CONTROLLI NG AN | MAG NG APPARATUS OVER A DELAYED COMMUNI CATI ON LI NK
BACKGROUND 1. TECHNI CAL FI ELD The present invention relates to the field of
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are currently used in a number of mllltary roles, including reconnaissance. They are

15 also used in a small but growing number of civil applications such as firefighting
when a human observer would be at risk, police observation of civil disturbances and

crime scenes, and reconnaissance support in natural disasters.

The term "payload" as used herein in this application, is the load carried by an
UAV/RPA exclusive of what is necessary for its operation. The payload may
20  comprise, inter alia, an imaging apparatus that provides the user of the UAV/RPA
with a dynamic vision display (e.g. a video sequence). The vision display may
comprise a predefined point that corresponds with the general pointing point of the
payload. The pointing point may be indicated in a particular graphic manner (e.g., a
cross) so that the user will be informed of the current pointing direction of the

25  payload.

The term "transponder” as used herein in this application, refers to a communication
relay unit, usually in the form of a communication satellite that enables long range

communication between the user and the remotely controlled UAV/RPA.



shown) is in operative association with a control station 10 that is in
direct communication with a transponder such as a conmunication satellite
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Consequently, controlling a payload on a UAV/RPA over a delayed communication
20 link may pose substantial challenges for UAV/RPA users. Many UAV/RPA
operations require the payload to be pointed directly at user identified targets seen on

the vision display.

BRIEF SUMMARY

25 In embodiments of the present invention, there is provided a method of enabling a
user to control a pointing direction of an imaging apparatus over a delayed
communication link. The method comprises: enabling the user to track a user-
identified target on a currently presented image of periodically transmitted images
from the imaging apparatus; calculating a distance between the estimated location of

30  the user-identified target in view of the user’s tracking and the estimated location of
the pointing point of the imaging apparatus at said future time, wherein the estimation

relate to a future time by which a command control currently transmitted by the user



directing the pointing point of the inmaging apparatus onto the
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estlmated locatlon of the user—ldentlﬁed target and the estimated location of the

20 pointing point of the imaging apparatus at said future time; and calculating a
command control required for spatially directing the pointing point of the imaging
apparatus onto the user-identified target, based on said calculated distance and taking
into account all previous control commands that had been already transmitted by the

user but have not yet affected the currently presented image.

25  These, additional, and/or other aspects and/or advantages of the present invention are
set forth in the detailed description which follows; possibly inferable from the detailed

description; and/or learnable by practice of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to show how the same may be carried
30 into effect, reference will now be made, purely by way of example, to the
accompanying drawings in which like numerals designate corresponding elements or

sections throughout.



acconpanyi ng drawi ngs in which like nuneral s designate correspondi ng

el ements or sections throughout.In the acconpanying drawings: FIG 1 is a
hi gh | eveWo=otvaisatssc di agram of a unmanned aeri al vehi clPeT(ILXAWY/RPBHYS
controlled via a satellite according to the existing art; FIG 2 is a high
| evel flowch?r{h sg\c%vnvli ng.an, aspect of the method according to sone

enbodi nents of Tt AE RGBT G YIB'G 3is a ti m ng di agram showi ng an aspect
of the method according to sone enbodi nents of the invention; FIG 4 is a
schemat i ¢ di &Ys-almisof high ldvel ssheniitis iagramaeCo noharmgped geriad vehiele{bdViRPAE of t he

i nvention; Fl b S: I I 10 Ng. an aspect of the nethod
accordi ng tocéﬁéﬁ@e‘%ﬁ%gé‘yﬁ@ﬁ%gcog@ﬁgkgﬂ%%Sg%r%l&gh; and FIG 6 and FIG 7 show
a high level flowhart illustrating an aspect of a nmethod according to sone

embodi ment s §iG.t?his 4 higheleveldlowcitshdwingi angaspech glethi enethgidt dgcerdiag o bdnagai ng

detai |l ed descgL.ipi:i . ent to those skilled in the art how t he
i nventi ongmgﬁlgg&dgg %gﬁggm?%ggp’acti ce. DETAILED DESCRI PTION Wth specific

reference now to the drawings in detail, it is stressed that the
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di scussi on Ogmb&ﬁmﬁﬁt%faﬁléﬁl% jgpodi ments of the present invention only, and
are presented In the cause of providing what is believed to be the nost
useful and readily understood description of the principles and conceptual
aspects of t HEG.i4isarschestic diagrapy of arvasien displaacserdinge sprge prmbediments Abw
structural defahdent@f; the invention in nore detail than is necessary for a
fundanent al understandi ng of the invention, the description taken with the
drawi ngs nmaking apparent to those 'skilled in the art how the several forns
of the i Alenfl@®n Ang theing dingtine shawing,pt asneete0f BEfmethodk aeaoEling iy same | east
one enbodi MeRLb&fimERE of MY BREARR, dn@ detail, it is to be understood that the
invention is not limted in its application to the details of construction

and the arrangenent of the co nents set forth in the follow n
F(r:b. 6 and FIG. 7 show m?gh level flowchart 1rllustratirr]1g an aspect o(t) a mghod

according to some embodiments of the invention.

The drawings together with the following detailed description make apparent to those

15  skilled in the art how the invention may be embodied in practice.
DETAILED DESCRIPTION

With specific reference now to the drawings in detail, it is stressed that the particulars
shown are by way of example and for purposes of illustrative discussion of the
preferred embodiments of the present invention only, and are presented in the cause of
20  providing what is believed to be the most useful and readily understood description of
the principles and conceptual aspects of the invention. In this regard, no attempt is
made to show structural details of the invention in more detail than is necessary for a
fundamental understanding of the invention, the description taken with the drawings
making apparent to those skilled in the art how the several forms of the invention may

25  be embodied in practice.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following

description or illustrated in the drawings. The invention is applicable to other



description or illustrated in the drawings. The invention is applicable to
ot her enbodi nents or of being practiced or carried out in various ways.
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20 that had been transmitted by the user but have not yet affected the image currently

presented to the user.

