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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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a weapon systemthrough which the pilot designates and verifies tracking
of a target by the weapon system The extrenely high speed of nbdem
air-to-air conbat stretches the 10 capabilities of a human pilot to their

limts. RO ANDBACKHGROENIEOF THE ISVEMNEGNt i on and hi gh-tech weapon
systens, a pilot is required to achieve split-second reaction tines as

supersonic aircraft pass each other at relative eeds. up to thousands of
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m ssil es have been devel oped to operate under these 15 conditions.
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cueing direction. A display synbol representing the direction of regard of

the m ssipteefaeckerivden Br piehtandnhowedper postdm othroiglh whichi teetgilotvi ewed
target and the seeker is then allowed to track the target. If the 1

designates 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



2 B HAIR 20U5 pilot sees that the display symbol is followng thg gi EARAZ00S
target, he knows that the tracking is proceeding properly and can proceed
to fire the mssile. Many state-of-the-art systens-.enploy a hel net-nounted

head-up display. Ip this case, th eeker | cal I i cal
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are commerci a Mvﬂ&g@,ﬁe_m%ns obhiplcys 4 ' Renthhbubded. hehdnpel ) and

Cormul us ( Sout ica). 10 Despi'te the nmj or technol ogi cal advances which
have been nmade_in the ipplenentatjo hel met - mount ed di-spl g nd cuei ng
syst ens, disptay- &Fﬂ}@lér@se»stgg |SP@1§WEP&HV3IHFQWS£I‘98P% S g%‘ﬁgel @éﬁ@gm ages,

as Wil now be detailed. Firstly, the conponents nounted in the hel net add
greatd y iwhidthemoves gbpethef witte thelheimet, Thé helwmet positienobeing nppitpreded
nunerous tinmes under 15 high-acceleration conditions, becom ng a ngjor

source of..f atigue r for. i : o t ens
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typically smaller than the actual field of view both of the pilot and of
the seelsh thé téxget.ﬂianhlﬂeﬁbf sidlssistans atehesmmertiply tavaijalpey amongstce

u

unnecessarily. rthernore, shifting of the entire head together with the
heavy he(l)m%%s, ok ﬁbit Ltd. (Israel) and Comulus (South Africa). '

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 source 6f fatigue 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

[\
<

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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require great effort, and may cause significant delay in the cuei ng‘?l AR £
procedure. Thirdly, the hel net-nounted display typically requires very

substantial . ¢onnecti ons .bet ween the hel p nd.o |:C it n the
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and electrical and/or optical fibers for carrying projected information for

the di sphay.caBsehignificane delayrin thoseeiaggirgegdureant safety hazard for the
pilot, particularly with respect to energency ejection where a speci al

gui | 1otine i sofaaN) E HefnSEMfuntdiedispRRNEPitANS réduigssrrpisubsmngehcy. The

supply of a hig age power [1net thin the helnmet is also viewd

as a particular safety hazard, Finally, the.integprati h unt ed
di spl ay eernestiensdetyeenihe halmet; 8}-/1?6‘6 rfiwwgwﬁﬂwe tﬁg ailt%?%h?@g%%ensi ve
project, requiring adaptation of nunerous subsystens, with all fhe

conpl§ caghmieetidhs %%ﬁ@ffa]/l?faindhrdela giiphificant pewedrsappln apd cleddtiedsandder t he | ke
which this entails. 15 In addition to the specific issue of cueing and

e Y| nBpey R AT SAyird ERRRN SHRG@RHRion RPN Tdisply. | Sedtude

nul ti pl e%9 I'n many cases generate information
relating to objects or locations visible tg the pilot. C sl.ans

t ypi cal | yonnestione posdad Sagmiligant @%ff&tyohw%rﬁs?%ngleoglwgrP%ﬁs%u[}%’;@/e&‘ s wel |
as data systens. In nmany cases, DatalLink 20 (DL) systens are provided which
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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



Navi gatibn rel ated information typically includes the identity of var,iQus
visible 3 2 B MAR 2005 [|andmarks such nountains or cities. Com"rar%iwl\ﬁym%
avai | abl e exanpl es of such systens in the U S. include the systens known by

the nanes "Link4" and Link16". ]ln ny cas it . | d_be hj

advant agesdmaris He\meEniaRsor CRIesy ﬁgpﬁgchﬁfyaaylaé%?%ﬁxwg Eﬁsg‘g %‘3 B hat it
woul d be visually linked in an 5 intuitive way to the pilot's field of

vi ew. Thiystdinnan ethe CdS. oincludeethacsystarasl kmowver by theehames | ‘dligkd? apdew by
enpl oying a hel net-nounted display with all of the aforenentioned

e 85, JHRUEP B0tk U8 AR o ekl SSumlbeom ool e o

Lechni qu 18\/;}(beeln f o e gaze direction of the
uman eye. _Exanpl es of a nunber of commercially. availahl e systens for
t racki ngiﬂéylénaﬁﬁre@@nilsheﬂdwpoéls(ﬁ’lbﬁyaﬁﬂéaa? ﬁ%moﬂﬁ%ﬁp}\g’rspé y@@ﬁ‘cg}/ an
Laboratories (Bedford, NIA USA). U S. Patent No. 5,583,795 to Snyth

pr opos esinguifiek Wiy i pHot’sFdd aifudeo Thiehewevag cay enfiabe avhidvedpr ovi di ng
a hel net-nmounted display. 15 Brief reference is nade to the possibility of

Such s <getehioaulBslor viGbe e ShnglH B RSy W BTN | oned

shortcom ngs associated w th hel net-nounted display systens. There is
t her ef ormeafn@mbﬁtmned disetlyantegesit ed i nformati on system which 20 woul d
facilitate rapid and reliable cueing and tracking verification of

3\; {hgat air ;qur’i{iﬁﬁghg%d\&tthoﬂfe fibRl BF lege-aubn grickingr vativss esthinigudsead and
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



substanti al additional connections or expensive nodification of ,air f&
systens. It would al so be highly advantageous to provide a net h@?dgf g{#\%d Uﬂé
8 MAR 2005 providing information, including confirmng that a weapon system
is locked-on to a visible target, without requiring use of a_visual

di spl ay. pRNEHARY STl ine/ENREOunfineing dwe atweapssrpistim is logkgdA0 act uat ed
i nformation system and nethod 5 which provides information associated with
vari ous - j =M.t i of el pRvy Aagongst ot her

appl i cat gg%glﬁ%%gﬁ%eg,ﬁ%ﬁg%@eﬁg{i‘w dﬁ%ﬁdfﬁmﬁ%@!&i’spf%ﬁ confirmng that a
weapon systemis | ocked-on to a visible target wthout use of a visual
display. This allows the hel net-nounted parts of the systemto be

i npl enent ed a L0 eig ompqgnent s, thereby rendering the hel net nuch

10 1i ght SUMMARg OF THE INYE, ystens with hel met-nounted displ ays.
According to the teachings of the present invention there is provided, a
met hod f or prqf.]kegiregmﬁ iRV drfonis ahsdzBferméd ifopnson aystemviridmathddeast one
region of a fie of viewvisible to the pilot fromwthin a cockpit

wi thout requiring a.visual. display, {he - b S s of.
(a) dt%-l:t ewhlgh REOVEeS AN a&&?easgf’?‘é iB’hth?‘zf?@@gvé%%é%?@é%ﬁ@%%of
reference for at |east one eye of the pilot; (b) determning a reference
di r ect i ofiet&bAvieve Amonkst gtherapilicatiensfthe spsiereard methgd HEW%%GP the eye
gaze direction with the reference direction; and (d) if the eye gaze

direct | ofoARtheihifing &I LRESEH §RkiM Blked 2udla Visible tirget withguyese degr ee
of accuracy, generating audi o output audible to the pilot and 20

