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| NVENTI ON The present invention relates to systens for providing
information to the pilot of an aircraft and, in particular, it concerns a
system for providing selected 5 information to a pilot based on his
gaze-direction wt pplication, the
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HAIR 2Oudls'csignates and verities tracking of a target by the weapon system.

The extremely high speed of modern air-to-air combat stretches the
10  capabilities of a human pilot to their limits. Faced with complex aircraft
instrumentation and high-tech weapon systems, a pilot is required to achieve
split-second reaction times as supersonic aircraft pass each other at relative
speeds up to thousands of miles per hour. Various high performanc‘:e.
target-seeking air-to-air missiles have been developed to operate under these
15 conditions. Nevertheless, the process of cueing such missiles and verifying that
they are locked-on to the correct target before firing may be extremely difficult
for the pilot, especially while simultaneously flying an aircraft under conditions

of constantly varying orientation, extreme inertial forces and high stress.
To facilitate rapid designation of targets, a head-up display is typically
20  used to indicate the current cueing direction. A display symbol representing the
direction of regard of the missile seeker is brought into superposition with a

directly viewed target and the seeker is then allowed to track the target. If the
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noni tored either by a nmagnetic or an optical system Cueing is achieved by
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axis into alignment wth the target. Exanples of such systens are
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typically smaller than the actual field of view both of the pilot and of
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10 Despite the major technological advances which have been made in the
implementation of helmet-mounted displays and cueing systems, such systems
still suffer from a large number of disadvantages, as will now be detailed.

Firstly, the components mounted in the helmet add greatly to the weight
of the helmet. This weight becomes multiplied numerous times under

15  high-acceleration conditions, becoming a major sourée 6f fﬁtiguc and stress for
the pilot.

Secondly, these systems generally require alignment of the optical axis
of the helmet with the target to be designated. This limits operation of the
system to the angular range of helmet motion which the pilot can achieve. This

is typically smalier than the actual field of view both of the pilot and of the
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seeker of the air-to-air missiles, thereby limiting performance unnecessarily.

Furthermore, shifting of the entire head together with the heavy helmet to the
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particularly with respect to energency ejection where a special guillotine
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10  within the helmet is also viewed as a particular safety hazard.

Finally, the integration of a head mounted display and cueing system
into the aircraft systems is a highly expensive project, requiring adaptation of
numerous subsystems, with all the complications of safety and reliability
evaluation procedures and the like which this entails.

15 In addition to the specific issue of cueing and verifying correct tracking
of weapon systems, modern aircraft include multiple information systems
which in many cases generate information relating to objects or locations
visible to the pilot. Such systems typically include radar and navigation
systems of various types, as well as data systems. In many cases, Datal.ink

20 (DL) systems are provided which can offer a wide variety of information, such
as identifying other aircraft as friendly or hostile, identifying the type of

aircraft and even provide information regarding the armament of the aircraft.

Navigation related information typically includes the identity of various visible
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achieved over a useful field of view by enploying a hel met-nounted display
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eye-notion tracking, various techniques have been devel oped for
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of come € systens for t king eye novenents may be
obtai ned from ASL Applied Science Laboratorie (Bedf ord,,.NI A .USA). U. S
Patent Nafosn®#3) posa theadrin Hisplapsedbak hf -%M’rﬂ-‘@gy R for
measuring eye gaze while providing a hel net-nounted display. 15 Brief
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gaze-actuated information systemwhich 20 would facilitate rapid and
reliabl eﬂmlﬂ‘oyegnmwrﬁddhwdﬁgn%ﬁ-fi cation of air-to-air mssiles wthout
the pilot having to turn his entire head and wi thout requiring substantial
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have been developed for identifying the gaze direction of the human eye. '
10 Examples of a number of commercially available systems for tracking eye
movements may be obtained from ASL Applied Science Laboratories
(Bedford, MA, USA).
U.S. Patent No. 5,583,795 to Smyth proposes a helmet-mounted
apparatus for measuring eye gaze while providing a helmet-mounted display.
15 Brief reference is made to the possibility of using the apparatus for
“designating targets” and “weapon system pointing”. Such a system, however,
would still suffer from most of the aforementioned shortcomings associated
with helmet-mounted display systems.
There is therefore a need for a gaze-actuated information system which
20  wouid facilitate rapid and reliable cueing and tracking verification of air-to-air
missiles without the pilot having to turn his entire head and without requiring

substantial additional connections or expensive modification of aircraft

systems. It would also be highly advantageous to provide a method for



providing information, including confirmng-that a weapon syste

| ocked-on to a visible target, w thout regui ring use gf a zi sug 3d?~’¥\5| &Q%
SUNPJARY OF TUE | NVENTI ON The present invention is a gaze-actuated
information system and nethod 5 which provides informatiogn sQci ated vvlth
various gemdditigriectineationyindiuding confieindngthay iaceapemotigtam ét hi&f(
applications, the systemand nethod may be used for confirmng that a
weapon s I out use of a visual

di spl ay. ¥(%%mlg Itg%ekﬁltﬁﬁm{rr%gﬁlrwsgeﬁ%????%#I? e systemto be

i npl enented as |ightwei ght conponents, thereby rendering the hel met nuch

10 lighter and easier to use than systenms with hel nmet-nmounted displays.
Accor di ng resent invention there is provided, a
met hod f & ARG Wy nformati on associated with at | east one
region of a fleld of wvi ew VISI ble to the pilot fromwthin a cockpit

Wi t hout r?q,u"['h'erllﬂe&n‘f'n%@ﬁldﬁ'lﬂﬁ'@%e dcheate®infotmatomsystemgridwmethtoebs of .
(a) determni ng 5 an eye gaze ditection relative to a given franme of

reference f l east .one .eye e
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gaze direction with the reference direction; if the eye
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of accuracy, generating audio output audible to the pilot and 20
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According to a i her feature of the present invention, the reference

di
uhi ch 5 96 avRaldapagbr jare i et TR FONE SRR S ot put

provi des
implemented as lightweight components, thereby rendering the helmet much

10 lighter and easier to use than systems with helmet-mounted displays.

According to the teachings of the present invention there is provided, a
method for providing a pilot with information associated with at least one
region of a field of view visible to the pilot from within a cockpit without
requiring a visual display, the method comprising the steps of: (a) determining

15 an eye gaze direction relative to a given frame of reference for at least one eye
of the pilot; (b) determining a reference direction relative to the given frame of
reference; (¢) comparing the eye gaze direction with the reference direction;
and (d) if the eye gaze direction and the reference direction are equal to within
a given degree of accuracy, generating audio output audible to the pilot and

20 indicative of information associated with the reference direction.

According to a further feature of the present invention, the reference

direction corresponds to a direction from a weapon system to a target to which



confirmation that the weapon systemis |ocked-on to a target at which the
pilot is currently gazing. According to a further feature of tzegpgc@g%ea%q
i nvention, the reference 5 direction corresponds to a direction rom the
cockpit to a friendly aircraft, such that the audi o out u{ rovides an
i ndi catithe twapoan systenr aibt leakediomshsuele it othe) audiqr PURE y}?rgg{ g is
friendly. According to a further feature of the present invention, the
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hostile aircra suc 10 that” the audi o output provides an indication
that an aircraft at . which the pilot is currently gazing is hostile.

Accor di n@%@&ﬂﬂ&a@r{& feature of the present invention, the reference
direction corresponds to a direction fromthe cockpit, to a | apdmark, such
that the audAecordipgttopr Gwithiers faanfrer ofatheoprasenbinveation, the ICIRHAMEr k at
which the 15 pilot is currently gazing. According to a further feature of
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maxi owed angul ar screpancy between 'the eye gaze direction and the

reference direction, the nmaxj mum.all owed | scr.epaRc ' . ue of
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of the present invention, the determining an eye gaze direction includes:

(a) enpl gyir&glypghahged fifendlyed systemto derive direction information
related to a re%ative eye gaze direction for at |least one eye of the pil ot
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direction corresponds to a direction from the cockpit to a hostile aircraft, such
10 that the audio output provides an indication that an aircraft at which the pilot is
currently gazing is hostile.

According to a further feature of the present invention, the reference
direction corresponds to a direction from the cockpit to a landmark, such that
the audio output provides information relating to the landmark at which the

15 pilot is currently gazing.

According to a further feature of the present invention, the given degree
of accuracy corresponds to a maximum allowed angular discrepancy between
the eye gaze direction and the reference direction, the maximum allowed
discrepancy having a value of less than 5°, and preferably less than 2°.

