
11a<m0Th@HG$erator deC|des in advance on the |ocation of imged scene 15

(jand accolrh(‘ilé ngydlgt%ﬂ re erencelrget})t 1sd(?e?1tvbr%§t(iar?cr>]woi8)ttg Ei\Jperating 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



ai rborne vehicle). An operation system 23 (a central conputer g/imé[hﬁﬂm
appropriate software) reports (arrow 27) to a database 22 infé@r £*0
useful to recogni ze i maged scene 10 15 (e.g. its geographi cal

boundar i.es), accordingl at abase 22 extracts an appropriate stored digital
referéh‘;uﬁﬁd“&%F@Hd]ﬂ&%ﬁgé§p¥Wﬁb§H“ &M & - (g ! i ©A%obj ects 15
may hep@dsi ng) and sends (arrow 25) an inmage of the appropriate digital
reference map to image registration unit 21 which also accepts (arrow 29)
DEC 2003 fWbHe thecaivontia bevbee descitedredl rdspee tdiagiimatd nmagesobdf a
perspectiyve vj e obj ects 5.1n imged scenery. 15'. Techni ques of inmage
regi§fﬁgpygﬁnﬁs£a%lyh?h@agmﬁgéﬂEWrﬁﬁﬁb’mHHWP“2T°é¥@“WﬁPdHM " known in the
ast anglicnohudetha iP@oR WMaalbetlhanstialom ABLRAL. frdn SRNGAGL MMdehpd I ansf orm

met hod (see e.g. "Automatic Ceo-Spatial I'mages and Da ta Exploitation”.

Pr océddichigEcBonspl E, 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 inmge 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. Thus,
-in database 22, a newdigital reference map i s forned which includes
updat ed two di nensi onal synbolization of object: 15 (at their appropriate
coordinates). 15 This new digital reference map is delivered (arrow 28) to
operating unit 23 which displays it on an appropriate screen 18.

Simul taneously to all this automatic activity, while watching in real tine
the perspective view of imaged scene 15 which appears on nonitor 17 or
oil screen 18 (together with the digital reference nmap), the operator of
C&C unit U. 'a perceives 20 constantly the situational information rel evant
to objects 15, and can whenever he wi shes, to nmark electronically the

| ocation or the inmage of objects 15 in the digital

10



reference .map appearing on screen 18, by using a cursor control device 18'.
The digital grid of the marked objects is stored in database 2% 29 §§ ond
| aver on top of the digital reference map. Sinultaneously the di 'IEI @laid
regar di ngw e dmsked objects is transferred via a data-link 19 to all other
network interconnected units (not shown) of C&C system 11, in which this
situational information is incorporated (by units which are anal ogous to
operation,system 2 i nto.the. diagital ef.erence f _imged area 15
ohich 1o 4t or ed hrpH A TRSRRE TG U lopal BETEROSRLRE-h b ERAE0 A The same
ti meplutdiey bNéQRMREd AR ddnaashar@ehpp¥indakdstkpsnie: 19 is visually rendered by
the receiving C& units and di splayed on the screens of the respective

di spl ays of thé&de upfavsdingecath panmend aerheongo! tmea preebanim f9ivent i on i s t hat
operators in all the network . interconnected C&C.units see on their screens
at the sanme tine irr% s b Ibé?ldle eéffncfggiggrogﬁfgoﬁcg%“g i"Ch~ i ncl ude updat ed

synbol i zation (19. 9. rd¥BiRiong) at0ast fHg: GAMBandohjdevhtol Wi deinidee of nventi on has
been described with respect to a limted nunber of enbodinents, it will be
appreci at ed that naaysaEae i whicBn&nclydssi 24 detsi o ghigCotWErr appfli cat i ons of

the invention may h - WM ut departing fromthe spirit and scope of
the i nvention. 1%6%@,%%%3 What is clainmed is: 1 A nethod for sharing

vi sual situati ¢ral repfsantiat bbidiecebjee dnaganbDagd acenp husabidigitabf command and

control units conprising the steps of: (a) providi to each command and
control unit a mech&HiEHeFB:P Oissﬁ‘lﬁirfitgfdmao‘ﬁicﬁi“’t‘%“draé gP%ﬁH‘&lé‘“ﬁap of a

geographi cal af®a; ypdating a situational information of said at least one object in
satd digital reference map of said at least one command control
unit according to said received image of said scene and,
(e) transferring said updating of said situational information of said
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