' ndi cati \6% aox];isflenf 81rsgg§f| %’isagﬁgxgls ?ﬁeegelvﬁnaettbmE)Qr?teﬁeﬁca?{segkc&edéfs?&ﬁ 1t8"be

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



Accor di ng to a further feature of the present invention, the reference

direction corresponds to a direction froma weapon systemto a hag AERR 05
which 5 28 MAR the weapon systemis | ocked-on, such that the aldi o out put
provi des confirmation that the weapon systemis | ocked-on to a target at
whi ch t hthepiwaaponi systenr eist lgckgdzomgsugle chiati % Y0 1 QYPH rprf)é(éf?fiﬁre of the

present invention, the reference 5 direction corresponds to a direction

from t he Gaakpidont Pattte WeRABY s@kdh i ldckedusito thatget hewhidi thegpitqtut
pr ovi des“@n i néfogat?ﬁaonﬁthagwans}zs:tr craft at which the pilot is currently

gazing is friendly. According to a further feature of the present
i nvent i olf, CWHBUYFEhce direction corresponds to a direction fromthe

cockpit to a hostile aircraft, such 10 that the_ audi o output provides an
i ndi cati on t hAtcanling rtorafforthtr faaboh ofhthepresent inveatione e yefgrnchy i s
hostile. According to a further feature of the present invention, the

ref e:]flncﬁire&i neﬁ]ljg?@oﬁ% & ﬁgﬁgb@ﬁoﬁ Frdindhé 6Elsntd 4 Frieidly airekd)sucho a

| andrrar k, SUC e au out put provides information relating to the

| andmar k at which the 15 pjJot is. currently gazing. A I hg.qto..a further
feature Brttheausieoutput proukies 3n indicatign aﬁ’eﬂrcégﬁ a&f‘ﬁﬁgfcl gfrlé;gg&@gr r esponds

to a maxi mum al | owed angul ar di screpancy between the eye gaze direction

and the 5@fra{tgn%@ziﬂ'gﬁ£ﬁiém, t he maxi mum al | owned di screpancy having a
value of less than 5, and preferably less than 2. 20 According to a further

feature of t hﬁcgcr)red'?ﬁé]ttoi DVERELOReatdiCofl Bl bRsehf $hvention, the reference

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 inventi(;n, 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



an eye gaze direction includes: (a) enploying a hel net-

derive direction information rel at Zad [TI; ayrelgat Ive eye ggggt S?rzgglt %QR%?C:)E}UE
at least one eye of the pilot relative to a helmet worn by the pilot; (b)
transmtting the L LJJ 6 2 0 MAR 2005 directjon information via cordl ess
communi cdirectien linfokmation vieceicortlessntemmunicatignsyinly 1 dk FeGYFY, Wilig;r mat i on
related to a position of the helmet within a cockpit; and (d) processing

the diregtyi onin tdr0 he r@asddt iPh pd 1ihy
! dsiticrt oltthe helmetieiihie
gaze di rgc)t | olr}hr%&’g)gﬁvél {}gggﬂ?l?arré o?d rtef erper?ce 5 assogirgfea\r/lvi th a{ Eg e

cockpit. According to a further feature.of t ' |13

COeKD L sncian s d: b Traet (e HEigh MFTRAGAE ind MR Hkplion he
comuni cations link are inplenented using | ow power electrical conponents
power ed exkmMaiive!ty dutisat teeawd gare direttien relotiveda baranes P referemtsre i s
al so provided according to the teachings of the present invention, a

gaze-actuat ed 1 nf. t'%ﬁ ystem for providing a pilot wwth informati
gislsgf ?t é‘ﬁs%ﬁti_“&ﬁ{&%aésoi Bﬁ'e region of a field of viewvisible to theI o

fromw thin a cockpit w thout. requiring a visual di ; t
conpri sing: (d)ccardiage-@i ricfH@ierdees niolﬁgqgflspé?ﬁeatp?%‘iegl %vyl\ﬁ’t in fﬁz ir5n
cockpit and configured to determne a current gaze direction of the pilot
rel ati ve Hefnbi@osRedani systeb) amd dir helmetrmounted] pordon sgEtdw £05d6fhted with
the gaze-direction determ ning systemand configured to conpare the

;g;;?gt o gﬁﬁglﬂrﬁé{itiﬁsgﬁﬂkvz\fré E‘mﬁlerﬁ&ﬂé& ulite fo‘%\t-ﬁb%i; Rlctifiedt domipéigtd O

powered exclusively by at least one helmet-mounted battery.

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.



si gnal when ‘t‘he current gaze direction is equal to the reference irmi ﬁl%
within 20 a predefined margin of error; and (c) an audi o out put Lyt 2
associated with the direction correlation systemand configured to be

responsive to the correlatiqgn sjgnal t ener at e. audi.o _out put. audj ble to
the pilot and A¢RATdHE (@ ao%urﬂier‘if Hﬂ’é?i‘%ﬁ)\t e PLESER {IB’ePh My g‘?%? elﬁc%go
direction. 7 2 8 MAR 2005 According to a further feature of the present

i nvent i orproviietes ivecapbasysteny iinkdddmgve aparersyrativd fe ttagknay targsedher
operative to track a target, the weapon system generating a current target

di recti Ogg?iag%)’rnegﬂ%&g{ %gg{n%tihgea glrfé?ﬁt {a?ggf uRRiSE cRRkpondingt e thar get

being tr ion“correlation system bei ng assocCiated wth the

weapon system and configured to enploy the current target direcki on as one
of the ralisctigodrony detsesker tuthe taﬁ&%t,b%&ﬁfapﬁéés %ﬁ %{feq%é’é‘k%‘)f?%@xﬁ?’as t he

target, the audi o output system generates audi o output indicative that the

currest | Ky¥icayBeinoad@6tiatedl Withnbe Weapkadystéaraidicogfigwred towmploy theat ur e of
the present invention, the 10 gaze-direction determ ning system i ncl udes:

a) a hel pet - mount ed. syst em nf 4 gur j j I ti,on

i( m2 or mat i B er"gl?%ﬁggg %{1‘8&30? &P aot%l%v(féf gl;lé el%g(:étlrzegelcéi ?lhjre é@?llgsg%\@otr{ﬁg’t ngst{]gone eye
of the pilot relative to a helnet worn by the pilot; andaé‘ﬁ) a hel net

posi ti onipitpt dpeketowandsithe target, dhel anfieoBeyt sYHaM; BERSTAES iB9H10 PRIPH ed to a

position of the helmet within the cockpit. 15 According to a further
feature qhdiHBvOTRAINE ch¥Rl vRfved faBzetdaBeinditrakedon determ ning system

further includes a transmtter deployed for transmtting a wireless signal
containing i nfﬁ(r:cn(%h}n?gn Ior om tiﬂrethfr:]rel Fe%ttﬁrgoucﬁt et(flxe 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.



