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Met hods and Systens for Conmuni cating and D spl ayi ng
Points-OF - Interest FI ELD AND BACKGROUND OF THE

WORMENSS@N The present invention relates to trackimmo7/000608

systens and, in particular, it concerns nethods for

di spl ayi ng point-of-interest coordinate |ocations in
perspective i mages and for coordi nat e-based

i nformati on transfer between perspective inages on
RGO AR T el i R e
desi gnate points of int St( or regions) in a wde
range of different applications. Exanples include, but
are not limted to, identification and treatnent of

di seased areas of crops, early identification and
ELTD AQND A GE GROVUND-OF THEANVENTION
i mage- processi ng- based navi gation aids. In each of

t hespnLaR8ent ihiedidnCRMIBN «J Bhckin AySemlfaldN i@ batcular, it
("P.O1") to be i1dentified in afirst perspective

view for, exapgpl e.froman aerial  surv f _Crops.or a
c%rtggg}sa In'i‘e?é#éaﬁ)rb gfsﬁ gayﬁxixg. & Oé%%gglf’feé%Stsy%/cir‘glr%a&l ?&fagoflﬁe
desirable to identify the same P.O. as, viewed from
PEBRRCHEE ages ciody 105y Coorgmatarhased ninformation, Frpdpi babvesn
at a new viewpoint, for exanple, a crop-duster or
péspestior imagasi ahdiffgreat platfafms. The present invention
addresses the transfer of the P.O! information in a
CP”’F’B?tW%U lof phe6deeich QiR ki@ e B@sIeNdmagE processing to
di spl aced) platform The present invention relies upon

i&eﬁﬁﬁn LGS d%&ghﬁ@%iﬁt@ g&ﬁh{t&%to{br regions) in a wide range of

different applications. Examples include, but are not limited to, identification
and treatment of diseased areas of crops, early identification and extinguishing
of forest fires and image-processing-based navigation aids. In each of these
cases, it is common for a point-of-interest (“P.0.1.”) to be identified in a first
perspective view, for example from an aerial survey of crops or a specialized
airborne fire detection system. It is then desirable to identify the same P.O.1 as
viewed from another platform, or from the same platform relocated at a new
viewpoint, for example, a crop-duster or fire-extinguishing aircraft. The present
invention addresses the transfer of the P.O.I. information in a compact but
precise format to the second (or displaced) platform.

The present invention relies upon techniques of image registration
between images viewed at different viewing angles. These techniques per se

are well known in the art and will not be dealt with here in detail.
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bet ween i mages viewed at different view ng angles.
These techni ques per se axe well known in the art and

wowRon/188s1 be dealt with here in detail .| srael i PECEII2N07/000608

No. 111069 to Sroka et al., hereby incorporated by
reference for all purposes as if fully set forth
herein, describes a nethod and system for narking

obj ggheli mAES Weduiliesh ab Bidka &oan] merddy aitogidriied Ney
i magi ng devi ce on a reference i mage having a w de

refeg%lcgs@; i E eﬁvﬁfh | on eft Sot £0th Shefl98 u('l@@ﬁ %0%? d08d and

ormat1 on trans etween

di fferent or ms. V%en i mage ed track .St ens
SYHER TP P PR Y. t%@bm‘f%ﬁ 23 difhgme
_ between the platforns is conpllcated g¥ the different
imaging dayiet oree réferenceo imagrehadna p avide sickt eloyigw. ofthe seene.

when a point-of-interest, or point-of-interest-related
THin ot wmentadoes indt addretd fhiee@hdsﬁoﬁ b€ iforrh&idn winsferplaseen

acquired froma first platform this information
differnehiaiBadt! y be used to identify the
p0|ntbgf-|nterest or update the
|nte est,-rel at ed ratio Q
o 1 WEh IR TRL B SrbRSr ety sprires e
pllcatlon Publ i cati on No, 2002/0196248 t Krau
m%qrmaﬁﬁe rEBier Resveat dice @1a{Prinss §r ermprticatnd g}' ﬁlﬁf@gf@g
as if fully set forth herein, partially aqdresees this
vipwolg dinectiSpeof thecapimpte platfdmsm B viee svkenmepbintiof-oxterest, or
sharing visual information between a nunber of command

potitdo e lrelateG&aTdrnbRionS - is AHEMEREEN irp ghé cobfext Hifemesles
designation is perforned in the context of a

acg?.g'é(? &dth VE ﬂr gﬁﬁoﬂﬁeﬁﬁﬁtxﬁﬂrﬁﬂu% dafifiot H%‘aﬁﬁmé Wed o

users I

identify the point-of-interest or update the point-of-interest-related information
in the context of images acquired from another platform.

U.S. Patent Application Publication No. 2002/0196248 to Kraus et al.,
hereby incorporated by reference for all purposes as if ﬁlly set forth herein,
partially addresses this problem. Specifically, it describes a method for sharing
visual information between a number of command and control (“C&C”) units.
Although point-of-interest designation is performed in the context of a
perspective image, presentation of the information to other users is done in the
context of a reference map. This renders it very difficult for the user to
integrate the available information with the real-time image interface.

In the context of head-up displays (“HUDs™) and helmet-mounted

displays (“HMDs”), it is known to present various symbols and other
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context of a reference map. This renders it very
difficult for the user to integrate the avail abl e

WO pdoonsmri on with the real -tinme i mage interfackCT/IR0Q0®0608

context of head-up displays ("HUDs") and

hel net - nount ed di splays ("HVDs"), it is known to

present various synbols and otherinformation spatially
: : Y 0 p [ : eRe
iR TRREN P P EARORATOR, BT ARLRELE Yeds SRR eene
dnformation for e synbols may.be.derived on_the
vigysed 6 B a ek AR P g01<% BPiSR piERER R il fymbols

inertial navigation system ("INS") and/or global |
maso be derined pat (181@%@. airppedt pesigipn s andigated hypn inertial
systens is in the order of degrees, and is hugely
naivigagioh 0sydtemt (FENSEY odndidromgloblai cposition ysteohi(EGEE™ by The

i mage correlation in high-resolution optical inaging

reSMiSBT sUdiLERtdrss sNBHEE BfRr df ABLL e, Und B HAGES hedfior to

di splayi ng pdint-of-interest coordinate |ocations in

erspecti ve.i,mae r ' - : :
o SR ST SR Al lf A8 831087 B bighresgfution
different platfornms. SUVMARY OF THE | NVENTI ON The
opticakEpaging I S is a method for di splaying
poi nt-of -interest coordinate |ocations in perspective
i mmg@erans thaeforvorntied £or nipslseds forf &isplaying rpaintapisintarest
bet ween perspective i mages on different platfornmns.
coMe@ian@ Necitforshent gaepectpe Oimdgee pudsEdi cootdiiatebased
there is provided, a nethod for indicating, within a
infriPlidN QR b@ﬁ@eﬁ%@fsﬁe&%ﬁ&%g%é e diftepdtiphRm& oM an
I magl ng device, a location bas upon a coordinate
within a shared

SUMMARY OF THE INVENTION

The present invention is a method for displaying point-of-interest
coordinate locations in perspective images and for coordinate-based
information transfer between perspective images on different platforms.

According to the teachings of the present invention there is provided, a
method for indicating, within a display of an arbitrary perspective view input
from an imaging device, a location based upon a coordinate within a shared
reference image, the method comprising: (a) providing a shared reference
image of a region overlapping at least part of the field of view of the
perspective view, the shared reference image having a defined coordinate
system; (b) correlating the perspective view with the shared reference image so

as to generate a mapping between the perspective view and the shared



reference i mage, the nethod conprising: (a) providing

a shared reference image of a regi on overl appi ng at
woeast3part of the field of view of the perspeRCT/M2007/000608

view, the shared reference i nage having a defined

coordi nate system (b) correlating the perspective

view wth the shared reference i nage so as to generate

refereiePinipeb gty @epiov e Mermagahs Y& dHeW ANLEDE of a siven
shar edref erence i mage; (c) enploying the mapping tg
el Cat.] I coordi pate of the shared

Cdrée(?ﬁeﬁrﬁg n(zfe h%rrgﬁgder&\?vir? )f’?lnﬁm? hlél%gg r‘glg%& ep?ff‘%?ﬁftwg NG )
indj.cati he .l ocat,i o n the display. According to a

(db Hfi‘??glpg?@%i%ﬁ%%n R ﬂ%arfgsia%sent invention, in a case
where the | ocation of the given coordinate of the
shark$ordng e adartherdgeiutdsed thaprsbere inventioar fpe casewehere
view, there is indicated on the display a direction of

5 thedeuakion ofithe paearseotdindte bfithd FREEDEBRYES MnilINLy &fsilio
bring the |l ocation within the perspective view

thAGRAHELMRE (RvA thetetil fiﬁ%}&ﬁ@& légetgﬁe %sﬁl}?f agrgfeg:ﬁ% of Angular

i nvention, there is indicate angu

-di of the |maging device .required to brin
SifHIERAGE TR dhe Tkt doTER sRtuet e Fang e Coasd orig Tee
a further features of the present invention, in a case
PEIREFVE WE™ ocat i on of the given coordinate of the
shared reference image |ies outside the perspective
vi eviceording rtaganfuthensfoatures afitthenpresalt! hvestiod,i gRed is
to bring the location within the perspective view.

10 indiceted & meghitude dfunghRe dispicuiest Of teNgaRNESERlice required

I nvention, the coordinate
to bring the location within the perspective view.

According to a further features of the present invention, in a case where
the location of the given coordinate of the shared reference image lies outside
the perspective view, the imaging sensor is automatically re-aligned to bring

15  the location within the perspective view.

According to a further features of the present invention, the coordinate
of the shared reference image is a location of crops requiring ﬁeatment.

According to a further features of the present invention, the coordinate
of the shared reference image is a location of a forest fire.

20 According to a further features of the present invention, the coordinate
of the shared reference image is a location of a landing point for landing an

airborne platform carrying the imaging device.
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of the shared reference inmage is a |l ocation of crops
requiring treatnment. According to a further features

w@Roorhasepr esent i nvention, the coordinate of tPET/H2a074090608

reference inage is a location of a forest fire.
According to a further features of the present
i nvention, the coordinate of the shared reference
i magectgling oot firthen fedtures|ofrtte peespt invedtiom, iHendomgatamg
ai rborne platformcarrying the inmaging

indBYdsC €2 A RIAINBAhE Depspbbifibd 9Tew QA eFehcd REWHESRBLA

I nventi‘on, the~correlating includes: (a) correlating
rihd B R PRRL R B B R ot L hating
ofoRverhin g iR R s ke or et b Bt terenc

reference image so as to generate a second nmapping
imape s hotongneate a feood diappigiransfomiation. f eat ures of the
present invention, the coordinate systemis a

geoNRBhiigato & Farieirfehrayst ©8 prdfar tviedtied, Xhe coordinate
provi ded, according to the teachings of the present

Sygﬂé%ﬁag%#%?%@hﬁf&%ﬁjdﬁlﬁe dk@psferring informtion

users view ng a conmmon region of interest
fromdifferent view ng direction ach. user.vi ew n
therﬂhgbq oh ipﬁ‘i’véﬁ%gt a%@r‘g‘n%eps%%ect%ﬁ? ES o iF ?ins%m
~froman image sensor and presented on a display,, the
invienttiond 2 ceethed Srrigansferying srfogmaton, Sefveepityoiiseis WL 22
shared reference i mage of a region overl appi ng at
coneash reasr obihteréme fifome Hifferéntwii ewingfditehBonme eagheeser vewing
view, the shared reference i nage having a defined

th€ Q6Figh BRLReR¥EALpeRPELtivel View AR oY ahhfhage sensor and

perspective view wth the shared

presented on a display, the method comprising: (a) for each user: (i) providing
a shared reference image of a region overlapping at least part of the field of
view of the perspective view, the shared reference image having a defined
coordinate system, and (ii) correlating the perspective view with the shared
reference image so as to generate a mapping between the perspective view and
the shared reference image; (b) inpuﬁing from the first user a location within
the first user’s perspective view designated as a point-of-interest location;
(c) processing the input location, by use of the first user’s mapping, to derive a
coordinate in the shared reference image corresponding to the point-of-interest
location; (d) processing the coordinate, by use of the second user’s mapping, to
derive a location of the coordinate within the second user’s perspective view;

and (e) indicating the point-of-interest location on the second user’s display.



