CONTROLLI NG AN | MAG NG APPARATUS OVER A DELAYED COMMUNI CATI ON LI NK
BACKGROUND 1. TECHNI CAL FI ELD 5The present invention relates to the field
of renote controlling, and nore particularly, to renote controlling over a

del ayed co ication link via a vision display. 2. Di ( THE
RELATED ARTH%P?OE(%St)%Ssetti ng forth the background of tf@ﬂﬁg{@héy 9gtrt, it
may be hel pful to set forth definitions of certain terns that wll be used
herei nafter. 10 TheCOMNTROLLENGANIIMAGING APBARATIES QVER AIRIRAYEY " unnmanned

aerial vehicle" (UAV/RPA) as us er el n, bpatihi;s application, refers to an
aircraft flying without a humne‘g?“PW‘QAﬂﬁv/%% may be renotely controlled
or fly aut ononoBsTKGRAEEE on preprogrammed flight plans or nore conpl ex
dynam c aUtomti.Qﬁcﬁﬁgﬁﬂ”ﬁELHAVS/ RPAs are currently used in a nunber of
mlitary roles, including reconnai ssance. They are 15 also used in a snall
but growi ng nunber of civil a;i)pl i cations_such as ‘L_i refd'rg(?ti n'? gﬂen a human
observer woufd B pagent inygation elates do e, Beld ghrppeinecpiroliing, pad Bere pA¥ Y EHYes and
crime scenes, aRGi@RCQMAIEROGRIRHARMMulidtidAKvAla vilidaipley.s. The term
"payl oad" as used herein in this application, is the load carried by an

UAV/ RPA excl usi %I% %@ﬁdﬁ}f?ﬁﬁ?ﬁﬁd@\ﬁ?r its operation. The payl oad may
20 conprise, inter alia, an inaging apparatus that provides the user of the

UAV/ RPA with a dynam c,  vi sion displ ag Ee. g. a video seguence). The vision
di spl ay may conpidr deseing fsthahe brakeronsi of the Felted agy i @y b 8P 1P Bet {9 gener al
poi nting point adfinfiB dpsaHaPAGms HREWINOE Mell REeid@ENt My be indicated in a
particul ar graphic manner (e.g., a cross) so that the user will be inforned

of ‘the curregt el oting, il SELLARb KPR 3 ARAHAAR deriaTEickEfURV/RERNSPONder "
as used herern in 1S” app’f‘- caet_l on, refers to a conmunicatton relay unit,
usual ly in the homsed kefeimindonmpphdatern refirs at efddft fyingvithowtadbmaspilobdg range
communi cati on bghuae LS YSSEmARY LdBoiled R B YaukRBhaRly! sted AN/ FEA

programmed flight plans or more complex dynamic automation systems. UAVs/RPAs

are currently used in a number of military 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  payloead.

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.



FIG 1 is a high level schematic di agram showi ng a comuni cation |ink
between a user and a renote controlled unmanned aerial vehicle (UAV/ RPA). A
user (not shown) is in operative association with a control station 10 that

is indi rec%oclgm@g&i%ca_ti on with a transponder such as cg¢RIRLMeE i on
satellite 20. muni cation satellite 20 is in direct comunication with

UAV/ RPA 30 that carries a payl oad such as an inmging apparatus 35. Between
i magi ng appar ati¥f$ 135 adgh leveh gahermatic siegtany feying o cepBpEcAig nky ef"@_ﬁ'l aline of
sight. In operakd:Qfd al ARG NGn@RA LBhiRed AreRBRIcdIAV/RBA)L. WX @sri(iages t hat
may contain potential target 40. These | nmages Ere,tr?ﬂsmt,t ed dﬁ{ot

conmuni cati on SB[’ tie operatiygi execiafon gyt @ CoYRL FREY {hMt D RMNETF ol
10station 10 thehmbycabOViviH NG daligorter sud tah & ebpripanmicationi sadlited2Gpl ay (e. g.
vi deo sequence) associated wth the pointing.directi fanl i ng appar at us
35. Renmpte contGoBMupiioy SWWF%W& "\‘/&EFC%W{"F‘&'F 8’?1‘8@? ?Agé%’% %eéﬁﬁggag & above
usual 'y results japload Sidhaé amihaingdphaytud 35, Baecaomnping apgarass ISimka The del ay
is constituted of t arts. The first r{ is an.uplj ich is the
del ay from the PPPW@Y%I@E?]‘E e '%6%%@“% @%@"5‘%“8%‘“‘5‘3h%ﬁ§§@?n¥‘%%d) by the
user until the reeatdipkaptwenipngesriea oigsonthie ppientiabtacket Fhelhswedopes prert is a
downl i nk .del ay which is a delay. framn. [ td & cdni®@oe of the
vi deo sequence tfa‘slmgg%dt%rme)ﬁ%ﬁrﬁ'?%log tsﬁgenl{eit}%ne&hkcﬁg? ?%ré’?t{alqgﬁll&satﬁ% ma(g:]g reaches the
user. Consederstatiyy 18 direby| providing theaystronidh arlyzaminyiskpAligigrEg Hétcayed

communi cati on J @ ide@lon 6O @b sath@is. UAV/ RPA users.
Many UAV/ RPA ogsg?dgitl({agﬁg%?étecgg‘ﬁt?é&?ﬁ@h%%}Icozg?:l to %gé]%gi gt ed directly at user

identified targets seen on the vision display. BR EF, SUMVAR n

embodi ment s of g%‘i‘fé’tedi%%% gai%‘éfm}?d’r‘ﬁatﬂ‘i@ﬁ%%f{gs %F%‘W‘&é’ v%usﬁ%{yﬁ% ot
enabling a userinkeuit@ial Gdlaydn pRicohmngeadon lakThe delaf is amsfilned ditgo agsar at us
over a del ayed gommyn catl ok bk wiliSs HELAShoFURPEASE S8Rk the user

to track a user-
15  given (and transmitted) by the user until the control command reaches the payload.

The second part is a downlink delay which is a delay from the time of a particular
image of ihe video sequence is captured until the time that particular image reaches

the user.

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 transmitied images
from the imaging apparatus; calculating a distance between the estimated ;ocation 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



identified target on a currently presented i nage of periodically
transmtted i mages fromthe i nagi ng apparatus; calculating a distance
between the estinated | ocation of 30 the user-identified target in view of
the user's Woaeluiegand the estimated | ocation of the pormizngopes nt of the
i magi ng apparatus at said future time, wherein the estimation relate to a
future tinme by whjch a, copmand contr rrentl he user
reaches the i rmf&ich‘ﬁ e arse APPAAY %’glcéﬁlﬁgf"?r?g ‘é" ﬁr?ﬁm(fli g“ré)d‘yf’otrrequi red
for directing tdectiagitetpoingngomiinttof e itbging ippgaingontphangt-idsntdind tirgehe
user-identifiedtarget a on_sai t her based
on all previ ougL egﬁgf%?cagBﬁﬁgrqﬁgn ?ﬂ’ﬁ‘ﬁ%{% Sggénag ﬁ%@é?@@?glﬁcsﬁﬁmza#{esd by the
user but have nibidt h;tbbeemﬁlfaad;tmmiﬂted buthe @set byt hswrrwsmha@@tedr&@g@ﬂm to the
delay in the co ation |ink aspect of the invention
there is pr OVI %?exged%ma (0 u%lrotli]ede}a ?ntﬂ%gogpngm’:cﬁ gﬂﬁ? enabling a user to
control a pointing direction of an_ i1 magi ng apparatus over a 1corrméni cation
link exhi biti ngA®AIIEILY prie aaRertsf thenigveationy (Ree iSO v &ypomper Jupleaaedal | y

transmtting a QRidobnabIiFNRRY td &htr&i'arp@ﬁlhﬁgﬂﬁl‘eétfﬂﬁlofdﬁﬁtﬁdm apPpausabers, 10
wherein the imagi ng appar at us nsmts o t he an i mage,

riodical ser,
and wher ei n t he? tPERLHIPR dink n%ﬁ@“ing %é@éﬁt‘t{f Yt ?.'Pdtﬁe ok Sfﬁ Bt ains a
poi nting poi nt gficdibEy itARGiices apRaratdmmaid fr Hktdiog tedmpgins eppgratvenabl i ng

the user to frack a user-identified target onacurrentl e d i mage
of the peri 6@i cﬁFﬁ“’g}" fealfeRng tagwrﬁ“ﬁabﬂélgdg@%tlfaﬁ%‘ the ng:é ﬁ)%%% gﬁ dte
user-identifi edwheae’ugmé tramamitted imagé nsmrﬁsemmlewﬂmsuaelrzmd kag;S agpintngd®infof ure tinme

