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Awar eness of Command and Control Units. S BACKGROUND OP ﬂm“ ‘l The

present invention relates generally t0O comunicati on between £9 nd 1111C1
*CAltl'Ad ~CG~CC~ ullltS, 11101'e pal'tliCllal'lf 10 dl~Ital data C Challge
O\'el' a datag M&ho@%hmgtc ﬁ:%ﬁ%?im%ét&ltm'l A?‘%Il?_?]@s@QWCr()‘ﬁ%lpﬁ(la' rborne

vehi cl es. which are controlled by the C&C units. e present I nvention
al so rel andCongroktngs.i Patent No. 1 1103 to Sroka et al. incorporated by
reference for all purposes as if fully set forth herein. As will becone
apparent upon reading the detail ed description of the present invention,
the present invention relies on topics of digital nmapping, imge

regi stration and visual display of data |ink comrunication, all of which

are prior ar BAGEGRRYNP QEJdFE BRYENTI®Ne fol | owi ng patents: U.S. Patent
No. 6, 160, 497t 0. k ri a.di splay and nethodol.ogy for visually
rendering di gzgrihte d?l%c?gi{ }alwl%:ﬁﬁﬁn (l:egﬁ’rgr% ?“éiz'ﬂﬁﬁot SCPE '8%'1“0&} l?e \r\g(%/”[ “AREY0T her

aircraft aad caftsInE&O) tisits, hivee Fin‘Si@dnl@My neaYligliteBdAe ckehahfi@ o @diTaCdadd tinkgockpi t
visual Iy displ aéi&g? the digital 20 data |ink comuni cations. The display
may al sobpevegge Witgr @findgsuadcdrts Faquisise oy adirarme iveliiclest rvefieh @rgont r ol

unit. Vi %H@%‘AlYedddﬁpg%y&@gnftge digital data |link communications allows a
[

pilot to obtaln uat1onal ‘awareness by nonitoring the digital
coniuni cat i offée lpeéssaeinvantiar afd rel@aadtonByachePatse WNd. 1 1 C@Gtbiondbkast i t h or

replace nonitori the voice comuni cati bei.ng exchanged over the voice
25 channé}@lp%te%%y%éweﬁ%.a 1@“%’2?%‘850‘f?‘3?y8§§6 FBEreldy  © et al. describes

a system for agep d i - i L t in lying
5 Shet o b SO BTE QuEal pRBRESRECLLYE HeRYgRin I SERL 10,

map genemnateotiomnthe quesent iingentioe ddiea omttopmspef shigitali wreppiepr eswegt at i on of
the terrain on the face of a spitaple display . .such 3.0 .as a cockpit

ot r uneresaen Sosky g Espify Shad Rl cahBBiTuasval G adethiobs o
navigat i gavtigers&tbednt thefoedidsatdhitspl ayi ng navi gation information in a

vi sual perspective view atent No. 6,119,976 to Rogers describes a

U. S
shoul der | aurlé-ﬁe@a@nhh#@néd69é€grﬁ®1621§§a1¢§@i®§§t@ﬁplﬁbﬂmbn@m(dbm)mf%r head
vi sual survei |gﬂﬁ§' for t S. 1.*c000Q2* Y. inv jon
i ncl udes\”asuaflelll coAnal S a(ril1 gﬁg?fﬁa\/@r&?g%rg}n%wcai@&%% twrf%le)l/1 %%J}?%uaﬁ@ hgtgl%# roma
port abl eairadfiehgroun8hmitaf or enenti oned Israeli Patent No. 111069 to Sroka et

al . describes_ a thod and sysrem f01' marki.ng obje¢t iImnmages acqujed at

hi gh zooni ng ey digley pyay wridpamdng HEgRit GOl x’é@ylgléplﬁwgrt%g@ﬂﬁlap havi ng
a wie 1dfc, 1ihilcoRimuMstions. Fhe disPRy i difo b&ARE fla §BEnPId Ao shel] f €r ences
addresses d situation wherein a Visuall status O an object whose Inmage is

acqui r edabyatogheaic&@affit tconolhumitnaVisvally ydisplayingdthiel dighahldata nenki n al | t he
C&C units which are C@nnect efttto E)Fi.s Q&% unlt. Such @pdat ed .i nflormati on
will be SUBPUPIAHPIS LS, PUHOt'R 0T SEPEHAR AWAFERESY RGP Phd % per at or s
of the i gfgethNEsnfadinicdfibhssbé@idenvhiréraRCaktEhidl We dsed til @BmbinktibR &%HEH 6ni Ng new
objects for airbone vehicles under their control As an exanple, consider a