reference inmage so as to generate a mappi ng bet ween

the perspective view and the shared reference inage;
w@bjo7itsgsat ti ng fromthe first user a | ocati on BT/HL2007/000608

the first user's perspective view designated as a

poi nt-of -interest |ocation; (c) processing the input

| ocation, by use of the first user's mapping, to

der i Mecard®@abd Mnther faniBe of B SidsdR iR SRR, 18D relating
corresponding to the point-of-interest |ocation; (dﬁ)

: S &) I - . 0f the second pser's
RELRES ) Mt B B Rre el RRR 2 4TS ARNIER IRbhe
the second .user's perspective view, and (e) indicating
AP EERRATH: i BERTSIGEHE VP 6 56 e Sgetha tisbmapping
di spl ay, According to a further features of the present
rpnsfermition; anch@) coreleting irarefercheatesw With theosharddatfangnce

the perspective view with a reference view having a

5 infidgelsd asfto gearateiadecoridvanpping upasfopasténe Vi ew so as to
generate a first mapping transformati on; and (Db)

cor r gbaiRg thhe Ald{ereNGRsVLL ﬂﬂe"‘%ltegerft %V%g%%ga a aecond

reference irmage so as to generate a Sseco
ti.on. . Accordin o a further features of the

uish BUEE FRGURT o Bh e R shtsorivaniey deSiptias eoa

mﬁtgin,tgg,second user's Egnspective vjeM/deﬁLgnated
segend peut-Ohdnigshiocyian; Abbhednpuilogatiamis grogessérk byrnysetof

| ocation is processed, by use of the second user's
thawprindgiset’s nuppingeteedarberataadinaterinthestshat fference image

reference i mage corresponding to the second

10 captdspondihg it6118E aBtodd paint AT intefost 1H&BAOTEN ARt &otSinate is
processed, by use of the first user's mapping, to

pOECHS 805t 80, B SIE EOQLAB AL WIS Ld e
colo(r) i%g leo\giﬂ’ililsl tf;engris% %ge%ds Ig)enrslgeré%vcf: ivEeSV\tf; a%?ie(zi) ‘?hed;o%)‘g-g “interest
location is indicated on the first user’s display.
According to a further features of the present invention, the processing
15 the input location is performed using a processing system at a first location, and
wherein the processing the coordinate is performed using a processing system
at a second location, the method further comprising transmitting the coordinate
from the first location to a second location;
According to a further features of the present invention, the transmitting
20 is performed wirelessly.
According to a further features of the present invention, the transmitting

includes transmitting additional information relating to a point-of-interest at the

point-of-interest location.
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According to a further features of the present
i nvention, the processing the input location is

w@es7083set usi ng a processing systemat a firsPCT/IL2007/000608

| ocation, and wherein the processing the coordinate is
performed using a processing systemat a second
| ocation, the nmethod further conprising transmtting

t heAE@&Hﬂi.gn@te? Mtagel bf $le hRG&!H iAledtRnA 1REEGinate

| ocati1on; "According to a further features of the
resent inventi.on h ransmtting i s perforned
Sy%%??é? %§§‘P%;?§lﬂgacl€98{aﬁf§§? %ysgen?.urt her features of the
present invention, the transmtting include
t r aRBeFet 15 AlFOaBEAvidedn ACCHTImE ﬁ%t‘ihSntela&PJéﬁ rﬁ% the gresent
point-of -interest at the point-of-interest
inentianj o system dodinticatinga fogatidre basedatpones cofrditaée defined
present invention, the coordinate systemis a

rel38RIEARNIHaAA FTOeHtd ah e YBd @?étel_ﬁh&ﬁﬁpﬂiﬁn% @) an imaging
provi ded, according to the teachings of the present

enti o . r [ : [
solShr e aap By TS S S el hRE g RS Rlage
referenge . image, the systemconprising:. ( an . nagi-n
seRson eBf AR diss BRaEsS Opdpe SigpiapIls e\ regf e ViRd a8
receiving images fromthe i mage sensor and di spl aying
staring {lataqrosresponding & gpthayed red§rence) imase b raatrRicref dast
for storing data corresponding to a shared reference
paitiflgeoeilappingdi ficldalf Vieast thaimigd sepsay ¢id sppedirpference
field of view of the inmage sensor, the shared

5B KNP 4 TBRe- e S a0l v
aséﬁrcr:zag%cg%riﬁme ﬁic’eo{magtirl?ge s‘ejr?sto% #b 28 %toqgélé G&viRd dnliNge display
driver, the processing system being configured for: (i) correlating a perspective
view generated by the imaging sensor with the shared reference image so as to
generate a mapping between the perspective view and the shared reference
image; (ii) employing the mapping to derive a location of a given coordinate of
the shared reference image within the perspective view; and (iii) actuating the
display driver to indicate the location in the context of the images on the
display.

According to a further features of the present invention, there is also
provided a communication interface associated with the processing system and

configured for receiving the coordinates from a point-of-interest designating

source.
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driver, the processing system being configured for:
(i) correlating a perspective view generated by the

WO pgiltssgg7sensor with the shared reference i mageCHUL2867/000608

to generate a mappi ng between the perspective view and
the shared reference image; (ii) enploying the mapping
to derive a location of a given coordinate of the

shar r [ I.t.hi h S| tve view .
and (g B e R et b ol R TR GG o o ilbeine
location in the cont f. the i.mages op the display.
seaBGEHA Mg PR CRSTENE el pExieth ud grierie 1B expesing system
.invention, there is also provided a comunication
isj ¢pndienede forsenaralatingdthai pay SpeE Ve virve sEithn ghes gharednrefecbnce
configured for receiving the coordinates froma
inpagierity: df) ¢ontedatirgy thd geipaetivengesowith e AfGoncH Mgw aving a
further features of the present invention, the inaging

fislansyofieWasider SHanehe YRRNASHYRivel 16 d?]fvi&;vesw;jas?tg?generate a

wherei n the processing systemis configure

r j s tive viiew w,th the shared .
S PLPE Rl B Sl o el e R st i e
view wth a reference view having a field of view
shFieIqTRRGS 1138 §P 9B 1P FPerelt P SRCoRH apaprne GReApIEEAS. 1 o
generate a first mapping transformation; and (b)
cor ritcgrding te e findfep features ifethe yiredent tevestianethere is also
reference imge so as to generate a second mappi ng

provRied faarinmitidenice Asget M gith thadikplal ervef ﬁﬁwé@éesignaﬁsﬁ
present invention, there is also provided an inpu

0 Iyéiﬁﬁoﬁﬁﬁ&eét%@a%%ﬁﬁﬁﬁpg%%%@e griyer for user

designation of a point-o ['ocation within the

per S/Pc%%?dn\{ge t0 'a HWiither features of the present invention, the processing

system is further configured for employing the mapping to derive a coordinate
in the shared reference image corresponding to a point-of-interest location
designated by use of the input device.

According to a further features of the present invention, there is also
provided an imaging sensor controller configured for controlling at least a
direction of regard of the imaging sensor, wherein the processing system is
further configured to activate the imaging sensor controller such that, in a case
where the location of the given coordinate lies outside the field of view of the
imaging sensor, the imaging sensor controller automatically re-aligns the
imaging sensor to bring the location within the field of view.

There is also provided, according to the teachings of the present

invention, a method for providing a point-of-interest direction vector to an
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According to a further features of the present
i nvention, the processing systemis further configured

w0 o007888rDYi Ng t he mapping to derive a coordi NECEIL2007/000608

the shared reference i mage corresponding to a
poi nt-of -i nterest |ocation designated by use of the
i nput device. According to a further features of the

SR ARFE O e nh SRR 59 BN O
eSS o o e AR P Bl S

activate the i magi ng sensor controller such that, in a
(b3 deivingdram thedniaging Jenpo10f peThRecEive dievG do) Rromting & skared

outside the field of view of the inmaging sensor, the
refdragdeignape v arregiontat (daseparddlly oatilgpitya fielddf gos dfhe

i magi ng sensor to bring the location within the field

pﬁ‘f}é%ééﬁ%"vieml?rhg shﬁe@lréﬁr&fc@ﬂrﬁgg befHeCALOLAd taﬁ%kg rQ‘E‘deﬁmd

chings of the present i1nvention, a netho

roviding .a poi.nt-of-i.nterest direction vector .to
oS uinby of borfeiaE nbEBer bl Sty W) e shared
provi ding an imagi ng sensor nounted in known geongtric
ref@PRes HRaGCoSAES 1R APNCTHE @ WAPPIRG hatvermthegshayed spferquss
deriving fromthe i nmagi ng sensor a perspective view,
infage gnddhe pérsppctive eme de) ehplogmgehe megpingfto derieg h dovatibn
| east partially overlapping a field of view of the

oPBIFRBCHMRrast @BbrdiktEe THh @He sBACR @BfeLericHEERZE & ligin the
associated with a defined coordi nate system (d)

PSSR LITORROSRARE X R S

e LS RS S M T B i e

system to the point-of-interest.

According to a further features of the present invention, the automated
system includes a helmet wom by a user, wherein the image sensor is provided
mounted on the helmet.

According to a further features of the present invention, the automated
system further includes a head-up display, the method further comprising
displaying a symbol visible to a user aligned with the point-of-interest direction
vector.

According to a further features of the present invention, the head-up
display is implemented as a helmet-mounted display.

According to a further features of the present invention, in a case where

the location of the given coordinate in the shared reference image lies outside
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of a point-of-interest coordinate fromthe shared
reference image within the perspective view, and (f)

w@e@vilsieng t o t he aut omat ed system a poi nt - of - PCIL/Er2e617000608

direction vector indicative of a direction fromthe at
| east part of the automated systemto the
poi nt-of -interest. According to a further features of
t he present, i nyentjon,.the autonpted system incl udes
thy @Pwe@c%r‘ﬁe\sythsrwem?w%@ e *‘%Paé’éplé&?s fregtion of
provi ded nounted on the hel met. According to a further
anfrelat Wligdacsmenh of phe sengingndevice o*nquireldemagrmgdhe docation
system further includes a head-up display, the nethod
witidh er§sUdEVE Sietky di spl aying a synbol visible to a
user aligned with the point-of-interest direction
vect dj h : e
mvenersBEE I e B TSl ETCRE Rordie, ShEReR
. hel met - mpunt ed di spl.ay. Accarding. to furt her
ing a0 B g hen e S aNEha PguHea el Aipletincat of fhe.
. location of the given coordinate in the shared,
imegingrdavics rparited 1P ibeagdhe Kicademwithay hp PetsPEEIve; VaeH-
there is indicated on the head-up display a direction
of angotding i s fhaleenfeatiref oft the presegt myeodui, ke pematet
to bring the location within the perspective view.
syARRO LGS a8 Ghtichlr §iBRY, the Alh&P figtthet REMPFBHSMisplaying a
invention, there is indicated on the head-up display a

T2k 235 1 L BSTEDE L) 0

erspectj.ve vi ew . .
P chcor ing to a%urﬁer features of the present invention, the automated

system includes a head-up display, the method further comprising displaying a
symbol visible to a user aligned with the point-of-interest direction vector.

According to a further features of the present invention, the automated
system includes a helmet-mounted display, the method further comprising
displaying a symbol visible to a user aligned with the point-of-interest direction
vector.