FIG. 2 is a high level flowchart showing an aspect of the method according to some
embodiments of the invention. The flowchart shows a method of enabling a user to
control a spatial direction of an imaging apparatus over a communication link
25  exhibiting an uplink delay and a downlink delay. The method comprises: periodicatty
transmitting a control command for spatially directing the imaging apparatus, wherein
the imaging apparatus periodically transmits to the user an image, and wherein the
user is presented with the transmitted image which contains a pointing point of the
imaging apparatus 210; enabling the user to track a user-identified target on a
30 currently presented image of the periodically transmitted images 220 in real time;
estimating a location of the user-identified target in view of the user’s tracking and the
command control which directed the presented image, at a future time corresponding

with the uplink delay, wherein the uplink delay is a time required for a command



currently presented inmage of the periodically transmtted i mages 220 in

real time; estimating a |ocation of the user-identified target in view of
t he user'wotnraish3g and t he conmand control which directret/itiveo/proesent ed
imge, at a future tinme corresponding with the uplink delay, wherein the

uplink del ay i i requit or,a co ndconirol current| Lansmtted
by the user e85 PTG EAIRA b e SR BO6F e Tradtt eBPe e 3P o o
the a poi nti eginpoingh lahtidnhe thenppgpinting poina ofithel fnaging @pphratusirat a tfutare tined at ed t o

t he uplink del 40; cal.cyl ati di st ance between the |ocati of the
user - Peent i { F & s PRRG 6ihe 218 BetafR “raden Brerhd° Jorien of e |

i magi nlg appapeetrutﬁefnaﬁecstaﬂgelt_ afntjltmngc_atibrn@f_t%ﬁbi?]t&@q)ombmb ahaghgy @p?ﬁmraml _
control requir, or .sp a recting the pointi Ol of I I magl ng
Cobar at s Santaie TS, GER 302 and FrletiSing §oommpBoton abted oot B

di st ance and direttinptic pragRgd point of {heﬂﬁlﬁgih%)uﬁpaﬁeﬁﬁkt orfdd tHeQRBEiIAEifitd adrgdtad been
already transmtted but have not yet affected the currently presented i mage

due to the d&¥6f PRRRIGAYCHed @mn°ﬁ§n%€v%?§amn 3t} Reeviaus; contEolepmMapdsyi agr am

showi ng an agResid BéentdhadyEitAAOHites Gar Rive thot YetS4TERtc8 TROENrFERNY Predntddne
invention. Timng di agr am 300 shows a tine-scale exhibiting periods or

cycl es of op&pageidystorthg downlink angdthe uplinkdelays 260w i rage from the i magi ng
apparatus is presented to the user and further, a command control fromthe
user may ibe FIGNSH hitRking AiabAm tHERGGn afHear &ff the mARoE ¥RbAlIMpeE &arve, due
to the delayed, communication link there is a tine difference between
transni tting RORURARIRAT M nKation chimigodiagram, W0ethgrhg Gime-tiple pbiNtRggi ng
appar at us 318erioliios cfl@és2df dperatlem 1180 1Agach R9clEPA hilk ikl8teAord 3b indfbthg There is
al so a delay due to the tine difference between transmtting the image by

the inmagi ng APRSEANL & gresensed ip theyusereng fugher.ta gpymmand ool fomthe pegranaye| ay i s
denoted as tBe (dputid ko BR!iRYgiRg Appdratls. LA exiifedOdbots, Mie! 1 thy delafledt he

af orement i oned exanpl e, receiVing It)_he command by the inmaging apparatus and
t ransmi t t1f ng cemmpmigajion thipk theee is artige dijfeagmea beiveen trnemitting a qoqunand b the ne. | n
operation, afn.d il S GUE et I i t=10
was actual | yﬂ%étr)'?g? g%#&g%}w? %ﬁ?é‘éﬁ%“é@%gﬁtﬂ %Jgpzégglstdrég‘%giﬁnf {ee atts);t/&fhe

UAV/ RPA at t iphinkt delay 20Hi380.0Rzerd ¥5 alsmy dstaynduedtot the ttimesdifarencenbdtyeen

transmtted r. e t = 1 Vol . ppar at us
at tinme t :133}{[!1:5%@3? ﬁrr%rﬁns eoty tﬁ(ﬁléﬁaggngsaﬁﬁr&?%giezn%nldg%&tc}'\l/& gg*re ?‘ h‘ggg’t wo types
of del ays by Thiakdely it Henoteidras sheadwvonlink delay [340.cExrir ¢he sake roff simpllicity, in the

20 aforementioned example, receiving the command by the imaging apparatus and

transmitting an image by the imaging apparatus occur at the same time.

In operation, an image that is currently presented to the user in time t=10 was actually
obtained by the imaging apparatus and transmitted by the UAV/RPA at time t=4.
Additionally, any command that is currently transmitted by the user at time t=10 will
25  only reach the imaging apparatus at time t=13. Embodiments of the present invention
overcome these two types of delays by taking them into account while calculating, at
any given time, the required command for directing the pointing point of the imaging

apparatus onto the user-identified target.

Since during the uplink delay both the pointing point of the imaging apparatus and the
30 user-identified target will change their position, it is necessary to determine both their

location at time t=13.



any given tine, the required command for directing the pointing point of
the i magi ng apparatus onto the user-identified target. Since during the
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cycle-by cycle basis (period-by-period). Vision display 400 may be a video sequence

20  exhibiting the optical image taken by the imaging apparatus or any other imaging
technology, including radar, infrared (IR) and the like. Vision display 400 presents the
images taken by the imaging apparatus which may contain a target 420 identifiable by
the user. Vision display 400 also presents a pointing point which represents the
pointing point of the imaging apparatus. In addition, according to some embodiments

25 of the invention a command curser 430 is also presented to the user over vision
display 400.

In operation, the user is enabled to move command curser 430 towards user-identified
target 420. By tracking user-identified target 420, the user determines the location of
user-identified target 420 in any given image. Thus, the location of user-identified
30 target 420 in a currently presented image may be used for estimating it’s future
location at a time corresponding to the current time plus the uplink delay. In the case
where the user-identified target 420 is not automatically identifiable, embodiments of

the present invention enable the determination of the location of user-identified target
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in the aforementioned example, receiving the command by the imaging apparatus and

transmitting an image by the imaging apparatus occur at the same time.