fleet of replacer mpnitering ithe voigsep@nmuBigationsh bping orchanged 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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i-ts own Squadron of aircraft Each aircraft carrier is thus all autononous
command and control unit with respect to its aircraft. Besides, assune that
sonme of the ships 15 supervise collectively the same geographical terrain
tferritory, thus they use maps or aerial photographs in which the sane

targets jymy nﬂ%ﬂﬁ@ﬁ n C&qul'e@&lﬁgﬂs#sa?ctc a%@&%’lgr Vil ﬁ’\iu( b a[{&ln q{}qeﬁonhh\e C&C of
ip ges peci 1t the Cr af T

one of the s S enga a specific targe gll’ al'so transmts
back t o pottabkHimchenl y) i mages of scenes, which includes the engaged

target. 20 In_ ucIP a case it should be beneficial that the rest of the
aircraft carrilbs MYRHGHEoNd LinshiePadent Ne. EhEidetoobrokpecislatgecrdres the
engaged f af 88t @ng sttt So A VU Ring SO Qi Res Ak GE AL YRhY Hhftlagt ing, 1f

t hey ar e La[“r eei“y ”ﬂrﬁ élyrﬁ) théglglbaw%:gal 1’§9 F%&&Lﬁk?g l{s\ég%?/fé?(g%%r ggtﬂ]gl n the
past> opabatigrisagingtdeeidench ¥ vefe@hcccimnp hotingnivtide tieldeof abiveolifhoscdricst eni ng t o

25 verbal co ni cation to mark by nd or electronically, (e.g. by using a
nouse) obj ecﬁaﬁfiﬁéﬁgl'B‘ra‘ég&?‘ﬁ’l‘ceﬁﬁggﬁﬁgﬁﬁéﬁﬁ§¥‘at\ﬂ‘ﬁ‘ﬁh‘i‘ﬁé aa\d?}é‘i tag\‘S.Ot
"speechl eashjcth Ao ifaleds hidlliredBIBHRICRE NS s RELWRABAIGAPdRRY iHRediS, the

operator of a control unit no longer receives the necessary information
per mi tti tigndinmlk e BakQuaite whichohe neescied te thas G&Ganidbj ect s which are 30

reported by her control units. .Furthermore even if.he. h been exposed to
this vast qugli'tcﬁﬂpg%ﬁcd}}% b‘&f‘“?‘hWJ)‘EE&%‘F%HP}?HS@%W t_Be AEYAUE Y ¥R S S handl e
it.10he pAemenépdraveeNbl afle finfdriell NC&CIRRIANEIPHAY i sdeBelpillel HiRhAtiRd

advant ages. 2 Y SUMWARY O THE | NVENTI ON The present Il Velltl Al

11 1C11 | dessaigsig| e ¢bjegis faraigprmeaghfclys' undpratheir cpyjrolbet ween a 171111' 8111y

ol del” ed 911 g copidl Foefh it e nert spdteniy bl ol O unger

ST Vel 1da)vhiCequadroradf aiBiraft IFEEN didPafVearkiet (& tGus hiVlah@®hobld cdiidfand
11101 IIlTall011 IS tranSfel'red 111 1'e81 t11110 b\' d dligllal data-fllll~

COL 1111 nd 1cpeirel yrh Withaegneat ingits erarnid: Besidsentsumauviagisone 9t thesbipss
7P Ry ok e A0 AR 2
t he st epaeﬂéil:ph(oa:)grths(iN!v\dii(tH the s@metpetClaylappdaal | d 811d 0011t1' 01 LIIlit a
| eCnal IS S el 0Lt Sl REaREshedl b BESBSED o2 o,
i mge of eAgfeRap¥itic tarbOCHédeRrat alkS BahsnRIRELHARRILE &K 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.



Located within the geographical area; (c) registration of the received

i mge of the scene to the digital reference map of the at |east one command
and control unit; (d) updating a situational information of the at |east
«ogl e object ill the di gital reference map of the at | east one comuand
control unit ] d i mage of the 15 scene and, (e)
transferring ?ﬁe upgg??ﬁglfj?ﬁ}ggﬂg??ﬁatl onal information of the at |east
one object toTl plesast ingagiont meludeoarsmsidmamd! setitodofor Ishztht b8wlebdld g t he
plurality of co nd and control cor. di n present ipvention
Phore. | SHBRUST Qb Ercen e Fun it Shgrara & 1ou Potsarcrhanentossl of
plurali t1Yll(anaﬁngﬁrngﬁHQOQﬂmcrtsohndén'stmve‘ilnﬁlcgwta%mnaglnﬁo(mﬂélt?' Meret®) 2
plurality of conmand contro units, in each con Inmand and control unit;
a dabtabase lhtmatlednnmrarsqudrlesesvabhe ln'emjgyalccﬁtct-hlé\ eamhwmltalwmmnd and
control units, each theldatabaze stf)ri nﬁ a di q referle %