20 According to a further feature of the present invention, the determining
an eye gaze direction includes: (a) employing a helmet-mounted system to
derive direction information related to a relative eye gaze direction for at least

one eye of the pilot relative to a helmet worn by the pilot; (b) transmitting the



direction information via a cordless comunications link to a receiver
unit; (c) deriving position information related to a position of §hiARelifbt
within a cockpit; and (d) processing the direction information and the
position information to derive the eye gaze direction relative to a frane
of referdireetiorh insmatiaheviai d motdessc oRmpIunicakiansy ik 40 1% TeCSYRT WYE £ eat ur e
of the present invention, the helnet-nounted system and a hel net - nount ed
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providing a pilot with infornmation associated with at |east gne regi
a field @ffoymguonitsi durivet thet byee gpid direttiomralativg fosn deerpiof T @cr%iﬁe aron of
requiring a visual display, the system conprising: (a) a gaze-direction

det ermi ni Q%’Ci%ét?@m ﬂl%p(!o(&ﬁﬂ. within the 15 cockpit and configured to

det erti né gaze Oirection of the pilot relative to the cockpit;

(b) a direction correlation system associated with the . ir i
det er mi ni ng sy'swerdingd teord i Utk 162D A eqP?\ePEWP§ang€egl§fé)ﬂ’ dlﬁ%’tei:?inon

with at | east one reference direction and to generate a correlation signal

when t he pephéemouitse sfkfeact and & shelguettmouontete postien ent ethgi i thi
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20 a predefined margin of error; and (c) an audi o output system associ at eg
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10 There is also provided according to the teachings of the present

invention, a gaze-actuated information system for providing a pilot with
information associated with at least one region of a field of view visible to the
pilot from within a cockpit without requiring a visual display, the system
comprising: (a) a gaze-direction determining system deployed within the
15 cockpit and configured to determine a current gaze direction of the pilot
relative to the cockpit; (b) a direction correlation system associated with the
gaze-direction determining system and configured to compare the current gaze
direction with at least one reference direction and to generate a correlation
signal when the current gaze direction is equal to the reference direction within
20  a predefined margin of error; and (¢) an audio output system associated with
the direction correlation system and configured to be responsive to the

correlation signal to generate audio output audible to the pilot and indicative of

information related to the reference direction.



Accor di ng‘to‘ a further feature of the present invention, there is al
provi ded a weapon systemincluding a seeker operative to track at t&ar@ﬁi ,2[105
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the direction fromthe seeker to the tarqget being tracke th Lrection
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to enploy the current target direction as one of the reference directions

such t hatprowhled 4 kecapph! systeno dhclutlimgaa dscldreopeaatifet fo tiaskautirgebdhput
system generates audi o output indicative that the currently viewed target

is being e C j o] h e fedh® Niq itR¥ent i on,
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system configured to derive relative di_rectil(zn i nf or.matj on rel a&ed to a
rel at i ve diiestigaAsomyiheessckenta Bic trgstebeing drpeked.othgrdirgrtion; eYLElpUPR: i ve to
a helmet worn by the pilot; and (b) a helnmet positioning system configured

to desi veypRsh beRig dRbeiatel with the eleaped system @ud confguret! toleenglel ithe wi t hi n
the cockpit. 15 According to a further feature of the present invention,

the ogaze-directiop determnnin te L{C des r ithi er
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the hel net-nounted system Accordi ng.to a further feature qf the present
¥

i nvent i orpilat Heok towiasidsdhe fargat, dbie gpdicopyiRNE SYHem: SEEERes AP0, pRIpU
i npl enented using | ow power electrical conponents powered exclusively by

at | east ;9ARaN0L MRt tHO YRSty bﬁw@rm%a i2b&nWARCREAS There is al so
provi ded according to the teachings of the present
‘According to a further feature of the present invention, the

10 gaze-direction determining system includes: (a) a helmet-mounted system
configured to derive relative direction information related to a relative eye gaze
direction for at least one eye of the pilot relative to a helmet worn by the pilot;
and (b) a helmét positioning system configured to derive position information
related to a position of the helmet within the cockpit.

15 According to a further feature of the present invention, the
gaze-direction determining system further includes a transmitter deployed for
transmitting a wireless signal containing information from the helmet-mounted
system.

According to a further feature of the present invention, the

helmet-mounted system and the transmitter are implemented using low-power

b
<

electrical components powered exclusively by at least one helmet-mounted

battery.



i nventi o'n', élrret hod for providing to a pilot confirmation that a 0
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the nethod conprising the steps of: (a) determ ning an eye gaze direction

relative to 5 given frame of reference for, at o) he pil ot;
(b) determ n?ﬁ'@erﬁ 1% aarlﬁ)%tpréﬁv}(gét iaﬁﬁor?jé‘?ﬁ e 1S ﬁﬁgﬁﬁéé%lﬁéﬁgfﬂ%ee ati \F;e to

the given franme of reference fromthe weapon systemto the target to which
t he weap@wesysi,emrethod frkedvisting (e) pilotsanfirgatior thaja yaaROM$Y ion with
the target direction; and (d) if the eye gaze direction and the target

directiop dl%g;g%@-%pa{o Eovigbﬁ%ékgét Ghimsnt Mbcdspnediseil arpliyaalie ehedat i ng a

pr edefi ne e sign onfirmthat the weapon systemis | ocked-on
to a target at which the pilaqt . is currentl azi ng,. ccor di o_a further
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to a maxi mum al | owed angul ar di screpancy between the eye gaze direction

and the paeadramler@Cidfornct for meieastimnal ¢yewefl thel pildt;s@y efeiemyining ang a
value of less than 5, and preferably less than 2. According to a further

feature of the.present | ' Qe O&&enedigrect i on
i ncl udest%%ea{) ggﬁﬁﬁ?‘i‘&i}ﬁs{%&ﬁ@ﬁt‘%@o@? rr%{u}ﬁ(t;te g%?tdgr% tgoo mgeg?@g gtigdr ection
information related to a relative eye gaze dir ctiol_p for at | east. one eye
of the piefereneeifom e wsapomsysam oiis tasget FR Wilieh fhe wgapen ﬂéﬁ’i"t'ﬁi ng the
20 direction information via a cordless comunications link to a receiver

unit;  (Rkke@obhY (EPchaphiin®thé Bfegans directieh atidd thotaggodiredtiom; andt he
hel met within a cockpit; and (d) processing the direction information and
t he posi
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10 degree of accuracy. generating a predefined audible signal to confirm that the
weapon system is locked-on to a target at which the pilot is currently gazing.
According to a further feature of the present invention, the given degree
of accuracy corresponds to a maximum allowed angular discrepancy between
the eye gaze direction and lthe target direction, the maximum allowed
15 discrepancy having a value of less than 5°, and preferably less than 2°.
According to a further feature of the present invention, the determining
an eye gaze directidn includes: (a) employing a helmet-mounted system to
derive direction information related to a relative eye gaze direction for at least

one eye of the pilot relative to a helmet wom by the pilot; (b) transmitting the

direction information via a cordless communications link to a receiver unit;

e
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(c) deriving position information related to a position of the helmet within a

cockpit; and (d) processing the direction information and the position



Accor di n'g' to a further feature of the present invention, the
hel met - nount ed system and a hel net- nounted portion of the cordl @8 48R 2005
comuni cations link are inplenmented using | ow power electrical conponents

power ed excl usively by. at | east one ;hel net -

DESCRI PTHERIoatigpto SEANCNES %g%ﬂ/gﬁf’?t&& Fgﬁﬁgrgggnggfe@gér %blge%?grg?/ceway of
exanple only, with reference to the acconpanyi ng draw ngs, wherein: 10
FIG 1 igssocgpoevidi thelcockpidi agramillustrating the main sub-systens of a
gaze-actuated i nformati on system constructed and operative according to
the teachingg Qldiflg R6ESENtuliiteeNehile ©F" (hE Oréiong dnpiritioh, wihd
information associared with at |east one region of a field of view visible
tothe pilot; FIG 2 is a nore detailed bl ock .di agr Lkl ystrati the main
15 conpoehnet-@ountedr syaient aRgm? eﬁ%‘ﬁ‘i&f’f‘%ﬂtgﬂ tp%g{lg}nsb gm&%f (%itr%l&rgse 1 for
operating air-to-air mssiles; FIG 3 is a schematic representation of an
ai rcraft apRhoyicagoishEnk 8¢ émploferfedusmglowpowen electEcal| unpeResisam
illustrating the operation of the systemof 20 Figure 2; FIG 5 is a
detailed flow di agr ' | Figure 4, illustrating
a net hod P&&‘@&?Cg%‘g“?ig%lyﬁ@; %@%@ mfg%cl)#n%% e&g#%(ggﬁl?&lynventi on for 10 2 8 MAR
2005 confirmng to a pilot that a weapon systemis | ocked-on to a visible
target without use of a visual display;, FIG 6 is a nore detailed bl ock

: ! . _ ,
diagramillustratl nd U THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

10 FIG. 1 is a general block diagram illustrating the main sub-systems of a
gaze-actuated information system, constructed and operative according to the
teachings of the present invention, for providing a pilot with information
associated with at least one region of a field of view visible to the pilot;

FIG. 2 is a more detailed block diagram illustrating the main

15 components of a preferred implementation of the system of Figure 1 for
operating air-to-air missiles;