20  Given that the currently presented image is at time t=10 510, the currently presented
image was actually obtained and transmitted at time t=4 and therefore it only reflects
the command (in axis X and Y) that has been transmitted by time t=1. This is because
it takes an uplink delay 320 for a transmitted command to reach the imaging
apparatus. Thus, commands that have been transmitted at time cycles t=2, 3, 4, 5, 6, 7,

25 8, and 9 would not affect the currently presented image of time t=10. Therefore, while
calculating the required command to be transmitted at time t=10, two delays need to
be taken into consideration. First, an estimation of the distance between the locations
of both the pointing point of the imaging apparatus and the user-identified target at
time t=13 (taking into account uplink delay 340) is performed in view of their

30 respective locations in the currently presented image of time t=10 and the velocity of
the user-defined target. Second, a summation of all previous commands that had been
already transmitted but have net yet affected the currently presented image needs to be

taken into account.
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According to some embodiments of the invention, initially, the command cursor is

located on the pointing point of the imaging apparatus.

In the reminder of the description, a potential implementation of the aforementioned
method is depicted in detail according to some embodiments of the invention. The
20 example described herein illustrates in a non-liniiting manner a possible
implementation of the location estimation mechanism of both the pointing point of the
imaging apparatus and the user-identified target at a time that is advanced by an

uplink delay from the current time.

The proposed algorithm makes use of the aforementioned user interface of a
25 command indicator that may be moved by the user at any given time. The algorithm
starts with calculating the distance between the location of the command cursor and
the pointing point at the current time t. it then goes to measure the same distance in a
previous cycle (period) t-1 and calculates the difference between the current and

~ previous location distance. -
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Wherein, in the aforementioned formula (2), EstVelocity is a vector denoting the
estimated average velocity of the user-identified target at time t in each axis j;
15  Velocity is a vector denoting the velocity of the user-identified target at time t, and N
denotes the number of cycles used for estimating the average velocity which is
preferably set to the number of cycles in the total delay (uplink and downlink summed
up). The summation in formula (2) is over the number of cycles used for estimating

the average velocity which is as noted, set to the number of cycles in the total delay.

20  Then, the estimated location of the target in relation to the location of the pointing
point of the imaging apparatus, at time t=t+uplink-1 is calculated in accordance with

the following formula:

ForecastDist ;i 1

= Dist,;, + EstVelocity * (N —1)
3

10



preferably set to the nunber of cycles in the total delay (uplink and
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apparatus, wherein Dist is the current distance between the user-identified
target and t K&tVSIACHY Isdgvesor AenoLng tfﬁsﬂétve?tsiweyaaesve@%ef%? “ﬁ?é‘l‘%f‘f‘ﬂif‘d t he
estinmated aveage: tfd Qfedck aRfsjt he user-identified target at time t in each
axis j . Then, all commands tl%at had been already transmtted by the user

and have not _yet heen affected.in the gurrent]| resent ed,i mage are
cal cul ated i Mngk@ rcagﬁ@gémg%tﬁmfl theer rqa@wrﬁlejnv e uper and BapeRokpPb 1 ed it

= ~Command | beenl affectoltin (hé cudbi@l Srétentbdinidde add €l iR in A0&AdIn6¢ With ahe( 4) |
Not Yet Af f ect ed denotes a sunmation of all commands that had been al ready

transmitted AMNPWREE™E yet been affected in the currently presented
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poi nting point of the imging apparatus and the estimted | ocation

user-identifi tine .ok ich represent one cycle before
the tine in Wfﬂg@%ﬁc{a& Tanzjﬂdﬁ%é@%nds reach the inmaging
apparatugp is calculated in accletdahce with the foll o@)ng fornula:

Forecast TotDistj t uplink_ = ForecastD st ,t+uplink_|- NotYetAffected ,

Wherein, in the aforementioned formula (4), NotYetAffected denotes a summation of
all commands that had been already transmitted and have not yet been affected in the

currently presented image.

Then, the estimated distance between the estimated location of the pointing point of

15 the imaging apparatus and the estimated location user-identified target, at time
t+uplink-1 which represent one cycle before the time in which presently transmitted
commands reach the imaging apparatus, is calculated in accordance with the
following formula:

ForecastTotDist;, , ;4 =

ForecastDist, — NotYetAffected, ,

Lt +uplink-1

©)

20  Wherein, in the aforementioned formula (5), ForecastTotDist is an estimated distance
between the estimated location of the pointing point of the imaging apparatus and the
estimated location of the user-identified target; ForecastDist is an estimated distance
between the user identified target and the pointing point of the imaging apparatus one
cycle before the time the current command reaches the imaging apparatus; and

25 NotYetAffected denotes a summation of all commands that had been already
transmitted by the user and have not yet been affected in the currently presented

image.

11



Wherein, in the aforenentioned fornmula (5), ForecastTotDist is an estimted
di stance between the estinmated | ocation of the pointing point of the

| magi ng awpansrass73and the estimated | ocation of the usercirdeibioess t ar get ;
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bet ween the estinated | od4tion ot-ydﬂesﬁ’@i@vi sgt@wbent of the i 2& i ng
apparatus and the estimated | ocation of the user-identified t get ;

EstVelocity is a vector denoting the estinmated average velocity of the
user-identi f Wa@reig i e abdrerhénfibndd fornulR@Gh FaxdcasTotDistEiB the@yihasd didaacd ake i s

t he nunber of cycles that is set r ¢l osure of .the di stance between the
Lot Mot oa | oheren B esiried Beafion ot oo IR 06 (e REERE SR A S | he
estimated | O6gima@d 16¢atioh @f HReQlseridatiificd t2gkt;! Byt VeboityFik @ vebtoR@endihSthe/ show a
high level flowchart illustrati ngq an inplenentation of the aforenentioned
al gori t hm acEBimaedAveres specividbs Hasrridentiffed;target 3hing | BneackrR¥isel Midchar t

shows a conpglgesTotbeKeNt ekt ARARPGf Rl cl&OMal @ Lk Tor ABsurdBYithd dRRARG at us
over a del ayed comruni cation link, by periodically transmtting a control

conmand to t REWEsHlE AYImARIAPcRfion of thhRoinknEReINt o6 Hsrimaging appapsesAd Al a user

with a Vilé”%stﬁﬂa&‘&'l@éﬁti@@@ﬂ’tﬁé dséRld¥ntfiRderbeat ed with imges periodically
obt ai ned by the i mging