geogr aphi cal APAARE OnheRREFGEIEIFIBR AFSE S d Oerq 82818 e‘obg]El 4is under a
surveil 1 @ngg SfusfonhieaftorRAGo ONMRYBELcRN Mt fc@hinkHMdt and Pdare® BEHANI sM
for updating a situational 25 information of the at |east one object in the
di gi tal goefErsencdesnps of: c{ﬂ)anllowldlmm@ e@t:h Icexastanémedemmﬂnldltanue@@msnbl uni t
in accordantcet ‘ﬁ t§ % N q)efa . g v W\k? | , ttlhe at | east
one obj e St PONRE @ ( 5’1 }ﬁ?ﬁ%i'}:agtl 8ré ﬁ%‘@ﬁ ‘ﬁ? %Ebé g?,WHlf )a 8L one
compand @iegmeanbrd®lcohtblt uidndn dimafeasta @8R MR ieamBRA |@BdogOBbjedl unit.

O her objects and goals of the present invention will becone apparent upon
30 r eadilfgptehevitivn [thiicsesraniaiedli 3ed o) irpgisemjonnet enregfived tmeses 9F tesni ng
figures. ein
[1.9ures. cctne (PRI PRICRLETL M CEr 1L, PRAYLNCE NG, INPULARA ok ey

LIc:d ILllidaha,I; layditulationa ri afirmgson mﬁd’(eeatnleasﬁonk dBINO\En ehee Hibirel ﬂetf&ehéd a
COIIIIIaIId alld 0011t1'0~ SyStelll ~1CCO'CIIl~ LOthe ~II' St

|11 Vel | thep of Hie 4 leagt one eammapd eprirolaiiticeacarding fq e Fpecayeaimoea of Haet ween

el eignt 1 I sent
rventi oaeu g BPA TR e B e dh Rl R R R SR 1R

enbodi rrmnesobjecrtelonatalleestrmte otherecaiagland abéd cortralusiit weroagdht pliraltytof n any
way the sc f the i tion, rather they are used as exanples for the
clarifi 8{’}"‘8?{"18 ndﬁ%uroﬂ ﬂsfl on and for enabling of other skilled in the art
to utilize 'A&okdlﬁ%tt@ﬁ bregent Tﬁ@nﬁi’dﬁ‘h@ﬁﬂs@flo‘hﬂ&i #5 forl iMpReMih@Ffhd S t O
updat e automati cal in real n edlgltall(}/ ata regardi ng the status
of an objiteational ozp\g:gemss aofp|aup 3 ttl// Q,(? 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 least
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.



i-nt er.connected C&C units, in accordance to an information about a
situational change of the object as perceived froman i nage of the object
whi ch was acquired 20 by a renote sensor controlled by one of the C&C
units. A non limting exanpl e denonstrating 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 units, 1lla to 1lle, interconnected to each other in such a
way as to endgbtER DESORYPUIQN IGH THEIBRAWIKEGSL9 bet ween each nmenber 25 of
the group and the rest of the menbers of the group. The interconnection can
be carried outhepyivarpmistlisstiridserribsduby iay wfiexample(anly. witls raferepey & cal

W ring optical fibers, or via wreless

comuni 2@1 i?%ﬁﬁ‘tpa gﬂl d%g%qgg\?{h?%ngroup 11 is in charge for the surveill ance
of ascertain [y&odr sipiws alenensain( acbmahodnynd &nuioheyabisetccatdian @ihd he
engagenment of targets jn 3 0 that area, preferably by renpote command and
cont rol DPB§sCR BERtHE Ahi cl es flying over that area, such as e.g. an

unmanned | ow aht bt sl SRR BN RhdRIADNY BNGLR chimdifid 6 Sufiiid fld ed by

unit 1la of group 11. or ne ve carries onboard

111 a~I lchntrolleintt moﬂaﬁnd@ thé:ﬁ(etsbmthhe:lmﬂ)ﬁla~es G ~ SCelle1 S WLCh IS

| ocated |11 tile ~eO~l "' aplllCal area which is under file ~urveillallce of
C&C unit 1la and which includes objects (5. ~ifborllc vehicle 12 carries
olljpoard a d'allsllllItttlll") device I~ \~~lticl~ transmts O
\W~I'1"C-CSS1)' O' via all OptlCal Ilbel' (110t S110\\'Il~ all 1111a~C. O -