system Accor di ng to a further feature of the present invention t\k)\f é&.‘
hel net - nounted system and the transmtter are inplenented usi n I80 ﬁgﬁ) b
el ectrical components powered exclusively by at |east one hel nmet-nmounted

battery. 8 2 MAR,20Q5 There is al row de eachi ngs
of the presen ‘Frﬁvé?ntqq%fh prgv H°9 £t8v qﬁg@ﬁﬂggp&]g t{‘é)cé)ljg?l&rtrmtlon
that a weapon system is |locked-on to a visible target without use of a
vi sual dinsphtiyn, 4 hethoat fargrovistimg ks pglot henﬁtraptsomthat(aawem@bwﬁ?ﬁnng an eye
gaze direction relative to a 5 given frane of reference for at |east one

eye of tﬂ%@#&f%n {Ph figfb% P Qvithout Alsgebf di vigsAll aRplepthe antihod t he

direction I've to e giv nfrarre of reference fromthe weapon system
to the target to which th apon systemis | ocke arlngthe
eye gazeC@mpasinBoevFtens eV\% E‘aélfm N AN 6YF Z3AH U f:iegi}bpfre{l%ge"&e gaze
direction and the target direction are equal to within a given 10 degree of

accurpcygivegnesmt i slireferened dbi aedeatdinkl eyesoftlad pilot; cnfdatenmining she
weapon systemls | ocked-on to a target at which the pilot is currently

9221 0. RO A%d 3B UARAET HECBUE S rclIRCPIE R8T eivaegrRnort e i ven

degree espon o a maxi mum al | oned an uI ar di screpancy
between the eye gaze direction and the targgt di rﬁ_?tlon t he .maxi num

al | oned referents Sirosp alne yeRROR SYStam,iQ) the tareet I wine thesweapon SYSE 3y y | ess

than 2. According to a further feature of the present invention, the
det er m nigefled®R; EYPCABPAriSE e by rara dinedtion Wid) thntirggt digectidnelandt - mount ed

systemto
(d) if the eye gaze direction and the target direction are equal to within a given
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
o]

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

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



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?p8l¥AR 1085
transmitting the 20 direction information via a cordl ess comruni cati ons

link to a receiver upif; c) derivin i 14 [Palgeles- 14 to a
posi t i onllbﬁomﬁﬁoﬁéPn‘%tmﬁi ‘ih%i %Veaga%%éligi’ﬁ‘?‘%ﬁ%ﬁ? 8)t8p$ocesésiqﬁg{et?é r{gﬁ(géijr ection
information and the position 9 2 8 MAR 2005 information to derive the eye

gaze di r ggddciie mattathewmckpita frame of reference associate with the cockpit.
According to a further feature of the present invention, the

nel met - mount ed) SysdiM 480 2 NGk -ERUAL COEPahE | pReht  hevanion, esise 5

conmuni cati ons e i npl enent ed using | ow power electrical conponents

power ed exclusively by at | east ong hel net - moynt ed..batter
DESCRI PTM@FWHE%/@RWN@ 3 nhelmstgRoMRICe g)?“&geégrl ee?!% k@5‘g§/\/ay of

exanple only, with reference to the acconpanying draw ngs, wherein: 10

FIG & i gopBeiiestonsliok hrdimplamerited usingalovrpowiee elratrical (WBRAEEE of a
gaze-actuated i nformati on system constructed and operative according to

the 1 eacidsy SchifeR) & fhfealibiRMdI MR- nidinted Buitelyn a pilol wih

i nf or mat iP) east one region of "a field of view visible
to the pilot; FIG 2 is a nore detailed block diagramillustrating the main
15 conponents of a preferred inplenentation of the systemof Figure 1 for

operating air-to-air m.ssiles; ' schematic representati on of an
aircraft | I‘ESRJEWFN@S

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



of Figure 2; FIG 4 is a flowdiagramillustrating the operatio f the
systemof 20 Figure 2; FIG 5 is a detailed flow di agram corrgsgo?@éﬁn@ﬁﬁo
bl ock 68 of Figure 4, illustrating a nethod according to the teachings of
the present invention for 10 2 8 MAR 2005 .confirmng to a.pjlot that a
weapon sgerfiming {ooakiintothat ¢ Wegph ﬁV%te{Thllﬁgi?Clﬁdf%g? Eh%’éﬂgk %I%‘?ts ual
display, FIG 6 is a nore detailed block diagramillustrating the main

conponenixsthehit age €4 eidaddispllyenent ati on of the systemof Figure 1; 5 FIG
7is aflowdiagramillustrating the operation of the systemof Figure 6;
and FIG 8 is schepatj c_repr tq ofy; el ' f il | ot

Il lustrating Fﬂ% oé;)e at] orrrlloo%) (?ﬁ%@%cgs%@%ko I%ré%lr elﬁg%%\ég%\ll?\{lr%ﬂ@ﬂa\lﬂdz THE
PREFERRED EMBODI MENTS 10 The present invention is a_gaze-actuated

i nf or mat tempeyetts of an¢xtandad dmpigmeniation Of HessYSHB OAIBYT Bssoci ated with
various gaze directions within a field of view Anbngst other

appl igati ons, Fihe 7SS h effoRndialRind Gilus@ptidie this @perdtion obrthersyistegn tdfat a
weapon systemis | ocked-on to a visible target wi thout use of a visual

di spl ay. .15 The i nci pl es and operation of systens and net hods according
to the PHEe tall%wention may be better understood with reference to the

drawi ngs and the acconpanying description. i )
FIG. 8 is a schematic representation of a field of view of a pilot

illustrating the operation of the system of Figure 6.

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



Referri ng' now to the drawi ngs, Figures 1-3 and 6 show a gaze-actuated
information system generally designated iv, constructed and oper &t iR 2305
according to the teachings of the present invention, for providing a pilot

with informati on associated with at |eas ne regian of: i Vi ew
visible to t h&engralbt speakangyi thei $SIER JERBIYES & @ﬁ%‘?ﬁ“?g‘éﬁ‘?ré“'rﬁeghg“@{gsua|
display. 11 2 8 MAR 2005 GCenerally speaking, the systemincludes a

gaze- di r ggdtb@n] Teleplaviedi wighiy teernckpitdanl ogmidgwiedHondetramingck sHEreRihd
configured to determne a current gaze direction of the pilot relative to

the cockpit, ;A direch] G ERLAL! M. Aldirk&iciPObireldfied systegonpar e

t he curr &AtC alzifz'%locﬂ 5&:@&’0@1&%&?%@%8%6;&5% ne 5 reference di rec%!i on and to
generate a correlation signal when the current.gaze direction . is equal to
t he ref eddnise cdifigencdoty wormmage althﬁr‘éléré%tngﬁlzw&cﬁoﬁfw&‘ra{ Jeash o0 i o

out put system 16 is responsive to the correlation signal to generate audio
out put aygi-RliRet Arddi@nPiddto adserardi catrelationf signdlowlren itbe cngent g&7¢ o t he
ref erence gl rection. 10 It will be readily appreciated that the systemthus

defi ned provj.d hi, ghl i i i
nand, _ergigyiny s apt 0 el EART BRECHSH AR AP AR PpAR ofpor, O 0"