cor r espondi ng Wlh% R ztt % légzlr%t[}sk tl%ellna){od Wﬂ?]’lg e‘unﬁnéjmgllﬁé? 16a a i@ TiTE

required for a rol” curren nsm t the user to reach
the i maging appa&platf ebtargetoniawardnty pasehisd amago el tefperipdically %F@W%’g‘aﬁféi nt of the

| magi ng appar at Hfima aAodaliHsiGnd | @pld&ﬁllf@& ﬁl%ettlg vieR&f ‘tiﬁ'dsé?lfé tﬂ@iu@[ ata

calculating a di sta‘zﬂ%e between the estimated | ocation of
user - i dent i fIf edfuas tiae cemrsepondies with thediplink debathesin b uplink dg'ev i P ng poi nt

of  the inmaging RRRRERUSohari@bslrdl Wirdh@y frdnEfiitedPydheaRrGaHeadhi tRgmagit® MMand
control required for spatially directing the poi poi nt of the inmaging

apparatus onto fivareiiger - ‘Tsﬂéﬁtnﬁfdll%t‘?“d?fd@tapoﬂlgg%ﬁo‘%ﬁ?g'ﬁl“aag@&la@ﬂﬁ'ﬁ‘f
di stance and taki AgutidtihedeGRUNG tBd hplikedela@l salduiatihg @Idlmm‘rhﬂdeantthat had

been already tr ansm itlt eds by%fgt-?ﬁ élgczetgcag}] tci t?rgﬁgﬂng qg gsflmate gtﬁo%doft tng

currently preseftBEer 1% her-aspect s and/ or
advant ages ap tbanmfge;aﬁntoﬂ the dnigignapaens et sfiorfutare ing; rmdd:@tcalaﬂlrada

description which f a“ldec ol Be{%mrsd fgr ypa z?{ye&r%? E kLé)%mnhgg oitl&irdhd fiflei m

description; and?8? Fha DrrAC I nvent fon. BRI EF
DESCRI PTI ON COF HpfaraiDRontD N@Sser-ldentlﬁed target, based on said calculated dtstance and takmg

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.



For a better understanding of the invention and to show how the sane may be
carried 30 into effect, reference will now be nmade, purely by way of
exanple, to the acconpanying drawi ngs in which |ike nunerals designate

correspondi‘g%%ﬂf%m;gkts or sections throughout. WO PCT/IL2010/000095
20101089738 , 2010/ 000095 In the acconpanying dramngs: FIG 1 is a

hi gh | evel schematic di agram of a unmanned aerial vehicle (UAV/ RPA)

control | ed vi almthegpcempanyiag diewBedi ng to the existing art; FIG 2is a
hi gh level flowchart showi ng an aspect of the nethod according to sone 5
enbodi ment s of Fiha i a\wgiRtie@Nschithatic dRgdam ofla Uinmanngl dtisigrbioke SHAOWREG) an aspect
of the method accohddi ng tolsome @nbogri‘ mentts ﬁf the invention; FIG 4 is a
schematic di agFECRed U salelicacerdpg e sxsBed g to some embodi ments of the
invention; 10 FIG 5 is a timng diagram showi ng an aspect, of the nethod
according to s&® mehmtﬁo“@gﬂrt fhewing g pippch f theyprether] EeordingRFOMEG, 7 show
a high levels fl.oweha L ing .an aspect of a method according to sone
enbodi nment s Sof cgt?lhe |§1I{t/sedr{'ltﬂllegﬁeﬁt%’ The draw ngs together with the foll ow ng
det ai | ed descr Itfgél on meke ‘aﬁg)ar ent to those 1 .he art how t he

oskilled in
i nvention nay etrfoliEES o851 SRV ARkt O %e BRI WK speci fi ¢
reference now tembbdifernly @ukerigwntion; detail, it is stressed that the
particul ars shown are by way of exanple and for purposes of illustrative

di scussion of tdye PfGlaIIaR: é%r%m‘gxl cﬁ%la& B&oRIng 3 VmeleMBEdRheAbLONl y, and

are presented in the cause o provi Wwhat 1S believed to be the nost
useful and readhdipveniieher st ood description of the principles and concept ual
aspects of the invention. In this regard, no attenpt is nmade to show

structural getaiissof atirengd div@hth ishdwingdamraghet detmithetiddancirdinnecesgary for a
fundanment al unders .an'gi ng of tge'i vention, the description taken with the
dr awi ngs maki ngenyﬁéiﬁ’f: He RS YHEEe*ki 1ed in the art how the several forns

of the invention may )
FIG. 6 and FIG. 7 show a high level flowchart illustrating an aspect of a method

according o some embodiments of the invention.

The drawings together with the following defailed 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  beembodied 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



25be enbodied in practice. Before explaining at | east one enbodi nent of the
invention in detail, it is to be understood that the invention is not
limted inits application to the details of construction and the

arrangenent, of nmponents set forth in the foll ow pBgrslesGhbirsd on or
illustrat edw?’nm{orbgwgér)avw ngs. The invention is appli cab?e to ot her

enbodi ments or of being practiced or carried out in various ways. Also, it
is to be under simbotimentaar of heing racticed bogyrich e it sriopNERSgV BB herein is

for the purpOS_%n@efrst&tﬂ%&%gha&oﬁ,@p?@namimo@pem@@yeaﬁaamkeﬁr @6 plipo¥kt i Ng. The

present invention, in e I ments ereof , provides a nethod of enabling a
user 5 to effecqfﬂﬁﬁelﬁlgﬁ%‘mfhsh@ﬂd@tP@ﬁgﬂf@ﬁyﬂfﬂﬁgﬁ ed i magi ng apparatus over a
comuni cation |ink exhibiting a delay. Enbodi nents of the present invention
take into accourt ptexat Mednddsg il éviives iireofprovitids agnettod obpiablmgla vemmands

that need to_be transmtted at an iven tine in aorder IFeglt he

i magi ng devite tfif?gf?t"fe r°§8‘f°qIaécé'fﬂ?ﬁlgllioga&edﬂvagf%ém%aéaéursgvﬁq(r?% C%%ﬁ?rﬁ(%agﬁ] %nlé a vi sual
display (e.g., ahiitdesdsaqbebeinashifticpreagt pentedeieiine acrugis felssnst ant | y
do"tranen oy e, 5y D TP s o s, g, cod
the visual di spiireyin offirgo tratike mpeovg devins op atarpet id¢ngfigdhynbeysednpddiide proposed

et hod 1o est i nRLe 166 ALl OBl NRhGklv Y cobdluniv Rk by get on an

i mage currently presen e usel a future tinme which corresponds
with the tin® byanswittehtosloemivshe iegie devigsythe ker Pevidsd wih I5IERCant ¢ me
Wil reach the LiBghRth 8PRATA MR a A8 EheWidnhifidshA tRStibuaBdibpl. Dlfe t he

| ocation of the pointing point of the i maglegg qreaﬁi ce, at ‘t}\hgj %J‘ oredr”]renti oned
future time, theackipgpbclanetds hetvsadly Baperrediretonle UalF Pa L 8hAthds in
order to directydihfy biTROuGBHiGDRRETI0 WE infidt Curelty praémgeitto thdasgati fagrd o

enbodi ments of the B_r esent i‘mﬁt 'bo_n, E}he .cal culag S%g cﬁt%g\;rﬁ]nl?%mwt{); her . t ake
into account al FPHPRGH GRECSROB e e PR E R T P SRS Tt ed by the user
but have noti5yeturdhif wad e fedb thaThgeing uppaent. Togpthe sotht thel ettimatidveofuber . FIG 2
is a high level flowhart show.ng.an.as .Of aRNHeNg to sone
enbodi ments of (K& ﬁ{}g(h ci"?)lﬁ.g pol‘ﬁtg)fﬁega%%z@?%w%h%él\‘ggfgg%?&gﬁf_ enabl i ng a
user to control tha psqpated ahetioi meot dabnlatf tharsgiired gomyanlp parueuts derthe

communi cati on | mpaﬁglgf?pggmp%naeaearsgutp'Ao_@&diqyt@ymmmw@mm Rlesshel ay. The

met hod conpri ses: I cal transmtting a control_ conmand for spatially
directing the i magitioy thenslenlated sommands Birthertake inthiegPplbppat s ceremads i odi cal |y

transmts t ot NG, URAMANdnTRASS bR IE WHSEIGe AdiSelisRErRd the MRS eRtady W th the
transmtted 1 mage which contains a pointing point of the inmaging apparatus

210; enabling t esusdtotbeuser ack a user-identified target on a 30 currently
presented i mage of the periodically transmtted i nages 220 in real tineg;
estimating a | o@as.i2cna @ightidvel flisehari dhewin fi agect aff themethed accadingfo some user' s