SCel le 11'. \DETAGED DESCRIPAIONF AyIH FMBORQIMENTSe 13) to an i mage

recei ving device 1l | ocated i C unit 11 a. Ila’ receivin device 1G
reconstructs J&%P‘&F?‘ﬁl“ﬁ?@&@“ﬁ? %SB’naée ilgtl“’\tlﬁ‘?ldﬁcﬁw 9 l?]%?ﬁHBStb‘ﬁjaélétgllj}gtl n an
addr essahl g,y oI the | 2688 i0¥Nh@finGentiOAP RS }heP A udddl aPlefamBles e tBe C&C uni t
1la is depicted i1l greater detail) of C&  unit 1lla. Besides | O received
di gi tal dlplication ofighedtvengon andifereiiablinglios pihay skilled in te et utilizreitef

dlsql ays, . %C TR | ocated in C&C unit 1lla. Each C&C unit of group 11 stores
in the da b e of its conputer a digital inage of the area, which that
unit supervi sBise ptfpesaef itk pdasgnttlai/entmgne tb npdadefitommiatly ehdobjest s (e. g.
objects 15) that cats be af%ect d by ne ns that are controlled, | 5 by that
C&C uni t. “N/Br‘é‘glj%l%érd;ﬁ ye&Rfien |5ﬁ%tP§1 da%qbﬂﬁcﬁ stored e @pelugality nef present
| nvent | 0fefedhnBlibd &N uhils, w*a' 5okdMREL N9 AeHiGatdn! SHodPla GRuAERALD Of a
flying vehi ¢l (e, rather it iIs positioned "on the ground”, in such a way
hovvever casng@oéﬂmbcblaecrtt@ rewreved| frem e iorage o€ theeolgéds ovliicly was @nguiyed E. g.

evice 3 IS positi d an t r hically 20 el evated pl ace
I i kgb i 92 TR ?:ﬁer}SSEﬁ%m%)\yga%P’to eﬁﬁﬁ?%‘ggﬁﬁa@al ley, or is posted on a high
mast  ( el t her Atn Bi@ting exaniflidembnstiRingahé ReopeesMhe Prédenf eventién by oadened
in context wwth the present invention to include these situations. The

dat abase %’Pg‘i%lalFIGrrhé‘éWBfChtrﬁ@mé}céés nQRWmEHewi | | be referred hereinafter as
the "digital r 1 et ¢ r

conventi onal or Q{)b%hogo gl 2 12?0 ragﬁ"?qlh% 1&@%1 u@%g&gds% zed by
known teochhéanesﬂch A veydhis go BMbld: Mcemyld@madata hnk@tﬂs banxebyemhhspémbeld on a

sui bIe devjce as display .18 ipn C&C unif 1la. Althouh oth maps
o 23er it DR SR BEES ot B miprbes, of G tgovioy heriakisanpre LogAn e

phot ogr aphigriéd %uﬂtbs' ABP fetwdiBing AR vAY i ag0aa! (ergemsﬂﬁgephﬁda@%ﬁ% dshe
earth's 3 0 surface, nmeaning that they are directionally and geonetrically
accur at e qleatripal sondugtens; Wtwﬁbﬁwfﬁnqra’!q witslesyaoaradniption).oj ecti ng a

3-di nensi onal ) r n hand,
di splay a hi gf@%@}f‘%@ 6(;\-#19}16?1 ?Aa g?tcp?){%g fﬁlﬁhfeogﬁt"gﬁﬁm%t %fp)?)grefa{%ﬁy i's

di st or t edgeogfuphival ateaq@or ehdwn)nby aheeohmdatlb@ for ttlli&aexﬁgagéméﬁtl &ﬂtargmur enment s

froma hoto ra e not accurate. 5 1 Qgrapl | is
TP ISaL i Bith: Draaaaa 1y rifote oanand, andpontial o BEboma Vel 5led SSINE K ol |
wtll t\ﬁﬂo&&ﬂthateire@%ueﬁ\ékl Igg ahhﬁﬁnarﬁéél %ﬁlamtha@réxﬁéth é{leplﬁ;{-ed eem@@lx!ﬂ e
polITtll15 dOWI 1 It allgleS t0 the I Inal tO gl"dAllld,

al | d Vv | witiehlis mtmllleﬂlbaplyutlltlauoggrcmpsw C.