pilot wants informati on ensures that, the i nformitlon IS [%I ated in an
i Nt ui ti veAnmandier owtput Kpstemyv16 dhresponsivedn thy qoReelaibEIenat 1@ g8 ti ne,
since the information is provided as audio 15 output, the aforenentioned

probl ens aﬂaﬁpsh@h%umm@ thahesfitoTomat Rdicitsp! of mfonnatior relatidity therhi s and
ot her advantages of the system and nethod of the present invention wll

becone cl earer f({.om.t he foll ow ng description and
reference 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



drawi ngs. By way of non-limting exanples, the invention will be described
in the 20 context of two inplementations. A first preferred 2 8§ MAR 2005
i npl ementation, detailed in Figures 2-5, illustrates an application of the
system and nmet hod of the present invention to a dedicated weapon control

system whi ch can i i { kg eDitd®lo hRt@EmibP B ithé gyswinst i ng
aircraft ‘%‘9@%%?&%1’5@%%?%2 urr}é\ée rBIrZPeIZHtéSEalé)EAR 2000 i npl emen}t(at I on,

detailed in Figures 6-8, relates, to an extension of_.the syste d met hod
of the imérmd!tgﬂd 9 the irgnsiondy integratifg 1oy Pa?f“f“%@s%’é‘ﬁ&yst‘b @P&’ﬁ%de a

range of additional information, preferably in addition to offering all the

f eat ur es R0fankheof HadigoRAL aifornatbn Fpadeably? ifv . addition 1td nefferdng tadl tiegur es
2-5, there i S shown an inplenentation of system 10 for controlling a

weapon system 18, . partjcul ar} I L-t9=air mssile system wth a
target-tf%ﬂfeﬁé’%élé‘gﬁgpf%“gﬂ %%%Hgﬁeér)sﬂ. Weapon system 18 generates a
current target direction corresg_ondi ng.tqo the di,re?tion rom seéatker 20 to

a tarfet currdurhipgheimtp Figueeed-5, fhere s shovya an implementaionof sysiem
preferred 10 feature of the present invention that direction correlation

syst em 14 iy c6RRHIBE LHchFOEN AN 18)aktlvulary at airgetaidimissild Hystes, a
referencgoﬁfgc@?on uch ﬁaf@IMen tphe pil ot | ooks towards the target,

curr ont | il chaereElTgring Srdkchg2? Bl ah 1R ARG BHE SR T e 1
are typically inplenmented as 15 conbinati gns of copponents whi ch may be
subdi vi dednéataseeutrent targetutirectiphyesirespondingdo the direction @'ar%eg‘?r t he
conponent s toget her maki ng up

' 20 to a target currently being tracked. In this case, it is a particularly preferred

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



gaze-direction determ ning system 12 are subdi vi ded between a

hel met - rount ed system 24 and a cockpit-nounted system 26. Speci pi g:aﬂf;_b‘g,zggg
hel met - nount ed system 24 preferably includes an eye tracking system 28
configured to derive relative direction information related to a relative

eye 9azei, Blhaaon Wraldy (h dRAKI gi;ﬁ%f}iame%r\sditﬁﬁﬁﬁw abikpiborteseye®, of the

pilot re WOor n e pilot. A helnet positioning system

30, nounted wholly or mainly as part of co i t-nounted sy , 1s
confi gur edstef dﬁ@ﬂn@tl%spm%‘i‘n&th? @“WF@“Z@géﬁei?ﬁemg%? i%@@%ﬁ?té‘ to a
position of the helnmet within the cockpit. These two sets of information,
provi di ngeth& idr e HeffeOpoditien evithigazecodkpt, aveptagessvd bhaipreeesserd t he
hel met position within the cockpit, are processed by a processor 32 to

hel s within the | 32 1o
A R L A S i s HE

hel met nmounting in a manner which will not significantly interfere with
t he p§l othescekpitor mance. Typically, the systemincludes a transparent
reflector positioned in front of the eve via which a mniature camera

acqui res. | maggs eqfaddifs 84RES ikgibe oy 19pe sujtable doppelmimattiog
conput ati onal technology is well docunmented in the Iliterature and

26 my ban PripRBIFEAY Uh AT Rp on et ) e ks e gt s er AR S, st em
Bod or o, TpidaISAIhe systormancledees wanspvel TeIacorepoR GHRFAE BOTEORBivse a
somewhat adapted unit which enploys smaller reflectors nounted
eye via which a miniature camera acquires 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



t owar ds t he éides of the face and conpact caneras nounted [

_ ( : at the sides,
thereby inproving the operational safety under flight conditiong,§ a0R 2005
rendering the structure sufficiently strong to withstand forces of up tg
10G Such-. adaptations are within the capabilities of one ordinarily

tSl;iplal g? hg?rhgﬁsa%%'a a1 g llléﬁ‘lei';{)d%ﬁidiﬁﬁg PEstdnh ORI thg Symtdion SHelmgt be any

sition neasuri system including but not limted to,

| g
magnetic _systens, and optical syste usi:ng. act | n ' Kk
e sooprme g5y 3 STRIA Hn RSy S BiPassics, mar ker
and light helmet weight. An 14 2 8 MAR 209) exanples of a suitable hel met
posi ][ i glnmgn@y@j sfpeseridispAiah miaanreredntely steeckba 1 spraecrfosemamiioney | v
avai l abl e from Cumul us (South Africa). Exanples of generic spatial

measur e”géfsgéfﬁt%%s c,ggp%tﬁjgg?étma? GndHALEVER filem Gire byR@Sertmlgnatailableact i ve

opti cal are comer ci [

o y available 5 from NDI
Northern Digital Inc. of Waterl oo, Ontari Canada ment i '
Nor 1 W . nti oned earl
it is5a fieome NI ﬁpﬁ@mmﬁt%fInﬁr@;‘WPFeég’o’%‘P‘éﬂgﬁf‘%ﬂa ns of the pregren!ter’
invention that it can be inplemented in a |ightweight hel met wi thout a

hel met - mount ech i gRh&¥ned hiearlieepi its ishe npadi ] sy
: : padictitar festwg doifs g
and hi gh-voltage el ectrical connections to the 10 hel rth . P(I?we?3 to, gﬂgm >

out put ”é-%pnqu?%gaﬁéﬁaﬁc kﬁq{‘%ﬁ%ﬁ@ﬁ? A, cHifiBn Ofiat qg:éahyweimﬁléﬁ@ﬁfe@r e al ong

t he pre- _ SwWring into t elnmet in the form of
| ow- vol t - : . :
o et habot ot b L s SERIF PR 12
a | heavy display ?:omponentsear?c; el:izgfvolltr;\égn;lleggic?tq ecoeilr;lf;gtr;ggsd tgyﬂ;eenpl oving
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



15 wirel ess éormuni cations systemto transfer data from [

( eye-tracki ng system
28 to cockpit-munted system 26. Specifically, hel met-nounted gy$§t g‘mﬁgaﬂﬂ"j
preferably includes a transmitter 34 while cockpit-nounted system 24
preferably includes a corresponding receiver or transceiver 36. The