According to a further features of the present invention, the automated
system includes an aimable device, the method further comprising
automatically aligning the aimable device with the point-of-interest direction
vector.

According to a further features of the present invention, the automated

system includes a navigatable device, the method further comprising

10



According to a further features of the present

i nvention, the automated system i ncludes an opti cal
war@hn3serhe nmet hod further conprising di splayi PQI/H.2007/000608

synbol visible to a user aligned with the

poi nt-of -interest direction vector. According to a

further features of the present invention, the

aut omat ed system includes.a head-up display, the.
bR i SH1BO EH T S R SR S o & SyREe W igasthle

to a user aligned with the point-of-interest direction
dﬁY@&t@ﬁheE@@ng‘ﬂﬁgﬁfﬁo a further features of the present

i nvention, the automated systemincludes a

hel medcondingtied fiithed fegturéshef thetgresbnt dmvtelhdon ctheputahatgd

di spl aying a synbol visible to a user aligned with the

syRRI incPhdes HnemBftal %(f%ﬁﬁérp ByoQR! He mAGBArHIHAL E@nprising
further features of the present invention, the

t t ' . ' | Vi e . .
i R b R
ai.mabl e device wth the point-of-interest direction
n2yagalop SY®E®ording to a further features of the present
i nvention, the automated systemincludes a navigatabl e
devikesording terat funitier {eatumes o theppriessnt dgaveplion, thg autmenated
poi nt-of -interest direction vector to navigate the

syt datlatdse afl eviagtng Geddbe dpairblleotonfihi@edSor cAae6llitEzNg
to a further features of the present invention, the

CRUBITLPL PR S A0, Al Ll O30 e

10 c&é}iﬁ)}i)r?ﬁtilfégo,ifihg]%ai%éSvsﬁeredjd{eel%eiﬁ?o% 3 t%‘é %rivetnococo(r)crlﬁlgt%tin%fxer Hidred

reference image lies outside the field of view of the imaging sensor, activating

the imaging sensor controller to automatically re-align the imaging sensor to
bring the location within the field of view.

There is also provided, according to the teachings of the present

15 invention, an apparatus for providing a point-of-interest direction vector to an

automated system, the point-of-interest being designated by a coordinate in a

shared reference image, the apparatus comprising: (a)an imaging sensor

mounted in known geometric relation to at least part of the automated system;

(b) a data storage device for storing data corresponding to a shared reference

20  image of a region at least partially overlapping a field of view of the image

sensor, the shared reference image having a defined coordinate system; (c) an

input arrangement for inputting coordinates in the shared reference image of

the point-of-interest; and (d) a processing system associated with the imaging

11



navi gati on system According to a further features of

the present invention, the automated system i ncl udes
w@rooriegrng sensor controller configured for PCT/IL2007/000608

controlling a direction of regard of at |east the

I magi ng sensor, the nmethod further conprising, in a

case where the location of the given coordinate in the
s&Raf, e’ @It8 T RNGEe | IRGR, lthe %\}gﬁt ﬁjrﬁ%ﬁ,ferfélﬁt fang! fe oiutgﬁol?%gd

of the imagi ng Sensor, activating magl ng sens

r e aut o ically re-align,t [ i ng, ..
SRS b o it ite S apr e FoBREREndor DD doRrtne s
There is . also provjded, according to the teachings of
PETRRCCHVE SRV g5nekaied B, the dmapinarssnses wih the shivgt gfesence

_point-of-interest direction vector to an autonated
18385t SOrRs 10 Igengreierd mepping beivest thepargpateive givat et thy shared
coordinate in a shared reference i mage, the apparatus

5 ref@epdd §hag; ((RmahyilBdicngasans 9% JERVELeRcitbrK8OW input
geonetric relation to at | east part of the automate
d e i f storing data.
COXIREIRR 18 PRI SRALAATRRR il e ToBEPR e ane
.at_least partially overlapping a, field of view.of the
(lflf‘l%ré’ g 1@%% 48r %,het Fllé%?l%?ﬁe ¥ S?‘%‘F & @HE@"&%@&ESH &hifegHon vector
. defined coordi hate system (c) an input arrangenent
indigative ofi et iFrp tiea dram ribe aslenst paneok herasdometed sgstem to the
i mge of the point-of-interest; and (d) a processing
paysoEmtassoci ated with the i magi ngsensor, the data
storage device, the input arrangenent and the

10 aut BdRding M6t Mrtheh GaRiOC 68 ﬁe&&e%tﬁ%r@ﬁhn&e automated
configured for: (i) correlating a perspective view

sygge?ﬁee ﬁﬁthﬁgs Q_lyhethggt {Vgﬁng)}p e, uge%n éz%revlgl I% itmhaege SSQI?SE)? gs mounted

rence

on the helmet.
According to a further features of the present invention, the automated
system further includes a head-up display, the automated system being
15 configured to provide a symbol visible to a user aligned with the point-of-
Interest direction vector.
According to a further features of the present invention, the head-up
display is implemented as a helmet-mounted display.
According to a further features of the present invention, the automated
20 system includes an optical sight, the automated system being configured to
provide a symbol visible to a user aligned with the point-of-interest direction

vector.

12
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i mage so as to generate a mappi ng between the
perspective view and the shared reference imge; (ii)

wepphosicny t he mapping to derive a | ocation of PERIL20¢N00608

coordinate fromthe shared reference image within the
perspective view, and (iii) providing to the autonmated
systema point-of-interest direction vector indicative
Of ALIEEL kPR AHALP fBFnal of BRIIeRAH bnvRhrioMGne YRGS
systemto The point-of-1nterest. According’to a
further features of, the present inventiaqn, the
SYRET A S &y pdm et BiieDeafonsied S 1o Coigured o
wherein the image sensor is nounted on the helnmet.
provide adsymepdl vigiblediot huserfadigned agthothe tppentprfegtenest direction
i nvention, the automated system further includes a
vebead- up di spl ay, the automated system being confi gured
to provide a synbol visible to a user aligned with the
Poi HcBidif &8 §FrHhy REREQ M B! REsenf GRANALMANE Quibmated
further features of the present invention, the head-up
di spl.ay;, I,s i npl nted .a el met - nount ed, di_spl ay,. .
SREED AR ¢ BePtrrher Pl Fongl T PRI PRt Ybeing
i nvention, the autonmated systemincludes an optical
cogfiguted tonproxifeopesy BEPoL yiasil et HgercigneduvEh tg% pomt-of-
provide a synbol visible to a user aligned with the
infeo¢sh Hire¢tidnmtegtogst direction vector. According to a
further features of the present invention, the

aut Quabeding Y& hemthaciddtless af heastessnt ehivenptial, the RRtomated
aut omat ed system being configured to

system includes an aimable device, the automated system being configured to

automatically align the aimable device with the point-of-interest direction
vector.

According to a further features of the present invention, the automated
system includes a navigatable device, the automated system being conﬁgﬁred
to employ the point-of-interest direction vector to navigate the navigatable
device to the point-of-interest.

According to a further features of the present invention, the automated
system includes an inertial navigation system, automated system being
configured to employ the point-of-interest direction vector to correct errors of
the inertial navigation system.

According to a further features of the present invention, there is also
provided an imaging sensor confroller configured for controlling a direction of

regard of at least the imaging sensor, wherein the processing system is further

13



provi de a synbol visible to a user aligned with the
poi nt-of -interest direction vector. According to a
wo eoovhaie7f eat ures of the present invention, thRCT/IL2007/000608
aut omat ed system i ncludes a hel net-nmounted di spl ay,
the automat ed system being configured to provide a
synbol visible to a user aligned with the

~Qf] Lrect] e cording to a
PaDER} AfhEThe Brh B RS ROl R ERGRAL T e where
ut onpt ed st.em i ncl udes.an ai mahl e _device, the )
t@% i%‘%% gf Brssiien pRTIgtD it ﬂmhér@dtrsfea%ncgrmag@ diepputside

align the ainmable device with the point-of-interest

thg rtgaidi o Wesc tafr theadmegitign gensor,a teurimhgingf emtsor enabller
the present invention, the automated systemincludes a
antongrbip reakigs the imbfiag autRMed Bing et 1863tRA1 WHhin the field
configured to enploy the point-of-interest direction

5 ofefk@r to navigate the navigatable device to the
poi nt-of -interest. According to a further features of
the present invention, the automated system i ncl udes
an inertial navigation system automated system being

BROR GBS €R I B ONTDIFOYHENSRRSVNGS! - 1 nterest directi on
vector to correct e inertial navigation
systﬁg1 According to a further features of the present
i nvehff dRYSRIQE, & iherein séespiiesd. dad veay iofieajiample emdpr with
controller configured for controlling a direction of

reference to the accompanying drawings, wherein:

FIG. 1 is a schematic representation of a system, constructed and
10 operative according to the teachings of the present invention, for providing
coordinate—baséd information transfer between platforms viewing objects in
different perspective views and displaying the information in the context of the
different perspective views;
FIG. 2 is a schematic set of perspective and orthogonal views for two
15 users illustrating the principles of the method of information transfer according
to the present invention;
FIG. 3 is a flow diagram illustrating the steps of an implementation of
the method of Figure 2; |
FIG. 4 is a schematic representation of a two-step implementation of a
20 correlation calculation from the method of Figure 3;
FIG. 5 is a simplified unidirectional implementation of the method of

Figure 3;

14
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regard of at |east the imaging sensor, wherein the
processing systemis furtherconfigured to actuate the

WO pgitssgg7sensor controller such that, in a caseCTHIZNE /000608

the location of the given coordinate in the shared
reference image lies outside the field of view of the
i magi ng sensor, the inmagi ng sensor controller

aut tically,re-aligns the.i [ sensor to.pbrin

© he PR B et B ol TR LS Rion Or e Pidkent
. DESCRI PTI ON, OF THE DRAW NGS .The_inventjon s herein
invgaiiep ifpe Aroviding dpagy-deriadapintopf-jptergitidirectipr Vepiers fogn

t he acconpanyi ng draw ngs, wherein: FIG 1 is a
auckmeh sy temepased ent Etintevf-mferest pstdingte dofisinaticn,ewheareth

operative according to the teachings of the present
thd PYBAbT-BterebiQircBHOYY isdhfidaeaes d et &r HBSRup Bisplafrat i on

transfer between platforns view ng objects in

di f e e Ve Vi [ ' he.

nf SFgaPEoR S RO CrobhelRay o' &R R iRion of the

erspective views; FIG .2 is a.schematjc.set of .. .