[-CCA'dlll~ly, the ~T,cO~l"a~111Cl1 | CCatl 011 O~ eal | pdIlIlIll 11l the

di<~11111 1"eld'"ellCe Illilp IS 11110 "' V11 because its pOSIt1011 VeCtA'
\W'1t11 fCSl1eC IO \'ISIlal leatlll"eS 01 I'"Cel'ellCe lalldilltll"kS OL1
the digital reference map Call b2 detel'lllllled accurately, wherein the

caact geogr anlihe ORI MALSFI by aﬁrm%kwﬁthg‘%ta%a 06fagy known

surveying techni ques. be noticed W £h regar present
i nventi omft hmwhei I S‘\Fhld:le i$ Hecsftattml@\epgatma;ﬂniceut enee high tial uum:psthef

i ndi vi dual uni sl have, 1 identical, or to overlap conpletely
t hey shodPHCﬁg\%?/B aﬁ'gfgf'ﬁ‘&ii‘é ﬁ'?éﬁﬁieér?béec lI%uch as area 15' which
cont ai ns obj egtisorievelibR lQQﬁ[lqjéSQﬁ‘lt&)%l(( aﬁ)h)ﬁ%nﬁ}tuf?'fde@fbeqm %ﬁ] chltPuS s e

assigned in the digital reference map o ence I1ts exact
geog? aphivgallesshcat vonac antited (llsr ded:teslwmmédmtmm)ac axicsoenmh iy . t\(’hltlh&\asbj ect's

appear ance i.n scene 15',. acquired by, i on board
of ai rbor"h‘(lel”{}’(SIhP)(:I”?e“@?E c%u l;’ 1P dgBasqieEhYIng device 382’3"?‘1’1 a‘%ést ogl e
video frapg k. aﬁadee@@éwmneaestcblmlle&hﬁnu&@aduatatmﬁ Sbt dcBfk bsﬁ Whichor ne
vehicle 12 inr cal tinme to the C& unit controls the

respect i vieeleder dlueete 1§ émian Bédxtssablzownonlyelocaﬁ@nroéﬁeqoanmeen dslnglain Iép, ei t her

maforgat af p n.a.formt. of an ort.ho | .phot satwo
di mensi onal' lﬁeol%é{e@ﬁnétnl 1 des s '9 E‘i%ﬁ%' g%@ gpﬂ%%c d‘l‘"togﬁeg?

sceh@ry i&eivadqligitddnlaye ioffagjedg1sleviiseal Bdigflagidrdioseasy @ht oF disply susual ly
corresponds to a perspective view of the scene. Self navigation of ai rbor ne

vehi cl es 'ﬁsl%@cﬁfﬁéluﬁ upitglao or| ent thensel ves 25 according to the
perspective Vioy @k S&?%ﬁgﬁl@t Cﬁl tﬂe Qi]af P&l 01!1%’&?161 L?telp[l' %\éflrt Thi s

orientation is base correspon en two or
nor e i magasgenbt Cth\e |a$eakn;olmh ithatt lJilﬁt &t’llbelﬂlSeS ﬁh@&eﬁﬂgd@italaim@bfe uﬁtﬁ&le@

"Aut omat i c Geo-Spati al mgges and Data Exploitation”, Proceedi ngs of SPI E,
Vol . 4054Mages A0 §Ct(ep Oofcl I dhajean Pé&fféﬁf%ﬁft’ negang that preagpitiolEi st r at i on
process by ught ¢§AE Whitr epresentation of the correspondence between

overl apping sets of 1mages; usually a nmapping filnction which in the
present i nveMororgentral?msﬁabym;nclhéakwahmdhe coapedifitht pesagtin@htibhés a

per spectiye. view i e into.the respondi n tial coqrdi nates set of
the ref e?éﬁl@é’“dildw{ml? & imaging gevice Egbssmttod’gb ‘28?5%??&#& F-dPOST T3¢ er ence
map) whi ghsibehed bt the tgrdiind OmaducR A Wiy Iﬁchﬁbv@bla@% eidH16 s BRIVENRREL ¥i€ View is
bei ng recel ved. can be identi_ 1 ied and 1~ Inihulated. 1ZCfltII1 ~ pi xel s

of all I the ngightoring scenssy| Gg. impaging fevientd indpesitioned o aitopesraghiselly vi w- of a
][ ie];%encglebﬁg@ ?)lzfcg 1138 Rill),( %vlﬁcﬁ)foolkp %vémsgﬁn&frly r&evaqpt&,e&t 1s'ﬂbsf’édzo%o£re df

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.



c~l"vio~w was al so described in the aforenmentioned Israell Patent No. IL 1
| 1069. It should be noted that according to the present Illvelltloll, the
physi cal nature al ~ i mages provided by the airborne inaging device m ~~ht
~be different than the physical nature underlying the inage in the digital
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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
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 Exploitation", Proceedings of SPIE, Vol. 4054, 24
April 2000.