R e
is a tinme requi redrof arspatiat clirestion of an imaging apparatus over a communication link
25  exhibiting an uplink delay and a downlink delay. The method comprises: periodically
transmifting 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 cormmand



control currently transmtted by the user to reach the inagi ng apparatus
230; estimating a location of the a pointing point of the imaging
apparatus, at a future tine related to the uplink delay 240; calculating a
di stance b | ocation of the user-identified t e

| ocati on o%&g{ag@ﬁ% |ng point of the inmaging apparat ugégﬁtz(g@}ggp% future
time 250; and cal culating a command control required for spatially
directing the goitmat cvrepopiteesmitedt bye thenwseri 19y reaghn 8 dmaging gpryTaUs 2305

user -i denti fi edginafiged 1oca@i@§@fdh %oﬁﬁh?p&@oﬁmh fh@fhe AhpifaR Ga Mtk drke t her based
on all previous control conmmand had been aFread trans(gj E%ed but

have not yet af$léed ©dhe palink delpe i 9a‘?}ﬂaé’§%ﬁtd§é?“?“nﬁ‘6’t$e’&i lpggtiqny wnl i nk and

the uplink del %&-id%ﬁﬁiedl@geﬂn@the%daﬁon%f i&%lﬂ@g@bﬂgﬁf@mlﬁm\@amrm aaspect of
t he met hod accor d| ng to sone enbodi nents of di agram

the | n
300 shows a i rf&d st‘H‘feet“é& Rrtiapd r‘r‘@lC‘H%tP‘ﬁoabﬁ"“B?a“H f&‘f““%%é"f éP?rPSﬁ)gl In
each cycle, a r@¥tihgagohtioindOf theRgighG @Wsamwsm ssepklesiéat et 0 the user

and further, a_conpmand, c from may, be. tran othe

i mgi ng appar at"%" ° %?'%%%F'téf ﬁ@&a‘gﬁﬁﬁpﬁ%gasfd o PPy contzomf@%%mmm cation
link there is ahd hﬁﬂ?bdﬂhfafrﬁﬂﬁﬁﬁﬂmbﬁﬁ heteavd ncamﬁettﬂmg;eaummwmb? t he user

310 and receivi, ng J 312. This delay is denoted as
t he uplink del aSI/’ egéllf(ﬂgwah %tﬂgui)glﬁggéhigg@'ay due to the tinme difference
between transmtting the inmage by the inmaging _ apparatus 312 and receiving

it by the ubkr Y3843 ishitisingedizgan shapigotresrhess of e BRORA I FiklitgePay™340. For

the sake of si mplbhdinbMs of fhe tidVentidR. PbnfyCdEHn @[ﬂ]eﬂlo@%am’ﬁie%caler amm[tmgng t he

command by the inaging apparatus and transm fti e t he i magi ng
appar at us  occurPCHeds R &YLSH Ak opgration Iilg- B‘p@F‘bi’Xc}f ‘T%g’g’ﬁ‘tthcai’mﬁg?gcur rently

presented to thgpiseyis lpmsetntem thelder sdFndet, Habduylarﬂhbﬁtoh&dnlﬂy: usdnenaymagi ng
apparatus and transm It UAV/ RPA at_ti y, any
command that s’ W?@‘H‘?qﬁﬁ? @%/gmgmgtquga%%, 2% heéplﬁ'gcedr abé}'fe tdﬁggo {h!’ %g%d 25 only
reach the i tagi @gmmplparoamulstha'e istaitime diffeeBoe En@odirmnmmg@tomm@dwb’é@ent

i nventi on overcg taki ccount
while cal cul ati ng%lg a5 Feceny%ﬁ)%/& ?fl)pt?\g ngigmgedhﬂ}(a%us?% e’[gl@ 43 Eshﬁﬁ&ég;b%gr:e?ectl ng

t he pointing poaptink délay BIZ—Q, |3ﬂﬁi§hng inplbaraely démcothﬁ H@ﬂfb@ﬁﬁ%éﬁt"?% ed
target. Si nce ﬂ%fﬂg@ t ehﬂg%%g 'tﬂfélfm%‘?rlr%aa)@ﬁﬁﬁs@ﬁ b x@&'ivmg'lﬂg' tRaisataief the

i magi ng apparat us an er-i target wll change their

position, it isTHeddaysiadgofed agidedpymlipk dslgy A4%: ﬁé‘i the pake &F FipRlcHYs Pithee t =13.

Accor di ng t oS OpEreRERBALITBRAMS Ofecdifify tHRVEMaAN by L i@t dppiiatef addne
poi nting point of the inmaging apparatus i s easi deeterm ned by summ ng up

all the previ ouga"é‘B%ﬁﬂg“atgﬁ thﬁ%é‘“%@@ﬁ”ﬁ??%&%ﬂ/ PR t ed. 1n addition,
the location of the user-identified target may be estimted by first

cal cul ating it' & apemo aripagniht ishemendy presegied wehowtitiy tide tmidiwes achelbassunpt i on
that it's velocif r RECH @ does not
change subst ant 1‘%/11&% ut'rﬁigﬁl'g gfnﬁegﬁar#‘% a@hc?% nﬁ@eﬁ?ﬁe@@ng#?nt ary velocity is

cal cul ated by cambawhng an)hremﬂrr@cdamutomlmfentb/dtdhsml?,@lrhylthl—’ethﬁf‘iaFl“@%lt:tl%rwg‘bt and

poi nting POt gl tdhth heTAGEAY o PRRAL AL (B, oA GRIGr heRfesseRladol mgE {0
their location in a previ ous resented i mage (one peri od ){cl e earlier).
Thus an aver age ovedomgithege trmyypmofaiie@rﬁ blyéaké%lthftj‘! ﬁ‘foe?d“‘l“ms”éh}'ércﬁ‘l’“ wpfrdht ar y

vel ocities aver aged..QVle, Bl REGLE LorMBHd b MRedtiME the 3SinfidiGondéfahe id@EAY, uplink

and downl i nk added t oget her.
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 {=13.



According to some enbodi ments of the invention, the |ocation of the
user-identified target is determned by enabling the user to track it
i ndependent|y. By successfully tracking the target, the user determ nes at

any given _t\yggoﬁa,;aggﬁbor each transnmitted 15i mage, the |peaith@no@bsdt he
user-identified target. The tracking is enabled, by providing a graphical

user interface as explained bel ow. Fl 4.1s asche tic agr.a of a
vi sion di spl ayAseEdEdP ﬁﬁ"%eﬂlbggf?ﬁnt%ﬁ%dp‘f?é‘fﬁ‘ %?05?‘%%”@ %%’ si on

gu spl a3(/ 400 gomnm@ﬁ@a aehmam;@iazldesenﬁh@rhgmﬂ@nmgrqgﬂuh@memmymﬁmnw cycle
asis (perio

exhi biting t he%b&"ﬁeﬁ’Fe“l ?’Fﬁ@‘i.’s‘ltr%%éﬁé%gn la%{fjét‘of‘n@g?%a g 03'““’ Sﬁgldgﬁﬁgﬁgcgt ﬁgr

i magi ng t echnoksa@ymay lﬁbcﬂsuhdzhtﬁlgbyff&daalculatmg ﬁtarnMeﬁtth)anchﬂhdl tvamgd vekegity Vi si on
di spl ay 400 _pres

t he. | ch ma
contain at gr gg? cy ’%16 afsaglml(? %bﬁ %V%E e&tglé },ncor atm 9 % &1%%918(8 y
presents a poi dbdsmgt pange suhlstamhllyr aping stentpink Mypﬁhfnmpimgﬂqm |V¢ipmtjf ist he

| magi ng appar at calul éed%&a(‘:ggpgrﬁ\g@m lgc%&cr roq'b&g uéepldglg F%éﬁglldﬁglﬁﬁr% trhtOf the

i nventi on a comran pr esent e er over vision
di spl ay 400. | of dpemaging rapparites ulsercunr@tlbm&mné‘d lﬂ@gm@v@eﬁdﬁ%ﬁ% inc@érser 430

towards user-i daibldy Ergsefat@& Helge 0 Per%ﬁ/c§rﬁ?é%hieﬂg‘f S &L a\}e%@%h‘;c‘l g%ayar get 420,

the user determnes ocation of user-identified targ in any given
i mge. ThuslO t lako b@e@l@ulfm ofevagenomeniant valqciigs aFragedt st azP ef"ﬁ dMEurrently

presented i mMaggudKRY b Rt &8y, [ftink 8/E doWRfirdkRBel logethdrut ure location at a tine
corresponding to the current tinme plus the uplink delay. In the case

According to some embodiments of the invention, the location of the user-identified
target is determined by enabling the user to track it independently. By successfully
tracking the target, the user determines at any given time and for each transmitted
15 image, the location of the user-identified target. The tracking is enabled, by providing

a graphical user interface as explained below.