Cransm Lot and ticaNSEIY SaaBfdELAT RBhY (R RomirReietiing sembanentiamgle RE

- S
link. 20 net - mounted system ftilly independent of

wired connections, eye t I t ] :
pr ef er ababhove. n%‘ﬂ‘éh@ﬁﬂﬁ@t@é??}’g}lug \/\i—s%lsﬁ’\}\fg‘?[?‘ éﬁ%g(%%akgﬁ%%gb W%E)oﬁﬁrgntg @lg%@gr ed

exclusively by at |east one hel net-nounted battery 38. Such a | Qw power

battery gpgleatiadthkSarR, fhayPbe 226&0 upystthentechnology shgh taseis B4 0]
. s ; f
the comercial systens nentioned above. Such adaptation, whi cﬁmfls vvint hirgm

the capabl ki iBladlf QbR ctopcbl] Gfoiniihiiging! Lid.eb Yuknbased upon

t he tech used 1nt sposabl e"i magi ng ¢ |

' i devel oped
by Gven Imaging Ltd. of Yoknearn 5 (lsrael) which i gl gesapsu_ q P
and t5 anéhi’aﬂ%ewgiahi_n@mqmtawldgo aa@g%@c{ t(gan%gt\é%ég 31)1‘ ?ﬂ‘g&ﬁmg %i?g%f(hsgﬁzo camera
intestinal tract. Direction correlation system14 is typically inplenmented

as a progesiedl imabimdof éedhtegtingazaetdi rection i nformation from proces
and reference direction information from weapon system 18. In ltohe sor 32

rpl ement e oA en T RS S B R e resor 52
B st o LoVl (T Ee. daIcign s LeTaRiore SO T ABATRT 7 Ahd Bt PU!
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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may be either a dedicated systemor part of an existing audio systemfor
15 providing radio comunication or the like to the pilot. In eftfhelARaHE)
t he sound nust typically be provided to the pilot via the pre-existing
headset (not shown) to .conpete with anbient noise | evels. Dependi ng upon

the type of i|RLOMITALLARY geggpeestﬁa%giﬂlg@%&mi&ﬁ ofi Bipuse etl ibeprefdrablgudi o

out put syste I'Acl u e tone generators, or may be inpl enented

with voice nmessage 20 capabilities, such by. provisio okce
synt hesi meplenrenged et mai@imahiais graslon rﬁﬁ%af’%? Eﬁ%‘f?‘i?ﬁtcﬁ%%gg'r E%’ui red by

the audi o output systemmay be provided as a separate processor within
audi 0 SYgi@EnA0 thOlsyheih préferdtly .ineludds i weapomesystoo w, 4Aswhichl ispe cl ear
to one ordinarily s%ille in the art. integ 16 2 0 MAR 2005 As nenti oned

before, the i enentatipn_of Fi [ f [ iopd t h
m ni mal Waij‘}r% BB sy H‘éeaé’Q:ngté?%Sg‘a: 8 P ?E‘??i né@#ﬁﬁegiﬁagldgnd, t he

system preferably includes a weapon system u’gi t Akz .Whi ch %is #ss%@ at ed
wi t h ®acinforapion Sy the weapen syssemydifegtlydaihe corkpitmamted $YH¥IP R i on from
t he weapon systemdirectly to the cockpit-nmunted system 26 w thout use of

the ai 1 chafilou i8S bI oY ERcBYEdleRoniEh sgstcisaPhns, Syadyem wysidm 42 42 iSsshown
here with a control Iinterface 44 |linked so as to receive information from

ot or mat PR BeEF WBCkERYEa e LR (L IREAR nfupitidtom.
illustrated here, the 10 comunications |ink used is of, a simlar type to
that bet yesker 2hendhetmpscaoarite tordgansaritmedar gas ch@@regptmﬁgmﬁlgﬁgfst em
allowing a single
cockpit-mounted transceiver. In the preferred case illustrated here, the
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
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t_ranlscei ver 36 to be used for both links. Alternatively, a separate

W reless connection, such as a line-of-sight IR conmuni cations 21 EnKAR

be preferred. Optionally, control interface 44 nay additionally be li RE%%S
to launcher 15 22 to actuate launching of the mssile. Aternatively, the

| aunchi ng _contr SY-S R - fﬁ{& ’ ' '

g)edsst | BgESE@%ﬁfjﬁ S@%‘ﬁb@: a%adalg%tglgggggent hgp @![t %Zyésgggieﬁﬁggrﬁfip%%ﬁ?ﬂsa the
descri bed here. W | e appreciated that th t t d ' '

i ndependend pwivert $upphies ri%| ﬂgtf%me@pgys%w st 2 2 mﬁ?g‘%ﬂ‘stm%%&":d??ga: |Sy,

the only necessary 20 electronic integration is perfornmed directly with

t he seek ok 3 ' innds ;
. st 16rel RRIvYObEohaliy) deeeandsith off pdher ipplicafds, SPstams. Si
al | di regjt;l ons are asur}zd f)rel atyinve to a fran% of re}PIgrence%Dvi ng wit Rce

1 di _ i are
avol aed. (RRSSlERDR, W Lot oG eey SphrBRl A, PGERARECRETHe 1€, |

straightforward el ectrical connections to the pilot's audi o headset and
power 5 supphibes of&onboctions stithforthery dn @nfuntier Omﬁoanﬂl@éfc%?tfﬂ%ﬁﬁﬁagﬁ system
26, respectively. Optionally, one or both of power supplies 48, 50 can

t hensel v oT- : b ik TN
stBfs SFBY AT SfbcAscA 3RS YoRRotidheflomna sipnal lpenedatorrwithini ng the 5
nunber o ﬁconn ctions still further. In a further ?pl)lt i Igﬁ, m?ny exi stigng

aircraft systems, praovi de al

gener at oiheinilE lapnghan ahP prch o iengset B tledaf PR D IRBAINETT |

I35t om 4Gugans oni el missilcelh st it ApAD KPR AOSTLDGITBGTSPIRA o ng
fsalrtﬁtejlre Q-ut puts to the existing 10 si gnlal ge_nerator. Thi s may.a[ so all ow
%lﬂﬁh'@kﬁ%d 9§Ist9fn LAk &Y %tyeﬁl‘cm{dmg suitable outputs to the existing

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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avoi ding the need for bi-directional wreless comunication betwegn,
cockpit-nmounted system 26 and weapon systemunit 42, allow ng tr‘raﬁsl‘é‘éﬁvm%
46 to be replaced with a receiver. These various options render the system
particularly convenient as a retrofit addition to existing aircraft; 15

Fi gure 3@22%@@@%%8%%&%1& Y6 i SRR aBRARORR N Geor ystcay Shirmiof

Figure 2 an alrcraft carrying air-to-air mssiles 54. The
pilot's helnmet 56 carries the hel nef-nounted. em,. . i : -t racki ng
syst em 28@ssmwihted svineachanissile S4s il gggpﬁreﬁlf‘?‘r%(ﬁh%}h%B&’%gﬁl’lﬁ?fté@igsrs 58 for
use by the helnmet positioning system Munted near the pilot is the 20

cockpi t - ﬁ?%m& agdhexaiie b shovid atot riry takenstobithplydthe actual sigeeshapgnobne unit
and may have” various conponents duplicated dependi ng upon various design

considerations.(e.g,, geonetry of tical helnmet positioning system :
li ne- of-§P§’|‘1‘Pnf11ﬁ°]gg“r‘?n‘aarﬂoélétl sonlelﬂfnék to weapon systemunits 42, etc.). 18