FIG. 6 and FIG. 7 show a high level flowchart illustrating an implementation of the
aforementioned algorithm according to some embodiments of the invention. The
flowchart shows a computer implemented method of controlling an imaging apparatus
over a delayed communication link, by periodically transmitting a control command
15 to the imaging apparatus, the method comprises: presenting a user with a visual
display operatively associated with images periodically obtained by the imaging
apparatus, the visual display comprising a sequence of images, each image associated
with a particular cycle, wherein each image contains a pointing point of the imaging
apparatus, and a command curser 600; enabling the user, in each particular cycle, to
20 direct the command curser towards a user-identified target contained within a
particular image, thereby tracking the user-identified target 610; calculating, in each
particular cycle, a first distance exhibiting a distance between the command cursor
and the " indicator of the pointing point of the imaging apparatus 620;
calculating, in each particular cycle, a difference between the first distance at the
25  particular cycle and the first distance in a previous cycle 630; estimating, in each
particular cycle, a velocity of the user-identified target by adding the calculated
difference to the control command transmitted at a cycle preceding the particular
cycle by a total delay being the delay required for a transmitted command to-affect an

image presented to the user 640; calculating, in each particular cycle, an average over

12



apparatus, the visual display conprising a sequence of inages, each inage
associated with a particular cycle, wherein each inmage contains a pointing
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user-identified cont ned Mihin a.pa cul ar th

tracki ng the augréit’e?{"g‘gﬁt‘?% hfa?sélg]fl eglﬁlocétg %ftj hﬁt PG ldefqﬁgegaé g“g ﬁbycul ar
cycle, a fir sbtinmttiag, aﬂe&hqjéhlcbiat tyele, a sebosd dis@scelbetwiee thetdsimatedntadado ur sor
andthelndlctor of .th ointin oint. of the, i a rat us,

oAl cul st i ng. OF Teas@ridosiRed Btk Bl ans AeleRde S RBBR BrERited o;

di stance at twWiR rqaeh the Giiagiig @mﬂa@saﬁxdthteh&aﬁdnf&tthapcﬁﬁtaigqﬁndtr@f&lemmegm@us cycle
630; estinating, in each pat g g% a velocity of the

user - i denpi f 2BRFTAUT 5 Ehe natficy F 3@ hadding the distanee RRtYecathe cmANdQEOE ot 1 ol

command transfd the %mahg ﬁoxﬁﬁ’&'tl@e ﬂ{a@ﬁa@%ﬁ&athm tRApriiculdr 35cIEN6 iR dV¥rage t Ot al
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€

present ed t o VelReitbiugkiheptarpet auitipkied by e total deleyrl £9Pt swoming Wy dpesachyn
average over %ar@if:lﬁgreéy'cl%ecLllEPrEW@usQ:fonﬁﬁbﬁdﬁﬁlﬁﬂ RRtREh YRdaas ifalsnditted B have
user-identified target 65 estimating, in each particular cycle, a second
di stance bet nekbeen et asieetednthecdmapopresdnisd ipfthe preticyloe eyglel 67%iclctlgtingaimet at a
future cygl e f I i magi ng
appar at e e e e ki ot of B i ot 1

at the parti eoinhef thy imaginginapparaids ﬂhhestmamddﬁ@émlbef the aipertideatif tl cursor

dth I
the aver age. Jbf Suftfichiip tnelcIii bERY ARARTH AR o BE JREHGHATHEYE S 1O
sunmi ng up, iimaghedppp@tusi by bubtractingl the svahmeq)npall@wlmrmmmgds ﬁam thead been
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the particul ar cyc {veut ar cy athird
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ot ot are gl b Geipab A Gl b Sl sl oY RS LT
reach the i maigierset fappeartadingsthe byer-sdebtifiqihigaigy90he summed up al |l previ ous
comands fromthe second di stance 680; and cal cuI ating, in each particular
cycle, a conty n red. f i onto the
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overtaki 9 tQSp oS ]sl gcﬁfgwezlll%'d tr%r?srxrgglng t%e "calculated command to the imaging

apparatus.

According to some embodiments of the invention, the command cursor is initially

located on the pointing point of the imaging apparatus.

According to some embodiments of the invention, the pointing point of the imaging

25  apparatus is located in the center of each image.

According to some embodiments of the invention, the velocity and distances are

calculated in angular terms.

According to some embodiments of the invention, the averaged estimated velocity is

averaged over the total delay.

30  According to some embodiments of the invention, the predefined time set for over-

taking the user-identified target is set to the total delay.
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According to sone enbodi nents of the invention, calculating, in each
particul ar cycle, a control comuand required for directing the pointing
poi nt of wbeoiomggizag apparatus is foll owed by transm ttiPag/iativeo/cmbesul at ed
command to the inmaging apparatus. According to sone enbodi nents of the

invention, the command cursor is injtially located on th Qi.ntin oi nt of
e i gt o VSRR AL SR grieBlih i aiedofif (i ERaines BN, Dn "t ne
poi nti ng poi miarket (UAE/RP78YiHugveagrpa lisiindsrstodd ltieg eHeaitcéssary hedifesticrmaf each

i mage. According to sone enbodi ments af .the inventiqgn, the velocity and

di stances ar g’e gﬁf%rﬂ}eat“éﬂrdiehtoasﬂﬁl’,ﬂ'ﬁ?“yt @P%P%O&%F%ﬂ“ﬁ ing pf a{jexice (ﬁ/ ments of
the inventiorquipped witeraa0igfgigtdpp@ams MRk QC télyddScomtrim@eion AMRS bé ie t ot al
del ay. According to sone éggpqggents of the jnvention, the predefined time
set for over MaARGeF yRAned Suphydeiiqes imay qommgise ul asepotlgnifeddoy kmore

del ay. Advant ag@Rued Yweagdis, aére?g&t relafddedeliceNsubMmadneIBeirfha&d vdhittesinaamned
aerial vehicle market (UAV/ RPAs). However, it is understood that the

necessary nodik$-i cati on may be perforned in order to support any kind of
remote controlling of a device that is equipped with an inmagi ng appar at us,

over a del aye@c6amEUnisomei édbollinftlits dfetht tinvBaAHE the disuldseanmetiod sughbelevi ces
may conprise, but are. not Ijmted.to; renote controll ed weapqnry, aerospace

rel ated devi dBPle@emMeh in digital elsptronice clyeitng| & iy gempyier pardwarealigBvefeng t o

some enbqgi Meekwar®for tr@nibiiBasitiReoft he di scl osed nmet hod nay be i npl enent ed
indigital electronic circuitry, or in conputer hardware, firmare,