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.



|+ ~1)1-C Sentatl On & an object or its location in a digital reference map
of at least one | 0 C~-.Cunit (e.g. C& unit 11 b) according to data

provi ded via data-link by another C& C unit (e.g by C& C unit 1la). This is
To say that once the systemof a "master” C& unit (i.e. the unit which

recei ves per Speet ind6ivdigTh HEBERaI Ot el dhee 99{?6%% W&lﬁ%ﬁh@'&%é@%ﬁt‘w! ly its

digital reference p, the digftal referenté nmap of the ot rl1er units
whi ch ar ¢hd bjéant whewnpespedivey vievwe ospheiier reeiwolr keanobe hdemesidean€&C uni t
are update,d.aﬁ Il inregard to the situational information of common

obj ects WHI"UH! %\t\é\%'ear on their digital reference maps. A block diagram

whi ch depi ct REAMRONRAL DfARAnaPELI ah BHRES RhRhI 9N IhdRdan @GBSl ghruni t 1la,
is shown in FIG Z to which reference is now made. 20 In FIG 2; C&C naster

uni t3 11aviaeblidegfewnee ovage tagha pixiebbeo! 18 whagetofrtee ebjeersiniarzaceak fidlde, i mages
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shown) . Obj ecii shaiid Binekedadhgt R8bidth UGS BEEséM ihveEngied. e @RgsiYal Waturdr €

sel ected by a 25 human operator (not shown) of C&C unit 1la.-The operator

deci des ph ladgesnpeovitedt e thoeabowa Isfagingadatices sugle bsdiffeeit heedheli ngly, on
the flight.d Lnat | Qf the.airborne.vehi _.An operation system 23 (a
central B(B))rf%%ﬂelr%&\?\% i"ﬁ&tlﬁ”en%tggr”g%% lgttge %%ﬁ %‘mr/g#eg%ncfélga&ts (arrow 27) to a
datibase 22 Mhiio foradxamipld)sehilelthd digitsiaefnérce nidpag @suablydased3th 4 Sisifle. 9. its
geogr aphi cal boundaries), accordingly database 22 extracts an appropriate
stored dP@ﬁ"’E?&I““P%fffléPéH%f‘eal'ﬁ%lb“%*iiSE‘H’eII%E%G’é’s“@%ﬁ@éﬁlo@é‘éﬁéc%@'ed(bé{ﬁ €in which
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(arrow 28nhagdes, latar @aser exletVintages] eadac émigasiandrimapes whieh drgbdsad onnthges of a
per spective vi{e\\' .ot ~08j ects | S in imged scenery 15 . TC Cl1(II1C~lI1eS O
1111 age u@u} ek thestiad) pd Ploipgic)pensofy- age | egl stl'at1011 11111t 21 are
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tl'allSfA'nl I1lethCd, "a SCIIS01' "II1Qdel t1"U)ITATTI TlITetllad (see
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e Sban SRl B RS PR RO, T LY 7 Pt ot
| srael i Pat entchhh@e inlthe bithatidhaPinformation 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 objec‘t deserves updating is included
within the scope of the present invention.

By the term “electronic updating” it is 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.
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and the references therein. After inmage registration, pixel |ocation, which
belong to objects 1~ on the I O digital reference map becones identified
and is reported back (arrow 2G to database 22. Thus, in database 22, a
slew digital reference map is fornmed \vhich includes updated two
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reference map;. Sinultaneous|ly the digital grid regarding 25 harked objects
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respecti <§ ata sesg Cghesi nits. . 3 0 At the sane tine, the

i nf or mat i f 4 YURSENY S DYIEER 1 nk 19 is visually rendered by the

recei ving C&CrMBid & APGhalionbé Bagsem dhesateetx©@tnk i, HRSREEHR di spl ays
of these units. The final outcome of the present invention is that

oper at or st cpmveslnersmtlnetw kKmageseol tenelyeats) \(U@i@tea mlmlosesellb ntStChgltal scr eens
at the sa ti e i
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| 11 VCl 1LLO11. AXDock diagram, wluch 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 15 which are being watched in imaged scenery 15' are selected 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 accordingly, 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 15' (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)
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Vhat .is claimed is: | . Anethod for Shal'lllg VISIlal Sltllatlollal
[1Tfol"lIllatl 011 O objects anong a IIlil"illit)~ O CAlllllatld and
control LITIItS COllpl'ISillg the Steps O: (a) pl"Ovdlllg t0 each
Calllllalld alld calll*d 11t allled1al11S111 1O storing a digital
r ef er encérompecofvide deagy Bphi al tiae eigita( bhagescth penRgediveaicl epsbje@se command
and contral 11111t all ILIlage O a scene which includes at |east one