FIG. 3 is a schematic representation of an aircraft employing the system
of Figure 2;
FIG. 4 is a flow diagram illustrating the operation of the system of

20 Figure 2;

FIG. 5 is a detailed flow diagram, corresponding to block 68 of Figure 4,

illustrating a method according to the teachings of the present invention for

10



components of an extended inplenentation of the system of Fi gur% &; 5 FIG
7is aflowdiagramillustrating the operation of the system of i@éReZ[ﬁS
and FIG 8 is a schematic representation of a field of view of a pilot
illustrating the operation of the system of Ei ure 6. DESCRH;T{O\ItO: THE
PREFERREEY EMENTPIY thAk apPiedreRt SYSFEhiS derked-an JaA VIPiFatatee
informati on system and net hod which provides information associated with

vari ous g@th@udﬁgﬁgfﬁomammblajy;a field of view Anmongst other
applications, the systemand nethod nay be used for confirmng that a

weapon system.,s | ocked-o 0 4r S ar it : f Wi sual

di splay. 15 %Lépré)nléi Sﬂ e@ogend&g%%gdaﬂ)lgﬁkofi%%%ﬂer%xtslagttrﬁ%l tﬂ%dsrﬁzg}:ﬁcor di ng
to the present invention may be better understood wt.h re{ erence to the
dr awi ngscemgoneitie ofan srisnded AppirBentation @ﬁthq@s@mio\,ﬁmgt I58% Yo the drawings,
Figures 1-3 and 6 show a gaze-actuated information system generally

desi gnat ed i VFIGONSis HCfied angrapaliabirméng 2he apeanibmoftthetdystanearthi ngs of
the present invention, for providing a pi% ot wth information associ at ed
with at |east .one,region of a field of viewvisible to the pilot from
within alB3E&S £9% t hout requiring a visual display. 11 2 8 MAR 2005
General |y speaking, the systemincludes a gaze-directjon determning system
12 depl oyed wWFIGi B ihe sdumitic apresenintigureld at elowod) viewe of ELiPlrcgnt gaze
direction of the pilot relative to the cockpit. A direction correlation

system dfsh51iRQMhd Bp&atoh QPR IFigaer@nt gaze direction with at

| east one

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 The present invention is a gaze-actuated information system and method
which provides information associated with various gaze directions within a
field of view. Amongst other applications, the system and method may be used
for confirming that a weapon system is locked-on to a visible target without use
of a visual display.

15 The principles and operation of systems and methods according to the
present invention may be better understood with reference to the drawings and
the accompanying description.

Referring now to the drawings, Figures 1-3 and 6 show a gaze-actuated
information system, generally designated 10, construcied and operative

20  according to the teachings of the present invention, for providing a pilot with
information associated with at least one region of a field of view visible to the

pilot from within a cockpit without requiring a visual display.

11



5 reference direction and to generate a correlation signal when the current
gaze direction is equal to the reference direction within a preddf i&d2005
margin of error. An audio output system 16 is responsive to the

| ati [ |t t dio . t di bl (A d
i cat i v of CRRETHIsReRoR| et tem REcrs Lol Fdiflpe |

'be readily appreciated that the systemthus defined provides a highly
advant aggygémcpz’r‘@iepmyedmﬁhimﬂmpmddpﬁsan@omﬁgumdri@, HSPNHgi hGUIRRL gaze
direction"to identify objects about which the pilot wants information

ensures that ,the.in Y ' I | idd ¥eremabgsyitent he

envi r onneAte dggého%ép{tﬁgmpoﬁlqgf[aﬁvi? b %e:@%dgﬁé@ﬁ trirg{eétsi nce the i rﬁ?or mation is
provi ded as audi o 15 output, the aforenenti onedgq?p{.obl ens a€ ociated with
hel net - nddnisedoufigpledyto coamase thoofWeEen! i AEUBR hB Ma g jﬂqség%‘%e of the

system and nmet hod of the present invention will beconme clearer fromthe

fol | oy ngefé?elﬁflééitﬁi'é&i%nad}ﬂi tlpadragsa cByrelmipnodignanwhemithe wyrrenbaptes, the

i nvention w be described rn the 20 context of two inplenmentations. A

first preferred.inplenentation i s B bihlgfekfart €es an
appl i cat i4g§eEPn fshfg&)"?\%?g?ﬁ ?ﬁ%eﬂﬁgﬁ%gé%ﬁpm@%:g Jgg(gletqﬁ‘lel%rn@grn 1ihon to a

dedi cat ed weapon control system which can be inplenmented ith m pi mal

i nt egr at iAo aiidiboowipiit systgmal ¢ d¢3 s¢sposgiyve dagthe LosdN B&%‘PE% 199 8 PEAR
2000 i nplenmentation, detailed in Figures 6-8, relates to an extension of

the syst %ﬁhicﬁaﬂtrpﬁ?tahaﬁﬂefmtthe jilot eipd ididiviend @ prfatration melatadhto dha craf t
systens to provide a range of additional information, preferably in

addition to offering all the features of the inplementation of Figures
2.5 reterence direction.

10 It will be readily appreciated that the system thus defined provides a
highly advantageous combination of propertics. On one hand, employing the
gaze direction to identify objects about which the pilot wants information
ensures that the information is related in an intuitive manner to the environment
seen by the pilot. At the same time, since the information is provided as audio

15 output, the aforementioned problems associated with helmet-mounted displays
can be avoided. This and other advantages of the system and method of the
present invention will become clearer from the following description and
drawings.

By way of non-limiting examples, the invention will be described in the

20 context of two implementations. A first preferred implementation, detaiied in
Figures 2-5, illustrates an application of the system and method of the present
invention to a dedicated weapon control system which can be implemented

with minimal integration into existing aircraft systems. A second preferred

12



5 Turning now to Figures 2-5, there is shown an inplenentation of system
10 for controlling a weapon system 18, particularly an air-to-ailrf n¥ié8i Fi85
system wth a target-tracking seeker 20 and a | auncher 22. Wapon system
18 generates a current target direction corresponding to the direction

fr o S bienub o SRS LGRS b Deles 1 ankadendion bR epstem 1t 15 o

parti cul AP the present invention that direction
correlation system 14 is configured to enpl the current ta di rection
as a ref endmeathed of¢he dvendion by Hlé%graméﬁnr%ﬁg‘g&lﬁ%?ﬁlsé’a‘i@’%%vég(g}sdet he
target, the audi o output system generates audio output indicative that the

current |y wnewesk hadiidhal snibahagoi,’ prifedblyTie additiougosyenng adf the gure 1
are typically inplenented as 15 conbi nati ons of conponents which may be

subdi vi ded bet t wo, or [e ' _sunits. Thus, in Figure 2, the
conponen&%atfl'é?ﬁ\ngfﬁﬁ‘?l W%bon %gg -%‘l’%r &2tion determ ni ng system 12 are
subdi vi ded between a hel net-nounted system 24 and. a COCﬁBi t-m)u[nt ed system
26. Speci fi calluypingtmsiwita Fimues 2, Syese anshomn 2B ARpAGNEIIHER 04 SYSIEM ey e
tracki ng system 28 20 configured to derive relative direction information

related t LEARLIING £¥WeRa stéhrgs baaitulaty an aire@sair omesiby systemd
preferablly? %(r)tﬁﬁeyels:% of t%gi?illot relative to a helnet worn by the pilot.

A hel net pgsitioni ng system 30 unt i t19of
Cockpi 1. Mt dadselentae T A0 T o Tl Dl Wedlioh 35SERLUPL L o0

information related to a position of the helnmet within the cock i{t. These
two sets gefieratdsar matrenintargetaliiatitiog msﬁﬂlﬁ@@gitﬁrﬁhﬁfdl’ff’r?@o@yféo‘@asfg fel ati ve
to the helnmet and the helnet position within the cockpit, are processed by
a procesgg, @&ga_ cfiﬁfénY@ beife eekERZa Hiy @st| iris eepaticularlycprafdrraie of

Wi

referencé€ novin

10 feature of the present invention that direction correlation system 14 is
configured to employ the current target direction as a reference direction such
that, when the pilot looks towards the target, the audio output system generates

audio output indicative that the currently viewed target is being tracked.
The various systems of Figure 1 are typically implemented as
15 combinations of components which may be subdivided between two or more
physical unmits. Thus, in Figure 2, the components together making up
gaze-direction  determining system 12 are subdivirded between a
helmet-mounted system 24 and a cockpit-mounted system 26. Specifically,
helmet-mounted system 24 preferably includes an eye tracking system 28
20  configured to derive relative direction information related to a relative eye gaze
direction for at least one eye, and preferably both eyes, of the pilot relative to a

helmet worn by the pilot. A helmet positioning system 30, mounted wholly or

mainly as part of cockpit-mounted system 26, is configured to derive position

13



5 the cockpit. Eye tracking system 28 may be of any type suitable for

hel met nounting in a nmanner which will not significantly interpe}eynRtig,
the pilot's performance. Typically, the systemincludes a transparent
reflector positioned in front of the eve via which a mniature canera