software, or _ipn _conbinations thereaqf.. Suitable processor be used to
i npl ement  t h&UERY; RIARIOFTABEbHSE t5dmpleican B piprementionsd o Gonerlecer ve
i nstructi ons agieteshor ilf febdVeinktRRBor3Mnd dBRTRINY a @addnlyakElasty Ak e StdofEMOry or
both. The essential elenents of a conputer are a processor for executing

i nstruct i ons 28658 BABOBr oMWt Thefetental qlesrenty of # AEMPHET 318 RIBIFESCAMEr dat a.
General ly, aegUimg Btrotibhs &dSohe P A8 tenfdtied Cor GRAIBLiARALNoNS QHPldad. t O
conmuni cate with, one or nore mass storage devices for storing data files.
St or age dévi &srerally, tagggmputer will also include, or be operatively coupled to communicate

with, one or more mass storage devices for storing data files. Storage devices suitable

for tangibly embodying computer program instructions and data include all forms of

non-volatile memory, including by way of example semiconductor memory devices,

such as EPROM, EEPROM, and flash memory devices.

20 In the above description, an embodiment is an example or implementation of the

&8

inventions. The various appearances of “one embodiment,” “an embodiment” or

“some embodiments” do not necessarily all refer to the same embodiments.

Although various features of the invention may be described in the context of a single
embodiment, the features may also be provided separately or in any suitable
25 combination. Conversely, although the invention may be described herein in the
context of separate embodiments for clarity, the invention may also be implemented

in a single embodiment.

» 113

Reference in the specification to “some embodiments”, “an embodiment”, “one
embodiment” or “other embodiments” means that a particular feature, structure, or
30 characteristic described in connection. with the embodiments is included in at least

some embodiments, but not necessarily all embodiments, of the inventions.

14



for tangi bly enbodyi ng conmputer programinstructions and data include all
forms of non-volatile nmenory, including by way of exanple sem conduct or
menory dewOcenyossieh as EPROM EEPROM and fl ash nmenory Pdexnizea0oobys t he
above description, an enbodiment is an exanple or inplenentation of the

i nventions. The. v " v |rrent" or
Sone. enbodi NoRR igeRsPl REELE BBl ayrd Farlrie, FrRevehi FoRE Bont s.

Al t hough var ibeusnstresitas liafitingf ant lar fhindesdiiptionpuipase belydescri bed in the cont ext
of a single embodinent, the features may also be provided separately or in

any suitabl e.conbi nation al t hgugh |nv ntlon o
descri bed heref r?rm%lp{eﬁeand ugos Of{h%ete%hm theg regecllll mve S it t{% t{% y, the

con of “se
i nventi on maynddraendbeith ne&kmtmttbdaucmnpansmg@ésenpﬂﬂmﬁgmmﬁnd eRmhplleence in the
specification to "some enbodi nents”, "an enbodi nent”, "one enbodi nent" or

"ot her  enBodifenl & wiIB2A3a liihe fh rsy {61th Hreih BN EmotBlediibttlifon Qb

characteristic descri I N connec
at | east sonepdivhdoh afthetisyenbiot. not necessarily all enbodi nents, of the
inventions.It is to be understood that the phraseol ogy and term nol ogy

enpl oyed her %hP,.lF]énﬁox%o‘t tQPPﬁn&é%gfohrtﬁh‘?ﬁle ehtidH dah Bﬁlc %p%tr hn%u&ﬁ%‘?” ptive

pur pose only Finci ples and uses of the teac e present
i nventi on rrayammls belw end t!natmc srivenigbnyvan fpe rimplemented int @nlvddém‘atti: othprathgn ng

descri ption, theo%s Eix?lm%?q ﬁlx%%ggnééonalg is to be understood that the details
set forth herein "do not cons PMitation to an application of the

i nventi on. Furjtherm)re, it is to be un(;lers'good that_ t he i nventi on can be
carried dat & ispoahst im;bdatq'od thatr the termaajns luding”.t ‘Fmtnptlﬁeg’i, nicerfistiog” eath be

I pl e”e”t ed 'g{Lnﬁ.ggg‘B ers thQrg&cha oP?r%clE Sth BMfeffich é‘&dmbx% c‘b ﬁp&’e‘i‘m?sc“ ption

above. erns "1Nc rersin
"consi st | ng" famulesgstapsrmtt integérs vagiloapst theredfand dfat the t¢r0ts am@ddemdbestmqé anddi ti on

of one or noreecﬁﬁsng rﬁ&nﬁﬁtgft@a%ur%?t%% tmqg or integers or groups thereof

and that the Y& e cons speC| fying conponents, features,
steps or integers. If the specification or clainms refer to "an additional”
el enent, t hatf toepecifisatiqnr aclainie reférde Earbadditignald elementa thab deesarot pieeludeidi t i onal

el enent. 15  there being more than one of the additional element.

[ 1944

It is to be understood that where the claims or specification refer to “a” or “an”

element, such reference is not be construed that there is only one of that element.

It is to be understood that where the specification states that a component, feature,

3% 113 > 13

structure, or characteristic “may”, “might”, “can” or “could” be included, that
20  particular component, feature, structure, or characteristic is not required to be

included.

Where applicable, although state diagrams, flow diagrams or both may be used to
describe embodiments, the invention is not limited to those diagrams or to the
corresponding descriptions. For example, flow need not move through each illustrated

25  box or state, or in exactly the same order as illustrated and described.

Methods of the present invention may be implemented by performing or completing

manually, automatically, or a combination thereof, selected steps or tasks.