obj ect vvi't’Hi_‘ H“éféfidcﬁcﬁ'é"d{jrlébhi cal area; (c) registration of said received
i mage of sai q‘e@ﬁn‘ﬁgﬁestcﬂf iﬁa'gg éggigggﬁh_trsgé By GRSE e gn-aﬁ&l a@wla& WRRFL one

command and contr unit; ating a situatfonal 1 nformation of said at
| east one dbhjwectinithe sat shdigladel a pefyewendetramforof ngdiod. atscheashod¢ie conmand

control unit accordi to said received,im of said scene and, (e)
tran%fet“i“l‘ﬁﬁ“gdpﬁ{’ %gg‘ﬁ " g"f”’%’ﬁ’n”’éc éﬁet)gﬂgf'{'tﬁ(gnérax.&ﬁffdf’r@ff’f'dﬁ'/’ewaeaw8 at | east
one obj ecicct@ndd Jregei:, Oghle 4@kheny cg;twma@@boanqn&%ltgawiumg AORSG o2l d
plurality of command and control units. 2. 'The nethod as in claim1 wherein
sai d di ¢iataks nefanghcansfenmatiool wies iandhgonddzedsioeli Regondb. phbitlogpaph of

sai d gepﬁrﬁ{)hj 1(;aI arga._ .3. The nethod as in claim1 wherein said i nage of
sai d scBRLHEHEIdSEs el spect i ve view of said at |east one object. 4. The
net hod as i nAGlepiiMage WOEERADNS Pixek] Ibdadidh] ARgh bdlbQy PRLLRAOfS SR at | east
one object includes information in regard to a damage inflicted to said at
| el odiwibjaterencelmap brpemereidantfiedsind is repaaiechback (artdve 26 001dar bage | sl | | ~~
the stegs of: (f) acquiring of said inmage of said scene. C. The IllethQd as
i11 claiTll 5 Wllerelll said acC~llifill~is 1:1~1(:Ct;d IISIng all

1111~1~111~ daus.Ga dansse RocahbandipBalsefeesicetndp sofdrhbe wilichQAnkRdes
Calsistlllg of onboard of an airborne vehicle, 0l1 a topographically

el evat eHP4Pd eiq adimenpignsl symbglizaion #ft epicels 45| ((ptadheir 7apppsiaget hod as
111 d a[:(l,c;l.hinjr_,lte\g@erei n said image is selected ti-omthe group consisting of
optical 1nmages 1n the visible, infrared i mages, thermal images, |aser radar
i melges, radafhisnmayedjgitaimefesenoé neap wutehueredf(amowR)ito alpemeing amita2® | mages
oFan out ﬁ%ﬁf a hi ol ogi cal sensor. ?8 The method as 111 claim1 wherein
sai d ret}{[)1 FRleYSi 1 OR AR BRRIGHTIRE ARS8 east one techni que sel ected from the

group consi StSiiﬂx&lt&ﬁeoﬁsmbﬂmpﬂﬁi@eiut&ﬁ%B&fvﬁf&ﬁ@hh@dvat&il%ﬂﬁ%l tileehe t ransform
met hod and a features matching transformation nethod. 9. The nethod as in

cl ai m 1pdrepactize visnpf imageg sdene 46 ephish:appear odimgiitoyiligprvinsseasdenyl&ai d
st op. of CFHEHGRE 8 Rig0irsiiel R BEmiut Bl S L MFLafaBe Tenat one
obj2xxt . cdidtantly 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 system 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



P 1. . The nethod as in claim9 wherein said updating of said situational

[T1TuUl'Illatloll O said at | east one object in said visually displayed
digital reference map I ncludes electronically marking of a registered
“ima~~e of said at | east one object in said ~~i~ually displayed digital

ref er encecBpce Imap whitd MetldedupRitddnsyehidiliado (her iafkisd)i & ticapsher ri ng
includes transferring over a digital data link. 13. The nethod as in claim
12 furthéLLﬁﬁcludlng the steps of: (f) incorporating said data-1lick
transferred sy f o) . t sai d
digital ref e?\’leltrlll(lr:kfalEHr(r?tatlnmé?twll Q{ﬂgn@éehl%ggﬁbeg?\\w%? %SgrL g%?l‘] ﬁp ﬁtlegqiug%e' r{tcont rol
unit, anmbog)nwmsuahhy ee mgjerecingd jiatsmindy akrikteast noddicatibey acdmend and
control unit of said.data-link transferred S|tuat|onal i nformation of said
at |dastPRIHIUER} %‘c e “wtw BRI tRe At VIt doRanigng emdhe st aihicoRtar eness
of a plgfg]lhmﬂ@%nponnand and control units, the systemconprising: (a) a
plurality of command and control units; in each command and control unit a
dat abase | ocated in an addressabl e 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
surveill ance of at | east one command and control unit; (b) a mechanismfor
updating a situational information of said at | east one object in said
digital reference map in accordance to a received inage of a scene which