(b) receiving by at | east one command and control unit an inag%‘ifD Q%mﬁs
whi ch includes at |east one object within said geographical are E :
regi stration of said received i nage of said scene to said digital

ref erence. map control unit; (d) updating
a situational ﬂ%?d?%ﬂﬁ&%§1“5?“@ ququogﬁéF”W'g ¢ ¥67%dt in said digital
reference map @f) sak@q@hn$eﬁ§ﬁdpﬂ@mqm@ma@gy@ontroI unit according to said
recei ved i mage of said scene and, (e) transferring said updating of said
situational info] oration of said at |east one object to at |east one

ot her command and control wunit anong, said plurality of command and
control units. ?. The nethod as in claiml1l wherein. said digital reference
map incl udes aThdirgithd ediotlhinogoniadreiphaidogeapingdt <saidd geagraphi cal area.
3. The nmethod as in claim, 1 wherein said i mage of said scene includes a
per s PB4 erewhaie osatpnds s¢leced romethe Bjatcongstinged (dondd @8 in claim |

wWher g fly g hehisle tHl?E't tOaﬁg&fgg%ﬂ@&%@@fsﬁfveﬁﬁl&& pcﬁﬂt An?ati):onolglg 1?)?1@“ I ncl udes

information in fregar ge inflicted to sal one obj ect.

11 DE@s”003 The nmethod as in claim3 further conprising the steps of: (f)
acquiring of said imge of said scene. 0 The nethod as in claim5 wherein
said acquiring is effected using an imaging device whose |ocation is
selected fromthe group consisting of onboard of an airborne vehicle, on a
t opographically el evated surveillance point and upon a top of a nast. 7.
The net hod as ﬂhEGn@hwta&imhﬁﬁmih\mahdnhmﬁbénMQ seletotedditémotiet he  group

fﬁg;le%tui)n nms’(mf of opglcal unggess fnnth% hv%mgfe infrared %nqgm'r’egrtleunar\’fa A%3 ages, ther mal

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



| aser .radar inages, radar images, inmages of an output of a chenlc?.mfﬁqﬁﬂis
and i mages of an output of a biological sensor. 8. The nethod

1 wherein said registering is effected using at |east one techni que

sel ected fiyom tiie GEQYP 5 ORSEISH| r“)gx\th]@sQQl&fJ'an%Iof hanghRfighal Tet hod,  a
sensor nodel transform nmethod and a features matching transtformation

rret hodornThienmdtshuidatdsast one Ioauem n gauk t/:h@rllycbmbar)iedmngtaﬂ m@e@eqon‘@p (1)

in sua t hod . as in claim
3 T OPEERE ehRET s RS G B e A P et bRt per spect | ve
V|emA@ﬁMgahQﬂ@kduﬁaaﬂld@@ﬁaghhﬁct 12 I OI1C 20031 | The nethod as in
claim9 wherein said updating of said situational information of said at

| east one object in said visually displayed digital reference rap includes
el ectronically marking of a registered inmage of said at | east one object in
said visually displayed digital reference map. 12. The nethod as in claim
1 wher ei n2sai dThé arafc@rsiinglaimal wa@sintJarNSfiefoiingincRMes nanddghgal data
link. I The method as 1l claim12 further including the steps of: (f)

i ncotyoraigigdatailekdat a-1ink transferred situational information of said
at | east one object in said digital reference map of said at |east one

ot her command and control unit, and visually rendering. by said at | east
one other command and control unit of said data-link transferred
S|tuat|onal informatiqon  of said _at |east one object. 14. A systemfor

t
i nprovi ng'the §hg fsteg3ain %{wé%égélebfnc; die f aﬁﬁepsyofof

(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 unit 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



command and control units, the systemconprising: (a) a pluralit

command and control units; in each command and control unit a%it%&s@ﬂ&

| ocated in an addressable nenory of said each of command and control

units, each said database storing a digital reference map of a
geographi cal area which includes a |ocation of at |east one object under a
surveillance of at |east one conmmand and control unit; (b) a nmechanismfor
updating a situational information of said at |east one object in said
digital reéPerend® SEM 4% 18N d4nvierein a @npard dFopelgaigimenscene whi ch