FIG. 4 is a schematic diagram of a vision display according to some embodiments of
the invention. Vision display 400 comprises a dynamically changing image, on a
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, inciuding 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, thé 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 enabte the determination of the location of user-identified target



where the user-identified target 420 is not automatically identifiable,
enbodi nents of the present invention enable the determ nation of the

| ocation of user-identified target 420 by assumi ng that the user wll
successful | ser-i-dentified target 420 using co r 430
after a pr e%gkélﬁ@%&i me. Alternatively, the location o tﬁ%lﬁlﬁ)ﬁﬁi dentified
target nmay be determ ned automatically using machi ne vision_techniques or
by an ext er nal 430rlyoksming)that theaises Vil susbrsefilyerseis user Wentifiecdiprestdyl Bdt&nabl ed to

provide an ini ty@hanl gk atd 70 PRbkaRl cdhide target upon identifying it,
h

| eaving the actual tracking for the aforenmenti oned automatic tracking

nmeans. FIG 5 is timng diagramshow ng an aspect of th ho ccordi ng
to some enbodi AUFHELIVEY: t“?‘l"e?‘f%ﬁtv’é‘n?{]dli‘ﬁ “g‘?“nﬁ’"é‘?‘?@ t?r%e?F(fl?i %é%ﬁwqﬁcg di agr am
500 shows a ti aRomatRalgC@ing wachinbivision Gechfigico d6 bpan eptehgdgradfer.dpaheat i on 1- 14.

I n each cycle, a new | e fromthe . i.ng. ar. S D d to the
user and furt hSWPOdH“%‘kgﬁ’gﬁﬁeré’b%breoq"aWrﬂg%\pfcﬁéd%%gé?ﬁér@? légtzngténgﬁ?{r}‘l}]igt ed to the
i magi ng appar ataigt upsn adepliingeinl &bdve thedetuat drating the | thy efbrewsnianad cat i on
link there is %utgrhrr%“g&gifenrm%gge between transmtting a command by the user
310 and receiving 1 Dy e I'agi ng apparatus 312. This delay is 15 denoted
‘as the uplink delay 320, 340. There is also a delay due Lo the tine
di fference bet Wdens fy dmigi diegrang shaydng g yol tihfe MeEtieh ARG A 8PEs 312 and
g igei \Iéi ngt iht b)é?%‘k@?élﬁﬁf_ ftllx%_]iﬁ\fe{ltﬂﬂi. §mdf>:hay F%ca 3@%@% @dgragsaoheomml im-nk del ay

. For e sake of sinpljcity, in_the afor nt i oned exanpl e, receiving
t he command!by qu?FeexPWﬁ'QE Agiedp sy des .l opgsafiop ?eﬁgﬁﬁc Rire k-t H’n%éeeﬂ%n)} t he
i magi n? gp_par attwshrﬁgi?glfppaﬁatuf hﬁ”&gﬂgi ﬁ)i{tﬂam:ser%d ﬁirm;a‘na témabant! helatium_ljfromnt |y
presented inmage, is at tine t= e _curren I ed i e was
actual |y obt ai ﬁléed”%fd‘&aytbf"é’ﬁ’ésmE?etgé‘aghﬁéma[gf"ﬁgprfa?fu 3 }ésn P ‘ﬁgdf@%f e?if?ﬁ%nl y
reflects the cakhpddedmnmnixtics: XnkartdreYls 4 Hiae difleredge estweprn tranpingttiegd 2by ti nme
t=1. This is because it, t | | Ll 15 MARSELY ised command
to reach the ir?gﬁf“ﬁ%d lgﬁ%ea@étejag%E%gﬁ@?o%nﬁé@ﬁ have been t%ansrri tted
at time cyclis demped 8 thediplis deBy 320, 345 There ka0 9 dileifuug thibe i filletendehe
currently prese%ﬁ%@h BARiR I B by ilOimalie LhRfus 31 MWl kReiGing Gl alei ng t he
required conmand to be transmtted at tine t=1 el a need to be

. _ e t=10, two delays,
taken into consiserdi4tThiselarisdenoted s the dewplisk dejay 1. E%@ea?‘@togwea‘*%& ween t he

| ocations of bophhetRferRAiidHel BAMPRI Beeivfy th@mnliRPbyWe BRPAE Afpuswand t he
user-identified target at ti ----1§ i nt o account uplink del ay

¢ me t---. taking in
340) is perfor nEHSTIRIG pbifrags bt theimesisg Rpé@?i%%ctcgr\?émf’ Fns in the currently
presented image of tinme t=10 and the velocity of the user-defined target.
Second, a sutmeGiventhatftheaturreptyisous! imageniatdimetthit 5 Baie beenilyaresenet
transmtted but, ge\é‘g%s[}ﬁlﬁ.la%eotbtaﬂeﬁ Gt Elsrhil& 4 HiE BALhY 1RfRAENsMABRge needs

to be taken intd _ ' o
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 fo reach the imaging
apparatus. Thus, commands that have been transmitted at time cycles =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 =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.



According to sone enbodi nents of the invention, calculating a conmand
control required for directing the pointing point of the inaging apparatus
is followed by transmtting the cal cul ated command to the imaging

appar at us. According to sone enbodi nents of the invept,] , i mge
conpri ses awoa%ﬁ[@ﬁgﬁ%’? 5pi xel s and wherein di stances arg&%/%e%lalﬁgg%d by

calculating the difference in the location of the correspondin i xel s.
Accordi ng to sdseordingtdsomerambodimenthef thavieentionrealoplgdngdd pqrppase cerdrolr e

cal culated in qg%h'édafor tdﬁécgﬁ% theo%oinf}ﬁ§85igti &nd %agfgg%pﬁa%m'k RRRWed By the

i nvention, the I nting polnt e 1 magi ng 1l0apparatus is located in the
center of the itvnysttiog the pacuipfed gepmapddpthe mgipg¥Piaithg t o some enbodi ments of
the invention, enabling the user to track a user-identified target on a
currently presegk&ting B0 eibdditenpeif Rdieloh)eath iangniontpads imageefi S

achi eved and_inpl enented b resentin cursor.. he vi sual

di spl ay, whet e{’H’?f‘egh@gu‘glﬁe“{ggtéﬁcﬁﬁIaifdca?%%ﬁg&é ?ﬁgat(':ngn’rtﬁfgrﬁ% geﬁgresfélr tﬁf owar ds t he
user-i denti fi edochdnadf g icortdsmmeiby pikelacki ng it. According to some enbodi nents
of the invention, initially, the command cursor is |ocated on the pointing

point of the i r@&&rﬁ@g?&?ﬁﬁ{e%dimhﬂs Bpﬁe rilﬁr.mti&g%e Qiertiles eeAtudiian, a

potential inplenmentalion of the aforenentioned nethod is depicted in detail
accordi ng to sowelEAs®ei nents of the invention. The 20 exanpl e descri bed
herein illustrates in a non-limting manner a possible inplenentation of
the | ocati on esAdcoming@nsofRGivdodimentosf thoinkentidne thp pointingginp of the ingfginghe i magi ng

apparatus and the user-identifiedt et a ting. t is advanced by an
upl i nk del a)]l(sjf r??ﬁ?r%{}*lse’s &?ﬁarerdéﬁlhef?n .Oﬂji‘%’éna “'r"tébh%é"eskﬁar%sg‘ rithm makes use of the
af orementi oned user interface of a 25 conmand indicator that nmay be noved
by the user at Agegrdigivespe;gmbodimprts of the invinHon steRlinesthGrehtodBEedPSE ng t he

di stance bet weefeifigy hQEidhaQkedilly hle@ne® FMARNEH tha e S 6tlicafi) GarkshBte@MaBésl Ng oI Nt
at the current tine t. it then goes to neasure sa i i

: [ g . t he e dI.Sta(%:éF in a
previous cycle (pevsvestand impengated by pressptineacopmand suppraeribeigal iRRY  he
current and prewhddis the QR ts diblEl 6 hRNE Be conli@a clibed toveBnlicausyr-ivetital ty (per

cycl e) of tq<§ ttam[ggtetgerébgtrga(t“{grmt ed in accordance with the follow ng fornmul a:

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-lin:iiting 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. -



Velocity' t = Coommand + Di jj-N erenceP (1) Werein, in the aforenentioned
formula (1), Velocity is a vector denoting the velocity 5 of the
user-identified target at time t for each axis j (X and Y); Conmand denotes
al | the comygn@sudshysgach j axis that were transmitted gy gRoboods Wherein
Nis the total delay (uplink and downlink sunmed up); and wherein