PIeSERG JRYERHAR. 4Rt WPYHSForiRes: %ge‘;] opolptiRt-fdgrpy direction

illTustrating the principles of the nethod of ]
vetteror ivatano rawqraatgg efység obésedy ano poil-qifriatesest coordinate

invention; FIG 3 is a flowdiagramillustrating the
infoimptomf whereinmieeprint-af- inbetesif ditdetiontt hned dor Bugtitaticly

FIG 4 is a schematic representation of a two-step
aixhﬁiﬁhz&i Bia8le d?:‘i‘/ic%fag ﬁlecﬁxﬁﬁéiaﬁﬂté%}é’st,cm culation fromthe

nmethod of Figure
FIG. 6C is a schematic representation of a third application of the
present invention for providing image-derived point-of-interest direction
vectors to an automated system based on point-of-interest coordinate
information, wherein the point-of-interest direction is used for navigating a
navigatable device to the point-of-interest; and

FIG. 7 is a flow diagram illustrating the operation and corresponding

methods of the applications of Figures 6A-6C.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a method for displaying point-of-interest
coordinate locations in perspective images and for coordinate-based

information transfer between perspective images on different platforms.
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FIG 5is a sinplified unidirectional inplenmentation
of the nethod of Figure 3;FIG 6A is a schematic

w0 eqrrasent ati on of a first application of the PCEH2007/000608

i nvention for providing i mge-derived

poi nt-of -interest direction vectors to an autonated

§yfst em based \m poi nt -of -i nterest coordinate

i nf or mat i on, erein the point-pf-interest direction

i s 156 eapeRlesy L@élfatlaﬁp%% FRstiods 257 f%y,go ﬁﬁ% prgggnt

Is a schematic representation of a second application
invéntidnempyelse bettemyaderitond wath peferenes fig thenslgrviass japd dhe

poi nt-of -i nterest direction vectors to an aut onat ed
acR¥SbeRyinadestriphionoi nt - of - i nterest coordi nate

information, wherein the point-of-interest direction

S SRR S an.4ai i

880 B4 TR BRI BLORsANANIRELE doyiem ahd

t he "porn -interest; F is a schenmatic
representatipon,of a.third appljcati f
CATRRRDH SRR ARG (e achER pEdn® breslft AVERRR for
point-of -interest direction vectors.to an automated
transdereimgbinfernalionp Beesh fon UEHE SYLCWiRE i fginmon region of
i nformati on, wherein the point-of-interest direction
int&ests eflofmor diffevérgatvienging ndivdctiabsbl eithgevisbpultanepugdy or
point-of-interest; and FIG 7 is a flow diagram

sédglkﬂﬁmﬁtm_gsy%ﬁl AR athba B ApLetitdapanibnnge appliabk to
of the appli Cations of Figures 6A-6C. DESCRIPTI ON OF

T PREFER | A T trl | L i
aﬁgﬂt%ﬁor&n%% ST et i T A IRGEBE By WY bl o tinfling
: . . .
e%zgés]aflﬁ,?pg; @5{]@2@% %?a%fcéel &/s%dlt(r)r%gsgntggedinf act)prplications of screening

fields and orchards for disease-affected or infested crops or trees, and for
screening large areas of woodlands for forest fires. In either case, special
detection equipment may be used initially on an airborne or otherwise elevated
platform, and the point-of-interest locations thus identified can then be used for
precise visual cuing of crop-dusting or fire-extinguishing aircraft which carry
simple imaging systems without sophisticated detection equipment. Details of
these and other applications will be better understood by one ordinarily skilled
in the art on the basis of the following detailed description.

The typical structural features of the system are shown in Figure 1. Each
user views an image of the region of interest derived from an image sensor 10
and presented on a display 12 by a controller unit 14. In the case of mobile
platforms 16, the images are generally relayed to a corresponding command

and control (“C&C”) unit 18, for example via wireless transceivers 20 and 22,

16



i nformati on transfer between perspective inages on

different platforns. The principles and operation of
woreiohosss7accordi ng to the present invention nmeRChBE.2007/000608

better understood with reference to the draw ngs and

t he acconpanyi ng description. Referring now to the

dr aw ngs Figures 1-4 illustrate a system and

corres met hod acco the.t i.n of the
fof PRACERUCE, FY BTGRP o S bt BEPFRIEE P B o Sechite
two users view ng a common region of interest from
and pptfieal esoony ofvilmage diensast 1b et sds@tﬁ@.ly Sicpeirting eoews ywidr
sequentially. The system and nethod of the present
relafivelpt wite ficld Gppkwc@D¥) had aclwiivkly mangey 80V Al Hficaen”
and mlitary applications. By way of non-limting

with iee\?wwté‘@pt%d?l‘éﬁ?tggs%ﬁhaﬂﬁBf)nQeseH&?cgdf‘sﬁla?Q\Sagfe?&ﬁbl'yﬂmth

appl 'cat1 ons o fields and orcharts for

seas ffeted .01 ested s ar es
5 o BupE TRy S abh ol U ReBte Ul R Ploph 3P 3‘1515?%%5 on
In either case speci al detectlon equi pnent _nmay be
diglay 17 # facalitrlp User Qifeidtione Andmdlar ssHan dpd @ala@\&/%dw
platform and the point-of-interest |ocations thus
prefterti ffeddres amort hgrrdmnusdd thor systeaei se vlesaabed: uinnghe
of crop-dusting or fire-extinguishing aircraft which

af6RmisntidhePIseacliBAd NG Y31@6B W t hout sophi sti cated
detection equi pnment. Details of these and ot her

applgLaty s%P%ﬁ"\%l%d ﬁ&e&%%%&oﬂﬁgcﬁ rvfi%}?%%a%uf’ vige 28 for

or di narl art on SIrs o
o oGBS S )

user views an inmage of the re ion of interest derived
showammedisplande. E@hsfé&Cﬂgut 18 is also provided with reference data 30

corresponding to a shared reference image of a region overlapping at least part
of the field of view of the perspective view of image sensor 10. The shared
reference image is “shared” in the sense that it is available to each C&C unit
15 and has a defined coordinate system which forms the basis for a concise
communication format between the platforms. In certain preferred examplés,
the coordinate system is a geographical coordinate system, typically
corresponding to the standard longitude-latitude or “north-south” coordinate
system defined globally across the surface of the Earth. Finally in structural
20 terms, the C&C units 18 are preferably in communication via a wireless data
communication system, such as a data-link system, represented by transceivers

32.
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and presented on a display 12 by a controller unit 14.
In the case of nobile platforns 16, the i nages are

w@enensdely rel ayed to a correspondi ng conmmand BEMIL2007/000608

control ("C&C') unit 18, for exanple via wreless
transceivers 20 and 22,for processing by a processor
system 24. Cbntroller unit 14 typically operates an
optical zqgom of image sensor, 10 for selectiye

genef &t %rgtew Wi"}t%’?@‘él 96%@8% fk‘? eﬂ‘tdy%ﬁe/wgwand
(F and relatrvely narrow FOV. A "frozen" w de angle
typieallyi shiopt i ioraged/yiewiss pised ebly orach sdatfortn-€idsp| aybystiem.
preferably with a frame indicating the region of the

%@rﬁﬂﬁeﬂlyv itBave Cadé rsBbivny a hehiPgmei dpdiRpefaresiv AFOW! Byrspettive

acilitate user orientation. Asrmlar system and

iﬁ{ﬁ%é 01 aaﬁcgéeh'xﬁgélangfegﬁe(‘g&éeﬁﬂﬁ] 25 51 2 QREK atﬂe&PerflE

syét em are desc or enment | one I'srae

Pat e 9. i S aI SO eferab

s A T R S PR e Satsppn g.vgfir&% Wy 495 and
point of interest or "target" location in th

413@ depacerend pledarmsicil 9hsystep| Hywilb be Eﬁ@iﬁed@ﬁdm ApRararg
is also provided with reference data 30 correspondi ng

that, dthehgh eidws dDe nadd8bishegeaewdralaconagow nbjeee; thepbijeuys at
| east part of the field of view of the perspective

vievRW R iffdFRaAnSREAAE apBear TH Biffdiadt Gt OF BeSiE®. ARBIRsIIE
shared |n the sense that it is available to each C&C

o {ef o2 S BT SR B S PG, ST T) YO 0 RaRery
atfo rtain referred exanpl e t he
1,85 fien é{‘%ﬁ‘iﬁoélﬁﬁ SYSUR S RBRIER OLIS GherRREEdHRIR R
typically correspondrng to the standard
intengsfi t ude- 1 ati tude or "north-south" coordinate

The method of the present invention as illustrated in Figure 3 addresses
this problem as follows. Firstly, for each subsystem, the perspective view 40a,
405 is correlated with the corresponding shared reference image 44a, 445,
respectively, so as to generate a mapping between them (step 50). The mapping
is an invertible transformation, typically in the form of a matrix of conversion
coefficients, which can be used to map any point on the perspective view to a
.corresponding point on the shared reference image and, in its inverted form,
vice versa. The techniques for correlating photographic images with differing
viewing directions are known in the art, and are described directly and by
reference to other documents in the aforementioned U.S. Patent Application

Publication No. 2002/0196248. In the case of a real-time image from an image
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system defined gl obally across the surface of the
Earth. Finally in structural terns, the C& units 18

wa@e@7pswlierably in comruni cation via a w rel esBCTHHL2807/000608

conmuni cati on system such as a data-link system
represented by transceivers 32.Figure 2 illustrates
the rel ationship between the at |east two, and
typically three, | es/.v used by .each

sepfar; 1y Hecmerntss st eRSHEL chitgeing 2 RO RO
a real-tinme detail ed narrow FOV perspective i mage 40

regalpylging apintrsvaln gerengiesnontthe eate payaichshe bmpeds
reference i nage 44a. The right side of Figure 2 shovvs
cor rEspondiugr theavmpdiSly 1ekaioansditkidhif grerspestbeonw 40a
pl atform C&C subsystem It will be imediately

dARRAEENhs ta%mt-@ftlhfb?é’sg hoddtRWS46 PstE Qfo Obhig tSEViateRdst

comon obj ects, the objects are viewed at different
e di.fferent r.
of Q8T 267 2R ERF SRS he SHERABE b it ) BockSing
general e able to conv accurately to the user . of
sySkren $dc tibé%%%t Ph ‘Eﬁ}*‘feogﬁiﬁ % BrissF S REPRIBS: §rfecutinate
poi nt-ofinterest. The method of the present invention
casespbhdisg tathedpdint-¢i-igtarest Jocativnemedkedi asi 46 inr thb losiirogenal
follows. Firstly, for each subsystem the perspective
vieheudd QF, Figlke BS(sepr 54). Osibnallyhii i cate dapahelibgs are
shared reference i mage 44a, 44 respectively, so as

adsBcidRACLARL s ﬁpa@t@ pC@@% hGEweeR;st Q@épd{n%%@ Rs 98n § mitted,

mapping i's am invertible transformation, typically in

o el T e s S SR LR e

to a correspondi ng point_on the shared reference inage
angiher logatians(stemAdy ¢ @@ay 1%+ ¥ the case where both users are associated

with the same C&C unit, this transmission is usually unnecessary. The

processing system 24 of the second C&C unit then derives, by use of the
second user’s inverted mapping, a location of the coordinate within the second
user’s perspective view 405 (step 58) and transmits this position to controller
14 for display as point-of-interest location 46 in the context of the second
user’s display 405 (step 60). In most preferred implementations, this process is
fully bi-directional, allowing each user to both designate point-of-interest
locations which are made visually available to other users and to receive visual
indications of point-of-interest locations designated by other users.

It will be appreciated that this method offers profound advantages. First
and foremost, it allows sharing of information between users viewing objects

from different vantage points in an intuitive and precise manner. Furthermore,
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vi ce versa. The techniques for correlating
phot ographic i mages with differing viewi ng directions

W@e@7HsANn in the art, and are described dir ece¢yIzner /000608

by reference to other documents in the aforenentioned
U . S. Patent Application Publication No. 2002/0196248.
In the case of a real-tine imge froman imagesensor
10, the mapping is dynam cally changing and requires

compnanicatiprobetmeen teuC&G vijtsals axtremely conaiss seatineg oplre
the rate at which the i mage changes. The first user

set BB Bodriflatey ta sbecift loomtion, obtiondllysagpengpeidibyeotheetsxHhal
designated as a point-of-interest |location 46 (step

infasidR S 1 RRHiRY Ul ot QIrqR pbEBEARrAPor BRI Heociated

ative to the view 40a, transmtted t'o pfocessing

stem 24.whi ch deri use.of the.first
infpR TS bpe sl AOHBRIH o bp il B Snftple
pai nt - of-| nt erest location, marked as 46 _in the
plaif@rmsgam diffescpt sdevine direstions. 3 lfosying eselh imege idiiplad {0
in the case that the users are associated with
indieptEr aflearlB&Gndnipresisetshi thec poindHofidtiterdss péstiton within the
transmtted, preferably wirelessly, fromthe first C&C
cotisporidin tpef@é@ﬁveavi%ﬁﬂ O s&£&Gd Usthér Q&v@ﬁ%b t best theGrédean
0

(step 56 Clearly, in the case where users ‘are

mleérﬁﬁj% \gflfg ¥t Eﬂf&r&@éﬁ%ﬂ%ﬁ%& Abtailed HE&I{?E@H %gf %vs i 0 n

unnecessary e proceSS| ng s tem 2

t he cond C&C. nt t hen ve se of the s ond
us oo RIGFE P~ Rl G ing craih

within the second user's perspective view 406 (st ep
as5gpd deeein MMQSSHPWIB%@BW% Fixstlyc thet weond| ‘erspactiver is
di splay as point-of-interest location 46 in the
usedrticeeth tofrefehe apcondonbegonal diesyihg dirkOor(. Sthap, Whon twa
nost preferred i nplenentations, this process is
views are described as “different perspective views”, it is implied that they
have non-coincident viewing directions.