Comput ot FRENERE ReBEL B £ AR B e A R e ana

conput at ocunented in the "literature and

avail abl e in commercial products. By. way of non-1imting,. e, system
28 may beets ngfl drfermadomsPraYIGNE- Tth?eggﬁ‘a??/qn Bg%ﬁr%xeaﬁaﬁ%irF,gtlvgﬁ?hnﬁlaes ASL
Model 501, commercially available from Applied Science Laboratories of

Bedf or d, 1Minét'dad) the IhelmESposiass svithio tiey esckpit, atsppceswddty @ processiuse a
somewhat adapted unit which enploys smaller reflectors nounted towards the

rpr ovi g RGBT PR R R e e ey

I mprovin i ght conditions, and Tendering

the structure sufficiently strong to withstand forces of up to 10G Such
adapt &t i dlmsceokgitwi t hi n the capabilities of one ordinarily skilled in the
art. 20 Simlarly, helnmet positioning system 30 may be any type of hel net

posi tion nmeashiehthckiil §fftern 28 mdy bg dfunynppe biititiledot belmmgnauitngsyst ers,
and optical systens usi'ng active and/or passive markers. QOptical systens

o R A S A AP PR o
systemis the Guardi an Hel net Tracker System commerci al vaj | ahl e from
Cumul us (ISpidatlyAthe sysfem ifsladps eéramﬁpg(@nbqu}frcwaﬁqsa'ilo%iaéu& %ﬂfaﬁ/st ens of
all three aforenentioned types (magnetic, active optical and passive
optical) 3k&if QNHRACI MinYatddAtAdbLacquires images of the eye position. The
10 required optical and computational technology is well documented in the
literature and available in commercial products. By way of a non-limiting
example, system 28 may be implemented as an off-the-shelf commercial unit,
such as ASL Model 501, commercially available from Applied Science
Laboratories of Bedford, MA (USA). In most cases, however, it is preferable to
15 wuse a somewhat adapted unit which employs smaller reflectors mounted
towards the sides of the face and compact cameras mounted at the sides,
thereby improving the operational safety under flight conditions, and fendering
the structure sufficiently strong to withstand forces of up to 10G. Such
adaptations are within the capabilities of one ordinarily skilled in the art.
20 Similarly, helmet positioning system 30 may be any type of helmet
position measuring system, including but not limited to, magnetic systems, and

optical systems using active and/or passive markers. Optical systems are

generally preferred for their reliability, simplicity and light helmet weight. An

14



5 from NDI Northern Digital Inc. of Vaterl oo, Ontario (Ca

( _ Di ¢ : , nada). As
nmentioned earlier, it is a particular feature of prefeﬁred i er@e&remmtg[]@ps
of the present invention that it can be inplenented in a Iightwei dht )
hel met wi thout a hel net-nounted display. This avoids the need for heavy

di splay ¢o RENGLE 22 ighg ; ' i i

2206k D19 el let 4aRitRdBAk riysfim Cigntiec Guandiah cHehmet10
Pf;gﬁér%%@i Eﬁi} ?R output fro eye t%aglc(si ng system 28 can optionally be

e pre-existing c ni.cat i L[ At o h [

the for hragker oWys6m a@@nﬁ@r%hyhgﬁﬂﬁ%ny@ﬁ%%ﬁ ?rg%lt!?ﬂatzl&%irﬁl&)' clmet i
respectively, as is known in the art of signal processing. In a’nDre
pr ef er r egixafipll@BNpaddritnspatiad weeasnren s sydtem afjel threet #@r%ﬂ%@@ﬂedi nvention
are enhanced by enploying a 15 wirel ess comuni cations systemto transfer

data from - ' P .
Q’;ﬁ%iq@%ﬁ#ﬂ%&%ﬁ%@mﬁ 8nd %95%95 lg?h?:al'y%'@ temnieteiadly Ahilable

Specific syste ef ef abl '

_ _ y includes a transmtter
34 while cockpit-mount ed_s,¥stem 24@ refer QI iecl udes a correspondi ng
recei §er fum NRhNoghesy Diglal fae ofr Wa Oc‘)eg‘i“ a‘éﬂ& fP3tecei ver preferably
operate using a short range RF link. 20 In order to make the hel net - nount ed

system ftilly Andgpandasd ehrlidr eit isormepaitioniar efgature acki myetsrade
_ | m 28
transmtter 34 are preferably inplenented using | ow power gigectrical and

%ﬁgﬁoge{‘ﬁpﬁg‘%ﬁ&%@ tcolgﬁiie\ée}ee;égﬁggﬂﬁlegﬁgﬁgﬁlmgﬁchaggbg‘;ﬁnﬂmﬂ'l@h&@ hatd ery 38.
adapt ati on fromthe comercial systens nentioned bov)éts.t Suy Leggl rest}‘gat ner
whni ch | s lighteight helosipuishowa belmst- AU disel. 1S SRpidRe PRETR L T
capsul 6 %%Q\‘?} Od%gl 950@_10' 091|>1’ such as A{S usegl( in the disposable imaging
abY cSinpefchtdaghd chighdolage Yekntrivah connections to the
10 helmet. Power to, and output from, eye tracking system 28 can optionally be
transferred along the pre-existing communications wiring into the helmet in the
form of low-voltage DC and high frequency signal modulation, respectively, as
is known in the art of signal processing. In a more preferred implementation,
however, the advantages of the present invention are enhapced by emplbying a
15 wireless communications system to transfer data from eye-tracking system 28
to cockpit-mounted system 26. Specifically, helmet-mounted system 24
preferably includes a transmitter 34 while cockpit-mounted system 24 |
preferably includes a corresponding receiver or transceiver 36. The transmitter
and transceiver preferably operate using a short range RF link.
20 In order to make the helmet-mounted system fully independent of wired
connections, eye tracking system 28 and transmitter 34 are preferably

implemented using low-power electrical components powered exclusively by at

least one helmet-mounted battery 38. Such a low-power, battery operated

15



S (Israel) which includes a video canera and transmtter for outputting

di agnostic nedical imaging of the intestinal tract. Direction Qofr BIARt PO
system 14 is typically inplemented as a processor which receives gaze
direction information from processor 32 and reference direction

| nf or mat L on {1 NSO SY SiPlakn front e RoRimercksl fymémsntatiomd 10 shown

here, th i ONn corre n systemis inplenented using additional

software nodul es within the sa rocess 32 _ag.qi Or -

i ot ofbetes cbstniadgpByisRert Ao NG R s s “PE e PrdiBin®, IES
an audi o system 40 which may be either a dedicated systemor part of an
exi sti ng sriyidid Ginsthet &) fry bd bapedwpdirthe rtachrologynsush gt isowsedr it B 1 ke to
the pilot. In either case, the sound nust typically be provided to the

pilot vi 35}1;5?3 rgﬁiﬁ%ig&gsma%a@g?}ggogf@m Imh@ingCIREL 6f Widkineambi ent

noi se le on the Information to be provided

di scussed bel ow), audi o output system 16 may include  sinpl P OVI-e (to be
gener at o(ksraed} whigh m@mdﬁp i@ BUDEIA ‘h‘“ﬁgf‘%%n‘ﬁgg g%‘éutfﬁ{tgfﬁ)g%éﬁ?%ce s, such
as by provision of a voice synthesizer or prerecorded nessages. The’

processi pgkditHGiiagiify 6EGI¢ ingMtiyl tidee. audi o out put system nmay be provid
as a separate processor within audio system 40, or %/ny al soybe ,rgt e\élvme'(tjh