D fference dengtes the difference between the di stance between the

| ocations of t heRBRRameEntary velafity 4pra cxclee ol tarertigespittet ingecor Vﬁi‘?ﬁ Withang t he
respective di SttfoRovahg thinitBa:t - 1. 10Then, the estimated average velocity per
cycle (period) for each axis j is being cal culated in accordance with the .
fol |l ow ng foran Vel oci ty_ Est Vel oci 0) = 1- N N+1(2) Werein, in the

af orement i oned eltmty{ L3 EBIENg ;tNyﬂBﬁ!emc@jr denoting the estimated
average velocity of the user-identitied target at ti mel! in each axis j; 15
Velocity is a vector denoting the velocity of the user-identified target at
time t, and N d¥hotiedn thé eforemrixenedbrmaya(l g Selodie ds a‘\&ctoxectehd;tmgtliengoaiﬂye aver age
veIOC|ty whi gh f.erabl.y t. kot u otal del ay
(uplink and %om%@fe%ﬁgs'cﬁerrh&%ﬁl tﬁrﬁ? ot Bt Y e Qggﬁxgﬁd %% '%ﬁ'alwdf&&i&samover t he
nunber of cycl ehe ¢ppuahndsgn e@étiiamathah‘ger@ hmsrawtehiglew\tél pbereip Nahithehothls as
noted, set 10 ey UARKTardl dEEhESuhfed U5, btk Mol BiffrcRT B RE

esti mat ed Iocatlor% inre I on l'ocati on of

poi nting poi nt dffergngpbatyesyithrodisgpnlpetrregs the lppatiopmaf thecommagggursakangd thes

calcul ated in aem@hgdpmnad: thd thnll B8 rdsRhdiR\WisRRtefPimRAL A

10 Then, the estimated average velocity per cycle (period) for each axis j is being

calculated in accordance with the following formula:

Z Velocity
EstVelocity; , ===1 N
’ + @

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 = Dist,, + EstVelocity* (N —1)

()

Jtuplink-1

10



ForecastDistj,t+uplink-1 = Dist j . + EstVelociO)* (N -1) ,r (3) Werein,
in the aforenentioned formula (3), ForecastDi st is an estimted di stance
bet ween the user identified target and the pointing point of the inmaging
appar at us ajyolbfyokdse the current command reaches the ipgagi20@oa@epar at us,
wherein Dist is the current distance between the user-identified target and
the pointing pqgjnt and S5EstVelqcity is a_vector _denoting the.estinmated

aver age vel oci tYCB™ fih e ‘f“—“inﬁ%ﬂ‘?% ifermuly (?)agﬁré‘faSthSt fsiaﬁe“‘?mqt% ‘8"3‘“’61%“ axis j.
Then, all comraeisent thabsehrchtiie®nargat sndakkypoinkiagsaiit ot éel irbagirgparrdweratand have
not yet been affected in the current resented i mage, are.calculated in
accor dance wi t A% #BE Fg PR AYPPBIRIches ‘5‘3 Iag g APRTAUA WAL is?'s tlﬁ&orranancl y
10(4) Werein, cinment higstaafeo bawesnt the neet-iflarifiad arged hnd Neot patiag froat edddenot es a
summat i on of, al mends _t hat had.been al.ready tr ) . ave not
yet been af fsectéesal%’?’ggfiﬁ%Vﬁcﬁ?r%(%’ﬁofuf’%thﬁre%'s?@ﬁ é‘d&%ﬁ%‘é&%’ﬂlg&\?&g hdgme%? i mat ed

di st ance bet wedamgdt Rtdines in emelt &db jl ocati on of the pointing point of 15 the

i magi ng apparatus and the estimated |ocation user-identified target, at
time t+uplink- Irnghliaf Roh @RS 8RNEadARE AXadyCraldbifdd@yttheustd 48 hhvd nohi&h
presently transmtted commands reach the |rrag|%agcg aegparat_bxs, I s cal cul ated

i n accordance WeEYATeHEd indhg Buewly rresPrer nasorsy ealleted &t geedanoe Wik k- 1 -

following formula:

[
NotYetAffected ;, = ZCommandj,,

10 {=t~-N+1 4

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;, 1 =
ForecastDist ..., — NotYetAffected

&)

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 afl commands that had been already
transmitted by the user and have not yet been affected in the currently presented

image.

11



Forecast Di st ja+uplink-1 Not YetAffectedl(5) 20Werein, in the
af orenentioned fornula (5), ForecastTotDist is an estimated di stance
bet ween the estinmated | ocation of the pointing point of the imaging

appar at us
For ecast Di 2@&

and the pointi

the current co

t he user and have not yet

zﬁ_ﬂﬁsﬁﬁi mat ed | ocation of the user-i dentj,éf,ﬁgulb,@duggt :

S an estimated distance between the user i1dentified target
%poi nt of the imaging apparatus one cycle before the tine
an ther isagisd sommand fen direring e dmagins apPambs PSIONBE YEEAf f ect ed
denotes a SUMBohiHag Afochit ime ORRRGRdIDRLodiA BBAR: AbwREYorhilansm tted by

been affected in the currently presented i nmage.

Then, the required command for directing the inmagi ng apparatus onto the
user-identifi ed ommperrcdht, t¥nme t is calculated in accordance with the

followi ng formula: Commma

cycl esToOv ert
For ecasTot Di st

of the user-id
esti mat ed aver
axis j; and Cy

poi nt of the i

10

15

20

23

r{d ForecastTo tDist j. ,i+upluth -1 EstVelocit 21,,

ake (6) Werei nFamcuhéTtaft@ies'gg i oped formula (6), .
EstVbii?cefﬁtyﬁp : TLpRCS estimated | ocation

of the pointing point of the i nagicygleshednt exfakied the esti r‘r%r%ed | ocati on

entified target; EstVelocity is a vector denoti

g the
age velocity of the user-identified target at tinme t

in each

werino @vibe elatementionadfermplarpieforespsTeyRist isdhe qHpatpddigaee £ or
closure of tshe ydiyalARCEHRGEYREH0L RNERIHINBSAE of ME AldzMB afifaratub@ndagé Nt i ng

magi n% appar atus and the " .
estimated location of the user-identified target; EstVelocity is a vector denoting the

estimated average velocity of the user-identified target at time t in each axis j; and
CyciesToOvertakc is the number of cycles that is set for closure of the distance
between the estimated location of the pointing point of the imaging apparatus and the

estimated location of the user-identified target.

FIG. 6 and FIG. 7 show a high level flowchart illustrating an iraplementation 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
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
direct the command curser towards a user-identified target contained within a
particular image, thereby tracking the user-identified farget 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
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 fransmitted command to-affect an

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

12



10estinmated | ocation of the user-identified target. FIG 6 and FIG 7 show
a high level flowhart illustrating an inplenentation of the aforenentioned
al gorithm according to sone enbodi nents of the invention. The flowchart
shows a com@utereokd¥pd enent ed met hod of control ling an popghago@pgar at us
over a del ayed communi cation link, by periodically transmtting a control

command 15 to the | i ng appar at us he net hod conpr.i ; esenting a
user with a vi §u%fFAegi?egp?“g§l &B@P a(fsf’j'\?@f'{/ Velgcé%cciqa 2N eﬁgffeeﬁatalgét %@H odical ly
obt ai ned by t hestinutigy, igacipaticalatisyclef hecont Sitadce Hetepinalye cslomated Biratigna sequence
o TRIES, 20l RS ERRRTLARPH Ml PP LBl o LARFELA o2
curser 600; enakill reach theienagingappaiatus ewmicthe loextion o Gheapointyicpoint of the PBGHEr ect t he
command cur ser I -identif W AJ=To WAVVA H 1o MR-

particul ar f%g‘k&%ﬁgf%‘g{}&?@%‘ék%ﬁeg"% %dgﬁ]gst%?gslggéjnb% %%@ Qt ar get 516;

cal cul ating, i rnéte poipdngtpoiubithe wpeing apparafup ptdhe maftistlarryeleds AP BY¥48Rg a .
distance betveanljeoCRIHRRA el vk P il 865, Umflngl e iPGict | NG poi Nt
of the inmmging apparatus 620; cal cul atlng, in‘each particular cycle, a
di fference bet ie@iulprsacle plk preipes commandsithy had bren peeady; teanpaifted RpE fd¥eand t he

first distance {ohpedy PhtGHEREShE WERE pRRficd BSthd pRicuRGeycle B7@aGRulRME! inC Ul ar
cycle, a velocity of the user-ldenF