In a further issue of terminology, reference is made herein in the
description and claims to an shared reference image which is a photographic
representation of the region of interest. The shared reference image is “shared”
in the sense that it is available to each C&C unit and has a commonly defined
coordinate system which forms the basis for a concise communication format
between the platforms. In certain preferred examples, the coordinate system is
a geographical coordinate system, typically corresponding to the standard

longitude-latitude or “north-south” coordinate system defined globally across

the surface of the Earth.
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fully bi-directional, allow ng each user to both
desi gnate point-of-interest |ocations which are nmade

WO e®aabicy1 avai | abl e to other users and to receP@BIL2007/000608

vi sual indications of point-of-interest |ocations
designated by other users. It will be appreciated that
this nmethod offers profound advantages. First and
forenost, it allows sharing of information between

us erBhevicawi ‘phoolgFapbicsreprasemtaiion eisarsed \narefim g rgfori ot & réah
an intuitive and precise manner.

osifrul@edrih SxeCRRIEH i alate8 thd piomReiestdfenGilagd Hieherated by a
extrenely concise, requiring only a set of coordinates

P EsPRERAG yay o, PRRe, SRRy 1 ERTRRRPEE, er g fon

ol R RS e B bR g 1
multiple platforns with different view ng directions,
certald \WapRs. da SAredragerenics piaget ePHrAEimesng © aatheymalnaprial

precisely the point-of-interest position within the

plastogreph andi b upeet. She adifferent pltiormb essy anplogtdifferent types
advant ages of the present invention will be further

of! '&Hﬁgiﬁ% Q@fsoré, oAdt R ﬂﬁit@éﬂaﬁl‘ﬁc deprkimhii N nb&l Qv bBRIFahe

proceeding further, 1t will be useful to define
L e | j 3
sSRE R HEETIRL R R ety o O BEEN R
herein to refer to any naon-orthogonal .view.n
POIPF-GLTHIGRS! RATEON WHONTEdoD.? G R, Batensth Jadesand then
"different perspective views", it is inplied that they
displagingothe qwintcifdaterest ipesiting inithe conterisof ¢ theampl imags; or
i ssue of term nology, reference is nmade herein in the
thidasedrspt i on and clainms to an shared reference i mage
whi ch is a phot ographic
The term “platform” is used herein in the description and claims to refer
to any platform from which a perspective view of a region of interest can be
obtained. It should be noted that the present invention is not limited to airborne
platforms, and can equally be used where some or all of the image sensors are
located on other platforms such as observation towers or look-out points. It
should also be noted that the platform need not be a manned platform. In the
case of an unmanned platform, such as an unmanned aerial vehicle (“UAV™),
the user displays and input device are typically located at the corresponding
C&C unit.
According to a further optional feature, if the current field of view of the

zoomed-in image sensor image does not include the point-of-interest location,

the system provides cues to the user or otherwise assists in identifying the
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representation of the region of interest. The shared
reference image is "shared" in the sense that it is

wae@iizdslie to each C&C unit and has a conmmonl yPdBfL20€00608

coordi nate system which forns the basis for a concise
conmuni cation format between the platfornms. In certain
preferred exanples, the coordinate systemis a
geogr aphi cal coordinate system typically
regpineé ppivhdf-igerest- ime sinpldaptemestaiion e -doatrpleided way be
"north-south" coordinate system defined gl obally
catfigissd b qpeaettaca afrowhéndmative. dhe diesationphatiogptipially
representation” is used herein to refer to a real or

aﬁ%g%ije@gpﬁgceﬂﬁg,gn%ﬁiﬁﬁ tRd H&:ﬂm%ﬁ’é’uﬁ he REenes th 8sd&fio Bing

enerated by a corresponding type of I nmage

sensor.. . Thus, the photographi c reprgesentation .
e R Oc’:%tfc?fifntéb‘?cﬂ; og? Cﬁ’ﬁ?lés 1@8 dife Kfcg({m EIIP' ogPa p?ilt%%évr? ly,
at visible wavel engths. In certain cases, a shared
cortralles Hdempyrgeapmatsalvatar iganus iy, potastad|to Jediregt and/or
phot ogr aph may be used. The different platforns nmay
zeomtony thti itfage eemsor gpes tobringulg poinsefisversst lacatidnhiato the
phot ogr aphi c representati on need not be of the sane
flelP&itwpe. Thus, the present invention may be used
for designating a point-of-interest position

i denyi.fied.:] Lsibl YQ%’ Q{&?% L.Bg t

di spﬁgy}n%gu{)%ga pe\éilr%l?o? 5 egir es lgglly t %ngfgat%}gs&m for
.context. of a thermal inmmge, or .the reverse. The term
B IeEeRBpR(F PrEsegt REFBIGY typically QBRI B PRRT YIS angle
clains to refer to any platformfromwhich a . )
iipags peedditen (o & spomed-iycomersfinage el bist Wiglgrangde image is

obtained. It should be noted that the present
offtei efdcearyl o podville sufReledtodath rfoormbable correlation with the
shared reference image. As a result, certain preferred implementations of the
present invention perform the correlation step 50 as a two-step correlation as
illustrated in Figure 4. Specifically, the narrow FOV image 40a is correlated
with the wide FOV image 42a to generate a first mapping transformation T,
and the wide FOV image 42a is correlated with the shared reference image 44a
to generate a second mapping transformation T,. In this case, the reverse
transformation to generate a location within the image from an input coordinate
will also be a two-step transformation.

While this two-step correlation is believed to be the preferred

implementation for high resolution applications, it should be noted that a

single-step correlation is also within the scope of the invention. Specifically,

for many applications, the resolution of the wide FOV image, optionally
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platfornms, and can equally be used where sone or all
of the imge sensors are | ocated on other platforns

W@ /13w 70bser vati on towers or | ook-out poi nt SPCT/IL2007/000608

shoul d al so be noted that the platformneed not be a
manned platform In the case of an unmanned pl atform
such as an unmanned aerial vehicle ("UAV'), the user
di splays and input device are typically located at the
magni¥ies fondisplay G@Gheniser bicdigitd] mgomoteahrfiguashemay provide
optional feature, if the current field of view of the

suffiem drdsplutiGh g r Sesiapof-itaes dedsndidh whileugiendltaBeously
p0| nt-of-interest | ocation, the system provi des cues

co %er egw if 1eﬂf RLRRIWESE Bt S&o%réle{hdnd %P‘l f4E NBrthogonal

point-of-interest. In
| ementation, the controller 14 rmy be configured to
re% fate an arrow i ndicative of a direction, and
optional ly angul ar di splacenent, in which the canera

nus Papathsgicalds tieghonid by veled tlant whe pRjnt-pinterest location may

point-of-interest location into view. Additionally, or
deaighetersamt dbjerdt whidosteither @distdrmitdy obdoesutad mppearat bl in one

manual |y, actuated to redirect and/or zoomout the

orl BREQIBOIRIzeS Wvideé HOV kA énﬁeth@%hﬁﬁed%féréﬁ&rﬁﬁi%e_ For
| ocation into the f|eId of view. As mentioned earlier,

er f [N
P rléitgﬁt ALt 9 1B, S ISt inl ol AGERAGL "

w de- angl e |na e..n a d|t to the z onmed-in curren
dqswat@s e HesitifiyPba ﬁfaegﬂe AL figs VBB TS L FFpeRigh he
provi de sufficient data for reliable correlation with
frodea wiear 43 rosfiar bacerthagogel refsreace ddal 50 aptas pufficient

preferred inplenmentations of the

content remains similar between the images to allow effective correlation of the

images, this does not interfere with implementation of the method of the
present invention.

It should be noted that correlation step 50 does not have to be done for
all users prior to designation. In fact, as mentioned earlier, the correlation
“step” is typically a continuously performed process which maintains
correlation between a real-time image and the reference shared reference
image. If the correlation is kept updated at all times, only the transformation
calculations need be performed during conversion between perspective and
coordinate frames of reference. As a result, the transfer of information between
platforms can be achieved almost instantly in real-time.

In some cases, the point-of-interest location data may be used by a

system which was not in visual contact with the point-of-interest at the time the
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present invention performthe correlation step 50 as a
two-step correlation as illustrated in Figure 4.

wepeeitdictal |y, the narrow FOV i nage 40a i s corP&l/at2ear/000608

with the wide FOV image 42 to generate a first mapping
transformation T1 and the wide FOV image 42a is
correlated with the shared reference image 44a to
generate a second nmappi ng transforrratlon T2. In this

poEg<; infepest mas glesignatp r@%?mpl@@ sachygh applicatign would be
| ocation within the image froman input coordinate

in vderlal dirsDgltingn where- sdepctd arbborentitcmal detectien etnipment
two-step correlation is believed to be the preferred

ma;mé 8RN bR ideRfifibitiaR ofas@hisr bPh faRpl fiedeFB$t could be
shoul d be noted that a single-step correl atlon is also

f
ld%ﬁ%d}aéf’?séﬁﬁ% ol splBF S LR g AR %ké%&}ﬁ%ad
I yage, o ni f.ied,for dISp| the user
of ity Tip-Sibeh LeBetr Ry SR e B SRRt et
resolution for point-of-interest designation while
systems|man thsn deylispatehed i Wy te tnplegicahthersgategy ead peptrol the
direct correlation with the orthogonal reference.

firtahe tib ebhreat, ay, exiatt Sdwedindteblecaddre dsthibizzhed bg the detection
poi nt-of -interest | ocation nmay desi gnate an obj ect

[ t g
oA Sp e Dol adbhoR ) gl SR SRR o

the h referenc t.
cf HF %e dv&;senémv?xﬁuo‘ ' E\%efa%ﬁ:?%te ?%ﬁgg%«g prelc%.g a1 &ﬁfﬁgggé
deS| ghates the current position of a vehicle on fire
ofiihe BRInfRE 1ETesSHIEY M in the frozen view 42a or in the

ort hogonal reference 44a. So |ong as sufficient
Referring now to Figure 5, it should be noted that a simplified

unidirectional implementation of the method of the present invention may be
used in any circumstances where a point-of-interest location is known in
coordinate form from any source. The simplified implementation requires the
same correlation 50 of the perspective image from each platform to the shared
reference image as discussed above. Then, after input of the point-of-interest
coordinates (step 70), the inverse mapping and display steps 58 and 60 are
performed as above.