%Ogegs%RSgb(gglscc\ﬁélnk%qtﬁqlgﬁ(g@rs%%tgrgfgfis? 5% féﬂ%ﬁ{ﬁﬁli&ﬁadﬁ pgﬂ&j?‘féﬁz i i nt eg
RIS M e S YL
42 which is | | 5 {8 $tem uni t
direction information from weapon system 18. In the preferred implementation
10 shown here, the direction correlation system is implemented using additional
software modules within the same processor 32 as is employed for the gaze
direction determining system.
Audio output system 16 is implemented using an audio system 40 which
may be either a dedicated system or part of an existing audio system for
15 providing radio communication or the like to the pilot. In either case, the sound
must typically be provided to the pilot via the pre-existing headset (not shown)
to compete with ambient noise levels. Depending upon the type of information
to be provided (to be discussed below), audio output system 16 may include
simple tone generators, or may be implemented with voice message
20  capabilities, such as by provision of a voice synthesizer or prerecorded
messages. The processing functions required by the audio output system may

be provided as a separate processor within audio system 40, or may also be

integrated with processor 32, as will be clear to one ordinarily skilled in the art.
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associ ated with each weapon system 18 for relaying seeker direction 5
information fromthe weapon systemdirectly to the cockpit-nountefl EpRt2ifH
26 w thout use of the aircraft electronics systens. Thus, weapon system
unit 42 is shown here with a control interface 44 |inked so as to receive

nformation from, S60KER BRANA HHARARAINRN 68 Fipird 1S rofdrablyt ar get

direction inf 0 cOckpit-nounted transcelver. In the preferred
case illustrated here, the 10 communi cations |ink used i sk | ar type
to that bepleewntedavitthenimanahdpisg@iion,diie %r?&‘stqﬁ'@ E‘JS@P?#%%P& 'eI? syst em

allow ng a single transceiver 36 to be used for both links. Alternatively,
a_separ affs WhHE kRS Systea i4bly iatiudess wehpor-sybtesh gimit #R whighuisi cat i ons
link, may be preferred. tionally, control interface 44 may additionally

be linked to. | auncher 15 22 a e upgehi o theKkBt s@ird@ion

Al t er nat WQPWe‘fh‘é{l alfr%ﬁi r%eai’gﬂt S&#g}nsyisstaefrzﬁqnégﬁge & Tonventional system
operating via the existing aircraft _systens and i ndependent of system
conpaohenirfortestion fredh Heer weapon gysiemphiregHiyta éh%l?%‘é‘ﬁlﬁgfoﬁ%{]@gﬁg‘f@%f hus
described is independent of the nmain electronic systens of the aircraft.

Speci fi cglidnbut EE@OP o 2 RE@ESSIaEYonidd spiteiss Dhis wedpeyr sistan unét 42t or med
directly wmth the seeker of the weapon system independent of the aircraft

t .S |1 . di ti ' ts
741 or oncehail DR vitra erera) it FEINKERR ASLLcHe M RO

navi gati onal systens may be avoi ded. The renmining connegctions rSPay 17 2 8
i 1 AR 208&%keb@0ldndi 4 trentaziverds fnttransmiiingdaegat diesondREMENIORO t he
pilot's audi o headset and power supplies 48, 50 for weapon systemunit 42

gggefogﬁg%ﬁﬁggﬁ%ﬁ@%dOS%g%&a&@J neSREChiefehyd Cmid dHabtrated oherepr theot h of
10  communications link used is of a similar type to that between the
helmet-mounted system and the cockpit-mounted system, allowing a single
transceiver 36 to be used for both links. Alternatively, a separate wireless
connection, such as a line-of-sight IR communications link, may be preferred.
Optionally, control interface 44 may additienally be linked to launcher
15 22 to actuate launching of the missile. Alternatively, the launching control
system may be a conventional system operating via the existing aircraft
systems and independent of the system components described here.
It will be appreciated that the system thus described is independent of
the main electronic systems of the aircraft. Specifically, the only necessary
20 electronic integration is performed directly with the seeker of the weapon
system, independent of the aircraft systems. Since all directions are measured

relative to a frame of reference moving with the aircraft, connection to the

aircraft navigational systems may be avoided. The remaining connections may

17



thenmsel ves be inplenented as battery-operated units, thereby reducing the 5
nunber of connections still further. In a further option, many éxﬁsib@i&ﬁgzgﬂﬁ
aircraft systems provide an electrical audio connection froma signal ’
generator within the mssile launcher to the pilot's headset for signals

gener at e 9 0P D3k 3 Bbr S BUERICAY OIRIAEGHY I5HAE pilbes sualo pserr, audio

iﬁﬂg[ﬂg ovtnuts toth e 1bn weapon systemunit 42 by providing

( uts to the existing signal generator., This.

further shdyavarcsupipbies of8,t 3 f@%/ﬁeéﬁ@&ﬁys‘&?gi“&i’tngﬁ ¢4 ﬁ%@ﬁ”gagﬂ%u%{esdo altow
bi -directional w reless communi cati on between cockpit-nounted system 26

and weapikisysi¢Medpédtively. @plioMINg dneansiseth sl powér supphiesrd8pISBceam with a
recei ver?&r ese va??%us options render the system particularly convenient

as a retrofit addition to existi ircr , i

schemat i hamselyere a‘r‘T‘Bl_&gle@B‘ngélﬁe t@%%ptg ﬁéete%%lgmqgél%bgi lg%t??gﬁl§ ghse depl oyed
on an aircraft 52 carrying air-to-air mssiles 54. The ilot's hel net 56
carri®s nambeelofetonmoctmonedstsly Serher. tne futhey opjent PHEW| ?75“’%%/%‘5 8 and
transmtter 34, as well as a nunber of optical markers 58 for use by the

hel nmet pgﬁétﬁgﬁaﬁh@ﬁ eBctAOH HAh Beddcdiida PbmoA sighal lgen@@taromkthint - nount ed

system 2 subdi vided into nore than one unit and nay have

various conpgonents dupl i cated.dependi.n on ri ' heerati
(o g guemBrg eceBgieral R N IFES 150Gl h ALy & it Rlhe RIS BT B One
comuni cations link to weapon systemunits 42, etc.o). 18 3 MAR 200 :
Cockpi t - watite trony tieemiflel In suchcostamnd, cadicosy sk i apané%ﬁpaﬂplgmé?ﬂsuni t 42
associated with each missile 54. It will be appreciated that this

repr esenwg{iﬂsﬂﬁia%éoﬁgirs?&l% SReIRyCpRRAdinRsHiAbRObulits abehetexisting y t he

actual siz

10 signal generator. This may also allow further simplification of the system by
avoiding the need for bi-directional wireless communication between
cockpit-mounted system 26 and weapon system unit 42, allowing transceiver
46 to be replaced with a receiver. These various options render the system
particularly convenient as a retrofit addition to existing aircraft:

15 Figure 3 shows schematically the various components of the system of
Figure 2 as deployed on an aircraft 52 carrying air-to-air missiles 54. The
pilot’s helmet 56 carries the helmet-mounted system, including eye-tracking
system 28 and transmitter 34, as well as a number of optical markers 58 for use
by the helmet positioning system. Mounted near the pilot is the

20 cockpit-mounted system 26, which may be subdivided into more than one unit
and may have various components duplicated depending upon various design
considerations (e.g., geometry of optical helmet positioning system,

line-of-sight for communications link to weapon system units 42, etc.).
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positioning of the various conponents. 5 The operation of the sxspe@j f
Figures 2 and 3 is illustrated in Figures 4 and 5. Specifically, ir ‘f@rzquag
to Figure 5, when the systemis initially actuated (step 60), the gaze
direction systempreferably operates as an input system providing a

cuei ng dlﬁr?%g]t) @%g@f@@%{é@“ﬁgﬁe?ﬁ% %g?ﬁﬁngjaﬁ%t@ﬁh a Mkapdneistan mnitst2

preferab Interface 44 in response to

information 10 transmtted fraom cockpjt-nount ed em : It is
that theassmekaed wdth edohamissileSd. Ito‘?fﬁg%e ?Bprteﬁ@%f)‘il ﬁéﬁlysgg%@fg S%ﬂlgté% ?Sgn,
follow ng his gaze towards any object at which he is currently | ooking.

Once t hi §ishi5teRtinatiensidbhanialnottietakeactessnply thesagnal ping, shapgr gt
beconmes very straightforward and intuitive. The pilot first | ooks towards a

15 given target (s 62 t here ringing the seeker into alignnment with
the tar g@P?‘t'g’HHléj%t&%nvaﬁ%jélstcﬁﬁj Oﬁa{egf (step 64), such as by depressing a

control button. This rel eases the seeker fro $he. aﬁeﬁgi.rg[ﬁti o4 al | owi ng
it toStrack tHhe dpmrgéon pf e systam of Figey 2 I"ﬁgﬁ'ﬁ PHE, g >sYy st em 40

produces a first audible signal (step 66) to indicate to the pilot that

t he seekg@dfyﬁ%ﬁeeﬁﬁ@rg?@efeﬁi t@rgaire 2Ovironditiessystam iininitiglly actuated it. At

this point, "having designated a target, the pilot nust verify that the
ot aceed (Bep o, tho ave TeEHEn ptee Pre Ay co B B By, e
19 2 8 MAR 2888 head-up display, this verification d typicallLy be
perfor ”E(i)rbvidﬁ@almdimmdéretﬁankbnghigbrﬂggkersggési%%ubﬂst ction 6%1' < filed
of view which would indicate the direction of the target currently being
tracked. plréfe}fbl? 4188 tpie%ﬂ'éhylvy control interface 44 in response to information
10 transmitted from cockpit-mounted system 26. The result is that the seeker is
effectively locked to the pilot’s gaze direction, following his gaze towards any
object at which he is currently fooking.
Once this system is operational, the process of designating a target
becomes very straightforward and intuitive. The pilot first looks towards a
15 given target (step 62), thereby bringing the seeker into alignment with the
target, and designates the target (step. 64), such as by depressing a control
button. This releases the seeker from the gaze direction, allowing it to track the
target freely. Preferably, at this point, audio system 40 produces a first audible
signal (step 66) to indicate to the pilot that the seeker has locked-on to a target
20  and is continuing to track it.
At this point, having designated a target, the pilot must verify that the

secker has locked-on to the correct object (step 68) before he can safely

proceed to fire the missile (step 70). In systems having a helmet-mounted

19



preferred feature of the system and nmethod of the present invention that
such 5 verification can be perfornmed quickly and reliably wt ho;ptg rm-%yizgﬁﬁng
a hel net-nmounted display, as will now be described with referehce 't