. | dentified taéget, b @ddj n% ﬁ51he .cal cul at ed
difference 1® t%heh RagisulpIYCleghih disapcshemiop thgestmated paton SLhe pUBDEy ¢ he -
particul ar cyclmidoys the fing aghelafl aREhe gstitniied Dekiay offeOustridahtifial target

transmtted command to affect .mage presented to the user 64Q

cal cul ating, i rf"tég‘ffw“ﬁ%ﬁ?ﬁi’ PB%W&E%&’&? ,m“ﬁﬂﬁ‘%_e{%ﬁ“a i b&\}eeruse%w@rrgaégg}ened time,
of the esti nat eithayig} apirttys, dy subteactiigethe suhewetl iup iall praviengedmmihls frastherat i ng, in
each particul ar_cycle, a second. di nge St ation of
t he user-ident iﬁcfo\ég detaa?CQGe %a?n%acag h@ﬁ'?gé?ncf/aglf éﬁl}:ﬁ&%ﬁ%p%ygl %hﬁkgﬁgé@gmnds
transmttedIf | lequiredifohdirdedng thepagye dpparcat tfs ussrddentifted [toe by aidingfthet he

poi nting point gf ROV o RO B Wihchind NSRBI IEHbAL pekEh&s DY
addi ng the di st%fr'llg&égﬁag% eneq%ﬁygocqmg%d cur sor az?ld tlhe poyiaéngi ng point of

t he i magi ng appémedeufsr erertaking thyapseridantifigd tergeé FY. to the average vel ocity of
the target multiplied by the total delay-1 660; sunm ng up, in each
particul ar cycl gecofiig tprséimé @MSodiMemiA b the tiiaktiohachidobeny, dh reahdarticnlansmi t t ed

but have not been yet affected the.i . presented.in th riicul ar cycle
670; cal cul ati ng% #° %?Waﬂgf?‘ﬁuﬁﬁn’%?%lf{;@ge{,ﬁe 301Ptﬁ‘}grp(§ﬁné;%g?§ﬁ}gégqr%et ween the
estimat ed | agat appmatod i feloped vy i tyspittingt thofealttided nwghag wpihariatgisg and t he
estimated |l ocatjon of the user-identified target at a future cycle, one

cycl e before coffPEAUE transmitted by the user will reach the imging
appar atus, by subtracting the sunmed u‘? all previous commands, fromthe
f

second di st anceAeBingA OB pBRdipEeRf the ingegtion, Mg ©MEYRG FUrERy ] BIUARY cont r o

command 15 requidkfch dhPe pintifEhdin 9f hé Ruag MR EipR@uclevi ce onto the
user-identified target by adding the estinmated average velocity of the

target to the third.distance .di,vided .a predefin i) t.

overtaking the (1SBFTEJRSPTG ‘f“é‘%&’dt"&’f“ge"f H%é‘bv.e i ‘é’gg‘?%‘?"ﬁggﬁ’%‘@%ﬁg‘: Ig{?glg%li nents of
the inventi @, emkews atldcatgd inithe watedplpahtinagel ar cycle, a control conmand
required for directing the pointing point of the inmaging 20 apparatus is
fol lowed by trangfdifd R3%omB&nfbBdimbh e theCRVEARM the Ovelobiy hiPditi@esa@par at us.
Accordi ng to sone enbodi nents of the invention, the command cursor is
initially |ocat&cuWpedimaeyai #MSng poi nt of the i magi ng appar at us.

According to sone enbodi nents of the invention, the pointing point of the

i magi ng 25appar aktmsdingto lseoateishdinkentsoé the dmemion,ghe ayapipedi astirgated velocity is

averaged over the tofal delay.

30  According to some einbodiments 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, the velocity and di stances
are calculated in angular terns. According to sone enbodi nents of the

i nvention, the averaged estimated:velocity is averaged over the total

del ay. 30 AgeohdioRgss 0 sonme enbodi nents of the inventi earmizbeepoedefi ned
time set for overtaking the user-identified target is set to the total

del ay. Advantageously, the present {nventiqn is ained éor.Ehﬁgqnnanned
aerial vehicl e ‘HEPREESUElAE REAE nvepion, i fumed for The yamapied SgR! VHUT ¢ he
necessary nodi fragiat (LAV/RPAs)DdovRed | © isriRderitihd GablBE nédssay podifitatiammaki nd of
remote controlling.of a deyice that is.equi d wth an i i .appar at us,
over a del ayed b&@%%ﬁ‘?‘??t‘i%cﬁ?‘? fuRRort "’B‘éiﬁ“tdqg "ﬁg’ﬁcncé’\ém%angu‘#ﬁac{r%ﬁged{ﬂgégch devi ces
may conpri se, |legtipmedewithotn imagingeghpiraus, roegernd delgyod tconinbechtive diplorieyit aer ospace
rel ated devigce, submarines rface vehicl es. h ke rding to
some embodi rrf’gnt"éamc‘) (frh“g“f“ﬁf\?%f\#"f’% ?V'Cte?lglaﬁic%qug‘g%gt gr{%t% ﬂ"lo‘él“ ;ﬁe&;o.b@ﬁéi@npl ement ed
in digital el ecenofiedweippowiaoypacomriated dedwpuibmarites sevae wehidds andvde e,

10sof tware, or likg conbi nati ons thereof. Suitable processors may be used to
i npl enent the aforenenti oned nethod. Generally, a processor will receive
instructions and data froma read-only nenory or a ran(gom a(fceszirrermry or
both. The esserScding|te st embpdimens pfght aventipn the gislosad Bi5thot 8B &ecut i ng
instructions angpRREnar i MBikeal NBRIRSHE Sirdu@fy, S OF cofputed Hardwaie] answaad)d data. 15
General ly, ? conputer will also jnclude, or be operatively coupled to
comuni cat et (VR BreoRprionHaeet or age devices for storing data fil es.
St orage devices suitable for tangi bly enbodyi ng conputer program '
i nstructions an®hitekde pro¢essorsuehe babded fogmplemert the eferepsntiongd methasngengrally.nc| udi ng

by way of exanp] g,Q&i} GRNELAE gt{é;trg%mraﬁd ARY hGH 3 read WaE) rtroR ER@VandsREPROM  and

flash nenory devices. 20 Int ove description, an er(r)bodl ment. i s an
‘exanpl e or i npl BHAEHMERPIYPT Sptht Rle gsprpdal tolesats offy SORBHGT 3tFs? BISHEXF fices of

"one embodi ment executiRd in@PIRASHs RO bne @rmord GiRBoRBIQGIIBE iriructlonsnal daecessarily
all refer to the sane enbodi nents. Al though varjous f e3tures of the

i nvention by bECIREY 2 PRRUETWI! Lo dReidenqr D PPYRIYELY (PWPIe D SUTTRERY t he
features may al with, b&: @prvd e sioagateatal fyr soFing dutalilys. Stdtapeddvieesbitabnbi nat i on.
Conversely, although the invention may be described herein ipn the. context
of separate enb Hfaﬁ%h'Y §m'f’?519”"§|°%{?‘?‘f"§r/,pméﬁg' ’F%V%t}??? o} dﬁ%f/nca'ﬁd%%ﬁ vams Yol ement ed
in a single enbmdiwiaik mcRefyeinehdieg bnwihef speme fanianiwior thombiy ameces,

enbodi nents", "an e %Hr% N i t" or "other enbodi nents”
nmeans that a paz"r"f’[l1 %sl’ﬁ%gr ’egf’%cr)hedj %Et?lrasﬁlc eurg’{@g'trCESBOchar acteristic described

in connection wth the enmbodiments is included in at |east :
20 In the above description, an embodiment is an example or implementation of the

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.

th %

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.
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sonme enbodi nents, but not necessarily all enbodinents, of the inventions.
It is to be understood that the phraseol ogy and term nol ogy enpl oyed herein
is not to be construed as Iimting and are for descriptive purpose only.

The princi pmﬁ?”ﬂ’%ﬁfes of the teachings of the present..ifueRihfRps My be
better understood With reference to the acconpanying description, figures

and exanples. 5It is to be understood that the details set forth herein do
not construe a Ifis A heandassioaddhas the pbissecloat 4nd ferminolpgyeemplpyehiiardhis sEttPt her nor e,

it is to be undgtskRRd af Making 4R atdWERILPRe p@PosbEaigar ri ed out or practiced
in various ways and that the invention can be inplenented in enbodinents

ot her than the gnes qutlined in_the descripiion above, 101t i 0 be
inder st 00d t hat T RAMGHPHASS PS5t PG e rigrernsscis it Pty enigh ey sl and
grammati cal varnindeidtediwithirefatned o thosccafiayingdiesctibin Atigtet malexafplene or nore
conponents, features, steps, or integers or groups thereof and that the

terms are tos ba GRNLEHELAT R REALAI BoANIRANE WiSond8ed #hRlion RIRDS of

I nt egers. It the specification or clainms refer to "an additional"
el ement, that cgelsatpsof e évpaiiga. 15t here being nore than one of the
additional elenent. It is to be understood that where the clains or
speci fication rriteimbe, it 8o Rund@§ioodGha (e fiventiciiah be @ikl @tae ptasticadin be

construed that there is %r}h%ionle o&othaﬁj el %mantt . Itmbio?1 tQ[ btgerl{ﬁlq]erstood
that where the CHREMAYTH; B e NyeRon ¢ pe IPIGIEREhRmPORRETE PR, et ur e,
or char act eri sttheontnmylined inthgdesdriptibicabave. or " coul d" be i ncl uded, that
10 It is to be understood that the terms “including”, “comprising”, “consisting” and
grammatical variants thereof do not preciude the addition of one or more components,

features, steps, or integers or groups thereof and that the terms are to be construed as

specifying components, features, steps or integers.

if the speciﬁcétion or claims refer to “an additional” element, that does not preciude

15 there being more than one of the additional element.