Referring now additionally to Figures 6 and 7, it should be noted that the
present invention is not limited to displaying points-of-interest in the context of
an image. The ability to process point-of-interest coordinates using image
correlation to accurately locate a point-of-interest in an arbitrary perspective

image may be used to advantage to provide a point-of-interest direction vector
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content remains simlar between the inmages to allow
effective correlation of the inmages, this does not

w0 nioenssesre with i npl enentation of the nmethod oPCT/2007/000608

present invention. It should be noted that correlation
step 50 does not have to be done for all users prior
to designation. In fact, as nentioned earlier, the

.correlation "step! i.s typically a conti nypusl

I AN AT BRI R YRR Whert 70 BBRF G HISPEHL &0 AF
a real-tinme image and the reference shared reference

Aj mugleer off narhbmiforg examplon Wikl nespbe distassed with agference to
times, only the transformation cal cul ati ons need be
Figefds@Aved £hdrA. ng conversi on between perspective and
coordi nate franes of reference. As a result, the

tr aq@&g{gh%f fﬂé@%?ﬁ%ﬁé’%ﬁ?eﬁiﬁr’]ﬁ?{eb gldQk '? £3R1RE system

achi eve nmost i ant al-tine. I'n sonme cases,

t.he int-of -interest Jl.ocati.opn data be used b
RS e AT, s THfo 2P HDES O dPe dORERE CVaEPAn, Reeciticdlly,
point-of-interest at the tine thepoint-of-interest was
thgessisghawad hatmet 8Q syhiche suporty arbmall ppridclorkiang crmeare 82
be in aerial frefighting where advanced airborne
fdrheisibdd odelRe otavetengthsi pheotdingytobtheuachifigs ofatheypresent
identification of a center of a forest fire before it
infvehtich, Bk irflaiekiffdne dadira82ige dovalbaedas d/ Ritabrprocessing
pl anning of a strategy to prevent spread of the fire.
o ofir et . : . h . .
SR b S RO (eCP P MR ShE Y ok
i npl enent the strate and control the fir A
QBT MARRE et e GOTHEPh REEDPOER VG Gl P
the detection equi pment can be designated on the video
Ugingpithiy mepping fai peintghtntatpshicoerdanate p{input at step 92) is

I hi 57)'

converted to a position within the field of view of camera 82 (step 94) and
hence, according to the predefined camera geometry, to a point-of-interest
direction vector indicative of the viewing direction of the point-of-interest
relative to the helmet (step 96). The point-of-interest is then preferably
indicated to the user as a symbol displayed by a head-up display (HUD)
superimposed upon the user’s direct view of the real scene (step 98). Most
preferably, the HUD is a helmet-mounted display (HMD) 84 (Figure 6A).
Parenthetically, it should be noted that the camera 82 of these automated
system examples may either be in fixed geometrical relation to at least part of
the automated system, or may be gimbaled or otherwise mobile so long as there
is a suitable measurement system for determining the geometrical relationship

between the current camera FOV parameters and the relevant part of the
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the nmethod of the present invention to facilitate
rapid and precise identification of the
w@einti3wlt i nt erest | ocation. Referring now t o FCTU2607500608
it should be noted that a sinplified unidirectiona
i mpl ementation of the nmethod of the present invention
may be used in any circunstances where a
poi nt - of - i nt er est Iocatlon |s known in _coordinate form
atpicdriysteBu Bseway o6 espmple {fi xbelmeppesttion ferking system is
requires the same correlation 50 of the perspective
usednge goimrofeathesldaetbomrdlativieite ashavied plafeneon evticate
as di scussed above. Then, after input of the

hBReR s b EhRSLargs o ReRA( ShERIIBAL ditflsy RS Sint-
napplng and di splay steps 58 and 60 are perforned as

Ref er ionally to Figures 6 and 7,
Oﬁ gﬁ%ﬁn&%ocﬁqg%%wﬁéﬁ%%e present invention is not

Ilmtedtodlsplayln p s-of-interest in the =
5 cont bRRingrnownq Figyes gﬁ’hgusa'gliuﬁﬁf%tﬁs t (2 Opapphcaﬁons

poi nt-of -i nterest coordi nates using i mage correl ation
i whanhcthe ateimyatéd systen dngodes anodimablcedesses, iim thin case, a fire
arbitrary perspective inmage may be used to advantage

ekténgigdhmgdBose PO ireefedi by ah estuadoh gbieAN 102.CTHE ispstem is
vari ous automated applications even where no imge is

e%ﬁ}ﬁ% nog/%bgﬁgé cdnfeta W’b&&h é%fm&f%ﬁ dit B dhnid! Qo&&‘d@' 1%

|scusse erence to Figures 6A-6C

o, LS R0, BB B P e R B

of the pr esent i nvention. Specifical I y. there is _shown
10 systera| % HwreuiRpe ihe gppsiion proeseds |aceeiding do |séaisi M6 of
canera 82
Figure 7 and, at step 108, the system aims the aimable system, e.g., the fire

hose, at the point-of-interest.
Turning finally to Figure 6C, this illustrates a still further group of
applications in which the automated system includes a navigatable device, in
15  this case, a passenger aircraft 110. The device has a video or thermal camera
112 and the other necessary components of the system of the present invention
as described above (not shown), as well as a navigation system (not shown). In
this case, the operation proceeds according to steps 90-96 of Figure 7 and, at
step 114, the navigatable device employs the point-of-interest direction vector,
20 in this case designating a desired touch-down point 116 (Figure 6C) for
landing, for navigating the navigatable device to the point-of-interest. In this
example, the system may optionally function as a high-resolution short-range

supplement to a GPS-based or inertial navigation system (INS), providing
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for visible or IR wavel engths. According to the
teachings of the present invention, the inmages from

w@2a0%en3s632 are downl oaded to a suitabl e procesBRCHL2007/000608

system (such as the C& unit 18 of Figure 1) and are
processed to derive the correlation mapping for the
current perspective view (step 90 in Figure 7). Using
t hi s mappi ng, oi nt-of -interest coordinate (input at
high-precisign aigonlé@txlgmtémahty eeppbisiafiadhliyiatiematedlanfling) with
of view of camera 82 (step 94) and hence, according to
subhgetpr quedisioad Cleardy, athfje @pplicafiont & aopdimitedfto | pdseerget
direction vector indicative of the view ng direction

an%?aﬁ hgh P9 REudlfy bp él?cra%% 16 QInAldnted s Rf@lﬁd&@l Q‘F:?AV(ﬁt &hd

The poi'nt - of nterest is then preferabl

e_user nbol di spl ayed by a
unl?é’g’&r?ﬁ) ‘&O?Eﬁ é%/ lﬁgllﬁﬁfh %%@ e|r%‘/i‘posed upon the user's
direct view of the real, scene (step 98). Most
pr efAsieaBIpe tq & Surthgn spRplgmealamph or uma*éae draiprehq wivtsm
84 (Figure 6A). Parenthetically, it should be noted
angihatthot ef danpireser Anaintivhesay beitsadeibgutovids trefieraca mptackor
may either be in fixed geonetrical relation to at

cdn%@ﬁﬁgf,] Ravots 6f ah TNSA \Fpesificellly, Sy piRiBe Wint&Yinkeedi diation
or otherwi se nobile So long as there is a suitable

vérggtﬁs{gv?ﬁﬁ ta B ﬁx‘t Ny Lﬁ{iﬁge&%ﬁ%ﬁﬂeé‘%&hﬁe %éd GRith the

ati ons et ween current canera araneters

reI evant art of t nma st em
copSpding SeSHF s RAUHE phabaEd P S BB
used, the point-of-interest_ direction relatlvetoa
comeiing galoaiates rinopraghee Hhishis brst vapleamied ¥singay &almgn
can al so be deduced. This allows display of the

filpeyi artamigement & BKnoom @ thosk ghiilledrinuthieent bfPansfer alignment

of inertial systems.

It will be appreciated that the above descriptions are intended only to
serve as examples, and that many other embodiments are possible within the

scope of the present invention as defined in the appended claims.
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Turning now to Figure 6B, this illustrates a further
group of applications in which the automated system
w0 p@7aske3l an ai mabl e device, in this case, a fPECEIL2007/000608
exti ngui shing hose 100 directed by an actuation system
102. The systemis enhanced by a video canera 104 and
an associ ated electronic controller 106 which handl es
t he downl i nk/ upl i nk comruni cation and controls
WatATaBi(JpABYEDES: 102. Here too, the operation proceeds
according to steps 90-96 of Figure 7 and, at step 108,
the systemains the ainmable system e.g., e fire hose,
at the pdhnmedd; fare indiating, rwithip @ §iiplay ©f m gyberary
6C, this illustrates a still further group of
peagelctivat views iripnt \fivine fant ieaging odmtieed = Yedatiom i bastdidgonaa
navi gat abl e device, in this case, a passenger aircraft

cobt@inatthRitkiad $8rdddsfefentt 488eQFhd ARIHEAl cosdiBing: 112 and
the other necessary conponents of the systemof the

vl 100 PHIOER AR-L FERRAE Pl tokipd iPhop R o

wel nav on sys

the operation pracee accor di to steps 90-96. of

i gur o 7 6 Pol ol S 1 PR B PySPbve v g shared
enpl oys the point-of-interest direction vector, in

t hi s caseetisgicgimpgabpvangie definetl canudinaigsipiepoi nt 116
(Figure 6C) for landing, for navigating the

navi@at aldogrelteinigGRe perspdrgivpoiier-woith thet sl refdrendehingge
exanpl e, the system may optionally function as a

hi gh-r esaloutd ANectlagid o g%(e@@gegaid bQspecARS-hanasd

or inertial na\r)%gatl on system

provi di nghi gh-precision.autopil ot functionality

capabl e %Ialcgsq'ragﬁdlerﬁ CAE e | andi ng with sub-neter

precision. Clearly, this applicationis not linmited,to

pass@hgeremploying Said mapping to derive a location of a given
coordinate of the shared reference image within the perspective

view; and

(d) indicating the location on said display.

2. The method of claim 1, further comprising, in a case where said
location of the given coordinate of the shared reference image lies outside the
perspective view, indicating on said display a direction of angular displacement
of the imaging device required to bring said location within the perspective

view.
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aircraft, and is equally applicable to unmanned air
vehi cl es (UAVs), and unpowered airborne devices such

wa@sgooghssder s. According to a further suppl enentBCHIL2007/000608

alternative, feature, the system and nethod of the
present invention may be used to provide reference
data for correcting errors of an INS. Specifically, a
precise point-of-interest direction vector towards a
poi it. of Theowmethodr of neleiss 2arfiugherc mepmrising, ingicetisg 2
correspondi ng vector as would be predicted by the INS
ﬁ'ﬁxﬁllttﬂi& dfahgulan dlSFlaC&[lEIﬁQiﬂtmiml&giﬁgl Hatiedreguire t@biing eaid
is is best inplenented using a Kalman filter

@‘pg,m Srshectiaiyt 0 those skilled in the art of
ranster a |g ngnt of 1nertial systens. It will be
appr eci ated that the above descriptions are intended
only to serve as exanples, and that nany ot her

enbogli e, AEfoAT ] Wabfbmedhig SHEONA ¢ aOéaste Rehere said

present i'nvention as defined In the appen ed

L 1S t hod .f kndi cat

e o R ey 39°r§+n'v§ ot P PR R g 485 L e

i nput, frgman i nma devj. ce, | pcat.i on based upon a
DRSOV A S AT 5r-akenieg dhe fraagingagasort Rebirg AYd

conprising: (a) prOV|d|ng a shared reference i mage of
lmatiewivithirothe peesppéting wewl east part of the field of

vi ew of the perspective view, the shared reference

i mage having a defined coordi nate system (b)

correlating the perspective view wth the shared

r ef ef.encelhemmgthod of claim 1, wherein said coordinate of the shared

reference image is a location of crops requiring treatment.

6. The method of claim 1, wherein said coordinate of the shared

reference image is a location of a forest fire.

7. The method of claim 1, wherein said coordinate of the shared
reference image is a location of a landing point for landing an airbomne

platform carrying the imaging device.