'an| l{qlgﬁal&lax Q cﬂ{coln‘%%td aﬂ@%ontﬂgluﬁﬁg is ¢ gglll %alﬂlcomm cation mechani sm

et ween 'sai d | east one conmand con unit and at | east one other
comand and control unit. 13 1 DEC 2003, 15. On systemas in claim14
Wherein a command and control unit anion,, said plurality of conmand and

control units is a :around station. IT The systemas in claim14 wherein a

command ang commgfstulwslﬁmng L5 BLiRlWoliddot [0 SRTTENG Afghacont rol uni t s

is on board of au aircraft . The systemas in claim1 eréin a command
and caduﬂmHHWwﬂpomnumganéaomu@hmnahunyxmkhﬁammmnmﬂand control units is on
board a ship. 1S. The systemas in claim14 wherein said digital reference
map includes a digitized orthogonal photograph of said geographical area.
19. The systemas in claim14 wherein said situational information of said
at | east one o%ject includes information in regard to a danage inflicted to
said at | édst @ﬁéyﬁﬁpé@ﬂnC@On14h@kgyen@nwmsmdmndkammﬂlmd'whane|n sai d

TeChan) Gl $B05h bR bSR30 R MRRNRRLAMEST | mRoe registration of said

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



neap. .21. .The systemas in claim 14 wherein said communi cati on nechani sts

includes a digital data |ink anong said command and control units. 1 26W3C
2003 1 The systemas in claim14 further conprising: (d) an inmagi ne device
to forman inmage of a scene winch includes said at | east one object: (e)

an i mage transm ssion device communi catively coupled to said inaging
devi ce, and. (f)Thalsysttmagen dsleicleizvt‘lmgledmimx&iw said at | east one command and

control unit com‘rum catively connected to said inmage transm ssion device;
23. The system(®s i AT¢MARREZOViRR& EIRY aéhi“éf”?r?ég?e“%‘fe which 18dBds i ncl udes
perspective view of .sgi.d gl Leas ne object. 24. The nethod as ill claim
22 wherein a | ocati Sn o? sasltg ?n’%g‘iqng device is selected fromthe group

consi sting of ¢nboardiofgecammamisbonnievicebowhenicanvay cogpafroaphi cal |y
el evat ed surveillance p0| nt and up a top of a mast. 25. The systemas in
clai m 22 wherein sard |“Hﬁigil‘$lae\6%%?€ is remotely controlled by said at

| east one commpgd aQﬁuﬁ%":E@mHQHvae M saithg |SXBE BRI &lgal m 22 wherein
sai d imaging device is selected” fromthe group consisting of optical

i magers in the visibbwyoliunit lcamedmma'ag@y soniteherdnabaid imegger s, | aser radar
i magers radar inmage chem i mgers and bi ol ogi cal imagers. 15 DEC 2003

The systemas in cl é?‘?ﬁ‘??l‘?‘h ?Vﬁ@r conpri si ng:

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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in said at | east one command and control unit; (il a display f riggﬁﬂgmﬁ ng
visually said digital reference nap stored in said at | east one

and control unit: (0) a display for displaying visually said inage u said
scene and, (iii) a rnechanismfor marking of a selected object anobng said
at least one object in said digital reference map stored in at |east one
command ard con}m@yggﬂhgh{aa@pgpﬁgg@pgmﬁ@ﬁﬁKLd situational information of
said sel ected object. 28. The systemas in claim21 wherein said at |est
one ot her conmithifid anlgast ont eonmand and ¢utrgliesit.a nechani sm for visual |y
rendering of data recei la.said digital. data-link 29. The system as
in claim28 wh ﬁein§s§5é2g3¥1gg;%WBﬁe‘bgﬁgr”%gﬁﬁﬁﬁﬂ “gﬁa”%bﬁapol unit

i ncl udes a mechani sewotalrinisa@ar fedsabhdéneabid Midsdsatecor @idering in said
digital reference snap stored in at |east one other conmand and control
unit. 16 ABSTRACT edispiay foy GeplagurrspalbErHOD RD! SYSTENERGR | MPROVI NG

SI TUATI ONAL A NE GOMAR EN] |15 ) for sharing

vi sual situaty@ﬁgl ?n %ﬁﬁ%tlonpﬁ?ﬁgﬁ%ectsggﬁﬁggogécﬁﬁﬁgggg%PEgonnand and
control units. The tmfthact éhedt udesidtdigts refpenod nppovdrdd hgat leasteach conmand
and control unit a nmechanismfor storing a digital reference map of a
geogr aphi cal area, PRCEIVMAY B SHECH RO @CCOBIREnP SRITHSIRBHEREI unit an

image of a scene WirGhhdidGloddas s0BGe@PhbjERr € obj ect within the geographi cal
area, registration of the received I mage 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 nore other command and control unit. FIG 1

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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