3 MAR 2005 Cockpit-nmounted system 26_i s in_co nication wth a pon
syst efn uni t 4Theasyswation of tha $yistesnof FAgWSS pearQE 15 ﬁ%rp{édﬁg @53’5%2?& ed
that this representation is highly schematic and should not be taken to

inply thﬁpﬁ@.g?ecﬁ?]@a@lg, $bRPEn© ko FRAgE!S, eriengihef systan uninitialy estatedent s. 5
Ion of the Sy

The operation stemof Figures 2 and 3 i's illustrated in Figures 4
22? e ec?%gt(élgzl 8 ga%ﬁfﬁéﬁ&'?@ﬂqéy%geﬁ %ﬁéﬁgé‘gly‘gﬂﬁéggﬁgariﬁgﬁg%ﬂe%tggﬁ ;g' |y
N LRSI N CRTINCRI TN R
response to information
preferably also performed by 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
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10 transnmitted from cockpit-nounted system 26. The result is that the
seeker is effectively locked to the pilot's gaze direction, fo:j qu)l\mﬂggqﬁs
gaze towards any object at which he is currently |ooking. Once" thi' >; em
is operational, the process of designating a target becones very

oL 10 0 LTl Bpi L beantovorapviniz o ven

target ( rrnging e to alignnent wth the

target, and designates the target (step §4), h as_by depress] a
control tiagkingn symbot Fupesizpased hen s'i'@k@ﬁ(’% Foﬁreﬁhé’%g‘é’fé” d”.elgléﬁt ?"'8@9“ al | owi ng
it totrack the target freely. Preferably, at this point, audio system 40

pr oduces jadibhteSthealitidtion oBilgnakgdt stuerendly) beingitratkedt ¥ isoa pREIGWArt t hat
t he seeker has | ocked-on to a target 20 and is continuing to track it. At

this point,  havi desi-gpat.e N ShvMRIdif that Bagh t he
seeker h£§eff’€8ﬁe@g%’ﬁet°£qﬁﬁéygt83} é@tﬁ %gét‘)[}l%@:{b ‘f(tgtéégé%éér%ﬂ before he can saf el y
proceed to fire the mssile (step 70). In syste havj ng, a_hel oet - nrount ed
19 2 8 MARrifissgon hear- g pﬁrmizgﬂ? quicklyv apdf reli Bn“{m%& A8 19 be
performed by displaying a tracking synbol superinposed on the pilot's filed

of view Whai,ah WRkhtbd diRpiagahewilaoti bedédcpibedfwithecferemgetio Figurerft. | y bei ng
tracked. It 1s a particularly preferred feature of the system and net hod

and ol Labty et pequraol Tl HETELERS HciaRiaE BER Bt O be 7
described with reference to Figure 5. Specifically, verifi | on step 68
i ncl udes dirtctionirelatiyetthe givenJrame of referense foshdsask opg eéiegﬁa&éﬁ nllogme of
reference for at | east one eye of the pilot _
(step 72), determining a target direction representing the direction relative to
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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(step 72), determining a target direction representing the di regthopi :
relative to 10 the given frane of reference fromthe weapon syst {008
target to which the weapon systemis | ocked-on (step 74), and conparing the
eye gaze direction wth the target direction (step 76). Wen the eye gaze

di rect i on and e cliplfietor ldrRIAAH FeferfBialcobRabAdY o adiisimdgor ee o

accuracy, i.e., t rrently 1 ooking at the target which is
bei ng tracked, a predefined audible . éS signal i,s generat g?t confirm
Uhat  t he allewsdransydire fiscEcpRBEX iePwe dDE /et B SIreBHOR Atk (e BrBFd o 1 s
currently gazing (step 78). It will be readily apparent that this method of

veri fi cayi;ebiam oSS taT 5°, ang Imost préfeeably dess tearedt. I1o$ isfiypicablyanoreconbat .
The audi bl e signals can be sinple tones which are inmediately understood

even under situat.i ons of, gre r : | Y& f the abh@bust ep
typi cal | at“alﬂég&d?lgcgo i:ﬂlogv s%%l ﬁ%tef rg'%%t F%%I g)?e%ﬁgéerclr:%ﬁd, si nply by gl anci ng
nmonmentarily at the target. And by rendering the hel net-nounted display

di spefsameasuteeensisysienslandithaiseek®s. t he pilot is reduced while his |evel

of safety is inproved. 20 2 0 MAR 2005 The criteria for correlation

preferably comu?ﬁihgrrﬂﬁw &@Fﬁ%ﬂfﬁs( b08INhe) isahedneagedoard tislenepeaion diet ween
the eye gaze direction and the target direction of |Iess than 5, and nost

For the Smoem o Fwcors 8t b ol s R WERCHEER T 2
the seeker. Turning now to Figures 6-8, there is shown a second
i npl ementmbimation systhmsdg previdofa hge o€ additionahindprmaliony Ehesiydusent egr at ed
with aircraft _
and operation 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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i nf or mati on éystens to provide a range of additional infor [
( mat 1 0R. ¢ T
structure and operation of the systemis largely simlar to th taoﬁga 2603
Figures 2-5, equivalent 10 elenents being |abeled sinmlarly. As nentioned
earlier, certain nodemaircraft systens offer a wide range ‘of information

fromvari,o rCeS .i ] F i defit ifiwshtion8 ] '
systens g%ﬁé%\s;gaégngégfg? ﬁgqlfg&gﬁ H%}gpji%gtuts)fglltlig?ei nf (l)ﬂri natfoonqjh:yi?:hgaglngn

i nputs 84. By making this_ information avai.l abl [ i

becormes gueeinl sal@peyithes thficemess Brﬁ'ﬁ'{qﬁﬁ Pﬁ %‘% gﬁ%f}%? gt;%%%’rlet aéL gd to
and in response to, the gaze direction of the pilot. Unlike the ’
i npl emenhadition ©f te eliee Aidctivhicf cympamentativono thecredmeb apdciccul at es
the pilot's gaze direction in a frame of reference not noving with the

aircraft in.order. to a}lowi [ f ¢ d r f didéetd [
sour ces. re}%t.n(q.] PQS%W& Oé klgec E’%@%&%ﬁ@? é; ¢ Sg}f‘\fft 't Eggilsgelgﬁin%pﬁlfib t%‘drm;irir rr;ath:aon
various navigation systems relating to attitude d position of the

ai r criaf t prefaiabbe represenied as @ YSFNCH @ﬁepﬁéatmﬁ?%%é’l rﬁg‘v?lbcaet ?%CEI syst ens
of the aircraft which may include an inertial navigation systems. GPS,
tilt sengphs: @R rehdiey bdlcotnfared lviith 20€AiceVdafemd gengraphically mer thee

constitute part of the present invention. The gaze direction calculation
thus becomnes arfiuﬁtlﬁn of the aircraft position, in addition to the
rel ati veSHYERG 18885y e- gaze relative to the hel met and the relative

position of the helmet within the cockpit. The resultin i rection i
preferably reflheseptrationsofa thesygiem pagalipdy -t Fa’{nﬁaﬁ)élr 9699 &P HeLs la?eﬁce
such that it can readily be conpared with | ocations defined geographically

on the Specifically, with reference to Figure 7, the system first determines an eye gaze
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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ground or in the sky. The operation of the systemparallels the g@i ar
described earlier. Specifically, with reference to Figure 7, tHhe sl\v YL
first determ nes an eye gaze 10 direction relative to a given franme of
reference for at |east one eye of the pilot (step 88) and a reference

directiop fgﬁaln%'dﬁ%ctht il Bé’ad@aﬁfed Bher ear e (ill@patedOfor choh.