8. The method of claim 1, wherein said correlating includes:
(8)  correlating said perspective view with a reference view having a
field of view wider than said perspective view 5o as to generate a

first mapping transformation; and
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So as to generate a mappi ng between said perspective
view and said shared reference inmage; (c) enploying
w@ a0od/18/sppi ng to derive a location of a gi ven PCT/IL2007/000608
coordi nate of the shared reference image within the
perspective view, and (d) indicating the |ocation on
said display. 2. The nethod of claim1, further
conprising, in a case where said |ocation of the given
coor(#) nacerrolating saighafasencectiew evide sdiduhereireferenpesimgge
the perspective view, indicating on said display a
di rect i oRo @f taggierate adecpidansypind tradsfotaeationngi ng
device required to bring said location within the
perspective view. 3. The nethod of claim?2, further
conprising indicating a magnitude of angul ar
di sp.acemet mefthodhef ichi@i N whersie alde qoordatitd Gykenng a
said location within the perspective view. 4. The

gé%%wca?tzoﬁdﬁ{afeéysﬁfdﬂ”her conprising, in a case where

ocation of “the given coordinate of the shared
reference image |lies outside the perspective view,
automatically re-aligning the imagi ng sensor to bring

e T e e
R R R N T
vﬁa@&igg %?eo;e%iior}laf)ie il(ljtferets’th gs Sa’lhf)aerrsepdective view derived from an image
sensor and presented on a display, the method comprising:
(a)  foreach user:
(i) providing a shared reference image of a region
overlapping at least part of the field of view of the
perspective view, the shared reference image having a
defined coordinate system, and
(ii) correlating the perspective view with the shared reference
image so as to generate a mapping between said
perspective view and said shared reference image;
(b) inputting from the first user a location within the first user’s
perspective view designated as a point-of-interest location;
(c¢) processing the input location, by use of the first user’s mapping,

to derive a coordinate in the shared reference image

corresponding to the point-of-interest location;
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reference image is a location of a forest fire. 7. The
met hod of claim| wherein said coordinate of the
w@bh@rasseref erence inmage is a |location of a | anPTg.2007/000608
poi nt for landing an airborne platformcarrying the
I magi ng device. 8. The nethod of claim1l1, wherein said
correlating includes: (a) correlating said perspective
view with a reference view having a field of view
wi ded) t hamocsasing feer epeeinpatee byivsey of dheseqoad gisad s mapping,
first mapping transformation; and(b) correlating said
r ef er enceo \defive W obats@i df shacestdiraie wdthbe theregendousas’s
to generate a second rrappi ng transformation. 9. The
met hod of &llp@éWelv whefein said coordinate systemis a
geogr aphl coordi nate system 10. A nethod for

commeh r dihoilt e PaBA RN, drireRf  Dretiihd bulrs

dlrectlons, each user view ng the region of interest

as a per§b§$ﬁfve vi ew derived froman i mage sensor and
presented on a display, the nethod conprising: (a) for
each user: (i) providing a shared reference inmage of a

regi on overl %tgl ng at least part of the field of view
of thle pdef Glriany 10+ Wacrshmsaddicoreslatingweludagige

havi ng a def i ned coordi nate system and
(a) correlating said perspective view with a reference view having a

field of view wider than said perspective view so as to generate a
first mapping transformation; and
(b) correlating said reference view with said shared reference image

so as to generate a second mapping transformation.

12.  The method of claim 10, further comprising:

(a)  inputting from the second user a location within the second user’s
perspective view designated as a second point-of-interest
location;

(b) processing the input location, by use of the second user’s
mapping, to derive a coordinate in the shared reference image
corresponding to the second point-of-interest location;

(c¢) processing the coordinate, by use of the first user’s mapping, to
derive a location of the coordinate within the first user’s

perspective view; and
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(ii) correlating the perspective viewwth the shared
reference image so as to generate a nmappi ng between
w@200d/1perspecti ve vi ew and sai d shared ref er enP@r/ILzag00608
(b) inputting fromthe first user a location within
the first user's perspective view designated as a
poi nt-of -interest | ocation; (c) processing the input
| ocation, by use of the first user's mapping, to
deri(de¢ a indioatitignhe pointrof-eerehtloeationedretherfust isadgdisplay.
corresponding to the point-of-interest |ocation;(d)
processi ng the coordinate, by use of the second user's
mappi ng, to derive a location of the coordinate within
t he Kecoritheusethal péredgimc 10y evharein; sad dproegssingd theainmag
the point-of-interest location on the second user's
lodht$dtl AYperformed lii@ingatﬂa@&s%g Gtk akQ, firdhRc&fidh, 988 Shherein
correlating includes: (a) correlating said perspective
f ew wit. ef Vi i 0g: [ [
s} S UehlagE HBLANGE o pRohd 10 LRl Bl ot o
first mapping transfarnmation; and (b) correlatin aid
sepRrg lfRtony %%ﬁ%ﬁ# i ISW%%S%M@W&%M% ntﬁa obpigae
to generate a second mapping transformation. 12. The
fronet the diretfloeativniie aGecandrle¢adiontonpri si ng: (a) inputting
fromthe second user a location within the second
user's

14.  The method of claim 13, wherein said transmitting is performed

wirelessly.

15. The method of claim 13, wherein said transmitting includes
transmitting additional information relating to a point-of-interest at the point-

of-interest location.

16.  The method of claim 10, wherein said coordinate system is a

geographical coordinate system.

17. A system for indicating a location based upon a coordinate
defined relative to a shared reference image, the system comprising:

(a) animaging sensor;

(b) adisplay;

(¢) adisplay driver for receiving images from said image sensor and

displaying said images on said display;
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per spective view designated as a second

poi nt-of -interest | ocation; (b) processing the input
wo ewati3ssm by use of the second user's nmappi ngpCT/TL2007/000608

derive a coordinate in the shared reference i nmage

corresponding to the second point-of-interest

| ocation; (c) processing the coordinate, by use of the

first user's mapping, to derive a |location of the

coor(d) nataedath tstriraget g@iw foztstarsng data perrsppandingstoss ghared

and(d) indicating the point-of-interest |ocation on

the fir strefes@iceSn@pspl ayre%ibﬁ-at Tast Fﬁfﬂaﬂﬂ overlaprsihgnalidd

wherein said processing the input [ocation is

per f or me ' Qr: ' t t i :

| ocat i on%ﬁ%&%garlgilﬁggéﬁéé@ grr’ 3’%@5@%@ Tt ﬁeg&%c%é{ngig%g?\émg

is perfor usi Ng . processi ng systemat a second

| ocat i on,an‘f%@eaéf’%&&m?%ﬂsnﬁé?» a(?’grrpri sing transmtting

the coordinate fromthe first location to a second

| ocafed on;a prpcesHRg FEStPBRsePcidipdi with Said iesging ssasog, said

transmtting is performed wirelessly. 15. The net hod

of cl ai mdedy swhregeideviai ghd saids displayngriver | 2ad sprocessing

transmtting additional information relating to a

poi nt - of -dyBfefi Bsihg BdnfidieedRint of - interest |ocation.
16. The méthod of claim 10, wherein said coordinate

systemis;a 9e3gLARNL Gabe GRREYL VAkE oEYShEM by said imaging

sensor with said shared reference image so as to generate a
mapping between said perspective view and said shared
reference image;

(i) employing said mapping to derive a location of a given
coordinate of said shared reference image within the
perspective view; and

(iii) actl’lating the display driver to indicate the location in the

context of said images on said display.

18.  The system of claim 17, further comprising a communication
interface associated with said processing system and configured for receiving

said coordinates from a point-of-interest designating source.
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17. A systemfor indicating a |ocation based upon a
coordi nate defined relative to a shared reference
WO pga3sethe system conprising: (a) an i magi ng BEHAN)7/000608

(b) a display; (c) a display driver for receiving

i mages from said i nage sensor and displaying said

i mges on said display;(d) a data storage device for
storing data corresponding to a shared reference inage

of a% egilbn susteineefstlaipnl 7, whdrgineail imagphg senaorf had algiven
view of said imge sensor, said shared reference inmage

opeaxtivedfield dgfiae damD hdidha &id Sy 6¢edsing anstefre)s @nfigured for
processi ng system associated with said i nagi ng sensor,

cogr?élgtu‘%:slragd gﬁésr%&@i@e JdeNd GAmARH aled Jg#eg%c@?ln)géé ¥gr. S ai d

proce tem being configure

correlatin .perspective.vi ew generated by sai .
mdihg. eBRsBHBE TR R P RER e e g ying@
to generate a nmappi ng between said perspective view
and sai d fisithpbuicveridasthen paid gaven qpeyatiopieldiof yiewisa as
mappi ng to derive a location of a given coordi nate of
sai d sharedensitendirsemappige ttantformatidie apér specti ve
view, and (iii) actuating the display driver to

i ndi GRt e chiglatifs ahidoRfdrBndeNBew with said shared reference image

5o as to generate a second mapping transformation.

20. The system of claim 17, further comprising an input device
associated with said display driver for user designation of a point-of-interest

location within said perspective view.

21.  The system of claim 20, wherein said processing system is further
configured for employing said mapping to derive a coordinate in said shared
reference image corresponding to a point-of-interest location designated by use

of said input device.

22. The system of claim 17, further comprising an imaging sensor
controller configured for controlling at least a dﬁection of regard of said
imaging sensor, wherein said processing system is further configured to
activate said imaging sensor controller such that, in a case where said location

of the given coordinate lies outside the field of view of the imaging sensor, said
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context of said inmages on said display. 18. The system
of claim17, further conprising a communication
WO nioenssmce associ ated with said processi ng SysPENII20e/000608
configured for receiving said coordinates froma
poi nt -of -i nterest designating source.19. The system of
claim 17, wherein said inmagi ng sensor has a given
_operative field of view, and wherein_said processing
insaging penser eonttallsn prtpriasically reeligny sryd SMpEng SeRI9E &0 biiag
view wth said shared reference i mage by: (a)
said locatiah withishedighd obpiest. i ve view with a reference
view having a field of view wi der than said given
operative field of view so as to generate a first
mappi ng transformation; and (b) correlating said
r ef e2enceA wehod\fdripreeidihgsh pod-of dfiterest dgedtivhgecte tasn
to generate a second mappi ng transformation. 20. The
aSY A fd Qiteq], MdMmdthodlclidpiRingeonpri sing an input device
associ ated with said display driver for user
designation .af a _point-.of-interest location within .
sai diper JHRTRIG o4 BPE Dy SRS SHteuRi oF &gl Setimetric
wherein sajd processing systemis further configured
for enpl 691aﬁﬁn§°aﬁtdleﬂ%ﬁﬁ¥tr?§ thepanpted sYste®or di nate in
said shared reference i nage corresponding to a
poi nfb) of -demtvingefsom| sachimagmgiessoreparspdsfivesEvgf sai d
i nput device. 22. The systemof claim17, furflier
conpfe) Si RGowiding"@ghitgd sefesice GRALE O latregloandtilgast §artfaiy
controlling at least a direction of regard of said

overlapping a field of view of the perspective view, said shared
reference image being associated with a defined coordinate
system;

(d) correlating the perspective view with said shared reference image
so as to generate a mapping between said shared reference image
and said perspective view;

(¢) employing said mapping to derive a location of a point-of-interest
coordinate from said shared reference image within the
perspective view; and

(f) providing to the automated system a point-of-interest direction
vector indicative of a direction from the at least part of the

automated system to the point-of-interest.
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i magi ng sensor, wherein said processing systemis
further configured to activate said i magi ng sensor

w@onwrnsdeler such that, in a case where sai d | oPGIE/IIE00700608

the given coordinate lies outside the field of view of
t he i magi ng sensor, saidi magi ng sensor controller
automatically re-aligns said imagi ng sensor to bring
said location within the field of view 23. A method
f or 29 ovildiermgethodof aleira 23 mthsreds tthelhiterrfedrPyvism: Bicludss
an automat ed system the nethod conprising: (a)
a el eiong bea usegihBEis trsefageBandoeds provided wowgeathed sdid
relation to at | east part of the automated system (b)
h%§5$tving fromsaid i magi ng sensor a perspective view,
c) providing a shared reference inmage of a region at
| east partially overlapping a field of view of the
perspective view, said shared reference i mage bei ng

assopy at e, Wntfo@ o#&idiRe g4 CRREADN MLaFYRERAT sy@fi}ra further

correlating the perspective viewwth said share

. reference.i e,S0.,as { ate_a mappi-n et ween
ingfioft ERERaub Ao Heam e d hE ExtbBRr LRt e Sy
,(,e)l enpl oyi ng said mappi.ng to deriyve a location of a
vigiblata ppser alighedsyite BSRAH eI srETH AP IO HeFord
reference image within the perspective view, and (f)
providing to the automated system a poi nt-of-interest
di rection . . . . .
26. The method of claim 25, wherein said head-up display is

implemented as a helmet-mounted display.