The term “method” may refer to manners, means, techniques and procedures for

accomplishing a given task including, but not limited to, those manners, means,
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It is to be understood that where the clains or specification refer to "a"
or "an" elenent, such reference is not be construed that there is only one
of that evermerwessi38 is to be understood that where the epedaiifoieednen st ates
that a conponent, feature, structure, or characteristic "may", "mght",
"can" or "c ". be include that particular ¢ onent. feature

struct ure, ol BHERSHEr pPRires Stk RBbi e B SRR T Bbers. FBhke

appl i cabl e, alanhesgieast, atchniduagma meoceluresbyl pagtitiomersof thxorh tareliichehaised to
descri be enbodi nents, the invention is not limted to those diagranms or to
the correspofFAYP PELRES ptions. For exanple, flow need not move through
each illustrated box or state, or in exactly the sane order as illustrated
and descr i be@he Medchiptitms,ofxamples, pnetb@istand myaerialsopresented e thenglhienwmnd ek by

performng or_c Letin nual |y, .aut onat i cal of conbj nati on thereof,
sel ect ed gt eﬁgeccbl{}g’?tfoé‘saﬁesgot%e ‘108?%6‘1 ﬁsee'tuﬂ%lﬂg Ib}‘r‘é?tlh%/feq‘sélllugﬁ NVeeANer s, means,

t echni ques and procedures for acconplishing a given task including, but not
limted to, tMemsisgyrehnteshmjcahmadh sscicetifinitermssusddhgreiocadutoebe elommemlyknown t o,
or readily devel d {rom kno nper ans. . t.echni gues., an cedures
by practi i ofisuERie Rk O (TPl BN fe oS Biien LR SHAGERIAH, oRleR

descri pti ons othewdsydefised. net hods and materials presented in the clains and
the specification are not to be construed as Iimting but rather as
illustrative J . cad. .C £ . er her ei n
are to be comtortyadiiaF s be kfHRLES i ek SbAGE o BUZER ') 2
whi ch t hd0i nvesrial kqiiedlon gssimilarte d®soddsaibed beretbef | ned. The present
invention may be inplenented in the testing or practice with nmethods and
rater i al's oAbyt Sl pa il B985 SRCAIGRC I GHELD oficed

publ i cati ons, n\/?fjélpﬁcﬁlngs pa(t:t end?sr,’a pasf g%t% a ﬁlgcgtlgo?ls and artic ees(,)r

ref erenced omentioned dnetiisi specifidation pee héreipaincomorated: inetheir renfinetomportlt ed i n-
their entire ' t i fi.cati: -1 t ent [ h

i vi dual | pobeirfn 3 B ool P Ren WG RATRARA AR paTrealy 8B

i ncor por at ed indévidialy indivad b be ineqrparatediherein. dn additon, citatioabr wentdicatony
reference.in the description of .so enbodi ment f, t.ne l.nventiaon shall not
be. const ned SR ERTr BebcihCipybe SF e et Eies Reriterlidt Rl a8l o, ' ar'
to the presenbdnstrued as an admission that such reference is available as prior art to the present

oyl
or ¢C

invention.

While the invention has been described with respect to a limited number of
embodiments, these should not be construed as limitations on the scope of the
20  invention, but rather as exemplifications of some of the preferred embodiments.
Other possible variations, modifications, and applications are also within the scope of
the invention. Accordingly, the scope of the invention should not be limited by what

has thus far been described, but by the appended claims and their legal equivalents.
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invention. Wile the invention has been described with respect to alimted
nunber of enbodi nents, these should not be construed as limtations on the
scope of wbeoionsers8i on, but rather as exenplifications eCTaprmao/efosshe
preferred enbodi nents. O her possible variations, nodifications, and
applications are also within the scogﬁdﬁﬁﬁst he invention. Accordingly, the
scope of the invention should not be ed by what has thus far been
descri bed, but by the appended clains and their |egal equival ents. CLAI M5
What is cl ai Méehtisslaimed 8 net hod of spatially directing an i magi ng appar at us
over a conmmuni cation |ink exhibiting an uplink delay and a downlink del ay,
by periodically transmtting a control command for directing the' imging
appar at us, wher&imethodefispaigily dir&ppa amimegingerppadius aldrya domamsiidatien tink t he user

an i mage, .and rein the transm.tted irmmge is presented to the. user and
cont ai ns pgfd\ﬁ?'?lﬂ% a8 SRk o‘#e%?' ;3 &\“r\lg&ag%%?'r atg'ugej"op & taﬁ%raﬁl(%n%)ri si ng:
enabl i ng t he comstl coramhndafok didectisg the iitlagihg dppachtisawheéin olie inaging rappdratys
presented inmage of the periodically transmtted i. es; estimting a

Pocat i on of | PHedrelly Hoals B B Srer e "GIFTein (e FRIST Sy PRE Tiaer , at
a future ti mpreséitédetopthadiséttandi dohitainde pgihtingkpsi@l &ythe ilagifg Appdisus)phd Nk del ay
is atine required for .a command control currently transmtted by the user
to reach the gicﬂ@préiﬁ%r atus; estimating a |ocation of a pointing point

of the imagi ng aRpaliak te usétito Badklaludéreidértified Bedet 6/ P BiEtntly pi_n@sédfedtihﬂ%dlm i nk
del ay; calcul ating_a_ distance between the estinmated | ocation of the

user - i dent i f cbthe P&rificelly fransmigedd@pgesat ed | ocati on of the pointing point at

the future time; cgiifatinglaClébaioh 9 tie ELrMBRlied UEObasddal aWakkinglibhqkd t he
poi nting point onto the useridentified target, based on the cal cul ated

di st ance and ugdri at gfeyredime qogrinoading withtheawlipkndelay, herepcthe uplinkidslay it ed t o

the imagi ng - gppar 'r%fqﬁlﬁbd%'nt a SRardd Uont¥ & leuREdtS GhaAtn kB& by Wel BB lodreRBGRENT €d

i mge, wherein at least one of: the presenfing, the estimting, and the

cal cul at ilAg iimaging apparatus;

estimating a location of a pointing point of the imaging apparatus, at a future
time corresponding with the uplink delay; |

calculating a distance between the estimated location of the user-identified
target and the estimated location of the pointing point at the future time; and

20 calculating a command control that will direct the pointing point onto the user-

identified target, based on the calculated distance and all previous control commands
that have been transmitted to the imaging apparatus but have not yet affected the
currently presented image, '

wherein at least one of: the presenting, the estimating, and the calculating is

25  performed by at least one computer.