Figure 5. Specifically, verification step 68 includes determ ning the eye

gaze diT el -%B(cgﬁlg}%&,‘?ﬁg LA IUER oL LIRiAY BE BEBARCA B dibplagingia one eye

of the p ermning a‘targ rection representing the
direction relative to 10 the given frang Qf ference fromith pon

syst em t drackingt ayg@pltwmmpspﬂeon\é&ﬁogﬁ%étéfﬁdi Q%I ‘6@?@&”%’195(&0&?0&74) , and
conparing the eye gaze direction wth the target direction (step 76). Wen

the eye gakeatdi thecdit@mioanst tHeetat gt geirrendlyr beingdracked. Hoisad padiomlarhy n a
gi ven degree of accuracy, i.e., that the pilot is currently |ooking at the

Larget bt oS REhRg rBe S SepPal SREHLRSH AL Hrbleht inidnuiionat shen

gener at ed™§ on system I's ‘1 ocked-on to the target at
which the pilot is currently gazing (step 78).. It wl] be readily apparent
that Bhi venifichtion otan ebé fperbormad amdcldys apdr yeliahdy | “i@%lﬁefer%‘&fmg ehent s of
air-to-air conbat. The audi ble signals can be sinple tones which are

i medi at gy HNRURERPEsFIMS NadidR hoti beldéscpibedofitlyrefatersetedsguie(. The entire
verification step typically takes place in a small fraction of a second,

sinply by glangin nentard|y. at the . e C [

hel net - mount e&CP&P&H%= d‘f%ﬁtﬁ%‘é’ﬂl gep tﬁ%%%g%egéﬁggﬁgﬁnﬁﬁ'gﬁét e tf?‘:alg%t i's
reduced while his level of safety is inproved. 20 2 O NA%OtBS Th
criteri a dirctionrelatiatitorn givehdrame pf coficrenssdon 8t 1¢ash ORaEY SPHGhed
angul ar di screpancy between the eye gaze direction and the target

?'y:)leg;: IO str%%r’}eﬁ,s Actdiinig A MtelPalrcti & eéprebontingsthet Sirection Filatve so
10 the given frame of reference from the weapon system to the target to which the
weapon system is locked-on (step 74), and comparing the eye gaze direction
with the target direction (step 76). When the eye gaze direction and the target
direction are equal to within a given degree of accuracy, i.e., that the pilot is
currently looking at the target which is being tracked, a predefined audible .
15 signal is generated to confirm that the weapon system is focked-on to the target
at which the pilot is currently gazing (step 78).

It will be readily apparent that this method of verification answers very
well to the requirements of air-to-air combat. The audible signals can be simple
tones which are immediately understood even under situations of great stress.

20  The entire verification step typically takes place in a small fraction of a second,
simply by glancing momentarily at the target. And by rendering the

helmet-mounted display dispensable, the physical strain on the pilot is reduced

while his level of safety is improved.
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than sufficient to allow for the sumtotal of all errors fromt@e varlLous
5 neasurenent systens and the seeker. Turning now to Figures 6- ,Stﬁ@keﬁmﬁ
shown a second inplenmentation of the systemof Figure 1 in which the

systemis integrated with aircraft information systens to provide a range

of additional faf 8{%@%{ C}gyf- ﬁ}geléﬁ&ﬁ';é% é’rab@_”%o%@}?éﬁdsoﬁooﬁ hla&imuat em i s

|l argely simlar to ures equi val en 10 el enents being

| abel ed simlarly. As mentioned earlief, certain nodem airgcraft systens

of fer a wlawedanmlandiscringnrathebiess dﬁ?xﬁé’ﬁi gz dygrien ﬂ’kﬁﬁﬂlf-‘d%?{é,&sbut not
limted to, radar 80, navigation systens 82, weapon systens 18 and vari ous

ot her i n{qaepRén 0 less YIIESS and thasp EmfarefMy Iy thak2hJ Hihistypidablyrmoieon
avai l abl e to processor 32, it 15 becones possible to provide this

information i n.an audi blie fofm pel d nghy A e S@el Qaridille 9aze

di rect i o SPF@CIB? ¢ Al 40 '{h%egjl’}l@pféetrgr{er??a?lllo(JF.IIJP%ﬁES ﬁl qures 205 “this

i npl ementation preferably calcul ates the pilot's gaze direction in a franme
of ref er amasurement SPHREMG apdithe serkeai rcraft in order to allow int egration of

a wi der range of 20 information sources. To this end, processor 32

preferably reqeiy@s ddWw i Figuress-8,NReteaisishusvmavegaid iompleyenenionrel ating to
attitude and position of the aircraft. These systens are typically the

nertial TaEh o Gewdr. epdion i QYRR PR RENER 13 so0

devi ces, and do not per se constitute part of the present_invention. The
gaze di idotmation aystamatto providas tsage o edditiogat infermation.nEhes
position, in addition to the relative direction of cye-gaze relative to
the hel mgpq %B@reftfb% of the system is largely similar to that of Figures 2-5, equivalent

10 elements being labeled similarly.

As mentioned earlier, certain modern aircraft systems offer a wide range
of information from various sources including, but not limited to, radar 80,
navigation systems 82, weapon systems 18 and various other information
systems and inputs 84. By making this information available to processor 32,it

15 becomes possible to provide this information in an audible form related to, and
in response to, the gaze direction of the pilot.

Unlike the implementation of Figures 2-5, this implementation
preferably calculates the pilot’s gaze direction in a frame of reference not
moving with the aircraft in order to allow integration of a wider range of

20 information sources. To this end, processor 32 preferably receives inputs from
the various navigation systems relating to attitude and position of the aircraft.

These systems are typically the conventional navigation systems of the aircraft

which may include an inertial navigation systems, GPS, tiit sensors and other
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relative position of the helnmet within the cockpit. The resulti ?Tga dﬁ’%ﬂﬁﬁcfgigp”
is 5 preferably represented as a vector in a geo-stationary fra o'f*’ J
reference such that it can readily be conpared with |ocations defined
geographically on the ground or in the sky. The operation of the system

parallel s \{ihgs, meungd "?’??’%?' %%I{%ﬁ_{dfb gj'an ofiies ipkéseat liyventionh Thef gazence to

Figure 7, e’system eterm nes an eye gaze 10 direction relative to

a given frame of reference for at |easf one e f i | ot-{step 88) and
a ref er edgectint sglquations|thys Recopesha @Wgﬁ’nf ﬁiﬁ@eo%ﬂgrea?{e g’%g(e(ﬁl( gltaep 90) .
The reference direction is chosen to correspond to a region of the pilot's

field of \ydiEenWot thevrilgtive diteaiion ioff eyevgticorelaivede dbeaielmet mad Higst em t hen
conpares the eye gaze direction with the reference direction (step 92) and,

if 15 theed%g%%%é@&%;éﬁgﬁé RBL ARG 16 eoersie The qebhiangadiecdionals t o

within af accuracy, generates audi o output audible to the
pilot and indicative of the inforpation associated w tfh that ref erence

di r ec§ i oprefetabjy sepreseriied as gricactemis f @gorséationang drarpe o1 4° ech‘F‘iea?‘fc?? in
Figure 8 which shows the position of a helnmet 56 and system 10 of the

i nventi Opaagq{ b \t8adify Befdghphrod will) lucationsOdefided: peograplicallyton theel d of

vi ew i ncludes various distinctive objects, including hostile aircraft 104,
friendly aircraf.t }1106 and geographi cal |andmarks such as a city 108 and a
mount ai n8id ¢indRRSKYon as to the positions of these various objects are

provided to processor 32 fromvarious saqur ceﬁ suct}]thﬁt a.%él 2 8. MAR 2005
reference dir @tei operatioprefs e systen pagaligiedheimethod; deperibed EFlieqg 1 or
each. The actual gaze direction of the pilot, represented by a solid line,

gﬁ‘éez ; f { ﬁgké’iﬁcﬁflﬁuﬂ'ﬁhtﬁ&r@ﬁ&l 1@ [Mhud Bwhe Whstenm first deesmingsoaratyggasnt wi t h