reference diTection I's cHosen o orrespond to a region of the pilot's

field of th h i f ti t th
compar 65 THR@Ckab Ea6 OUFHGLOF DI W'D FEE P PR o 1Dk sz?ﬁeﬁéﬁ 92) and,

if 15 the eye gaze direction and the reference dlrectlon are eq’%
Wit hin aggivsenthed €@t efolieaccWimy it gemes ainés aligmineens uwillt OBEA? F}«\? t o t he
pilot and indicative of the information associated with that reference

direct i 0gslop Sdkriofll Ssysposth @%@Oqgsymﬁ Wdtl dstlaee t igdtarelrRinl of 1 n

Fi gure g’ rret 56 and system 10 of t he

invention relative to a field of &ewloz of th il ot E} el d of
vi ew § ncriBeldefrvigws tiiselins Fh?efoéﬁi 3 é’mqerm??f&gﬁg s e }( ft 104,

friendly aircraft 106 and geographical |andmarks such as a city 108 and a
mount ai n i 10 Kotk OAipERIOMN0AS the syhlenpasay iprosidef whateser infoimiiool ects are
provided to processor 32 fromvarious sources such that a 22 2 8 MAR 2005

of erence dhiiSelRhne ESHCRENLEIRA A SRARANKL 13y poRRaRy tRkil e for

each. THE? e pl rep Pesent et by a solid Iine,
noves freely around the field of view Wen it copes into.,alignnmept with
{Fom A CORARAITT P

one of t ke okdiecreflcmddits sEpIrBARLS (@Fﬁ?@mﬁlg ‘Eﬁré)‘(ﬁdd | ating
to that region of 5 the field of view, typically in the formof a voice

message. jhdgar WbRsulORKd Mebk-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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at a hostile aircraft 104, the system may provide whatever informtion is

available relating to the aircraft, such as the fact that it isép t%ﬁﬁiﬁ]{]ﬁy
hostile, the type of aircraft and its armanments (for exanple, derived from
a conbination of its radar signature and | ook-up tables of aircraft '

speci fi cwﬂig RIEPOK:Ng 10 at a friendly aircraft, the system may
identify i ;I:ﬁ%?pgﬁdly (for exanple, on the basis of an encoded nmarker

signal or the like) to avoid potentially dangerous confusion. Wen | ooking

at a city or unt Qi LEAIRY pilde Wit nfbhaatiberdsavikted ovitlaci i tate
navi gati on. Djﬁr?i ng&arg?ﬁhbgefggrﬁat , t epgyst em preferably provides the

functions 15 descri bed abov i t.h reference to..Fi 2-5 ] ditionto
the " af onelsesk psnEEiPmPbAaRfa VieptTiony 1y e iRl BPERifgR s jepH
non-conbat-related information may be suppressed during conmbat to renove
al | non- withaut redjusiingetviiams displayyithé nethapprmprisingdhe stepsie above
descriptions are intended only to 20 serve as exanples, and that many

ot her enbodi npats ar i bl e w th iSPrélativand 4 evar fgnobft he
pr esent inveg?‘i?on r‘gesfgr&@ﬁlﬁﬁ%ghbﬁfwt %ge%;gggﬁ%%g cl alivms. 23 2 3 MAR 2005 WHAT

IS CLAIMED | S: 1. A nmethod, for providing il.of with information :
associated with arcfersnse foha leayiws F Oﬁ]i“ggila *of view visible to the
pilot fromw thin a cockpit wthout requiring a visual display, the nethod
conpri si ng t hgipt efgedhinifd ) rdfirence diragicanredativeyter saidi given ifenne efat i ve to
a given frame of reference for at |east one eye of the pilot;

reference;
(iii) comparing said eye gaze direciion with said reference direciion;
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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(ii) determining a reference direction relative to said given frame of
reference; (iii) conparing said eye gaze direction with said reflefelfd® 2005
direction; and (iv) if said eye gaze direction and said reference
direction are equal to within a given degree of accuracy, generating audio

out put audi bl i [t Pt feraftf & REiclonthaspidol & ed with
said ref 3P§Wcé)%8élﬁe%ﬁ%é%é %h %Cdr%%?]hggéto%ﬁ?c?ai m 1, wherein sgi d reference
direction corresponds to a direction froma weapon systemto a target to
whi ch th@unmﬁﬁ@azgsgslﬁéﬁﬁﬂ‘élﬂ ocked-on, such that said audi o output provides
confirmation that the weapon systemis |ocked-on to a target at which the
pilot is currently gazing. 3. The nethod of claim1l, wherein said
reference direction corresponds to a direction fromthe cockpit,to a
friendly aircraft, Thecmdthad sofi dain 1, swherinosaidauefesersn JHECHOByi des an
indication that an aircraft at which the pilot is currently gazing is

friendly. 4.  The ngt ok 't mﬁ-@w Sristle Rireragncack ithacsaidn
correspor?(?grefggo%dsgﬁ%@ iegﬁoxﬁrfgdnrﬁt ecco lpi t at 0 a hostile aircraft, such

that said audio output provideg an indicatiaon that an.airera .. Whi ch
the pil otaudio csiipwte FTOVidenAnnipdicatigs thitean 5"2‘“%& %Fﬂggho@ecpgf)?ntli,
wherein said reference direction

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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corresponds to a direction fromthe cockpit to a | andmark, such that said
audio output provides information relating to the | andmark at vhite AR 005
pilot is currently gazing. 6. The method of claim1l, wherein said given
degree of accuracy corresponds to a nmaximum al |l owed angul ar di screpancy

between sai d gye gpze dhb§%H QAN SRk ehir dpeemifingcii epe geaed maxi num
al | oned di screpancy ﬁ%w ng a value of less than 5. 7. The nethod of claim
1, wherein said given degree of accuracy corresponds to a maxi mum al | oned
angul ar dirgﬁﬁl@pmlﬂ,d%"et ween said eye gaze direction and said reference
direction, said maxi num al |l owed di screpancy having a value of |ess than 2.
25 2 8 MAR 200§ 8.cripRoyimi had lflnet-aionnted wispstem &ai dedue erdifcfAB an eye
gaze direction includes: (i) enploying a hel met-nmunted systemto derive

direction infor mt#@@[&[& LAY otld o feRAd UR @¥R ARt cAiforal loast dy

| east one eye of ¢ ative to a met worn by the pilot; (ii)
transmtting said direction_informtio \ii a a cordless., conmuni cations |ink
to a receiver unit geygiofithe pHes Wﬁtf%@@i%q Bt WrﬂfBﬁW&F‘%’ﬁlo elated to a
position of said helmet wthin a cockpit; and (iv) processing said
direction infepyat jrakmtgngai shidosditdotion information via a cordless

communications link to a receiver 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.