2. The method according to claim 1, further comprising transmitting the calculated

command to the imaging apparatus, after the calculating a command control.
30 3. The method according to claim 1, wherein each image comprises an array of

pixels, and wherein distances are calculated by calculating differences in locations of

corresponding pixels of successive images.
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perfornmed by at |east one conputer. 2. The nethod according to claim1,
further conprising transmtting the cal culated command to the imaging

appar at uswoabtoarsotsBe cal cul ating a command control. 3. Phe/mmuéremogccor di ng
to claim1, wherein each imge conprises an array of pixels, and wherein

di stances ar | cul at ed by..cal culating differences in |ocatiqns, of

cor r espondi ng‘ p e1n§%8$ agﬂ%%lggsf? \féal?“ngg‘gg‘?rﬂf‘ t%‘?]gj'%g?q‘f% a?fcﬁ%?lg:igﬁ% Mo claim
1, wherein thegutirfi¢rewsences are calculated in angular terns. 5. The net hod
according to claim 1, wherein the pointing point of the inaging apparatus
is located in a center of the inmage of a visual display. 6. The nethod
accor di ng t o 5¢| Eienmdthodvaedosdif td1€lapmabhwhe@in thei popitRpgIdik cbfie liMeghyi Ng an
initial indication ,rEqI atipng to tgﬁe(g,osi tion of %_he user-identified target,
and wher ePn #ARETAYSIE QCAIGd s GeRiST ehflnimage aha Wikal figRIY-y usi ng machi ne vi si on
techni ques. 7. The nethod according to claim1l, wherein the enabling is

i npl emented by receiving an initial indication relating to the position of
the user-i deft i Fheetrethgd gegordigg do \giaimel.nwheseing the cppblingi i§ mpmaspisd; by

aut omat i cal | YecdSingGnamtisih@tddh rdikitiiekd MR paBAdPof e ushfdciBEOPEREGRI di Ng tO
claim1, wherein the enabling is inplenmented by presenting a conmand cursor
over a vi sualWhgiedghetrackingds imnderegniediagiomatically peipginaehine Yigontsghnigees. command
curser tqyards the user-identified target. 9. The nethod according to claim
8, wherein, initially, the command cursor is |located on the pointing point
of the imagi Ag Hhepaethodsaccording o cdaput.ewhgseio gtherenghling uist infpdementadt bl | i ng an
| TR0L NG, BPDALAk e iR HELANE i AT He SO of 0 loer RhenfIEd QFC A Y
transmtting control commands to t I magl ng apparatus, the c uter

progr am pr odwberegthptrackinggs implausmtedtantomaticadizlubieg an extergd traekingimetmsyi ng

conput er readabl e program enbodi ed therewith, the conputer readabl e program
conprising: conputer readable programconfigured to present a user, via a
vi sual dilspl &y, Thei mbthed sequding go aflaimnBgekergier the cinalding yis olotpdénmeactdbly t he

i magi ng apparat us. each i e associated .wi.th a rt.icul ar cycl wherein
cach | ager; meris & 26wt e SO RE A af PRI T PEs SR
command cur Sefoye the command curser towards the user-identified target. :

9. The method according to claim 8, wherein, initially, the command cursor is

20 located on the pointing point of the imaging apparatus.

10. A computer program product for controlling an imaging apparatus over a delayed
communication link, by periodically transmitting control commands to the imaging
apparatus, the computer program product comprising:
25 a computer readable storage medium having computer readable program
embodied therewith, the computer readable program comprising:
computer readable program configured to present a user, via a visual display,
with a sequence of images periodically obtained by the imaging apparatus, each image
associated with a particular cycle, wherein each image includes a pointing point of the
30 imaging apparatus, and a command curser;
computer readable program configured to enable the user, in each particular
cycle, to move the command curser towards a user-identified target within an

associated image, thereby tracking the user-identified target;
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conput er readabl e programconfigured to enable the user, in each particular
cycle, to nove the command curser towards a user-identified target within
an associwbediooserye, thereby tracking the user-identifi edTiRzgebgooTPUL er
readabl e program confi gured to caI cuI ate for each parti cular cycle, a

first distance that _is bet 0 dIC or of an
comlwgéfﬁ a con '%UIS 031|9 o %aaa%ﬁ% pf)rrt'(c)g?rac aitg’onf i gured

orientation of the’l
to calcul ate ﬁrét@lust&na@thatplarbemeﬂ Ehle comniaed cursali anfl eliccindieatbed framaotieatafion st
di stance in tgﬁ'l part.icular cycle and the first distance in a previous
cycle: conputPePe BRI IPRABMYgr am configured to estinate, for each

particul ar cycl e, c@npifdr eadible prbgrameohfigired tdeniculhieSdr Eath particlilyr did) 19 t he
calcul ateq difference to a_control £ofa nd transpitted at g.cycle preceding
Che part Sul SHTEYER Begen,s 5y A1t o Raics Petnanidhe Pt dsia s ¢ oq
command to afptfdus aytld;mage presented to the user; conputer readable program
configured to calculate, for each particular ¢y cI e, an average over a -

predefined time, EIMRUEE reé%hlwpgranv@r@elrwoeﬁﬂmﬁa foeeach pRriicylaryelg: 2 ar get -

conputer r ea%l'@l:ngr O 108 LRV de R ddtoBiTbyt A1dRR! theBAIulatk® HifRAGEe R bdrtrdl ar
cycle, a second stance t hat |s bet ween the estimated | ocation of the

user-i dent i f ice@masg wansmitied at 3 gyl recedingdhg partigiilasicyele branefal defayihatiit t ed by

the user jyi | |reduﬁ'@§fbrﬁh'§nsh{ﬁ%'ceﬁinﬁ9@%r AetSinahd éﬂ@seh@&@ﬁt’n@ﬂsepf the pointing
poi nt of the inmaging apparatus at the artlcu%ar cycle, by adding the

di stance between eMepuissaeadahic pigeray coaﬁaurpqh@ gmwht%rfgr qaeh pertigylan gyglei magi ng
apparatus at of hg.n OBJef Y Op’?{deﬁxé%i fime t & th@%stﬂxdﬁ%cfga%c%{ﬁ Hthd Ms&fd&lhﬁe& arget

mul tiplied by the conputer rea gram con |gured to
sumup, in e&etparticul ar cycl e, all previous commands that have been

transmtted by t hg nﬁﬁ:?err rtQiH&le"E%?rg Bﬁéﬁedﬁj‘tfo e?t%lgtg ﬂ) gacfl &lﬂfc?aﬁrg ed in

the particul ar cyc conpute program conf i gu cul at e,
f or each lpar tsecwod drstangedhzﬁ is bmt\wmnrthb cttlmmdcbcatimatof ite usertidentified kegee st | mat ed