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

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

1t is to be understood that where the specification states that a component, feature,
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 compieting

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 inciuding, but not limited to, those manners, means,

15



20particul ar conmponent, feature, structure, or characteristic is not
required to be included. Were applicable, although state diagrans, flow

di agrams or both may ‘be used to describe enbodi nents, the invention is not
limted to {aosfudéAagrams or to the correspondi ng deschipii0fdmoondor
exanpl e, flow need not nove through each illustrated 25box or state, or in
exactly the sane, order | ustrated and descri a N@th of the present
i nventi on nmay H&hs ‘Wﬁf@ﬁ@ﬁ?%@mﬁV PEEE BRIWINIG: 8?“@9gb BElopy JEPV
automatical |y, ntihneds, aRAR] Retniq@Es dnietRedures 3¢ bRedtRAers bRps ardto \maakm The term
"met hod" may refer t manner s, neans, techni ques and procedures for

acconpl i shi ng dm6WW@ﬁﬂP%§k including, but not linited to, those manners,
means, techni ques and procedures either known to, or readily devel oped
from known manmide sigscrigians exaneptdanine rals ammatpuabvcmeﬁametmbyﬂ grimg and thoner s of
the art to which tf ;&n@?é%@tb%@d&?.?tma‘ Slnm ing but BerAE BRLIae ARS. exanpl es,

nmet hods and nateri a s presente g'ns and the Sspecification are
not to be construed as_ limting but rather as ,iJlystratiye onl Meani ngs
of technical ardergipent itynged! Frssct?g‘éféf Frapeiipd ey G §6rfﬂ?3f’i‘¥§) Yunder st ood
as by one of orgidasod aSK)l drle of Brdinht@ sld in thOartib wiidh th @védtivebdldngd) vileédsongs,

unl ess otherw se defi The present invention may be inplenmented in
the testing or Qﬂﬁﬂggmﬁﬂth met hods and 1Omaterials equival ent or sinilar
to those described herein. Any publications, including patents, patent

appl i cati ons ankhe gresantimesption radyehe émplemengad =meb¢1ma$tr@aewrfitcﬁcqwh@@]@és:qnﬂu cation
are herein jncopRgy aﬂtcﬁlﬁva'le'ﬂt &Qf?ﬁ!fart%@ﬁds‘f@e%ﬁbédﬂc%lé he specification, to the
sanme extent as 1 f each I ndividual publication was speC|f|caIIy and
individually in |caLFd Lo be i ncorgorated
i dentification Aty pu ations, mcludmg paten

mentioned in - this. specification are herein incorporated. in - their entirety into the.

ts, patent apﬁlcat:ons and aréa qes relf renbedccl)rt ation or

specification, to the same extent as if each individual publication was specifically and
individually indicated to be incorporated herein. In addition, citation or identification
15  of any reference in the description of some embodiments of the invention shall not be
construed as an admission that such reference is available as prior art to the present

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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15 of any reference in the description of sone enbodi nents of the invention
shall not be construed as an adm ssion that such reference is avail able as
prior art to the present invention. Wile the invention has been descri bed
with respect to a limted nunber of enbodi nents, these should not be
construed as limtations on the scope of the 20 invention, but rather as
exenplifications of sone of the preferred enbodi nent& O her possible

vari ations, nodifications, and appl i@ft&ﬁ@s are also within the scope of

t he invention. Accordingly, the scop he invention should not be
limted byywagk chifsedibus far been described, but by the appended clains and
their legal equivalents. CLAIMS What is clainmed is: 1. A nethod of
spatially directing an imagi ng apparatus over a comrunication |ink

exhi bitingya ' N ri.odi VAT
transmtti }l'gmam(%g{r?? lr<0 cﬁis% é@é’iﬂ%ﬁﬁ@ec Sg célglnllrn{ eagt%igg%lp?r ﬁgs?é#gg?ndggg%%gérag It’Jsh,nkv\,her ein
t he | magi nexhilpitiag a uplinkeddigdamibh dywhitdndehay by tporiddieallystemsaitingragentralnd
wherein the transmtted j.mage is presented to the.user and.contains a

poi nting pEITEAEE [ohaTetRs re a FpARIR PP RURHIR (6N IRsefingpparatus

enabl i ng t Bgiddkelly itRndhAS Ko ahdiseér hilambhd, i #d WASHERL theNtrasmitiddetdgd is.
presented I mage of the periodically transnmtted inmages; estimating a

| ocati on opresamécd g dhe ysged ganiadns spejetingopeieicP! dhe inagmacppeagtupythe petheder | at
a future tige cqrresponding with the uplink delay, wherein the uplink delay
isatime recﬁur d for a coomand control currently transnmtted by the user
to reach the i esaplingttepperatttsk a user-idasifiedrgangn a choerly preseoted amgei oft | ng

poi nt of the imagi apparatus, at a future time corresponding with the
upl i nk del ﬂ&?;perlo‘gcaqﬁgéfagﬁf"gﬁé H§%885di st ance bet ween the estimated | ocation of

the user-i dent iehtirRink aN8@tioR Belthe hSeraddniifed Bt 853l bAA tAtkihHBy PRiusEH &g poi nt
at the future time; and . calculating a command control that wll direct
t he poi nti Aduipes tine satresppading et the aiplink idelay.. whegeip the yplénk dalayt iea &Blecul at ed

di stance a%uﬁ«l:d fo?rae%thﬁqu%Eer&urfe% ﬂ ih@@gy?ﬁe\éﬁsep?@fbat: %siMagfél dto

t he i magi ng ‘appar at us t have not yet arfecte currently pre t ed

i mage, appavdhex; ei n at | east one of: the presenting, the estinmating, and
the calculating is perforned at .l east o conputer. 2. The, net.hod
hecor di ng to crumie Afiae ot g Pript BF B SARTHS Riperand: oy BB R
command t océRRpbdiRg With mBRAIM d8ay;af ter the cal culating a command control.

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
calculating a commahd 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

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.
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3. The method according to claim 1, wherein each image conprises an array
of pixels, and wherein distances are cal cul ated by cal cul ating differences
in locations of correspondi ng pixels of successive imges. 4. The nethod
according to claim1, wherein the differences are cal culated in angul ar
ternms. 5. The nethod according to claim1, wherein the pointing point of
the i magi ng apparatus is located in a center of the inage of a visual

di splay. _6...The hod according.to, claim21, wherein the enabling, is

mh ement & B et rongia 1 HPET &t WheTEin AT PG CPRPTEG B aTPRET BBSRt  on of
the user - ig@nivhéreRd g8 -ar@N@AIRRIEIHY tABulktiAL ifGericSs | iIRPIRATIHs€df
automatical |y using machi ne vision techniques. =~ 7. The nethod according to
claim1, whsewondingpixelgbsnasessive inagisemrent ed by receiving an initi al
indication relating to the position of the user-identified target, and
wherein the tracking is inplenmented automatically using an external
tracki ng neahise method hherdivp hodiadm domterein the diffatmoed arevdsdoudited inhengelaabl i ng
is inplenmented by presenting a command cursor over a visual display, and
wher ei n t H&M§ser permtted to nove the command curser towards the
user-identified target. 9. The nethod according to claim@8, wherein,

initially, the command cursor is |ocated on the pointing point of the
i magi ng appafbe wsthod accoplingiemiaiar 1, prhetsitathe peigting poinigH tawimaging|appajatan

[ [ l; lcal link, b i odi cal |
Lransmit L1 ng Ao SRl DR B VUG, e at us. Lhe comput er

program product conpri sing: a tangi bl e conput er readabl e storage

medi um havi ng, conput.er readabl e, program epbodi ed therewi th,, .the canputer
eadabl e gt ogPERFRSIBrGTAG o EGiDd: APFEIHRBIL b SOPRAToHA YD
present a daSgiiial fh!d@aﬁoﬂ/feﬁdﬂﬁg t_@i ltrﬁa%(ﬁbﬁ,onwﬂtl{% us@r—ﬁl@ﬂtﬁﬁﬂqgrg@tf, ahdTH8&3in the _
periodically obtained by the inagi ng apparatus, each inmage associated with

a parti culteackiagdy inplemrnies avtepaisallyeing mpchingddagonteplligiesng poi nt of the

i magi ng apparatus, and a conmand curser; conput er readabl e program
configured to enable the user, in each particular cycle, to nove the
command cut s&he trethad dscarding éo clathenf iwhere tha pigpblingvist iniplensamteddyoecarieg i mage,

t hereby tracking. the.user-identified. target: .. _..conputer,readable
pr 0gr an coRtPUAF BEREETE HAEEY the aogpiondR eplsey dsuificd abReh &hd HRRFPORS
di stance tdakinkSs Pefidmated HRoBATTEBYGhi S drSeXterad) Grat iR mesliscat or of an
orientation of the inmaging apparatus;
8. The method according to claim 1, wherein the enabling is implemented by presenting
a command cursor over a visual display, and wherein the user permitted to move the

command curser towards the user-identified target.