10 direction relative to a given frame of reference for at least one eye of the pilot
(step 88) and a reference direction relative to the given frame of reference (step
90). The reference direction is chosen to correspond to a region of the pilot’s
field of view with which certain information is associated. The system then
compares the eye gaze direction with the reference direction (step 92) and, if
15 the eye gaze direction and the reference direction are equal to within a given
degree of accuracy, generates audio output audible to the pilot and indicative of

the information associated with that reference direction (step 94).
This functionality is illustrated pictorially in Figure 8 which shows the
position of a helmet 56 and system 10 of the invention rel'ative to a field of
20 view 102 of the pilot. The field of view includes various distinctive objects,
including hostile aircraft 104, friendly aircraft 106 and geographical landmarks

such as a city 108 and a mountain 110. Information as to the positions of these

various objects are provided to processor 32 from various sources such that a
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4]

ref erence directi ons, system 10 provides information relating t ;
2 8. 8hR 2005

region of 5 the field of view, typically in the formof a voice
Thus, when looking at a hostile aircraft 104, the system may provide
what ever information is available relating to the aircraft, such as the

fact t ha}et%#enicé AREBH! Adredited byea dhlifed fiMBca bai daléuibtedatd dah.

ar manent s or ~exanp erived ffoma conbination of its radar signature

and | ook-up tables of aircraft specificatiaqgns). Wen,l.qokj a

fri endl y ThE et gazg dreeon Qﬁlt%gﬁ?tdé?ﬂrle??}ﬁf"i%é’sa ?@l‘%hggy@% S%Qreegé’rrpl e, on
the basis of an encoded nmarker signal or the like) to avoid potentially
danger ousrow@nfiesifield dfheiew.oBkiang itacomesi inyo alignoagntavith ope ey hem nay
identify the landmark to facilitate navigation. During active conbat, the

system pr{f@%@?'%ﬁ@%ﬁ%ﬁ%,gﬁgﬁﬁgﬂzﬁfg@ﬁ%@qﬁforﬁﬁtﬁﬁﬁfﬂﬁ t@laterepidnnof ef er ence

to Fi gur@ orenmentioned information. Optionally,
some or all of the non-conbat-related _information be suppressed during
conbal t the Beldvef wew, temically i thegiogny o3 VBW’s’.mFﬁsa&F-{Tﬂ%se "é*b%f’g’é’?‘éﬁged t hat

t he above descriptions are intended only to 20 serve as exanples, and that

many ot hgi seAbeelk Eaérafian 04 pass ishbtermwinhdy provieles pihatevearidformeatigope of t he
present invention as defined by the appended clains. 23 2 3 MAR 2005 VWHAT

assoc: at ais relafind B B dbrEhRtl 80 Bipbh bpRotAlipIBHileme |
Compr i o1 figpet osiserefieinghits QyaENs (RIrAHRIR G Sood e CORTRIATEPhT f ve 1o
a given frame of
its radar signature and look-up tables of aircraft specifications). When looking
10 ata friendly aircraft, the system may identify it as friendly (for example, on the |
basis of an encoded marker signal or the like) to avoid potentially dangerous
confusion. When looking at a city or mountain, the system may identify the
landmark to facilitate navigation.
During active combat, the system preferably provides the functions
15 described above with reference to Figures 2-5, in addition to the

aforementioned information. Optionally, some or all of the non-combat-related

information may be suppressed during combat to remove all non-vital

distractions.

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

spirit and the scope of the present invention as defined by the appended claims.
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reference for at |east one eye of the pilot; (ii) determning a,reference
direction relative to said given frane of reference; (iii) congadi HgRs2108
eye gaze direction with said reference direction; and (iv) if said eye
gaze direction and said reference direction are equal to within a given

degree ofy@Ea ATSSEP'RL I ng audio output audible to the pilot and
i ndicative oqullrn %FAnag'?iEon associated with said reference direction. 2. The

met hod of claim 1, wherein said reference direction corresponds to a

direction froma L emdiQid 4 dieekviltpintoimbtibhassowapdwitlyst em i s
| ocked- on, sucli:nh t\rlgﬁﬂgtgf)g@ug?% Iohnt%pu provi des confirmation that the

is | ocked- . . i ch..th ' -] I
a1 ng. i lonmconvoragsen 6F aciglhritnievgr i Py BoBh elihih 3 GHIGR" 1Y

corresponds to a direction fromthe cockpit to a friendly aircraft, such

that sai ¢idureuitii: a008uah ditipteyg thonctimdbwirdpesiag thagtepafon that an
aircraft at which the pilot is currently gazing is friendly. 4. The nethod

of claim1l, wherei il F &NCEaFl ; 168VE @8 PPREvert Gramedofect i on
fromthe coc\li\gst t%et%%hlg'g%gte 'g %{érgerai; ?ﬁeé%égﬂr% hat sai drgqgeudi 0 out put

provides an indication that an aircraft whi.ch the pilot is currently.
gazing i s hostil e. referepge f%%HSESt(WecﬂYSiO?ﬂtﬂi‘? PRErei n said reference
di rection

(i) determining a reference direction relative to said given frame of

reference;

and

(iv) if said eye gaze direction and said reference direction are equal to
within a given degree of accuracy, generating audio output

audible to the pilot and indicative of information associated with

said reference direction.

2. The method of claim 1, wherein said reference direction

corresponds to a direction from a weapon system to a target to which the
weapon system is locked-on, such that said audio output provides confirmation

that the weapon system is locked-on to a target at which the pilot is currently

gazing.

3. The method of claim 1, wherein said reference direction

corresponds to a direction from the cockpit to a friendly aircraft, such that said
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corresponds to a direction fromthe cockpit to a | andmark, such that said
audio output provides information relating to the | andmark at \hicHAR&N0S
pilot is currently gazing. 6. The method of claim1l, wherein said given
degree of accuracy corresponds to a nmaximum all owed angul ar di screpancy
bet ween sai.d e a el ti i+d ireficgyt Hiektthenpilsaig maxi num
al | oned &Iuglé)r %&@yﬁp%végé%gﬁaiﬁfﬁg%o?ﬁtegG{Ihan 5. 7. The me!t)hod of claim
1, wherein said given degree of accuracy corresponds to a maxi mum al | owed
angul ar @b&cnﬁﬁ@%w&ﬂétﬁ?@%‘ﬂ\%ai d eye gaze direction and said reference
direction, said maxi num all owed di screpancy having a value of |ess than 2.
25 2 8 MAR 2005 8. The nethod of claim1l, wherein said determ ning an eye
gaze direction includes: (i) enploying a hel net-npunted systemto derive

di rection i nfar nahen nigthad edf t daemr di awiheteiny saigazefegenec tHIERFIOHr  at

| east one eye of the pilot relative to a helmet worn by the pilot; (ii)

transm tLopdssghds & 5 I%Ifrlte%:ﬂgré ISR RRLbOY t athpBlelhREMft, Gaohdiitoaid ons | i nk

to a recd®® riving position information related to a

position of said helmet wthin a cockpit; and (Lv r,0cessing:1sAi:
di r ect i orauditf cyutpieti prOvides swi éndieatqn dhat F"ﬁffBF‘ﬁéhi %%%%Sﬁeﬁﬁevgllégi‘% eye
gaze direction relative to a frane

currently gazing is hostile.

5. The method of claim 1, wherein said reference direction
corresponds to a direction from the cockpit to a landmark, such that said audio
output provides information relating to the landmark at which the pilot is

currently gazing.

6.  The method of claim 1, wherein said given degree of accuracy
corresponds to a maximum allowed angular discrepancy between said eye gaze

direction and said reference direction, said maximum allowed discrepancy

having a value of less than 5°.

7. The method of claim 1, wherein said given degree of accuracy
corresponds to a maximum allowed angular discrepancy between said eye gaze

direction and said reference direction, said maximum allowed discrepancy

having a value of less than 2°.
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of reference associate with said cockpit. 9. The nethod of claim§, \;\/nereiﬁn
sai d hel net-nounted system and a hel net-nounted portion of sai d? dorthiedEl

comuni cations link are inplenented using | ow power electrical conponents

power ed exclusively by at |east one hel net-nounted battery. 10. A

gaze-act uat edgi nf Ofl?@tllilé%ﬂo&yo‘-ft &1 Of. Whenilishidl deteindiingi drh eyé ifage mat i on
associated with at " Teast one region of a field of View Visible to the

pilot fromwi thin a cockpit without requiring a visual display, the system
conpri si Aectzen meduggsR 2005 (i) a gaze-direction determ ning system
deployed within the cockpit and configured to determ ne a current gaze
direction of {fhe pihployin@! at i helnteommtedckpstem (10 ) dariker sbiecHAn
correlation system associated with said gaze-direction determning system

and configured to ¢o r i r |AeCfiFdcBionWok At Rhstl @igst one
reference directi oﬁn%aﬁgﬁgéﬁgﬁ%ﬂgmcor eeléajdti on signal when said current

gaze direction is equal to _said reference di rec:lﬁiyogl V\,i.tg;itn a predefined
margin of error; asse@fithg pHet wlalvs e hrimet JarB 4, §PUON od with said
direction correlation systemand configured to be responsive to said
correl ation sigpal trafsmBEAET adad audirartiont putfoamdtibhe vie t he pondhass and
indicative of " Information related to said reference direction. 11. The

gaze-actuated i nformation syste Wz further conprising a weapon
syst em i ncl udi ng aCQEBRB?ICSﬁg?%mEO %(lg eﬁ%&’n&{’t arget, said

(iii) deriving position information related to a position of said helmet
within a cockpit; and
(iv) processing said direction information and said position

information to derive said eye gaze direction relative to a frame

of reference associate with said cockpit.