ocaty o0 OF LGB 9, Dyl 5y, PRBRI o:80 BuftL T .
transmtted lhappdrdves amiamevm«tahom @ﬁctlhe pdnetmg”rpqnngf zﬂwpam@trlgsapphrytus at the
particular cycle, by adding the distance between the command cursor and the pointing
point of the imaging apparatus at the particular cycle, to the average velocity of the
20 target multiplied by the total delay;
computer readable program configured to sum-up, in each particular cycle, all
previous commands that have been transmitted by the user but have not yet affected
the image presented in the particular cycle;
computer readable program configured to calculate, for each particular cycle, a
25  third distance that is between the estimated location of the pointing point of the
imaging apparatus and the estimated location of the user identified target at a future
cycle in which commands transmitted by the user will reach the imaging apparatus, by
subtracting the summed up all previous commands from the second distance; and
computer readable program configured to calculate, for each particular cycle, a
30  control command that will direct the imaging device onto the user-identified target by
adding the estimated average velocity of the target to the third distance divided by a

predefined time set for overtaking the user-identified target.
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subtracting the summed up all previous commands fromthe second di stance;
and conputer readable programconfigured to calculate, for each particul ar
cycl e, a wonroaisosmsemmand that will direct the inagi ng decraeaebmosshe
user-identified target by adding the estimted average vel oci ty of t he

target to the,t i stance divided b defi.ne set |
overtaki ng tHd i oMple Bifkcth i Mepabf 36 B, et Sambfiing oo

accordi ng t o coinpiten T€dableir progtmc oonfigusd n® dmtmutmrnsmmbthe pﬁlagatedn
transm ssion the cal cul ated command to the inaging

configured to init
appar at us. fom‘i’ﬁ‘é&@’&ﬁ%'ﬁ{a&n AP product according to claim 10, wherein,
the command cursor is initially located on the pointing point of the

i magi ng appar 13. The conput ro ram praqduct accqording to claim 10,
whorei o R 18 MR momicRrog R Rt PP Ens SR [l W HERlT SO e

center of ea@brsbﬂﬁlﬂﬂlallgl‘locat-%@nﬂﬁfﬁ@mlﬁgpdiﬁtQﬁﬂ@rﬂn 1@@&{?&&%‘8@01’ ding to claim
10, wherein the velocity and di stances are calculated in angular ternms. 15.

The conputer program product according to claim 10, wherein the averaged

estimated velj9Cirhe/ cdnfpuet PrREHAE prod R aécb@iu{ng 3lairfl b,2¥herdlif the Pothting poit er
program product according to cFal m 10, wherein the predefined time set for

overt aki ng tﬁétmg@ﬁgmgjmriaw@doeaéﬂdg@theﬁ@t@raf e3ch ipge- t ot al del ay. 17. A
system fqg spatially directing an imagi ng apparatus over a communication
l'ink exhibiting an uplink delay and a downlink delay, by periodically
transmi tting 14 EThneqmaputes proggam pragdpctdiceasding fryclaimel, rvﬁgmgﬂapﬁmcax aad wherein

t he i magi ng %R%Eé%ta%bsc g;%[alte(aqhg@u[ayte%gnsmts to the user an inmage, and

wherein the transnmtte I'S presented to the user and contains a
poi nti ng point of the imging apparatus, the system conprising: a user

i nterface confi gyl %Qm{;lﬂ%reﬁﬁngnja& é)x?@cﬁ%@éor&ié?%’glf gféﬁ. 3 U Wherel A & afe} gy target

on a currently presente e peri y transmite ges and
a procesdér cstnﬁatgmem;tnty@avasgedrmexehatotad)dda)i.on of the user-identified
target based on a tracking by the user over the user interface, at a future
time corresponding with the uplink delay, wherein the uplink delay is a

ti me required6f The aommmereprogram niroduct according to claim 10, wherein the predefined

time set for overtaking the user-identified target is set to the total delay.

20 17. A system for spatially directing an imaging apparatus over a communication link
exhibiting an uplink delay and a downlink delay, by periodically transmitting a
control command for directing the imaging apparatus, wherein the imaging apparatus
periodically transmits to the user an image, and wherein the transmitted image is
presented to the user and contains a pointing point of tl;e imaging apparatus, the

25  system comprising:

a user interface configured to enable the user to track a user-identified target on

a currently presented image of the periodically transmitted images; and

a processor configured to:

estimate a location of the user-identified target based on a tracking by
30 the user over the user interface, at a future time corresponding with the uplink
delay, wherein the uplink delay is a time required for a command control

currently transmitted by the user to reach the imaging apparatus;
estimate a location of a pointing point of the imaging apparatus, at a

future time corresponding with the uplink delay;

20



currently transmtted by the user to reach the inmagi ng apparatus; estinmate
a location of a pointing point of the imaging apparatus, at a future tine
corr espornaioregiovisp1sst he upl i nk del ay; cal cul at e a di st ancecChat.eenovdte

estimated |l ocation of the useridentified target and the estimated | ocation

of the pointing point af the future tine; and calcylate.a c nd control
that will direct the p?S\tCH‘F{én& ‘ﬁ%ﬁ“ﬁf beveen, fis eompledOngtiop 8@%#‘5‘3{, based
on t he cal cul at edidehtifiea miget andl thel dstigpated icettsonCafithe pbintippoamtds thehfaturdrave been
transmtted to the i magi ng apparatus but have not yet affected the

currently present ¥8%*fge. 18. The system according to claim 17, further
conprising a transm t tcaRgla®adiomtab® Bbrit@Uthatwildifet s paihtilgint ahethat ed

command tQ the i magin aratuys, after the calculating a conmand control.
19. The syst em ac@g%-ﬁ?ﬁg’gﬁaar%qtéhaﬁﬁdm tﬁmé?l’ifrtwa @gefrfei%%éprﬁwg%mngafover the .
user interface cogmpimmas thanhaebayn Shnshiiel tS,th@ﬁhi&gngea;psaratuﬁilbﬁttl@d%%t are

cal cul ated by cal cul ati ng{ differences in locations of correspondi ng pixels
of successive i naxfégt_‘fected he currently presented image.

18. The system according to claim 17, further comprising a transmitting module
10  configured to transmit the calculated command to the imaging apparatus, after the

calculating a command control.

19. The system according to claim 17, wherein each image presented over the user
interface comprises an array of pixels, and wherein distances are calculated by

15 calculating differences in locations of corresponding pixels of successive images.
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