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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information to derive said eye gaze direction relative to a frarie of

reference associate with said cockpit. 9. The nethod of cl aim 8, whisA8i 2005
sai d hel net-nounted systemand a hel net-nounted portion of said cordl ess
comruni cations link are inplemented using | ow power electrical conponents

ower ed exclus{vely b a . bdiHigthe cdEkpif
P 1} nf &Y i-(gikecdo%t géntqm?lgr?mlg LREm@spIb R igrthe cdckpi

gaze-actuate SYys oviding a pilot wwth information

associated with at |east one region of a field of Vi.ew, .Visi 0.t he
pilot fromwithin andeerpguredi torsiemIEg & ?‘?rﬁﬁ‘%ag%es(hﬁt}%t%ns%ﬂg% 15 e system

conprising: 26 2 8 MAR 2005 (i) a gaze-direction determ ning system
depl oyed within thg59peke the cdoklpeonfigured to determ ne a current gaze
direction of the pilot relative to the cockpit; (ii) a direction

correlation system assqci ated w- i i i Qirfettiomg system
and confi gur eéﬁtof’c o %%ﬁmééﬁégﬂ%ﬁg%géaagﬂm %yv%d%éf\ at | east one
reference direction and to generate a correlation si%nacL when saj.d current
gaze direction is defenhiniog systeth prd ephigwred; tPQMBH it F“rrg&pge ef i ned
margin of error; and (iii) an audi o output system associated with said

direction correl at jgRctiSy Wi Iehst 6né irgfetattet dirbetiore spdrieigeacraie gai d
correl ation signal to generate audio output audible to the pilot and
'ndicative of 1nfor et Hon srigllle?lt &9 ch %saf @ Hrfefif Fah WfirdlitioRCls! 8dual to
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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11. The gaze-actuated information system of claim 10, further gow%\giﬁgra
weapon systemincluding a seeker operative to track a target, s&id "dapeh
system generating a current target direction corresponding to the

direction fromthe seeker to the target being tracked, said direction

correl ation _gyst ef\0el0g.8ARAC ABHNMION spabth YEaRAN By Skherelnsaidonf i gur ed
to enploy said curre target direction as one of said reference

di rections such that, when the pi|o (’opks towards the target, said audio
out put s yereritgehan desmREESyssm Blf’ﬁu %idi cative that the currently vi ewed
target is being tracked. 27 2 8 HHM 1. 005 12. The gaze-actuated infornmation
system of cl aiffy 10a hehaesimouneadsysyanecatifiigeced om désveraiativeglisgetioam

i ncludes: (i) a helnmet-nmounted system configured to derive relative

direction infor ”atihgo'}g{al?fggtr?%técftoaa Féhibd o B GRdQidh fop @t 18t be¢  at

| east one eye of t ative' to a t worn by the pilot; and
(i1) a helnet positioning systemconfigured to deriye ition information
related to a positieyg adft %mlﬁtﬁéﬁﬁé@ct%bﬂwtwet&'o%ﬁﬂqﬁi ' The
gaze-actuated i nformati on systemof claim 12, wherein said gaze-direction

det er mi ni ng sygjemf yether poRiloidies eysteransonfigereddapl elgsdef position
transmtting a wreless signal containing information fromsaid

le na;]-egle)iugt ggi ZyStigPamlla%fonT?aa&%Z% agt MAesh | 8 QLAPHAREWFHERM e Cl al M

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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hel met - nount ed system and said transmtter are inplenented usi ng) |60\/B(;§Hpgﬁﬁ5
el ectrical conponents powered exclusively by at |east one hel net-nounte
battery. 15. A method for providing to a pilot confirmation that a weapon
systemis | ocked-on to a visible target wi thout use of a visual display,

the method cqQpprigd@ehihiity 8tteR%t direclibndeprsithtimn thadieytogaelatider ect i on
relative to a dgiven frame of reference for at | east one eye of the pilot;

28 2 8 MAR 2085 (ij) determning a.target directio j e
direction relati vet‘} ?Q}ﬁs%ﬁvaﬂgﬁﬂﬁoﬁsﬁ%‘fe trgﬁéE en{érgaﬁ(?%%??[?eﬂ %g%gn system
to the target to which the weapon systemis_ |ocked-on; (iii) conparing
said eye gaze diretdrpetrtowhichshe sveppoyeystdir isdockad-oand (iv) if said eye
gaze direction and said target direction are equal to wthin a given

degree of acCHHACYoMIERAALGiASyE RHEARELRGSWidHIHiPtE g6 difddiidnpandnf | rm t hat

t he weapon sy mis 1o on”t a target at whichthe pilot is currently

gazing. 16. The_nethod of claim.15, wherein .said_ gi.ven degree ccuracy
corresponds tdvh ﬂﬁ)@?‘%ﬁi’%lgaéﬁgﬁe&ﬂ%l s1d lARsEL 93"618{\/% neqsu%i ageye gaze
direction and said target direction, said maxi rum al | owed di scr epancy
having a val ue of wiggs 4 hgivehs. ddgtee ThE avettuny, ofersrating 25 profefingdn sai d
gi ven degree of accuracy

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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corresponds to a maxi mum al | owed angul ar di screpancy between saiegﬁ)ﬁ FQ%@)
direction and said target direction, said maxi mrum al |l owed di scr YL\
having a value of less than 2. 18. The nethod of claim 15, wherein said
determ ning an eye gaze direction includes: (i) enploying a hel net-nounted
systemto deriye dj i i Of or i r eligfopghationa &l atai veorllessgaze
direction for (laltf lgg@{rﬁfgﬁ@g e%é@o;mﬁ(g%& lot relative to a hel net worn by
the pilot; 29 2 8 MAR 2005 {,ii Aransmtting said direction information via
a cordl ess comuniC@EMNBRIEAHP ll%t%auf%%f‘é}’?}gfm nit; (iii) deriving position
information related to a position of said helmet within a QOCkE’}Lt; and
(iv) processi gﬁi)saﬂehdihg ithon infbrmataon oelateddtosapasiiesi of wwd bekredr nat i on
to derive said eye gaze direction relative to a frame of reference
associate with said ckplt g .19 he met hod of claim 18, wherein said

hel met - nount ed systvt‘-f‘ﬁl) f%écé(p#éfur]rét-rmunt ed portion of said cordless
comuni cations link are inplenented using.low fﬁ)wer gl ectrical. conponents

pover ed excl udiwel prasgssing |widt divesting) PR{OTRAHA d2B%t 581 . PRIt VR

2005
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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ABSTRACT OF THE DI SCLOSURE GAZE- ACTUATED | NFORVATI ON SYSTEM ;
providing a pilot with information associated with at |east éngﬂggﬁéﬁo%ﬁﬁ
a field of viewvisible to the pilot fromwthin a cockpit w thout
requiring a visual display. The method includes the steps of determning an
eye gaze direction relative to a given frame of reference for at |east one
eye of the pilot, determning a reference direction relative to the given
frame of reference, coBSTRACTORTEIHBIBCLOMIREON with the reference
direction, and if the eye gaze direction and the reference direction are

equal to %&m%mbﬁ%ﬁﬁmccur acy, generating audi o output
—ang- Tndrcative-

?g?iePIee t . 1 of information associated with the
nce direCiidfod F&r%ro%iding 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 includes the steps of determining an
eye gaze direction relative to a given frame of reference for at least one eye of
the pilot, determining a reference direction relative to the given frame of
reference, comparing the eye gaze direction with the reference direction, and 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 indicative

of information associated with the reference direction.
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