9.  The method of claim 8, wherein said helmet-mounted system and
a helmet-mounted portion of said cordless communications link are

implemented using low-power electrical components powered exclusively by at

least one helmet-mounted battery.

10. A gaze-actuated information system for providing a pilot with

3 3 i nF 1o jeihla +
information associated with at least one region of a field of view visible to the
pilot from within a cockpit without requiring a visual display, the system

comprising:
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weapon system generating a current target direction corresponding.to.the
direction fromthe seeker to the target being tracked, said dir cfi WAR 2005
correlation system being associated with said weapon system and confi gured
to enploy said current target direction as one of said reference

di rections slr:ﬁge;g?%gizé:%g%héioﬁlh&etgfr%ﬁtiné Qe @upbsied Whehih ahgebekpiti d audi o

out put syste I'0 output Tndicative that the currently viewed
target is being tracked. 27 2 8 HM 1.005 12. The zeAGt LAk 4 0f ormati on
system of cl ai m 10andwerBgweddpflctgape & ?@E?Wtog?zﬁg(ﬁg?%%%i ng g&sl%ée}m-
includes: (i) a helnmet-nounted systemconfigured to derive relative
direction informatdigivd & ikedckpita rel ative eye gaze direction for at

| east one eye of the pilot relative to a helnmet worn by the pilot; and

(ii) a hel nmet ,positioning sys Lgu ihVé&id earé-diectiomf or mat i on
related to a Bg)si t4 %e%&’sﬁ‘%{%&ﬁgbﬁé?&\%mﬂ’t %ﬁ%ﬁcﬁaﬁ%ﬁf‘:ﬂé‘c@é‘?t@ . 13. The
gaze-actuated information systemof claim 12, wherein said %I?tze&%i rection
det er ni ni ng syst endétermirgngisystentiand gonHgHS '@t@m%ﬁlsﬁ%ﬁu? £
transmtting a wireless signal containing information fromsaid

hel net - nount ed SySEﬁebtiéﬁ*wiﬁhﬁt GaEe A€ ruftrattel directinat and teygsneratof cl ai m
13, wherein said el met -nounted systemand said transmtter are

T e CBAaALE i P A SUMRAT e QRCAC el b
said reference direction within a predefined margin of error; and
(iii) an audio output system associated with said direction correlation
system and configured to be responsive to said correlation signal

to generate audio output audible to the pilot and indicative of

information related to said reference direction.

11. The gaze-actuated information system of claim 10, further
comprising a weapon system including a seeker operative to track a target, said
weapon system generating a current target direction corresponding to the
direction from the seeker to the target being tracked, said direction correlation
system being associated with said weapon system and configured to employ
said current target direction as one of said reference directions such that, when
the pilot looks towards the target, said audio output system generates audio

output indicative that the currently viewed target is being tracked.
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15. A nethod for providing to a pilot confirmation that a weapo S Ls
| ocked-on to a visible target without use of a visual display, Qh% %ﬁéméj
conprising the steps of (i) determ ning an eye gaze direction relative to a
given frame of reference for at |east one eye of the pilot; 28 2 8 MAR

2085 (i1) detqom nirRg AL acaRted! i Bfihb#bh SPREASENLING |Blewttrchetaidn
grv rere

relative to said rame o rence” fromthe weapon systemto the
target to which the weapon systemjs. |ocked-on; (iii) conparing said eye
gaze di r €ore-gireqiion dslerpipingsaplem F@é‘i(feén; and (iv) if said eye.gaze
direction and said target direction are equal to wthin a given degree of
accuracy, gengpati 8 hempt-adeitabsystamdidnfeused haldetive gelativerdirasdiont he
weapon systemis |ocked-on to a target at which the pilot is currently

gazing. 16. The mat.hlf,)0 %ftio 'f@ia%ﬁ%nagwgﬁ% gyég&g G @ IdrORY 8 Realf omecur acy

corresponds to a max m-all owe ar di'screpancy between said eye gaze
direction and said target direction, sajd maxi erB alblg(h\sxfog_ di screpancy
having a val ue of avesd thegpHobrelative tpeneBIg SYPI8OYCISiI 5 Wher ei n sai d
given degree of accuracy corresponds to a maxi rum all owed angul ar

di screpancy be{ﬁreea nigifete RsiiAtng diyseahi eonfigireslaitd tderiyet positieot i on,

sai d maxi nrum al 1 owed di screpancy having a value of |less than 2. 18. The

method of claim 15, wher el $8afa9es f BYitish 25F S¥R IRTfiet within the

cockpit.

13. The gaze-actuated information system of claim 12, wherein said
gaze-direction determining system further includes a transmitter deployed for
transmilting a wireless signal containing information from said

helmet-mounted system.

14. The gaze-actuated information system of claim 13, wherein said
helmet-mounted system and said transmitter are implemented using low-power

electrical components powered exclusively by at least one helmet-mounted

battery.

15. A method for providing to a pilot confirmation that a weapon

system is locked-on to a visible target without use of a visual display, the

method comprising the steps of:

(i)  determining an eye gaze direction relative to a given frame of

reference for at least one eye of the pilot;
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direction includes: (i) enploying a hel net-nounted systemto derg\,ﬂeMAR 2065
direction information related to a relative eye gaze direction Tor at

| east one eye of the pilot relative to a helnmet worn by the pilot; 29 2 8
MAR 2005 (ii) transmitting said direction information via a cordl ess

conmuni cat i 0“69' | NfetdiPniRid £ QhMRE divelction (repieseniéng Whadineotion irelativaf or mat i on
related to a position of said helmet wthin a cockpit; and (iv) processing

said direction informatian a sai Ssitio i pf.o ' hve said
eye gaze directiont® &fidigiyen dFpme o 5%“6%?6 ﬁgFL:Q‘Lence é‘ggg%tg?{ejﬁ;v}ht\éh sai d

cockpit. 19. The nethod of claim 18, wherein said hel met-nounted system
and a hel et - nount edggiotwiichdhe saapon systensis leekadifnicat i ons 1ink are
i npl ement ed using | ow power el ectrical conmponents powered exclusively by at

| east one hel - . 28 18044 A diRACdctidn; AhtE
DI SCLOSURE CQEE %@E@bﬁég 4 a%%‘%l%%%ls@r%ﬁlA met hod for providing a pil ot

wth infornation assocjated with at. | eas .Qqne reqi.on,of a fi f view
visible to thdvpi |I§tsa¥ B \BREZR e&tle’c’s@v&‘&t ?fﬂ% Wﬁﬁ(i?dlrercélc%i ?ﬁenégqué‘?&‘?sum
di splay. The nethod includes the steps of determ ning_an

within a given degree of accuracy, generating a predefined

audible signal to confirm that the weapon system is locked-on to

a target at which the pilot is currently gazing.

16. The method of claim 15, wherein said given degree of accuracy
corresponds to a maximum allowed angular discrepancy between said eye gaze
direction and said target direction, said maximum allowed discrepancy having

a value of less than 5°.

17. The method of claim 15, wherein said given degree of accuracy
corresponds to a maximum allowed angular discrepancy between said eye gaze

direction and said target direction, said maximum allowed discrepancy having

a value of less than 2°.

18. The method of claim 15, wherein said determining an e¢ye gaze

direction includes:
(i) employing a helmet-mounted system to derive direction
information related to a relative eye gaze direction for at least one

eye of the pilot relative to a helmet worn by the pilot;
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eye gaze‘diréction relative to a given franme of reference for atg,l
eye of the pilot, determning a reference direction relative toztﬁy’%?gﬁ
frame of reference, conparing the eye gaze direction with the reference
direction, and if the eye gaze direction and the reference direction are

equal to withiﬂ a g Yenitidearegd of 4G Hnac infogacbat | i audi conllégsut
audi ble to thé ?oi I olfu\{anlétll %di cati ve1 of i an(l)r mat i on asgoci at ed \M_s:[sh t he

reference direction. FIG, 3, . \ .
communications link to a recetver unit;

(iii) deriving position information related to a position of said helmet
within a cockpit; and

(iv)‘ processing said direction information and said position
information to derive said eye gaze direction relative to a frame

of reference associate with said cockpit.

19.  The method of claim 18, wherein said helmet-mounted system
and a helmet-mounted portion of said cordless communications link are

implemented using low-power electrical components powered exclusively by at

least one helmet-mounted battery.
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