i ncludes said at | east one object, and (c) a comruni cati on mechani sm

bet ween said at | east one command and control unit and at | east one other

command and control unit. 13 | 5. The systemas in claiml1l4 Wlel'elll a
Calllllalld and control I11llt al11011 111C1 |)IIIl"allty O-~CO 11l 11al 1C
alld CcOntl'A 11nitS IS a f,I"Cllld StallAl. | 6. The SyStelll aS Il
Calnl 14 Wiel'elll a CAllllland alld cAOltl'd [I1lllt alllOlb s~iid
plurality of command and control LLIIItS 1S Ol1 board of all aircraft. 17.
The systemas i1l claim14 Wel'elll-a COlllllalld and COltrd Unit

allldlg said plurality of command and control L1111tS Ls Ol 1 board a ship.
18. The systemas in claim 14 wherein said digital reference map includes a
digitized orthogonal photograph of said geographical area. 19. The system
as in claim14 wherein said situational information of said at |east one
object includes information in regard to a danmage inflicted to said at

| east one object. 20. The systemas in claim 14 wherein said nmechani sm of
updating includes a nechanismfor image registration of said scene in said
digital reference nap.

10



21l. The systemas in claim 14 wherein said communi cation mechani smi ncl udes
a digital data link anong said command and control units. 14 Y 22. The
systemas in claim14 further COllprLSIIIg: (d) all Illlaglllg device t0
fOo1" 11l all I]llage O a scene which includes said at | east one object; (e)
all 1111 age tWYha{|$elrimedis| ol | devl Ce C0111111LI11ICatl Vely coupled to said
i magi ng device, and (f) an inage receiving device i1l said at |east one
command and control LIIlIIt conmmnicatively connected to said inage

transm ssi on ldevi ceme2idhd fBhshaypt wmadhsituatioohlanfor@atiomef ebjocts amdng mage of

sai d sceEe incl.udes a persgeqtive view of said at |east one object. 24. The
met hod A8TRHY Of §PHyod RAd cantrolanits campusing fhessis dfrmgi ng device is sel ect ed
fromthe group cong stingyi8lnsABRAG hudhaflafl hALNGYEMeEhsrisihTod
t opographically el evate survel | [ ance poi nt and upon a top o? a mast. 25.
The system as in cl ai msR2inghetigital refaredcé magiofig gdeywhglecalsuaaenot el y

controll ed by saicz at | east. one command and control unit. 26. The system as
'n clai m 22 wher eilth) sai®Be8 HRG NG et QM ORI EanTP ot HingAss

consi sting of optical ijagefes wilch hichided bie jeaknfdn@r edjcbimagienia, sdiper mal

i magers, |aser radar inmagers radar inmagers, chem cal inmagers and biol ogica
i mgers. 15 27. The <psgienhigsl arep;cl aim 23 further conprising: in said at

| east one comand d contral unit;.(i). a,displ for displayi isually
vaid digital reference rﬁ%lf)trq{%lr%dsa}dh‘eg%'ivﬁd élpaéjeegfgﬁa“gﬁceenggmmﬂgﬁ% control
unit. (ii) a display fQqefeging®hryiolgaidiasakd ohesdhthdndaad cohuslaing; scene and,
(iii1) a mechanismfor marking of a selected object anong said at |east one
obj ect in said di¢ftal updptiiensduatigpalsingrrawtipn ofsaif @hdeasopne yestdhd and
control unit in accord ey A ' t | iy 0f i .4 selected
object. 28. The systen?gg(P%R%ﬁg%ﬁ?§5h§ﬁé#§?%zgggﬁpé@?%gﬁg?géﬁéﬁ%?her

CA lllnalld and contr olunitrictording todsid receinehiangs of §ait saensaad,| y renderi ng of
data received via said digjtal data-|ink. _29. The systemas in_claim28
Wherei n sai d at | &St SHBSSTG ARbWRRAHEE Bhernd shvgrkintormaer il a

mechani sm for incorpor gt g §Ad GujebSietd: e&RURE Jitkrl domiRhdl sdOkdilolr ef erence
map stored in at | east one other ‘command and control unit. 16

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 1 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.
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13. The method as in claim 12 further including the steps of:

6)) 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

() 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 contro! unit and at least one other command and

control unit.
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LLL- MVMVMMIYNG 10 e ;;Q&m 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 system 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.
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10\ transmission device;

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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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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