27.  The method of claim 25, further comprising, in a case where said
location of the given coordinate in said shared reference image lies outside the
perspective view, indicating on said head-up display a direction of angular
displacement of the imaging device required to bring said location within the

perspective view.

28.  The method of claim 27, further comprising indicating on said
head-up display a magnitude of angular displacement of the imaging device

required to bring said location within the perspective view.

29.  The method of claim 23, wherein the automated system includes
an optical sight, the method further comprising displaying a symbol visible to a

user aligned with the point-of-interest direction vector.
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vector indicative of a direction fromthe at | east
part of the automated systemto the

w@oioit3swsit i nt erest. 24. The net hod of cl ai m 23, PeUTE20077100608
t he automated systemincludes a helnmet worn by a user,
wherein the i mage sensor is provided nounted on said
hel net. 25. The nethod of claim 24, wherein the
aut omat ed system further includes a head-up display,
t he 30et hddefmethbé of clnpri3s whgreln ¢t aytongted syprebpincludes
visible to a user aligned with the point-of-interest

a Hed 6 'd%glésé Ghd ettt futther 68hPASnLIdisaling 35ymMaeKRible

ad- a

sai d he up display is inplenmented as

toihﬁé%@ﬁ&ﬁ&?eﬁ%‘?ﬁth%@%?&n{ﬁ%?%esg Eﬂ\%ﬁf@{ haghof ¢l ai m 25,

ersconpri sing, ase ere said | ocation of
the given coordinate in said shared reference i nage
| ies outside the perspective view, indicating on said

headeup sl aod ol S61100 LA Lol SPLARRIER 2L

t he 1'ragi'ng dévice requi ring sal

ithin the rspective yiew 28. The, nethod of clai
a Bl inoioed G e Be b sier o imis0ia Uohlase gy mbol
di splay a magni tude of angul ar di splacement of the
visthdgriormyuste aligeedr with theaqebintoofbinfarest siteetioovestoton wi t hin
the perspective view. 29. The nethod of claim 23,
wherein the automated system includes an opti cal
sight, the nmethod further conprising displaying a
synb®. vildiebnethpd of cladar 2% [Whyseln the entortaged system includes
poi nt-of -interest direction vector.30. The nethod of
ai hhab]2 Jevich etheimethbd fatticr rovhgrtisings iomiaticdllydslépning said

aimable device with the point-of-interest direction vector.

33.  The method of claim 23, wherein the automated system includes
a navigatable device, the method further comprising employing the point-of-
interest direction vector to navigate said navigatable device to the point-of-

interest.

34,  The method of claim 23, wherein the automated system includes
an inertial navigation system, the method further comprising employing the
point-of-interest direction vector to correct errors of the inertial navigation

system.

- 35.  The method of claim 23, wherein the automated system includes

an imaging sensor controller configured for controlling a direction of regard of
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a head-up display, the nethod further conprising

di spl aying a synbol visible to a user aligned with the
w@einti3wlit i nt erest direction vector. 31. The neCTOQo@000608

claim 23, wherein the automated systemincludes a

hel met - nount ed di spl ay, the nethod further conpri.sing

di spl aying a synbol visible to a user aligned with the

poi nt-of -interest direction vector. 32. The nethod of
atdbast sridImagiey ednsot, Hhe auttbod fiethes wotmmising [ini cesasarwhere

ai mabl e device, the nethod further conprising

sagtloRmdl 6Rthk iviin ok diflate 3h SaidisHBBE SefdRMICE Bnibd Red Aiftside
poi nt-of -interest direction vector. 33. The nethod of

| & o Lt t d .em inel-
! QU S5, SRR, SORLECHSHAIEP LB LA o
oSBT et et g et on pect o 1 9.on

point-ofinterest. 34. The nethod of claim 23, wherein
withig theifieldetfedesy st em i ncl udes an inertial navigation
system the nethod further conprising enploying the
poi nt-of -interest direction vector to correct errors
of the inertial navigation system 35. The nethod of
cl ai3 23 Anvinpagitns forepravidoigaa painspéintpieshdirention veator to
i magi ng sensor controller configured for controlling a
ardautembiedsystent, eb@ poinobaintbressicisniekignmed by asosdinate in
the nethod further conprising, in a case where said

. ag@g&;g&é}eﬁ&M@e?@g%ﬁpﬁ%@w@ﬁgﬁ?n sai d shared

reference |1 magé s outside leld of view of the

TS0, 35" ST AR U RN B g o
sensor ?eats){ }I);r% ofS fallliedau[to%:e?t}acil (s)jpstem;

(b) a data storage device for storing data corresponding to a shared
reference image of a region at least partially overlapping a field
of view of said image sensor, said shared reference image having
a defined coordinate system;

(¢) an input arrangement for inputting coordinates in said shared
reference image of the point-of-interest; and

(d) a processing system associated with said imaging sensor, said
data storage device, said input arrangement and the automated
system, said processing system being configured for:

@) correlating a perspective view generated by said imaging

sensor with said shared reference image so as to generate a
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within the field of view 36. An apparatus for
providing a point-of-interest direction vector to an
wa@eaoorsteed system the point-of-interest bei ngPCT/IL2007/000608
designated by a coordinate in a shared reference
i mage, the apparatus conprising: (a) an inmagi ng sensor
mounted in known geonetric relation to at | east part
of the automated system (b), a data storage device for
storing data BGPPEERFWER Stid RErsestine ieY apdnwed ishargd
of a region at least partially overlapping a field of
vi ew of said refagecsamsger, said shared reference inmmge
havi ng a defined coordi nate system (c) an input
arrangenggy f &hplqjﬁ’ﬁ%%ﬁﬂ&n&ﬁﬁﬁ? kN dkBoe bMoAich sMak eshut

reference 1 mage of the point-of-interest; and (d) a

processi ng_ ysten2asanrated Wil Sakd tUak0g SNGk.

sai d data storage %ew ce, "sai nput "arrangeffent an
the automated system said processing system being
confi gured foPSISPFIIVERF%I 3R ng a perspective view
generated by said i nagi ng sensor with said shared

r ef er encéiii) magrodingsta ¢heycntornated asyspph Ny Indninefeinterest
sai d perspective view and said shared reference inmage;
(11) enployi ngirsedch v indichtivel of b\reatibo € dic af lcasn
i nput coordinate fromsaid shared reference i nage

within the part of the automated system to the point-of-interest.

37. The apparatus of claim 36, wherein the automated system
includes a helmet worn by a user, wherein said image sensor is mounted on

said helmet.

38.  The apparatus of claim 37, wherein the automated system further
includes a head-up display, the automated system being configured to provide a

symbol visible to a user aligned with the point-of-interest direction vector.

39. The apparatus of claim 38, wherein said head-up display is

implemented as a helmet-mounted display.

40. The apparatus of claim 36, wherein the auntomated system
includes an optical sight, the automated system being configured to provide a

symbol visible to a user aligned with the point-of-interest direction vector.
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perspective view, and (ill) providing to the autonmated

systema point-of-interest direction vector indicative
w@booa/1886recti on fromthe at | east part of the BCI/UPAQ7AH0608

systemto the point-of-interest. 37. The apparatus of

claim 36, wherein the automated systemincludes a

hel mret worn by a user, wherein said i nage sensor is

nmount ed on said hel nmet. 38. The apparatus of claim 37,

wherdi-n tihe apRas#s cof $Jadmedos yvheren jthe | awegatgd system

head- up di splay, the automated system bei ng confi gured
inthndps eheatbup dsphilypthe\ansirbdted systanm bebrg @infigned toiprdvitbe

poi nt-of -i nterest direction vector. 39. The appar atus
sy2hbdl hiBk 38 a uﬁ\!}%ﬁ%héd $adhcth® parit-dR irdtbeR @ectidn vector.

I mpl emented as a hel met-nounted display. 40. The

apparatus of claim 36, wherein the automated system

i ncludes an optical sight, the autonated system bei ng

confdgur egnd & Eaﬁﬁisd@facmwbm, WhefeB| @hé OnBoMERH system
aligned wth tp e point-of-interest direction

inéﬁ)t%tg%ihée%negﬂ?uﬂgﬁ) %ﬁﬁ%ﬁja A éd?% aﬁé%‘g@&ﬁg@gm\é@ ﬁ&ﬁé r}:tohggured to

systemil nc I SpI ay,

aut omat ed. system bei ng caonfigured to provjide a synbo
DipVidert & PBOLY B O BFToRl ReR HViEh @%Bﬁ?lﬁ?@%ﬁlf?rﬁﬁfe%é%ctﬂon
direction vector. 42. The apparatus of clai m 36,
vedh@r ei n t he aut omat ed system i ncl udes a hel net - nount ed
di spl ay, the automated system being configured to
provi de a synbol visible to a user aligned with the
poi nt-of -i nterest direction .
43. The apparatus of claim 36, wherein the automated system

includes an aimable device, the automated system being configured to
automatically align said aimable device with the point-of-interest direction

vector.

44, The apparatus of claim 36, wherein the automated system
includes a navigatable device, the automated system being configured to
employ the point-of-interest direction vector to navigate said navigatable

device to the point-of-interest.

45. The apparatus of claim 36, wherein the automated system
includes an inertial navigation system, automated system being configured to
employ the point-of-interest direction vector to correct errors of the inertial

navigation system.
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vector. 43. The apparatus of claim 36, wherein the
aut omat ed systemincludes an ai nabl e device, the

wa@eaoorsteed system bei ng configured to aut onati PEl/in2007/000608

align said aimable device with the point-of-interest
direction vector. 44. The apparatus of claim 36,
wherein the automated system i ncl udes a navi gat abl e

devi ce, e aut omated.sys bei ng conf.igured to

el By 1 TGOSt G HE A6t PRI S ED gage sensor

navi gate sai d navi gatabl e device to the )
cqrdradier gonfigensd efor . conrollinge aagisetionuel s¢gasd HfnnRbeast said

wherei n the automated systemincludes an inertial
iagpih @ 8drisor) viesdie Baidgubeseing dystymitie Murdeir egnfigmed go betdate

to enploy the point-of-interest direction vector to

saﬁﬁ riﬁn%%ﬁxges{eﬁﬁfrSco?{rop&esﬂcﬁ%ﬁf ah aNAE GRlerORaiaVIBERIBAEF the
The app C

ratus o aim 36, further conprising an

i_magi ng.sensor.cqntrol l.er configuyred fo 0 [ Li.n

el PP SePaRb iR Crergen e el e PR L ERL YRS &
wherein said processing systemis further confi gi_ur ed

ingateBsea Faid iimpaging peniy contre Ben supmaticallycs-aligas said

in a case where said |location of the given coordi nate

imagisgschsshiar tethgr eidloeatien withiyethe ifedd ofivisivde the field
of view of the inmagi ng sensor, said inagi ng sensor
controller automatically re-aligns said imgi ng sensor
to bring said location within the field of view

41