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

a tangible 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
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conput er readabl e programconfigured to cal culate, for each particul ar
cycle, a difference between a first distance in the particular cycle and
the first distance in a previous cycle; conput er readabl e program
configured to estimate, for each particular cycle, a velocity of the
user-identified target by adding the calculated difference to a control
command transmtted at a cycle preceding the particular cycle by a total
delay that is requifed for g trapnsnmtted comand to affect an .inage

pr esent ed 3t BT Refmages perogiEIBUO B e da blce e APRAESH | e é@ggf‘o_

cal cul at e p5d\Biate@aGith PPaltichlal AcIEYiheein RRcPMIB RIS T2 PHiRI@ARIItEANd | e,  of
the estimated velocity of the user-identified target; conput er
readabl e pmegngapremids, gad @cbmwamkeursest e, for each particular cycle, a
second di stanc i t n. the-esti l.ocati an

user-identifi ego%@'?%rerf g(lial?l)%ap P ‘&r"é’gfég‘%%ae%?"hg@ﬁﬁ‘g lﬁ%ﬂoﬂnﬁndgg‘{]?ua{%rs%dtet ed by
the user w hove é€RcloninfuddicEgt PYas3RaNsat-idsntiled thge widdabh asodhted heageoi nti ng
point of the imaging apparatus.at the particular cycle, by adding the

di st ance Bﬁr%éF?%%Wgt}Eo‘P?ﬁﬁm“‘éﬁﬁ%s%‘ig%nd the pointing point of the inmaging
apparatus at tRempP@Ed FAHAAL proBFdr® cohffhkdiBrofMERRRE NYELRAI farticfar eh@e ! &1 get
mul tiplied by the total delay, conput er readabl e program confi gured
to sum up firstrdisansh thedis betweent theyeomumang|durspr avd e dndiesteraric arisatatipmed been
transrrit_tqﬁl %ggn%%lpgﬁgﬁls;but have not yet affected the inmage presented in
the particul ar=cycle; conput er readabl e programconfigured to

cal cul ate, for cemplicpmatatde psigray cbefiguged i ¢ateultits tfanesht jaaticulas chedbyeen t he

estimated J.gcation of th oi.nting, poi nt of the jimgi parat us, and the
est i mat ed HETRRHFHFN hdirtioEitancrolnt e MBHIaF GUele AMOF (DNl BEUE 8 T whi ch
commands tﬁmcg,@lgp by the user will reach the imagi ng apparatus, by
subtracting the sumed up all previous commands fromthe second di stance;
and conpgp@putee xadihle pirssyn sentened guesinae fempash| narticular gycleagh

parti cul ar trQl. WM ' E ' [ ice
onto the 'uvggo\réft#g)gr;[ﬁ? % ?égd‘a attlrﬁ;égﬁg%gtd g%%?‘%agmtt éec%g%ﬁgr&atdge %@gﬁ ggd;g(\)/]gll%‘g)ci ty of
t he t ar getcotmmantarankrniticd dit &t @ulkeprdeodirgeitic lpartmulpr egeé ibpaedtotal rielag ahatfier

overtaking the user-identified target. 11. The c ut er program product
2ccor di ng TEYIER dor TSR REASE L Pt Wy MAGR e EIT RABABRE pr ogr am
configured to icBnblié RalAOpFIpsmh @onfidheedCa! GlehRte thrCabipRdcler &RR, kABII Ng
apparatus. 12. The corrFuter pro%{ am product according fo claim210,

wher ei n, taVBragoAYREAPredGriaest time of Hiergstimpipd veleeityerdf tomuserridepifiesttangt: poi nt  of
the i magi ng ap (r=To J o claim
10, wherer s § nAOHEpSE readdtle pllfafi ARt BY OARAM, HEOLME! pRERE H/OG. hD Che
center of seawmid distage.thatlig betilven dengstimeted ploogficmnofpho dsertideatified thigeg it @ cl ai m

10, wherein the vel ocgi.t,y and di stances,are cal cul.ated j n. anqul ar terns.

1o e eyt St s i el BB RGP P BerBo P A D ohe il oS

aver aged emtith@toslioneIfekd pointirsy d@iﬁrcﬁgﬁainﬁlgmg agybﬂaﬁu@hﬁﬂhe @ettiaviar cykbe, byhe
i ng ,

conput er program product accor toclaiml wherein the predefined tine
set for owsddingithndistanes beiween tesommasgd curspiyand the pelting otk ef thetimpeing| ay .

apparatus at the particular cycle, to the average velocity of the 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
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
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17. A systemfor spatially directing an inmagi ng apparatus over a

communi cation link exhibiting an uplink delay and a downlink del ay, by
periodically transmtting a control conmand for directing the imaging
apparatus, wherein the inmagi ng apparatus periodically transmts to the user
an image, and wherein the transmtted image is presented to the user and
contains a p](c)i nting point of the imagi ng apparatus, the system conpri sing:
a user interface configured to enahle the user.to track.a user-.identified
farget on CaMERRTRIRT SHeSe eSSt RLEaEh Dengogal PR ein i TPEILRE fheg

i mages;  anRGmmedUP B R0k QBhhAHILEoth Bhe second disesick;mtie a | ocation of the
user-identified target based on a tracking by the user over the user
interface, at &omputer @ada%PMF%?;WWW@OV&&{CHW%@M%CI‘ Rrtigalan gycléwder ei n
the uplin ' I e o i ted: - 1 r |

trans ¢ SRy pirEad dhie it SR Rl AT uE B AL AR BB by ¢

| ocati on gﬂdiag phé pdtinngedoavandgeobelddiiy ofnthgitmgetapphe diivkdisanceadifvidedibg 4 i ne
correspondi ng.wi th the uplink.delay, calcul aie di stance between the

esti mat ed W%@QP?%H“%WH&P@VG@ ‘33{5‘8%‘??‘?‘3@%&1‘?@%@? and the estinated | ocation
of the pointing point at the future tine; and cal cul ate a command
control that will direct the pointing point onto the user-jdentified
target, badedhegompeterproginnpduetiaseifing taplgim|l P, Wrthe GIPreHECPEPYEbmmands
t hat have _h t i he . ‘ t t

af fected trﬁ@%@tﬁrérg%t% mytc%)(?%gtéeﬁt g)dﬁ}lﬂrlfdgégae.aﬂgﬂlgﬁ&%\% g@%@%&ﬁi razl‘gl?:ﬁglr ?rf%%?éo claim
17, furtheémagiogpppasateg a transmtting nodule configured to transmt the

cal cul ated command to the inaging apparatus, after the calculating a
command control. 19. The system according to claim 17, wherein each inmage
present ed QV&mhelbRpieprobRhfprodt® a6IMhE TS aian 1 B fthddorahénd carsdr wher ei n
di stances are cal cul ated by cal culating differences in |ocations of

cor r esponds Hutighydeqatedsm the peinting Reint qfglgdgaging apparatus.

13. The computer program product according to claim 10, wherein the pointing point of

the imaging apparatus is located in the center of each image.

14. The computer program product according to claim 10, wherein the velocity and

distances are calculated in angular terms.

15. The computer program product according to claim 10, wherein the averaged

estimated velocity is averaged over the total delay.

16. The computer program product according to claim 10, wherein the predefined time

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

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
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presented to the user and contains a pointing point of the imaging apparatus, the system
comprising:
a user interface configured to enable fhe 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 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;
calculate a distance between the estimated location of the user-identified
target and the estimated location of the pointing point at the future time; and
calculate 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.

18. The system according to claim 17, further comprising a transmitting module
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

calculating differences in locations of corresponding pixels of successive images.
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